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Coverage .....

Coverage Driven Verification (CDV) allows a
systematic flow to define and meet the
verification goals

Create /Update
Test Plan

Randomness and automation explore un-
.. Implement TB,
d ntICI patEd use-cases Track Progress Develop tests &

with Test plan, coverage
Analyze coverage

Coverage provides status reports of what was
achieved and eventually completeness of goals

Debug Failures & Run regressions

Re-run

Management can review the produce reports to
analyze the progress over-time and take
decisions

Improve overall quality
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Perspec Portable Stimulus Coverage

. Perspec provides functional coverage on top of the concise behavioral
model

— Allows capturing use-case coverage goals that are impractical in
any other way

— Provides automation to fulfill desired spaces and filter out illegal
scenarios (coverage maximization)

— Can passively prove that a use-case took place without forcing it
. Allows pre-run regression tuning

— remove redundant tests before running simulation and save a time
and resources

SYSTEMS INITIATIVE®

Actions model captures the
infinite legal scenario space

Coverage captures the
verification intent and goals
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PSS Coverage

e Perspec supports PSS coverage collection at pre-run() and post_run()

e Coverage metrics are the same regardless of which collection flow is used

mmd  Pre-run() coverage

* Allows projection / approximation of coverage to be collected after test actually runs
* Results are available right after generation is done (no sim needed)
¢ Can be optionally mirrored for run-time
e Limitations:
e Aware of PSS model only, unaware of “external events”

s POst_run() coverage

e Collected from simulation log in post-processing mode (“Mirrored” gen-time coverage)
e Capturing coverage in terms of “external events”
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PSS Covergroups

The covergroup construct encapsulates the specification of a coverage model

e Each covergroup is collected separately (by type)

Can include following elements

* A set of coverage points
* Cross coverage between coverage points

a CAvinraco Antinnc

Two forms of covergroup constructs

e Explicit: defined once, instantiated multiple times

® Can be defined in package, component, action or struct

* Shall specify formal parameters = shall NOT refer to fields of the scope in which it is defined

¢ All instances of same covergroup type contribute to same single covergroup in the coverage model
e Implicit (inline)

e Can be defined in action or struct scope

e Shall NOT specify formal parameters -> shall refer to fields of the scope in which it is defined

e Each inline covergroup definition corresponds to its own covergroup in the coverage model
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Explicit Covergroup

Ex ME [Mame Overall Overall Enclosing Entity
verage Grade Covered
/PSS\ I: sh o IZ:I- 34-:14% 3 -10" i
enum color e {RED, GREEN, BLUE, PINK}; R : R
enum shape e {CIRCLE, TRIANGLE, SQUAR}; ol I o
component paint c { Showing 1 items
action draw_shape 1 {
color_e color; & Items | shape_cov =
. shape_e shape; Ex rJNR |Name |Overa|| Average Grade |0vera|l Covered |
. no filtar mofiter) | (o o
= c [T _150% 1/2i(50%)
Z & 5 ET133.33% 1/31(33.33%)
B CXs —J20% 1/5120%)
PSS
COUECHETD BUERE eow (Cole & CeLeR, Slieps © Bheee) | Users can define coverage points to be sampled
c: coverpoint color { it biect which instantiates th
ignore bins i = [PINK, BLUE]; after an object which instantiates the covergroup
D has been solved (as part of scenario solution
process)
s: coverpoint shape;
\ . i .
e EErs @, & | Users can ignore non-interesting values
ignore_bins i = cXs with (c == GREEN and s == TRIANGLE) ;
}i
}i Users can cross coverage items, to analyze
combinations of coverpoint values
extend action paint_ c::draw_shape 1 {
shape_cov shape cov_inst 1 (color, shape); /7
bi - - -
/24 Instantiation of cover group in a specific context
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Implicit (Inline) Covergroup

Cover Gro..

Assertions

I  Cover groups
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Ex JINE Mame Overall Overall Enclosing Entity
PSS verage Grade Covered
enum color_e {RED, GREEN, BLUE, PINK}; (no filter) (no filter)  |(no filter) (no fili
enum shape e {CIRCLE, TRIANGLE, SQUAR}; _— — o — — — —
component paint c { I shape_cov CC_134.44%  3/100.. main |
action draw_shape 1 { / I inline_cov_inst_3 L 13444% 3/10(.. draw_shape_3
color_e color;
shape e shape; _
};
action draw_shape 2 {...}; //same definition as
action draw_shape 3 (...}; //same definitic 2 more actions: draw_shape 2, draw shape 3
: - 2, . »
}i
extend action paint c: :draw_s%
shape cov shape cov_inst 1
bi First instance of shape cov
extend action paint c::draw_slape 2
shape cov shape cov_inst 2 (colo#, shape); \
b ———— Second instance of shape cov
extend action paint c::draw
covergroup {
coverpoint color; Inline covergroup instance inline cov_inst 3
coverpoint shapé;
cXs: cross cqgior, shape;
inline cov_inst 3; ! . : ;
. } _Ccov_ - 7 cross requires label; coverpoint label is optional
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PSS
Coverpoint
& Bins

SYSTEMS INITIATIVE®

A covergroup can contain one or more
coverage points and their crosses

Each coverage point and cross is broken
down into a set of bins

Three type of bins. Same syntax is used to
define all three types

— “regular” bins. Number of these bins
determines the size of coverage space
spanned by respective coverage point or
Cross

— ignore bins
— illegal bins
Partition into bins (“binning”)
— can be explicitly defined by user, or
— automatically created by PSS tool

— important skill to master in order to
effectively manipulate coverage spaces !
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PSS Covergroup Specification
Constructs

covergroup { ) A covergroup can contain one or more coverage
//option.per instance = true; points and their crosses
option.at_least = 2;

e 11 : coverpoint pw_state &3 Regular bin
c_12 : coverpeint freq mode t;
c 13 : coverpoint idx data { Ignore bin

bing idx v = [0..1,7];
ignore bins idx il = [8,9];
bins others[] = default: Default bin

}

c 14 : coverpoint sid x iff (is hs enabled) {
illegal bins not legal = [3,5]; lllegal bin

}

all : cross freq mode t,sid x
} cg _impliecit;

Cross coverage
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*+*The natural location for

controlled and action-specific
W h €re tO coverage definition
“*Can refer to fields of tokens
COI IeCt produced / consumed by action
Cove ra ge s+ Can refer to component

attributes via comp. attribute

in PSS
model ?

*+»The coverage is collected as
they are being randomized

*May use structs specifically
dedicated for coverage
collection purpose

NNNNNNNNNNNNNNNNNNNNNNN




* Introduction Agenda

* PSS coverage overview

 |PSS coverage Advantages

* PSS Gen time coverage — use case
e Current PSS Coverage limitations
* Future Scope

* Summary

accellera DV

SYSTEMS INITIATIVE®



PSS Coverage Advantages

Perspec Generated coverage shift lefts the project Verification cycle

* Generation and Coverage analysis starts before running first test
* Rank generated tests and optimize testsuite for regression

¢ Using pre-run regression planning saves the resources, farm utilization

Perspec Scenario Coverage == SoC Quality

e Concurrency coverage
e Temporal relations and shmoo

Functional coverage on all platforms including ICE, post-silicon

Proven Coverage Driven Verification methodology (MDV) expanded to SW and HW co

verification
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PSS Generation coverage flow
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Frequency mode PSS
cover group

enun frequency e {freq node 1, freq node 2, freq mode 3, freq node 4, freq node 5},

conponent pss_top {
action freq switch {
rand frequency e freq plan[1];
struct freq switch cov {
rand freguency e my freq e;
covergroup {
coverpoint my freq e {};
+ cov freg;

}

extend action DVE::freq switch {
freq switch cov freq switch 1[5];

exec post solve {

foreach (item: freq plan[i]) {
freq switch L[1].my freq e = freq plan[1i];
}

I ; Source sample text

hi
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Perspec Portable Stimulus Coverage
Examples

Owverall

Ex UNE [Name laverage Grade COverall Covered Score
—= auto[freq_mode_1] 100% 171 (100%) 2 Covered
== auto[freq_mode_2] I— 0% 071 (0%) 0
== auto[freq_mode_3] I— 0% 0/ 1 (0%) 0 Uncovered
== auto[freq_mode_4] I— 0% 071 (0%) 0
== auto[freq_mode_5] 100 % 101 (100%) 3
Additional tests were generated to cover
Ex UNE Name Qvarall Overall Covered |Score
Average Grade
== auto[freq_maode_1] 100% 171 (100%) |
= auto[freq_mode_2] 100% 171 (100%) 1
) = n Uruin/a) U Excluded/Ignored
= auto[freq_mode_4] 100% 171 (100%) 1
=8 auto[freq_mode_5] 100% 171 (100%) 3
MName Cwerall Average Grade Overall Covered
= my_freq_e 100% 47 4 (100%) Covered
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PSS Limitations

PSS supports constructs to describe temporal relations between actions executing in
sequence or parallel . This is captured in compound actions with the concept of “activity”.

“Activity “, describe the flow of test to be generated. This is stimulus aspect ,If EDA tool can
identify the occurrence between these behaviors patterns in a given test execution this
could as well be used to Monitor execution coverage.

However , PSS seems to be missing a way to bind behavioral primitives with actual terms
that can be observed in execution.

Eg : On stimulus side user can define temporal relations between behaviors ,whereas we will
not be able to feed events on starting & ending of behaviors . With addition of event support
in PSS language it would be ready to take coverage driven verification to next level.
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5 just a little use-case ...

| WE SMI_mem_purm_t

T T SMI_Mem_Durr_t
I
Oxea38bf20 “mem_seg.addr 0xb&ffd3ba ! “mem_seg.addr Oxfdec
_tag DDR_1 “mem_seg block_tag DOR_3 I ~mem_seg block_tag DOR_1
’ /
in_buff I in_buff
e ] / [
3 . 3 ¥ | 4 s e
E|D copy_data_31: copy_data [5145] ED copy_data_11: copy_data [5166]
et s et - o e
£E sml sml_sw_ops £ sml sw gps c  DVE.sml_sw_ops
o [ e proc_tag acloc2 ] e ]
' ¢ a
] out_buff I/ out_buff
I !
| Tt I G sml_mem_buff t ' (% sml_mem_buff t !
] ] R i - - = ! - - = et
0xfOcBeBal I Qed45d2018 ] T x=3848148 :
s e e tag DDR_1 I “rmerm_seg block _tag DDR_3 ! “mem_seg block tag DDR_L e s i
/ J
- - e -
3 2 i
[c!
e i e | e = ey
{5
bt ] e - ]
c [ [ f
e e [ ey ey
] et -t e
. < B 1 [ [
0xf356be60 I “mem_seg.addr Oxafibda28 1 ~“mem_seq. addr Oxe3081dfs .
- e "+ DDR_1 | ~mem_sea.block tag DDR_3 ] ~mem_seg.block_tag DDR_1 . oy
1 1 -
oo e \ in_buff ! in_buff -~ o St Mt
v L4 ' :

E‘D copy_data_33: copy_data [5139]

i sml_sw_ops_c

EICJ copy_data_13: copy_data [5160]
i sml_sw_ops_c

DVE.sml_sw_ops DVE.sml_sw_ops

proc_tag aclle3 Lo ™ proc_tag aclic2
T — v
\ q,ut:ﬂuFF \ out_buff
- A
_ - - \ .
- G sml_mem_buff t

aden

@ sml_mem_buff_t
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Summary : Benefits of PSS
coverage

* PSS Generation coverage analysis is done
as standalone without running simulation
thereby saves long simulation run time
effort.

* PSS Run time coverage support helps to
model top level Use case, Performance
scenario’s and correlate against the Vplan.

* Future scope: PSS coverage at execution.
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