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All these pain points drive us to find a more efficient verification methodology. In
this paper, we will use “DPV”, a transaction equivalence based formal tool, to gain
more than 10X efficiency verification improvement in datapath verification. By
transaction, we mean the following:

e A transaction consists of Inputs, Input State (optional), State change Outputs,
Output State (optional).

e A transaction can be combinational, sequential overlapping / pipelined, or
sequential non-overlapping.

Untimed Transaction Model A

Transaction &
. e ompare Outpl:lts at
Equ ivalence E End of Transaction(s)
qual Inputs
(DPV)

Cycle Accurate Model B
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General flow

DPV general flow is very simple and can be divided into myscript.tcl S— . RTL iml
four parts Dopsm ot T e ] T
zii;‘l:desi gng :i':"’pp ./RTL/multiplier.sv ./RTL/alu.sv
a. Compile C model — gnu compatible B S
b. Compile RTL — vcs compatible compose o Somposkn &

Compose and mapping — compose automatically done  meebvaa
by tool and mapping needs manual work usually

d. Set constrain(constraints) and checkers(lemmas) and —

prove them by formal engines assune comnand_range = spec.comnand (i) <= 6

Lemmas

emma checkKln resu 's ower ar
# L hecking 1t's 1 part

o

impl.result(3) [15:0] == spec.result(l) [15:0]
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Video algorithm use model and results

Original RTL

Video algorithm IP
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Optimized RTL structure for DPV
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r Target 1 A, 64bit reg configuration array
src ima 1 g B. 32bitimage array
"""" = . Function! C. Bbit req array
I IP1 function 1 D.  16bit control reg array
E. 128bit reg detect result array
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Corner bug found with transactional equivalence:

The maximum of the gradient is represented by a 11bits
signal. After updated, the gradient operator is changed and
the maximum of the gradient should be a 13bits signal while it
keeps 11bits in design which caused the inconsistent with
C++ golden

Method Time to uncover this bug

Simulation Days or weeks depends on specific pattern

DPV (transactional equivalence) 3 hours without any pattern effort
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Floating point computation use model and results

In FPU side, we choose a FP64 FMA with in-house radix booth encoding. It needs at least 2 weeks for all UVM testbench
and coverage points setup while it just requires one-hour setup for transaction equivalence exhaustive verification.

A=
BIr—)

X

3 billion operand pairs per second

—> out

16-bit operands

1.5 seconds

32-bit operands

195 years

64-bit operands
3.5 * 10?" years

> earth age

Traditional flow Transaction Equivalence flow

Algorithm design .
block verification .

FP64 FMA .

Sign-off .

Develop UVM testbench + Easy tcl setup and no testbench needed
Random test to improve coverage + Exhaustive proof

Completed basic verification via UYM  » Setup formal check in one day
test with 14 days typically + Possible to do exhaustive verification
Impossible to be exhaustive

Need huge manual coverage review  « Comprehensive datapath function sign off
to meet datapath function sign off flow
quality
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Al computation use model and results
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Debugging method
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