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Why Verify Analog with SystemVerilog/UVM?

ÅUVM (Universal Verification Methodology)
is a framework of building reusable & 
scalable testbenches for digital systems
with standardized components

ÅSurge of analog circuits with digital
programmability calls for UVM-like
verification approaches extended to
analog

[R. Staszewski, 2010]
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Extending UVM to AMS Verification

ÅUVM testbenches for AMS circuits can be built with standard components 
if we use a well-defined fixture module enclosing these elements:

ÅAMS device under verification (DUV) modeled in SystemVerilog

ÅAnalog instrumentations for generating stimuli and measuring responses

Fixture Module
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Outline of This Tutorial

ÅIn this tutorial, you'll learn how to write UVM testbenches for AMS circuits 
in a step-by-step manner:

ÅWriting AMS instrumentations in SystemVerilog
using XMODEL primitives

ÅAuto-extracting SystemVerilog models from
analog circuits with MODELZEN

ÅBuilding a fixture module for an example
programmable bandpass filter

ÅPutting together the UVM components to
compose a UVM testbench for AMS verification

SystemVerilog Testbench (UVM)

[Snapdragon 808/810, Qualcomm]
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XMODEL Enables Analog in SystemVerilog

ÅXMODEL is a plug-in extension enabling fast and accurate analog/mixed-
signalsimulation in SystemVerilog

ÅEvent-driven: delivering 10~100x faster speed than Real-Number Model (RNM) 

ÅAnalog: supporting both functional and circuit-level models

ÅSystemVerilog: fully compliant with SystemVerilog-based flows (e.g. UVM)
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Event-Driven Simulation of Analog

Å(Ï× ÄÏ ×Å ÅØÔÅÎÄ ÔÈÅ 6ÅÒÉÌÏÇȭÓ ÅÖÅÎÔ-driven algorithm to simulating 
analog circuits?

Digital

Analog

0Ą1 0Ą1

???
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Expressing Analog Events

ÅXMODELexpresses analog signals in functional forms instead of using a 
series of time-value pairs:

1-e
-ɤt

-0.5+1.4e
-ɤt

t1 t2

Accuracy relies on fine time step
Events occur only when the 

coefficients are updated

SPICE XMODEL
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Propagating Analog Events

ÅWith the signals transformed into Laplace s-domain:

ÅThe response of a system can be computed in an event-driven manner 
without time-step integration:
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XMODELȭÓ %ÖÅÎÔ-Driven Simulation

Event Markers

ÅXMODELis fast due to very few events triggered during the simulation
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From clock to variable From variable to clock

clk_to_delay delay_to_clk

clk_to_duty duty_to_clk

clk_to_freq freq_to_clk

clk_to_period period_to_clk

clk_to_phase phase_to_clk

Analog stimuli Digital stimuli Replaying waveforms

dc_gen clk_gen replay_xbit

step_gen pulse_gen replay_xreal

exp_gen pat_gen

sin_gen prbs_gen

pwl_gen

noise_gen

Combinational logic Sequential logic
Selection, delay,
and buffer

inv_xbit latch_xbit tribuf_xbit

nand_xbit dff_xbit triinv_xbit

nor_xbit dff_set_sync_xbit mux_xbit

and_xbit dff_set_async_xbit delay_xbit

or_xbit dff_rst_sync_xbit buf_xbit

xnor_xbit dff_rst_async_xbit const_xbit

xor_xbit

Type connectorswith fixed 
levels

Type connectorswith variable
levels

bit_to_real xbit_to_bit bit_to_real_var

bit_to_xbit xbit_to_real bit_to_xreal_var

bit_to_xreal xbit_to_xreal real_to_bit_var

real_to_bit xreal_to_bit real_to_xbit_var

real_to_xbit xreal_to_real xbit_to_real_var

real_to_xreal xreal_to_xbit xbit_to_xreal_var

xreal_to_bit_var

xreal_to_xbit_var

Probes for 
signals/proper
ties

Event triggers

Measurement
of 
values/properti
es

Measurementof 
timing

probe_bit trig_cross meas_value meas_cross

probe_real trig_rise meas_slope meas_rise

probe_xbit trig_fall meas_deriv meas_fall

probe_xreal trig_edge meas_avg meas_edge

probe_delay trig_posedge meas_max meas_posedge

probe_duty trig_negedge meas_min meas_negedge

probe_freq trig_time meas_pp meas_time

probe_period meas_rms meas_delay

Sources Elements
Variable 
elements

Probes and 
initial 
conditioning

vsource resistor res_var vprobe

isource capacitor cap_var iprobe

vcvs inductor ind_var vinit

vccs minductor res_sw iinit

ccvs transformer cap_sw

cccs diode ind_sw

switch

nmosfet

pmosfet

Functions Filters
Data 
conversion
/ comparison

Sampling, 
selection,
and delay

add filter transition sample

multiply filter_var slice select

scale filter_fir compare delay

pwl_func filter_disc dac delay_var

poly_func integ adc buffer

sin_func integ_mod

exp_func integ_rst

limit deriv

power

Over 220 primitives !

Composing Models with XMODELPrimitives

ÅWith XMODEL, you don't have to write codes to model analog circuits

ÅPut together XMODEL primitives to describe their functions or circuits
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GLISTER: Build Top-Down Models

ÅGLISTERlets you build top-down analog models in Cadence Virtuoso or 
Synopsys CustomCompilerin schematic forms

ÅSimply place the XMODELprimitives on a schematic and connect them 
with wires; no coding is necessary!
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Top-Down Modeling with XMODEL & GLISTER
Describe top-down models in schematics
using GLISTER& XMODELprimitives

Netlist SystemVerilogmodels

XMODEL Primitives

Simulate
with XMODEL
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Getting Ready

ÅConnect to the URL: https:// <SERVER_IP>:8443/#<USERNAME>

ÅFor example, https://111.22.33.44:8443/#user01

ÅYou may have to ignore security warnings to proceed
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Getting Ready (2)

ÅOpen the "Terminal" App

ÅClick the pull-down menu:
ApplicationsĄFavoritesĄ
Terminal

ÅAnd execute these commands to start Virtuoso:

$ tar zxvf UVM_XMODEL_202303.tar.gz
$ cd UVM_XMODEL
$ source etc / setup.bashrc
$ cd cadence
$ virtuoso &
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Browsing the XMODELPrimitive Library

ÅClick ToolsĄ Library Managerin CIW

ÅSelect xmodel_primslibrary
and browse the XMODEL 
primitives available

ÅCheck Show Categories option 
to browse primitives based on
their categories
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Accessing Documentations of XMODELPrimitives

ÅBy double-clicking on the 'doc'view of each primitive cell, or

ÅBy typing 'xmodelɀh <primitive name>' on the command line

Double Click
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XMODELPrimitives At a Glance

Functions
Describesfunctionality of analog/mixed-signal circuits
(add, multiply, deriv, integ, filter, select, power, pwl_func, poly_func, transition, sample, 
compare, dac, adcȟ ȣɊ

Circuits
Represents circuit elements
(resistor, capacitor, inductor, switch, diode, nmosfet, pmosfet, vsource, isource, vcvs, vccs, 
ccvs, cccsȟ ȣɊ

Logic Gates
Models digital logic gates withxbit input/outputs
(buf_xbit, inv_xbit, nand_xbit, nor_xbit, xor_xbit, mux_xbit, dff_xbitȟ ȣɊ

Domain Translators
Converts between a clockand one of its properties such as frequency, phase, period, 
duty-cycle, and delay
(clk_to_freq, clk_to_phase, freq_to_clk, phase_to_clkȟ ȣɊ

Connect
Make connections between signals with differenttypes 
(xbit_to_bit, bit_to_xbit, xreal_to_real, real_to_xrealȟ ȣɊ

Stimuli
Generate stimulussignals
(dc_gen, sin_gen, pwl_gen, clk_gen, prbs_genȟ ȣɊ

Probes / Measures
Make measurements on the simulated waveforms
(probe_freq, probe_delay, dump, meas_avg, meas_pp, trig_cross, trig_rise,ȣɊ
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Lab Exercise #1

ÅOpen AVM_LIB.EX1:schematic
cellview

ÅPlace a proper primitive symbol
in the empty box to supply a 
sinusoid input to the filter DUT

filter

dump

?
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Hint for Lab Exercise #1

ÅChoose your answer from one of these stimulus generator primitives:

PWLSIN STEPDC EXP

dc_gen exp_gen sin_gen step_gen pwl_gen
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Solution for Lab Exercise #1

ÅThe answer is "sin_gen"

ÅTo place an instance of sin_gen:

ÅSelect CreateĄInstance(or press 'I')

ÅChoose xmodel_prims:sin_gen.symbol

ÅPlace the symbol on the schematic
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Editing Instance Parameters

ÅTo edit its parameters (e.g. 
frequency):

ÅSelect the symbol on the schematic

ÅClick right mouse button and select
0ÒÏÐÅÒÔÉÅÓȣ from the pop-up menu
(or press 'Q')

ÅEdit the parameter values

ÅClick 'OK'
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More XMODELPrimitives Explained

ÅModels a linear analog filter with its gain, poles, and zeros

ÅThis example models a bandpass filter with two poles at 
15kHz & 150kHz and a zero at DC 
(poles='{15k,0.0,150k,0.0} , zeros='{0.0,0.0} )

ÅInstructs the simulator to record the simulated waveforms

ÅSupported file format: JEZ and FSDB

ÅVarious options available (e.g. level of monitoring depth)

filter

DUMP

dump
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Generating XMODELNetlist

Generate Netlist

Display Netlist
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XMODELSignal Types

ÅXMODELintroduces two new data types:

xreal : for continuous-time analog 

signals in event-driven format

xbit : for timing-accuratedigital 

signals (e.g. clocks or pulses)

ÅGLISTERcan automatically detect the type of each signal during netlisting
and insert type-coercing connectors as necessary
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Running XMODELSimulation

ÅNote: this process is equivalent to executing:

Run Simulation

Plot Waveforms

$ cd $XMODEL_SIMDIR/AVM_LIB/EX1/schematic
$ make runsim
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The xmodelLauncher Script

ÅXMODEL simulations are basically SystemVerilog with additional libraries 
and we use a wrapper script called 'xmodel' to provide consistent interface 
with different SV simulators (Xcelium, VCS, Questa)

ÅBasic usage:

ÅUse '-- command' option to see the actual commands executed, e.g.:

$ xmodel EX1.sv -- top EX1 -- simtime 500us -- simulator [ vcs|xcelium|questa ] 

$ xmodel EX1.sv -- top EX1 -- simtime 500us -- simulator vcs -- command
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Viewing Waveforms

ÅClick        Open Waveform Viewer tostart XWAVE

ÅClick "+ Add Signals" icon on the bottom to browse & select signals

Zoom to fit Zoom area Pan Use Cursors



30

Simulated Waveforms

ÅFor a 5kHz input with 2Vpp swing (-1~+1V), the output has ~655mVpp swing

input

output
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Lab Exercise #1 (cont'd)

ÅTry different input frequencies and check how the output swing varies

output @ 5kHz

output @ 50kHz

output @ 500kHz

655mVpp

1.88Vpp

595mVpp
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Lab Exercise #2

ÅWe want a real-type input fREALto control the input sinusoid frequency

ÅPlace proper primitives in the empty boxes of AVM_LIB.EX2:schematic

filter

dump

poly_funcinteg_mod

real_to_xreal

? ?



33

real xreal

mod

?fREAL ax+b in

real_to_xreal

integ_mod poly_func

1/f

1

1/f

2p 1
a b

0

?
saw phase sine

1/f
1/f

Lab Exercise #2 Explained

Åreal_to_xrealprimitive converts a real-type input fREALto an xreal-type signal

Åinteg_modprimitive produces a sawtooth signal sawwith a frequency equal to fREAL
and an amplitude equal to 1 by computing integral(x) modulo1

ÅWe want primitive A to scale sawby 2pto produce a phase sweeping signal phase

ÅWe want primitive B to produce a sinusoidal wave from phase

A B
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Hint for Lab Exercise #2

ÅChoose your answers from these function primitives:

 k

 x x

x
k d

dt

scale power

a
x

deriv pwl_func

abs_func sin_func exp_func sqrt_func
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Solution for Lab Exercise #2

ÅThe answers are: "scale" (with scale factor of 2*M_PI) and "sin_func"

filter

dump

poly_funcinteg_mod

real_to_xreal

scale sin_func
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XMODELTestbench View

ÅCan define testbench settings with customized set of files and commands

ÅTestbench view AVM_LIB.EX2:tbadds a top-level testbench source file 
that gradually increases fREALfrom 5kHz to 500kHz

Additional testbench file

Choose TB view named 'tb'
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Simulated Waveforms

ÅThe filter output shows different amplitude for each input frequency value

fREAL

input

output

5kHz 15kHz 50kHz

150kHz 500kHz

~66mVpp ~146mVpp ~188mVpp ~144mVpp ~60mVpp
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Lab Exercise #3

ÅOpen AVM_LIB.EX3:
schematiccellview

ÅPlace proper primitives
in the empty boxes to
measure the peak-to-
peak swings of the
filter's input & output

trig_rise

filter

? ?
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Measurement Primitives of XMODEL

ÅMeasurement primitives measure the characteristics of signals at a time 
instant or over a time interval indicated by trigger signals

ÅA variety of measurements are possible by combining trigger & measureprimitives

ÅÅȢÇȢ ÍÅÁÓÕÒÉÎÇ ÔÈÅ ÄÅÌÁÙ ÆÒÏÍ ÓΧȭÓ ÐÏÓÉÔÉÖÅ ÅÄÇÅ ÔÏ ÖΧȭÓ ÒÉÓÉÎÇ 

v1

(xreal)

s1

(xbit)

delay

v1

s1

trig_rise

trig_posedge

trig1

trig2

meas_delay delay

from

to
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VALUE

MEAS

Hint for Lab Exercise #3

ÅChoose your answer from one of these measurement primitives:

meas_value meas_avg meas_pp meas_rms

AVG

MEAS

PP

MEAS

RMS

MEAS

DELAY

MEAS

meas_delay
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Solution for Lab Exercise #3

ÅThe answer is "meas_pp"

Åtrig_riseprimitive
produces a signal trig
triggering every period

Åmeas_ppprimitives
with from/to timings
triggered by trig
measure every period's
peak-to-peak values

trig_rise

meas_pp meas_pp
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Simulated Waveforms

ÅSimulation results with the testbench view AVM_LIB.EX3:tb

fREAL

input

output

PPA_in

PPA_out

5kHz 15kHz 50kHz 150kHz 500kHz

65.6mVpp

200mVpp

146mVpp 188mVpp 146mVpp

59.6mVpp
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Block-Level vs. Circuit-Level Models

43

vin voutAÖvin

iin iout

Block-Level Model
(Signal-flow Model)

Circuit-Level Model
(Conservative System Model)

ÅA network of blocks where 
signals flow in one direction 
only

ÅA network of circuits whose state is 
described by voltages & currents

Åe.g. loading effects
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Need for Circuit-Level Models (CLMs)

ÅCircuit-level models are the most natural way to model switching, 
nonlinear, and loading effects in analog circuits

44

RL

IB/2

RC

CC

gmC

C

in

out

ck

ckb

ckb

ck

in
out

Rout

Cin f(Vin)
Cin f(Vin)

Cin f(Vin)

Cin f(Vin)

Switching Behaviors Nonlinear Behaviors Loading Effects
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CLM Support in XMODEL

ÅWith the XMODELcircuit primitives, one can describe analog circuits 
directly by listing their elements and devices

ÅXMODELcan simulate these models in SystemVerilog in an event-driven 
fashion without using SPICE

45

C

C

in

out

ck

ckb

ckb

ck
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Structural Model Generation

ÅWith CLM support, one way to auto-extract models from circuits is:

ÅModel each device in the circuit using the XMODELcircuit primitive

ÅBuild the circuit model by connecting the device models as in the original circuit

RL

IB/2

RC

CC

gm

module ctle (

` input_xreal inp , inn,          // input signals

` output_xreal outp , outn // output signals

);

xreal sp , sn ;

xreal vdd ;

vsource #(.mode("dc"), .dc( Vdd))

V1(. pos ( vdd ), . neg (`ground), .in(`ground));

isource #(.mode("dc"), .dc( Ib /2))

I1(. pos ( sp ), . neg(`ground), .in(`ground));

I2(. pos ( sn ), . neg(`ground), .in(`ground));

nmosfet #(.Kp(Gm), .Vth(Vth))

M1(.d( outn ), .g( inp ), .s( sp ), .b(`ground)),

M2(.d( outp ), .g(inn), .s( sn ), .b(`ground));

resistor    #(.R(Rload))

RL1(. pos ( vdd ), . neg ( outp )),

RL2(. pos ( vdd ), . neg ( outn ));

capacitor   #(.C( Cload ))

CL1(. pos ( vdd ), . neg ( outp )),

CL2(. pos ( vdd ), . neg ( outn ));

resistor    #(.R( Rc))   RC1(. pos ( sp ), . neg ( sn ));

capacitor   #(.C(Cc))   CC1(. pos ( sp ), . neg ( sn ));

endmodule

RL

IB/2

RC

CC

gm

RL

IB/2

RC

CC

gm

RL

IB/2

RC

CC

gm

SPICE ElementsXMODEL Primitives
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ÅMODELZENcan auto-extract bottom-up models from analog circuits

ÅCan extract both circuit-level models & functional models

ÅModel parameters are calibrated via SPICE simulations

ÅExtracted models also simulate in an event-driven way

MODELZEN: Auto-Extract Bottom -Up Models
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MODELZENwith GLISTER
ÅWith MODELZEN & GLISTER, you can auto-create analog models from 
circuit schematics just with a single mouse click!

48
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Two-Stage Op Amp Example

ÅStructural models can be constructed correctly without requiring analog 
expertise, but have limited simulation speeds due to their complexity

49
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Functional Model Generation with UDM

ÅUser-Defined Model (UDM) interface of MODELZENlets you generate 
higher-abstraction models (e.g.functional models) for selected parts of 
the circuits

value ÇÁÉÎȟ ÂÁÎÄ×ÉÄÔÈȟ ȣ
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Control Logic Block Example

ÅMODELZENgenerates a functional model for a circuit identified as a 
combinational logic (comblogicUDM)

comblogic
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Lab Exercise #4-1

ÅGenerate SV model from a 
programmable bandpass 
filter example using MODELZEN

ÅAVM_LIB.BPF_PROG:schematic

ÅExamine the generated model
stored as the cell's xmodelview

ÅAVM_LIB.BPF_PROG:xmodel
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Generated SystemVerilog Model

ÅAVM_LIB.BPF_PROG
:xmodel

ÅThe model preserves
the hierarchy of the
original circuit design
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Lab Exercise #4-2

ÅNow place the symbol
instance of BPF_PROG
into our fixture and 
run simulation

ÅAVM_LIB.EX4:schematic

ÅThis fixture also includes:

Ådc_genprimitives for
supplying vdd, vss, vbias

Åconst_bitprimitives for
setting the control bits

dc_gen

const_bit
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Solution for Lab Exercise #4-2

ÅCompleted fixture schematic with the BPF_PROG cell
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Simulated Waveforms

ÅSimulated results with the ad-hoc testbench view AVM_LIB.EX4:tb

fREAL

input

output

PPA_in

PPA_out

5kHz 15kHz 50kHz 150kHz 500kHz

49.2mVpp

200mVpp

121mVpp 173mVpp 124mVpp

46.5mVpp
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Completed Fixture Module for Analog BPF

ÅA source file located in: 
UVM_TB/FIXTURE.sv

Instantiation of the BPF 
DUT model (Lab #4)

Generation of variable-frequency
sinusoidal input (Lab #2)

Measurement of input & output 
peak-to-peak amplitudes (Lab #3)

Interface busses connecting
to driver/monitor (more later)
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Completed Fixture Module for Analog BPF (2)

ÅAdded parts for test sequencing:

ÅfREALvalue is updated with the 
positive edge of PKT_CLK

ÅThe negative edge of PKT_CLK 
initiates the measurement

ÅThe completion trigger TOCKis 
toggled when the measurement 
trigger trig (=TICK) is toggled 5 times

ÅThe monitor component samples the 
PPA_IN & PPA_OUT values when 
TOCKis toggled (more later)

UVM_TB/FIXTURE.sv (cont'd)

Forwarding the TAG value
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Part I: Summary

ÅWe learned how to build a fixture module that includes:

ÅAMS device under verification (DUV) modeled in SystemVerilog; and

ÅAnalog instrumentations for generating stimuli and measuring responses

ÅTo do so, we used:

ÅXMODEL primitives in GLISTERto compose the analog instrumentations

ÅMODELZENto auto-extract SV models from the analog circuits

ÅNext step is to build a UVM testbench around this fixture module!



Part II. Building UVM Testbench 
for AMS Circuits

Charles Danéak
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Part II: Contents

§1. Key UVM Features

§2. A Basic Filter Test

§3. Driver and Monitor

§4. A UVM Scoreboard

§5. Run the Test Suite

§6. Wrap-Up
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§1. Key UVM Features

ÅUVM testbench organization

ÅFunctions of UVM objects

ÅA typical TLM path for packets

ÅVirtual-to-physical bus "bridge"

ÅA phased UVM simulation

ÅA configurable machine

Note: Text in angle brackets (« ») indicates noncritical code 
whose details are omitted to avoid cluttered slides.
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UVM Testbench Organization

ÅThe analog filter DUTis instantiated in a fixture module.

ÅVirtual interfacesDIF and MIFconnect it to componenthierarchy.

ÅData packets travel between the components via TLMpaths.

Module FIXTURE
with DUT

SPICE-Generated
Reference Model

Reusable Class-Based
Hierarchy

Test-Suite Object:

Select at Run Time

TLM Path 

(Broadcast)

fINT

PPA

fINT

PPA
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Functions of UVM Objects (1/2)
ÅDriverapplies stimulus to DUT, over the interface 

bus DIF. It is aware of DUTtiming requirements.

ÅPacketscarry transaction (stimulus + response) 
data between the component TLMports.

ÅA sequencersupplies driver with a sequence of 
transactions that contain untimed stimulus data.

ÅThe driver-side agentis a container class that 
instantiates DRVand SQR, connecting their ports. Driver-Side Agent

fINT

PPA

DIF
fINT
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Functions of UVM Objects (2/2)
ÅMonitor gets the DUTresponse via interface bus 

MIF, at appropriate time in each cycle. It then 
assembles this data into a packet and forwards it 
up to the scoreboard.

ÅMonitor-side agentis a container that instantiates 
MON, connecting its APM0port up to higher levels.

ÅScoreboardcollects stimulus and response packets, 
then evaluates the results of each transaction.

Monitor -Side Agent

AXM2

PPA

fINT

PPA

//Gain discrepancy for packet N:

gERROR[ N] = gACTUAL- gEXPECT;

//Gain discrepancy for packet N:

gERROR[ N] = gACTUAL- gEXPECT;
Scoreboard storesthe 

errors into an array
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Construct vs. Create

ÅIn OOPtestbenches, class objects are constructed via new().

ÅUVM lets you create ()an object through a factory mechanism.

ÅThen one type of driver can be substitutedfor another, etc.

C
la

ss
H

ie
ra

rc
h

y

Command-Line Specified Test 

(* File = DRV_PKG.sv, Line = 108 *)

function void build_phase( ƛƾ

DRV= DRIVER::type_id:: create ( " DRV",this );
.  .  .  .  .

(* File = DRV_PKG.sv, Line = 108 *)

function void build_phase( ƛƾ

DRV= DRIVER::type_id:: create ( " DRV",this );
.  .  .  .  .

Factory-Created Driver Component

Another DUT
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A Typical TLM Pathway

ÅAn OOPtestbench conveys packets through a FIFOmailbox object.

ÅUVMuses a mailbox abstraction:  transaction-levelTLM1 pathways.

ÅEach pathway is built by connectingits TLMports together.

AGNTD.APD1.connect (
COVG.analysis_export

);

D
R

V
.A

P
D

0
.co

n
n

e
ct

(A
P

D
1

);

AGNTD.APD1.connect (SCB.AXD2);

AXD2

fINT

PPA

TLM FIFO
(Detail)

Broadcasting
Stimulus Data
to SCB, COVG

TLM Port APD0Constructed

in DRV build_phase

write() Broadcasts
Packet to Subscribers

P
o

rt
s
 a

re
 C

o
n

n
e

ct
e

d
in

 c
o
n
n
e
ct

_
p
h
a
se
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Virtual to Physical Bus(1/2)

{ Key_VMIF: }
Configuration

Database

//Virtual interface type:
typedef  virtual BAND_IF  VIF_t ;

// UVM_TB module stores key - value pair:
uvm_config_db #(VIF_t) ::set(

. cntxt ( null ), //Where in hierarchy?

. inst_name ( " uvm_test_top.E.AGNTM. MON" ),
//DB resource: KEY          VALUE

. field_name ( " Key_VMIF" ), .value( MIF)
);

Configuring Module
Stores the Value

At Time 0.00

Called From 
initial Block

in Topmost Module

Defined in DATA_PKG

Value Supplied
isType VIF_t

MIF

ÅOOP testbenches utilize new() to connect virtual VMIFto physical MIF.

ÅUVM instead storesphysical bus instance MIF in a decentralized database.

ÅWhat is stored is effectively a pointer to the physical bus instance.

ÅThe valuestored under name Key_VMIFis then retrieved by MON.
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Virtual to Physical Bus(2/2)

ÅMONcalls static method get () to retrieve valueunder field name.

ÅPointer to bus instance MIFknown as a virtual interface.

ÅVMIFis now a class variablepointing to a physical bus.

//Monitor's virtual - interface bus:
VIF_t VMIF;

function void build_phase( uvm_phase phase);
uvm_config_db #(VIF_t) ::get(

.cntxt( this ),   //Monitor component itself.

.inst_name( "" ), //Leaf cell with no children.
//DB resource: KEY          VALUE

.field_name( "Key_VMIF"), .value( VMIF)
);

ConfigurableComponent
RetrievesStored Value { Key_VMIF: MIF}

CalledDuring 
build_phase of Monitor

MIF

Declared in MONITOR
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A Phased Simulation

ÅUVMphasing automatesthe successive stages in a simulation.

ÅThusduring run phase, every run _phase() taskis executed. 

ÅAs the phase begins, threadsfor these tasks are forked off. 

DRVAPD0

task run_phaseƽƛƾƘ
wait(!VDIF.RST);
forever begin...

Class uvm_phase

build_phase

connect_phase

run_phase

extract_phase

report_phase

· · · ·

· · · ·

· · · ·

At Time 0.00:

Ɇ Component classes built.
Ɇ Configurationset / get().

Ɇ TLM ports interconnected.

Advance $time:
Runtill all objections have
been dropped, and UVM
system calls $finish() .

Finally:

Ɇ Extractscoreboard data.
Ɇ Checkfor discrepancies.
Ɇ Reporttest-suite results.
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A Configurable Machine

ÅMechanical analogy: UVMresembles a configurable machine.

ÅProvides the infrastructureneeded for any complex testbench. 

ÅUtilize only the functionality you needto verify the DUT. 

Source Code

Test Results

Phasing

Reporting Mechanism
Configuration Parameters

Untimed Sequencing

Connection Ports

Components and Methods
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§2. A Basic Filter Test

ÅA basic test scenario 

ÅWhy use UVM packets?

ÅLab #5:  Code a packet

ÅA stock UVM sequencer

ÅGenerate a packet stream

ÅSimulate the packet stream

ÅDUT-specific timing budget

ÅLab #6:  Code a sequence 

32k

164

Packet
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A Basic Test Scenario

ÅTo test a bandpass filter DUT, we want to build a UVM testbench that 
measures the input-to-output gain (gACTUAL) at randomized frequencies.

Driver DRV
Disassembles
Packet Fields

32k

.164

32k

PPA

Fixed MODE:
M6_20- 120x1

f INT : 32
f REAL: 32 kHz

PPA_IN : 200 mV
PPA_OUT: 164 mV

gACTUAL= PPA_OUT/PPA_IN;gACTUAL= PPA_OUT/PPA_IN;

Monitor MON
Measures

Signal Values

Values Driven
Onto Signals

Assembles
Values Into a Packet
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Why Use UVM Packets?

ÅData in a packet class can be randomized and constrained.

ÅUsing dynamic class objects avoids out-of-memoryissues. 

ÅPlain variables ɂarray or struct ɂlack these features.

class PACKET extends uvm_sequence_item;
.  .  .  . 

//Packet tag:
int TAG = 0;

//Stimulus fields:
rand int fINT;  //Range 5 -- 500 kHz.
real     fREAL; //Equivalent, in Hz.

//Constrain fINT to design range:
constraint fRANGE_con {

fINT inside { [5:500] };
}

«continued on next slide »

class PACKET extends uvm_sequence_item;
.  .  .  . 

//Packet tag:
int TAG = 0;

//Stimulus fields:
rand int fINT;  //Range 5 -- 500 kHz.
real     fREAL; //Equivalent, in Hz.

//Constrain fINT to design range:
constraint fRANGE_con {

fINT inside { [5:500] };
}

«continued on next slide »

Random Variable
Storing Frequency

Constrains the Range 
of Frequency Values

Typical
UVM

Packet fINT

PPA

Packet Class
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Reusing the Packet Class

ÅThe same packet type is used on the monitor side, maximizing reuse.

ÅMonitor reads PPA_IN & PPA_OUTfrom MIF bus, writes them into a packet.

ÅPackets are sent up to scoreboardto compare with reference data.

«continued »
//Called after .randomize():

function void post_randomize();
fREAL = real '(fINT * 1e3);

endfunction: post_randomize

//Measured amplitude:
real PPA_IN, PPA_OUT; //V.

ÆÕÎÃÔÉÏÎ ÎÅ×ƽƛƾƘ
superƚÎÅ×ƽƛƾƘ

endfunction: new

endclass: PACKET

«continued »
//Called after .randomize():

function void post_randomize();
fREAL = real '(fINT * 1e3);

endfunction: post_randomize

//Measured amplitude:
real PPA_IN, PPA_OUT; //V.

ÆÕÎÃÔÉÏÎ ÎÅ×ƽƛƾƘ
superƚÎÅ×ƽƛƾƘ

endfunction: new

endclass: PACKET

Measured Valuesfrom DUT
are put into Packet

Frequency is Randomized 
in int and Cast to real to 

Measure its Coverage

fINT

.164Constructor
Must Call 

super.new ()

0.164 V

Packet Class
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Lab #5: Code a Data Packet

ÅReplace angle-bracketedhints with SystemVerilog code

ÅRun  make lab5 to check your syntax

(* File = DATA_PKG.sv, Line = 32 *)
class PACKET extends «uvm_base_class »;

.  .  .  .  . 
//Stimulus field:

«qualifier » int fINT; //5 -- 500 kHz.
real fREAL;           //Equivalent.

//Constrain fINT to design range:
constraint fRANGE_con {

fINT inside { [ «range »] };
}
.  .  .  .  . 

//Measured output (volts):
«type » PPA_IN, PPA_OUT;

endclass: PACKET

(* File = DATA_PKG.sv, Line = 32 *)
class PACKET extends «uvm_base_class »;

.  .  .  .  . 
//Stimulus field:

«qualifier » int fINT; //5 -- 500 kHz.
real fREAL;           //Equivalent.

//Constrain fINT to design range:
constraint fRANGE_con {

fINT inside { [ «range »] };
}
.  .  .  .  . 

//Measured output (volts):
«type » PPA_IN, PPA_OUT;

endclass: PACKET

Packet Object
TX_PKT

(1) Insert UVM base class.

(2) Make fINT random.

(3) Constrain to audio range.

(4) Specify data type.

&ÕÎÎÙ ÂÒÁÃÅÓ ɉɕȣɕɊ 
indicate source 
filename and line 
number.



77

Lab #5: Solutions

ÅEach packet represents one transaction ɂstimulus or response.

ÅField fINT will be randomized during the packet sequence.

(* File = DATA_PKG.sv, Line = 32 *)
class PACKET extends uvm_sequence_item;

.  .  .  .  . 
//Stimulus field:

rand int fINT;    //5 -- 500 kHz.
real fREAL;       //Equivalent.

//Constrain fINT to design range:
constraint fRANGE_con {

fINT inside { [5:500] };
}
.  .  .  .  . 

//Measured output (volts):
real PPA_IN, PPA_OUT;

endclass: PACKET

(* File = DATA_PKG.sv, Line = 32 *)
class PACKET extends uvm_sequence_item;

.  .  .  .  . 
//Stimulus field:

rand int fINT;    //5 -- 500 kHz.
real fREAL;       //Equivalent.

//Constrain fINT to design range:
constraint fRANGE_con {

fINT inside { [5:500] };
}
.  .  .  .  . 

//Measured output (volts):
real PPA_IN, PPA_OUT;

endclass: PACKET

(1) Insert UVM base class.

(2) Make fINT random.

(3) Constrain to audio range.

(4) Specify data type.
Packet Object

TX_PKT
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A Stock UVM Sequencer

ÅA sequence of packets is sent to the driver by the sequencer.

ÅThe driver declares ɂbut does not itself create ɂpackets.

Typed Base-Class Sequencer

Driver-Side Agent
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(* File = DRV_PKG.sv, Line = 85 *)

class AGENTD extends uvm_agent;
.  .  .  .  .
uvm_sequencer #(PACKET) SQR;
DRIVER  DRV;

ÆÕÎÃÔÉÏÎ ÖÏÉÄ ÂÕÉÌÄʍÐÈÁÓÅƽƛƾƘ
SQR = new("SQR", this);
.  .  .  .  .
DRV= DRIVERƛcreate ( " DRV",this );

endfunction: build_phase

ÆÕÎÃÔÉÏÎ ÖÏÉÄ ÃÏÎÎÅÃÔʍÐÈÁÓÅƽƛƾƘ
.  .  .  .  .
DRV.«port ».connect (SQR.«export »);

endfunction: connect_phase
endclass: AGENTD
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Generate a Packet Stream

ÅA sequence of packets is implemented as an untimedalgorithm.

ÅDriver will apply fields to VDIF, until this sequence is finished.

class SEQ_FILTER extends uvm_sequence #(PACKET);
PACKET  TX_PKT; //Declare packet.
.  .  .  .  .
task body();  //Generate packets.
48ʍ0+4 ˮ 0!#+%4ƛÃÒÅÁÔÅƽƛƾƘ
.  .  .  .  .
for ( «Loop for TRIALS »)
begin:LOOP

start_item (TX_PKT);
++TX_PKT.TAG; //Integer ID field.
TX_PKT.randomize(); //fINT randomized.
finish_item (TX_PKT);

end:  LOOP

endtask: body

endclass: SEQ_FILTER

class SEQ_FILTER extends uvm_sequence #(PACKET);
PACKET  TX_PKT; //Declare packet.
.  .  .  .  .
task body();  //Generate packets.
48ʍ0+4 ˮ 0!#+%4ƛÃÒÅÁÔÅƽƛƾƘ
.  .  .  .  .
for ( «Loop for TRIALS »)
begin:LOOP

start_item (TX_PKT);
++TX_PKT.TAG; //Integer ID field.
TX_PKT.randomize(); //fINT randomized.
finish_item (TX_PKT);

end:  LOOP

endtask: body

endclass: SEQ_FILTER

fINT

PPA

+TRIALS=3
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Typical UVM
Sequence
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Simulate the Packet Stream

ÅExactly when to applythe random frequency is left up to the driver.

ÅSimilarly, when to measurePPAvalues is left up to the monitor.

ÅNotice scoreboard checks for matchingTX_TAGand RX_TAG.

SPICE-Like
Accuracy

TRIALS
Iterations

Random
Seed:
1279
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DUT-Specific Timing

ÅWe applythe random frequency on active clock edges.

ÅAnd begin measuringPPAupon inactive clock edges.

Guideline:

Write the DRVand MON

code from an explicit
timing diagram.

@(VMIF.TOCK);
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Lab #6: Code a Sequence

ÅReplace angle-bracketedhints with SystemVerilog code.

(1) Insert type of packets.

(2) Specify for loop.

(3) Packet type.

(4) Randomize rand fields.

(* File = SEQ_PKG.sv, Line = 09 *)
class SEQ_FILTER extends uvm_sequence #( «type» );

PACKET  TX_PKT; //Declare packet.
.  .  .  .  .
task body();  //Generate packets.
48ʍ0+4 ˮ 0!#+%4ƛÃÒÅÁÔÅƽƛƾƘ
.  .  .  .  .
for ( «Loop for TRIALS »)
begin:LOOP

start_item ( «PKT_object» );
++TX_PKT.TAG; //Integer ID field.
«Randomize TX_PKT.»
finish_item (TX_PKT);

end:  LOOP
endtask: body

endclass: SEQ_FILTER

(* File = SEQ_PKG.sv, Line = 09 *)
class SEQ_FILTER extends uvm_sequence #( «type» );

PACKET  TX_PKT; //Declare packet.
.  .  .  .  .
task body();  //Generate packets.
48ʍ0+4 ˮ 0!#+%4ƛÃÒÅÁÔÅƽƛƾƘ
.  .  .  .  .
for ( «Loop for TRIALS »)
begin:LOOP

start_item ( «PKT_object» );
++TX_PKT.TAG; //Integer ID field.
«Randomize TX_PKT.»
finish_item (TX_PKT);

end:  LOOP
endtask: body

endclass: SEQ_FILTER
A UVM Sequence
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Lab #6: Solutions

ÅAll DUT-related timing detailsare left up to driver and monitor.

(* File = SEQ_PKG.sv, Line = 09 *)
class SEQ_FILTER extends uvm_sequence #( PACKET);

PACKET  TX_PKT; //Declare packet.
.  .  .  .  .
task body();  //Generate packets.
48ʍ0+4 ˮ 0!#+%4ƛÃÒÅÁÔÅƽƛƾƘ
.  .  .  .  .
for (int I=1; I <= TRIALS ; I++ )
begin:LOOP

start_item (TX_PKT);
++TX_PKT.TAG; //Integer ID field.
TX_PKT.randomize();
finish_item (TX_PKT);

end:  LOOP
endtask: body

endclass: SEQ_FILTER

(* File = SEQ_PKG.sv, Line = 09 *)
class SEQ_FILTER extends uvm_sequence #( PACKET);

PACKET  TX_PKT; //Declare packet.
.  .  .  .  .
task body();  //Generate packets.
48ʍ0+4 ˮ 0!#+%4ƛÃÒÅÁÔÅƽƛƾƘ
.  .  .  .  .
for (int I=1; I <= TRIALS ; I++ )
begin:LOOP

start_item (TX_PKT);
++TX_PKT.TAG; //Integer ID field.
TX_PKT.randomize();
finish_item (TX_PKT);

end:  LOOP
endtask: body

endclass: SEQ_FILTER

(1) Insert type of packets.

(2) Specify for loop.

(3) Packet type.

(4) Randomize rand fields.

A UVM Sequence
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§3. Driver and Monitor

ÅTypical component:  driver

ÅDriver run_phase () task

ÅThe SEQ- DVRhandshake  

ÅMonitor setup code

ÅMonitor run_phase () task

ÅBuilding a typical agent
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class DRIVER extends uvm_driver #(PACKET);
VIF_t  VDIF;   //Virtual interface.
PACKET TX_PKT; //Declare a packet.
.  .  .  .  .
ÆÕÎÃÔÉÏÎ ÖÏÉÄ ÂÕÉÌÄʍÐÈÁÓÅƽƛ ÐÈÁÓÅƾƘ 
//Associate instance DIF with VDIF:

«Use uvm_config_db to get VDIF. »
.  .  .  .

endfunction: build_phase

task run_phase(uvm_phase phase);
wait(!VDIF. RST);
.  .  .  .  .

endtask: run_phase

endclass: DRIVER

class DRIVER extends uvm_driver #(PACKET);
VIF_t  VDIF;   //Virtual interface.
PACKET TX_PKT; //Declare a packet.
.  .  .  .  .
ÆÕÎÃÔÉÏÎ ÖÏÉÄ ÂÕÉÌÄʍÐÈÁÓÅƽƛ ÐÈÁÓÅƾƘ 
//Associate instance DIF with VDIF:

«Use uvm_config_db to get VDIF. »
.  .  .  .

endfunction: build_phase

task run_phase(uvm_phase phase);
wait(!VDIF. RST);
.  .  .  .  .

endtask: run_phase

endclass: DRIVER

Typical Component: Driver

ÅDriver is a typical componentderived from a base class.

ÅDoes not create a packetɂbut pulls it downfrom SQR.

ÅExtracts fINT from each packet and drives itinto the DUT.

fINT

PPA
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Driver Class
fINT
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Driver  Task:  run _phase()

ÅEach component's run _phase() task runs concurrently.

ÅEvery loop iteration begins at active edgeof PKT_CLK.

ÅSame packet is broadcast, via APD0, to SCBand COVG.

(* File = DRV_PKG.sv, Line = 48 *)
task run_phase (uvm_phase phase);

wait(!VDIF.RST);
forever
begin:LOOP //Drive at active edges:

@(posedge VDIF. PKT_CLK);
seq_item_port. get_next_item (TX_PKT);

// Bus Signal β Packet Field
VDIF.TAG   = TX_PKT.TAG;
VDIF.fINT  = TX_PKT.fINT;
.  .  .  .  .
seq_item_port. item_done (); ...

end:  LOOP
.  .  .  .  .

endtask: run_phase

(* File = DRV_PKG.sv, Line = 48 *)
task run_phase (uvm_phase phase);

wait(!VDIF.RST);
forever
begin:LOOP //Drive at active edges:

@(posedge VDIF. PKT_CLK);
seq_item_port. get_next_item (TX_PKT);

// Bus Signal β Packet Field
VDIF.TAG   = TX_PKT.TAG;
VDIF.fINT  = TX_PKT.fINT;
.  .  .  .  .
seq_item_port. item_done (); ...

end:  LOOP
.  .  .  .  .

endtask: run_phase

fINT

PPA

seq_item_port

Built -In TLM Port
(From uvm_driver )

fINT

Driver Task

DIF

Port APD0Is Not Built In

APD0
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The SEQ-DRVHandshake

ÅFour * item * tasks do a full sequence-driverhandshake.

class SEQ_FILTER extends uvm_sequence...
.  .  .  .  .
task body();
48ʍ0+4 ˮ 0!#+%4ƛÃÒÅÁÔÅƽƛƾƘ
.  .  .  .  .
for ( «Loop for TRIALS »)
begin:LOOP

start_item (TX_PKT);
.  .  .  .  .
TX_PKT.randomize();  
finish_item (TX_PKT);

end:  LOOP
endtask: body

endclass: SEQ_FILTER

class SEQ_FILTER extends uvm_sequence...
.  .  .  .  .
task body();
48ʍ0+4 ˮ 0!#+%4ƛÃÒÅÁÔÅƽƛƾƘ
.  .  .  .  .
for ( «Loop for TRIALS »)
begin:LOOP

start_item (TX_PKT);
.  .  .  .  .
TX_PKT.randomize();  
finish_item (TX_PKT);

end:  LOOP
endtask: body

endclass: SEQ_FILTER

task run_phase(uvm_phase phase);
wait(!VDIF.RST);
forever
begin:LOOP 

@(posedge VDIF.PKT_CLK);
seq_item_port. get_next_item (ƛ);
VDIF.TAG  = TX_PKT.TAG;
VDIF.fINT = TX_PKT.fINT;
.  .  .  .  .
seq_item_port. item_done (); ...

end:  LOOP
.  .  .  .  .

endtask: run_phase

task run_phase(uvm_phase phase);
wait(!VDIF.RST);
forever
begin:LOOP 

@(posedge VDIF.PKT_CLK);
seq_item_port. get_next_item (ƛ);
VDIF.TAG  = TX_PKT.TAG;
VDIF.fINT = TX_PKT.fINT;
.  .  .  .  .
seq_item_port. item_done (); ...

end:  LOOP
.  .  .  .  .

endtask: run_phase

1) Sequence start_item () waits for

driver to ask for the next packet.

(2) Driver get_next_item () pulls down item

from SQR, waiting until its pointer is received.

(3) Sequence fills packet fields.Calling     

finish_item () sends completed packet   

to driver. Sequence loop then blocked.

(4) Driver applies fields to VDIF. It calls item_done () ,

unblocking next iteration of the sequence.

Sequence

Driver

TX_PKT Argument

Apply Stimulus

Argument Optional
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Monitor Setup Code 

ÅMonitor declares a packetɂwill later create itand fill its fields.

ÅIt constructs the analysis port APM0ɂwhich is not built-in.

ÅDeclares and getsa pointer VMIFto physical bus MIF.

class MONITOR extends uvm_monitor;

//Get PPA_OUT off bus; put in packet:
VIF_t  VMIF;   //Virtual interface.
PACKET RX_PKT; //Declare a packet.
uvm_analysis_port #(PACKET) APM0;
.  .  .  .  .
ÆÕÎÃÔÉÏÎ ÖÏÉÄ ÂÕÉÌÄʍÐÈÁÓÅƽƛ ÐÈÁÓÅƾƘ 

APM0 = new("APM0", this);
uvm_config_db #(VIF_t) ƙƙÇÅÔƽƛVMIF);

endfunction: build_phase

task run_phase(uvm_phase phase);
wait(!VMIF. RST);
.  .  .  .  .

endtask: run_phase
endclass: MONITOR

class MONITOR extends uvm_monitor;

//Get PPA_OUT off bus; put in packet:
VIF_t  VMIF;   //Virtual interface.
PACKET RX_PKT; //Declare a packet.
uvm_analysis_port #(PACKET) APM0;
.  .  .  .  .
ÆÕÎÃÔÉÏÎ ÖÏÉÄ ÂÕÉÌÄʍÐÈÁÓÅƽƛ ÐÈÁÓÅƾƘ 

APM0 = new("APM0", this);
uvm_config_db #(VIF_t) ƙƙÇÅÔƽƛVMIF);

endfunction: build_phase

task run_phase(uvm_phase phase);
wait(!VMIF. RST);
.  .  .  .  .

endtask: run_phase
endclass: MONITORT
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Monitor run _phase() Task 

ÅMonitor assemblespacket RX_PKTfrom the signals on VMIF.

ÅActual PPAis assigned around mid-cycleto a packet field.

ÅMethod write ()sends up the filled packet to scoreboard.

(* File = MON_PKG.sv, Line = 58 *)
task run_phase (uvm_phase phase);

wait(!VMIF.RST);
forever
begin:LOOP //Sample at 4

th

tick:
@(VMIF.TOCK);
28ʍ0+4 ˮ 0!#+%4ƛÃÒÅÁÔÅƽ" RX_PKT" );

// Packet Fields β Bus Signals
RX_PKT.TAG     = VMIF.TAG;
RX_PKT.PPA_OUT = VMIF.PPA_OUT;
.  .  .  .  .
APM0.write (RX_PKT); //Send up.
.  .  .  .  .

end:  LOOP
endtask: run_phase

(* File = MON_PKG.sv, Line = 58 *)
task run_phase (uvm_phase phase);

wait(!VMIF.RST);
forever
begin:LOOP //Sample at 4 tick:

@(VMIF.TOCK);
28ʍ0+4 ˮ 0!#+%4ƛÃÒÅÁÔÅƽ" RX_PKT" );

// Packet Fields β Bus Signals
RX_PKT.TAG     = VMIF.TAG;
RX_PKT.PPA_OUT = VMIF.PPA_OUT;
.  .  .  .  .
APM0.write (RX_PKT); //Send up.
.  .  .  .  .

end:  LOOP
endtask: run_phase

fINT

PPA

PPA

write() to Scoreboard

Mid-Cycle
Measure
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Monitor Task
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Building a Typical Agent

ÅEach agenttypically handles a specific bus interface to the DUT.

ÅThis agent creates monitor MON, and constructs TLMport APM1.

ÅThen connectsexisting MONport APM0to the agent port APM1.

(* File = MON_PKG.sv, Line = 93 *)
class AGENTM extends uvm_agent;

.  .  .  .  .
uvm_analysis_port #(PACKET) APM1;
MONITOR  MON;

ÆÕÎÃÔÉÏÎ ÖÏÉÄ ÂÕÉÌÄʍÐÈÁÓÅƽƛƾƘ 
APM1 = new("APM1", this);
-/. ˮ -/.)4/2ƛcreate ( " MON", this );

endfunction: build_phase

ÆÕÎÃÔÉÏÎ ÖÏÉÄ ÃÏÎÎÅÃÔʍÐÈÁÓÅƽƛƾƘ
.  .  .  .  .

endfunction: connect_phase
endclass: AGENTM

(* File = MON_PKG.sv, Line = 93 *)
class AGENTM extends uvm_agent;

.  .  .  .  .
uvm_analysis_port #(PACKET) APM1;
MONITOR  MON;

ÆÕÎÃÔÉÏÎ ÖÏÉÄ ÂÕÉÌÄʍÐÈÁÓÅƽƛƾƘ 
APM1 = new("APM1", this);
-/. ˮ -/.)4/2ƛcreate ( " MON", this );

endfunction: build_phase

ÆÕÎÃÔÉÏÎ ÖÏÉÄ ÃÏÎÎÅÃÔʍÐÈÁÓÅƽƛƾƘ
.  .  .  .  .

endfunction: connect_phase
endclass: AGENTM
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Guideline:

Ports are not factory-created
ɂthey never undergo a test-
specific factory substitution.

MON.APM0.connect (APM1);
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§4. A UVM Scoreboard

ÅScoreboard architecture

ÅScoreboard setup code

ÅLab #7:  Find Worst | gERROR|

05:  0.067
Ɇ   Ɇ   Ɇ

32:  0.082
Ɇ   Ɇ   Ɇ

120:  0.069
Ɇ   Ɇ   Ɇ

500:  0.047
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Scoreboard Architecture

ÅSCBcompares actualmeasured gain against expected.

ÅLooks up gEXPECTfrom the included SPICE reference table.

SPICE
Look-Up

Table

//Array:   Volts      kHz
typedef  real AA_t [ int ];
AA_t GOLD_REF_DATA = «included »;

Associative Array
of ~500 real Values

Driver-Side Packets Monitor-Side Packets

TLM FIFO
(Symbol View)

SCB

fINT

PPA

fINT

PPA

VOUT

AXD2 AXM2

|gERROR|

Compare

APD1 APM1

T
X_

F
IF

O

R
X_

F
IF

O

10:  0.045
Ɇ   Ɇ   Ɇ

32:  0.082
Ɇ   Ɇ   Ɇ

120:  0.069

|gERROR|Ђ0.828Ϻ0.824

Ђ0.004

0.082

0.100

32k

PPA gEXPECT gACTUAL

32k

.164

` include

05:  0.06705:  0.067
Ɇ   Ɇ   ɆɆ   Ɇ   Ɇ

32:  0.08232:  0.082
Ɇ   Ɇ   ɆɆ   Ɇ   Ɇ

120:  0.069120:  0.069
Ɇ   Ɇ   ɆɆ   Ɇ   Ɇ

500:  0.047500:  0.047

05:  0.067
Ɇ   Ɇ   Ɇ

32:  0.082
Ɇ   Ɇ   Ɇ

120:  0.069
Ɇ   Ɇ   Ɇ

500:  0.047
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Scoreboard Setup Code

ÅTask run _phase() compares gEXPECTversusgACTUAL.

ÅCalls GOLD_REF_GAIN() to look up gEXPECTexpected for fINT .

ÅNext packetsare retrieved from FIFOs by calling .get ().

class SCOREBOARD extends uvm_scoreboard ;
.  .  .  .  .
AA_t GOLD_REF_DATA;    //Look - up table.
real PPA_IN, PPA_OUT;  //Measured amplitudes.
PACKET TX_PKT, RX_PKT; //DRV- side, MON - side.
«TLM exports AXD2, AXM2»
«uvm_tlm_analysis_fifo TX_FIFO, RX_FIFO»
.  .  .  .  .
«function void build_phase () , connect_phase () »

«task run_phase () » //Call GOLD_ REF_GAIN( fINT ).

«function real GOLD_REF_GAIN( int fINT_arg ) »
«function void extract_phase ( ) » //Max οgERRORο.
.  .  .  .  .

endclass : SCOREBOARD

class SCOREBOARD extends uvm_scoreboard ;
.  .  .  .  .
AA_t GOLD_REF_DATA;    //Look - up table.
real PPA_IN, PPA_OUT;  //Measured amplitudes.
PACKET TX_PKT, RX_PKT; //DRV- side, MON - side.
«TLM exports AXD2, AXM2»
«uvm_tlm_analysis_fifo TX_FIFO, RX_FIFO»
.  .  .  .  .
«function void build_phase () , connect_phase () »

«task run_phase () » //Call GOLD_ REF_GAIN( fINT ).

«function real GOLD_REF_GAIN( int fINT_arg ) »
«function void extract_phase ( ) » //Max οgERRORο.
.  .  .  .  .

endclass : SCOREBOARD

32k

PPA

GOLD_REF_GAIN(32 kHz)

Ą 0.824

T
a

sk
 C

o
d

e

DUT-Specific
Scoreboard

S
e

t-
U

p
 C

o
d

e

: ExpectedGain

05:  0.067
Ɇ   Ɇ   Ɇ

32:  0.082
Ɇ   Ɇ   Ɇ

120:  0.069
Ɇ   Ɇ   Ɇ

500:  0.047
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Lab #7: Find Worst | gERROR|

ÅReplace angle-bracketedhints with SystemVerilog code.

ÅRun  make lab7 to check your syntax

(* File = SCB_PKG.sv, Line = 194 *)

/* Find worst - case οgERRORο ÖÁÌÕÅ ÁÃÒÏÓÓ Á ÒÕÎƚ
* Errors were stored in array gERROR[1:TRIALS].
* Return worst case to class variable gWORST.
*/
real gWORST = 0.0;
function void extract_phase( )

real gERROR_ABS;
«Loop statement»
begin:EXTRACT

«Take absolute value of element.»
«Compare to gWORST, then update.»

end:  EXTRACT

endfunction: extract_phase

(* File = SCB_PKG.sv, Line = 194 *)

/* Find worst - case οgERRORο ÖÁÌÕÅ ÁÃÒÏÓÓ Á ÒÕÎƚ
* Errors were stored in array gERROR[1:TRIALS].
* Return worst case to class variable gWORST.
*/
real gWORST = 0.0;
function void extract_phase( )

real gERROR_ABS;
«Loop statement»
begin:EXTRACT

«Take absolute value of element.»
«Compare to gWORST, then update.»

end:  EXTRACT

endfunction: extract_phase
Scoreboard

Function

1:  0.0099
2:  0.0059
3:  0.0097
4:  0.0108
5:  0.0111

Ɇ  Ɇ  Ɇ  Ɇ  Ɇ
11:  0.1043
12:  0.0066

6: -0.0003

gERROR[1:TRIALS]

No Return
From void
Function:

Assign result
to gWORST.
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Lab #7: Solutions

ÅThe foreach loop is independent of the number of TRIALS.

(* File = SCB_PKG.sv, Line = 194 *)

/* Find worst - case οgERRORο ÖÁÌÕÅ ÁÃÒÏÓÓ Á ÒÕÎƚ
* Errors were stored in array gERROR[1:TRIALS].
* Return worst case to class variable gWORST.
*/
real gWORST = 0.0;
function void extract_phase( )

real gERROR_ABS;
foreach(gERROR[ L])
begin:EXTRACT

gERROR_ABS= (gERROR[L] < 0.0 )?
- gERROR[L] : +gERROR[ L];

if ( gERROR_ABS >gWORST)
gWORST = gERROR_ABS;

end:  EXTRACT

endfunction: extract_phase

(* File = SCB_PKG.sv, Line = 194 *)

/* Find worst - case οgERRORο ÖÁÌÕÅ ÁÃÒÏÓÓ Á ÒÕÎƚ
* Errors were stored in array gERROR[1:TRIALS].
* Return worst case to class variable gWORST.
*/
real gWORST = 0.0;
function void extract_phase( )

real gERROR_ABS;
foreach(gERROR[ L])
begin:EXTRACT

gERROR_ABS= (gERROR[L] < 0.0 )?
- gERROR[L] : +gERROR[ L];

if ( gERROR_ABS >gWORST)
gWORST = gERROR_ABS;

end:  EXTRACT

endfunction: extract_phase

5:  0.0111

1:  0.0099
2:  0.0059
3:  0.0097
4:  0.0108

Ɇ  Ɇ  Ɇ  Ɇ  Ɇ
11:  0.1043
12:  0.0066

6: -0.0003

gERROR[1:TRIALS]

UVM_INFO @ 14 ms:  E.SCB [SCORE]

Worst - case | gERROR|:  0.01129

UVM_INFO @ 14 ms:  E.SCB [SCORE]

Worst - case | gERROR|:  0.01129
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DUT

MODE0110

§5. Run the Test Suite

ÅTopmost UVM module

ÅA test-suite component

ÅUVM testbench topology

ÅLab #8:  Final testbench run 



97

Topmost UVM Module

ÅThis module is the top block elaboratedby the SystemVerilog simulator

ÅIt instantiatesthe fixture, DUT, and both physical interface buses.

ÅIts initial block calls a uvm_root task:  run _test ().

Topmost Module 


