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Performance and Flexibility
In Multiple-Processor SOC
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A Brief Introduction
What Drives System on Chip?
Direct Impact of Automatic Processor Generation

Implications of Automatic Processor Generation

Two Examples
The Sea of Processors



Tensilica:
y 4 Configurable Processor Leader
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Leader in configurable processor technology

Strong customer base (50 licensees, > 100 designs)

Founded in 1997, product introduced 1999



tensilica Tensilica’s Complete Ecosystem
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tensilica Customers Lead in Growth Markets
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tegmca Why System On Chip?
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Lower Cost/Size/Power

Higher Performance

Time to Market

More Functionality

Protocol

processing fiprocessing

Application
accelerator

Triggers

0.18m- 0.13mSilicon
(speed, density)

Foundry Proliferation

(affordable silicon)

Advanced EDA Tools
(portable design)




te%mca System On Chip Designer’s Dilemma

Custom
LLogic

FPGA Standard
Processors




tensilica Automated, Optimized Processor Design
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Performance

Productivity

Building Block Use




tensilica Direct Impact:

Performance
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tensilica Direct Impact:

y 4 Bandwidth
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tensilica Direct Impact:

Complete Hardware and Software in One Hour

Hardware
Design

RISC OCD
er

o

Register File

Tensilica

Electronic Processor
Specification Generator - : -
: Customized Bu;ilr? ulsCmg
Software y
process

Design processor in




tensilica Direct Impact:

y 4 Configurability and Extensibility

B Base ISA Feature
B Configurable Function
I Optional Function

H Optional & Configurable

Advanced Designer
Defined Coprocessors

Designer
Defined
Register Files

<+

Designer
Defined
Execution
Units
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Implication:
Processor as Universal Building Block
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Processor Processor jProcesso
Processor Processorfl Processor




tegilica Implication:

y 4 Interface Flexibility Makes MP Natural

Global Trace/Debug

Processors Processors
Rigid RTL On-Chip Buses
External Interfaces Rigid RTL.
Debug Chain Debug Chain

Shared Memories and Queues
Processors
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High Level View:

Problems of Rigid Processors + RTL

Input

Application
Specific Logic (RTL)

RTL Accelerator

Conventional

Rigid CPU
Core

Illustration

'
'

Peripherals

Rigid CPU cores cannot
be modified to fit the
application

So designers must add
COProcessors or custom
RTL blocks to reach
performance and power
goals



te%m'ca Fixed RTL Logic: The Risk Factor

RTL Logic Increases Risk, Slows Time To Market
Verification of complex state machines

Costly silicon respins to make changes
Obsolescence as markets or standards change

4

Application Sl
Specific Logic (RTL)
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RTL Accelerator

Conventional
Rigid CPU

Core
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Good integer performance for multi-purpose computing

Real-life SOC applications do not crunch 32b integer
data on a general purpose CPU

Instruction Fetch

Instruction Decode / Issue

Execute

Load / Branch / Store Address

State / Control Logic

Memory / Register Write




Custom Datapath in Hardware,
y 4 Control Logic in Firmware
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What if you could transform the processor, with custom
Instructions, custom execution units, custom register
files and state variables?

“Typical” RISC Processor Pipeline

“Firmware”
y

Load / Branch / Store Address

Memory / Register Write .




Xtensa’s Designer Defined Execution
y 4 Units
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... Is implemented as designer-
defined execution units;
designer-defined instructions,
and processor registers & state

What Once Was
Built In RTL...

Align and Decode

Register File

Designer- ALU

Defined
Register Files MAC O
MUL 16

MUL 32

Designer- FPU

Defined
Execution
Units

Processor Controls

Vectra DSP

Xtensa Processor Detailed block diagram (partial view)



te%mca Xtensa Reshapes SOC Design

Optimized Processors as Building Blocks

Lower Risk

Higher productivity

Application Task Task
Specific Logic (RTL) Engine #1 Engine #2

Peripherals
T

Bus topology shown for illustration purposes only
Numerous topologies and configurations possible




teg,-,,-ca Detalled View:

y 4

System Modeling

Xtensa
Config 1

Debugger Config 1

Debugger Config 2 Xtensa
Config 2

Debugger Config 3
Xtensa

Config 3

Local Mem

Local Mem

Trace
Configl

Trace
Config2

Trace
Config3
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Multiple Processor Debug:

y 4 Network Modeling, SW Dev, Bring-up

Host Workstation

Target Debugger

Target Debugger
Target Debugger

Before silicon

After silicon

Xtensa Modelling Protocol API

Xtensa Xtensa Xtensa
ISS #1 ISS #2 ISS #3

OCD Server

m <4+—> Custom TAP <—>m<

Break
Control
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|
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te%mca XTMP: Xtensa Modeling Protocol

Use XTMP API calls to:

Full source-level debugging on each processor
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XTMP pre-defined components
XTMP_cor e

XTMP_nenory

XTMP_connect or

XTMP_devi ce
XTMP_procl d XTMP_I| ock

XTMP_connect ToPort () :

You can instantiate multiple independent objects of each component



tensilica Controlling the Simulation

XTMP simulation commands

XTMP_| oadPr ogram()
XTMP_start ()

XTMP_di sabl e(), XTMP_enabl e() XTMP_reset ()

XTMP_st ep()



tensilica Uniprocessor Example

System RAM

Single-processor system with core —
ROM and RAM connected to
its PIF

Observe general program layout

XTMP_mai n(){
decl are obj ects;

i nstantiate core;
i nstantiate menories;
mai n(){ i nstanti ate connector;

connect conponent;

process packets;

| oad program
start sinmulation;




tensilica Uniprocessor Example Code

#i ncl ude "iss/ np. h*
int XTMP_main(int argc, char **argv) {
/* Declare sinulation objects */
XTMP_par ans p;
XTMP_core cor e;
XTMP_si ngl eAddr essMapConnect or et her;
XTMP_nmenory rom ram

[* first, load “sl-parans” file fromregistry */
p = XTMVP. paransNew( "s1", NULL);

/* Create objects (core, nenory, connector)

core = XTMP_coreNew( "cpu", p, NULL );

rom XTMP_sysRonmN\e "rom' p );

ram XTI\/P sysRanmNe "ram', p );

et her = XTMP_si ngl eAddressI\/apOonnect or New( "ether",
XTMP_byt eW dt h(core));

/ * Connect objects to each other via the connector */
XTMP_connect ( ether, core );
XTI\/P_connectE et her, romg;
XTMP_connect ( ether, ram);

/* Load target program and start simulation */
XTMP_| oadProgran{ core, "sieve.out", NULL);
XTMP start(-1);

return(0);



tensilica Multiprocessor Example

RAM [~

— corel core2

Proc. ID lock

Shared RAM




tensilica Multiprocessor Example Code

#i ncl ude "iss/ np. h"

int XTMP_mai n(int argc, char **argv) {
XTMP_par ans p;
XTMP_core corel, corez;
XTMP_mul t 1 Addr essMapConnect or router;
XTMP_nmenory ronidl, ron®, ranl, rant,
XTMP_nenory shared nem
XTMP_procl d pid;
XTMP_| ock | ock;

char *simulation_arg[]={"--profile=gnon.out", NULL}; /* Args to |ISS */
/* Argunments to be passed to programrunning on the Xtensa core */
char *programarg[] = {"program nane", "-verbose", NULL};
char *tie path[] = {"/usr/xtensal/project/tdk", NULL}; /*path to tdk dirs */

unsigned int dontcare = 0xO;

p = XTMP_paransNew( "sl1", tie_path );

corel = XTMP_coreNew( "cpul", p, sinmulation_arg );

roml = XTMP_nenoryNew( "ronml", p, dontcare, 0x00100000);
XTMP_set Bool eanQpti on( ronmil, XTMP_BO readOnl y, 1) ;

ranmil = XTMP_nenoryNew( "ranl", p, dontcare, 0x01800000);
core2 = XTMP_coreNew( "cpu2", p, NULL );

ron2 = XTMP_nenoryNew( "ronR", p, dontcare, 0x00100000);
XTMP_set Bool eanQpti on( ronk, XTMP_BO readOnl y, 1) ;

ran2 = XTMP_nenoryNew( "ranR", p, dontcare, 0x01800000 );



tensilica Multiprocessor Example Code (

pid = XTMP_procl dNew( "Processor |D Device”,
XTMP_i sBi gEndi anFr onPar ans(p), dontcare);

| ock = XTMP_I ockNew( “l ock", TMP_byt eW dt h(corel),
XTMP_i sBi gEndi anFr onPar ans(p), dontcare, 1 );

router = XTMP_nul ti AddressMapConnect or New( "router",

XTMP_byt eW dt h(corel),

XTMP_byt eW dt h(corel));

/* Create 64K of shared nenory */

shared nmem = XTMP_nenor yNew( "shared mem
XTMP_connect ( router, corel );
XTMP_connect( router, ronl );
XTNP;connectE router, raml );
XTMP_connect( router, core2 );
XTMP_connect( router, ron2 );
XTMP_connect( router, ran );
XTMP_connect( router, pid );
XTMP_connect ( router, shared _nem);
XTMP _connect( router, lock );
XTNP;napEntryAddg router, corel, 0x20000000,
XTMP_mapEnt r yAdd( router, 0x40000000,

p, dontcare, 0x10000);

roml g;

corel, raml

XTMP_nmapEnt r yAdd( router,
XTMP_nmapEnt r yAdd( router,
XTMP_mapEnt r yAdd( router,
XTMP_mapEnt r yAdd( router,
XTMP_nmapEnt r yAdd( router,
XTMP_mapEnt r yAdd( router,
XTMP_mapEnt r yAdd( router,
XTMP_mapEnt r yAdd( router,

corel,
corel,
corel,
corez,
corez,
corez2,
corez,
corez,

0x01000000,
0x01000020,
0x01010000,
0x20000000,
0x40000000,
0x01000000,
0x01000020,
0x01020000,

pid);
| ock) ;
shared_nmem);
ron g;

rang
pid);
| ock) ;
shared_nmem);



tensilica Multiprocessor Example Code )

XTMP_| oadProgran{ corel, "procl.out", NULL );

XTMP_| oadProgran{ core2, "proc2.out", programarg );

XTMP_start (100000); /* run the simulation for 100k cycles */

printf("debug port nunber for corel: target xtensa-renote |ocal host: %\ n*);
XTMP_enabl eDebug(corel, 0));

printf("debug port nunber for core2: target xtensa-renote |ocal host: %\ n",
XTMP_enabl eDebug(core2, 0));

XTMP_set WAi t For Debugger (corel, 1);

XTMP_set WAi t For Debugger (core2, 1);

XTMP_set TraceLevel ( corel, 1);

XTMP_set TraceFi |l e( corel, "corel.trace");

XTMP _start(-1); /* continue sinulation */

exit(0);

}



A& Result:

tensilica :
&  Software-Based System LSI Design
y 4
Standard tensilica RTL
CPU y 4 Logic
Application-tuned Yes: specifiy in
data-paths high-level TIE
Task control and Programmable in
sequencing C/C++
|
Simulation and Fast simulators or
prototyping development boards
|
Multiple engines ~ Simple direct
working together interface, debug

| and simulation

o Low risk like software, high performance like RTL
o Simpler design, integration, verification and upgrade of complex chips
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Example:

Voice Gateway
Five Tensilica cores in common development system
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Multiple Processors, Unified Design

tensilica
128b

Cluster tensilica
memory 128b Cluster
memory
tensilica
128b
tensilica
128b
Cluster
memory | tensilica Cluster
128b memory
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Example:
Time to Market, Long Product Life

Broadband Satellite Gateway

All real-time processing in seven Tensilica elements

Dﬂ@@ﬁfgg tensilica tensilica tensilica
METWORK SYSTEMS Control Data 1 Data 2
tensilica " w—
Data 3 tensilica | [« Network |«
Data 4 <4 Network (€
tensilica <> tensilica <« »| Peripheral |[€»
Data 5 > Deb
ebug <» Memory |<»

v
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Performance Cost
4 0.25m 0.18m 0.13m 0.10m )
$0.20
200,000 /
$0.10
100,000 Xtensa IV d
Xtensa lli
20,000 Xtensa |l
—>
10,000 Xtensa |
$0.01
1999 2000 2001 2002 2003 2004 2005

Performance: Millions operations/sec per multiple-processor SOC Cost: Raw silicon cost per processor core



The Sea of Processors
Within a few years...
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- Raw processor cost measured in milli-cents
- Processors dominate almost all logic functions (control, data, I/O)
- Automated processor architecture by application-specific optimization

- The typical communication or consumer system uses 20 to 2000
processors per chip [>100 even today!]

- Processor production exceed 100 billion cores. 99% are in System LSI
devices

The extensible processor
IS "the new transistor"



