Research. Analyze. Advise.

A Guide to High-Speed Embedded Processors

Fifth Edition

PUBLISHED OCTOBER 2009
Authors: Joseph Byrne and Linley Gwennap

Price: $2,995 (single copy)
(Price includes 1 PDF and 1 printed copy)

Pages: 232

Looking for a Fast Processor?

The number of markets for high-speed processors continues to grow. In networking alone, these speedy
chips are needed for complex functions such as intrusion detection and other security functions, storage
management, router control plane, and networking services. Consumer devices such as set-top boxes,
HDTYV receivers, and automobile navigation systems also need high-performance CPUs, as do high-
speed printers, thin clients, kiosks, industrial control, medical imaging, and a host of other devices.

These applications share a need for speed but also the flexibility that a general-purpose processor
provides. These chips use standard instruction sets such as MIPS, PowerPC, ARM, and x86, allowing
programmers to use a wide variety of operating systems and development tools. System designers prefer
a chip that integrates easily into their designs.

These applications have diverse requirements for performance, power dissipation, peripheral integration,
and price. As a result, several vendors are selling dozens of different processors into the embedded
market. In fact, we had to exclude processors below 400MHz or so, a speed range that is easily
achievable by synthesizable cores today. This report focuses on companies developing their own CPUs
to deliver extra performance to the customers that need it most.

Get the Facts Quickly

"A Guide to High-Speed Embedded Processors" provides an in-depth look at these products and
vendors. This completely revised report from The Linley Group provides extensive coverage of high-end
embedded processors with 230+ pages of information on AppliedMicro, AMD, Broadcom, Cavium,
Freescale, IBM, Intel, Marvell, NetLogic/RMI, Tilera, Ubicom, and Via Technologies.

The report focuses on general-purpose RISC and x86 processors at speeds of 400MHz and above,
excluding specialized architectures (e.g. DSP, NPU). This report covers most PowerQuicc and P-series
chips from Freescale; the PowerPC 405 and 460 processors from AppliedMicro plus the company’s new
1.5GHz APM83290 processor; Intel's embedded Atom and Nehalem-based processors; the entire Octeon
family from Cavium plus the company's new ARM-based Econa CNS3xxx processors; NetLogic/RMI's
XLR, XLS, and XLP; Marvell's Discovery and Kirkwood processors; Tilera's TilePro many-core chips, and
other RISC and x86 processors.

This handy guide, packed with valuable information, brings you up-to-date on the newest developments in
this important market and gives you the analysis you need to help choose a supplier or partner in this
field. In addition to networking, the report discusses processors that can be used in high-end consumer
applications and printers. It also provides market share and market size data for the embedded segments
covered.

The Linley Group, 355 Chesley Avenue, Mountain View, California 94040



Research. Analyze. Advise.

“A Guide to High-Speed Embedded Processors” begins with tutorials on the key technologies
implemented by these products, background on the embedded market, and a discussion of the newest
technology and market trends. Following these introductory chapters, the report delivers thorough
coverage of all announced products in this area. For each of these vendors, the report examines the
performance, feature set, and architecture of each product, highlighting its strengths and weaknesses in a
consistent, easy-to-compare fashion. The report concludes with our own comparisons of these products
and conclusions about which will fare best.

Make Informed Decisions

Analysts Joseph Byrne and Linley Gwennap bring their extensive experience in the processor market to
deliver the technical and strategic information you need to make informed business decisions. As the
leading vendor of technology analysis for networking silicon, The Linley Group has the expertise to deliver
the technical and strategic information you need to make informed business decisions.

Whether you are looking for the most effective solution for your application, a vendor to partner with, or a
rising company to invest in, this report will cut your research time and save you money. Get the inside
scoop on this market segment. Order “A Guide to High-Speed Embedded Processors” today.

This report is written for:

* Engineers who are designing embedded systems that require high-performance processors

* Marketing and engineering staff at companies that sell chips that connect to or interact with high-
speed embedded processors

* Technology professionals who wish an introduction to embedded processors

* Financial analysts who desire a detailed analysis and comparison of embedded-processor vendors
and their chances of success

* Press and public-relations professionals who need to get up to speed on this technology

For further information, contact:

The Linley Group

Phone: 408-281-1947

Fax: 650-745-1490

Email: cs@linleygroup.com
Website: www.linleygroup.com

The following excerpt is from "A Guide to High-Speed Embedded Processors, Fifth Edition."
This PDF contains the complete table of contents, list of figures, list of tables, preface, and
executive summary. The full report may be purchased from The Linley Group.

The Linley Group, 355 Chesley Avenue, Mountain View, California 94040



A Guide to High-Speed
Embedded Processors

Fifth Edition

Published October 2009

By Joseph Byrne and Linley Gwennap



Published by The Linley Group
355 Chesley Avenue

Mountain View, California 94040
1-800-413-2881 or 408-281-1947
fax: 650-745-1490

email: cs@linleygroup.com
www.linleygroup.com

Copyright © 2009 The Linley Group, Inc.
All rights reserved.
Printed in the United States of America.

No part of this report may be reproduced, stored in a retrieval system, or
transmitted in any form or by any means without prior written permis-
sion from the publisher.

This report contains and analyzes information from publicly available
sources and from industry contacts. Although we make considerable
effort to ensure the accuracy of the information contained in this report,
we are not responsible for any errors or omissions contained herein.

No warranties are made, expressed or implied, with regard to the con-
tents of this report. The publisher shall not be liable for any damages,
direct or indirect, resulting from the use of this report.

Trademark names are used throughout this report in an editorial fashion
and are not denoted with a trademark symbol. These trademarks are the
property of their respective owners.

Cover by Binger Catalog Marketing



Table of Contents

[ E= o) B e 10 = iX
=3 o 0 - 1 ] (=T Xi
About the AULNOIS ......cciiic e e e e xiii
About the PUbliSher ... e e XV
[ =Y = [ XVii
Executive SUMMary........cooviiiiiiinis s xix
1 Processor Technology.......cccccemmmmmmmmmmmmmmmmmssmsssssssssssssssssssnnnnnn 1
Processor BaSICS.....uummmmmeeeeeeeeeeeeeeeeeseeseeeessee e nnns s s s n s nnnn s 1

Central Processing Unit (CPU) ........coo i 1

CaACNES ... 2

MMUS @NA TLBS .t 4

BUS BaNAWIdth .....eeeeeeeeeeeeeeeeeeeeeee e 4

CPU MicroarChite@Cture ... sssssssssssssssnns 5

RISC VS. CISC ... 5

[ [0 =TT [=TT= 6

Scalar and SUPErSCalar ... 7

Instruction REOrdering ........c.ccoieiiiiiiiiieeeeesee e 7

Pipelining and Penalties...........ccoiiiiiieiice e 9

Branch PrediCtion ... 10

1Y/ 191 (oo =Y 11
MURITNIEAdING ..o 12

Main MEMOLY ... s s s s 13

DRAM BaASICS ..uuuiiiiiiiiiiie ettt e s s e e e s e e aa b e e e 13

(D1 R Y=Y ] (o] o F= TR 14

MeMOry SUDSYSIEMS ......ooiviiiiiiiiii i 15

DO NOT COPY © 2009 The Linley Group, Inc.



A Guide to High-Speed Embedded Processors

I/O and Network Interfaces ... aaannens 16
Ethernet INterfaces ... 16

PCl and PCI EXPIeSS .....eoiieiieiieiiiie ettt sre e 17
HYPEITraNSPOIt.......oo i e s 17
RAPIAIO ... e 18
{01 = 18
SAS and SATA .o 19

2 Embedded Applications .......cccceeeeiiimimimmmmminsssssssssssnseseeneeeees 21
Networking and Communications Equipment .........ccccouccnimniersannanns 21
Control Plane vs. Data Plane..........ccccccoovviiiiiiiiiieee 21
Control-Plane ProCesSinNg .......cocevieiiiiriieiieeesieesee e 23
Data-Plane AppliCations...........ccovevciiiiiiniiee e 24
Services Cards........ooooovee i 24
Networked Storage and RAID Controllers .........ccccoveeveeiiiienieniens 25
SECUNEY .ttt e e 26
Broadband INfrastruCture ... 27
Wireless Base StatioNs ...........eeeeeeeeeeeieeeieiiiiieiieeeeeeeeeeeesessssessssssssneeeees 27
Consumer EleCIrONICS ... s s ssssssnsns 28
Set-TOP BOXES ...t s 29
HOME NEtWOIKING ...cooveiiieiiiieie e 29
Digital Photo Frames..........cooiiiiiiiiiieeeeeeesee e 30

|l o 10T g =TT 30

IP CAmMEIAS ..ot e 31
High-Speed Printers.......ooiiciincrr s s 32
PC-Like Applications ........ccccivmrimrimrssnssmse s s s 33
Industrial Control, Medical, and Military..........ccooemrieimniscmricnncennecn 34
3 Standard Instruction Sets........cccciimiiiimcinc e ———— 35
Architecture CoOmMpPariSON.... ... 35
LI 0107 ] (0o | ST RRRRIN 35
Market POSITION ... 36

X86 INSIruction Set ... —————————— 37
BaCKGrOUNG .....coveiiiiiieiieie ettt e 37
INitial INStrUCION St ... 38
Recent EXIENSIONS......coviiiiiiiiieeeee e 38
MIPS Instruction Set ... s 39
BaCKGrOUNG .....ccveiiiiiiiei it 39
INitial INStrUCION St ....eeeee e 40
Recent EXIENSIONS......couiiiiiiiiiieeeee e 41
PowerPC Instruction Set...... e 42
BaCKGrOUNG .....cocviiiiiiiiiieie ettt e 42
INSTFUCHION SB1 ... 44
ARM INStruction Set ... 45
BaCKGrOUNG .....cocviiiiiiiiiieie ettt e 45
INitial INStrUCION St ....eeeee e 46
Recent EXIENSIONS......coviiiiiiiiiieeee e 46

© 2009 The Linley Group, Inc.

DO NOT COPY



A Guide to High-Speed Embedded Processors v

4 High-Speed ProCessSOrs......cccoccmmmmrrririisisssnmmmnnnsssnsssssssnnnenns 49
What Is a High-Speed Embedded Processor?.........cccocrvveerncmnnsnannas 49
What Is Not a High-Speed Embedded Processor.........cccccovceeeneenn. 50
Common CharacteristiCs .........cociiciiiiiricsrrr s 50
Standalone vs. Integrated ProCesSOors ......cccooceieiieeiieeeiiecieeeeeee 50
ENcryption ENGINES........ccoviiiiiiiii e 52
RAID and Other Storage ENgines .........ccccoveeveeneenienieee e 52
Packet-Processing Accelerators.........ccccoviiiiieicieiice e, 53
BenChmaArkKs........ooooiiiiirice s s s s e 53
CPU Benchmarks ......cc.cooiiiiiiiieie e 54
Security PerformancCe ..o 55

5 Technology and Market Trends .........cccccccmmmmmnnnnnnnnnnnnnnnnnns 57
Technology Trends .......ccvvrrvrrnemnsmnsmsssss s s snseeas 57
MURICOTE ... e 57
CPU COMPIEXILY ..eovieiiiiiiiiieiiieetee et 58
MEMOIY ACCESS .....ooiiiiiiireie ettt e 59
INtegration TreNdS ......coo i 59
Specialized Accelerators and On-Chip Interconnects...................... 60
Embedded vs. Communications Processors..........ccccueveeeneeeriienenenn. 60
Market OVerVIEW ... s s s 61
Market Size by VENAOr .......cooiiiiiiii e 61
Market Share by Instruction Set Architecture ...........ccococeeiininniee. 65
Market FOreCast . ...t 66

6 AppliedMicro (AMCC).......cccccmmmrrimiiiiiinnmmnne s resssssssssssnsss e 71
Company BackgroUNd ........c.coueervsmssmsssmssmssmsssmsssnsssnsssnsssssssssssssssssssnsssns 71
Key Features and Performance ..........ccccuvmrvmmssmsmssssssssssesssesssesssesssnss 72
Internal Archit@CtUre ... 75
53V £ (=0 T 0 1= e o 78
Development TOOIS ... s 79
[ foTe 11 7oz 20 T- Te [ =T o 80
L0700 T [ E=3 o X 80
7 - ¥ ] 1 o 83
Company BackgroUNd ........c.couermvsmssmsssmssmssmsssmsssnsssnsssnsssssssssssssssssssnsssns 83
Key Features and Performance ..........ccccumrvmmismssmsssssssnssesssesssesssesssnas 84
(@ o1 1=To o IR 84
ECONG .. e 88
Internal Archit@CtUre ... 90
(@ o1 1=To o IR 90
ECONG .. e 92
SYStEM DESIgN ...cciiiieiricr s e 93
(@ o1 1=To o IR 93
ECONG .. e 96

DO NOT COPY © 2009 The Linley Group, Inc.



Vi A Guide to High-Speed Embedded Processors

Development TOOIS ......cccucceiimrimrisrsmrssmsssn s s s 96
[ foTe 11 7oz 2 T- Te [ 1 o1 o 97
L0700 T [ E=3 o K 98
8 Freescale....cccoiiiiiiiiirree 101
Company BackgroUnd .........ccceuemnemnsmmsssmsssmssmssssssssssssssssssssssmsssssssssnsees 101
Key Features and Performance ........ccccurvernemnsemsssssssssssssssnsssssesssenas 102
Low-Cost PowerQuicc Il Pro ProCessors.........cccocveieeieeneencnnean 103
Single-/Dual-Core PowerQuicc Il and QorlQ Processors............. 104
QUICC ENGINe ProCeSSOrS........coiiiiiieiiesiee et 105
Dual-Core PowerQuicc and Multicore QorlQ Processors.............. 107
Internal ArcChit@CtUre ... s 110
€300 CPU ..ottt 110
€500 CPU ...ttt 111
SECUNtY ENGINES ..c..viiiieiieitieieee e e 112
QUICC ENQGINE ..ot e e 113
QOrlQ P4 ArchiteCtUre ......ccuvevueeciie et 114
SyStem DeSIigN ...cccvveriiriernersersessss s s 115
System INterfaces ... 115
Application EXamples ..o 117
Development TOOIS ......cccvvrrimrimrnsemssmssnssss s s s snneeas 119
[ foTe 1177 20 T- Te [ =T o 120
L0700 T [ E=3 Lo K- 120
9 INtel e ———————————— 123
Company BackgroUnd .........ccceuemnemnsemssmsssssssmsssmsssmssmssesssmsssmsssssssssnses 123
Key Features and Performance ........ccccucrnemnsemnsemsssssssssssssssssssssesssenas 124
Nehalem-Based Xeon ProCesSors ........cccvveeieeieenieeneenee e 124
Penryn-Based Xeon, Core 2 Duo, and Celeron Processors ......... 126
ALOM PrOCESSOIS ...ttt e 128
Internal Archit@CtUre ... s 130
SyStem DeSigN ...cccvveriiriernirnerne s s 134
Penryn-Based Xeon, Core 2 Duo, and Celeron Processors......... 134
Nehalem-Based Xeon ProCessors ........cccvvveieeieeneenee s 136
Atom-Based SYSIEMS .......cooiiiiiiiiii e 137
Development TOOIS ......cccvvrrimrimrnsemssmssnssss s s s snneeas 138
[ foTe 1177 20 T- Te [ =T o 138
L0700 T [ E=3 Lo K- 140
10 Marvell...........ecr s 143
Company BackgroUnd .........ccceuemnemnemsssmsssmssssssssssmsssmssssssssssnsssssssssnsens 143
Key Features and Performance ........ccccurvemnsemnsemsssssssssssssssssssssesssenas 144
Internal Archit@CtUre ... s 148

© 2009 The Linley Group, Inc. DO NOT COPY



A Guide to High-Speed Embedded Processors Vi

DO NOT COPY

SySstem DeSigN ...ccccveriirnernirnersesss s s 150
Development TOOIS ......ccvvrrirrnmrnsemssmssnsssssss s s sssssnseens 151
[ foTo 1177 20 T- T [ =1 o 152
CONCIUSIONS.....eiiirrietrise s e e e 153
11 NetLogic (RMI) ...ccooviiiiiiiiiisisissssssssssssssssss s s s s s ss s s s s s s s s ssn s ssssnnnnes 155
Company BackgroUnd .........ccceuemnemnsmmsssmsssmssmssssssssssssssssssssssmsssssssssnsees 155
Key Features and Performance ........ccccurvernsemnsemsssssssssssssssssssssesssenas 156
XLR PrOCESSOIS ...ttt 156
XLS PrOCESSOIS ....couvieiieitie ittt ettt st 158
XLP PrOCESSOIS ...ttt 159
Internal ArchiteCture .......ccvrirismnsmns s 160
System DeSigN ...ccccveriiriirnirnirnesns s s 163
Development TOOIS ......cccvvrrvmrimrnsemssmssessss s s snseeas 166
[ foTo 1177 20 T- T [ =T o 166
L0703 e ¥ = Lo o 1 166
B 1 (= - T 169
Company BackgroUnd ........cccceuemnemnsemsssmssssssmsssmsssmssssssesssssssssssssssssssens 169
Key Features and Performance ........ccccucrnemnemssemsssssssssssssssssssssesssenas 169
Internal ArchiteCture .......cccvervmimnsmnssr s 171
SyStem DeSigN ...cccvveriirvernirnernesnss s s 173
Development TOOIS ......ccvvrrimrisrssemssmssnssss s s s snseens 174
[ foTe 1177 20 T- Te [ =T o 174
L0703 e ¥ = Lo o 1 175
13 Other Vendors ... 177
Y | 177
Company Background..........ccceveeiienieiieneeie e 177

Key Features and Performance...........cccocoeiiiiieneniene e 178
CONCIUSIONS ...ttt e 180

=7 0 Y- T [T o o o 181
Company Background..........cccoieeiieiieniinie e 181

Key Features and Performance............cccocveiieiieniniencnc e 182
CONCIUSIONS ...ttt e 184

]2 184
I 185
Company Background..........ccceieeiienienii e 185

Key Features and Performance...........cccocveieiiienenieniece e 186
CONCIUSIONS ...ttt e 187

L (O T=T o 187

© 2009 The Linley Group, Inc.



Viii A Guide to High-Speed Embedded Processors

L1 o YT oY o S 189
Company Background..........ccceveeiienieniine e 189

Key Features and Performance............cccocoeiieieeiicienic e 189
Design DetailS .........ooiciiiiiiiieiiie e 191
CONCIUSIONS ..., 191

AT A= T =T ] Lo o T I 192
Company Background..........ccccoieeiienienie et 192

Key Features and Performance..........ccccocveiiiiieneciencccee e 193
CONCIUSIONS ... 195

14 Processor COMPAariSONS.........ccuuuiicissnmmmnnssesssssssssssmssssssens 197
SUD-3W PrOCESSOrS.....ccccrrssssssssssssssssssssssssss s snssssssssssssnns 198
[ Rd=T g0 4 11=1 (o1 =T 199

[T =T 2= (o= T 199
CONCIUSIONS ... 202
S—7W PrOCESSOIS. . ciiiirrrrirssssssssssssssssasssssss e nan 203
[ Rd=T g0 4 1F=1 (o1 =T 205

IO ACES. . et 207
CONCIUSIONS ... 208
T—20W PrOCESSOIS. . .ciivrrrrrisssssssssssssssssssssssssss s s s s e ssssssssssssnns 209
[ Rd=T g0 1 1F=1 (01T 209

IO ACES . et 211
CONCIUSIONS......coeeeeeeeeeeeeeeeeeeeeeeeee e 212
20—30W PrOCESSOIS ...cccirrrirssrssssssssssssssssmsssssssssssssssssssssssnsnnssmsnnsssssssnnns 214
[ Rd=T g0 1 1F=1 (01T 215

IO ACES . et 217
CONCIUSIONS ... 218
Processors Consuming More Than 30W..........ccoeciiiiimncnnsnesssnnnnaes 219
B I3 0o Y Lo [ [o ] o 1= 221
1Y E= T T A I =) 3 Lo [ 221
Wireless INfraStruCUre ..........eeveeeeeeeeeeieeeeeeeeieeeeeee e eeeseseaesasaeeees 221
Networking Data Plane and Security..........ccccocvvveeneeneeienicce 222
PINEEIS o 222
Consumer OpPOrtUNILIES .....cccoerieiieiieree e 223
Kiosks and Digital Signs........cccccviiiiiiiiieeee e 223
A"Z=T o ToY @ 1074 Lo Yo G 224
11 (= [ 224
FrEESCAIO....ccoeeei e 225
OtherS ... 226
Closing ThOUQGALS ... s s 228
Appendix: Further Reading.........ccommmmmiiiiiiiinincccs s 229
5 Lo (= 231

© 2009 The Linley Group, Inc. DO NOT COPY



DO NOT COPY

List of Figures

Figure 1-1. Basic proCesSOr deSIgN .........cccuiiiiriiriieriiereesee et 2
Figure 1-2. Simple superscalar processor deSigN.........ccecveveereeneesirieesee e 7
Figure 1-3. CPU pipelining eXamples ...t e 9
Figure 1-4. Generic MUItICOre ProOCESSOL .....cc.eiiiiiiiiiieiieree et 11
Figure 1-5. Interleaved tasks on a multithreaded CPU............cccoooeiviiiiiiiiennene 12
Figure 1-6. DRAM €VOIULION .....cociiiiiiiiiieceee e e 14
Figure 2-1. The control plane and the data plane ..........cccccoooeviiiiniciineneeee 22
Figure 4-1. Standalone and integrated general-purpose processors ................... 51
Figure 4-2. Typical curve of IPSec performance versus packet size.................... 55

Figure 5-1. Revenue market share of top 11 vendors of embedded processors 62

Figure 5-2. Revenue market share of the top eight vendors of embedded proces-

sors for use in communications SYSteMS .........ccccvviiiiiiie i 63
Figure 5-3. Revenue market share of the top five vendors of embedded proces-
SOIS fOr STOFAGE ...eoutiiiiiitei s 64
Figure 5-4. Revenue market share of embedded processors by instruction set,
2008 ... ettt et bt e ee e A bt e e et b ehe e b e sbeeaeebeeaeeeeneas 65
Figure 5-5. Revenue market share of embedded processors for communications
by instruction set, 2008 ... 66

Figure 5-6. Revenue of embedded processors by application, 2008—-2013......... 67

Figure 5-7. Revenue of embedded processors by communications segment,

2008—2013 ...ttt et b e b e e b bt saeenesae s 68
Figure 6-1. IBM PowerPC 440/464 microarchitecture ............c..cooeiiiiiiiiinennn 76
Figure 6-2. AppliedMicro PowerPC 460EX block diagram............ccccccoiiiinnene 79
Figure 7-1. Cavium Octeon Il CN6335 block diagram...........cccccooeiiiiiiiciinennn 91
Figure 7-2. Integrated network appliance based on Cavium Octeon Il ................ 94
Figure 7-3. NAS appliance using Cavium Octeon CNB7XX processor ................. 95
Figure 7-4. Residential gateway using Cavium Econa CNS3xxx processor........ 96

© 2009 The Linley Group, Inc.



Figure 8-1.
Figure 8-2.
Figure 8-3.
Figure 8-4.
Figure 8-5.
Figure 8-6.
Figure 8-7.
Figure 9-1.
Figure 9-2.
Figure 9-3.
Figure 9-4.
Figure 9-5.
Figure 9-6.

Figure 10-1.
Figure 10-2.
Figure 10-3.
Figure 11-1.
Figure 11-2.
Figure 11-3.
Figure 12-1.
Figure 12-2.

© 2009 The Linley Group, Inc.

A Guide to High-Speed Embedded Processors

Freescale CPU pipeline cCompariSon .........cccceveeiiiennien e 111
Freescale €500 CPU microarchitecture............ccoevveneeneenieniesneenn 112
Freescale PowerQuicc Il MPC8568 block diagram..............ccceue... 114
Freescale QorlQ P4080 simplified block diagram ............ccccccoeuene 115
Residential gateway design based on Freescale MPC8315 ........... 117
Multifunction printer based on Freescale P1022 .............ccceeeeeneee. 118

Node B network interface card based on Freescale MPC8569....... 118

Performance comparison of Intel embedded processors ................ 130
Intel Core microarchitecture block diagram...........cccocvveirieniennennen, 132
Intel Atom microarchitecture block diagram............ccccocvriiiieenennen. 133
NAS design using Intel Celeron-M and Whitmore Lake................... 135
Xeon E5500 (Nehalem) system block diagram..........c.ccccoeevvviiennns 136
Media server using Intel Atom Centrino platform...........ccccceveenene 137
Marvell Discovery Innovation MV78200 block diagram ................. 149
Consumer NAS system based on Marvell Kirkwood 88F6192...... 150
Digital photo frame based on Marvell Armada PXA168................. 151
NetLogic (RMI) XLP processor block diagram..........ccccccoeveieennnenn. 162
Line card based on NetLogic (RMI) XLP832.........ccccoeriienricneianns 164
Ethernet-based Node B card based on NetLogic (RMI) XLS416 .. 165
Tilera TilePro64 block diagram .........ccccevevreinienieneeseenee e 171
Block diagram of a TilePro tile ... 172
DO NOT COPY



DO NOT COPY

List of Tables

Table 5-1. Revenue of the top 11 vendors of embedded processors................... 61

Table 5-2. Revenue of the top eight vendors of embedded processors for use in
COMMUNICALIONS SYSTEMS ....eeiiiiiiiiiiie et e e 63

Table 5-3. Revenue of top five vendors of embedded processors for storage .... 64

Table 5-4. Revenue of embedded processors by application, 2008-2013........... 67
Table 5-5. Revenue of embedded processors by communications segment,

20082013 ..oiieciieiiee e seesee et et te e st et e e e e e ae et et e e te e reesreesreesreeeraeenrens 68
Table 6-1. Key parameters for AppliedMicro PowerPC 405 processors.............. 72
Table 6-2. Key parameters for AppliedMicro PowerPC 460 processors.............. 73
Table 6-3. Key parameters for AppliedMicro PowerPC APM83290..................... 75
Table 7-1. Key parameters for selected high-end Cavium Octeon Plus and

OCtEON [ PrOCESSOIS ..ottt 86
Table 7-2. Key parameters for Cavium Octeon CN5500 and CN5700 storage

PrOCESSOIS ... iiiiiitieeee e e e e e e et e e e e e s e e e e e e e s s e e e e ee e e s b e e e et e e e e e s annnnneeeeenan 87
Table 7-3. Key parameters for Cavium Octeon CN5000 and CN5200 ................ 88
Table 7-4. Key parameters for Cavium Econa CNS3XXX ......cccoevueiiiiriiieniiienninnn. 89
Table 8-1. PowerQuicc and QorlQ processor families .........c.ccvovveiiiiicrienens 102
Table 8-2. Key parameters for Freescale MPC8315 and MPC837x .................. 104

Table 8-3. Key parameters for Freescale MPC8536 and QorlQ P1 and P2...... 105
Table 8-4. Key parameters for Freescale MPC8323, MPC8568, and MPC8569

PrOCESSOIS ...ttt e e e e e et e e e e e r e e e e e e e e ee e e e e e nr b e e e e e e e e e e e annnnnees 107
Table 8-5. Key parameters for Freescale MPC8572 and QorlQ P4................... 109
Table 9-1. Key parameters for Intel Nehalem-based embedded Xeon.............. 125
Table 9-2. Key parameters for Intel Penryn-based embedded x86.................... 126
Table 9-3. Key parameters for Intel Atom N270 and Z530 ........cccoeveeeriiieniennne 128
Table 9-4. Power consumption details for Intel Atom Z530 chip set .................. 129
Table 10-1. Key parameters for Marvell Discovery Innovation processors........ 145

© 2009 The Linley Group, Inc.



Xii

A Guide to High-Speed Embedded Processors

Table 10-2. Key parameters for Marvell Kirkwood and PXA168 processors..... 146
Table 10-3. Key parameters for Marvell Kirkwood Duo processors................... 147
Table 11-1. Key parameters for NetLogic (RMI) XLR processors..........c.ccc...... 157
Table 11-2. Key parameters for selected NetLogic (RMI) XLS processors ....... 158
Table 11-3. Key parameters for NetLogic (RMI) XLP832 processor .................. 160
Table 12-1. Key parameters for Tilera TilePro processors ........ccccoveeeeeieeeneeenne 170
Table 12-2. Tilera sample application benchmarks ..........c.cccooiiiiiiiiiniienees 171
Table 13-1. Key parameters for AMD embedded Opteron, Athlon, Turion, and
SEMPION PrOCESSOIS ...uveeveeitiiiieirieieteereeseesse e st e sbee e sresreeseeseesseesseesaees 179

Table 13-2. Key parameters for Broadcom BCM53000 processors................... 183
Table 13-3. Key parameters for Ubicom IP7000..........ccccceviiieiniinieneeneeseeniene 190
Table 13-4. Key parameters for selected Via embedded x86 processors ......... 194
Table 14-1. Comparison of sub-3W processors (PowerPC and proprietary) .... 200
Table 14-2. Comparison of sub-3W processors (ARM and MIPS).................... 201
Table 14-3. Comparison of 3—7W processors (MIPS and X86) ............cccceeueenn.e. 204
Table 14-4. Comparison of 3—7W processors (PowerPC and ARM) ................ 205
Table 14-5. Comparison of 7—20W processors (PowerPC and proprietary)......212
Table 14-6. Comparison of 7—20W processors (MIPS and x86) ............ccccuev.e. 213
Table 14-7. Comparison of 20—-30W processors (all X86) .......ccovvevevierrieerneennne. 216
Table 14-8. Comparison of 20-30W processors (MIPS and PowerPC) ............ 217
Table 14-9. Comparison of processors consuming more than 30W (AMD and
1] (=Y ) TSR 220

© 2009 The Linley Group, Inc. DO NOT COPY



DO NOT COPY

About the Authors

Joseph Byrne

Joseph Byrne is a senior analyst at The Linley Group.
With more than 15 years of industry experience, he is
one of the industry's leading analysts covering the
semiconductor market. He has published numerous
reports analyzing various segments of the industry
and is the coauthor of A Guide to CPU Cores and
Processor IP and A Guide to Mobile Processors. Joe has
spoken at several investor forums and industry con-
ferences, including Network System Design Confer-
ence, Communication Design Conference, Gartner Semiconductor Con-
ference, Selby Venture Partners’ LP Conference, and the BusinessWeek IT
Symposium at Comdex. He has frequently been quoted in both technical
and business publications, including EE Times, Unstrung, Electronic
Business, the San Jose Mercury News, NewsFactor Network, and the wire
services.

Before joining The Linley Group, Joe served as a principal analyst for
semiconductors at Gartner Research. In this role, he was responsible for
tracking technology trends and market size, preparing market forecasts,
and assessing the competitive landscape. His expertise also includes
evaluating business and strategic plans, advising startups and major IC
suppliers on marketing and positioning strategies, and providing insight
to VCs and investment banks to support investment decisions.

Joe led Gartner’s coverage of networking semiconductors in the era of the
telecom boom and bust. Thereafter, he led Gartner’s coverage of com-
puting semiconductors, including microprocessors, system-logic chip
sets, and graphics processors. Through both eras, he led coverage of wire-
less LAN chip sets. Joe also authored Gartner’s seminal report on digital-
camera technology, and he covered embedded microprocessors in the late
1990s. Before serving as an analyst, Joe held consulting positions with
Gartner, Deloitte Consulting, and smaller firms in the U.S. and Europe.

He began his career as a microprocessor designer for SMOS Systems,
where he honed his technical skills as a principal engineer. He earned a
bachelor of science degree in electrical engineering and computer science
from Duke University and an MBA from the University of Michigan.

© 2009 The Linley Group, Inc.



Xiv A Guide to High-Speed Embedded Processors

Linley Gwennap

Founder and principal analyst of The Linley Group,
Linley Gwennap is one of the most respected analysts
in the microprocessor industry. He has followed the
industry for more than 15 years. A prolific writer,
Linley has published hundreds of articles in a variety
of publications including EE Times, Upside Magazine,
Electronic Business, Nikkei Electronics, and the San Jose
Mercury News. His work has also been translated into
Japanese and German for international publications.
He has written several book-length reports, including A Guide to Wireless
Handset Processors and A Guide to Mobile Processors.

Linley also provides high-level consulting to the microprocessor industry
on subjects such as product positioning, strategic analysis, and competi-
tive assessment. He has assisted companies such as Agere, Applied Mate-
rials, Hewlett-Packard, IBM, Intel, and Motorola, as well as several
smaller companies and investment firms.

Linley’s expertise, a rare combination of deep technical understanding
and business savvy, is frequently sought by the technical and business
press. He is often quoted in The Wall Street Journal, Electronic News,
Business Week, the CNet web site, and other leading technology and busi-
ness publications. He has also appeared on CNNfn, CNBC, Fox News,
Tech TV, and National Public Radio. In 1997, Linley was profiled in Worth
magazine as the analyst who “decodes Intel for the rest of us.”

He founded The Linley Group in 1999 to provide technology and market
analysis to a broad group of clients. Since then, the firm has established
itself as the leading vendor of technology analysis of the networking-
silicon industry.

Before founding his company, Linley served as publisher and editorial
director of MicroDesign Resources” Microprocessor Report, leading the top
independent technology-analysis team in the microprocessor industry.
Under his leadership, the publication won the Computer Press Award for
best industry newsletter four times in six years. He joined MDR in 1992 as
its first full-time analyst.

Before joining MDR, Linley spent eight years working on RISC systems at
Hewlett-Packard. As a design engineer, he developed test and initializa-
tion firmware for HP’s PA-RISC servers, gaining a deep understanding of
the operation of large multiprocessor servers. He later worked on
PA-RISC processor design.

Linley then served as program manager for HP’s Model 810 and 815 Unix
systems, successfully driving those projects to market. He began seriously
analyzing the microprocessor industry while serving as product market-
ing manager for HP’s PA-7x00 family of RISC processors.

He graduated cum laude from Yale University with a bachelor of science
degree in electrical engineering. While at Yale, Linley also studied at the
graduate School of Organization and Management. As a student, he
served as vice president of the Yale Political Union and chairman of the
university’s Independent Party.

© 2009 The Linley Group, Inc. DO NOT COPY



DO NOT COPY

About the Publisher

The Linley Group

The Linley Group is the leading vendor of technology analysis on net-
working, communications, mobile and wireless semiconductors, provid-
ing a unique combination of technical expertise and market knowledge.
We help clients understand the market for these devices, their product
requirements, the choices available, and which ones are best for a par-
ticular application.

Technology Reports

For clients desiring off-the-shelf assistance, we offer standard reports on
specific topics. These in-depth reports provide an overview of a particular
market segment, including market size and share, key trends, and
expected developments. The reports then analyze all available products,
highlighting their strengths and weaknesses. Readers find our reports
particularly useful when they are selecting a vendor or partner.

Our reports are written by our own expert analysts. Technical accuracy is
very high, as each vendor provides information about its products and
reviews our presentation of those products. We add our analysis and
insight, comparing and contrasting the various offerings and indicating
the applications for which they are best suited. To ensure that our opin-
ions are objective and unbiased, The Linley Group does not accept stock
or retainers from the companies we cover. Our reports are used by more
than 200 companies, including leading equipment makers, chip makers,
software vendors, and investment firms.

Our reports cover Ethernet chips, network processors, communications
processors, embedded processors, security processors, and high-speed
interconnect as well as processors and connectivity chips for mobile and
wireless devices. Additional titles are in development. We offer our
reports in paper and PDF formats. Multiple paper copies and multi-user
PDF licenses are available at significant discounts.

Consulting Services

The Linley Group offers customized consulting services for clients that
need help with a specific issue. The Linley Group has served a variety of

© 2009 The Linley Group, Inc.



XVi

A Guide to High-Speed Embedded Processors

clients, including Altera, AppliedMicro, AMD, ARC, Bay Microsystems,
Brocade, Cavium, Cortina, Cypress, Exar/Hifn, EZchip, Fulcrum,
Freescale/Motorola, Gennum, HP, IBM, IDT, Intel, LSI/Agere, Marvell,
Mindspeed, MIPS, NetLogic, Raytheon, Sony, Symantec, Transmeta,
Wintegra, Xelerated, Xilinx, Crosslink Capital, Piper Jaffray, and Ziff
Brothers Investments. Typical consulting projects include the following:

* Helping established semiconductor vendors with competitive analysis,
messaging, and positioning for upcoming product launches

* Working with young companies to improve their product definition to
best differentiate themselves from potential future competitors

* Assisting equipment vendors to identify the core silicon most appro-
priate for their application

* Providing valuable insights and technical due diligence to investment
firms evaluating whether to invest in a semiconductor company

Our analysts start with a deep understanding of the key technologies in
these markets, ignoring the hype and finding the features that make a dif-
ference. But we also understand that market success is based on business
strategy as much as on technical excellence, and our recommendations
are always steeped in the realities of the marketplace. We understand the
dynamics of startups and established corporations alike and can shape
our message to apply to the client’s situation.

Events

The Linley Group presents focused seminars and conferences that ana-
lyze products and design strategies in a particular technology segment,
providing information that engineers can immediately use to improve
their designs. These one- and two-day events feature in-depth technical
presentations from our own analysts as well as leading technologists
from the industry. Thousands of people have already attended.

Please check our web site for a list of upcoming dates, topics, and loca-
tions. The web site also offers the proceedings (slides) from past events
free of charge.

For More Information

Subscribe to Linley Wire, our free email newsletter, and get our analysis of
recent semiconductor news and events in networking and communica-
tions. To subscribe, visit our web site, www.linleygroup.com; there you will
find more information on The Linley Group, its products, and its services.
You can also contact us directly, as shown below.

The Linley Group
355 Chesley Avenue
Mountain View, California 94040

1-800-413-2881 or 408-281-1947
fax: 650-745-1490

email: cs@linleygroup.com
www.linleygroup.com

© 2009 The Linley Group, Inc. DO NOT COPY



Preface

What This Report Covers

This report covers high-performance RISC and x86 processors for
embedded systems, either without integrated peripherals (standalone
processors) or with integration of only generic system logic, such as
memory controllers, PCI interfaces, and Ethernet interfaces. We focus on
processors operating at 400MHz and above.

These general-purpose processors are used in many different embedded
applications, including networking and communications equipment,
networked storage, security appliances, PBXs, kiosks, point-of-sale (POS)
terminals, thin clients, high-end printers, set-top boxes, digital video
recorders (DVRs), car-navigation systems, industrial control, military,
and medical imaging.

This report does not cover processors used only in PC or server applica-
tions. It does not cover high-performance application-specific processors
that integrate special-purpose hardware for data-plane, video, or similar
applications.

Who Should Read This Report

This report is designed to meet the needs of a variety of readers:

* Engineers who are designing embedded systems that require high-
performance processors

* Marketing and engineering staff at companies that sell chips that con-
nect to or interact with high-speed embedded processors

* Technology professionals who wish an introduction to embedded
processors

* Financial analysts who desire a detailed analysis and comparison of
embedded-processor vendors and their chances of success

* Press and public-relations professionals who need to get up to speed on
this technology

As described below, the report is structured to allow some readers to skip
certain sections, as needed. For example, experienced design engineers
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may wish to focus on the vendor and comparison chapters; financial
analysts may instead focus on the tutorial, introduction, comparison, and
conclusions chapters.

Organization of the Report

The first four chapters offer tutorial and background material. Chapter 1
provides a tutorial on processor design, including CPU microarchitecture,
memory, and I/O interfaces. Chapter 2 provides background on the types
of embedded systems that use high-speed processors. Chapter 3 gives
general information on the x86, MIPS, PowerPC, and ARM instruction
sets. Chapter 4 discusses the common features of high-speed embedded
processors and how to measure their performance.

Chapter 5 presents market data such as market size, vendor share, and
forecasted revenue as well as our take on current technology trends.

Chapters 6 through 12 cover the top vendors of high-speed embedded
processors — AppliedMicro, Cavium, Freescale, Intel, Marvell, NetLogic
(formerly RMI), and Tilera—and their current products. For each vendor,
the report provides a company overview, an overview of applicable
products, microarchitecture details, system-design information, a road-
map of future products, strategic analysis, and overall conclusions.

Chapter 13 briefly covers several other high-speed processor vendors,
including AMD, Broadcom, IBM, LSI, PMC-Sierra, Ubicom, and Via.

Chapter 14 groups the available products into several categories and pre-
sents detailed technical comparisons within each group.

Chapter 15 concludes the report with our analysis of market trends and
presents our take on which vendors will win in each segment.
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Executive Summary

Embedded designers who require maximum CPU performance turn to
high-speed embedded processors. For ease of programming, these pro-
cessors use general-purpose instruction sets such as MIPS, PowerPC,
ARM, or x86. Although these instruction sets are interchangeable in the-
ory, in practice the instruction set and the application are strongly cor-
related. Consumer electronics —including broadband gateways, HDTVs,
and set-top boxes —mainly uses MIPS or ARM. PowerPC is the top choice
for networking equipment such as routers, security, storage, communica-
tions infrastructure, and cellular base stations.

Many other applications borrow from the PC platform to quickly build
complex systems that may involve networking, storage, graphics, and
I/O. These systems include interactive kiosks, point-of-sale (POS) termi-
nals, PBXs, industrial control, storage servers, and media servers.

Some applications, such as packet processing and multimedia, can easily
be divided into many small pieces. These applications work well on
multicore processors, which include 4 to 64 CPUs on a single chip. This
approach, which improves performance per watt, is now offered by
Cavium, Freescale, NetLogic (through its recent acquisition of RMI), and
others. The majority of application software, however, does not yet scale
well with so many CPUs. These applications work best with one or two
CPUs. Most embedded-processor vendors now offer products with up to
two CPUs per chip.

We estimate the total revenue from general-purpose embedded proces-
sors was $3.3 billion in 2008, including devices such as communication
and RAID processors but excluding specialized devices such as Play-
Station 3’s Cell processor and application-specific standard products
(ASSPs). This revenue rose 2.4% over that of the preceding year, and we
expect a five-year compound annual growth rate of 2.8% from 2008
through 2013 as the market begins its recovery in 2009.

Intel generates the most revenue from general-purpose embedded pro-
cessors. Simply by offering its standard PC and server processors, Intel
can generate hundreds of millions of dollars from a variety of PC-like
embedded applications as well as from security and storage designs.
For most networking and communications applications, however, the
company’s standard processors are too power hungry, and its new Atom
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products lack key features. The company is developing new chips to
address many of these issues.

As in the PC market, AMD and Via Technologies compete against Intel in
PC-like embedded applications. AMD has been gaining share using
embedded versions of its PC and server processors. Via has struggled to
establish its Nano processor against Atom, but its C7 processor remains a
popular embedded choice owing to its very low price.

Supported by AppliedMicro, Freescale, IBM, and soon LSI, PowerPC
comprises more than half the embedded RISC market and is particularly
popular for communications and networking. Freescale, the PowerPC
leader, offers a broad range of products. The company’s QorIQ P4080 is a
strong eight-CPU processor that will open new opportunities for the
company. Other QorlQ processors refresh Freescale’s lineup and will
enable the company to protect its market share. Formerly called AMCC,
AppliedMicro has new management and is building a processor develop-
ment team to refresh the company’s aging product line. The company
recently sampled its first dual-CPU processor.

MIPS processor vendors include Broadcom, Cavium, and NetLogic.
Cavium has quickly built a broad processor lineup ranging from 1 to 16
CPUs on a chip. These Octeon processors are well suited to security and
other networking applications, particularly at the high end. NetLogic
offers a similar lineup under its XLR and XLS brands. Its new XLP design
incorporates high-speed CPUs supporting features such as simultaneous
multithreading (SMT) and speculative execution. Broadcom combines a
licensed CPU from MIPS with its own technology to address cost-
sensitive systems.

Marvell developed its own ARM CPU for single- and dual-CPU products.
Operating at up to 1.2GHz, these processors are very power efficient and
offer excellent price/performance for consumer and SMB applications.
Ubicom targets low-cost designs with a unique multithreaded architec-
ture. Tilera developed a new mesh interconnect that supports up to 64
CPUs on a single chip, delivering industry-leading performance.

Although the embedded-processor market will top $3.7 billion in 2013, a
number of vendors have decided to exit the market or revamp their strat-
egies. IBM is deemphasizing its standard-product business to concentrate
on technology development and licensing. Broadcom offers singe-, dual-,
and quad-core MIPS processors using a custom CPU, but it has wound
down development of these products. PMC-Sierra’s custom-processor
operation has declined; instead, the company now offers application-
specific products, such as PON chips, that integrate CPU technology.

The faltering of various suppliers, the emergence of multicore and many-
core processors, and transitions in end-market technologies, such as the
emergence of LTE, are forcing customers to reevaluate their suppliers.
This report analyzes the products, capabilities, and strategies of each
vendor to determine which products are best suited to each embedded
application and which vendors are most likely to succeed in this dynamic
environment.
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