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System Verilog Interface

® https://www. youtubc.com/ Watch?v:YQ—ngiuSuA

® An interface is a named bundle of wires
° [t encapsulate communication
® Direction information via modports

® Timing information such as clocking
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Advantages of Bus Interface

Allows the number of signals to be grouped together and
represented as a single port

« The single port handle is passed instead of multiple signal/ports.

Interface declaration is made once, and the handle is passed
across the modules/components.

Addition and deletion of signals are easy.

SUNY — New Paltz
Elect. & Comp. Eng.
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SystemVerilog Interface

1 module top:

memory. if mi () ;:
memory dut {(mi.mem _mp) :
tester tst (mi.tester) ;

SUNY - New Paltz
Elect. & Comp. Eng.
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wire
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assign data
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interface memory if ;
[15:0]
[15:0] data;
[15:0] addr;

clk;
rd;
wr;

modport mem mp (
inout
input
input
input
input
modport tester (

wr data reg;

Yy

A

data,
addr,
clk,

wr) ;

output wr data reg,

input clk,

output addr,

output rd,

output wr);

= (wr) ? wr data reg

16'hZZ2727Z;
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/ Memory_if (Cont.) N

// monitor data and generate clock
initial begin
Smonitor ("addr: %1h data: %4h rd: %$1lb wr:

$1b",
addr, data, rd, wr);
clk = 0;
forever begin
#10;
clk = ~clk;
end
end

// Self Checking Test Bench

logic [15:0] testmem [2**16-1:0];
always @ (posedge clk) begin

if (rd) begin

#1;
assert (data === testmem[addr]);
end
if (wr)
testmem[addr] = data;

end

SUNY — New Paltz
Elect. & Comp. Eng.

endinterface : memory if _/

Defining an Interface

interface

logiec [15:0] wr_data reg:
wire [15:0] data:
Taghie [15:80] adds:

bBit alk:
| it rd
Bit WX §

‘ SUNY — New Paltz
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10 modport mem_mp
jifa ineout data,
12 input addr,
13 input elk,
14 lreue
ydiy input wr)i
16
modport tester
17, 1t
18 cutput wr_data req,
19 imput elk,
20 output addr,
21 SAEpUE. E&;
22 output wr);
23
24 assign data = (wr) ? wr_data rag : 16'hZZZZ;
L2S
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module top;

m Aif mi();
m Aut  (mi.mem_mp)
test £st (mi.tester);

cndmodule // top

[ —|

Pointers to
same interface

b
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Interface in Action

1 module top;

memory_1f mi ()

endmedule // top

@ o U R W

memory dut (mi.mem mp):
tester tst (mi.tester):

interface memory_if ;

logic [15:0] wr_data_reg;
wire [15:0] data;

logic [15:0] addx;

bit

clk;
bit xd;
bit wr;
.

logic [3:0] tiny_addr:

t.wr_data_reg = i;
t.addr = 1;

module tester (memory_if. tester t);

P I —

initial begin assign m.data = (m.rd) ? mem[m. addr]
t.wr = 1'bl; X X
for (int i=0; i< 'hl0; i++) begin always @{posedge m.clk)
@(negedge t.clk); 1f (m.wr)

mem[m. addr] = m. data;

endmodule S/ memory

et

SUNY - New Paltz
Elect. & Comp. Eng.

fodule memory (Memory IF mem mp w);
logic [15:0] mem [Z2**16-1 :

0]:

: 16'hZZZZ;

11

ra

end

initial begin
29 gmonitor ("addr: %

addr, data, rd, wr):

30

=L ellk = B:

32 forever begin
33 #1035

34 elk = =elk;
35 end

SUNY - New Paltz
Elect. & Comp. Eng.

Interfaces can generate signals

H1b,
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Separating Self-Checking from Testing

i
38 A Self Checking Test Bench
—
40 Leigpie [16532 0] testmen [2R*18-1:8]
41
42 always @{posedge clk) begin
43 if (xrd) begin
44 s
45 assert (data === testmeml[addr]) ;
46 end
47
48 if (wr)
49 testmem [addr] = data:
50 end
5L
g
53 |endinterface : memory_if

‘ SUNY - New Paltz
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The tester module generates stimulus
‘E module tester (memory 1f.tester t):
e legie [3+@] Eimye adaE:

3

4 initial begin

5 t.wr = 1'bl;

1 fer (int i=0: i< *hiDs I++) ‘Bbegin
a3 @ (negedge t.clk):

8 t.wr_data_reg = 1i:

9 t.addr = i;
10 end

532

al7 ] repeat (50) begin

13 @ (negedge t.clk) ;
14 t.wr = $random;

15 T, Ed = Sh.WES

16 tiny addr = $random;

4 ki t.addr = {12'd0, tiny_addr}:
18 if (t.wr) begin

152 ] t.wr_data reg = $random;
20 end
2F end // repeat (50)
23 fstop:
23 end // initial begin
24 endmodule // tester

SUNY - New Paltz
‘ Elect. & Comp. Eng. /
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Our Interface In Context

M =1 @ o Wb

1 module top:

memory__if mi () :

memory dut {(mi.mem mp) ;
tester tst (mi.tester):

endmodule /,/ top

SUNY - New Paltz
Elect. & Comp. Eng.
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Interface in Action

R W R YR

addr:
addr:
addr:
addr:
addr:
addr:
addr:
addr:

data: 2T96 rd:
data: 3Jeae rd:
data: 0007 rd:
data: 007e rd:
data: 8T1T rd:
data: 8878 rd:
data: aedf rd:
data: 600Ob7 rd:

WO WML NS N
HDDDORED

Wi
Wi
Wi
Wi
Wi
Wi
Wi
Wi

D HHEHEREDOHE
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e I
Interfaces: Portal to the Class World

Classes don’t have port lists.
How can we communicate with them?

SUNY — New Paltz
& Elect. & Comp. Eng. J
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e N
Class-Based Test Bench

L— Tdmelude: Tbestber.svh®

module top:

oo W e

memory. if mi ()
memory dut (mi.mem_mp) ;
tester tst:

imitial begin
tst = new(mi) :
fork

tst.run;
Jein_none

end

16 endmodule // top

l &I SUNY — New Paltz J

Elect. & Comp. Eng.
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Tester Class

L class tester:

2

3 legie [3:8] tiny addr;

4 virtual interface

6 funetien mew (»irtual interfaee
7 B = FEs

8 endfunction // new

a2

10

i o )

virtual functions.

Dumb Fact: The word virtualin this context has nothing to do with

Doh!

SUNY - New Paltz

Elect. & Comp. Eng.
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[~ Tester class
class tester;

logic [3:0] tiny addr;
virtual interface memory if t;
function new(virtual interface memory if it);

t = it;
endfunction // new
task run;

t.wr = 1'bl;

for (int i=0; i< 'hl0; i++) begin
@ (negedge t.clk);
t.wr data reg = i;
t.addr = 1i;

end

repeat (50) begin
@ (negedge t.clk);

t.wr = $random;
t.rd = ~t.wr;
tiny addr = Srandom; a
t.addr = {12'd0,tiny addr}; en
. . - end
if (t.wr) begin 5
t.wr data reg = S$random; stop;
" - : — = endtask // run
|' SUN\, fNe“Pﬂl“ endclass // tester
Elect. & Comp. Eng.

20
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Put Test in run() Method

12 task run;
Esmgr=s= 1l Vbl s

@ (negedge t.clk):
t.wr_data reg = 1i;:
t.addr = i;

end

repeat (59) begis
@ (negedge t.clk):

\ end

$stopr
endtask // run
endclass // tester

WwwN NNNNNNNNRRERRPPR [t
NE oW SJoubUNRPFOLONOW w

g el (ORE AoDis 12 YREEE SUEY benls

t.wr = $random:

Bords SR IWER

tiny_ addr = $random;

t.addr = {12'd0, tiny addr}:

if (c.wr) begin
t.wr_data reg = $random;:

end

21

Inciude "Leste
odule top,

memory_if mi();

memory dut. (w1’ men_mp) ;

Laatar tat;

initial begin
tat = new(mi),
tat. run;
join_none
end

andmodula // top

Interface in Class

interface memory_if ;

logic [15:0) wr_data_reg;
wire [15:0] data;

logic [15:0] addr;

bit clk;

bit rd;

bit W ;

lclass tester:

logic [3:0] tiny addr;

t = it;
endfunction // new

task run;
t.wr = 1'bl;

@ (negedge t.c
t.wr_data_reg = 1i;

PPN SRy~ == T

virtual interface memory_if €;

function new(virtual interface memory_if it);

for (int i=0; i< ‘hl0; i++) begin
L) s

always @(posedge m.clk)
if (m.wr)
mem[m. addr] = m. data;

endmodule // memory

nodule memory (memory_if.mem_mp m) ;
logic [15:0] mem [2**16-1 -

assign m.data = (m. rd) ? mem[m. addr]

SUNY - New Paltz
Elect. & Comp. Eng.
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What about VHDL?

entity memory
port
clk : in
rd :in
wr oian
addr : in
data : in
¥;

end Mmemory;

architecture

is

std_logic;

std_logic;

std_logic;

std_logic_wector (15 downto 0);
out std_logic_wector (15 downto 0)

rtl of memory is

type ram_type is array (65535 downto 0) of std_logic_vector (1S downto 0);
signal mem : ram_type;
begin -- rtl
PES PR N J S P PP ——
_— el ~ i e SV
SUNY — New Paltz
Elect. & Comp. Eng.
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ra

Wrap VHDL DUTs

“include "tester
module top;
memory_if mi () ;
tester tst;
initial begin
tst = new(mi) ;
fork
tst. run;
join_none
end

endmodule // top

memory_wrapper dut (mi.mem_mp) ;

‘ SUNY — New

Paltz

Elect. & Comp. Eng.
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SystemVerilog VHDL Wrapper

module memory _wrapper (memory_if. mem_mp m) ;

memory VHDL_DUT
{(.clki{m.clk),
.xrd{m. xd),
.wr (m. wr),
. addr (m. addx).
.data{m. data) ) ;

endmodule S/ memory

SUNY - New Paltz
Elect. & Comp. Eng.
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Ve
VHDL Wrapper

include "teste
odule top; interface memory_if ;
memory_if mi () ; .
Banory Tm'r._:m mem_wp) ; logic [15:0]) wr_data_reg;
aatar Lat; wire [15:0] data;
initial begin logic [15:0] addr;
Eat’) new(mi) ; bhit clk;
ock - ’
€2t run, bit rd;
fnr']r.-)ninonf: hit wE;

yndmodule // top /
[c1z2s5 tester; \

logic [3:0] tiny_addr pnodule memory_wrapper (memory_if.mem_mp m);

virtual interface memory_if t; memory VHDL_DUT
(. clk(m. cIk),
func tion new(virtual interface memory_if it); Lo rd{m.xd),
= 1t; pask ¢ - wr (m.wx),
endfunction // new 3 . addr (m. addr),

.data(m. data));

endmodule // memory

task run;
t.wr = 1'b1; wcoy ($6B38 downto 0) of std_logio_veetor (1§ devato 0}
for (int i=0; i< 'hl0; i++) begin con_type
@(negedge t.clk); |

t.wr_data_reg = i;

SUNY - New Paltz
Elect. & Comp. Eng.
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4 Results
nterfaces/class example/class based/w
# Loading work.memory
# addr: = data: =xxx rd: 0 wr 1
# addr: 8 data: 0000 rd: 0@ wr 1
# addr: 1 data: 0001 rd: 0@ wr 1
# addr: 2 data: 0002 rd: 0 wr 1
# addr: 3 data: 80063 rd: @8 wr 1
# addr: 4 data: 0664 rd: 8 wr 1
# addr: 5 data: 0005 rd: @  wr 1
# addr: © data: 0006 rd: @  wr 1
# addr: 7 data: 0007 rd: 0 wr 1
# addr: 8 data: 0008 rd: 0 wr 1

| | l SUNY - New Paltz

¥ Elect. & Comp. Eng.

27

va
Summary

¢ Define the Interface

e Define the class to contain a virtual interface of the
same type.
» Create a new() function that accepts the

e virtual interface as an argument.
» Access the signals using the interface

' l SUNY — New Paltz

¥ Elect. & Comp. Eng.
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( Bus Function Model for Tiny ALU -

® ALU works at the rising edge of the clock. When start is active, it
reads the operands. Operations can take any number of cycles. It
rises done one clock cycle when the operation is complete. The
reset nisactive low. The start must remain high until done
signal is raised. No done signal on nop.

Op [2:0]
A[7:0]
Result [15:0]
start Tiny ALU
done
B [7:0]
clk
) SUNY — New Paltz reset_n
Elect. & Comp. Eng. /
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4 N
Test Plan for Tiny ALU

° htlps: // WWW. }'()thul)o.c(,)m/\\'atch?\: 53vDSE-CQ3I

Operation Opcode ‘:clk

P P i
no_op 3’000 I start _/h“ \
add_op 3’b001 op[2:0) -C:\;:.
and_op 3’b010 A[7:0) -C::D-
Xor_op 3’b011 B[7:0) -E:-
mul_op 3’b100
unused 3’b101 - 3’b111 done ES

result[15:0) _’C::).

l }l SUNY - New Paltz /

Elect. & Comp. Eng.
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Files

tinyalu_dut
coverage.sv
dutf

run.do
scoreboard.sv
tb.f

tester.sv
tinyalu_bfm.sv

tinyalu_pkg.sv

0 0RO DEPDOGDOEDROE

top.sv

SUNY — New Paltz
Elect. & Comp. Eng.

Initial code add
This release fixes a bug in one of the covergroups that caused a wamn...

Initial code add

Mow works properly with a SystemVerileg DUT. Fixed scoreboard race co..,

Mow works properly with a SystemVerileg DUT. Fixed scoreboard race co...

Initial code add

Initial code add

Initial code add

Initial code add

Initial code add

31

Va

Module top

module top;
tinyalu bfm bfm() ;
tester tester i (bfm) ;
coverage coverage i (bfm) ;
scoreboard scoreboard i (bfm);

.start (bfm.start),
endmodule : top

tinyalu DUT (.A(bfm.A), .B(bfm.B), .op(bfm.op),
.clk(bfm.clk), .reset n(bfm.reset n),

.done (bfm.done), .result (bfm.result));

& SUNY — New Paltz

Elect. & Comp. Eng.
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Module tinyalu_bfm

interface tinyalu bfm;
import tinyalu pkg::*;

byte unsigned
byte unsigned
bit clk;

bit reset n;
wire [2:0] op;

bit start;
wire done;
wire [15:0] result;

operation t op set;

assign op = op_set;

initial begin

clk = 0;
forever begin
#10;
clk = ~clk;
end

end
// Reset task

task reset alu();
reset n = 1'b0;
@ (negedge clk);
@ (negedge clk);
reset n = 1'bl;
start = 1'b0;

endtask reset alu

LKSUNY—NNHMMZ
L‘) Elect. & Comp. Eng.
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Va

task send op(input byte iA,
input byte iB, input
operation t iop, output
shortint alu result);

op_set = iop;

if (iop == rst op) begin
@ (posedge clk);
reset n = 1'b0;
start = 1'b0;
@ (posedge clk);
#1;
reset n = 1'bl;

end else begin
@ (negedge clk);
A = 1iA;

B = iB;

hﬂmY—Mwhm

Elect. & Comp. Eng.

Module tinyalu_bfm (Cont.)

start = 1'bl;
if (iop == no_op) begitj
@ (posedge clk);
#1;
start = 1'b0;
end else begin

do

@ (negedge clk);
while (done == 0);
start = 1'b0;

end
end //else:!if (iop==rst_of
endtask send op

endinterface tinyalu bfm

34

System Bus Interface
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(" Package tinyalu_pkg

package tinyalu pkg;
typedef enum bit[2:0] {no op
add op =
and op =
XOr op =
mul op =
rst op =

endpackage tinyalu pkg

= 3'b000,

3'b001,

3'b010,

3'b011,

3'bl00,

3'bl1ll} operation t;

SUNY — New Paltz

y"“ Elect. & Comp. Eng.
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( Module tester

bdule tester(tinyalu bfm bfm);
import tinyalu pkg::*;

function operation t get op();
bit [2:0] op choice;

op_choice = Srandom;
case (op_choice)
3'b000 : return no_op;

endcase // case (op_choice)

function byte get data();

bit [1:0] zero ones;
zero _ones = S$random;
if (zero ones == 2'b00)

return 8'h00;

3'b001 return add op; else if (zero ones ==
3'b010 return and op; return 8'hFF;
3'b011 return xor op; else

3'b100 return mul op; return S$random;
3'b101 return no_op; endfunction get data
3'b110 return rst op; -
3'bl11 return rst op;

2'bll

endfunction get op

A\ SUNY - New Paltz

P Elect. & Comp. Eng.
b

36
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a
Module tester (Cont.)

initial begin

bfm.reset alu();

repeat (1000) begin : random loop
op_set = get op();
iA = get data();
iB = get data();

end : random loop
Sstop;
end // initial begin
endmodule : tester

byte unsigned iA;
byte unsigned iB;
operation t op_set;
shortint result;

bfm.send op(iA, iB, op_ set, result);

SUNY — New Paltz

y"“ Elect. & Comp. Eng.
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/ Module Scoreboard

module scoreboard(tinyalu bfm bfm);
import tinyalu pkg::*;

always @ (posedge bfm.done) begin
shortint predicted result;
#1;
case (bfm.op set)

Serror ("FAILED: A: %0h B: %0h
bfm.A, bfm.B, bfm.op set.
end
endmodule : scoreboard

add op: predicted result = bfm.A +
and op: predicted result = bfm.A &
xor op: predicted result = bfm.A *
mul op: predicted result = bfm.A *
endcase // case (op_set)
if ((bfm.op set != no op) && (bfm.op
if (predicted result != bfm.result)

bfm.
bfm.
bfm.
bfm.

Ne Ne o N.

W www

~.

set !=

op: %s
name () ,

rst op))

result: %$0h",
bfm.result) ;

A\ SUNY - New Paltz

P Elect. & Comp. Eng.
b
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/Module coverage

module coverage(tinyalu_bfm bfm) ;
import tinyalu pkg::*;

byte unsigned A;
byte unsigned B;
operation t op set;

covergroup Op CoOV;
coverpoint op set {

bins multi cycle = {mul op};

bins single cycle[] = {[add op

xor _op], rst_op,no_op};

bins opn_rst[]

([add op:mul op] => rst op);

bins rst opn[] = (rst op => [add op:mul op]);
bins sngl mul[] ([add op:xor op],no op => mul op);
bins mul sngl[] = (mul op => [add op:xor op], no_op);
bins twoops|] ([add _op:mul op] [* 2]);
bins manymult = (mul op [* 3:5]);
}
endgroup

A\ sunY - New Paltz

y"“ Elect. & Comp. Eng.

39

/Module coverage (Cont.)

covergroup zeros_or ones_on_ops;

}

b leg: coverpoint B {
bins zeros = {'h00};
bins others= {['hOl:'hFE]};
bins ones {"hFF};

}
op 00 FF:

(b_leg.zeros));

(b _leg.ones));

all ops coverpoint op set {

ignore bins null ops = {rst op, no op};}
a leg: coverpoint A {

bins zeros = {'h00};

bins others= {['h0l:'hFE]};

bins ones = {'hFF};

cross a leg, b leg, all ops {
bins add 00 = binsof (all ops) intersect {add op} &&
(binsof (a leg.zeros) || binsof

bins add FF = binsof (all ops) intersect {add op} &&
(binsof (a leg.ones) || binsof

A\ SUNY - New Paltz

Elect. & Comp. Eng.
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/Module coverage (Cont.)

bins and 00 = binsof (all ops)
(binsof
(b_leg.zeros));

bins and FF = binsof

(binsof

(all ops)

(b_leg.ones));

(binsof
(b_leg.ones));

(binsof

(b_leg.ones));
bins mul max = binsof
(binsof

(all ops)

(a_leg.ones)

(a_leg.ones)

(a_leg.ones)

(a_leg.ones)

intersect {and op} &&
(a_leg.zeros) || binsof

intersect {and op} &&
|| binsof

bins xor 00 = binsof (all ops) intersect {xor op} &&
(binsof (a_leg.zeros) || binsof
(b_leg.zeros));
bins xor FF = binsof (all ops) intersect {xor op} &&

|| binsof

bins mul 00 = binsof (all ops) intersect {mul op} &&
(binsof (a_leg.zeros) || binsof
(b_leg.zeros));
bins mul FF = binsof (all ops) intersect {mul op} &&

|| binsof

intersect {mul op} &&
&& binsof

{ E}% g% \"qnﬁcs\\) Btz

¥ Elect. & Comp. Eng.
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/Module coverage (Cont.)

ignore bins others only =
binsof (a leg.others)
}
endgroup
op_cov oc;
zeros or ones on ops c 00 FF;
initial begin coverage block
oc = new();
c 00 FF = new();
forever begin sampling block
@ (negedge bfm.clk);
A = bfm.A;
B = bfm.B;
op_set = bfm.op set;
oc.sample () ;
c 00 FF.sample();
end : sampling block
end : coverage block

endmodule coverage

&& binsof (b leg.others);

h SUNY — New Paltz

Elect. & Comp. Eng.
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4 N
Th.f

tinyalu pkg.sv
tinyalu bfm.sv
tester.sv
coverage.sv
scoreboard.sv
top.sv

| l SUNY — New Paltz
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