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Aktuelle Entwicklungen auf Prozessor und Speicherebene

Die wichtigsten IBM Entwicklungs- & Forschungszentren
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Aktuelle Entwicklungen auf Prozessor und Speicherebene

IBM R&D Boeblingen CMOS Hardware Development

“System z” Development (S/390)
Capitol Renoir G1 G2 G3 G4 G5 G6 2900 z990 yAS z10

1985 1990 1995 2000 2005 2007 2009

Development Power4 Powerd+ Power5 Power5+ Power6 POWER?

Fotur v " powER :
Future product technology, optical interconnects Systems” development

cooperation w/ European universities

Processor Architecture

Logic Design PowerPC 970 Cell/B.E. PowerXCell
Circuit Design

Physical Design

IMD OEM Processor Development

Chips | Blades JS2x/QS2x
Processors, 1/0 chips (POWER Systems, System z)

OEM processors (PowerPC 970 ,,G5“ Apple,
Sony-Toshiba-IBM Cell/B.E. ...)
ASIC design center

Systems/Boards

Modules

Cards

Blade (PowerPC 970 based JS2x, Cell based workstation)
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Aktuelle Entwicklungen auf Prozessor und Speicherebene

Meilensteine der Halbleitertechnologie

Transistor (1947), Bardeen, Brattain &
Shockley

Erste integrierte Schaltung (1959), Kilby

Moore's Law (1965)

— ,Cramming more components onto
integrated circuits®

— Komplexitat der Chips verdoppelt sich alle
12, bzw. 24 (ab 1975) Monate

Cell/B.E. (2005)

— 234 Millionen Transistoren in 90nm e
Technologie

. . Lmnunig ;
— Heterogene Multicore-Architektur

POWERG (2006)

— 790 Millionen Transistoren in 65 nm
Technologie

— Geschwindigkeitsrekord: 5GHz Taktfrequenz

POWERY7 (2010)
— 1,2 Milliarden Transistoren in 45nm

—  8core with 4way SMT Cell/B.E. : POWER6
— >4GHz Taktfrequenz 9 cores! 1 PPE, 8 SPEs DualCore >>5GHa!

© 2010 IBM Corporation




Aktuelle Entwicklungen auf Prozessor und Speicherebene

Siliziumtechnologie: CMOS Generationen und Wafergrolde

SIA (Semiconductor Industry Association) Technologie Roadmap

200 mm
8“

8]
o

45 nm
4 32 nm 23 nm

1996 1998 2000 2002 2004 2006 2008 2010 2012 2014
Produktionsstart

u] agoibinpinng
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Aktuelle Entwicklungen auf Prozessor und Speicherebene

Photolithographie: UltraViolett => DeepUV => ExtremeUV?

(According to ITRS)

DRY [IMMERSION
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Aktuelle Entwicklungen auf Prozessor und Speicherebene

CMOS: Sattigung der Technologie?

Technology General Limits of technology Technical limits
Availability

193nm: NA>1 required
Gate leakage

193nm (ArF) lithography at limits
Variability control
Low-k slowdown

Economic limit? No performanc gains .
Deterministic doping Reduced density gain
Quasi-ballistic transport: gate length ~ mean free path =>
193nm lithography ends current limited by contacts

EUV limits EUV destruction
Photoresist limitations

Final frontier?

Solution/Forecast

Immersion (water based)
lithography
High k, metal gate

EUVlight?

Double exposure/patterning
UTB-FDSOI / DoubleGate
(FinFET)

AirGap

450mm wafer production

3D integration

New transistor models/designs
high refractive index immersion
lithography

Emerging new devices: CNT
FET / SET / spin devices

© 2010 IBM Corporation
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Aktuelle Entwicklungen auf Prozessor und Speicherebene

State-of-the-art Technologie, e.g. SEM of 10 Layers of Metal

Layer Ve
Thickness A

6X Ml I
(1.2um) G emiconductor

INTERNATIDNAL

2X
(0.50um)

1X
(0.25um)

E-Beam| Mag | Tilt ‘Spot Det |FWD

500 kV|15.0kX| 59.0° | 4 | TLD-S [4.855
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Aktuelle Entwicklungen auf Prozessor und Speicherebene

Limit to Scaling: “Approaching Atomic Dimensions”

3 H;.'
11 A (Angstroem) %
1’ :
j;\ H'!} :
% W -o- -otocsoo‘:.so&st'o

.n.-.ooo Si oitooooo-

&

Ende von Skalierung =
=> Bits und Schaltkreise erreichen atomare Dimensionen von Atomen & Molekulen

|=> = Col0> + ¢c4|1>

|\/> = C0|O> - C1|1>
Quantenzustande einzelner Atome/Moleklle zis QuBits




Aktuelle Entwicklungen auf Prozessor und Speicherebene

Das Ende der Skalierung: bisherige Innovationen

Neue Materialien

Innovative Transistorstrukturen

WIS RVINTNG]

PFET

Verspanntes Silizium

Silicon-On-Insulator

Double-Gate Transistor (FinFET)

© 2010 IBM Corporation



Aktuelle Entwicklungen auf Prozessor und Speicherebene

High-K Material und Metallgate im CMOS Transistor

Metal gate electrode :
L W ,\

ngh -k material '

Oxide interlayer
Tinv=19A
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Leckstrome > 10x reduziert =» mehr aktive Leistung moglich (Takt)

Hohere Prozessorrechenleistung bei gleicher Leistungsaufnahme
durch z.B. komplexere Logik,
hohere Taktfrequenz

Weniger Leistungsaufnahme bei gleicher Rechenleistung

=> Gultigkeit von Moore's Law fur 32nm, 23nm, ...

© 2010 IBM Corporation




Aktuelle Entwicklungen auf Prozessor und Speicherebene

Innovation im Back End (Airgap-Technology)

Microprocessor Logic Circuit Region

Capacitance

:;::. 4 | g .
IONDETU!‘&ZIQH Ul ™ (P S reduction 35 %
A g )" A4 1x Wiring

W 2 ) g ot
02X X) &7 Ay ol
“~1x‘a U

[E e ey e IxEenx

(AR A A :
[CRN NN ¥ ANy yWu1xiyrsy EBeam| Mag | Spot| Tit FWD[ Det

WEYNY NN NN R xh Nny 300kv|200kx| 3 |59.0°[4810[ TLDB

Neuer Prozess erzeugt Milliarden von uniformen ,Lochern® in speziellen Geometrien
Reduziert kapazitive Kopplung der Leitungen, schnellere SignalUbertragung, weniger Noise

Erste Technik, die Selbstorganisation von Materialien nutzt:
= Ausweg aus Lithographie?

Fazit:
Hohere Prozessorleistung bei gleicher Leistungsaufnahme ODER weniger

Leistungsaufnahme bei gleicher Rechenleistung!
© 2010 IBM Corporation
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Aktuelle Entwicklungen auf Prozessor und Speicherebene

IBM CMOS Innovationen

Cu/Airgap

Metal Gate
UT-SOI/FinFet

Strained Si

Cu/UItranw-}’
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Aktuelle Entwicklungen auf Prozessor und Speicherebene

Energiedichte als Designhurde?

Skalierung erlaubt hohere Taktgeschwindigkeit
L’;;r;';;\m“’t‘" => Lineare Zunahme der aktiven Verlustleistung

Skalierung fuhrt zu unerwinschten Leckstromen
=> Drastische Zunahme der passiven Power

1000

[ERN
o

~Wishful
Thinking“

Subthreshold-power & . y
0.01 | density

Power (W/cm?)

0.001 F

0.0001 f

10-3

0.1
Gate length (pm)

Realitat
7

I—I—HIIM

1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

—~
N
I
)
=
N
c
()]
5
(@
)
—
LL
-
o
(7))
0
)
N
o
—
o

O P N W » 01 O N 00 ©

istung formal

D.J. Frank et al., IBM J. RES. & DEV. VOL. 46 NO. 2/3 MARCH/MAY 2002
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Aktuelle Entwicklungen auf Prozessor und Speicherebene

System Performance durch Multicore-Technik

IBM 370
Vacuum
[}

IBM 360 .
T !7 T

® ®epentium II(DSIP)

CMOS

| NMOS / PMO
/ICMOS

S

Low-Power
Multi-Core

CMOS

CMOS

—

1950 1960 1970 1980

1990

2000

2010
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Disruptive Entwicklungen

,Phaseniubergange*

Performance

Density
D

) —
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Aktuelle Entwicklungen auf Prozessor und Speicherebene

POWER processor roadmap

20+ Years of POWER Processors

RSG4IV Sstar Dm

RS6I Pulsar

RS64il North Star ) rﬁ = POWERS™
RS64i Apache ) 1 s e,

BiCMOS

: Major POWERE Innovation
Muskie A35 ! -1990 RISC Architecture
| -1994 SMP

CobraAfo | 7 o E S -1995 Qut of Order Execution

-G4 bit

-1996 64 Bit Enterprise Architecture
-1997 Hardware Multi-Threading
-2001 Dual Core Processors

-2001 Large System Scaling

-2001 Shared Caches

-2003 On Chip Memory Control
-2003 SMT

-2006 Ultra High Frequency

-2006 Dual Scope Coherence Mgmt
-2006 Decimal Float/VsX

-2006 Processor Recovery/Sparing
-2009 Balanced Multi-core Processor
-2009 On Chip EDRAM

2005 2010

© 2010 IBM Corporation
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IBM eServer Prozessoren

Z10

64 Prozessoren

(S/390) (16x QuadCore)
Zero-Downtime /

4,4 GHz, 65 nm PowerPC450 core

850MHz, 4-way SMP node
»100 000 cores
»>1 Petaflops/s

MultiChipModule:
~ 8 Milliarden
Transistoren
18km Kupferdraht
8 Chips/MCM

(System p, RS/6000)
' 4 Performance

e N B A

E— PowerPC 970MP
POWERY 2.7GHz, 90 nm Cell/B.E.

(System |, AS/400)
Integration

R _ P6+
1,2 Milliarden Transistoren 1MB L2 pro Kern 3.2GHz, 65 nm
4,14 GHz, 45 nm P 47GHz, 65 nm

8 cores, each 4way SMT

© 2010 IBM Corporation
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POWERG6 Chip - DualCore

Dual Core Chip
2-way SMT Core
Frequency > 4 GHz
Superscalar
8 MB on-chip L2, 32 MB off-chip L3
On-chip L3 directory & controller
Two memory controllers on-chip

Technology
CMOS 65nm Lithography,
Silicon-On-Insulator
790 Million Transistors, 343 mm?

4,5 km Copper wire on 10 metall
layers

1953 Signal 1/0O, 5399 Power/GND 1/O |
Full error checking and recovery

© 2010 IBM Corporation
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IBM System z10 — QuadCore

Implementation

Frequency

Architecture

Arithmetic

Elements

Power

65nm SOl CMOS
2way superscalar in-order

4.4 GHz

894 instructions, 668 hardwired

64bit ALU

IEEE 754 floating point
decimal floating point
hex-floating point

5 quadcore processors on one MCM
994 mio transistors per processor
8 billion transistors per MCM

192kB L1 cache (128kB D/ 64kB 1) per core
12MB (4x 3MB) L1,5 cache on die

48MB L2 cache on MCM (2x 24MB)

16GB up to 1,5 TB mainstorage

10kW up to 27,5 kW

Source: http://www-03.ibm.com/systems/de/z/hardware/z10ec/specifications.html

19
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Aktuelle Entwicklungen auf Prozessor und Speicherebene

POWER 7 Processor Chip - OctoCore

* 56/mm?, 45nm lithography, Cu, SOI, eDRAM

» 1.2B transistors
*Equivalent function of 2.7B
eDRAM efficiency

* Eight processor cores

12 execution units per core

*4way SMT per core

+32 threads per chip 7 Bito
*256KB L2 per core shfeuiA

* 32MB on chip EDRAM shared L3

* Dual DDR3 Memory Controllers
+100GB/s memory bandwidth per chip sustained [

» Scalability up to 32 sockets
*360GB/s SMP bandwidth/chip
20,000 coherent operations in flight

» Advanced pre-fetching Data and Instruction
 Binary Compatibilty with POWERG

Ron Kalla, HotChips2009
© 2010 IBM Corporation
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3D Integration

( ) :""3.':” ||‘II|I‘|I| ale
Bonded interface

Bottom SOI IC

© 2009 IBM Corporation




Folie 21

11

BM EXTENDS MOORE'S LAW TO THE THIRD DIMENSION: An IBM scientist holds a thinned wafer of silicon computer circuits, which is ready for
bonding to another circuit wafer, where IBM's advanced "through-silicon via" process will connect the wafers together by etching thousands of
holes through each layer and filling them with metal to create 3-D integrated stacked chips. The IBM breakthrough can shorten wire lengths
inside chips up to 1000 times and allow for hundreds more pathways for data to flow among different functions on a chip. This technique will

extend Moore's Law beyond its expected limits, paving the way for a new breed of smaller, faster and lower power chips.
IBM_USER; 04.10.2007
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Aktuelle Entwicklungen auf Prozessor und Speicherebene

Forschung: 3D Chips und atomares Rechnen

= Stand der Technik
— Informationstrager besteht aus Mio Atomen.
— Festplattengrosse: 1 TeraByte

» Forschung
— 3D Chips
lllustration of the preferred _ Speichern von Daten auf Atomen

magnetic orientation of an iron

atom on a specially prepared — Schalter basierend auf Molekulstrukturen

copper surface. The stability of

an atom's magnetic orientation - Spe|Cherd|Chte 1000 mal hOher
gan help determine that atom's — iPod kénnte 30.000 Spielfilme speichern.

suitability for storing data.

» Andere Forschungsbereiche:
— Millipede

An animated view of the
Millipede nanomechanical

storage device illustrates how
Schematic three-dimensional an individual tip creates an

image of a molecular "logic gate" indentation in a polymer
of two naphthalocyanine surface (bottom) and how a
molecules, which are probed by large number of such tips are

the tip of the low-temperature operated in parallel (top).
scanning tunneling microscope.
© 2010 IBM Corporation
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(100) silicon BOX (110) silicon
Kedzierski et al., [IEDM 2001-3

Back Gate Oxide
Back Gate

-
-
» -
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FinFET |

B. Doris et al., IEDM 2002

Simplified HOT

Aktuelle Entwicklungen auf Prozessor und Speicherebene
Neue Transitorstrukturen fur die Zukunft

. Doris et al., VLSl 2004

2
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Zukunftige Chiptechnologien

[l
I
il
iy

Gain>1

Spintronics

Molecular Logic

© 2010 IBM Corporation
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Magnetische Speicher: Racetrack und Magnetisches-RAM (MRAM)

L
= ——

" Reading

W

o

Writing

!

Racetrack Sto rage
Array

Racetrack Memory

» store information in magnetic domain walls
* interaction of spin polarized current with magnetization in the domain walls
» current is moving across the racetrack providing the information in spin states

Tunnel

Ferromagnetic — hapten
l“""‘-..
electrodes

HOH n 'I n

Low resistance state High resistance state
“Bit” lines —
‘-\\‘\

M-RAM
« store information in magnetization of ferromagnetic layers
* tunneling currents are dependent on parallel or antiparallel

magnetization
* write access: currents exceed coercitive forces to change
magnetization

© 2010 IBM Corporation
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12

For nearly fifty years, scientists have explored the possibility of storing information in magnetic domain walls, which are the boundaries
between magnetic regions or "domains” in magnetic materials. Until now, manipulating domain walls was expensive, complex, and used
significant power to generate the fields necessary to do so. In the paper describing their milestone, "Current Controlled Magnetic Domain-Wall
Nanowire Shift Register," Dr. Parkin and his team describe how this long-standing obstacle can be overcome by taking advantage of the
interaction of spin polarized current with magnetization in the domain walls; this results in a spin transfer torque on the domain wall, causing it
to move. The use of spin momentum transfer considerably simplifies the memory device since the current is passed directly across the domain
wall without the need for any additional field generators.

In the review paper that describes the fundamentals of racetrack, "Magnetic Domain-Wall Racetrack Memory," Dr. Parkin and colleagues
describe the use of magnetic domains to store information in columns of magnetic material (the "racetracks") arranged perpendicularly or
horizontally on the surface of a silicon wafer. Magnetic domain walls are then formed within the columns delineating regions magnetized in
opposite directions (e.g. up or down) along a racetrack. Each domain has a "head" (positive or north pole) and a "tail" (negative or south pole).
Successive domain walls along the racetrack alternate between "head to head" and "tail to tail" configurations. The spacing between

consecutive domain walls (that is, the bit length) is controlled by pinning sites fabricated along the racetrack.
IBM_USER; 08.09.2009
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Phase Change Memory

In phase change memory, data are stored by
switching small regions of a "phase-change" material
between one of two phases:

* a highly resistive amorphous phase, and

« a highly conductive crystalline phase.

» Switching is done by using voltage/current pulses to
control time temperature within this small volume.

Temperature

Phase change memory has a number of advantages

as a prospective next-generation solid-state memory,

including

 Solid-state memory array & Phase:change
« potential for CMOS compatibility e

» Large resistance contrast Pl '
* Media familiarity from CD-RW naer 4@

* Inherently fast transformation i i‘

C om nmr
Word source
line

© 2010 IBM Corporation
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Trend: Mehrkern- und anwendungssoptimierte Systeme

Spieleprozessoren BladeCenter Supercomputer

Spiele Netzwerk Proteinfaltung
3D rendering Data Mining DOE Anwendung
XML Modelierung des

Cell blades Neocortex

© 2010 IBM Corporation
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Aktuelle Entwicklungen auf Prozessor und Speicherebene

Changing Paradigmas in a Digital World/Future

Multimedia is key! -era everywhere
m  Search engines (like Google, Inktomi)
m extend search for document files, images, streaming media
Natural information processing (like human brain)
® Information wrapped in multimedia containers =»
needs for high bandwidth and compute power
®  New killer applications:
video processing and digital entertai  =nt
Realistic information processi. (0 &
Surveillance support Compute power up to
(i.e. Videocams on airpori.. 10718 = 1020 FLOPs
Simulation/Visualisieruna: and high bandwidth
polygon modelling > rec. needed!
Media/streaming services
High bandwidth, new aigoriuiii.

© 2010 IBM Corporation
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Natur als Vorbild?

100 Milliarden Neuronen
100 Billionen Synapsen

Bis 10000 Synapsen pro Neuron

234 Millionen Transistoren
4 GHz
PowerPC + 8x Synergetisches Prozessor Element

© 2010 IBM Corporation
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Cell Architektur & System-Struktur

SPE

LS

T

SPE

LS

T

SPE

LS

T

SHE

LS

T

SPE

LS

T

SPE

EIB (up to 96 Bytes/cycle)

4 128b data rings at half core clock frequency

16B/cycle 1 1 16B/cycle(2x) l l 1 1

| wmic | BIC

L

PPE "
o FlexlO

ual XDR
dual-threaded (up to 25,2 GByte/s)
6,4 GByte/s
per link

16B/cycle(each) ‘

11168/cycle
[ 2 |

32B/cycle

© 2009 IBM Corporation
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234 million transistors, 90nm SOI, 1.4 million nets, 8 levels of copper wiring

Aktuelle Entwicklungen auf Prozessor und Speicherebene

Cell Broadband Engine —
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I

Cell Processor Components

* General purpose, 64-bit RISC processor (PowerPC AS 2.0.2)
» 2-Way hardware multithreaded
*L1:32KB | ;32KB D
*L2:512KB
» Coherent load / store
* VMX-32
* Realtime Controls
— Locking L2 Cache & TLB
— Software / hardware managed TLB
— Bandwidth / Resource Reservation
— Mediated Interrupts

PPE BLOCK DIAGRAM

* Four 16 byte data rings
supporting multiple simultaneous
transfers per ring

* 96Bytes/cycle peak bandwidth
* Over 100 outstanding requests

In the Beginning
— the solitary Power Processor

96 Byte/Cycle

Power Core
(PPE)

Element Interconnect Bus

Custom Designed

— for high frequency, space,
and power efficiency

Source: ,The cell processor” J. Leenstra, IBM Entwicklung GmbH, technical talk CeBit 2006

© 2009 IBM Corporation




Aktuelle Entwicklungen auf Prozessor und Speicherebene

Cell Processor Components

2101S |e207]
210]S [8007]

* Provides the computational performance
» Simple RISC User Mode Architecture 96 Byte/Cycle

* Dual issue VMX-like
« Graphics SP-Float ~ocal Store MPEC
P MFC | Local Store|

 IEEE DP-Float Power C
* Dedicated resources: unified 128x128-bit RF, OV(VF?;E)me

256KB Local Store Py
 Dedicated DMA engine: Up to 16 outstanding SPU | MFC e S

requests
Element Interconnect Bus

* SPE Local Store aliased into PPE system memory

* MFC/MMU controls / protects SPE DMA accesses
— Compatible with PowerPC Virtual Memory Architecture
— SW controllable using PPE MMIO

- DMA 1,2,4,8,16,128 -> 16Kbyte transfers for I/O access

* Two queues for DMA commands: Proxy & SPU

Local Store
Local Store

SPE BLOCK DIAGRAM
- -

Fermute Ung

Source: ,The cell processor” J. Leenstra, IBM Entwicklung GmbH, technical talk CeBit 2006 © 2009 IBM Corporation
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Accellerator-Beispiel: Cell Synergistic Processor Element (SPE)

SPE BLOCK DIAGRAM

* Provides the computational performance
» Simple RISC User Mode Architecture
* Dual issue VMX-like
. Local Store
» Graphics SP-Float Channel Unit ~ (256KB)
« |IEEE DP-Float I I ]‘ I Single Port SRAM
» Dedicated resources: unified 128x128-bit RF, 256KB Result Forwarding and Staging
Local Store Rogisteiblle
* Dedicated DMA engine: Up to 16 OUtStanding ‘Instrucﬁon Issue Unit / Instruction Line Buhr%—!ﬁ |128I3 Writ;
requests [ 1
On-Chip Coherent Bus

Permute Unit
Load-Store Unit

DMA Unit —r

Byte/Cycle —=16 Byte/Cycle ==#"64 Byte/Cycle * 128 Byte/Cycle

SPE PIPELINE BACK END

Branch Instruction

— - - -
¢ Instruction Fetch

Iﬁ_ ermute Instruction Instruction Buffer

Instruction Decode

— —
i - I [0 eion D
|Lnad!Stnrc ]nstructinnl Register File Access
Execution

~ - - [ [@é‘---.-' B Write Back
|Fixcd Point Instrucliunl

~ - - - - - - - -

|Floating Point Instructinn]

- - -4 - -

Source: ,The cell processor” J. Leenstra, IBM Entwicklung GmbH, technical talk CeBit 2006 © 2009 IBM Corporation
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Flexible Programmierung

© 2009 IBM Corporation
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Historie der Schnellsten Supercomputer der Welt

POWGI’XCG” 8I 10 billion,neurons
N RoadRunner

BIueGene/L_

Enhanced Cell/B. E
45nm lithography, 3.2 GHz

Chlp ‘rechnology based
on standard PPC440
(700MHz BG/L) (850MHz BG/P)

170 MFIops Iéarth

Red Pacific White

1994 1996 1998 2000 2002 2004 2006 2008

Sources: ; not drawn to scale; all statements
regarding IBM future direction and intent are subject to change or
withdrawal without notice, and represent goals and objectives only

© 2010 IBM Corporation
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QPACE - energieeffizientestes HPC System basiert auf PowerXCell!
Quantum Chromodynamics Parallel computing on Cell

Node Card (NC) - Rialto

Memory O O
[(TTTTTTT]
{ [(TTTTTTT] Network

PowerXCell 8i Processor

EEEEEEEE (WP
EENEEREN o o

Status LED @JO)
Temperature .
Sensors Node Card fl Flash Service

CPLD
(NCPLD)

Debug Connector VPD

1..2048

Processor
(SP)

= 200 TFLOPs Spitzenleistung

» 50 TFLOPs durchgangige Rechenleistung

» Factor > 4 niedrigere Systemkosten als State-of-the-Art-Supercomputer

» Bessere Energieeffizienz als State-of-the-Art-Supercomputer (d.h. 770 MFlops/W)

» 3D Torus Topologie mit 6 nachsten Nachbarn-Anbindung der PowerXCell-Prozessoren

© 2010 IBM Corporation
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Trends der Prozessorarchitektur

(Simultaneous)-Multi-Thread

Massive Multi-
Single-Thread Threading

Single Core Accelerator

homogeneous Multicore Heterogeneous Multi Core (SoC)

© 2010 IBM Corporation
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Trends der Rechnersystem-Architektur

Hybrid setup:
- may be blade center based
- OS over various systems

Uni processor system: - based on various kinds of
systems

SMP system: Many Core: = Massive Parallel cluster:

- single thread orientated - still coherent memory blade center based

- superscalar structures P TN - several possible OS in same chip/blade
- classic scale-up system £ % - OS-based assignment of resources

© 2010 IBM Corporation
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Ausblick:
Hybrid Systeme und heterogene ManyCore-Systeme

Prozessor Kern 1

Prozessor Kern 2  Parallelitat (Multi-Core)

 Accelerator-Cores

Prozessor Kern n

Cathed * Integration
=7 (System on Chip, SoC)

Cachen * Modularitat

« Software Optimierung

 Nanotechnologie

»post von Neumann* era begins!
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Vorteil IBM: System Performanz “von Atomen bis zur Anwendung”

/

70%-80% CAGR S/W Middleware

Development Operating _ Virtualization,
Tools System Hypervisor cluster management,

etc.
SMP System Structure

Fabric, switches, busses, memory system, protocols, ...

Microprocessor i "
Core Cache levels,

Microarchitecture, logic | granularity, latency,

circuits, design throughput 1/O
methodology

SMP
Hardware
System

Package
30_40% > 10_150 I/Os, wiring level cooling, ...
CAGR Semiconductors

Device, process, interconnect
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“‘Sphere of customer value”

Solution
Ensemble

Application

Middleware

OS

Hypervisor

Customer value

Holistischer Ansatz fur energieeffiziente und
performante IT-Systeme der Zukunft!

/

DataCenter

Cluster

System design
WProc architecture

Technology

Technology

Internal bus
Peripheral I/O

fabric

Network topology
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Zusammenfassung

» Performanz wird dem Moore‘schen Gesetz noch den nachsten Jahren entsprechend
wachsen!

= Technologie: CMOS-Abldse ist noch nicht in Sicht!

— Einsatz neuer Materialien im Frontend (Transistoren) und Backend (Leitungen), neue
Transistorgeometrien und —strukturen

— Skalierung zu Strukturen im Bereich < 25 nm durch neue Techniken
— Neue Speichertechniken! Magnetische Speicher und PhaseChange-Memory?

= Signifikante technische Herausforderungen
— Manufacturing Defects, Yield
» Extreme hohe DC- und AC-Fehlerabdeckung in Kombination mit “on-speed” -Selbsttests
— “Soft Errors” und Recovery
+ “On-line”-Erkennung von Soft Errors wird wichtiger denn je!
« Recovery/Availability beginnt mit Fehlererkennung (Error detection)!
— Power Density, Energiedichte
» Aufwendigere Techniken zur Reduzierung des Energieumsatzes, bzw Energiedichte

= Mikro-Architektur/System-Architektur
— Rethinking paradigms!

— Hohe Pipelinetiefe und hohe Taktgechwindigkeit ODER hohe Instruktions-Parallelitat mit
Multicore-Technikenpipeline,

— Systemperformanz durch hybride Rechnerarchitekturen UND/ODER heterogene Multicore-
Prozessoren
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Disclaimer

(c) Copyright International Business Machines Corporation 2009.
All Rights Reserved.

The following are trademarks of International Business Machines Corporation in the United States, or other countries, or
both.

IBM IBM Logo Power Architecture
Other company, product and service names may be trademarks or service marks of others.

All information contained in this document is subject to change without notice. The products described in this document are
NOT intended for use in applications such as implantation, lite support, or other hazardous uses where malfunction could
result in death, bodily injury, or catastrophic property damage. The information contained in this document does not affect
or change IBM product specifications or warranties. Nothing in this document shall operate as an express or implied license
or indemnity under the intellectual property rights of IBM or third parties. All information contained in this document was
obtained in specific environments, and is presented as an illustration. The results obtained in other operating environments
may vary.

While the information contained herein is believed to be accurate, such information is preliminary, and should not be relied
upon for accuracy or completeness, and no representations or warranties of accuracy or completeness are made.

THE INFORMATION CONTAINED IN THIS DOCUMENT IS PROVIDED ON AN "AS IS" BASIS. In no event will IBM be
liable for damages arising directly or indirectly from any use of the information contained in this document.

IBM Microelectronics Division The IBM home page is http://www.ibm.com

1580 Route 52, Bldg. 504 The IBM Microelectronics Division home
page is

Hopewell Junction, NY 12533-6351 http://www.chips.ibm.com
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Publicly Available Information
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