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Introduction

Processor Verification [1]
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(count (&& (rising clk) instr_done))

(whenever (= instr_value[6:0] 111)
(p     “JAL”))

Formal Microcode Verification [2,3]

Waveform Analysis Language [6,7,8,9]

Formal Netlist Optimization [4, 5]

▪ How do high-level configuration options impact performance?

▪ How can development tools support todays diverse designs?

▪ Staring at waveforms is too much manual work

▪ Extending testbenches not very flexible and reusable

▪ Programmable Waveform Analysis can solve this problem

− All information is inside waveforms

▪ Waveform analysis programs should be:

− Generic and reusable

− Easy to integrate into existing flows and tools

− Written in convenient language and not duct-taped to other systems

▪ Hardware analysis important step during 

most development phases

▪ Problems:

▪ Increasing design sizes

▪ Increasing number of custom designs

▪ Low supply of domain experts

▪ → Automation is mandatory

▪ This thesis presents HW analysis techniques

▪ (Extra-)Functional Verification

▪ Debugging

▪ Post Synthesis Optimization

▪ All results are open-source and use 

open-source tools

▪ Equivalent Program EXecution (EPEX)

▪ Broaden test programs automatically

▪ Generate new test programs automatically

▪ For a test program 𝑷, formally generates an equivalent 

program ෡𝑷 activating different control / data paths

▪ Virtual Signals

▪ Inject new logic into waveforms

▪ Use-cases

▪ Debugging

▪ Abstraction

▪ Analysis

▪ Allows highly interactive debugging 

without need for re-simulation

𝑎0 = 1

▪ External Don’t Cares allow post-synthesis optimizations

▪ Reduced instruction set

▪ Limited input value range

▪ Each gate is checked using formal methods

▪ We propose FSYN

▪ XDC optimization tool

▪ Fully built on open-source technologies

▪ Property Checking/Equivalence Checking backends

▪ Distributed

𝑎0 = 0or

▪ Reusable analysis programs

▪ Generic core algorithm + little 

design-specific code

▪ Performance analysis of

▪ Processors

▪ Busses

▪ Caches

▪ Use as a compilation target

▪ Check SVA on waveforms

▪ Embeddable into HDL design

▪ Add analysis to waveform viewers

Verification

Debug

▪ The ultimate form of RISC is only one instruction

▪ SUBLEQ: subtract and branch if less or equal 0

▪ Programming in SUBLEQ is hard → RISC-V layer on top

▪ Developed fully compliant SUBLEQ microcode implementing RV32I

▪ Built VP and formally verified all RV32I instructions

▪ Best paper award at FDL’22
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