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The Problem

• Lack of debugging techniques

• If a bug is found, must use hardware 
techniques

• Can be difficult to debug large code bases



Past Work

• Debugging is relatively new research

• Sea Cucumber had multiple limitations
• Doesn’t support Function calls or shared 

hardware resources

• Never released



The Solution? - Inspect

• Gives a software view of the problem

• Features:
• Step through C code

• Set break points

• Inspect variables

• Show relationship between C and RTL

• Discrepancy detection between simulation 
and hardware



How it works

LLVM Framework

C/C++ Code

LegUp

MySQL

FPGA



Debug Database



High Level C Statements

• Tracks
• Line Number

• Column Number

• Helpful when multiple statements in one 
line.



IR Instructions

• Tracks
• Function

• Instruction Text

• Position in Function

• High level statement



States

• Contains information about Finite State 
Machine (FSM)

• Tracks
• Function it belongs to

• Design name



Functions

• Used to help link problem lines of code 
back to a specific function

• Tracks
• Function name

• Start of function



HW signals

• Tracks
• Wires and Registers

• Name

• Bitwidth



Variables

• Tracks
• Name

• Function

• Address Size

• Data Size

• Number of elements



StateStoreInfo

• Represents the relationship between 
variable and hardware signal

• Tracks
• State

• H/W Signal

• Memory Offset

• Port of read/write



Case Study

• Gave example of the debug process
• Simulation Mode

• Silicon Mode







Simulation Mode

• Uses ModelSim

• Sends commands to ModelSim via TCP



Silicon Mode

• Utilizes Altera Signal Tap II

• User must choose signals to watch

• Inspect helps
• Sliding window-based debug

• Intelligent signal selection



Simulation vs Silicon



Other functionality

• Execution management
• Stepping

• Statement step

• Cycle step

• Breakpoints

• Inspecting Signals

• RTL/Silicon Discrepancy Detection



Testing Inspect – S/W vs RTL

• Took CHStone benchmarks

• Inserted bugs in generated code

• Used Inspect discrepancy’s functionality



Results



Testing Inspect – RTL vs Silicon

• Took CHStone benchmarks

• Inserted bugs in generated code

• Introduced bugs by changing FSM



Results



Future Work

• Support for watchpoints

• Better correlation between H/W and S/W

• “Wizard-like” functionality



Thoughts on Paper

• Contribution
• Inspect was released 

• Multiple citations

• Strengths
• Paper has been cited multiple times

• Explained the functionality very well

• Weakness
• Some stuff was not explained, i.e. 

acronyms



Sources

• https://ieeexplore.ieee.org/document/692
7496 (Paper)

• https://www.llvm.org/

• https://www.mehmetburakaykenar.com/a
n-introductory-modelsim-tutorial-for-
vivado-xilinx-users/116/

• http://staff.washington.edu/kd1uj/BEE271/
Quartus/How%20to%20use%20SignalTap%
20II.pdf 
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