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Formal Method of Functional Verification for Chip Development
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Abstract: In the field of chip design, the use of model-driven FPGA design methods is currently a safer and more reliable method.
However, model-driven FPGA design needs to prove the consistency of the FPGA design model and the generated Verilog/VHDL code.
Further, the chip design correctness, performance, reliability, and safety are critical. At present, simulation methods are often used to
verify the consistency of models and codes. It is difficult to ensure the reliability and safety of the design, and there are problems such as
low verification efficiency and heavy workload. This study proposes a new method to verify the consistency of the design model and the
generated code. This method uses the MSVL language to model the system, and propositional projection temporal logic (PPTL) formula
to describe the properties of the system, then based on the principle of unified model checking, verifies whether the model meets the
validity of the property. Furthermore, a signal light control system is used as a verification example to verify and explain the verification
method.
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7331 signal_light_top.m.73 2 [¥36 5r MSVL A5 a1 &l 6 iR, 438 MSVL ARUS ] LATE S 2 h & .

modnle signal light_top(count,clk,rst,lightl,lightl);
input clk,rst;

ontput[2:0] lightl,light2;

ountput[Z:0] count;

wire[5:0] count;

counter u2 (clk,rst,count)

signal light ul(clk,rst,count,lightl,light2);

endmodule
Fig.5 The top-level code of the signal light control system
K5 55T b R g =AY

frame (signal light top clk,signal light top rst,reg signal light tep lightl,signal light

k") and skip;
t") and skip;
"} and skip:
} and s
") and s
") and
gl
SULPUE ("ouEPUT 3 17
output (" )
output (" ]
output ("outy 1
output (*our 1
output {"out k ") 2
output ("output variabls )

int every ie==) and skip;
unsigned int TEMP<w= an
int cycle num<es: and sk
input (cycle_num) and skip:
output (cycle num) and skip;
int reg counter count<==| and int counter count[i] and skip:
t reg signal 1i

1i

- signal_ligh
ignal_light_light2[3) and skip:

ight2<==_ and skip;
skip:
and skip;

top_clk and
clk:m{int*)m {cycle_num*sizeof{int)):

while (now<cycle num)
i

i€ (nowi24=0) then

{

input (TEMP) and skip

Fig.6 MSVL code of the signal light control system
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Q3=0—(P3AP).

R4, BRI L) AR 7 RN 45X 3 AT A HAESE— AN, LT3 Ay il
Qs=0((p1®OP2®p3) A—(P1AP2AP3)).

5.4 MR
R UMCAM T H 1 N 25K K PPTL A Ak 2y signal _light.p ST 5 1 1.p SCAERIRE a0 .

{

h

define p0:signal_light_top_rst=1;

define pl:signal_light_top_light1[2]=1;
define p2:signal_light_top_light1[1]=1;
define p3:signal_light_top_light1[0]=1;
define p4:signal_light_top_light2[2]=1;
define p5:signal_light_top_light2[1]=1;
define p6:signal_light_top_light2[0]=1;

alw(!po—(p2 and ps))

PRI 2 (¥.p SCAF s 30k

(

h

define pg:signal_light_top_rst=1;

define py:signal_light_top_light1[2]=1;
define p,:signal_light_top_light1[1]=1;
define ps:signal_light_top_light1[0]=1;
define p4:signal_light_top_light2[2]=1;
define ps:signal_light_top_light2[1]=1;
define pg:signal_light_top_light2[0]=1;

alw(po—(som(ps) and som(pe)))

PEJs 3 19.p SCAF A% A b

(

h)

define po:signal_light_top_rst=1;

define py:signal_light_top_light1[2]=1;
define p,:signal_light_top_light1[1]=1;
define ps:signal_light_top_light1[0]=1;
define p4:signal_light_top_light2[2]=1;
define ps:signal_light_top_light2[1]=1;
define pg:signal_light_top_light2[0]=1;

alw(!(ps and pg))

PEJG 4 19.p SCAF A% A b

(

define po:signal_light_top_rst=1;
define py:signal_light_top_light1[2]=1;
define p,:signal_light_top_light1[1]=1;



-

K TR e IE e XL T ik

define ps:signal_light_top_light1[0]=1;

define p4:signal_light_top_light2[2]=1;

define ps:signal_light_top_light2[1]=1;
define pg:signal_light_top_light2[0]=1;
alw((!p; and !'p, and p3) or (!p; and p, and !p3) or (p; and !p, and !pz))

ly

5.5 F I E#TIIE
¥ MSVL FEF 5 .p SCHAE K UMCAM = (4 N BEAT I8 4T I 3040, 8 280 N\ iy 2

ey

AT G0 AT LU RIS AT 45 5 LAIE 5T 2 S0k 0 1), L0 uE 45 R 1 9 Jows.

UMC4M.exe signal_light.p signal_light.m

ThreadPool init successt?!

input variahle signal_light_top_clkinput variabhle is signal_light_top_rstoutp
ut variable is signal_light_top_lighti[BJoutput variable is signal_ light_top_lig]
hti[1 Joutput wvariable is signal_light_top_lighti[2loutput variahle is signal_lig|
ht_top_light2[Bloutput variable is sdignal_light_top_light2[1Joutput variabhle is

signal_light_top_light2[2loutput wvariable is signal_light_top_count[Blerificati]
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T2 A output [5:0] count;

“include “counter.v” input clk, rst;

“include “signal_light.v” reg [5:0] count;

module always@ (posedgeclk or negedgerst)
signal_light_top(count,clk,rst,light1,light2); begin

input clk, rst; if (Irst)

output [2:0] lightl, light2; count<="d0;

output [5:0] count; else if (count<'d60)

wire [5:0] count; count<=count+1;

counter u2(clk,rst,count); else

signal_light ul(clk,rst,count,lightl,light2); count<="d1,

endmodule end

AR endmodule

module counter(clk,rst,count);
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module
signal_light(clk,rst,count,lightl,light2);
input clk, rst;
input [5:0] count;
output [2:0] light1, light2;
reg [2:0] light1, light2;
reg [2:0] state;
parameter
1dle=3'b000,
$1=3'b001,
$2=3'b010,
$3=3'b011,
S$4=3'b100;
always@ (posedgeclk)
begin
if (Irst)
begin
state<=lIdle;
light1<=3'b010;
light2<=3"b010;
end
else
case(state)
Idle: if (rst)
begin
state<=S1;
light1<=3"b100;
light2<=3"b001;

i3k 2. #HRSFERESKTIEH R RS MSVL 55

function Bit_not(int a,intRValue)

{if (a=1) then {RValue:=0}

else

{RValue:=1}};

function counter(int counter_clk,intcounter_rst)
{if (counter_clk=0ld_counter_clk+1
OR counter_rst=0Ild_counter_rst—1)
then {if (counter_rst<<0)

then {reg_counter_count:=0;
TEMP<==reg_counter_count and skip;
every_i:=0;

end

end
S1: if (count=="d24)
begin
state<=S2;
light1<=3'b100;
light2<=3'b010;
end
S2: if (count=="d29)
begin
state<=S3;
light1<=3'b001;
light2<=3'b100;
end
S3: if (count=="d54)
begin
state<=S4;
light1<=3'b010;
light2<=3'b100;
end
S4: if (count=="d59)
begin
state<=S1;
light1<=3'b100;
light2<=3'b001;
end
default: state<=ldle;
endcase

endmodule
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while (every_i<5)

{counter_count[every i]:=TEMP%?2;
every_i:=every_i+1,;

TEMP:=TEMP/2}}

else {

if (reg_counter_count<60)

then {reg_counter_count:=reg_counter_count+1;
TEMP<==reg_counter_count and skip;
every_i:=0;

while (every_i<5)
{counter_count[every_i]:=TEMP%2;
every_i:=every_i+1;

TEMP:=TEMP/2}}

else {reg_counter_count:=1;
TEMP<==reg_counter_count and skip;
every_i:=0;

while (every_i<5)

{counter_count[every i]:=TEMP%?2;
every_i:=every_i+1;

TEMP:=TEMP/2}}}}

else {empty};
counter_counter_count:=reg_counter_count;
Old_counter_clk_temp:=counter_clk;
Old_counter_rst_temp:=counter_rst};
function signal_light(int signal_light_clk,intsignal_light_rst,intreg_signal_light_count)
{frame(signal_light_count) and (

int signal_light_count[6] and skip;
TEMP<==reg_signal_light_count and skip;
every_i:=0;

while (every_i<5)
{signal_light_count[every_i]:=TEMP%?2;
every_i:=every_i+1,;

TEMP:=TEMP/2};

if (signal_light_clk=0ld_signal_light_clk+1)
then {if (signal_light_rst<0)

then {reg_signal_light_state:=signal_light_lIdle;
TEMP<==reg_signal_light_state and skip;
every_i:=0;

while (every_i<2)
{signal_light_state[every_i]:=TEMP%2;
every_i:=every_i+1,;

TEMP:=TEMP/2};
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reg_signal_light_light1:=2;
TEMP<==reg_signal_light_light1 and skip;
every_i:=0;

while (every_i<2)
{signal_light_light1[every_i]:=TEMP%?2;
every_i:=every_i+1,;

TEMP:=TEMP/2};
reg_signal_light_light2:=2;
TEMP<==reg_signal_light_light2 and skip;
every_i:=0;

while (every_i<2)
{signal_light_light2[every_i]:=TEMP%?2;
every_i:=every_i+1;

TEMP:=TEMP/2}}

else {if (reg_signal_light_state=signal_light_ldle)
then {if (signal_light_rst=1)

then {reg_signal_light_state:=signal_light_S1;
TEMP<==reg_signal_light_state and skip;
every_i:=0;

while (every_i<2)
{signal_light_state[every_i]:=TEMP%2;
every_i:=every_i+1,;

TEMP:=TEMP/2};
reg_signal_light_light1:=4;
TEMP<==reg_signal_light_lightl and skip;
every_i:=0;

while (every_i<2)
{signal_light_light1[every_i]:=TEMP%?2;
every_i:=every_i+1;

TEMP:=TEMP/2};
reg_signal_light_light2:=1;
TEMP<==reg_signal_light_light2 and skip;
every_i:=0;

while (every_i<2)
{signal_light_light2[every_i]:=TEMP%2;
every_i:=every_i+1;

TEMP:=TEMP/2}}

else {empty}}

else {if (reg_signal_light_state=signal_light_S1)
then {if (reg_signal_light_count=25)

then {reg_signal_light_state:=signal_light_S2;
TEMP<==reg_signal_light_state and skip;
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every_i:=0;

while (every_i<2)
{signal_light_state[every_i]:=TEMP%2;
every_i:=every_i+1;

TEMP:=TEMP/2};
reg_signal_light_light1:=4;
TEMP<==reg_signal_light_lightl and skip;
every_i:=0;

while (every_i<2)
{signal_light_light1[every_i]:=TEMP%?2;
every_i:=every_i+1,;

TEMP:=TEMP/2};
reg_signal_light_light2:=2;
TEMP<==reg_signal_light_light2 and skip;
every_i:=0;

while (every_i<2)
{signal_light_light2[every_i]:=TEMP%2;
every_i:=every_i+1;

TEMP:=TEMP/2}}

else {empty}}

else {if (reg_signal_light_state=signal_light_S2)
then {if (reg_signal_light_count=30)

then {reg_signal_light_state:=signal_light_S3;
TEMP<==reg_signal_light_state and skip;
every_i:=0;

while (every_i<2)
{signal_light_state[every_i]:=TEMP%2;
every_i:=every_i+1;

TEMP:=TEMP/2};
reg_signal_light_light1:=1;
TEMP<==reg_signal_light_lightl and skip;
every_i:=0;

while (every_i<2)
{signal_light_light1[every_i]:=TEMP%?2;
every_i:=every_i+1,;

TEMP:=TEMP/2};
reg_signal_light_light2:=4;
TEMP<==reg_signal_light_light2 and skip;
every_i:=0;

while (every_i<2)
{signal_light_light2[every_i]:=TEMP%2;
every_i:=every_i+1;
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TEMP:=TEMP/2}}

else {empty}}

else

{if (reg_signal_light_state=signal_light_S3)
then {if (reg_signal_light_count=55)

then {reg_signal_light_state:=signal_light_S4;
TEMP<==reg_signal_light_state and skip;
every_i:=0;

while (every_i<2)
{signal_light_state[every_i]:=TEMP%2;
every_i:=every_i+1,;

TEMP:=TEMP/2};
reg_signal_light_light1:=2;
TEMP<==reg_signal_light_lightl and skip;
every_i:=0;

while (every_i<2)
{signal_light_light1[every_i]:=TEMP%2;
every_i:=every_i+1;

TEMP:=TEMP/2};
reg_signal_light_light2:=4;
TEMP<==reg_signal_light_light2 and skip;
every_i:=0;

while (every_i<2)
{signal_light_light2[every_i]:=TEMP%2;
every_i:=every_i+1,;

TEMP:=TEMP/2}}

else {empty}}

else {if (reg_signal_light_state=signal_light_S4)
then {if (reg_signal_light_count=60)

then {reg_signal_light_state:=signal_light_S1;
TEMP<==reg_signal_light_state and skip;
every_i:=0;

while (every_i<2)
{signal_light_state[every_i]:=TEMP%2;
every_i:=every_i+1,;

TEMP:=TEMP/2};
reg_signal_light_light1:=4;
TEMP<==reg_signal_light_lightl and skip;
every_i:=0;

while (every_i<2)
{signal_light_light1[every_i]l:=TEMP%2;
every_i:=every_i+1;
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TEMP:=TEMP/2};

reg_signal_light_light2:=1;

TEMP<==reg_signal_light_light2 and skip;

every_i:=0;

while (every_i<2)

{signal_light_light2[every_i]:=TEMP%2;

every_i:=every_i+1;

TEMP:=TEMP/2}}

else {empty}}

else {reg_signal_light_state:=signal_light_Idle;

TEMP<==reg_signal_light_state and skip;

every_i:=0;

while (every_i<2)

{signal_light_state[every_i]:=TEMP%2;

every_i:=every_i+1;

TEMP:=TEMP/2

j33333d3:

else {empty};

signal_light_signal_light_lightl:=reg_signal_light_light1;

signal_light_signal_light_light2:=reg_signal_light_light2;

Old_signal_light_clk_temp:=signal_light_clk)};

frame(signal_light_top_clk,signal_light_top_rst,reg_signal_light_top_light1,signal_light_top_lightl,reg_
signal_light_top_light2,signal_light_top_light2,reg_signal_light_top_count,signal_light_top_count,TEMP,cycle_
num,now,Old_counter_clk,Old_counter_clk_temp,Old_counter_rst,Old_counter_rst_temp,Old_signal_light_clk,
Old_signal_light_clk_temp,signal_light_ldle,signal_light_S1,signal_light_S2,signal_light_S3,signal_light_S4,
counter_counter_count,signal_light_signal_light_light1,signal_light_signal_light_light2,reg_signal_light_state,
signal_light_state,reg_counter_count,counter_count,reg_signal_light_light1,signal_light_light1,reg_signal_light_
light2,signal_light_light2,every_i) and

(output (“input variable is signal_light_top_clk”) and skip;

output (“input variable is signal_light_top_rst”) and skip;

output (“output variable is signal_light_top_light1[0]”) and skip;

output (“output variable is signal_light_top_light1[1]”) and skip;

output (“output variable is signal_light_top_light1[2]”) and skip;

output (“output variable is signal_light_top_light2[0]”) and skip;

output (“output variable is signal_light_top_light2[1]”) and skip;

output (“output variable is signal_light_top_light2[2]”) and skip;

output (“output variable is signal_light_top_count[0]”) and skip;

output (“output variable is signal_light_top_count[1]”) and skip;

output (“output variable is signal_light_top_count[2]”) and skip;

output (“output variable is signal_light_top_count[3]”) and skip;

output (“output variable is signal_light_top_count[4]”) nd skip;

output (“output variable is signal_light_top_count[5]”) and skip;
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int every_i<==0 and skip;

unsigned int TEMP<==0 and skip;

int cycle_num<==8 and skip;

input (cycle_num) and skip;

output (cycle_num) and skip;

int reg_counter_count<==0 and int counter_count[6] and skip;

int reg_signal_light_lightl<==0 and int signal_light_light1[3] and skip;
int reg_signal_light_light2<==0 and int signal_light_light2[3] and skip;
int counter_counter_count<==0 and skip;

int signal_light_signal_light_light1<==0 and skip;

int signal_light_signal_light_light2<==0 and skip;

int signal_light_state[3] and skip;

int reg_signal_light_state<==0 and skip;

int now and now<==0 and skip;

int*signal_light_top_clk and skip;
signal_light_top_clk:=(int*)malloc(cycle_num*sizeof(int));

now<==0 and skip;

while (now<cycle_num)

{if (now%24=0) then {input (TEMP) and skip}

else {empty};

signal_light_top_clk[now]<==TEMP%?2 and skip;

TEMP<==TEMP/2 and skip;

now<==now+1 and skip};

now<==0 and skip;

int*signal_light_top_rst and skip;
signal_light_top_rst:=(int*)malloc(cycle_num*sizeof(int));

now<==0 and skip;

while (now<cycle_num){if (now%24=0) then

{input (TEMP) and skip}

else {empty};

signal_light_top_rst[now]<==TEMP%?2 and skip;

TEMP<==TEMP/2 and skip;

now<==now+1 and skip};

now<==0 and skip;

int signal_light_top_light1[3],reg_signal_light_top_lightl and reg_signal_light_top_light1<==0 and skip;
int signal_light_top_light2[3],reg_signal_light_top_light2 and reg_signal_light_top_light2<==0 and skip;
int signal_light_top_count[6],reg_signal_light_top_count and reg_signal_light_top_count<==0 and skip;
int signal_light_ldleand signal_light_Idle<==0 and skip;
signal_light_Idle<==0 and skip;

int signal_light_S1 and signal_light_S1<==0 and skip;
signal_light_S1<==1 and skip;

int signal_light_S2 and signal_light_S2<==0 and skip;
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signal_light_S2<==2 and skip;

int signal_light_S3 and signal_light_S3<==0 and skip;
signal_light_S3<==3 and skip;

int signal_light_S4 and signal_light_S4<==0 and skip;
signal_light_S4<==4 and skip;

int Old_counter_clkand Old_counter_clk:=0;

int Old_counter_clk_tempand Old_counter_clk_temp:=0;

int Old_counter_rstand Old_counter_rst:=0;

int Old_counter_rst_tempand Old_counter_rst_temp:=0;

int Old_signal_light_clkand Old_signal_light_clk:=0;

int Old_signal_light_clk_tempand Old_signal_light_clk_temp:=0;
while (now<cycle_num){
counter(signal_light_top_clk[now],signal_light_top_rst[now]);
reg_signal_light_top_count:=counter_counter_count;
TEMP<==reg_signal_light_top_count and skip;

every_i:=0;

while (every_i<5)
{signal_light_top_count[every_i]:=TEMP%?2;
every_i:=every_i+1;

TEMP:=TEMP/2};
signal_light(signal_light_top_clk[now],signal_light_top_rst[now],reg_signal_light_top_count);
reg_signal_light_top_light1:=signal_light_signal_light_light1;
TEMP<==reg_signal_light_top_light1 and skip;

every_i:=0;

while (every_i<2)
{signal_light_top_lightl[every_i]:=TEMP%2;
every_i:=every_i+1,;

TEMP:=TEMP/2};
reg_signal_light_top_light2:=signal_light_signal_light_light2;
TEMP<==reg_signal_light_top_light2 and skip;

every_i:=0;

while (every_i<2)
{signal_light_top_light2[every_i]:=TEMP%?2;
every_i:=every_i+1;

TEMP:=TEMP/2};

Old_counter_clk:=0Old_counter_clk_temp;
Old_counter_rst:=0ld_counter_rst_temp;
Old_signal_light_clk:=0ld_signal_light_clk_temp;

output (“interval”) and skip;

output (signal_light_top_clk[now]) and skip;

output (signal_light_top_rst[now]) and skip;

output (signal_light_top_light1[2]) and skip;
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output (signal_light_top_light1[1]) and skip;
output (signal_light_top_light1[0]) and skip;
output (signal_light_top_light2[2]) and skip;
output (signal_light_top_light2[1]) and skip;
output (signal_light_top_light2[0]) and skip;
output (signal_light_top_count[5]) and skip;
output (signal_light_top_count[4]) and skip;
output (signal_light_top_count[3]) and skip;
output (signal_light_top_count[2]) and skip;
output (signal_light_top_count[1]) and skip;
output (signal_light_top_count[0]) and skip;
now:=now+1})
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