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Hardware Desigh and Importance of Exhaustive
Verification

System Specification

High-Level Implementation: correctness
of architecture intent

RTL implementation: PPA considerations

. . Deltailed Hardware High Level Abstracted
Need for Abstraction high level models Design based on PPA Model (untimed)

(timed) C/C++ specification

Exhaustive Verification : large input space |_RTL Implementation |

Is Simulation sufficient??

FEV to the rescue

Equivalent?
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Formal Equivalence Verification

To achieve full

RTL (timed) Constraints and C/C++ (untimed)
Impl Mapping spec p ro OfS
v
' ' ' Complexity Analysis in FEV

° Formal Equivalence Verification Tool

Analyze input size and number of
symbolic variables(case split?)

1

Equivalent? Analyze DFG/BDD size
(design decomposition, cut-point
method, assume guarantee approach? )

pu

.

FV Tools
. Struggle

Inconclusive — Figure out sub blocks which contributes

potential complexity in design (Mul
logic/Div logic/) (Blackbox?)

Convergence Huge structural difference in data
strategy handling between spec and impl?

-

-

No abstraction difference -> Try to reduce
sl x abstraction difference by writing
Debug Analysis required — intermediate models
Yes ‘ V U
Done
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Abstraction (Structural) Difference Between spec
and impl

Specification(C++)

Result =x * (a-b) +y * (c-a) + z * (b-c) + constant
e RTL
C++ Implementation(RTL) Implementation:
implementation: . QStgl ; in 4 different
Single equation MR gZQ' KWS=y-2 stages
mulO=a*wl, mull=b*w2;, mul2=c*w3
stg3
addO = mulO + mull; add1 = mul2 + constant
stg4d
Result = addO + add1

]

Final equation
Result=a* (x-y)+b*(z-x)+c*(y-2z)+

constant
| S

Decomposed equation o
Result=x*a-x*b+y*c-y*a+z*b-z%*c+constant

Same
equation
when
decomposad
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Technique to Reduce (Structural) Abstraction level
differences

Intermediate
C++ Modell
Intermediate
C++ Model2

Intermediate
C++ Model3
v/ FEV

* |terative process of creating intermediate
models

* FEV link between the golden model & all
the intermediate models must be
established

PASS Q
FEV

FEV
INCONCLUSIVEA\




Results :- Introduction of Intermediate models

Specification(C++) Intermediate C++ Modell Intermediate C++ Model2 Implementation(RTL)
Result = x * (a-b) +y * (c-a) + .ﬁ Pl=x*a;P2 =x*b;P3=y*c¢c .ﬁ. mull=a* (x-y); mul2="Db * (z- ﬁ stgl
z * (b-c) + constant FEV PA=y*a;P5=z*b; P6=z*c | FEV X);mul3=c * (y-2) FEV | Wl=x-y;w2=z-x;w3=y-z
stg2
subl =P1-P2; sub2 = P3 - P4; addO = mull + mul2; mulO =a * wl; mull=b * w2;
Sub3 =P5 - P6 add1 = mul3 + constant mul2 =c * w3
stg3
Result = subl1 + sub2 + sub3 + Result = addO + add1 addO = mulO + mull; addl =
constant mul2 + constant
stgd
Result = addO + add1

Final equation

Result=a * (x-y)+b *(z-x)+c * (y-z) + constant

Decomposed equation
Result=x*a-x*b+y*c-y*a+z*b-2z%*c+constant
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Results :- FEV Between Specification and
Intermediate Models

FEV Landscape: C2C Convergence approach

< >
'ZC FV Environment . C2C FV Environment

A 4

Intermediate C
models 1&2

Original C model | . - Sk
riginal Cmodel | . " 75 ™
l’ " s b
§

2 ENN
Specl Input Interface Mapping & constraints Spec2

C2RTL FEVM
Environmept

Casesplitonx,y &z

@ Implementation
RTL

=y & <=y &

XYEZ =Xy x=y & ya=z
& x<=2

X<=y <=7 J

Bridging the
abstraction gap

‘u

Result of Original Spec C++ == Result of intermediate C++ model == Result of intermediate C++ model 2
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Results :- FEV Between Intermediate Model2

and Implementation(RTL)

Original C++

Intermediate

FEV Landscape: C2RTL Convergence approach

-

o

RIL

Intermediate C++

model 2

< > <
Model C2C FV Environment C++ Modell C2C FV Environment
E é Impl Input Interface Mapping & constraints  Spec
=

E S

& 2

ow Case Case
X<=Y x>y
o Prove addition is equivalent in C++ & RTL Assume Guarantee

o
Cutpoint &
Assume Guarantee

Use of techniques like
case-splitting & assume
lemma guarante

Result of intermediate C++ model 2 == Result of RTL
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Future scope and Conclusion

* Intermediate modelling methodology
* Helps to bridge the gap between Implementations

* Iterative reduction in structural differences
* Leading to better proof strategies
* Faster convergence in FEV.

* Collaboration with tool vendors
 To further refine this methodology
* Integrate it into mainstream verification workflows.




