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Modern day SoCs are complex

= Complex SoC design
= Multicore Processor architecture
= [ntegration of complex IPs

= Complex Software
= Difficult to predict real-time behaviour
= CPU-CPU interactions
= Software optimization
= Huge amount of raw-trace data
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Traditional SoC debug needs help

The time and costs taken to debug and optimize software
executing on complex RISC-V based SoCs are escalating

« Software code complexity
» Designs have multicore and multichips packaging techniques

» Heisenbugs and long-tail problems are difficult to identify &
reproduce

 Silent data corruption

Low
Identifying hardware and real-time software issues debug
require more efficient methods to debug, iterate, productivity

and scale
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Tessent UltraSight-V

A comprehensive end to end debug & trace solution for RISC-V based SoCs
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Tessent UltraSight-V

KU Eeiiliel elselly Vel Highly-compressed processor
GDB and OpenOCD gnty ptrace P Fast system memory access

with codg mstrumep_tgtlon for (RISC-V E-trace spec) for ELF file uploads
logging capabilities

Scalable to a complete SoC
system-level debug,
optimization, and monitoring
solution

Compatible with 3" party tools
including VS Code and
Lauterbach TRACE32®

HW verified by RISC-V core
vendors, silicon proven down
to 3nm and over 3GHz

Reduce costs, time taken to debug and optimize software executing on RISC-V SoCs
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Tessent UltraSight-V

Embedded IPs

Processor Analytic module
Enhanced Trace encoder
Static instrumentation
Virtual console

DMA

Message Engine
Communicator i.e. JTAG/USB/AXI

A comprehensive end to end debug & trace solution for RISC-V based SoCs
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Tessent UltraSight-V

Embedded IPs

Processor Analytic module
Enhanced Trace encoder

Static instrumentation

Virtual console

DMA

Message Engine

Communicator i.e. JTAG/USB/AXI

UVM Verification IPs

Sequence libraries

Example tests

UVM integration environment with
virtual interfaces for each
communicator IP

A comprehensive end to end debug & trace solution for RISC-V based SoCs
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Tessent UltraSight-V

Embedded IPs

Processor Analytic module
Enhanced Trace encoder

Static instrumentation

Virtual console

DMA

Message Engine

Communicator i.e. JTAG/USB/AXI

UVM Verification IPs

Sequence libraries
Example tests

UVM integration environment with
virtual interfaces for each
communicator IP

Software

A comprehensive end to end debug & trace solution for RISC-V based SoCs
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Tessent UltraSight-V — debug and trace hardware

System
Memory

/I !

RISC-V° AXI BUS / NoC

Embedded IPs
* Processor Analytic Module

* provides run control capabilities
 Enhanced Trace Encoder
» Outputs processor trace (E-trace) Debug module | Trace interface

Static Virtual

b4 RISC

Efficient Trace for RISC-V

Version 2.0
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USB / JTAG / AXI (for PCIE) SIEMENS
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Tessent UltraSight-V — Instruction trace support

RISC-V Trace mandatory features RISC-V Trace optional features

Multiple instruction retirement

Sequentially inferable jump mode
Implicit return mode

Branch Prediction mode

Jump Target Cache mode

Full Address mode

Sign-based compression
Filtering
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Instruction trace
Hart to encoder interface
‘Delta Address’ trace mode

Efficient packet format

Tessent Embedded Analytics

I Cycle accurate trace




Tessent UltraSight-V — efficient debugging

Embedded IPs
- DMA
» Fast read/write to memory system
 Static Instrumentation
« Minimally invasive logging
 Virtual console
» Replaces UART interfaces
« Messaging infrastructure
« Scalable solution
« Communicators
» Supports USB/JTAG/AXI (for PCIE)
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Tessent UltraSight-V — software environment

Flexible platform for host-driven applications leveraging (@j
Tessent UltraSight-V and Embedded Analytics monitors @
: I
VS Code
Effective RISC-V debug and trace A
GDB
Runtime control and trace using GDB and OpenOCD 13
Host Suite
Integration with common IDEs (e.g. VS Code, Eclipse) or CLI s tf |
USB Sopary | JTAG/AX

probe for PCIE
Supports USB, JTAG, and AXI for PCIE

SoC interconnect

Accelerators,
Peripherals,
RISC-V* RAM, etc.

! |}

UltraSight-V
monitors

!
Supports RISC-V extensions and custom instructions :’
/|

Optional
monitors

! H

Communication Infrastructure
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Tessent UltraSight-V — RISC-V run control and trace

it >
jo, fpga_ui [WSL: Ubuntu-22.04]
NANDDEBUG [ LaunchDENY & - () : {) set 0t
 VARIABLE! source > application > te > € tec > & disp_frac
v Locals 0id disp_fractal(uint32_t colc ID f? ‘&' T O D
left = Call Freme Instruction op 28 RasEtLs
IDE Support [
- . x = 8;
. . . . N K Ao 300t y = 8;
* Compatible with Visual Studio Code B e I
- m;'m
oA uint32_t x_bar = ( x > X RSH ) + X _OFF;
) D 97 | disp_plot(x bar, y, disp _palette[colour]);
& = Bx60081
sp = Bx60185e10 }
60004

Run-control for multi-core i W

« Comprehensive support of RISC-V is enabled
through GDB and OpenOCD P ——

E-trace . w0 o sarcmcone

* Instruction trace reconstruction to ASM and e
C/C++ via GDB

Reconstructed E-trace
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Tessent UltraSight-V — Efficient debugging

PROBLEMS (6 OUTPUT DEBUG CONSOLE TERMINAL PORTS (7 Filter (e.g. text, |
-exec load
Fa St Code u |Oad Loading section .init, size ©x290 lma ©x60000000
F) 1018+download, {section=".init",section-size="656",total-size="1102771"}
1018+download, {secfignar dnite coction_conto “EoEY coctign_cizo_veoen total_cont_rgoet to

« Uses DMA TR , :
Loading section .r Fastload using the EA DMA is
« Can be 70-100x faster than normal GDB load S < ificantly quicker than gdb load

Loading section .s
1e18+download, {sec
Start address 0x0000000060000000, load size 12552

Minimal Overhead |Ogging Transfer rate: 7 KB/sec,| 3138 bytes/write.

-exec source /home /RISCV_NA_DEMO/hs_workspace/openocd/extensions/ea.py

* printf style debugging with timestamps e o

DMA opened successfully, mod_idx = 10, rpc_handle = ©
Transfer rate: 483 KB/sec

« Can take equivalent of -5 instructions >
(compared to printf at -100 instructions)

) Instrument code with printf-style logging macros
Virtual Console P yle logging

void setup( void

* Interact with embedded software using _
UART-like capabilities (e.g. telnet) USR_FUNCTION_ENTRY( setup )i

USR_LOGGING_INFO_STRING(

smb_write_count_gap =

UST_LOGGING_DEBUG_PARAM3(
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Tessent UltraSight-V - UVM Verification IP

Ensures effective and comprehensive verification . MessageEngne

« Verifies that UltraSight-V modules are correctly ‘ {

connected to each other and the SoC components

« UVM integration environment with virtual interfaces
for each communicator IP

» Sequence libraries
 Example tests
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Scalability of Tessent UltraSight-V for complete SoC visibility
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Tessent Ultrasight-V Scalable solution for SoCs visibility
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hank you!
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