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A,  \Why MP?
tensilica Uniprocessors have hit the ceiling
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Part |

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

Tensilica
Processor
Generator

Processors to Order

Application-
optimized processor
implementation
(RTL)

Base CPU OCD
Apps i
Datapaths - Ullist
Extended Registers -

Tailored SW Tools:
Compiler, debugger,
simulators, OS ports

Build with
any process
in any fab




Trace TRACE Port

MICRES JTAG Tap Control
On Chip Debug

Exception Support

Exception Handling
Registers
Data Address
Watch Registers
Instruction Address
Watch Registers

- (g 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
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Tensilica Confidential

tegmca Build Almost 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

Xtensa
Local Memory
Interface




te‘nsih'ca Parallelism Inside the Processor
Three Forms in Extensible Instruction Sets

L operations packed in one long instruction

M copies of storage and function

D Multi-issue instruction

register and constant inputs SIMD operation

reg | const
Three forms of instruction-set parallelism:
» Very Long Instruction Word (VLIW)

 Single Instruction Multiple Data (SIMD) aka “vectors”

N dependent
operations
implemented
as single

» Fused operations aka “complex operations”

fused

R Parallelism: L x M x N
Example: 3 x4 x 3 = 36 ops/cycle

Fused operation




tegmca Covering Breadth of SOC Demands
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Hard-wi

Diamond
5001

Complex Computing Needs

» 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 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
Tenslilica 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)




tensih'ca Processor Power and Performance
Xtensa Application-Specific Cores
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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




tegilica Part 2
&  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
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Instruction-Level
Parallel
Processing

Multiple
Independent
Processors

Examples:

* Dual core x86

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




tensm'ca Automated MP SOC Design Flow
y 4 Application =Tasks =Processors =Final HW+SW

H

SW R

nication on ocessor
processor processor processor proces
erconnect
SW

ardware +
ftware integration




te%mca Low 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




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)



te%mca Optimizing Data Movement

Traditional processor-processor Optimized processor-processor
data transfer: data transfer:

1. Proc 1: application writes local mem

2. Proc 1: OS reads local mem, writes shared mem

3. Proc 2: OS reads shared mem, writes local mem )
4. Proc 2: application reads local mem Result: 1 bus transfer, 1 read, 1 write

1. Proc 1: application writes to Proc 2 mem
2. Proc 2: application reads local mem

Result: 2 bus transfers, 3 reads, 3 writes

Optimized with direct queues: 0 bus

Optimized: 2 bus transfers, 1 read, 1 transfers, O reads, O writes
write

D

shared
mem

Memory and bus
structures consume lots
of power when accessed

DGlobal on-chip busD D D




teg,-,,-ca Keys 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




tegilica Enabling Parallel Architectures

Cisco CRS-1 Terabit Router

bIseo SUSTEMS

PPEs each

188 Xtensa network processing cores per
Silicon Packet Processor

Up to 400,000 processors per system




tensilica \What About MP Programming Models?

Despite 20-30+ years of research, there is no generally accepted, ‘good’ method
to automatically find or infer concurrency from arbitrary application code

There are many programming models for SMT, SMP, AMP — often provided as
add-on libraries

Very coarse-grained (whole application) concurrency — data-wise concurrency —
does not need to modify source code, but needs an MP scheduler of some sort

Best, and reasonable, option today is the use of MP API’'s for communications
and synchronization

Three common religious sects:




te%mca Requirements for MP System Design

Integrated Development Environment (IDE)

Standards for MP structural definition
Standards for IP model interoperability
Both cycle accurate and fast simulators

Abstract programming model(s)




Software
Development
Environment

» C code development
» Graphical debugging

Processor
Optimization
Environment

* TIE code development for
extensions

SOC System
Architecture
Exploration
* Multiple processor
system simulation
» Multiple core debug

te‘nsilica Eclipse-based Xtensa Xplorer Design Cockpit
Implements and Automates MPSOC Flow

* C project management
 Code profiling, tuning

 Configuration option
management

* [nstant gate count
N T

File Edit Mavigate 3Search Project Run Window Help sram{256H)
- EA C/C++ Development - com.tensilica.xide
Ei | - - | 5 | - | 3 B C
| 1 Jﬁ *® J Ji:* J . File Edit MNavigate Search Project Runm window  Help ] [o<aoo00o00 sttt 7] | HI
Skati & Preview

SR &6 S5 3 -%-|| 9| %- dl dl dl

11 = [ ettt v B B
‘ T [ &1 Dok.C F X ]@Dnt.c I psymameD & Bl =l =l
o - ] [ossnono oxstranen 7] |
) tensalnfo/ TIEFiles{DotProduct. tie|
Instruction [ UL A00TE Brviev of operands ~ = | =l |
A

| Bits | Direction [ width [s1 [s5z2 | E = =] [oxstooon oestin 1
VR oper2 4 inout 64 R v j | ﬂ |

VR ! operd in &4 R
VR ! operl 4 in 64 R

* Interactive model
generation

* Pipeline-accurate view

dataram(8K) instram{BK) dram2{8K)

. L0 Class | Tywpe : Mame
532 39, al, 24 Reqgfile

13zi al0, a1, 24 E Regﬁle
:Jde?tzl'lczl‘ao{,“gmocls e i reatle | |o20000000 mc2031111¢ j | j |
132i.n a3, al, 16 = B | El |
R oxsaommn warirrt 7] [ = |

addx& a3, a3, a4
Reference ISemantic | ~ [ [ | [
wire [31:0] mkmpl;
wire [31:0] mbmpZ;
assign mtmpi = oper0[15:0] * oper1[15:0];
assign mkmpZ = oper0[47:32] * oper1[47:32];
assign oper2 = {oper2[63:32] + mtrp2, oper2[31:0] + mtmpl};




te%ﬂlca Application - Platform Flow

int main(Q)

{ - -
int i;
short c[100];
for (1=0;iI<N;i++)

{

Original Version of

Algorithm/Application Flow and Tools

Source Code _
Configured

Multiprocessor
Subsystem

SLD Capabilities support:




tensilica System Structure: Hierarchy of Clusters

Small Small Small Small
X X Xt X W
tensa tensa ensa lensa ~ Additional clusters

Direct queues i
Global

Interconnect

. and on-chip RAM

PIF interconnect i
DMA channels :

SDRAM controller




te%mca Different Multi-processor Design Flows

int mainQ)
{ - -
int i;
short c[100];
for (i=0;iI<N;i++)

{

Original Version of

Algorithm/Application Flow and Tools

Source Code _
Configured

Multiprocessor

Middle-Out (Platform-Based) Subsystem

D-Mem

int main()

short c[100];
for (1=0;i<N;i++)

HW-centric Applications SW  Program

Architect

Define Platform Specialist It



Possible Solutions: top-down flow

y 4
tensilica
y 4

Conceptual Model Spec,Matlab,
Of Application C/C++, SystemC

C/C++
.(? Partition Application High-Level
into Tasks Architecture

Add Communication Reflne Arch: Add
Channels b/w Tasks TIE, Mems, Queues

Map Tasks to Processors & Comm.
Channels to Queues, Shared Memories

>

Repartition Application Simulation Model Change Processor Config

of System _
Change Comm Channels Change System Architecture

Simulate, Profile,

Analyze, rate




Interactive Tools

tensilica
Communication/Computation Profiling and Optimization

File Edit Refactor

Mavigate Search Project Run

Window Help

& | Ya

Benchmark Results 23 [4 interesting.c &2

table[i]

S:single_system_ + P:interesting v C:le_32 ~ T:Debug ~ Build Actve -~

[iEt Narrow. tie

if ((num gueues > 0) && (num entries > 0))

for (k = 0; k < num ent a; k++)

if (is producer) WRITE Q1 (table[i]}:

<

else read dummy = READ Q1();
if (num q es » 1) {

(iz_producer) WRI Q2 (table[i]):
else read dummy = READ Q2();

}

Console | Profile | Call-Graph | Comparison | Saved Qutput | Pipeline | B Event Trace &3

Run = Profle ~ Debug - #;ﬁ‘a Q- Cﬁ, - | =

XPRES Analysis

Count | Address

i Instruction

o
a
0
a

60000f40
50000143
60000745
600007453

60000f4c
60000f4f

60000151

addx4 215, a15, a2
132i.n a15, 215, 0
write_glals
j 60000f51 <main+0x1d 1>

main+0x1ch

main+x lcc

else read_dummy = REA...
read_gla3
s32i.na3, al, 28

if (num_queues = 1) {
1321,n a5, a1, 4

_A0-0 |
_A0 |

_w1 |
_P0-0_|
_P0-1_|

_P0 _trace
_P1-0 |
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F)_hace[35892.000)
[ 0xE0000cf1 0x60000cf1 1] (16175) 0286 Dw0f Ox00
SR[19] -> 0200112234

$time( iss', "clocks", 2, "cpcle”, 35300 )

Ywrite_gi a15"

I
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11
[] 0] 1 1 []
]

162,90 %

Test Graph

&= Benchmark - interesti...




Common SW tools
across all stages

& gTdkBulfer
& gldies

@ iCoresFromFin])
@ hadFrograms)
unsiqoned int dontcare = Ox0; -»

int i = 0:
whilm({ i ¢ arge )

te%lhca System-Level Design Methodology

System Specification

Abstract task model

Map tasks to processors Select communications mode

Automatically tune processor Automatically optimize interconnect

Automatically generate accurate system model.

Detailed application development VLSI implementation

Integrate software Fabricate prototype

Bring up full system on final chip




tegmca Implications for System-on-Chip

Impact of unified MP architecture

Essential base code compatibility across
all processors

Common tools, models across all
processors

Seamless mix-n-match of features and
performance optimization

Reduced design effort
Reduced design risk

Increase silicon and platform
reuse

Embedded
ucontroller

Audio Video

Engine Engine




