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What is Trace?
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• Provides visibility for the processor behaviour
• Traditional techniques stops the processor
• Sampling adds operations and not full visibility
• In many applications traditional techniques don't work anymore

• Time critical applications
• Heisenbug bugs
• Complex SoC with multiple cores

• Complement other debugging tools

It is a technique for monitoring the activity of your processor in
an unintrusive way.
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bugs
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What is Trace?
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Case Study: Seagate Hard Drive SoC – Motion Control Application
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Microarchitecture optimization,
parallelism, and latency reduction

Seagate RISC-V Core

Legacy Core

Disturbance detection filter
(computational cycles)

3× Reduction

RISC-V-Enabled Solution
Functional Example:

Hard drive capacity rapidly
expanding

At 50TB, track density will exceed
1 million tracks per inch (TPI)
(2.4 nm positioning accuracy)

The Problem

Multi-stage actuators for coarse
movement and fine positioning

Real-Time Processing
• Disturbance detection algorithms
• Adaptive control features
• Feed-forward compensation
• High sample-rate computation

Constraints
• Power, space, and cost

Reference: Richard Bohn, “Debug & Optimization Strategy in Tomorrow’s Storage Technology” Seagate Technologies, Siemens U2U  Presentation
(available on Siemens EDA website)



Integrating Trace Debug with SLM Applications
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• Challenges of wide-scale deployment over
silicon lifetime:

• Latent manufacturing defects, voltage droop,
excessive leakage, thermal, soft errors, aging, etc.

• Manifest as software errors or under-performance

• Need to monitor CPU instructions, bus
transactions, and critical internal signals

• This has to be aligned with data from silicon
sensors, slack and voltage droop monitors, etc.

• In-system (deterministic) test and Logic and
Memory built-in self-test (BIST)  response data
can also be aligned with trace
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Embench : HW Trace Encoder Compression – bits per instruction
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Embench SW Trace Decoding Speed – time in milliseconds
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Embench SW Trace Decoding Speed – cycles per instruction
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Embench – Empirical SW Trace Decoding Big-O complexity - O(n)
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Python API
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ELF file
(te.elf)

Disassembler
(riscv-none-elf-objdump)

te.objdump



Custom Instruction Decoding (CID)
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Encoder Decoder Custom
Instruction
Decoder
(DSO)

Objdump
Address -> instruction

Communicator
CID API

4 Functions



Benefits and Tradeoffs of E-Trace Optional Extensions
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Summary & Conclusion
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• Implemented an efficient RISC-V Trace Decoder in software with C++ API and Python access to build Debug
and Silicon Lifecycle Management applications

• Results on Embench Benchmark programs yield  a SW Trace Decoder average execution time of 108 ms
with default setting

• Optional Extensions- Decoding time increases by 39% on average with benefit of 46% improvement in trace
compression

• The benefits of having a complete solution for E-Trace HW Encoding and SW Decoding  are shown with two
RISC-V based case studies- a storage controller with a 2.4 nm positioning accuracy and a Silicon Lifecycle
Monitoring and debug application
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