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Functional verification is a challenging aspect of RISC-V core design. This is typically accomplished by a combination of unit-level testing in simulation along with FPGA-based emulation in very large FPGA 
platforms such as Veloce or Zebu. Here we present an approach that allows functional verification by co-emulating a RISC-V design along with the open source simulator Spike. Our solution uses a single 

FPGA to contain the Core and a tracer platform to verify the execution against a golden model (Spike).
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For every retired instruction:
• PC
• Result
• Flags
• Other info

Data is compressed into packages in 
the Trace Encoder

Bandwidth between the Trace Transmitter 
and the DRAM will a�ect Core performance 
by means of a stall signal

Trace Decoder reads the DRAM 
through PCIe and directs Spike to 
execute an instruction.
A�er execution, it compares results, 
flags, etc and warns if a mismatch if 
found.

Golden Model Comparison

Special events:
• Mispredicts
• Interrupts
• Exceptions
• Performance 

data

sb a5, 1636(a4
ret
ld a2, 16(s4)
lbu a5, 30(s4)
ld a7, 0(s4)
ld a6, 8(s4)
lw a3, 24(s4)
lhu a4, 28(s4)
addi a1, s0, -144

Spike

Core

Error?

Executing the same binary in the Core and 
Spike allows for result comparison of every 
instruction

Since both spike and the Core execute the 
same instructions, information about the 
Core state can be inferred by consulting the 
state of Spike

Detecting an error in real time allows the 
FPGA to use signal tracing (e.g. ILA for 
Xilinx), which enables pinpointing the 
source of the problem

Performance Exploration
Along with functional verification, it is possible to include performance metrics of the RISC-V Core. Analysis of the binary object enables matching function names to those performance metrics. This allows a very 

high level of detail, which becomes invaluable for optimization and rapid iteration of designs

[INFO] 72859 [M] PC@0x00008000000012a0 (0x66f70223) sb      a5, 1636(a4)    MWR(Spike): [P@0x0000800000002900] = 0x0000000000000042
[INFO] 72860 [M] PC@0x00008000000012a4 (0x00008082) ret
[INFO] 72861 [M] PC@0x0000800000001b86 (0x010a3603) ld      a2, 16(s4)      WB: 0x20444e2732202c4d MRD(Spike): [P@0x0000800000002700]
[INFO] 72862 [M] PC@0x0000800000001b8a (0x01ea4783) lbu     a5, 30(s4)      WB: 0x0000000000000000 MRD(Spike): [P@0x000080000000270e]
[INFO] 72863 [M] PC@0x0000800000001b8e (0x000a3883) ld      a7, 0(s4)       WB: 0x4e4f545359524844 MRD(Spike): [P@0x00008000000026f0]
[INFO] 72864 [M] PC@0x0000800000001b92 (0x008a3803) ld      a6, 8(s4)       WB: 0x4152474f52502045 MRD(Spike): [P@0x00008000000026f8]
[INFO] 72865 [M] PC@0x0000800000001b96 (0x018a2683) lw      a3, 24(s4)      WB: 0x0000000049525453 MRD(Spike): [P@0x0000800000002708]
[INFO] 72866 [M] PC@0x0000800000001b9a (0x01ca5703) lhu     a4, 28(s4)      WB: 0x000000000000474e MRD(Spike): [P@0x000080000000270c]
[INFO] 72867 [M] PC@0x0000800000001b9e (0xf7040593) addi    a1, s0, -144    WB: 0x0000800000024ff1
[ERROR]  Writeback Mismatch:
    CORE:  0x0000800000024ff1
    SPIKE: 0x0000800000024ff0

[INFO] Printing the state of the registers
[INFO]         Scalar registers
[INFO]  zero  (x0) : 0x0000000000000000           a6    (x16): 0x4152474f52502045
[INFO]  ra    (x1) : 0x0000800000001b86           a7    (x17): 0x4e4f545359524844
[INFO]  sp    (x2) : 0x0000800000024f10           s2    (x18): 0x0000000000000002
[INFO]  gp    (x3) : 0x00008000000030d0           s3    (x19): 0x0000800000002900
[INFO]  tp    (x4) : 0x0000800000005140           s4    (x20): 0x00008000000026f0
[INFO]  t0    (x5) : 0x000000004152474f           s5    (x21): 0x00000000000000b9
[INFO]  t1    (x6) : 0x0000000000000000           s6    (x22): 0x0000000000000007
[INFO]  t2    (x7) : 0x0000000052502045           s7    (x23): 0x0000000000000001
[INFO]  s0/fp (x8) : 0x0000800000025080           s8    (x24): 0x0000000000000002
[INFO]  s1    (x9) : 0x0000800000002710           s9    (x25): 0x00000000000001f5
[INFO]  a0    (x10): 0x0000800000024fc4           s10   (x26): 0x0000800000002918
[INFO]  a1    (x11): 0x0000800000024ff1           s11   (x27): 0x0000000000000009
[INFO]  a2    (x12): 0x20444e2732202c4d           t3    (x28): 0x000000000000474e
[INFO]  a3    (x13): 0x0000000049525453           t3    (x29): 0x0000000049525453
[INFO]  a4    (x14): 0x000000000000474e           t5    (x30): 0x0000000020454d4f
[INFO]  a5    (x15): 0x0000000000000000           t6    (x31): 0x0000000053202c4d
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