Figures, examples amé

1. Apxitektovikl YTroAoyioTtwy, NMoootikA Mpooéyyion, J.L.Hennesy, A. Patterson
2. An Introduction to the Intel® QuickPath Interconnect:
http://lwww.intel.com/content/www/us/en/io/quickpath-technology/quick-path-interconnect-introduction-paper.html
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" 2-4 UPAVEC O MPOooWTILkoUC/dopntolC UTTOAOYLOTEG KOl OE KLvnTa
TNAédwva

= AgkAbOeC MUPNAVEG o€ €vav cloud server, og pila KaptTa ypadLKWVY, O EvVav
computation accelerator

= Ekatovtadeg/Xhadeg/Ekatoppvpla(!?) nuprvec os €va data center, laaS
provider, supercomputer
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AikTuo Alacuvdeong (1r.x. Ethernet, Myrinet, SCI)

SMP kéuBog N

SMP kéupog 2

SMP kéupog 1

Aiktuo Alacuvdeong (11.X. Ethernet, Myrinet, SCI)
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" APXLTEKTOVLIKA:
- Nwc emnpealovtal oL LEPAPXLEC LVNLUWV;
- Nwc dtaocuvdeovtal ol eTeEPYAOTEC;
" AOYLOMLKO:
- NMw¢ mpoypoppatilov e aUTA TA CUCTAMOTA,
- Aelrtoupyko cvotnpa: Mwc Ba mpemeL va AeLttoupyel o
XpovodpopoAoyntng;
- Nwc Ba cuyypovicoupe amodoTikA TTOAAATTAQ VI LOTOL

cslab@ntua 2014-2015



" APXLTEKTOVLKA:

- Nwc emnpealovtal ot Lepapxiec pvnuwyv; Mponypéva Ospota
APXLTEKTOVIKAC YTTOAOYLOTWV

- Nwc dtaocuvdeovtal ol eMe€EPYAOTEC; ZNUEPLVO HAONMO Ko
2uotnuata NapaAAnAng Emeéepyaoiog

" AOYLOMLKO:

- NMw¢ mpoypoppati¢ou e AUTA T CUOTH AT, ZUCTHHOTA
MapAaAAnAnc Eneéepyaoiog

- AetrtoupyLko ocvotnpa: Mwc Ba mpemeL va AeLtoupyeL o
xpovodpouoAoyntng; Zvuotnpata MapaAAnAnc Enséepyaciac

- NMw¢ Ba cuyxpovicoupe amodoTka TTOAAATIAQ VALLOTA,
2vuotnuata MNapaAAnAng Emeéepyaoiog
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= Nopoc tou Moore: Authaoclacpoc aplBuou tpaviiotop kKabes 18
unvec (e€akoAouBel va Loyvel)

* Dennard Scaling: H taon tpododoaciac twv transistor pumopet va
newwvetal (6ev pelwveTal TAEOV LLE TOV OLo puBHO)

= KatavoaAlokopevn Loxuc: P = C V2 f (C = count, V = Voltage, f = frequency)

" 310 Apeoo pEAAov Hev Ba prmopou e va tpododoTriocoupe OAa Ta
dlaBeopa transistor

- dark silicon era?
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= Tepdotia cuoTAUaTo PE XIALASEC/eKATOUHUPLO EMEEEPYOOTEC
= XpNOLUOTIOLOUVTOL VIO ETILOTNHLOVIKEC EPOAPUOYEC

- Life sciences

- Earth Sciences

- Engineering

- Etc.
= Top500:

- 2 OPEC TO XPOVO avaKOoLWWVETAL N Alota e toug 500
LOXUPOTEPOUC ETIEEEPYAOTEC
» Supercomputing, NoguBproc, http://scl4.supercomputing.org/ (HMA)

» ISC, louviog, http://www.isc-events.com/isc14/ (Feppavia)
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rendersd-on SuperMUC by LRZ
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PRESENTED BY
FIND OUT MORE AT
www.top500.org
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JUNE 2014 e Top500

NAME sPECS siTe COUNTRY CORES Puns . POWER
1 Tianhe-2 (Milkyway-2)  NUDT, Intel vy Bridge {12C, 22 GHz) & Xeon Phi (57C, 1.1 GHz), Custom interconnect  NSCC Guangzhou China 3,120,000 33.9 178
2 Titan Cray XK, Operon 6274 (16C 2.2 GHz) + Nuidia Kepler GPU, Custom interconnect DOE/SC/ORNL UsA 560,640 176 8.2
L3
2  Sequoia IBM BlugGene/0, Power BC {16C 1.60 GHz), Custom intercannect DOE/NNSA/LLNL USA 1,572,864 172 79 J u n e 2 0 1 3 LI St
4 Kcomputer Fujitsu SPARC64 VIlIfx (8C, 2.0GHz), Custom interconnect RIKEN AICS Japan 705,024 10.5 127
5 Mira IBM BlueGene/Q, Power BAC (16C, 1.60 GHz), Custom interconnect DOE/SC/ANL USA 786,432 8.59 3.95
PERFORMANCE DEVELOPMENT PADJECTED
1 EFLOPIS
100 PFLOP/S
10 PFLORS
1 PFLOPYS
oo Trons
TiaTons
s
00 GRS
10 GFLOF/S

1 GFLOP/S

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2008 2010 2010 20012 2013 2014 2015 2006 2017 2008 2009

ARCHITECTURES CHIP TECHNOLOGY

o

[
III ¥
= " I IBM
=
= Clusters o I Il | |
= e I
L I|
o fo
| | | |||||||||||| m Il
Single 5
Proc.
WOW W W W W W W N W W W W W W M WM %W W W O W W M W W M BE D W W W o oW e
INSTALLATION TYPE ACCELERATORS/CO-PROCESSORS
WY Vendor &
o
=
ATI
8 L
2
£ —
= I
@
= Ll L NVIDIA
o W mn —] 1
e fied L _ Gowernment S
Academic " 1 | I | |
Clearspeed CSX600 Cell
W M % % T W WM W W@ 0 M W K W CE W 101 Iz 1w 1 206 mat 08 2005 0 am iz w1 mie

Hle NPACK A Portable Implementation of the High Performance Linpack Benchmark for Distributed Memory Computers »woRe mnr ar http:iicl.utk edu/hplf
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http://www.top500.org/

NAME
Tianhe-2 (Milkyway-2)
Titan

Sequoia

K computer

e ON=

Mira
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Top 500 (June 2013 list)

Top 5

SPECS

MUDT, Intel Ivy Bridge (12C, 2.2 GHz) & Xeon Phi (57C, 1.1 GHz), Custom interconnect
Cray XK7, Operon 6274 (16C 2.2 GHz) + Nvidia Kepler GPU, Custom interconnect
IBM BlueGene/Q, Power BAC (16C 1,60 GHz}, Custom interconnect

Fujitsu SPARCE4 V1IIfx (8C, 2.06Hz), Custom interconnect

IEM BlueGene/Q, Power BQC (16C, 1,60 GHz), Custom interconnect

SITE

NSCC Guangzhou
DOE/SC/ORNL
DOE/MNNSA/LLNL
RIKEN AICS

DOE/SC/ANL

COUNTRY

China
UsSA
UsA
Japan

USA

CORES

3,120,000

560,640

1,672,864

705,024

786,432

Rlaax
PFLOP/S

33.9

176

172

10.5

8.89

POWER
178
8.2
19
12.7

3.95
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NAME
Tianhe-2 (Milkyway-2)
Titan

Sequoia

K computer

e ON=

Mira
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Top 500 (June 2013 list)

Top 5

SPECS

MUDT, Intel Ivy Bridge (12C, 2.2 GHz) & Xeon Phi (57C, 1.1 GHz), Custom interconnect
Cray XK7, Operon 6274 (16C 2.2 GHz) + Nvidia Kepler GPU, Custom interconnect
IBM BlueGene/Q, Power BAC (16C 1,60 GHz}, Custom interconnect

Fujitsu SPARCE4 V1IIfx (8C, 2.06Hz), Custom interconnect

IEM BlueGene/Q, Power BQC (16C, 1,60 GHz), Custom interconnect

SITE

NSCC Guangzhou
DOE/SC/ORML
DOE/MNNSA/LLNL
RIKEN AICS

DOE/SC/ANL

COUNTRY F?rﬂﬁs
China 339
UsA 176
USA 1,572,864 172
Japan 705,024 10.5
USA 8.59

millions of cores

POWER
178
8.2
19
12.7

3.95
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NAME
Tianhe-2 (Milkyway-2)
Titan

Sequoia

K computer

e ON=

Mira
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Top 500 (June 2013 list)

Top 5

SPECS

MUDT, Intel Ivy Bridge (12C, 2.2 GHz) & Xeon Phi (57C, 1.1 GHz), Custom interconnect
Cray XK7, Operon 6274 (16C 2.2 GHz) + Nvidia Kepler GPU, Custom interconnect
IBM BlueGene/Q, Power BAC (16C 1,60 GHz}, Custom interconnect

Fujitsu SPARCE4 V1IIfx (8C, 2.06Hz), Custom interconnect

IEM BlueGene/Q, Power BQC (16C, 1,60 GHz), Custom interconnect

SITE

NSCC Guangzhou
DOE/SC/ORML
DOE/MNNSA/LLNL
RIKEN AICS

DOE/SC/ANL

COUNTRY

China
UsSA
UsA
Japan

USA

Rlaax

CORES PFLOP/S
3,120,000 338
560,640 176
1,572,864 172
705,024 10.5
786,432 8.58
MWs of power
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Top 500 (June 2013 list)

Top 5

NAME SPECS SITE COUNTRY CORES i PONER
1 Tianhe-2 (Milkyway-2)  NUDT, Intel lvy Bridge (12C, 2.2 GHz) & Xeon Phi (§7C, 1.1 GHz), Custom interconnect  NSCC Guangzhou China 3,120,000 33.9 178
= Titan Cray XK7, Operon 6274 (16C 2.2 GHz) + Nvidia Kepler GPU, Custom interconnect DOE/SC/ORNL USA 560,640 176 8.2
< Sequoia IBM BlueGene/Q, Power BOC (16C 1.60 GHz), Custom intercannect DOE/NNSA/LLNL USA 1,572,864 17.2 79
4 K computer Fujitsu SPARCE4 VIlIfx (8C, 2.06Hz), Custom intercannect RIKEN AICS Japan 705,024 10.5 12.7
5 Mira IEM BlueGene/Q, Power BQC (16C, 1,60 GHz), Custom interconnect DOE/SC/ANL USA 786,432 8.59 3.95
, .
What's this?
cslab@ntua 2014-2015 13



Rlaax

POWER

NAME SPECS SITE COUNTRY CORES PELOR/S MW
1 Tianhe-2 (Milkyway-2)  NUDT, Intel Ivy Bridge {12, 2.2 GHz) & Xeon Phi (57C, 1.1 GHz), Custom interconnect  NSCC Guangzhou China 3,120,000 339 178
2 Titan Cray XK7, Operon 6274 (16C 2.2 GHz) + Mvidia Kepler GPU, Custom interconnect DOE/SC/ORNL USA 560,640 176 8.2
3 Sequnia IBM BlueGene/Q, Power BAC (16C 1,60 GHz}, Custom interconnect DOEMMNSALLNL USA 1,672,864 172 79
4 K cumputer Fujitsu SPARCE4 V11ifx (8C, 2.0GHz), Custom interconnect RIKEM AICS Japan 705,024 10.5 12.7
5 Mira IEM BlueGene/0Q, Power BQC (16C, 1.60 GHz), Custom interconnect DOE/SC/ANL USA 786,432 8.59 3.95

What's this?

cslab@ntua 2014-2015
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Top 500 (June 2013 list)

Top 5

NAME SPECS
1 Tianhe-2 (Milkyway-2)  NUDT, Intel lvy Bridge (12C, 2.2 GHz) & Xeon Phi (57C, 1.1 GHz), Custom interconnect
= Titan Cray XK7, Operon 6274 (16C 2.2 GHz) + Nvidia Kepler GPU, Custom interconnect
= Sequoia IBM BlueGene/(Q, Power BAC {16C 1.60 GHz), Custom interconnect
4 K computer Fujitsu SPARCE4 V1IIfx (8C, 2.06Hz), Custom interconnect
o Mira IBM BlueGene/Q, Power BOC (16C, 1.60 GHz), Custom interconnect

2 x lvy Bridge processors
2 x 12 cores / node

cslab@ntua 2014-2015

SITE

NSCC Guangzhou
DOE/SC/ORML
DOE/MNNSA/LLNL
RIKEN AICS

DOE/SC/ANL

COUNTRY

China
UsSA
UsA
Japan

USA

CORES

3,120,000

560,640

1,672,864

705,024

786,432

Rlaax
PFLOP/S

33.9

176

172

10.5

8.89

POWER

W

178

8.2

79

12.7

3.95
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NAME
Tianhe-2 (Milkyway-2)
Titan

Sequoia

K computer

[ [ - T < I - I

Mira

SPECS

NUDT, Intel Ivy Bridge (12C, 2.2 GHz) & Xeon Phi (87C, 1.1 GHz), Custom interconnect

Cray XK7, Operon 6274 (16C 2.2 GHz) + Mvidia Kepler GPU, Custom interconnect
IBM BlueGene/Q, Power BAC (16C 1,60 GHz}, Custom interconnect
Fujitsu SPARCE4 V11ifx (8C, 2.0GHz), Custom interconnect

IEM BlueGene/0Q, Power BQC (16C, 1.60 GHz), Custom interconnect

2 x lvy Bridge processors

2 x 12 cores / node

+

Xeon Phi (MIC) accelerator

Comm. Port

O O

(JEXPCE,

cslab@ntua 2014-2015

Dual Gigabit LAN
OH 13

SITE

MSCC Guangzhou

DOE/SC/ORNL

DOE/MNNSA/LLNL

RIKEN AICS

DOE/SC/ANL

COUNTRY

China
USA
USA
Japan

USA

CORES

3,120,000
560,640
1,572,864
705,024

786,432

Rlaax
PFLOP/S

33.9

176

172

10.5

8.89

POWER
W

178

8.2

79

12.7

3.95
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NAME
Tianhe-2 (Milkyway-2)
Titan

Sequoia

K computer

[ [ - T < I - I

Mira

SPECS

SITE COUNTRY

NUDT, Intel vy Bridge (12C, 2.2 GHz) & Xeon Phi (§7C, 1.1 GHz), Custom interconnect ~ MSCC Guangzhou China

Cray XK7, Operon 6274 (16C 2.2 GHz) + Mvidia Kepler GPU, Custom interconnect DOE/SC/ORNL USA
IBM BlueGene/Q, Power BAC (16C 1,60 GHz}, Custom interconnect DOEMMNSALLNL USA
Fujitsu SPARCE4 V11ifx (8C, 2.0GHz), Custom interconnect RIKEN AICS Japan
IEM BlueGene/0Q, Power BQC (16C, 1.60 GHz), Custom interconnect DOE/SC/ANL USA

2 x lvy Bridge processors
2 x 12 cores / node

+

Xeon Phi (MIC) accelerator

Comm. Port
OH OH

(JEXPCE,

_ 16X PCIE_
—

18X PCIE,

Dual \}'igac;\LAN
I

e node

SR Qoo (ol
am ooobgEBaeDb

[

mput
R O
oEonpogen

S76-port

Compute node

ENafsle] [sf=N=Ns] =Noi=§=]1 ["@=§s
siolsls] [sfel=ds] [EH=E=B°] [“H=§-§"

CORES

3,120,000
560,640
1,572,864
705,024

786,432

Rlaax
PFLOP/S
339
176
172
10.5

8.89

17.8
B.2
79
12.7

3.95

Custom interconnect (Fat- Tree topology — see next)

cslab@ntua 2014-2015  |mages taken from: http://www.theregister.co.uk/Print/2013/06/10/inside_chinas_tianhe2_massive_hybrid_supercomputer/ 17



Top 500 (June 2013 list)

Performance development

PERFORMANCE DEVELOPMENT PROJECTED

"1 ERLORS
100 PALORE
10 prLORS
~eRoRs -

10 TRLORS
TV TrRoes
100 GFLOFS

10 GFLOF/S

1 GFLOF/S

1993 1294 1995 1996 1997 1998 1989 000 2001 2002 Z0OE 2004 2005 2006 2007 2008 200% 200 20Mm Zm2 2E 204 2006 Ie 2017 200 2008
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Top 500 (June 2013 list)

Performance development

PERFORMANCE DEVELOPMENT PROJECTED

1 EFLOF/'5

100 PFLOF/S
. . ®

10 PFLOFIS
e " & -

1 PRLORIS =
S e
100 TFLOR/S - ® :
[ [

10 TFLOP/S m s v ® - o

- @

— . ®

1 TFLOFS m
100 GFLOF/S -

10 GFLAFS

0.4 6rRors
1 GFLOPS s » T

1993 1294 1995 1996 1997 1998 1989 000 2001 2002 Z0OE 2004 2005 2006 2007 2008 200%  z010 20Mm1 zm2 2E 204 2006 IMe 2017 200 2008

3 years in Top1!
Earth Simulator
Japan
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Top 500 (June 2013 list)

Performance development

PERFORMANCE DEVELOPMENT PROJECTED

"1 BRI
100 PFLOFIS
10 PrLORS
TAPRLORE
100 TFLOP/S
10 TR
BRI

100 GFLOF/S

10 GFLOF/S

0.4 6rRors
1 GFLOPS s » T

1993 1294 1995 1996 1997 1998 1989 000 2001 2002 Z0OE 2004 2005 2006 2007 2008 200%  z010 20Mm1 zm2 2E 204 2006 IMe 2017 200 2008

3 years in Top1!
Earth Simulator
Japan
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Top 500 (June 2013 list)

Performance development

PERFORMANCE DEVELOPMENT

1 EFLOF/'5

100 PFLOF/S
10 PFLOF/S
s .
1 PALOFIS . @ ® -
[ . N=
. " 1
-
100 TFLOP/S e . ® e BETEE
- L
10 TFLOP/S m s ® ® - s * "
[ ] =
. @ r s ® & B L N 500
L ]

1TFLOFS - . ®
e ® 8 8 ® .« * *

.
100 GFLOF/S - . ® *
s *
]
_ .
0 GFLOFS . ® e
0.4 grLops . ®
1 GFLOPS s » T

1993 1894 1995 1996 1997 1948 1999 000 2001 2002 Z0OE 2004

cslab@ntua 2014-2015
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Beginning of a
slowdown?
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Top 500 (June 2013 list)

Performance development

PERFORMANCE DEVELOPMENT PROJECTED
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Petaflop barrier
Roadrunner
Los Alamos National Laboratory, USA
Decommisioned 315t March 2013 ®
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Top 500 (June 2013 list)

Performance development

PERFORMANCE DEVELOPMENT PROJECTED

100 PFLOF/S
10 PFLOFS
1 PRLOF/S
- . L]
100 TFLOP/S s ® L]
s ®
s ®
10 TFLOPS m e s * " s *
] .
. ® T a ® o s ”* d
1 TFLOR/S -
s ® & 8 *
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]
GFLOP! A .
0.4 grors - L
1 GFLOPS s » T

Why?
Roadrunner would be still high in Top500
(rank 40!)
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Top 500 (November 2012 list)

Performance development

Rank Site

m Information Technology Center, The
University of Tokyo
Japan

€) poemnsaLan
United States

€2 university of Edinburgh
United Kingdom

cslab@ntua 2014-2015

System

Oakleaf-FX - PRIMEHPC FX10, SPARCG4
[Xfx 16C 1.848GHz, Tofu interconnect
Fujitsu

Roadrunner - EladeCenter Q322/L.321
Cluster, PowerxCell 8i 3.2 Ghz / Optercn
DG 1.8 GHz, Voltaire Infiniband

IBM

DIRAC - BlueGene/Q, Power BQC 16C
1.60GHz, Custom
IEM

Cores

76800

122400

Rmax
(TFlop/s)

1043.0

1042.0

1035.3

Rpeak
(TFlop/s)

1135.4

1375.8

1258.3

Power
(kW)
177

2345

493
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Top 500 (November 2012 list)

Performance development

Rank Site

Information Technology Center, The
University of Tokyo
Japan

DOE/MNSA/LAML
Linited States

€2 university of Edinburgh
United Kingdom

cslab@ntua 2014-2015

System

Oakleaf-FX - PRIMEHPC FX10, SPARCG4
[Xfx 16C 1.848GHz, Tofu interconnect
Fujitsu

Roadrunner - EladeCenter Q322/L.321
Cluster, PowerxCell 8i 3.2 Ghz / Optercn
DG 1.8 GHz, Voltaire Infiniband

IBM

DIRAC - BlueGene/Q, Power BQC 16C
1.60GHz, Custom
IEM

Rmax
Cores (TFlop/s)

=
122400

=&

Rpeak Power
(TFlopls) (kW)

1135.4

1375.8
1258.3

Low power efficiency!
(Flop/Watt)
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Top 500 (June 2013 list)

Performance development

PERFORMANCE DEVELOPMENT

1 EFLOF/'5

PROJECTED

100 PFLOF/E
10 PFLOFE
1 PFLOF/E

100 TFLOP'S

10 TFLOPS m e s * "
- @
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100 GFLOF/S L
10 GFLOF/S
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1993 1294 1995 1996 1997 1998 1989 000 2001 2002 Z0OE 2004 2005 2006 2007 2008 200% 200 20Mm Zm2 2E 204 2006 Ie 2017 200 2008

Shall we reach “Exaflop computing” by the
end of this decade?
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Top 500 (June 2013 list)

Performance development

PERFORMANCE DEVELOPMENT PROJECTED

100 PFLOF/S
10 PFLOFS
1 PRLOF/S
- . L]
100 TFLOP/S s ® L]
s ®
s ®
10 TFLOPS m e s * " s *
] .
. ® T a ® o s ”* d
1 TFLOR/S -
s ® & 8 *
D0 GFLOFS - . ® *
]
GFLOP! A .
0.4 grors - L
1 GFLOPS s » T

1993 1294 1995 1996 1997 1998 1989 000 2001 2002 Z0OE 2004 2005 2006 2007 2008 200% 200 20Mm Zm2 2E 204 2006 Ie 2017 200 2008

Three major problems:
a) power
b) data movements
c) resilience
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Architecture

ARCHITECTURES

‘woo'M | | W W Ws M ‘m  W M 08 M6 D7 DB 'R

To1E .

28



Top 500 (June 2013 list)

Architecture

ARCHITECTURES
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What are these?
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= SMP: Symmetric Multiprocessor
= Constellation: ZuAAoyn amno SltadopeTikd cuoTAMATA

= MPP: Massively Parallel Processing
- Madika ntapaAAnAa cvuotiuota
- Baoilovtal og l81ka Kataokevaopeva (custom made) otolxeia
» Alktua Stacuvdeonc (katd kUpLo Adyo)

» EmefepyaoTIKEG LOVADEC
- MN.x. Blue Gene/Q, Cray XK7
- KataAappavouv tic upnAotepec Beoelg tou Top500
- XopunAOTEPN KATAVAAWGCHN EVEPYELAG
- YPnAOTEPO KOOTOC
= Clusters: uoTtolyieC CUOCTNUATWY
- OAa ta otolxeia Toug eival 6N epmoptka dtabeoipa
- Aiktua Staoclvdeonc: Infiniband, 10G Ethernet, Gbit Ethernet

cslab@ntua 2014-2015
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Top 500 (June 2013 list)
Architecture — Chip technology

B CHIP TECHNOLOGY
IBM | ‘ | |‘
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SYSTEMS
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Top 500 (June 2013 list)

Architecture — The accelerator trend

ACCELERATORS/CO-PROCESSORS

an
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AMD
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- . g £
NVIDIA
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i0
Clearspeed CSX600 Cell
2006 mar 2n0 oo 2000 20m a2 2003 i
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Top 500 (June 2013 list)

Countries

Show
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GFLOPS/\Watt
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Red: CPUs, orange: APUs, yellow: GPUs
light-blue: ARM, green: grid-processors, not circled: Phi.
The upper-right area is where we need to go.
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Processor Type Year GFLOPS (32bit) | GFLOPS (64bit) | Watt (TDP) | GFLOPS/Watt (32bit) | GFLOPS/Watt (64bit)
Adapteva Epiphany-IV Epiphany 2013 100 N/A 2 50 N/A
Movidius Myriad ARM SoC: LEON3+SHAVE 2012 15.28 N/A 0.32 48 N/A
Nvidia GT 630, 2nd revision (GK208) X86 GPU 2013 692 ? 25 27.68 ?
AMD Radeon HD 8970M X86 GPU 2013 2304 144 100? 23 1.44
Nvidia Tesla K10 X86 GPU 2012 4577 190 225 20.34 ?
ZiiLabs ZMS-40 ARM SoC 2012 58 N/A ? 20? N/A
ARM + MALI T604 ARM SoC 2012 8+ 68 N/A 4? 19? N/A
NVidia GTX 690 X86 GPU x 2 2012 5621 23472 300 18.74 0.78
GeForce GTX 680 X86 GPU 2012 3090 128 195 15.85 0.65
AMD Radeon HD 7970 GHz X86 GPU 2012 4300 1075 300+ 14.3 3.58
Intel Xeon Phi 5110P X87 2012 2022 1011 225 8.99 4.49
AMD A10-5800K + HD 7660D X86 SoC 2012 121 + 614 ? 100 7.35 ?
Intel Core i7-3770 + HD4000 X86 SoC 2012 225 +294,4 112 +73.6 77 6.74 2.41
NVIDIA CARMA (complete board) ARM + GPU 2012 ?+ 200 ? 40 5.00 ?
IBM Power A2 Power CPU 2012 2047 204 55 3.72? 3.72
Intel Core i7-3770 X86 CPU 2012 225 112 ? ? ?
AMD A10-5800K X86 CPU 2012 121 60? ? ? ?
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" AloocuvOEoUV SOULKEC LoVAdEC EVOC CUVOETOU CUOTAMATOC
= On-Chip Network (OCN) or Network-on-Chip (NoC):
- Caches
- Processing cores
- CMPs.
= System/Storage Area Networks (SAN):
- EmeepyaoTEC e LOVADEC UVNNG
- YNoAOyLOTEC HETAEY TOUC
- YMOAOVYLOTEC LE CUOKEVEC amtoBrkevong
* Local Area Networks (LAN):
- YNOAOYLOTEC O€ €val TOTILKO SlKTUO
= Wide Area Networks (WAN):

- YnoAoyLoTtEC o€ omoLodrTIOTE ONUELO TOU TTAQVATN

cslab@ntua 2014-2015

36



" AlocuvOEOUV SOLKEC LoVADEC EVOC CUVOETOU CUCTANATOC
= On-Chip Network (OCN) or Network-on-Chip (NoC):

- Caches

- Processing cores

- CMPs.
= System/Storage Area Networks (SAN):

- EmeepyaoTEC e LOVADEC UVNNG

- YNoAOyLOTEC HETAEY TOUC

- YMOAOVYLOTEC LE CUOKEVEC amtoBrkevong
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= Enidoon:

- Latency: Xpovoc mou armatteital yia va ¢TAoEL To pwTo byte
nAnpodopilac oo ToV AroCTOAEQ OTOV TTOPAANTITN

- Bandwidth: O puBuog pe tov onoio petadidetal n mAnpodopia
= Kootog:

- AplOuog ports ota switches

- AplOuocg switches

- AplOpoc cuvdEoewv

" Enektaoipotnto: H Suvatotnta tou SIKTUOU VA UTTOOTNPLEEL EMEKTAON OF
HeyaAUTepo aplbpo dtaocuvdedpevwy povadwv
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= BaOuoc kopupou (node degree) d: aplBuoc cuvdeouwv oe Eva Koo
- TIPEMEL VA €lval
» ULKPOC (AOyw KOoTOUC)

» otabepoc (yia emektaopoTnIO)

" ALQMETPOC SLKTUOU D: peyLloto eAA)LOTO povoratt petaéy dUo omolwvonmoTte
KOUBwWV

- 000 ULKPOTEPN, TOCO KAAUTEPN N XELPOTEPN TIEPLTTWON EMUKOLVWVIOC

» EUpog topn¢ (bisection width) b: o eAdxlotoc aplBUOC akpwy Tou KOBOUUE,
xwpilovtac to diktuo ota dvo

- Amnotelel eva KaAO SelKTn TOU HEYLOTOU €VPOUC {WVNG ETILKOLVWVLOC OE
eva OlkTuo

cslav@ntua 2014-2015
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= Shared-media networks: To p€oo ival dtapolpalOpevo amo OAOUC TOUG
KOuBoug, Tt.X.
- AtlauAocg (bus) og povoeMEEEPYAOTIKA KOl TTOAUETIEEEPYAOTIKA CUCTA AT

- To mapadoolako Ethernet

= Switched-media networks: Yridpyxouv Slakomtopeva LOVOTIATLO TTOU
HUrtopoUV val UTtooTNPLEOUV TNV TOUTOXPOVN ETILKOLVWVIO OVAECO O
Stadopetika (evyn KOUBwV

Shared-media network

Switched-media network

Node

Node

Node

Node
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" NMapadoolakog tpomocg dtaoclvdeonc o eva NoC

= AmAn vAomoinon pPe XapunAo KOOTOG

- Data, address, control buses
- Awawtnotia (Arbitration)

" Yrniootnpilel eVkoAa broadcast kat multicast

* EUKOANn ulomoinon cache coherence pe snooping

= AAAQ: Oev eival emekTAOLMOC (TUTILKA Alyeg dekadeC oTOLXELWV)

- Neploplopévo ocuvoAlko bandwidth
- AuokoAia otn dattnoia

Processor

Processor

Processor

Processor

Cache

Cache

Cache

Cache

% Bus

Memory Memory

Memory

Memory
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ALOLKOTTTEC
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= AmAouotepn, Taxutepn aAAd kot akplBotepn Avon yia tn dtacuvdeon N
OTOLXELWV

= Antattel N2 Stakomteg, 6ev KALLOKWVEL AOYwW KOOTOUC

= Xpnotpornoteitatl oe NoC yia tn dtacuvdeon Alywv dekadwv otolyeiwv

o
=
B
2]
-]
B
B

s indedindndnd
ARERRRRRES

A

adadnledidndnds.
adnindedndndnds.

oo 00 0ere
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siniRdndndndnin:

REEEEFEE

cslab@ntua 2014-2015

44



» Alacuvdéouv N otoulyeia pe tn xprnon moAveminedwyv Slakomtwyv

= Av xpnoipomnotnBouv k x k dtakomnteg, xpetalovral log, N otadia pe N/k
Stakomteg ava otddlo (cuvolo N/k log, N Slakomtec)

= Avaloya pe tn Stacuvdeon Twv Slakomtwy £xouv tpokU P el StadpopeTKA
Sdlktua mou avtamokpivovtal o€ dladopetika patterns emikolvwviog
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Centralized Switched Networks
Multistage Interconnection Networks

><

><

>

><
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= Ta dUAa Tou SEvtpou eival ta otolxeia mou StacuvdEovtal )I ||\

= OLeocwteplkoi KOUPOL eival SLakOmTEG / \

= Xpnotuormoleital katd kKopov o€ SANS Kal Kuplwg o€ // \\ /
Supercomputers (Infiniband, Myrinet, kKAr) )
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Distributed Switched Networks
Fully connected

N koppol
N(N-1)/2 obuvdeopol

BaBuoc kopBou d=N-1
Awdpetpoc D=1

Eupoc topng b=(N/2)?

Elvall GUPUETPLKO
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Distributed Switched Networks
Ring

- N koppol

- N ouvdeopol

- BaBuog kopBwv d=2
- Awapetpoc: N/2

-  EUpocg topng b=2

-  Eilval ouppetpko

cslab@ntua 2014-2015
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- N=nk kopBot

= k-8taotato mesh pe n kOpBouc ava dtevBbuvon

- BaBuoc kopBou d=2k

- Sdtapetpocg Siktvou D=k(n-1)

- Mo eva 2-6laotato mesh:

»
»
»
»
»

»
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N=n? kouBol

2N-2n=2n?%-2n ocuvdeopoL
Babuog ecwtepikwv kKopuBwv d=4
Awdpetpog D=2(n-1)

EUpog TounG b=n

Agv glval CUPUETPLKO

o

o

o
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- Yrnoduthaowaletal n SLAPETPOC o€
oxeon Ue to Mesh

- yla evav nXn duadiko torus (k=2):

»

»

»

»

»

»
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N=n? koupot
2N ouvdeopol
BaBuoc kopBou d=4

Awapetpoc D = Zth

EUpoc toune 2n

Elval cupUETPLKO
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- N=2" kouPol

- nN/2 oUvdeopol

- BaBuocg koppBou d=n
- Alapetpoc D=n

- EUpoc tounc b=N/2
- Eivatl cuppetpko

- Apecoc npoodloplopocg dtadpoung
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Dragonfly topology (Aries interconnect)

- lepapyko Siktuo
- MANpec SiKTUO AVAUEDO OTLC OMAOEC

- Onowadnmote emAoyn EVioc NG
opadac (mpoteivetal butterfly)
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Image taken from:

http://www.theregister.co.uk/Print/2012/11/08/cray_
cascade_xc30_supercomputer/
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Aiktua HL0LCUVOECNC OTOUC UTTEPUTTOAOYLOTEC
Top500, November 2012

Interconnect Family System Share

B Infiniband

B Gigahit Ethernet

I Custom Interconnect
B Froprietary Metwark
B CrayInterconnect

B nyrinet

B FatTree

Interconnect Family Performance Share

B Infiniband
B Gigahit Ethernet
I Custom Interconnect
B Froprietary Metwark
B Cray Interconnect
B Myrinet

Other
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* Tianhe-2: Fat tree

= BlueGene/Q: 5D torus

» BlueGene/P : binary tree, 3D torus

= K computer: 6D torus

* Infiniband configuration: Fat tree

* Cray Gemini interconnect: 3D torus

= Cray Aries interconnect: Dragonfly

» Historical note (1987): Connection Machine CM-2, 8192 nodes,

hypercube
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Aiktua dtoouvdeonC
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Aiktua dtoouvdeonC
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Aiktua dtoouvdeonC
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Aiktua dtoouvdeonC

Intel® Quickpath Inteconnect
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Memory  ®
Interface _ #»
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Memory :
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chipset
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h

chipset

Image taken from: An Introduction to the Intel® QuickPath Interconnect:

http://www.intel.com/content/www/us/en/io/quickpath-technology/quick-path-interconnect-introduction-paper.html
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= Juotnuata NapdAAnAnc Eneéepyaoiog (9° E€aunvo)

" AVTIKELHLEVO pHaBpaToC:

ApXLTEKTOVLKEG NMapAAANAWY ZUoTNUATWV
Aiktua Staovvdeonc

Movtelomnoinon eniboonc

2XEOLOLOUOC TP AAANAWY TIPOYPAUUATWV
YAomoinon mapdAANAwv MPoypopLATWY
JUYXPOVLIOUOC

XpovodpopoAoynon

Edappoyeg

cslab@ntua 2014-2015
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" EpyaotnplaKEC OLOKNOELC:

- MpoypaupaTIopOC yla cuotApata LeyaAng kAipokac (Message Passing
Interface — MPI)

Mpoypappatiopog yia moAunupnva cuothpata (OpenMP, Cilk, TBBs)

MpoypapaTIoNOG Yia KApTeG ypadikwyv (CUDA) kat emitayuvteg (Xeon Phi)
- ExktéAeon epappoywv oe:

» 8-node, Intel Xeon Cluster (16 cores, 32 threads)

» 32-node, 8-core Intel Harpertown Cluster (256 cores)

» 24-core Intel Dunnigton

» 32-core/64-thread Intel Sandy Bridge

» Fermi GPUs

» Intel Xeon Phi
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= APXLTEKTOVIKA UTTOAOYLOTWV
- CMPs

» Improving Reliability and Efficiency of Performance Monitoring in Linux

» Characterizing Thread Placement and Thread Priorities in the IBM POWER7 Processor
- lepapyilec KoL TEXVOAOYLEC LVNUWV

» Cache organization, partitioning, memory link compression

» MeAetn kat YAormoinon AAyopiSuwv Kataueptouou tn¢ Atauotpalousvng lepapyioc Mvnuncg
o€ MoAurtUpnveg APXLITEKTOVIKEC

» A study of a dynamic placement policy in a NUCA cache

» Memory-Link Compression to overcome the Memory Wall
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" [MapAdAANAOC MTPOYPAUUATIOMOC KOl EPOAPLOYEC

- Transactional memory

» MeAetn kot AétoAdynon tou TSX otoucg Haswell ereéepyaotec tne Intel: MNapaAAnAomnoinon
Red Black Tree

» Extension of a Recognition, Mining and Synthesis Benchmark Suite for Transactional
Memory

» AAyoptduot Staoxionc ypapwv o€ cUYXPOVEC TOAUTTUPNVEC APYLTEKTOVIKEC
- NapaAAnAomoinon kat BeAtiotonoinon edpapuoywv
» Emiotnuovikoi urtoAoylopol, AAyoplbpuotl ypadwv, Aopec Sedopevwy, KATT

» Texvikeg BeAtiotomoinonc yla mapdAAnAo Aoytouiko ueyaAng kAlpokaog

» SparseX: BiBAtodrkn yia tov moAAarAaotaouo apatou rtivako UE SLVUOUO OE TTOAUTTUPNVEC
QPXLTEKTOVIKEC

» Y& CMPs, SMTs, NUMA, Accelerators (GPUs, Xeon Phi), large-scale
systems

» YAomoinon kot BeAtiotortoinon tou AAyopiduou Smith - Waterman o€ lNoAurtupnvouc
Eneéepyaotec kat MMoAvvnuatikouc¢ Eneéepyaotéc Mpapikwyv

» Implementation and optimization of algorithms on multicore and manycore architectures
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" MNapaAAnAa cuotpata
- JUOTAMOTO XPOVOU EKTEAEONC VLA TTAPAAANAO TIPOYPOUUOTIOMO
/ AvaBeon nopwv og Slepyaoieg
- ApOLOAOYNON £PYACLWYV OE TIOAUTIUPNVEC OPXLTEKTOVLKEC

» Power Aware Scheduling on Multicore Systems
» ApouoAoynon napaAAnAwyv epapuoywy o€ mTOAUTTUPNVI CUCTAUATO

» AAyoptGuot dpouoAoynonc epapuoywv o€ erntinedo UALkoU yLa TOAUVNUATIKEC
OPXLTEKTOVIKEC

- Movtéla poPAsPnc enidboong

» Parallel program scaling prediction
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" AOYLOMULKO CUCTAMOTOC
- BeAtlotonolnon emnikowvwviog / ELKOVIKEC UNXOVEC

» V4Vsockets: Mnxaviouog armodotikn¢ eVOO-ETMLKOLVWVING ELKOVIKWY UNXAVWV XAUNANG
entBapuvonc

» [lelpauatikn anotipunon kot BEATIOTOMOINON TNC EMTIKOLVWVINC ELKOVIKWV UNXAVWV TTOU
OUVUTTAPXOUV OTO (61O PUOLKO Unxavnua

- ALOLOLPAOHOG ETILTAXUVTWYV O€ TIEPLBAAAOV VEDOUC

»  Kataveunuevo Zuotnua Ataxeiptong Epyaciwv Amouakpuouevng EkteAeanc Kwdika Mo
Ertttayuvteg Mpagikwy 2€ Zuotolyieg YmoAoylotwy
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