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This isn’t a covergroup class - but
you should get enough information
to get started coding your own

coverage points right away.
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Overview of Functional Coverage

« Functional Coverage defines ‘what’ to observe
when a design is tested

= A test defines ‘how’ we test the design

« Examples:
— tx packet received with an unrecognized vlan tag
— Access to all peripherals on the bus
— Fault interrupt triggered while in sleep mode
— Read after Write to the same address.

Functional Coverage in SystemVerilog
- Lots of features and choices - can be overwhelming.
- Using 20% of the features and switches can give you
you 90% of the functionality.
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Overview of Functional Coverage

« When defined methodically, Functional
coverage provides an accurate and objective
measure of progress of both the design and
verification health
— When is this block done?

— What is being exercised? The tool tells you.

=« Functional Coverage should be defined at the
onset of the verification and serves to ‘drive’
the verification effort to completion

— Coverage Driven Verification
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SystemVerilog Functional Coverage

« Functional coverage is described from ‘a
sampling trigger’ and ‘values sampled’

=« Functional coverage is coded from basic
building blocks

— Covergroup

=« Defines a group of variables (Coverpoints) which are
sampled and crossed together at a ‘sampling trigger’

— Coverpoint (Defined within a covergroup)
=« Defines the variables to be sampled

— (defined for a coverpoint)
=« Defines the buckets which the samples are divided

USERZUSER



The “Covergroup”
Syntax:

covergroup <name>
[ (fields) ] [Gsample event],
endgroup

Example 1: (Posedge or Negedge)

covergroup intrpt group (@ (posedge tx top.int h);
endgroup

Tip: Events such as packet started,
interrupt read, authentication complete
are better sampling events than the clock.

Example 2: (Event)

covergroup drx end group (@ (rx pkt i.drx complete);
endgroup




Covergroups

Example 3: (Manually Sampled)

covergroup encrypt test groups;
endgroup

// Sampled by procedural code elsewhere
@ (pkt enc) if (enc type != DES)
encrypt test group i.sample();

Example 4: (Ports passed by reference)

covergroup dma tx end
(ref reg [3:0] p curcmd) @(clk);
endgroup




Where do covergroups go?

= Covergroups can be placed in:
, package, interface, class, program
« Example:

class my pkt;
covergroup pkt group;

endgroup
pkt group pkt group i = (); //Instance of the covergroup
endclass

= [IpS:
— Covergroups MUST be instantiated (with new () ) in order to be

observed by the simulation. Otherwise it can go undetected
throughout the project cycle

— Choose meaningful events to sample (pkt ended,
transaction started)and rarely use clocks

— Name the covergroups to assure a readable coverage repg
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Where do covergroups go? (2)

= When verifying:
— line protocol = in the interface

— fields of an abstract structure (such as a packet
or descriptor) = “class”

— changes in internal signals in the design such as
state machines - modules

= When creating reusable covergroups (see the
last few slides of the presentation) it makes
sense to put them into packages.
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A bit about Coverpoints
= The Syntax

[label:] coverpoint <value>
[{ coverpoint options and bins}]

« Example 1 (simple)
— Defining a basic coverpoint is simple
coverpoint crt ov 1;

Note: crt ov lisabit 2
causing auto-generation of two
bins.

« Example 2 (with a label)

— In general it will be easier to manage coverage
points if meaningful names are given as labels

com overflow :@: coverpoint crt ov 1;
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Coverpoints

« Example 3 (values)
— Any value returning statement can be sampled
rpc _conf : coverpoint GetRpcCfgType()
grl len : coverpoint
(grl end time - qrl st time)

xrm stop :@: coverpoint top.xrm i.cfg[4:4];




Coverpoints

« Example 4 (cross)

— Any two (or more) coverpoints in the same
covergroup can be crossed to see that all
combinations are achieved

sleep enable : coverpoint pwr mng i.sleep en;
pmg slpmod :@: coverpoint

pwr mng i.sleep md[1:0];

slp modeXslp enable : cross

sleep enable, pmg slpmod




Coverpoints

= Example 5 (iff)

sleep enable: coverpoint pwr mng i.sleep en;
pmg slpmod : coverpoint
pwr mng i.sleep md[1:0] iff
(pwr mng i.sleep en);

Sometimes a sample is only relevant if a specific mode is
enabled or a condition is met. Here the “iff”’ (if and only
if) can be used to weed out the meaningless samples
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Coverpoints

« Several coverpoints can be placed in a single covergroup
— The common theme for a covergroup is the sampling event

— Note: Crosses can be done only on coverpoints within the
same covergroup

= [IpS:
— Name your coverage points with meaningful labels

— Stub out coverpoints early — even before you know
EXACTLY what you are covering.

tx filter match: coverpoint tx filter matches();

= Functions are filled later as the environment develops

Tip: In a large project you may have
hundreds or thousands of coverage
points — give them meaningful names.
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Bins

= Bins are used to classify samples into meaningful groups
— Which values and ranges are required?
— Which values are illegal?
— Which values should be ignored?
— Which transitions are required?

« Example 1 (bins)
pbus currrent cmd: coverpoint curcmd {

bins Memory Read = {3'hé6} ;
bins IO _Read = {3'h2} ;
bins Mem Write = {3'h7} ;
bins IO Write = {3'h3} ;

ignore bins NO cmd = { 0, 4 };
illegal bins illegal value = default;,




Bins Cont.

« Example 2 (ranges)
QoSFlowSize: coverpoint get qos flow size() {

illegal bins too low = {[ 0: 259]};
bins r260 to 999 = {[ 260: 999]};
bins rl1000_1999 = {[ 1000:1999]};
bins r2000_9999[4] = {[ 2000:9999]};
bins rOverl0000 = {[10000:5] };
}

« Example 3 (transitions)
bus command : coverpoint cur command[3:0] {

bins read write read = (4=>3=>4);

bins write write = (3=>3);




Bins

= TIPS

— Don’t over-define functional coverage — reaching
100% needs to be realistic
« Example: Do you need to see each (256) different value
or are 2-3 buckets sufficient?
— “min”
— “max’
— “other”

— Name your bins with the values used!
« Reading reports
=« Debugging




Reusable Coverage Groups (1)

= What is a reusable coverage group?
— Defined once, used multiple times with different variables

« Example:
covergroup ace lib xtrm cg (int min, max, ref value, ref event ev)

@(ev),

check value: coverpoint value {

bins minimum val = { min };
bins inbetween val = { [min+l:max-1] };
bins maximum val = { max };,
} Idea: Another good example is a
endgroup : ace lib xtrm cg generic coverage group for
seeing each bit on a bus toggle.

// using the module
ace lib xtrm cg p clk time cvr = new(0, 1000, p clk time, pclk sel);

ace lib xtrm cg packet len
= new (64, 1518, cur packet.len, pkt rx done);,




Reusable Coverage Groups (2)

Create reusable coverage groups when you will use the
same type of covergroup multiple times

— Create a library of generic, reusable coverage checkers.

Place the covergroups into a package
package ace coverage groups,

endpackage

When you want to use the package:

program my prog;,
import ace coverage groups::*;

endprogram




Review(1)

class s_packet ;

// Class events and fields
event pkt sent ev;

enum {IP, IPX} pkt typ ,
enum {RX, TX, OTHER} pkt_
// Covergroup

Covergroup Name

Sample on
event, posedge /
negedge of a
signal or

ection .
expression

covergroup pkt sent group @ (pkt sent ev);

/ packet type:
direction:

label

Coverpoint

packet type, direction;

endgroup: pkt sent group

valid directions[] = {RX, TX);
invalid = {OTHER},

pkt typ; Coverpoint
pkt directionl  Value

endclass: s _packet

www aceverification.com

USERZUSER



Review(2)

class s_packet ;
// Class events and fields

Bins:

event pkt_sent_ev; S illegal_bins

enum {IP, IPX} pkt typ , - ignore_bins

enum {RX, TX, OTHER} pkt direction ;| 2 bins

// Covergroup \\ /

covergroup pkt sent group (@ (pkt sent ev

packet type: Pkt typ;
Crosses - direction: pkt direction||{
two or more valid directions[] = {(RX, TX);
coverpoints invalid = {OTHER};,
R }
packet type, direction;
endgroup: pkt sent group

endclass: s _packet

Covergroups can be placed in a module,
- program, class, package or mterface
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Review of tips

« Make sure your covergroups are instantiated (with
new () )

— use a script until the tools do it automatically.

« Use meaningful names
— Covergroups
« Reflect the sampling event

— Coverpoints
= Reflect the meaning of the value being sampled

— Bins
= Reflect the values being sampled

« Define coverage points and bins carefully so you can
focus on reaching 100%




Summary

« SystemVerilog syntax for Functional
coverage Is easy

« Coding functional coverage points can be
done in a matter of minutes

— When to sample.
— What to sample.

=« Great verification begins with smart planning!

= What are you waiting for? You know enough
now to use functional coverage productively.
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For more information

= Questions?
— Akiva Michelson- akiva@aceverification.com

= Ace Verification provides a seminar on
functional verification closure

— “Coverage Revealed”
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