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Multiple Agents (cont’d)

11/04/2024



UVM Testbench Architecture (Cookbook)
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Key Components of a UVM Testbench
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DUT — An Example: Dual Port RAM

78R

wr_clk > + rd_clk clk —*

din_a L «— din_b din_a AN +— din_b

dout_a «f— A+ dout_b dout_a f— DUT f+ dout_b

addr_a -+ +— addr_b addr_a +— addr_b

we_a —» — we_b we a — — we_b
54:Tlr 54:Tlr
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Renable Wenable

WniteData ReadData

WriteAddress ReadAddress
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Typical Applications

It can be used in a variety of applications,
e such as in communication systemes,
— where data needs to be transferred
* between multiple devices or circuits simultaneously.

* |t can also be used in digital signal processing (DSP) applications,
— where data needs to be processed by multiple circuits in parallel.
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T0
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Implementation
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* Review:
— PKG
— SEQ/COV/SB
— CONN
— CFG
— ARCH
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Imodule tdp ram (
clk,
din a,
din b,
dout a,
dout b,
addr a,
addr b,
we a,
we b,
sclr

= ) ;

input clk;

DUT

/f
I/
!/
I/
//
/f
I/
!/
I/

input [7:0] din a, din b;
cutput [/:0] dout a, dout b;
reg [/:0] dout a, dout b;

input [-:U] addr a, addr b;

input we a, we b;
input sclr;
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data 1n at port R

data 1n at port B

data out at port A
data out at port B
address in at port A
address 1in at port B
write enable at port A
write enable at port B

synchronous clear/reset port
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Jinterface tdpram_interface (input bit clk);

legic
logic
legic
legic
logic
legic
legic
logic
legic

Imodport th (

[7:
[/:
[5:

o TR s T |
[ Sy S S )

W d.,

[7:0]
[7:0]
[5:0]

we b

sclr'

din a;
dout a;
addr a;

din b;

dout b;
addr b;

output clk, scl

r, we_

input dout a, dout b

) ;

Imodport dut ( // RTL

-endinterface
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input clk, sclr,

output dout a,
) ;

d@ut_b

a,

we a,

we b, din a,

we b, din a,

din b,

din b,

addr a,

addr a,

addr b,

addr b,
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ARCH

lelass tdpram drv extends uvm driver #(tdpram seq item);

‘uvm_:@mpanent_uti;s{tdpram_drv}

// Further code here

[function new(string name="tdpram drv",uvm component parent);
super .new (name,parent) ;

-endfunction

// Further code here

-endclass
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lelass tdpram monl extends uvm_mﬂnitor;
‘uvm_camponent_uti;a{tdpram_manl}

// Futher code here

]function new(string name="tdpram monl” ,uvm component parent);
super.new(name,parent) ;
// Futher code here

-endfunction

// Futher code here

-andclass
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Jjelass tdpram monZ extends uvm monitor;
‘uvm component utils(tdpram monZ2)

// Further code here

1function new(string name="tdpram monZ",uvm component parent);
super.new (name ,parent) ;
// Further code here

-endfunction

// Further code here

-endclass
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class tdpram seqr extends uvm sequencer# (tdpram seq item);

‘uvm component utils(tdpram seqr)

function new(string name="tdpram seqr",uvm component parent);
super.new(name,parent) ;

endfunction

endclass
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class tdpram agentl extends uvm agent;
‘uvm_component utils(tdpram agentl)

tdpram sedqr seqr;
tdpram drv drv;
tdpram monl monl;

function new(string name="tdpram agentl”,uvm component parent);
super.new (name,parent) ;
endfunction

virtual function wvoid build;phase{uvm;phase phase) ;
super.build;phase{phase};

segqr=tdpram seqr::type id::create("seqr",this);

drv=tdpram_drv::type_id::create{”d:?”,this};

m&nl:tdpram_mﬂnl::type_id::create{”mﬁnl”,this};
endfunction

// Further code here

endclass
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lclass tdpram agentZ extends uvm agent;
‘uvm_component utils(tdpram agent2)

tdpram monZ monZ;

|function new(string name="tdpram agentiZ",uvm component parent);
super.new (name,parent) ;

-andfunction

lvirtual function wveoid build phase (uvm phase phase);
super.build phase(phase);
monZ=tdpram mon2::type id::create("mon2",this);

-andfunction

-endeclass
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lelass tdpram sb extends uvm scoreboard;
‘uvm_component_uti;s{tdpram_ab};
// Further code here

|function new(string name="tdpram sb",uvm component parent);

super.new (name,parent) ;
// Further code here
-endfunction

lvirtual function wveid build phase(uvm phase phase);
super.build phase (phase);
// Further code here

-endfunction

// Further code here

-andclass
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lwvirtual class uvm_subscriber #(type T=int) extends uvm component;

typedef uvm subscriber #(T) this type;
uvm analysis imp #(T, this type) analysis export;

| function new (string name, uvm component parent);
super.new(name, parent);
analysis export = new("analysis imp", this);
endfunction

pure wvirtual function wvoid write(T t);
-endclass

11/04/2024 26



class tdpram cov extends uvm subscriber #(// data transaction);
‘uvm_CGmpGnent_uti;s{tdpram_CGv}
// data transaction

covergroup cov_inst;
// Coverage insertion
endgroup

function new(string name="",uvm component parent);
super.new(name,parent) ;
cov_inst = new();

endfunction

function void build phase(uvm phase phase);
super.build phase (phase);
endfunction

// Further code here

endclass

11/04/2024
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lclass tdpram env extends uvm env;
‘uvm component utils(tdpram env)

tdpram agentl agentl;

tdpram agentZ agentZ;

tdpram sb sb;

tdpram cov cov;

[function new(string name="tdpram env"
super.new(name,parent) ;

-endfunction

lvirtual function void build phase(uvm phase phase);
super .build phase (phase) ;

agentl = tdpram agentl::type id::create("agentl"”, this);
agentZ = tdpram agentZ::type id::create("agent2", this);

sb = tdpram sb::type id::create("sb", this);
cov = tdpram cov::type id::create("cov", this);
-endfunction

// Further code here

-andclass
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,uvm_component parent);
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class tdpram seq extends uvm_sequence#{ff data transaction) :
‘uvm object utils(tdpram seq)
// data transaction
function new(string name="dram seg");
super.new(name) ;
endfuncticon

// Further code here

endclass
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class tdpram test extends uvm test;
‘uvm component utils(tdpram test)
tdpram seq sed;

tdpram env env;

function new(string name="tdpram test"”,uvm component parent);
super .new (name,parent) ;

endfunction

virtual function void build phase (uvm phase phase);
super.build phase (phase);

seq = tdpram seq::type id::create("seg", this);
env = tdpram env::type id::create("env", this);
endfunction

// Further code here

endclass
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CFG

class tdpram drv extends uvm driver #(//data transaction);
‘uvm_component_uti;s{tdpram_drv}
virtual tdpram interface inf; //

function new(string name="tdpram drv",uvm component parent);
super .new(name ,parent) ;
endfunction

virtual function wveid build phase (uvm phase phase); //
super.build phase(phase); //

uvm config db #(virtual tdpram interface)::get(this, "", "inf", inf); //

endfunction //

// Further code here

endclass

11/04/2024
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lelass tdpram monl extends uvm monitor;
‘uvm component ut__s{tdpram monl}

virtual tdpram interface inf; //

// data transaction

|function new(string name="tdpram monl",uvm component parent);
super.new(name,parent) ;
// Further code here

-endfunction

lwvirtual function void build phase(uvm phase phase); //
super.build phase (phase); //
uvm config db #(wvirtual tdpram interface) ::get(this,"","inf",inf); //
-endfunction //

// Further code here

-andclass
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class tdpram monZ extends uvm_monitor;
‘uvm_ compeonent utils(tdpram mon2)
virtual tdpram interface inf;

// data transaction

function new(string name="tdpram monZ",uvm component parent);
super.new(name,parent) ;
// Further code here

endfunction

virtual function woid build phase(uvm phase phase); //
super.build phase (phase); //
uvm config db #(wvirtual tdpram interface)::get(this,"","inf",inf); //
endfunction //

// Further code here

endclass
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CONN

lclass tdpram seq ltem extends uvm sequence ltem;
‘uvm object utils(tdpram seq item)

rand bit[7:0] data in;
rand bit[>-:0] add;

bit we;

bit sclr;

bit[/:U] data out;

[function new(string name="tdpram seg item");
super.new(name) ;

-andfunction

andclass
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34



Driver

Itask run phase (uvm phase phase);
tdpram seq item pkt;
pkt = tdpram seq item::type id::create("pkt");
forever
1 begin
seg item port.get next item(pkt);
pkt.sclr = .;
@ (negedge inf.clk);
inf.sclr = pkt.sclr;
] if(pkt.we == 1) begin
inf.we a = pkt.we;
inf.din a = pkt.data in;
inf.addr a = pkt.add;
] ‘uvm_info ("DREV TRENSACTIONS", $sformatf("inf.din a=%d,inf.addr a=%d,
inf.we a=%b",inf.din a,inf.addr a,inf.we a) ,UVM NONE) ;
end
1 else begin
inf.we b = pkt.we;
inf.addr b = pkt.add;
] ‘uvm_info{":R? TEANSACTIONS", Ssformatf("inf.addr b=%d, inf.w
inf.addr b,inf.we b) ,UVM NONE) ;
end
€ (negedge inf.clk);
seqg _item port.item done();
‘uvm_info{”:RT”,":R? TRANSARCTION TC DUT",UVM NONE) ;
#°5.
end

candAbraa

taelk
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monl

Jelass tdpram monl extends uvm monitor;
‘uvm component ut__s{tdpram MOHI}

virtual tdpram interface inf;

tdpram seq item pkt; //

uvm analysis port #(tdpram seq item) item collected port; //
uvm analysis port #(tdpram seq item) cov _ap; //

Ifunction new(string name="tdpram monl",uvm component parent);
super.new (name ,parent) ;
item collected port = new("item collected port"”, this); //
cov_ap = new("analysis port",this); //

-endfuncticon

lwirtual function wveoid build phase (uvm phase phase);
super.build phase (phase);

uvm config db #(virtual tdpram interface) ::get(this,”"”,"inf",inf);
-endfunction
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lwvirtual functicon wveoid build_phase{uvm_phase phase) ;
super.build;phase{phase};

uvm _config db #(virtual tdpram interface) ::get(this,"","inf",inf);
-eandfunction

ltask run phase(uvm phase phase);

pkt = tdpram seq item::type id::create("pkt");
forever
| begin
#5.
@ (posedge inf.clk)
if((inf.sclr == ) && (inf.we a == 0)) begin
pkt.sclr = inf.sclr;

pkt.we = inf.we a;
pkt.data in = inf.din a;
pkt.add = inf.addr a;

‘uvm_info{”HGlL”,”HCEL TRANSRACTIONS"™ ,U?M_HGHE};
end

’ uvm_in fo{"MCN1","MON]1 TERNSACTICNS" ,WIM_HGHE} ;
@ (posedge inf.clk)

item collected port.write(pkt);
cov_ap.write (pkt);
end

-andtask

-andclass
11/04/2024
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mon2

lclass tdpram monZ extends uvm_mﬂnitﬂr;
‘uvm_campanent_uti;s{tdpram_manz}

tdpram seq item pkt B;

uvm analysis port #(tdpram seq item)item collected port B;

|function new(string name="tdpram monZ",uvm component parent);
super.new(name ,parent) ;
item_CGllected_pﬂrt_E=new{”;:f:_:ollf::fi_;ozz_i”,this};
endfunction

lwirtual function wveoid build_phase{uvm_phase phase) ;
super.build_phase{phase};
uvm config db #(virtual tdpram interface)::get(this,"","inf",inf);
endfunction
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task run phase(uvm phase phase);
pkt B = tdpram seqg item::type id::create("pkt B");

forever
begin
#2.
@ (posedge inf.clk) begin
if (inf.we b == 1) begin
pkt B.data out = inf.dout b;
pkt B.add=inf.addr b;
”uvm_infﬁ{”HCEE”,"HCEE TREEEECT:CEE”,U?M_HDHE}
end
end

‘uvm_infﬁ{”HCEE”,”HCEE TRREERCT:CEE”,U?M_HDHE}
@ (posedge inf.clk)
item collected port B.write(pkt B);
end
endtask

endclass
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SB

lclass tdpram sb extends uvm scoreboard;
‘uvm_cgmpanent_uti;s{tdpram_sb};

tdpram seq item pkt;
tdpram seq item pkt B;

bit [/:0] mem [U:c2];

uvm tlm analysis fifo #(tdpram seq item)ip fifo; //
uvm tlm analysis fifo #(tdpram seq item)op fifo; //

Ifunction new(string name="tdpram sb",uvm component parent);
super.new (name ,parent) ;
ip fifo = new("i1p fifo",this);
Gp_fifﬁ = new("op f1fo",this);

-endfunction

Iwirtual function wvoid build_phase{uvm_phase phase) ;
super.build_phaae{phaae};

pkt =tdpram seq item::type id::create("pkt", this);
pkt B =tdpram seq item::type id::create("pkt B",this);
-endfunction
11/04/2024
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task run phase(uvm phase phase);
forever

] begin

| fork
ip fifo.get(pkt);
‘uvm_info{"SB“,"'Z‘PP,_\'SP,CTZDIS FEOM MDI'_I",UVM_NONE};
Sdisplay("sb data in=%d,add=%d",pkt.data in,pkt.add):
op fifo.get(pkt B);
‘uvm_info{"SB“,"'I‘PP.L\'SP.CT:OZ\'S FROM MD_\'E",UV'M_NONE};
Sdisplay("sb data out=%d,add=%d",pkt B.data out,pkt B.add);

join
if (pkt.we==0)
] begin
mem [pkt.add]l=pkt.data in;
end

if{pkt_B.data_put::mem[pkt_B.add]}
| begin
‘uvm_info{"SB MATCHED" ,Ssformatf ("DRATR pkt.din_a=%d,pkt_5.dout_ =%d" ,mem[pkt.add] ,pkt B.data out) ,UVM NONE) ;
end
else
] begin
‘uvm_info{"SB NOT MATCHED",Ssformatf ("DATR pkt.din_a=%d,pkt_5.dout_b=%d",mem[pkt.add],pkt_B.data_put},UVM_NONE};
end
- end
-endtask
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Cov

lclass tdpram cov extends uvm subscriber #(tdpram seq item)

‘uvm_component utils{tdpram cov)
tdpram_seq_item trans;

| covergroup cov_inst;

ADDRESS:coverpeint trans.add {option.auto bin max
DATA:coverpoint trans.data in {option.auto bin max

endgroup
|function new(string name=""
super .new (name ,parent) ;
cov_inst = new();
-endfunction

|[function wvoid build phase(uvm phase phase);
super.build phase(phase);
-andfunction

lvirtual function void write(tdpram seq item t);
Scast(trans, t);
cov_inst.sample();

-endfuncticn

-andclass
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,uvm_component parent);
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env

lelass tdpram env extends uvm env;
‘uvm_component_uti;s{tdpram_env}

tdpram agentl agentl;

tdpram agent2 agentZ;

tdpram sb sb;

tdpram cov cov;

|function new(string name="tdpram env",uvm component parent);
super.new (name,parent) ;

-endfunction

lwvirtual function wveoid build_phase{uvm;phase phase) ;
super.build_phaae{phaae};
agentl = tdpram agentl::type id::create("agentl",this);
agent2 = tdpram agent2::type id::create("agent2",this);
sh = tdpram_sb::type_id::create{”eb”,this};
cov = tdpram cov::type id::create("cov", this);
-endfunction

lwirtual function void connect phase(uvm phase phase);
super.connect phase (phase);
agentl.monl.item collected port.connect(sb.ip fifo.analysis export);
agentl.monl.cov_ap.connect (cov.analysis export);
agent2.mon2.item collected port B.connect(sb.op fifo.analysis export);
-endfunction
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seq

lclass tdpram seqg extends uvm sequence#$(tdpram seqg item);
‘uvm_ocbject utils(tdpram seq)
tdpram seq item pkt;

]function new(string name="dram seq");
super.new(name) ;
-endfunction

Jtask body();
pkt = tdpram seq item::type id::create("pkt");
] repeat(. ) begin
/7
start item(pkt);
assert(pkt.randomize());
pkt.we = 0;
pkt.print () ;
finish item(pkt);
/7
start item{pkt):
pkt.we=_;
pkt.print () ;
finish item(pkt);
‘uvm_info ("SEQ","SEQUENCE TRANSACTIONS",UVM NONE) ;
end
-andtask

-endclass
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Ipackage tdpram tb pkg;

*include

"avm macros.svh"®

import uvm_pk&::*;

// include files:

“include
“include
“include
“include
“include
“include
“include
“include
“include
“include
“include
“include

endpackage

"tdpram seq item.svh"
"tdpram seq.svh"
"tdpram sedqr.svh"
"tdpram drv.svh"
"tdpram cov.svh"
"tdpram monl.svh"
"tdpram monZ.svh"
"tdpram agentl.svh"™
"tdpram agentZ.svh"
"tdpram sb.svh"
"tdpram env.svh"
"tdpram test.svh"
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test

lclass tdpram test extends uvm test;
‘uvm_component_uti;a{tdpram_teat}
tdpram seq seq;

tdpram env env;

Ifunction new(string name="tdpram test",uvm component parent);
super.new(name,parent) ;

-andfunction

lwvirtual function woid build_phase{uvm_phase phase) ;
super.build_phase{phase};

seq = tdpram seq::type id::create("ssg", this);
ENV = tdpram_env::type_id::create{”f:v”, this) ;
-endfunction

Itask run phase (uvm phase phase);

phase.raise objection(this);
seg.start{env.agentl.seqr) ;

#50;
phase.drop objection(this);

-andtask

-endclass
11/04/2024
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tb top

import uvm pkg::*;
“include "uvm_ma::os.svh"

"include "tdpram interface.sv"
"include "tdp ram.v"
‘include "tdpram tb pkg.sv"
module th top();
import tdpram tbh pkg::*;
bit clk;
linitial begin
clk = 1"'bl;
-and

always #° clk = ~clk;

tdpram interface inf (clk);
11/04/2024
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ltdp ram dut (.clk(inf.clk),
.din a(inf.din a),
.dout a(inf.dout a),
.addr a(inf.addr a),
.we_a(inf.we a),
.din b(inf.din b),
.dout b(inf.dout b),
.addr b(inf.addr b),
.we_b(inf.we b),
.sclr(inf.sclr)
) ;

Jinitial begin

uvm config db#(virtual tdpram interface)::set(null,"*", "inf", inf);

run_test();
-end

endmodule

11/04/2024 48



vlib work
vmap work work

# Compilation: - - -——————————————

vliog tdp ram.wv

#vlog sfifo interface.sv

#vlog sfifo agent pkg.sv

#vlog sfifo environment pkg.sv
#vlog sfifo_sequence_pkg.sd
#vlog sfifo test pkg.sv

vliog th top.sv

# simwlation: - ---—-—-——————"—-"—-"—-———
#vsim -coverage tb top +UVM TESTNAME=tdpram test

vopt work.th top -o top optimized +acc +cover=sbfect

vsim -c top optimized -coverage +UVM TESTNAME=tdpram test

# Coverage report: - ————————-——-—-—-———————————
# Coverage save ucdb file:
coverage save -onexit -assert -directive -cvg -codeRll tdpram test.ucdb

# Coverage reports with html and text files:
vcover report -html tdpram test.ucdb -htmldir covhtmlreport

vcover report -file cov report.txt tdpram test.ucdb

add wave -r sim:/tb top/*

r1irm =l
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Thank You
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