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What is handled by N-Trace TG
● Main page: https://lists.riscv.org/g/tech-nexus. Agenda:

● Github repository: https://github.com/riscv-non-isa/tg-nexus-trace
○ Reference C encoder/decoder and tests are part of this github repository.
○ PDFs (almost internally frozen): https://github.com/riscv-non-isa/tg-nexus-trace/tree/master/pdfs

■ Finishing one of PDFs (some ADOC formatting issues recently – solved …)



What is N-Trace?
● Complete, end-to-end program flow trace for RISC-V harts/cores/systems.
● Based on mature, well-established, silicon-proven Nexus IEEE-ISTO 5001 Standard and:

○ Utilizing existing trace probes and professional trace tools (MIPI-based connectors, same as used in Arm-based SoCs).
○ Initial version implemented in many RISC-V designs (SiFive for over 3 years), including mixed-architecture systems.

● Logical diagram of N-Trace based trace system:
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History of Nexus and N-Trace
● Nexus IEEE-ISTO 5001 is mature and well-established standard

○ Originally it was targetting embedded processors (these days everything is ‘embedded’ …)
○ Version 1.0 released in 1999.
○ Version 2.0 released in 2003/12/15.
○ Version 3.0 released in 2012/06/01 (added high-speed Aurora trace option)
○ Implemented in (non-RISC-V …) silicon many times.

● Over more than two decades Nexus trace was supported by trace and debug probe tool vendors
○ Different ISA: PowerPC, ARC, AVR32, even early Arm cores (MAC711 by Freescale/NXP).
○ However, Arm debug and trace (Coresight) did NOT embrace Nexus.
○ Nexus debug was not main-stream, but trace is simple and elegant.

● Dec 2019: RISC-V Nexus Trace TG proposed
○ Later renamed to N-Trace

● Mar 2020: SiFive Insight (Nexus-based trace) was released as part of standard offering.
● May 2020: Reference open-source encoder/decoder framework was published (as part of TG).
● June 2020: SiFive donated Trace Control Interface to Nexus TG

○ Improved Trace Contol Interface will be ratified and shared with (ratified) E-Trace encoder protocol.
● Q1 2023: N-Trace (complete, end-to-end trace for RISC-V) is approaching ratification.



N-Trace and E-Trace relations/compare
● E-Trace:

○ Defines Trace Ingress Port (data sent every cycle from inside of a hart – retired instruction blocks + minimal details).
○ Defines Trace Encoding protocol (packets of compressed trace).
○ Defines Data Trace and extends ingress port (added in version 2.0).
○ Provides reference encoder/decoder Python implementation and set of tests.
○ Based on UltraSoc/Siemens Trace IP.

● N-Trace (much wider scope …)
○ Defines all components of end-to-end-trace program flow trace

■ Ingress port re-used from E-Trace
■ Messaging Protocol (different set of messages than E-Trace) with several timestamp options
■ Multi-core/hart transport and SoC routing
■ Storage (on chip in small buffer or system memory)
■ Export via pins (parallel or serial, with calibration)

● Two MIPI compatible connectors (supported by many trace probe vendors)
○ Based on Nexus IEEE standard (industry standard used in the past and still use today)

■ Adopted by SiFive over 3 years ago and silicon proven since, Control Spec donated to Nexus TG
○ Trace Control Layer (MMIO register-based …) to be shared with E-Trace
○ Reference C code (encoder/decoder provided 3 years ago as N-Trace messages are 100% Nexus compatible)

■ Recently E-Trace tests were run (to assess trace compression)



N-Trace compression results and analysis
● BTM and 3 HTM flavors

Gain is (previous/this - 1)’ (in %)
We look at embench-* only as ‘real-code’
CRC32 code is excluded (crazy looping?)

● Basic HTM is on average 2.3 
times better than BTM

● Repeated History adds 7.9%
● Return Address Stack adds 

78.9%
Total gain is 1.289/0.200=6.595 times

● Compression is code-dependent
Compiler options dependent as well
For some programs gains are HUGE (26x!)

● Average 0.2bits/instr is excellent
1GHz core with 1 IPC will generate 200Mbps 
of trace
This needs to be scaled to core clock and 
IPC to estimate trace bandwidth

● External trace will be very good
PIB provides calibration generator option
Basic MIPI-20 connector can handle 1.2Gbps 
of 4-bit trace
Mictor-38 connector can do 12.6Gbps
USB 3 steaming is up to 5Gbps

● Use reference encode/decoder
Test your own code and implementation
This statistical data will be there (as CSV)



N-Trace ratification plan
● This is non-ISA extension (one of ‘grandfathered’ TGs …)
● Most parts of N-Trace specification are on ‘internal freeze’

○ Several components as defined in charter (described in own documents) are unchanged for some time.
○ Main work is now to document messaging protocol correctly and without ambiguities.

■ Nexus specification itself is very flexible (too flexible?) format.
■ We have an ambition for N-Trace specification to be standalone. 

○ Reference C encoder and decoder should be useful to assure conformance and help with development.
● We are not seeking any waivers

○ Reference C code and available for over 2 years (it was used for some implementations …)
○ Nexus itself is silicon proven.
○ Implementation by SiFive is used in production for about 3 years.
○ There are several other implementations in different stages.

● Ratification plan: https://docs.google.com/document/d/1Elt9-
ECIAyzVe7snwCMq_K7RHPlrTe3PaDX6JaKAxJA/edit#heading=h.hym1mtuc89he

● Checklist: https://docs.google.com/spreadsheets/d/13vKaon759gWw5JTd7kpIhMaymnhTsn-
egnScl6pnEzE/edit#gid=257164574



N-Trace Ratification (proof of concept, compatibility, testing)

● Proof of concept
○ Nexus standard was used in silicon for 20+ years (and it is still used)
○ SiFive Insight Debug and Trace is N-Trace/Nexus compatible

■ SiFive donated silicon proven spec to Nexus TG (explained on History … page)
● Compatibility

○ N-Trace based implementation (by SiFive) is available for about 3 years and present in many SoC parts 
(including mixed-architecture SoC).

○ Two standard connectors (low/high-bandwidth) are fully MIPI and Arm compliant.
■ Most (all?) trace probe vendors support it already. Namely: Lauterbach (since 2018?), IAR(since 

2019), Segger(since 2022/11), Ashling(since 2022/12), GHS(since?).
○ Nexus trace (for RISC-V) was demonstrated on many RISC-V Summit sessions over the years. One is here:

https://github.com/IARSystems/trace-riscv/blob/main/docs/riscv-v-summit-2020/risc-v-summit-2020-trace-overview-tutorial.pdf

● Implementation may be cross-checked with reference C encoder/decoder
○ https://github.com/riscv-non-isa/tg-nexus-trace/blob/master/refcode/c/NexusTraceTG-RefCode.pdf
○ It was used to aid several implementations (besides SiFive)
○ It was run on same set of tests which were used by E-Trace



N-Trace ratification plan
● From ‘Ratification Plan’ 



N-Trace ratification plan (Checklist)
● From ‘Checklist’ 


