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Introduction

Tensilica‟s processors

• Xtensa – configurable and extensible

• Diamond standard cores

• http://www.tensilica.com/ for more details

… are extensively used in complex SoCs

• multiple heterogenous processor core systems

• running sophisticated software

• with many HW and SW interactions

Debug is vital

• we already provide the traditional run-control debug

• debugger  JTAG  OCD (on-chip debug) HW of core

http://www.tensilica.com/
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Escalating Debug Challenges

Non-intrusive debug

• real-time visibility

Debug of the deployed system

• small footprint

How did I get here?

• cause of bug distant from detection

Multi-core systems 

• interactions between multiple processors

Chip pins are limited
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Real-time Trace

Real-time trace addresses these issues

How to implement for Xtensa processors ?  

• roll our own ?  …pick existing standard ?

Nexus 5001 Forum Standard

• debug and trace well considered

• existing third-party HW and SW ecosystem

• excellent compression of trace possible

• forum quite open to feedback of improvements

Tensilica‟s real-time trace product – TRAX

• TRace Analyzer for Xtensa
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TRAX Overview

Tensilica
Processor

Trace

Port

Trace

RAM

OCD Port

TAP Controller

JTAG Probe

Xtensa

OCD
Daemonxt-traxcmd

xt-gdb

target ELF

executable file

xt-traxview
compressed

trace file

annotated trace
disassembly

Trace

Compressor

TCP/IP

TCP/IP

JTAG

Xtensa XplorerSoftware

Hardware - SoC or FPGA

or command-line



6 D A C  J U N 2 0 0 8

Key Features of TRAX

Nexus 5001 compatible

On-chip trace
• addresses bandwidth and pin-count challenges

Traces program flow only

Provides good compression
• less than one bit of trace data per instruction executed

Small area
• TraceCompressor less than 10K gates

• 4KB of TraceRAM covers the majority of debug needs

PC-based triggering

Multi-core support and cross-triggering
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Nexus Implementation Choices

Small subset of Nexus messages (four)
• only traditional branch messages

• sync message for resource-full conditions

All branches treated as indirect
• allows backwards decompression of trace

• takes away the need for periodic sync messages

8-bit AUX port width
• 2 bits for control (MSEO) and 6 bits for payload (MDO)

• 32-bit rd/wr interface to TraceRAM – four parallel AUX ports

Buffer in TraceCompressor ensures no overflow

Nexus Recommended Registers
• did not fit with existing debug mechanisms

• did use Nexus FSM for accessing registers
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Integrated Trace Display
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PC Trigger !!
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TRAX Hardware Components
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Processor debug-

trigger network
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Summary

Small and simple trace solution

First generation trace product

• main focus was on light footprint solution

• we will grow the product based on user feedback

Thank you for your attention !!
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Supplementary Slides
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Tensilica
Processor
Generator Build with 

any process 
in any fab

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

Application-
optimized processor 
implementation (RTL)

Base CPU
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Automatic Generation of Application-
Specific Embedded Processors

Processor configuration
1. Select from menu of config 

options

2. Automatic instruction 

discovery (XPRES Compiler)

3. Explicit instruction 

description (TIE)

Design processor with full SW toolchain in one hour
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TraceCompressor

Receives PC and CTI/exception/interrrupts/etc info from 
TracePort

Creates Nexus messages

To 8-bit AUX port width
• 2 bits for control (MSEO), 6 bits for payload (MDO)

Writes trace data to TraceRAM

Houses trace control registers and logic

Message Variable field Variable field Fixed field Fixed field Fixed field

Branch U-ADDR I-CNT B-TYPE - TCODE

Br w Sync F-ADDR I-CNT B-TYPE DCONT TCODE

Sync PC I-CNT - DCONT TCODE

Correlate - I-CNT EVCODE - TCODE
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TraceRAM

Circular buffer

• ensures maximum trace window size

32-bit interface

• four AUX width read or write in a cycle

Configurable size

• 512B to 256KB

Trace data read-out through JTAG interface

• no effect on chip pin count
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Trace Display
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TRAX Overview

TRAX is a HW / SW solution for non-
intrusive real- time trace debug

Unparalleled Visibility into SoC 
• Programmers can debug programs without 

interfering with program execution

Improves Developer Productivity

Minimal silicon area requirements due 
to buffer compression

• Design-selected trace buffer depth for 
optimal visibility/cost tradeoff balancing

IEEE-ISTO Nexus 5001 compatible

Available for both Tensilica Xtensa 
configurable and Diamond Standard 
processors
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TRAX Features

Program Counter based instruction 
trace

On chip compression technology 
achieves < 1 bit per sample

• Minimal memory required = tiny silicon 
footprint

• Rapid download speeds

User-configurable memory sizes 
depending on trace depth needs

• 512 bytes to 256 KB

Flexible Triggering mechanisms

Debug and Trace software execution 
within the Xtensa Xplorer IDE

• Analyze and display the annotated 
disassembly of the program

TRAX HW Module

Trace  Compressor

& Trigger control

Compressed
data

Designer Supplied 

Trace Memory

512 Bytes -256KB

Xtensa
Trace
port

To JTAG / 
Debugger
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TRAX Specifications

Traces all changes in program flow (“PC” = program counter)
• Including exceptions and interrupts

Uses circular on-chip trace buffer to capture trace stream
• User-supplied trace buffer

• User can implement buffer as RAM or FIFO

• Configurable trace memory size from 512 bytes to 256 KB

• Approx 1000-2000 instructions traced per KB of trace memory
• Employs trace compression (varies with code set)

Accepts PC-based triggers and external trigger event inputs 
(see later slide)

Software tools convert compressed trace into an annotated 
program disassembly

Graphical software tools to display trace data and perform 
debugging
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TRAX: HW+SW Conceptual Diagram
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Triggering Mechanisms

User can

• Set a stop trigger via PC address or address range 

• Manually stop execution by executing stop trigger

• Set the amount of trace to capture after a stop 
trigger

Trace Compressor hardware has two external 
inputs and outputs

• Enable cross triggering between processors and 
other RTL blocks
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TRAX Deliverables

Hardware deliverables
• TRAX RTL to connect to the trace port of a Diamond 

Standard Processor or Xtensa configurable 
processor

• Compression and trigger logic: approx. 9000 gates
• Trace buffer size is user-configurable

– User must connect a RAM or FIFO for the Trace Buffer

• EDA scripts to integrate with processor

Software components
• GUI-based tools integrated into Xplorer IDE


