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« Formal verification v.s. simulation based verification

« Directed test, constrained random test and UVM
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« Solver@&14y
KA. SAT, SMT, CSP and BDD-based
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bit[1:0] x,y,z; AL 1
x =2b11
=¥ y = 2'b10
y > z; z=2b01
PEALAE2
x =2b10
y = 2'b01
z =2'b00
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bit[3:0] A,B;

A+ B>4b0000
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#include “cuddobj.hh”
Bl- a0, al, a2, a3, b0, bl, b2, b3; // bddvar

BDD sO, sl1, s2, s3; b0

BDD result;

a0
a0 = bddvar(Q);

bl

al
sO = a0 A bO;
c0 = (a0 & b0);

b2
sl = al A bl A cO;
cl = (al & bl) | (cO & (al | bl)) 05
s2 = a2 AN b2 A cl;
c2 = (a2 & b2) | (cl & (a2 | b2)) b3
s3 = a3 A b3 A c2;
c3 = (a3 & b3) | (c2 & (a3 | b3)) a3

result = sO0.Xor(sl.Xor(s2.xXxor(s3)))
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bit[3:0] A,B;
A+B>0

32°(A) + 32°(B) > unsigned’(0)
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The CUDD package, BDD, ADD Tutorial and examples | David
Kebo

Henrik Reif Andersen. An Introduction to Binary Decision Diagrams. Fall, 1999

bdd.pdf (utexas.edu)
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https://davidkebo.com/cudd
https://www.cs.utexas.edu/~isil/cs389L/bdd.pdf

"variable list":
[
{ // variable
"id": <number>,
"name": <string>,
"signed": <true_of false>,
"bit_ width": <number>

]

"constraint_list":
[
{ // expression
"op": <string> // operator type
"id": <number> // variable id if op is VAR
"value": <number> // hexical number is op is CONST
"lhs_expression”: // if op is another type
{ // Ihs expression
// same as above expression format
}
"rhs_expression": // if op is another type and rhs exists
{ // rhs expression
// same as above expression format
}
"if expression": // if op is MUX(If-Then-Else), if: if expression,
then: lhs_expression, else: rhs_expression
{ // pred expression
// same as above expression format

BRNTRAEBERE

"assignment _list":
[
[ // assignment 1
{"value": <number>} // hexical number, sorted in asending
order of variable ids
{"value": <number>}

[ // assignment 2




Constraint Problem: Constraint Problem in Json:
bit [31: 0] a; {
bit [31: 0] b; "variable_list": [
bit [31:0] ¢ {"id": 0, "name": "a", "signed": false, "bit width": 32},
bit [31: 0] abj_a; {"id": 1, "name": "b", "signed": false, "bit_ width": 32 },
bit [31 : 0] abj_b; {"id": 2, "name": "c", "signed": false, "bit width": 32},
bit [31: 0] abj ¢; {"id": 3, "name": "abj_a", "signed": false, "bit width": 32},
constraint cb { {"id": 4, "name": "abj b", "signed": false, "bit width": 32 },
(abj_a < 32'h0000064); {"id": 5, "name": "abj_c", "signed": false, "bit_width": 32}
(abj_b < 32'h00000064); 1
(abj_c < 32'h0000064); "constraint list": [
(abj_a == a); {
(abj_b == b); "op": "LT",
(abj c == ¢); "lhs_expression”: { "op": "VAR", "id": 3},
((@a * b) * ¢) == 32'h0000000533); "rhs_expression”: { "op": "CONST", "value": "0000000001234556789012345678901234567890" }
} 2
{
"op": "EQ",
"lhs_expression”: {
"op": "MUL",
"Ihs_expression”: {
"op": "MUL'
"lhs_expression": { "op": "VAR", "id": 0},
"rhs_expression”: { "op": "VAR", "id": 1}
17
"rhs_expression": { "op": "VAR", "id": 2 }
2
"rhs_expression”: { "op": "CONST", "value": "000001533" }
}
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results in Json:

{
"assignment list":

[

op
=
H
S5

[
{"value": "0"},
{"value": "1"},
{"value": "2"},
{"value": "3"},
{"value": "4"},
{"value": "5"}

{"value": "5"},
{"value": "4"},
{"value": "3"},
{"value": "2"},
{"value": "1"},
{"value": "0"}

{"value": "5"},
{"value": "4"},
{"value": "3"},
{"value": "2"},
{"value": "1"},
{"value": "0"}
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