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Creating High Performance
Radar Applications with the
Cell Broadband Engine™

Part 1 — Cell Broadband Engine

Overview
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Barriers to Performance

= Frequency Wall

— Increasing the frequency typically requires deeper pipelines
and more power

— Increasing the length of the pipeline increases the chances of
resource conflicts in the instruction stream which will stall the
pipeline

— Increasing the number of stages in the pipeline has reached
the point of diminishing returns

= Power Wall
— Doubling the clock requires more than double the power
— Passive Power (aka leakage) is becoming dominant

— More power means more heat to dissipate
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Barriers to Performance (cont.)

= Memory Wall

— CPU performance has increased much faster than memory
performance and now memory performance is limiting CPU
performance for many applications.

— Traditional Multi-core and SMP systems share the bandwidth of
system memory among the processor cores, thereby further
limiting performance.

— NUMA systems improve the memory bandwidth available to
each processor at the expense of a complex memory hierarchy
and difficulty in programming.

— The traditional technique for improving memory performance
(cache) has reached the point of diminishing returns.
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What S Causing The Issue?
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Power Density — The Fundamental Problem
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Breaching the Performance Barriers

= There are limits on the number of transistors that can
be put on a chip. These limits come from:

— The chip making technology

— The targeted chip size

— The targeted cooling technology
— The targeted power consumption

= When trying to improve processor performance, we
must work within these limits.

= Thus, to get around the Performance Barriers we
must rethink how we use the available transistors.
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Attacking the Power Wall
= The Cell/B.E. processor attacks the Power Wall by using a
heterogeneous multi-core architecture
— Cores are specialized for their tasks, making them simpler

« 1 Power Processing Element (PPE) for control tasks

» 8 Synergistic Processing Elements (SPE) for calc & data
processing

— In-order Processing

* Reduces the size of the “Instruction Window”, complexity of the
cores and number of transistors per core

— Simpler cores use less power and more cores to a chip
= The cost of attacking the Power Wall is:

— Programs must be partitioned to use multiple cores

— Multiple compilers are needed

— Compilers must do a better job of instruction scheduling
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Attacking the Frequency Wall

= The Cell/B.E. processor attacks the Frequency Wall by using large
register files and software controlled branching

— Having many registers reduces resource conflicts within the instruction
stream

— Software controlled branching eliminates the need for expensive
branch prediction hardware

— Allows for deeper pipelines, which leads to higher frequencies
= The cost of attacking the Frequency Wall is:
— Compiler must be aware of and be able to use the extra registers
— Compiler must do a better job of instruction scheduling
— Compiler (and the programmer) must handle branch prediction
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Attacking the Memory Walll

= The Cell/B.E. processor attacks the Memory Wall using a 3-tier memory hierarchy

— System Memory
— Local Store (256 KB of private, dedicated memory per SPE)
— Registers (128 per SPE)
= DMA is used to move data between System Memory and the Local Stores
— The PPE and SPEs each have their own DMA engine

— A DMA engine can operate independently of the PPE or SPE, thereby freeing the
PPE or SPE to do other work

— By using multi-buffering, the time spent moving data between System Memory and the
Local Stores can be partially or completely hidden

= The Cost of Attacking the Memory Wall

— Partitioning of programs is more complex than what is done for SMP systems (but less
than what is needed for NUMA systems)

— Application programmers must learn DMA and multi-buffering techniques

 Libraries and tools are being developed to handle this
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Cell BE Pérforh*iénce Summary

Algorithm

3.2 GHz GPP

3.2 GHz Cell

Cell Perf
Advantage

Matrix Multiplication (S.P.)

24 Gflops (w/SIMD)

200 GFlops* (85PEs)

Bx

Linpack {5.F.)

16 GFlops (w/SIMD)

156 GFlops® (85PEs]

Ox

Linpack (D.P.): Tkx1k matrix

2 GFlops (|A32/SSE3)

9.67 GFLops* (85PEs)

graphics

Transform-light

170 MVPS (G5NWVMX)

256 MVPS™ (per SPE)

TRE

1 fps (G5AVMX)

30 fps* (Cell

security

AES encryp. 128-hit key

1.03 Gbps

2.06Ghbps™ (per SPE)

AES decryp. 128-hit key

1.04 Gbps

1.5Ghps™ (per SPE)

TDES

0.12 Ghps

0.16 Gbps** (per SPE)

DES

0.43 Ghps

0.49 Ghps"* (per SPE)

SHA-1

0.85 Ghps

1.98 Gbps"* (per SPE)

video
processing

Notes: * Hardware measurement

mpeq decoder (CIF)
mpeg? decoder (SOTWV)
mpegs decoder (HDTVY)

354 fps (1A32)

*#* Simulation results

a7 fps* iper SPE)
Y {per SPE])
ps® (per SPE)
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Hig Ilghts (3 2 GHz)

= 241M transistors

= 235mm2

= 9 cores, 10 threads

= >200 GFlops (SP)

>20 GFlops (DP)

= Up to 25 GB/s memory B/W
= Up to 75 GB/s I/1O B/W

= >300 GB/s EIB

= Top frequency >4GHz

(observed in lab)
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P TT e

i - Reqgister file — 128x128-bit
-4 - Local store — 256KB
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Cell Broadband Engine

MNon-homogeneous coherent multi-
Processor
Dual-threaded control-plane processor
4 independent data-plane proces=ors
Threaddevel parallelism

SIMD processing architecture
12B8-entry, 12B-bit register file=
Pipelined execution units
Branch hint
Data-level parallelizm

Rich integer instruction set
Word, halfword, byte, bit
Boolean
Shufile
Rotate, =hift, maszk

Single-precision floating point

Double-precision floating point

256KE SPU local stores

Azynechronous OMAMmMEIn memeory interfacs
Channeg interface
Single-cycle Inadistore tofrom registers

High-bandwidth internal bus

96 bytez transfered per cock

100+ outstanding tranzsfers supported
Coherent bus interface

Uptio 30GEs out, 26 GR/=in

Direct attach af anather Gell

Can be configured as non-coherent
Non-coherent bus interface

Uptio 10GE= out, 10 GB/=in

25+ GBfs XDR memory interface

Accelerated Functions

Signal processing

Image processing

Audio resampling

Noise generation

Sound oscillation

Digital filtering

Curve and surface evaluation
FFT

Matrix mathematics

Vector mathematics

Game Physics / Physics simulation
Video compression / decompression
Surface subdivision
Transform-light

Graphics content creation
Security encrypfion f decryption
Pattern matching

Language parsing

TCP/IP offload

Encoding / decoding

Parallel processing

Real time processing

Target Applications

Medical imaging / visualization
Drug discovery

Petroleum reservoir modeling
Seismic analysis

Avionics

Air fraffic control systems
Radar systems

Sonar systems

Training simulation

Targeting

Defense and security IT
Surveillance

Secure communications
LAN/MAN Routers

Network processing

XML and SSL acceleration
Voice and pattern recognition
Video conferencing
Computational chemistry
Climate modeling

Data mining and analysis
Media server

Digital content creation
Digital content distribution




IBM Systems and Technology Group

Cell Broadband Engine Application Affinity — Target Industry Sectors

=Petroleum Industry
=Seismic computing
=Reservoir Modeling, ...

=Aerospace & Defense
=Signal & Image Processing
=Security, Surveillance
=Simulation & Training, ...

=Public Sector / Gov’t & Higher Educ.
=Signal & Image Processing
=Computational Chemistry, ...

=Finance
*Trade modeling

C

1 ' =Medical Imaging

| =CT Scan
, =Ultrasound, ...

iy

=Consumer / Digital Media
*Digital Content Creation
=Media Platform
=Video Surveillance, ...

=|ndustrial
=Semiconductor / LCD
=Video Conference

=Communications Equipment
*LAN/MAN Routers
=Access
=Converged Networks
=Securi
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Cell/B.E. Software Development Kit (SDK) 2.1

= http://www.alphaworks. ibm.com/tech/cellsw
= http://www.bsc.es/plantillaH.php?cat_1d=301

= Based on Fedora 6

= GNU Toolchain

= IBM XL C/C++ Compiler

= IBM Full System Simulator
= Linux Kernel

= Cell/B.E. Libraries

— SIMD Math Library
— MASS (Mathematical Acceleration SubSystem) Library

= Prototype Libraries and Samples

— Accelerated Library Framework API (ALF)
= Performance Support Libraries and Utilities
= IBM Eclipse IDE
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Cell/B.E. Documentation

20

http://www-306. 1bm.com/chips/techlib/techlib._nsf/products/Cell_Broadband_Engine

Programming Guides

— Cell Broadband Engine Programming Handbook

— Cell Broadband Engine Registers
Specifications
— Cell Broadband Engine Architecture

— SPU Application Binary Interface Specification

— SPU Assembly Language Specification

— SPU Instruction Set Architecture
Software Reference Manuals

— PPU & SPU C/C++ Language Extensions

— SPE Runtime Management Library for SDK 2.1

Articles
Whitepapers
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Special Notices

© Copyright International Business Machines Corporation 2007
All Rights Reserved

This document was developed for IBM offerings in the United States as of the date of publication. IBM may not make these offerings available in
other countries, and the information is subject to change without notice. Consult your local IBM business contact for information on the IBM offerings
available in your area. In no event will IBM be liable for damages arising directly or indirectly from any use of the information contained in this
document.

Information in this document concerning non-IBM products was obtained from the suppliers of these products or other public sources. Questions on
the capabilities of non-IBM products should be addressed to the suppliers of those products.

IBM may have patents or pending patent applications covering subject matter in this document. The furnishing of this document does not give you
any license to these patents. Send license inquires, in writing, to IBM Director of Licensing, IBM Corporation, New Castle Drive, Armonk, NY 10504-
1785 USA.

All statements regarding IBM future direction and intent are subject to change or withdrawal without notice, and represent goals and objectives only.

The information contained in this document has not been submitted to any formal IBM test and is provided "AS IS" with no warranties or guarantees
either expressed or implied.

All examples cited or described in this document are presented as illustrations of the manner in which some IBM products can be used and the
results that may be achieved. Actual environmental costs and performance characteristics will vary depending on individual client configurations and
conditions.

IBM Global Financing offerings are provided through IBM Credit Corporation in the United States and other IBM subsidiaries and divisions worldwide
to qualified commercial and government clients. Rates are based on a client's credit rating, financing terms, offering type, equipment type and
options, and may vary by country. Other restrictions may apply. Rates and offerings are subject to change, extension or withdrawal without notice.

IBM is not responsible for printing errors in this document that result in pricing or information inaccuracies.
All prices shown are IBM's United States suggested list prices and are subject to change without notice; reseller prices may vary.
IBM hardware products are manufactured from new parts, or new and serviceable used parts. Regardless, our warranty terms apply.

Many of the features described in this document are operating system dependent and may not be available on Linux. For more information, please
check: http://www.ibm.com/systems/p/software/whitepapers/linux_overview.html

Any performance data contained in this document was determined in a controlled environment. Actual results may vary significantly and are
dependent on many factors including system hardware configuration and software design and configuration. Some measurements quoted in this
document may have been made on development-level systems. There is no guarantee these measurements will be the same on generally-available
systems. Some measurements quoted in this document may have been estimated through extrapolation. Users of this document should verify the
applicable data for their specific environment.
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Special Notices (Cont.) -- Trademarks

The following terms are trademarks of International Business Machines Corporation in the United States and/or other countries: alphaWorks, BladeCenter,
Blue Gene, ClusterProven, developerWorks, e business(logo), e(logo)business, e(logo)server, IBM, IBM(logo), ibm.com, IBM Business Partner (logo),
IntelliStation, MediaStreamer, Micro Channel, NUMA-Q, PartnerWorld, PowerPC, PowerPC(logo), pSeries, TotalStorage, xSeries; Advanced Micro-
Partitioning, eServer, Micro-Partitioning, NUMACenter, On Demand Business logo, OpenPower, POWER, Power Architecture, Power Everywhere, Power
Family, Power PC, PowerPC Architecture, POWER5, POWER5+, POWERG6, POWERG6+, Redbooks, System p, System p5, System Storage, VideoCharger,
Virtualization Engine.

A full list of U.S. trademarks owned by IBM may be found at: http://www.ibm.com/legal/copytrade.shtml.

Cell Broadband Engine and Cell Broadband Engine Architecture are trademarks of Sony Computer Entertainment, Inc. in the United States, other countries,
or both.

Rambus is a registered trademark of Rambus, Inc.

XDR and FlexIO are trademarks of Rambus, Inc.

UNIX is a registered trademark in the United States, other countries or both.

Linux is a trademark of Linus Torvalds in the United States, other countries or both.

Fedora is a trademark of Redhat, Inc.

Microsoft, Windows, Windows NT and the Windows logo are trademarks of Microsoft Corporation in the United States, other countries or both.

Intel, Intel Xeon, Itanium and Pentium are trademarks or registered trademarks of Intel Corporation in the United States and/or other countries.

AMD Opteron is a trademark of Advanced Micro Devices, Inc.

Java and all Java-based trademarks and logos are trademarks of Sun Microsystems, Inc. in the United States and/or other countries.

TPC-C and TPC-H are trademarks of the Transaction Performance Processing Council (TPPC).

SPECint, SPECfp, SPECjbb, SPECweb, SPECjAppServer, SPEC OMP, SPECviewperf, SPECapc, SPEChpc, SPECjvm, SPECmail, SPECimap and
SPECsfs are trademarks of the Standard Performance Evaluation Corp (SPEC).

AltiVec is a trademark of Freescale Semiconductor, Inc.

PCI-X and PCI Express are registered trademarks of PCI SIG.

InfiniBand™ is a trademark the InfiniBand® Trade Association

Other company, product and service names may be trademarks or service marks of others.

Revised July 23, 2006
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