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Intel in High Performance Computing : the big picture
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What G. Moore predicted ?

e 1971 Intel® 4004 : 4/8 bits, 108 kHz, 2300 transistors

e 1972 Intel® 8008 : 8 bits, 200 kHz, 3500 transistors

e 1974 Intel® 8080 : 8 bits, 2 Mhz, 4500 transistors

e 1978 Intel® 8086-8088: 16 bits, 5 MHz,

e 1982 Intel® 80286 : 16/32 bits, plus de 100.000 transistors
e 1985 Intel® 80386 : 32 bits, 275.000 transistors

e 1989 Intel® 80486 : 32 bits, 25 a 66 MHz, 1,6 millions de transistors

e 1993 Intel® Intel® Pentium® : 32 bits, 75 a 133 MHz, 3,1 millions de transistors
e 1995 Intel® Pentium® Pro : 32 bits, 150 a 200 MHz, 5,5 millions de transistors

e 1997 Intel® Intel® Pentium® II : 32 bits, 7,5 millions de transistors

e 1999 Intel® Pentium® III : 32 bits, 450 a 600 MHz, 9,5 millions de transistors

e 1999 Intel® Celeron® : 32 bits, 9,5 millions de transistors

2000 Intel® Pentium® 4 : 32 bits, 1,5 GHz, 42 millions de transistors

intgl
puntium’s
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Not a simple linear function

Relative Manufacturing Cost/Component

1 10 102

Number of Components Per Integrated Circuit

108 104 108

Copyright © 2008, Intel Corporation




9

FOR simple circuits, the cost per component is nearly invers ely proportional to the number of components,
the result of the equivalent piece of semiconductor in the eq uivalent package containing more components.
But as components are added , decreased yields more than comp ensate for the increased complexity,
tending to raise the cost per component.

Thus, there is a minimum cost at any given time in the evolutio n of the technology.
If we look ahead five years, a plot of costs suggests that the m inimum cost per component might be
expected in circuits with about 1,000 components per circui t

In 1970, the manufacturing cost per component can be expecte d to be onlya tenth of the present cost.

The complexity for minimum component costs has increased at a rate of roughly a factor of two per year .
Certainly over the short termthis rate can be expected to con tinue, if not to increase.

Over the longer term, the rate of increase is a bit more uncert ain, although there is no reason to believe it
will not remain nearly constant for at least 10 years.

That means by 1975, the number of components per integrated ¢ ircuit for minimum cost will be 65,000.

I believe that such a large circuit can be built on a single waf er.

Electronics, Volume 38, Number 8, April 19, 1965
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Conclusion intermédiaire 1

e Laloi de Moore n’a jamais signifiée
- plus de performance
- plusde hpc, plus de //ism, plus de scalabilité

Juste
« il existe un tjs un bon rapport prix / nb de transitor sur un circuit!! »

Implicitement, le nb de transistor augmente et les capacités du dit
circuitaussi ;-)

Mais la seule (?) loi qui domine en HPC reste la loi d’Amdhal et assimilée
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| Transistors
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Latest steps

1000 e 3,50E+03
100 “' - 3,00E+03
10 —
1 | 2,50E+03
0,1 - 2,00E+03
0,01 <l —+ 1,50E+03
oo(;ggi [ [ {/1] - 1,00E+03
0 c;ooo1 : 1) E— I‘ I " - 5,00E+02
0,000001 rT1rTrr ro v 17 T 1117 T 1T 1T T T T 1T T 1T T T TT II‘I III T IIIII T T 0,00E+OO
HOODNOHMILNOOAMINOAMLWN O
NNRNNRNO®OM®O®OODDODDIIINDND OO O OO O
DA NNO O OO O
T A A A A A A A A A A A A A A ANANNNN

Copyright © 2008, Intel Corporation

45 nm Hi-k Intel Processor

Quad core Intel® Xeon® 53xx (Clovertown) Quad core Intel® Xeon® 54xx (Harpertown)
65 nm 45 nm Hi-k

. . » ”
143 mm° 143 mm° 107mm 107mm

820m Transistors
12 MB Cache

>




Industry’s First 45 nm High-K + Metal Gate Transistor

Improved Transistor Density
Improved Transistor Switching Speed
Reduced Transistor Switching Power
Reduction in gate oxide leakage power

PulySi

Silinon

65 nm

~2X .
>20%

~30%
>10x
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High-k + metal gate transistors

Low resistance layer
y ~

Polysilicon gate
NeforNMOS

P+ for PMOS

Standard
Transistor

HK+MG
Transistor

— Low resistance layer
Metal gate

Different for
NMOS and PMOS

+— High-k gate oxide

Si0, gate oxide ——

Silicon substrate

T
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Silicon substrate

Copyright © 2008, Intel Corporation




High-k + metal gate transistors

Metal Gate HK+MG
* Increases the gate field effect Transistor

High-k Dielectric Lo stance |
- Low resistance layer

* Increases the gate field effect
Metal gate

Different for
NMQS and PMOS

* Allows use of thicker dielectric layer
to reduce gate leakage

+—— High-k gate oxide

HK + MG Combined Hafnium based
+ Drive current increased >20% D

(>20% higher performance) -
* Or source-drain leakage reduced >5x Silicon substrate

+ Gate oxide leakage reduced >10x

«The implementation of high-k and metal gate materials marks the biggest change in transistor technology
sincethe introduction of polysilicon gate MOS transistors in the late 1960s », G. Moore, 2007
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Intel Driving Moore’s Law into the Future

90nm Node
2003 65nm Node
2005 45nm Node
B 2007 32nm Node Resg, reh
- = i 2009 22nm Node

2011 16nm Node

2013 11nm Node
201
015 8nm Node
2017
7irum
Smm

3nm
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Tick - Tock

Intel®
Core™ Penryn

Nehalem

NEW Compaction/ NEW Compaction/ NEW
Microarchitecture Derivative Microarchitecture Derivative Microarchitecture
65nm 45nm 45nm 32nm 32nm

Tock Tick Took Tiick Tock
Montecito/
plontyale Tukwila Poulson
90 nm Micma:Eh‘i':ecture | Micma:Eh‘i':ecture |

Sandy
Westmere Bridge

Intel and the Intel logo are trademarks or registered trademarks of Intel Corporation or its subsidiaries in the United States and other countries. All

19 products, dates, and figures are preliminary and are subject to change without notice.
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Nehalem-EP

4 cores

e 8M on-chip Shared Cache

3 3-level cache hierarchy
. 32k I-Cache + 32k D-cache
. New 256k L2 cache per core
. New shared last level cache
. Inclusive Cache Policy

Simultaneous Multi-Threading capability (SMT)

QuickPath interconnect
. Point-to-Point
2 links per CPU socket
1 for connection to other socket
1 for connection to chipset
Up to 6.4 GT/sec (12.8 GB/sec) in
each direction per link ( Fully duplex)

Integrated QuickPath Memory Controller (DDR3)
e Up to 18 DIMMs
* 800/1066/1333MHz DDR3

e New instructions

Power: 130W, 95W, 80W, 60W

8M Shared Cache

Memory Link

Controller Controller

3 DDR3 Two
channels QuickPath
Interconnects

Socket:
o New LGA 1366 Socket

Copyright © 2008, Intel Corporation

Nehalem Processor Microarchitecture

22

e Derived from Core Microarchitecture
e Similarin pipeline length
e Processor Performance features

- Greater parallelism

» Example: 33% more instructions in flight

- More efficient algorithms

» Example: Faster handling of unaligned cache accesses

- Better branch prediction
¢ New 3-level cache hierarchy
e New 2-level TLB hierarchy

Copyright © 2008, Intel Corporation
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Intel Smart Cache - Core Caches

e 1stlevel caches

- 32kB Instruction cache

- 32kB Data Cache

e Support more L1 misses in parallel than Core 2

e 2nd Jevel Cache
New cache introduced in Nehalem
Unified (holds code and data)
256 kB per core
Performance: Very low latency

Scalability: As core count increases, reduce
pressure on shared cache

23

Core

32kB L1 32kB L1
Data Cache Inst.Cache

256kB
L2 Cache

Copyright © 2008, Intel Corporation

Intel Smart Cache -- 3" Level Cache

¢ New 3™ |evel cache

Core Core

e Shared across all cores
e Size depends on # of cores
- Quad-core: Up to 8MB

L1 Caches

- Scalability: L2 cache | L2 cache

e Built to vary size with varied core counts L3 Cache
m—

e Built to easily increase L3 size in future parts

e Inclusive cache policy for best performance

- Address residing in L1/L2 must be present in 3rd level cache

24
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Core

L2 Cache

12



Designed For Modularity 2008 - 2009 Servers & Desktops

&
Core
i}
—

L3 Cache

-

- p p— Uncore
- QPI- QPI- &

Clock
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Expandable (EX) Platform Roadmap

1H 2H 1H 2H 1H 2H 1H 2H

[ Tigerton (4C) ] [ Dunnington (6C) ]

[ Caneland w/ Clarksboro chipset ]

EXpandable

e 45nm high-k technology
1.9B transistors

16 MB L3 cache

Caneland socket compatible

Latest Intel virtualization technologies

Launched

Copyright © 2008, Intel Corporation



Intel innovations

= - - S
Evolution of Instruction Set Architecture (ISA) : Intel® Xeon®, Pentium D,
& Intel® Core™ Duo
e 1979 -x87 Numeric data extensions <
w q "
e 1997 -MMX™ - 64b SIMD ISA extension > W T I T

e 1999-2007 - SSEx - 128b SIMD ISA extensions
e Starting 2010 - Intel® AVX - 256b SIMD ISA extensions

4
<C
w
Benefits of Intel’s ISA : New Microarchitecture
e Available across a wide range of platforms
- No additional hw required
- Investment protection for your development costs and effort &
e Backwardand forward compatible to future ISAs u<.|
e Asuite of tools and compilers to make development easy : "ewé‘;f,?yaéﬁ?c};i“"“

Copyright © 2008, Intel Corporation

Key Intel® Advanced Vector Extensions : Intel® AVX

KEY FEATURES BENEFITS
Wider Vectors Up to 2x peak Flops/s
Increased from 128 bits to 256 bits | with good power efficiency
L A

Enhanced Data Rearrangement

Use new 256 bit primitives to broadcast,
| mask loads and permute |
L

Organize, access and pull only
necessary data more quickly and efficiently

Three and four Operands,

Non Destructive Syntax Fewer register copies, better register use
| Designed for efficiency and extensibility |
<

More opportunities to combine load

Flexible unaligned memory access support i
and compute operations

Intel® AVXis a general purpose architecture,

expected to supplant SSE in all applications used today

Copyright © 2008, Intel Corporation
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Intel Instruction Set Innovation Continues

A A new trajectory

Vector FP offers scalable FLOPS and
impressive Flops/W

The old trend
Intel® AVX*

15% gain/year (due to « 2X throughput - vector FP
frequency and uArch) o 2Xload|throughput

/

Next generation Intel®
microarchitecture Cryptography acceleration
(Nehalem) instructions

Intel® microarchitecure
(Westmere)

Performance / core

* Superior Memory latency+BW

* Fast Unaligned Support

v

2008 2009 2010 > 2010

All timeframes, dates and products are subject to change without further notification

*Intel® AVX = Intel® Advanced Vector Extensions (Intel® AVX)

Copyright © 2008, Intel Corporation

Agenda: from the micro-arch to the end users
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QuickPath Interconnect

Nehalem introduces new QuickPath &=
Interconnect (QPI) : P |' ee?)em

e High bandwidth, low latency point
to point interconnect

e Upto 6.4 GT/sec initially
- 6.4 GT/sec-> 12.8 GB/sec

- Bi-directional link -> 25.6 GB/sec per
link

e Highly scalable for systems with

varying # of sockets

31
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Memory Latency Comparison

e Low memory latency critical to high performance
e Design integrated memory controller for low latency
e Need to optimize both local and remote memory latency
e Effective memory latency depends per application/0OS
- Percentage of local vs. remote accesses
- NHM has lower latency regardless of mix

Relative Menory Latency Conparison

.,
3

o
3

o
3

o
5

020

Relative Memory Latency

o
3

Harpertow n (FSB 1600) Nehalem (DCR3-1333) Local Nehalem (CDR3-1333) Rerote

32

Copyright © 2008, Intel Corporation
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Intel QuickPath Architecture

Intel® QuickPath interconnect plus integrated Intel® QuickPath memory controllers

Stream Bandwidth — MidagteS8e Triaidy)

Processor Higher s better 24904

28
2%
E:
g
§
zu

J3jjonu0)
Aowayy

High Low
Bandwidth Latency
(up to 25.6 GBJs per link) (integrated native DDR3 MC)

(up to 32 GB/s per MC) o
Controller

HTN3.16/BF1333/667 HTN 3.00/ SB1600/ 800  NHM 2.8/ 6.4QPI/ 1066
MHzmem MHz mem MHzmem

Source: Intel. All future products, computer systems, dates, and figures specified
are preliminary based on curren expectations, and are subject to change

Intel QuickPath Architecture

Intel® QuickPath interconnect plus integrated Intel® QuickPath memory controllers

Stream Bandwidth —

Processor

Memory
Controller
J9jj013U0)
Aowayy

High Low
Bandwidth Latency
(up to 25.6 GBJs per link) (integrated native DDR3 MC)

(up to 32 GB/s per MC) o

Controller
Intel

1066 MHz /6 Dimms 1333 MHz /6 Dimms

All results using NHM 2.8GHz/6.4QPI - May 2008 - Bandwidth in Mega Bytes/Sec

Source: ntel, Al future products, computer systems, dates. and figures specified
sed on current expectations, and are subject to change
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Agenda: from the micro-arch to the end users

intel,
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Where are the limitations ?

Intraand Inter
socket
communications

A N
. < > Interconnect.
Number, size

and Size, BW of Inter nodes
erformance Cache i
gf the cores? memories? Memory BW? Communications?

Copyright © 2008, Intel Corporation




I/0 Trends

Residentin Memory

Local Disk

1

Parallel File Systems

! TeraScale Memory i
i Research

¢ Disk Replacement '
e Disk Cache
e Memory Displacement Tape
37 intel.
Intel® High Performance: SATA Solid State Drives - The new trend
SATA 3.0 Gb/s Interface
1.8” & 2.5” Form Factors
32GB to 80GB+ Capacities
Power
Active (avg) 2.0w
Standby 0.1wW
Weight:
2.5”"SSD 87g(+/- 2g)
1.8”SSD 40g (+/- 29)
intel

Copyright © 2008, Intel Corporation
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Intel® High Performance Solid-State Drives

High performance SATA Drive
. 2.5"FF

. 32GB/ 64GB SLC

. 240/ 170 R/W (MB/s)

"X25-"

Enterprise Class

. Architected for write intensive highly random workloads

SLC - Enterprise Class SSD
/ Performance SFF Mobile SATA Drive\

“X18-M" . 1.8"FF
SFF Mobile Clien: . 80GB/ 160GB MLC
. 240/ 70 R/W (MB/s)
Performance Mobile SATA Drive
o 2.5"FF
. 80GB/ 160GB MLC
"X25-M" !
. 5 . 240/ 70 R/W (MB/s)
Mobile Client

MLC - Client/Consumer Class SSD

Copyright © 2008, Intel Corporation

Experiment - Finite Difference Code

(Simulate RTM Snapshots)

e 2D elastic wave propagation
e Small 2-homogeneous layered model

e Disk Replacement Test
- HDD - 4x150GB SATA RAID-0
- SSD - 4x80GB MLC Samples RAID-0

Speediup Relative to HDL
(Higher is better)
g
e

48 GB 144 GB 240 GB

Potential: 2-3x Gain with this Example

40 intel,

Copyright © 2008, Intel Corporation

20



Experiment - Finite Difference Code

e 2D elastic wave propagation 300,0 '
e Small 2-homogeneous layered model
e Disk Replacement Test 'g 250,01
- HDD - 2x250GB SATA RAID-0 ) |
- SSD - 2x32GB SLC Samples RAID-0 qE; 200’0
£ 150,0-
-]
. ¢ 100,01
5
o 50,0
0,0
HDD SSD
1 shot gather : 12GB ouput
a1 intel.
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Where are the limitations ?

Intraand Inter
socket
communications

Number, size

and Size, BW of Inter nodes
erformance Cache i
gf the cores? memories? Memory BW? Communications ?

Copyright © 2008, Intel Corporation

21



Interconnect?

Copyright © 2008, Intel Corporation

11/2008 Top500 statistics
Interconnect Family Count Share % Rmax Sum (GF) Rpeak Sum (GF) Processor Sum
Myrinet 10 2.00 % 350290 488934 56576
Quadrics 4 0.80 % 122220 147507 21040
Gigabit Ethernet 282 56.40 % 4948233 9795163 941748
Infiniband 141 28.20 % 6549813 8721697 841730
Crossbar 1 020 % 35860 40860 5120
Mixed 1 0.20% 66367 52044 13624
NUMAlink 3 0.60 % 122554 137625 21504
SP Switch 10 2.00 % 229541 273754 34208
Proprietary 42 840 % 4143049 5243830 1108169
Cray Interconnect 6 1.20 % 358197 469470 73004
Totals 500 100% 16927325.79 25401883.80 3116923
Interconnect fdamtijly / Interconnect fdamtijly / N
systems performance i

22



Agenda: from the micro-arch to the end users
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Multi-core motivation

Dual-Core
1.73x W Performance 1.73x
Power
1.13x 1.00x 1.02x
0.87x
.51x
Over-dlocked Design Frequency Under-clocked (-20%)

(+20%)

Relative single-core frequency and Vcc

Copyright © 2008, Intel Corporation
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Multi-core advantage

Integer Performance with SPECint_rate_base2000* (2001 to 2007)

. Higher is better
L — «
200 4 Single Core Dual Core Quad Core
150 A
100 A
50 A

Xeon 1.26 Xeon 2.20 Xeon 3.06 Xeon 3.20 Xeon 3.60 Xeon 3.60 Xeon 3.00 Xeon3.00 Xeon 3.16

512KBL2 512KBL2 1M L3(2003)2M L3 (2004) 1M L2 (2004)2M L2 (2005) 4ML2DC 8ML2QC 12ML2QC
(2007) (2007)

(2001) (2002) (2006)

47 intel,
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Petaflops/s with today CPU ?

1E+15 Peta

1E+14

1.E+13
1E+12 Tera

Flops. s

1.E+11 Intel® Core™ uArch
1.E+10
1.6+09 Giga

Pentium® Il

Pentium® Il
1.6+08
1.€+07
1.6+06

Pentium®

1985 1990 1995 2000 2005 2010

48
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Global warming of the datacenter

1U:
170 GF
2x450 W
1 module:

1.36 TF

~5.6 kW
AEEENRNEENNE NN EENENEERNEN
AEEENRNEENNE NN EENENEERNEN
NNNRNRNRNRNARNRNRNNRNRNRRNRRRRRRNR o
NEREEEEERNENENENEREENEERNERANENEREEE ’

1.6 PF 5.44 TF
NENNEEEERNENENENEREENEERNENENENERERE -
147k cores ~22.4 kW

AEEENRNEENNE NN EENENEERNEN 6.45 MW -

Copyright © 2008, Intel Corporation

Petaflops : decrease of the power consumption ?

10MW a0.05€/kWh
> 5M€/an (500 €/ hour)

>

45 nm

x1.5 refroidissement

Copyright © 2008, Intel Corporation
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French power consumption

Courbe de charge de la journée du: 0701 2009 W

Réalizations maximum et minimum
21112 i

Pl

e
N

Il Frévision estimée J :

o000 .00 200 1z2:00 A16:00 2000 2400
Caractéristiques “aleurs instantanées
Date des données : 07/04/2000 Heure: 145
Consommation minimum :  7E022 - Co'nsommatlon : B7486 W
Consommation maximum : 94118 M I Frévision initiale J-1 : B5400 hul

Faz de waleur

http:/iwww.rte-france.com/
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Agenda: from the micro-arch to the end users
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HPC enabling@ Softwares & Services Group (SSG)

53

- tuning / optimization

- training

- benchmarking

- architecture (roadmap)

- topology (interconnect, i/0) S ] e

-softwares - develop their own codes
- early cpu testing - uses ISV codes

- benchmarking
- ISV

- collaboration
- co-design
- OEMs

Copyright © 2008, Intel Corporation

- Universities / Research Institutes

Intel point of view : Emerging application research

54

- Identify
Workload On-die fabric Workclloads - Characterize
requirements, used to
d:!ve design | 1/0, network, storage | validate - Optimize
decisions designs
| Platform firmware | - Enhance HW

| Validate

| Execution environments

| Programming environments |

| Workloads |

Parallelize \
Marketing Prototype/Acquire Profile

ID Key Workloads Convergence
TIFae\;IeOI‘g’rs input analysis q

Architectural Feature!
Source code, analysis,
Traces, etc
output

Copyright © 2008, Intel Corporation
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End users point of view : Physics and computing needs increase

Increase problem size

(at constant time and physics)

Decrease elapsed time.

(at constant size and physics)

\ 4

Increase physics complexity

(atconstant elapsed time and size)

Copyright © 2008, Intel Corporation

HPC or Scientific Computing landscape

Universities / Research Institutes

Wks
A " s
Meso center
ISV .
National center

<500 Gflops
R & D in the Industry
S <10 Tflops

J

Productionin the Industry
20 Tf to < 1 Pflops

Copyright © 2008, Intel Corporation
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Availaible Computing power ... in 2008

16415 Pe@ ; . ! 11P:N°T Tops00
i i <1P.: Oil contractors \
i ! <500T.:national CC | :
. 1LE+14 ' ! - . . {
17} H | <200Tera : Industries, Oil Companies |
a : : :
o i <50T. :regional CC H H
T 1E413 ! regiona ; ! 12T.:N°500 Top500
1 1 1
Tera !
18412 i <1T.:Laboratories i E
1 1 1
1E+11 i ; :
; 1€50G.:Wks. 520G, :Core2Duo
1.e+10 ! ! !
: i :

1.£+09 Giga
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The Picket Fence (Amdahl revisited

# People

Prepare
Paint
Clean-up 1.1
Total 12 hours 3.2 hours
Speed-up 43

Efficiency 37.5%

Brush 10€

Beer 0.32€

Copyright © 2008, Intel Corporation
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Parallel computing

g &
= 3 Super limear
g o Linear (ttreany)
o Q.
© 7]
[m] / Ideal
Saturated
«liny aagam »
Nb cores
1c 4c
59 intel.
Copyright © 2008, Intel Corporation
First step : do it serial
g £
3 2
Q 7}
a o
& ©
] [}
Profiling + HDW counters
Compiler option
| Help the compiler
SIMD (sse)
Check memory management
Are all the Flops useful
1c

60
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Apps classification and performance analysis

Memory bound.
CPU bound. . A
“HPL” Real world applications Stream”
| |
| 1

Part of the code Part of the code
doing ops doing mem access

CPU.ops%* (cycle/ trans) + Mem.ops% * [ (Lxx_success% * cycle/ trans) + (Lxx_misses% * cycle/trans)]

1/ IPC_max nb cycle to
access memory
T [ hemow |

Higher frequency
New SSE4

1 cpu
*noi/o
*No comms

Copyright © 2008, Intel Corporation

Intel® Software Development Products

Cr+ Cofl Fortran €
++(Co rtran Compiler
' Professi Pn‘l_mfessit:prlalp

e Intel® Compilers Edition @ Edition

- The best way to get application performance on Intel® multi-core
processors - both for C/C++ and Fortran

e Intel® VTune™ Performance Analyzers

- Identify bottlenecksi and optimize multi-core performance

e Intel® Performance Libraries
- Highly optimized, thread-safe, multimedia and HPC math functions

62
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C++ and Fortran Compilers 11.0

Windows* | v v v
Linux* v v v
 OpenMP 3.0 support Mac 0S* X| V v

e C++ lambda functions
e Windows* products: Microsoft Visual Studio* 2005 and 2008 support
e Linux* products: Eclipse* CDT 4.0 support

e Windows Server* 2008 Support

e Parallel debugger for IA-32/Intel®64 Linux

e Option to emit FE diagnostics related to threading

e /MP option for generating compilation sessions in parallel

¢ Implementation of valarray using IPP for array notation

e Improved install framework based on Intel® PSET 2.0

o Default to be Intel® Pentium® 4 (QxW) compatible

e Increased F2003 feature support beyond 10.1:

- ENUMERATOR, MIN/MAX and friends, IEEE FP, ASSOCIATE, PROCEDURE POINTER, ABSTRACT
INTERFACE, TYPE EXTENDS, struct ctor change, array ctor changes, ALLOCATE scalar

o Native Intel®64 Compiler (Win/Linux)
e Compilers available only in “Pro” packaging (no more “Standard”)

Intel Confidential - NDA Required _
Copyright © 2008, Intel Corporation

Intel® Math Kernel Library 10.0

The flagship math processing library Applications

- Simplify multi-threaded application
development J\/L

e Extensively threaded math functions with Intel®* Math Kernel Library
excellent scaling ) Fast Fourier Random Number
) . . Linear Algebra Transforms Vector Math Generators
e New Threading in Vector Math Functions - BLAS - Miltidimension ] - Trigonometric ] - Congruent
I N . (D up 0 70) § . . )
* New OpenMP compatibility library supports | FSEeuims B Bl By
Microsoft and GNU OpenMP implementations N T - Logarithmic * Fersenne
) ) . . * Rounding er
- Maximize application performance - Power / Root f§ * S9!

= ScalAPACK = Cluster FFT * Neiderreiter

e Automatic runtime processordetection
M shared Memory (SMP) ] [
ensures great performance on whatever M Distributed Memory (Clusten)

processor your application is running on. Optimized Multi-Core Performance
o New optimizations for latest Intel on shared & distributed memory systems
processors (inteD)| (inteD)| (inteD)| (intel)  (inteD) (intel)
e New cluster functionality is now standard oo 3> | CHIZY | GOTE 2| COTE 2 m
Windows* | Linux* | Mac*

IA32 | Intel64 | 1A64 |Multiwre
v v
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MKL 10.0

Intel® Math Kernel Library 10.0 — Sparse Solvers

Product Information Evaluation Center Support Resources Documentation
T P yp— Sparse Fast Fourier Vector Vector —
Overview  BLAS/LAPACK Scal APACK Transforms Math Sratistics LINPACK

The Intel Math Kernel Library includes sparse sclvers that use both direct and indirect/iterative

methods.
Matrix Types Intel® Math Kernel Library Sparse
Solvers
Direct Indirect/Iterative
General PARDISO (d, =) | FGMRES (d)
(Parallel Direct
Solver)

Symmetric | Positive | PARDISO (d. ) | Conjugate Gradient
(Parallel Direct (d)
Solver)

Indefinite | PARDISO (d, 2)
(Parallel Direct
Solver)

d: Supports double-pracizion data
z: Supports double-precision, complex data

Copyright © 2008, Intel Corporation

Math Functions Using SVML Library

- sin/cos/tan

- asin/acos/atan

- sinh/cosh/tanh

- asinh/acosh/atanh
- log10/In

- exp/pow

- and many more

Copyright © 2008, Intel Corporation

Short vector math library (SVML) provides efficient software implementations:
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Intel® VTune™ Analyzer 9.0

Quickly find performance bottlenecks
- Simplify multi-threaded application
development
e Tune process or thread parallel code
e Works onstandard debug builds without
recompiling
- Maximize application performance
e Stall cycle accounting for Core™?2 Duo

‘ Unoptimized Applications

Intel®* VTune™ Analyzer with Thread Profiler
If you don’t measure, you are just guessing

Intel® VTune™ Performance Analyzer | Intel® Thread Profiler (Windows only)

* Miltiple techniques to gather tuning
data
+ Sampling
- Call Graph
* Counter Monitor

= Milti-threading support

* No re-compile needed

* Supports popular programming
languages

* Windows* and native Linux* versions

* Timeline view shows what threads are

doing and how they interact

« Locate performance issues in call

stacks and source code

= Measure the number of cores that are
effectively utilized

and Core™2 Quad processors

~>

e Low overhead sampling

Optimized Performance
on single and multi-core systems

intel) (intel)| (intel) (intel) (intel) (intel

T e e el e

e Graphical call graph
e View results on source or assembly

IncludesIntel® Thread Profiler

.
Centring ‘

Windows* | Linux* | Mac* | IA32 | Intel64 | IA64 | Multicore |
[ [ [ [ [ [
67 intel.
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Whatif.intel.com e =
(e P | by SR | Franaaets | S S0t | Vo
weleorme to ==
Opportunity to kick the tires, give feedback, experiment - put i 'I:"f ]'Ii'f"L k91| o
A dd et oo T

you “in the loop early” - before we fold into final products.

Also - have direct connection with the developers and

e if sl wass 4 B

researchers in Intel.

Intel® Adaptive Spike-Based Solver
Cluster OpenMP* for Intel® Compilers
Intel® Platform Modeling with Machine Learning
Intel® Decimal Floating-Point Math Library
Intel® Location Technologies Software Development Kit 1.0 (LTSDK)
Intel® C++ Parallelism Exploration Compiler, Prototype Edition
Integrated Debugger for Java*/JINI Environments
Intel® Performance Tuning Utility 3.0

intel,

68
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Intel® Performance Tuning Utility 3.0

e NEWinv3.0
- Result difference Extension
e Semi-automated compiler comparison
- Events per CPU
- Data Access Profiling updates
- Module Aliases
- CPU Frequency Changing
- Heap Profiling GUI
- Instrumentation-based Call Graph and Call Count
e EXISTING from previous version
- Statistical Call Graph
Basic Block Analysis

Events over IP graph

Loop Analysis
Learn More at: http://whatif.intel.com

Copyright © 2008, Intel Corporation

- ag=
Intel® Performance Tuning Utility 3.0
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Agenda (for next time)

e Compiler
¢ Reports
¢ Vectorization
e Inlining
* PGO
¢ Blocking
¢ Unrolling
¢ Floating points

Copyright © 2008, Intel Corporation
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. “The Software Vectorization Handbook” by Aart Bik

. “The Software Optimization Cookbook” by Richard Gerber

. Intel® C++ Compiler User’s Guide

. IA32 Optimization Reference Manual

. High Performance Computing, 2" Edition by Kevin Dowd and Charles Severance
. “Floating Point Calculations and the ANSIC, C++ and Fortran Standard”
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. Web-based and classroomtraining

- www.intel.com/software/college

. White papers and technical notes
- www.intel.com/ids

- www.intel.com/software/products

. And have a look at
. http://whatif.intel.com
. Product support resources

- www.intel.com/software/products/support

o other cauntries,

Copyright © 2008, Intel Corporation

36



Parallel computing: Amdhal law

Elapsed tiime
Elapsed tiime

Serial

Parallel

1c 2c 8c

In theory

Overhead

Serial

Parallel

1c 2c 8c

In practice

Copyright © 2008, Intel Corporation

= Using infinite nb of processors
Speedup using Amdhal
lim (Speedup) =1 / serial part
L speedx) ——
ar
ar
b3 \
B b \
L1 \
wh Y
N
ED \\
.
a . .
=1 o S,
o e
[ “"*—u.._\_\_\_
g ——
0] —_——
B = . = - —
serial % 5% 10 % 15% 20 % 25%
parallel % 95 % 90 % 85 % 80 % 75 %
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(Zoom)

Using infinite nb of processors

lim (Speedup) =1 / serial part

100
a5
0
a5
a0
75
T
E5
E0
G5
50
45
40
25
20
25
20
15
10

5

Speedup

M
serial %

speedix)

Infinite nb of processors

10 % serial
90 % parallel

Maxspeedup : 10

parallel %

2% 5%
98% 95 %
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Speedup curves from Amdhal law
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v
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Amdhal’s Hypothesis (among others)

Amdhal law hypothesis:
- Code alone on the machine Just a dream
- Not affected by the OS OS tuning

- No overhead due to

-//ism (comms)
-ifo's
- Memory access (bw, latency) m

- Load balancing is perfect

- serial optimization are not affected by //ism

Copyright © 2008, Intel Corporation

Real world

But when nb of processes increases :
e Amount of work / core decreases Workload

(can increase data locality) m
e communications (size / nb) and sync
do not decrease as the work / core l |

¢ Load balancing becomes important

Copyright © 2008, Intel Corporation
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Conclusion intermédiaire

La loi d’amdhal

- n'est pas suffisante pour simuler précisément le comportement d’une appli
- Mais elle reste simple et didactique
- elle montre bien son « asymptote »
- d’autres approximations existent

- on peut passer sa vie a en obtenir de meilleures

- Permet d’estimer un taux de //ism
(associé avec un profiling serial du nb de flops/s)
- Son aspect didactique permet de quantifier I’effort a (ou ne pas) fournir pour

optimiserle code

79
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Parallel computing

m « Serial Qyptiim. Dwme

Elapsed ttime

E (We reached XX %oaff ttre peaik)
2
n 1c
Q.
ks
[m]
n « Work am tihe ot to bt
become « sy |imeaar »
i Petbtptbd
Q
n
Q.
Ko}
[m]
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1lc 4c ‘
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intel
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Application classification vs. X-core

Real world applications

main task
U

|

4 cores 4 cores u 4 cores 4 cores

Vn/‘//

| Try Find a trade-off between langages / apps / platform to limit stalls and overhead

Copyright © 2008, Intel Corporation

Most used

C { fine level lelism.:

. apr . 1 to 10k cores
- Domain decomposition using MPI

» Secondary MPI level if coarse enough %

* OpenMP / pthread at the finest level _ 1 to 8 cores
(within a SMP node)

* Asynchron communications

- Asynchron and paralleli/o penRxtLotol 00ieoes

Copyright © 2008, Intel Corporation

41



Levels of Parallelism

Serial Core Level Multi-Core/SMP Multi-Node Cluster Level
Node Level
Programming Model, C/C++ Auto-Parallelization Cluster OpenMP
Implementation FORTRAN95 OpenMP* Intel MPI
TBB
Correctness & IDB Thread Checker MPI Correctness
Debugging DB Checker
IDB-MPP
Performance Libraries MKL MKL Cluster MKL
IPP IPP
Performance Analysis VTune™ VTune Trace Analyzer

Thread Profiler

Copyright © 2008, Intel Corporation

Intel® Software Development Products

84

e Intel® Threading Analysis Tools

it}

- Find threading errors and optimize threaded applications for
maximum performance

e Intel® Threading Building Blocks
- C++template-based runtime library that simplifies
writing multithreaded applications for performance and scalability

e Intel® Cluster Tools

- Create, analyze, optimize and deploy cluster-based applications

el
" ing
Hucing Hincks

Copyright © 2008, Intel Corporation
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Intel® Thread Checker v3.1

Simplify multi-threaded application development
e Detects challenging data races and deadlocks before they occur
e Pinpoints errors to the source code line
e Works on standard debug builds without recompiling
- Full compatibility with 32 & 64 bit Windows* and Linux*
development environments
¢ Includes command line interface for Windows and Linux
e Batch scripts integration for regression test runs

Support OpenMP*, WIN32 and PThreads, TBB

Windows* [ Linux* [ Mac* | 1A32 [ Intel64 | IA64 | Multicore |
v [ v [ v T v | [ v |

Copyright © 2008, Intel Corporation

7 Intel® Thread Checker - [Intel@ Thread Checker - Activity: 03:21 PM, 2006 Jun 01 (TC: primes.exe]] h] Jm

“Eule Edit Yiew Activity Configure Window Help = Jﬁ! A_J
(HBE =& B | B B | B [ |52 P _jjTE'primesExe[D}ET P, 2005 Jun D1 =l mn | ey |

Shert Description i ShortDescripiion 2]

1o} | Severty | Diescription ] -
[ Gioup 2: Wite > Read data-race [Diagnostics: 2; Fitered: 0] |
e ————————r——r— [

o Mermoty read st "Prinss cpp™44 conflicts with 2 prior mermory wite: st "Prinss. cpp':44 (flow dependence]

i+ Group 3: WwWrite -> Wite data-race [Diagnostics: 2: Filkersd: 0]

4
Diagnostic groups

4l | i

[3][ 2ndsccess |+ ] stack: [unsigned lona FindPrimes{void %) "Frimes cpp*43 ]
= E (=
Address [Line [x ] Source |~
0x105B 37 for (long number = start; nunber < end; number += stride )
{ 8
long factor = 3: 0123125
while [ [(nwaber % factor) != 0 ) factor += Z:
3 Murmber of
Ox1091 if { factor == number ) [Parretiy
42 i
Primes[ Pri nt ] = number: B Unclassified
Ox1049 44 PrimeCount++; = Remark
45 b || | m® Information
0x10E6 a6 ¥ Caution
e e T— Ciig
Ox10EL ag + M Eror

i Filtered
< i | 2] | L

Context | Definiion | TstAccess  2nd Access | Stack Traces |
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Intel® Thread Profiler v3.1

87

e Pinpointthreading inefficiencies to maximize threaded
performance

Simplify multi-threaded application development
e Easier to Use - Recall custom configuration settings
e Fasterto Use - User selectable stack walking
e Support for Threading Building Blocks API

Maximize application performance
¢ View application concurrency level to ensure full core utilization
o Identify where thread related overhead impacts performance
e Find out which created threads are active and which are inactive

Utilize one threading profiler for 32 & 64 bit Windows*

Included with VTune™ Analyzer for Windows*

Windows* | Linux* | Mac* | IA32 | Intel64 | 1A64 | Multicore |
v v 1 [ v | A [ v |

Copyright © 2008, Intel Corporation

Intel® Trace Analyzer and Collector 7.1

e Increase productivity and cluster application performance
e Very low impact

e Lightweight statistics mode
- Intel Trace

ili i Application
e Excellentscalability on time and processors [lEasd Collector

e Compiler and binary instrumentation

e MPI Correctness Checking library GUI on Linux* and Windows*
e Comparison of multiple trace files

e Timelinedisplay for performance counters

e Powerful new aggregation and filtering functions

e Better and faster GUI r@”
e Embedded Help \§g@ Analyzer

Copyright © 2008, Intel Corporation




Intel® Trace Analyzer

P i i
£

Tpsdbench

EER

== intvrbanch
== ehvibhs
=2 auxhs
—— [

Duration of Messages |

0.04 5 Multiple
o il | Il | I} -
000 o s il u"th..\. s, st .__uﬂl\llu‘\. | [ I =
« — o
Flat Profile ILnad Balance | Call Tree | Call Graph | B Count [#] (Sender by Receliver)

TGroup All_Processes

FGroup Application 0000 000 s

Name [Tsel [Tselr_/ [TTotal #Calls___ |
- TGroup All_Processes
FGroup MPI s7acses s $S7o558Es 781z
FGroup inturbench  3.824 473 = [N 8272 278 3 18 240
FGroup mpb 2379 724 s [N 74315 268 s 540
FGroup elvrbhs 1.745 8565 s [l 4342 490 5 9540
FGroup fpsdbench 1580 806 5 6107 1565 6508
FGroup auxhs 0.857 200 s [ 26106683 5 17 055
- FGroup bpfurhs 0.340816 s 0.340816's 5585
FGroup mtxb 0012948 8 17.163 427 5 128

33182 880s
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Technical Information about

Parallelism

e Watch Intel Software Development
Products innovative online series
produced by CNET Networks
International at:

e ZDNet Asia:
http://www.zdnetasia.com/whiteboard/0,3906906
3,62032144,00.htm

e ZDNet Australia:
http://www.builderau.com.au/whiteboards/intel/vi
deo-1.htm

e ZDNet China: Comingsoon

e ZDNet France:
http://www.zdnet.fr/special/whiteboard-intel/

e ZDNet Germany:
http://www.zdnet.de/specials/whiteboard-series/

e ZDNet Japan: Coming soon

e ZDNet UK:

http://resources.zdnet.co.uk/articles/video/0,1000

002009,39289127,00.htm

¢ Go-parallel.com

- Resource for technical information about:
* Parallelism
e Optimization
* Threading
e Hpc

o Multithreading Tools and Techniques for
Software Developers: A Technica
Webinar Series

- Sign up today!

Inte\Conﬂdent\a\,Forlnterna\,UseOn\g _
Copyright © 2008, Intel Corporation
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Conclusion intermédiaire

le Petaflops ssauitemusseniiidediifiodite sacdtedmbies . ...

e Opposition « loi d’Amdhal » versus nombre de coeurs croissants

e + le cout, la consommation, I'espace

Copyright © 2008, Intel Corporation

Conclusion intermédiaire

le Petaflops extijusssiite si....

¢ |es plateformes deviennent :
- beaucoup plus “paralléles” ou plus spécialisées
- beaucoup plus puissante

- beaucoup plus fiables ?

¢ |les applications deviennent :
- moins sensibles aux problémes matériels
- 100x plus paralléles

- apres un profond remaniement ...

Copyright © 2008, Intel Corporation
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Conclusion intermédiaire : Problemes a résoudre

e Hardware (électronique)
- Taille, consommation, type de « transistors »
- Communications : latence et BW
e CPU €<= memoires €= i/o
e Sockets <- Sockets

e Cores €— cores

Memoire

Memoire

93
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Agenda: from the micro-arch to the end users
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Petaflops : too much cores to handle ?

Peta

Tera

Intel®Core™uArch

i Pentium® Il
Giga Pentiume® Il Pentium*® 4

‘/

/ Pentium®
486

386

How to get the P.erfull cores ?

BBynght © 2008, Intel Corporation

Accelerators — Observations

- Accelerators may work well at an algorithm level but typically
do not meet speedup goals from an application standpoint.
- Multi-core performance has not been fully exploited
e Projected accelerator speedup’s are typically biased to comparing
against single CPU or single core instead of complete systems (2S,
4S, Clusters)
- Software agility is lacking
e Development, debug, optimization

e Support, maintainability across generations of devices

- IT deployment criteria is difficult to meet

Copyright © 2008, Intel Corporation




Throughput Computing

Intel Many Core Breakthroughs

o Array Of Fully Programmable IA Cores
VECTOR VECTOR VECTOR VECTOR
IA CORE IA CORE IA CORE IA CORE

¢ Innovative Hardware Caching Architecture

INTERPROCESSOR NETWORK
e Scales To Tera FLOPS

COHERENT ~ COHERENT ~ °'° COHERENT  COHERENT

CACHE  cACHE cacte CacHE ¢ Single Development Environment

COHERENT ~ COHERENT ~ -°* COHERENT  COHERENT
CACHE CACHE CACHE CACHE

¢ Single Software Executable

9
[C]
o
par
=z
g
=
8]
=
o)
e
fa)
i}
x
o

INTERPROCESSOR NETWORK

MEMORY and I/O INTERFACES

VECTOR VECTOR VECTOR VECTOR
1A CORE IA CORE IA CORE 1A CORE

Larrabee is Intel's first many core processor
under development

Each core is a complete Intel processor

Efficient inter-block communication

Copyright © 2008, Intel Corporation

Larrabee Block Diagram

i Multi-Threaded
L i Wide SIMD

Multi-Threaded
Wide SIMD

Fixed Function
Display Interface

Memory Controller
Memory Controller

Multi-Threaded
Wide SIMD LA |

Multi-Threaded |
Wide SIMD

Texture Logic
System Interface

e Cores communicate on a wide ring bus
- Fast access to memory and fixed function blocks
- Fast access for cache coherency

¢ L2 cache is partitioned among the cores

- Provides high aggregate bandwidth

- Allows data replication & sharing

Copyright © 2008, Intel Corporation
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Braided Parallelism Support

Multi-Core CPUs Larrabee

¢ Intel many-core combines best of GPU and CPU

- IA many core can submit work to itself
- Create “braided parallelism” that intermixes data- and task-parallelism

with sequential code
e SW compatibility , Same data formats
¢ High performance Math libraries

Copyright © 2008, Intel Corporation

Then what about Exaflops ?
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ExaFlops Peak with today CPUs ?

peak perf.

48 GF *22 => 1 TF *1000 => 1PF * 1000 => 1 Exa Flop

power (board)
225 W => 5000W => 5 MW => 5 GW
x1.5 for cooling

nb. cores

4 cores => 88cores => 88Kcores => 88 M cores

Low power for the ExaFlops ?
peak perf.
1TF *1000 => 1PF *1000 => 1 ExaFlops
ower.
ioow => 0.1 MW => 100 MW
(including cooling) (including cooling) (including cooling)

nb. cores

1 “CPU” => 1 K“CPU” => 1M"“CPU”

Copyright © 2008, Intel Corporation
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Teraflops Research Chip

100 Million Transistors e 80 cores ¢ 275mm2 ¢ 62 W e 1 TFlops

Frequency \Voltage Power Bisection

3.16 GHz

5.7 GHz

Bandwidth

0.95V 1.62
Terabits/s

2.61
Terabits/s

1.35V 2.92
Terabits/s

Performance

1.01
Teraflops

1.63
Teraflops

1.81
Teraflops

Copyright © 2008, Intel Corporation

Teraflops Research Chip

Peak Performance Average Power Efficiency

20
® Teoc (163 TFLOP, =~194 N=80
~ 54 5.1GHz b i 80°C
T 15 ] i
(1 TFLOP) . H
QS 4 % 16GHz 5.67GHz z ] i
g 3] €10 | 2.
S 3 Jo32TFL0P) g E /
3 5 Gk T 1 i 105
g C 57 i
& 14 1 i 5.8
] N=80 1 i 394cFrLOPS
0 ——— 0 i’ . . -
06 0.7 08 0.?’ } 1.1 1.2 1.3 14 200 400 600 800 1000 1200 1400
« (V) GFLOPS
Measured Power Leakage
250 16%

225] 80°C,N=80 1.33TFLOP @ 230W &
200] g Active Power

g 1751 leakage Power 152
150 1TFLOP @ 97W
b 125 \
78 I
1.00 110 120 130
Vee (V)

% Total Power

070 080 080 100 110 120 130

Vec (V)
All tiles awake/asleep

0.70 080 0.90

Stencil: 1TFLOP @ 97W, 1.07V;
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Core size (at constant 100-200—300 Watts/die) ??

¢ Many (~1000--2000) small cores:

- Think of using low power (say mobility) x86 Processors and putting

many of them on a die.
- In-order, SSE-n with 2, 4 or perhaps 8 ops per clock 1--2 GHz clock

- Many threads per core

¢ A bunch of really big cores (512):

- very wide (32 ops) Vector units

Less large cores 2

- 4 / 8 threads per core

- 2/4GHz

Memory solutions

e We cannot match memory bandwidth to off-package memories
with increase in processing speed.

e We are hitting a wall in terms of number of pins, signaling
area, and signaling power.

e Memory speeds are advancing more slowly than CPU speeds
When we have many tera-ops processors
We'll need many TB/s Memory systems

Actual values | “Tera - value”

Performance | 20 Gflops/ p 1 Tflops / p

BW 12 GB/s ~1.2TB/s

Latency 400 cycles 20 cycles
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Memory Bandwidth futures: 3D Die Stacking

Heat-sink

= Powerand 10 signals go

through DRAM to CPU

= Thin DRAMdie

= Through DRAM vias
Pac

DRAM, Voltage Regulators, and High Voltage I/0
All on the 3D integrated die

Memory Bandwidth options: DRAM on Pkg

| pErKRage

DRAM, CPU
integrated on die




Memory Bandwidth options

Package Package

Replace on-pkg MC with very fast flex
links to an on-board MC
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Possible Technology insertion timeline

2011: terascale processors

e 2015: terascale Si-photonics

e 2015: Aggressive memory stacking
- fault tolerant networks

e 2015: 2--10 Tera-ops processors
- optical memory interconnects

e 2018: 10’s of tera-ops processors

- “All” memory is on package

e 2018: 10’s of terabits/sec/fiber
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Summary

e Intel research is addressing the challenges of
parallel computing with Intel platforms

- Teraflop hardware performance within mainstream power
and cost constraints

- ISA enhancements to address emerging workload requirements

- Language and runtimes to better support parallel programming
models

» Intel is developing hardware and software technologies
to enable Tera-scale computing

- Extending our proven standard compliant tools to many-core

* Prepare for Tera-scale by optimizing for multi-core
— Scalable algorithms
- Parallel SW tools — OpenMP 3.0, TBB, MKL & IPP libraries, MPI
- Experiment with whatif.intel.com offerings and give us your feedback
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