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

 

Intention of this Lecture







 








 


 

 

What is SystemVerilog










 




  



SystemVerilog for Design

Ending the Wire vs. Reg Confusion

Verilog -2005

wire 

reg 



containing statement  

register combinational 

SystemVerilog

logic 

logic 



wire a;
reg b, c;
assign a = ____;
always @(* ) b = ____;
always @(posedge clk) c <= ____;

logic a, b, c;
assign a = ____;
always @(* ) b = ____;
always @(posedge clk) c <= ____;

Signal Your Intent With Specific Always Blocks

Verilog -2005



 

SystemVerilog

always @(* ) begin
if (x) b = a 
else b = ! a;

end

always @(posedge clk) begin
if (x) c <= ! a;
else c <= a;

end

always_comb begin
if (x) b = a 
else b = ! a;

end

always_ff @(posedge clk) begin
if (x) c <= ! a;
else c <= a;

end

New always_comb and always_ff
statements for safety

Autoconnect (Implicit Port Connections)



module mod ( input a, b, output c); endmodule

reg a, b; wire c;
mod x (.a(a), .b(b), .c(c));

shortcut
              

shortcut
       



Use Enums Over localparams

Verilog -2005 SystemVerilog
localparam STATE_IDLE = 2’ b00;
localparam STATE_A = 2’ b01;
localparam STATE_B = 2’ b10;
reg [ 1: 0] state;

always @(posedge clk) begin
case (state)

STATE_IDLE: state <= STATE_A;
STATE_A: state <= STATE_B;
STATE_B: state <= STATE_IDLE;

endcase
end

typedef enum logic [ 1: 0] {
STATE_IDLE, STATE_A, STATE_B

} state_t;
state_t state; 

always_ff @(posedge clk) begin
case (state)

STATE_IDLE: state <= STATE_A
STATE_A: state <= STATE_B;
STATE_B: state <= STATE_IDLE;

endcase
end

Enums automatically check whether all values can fit. Can 
be used as a net type. Add semantic meaning to constants.



More on Enums



typedef enum logic {
READ, WRITE

}  mem_op_t;

module memory (
input [ 4: 0] addr,
input mem_op_t op,
input [ 31: 0] din,
output logic [ 31: 0] dout

);

 



Even More on Enums

 


typedef enum logic [ 1: 0] { STATE_IDLE=3, STATE_A=2, STATE_B=1 } state_t



typedef enum logic  1 0    STATE 3          
              



typedef enum logic  1 0    STATE 3:5          

              

Even More on Enums


 







   $display )


 


 

Multidimensional Packed Arrays

Packed left 


Unpacked right 


logic [ 3: 0][ 7: 0] memory [ 32];
// memory[0] is 32 bits wide
// memory[0][0] is 8 bits wide
// memory[0][1] is 8 bits wide

logic [ 31: 0] memory [ 32];
// memory[0] is 32 bits wide
// cannot represent more than 1 dimension in memory[0]
// can’t easily byte address the memory

Structs 
 





 

 

typedef struct packed {
logic [ 31: 0] din,
logic [ 7: 0] addr,
logic [ 3: 0] wen,
mem_op op

} ram_cmd;

ram_cmd a;
always_ff @(posedge clk) begin

din <= ____
addr <= ____
wen <= ____
op <= ____

endmodule ram (
ram_cmd cmd,
logic [ 31: 0] dout

);

Interfaces






Simplify connections 

interface ram_if #( int addr_bits, data_bits)     
( input clk);

logic [addr_bits - 1: 0 ] addr;
logic [data_bits - 1: 0 ] din;
logic [data_bits - 1: 0 ] dout;
mem_op op;

endinterface

module ram (
ram_if intf

);
always_ff @(posedge intf.clk)

intf.dout <= ram[intf.addr];
endmodule

module top();
ram_if #(.addr_bits( 8), .data_bits( 32)) intf();
ram r (.intf(intf));
assign intf.din = ____

endmodule

Modports


 



interface ram_if #( int addr_bits, data_bits)     
( input clk);

modport slave (
input addr, din, op, clk,
output dout

);

modport master (
output addr, din, op,
input dout, clk

);
endinterface

module ram (
ram_if.slave intf

);
always_ff @(posedge intf.clk)

intf.dout <= ram[intf.addr];
endmodule

Typedefs (Type Aliases)


  

attach semantic meaning 



typedef signed logic [ 7: 0] sgn_byte;
typedef unsigned logic [ 3: 0] cache_idx;



Packages / Namespacing
 

 

 

 
 

package my_pkg;
typedef enum logic [ 1: 0] { STATE[ 4] } state_t;
function show_vals();

state_t s = STATE0;
for ( int i = 0; i < s.num; i = i + 1) begin

$display (s.name());
s = s.next();

end
endfunction

endpackage

import my_pkg::* ;

module ex ( input clk);
state_t s;
always_ff @(posedge clk) begin

s <= STATE0;
end

endmodule

SystemVerilog for Verification

Overview















New Data Types







Dynamic Arrays



bit [ 3: 0] arr [ 3]; // a 3 element array of 4 bit values
arr = ‘ { 12, 10, 3}; // a literal array assignment




bit  3 0                                  
initial begin

     new 2                           
       12   10                   

     new 10  
    3   4

end

Queues

 
   

bit [ 3: 0] data [ $]; // a queue of 4 - bit elements
bit [ 3: 0] data [ $] = ‘ { 1, 2, 3, 4}; // initialized queue
data[ 0] // first element
data[ $] // last element
data.insert( 1) // append element
data[ 1: $] // queue slice excluding first element
x = data.pop_front() // pops first element of queue and returns it
data = {} // clear the queue

Associative Arrays

 


int fruits [ string ];
fruits = ‘ { “ apple ” : 4, “ orange ” : 10};

fruits[ “ apple ” ]
fruits.exists( “ lemon ” )
fruits.delete( “ orange ” )

Clocking Blocks

 


  

interface ram_if #( int addr_bits, data_bits) 
( input clk);

logic [addr_bits - 1: 0 ] addr;
logic [data_bits - 1: 0 ] din;
logic [data_bits - 1: 0 ] dout;
mem_op op;

clocking ckb @( posedge clk)
default input #1step output negedge ;
input dout;
output din, dout, op;

endclocking
endinterface

  

  





OOP in SystemVerilog


   

class Message;
bit [ 31: 0] addr;
bit [ 3: 0] wr_strobe;
bit [ 3: 0] burst_mode;
bit [ 31: 0] data [ 4];

function new ( bit [ 31: 0] addr, bit [ 3: 0] wr_strobe =
4’ d0);

this .addr = addr;
this .wr_mode = wr_mode;
this .burst_mode = 4’ b1010;
this .data = ‘ { 0, 0, 0, 0};

endfunction
endclass

initial begin
msg = new Message( 32’ d4, 

4’ b1111);
$display (msg.burst_mode);

end

More OOP














  




 

Type Generic Classes

 
 types
 

 

class FIFO #( type T = int , int entries = 8);
T items [entries];
int ptr;

function void push( T entry);
function T pull();

endclass

SystemVerilog Assertions (SVA)

SystemVerilog Assertions (SVA)









module testbench();
dut d (.addr, .dout);

initial begin
addr = ‘ h40;
assert (dout == ‘ hDEADBEEF);

end
endmodule









Concurrent Assertions


 

module cpu();
assert property @(posedge clk) mem_addr[ 1: 0] != 2’ d0 && load_word | - > unaligned_load
assert property @(posedge clk) opcode == 0 | - > take_exception 
assert property @(posedge clk) mem_stall |=> $stable(pc)

endmodule



  

 



System Functions




$stable(x) : indicates if x was unchanged from the previous clock cycle
    

      

     

          

Sequences




module cpu();
sequence stall

mem_stall;
endsequence

sequence unchanged_pc
##1 $stable(pc);

endsequence

property stall_holds_pc
@(posedge clk) stall | - > unchanged_pc;

endproperty

assert property (stall_holds_pc);
endmodule



Sequence Combinators





a ## 1                    

  N                  

    1 4                        
    2                         

  and                 

  intersect                             

  or                  


 

Coverage APIs

Coverage


  

 
 


 







Property Coverage


 

property req_ack;
req ##[ 1: 10] ack

endproperty
cover property (req_ack)

multi -cycle 


 



Coverpoints and Covergroups





  



module cpu ();
logic [ 5: 0] rs1, rs2;
logic [ 2: 0] funct3;

covergroup c @( posedge clk);
coverpoint rs1;
coverpoint funct3;

endgroup

endmodule

0  1  2  3  4  5  6  7  8
funct3 value

10 10 10

15

3 3 3

Coverpoint Bins


 

module alu( input [ 31: 0] a, input [ 31: 0] b, input [ 3: 0] op, output [ 31: 0] out);
covergroup c();

coverpoint a {
bins zero = { 0};
bins max = { 32 ’ hffff_ffff};
// automatically allocate 100 uniformly sized bins for the remaining numbers
bins in_the_middle[ 100 ] = {[ 1: 32 ’ hffff_ffff - 1]};

}
endgroup

endmodule

Transaction

Transactions











class MemReqTx();
bit [ 31: 0] addr;
bit [ 31: 0] wr_data;
mem_op op;

endclass

class MemRespTx();
bit [ 31: 0] rd_data;

endclass

class Mem();
bit [ 31: 0] ram [];
function MemRespTx processTx(MemReqTx tx);

endclass



VIPs and Testbench Architecture




 

 



 

  










 



Testbench
DUT (Mem)



Mem VIP




TransactionTransaction

Stimulus

 

DUT Resps

Golden Resps
 



Random Transaction Generation




 

class MemReqTx();
rand bit [ 31: 0] addr;
rand bit [ 31: 0] wr_data;
rand mem_op op;

endclass

initial begin
MemReqTx tx = new();
tx.randomize();

end

Constrained Random




class cls;
rand bit [ 7: 0] min, typ, max;

constraint range {
0 < min; typ < max; typ > min; max < 128 ;

}
extern constraint extra;

endclass

constraint cls :: extra { min > 5; };
initial begin

cls = new();
cls.randomize() with { min == 10; };

end

Randomization of Variable Length Data Structures


 



class Packet;
rand bit [ 3: 0] data [];

constraint size { data.size() > 5; data.size < 10; }

constraint values { 
foreach (data[i]) {

data[i] == i + 1;
data[i] inside {[ 0: 8]};

}
}

endclass

Mailboxes for Safe Inter




module example;
mailbox #( int ) m = new( 100 );

initial begin
for ( int i = 0; i < 200; i ++)

#1 m.put(i);
end

initial begin
for ( int i = 0; i < 200; i ++) begin

int i; # 2 m.get(i);
$display (i, m.num());

end
end

endmodule

Testbench Example

Register Bank 






 

interface reg_if ( input clk);
logic rst;
logic [ 7: 0] addr;
logic [ 15: 0] wdata;
logic [ 15: 0] rdata;
mem_op op;
logic en;
logic ready;
// primary/secondary modports
// drv_cb/mon_cb clocking blocks

endinterface

module regbank (reg_if.slave if );
// implementation

endmodule

// Regbank transaction
class regbank_tx;

rand bit [ 7: 0] addr;
rand bit [ 15: 0] wdata;
bit [ 15: 0] rdata;
rand bit wr;

endclass

VIP Implementation
class driver;

virtual reg_if vif;
mailbox drv_mbx;

task run();
@(vif.drv_cb);
forever begin

regbank_tx tx;
drv_mbx.get(tx);
vif.drv_cb.en <= 1;
vif.drv_cb.addr <= tx.addr;
// assign op and wdata
@(vif.drv_cb);
while ( ! vif.drv_cb.ready)

@(vif.drv_cb)
end

endtask
endclass

class monitor;
virtual reg_if vif;
mailbox mon_mbx;

task run();
@(vif.mon_cb);
if (vif.en) begin

regbank_tx tx = new();
tx.addr = vif.mon_cb.addr;
// assign op and wdata
if (vif.mon_cb.op == READ) begin

@(vif.mon_cb);
tx.rdata = vif.mon_cb.rdata;

end
mon_mbx.put(tx);

end
endtask

endclass
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Top



module tb();
regbank dut (. * );
initial begin

// initialize driver/monitor classes
regbank_tx stim [ 100 ];
stim.randomize();
fork

drv.run();  mon.run();
join_none
drv.drv_mbx.put(stim);
while (mon.mon_mbx.size < 100 )

@(dut.drv_cb);
// Pull tx from mon_mbx and check correctness

end
endmodule

Conclusion

 















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