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Main References

Hardware Design '
Verification .
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Formal Method-Based Approaches
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Design, Validation and Testing

Specification A
Implementation Design synthesis
N > and validation
Pre-silicon
Post-silicon
'\
Prototyping )
> Manufacturing
and testing
Manufacturing
~
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Design and Verification

Design

Specification Implementation
Verification
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Design Challenges I

Suppose we have to design

a pacemaker .
Resource optimization
Reduce Cost
Test automation and

Design-for-Test
i
;/r?;if(i:%%t(iacr)ggreeliability
Power optimization during synthesis
Area optimization during synthesis
Delay optimization during synthesis
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Digital Design: Abstraction Levels

Formalisms introduced
at the Entry-Level

Exponential growth

in circuit size Register Transfer Level

(Moore's Law) always @( posedge clk) Restricted semantics of
begin Programming Languages,
if (rst) begin al <= a2; Communicating Concurrent

a2 <= ~al,; end, State Machines (CSM)
end
Gate Level .
Boolean Logic
:D_'@_ :D_'@_ Finite State Machines
Transistor Jv J'
Level A A A _
I;l,EF —I;l’EF E: g Schematic
1 1 Ei
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Design Example: 2-bit Gray Counter

Gray Counter: Successive values should differ only in one bit. Reset signal
resets the counter to zero.

rst

rst

clk

State m/c Representation
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Design Example: 2-bit Gray Counter

State Transition Table

rst
(SeSy) | rst | (hy)
00 0 01
00 1 00
01 0 11
01 1 00
10 0 00
rst
10 1 00
11 0 10
11 1 00

State m/c Representation
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Design Example: 2-bit Gray Counter

State Transition Table State Transition Functions:
(SeSy) | rst | (ngny) Ny = Sy'SyI" +SpSyI"
00 0 o1 N, =Sy'S,I" +Sy's,I"
00 1 00
01 0 11 After Logic Minimization:
o1 | 1 | 00 = 5,0
10 | 0 | 00 n,=s,'t"
10 1 00
11 0 10
11 1 00

© Pallab Dasgupta, Dept. of Computer Sc & Enggqg, IIT Kharagpur 9




Design Example: 2-bit Gray Counter

State Transition Functions:

—_ 4
Ny=SyI
N, =S,'r'

Verilog Code (RTL):

module GrayCounter(s0, s1, rst)
Input rst;
reg s0, si;

always @ (posedge clk)
begin

S0 <=s1 & ~rst;

S1 <=~s0 & ~rst;
end
endmodule

—>

Synthesis

rst

Q

D S
c} S1

cIkJ
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Abstractions in Design Flow

higher Functional Specification less

!

Algorithmic Description

!

abstraction RTL details

!

Gate Netlist

!

Transistor Netlist

| 1 }
lower Physical Layout more

© Pallab Dasgupta, Dept. of Computer Sc & Enggqg, IIT Kharagpur 11




Design and Verification

specifications ) 4
T does it meet the specs?
property
micro-architecture > checking
T does it implement the p-arch?
design V, verification
\
T are they equivalent?
gate netlist < equivalence
are they equivalent? checking
v 7
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