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o Complex architecture
o (Custom) Instructions
o Exceptions/Interrupts

o Very complex µArchitecture
o Continuous PPA optimizations
o Pipelined implementation

o Verification – high effort task
o Slow debug process
o Writing functional coverage model
o Simulation cannot hit all pipeline corner-cases
o Functional and structural coverage closure
o Customization introduces bug in existing functionality

Challenges of processor verification



Highly customizable CV32E40Pv2 core
o 4-stage single-issue in-order pipeline 
o OBI protocol memory interfaces
o Standard external debug & interrupt support
o Floating-point extensions
o X custom instruction set extensions
o Highly configurable
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X-extension verification effort is down to 
adding its specification
o Example instruction: Sum of dot product on 2 vectors of four unsigned 8-b 

data

            cv.sdotup.b rd, rs1, rs2

o User required input: provided using app’s JSON format for regression runs

1001100 src2 src1 001 dest 11 110 11  custom-3

31    25 24    2019    1514  1211    76     0  
funct7 rs2 rs1 funct3 rd opcode  

Name Decoding Execution Restrictions

CV.SDOTUP.B 1001100 rs2 rs1 001 rd/rs3  1111011 X(rd) = X(rs3) + 
            X(rs1)[7..0]      * X(rs2)[7..0]     + 
            X(rs1)[15..8]   * X(rs2)[15..8]   + 
            X(rs1)[23..16] * X(rs2)[23..16] + 
            X(rs1)[31..24] * X(rs2)[31..24]

 



Application results
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Bugs https://github.com/openhwgroup/cv32e40p/issue

s

Review bug specification details 
here:

32-bit CV32E40Pv2

https://github.com/openhwgroup/cv32e40p/issues
https://github.com/openhwgroup/cv32e40p/issues


Bug case study
 

ID

EX

MEM

WB

Time

FDIV.S x16, x23, x0, DYN CV.ROR x1, x0, x4 CV.LH.RI x4, x26(x4!)

FDIV.S x16, x23, x0, DYN CV.ROR x1, x0, x4 CV.LH.RI x4, x26(x4!)

FDIV.S x16, x23, x0, DYN CV.ROR x1, x0, x4 CV.LH.RI x4, x26(x4!)

FDIV.S x16, x23, x0, DYNCV.ROR x1, x0, x4 CV.LH.RI x4, x26(x4!)
CV.ROR update

Multicycle FDIV.S update

CV.LH.RI {rd},{rs2}({rs1}!) 

X(rs1) += X(rs2)
X(rd)     = EXTS(mem16(X(rs1)))Execution

X4: Updated first via ALU 
portX4: Updated later via LSU 
port

Verified instruction

Disassembly

CV.LH.RI x4, x26(x4!)

X4 is updated simultaneously 
via the two ports 

Delayed X(rs1) update via ALU port wrongly takes 
priority
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Where to add X-extensions in the processor 
verification app flow
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Automated design 
analysis

 

Automated design analysis
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Automated assertion generation
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Summary
o Successful formal based custom extensions verification

o Verification effort is down to adding extension specification
o 31 bugs were identified by formal that simulation missed

o Considerable verification speed-up compared to simulation
o No writing of testbench
o Optimized formal engines and assertions
o Pinpoint bugs - quick fix check
o Unbounded proofs

o High degree of automation
o No writing of functional coverage model
o 𝜇-architecture details extraction
o Assertion generation
o Trace analysis & disassembler annotation


