Xtensa Processor Developer’s Toolkit

Rapidly Customize Standard Processors for Differentiation

Product Brief

FEATURES

® Comprehensive, integrated Xtensa dataplane processor
design and optimization environment

® Xtensa® Xplorer™ Integrated Development Environ-
ment (IDE) with full graphical user interface (GUI)

Simulate
ISS, XTML, XTSC

® Click-box and drop-down configuration options

® Simple Verilog-like Tensilica Instruction Extension ‘
(TIE) language for processor customization \

®  Multiple processor design support

Analyze
Profile, Xenergy,
Pipeline View

® Fully integrated with Xtensa Software Developers
Toolkit (see separate product brief) for software com-
pilation, profiling, simulation, debugging, etc. ~

® TIE Port/Queue Wizard makes creating interfaces to e

other system RTL simple o .
Tensilica’s Eclipse-based Xtensa Xplorer IDE serves as

the cockpit for custom processor development

BENEFITS

Automated Processor Development
® FEasy-to-use Xplorer IDE based on familiar Eclipse plat-
form If you've looked at Tensilica’s web site or processor product
®  Quickly optimize the processor to efficiently implement briefs, you know that you can gxte_nd Tens_lllca’s Xtensa da_lta—
your algorithms plane processors (DPUs) — adding instruction sets, execution

units, processor 1/0 interfaces — to match your specific appli-
® Differentiate your solution with unique processor opti- cation needs.

mizations
By customizing the DPU for a particular application you can
often get significantly lower energy consumption and 10-100x

performance increases. This level of performance and efficien-
® Easily create multiple-core subsystems in minutes for cy is often essential in the SOC dataplane.

evaluation and load profiling in simulation

® Many processor configurations can be saved, profiled
and compared to narrow down the best solution

By customizing the DPU, you also create a core that’s uniquely
yours. This gives you extra protection in today’s highly com-
petitive marketplace.

® Automatically generate customized processor RTL with
full synthesis scripts in about an hour

® RTL is pre-verified and guaranteed to be correct by

construction The Xtensa Processor Developer’s Toolkit is the integrated
design environment that delivers powerful tools to your desk-
top that guide you through the processor customization pro-
cess. You'll find that Tensilica has created the most advanced,
powerful and easy-to-use tools for processor customization.

® All software development tools and simulation models
are generated automatically with the processor

The Processor Developer’s Toolkit is required for any design

The Most Powerful and Complete team that is using Tensilica’s TIE (Tensilica Instruction Exten-

Processor Design Environment sion) instructions to modify the processor. If you are using an

Xtensa processor with no modification or only changes to con-
Tensilica delivers patented, proven tools that automate figuration options, you do not need the Processor Developer’s
the process of generating a custom processor along with Toolkit — you’” Only need the Software DeVeIOper'S Toolkit (See
matching software tools. This is our ninth generation of separate product brief).

these tools, which have been proven in hundreds of de-
signs. Whether your design is for a simple controller or a
complex multi-core DSP design, Tensilica has the tools
you need to create successful products.
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A Comprehensive System

Now in its ninth generation, Tensilica’s tools are highly refined
and provide developers with a complete, comprehensive solu-
tion for both system design and software development. Tensili-
ca’s Processor Developer’s Toolkit contains all the tools neces-
sary to create highly customized Xtensa processors.

Everything You Need to Build High-
Performance Xtensa DPUs

Tensilica’s Processor Developer’s Toolkit contains all the tools
necessary to create and analyze extremely high-performance
application-specific Xtensa DPUs. Tensilica’s Xtensa Xplorer IDE
serves as the cockpit for the entire design experience. From

Xtensa Xplorer, you can profile your application code, identify
“hot spots” that can benefit from acceleration, and add the TIE
instructions necessary to speed up that code.

Using a check-box menu within the GUI, you can configure pro-
cessors to include features you need and remove features you
don’t — options for processor interface, memories, operating
system support, EDA scripts, debug and trace, and much more
are supported.

Tensilica’s TIE language is similar to Verilog and simplifies your
ability to add optimizing custom instructions to Xtensa proces-

sors. By modifying the Xtensa processor, Tensilica’s customers
often get 10 to 100 times better performance and lower energy
consumption when compared to alternative processor architec-
tures. This allows Xtensa processors to be used in critical data-
plane SOC functions where standard microprocessors or DSPs

The Xtensa Processor Automated Solution
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Figure 1. Tensilica’s proven methodology automates the creation of customized
processors and matching software tools
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can not meet the needed performance, throughput or e
budget. Or, until now, the only alternative was to use h
coded RTL hardware blocks.

nergy For integration into the dataplane with custom logic, Tensilica’s

and- Xtensa SystemC (XTSC) can be used for simulation of DPUs with
SystemC Transaction Level Modeling (TLM) hardware. Co-
simulation with RTL level blocks and the Xtensa ISS is possible

For any TIE changes, updates to the entire Xtensa toolchain using Pin Level XTSC. This offers pin-level, cycle-accurate mod-
including the 1SS and SystemC models, can be made in eling of Xtensa DPU interfaces for use in Verilog simulations.

minutes on your desktop.

Xtensa Xplorer serves as the gateway to the Xtensa Processor

You can profile, compare and save many different processor Generator. Once a processor configuration is finalized, the Xten-
configurations, so you can narrow down the right one for your sa Processor Generator creates the automatically verified Xtensa

application. Also, you can model and simulate multiple-

processor to match all of the configuration options and exten-

processor subsystems in this environment using Tensilica’s sions you have defined, in about an hour. The full software tool

Xtensa Modeling Protocol (XTMP) or SystemC (XTSC) —
Xtensa Software Developer’s Toolkit product brief.

see chain is also created, matching all processor modifications you
have made.

Xtensa Xplorer
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Figure 2. Xtensa Xplorer serves as the cockpit for custom processor development
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Pipeline Viewer

Xtensa Xplorer includes a sophisticated Pipeline Viewer that
helps you visualize the performance impact of designer-defined
instructions, without the need to become a processor pipeline
expert. In one quick step, Xtensa Xplorer’s Pipeline Viewer will
illustrate the impact of an instruction on the execution pipeline,
providing instant feedback on the efficiency of a proposed new
instruction and helping you tune the source TIE for optimal im-
plementation. See Figure 3.

El console Prafile (Cycles) | B8e Call-Graph I,Ez-g Comparison & saved Output | ES Pipeling £3

Analyze and lterate

Xtensa Xplorer not only provides the tools to quickly develop
optimized processors and simulate systems of processors, but
also provides the tools that enable you to visualize and analyze
simulation results, tune system or processor configurations, and
rapidly compare alternative implementations. See Figure 4.
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154 Prafile

60000231 4 xd2_shr.ns.d40s xdd0, »ddd, xddl,

60000239 { xd2_clamps.d40s xdd0, xdd0, 15; |

G0000a41 wd2_s.d16 xddo, a1, 4

G0000z44 116si a7, a1, 2

60000247 blti &7, 3, 60000a4d <overload+w

60000242 j 60000ae2 <overload+0xe2>

E0000a4d l1Esi all, a1, 2

G0000a50 I116si 210, a1, O

60000253 add.n 210, 310, all

60000255 addi.n a10, al0, -1

60000257 bgei 210, 4, 60000a6C <over load+0;

50000252 lEsi al3, a1, 2

60000254 I116si a12, a1, 0

60000260 add.n a12, a1z, al3

60000262 addi.n a12, a1z, -1

G0000a54 sext alZ, alz, 15

GO0000a57 s32i.n al2, al, 44

60000269 j 60000580 <overload+0x80>

G0000a6C movi.n als, 4

60000262 l16si a2, a1, 2

50000271 l1Esi al4, a1, 0

60000274 add.n al4, al4, a2

60000276 addi.n al4, al4, -1

Figure 3. Pipeline Viewer shows instruction flow of disassembled code
Overview of TIE Source(s) for sample_config
¥tensa configuration (without TIE) is approx, 89,000 gates estimated at 300 MHz (1300, Worst)
TIE area approx, 49,747 gates, of which 4,184 is decode, muxing etc. and 45,563 is instructions, states, regfiles ete,
Operations @ 15788 (31%) States @ 813 (1%) Queues : 624 (1%)

Mame Area Mame Bits Area Mame Bits fArea
ICHECK,_IPG) 45 sh32x32 32 2580 1P 32 3z
CHECK_OPQ 45 st32x64 64 533 QPG 32 31z
Id. XR.A 317
Id.%RE 317
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ri RE 7
READ_IPQ 45 Mame Bits Area Mame W D frea
RUR.st32x32 | 7 Forts2 32 156 AR 32 {16 21314
RUR.5t32x6,.. 61 )2 {st32x64_rur_sem) Ported 54 312 YRA @8 3200
RUR. st32x6... 61 IIl 2 (st32x64_rur_sem) “RE 32 ||' g 3200
sk ERA 317
st.RE 317 Lookup : 0 (0%:) Functions : 0 (0%)
WRITE_OPG 45
WUR,st32x52 22 Mame Bits I Area Mame Area Slots
WUR. sE32%,.. 162 [ 2 (st32x6d _wur_sem)
WUR st32x,., 162 [ 2 (st32x64 _wur_sem)

Figure 4. The TIE analyzer estimates gate count and silicon

area for new instructions
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Mernary Management Opkions

XEAZ: Region proteckion

Arithmetic Instruction Options

“ | Memory management selection

Mone * | MUL32 implementation selection [ muLte

O MAC 16 DSP instruction Family [ cLamMps

O 32 bit integer divider [ single Precision FP {coprocessor id 0}
O Double Precision FP Accelerator

IS4 Instruckion Opkions
MSAMSAL

Sign Extend ko 32 bits
Enable Boolean Registers
TIE arbitrary byte enables

Synchronize instruction

“ | Mumber of Coprocessors (NCP)

O~-0o0=EE

Thread Painter

154 Configuration Options
32 v

Little endian

Take exception ~

MIM{M&R and MINU{MERL
Enable density instructions
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O
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Conditional store synchronize instruction

| Miscellaneous Special Register count
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Byte order (endianness)

Action when handling an
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4 byte and greater instructions are part of the FLIX option
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CSP Coprocessors

[] ¥ectra L DSP copracessar instruction Family

[] vectra¥ME: Extra DSP Instructions

Wectra adapts to makch the number of configured Load)Store units

[] Connx Dz DSP

HiFi Audio Coprocessor

[ HiFiz Audio Engine DSP coprocessor instruction Family

[] HiFi EP Audio Engine D3P extensions

Flized Core Extensions
[] FLI%3: S-wway FLIX

Conn¥ BEBE16 Copracessor Family
[] BBE16 Baseband Engine

Figure 5. Xtensa LX4 configuration screen

Configuration Options

You don't need to be locked into a set of features that were
predetermined years or decades earlier by a processor design-
er. You can configure your Xtensa processor to exactly match
your application.

Not sure exactly what options you need? Our Xtensa Xplorer
IDE will help you evaluate tradoffs. We offer tools that can
help you make intelligent decisions about options such as
memory types and sizes, interface options and other execution
unit and ISA options.

Configurability of a Tensilica processor core never compromis-
es the underlying base Xtensa instruction set, thereby ensur-
ing availability of a robust ecosystem of third party application
software and development tools. All configurable, extensible

Xtensa processors are always compatible with major operating
systems, debug probes and ICE solutions; and always come
with an automatically generated, complete software develop-
ment toolchain including an advanced integrated development
environment based on the ECLIPSE framework, a world-class
compiler, a cycle-accurate SystemC-compatible instruction set
simulator, and the full industry-standard GNU toolchain.

Click-Box Choices
It's as easy as checking a box to pick the options for your ap-
plication. You get more choices with Xtensa LX4, but even the

choices in Xtensa 9 can make big differences in your design.
See Figure 5 for an Xtensa LX4 configuration screen shot.
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The TIE Language

The TIE language offers a wide range of flexibility in adding
multi-cycle, pipelined execution units, register files, state regis-
ters, SIMD arithmetic and logic units, creating wide (up to 512-
bit) Load/Store instructions, and adding designer-defined 1/0
Ports, Queues, and Lookups.

The TIE Compiler

While you can select from a large number of check-box configu-
ration options, the real power of Tensilica’s Xtensa design envi-
ronment comes from the use of TIE. TIE “bridges the gap” be-
tween the software and hardware design realms, as it is a hy-
brid of C and Verilog and very easy to learn. TIE lets you add
new processor functionality in the form of instructions, execu-
tion units, wide load-store instructions, designer-defined 1/0
interfaces, and designer-defined register files and state registers
— all without the need to modify (and then verify) the processor
RTL.

(@3 DC_quenes.tie 52

IrQ 3Z in
OorQg 3Z out

queus
queus

The TIE Compiler is a tool that you use during the development
of custom processor hardware extensions. The TIE Compiler
also updates the compiler tool chain (XCC compiler, assembler,
debugger, profiler) and the simulation models (instruction set
simulator and the XTMP, XTSC and pin-level XTSC system mod-
eling environment) so they understand and fully utilize these
new functions.

You use the TIE Compiler on your local workstation/PC to deter-
mine the best instructions for the performance you need com-
bined with any area and power considerations. Iterating in
minutes, once you’'ve determined the optimal TIE instructions
for your application, that TIE file becomes input for the Xtensa
Processor Generator. The Processor Generator automatically
produces the entire processor RTL, including the base processor
with all configuration options and all TIE extensions plus a com-
plete matching software tool chain.

A Define an instruction to read a wvalue from the input quene and
A write the data to an AR register entry
opcode READ IPQ r=4'h0100 s=4'h0000 opZ=4'b0000 opl=4'b1l11l0 QRET

iclass iclass READ _TPQ
reference READ TPO {
IPQ;

{READ_TPQ}

asgign art
+
proto READ IDM) {out wintiZ a} {} {
READ_IPQ a;]
}

AF Define an instruction to check
A which implies that a read from

{out art} {} {in IPQ} {}

if the input gqueus is "ready"

the gueuns will not stall

opcode CHECE _IPQ r=4'b01l01 ==4'b0000 opzZ=4'bO0O000 copl=4'b1l1l10 QRST

iclass iclass_CHECE IFQ
refereance CHECK_IPQ i
{31'b0, IPQ_NOTEDY}

assign art
}
proto CHECE_IPQ {out uint3Z a} {}
CHECE_TP0Q a;
}

S Define an instruction to write
£ to the output qusus

{CHECK_IFQ} {out art} {} {in IPQ_NOTEDY} {

B

{

a walue from the AR register file

opcode WRITE 0PQ r=4'b0110 s=4'b0O000 opz=4'b0000 opl=4'bll10 QRST

iclass iclass WRITE_OPQ

reference WRITE_OFQ {
assign 0P = art;

}

proto WRITE OPQ {in wint3Z a} {} {
WRITE 0PQ a;

}

srhaedula write nmer [TIETTR AP0 4

TIE source

Figure 6. The TIE editor simplifi

{WRITE_0OPQ} {in art} {} {out OPQ} {}

es new instruction development
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Energy Xplorer (Xenergy)

During development, it's not always clear whether one way of
implementing an extension is lower power than another way
without running simulations in RTL. That can take a long time to
do.

Xenergy is an Xplorer tool that allows you to compare the ener-
gy usage and power dissipation of multiple implementations
without the need to run RTL simulations. It’s designed to high-
light the relative energy usage of your application for various:

Implementation choices

Operating conditions

Memory technologies

Cache configurations

Clock speeds, and

Memory latencies.

View and compare the results of different scenarios side by side
while your design is refined.

TIE Port/Queue Wizard

When creating point-to-point connections between the processor
and other parts of your system, Tensilica offers Port and Queue
interfaces along with all of the instructions needed to read and
write to them.

These are created by writing TIE, but you can use the TIE Port/
Queue Wizard to create them if you’d like to see how the TIE
should be written. The Wizard creates a TIE file based upon your
input along with a testbench showing read/write operations.

FLIX and Specialized Operations

The Xtensa LX processor incorporates Tensilica’s FLIX (Flexible
Length Instruction Xtensions) architecture. FLIX allows designer
-defined instructions to consist of multiple, independent opera-
tions bundled into a compact 32-, 64-, or 128-bit instruction
word that coexists with the native 16-bit and 24-bit Xtensa ISA.

The FLIX architecture allows the implementation of highly paral-
lel processors with a range of 2 to 30 parallel execution units.
Thus Xtensa LX processors can deliver the high performance
characteristic of specialty long instruction word processors with-
out the code bloat typically incurred by such VLIW or ULIW ar-
chitectures.

Instruction extensions for the Xtensa LX processor that exploit
the FLIX architecture allow the combination of multiple inde-
pendent operations scheduled and bundled at compile time by
the XCC Compiler. To achieve higher performance, FLIX sup-
ports multiple independent execution pipelines and adding addi-
tional ports to Xtensa LX register files.

Summary

Tensilica has invested heavily in its Xtensa Xplorer design envi-
ronment to make your task—customizing a processor for your
exact application—as quick and friendly as possible. Some de-
signers find that the base configuration is sufficient for their
design. Others add pre-built options using the simple check box-
es. And some designers write their own TIE for maximum per-
formance.

Whatever way you want to work, Tensilica provides proven tools
to make you more productive.

Tensilica, Inc.
3255-6 Scott Blvd., Santa Clara, CA 95054-3013, USA

Tel: 1-408-986-8000 Fax: 408-986-8919 Website: www.tensilica.com

©March 2011 Tensilica and Xtensa are registered trademarks of Tensilica, Inc.
The Tensilica logo, Xenergy, Xplorer and TurboXim are trademarks of Tensilica, Inc. All other trademarks are the

property of their respective owners.
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