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- Basic changes in the electronics environment

- Moore Law gives us less

- The Old World: A short history of the microprocessor
- The New World:

- Wrap-up: Tensilica and the future of “system on chip”




tensilica Basic Changes in Industry Drive Innovation

Change #1.

Change #2:

Change #3:

Products go mobile, connected, always-on, and
media-rich

Product complexity drives up development cost
and risk

Moore’s Law drives lower silicon cost but not
lower power
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1. Board-level using standard ICs, FPGA and ASIC

2. Manual development of processor hardware and
software tools forces one-size-fits-all processors

3. Deep sub-micron silicon design limited to advanced
chip-makers




te%mca Inflexion Point in Clock Frequency

— Transistor-constrained clock (21%)
— Power-constrained clock (4%)
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tensilica High-End Processors hit MHz ceiling

aim CPU-Frequency 1993 - 2005 Basic Implications:
o ware. AMD and Intel

4000 - Clock < 4GHz| 1. Get performance from better
architecture instead of more MHz

2. Use multiple processors




Relative Impact of g Basic micro-controller

Processor Features yicr-code

thread integer performance w w
B processor area and power
branch
memory

Data width:4->8—->16->32...

General register file

Cache and memory protect

thread select

Pipelined load/store arch
Floating point
Superscalar (static or dyn.)

' ' memory
memory TLB mgmt

SIMD multimedia ALU

Branch prediction

Symmetric multi-processing

FP | decode

Out-of-order execution

_ _ rename rename rename rename
Simultaneous multi-thread reg reg FP reg reg
file[1] file[0] file[1]

file[0]

cache-

coherent | added memory o
non-blocking| cache mgmt
cache miss | state ’

engine

result
gueue

FP result
queue

out-of-order

The h|St0ry O_I: the completion engine
MICIroOProcessor
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tensilica Intel’'s Own Assessment

Power and Area increase more rapidly than Performance

—o— Performance (SPECint)
- Die Size

Power
- Power Efficiency (Perf/Power)
—8— Transistor Speed

)

©
©
S
=
>
(&S]
=
D
(S]
&
=
L
©
=
5
@
(S]
=
a
=
—
(=}
£
P
[}
a
o
=
=
&
[}
o

1486 (1989) Pentium™ Processor (1993) Pentium™ 3 Processor (1999) Pentium™ 4 Processor (2000)
Processor generation (Year)




tensilica 1 ong-term uni-processor scaling trend

1,000,000.00 +

10,000.00 -
Performance

2010

Performance/Gate




y 4 The New World

tensilica
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Processor configuration
. Select from menu
. Automatic instruction
discovery (XPRES Compiler)
. Explicit instruction
description (TIE)

Tensilica
Processor
Generator

Automatic Processor Generation

Application-
optimized processor
implementation
(RTL)

Base CPU OCD
Apps i
Datapaths - Ullist
Extended Registers -

I —
||~;JJ g

Build with
any process
in any fab

Tailored SW Tools:
Compiler, debugger,
simulators, OS ports
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Trace TRACE Port

MICRES JTAG Tap Control
On Chip Debug

Exception Support

Exception Handling
Registers
Data Address
Watch Registers
Instruction Address
Watch Registers

- s Interrupt Control
nterrupts

Timers

User Defined
Queues and Wires

- Base ISA Feature
- Configurable Function
Optional Function

Optional & Configurable
User Defined Features (TIE)

Base Register
File

MAC 16 DSP

MUL 16/32
Floating Point

Vectra

Vectra DSP DSP Vectra DSP

Data
Load/Store
Unit

Build AlImost Any Processor

Instruction RAM
Instruction ROM

USIVISTIR |nstryuction
MMU Cache

External Interface

Xtensa
Processor
Interface
Control

Write
Buffer

Data Data
MMU Cache

Data ROMs
Data RAMs

7]

Tensilica Confidential

Xtensa
Local Memory
Interface
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Traditional Processor Family

System Input/Output Memory
Interface Wires Systems
Coherent
MP Split Caches
Data Transaction
Strsamlng Tightly
orts Block Coupled
Data Inst Memories
Slave DMA Bus Cache
Access Write-back
Bus
Bridges Data Cache
9 Cache
Genl
16b GP DSP Debug

Superscalar ~d. 5 Interrupts  Timers
24b Audio Memory
Protection
Image
multimedia
Gen 3 ymu
Secure
n4 Rings
i I Processor
Computation
Instruction RTL Control
Set

Time per variant: years

Two models of processor evolution

Configurable Processor Family

System

Interface 'nput/Output

Wires

MP Split
Transaction

Block
Data
Bus

Bridges

16b GP DSP

Superscalar
24b Audio

Image
multimedia

Packet
processing

Encryption

Computation
Instruction
Set

Memory
Systems

Coherent
Caches

Inst
Cache

Write-back
Cache

Data
Cache

Base
Debug

Interrupts Timers

Memory
Protection

M Secure

Rings

Processor
Control

Time per variant; days

Area = silicon cost and power




tensilica \Why Configurability Now?

1.Breakthrough on automatic generation of hardware +
software

2. Application-directed processor naturally fits into application-
directed system-on-chip
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Demands

Hard-wi

Diamond
570T

Complex Computing Needs

Covering Breadth of SOC Processor

» Tensilica is the largest supplier of
configurable processors

* Diamond Standard cores
introduced February 20:

» Broadest line of controller, CPU and
DSP cores in industry

 Highest performance synthesizable
general-purpose CPU

» Highest performance DSP

* Most complete low-power audio
solution

» Tensilica spans general-purpose
and application-specific
processors and software




tensilica Processor Power and Performance
Standard Core Families

Tensilica Diamond
Family

1.0)

MIPS Family

(ARM1136 @ 333
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Power
(mW for core)

Performance on EEMBC benchmarks aggregate for Consumer, Telecom, Office, Network, based on ARM1136J-S (Freescale i.MX31), ARM1026EJ-S, Tensilica
Diamond 570T, T1050 and T1030, MIPS 20K, NECVR5000). MIPS M4K, MIPS 4Ke, MIPS 4Ks, MIPS 24K, ARM 968E-S, ARM 966E-S, ARM926EJ-S,
ARM7TDMI-S scaled by ratio of Dhrystone MIPS within architecture family. All power figures from vendor websites, 2/23/2006




tensilica Automatic Instruction Set Optimization

Consumer Electronics Office Automation

4.5

General-purpose processors ARCtangent A4

. ARM 1020E

all look alike (more or less) TriCore/TCLM
SuperH SH4
ARM 1026EJ-S
Pow erPC 405
MIPS 20Kc

| Xtensa Base
ZSP 500

| Pow erPC 440

B Toshiba MeP
SuperH SH5

| Trimedia TM5250

m Tensilica Optimzed

Automatic optimization from
general-purpose C code

with XPRES Compiler
no intrinsic functions

no assembly code

no instruction set hardware
definition coding

©
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OAmarks/MHz

Results for all reported
cores:
Instruction set synthesis beats all
other processors by 4-8x

Consumermark/MHz

o
N
o N

EEMBC Consumer EEMBC Office




te‘nsilica Explicit Instruction Set Optimization
Tensilica Instruction Extension

Consumer Electronics | | Networking

0.018 o017 0.016
0.01

0.017 0.016
. : — .

Optimized ConsumerMarks/MHz Optimized TeleMarks/MHz Optimized NetMarks/MHz

B Extensible optimized
Extensible out-of-box
MIPS64 20Kc

BE ARM1020E

B MIPS64b (NEC VR5000)

Source: EEMBC Certified Benchmarks MIPS32b (NEC VR4122)




tensilica Processor Power and Performance
y 4 Xtensa Application-Specific Cores
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100
Power

(core mWw)
Performance on EEMBC benchmarks aggregate for Consumer, Telecom, Office, Network, based on ARM1136J-S (Freescale i.MX31), ARM1026EJ-S, Tensilica

Diamond 570T, T1050 and T1030, MIPS 20K, NECVR5000). MIPS M4K, MIPS 4Ke, MIPS 4Ks, MIPS 24K, ARM 968E-S, ARM 966E-S, ARM926EJ-S,
ARM7TDMI-S scaled by ratio of Dhrystone MIPS within architecture family. All power figures from vendor websites, 2/23/2006




tensilica Basic Transition in Chip Design

BB E e e e

General
Control

I1/0

Traditional View of “System on Chip” Multiple Processor SOC

General

Control
Processor

Data Processing:
Image, video, audio,
packet processing,

security, or DSP

Hardwired Logic
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. The New World

4y Concurrency with Multiple Processors

— Granularity —

Fine-Grained Coarse-Grained

* Moore’s Law scaling allows
many more functions per chip

» Most applications have multiple
forms of available concurrency

» Multiple concurrent processors
much lower energy than a big
processor

Vector

: Processor
Processing

Arrays

Homogeneous

Instruction-Level
Parallel
Processing

Multiple
Independent
Processors

Examples:

* Dual core x86

* IBM/Sony Cell 1+8 Processor
» Cisco CRS-1 188 SPP

Heterogeneous

Multiple Processor




tensilica | ow Power and Multiple Processors

Low power and high performance

Why MP?
Real systems implement multiple
concurrent functions ARM Cortex A8

Demand for flexibility turns multiple 5mm?
hard-wired blocks into multiple ~400mW @ 800MHz
processors

MP from the ground up
MP architecture

MP SW development tools Tensilica Diamond 570T

. . ~0.8mm?2
ngh bandwidth/low |a.tenCy ~90mW @ 525MHz

Novel MP interconnects
3 X minimum Xtensa 6
~0.36mm?2 total
~50mW @ 525MHz




temsilica KKeys to Efficient MP

Flexible range of topologies

Processor Processor Processor
Processor Processor Processor Processor eI Lisls i
Master Master Master Master Routing Routing Routing

Bad Node mmmmmmmmma Node mmmmmmn«a Node ™
A

Processor Processor Processor
Master Master Master

Processor Processor Processor
Master Master Master

Routing Routing Routing
Bd Node M« Node mmmmmmma Node

Processor
Master

Processor Processor Processor
Master Master Master

Processor . Processor
Master Master
Processor 4
Master
Processor
Master




A&  Keys to Efficient MP
fe@""’a High bandwidth, low energy

128 Processor Remove RISC

Local bottlenecks
Processor Interface Memories «> 23 GB/s memory

Units
32-128b bandwidth@500 MHz
« Energy-efficiency for
memory-based tasks

Processor
Execution WA

Global Memory ] DMA Engine ]

Tightly-coupled Tightly-coupled
queue interfaces queue interfaces Remove bus

g gt bottlenecks
xtensiple : . .
Extensible XIENSIDIe « Arbitrary size queues
processor Processor processor
or logic o logic « Zero - overhead

synchronization
100s of wires 100s of wires » Lowest energy
communication

Traditional SOC bus (32-128b)



Enabling Parallel Architectures
Cisco CRS-1 Terabit Router
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tensilica
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bIseo SUSTEMS

PPEs each

188 Xtensa network processing cores per
Silicon Packet Processor

Up to 400,000 processors per system




96Gh/s "= w= - 96Gb/s

st

18mm x 18mm IBM 0.13um
18M gates
8Mbit SRAMs

50,000 general purpose MIPS
175 Gb/s memory bandwidth

Programmability also means

 Ability to juggle feature ordering

» Support for heterogeneous mixes of feature chains
* Rapid introduction of new features

tensilica Massive general-purpose throughput

Routing task runs to
completion on each
processor:

IPv4 Unicast

MPLS-3 Labels

Link Bundling (v4)

Load Balancing L3 (v4)

1 Policier Check

Marking

TE/FRR

Sampled Netflow

WRED

ACL

IPv4 Multicast

IPv6 Unicast

Per prefix accounting
GRE/L2TPv3 Tunneling
RPF check (loose/strict) v4
Load Balancing V3 (v6)
Link Bundling (v6)
Congestion Control




tensilica High Performance Computation

Technical/ Economic Challenges Parallel Climate Modeling

1. Variance in data-reference/ Lenny Oliker and Michael Wehner of Lawrence Berkeley
communication patterns for codes Lab speculation: a much more parallel climate model

. Potential for extreme scalability via large- 1.5km grid for Earth
scale processing arrays 20.000.000 domains

. Size, cost and maintenance strongly 500 MELOPS/domain
correlated to system power dissipation 500 MB/s per domain

. General-purpose CPUs optimized for : :
: At : : Complex algorithms require general-purpose
e/ EfEfRllE onss — UMimeressns programmability in double precision floating point

performance per $, per watt Y :
2D communications mesh @~20MB/s per domain

System Architecture Approach
Highly suitable for distributed array computation
Two design challenges:

Best off-the-shelf processor (IBM Cell) is about 1.5 DP
GFLOPS/W

Domain-specific processor approach offers significant
potential advantage (>10 DP GFLOPS/W)




y 4
tensilica
y 4

2 boards
per rack

100 racks @
~25KW

10 PetaFLOPS System Concept
3.8M processor array

per cycle:

» Synthesizable at 650MHz in commodity 65nm

VLIW CPU: .
» 128Db load-store + 2 DP MUL/ADD + integer op/ DMA 32K

| chan
DMA

« Imm?core, 1.8-2.8mm?2 with inst cache, data cache C F) U
data RAM, DMA interface, 0.25mW/MHz

* Double precision SIMD FP : 4 ops/cycle (2.7GFLOPs)

 Vectorizing compiler, cycle-accurate simulator, 64-128K D
debugger GUI 2x128b

» 8 channel DMA for streaming from on/off chip DRAM
* Nearest neighbor 2D communications grid

1111111

32 chip + memory
clusters per board (2.7
TFLOPS @ 700W

RAM RAM

Proc
Array

RAM RAM

8 DRAM pe
processor
chip:

50 GB/s

External DRAM interface

. [\VES T
External DRAM interface

D D D D D D
I M I M I M I M I M
A A A

aJelIvUI NVHQ [eulaix3

INvYa pappagqwsa gng 1do

D D D D D D D D
I MBI MEIT MEIT MEIT MEIT MEIT MBI M
A A A A A A A A
|D|D|D|D|D|D|D|D

External DRAM interface

32 processors per 65nm chip
83 GFLOPS @-7W




4. The New World
te%mca Automated MP SOC Design Flow

H

SW R

nication on
processor W processor l| processor processor
erconnect
SW

ardware +
ftware integration




tensilica Shift towards embedded electronics

changes the processor ideals

Ideal for general computing Ideal for system-on-chip processor:

Processor: Target mobile systems: integration at
Target tethered systems: integration chip level

at board level Lowest energy at application-required

Maximum generic performance at performance

package power limit Large scale heterogeneous MP-

Small scale symmetric MP-ready ready

One size fits all instruction set Extensible without compromise on

Consumes large faction of chip area generic performance
Multiple dimensions of extensibility
Instruction set

System control functions
Memory systems and interconnect

Non-memory-mapped interfaces and
interconnect




tegilica Wrap-U
-4 P-LP

Embedded

: controller
System-on-chip platform trends: a

* More functions per chip
 More SW content per function

* Intense pressure on power, COSst,
performance and feature evolution pace

Result: Multiple configurable processor
design now widely adopted

Impact of unified MP architecture

Essential base code compatibility
across all processors

Common tools, models across all
pProcessors

Seamless mix-n-match of features
and performance optimization




