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tensilica Xtensa Processor Generator Evolution

XTENSA LX Processor Series |
» FLIX (VLIW) Architecture ! |
* Designer-defined 1/O Ports! :

» 5 or 7-Stage Pipeline !
* Dual Load/Store I

SOC DESIGN AUTOMATIQN L
* MP SW development tool chain |

« System Simulation, Analysis

1
1
e Automated instruction extensiob
generation I
1

TurboXim
XTSC
Xenergy

Capability

e g mmmmm e B

Automated Xtensa i
SW Tool XTMP Xplorer L

Chain
Generation

=73

XTENSA Processor Series

» Classic 5-Stage Pipeline processor
 Hardware & Software Tool Co-Generation based on TIE

______________

1999 thru 2005 ! 2006 ! 2007 tim:

© 2008. Tensilica Inc.



y A

tensilica Tensilica Focus: Dataplane

Data
plane

Control
plane

(@)
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<
Main
Applications
CPU

Video pre/post- Video

processing
Control & DSP Codec DSP

Audio pre/post-
processing

Embedded Controller
For
Dataplane Processing

Baseband DSP Baseband
PHY MAC/control

Memory

Protocol
processing

Security

. Tensilica fit and success — Embedded Control and DSP

© 2008. Tensilica Inc.



tegilica Complex SOCs: Risk & Reward

& Complex SOCs
deliver many benefits

[]

2M to 10M+ Gates
Application-Specific
Logic
Designed with RTL

« High performance

« Low cost and low power
through integration

& Complex SOC
design is risky

« Time to market — design
productivity gap

« Verification of millions of
gates of custom logic

© 2008. TensilicaInc. “



tegilica Fixed RTL Logic: The Risk Factor
_

... increases risk, slows time to market

. — Verification of complex state machines
RTL Logic — - _
— Costly silicon respins to make changes
o — Obsolescence as markets or standards change

10% of Gates,
90% of Risk
Computational

N — 90% of Gates,
(Datapath) 10% of Risk

State Machine |

Appllcatlon Specific

Memory mapped control & status reglsters

Shared

RTL System
Accelerator RAM

_ Co-processor
Conventional

Rigid CPU Core

lllustration PERIPHERALS
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tegilica Processor Solution for SOC Design

& Optimized Processors as Building Blocks
« Task-specific, optimized

processors
« Optimal _ A%plicgft.ion Xtensa Xtensa
ecCITIC : .
performance/power/cost; Logic (RTL) SEIE Engine #2

similar to RTL performance

« Hardware and Software

Design productivity XtenszéFC)ISntrol

V4 Lower Risk

 Verify Algorithm in
Software within hours

« Change in Software

¥ 4 Higher Productivity Design ! ! ! !

PERIPHERALS

Bus topology shown for illustration purposes only
Numerous topologies and configurations possible
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Tensilica’s
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tegilica Customizability
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& Configurability
« PORESINT-HEEZEIR
« FIYPRYYR FAYT I IUAZ1—TERE

& Extensibility

e EfTA=wr LPRA LORAT7AIL, I0ZEML.

mEDKRSS

EWNEER

« TIE: Tensilica Instruction Extension|Z &4 &0k

& Customizabilityl&Configurability EExtensibility
DHEAZECHE




y 4 Xtensa LX2 Block Diagram:
te%:hca Complete ISA and I/O Flexibility

Xtensa LX2 cache

System Bus
Instruction Fetch and Decode
N-issue FLIX Base Execution
e parallel pipelines Pipeline
L ports | —— oA
@ — Y m Register File T
< no na ALU Mem |5 & Master F-
o < o< MMU |5 ug Interface
B0 = [ —_
RTL. MEM[ ) o S 0 S MUL16/32, MAC16 pEC'(t:/ & @ 28
CPU 2 c 2 c arity = >
a “TEE 5 = i Inbound =
FIFOs | g SRl [ NSA, MIN, MAX, et PIF =>| Device A
TIE Queues 5"_:0 5.,"23 2 C , €1C
RTLor |g & sgcY | Zero overhead loop | Data fm=—m <
Lookup 27} ZI7) Mem ST1 [[@ Device B
Table [TIE Lookup @ @ Vectra LX DSP MMU c Iert
Interface = _ Eco/llLD |5 PIF erface
HiFi2 Audio Pariv||ST2 8
Trace Port antyj— DMA
User-defined
JTAG Tap Execution Units
On-Chip Debug Interrupt Control Shared
XLMI
- - Memor
Exception Support TimerO - 15 T y
“--""' "
Data ""'--'--.,. RTL or
[ |Base ISA Feature External RTL & Peripherals Cache DRMO cop
[[]Configurable Function [l Memories & Caches .mmﬂ
[l Designer Defined Extensions m
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tegilica Xtensa Architecture: 3 Layer

& Core |ISA
« 32-bit RISC architecture

& Configurable options
« Execution Unit and ISA options

« Interface options
« Memory Subsystem options

& Processor extension
 Instruction

« User Register, User Register File
« |1/O

11 © 2008. Tensilica Inc.
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tegilica Xtensa Core ISA
y 4

& IN—IN—RTF—FTIOF~%
& 2EYRFRL—I3Y
& 2AEYFRESGS

- I6EVRRRIEA T ay
& LORA)LIER)
& FHAEGR

& SEBINATS5A>
« TERINATSAUNEA T3y
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tegilica Xtensa Configurable Options

& LORZIT7AIV: 16/32/64T K1)

YOt —/N\—AYFIL—T

MUL16/32, MAC16, DIV

DSP engine, FPU

PIF: Processor Interface, 32/64/128bit width
I-Cache, D-Cache, Local Memory

MMU

Exception, Interrupt

On-Chip Debug, Trace,

VRN R AR RN



tegilica Processor Extension: TIE

& TIEFFEICKSHH5RECH
- TR DIEEEZFC
« A—HLTRXA
- A—HYA—FXL7
- A—HIO(TIE port, TIE queue, TIE look-up)

. B—RRN7 E(FIIT
« INTZA2DIEN (3-issue VLIW)

~ BREL AL TR
« VerilogZ4Y1ZE v EZBAR
c WATSAVARAT—V%BRT D EIFLEL
« TIE compilerh’RTL% B 1A R
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nsilica TIE
’

& 1—YHBORSETIEEEEFESLICKYILERTEE
& TI)r—avIlBieLi-@$ZEd ol sIc kb KB ERER E
& {Fonl=smfEai—FoMmB/o/\vo&iiY ., ZReh TRk
& FLAHAOTLEBER VeriloghH T vk

<TIE SibH> Q

operation BYTESWAP {out AR outR, in AR inpR}{}
{

assign outR =

{inpR[7:0],1inpR[15:8],1inpR[23:16],1inpR[31:24]};

The operation statement describes an entire new instruction,
including:

@ Instruction name

@ Instruction format and arguments

15 @ Functional behavior [written in a Verilog subset]

© 2008. TensilicaInc. “




tegilica TIE: Wider SIMD Operations

. . . . a3 b2 b3
User Defined 64bit Vector Register File a2 bl
a al \I\\\\ PO/'////
a3 a2 al a0 a0 plko——-7454~4
N 3 b2 b1 b0 @
i z3 Z2 z1 z0
4-way SIMD 16x16 Mul-Saturate @ e
regfile VR 64 16 vr v B
operation MUL_SAT 4x16 {out VR z, in VR a, in VR b} {} lz¢12*223
{ z0
wire c m3 = TIEmul 63: 3 c
wir = TIEmul 47 :
wiri = TIEmul 31: : Cre_ate UP to 24
wire ~ TIEmul(a[15: : - register files, with
asT;QBJI[lBi]— o1 . 16'n8000 1024 registers eaC.h of
==9'b0 : 16'h7fff), width up to 1024 bits

: 16'h8000

)

)
==9'bl )
: 1le'h7fff),

)
)
)
)

m2 [31]

A new C data type is

: 16'h8000 automatically created

: 16'h7fff
: 16'h8000
: 16'h7fff

==9'bl
==9"'b0
==9'bl
==9"'b0

ml[31]

mO [31]

23] )
23] )
23] )
:23]1==9"'b0)
23] )
23] )
23] )
23] )

(EORRCEV IO B R RN N AV )

o 0O GO O O O 0O o

¥

}
schedule ms {MUL SAT 4x16} {def z 2;}
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tensilica TIE: A—YEZI/O
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(R1MZHEE
e T2 75
RAM RAM | RAM
TIER— bk I |
& F1— TIEWYDTYT
AVB—=TI4A AIR3—=JI4 A

7

]II Xtensa LX2

Oty

W 7yF
F=7I

#EFDSOC/IX (32-64b)

&) yoT7yTIR—k FLULTIE #HE i )
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tensilica TIE: 1—YEZHI/O
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A—AJb-XEY A—=5JL-*EY

(B4 MI#EE (B4 MTHES
mE T3] 74 mE QT3] 75
RAM RAM RAM RAM RAM RAM

TIER—
& =\’—:L—
AVB—=T14A

C Box

C Box

v

Xtensa LX2 Xtensa LX2
Oty JOtvy

#EFDSOC/IX (32-64b)

A& T—RINNRERTLET—ARTL—27atyv DA EHhE THER
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tegilica Design Support
y 4

& Xplorer IDE
« Processor Configuration Development

« Software Development

& Automatic Generation of Processor Extension
« XPRES compiler

& Automatic Generation of SW tools
. Processor ExtensionlZ5Z &5 L=V —ILE K
« Compiler, Assembler, Linker, ISSISS
« C/C++ APl (XTMP), SystemC Model (XTSC)

& EDA scripts generation
« Verification environment, Synthesis scripts

19 © 2008. Tensilica Inc.
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Complete Hardware Design
Source pre-verified RTL, EDA scripts, test suite

ANSI C/C++ Code

Source code Processor

int i;
short c[100] ;

for (i=0;i<N/2;i++)
{

Use standard
ASIC/COT

. - design
— techniques
Processor Processor g/ a0

Configuration

1 Select frommenu  GENErator *  ~ <tomized gg;alrci:es for
! iégéﬂgfi';r"“ﬁ{g)‘:t'o“ Software Tools  faprication
XPRES i 3. Automatic instruction g/e(t:);g;grrgp”er process
Compiler . discovery (XPRES) Simulators
DR, RTOSes

Optional Step

You do not need to be a
“processor expert”. You
only need to understand
your target application.
* US Patent: 6,477,697 ©2008. Tensilicalnc.

Ilterate in minutes!




te‘nsilica Tensilica Product Portfolio

Controller Comms DSP HiFi Audio Video/imaging Other
rully X X ith X ith X f S |2 %
mizabl tensa tensa wit tensa wit tensa for Qoo
customizable controllers Vectra DSPs HiFi audio Video g S
Cores 0Qe =
O M <
3
- - 3
Configurable Configurable Configurable Configurable
Cores Controllers vectra LLE Sudio
Comms DSP
Standard
VDO
388VDO
Standard Standard Standard
ores 106Micro, 108Mini,
212G::(’:,rg32L, 57I(r)]'ll' 545CK
Core Xtensa Instruction Set and Base Processor
Processor _ .
. Xtensa Processor Generator (XPG) Automatic Processor Creation in 1 Hour
Foundation
Complete Software Toolchain, 3rd Party Ecosystem, EDA Flows, Models
Multiple Processor SOC Design infrastructure

21 © 2008. TensilicaInc. “
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tegilica SoC platform&LTDS & DERRE

« VIR T7EEDRIENRE

& Extensibility&ifl,

DL —FA 7

- Extensibility(Z & 514 EEM £ (FSWOBFIAEE Y

ANESY

& IVFAF7VRTLBEDRE
- 27 )LaF7ELThDceustomizable processoriziz

« YIVFAT VAT LIEET T ) r—avIZ&hE T,
TRRYIICIEESNS
« VIR THEIREARF I
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tensilica #&7<R7Eon-chip communications
A I ———

Shared Bus
CPU CPU CPU CPU
Master Master Master Master

bus

On-chip Routing Network

CPU CPU
Master Master

CPU
Master

Routlng »
Node et
crPU |4 CPU CPU
Master Master Master
i Routing I
d Node Lt
a
CPU CPU
Master Master
- X
Routlng » |Routing
Node —1 Node
Al Al

CPU
Master

CPU
Master

Cross-Bar

Application-specific

bus
Data Crunching
CPU CPU > |I|I|

Master

2 ! Queue

~ CPU
v Master
vy 4%
CPU
> Master

23
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Intel Adopts Tensilica HiFi2 Audio
Pentium M + Dual HiFi2 Audio DSP cores on 1 chip

3 Channel Multi-Port DDR2 Controller

y 4
tensilica
y 4

Intel®

Intel Media Processor CE3100 Pentium® M }

Processor

Multi-format Display Graphics
B00MHz+ Decoder Processor Processor

MPEG2/ De-Interlacing 20130
VIC1/H.264 Scaling Shader
Architecture
EcSGK L2 Dual Decode
ache

== s
* IR Interface

4x TSI m = 12 5P1
L
AES AES

EDN LS
D EE

1x TS Out
=
=3
a4

tAwaiEble only when HOMI Ty is disabled

us
= UART
= GPIO

8

S/PDIF OQut

INTEL DEVELOPER FORUM August 20, 2008

“At the Intel Developer Forum, Intel Corporation introduced the Intel® Media Processor CE 3100 [codename:
Canmore], the first in a new family of purpose-built System on Chips (SoCs) for Consumer Electronics devices

based on the company's popular Intel architecture (IA) blueprint [...plus...] multi-channel dual audio DSPs.”

“Dual 337 MHz Tensilica DSP cores with Tensilica Instruction Extensions (TIE), are used for advanced audio
codecs with up to 7.1 channel output, supporting Blu-ray requirements independent of the [Pentium M] processor
core.” Source: Intel Press release

© 2008. TensilicaInc. “
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Tensilica
Diamond 388VDO Video Engine Cor_e»

\ Instruction Data Instruction Data
Diamond RAM RAM RAM RAM
388 VDO (40 Kbytes) | | (36 Kbytes) (24 Kbytes) | | (40 Kbytes)

Video 4 4 4 4

Engine + + + +
Interrupts -s—— Stream Pixel
Processor Processor

4 1

Intarnal Bus

|
5 HL
'l

System
Memory Memory
Port Port

26 © 2008. Tensilica Inc.
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m ’7 r
(I r
& Heterogeneous, asymmetric, 7-CPU SOC design m r
& Very little RTL-designed HW = F
& 90nm process technology :: =
& 288 MHz clock m r
& >7Mgates I': I|:
& <25W = =
& Usedin Epson PM series printers = r
= r
- Debu -
= | g I
= r
= r
-l | L2-Cache -
= r
= r
= [
m r
r r
(e e o o
27 =
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y 4 AMP Printer Concept:
SOC block diagram

tensilica
y 4

Picture
Buffer

> JPEG
Decompressor
Each processing block
Image Color Space runs at whatever clock rate
Management o Converter .
Controller Is needed for that block,
which saves energy.
Gamma
Correction
Accelerator
$1 CMYK Converter

Print Engine
Controller

28 © 2008. Tensilica Inc.




Cisco’s Silicon Packet
Processor for IP Networking

192 Xtensa processor CPU cores

m 4 CPUs for yield management
(redundant processors)

18x18 mm chip

0.5 sg-mm per CPU core

18M gates

0.13 micron

All data moves via intelligent DMA

channels without a common bus

Used in Cisco CRS-1 Carrier Routing

System (Terabit router)

tegilica Embarrassingly Parallel Example:

Statistics Palicing
Queue Depth 1K Interface
State Tables 100K+
PPE Cluster | PPE Cluster PPE Cluster | PPE Cluster
Cluster | Clust
Resources 1 Resources
PPE 3 PPE Cluster | FPE Cluster PPE Cluster | FPE L‘.m
0.6 mm \
PPE Cluster | PPE Cluster PPE Cluster | PPE Cluster 16 PP E
Traster Traster Clusters of 12
Resources Resources
PPEs each
T
cam || PPECluster | PPE Cluster || PPE Cluster | PPE Cluster
Lookup Engine
ULl L] ZM Frefizes
- -
18 mm

Massively parallel data (IP packets are not embarrassing!)

29
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tegilica Another Networking MP Example

Cisco QuantumFlow Processor

Multi-Threaded, Packet Processing Engines
OO og(ag(og(|og(\oga(|og||oo
Cisco’s QuantumFlow Processor |E2EEIEHIEOIOUICONOUIIC0
OO ag(ag(og(|og(|\og|og||too
40 Xtensa processor CPU cores O0||O00(|O00||00||o00(| 0000|000
Each CPU is 4-way multithreaded O0O||00||00||00||o0({o0|{o0|(od
OO ag(ag(ag(|og|\oa(|og||oo
1.2 GHz clock .
Used in Cisco ASR 1000 Aggregation BB 88 SS BB BB S% 88 BB T
Services Router family Oollioolioolloolioolioolioollioo
OO ag(ag(ag(|og(|oaf|og||oo
— Shared On-Chip Memory —

Massive data parallelism (IP packets are not embarrassing!)

30 © 2008. Tensilica Inc.



tegilica Multicore Video Chips
y 4 |

31

NTT SuperEnc llI

I ——— .

1 Fre T
2 w o)) o g 4 ern gom e lwm - et - E X [ BRI -
M ¥l =1 1 B I
{ B ! =1 it 1
{ S ® L \
3 ==

= mmmm
b LU 11 =4

|
w8
!

‘§-coae #1

|
3

b age
o e

NTT VASA
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tegilica NTT VASA Block Diagram

SDRAM Port Host Port

2

| D
Cache Master RISC Controller Cache
CPU Bus ¢
< y N Y 7 7y >
| MPEG-2 Encoder Core 2
| MPEG-2 Encoder Core 1 § VS
MPEG-2 Encoder Core 0
Video
RISC
¢ Video
CPU Bus
\ 4 <€ . «—>  Bit
A
Stream
Video Video Decoder MUX/
Input and Video Variable Core DEMUX
and Display Watermark Search SIMD D(I:DTCaTnd -Length Audio
Output Interface Engine Coding SRISC <> Bit
¢ ¢ ¢ ¢ Stream
< ¢ System Bus >
A 4
Data Interface -
< System Bus ¢ ¢ >
A 4 A 4

Memory Interface Multi-Chip Data Transfer

) I

DDR SDRAM Port To Other VASA Chips
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tensilica F&&
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- SOigj7‘yl~77J'—A'\d)custom|zable processor
018 F

« IHRER, RILGED)RIZRB

« 7O)r—a mFIZhREARA RSN =701y &
WNWBF DN TA—IAREEEEEHEZER

- ¥¥l”Dataplane(T—2 4T L 77 0ER) 2[RI
« RTLLHAEHETDT—2/RERHIES
& TI)LFAT~DERE
« SOCIFHEELVILFO71E
« VIM I THEREDEFENDLE
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