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SINTEF

A Established 1950 by the Norwegian Institute of Technology. :
A The largest independent research organisation in Scandinavi

A A nonprofit organisation.
A .Bff BA CYLNICBEBJa KBh C
A Key Figures*
A 2100 Employees from 70 different countries.
A 73% of employees are researchers. ey
A 3 billion NOK in turnover ﬁ
(about 360 million EUR / 490 million USD).
9000 projects for 3000 customers.
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Offices in Norway, USA, Brazil,
Chile, and Denmark.

[Map CBY-SA 3.0 based on work by Haﬂ@uclearVacuumNikipgdia! .



Overvievofshortcourse

A Aimofcourse

A Toequipyouwithasetoftoolsandtechniquegorworking
efficientlywithhighperformancsoftwaredevelopment

A Consistoftwoparts

A Part 1Theory (3hoursoflectureg
A Part 2Practice (2hoursoflaboratoryexercise$
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Outline

A Part 1& Introduction
A Motivation for going parallel
A Multi and mamgore architectures
A Paralleblgorithndesign
A Programming GPWi#hCUDA
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Motivatiorforgoingparallel
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A A good knowledgebaiththe

The key to increasing performanc
IS to consider the full algorithm ani
architecture interaction.

speedup

algorithmandthe computer
architecture is required.

Graph from David Key@gsientific Discovery through Advanced Compaéitd/Vinter School, 20
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Whycareaboutcomputer hardware?
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History lesson: development of the microprocessor 1/2

1942: Digital Electric Computer

(Atanasoffand Berry)

Ul S, e . I e R R
N\

1947 Transistor

(Shockley, Bardeen, and Brattain)

O=NUDOO~NDOW

LOG, OF THE NUMBER OF
COMPONENTS PER INTEGRATED FUNCTION

1958:Integrated Circuit

(Kilby)

Fig. 2 Number of components per Integrated
function for minimurm cost per component
extrapolated va time,

1971 :Microprocessor

(Hoff,FagginMazoy

1971 Exponential growth

(Moore, 1965)
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History lesson: development of the microprocessor 2/2

7 | ‘
10 3 : § : § : . Transistors
1971: 4004 LB b M (Thousands)
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2300trans, 740 KHz 0L i i S singleThread
0y . Performance
10° 1 p Tfr  (SpecINT)
s i : Y A +_— Frequency
3 f f f e 0 (MHz)
1982: 80286 e »
: P, i Typical Power
134thousand transg MHz 10°F et - (Watts)
1 . i, Number
107 ~-of Cores "
. 10’} ‘
1993:Pentlump5’ 19i75 19;80 12;85 19;90 l9i95 2(;00 2(;05 2(;10 2615
1- 18m|" . tran8166 M HZ Data collected by M. Horowitz, F. Labonte, 0. Shacham, K. Olukotun, L. Hammond, €. Batten
2000:Pentiuny,

42 mill. trans1.5GHz

2010:Nehalem
2.3bill. Trans 8 cores 2.6685Hz
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End of frequency scaling

Desktop processor performance (SP)

10000
20042014:

Frequency
constant

19992014:
Parallelism doubles
every~30 months

ﬁ

1000

1971-2004:
Frequency doubles >

every ~34 months

AVX (2x)

100 Multi-core (26x)

HyperTreading (2x)
10

SSE (4x)

¢
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A 1976A: : 2 A 5hLi eLCNa MBeOELg LdLha @
A 19992014: Parallelism doubles every 30 months
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What happened in 20047

A Heat density approaching that of nuclear reactoPoover wall
A Traditional cooling solutions (heat sink + fan) insufficient
A Industry solution: multore and parallelism!

1000
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SINTEF
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Nuclear Reactor
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Original graphbyAG YCaEBhA C6CLhJa 6KKHNHLCf 8HhNe
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Why Parallelism?

N
The poweattensityof microprocessors

IS proportional to the clock frequency ctibed:

]DOUIOC]C3

Singlecore Duaicore

|Frequency | 100% | 85%
| Performance | 100% | B 90% | 90% |

1Brodtkortet al. Stat®f-the-art in heterogeneous computing, 2
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Massive Parallelism: The Graphics Processing Unit

A Upto5760floating point
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Multt andmanycoreprocessors
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Multk and mamgore processor designs

A Today, we have
A 6-60 processors per chip
A 8 to 32wide SIMD instructions
A Combines both SISD, SIMD, and MIMD on a single chip
A Heterogeneousores (e.g., CPU+GPU on sing)e chip

Multi-core CPUs: Heterogeneous chips: Accelerators:
x86, SPARC, Power 7 Intel Haswell AMD APU GPUs, Xeon Phi
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