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Questa Visualizer adds
coverage analysis to the
platform

Executive summary

Questa Visualizer Debug is Siemens EDA's high performance, scalable, context-aware
debugger supporting the complete logic verification flow including simulation,
emulation, prototyping, testbench, low-power, and assertion analysis. Visualizer recently
introduced new functionality for coverage support giving the user many ways to analyze
and improve coverage closure with ease. This paper will highlight some of the benefits
that these kinds of features will bring to the process.
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| Introduction

Questa Visualizer Debug is Siemens EDA's high
performance, scalable, context-aware debugger
supporting the complete logic verification flow
including simulation, emulation, prototyping, test-
bench, low-power, and assertion analysis. Intuitive
and easy to use, Visualizer improves debug produc-
tivity of today's complex SoCs and FPGAs. Visualizer
recently introduced new functionality for coverage
support giving the user many ways to analyze and
improve coverage closure with ease. Starting with
coverage gives you another way to diagnose prob-
lems. Visualizer provides great improvement to the
coverage data representation, taking advantage of
its existing rich visualization capabilities. It is built
with improved capacity and performance to handle

Coverage Summary

The Visualizer Debug
Environment provides two [DesignTestbench | Tesiplan
invocation modes for
analyzing coverage results sl
using the unified coverage
database (UCDB) obtained

from Questa simulation:

¢ Coverage View Mode

Total Coverage

the largest coverage models. The visualization tools
in Visualizer display UCDB results for both code
coverage and functional coverage. Now that you
have everything in Visualizer, you can go from cover-
age into the full power of debug in a single environ-
ment. Both designers and verification engineers can
analyze and debug coverage issues with the help of
design and waveform data available in Visualizer, all
in one tool. This is only the first step in the overall
requirements for coverage closure productivity.
Siemens EDA is investing heavily in verification
closure by introducing both collaboration and data
analytics to the coverage closure process. This paper
will highlight some of the benefits that these kinds
of features will bring to the process.

| Overview of visualizer coverage

Assenons: 2123 [ 9L30%)
Branches: 20721 (4szv) [
Condmons: 2451 (47.06%) I

Expressions: 43 (100.00%)
Fam States. 17717 (100.00% I
Fam Transitions: 2600 { e5.6%) I
Smtements: T221100 [ 65.63%) |
Tooples 16567481 ( 2226%
) 20 00 70 105

+75.62% covered

allows accessing all cover-
age analysis windows

* Coverage Debugging mode allows accessing
all coverage analysis windows in addition to all
debugging capabilities within Visualizer

Siemens Digital Industries Software

Figure 1. Coverage summary window.
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| Where to start?

Visualizer coverage windows provide a variety of
ways to help you start exploring the coverage statis-
tics of your design. To get started, you can use the
coverage summary window to see an overview of
coverage types across your design as shown in
figure 1. It displays two types of color-coded charts
that provide a graphical overview of the entire
coverage space. The left side shows a pie chart that
represents total coverage percentages for covered
(green) and missed (red) bins. The right side of the
window shows bar graphs for the hit bin count, total
bin count, and total coverage percentage for each
cover type. Both code and functional coverage types
in the given design are listed.

To analyze coverage per design hierarchy, you can
start with the design coverage window shown in

Design - keypad_tb.calc

figure 2. It displays a textual listing of the hierar-
chical structure of your design along with columns
of statistics for code coverage types (statement,
branch, toggle, FSM, condition, and expression) as
well as functional coverage types (covergroups,
assertions, and directives) provided for the hierar-
chical instances shown in the left column (design
hierarchy).

You can also discover the coverage distribution
across your design units with the help of Visualizer’s
design units coverage window as shown in figure 3.
It shows all the design units in a listed format with
local coverage calculated and displayed for each
design unit.

keypad_tb.calc [|#]cou « = m
Design hierarchy Icuver Options Icwerage% Statement% |Branch% |Twule% |F5M Sme%|F5M Transmciﬁ ition% |..1.
B i keypad_tb :(keypad_ib) +cover=bcefsx L) 75.22% ] ] 2226% W 10000% [ 1] 36 66% [ I 100. w0% -] 91 30%
& gy display :(display_bed) +cover=boefsx v ] 39.78% ] 35.36% ] 18.08% 10000% [ ] 100 00% ] 75.00% ] 0
s i(stack) +cover=boefsx -j 61750 [N 100.00% [N 100.00% ] 27.02% [ 100.00%
i_int (i) +eoversbeetsx [ 5°.90% L] 75.69% ] © 243% - I 100.00%
key :(keypad) +cover=bcefsx ) ©872% NN °347% I 8947% [ 100.00% [l 100.00% [ [ u| I 100.00%

41

Figure 2. Design window.

" L
Name | Count|Coverag [ [Toggless |[FsM statess [Fsm [conditionst  [Expressionos [Assenion% [ Directivets
= E Binary_to_BCD 4 81 11% -] 96 7:'% -] 88.23% -: 41.11% -mn 00% -mn 00% -:[ 75.00% _ [ )
cale 1 B 57.15% I 100.00% [ =o.06% W] 38.47% [ 100.00% N 100.00% [N | =71+ [l 100.00% [l 100.00% [l 100.00%
i display_bed 1 B ¢ I 100.00% [ 95.15% [: 10.92%
g imf 1 ] ] 75690 (] 2.43% [l 100.00%
g keypad 1 ] so.72o0 [l 9347 [ 5047 - 100.00% [l 100.00% [N ] - [ 100.00%
i@ keypad_tb 1 ] 5123 [ 100.00% [ 100.00% ] 43.69%
i@ seven_segment 1 [
i stack 1 ] 51.75% 100.00% [ 100.00% Wl ] 27.02% I 100.00%
Al 1 [T

Figure 3. Design units (DUs) window.
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| Ease of navigation

By your first look, you can pick your critical coverage

areas. For the example in Figure 1, they mainly exist
in branch, toggle, and condition coverage (code
coverage) and if you need a deeper analysis for a
particular coverage type, you can simply double-
click on the horizontal bar for a cover item to

| Explore code coverage

One of the great improvements in Visualizer is the
ability to see multiple coverage types simultane-
ously. The code coverage outline window (figure 4)
shows all covered (executed), uncovered (missed),
excluded statements, branches, conditions, expres-
sions, FSM states and transitions in one window,
along with signals that have and have not been
toggled for the instance you select from the design
window (Keypad_tb.calc in figure 2).

One of the most powerful features in Visualizer
coverage is the customization options such as

navigate to the specific coverage window related to
that cover item. Double-clicking in Visualizer
provides an easy way to navigate across the
different coverage and source windows. Double-
click navigation keeps all of your opened windows
in sync as we will see later in this paper.

filtered searching and editing the column’s visibility
which is available in all Visualizer coverage
windows. The window toolbar buttons provide
filtering by covered items (green check) only, missed
items (red X) only and disable the excluded items
(E), all for a specific coverage type or for all types.

We are going to analyze the condition coverage for
a specific instance to decide to either fix the code or
simply exclude the unwanted items.

» Code Coverage Outline

# o8 Fier|

[~ #]&] Firertoy Coveragets)|

Show coverage typel AlL] [VX][EGo to Line Y
Line# |Coverage Type [Hit [Coveraged | Details 2
& [l [keypad_tb.calc 1
Eljep 204 Fsm state
B 4 204 Fsm State v 100.00% analyze
B § 223 Fsm State v 100.00%  write_to_stack
B 4 246 Fsm State v 100.00%  enter
B 283 Fsm State v 100.00% calculation_done
B ) 201 Fsm State v 100.00% alu
37 Toggle X U.00% enable resei |
a» 39 Toggle X 0.00% div_by_zero_bed
46 Toggle x 0.00% ready
» 51 Toggle X 0.00% calc_done
52 Toggle X 0.00% operator_count
» 52 Toggle x 0.00% enter_count
[@ 57 Candition X T.00% _else if (ke
@374 Condition s 00 nev_1es giy - div):
LETi 17.1 Branch X 0.00% ...cond[34) ? -second : secand) / (top[34] ? -op : top));
173 Branch X 0.00% _..cond[34] ? -second : second) / (top[34] ? -top : top));
5195 Branch X 0.00%  AllFalse E‘
Transcript i | Code Coverage Outline E3
Figure 4. Code coverage outline window.
Siemens Digital Industries Software 5
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The following figure shows the missed condition
coverage items for the “calc” instance selected from
the design window (figure 2). We will filter the view
to show condition coverage only. Now double-
clicking on the condition under analysis (line 374)
causes the source code window to get highlighted
and the coverage details window to be opened for
more detailed information on the condition item.

Fle Edf View Coverage Delnds Tools Window Help

e - BLEFHERGES B8+ 20A [we [-[o|-jejmca-|af  [@m [-] BABNLA

Line: 374 =
Condition Coverage for:

(second|34] ~ top|34])
icondition Coverage: @ out of 2 input terms covered = ©.00% ’7

Covered

Input Terminal

Non-Masking Condition(s)

]
=
- = + @A X [ ealesy . keypad_theale @zﬁ
v s 2 | — -
popt e [|[2] o o [ @ e |- )55 e ok
AN erl'lIt = lwaI:lll tep(34] 7 -0V : EiV);
Jorvoeopors  Jomersoett _ Jomewenss T3] s | — m
& T bevpe o erpnd ) coverzocefse L wou | I st resay b ‘
a ona n
L] display {dglay_bed +eaversbeetsi [ =] [ ] i E
sistack) scaver-boelsx _3 BT _\m endense =
scoverzocetsx —) 7 i0103)

E) Emm— 7 p— | _]_| weypod_b.wv Bl | cakcsv Bl | calcsv B

| B Cade Coverage Outine WK
Shomcvrnge o Conion | o [R[EJcetom R  [IEE e [F® |
Lnes. [ Coverage Type [He [Coversae [Dewts |
S [l veypac_meak

L‘g =57 Condion § 0.00% ek i ley_ID == key._C) begn

Transcrgt E3 | Code Coverage Outine £

coic3v - kypod_monke |

Figure 5. Source window is synced with code coverage window.

For further analysis on the condition at line 374, and
from the coverage details window, we can see that
the “second” and “top” signals need to be 1 to cover
this item, and per the design, the “second” signal
will never have a negative value, so we can exclude
“row 2" from the coverage details window.

Now we have the excluded item in the pending
exclusion window as shown in figure 6. We are
going to explore this window in a later section.

- - | File: /home/yaessam/VisCoverage/dut/calc. sv
Pending Exclusions W] Line: 374
1 Pending Exclusions OOXEH M rer| [~=]= ranch Coverage for:
= new_result <= (second[34] A top[34] ? -
ctive: 167, True Hits:
ge exclude -src f v SV - I3
<] D

In figure 7 you can see the “X” coverage indicator at
line 374. It shows the multiple uncovered types in
this line as below. It indicates that condition and
true branch coverage are not covered!

calc.sv - keypad_tb.calc

check for division

maximum_value:assert (new_result <= 35'd9509980499)
else Serror ("Final Result greater than 99799'99799799");[«]

v
X endcase
X
v

| E— 1 e a0

Figure 7. Multiple uncovered typed.

To analyze this line further, you can go to the code
coverage window and write the line number “374" in
the "go to line” box to show all uncovered coverage
types at this line, the first uncovered coverage type
at this line will be highlighted as shown in figure 8.

W]

snow covecage ype| A | o [XE Joo o une 374 "] e [ # @ ooy covenager) e
s Teoweage Ty i [Cowragem Towas o
= Togpe ‘0:00%  erner_count
= Toggo 0008
Efurs Beancn 000% _gr v = (B6<onag) 7 38 6K [ (OO 745 G
g urz Beanch 0:00% _ign div = ((second{14] ? -second : second) / (wp(34] 7 -20p - 1opi):
15 0ot AiFase

Figure 8. Line highlighting in code coverage window.

Double clicking on the branch coverage type for line
374 in the code coverage window opens the
coverage details window for that type for more
analysis as shown in figure 9. This shows how many
times the line is activated (167) and how many times
the branch expression evaluated to true (0).

Coverage Details

nstance: keypad_tb.calc

Figure 6. Pending exclusions window.

Siemens Digital Industries Software

Figure 9. Branch coverage information in the coverage details
window.
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| Toggle coverage

Toggle coverage analysis can be done on a separate
window as shown in figure 10.

This window displays all variables and their toggle
percentage along with transition counts. Many
toolbar options help in customizing your display.

™0

Toggle Coverage

snow:| A1 [ [ XE | 8% Finer| |~ |[#] 8] rieroy Coveragens)| MESE N
Name | kind |Mode 1H->0L |oL->1H |#Nodes |#Toggled |96 Toggled |es 01 |
. (idiv_by zero_bed . Register internal ] 0 1 0 0.00% 0.00%
(D enable Register internal 0 (1] i 1] 0.00% 0.00%
- (J) erase Register internal 0 1] 1 0 0.00% 0.00%
- error Register internal 0 0 i 0 0.00% 0.00%
& O o_BCD Packed Array  internal 341 341 40 40 100.00% 100.00%
(D oDV Net internal 13 13 3 1 100.00% 100.00%
® (D o_DV_counter Packed Array  internal 0 0 4 0 0.00% 0.00%
® () pointer Packed Array  internal 38 51 33 3 9.09% 10.60%
@ (D pointer_1 Packed Array  internal 104 nz 33 8 24.24% 25.75%
@ r_BCD Packed Array  internal 341 341 40 40 100.00% 100.00%
& () r_Binary Packed Array  Internal 454 454 35 35 100.00% 100.00%
= N> Register internal 13 13 1 1 100.00%  100.00%
® (B r_Digit_Index Packed Array  internal 52 52 10 4 40.00% 40.00%
@ B r Loop Count Packed Array internal 78 78 8 6 75.00% 75.00%
® (D r_SM_Main Packed Array  internal 39 39 3 3 100.00%  100.00%
- sign Register internal 3 3 i A 100.00%  100.00%
~ ® sign_from_bed Register internal 3 3 1 1 100.00%  100.00%
@ (J) w_BCD_Digit Packed Array  internal 52 52 4 4 100.00%  100.00%

Figure 10. Toggle coverage window.

You can easily play with the filters provided to show
only the nodes you want to analyze (the uncovered
or partially covered nodes) by writing “0” in the
“filter (by coverage%)” box and modify the filter
options (via the “gear” icon) to be "equals to", as

shown in figure 11.

wlix)

s: [XE | 8% Fer| [*][#] % Fueroy coveragess)fo MEI

Name |King |Mode 1H->0L OL->1H | #nvodes | #Toggled |9 Toggled i | TGRS iy
- (div_by zero bcd | Register internal 1] 0 1 0 0.00% 0.00% [* Equals to

8 enable Register internal 0 0 1 0 0.00% 0.00% (] Less than
i erase Register internal 0 0 1 0 0.00% 0.00%
B error Register internal 0 0 1 o 0.00% 0.00% (] Less than or equal to
@ (B o_DV_counter Packed Array  Iinternal 0 0 a 0 0.00% 0.0006 [ Greater than

ICJ Greater than or equal to

Figure 11. Toggle coverage filter options.

Siemens Digital Industries Software 7
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Filter by variable types using the "show" drop down

menu as shown in figure 12.

snon [ [XE 8 s IR rmeroy cowager EECL
name [®Al  [lkind [Mode [iH>oL  JoL>1n [#Nodes [#Toggled |9 Togglea fwor ]
[® J0is " Register internal [ 0 1 0 0.00% 0.00%
P ¢ Integer Register internal 0 0 i 0 0.00% 0.00%
(B (* Register Register internal 0 0 1 0 0.00% 0.00%
D % Net Register internal o 0 1 0 0.00% 0.00%
@ () (* Real Packed Array  internal 0 1] 4 [1] 0.00% 0.00%
% Basic
% Unpacked Struct|
® Unpacked Union
% Unpacked Array
% Packed Struct
% Packed Union
% Packed Array

Figure 12. Toggle coverage shows drop down menu.

Customize the column visibility as shown in figure 13.

overage

 srow( 21 [ Z[XIE] 44 7w [|[Z]3 Fmery Coveragesl[o -[#e
[ Name |kina |Moge 1H->0L  foL>1H |#Nodes |#Toggled |96 Toggled [# 01 [Change Toggle window Columns visibiity Bl
[® ] div_by_zero_bcd Register §nmrna] 1] 0 1 0 0.00% 0.00% ® (Al
(B enable Register internal 0 0 1 0 0.003% 0.00% e
D erase Register internal 0 0 1 0 0.00% 0.00% & Kind % Mode
Q error Register internal 0 o 1 0 0.00% 0.00% W 1H->0L W OL->1H
@® (J) o_DV_counter Packed Array  internal (1] 1] 4 L] 0.00% 0.00% ® 0L->Z ® Z->0L
B 1H->Z = Z->1H
* Nodes * HToggled
% % Toggled % %01
= 5 full x%Z
Included
sopy | | Coe
=
Figure 13. Toggle coverage column visibility.
Moreover, as we examined before, double-clicking
on any toggle item highlights it in the source
window and opens the coverage details window for
more information.
File Edit View Toggle Coverage Tools Window Help
€ 5 BAUFEER QB EEBr ¢ 20A [mn [-[0]] e -] Bl -] BAPRAAAS GO XBRE DS »
| & Coverage Detaits SR

|Tnstance: keypnd_tb.calc.display.bed convert

File: /home/yaessam/visCoverage/dut/Binary_to_BCD.sv
: 29

[signal: o:

iv_by._zero_bed
count: 1

¥E

WEZW

l0/1 Coverage: 0.00%

/7input_logic

sign_flag,
input empty_stack,
input

—_—— e
i

iStart, //Result_ready strobe
output [DECINAL DIGITS*-1:0] 0_BCD,

autput logic ron_bed, div_by_zero_bed,
/outgut 1ogic internalreset,
output ov

cacse Bl | calcsv [ | doplaysv B3 | keypadsv B | Binary_to BCOsv B | Binary_to BCDsv EY

hame Kind Made H-S0L 0L>1H éhodes #Togled % Togpied 46 01
QD enatie Register memal ] [ 1 ] 0.00% 0.00%
O erase Register mternal o o ¥ o 0.00% 0.00%
Register remal 0 [ 1 o 0.00% 0.00%
© (B o_DV_counter Packed Anay internal [ [ q o 0.00% 0.00%

Pt

Figure 14. Coverage windows syncing.

Siemens Digital Industries Software
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You can exclude any toggle node either by the RMB

menu in the toggle window or the RMB menu in the

source window as shown in figure 15.

@ Design - keypad_th.calc display.bed_convert

ad_th.cak.displaybcd_conven]+| (] DU 4 || @ Recursive |-

Design hierarchy |Cover Opiions

B i@ calc sfcale)
E g display :(display_bed)

g 550 :(seven_segment)
i 51 :(seven_segment)

E 552 :Eswen %men%

Name Kind Mode
D enable Register internal
D erase Register internal

error Register internal

e ]
(B o_DV_counter ...cked Array internal

__ #=ax [Binary_to_BCD.sv - keypad_tb.calc.display bcd_convert QB%
27 174 -
output [DECIMAL_DIGITS*4-1:0] o_BCD, l:
35 Expand All F3
ol Expand Selected
);|  Collapse Selected
Collapse All F4
Clear Selection
Select Al ems £
Exclude Seleciion EE)
Exclude Selection for Instance “/keypad_tbfcalc/display/bcd_convert”
Exclude Selection With =
XML import Hint B
r  Test Analysis »
1H->0L 0L->1H #N
Change Coverage Columns Visibility...
sican sy
1] 0 1 1] 0.00% 0.00%
0 o 1 ] 0.00% 0.00%
0 0 ik ] 0.00% 0.00%
0 0 4 1] 0.00% 0.00%

Figure 15. Exclude toggle node by RMB in source window.

Using the summary coverage window shown in
figure 1, you can see that the 86.66% coverage
number means that there are some missing FSM
transitions. Double-clicking on the FSM transitions

| FSM coverage analysis

missing ones are in red. Double clicking on any FSM
state/transition highlights it in the source window.
You can easily exclude the undesired transitions
using the RMB menu.

horizontal bar takes you to the FSM List window. It

provides a list of all the finite
state machines that are
present in the design at one
place, and by double-clicking
on the FSM with missing
transitions, the FSM coverage
window and coverage details
window are opened as shown
in figure 16.

The FSM coverage window
and the source window show
all covered states and transi-
tions in green while all the

Siemens Digital Industries Software

Fie E1 View FsmUst Tools Wndow Hep

o PLEFHESRUE > ESB7 ¢ 20A [wen [~[r[]4/myene =] Blws -] BABDELANG
| & Covetage Detaits. ExY
Finite State Machine: /Keypad th/key/state

Instance: keypad_tb.

File: /home/yaessan/VisCoverage/dut/keypad.sv

State Coverage:
s1: 10767

A Bewwre [ H

Name [smtes  [ruansinons |suates Cove] tansitons ¢
eypad_ibicakidisplayed_converis_SM_Man 0 B 10000% 100009
DN QSN 5 8 100.00% 100.00%

| Transenpt Bl | Fem List B
[heypac.sy - keypad o key

Figure 16. FSM list and coverage windows.
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The coverage details window shows all the states Coverage Details
and transitions as shown in figure 17. All uncovered finite State Machine: /keypad th/key/state
nstance: keypad_tb.key
transitions are shown with “0” coverage. File: /home/yaessam/VisCoverage/dut/keypad.sv
State Coverage:
sl: 10767
s2: 10754
s3: 9908
s6: 10626
s4: 8572
s5: 4233

Transition Coverage:
sl -> s2; 10754
s2 -> s3: 9908
s2 -> s6: 833
s2 -> s1: @
s3 -> s4: 8572
s3 -> s6: 1336
s3 -> s1: @
s6 -> s5: @
s6 -> s1: 10626
s4 -> s5: 4233
s4 -> s6: 4339
g4 ->s51: @

§5 -> s1: 115
s5 -> s6: 4118

ransition Coverage: 71.42% (10/14)

Ftate Coverage: 100.00% (6/6)

Figure 17. Coverage details window for FSM analysis.

| Testplan tracker

If you are using a testplan-driven coverage flow, you
will most likely be interested in tracking the prob-
lematic sections in your testplan. You can start your

analysis from the testplan tracker window, shown in

figure 18.
Testplan Tracker 2T
8% Fiter| [~ |[#]#&] Fiterby coveragess)| By
Seci! | Testplan Section/Coverage Link |Type |status  |cCoverage% |Goal |[sbof Goal |weight  |Link Status |Bins |Hits |9% Hit |
0 B B Testpian Testplan [ | 81.16% - 81.16% 1 ciean 9138 1761 19.27%
1 ® B Keypad Testplan [N 98.12% 100% 98.12% 1 Clean 266 181
2 ® & calculator Testplan [ 94.02% 100% 94.02% 1 clean 2031 633 31.16%
3 o] a Interface Testplan [0 89.74% 100% 89.74% 1 Clean 1130 157 13.89%
31 B B Operandvalues  Testplan === 100.00% 100% 100.00% 1 ciean 4 4 100.00%
32 B B ...imum Operators Testplan B 100.00% 100% 100.00% 1 Clean 1 1 100.00%
33 Bl 8 ... no of Operands Testplan B 100.00% 100% 100.00% 1 Clean 1 1 100.00%
B /eypad toi_intf  Inteface [0 ] 100% - 1 1124 151 13.43%
4 E £ 8inary_to_BCD Testplan 100% 1 clean 1380 362 26.23%
41 B & converted Testplan B 10000% 100% 100.00% 1 Clean 1 1 100.00%
42 Bl B sign_from_BCD  Testplan B 100.00% 100% 100.00% 1 Clean 1 1 100.00%
43 B B ..._flag_from_BCD Testplan —1 0.00% 100% 0.00% 1 Clean 1 0 0.00%
g ...laybcd_convert Instance [N ) 81.11% 100% 81.11% 1 1877 360 26.14%
5 =] % Seven_segment Testplan 100% 1 Clean 4331 428 9.88%
5.1 ® B ...nsegment error Testpl 1 0.00% 100% 0.00% 1 Clean 1 0 0.00%
52 B ...evem_Segment Testplan B 100.00% 100% 100.00% 1 Clean 1 1 100.00%
I ...d_ticaicidisplay Instance 100% L 1 4329 427 9.86%

Figure 18. Testplan tracker window.

Siemens Digital Industries Software 10
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It shows testplan sections and sub-sections,
providing different coverage metrics analysis
(coverage percentage, bins count, etc.). Tracking
uncovered sections with the least or zero coverage

guides you directly to the most problematic areas in
your design as shown in figure 19 (sections with
zero coverage).

M Fier; [*|[#|# Fiery Coveragess) o HEIE N
Secit | Testpian Section/Coverage Link |Type |status  |coveraged |Goal |9 of Goal |weight  |Link Status |Bins | Hits |9 Hit |
0 B B Testplan Testplan [ w| 81.16% - 81.16% 1 Ciean 9138 1761 10.27%
2 & € Calculator Testplan || 94.02% 100% 94.02% 1 Clean 2031 633 31.16%
218 | @ B Operand limit Testplan =1 0.00% 100% 0.00% 1 clean B 0 0.00%
4 E € Binary_to_BCD Testplan 100% 7 1 Clean 1380 362 26.23%
43 | @ B ..._flag_from_BCD Testplan | 0.00% 100% 0.00% 1 Clean 1 0 0.00%
5 E E) Seven_segment Testplan [ | 100% : 1 Clean 4331 428 9.88%
5.1 E € ..nsegmenterror Testplan | 0.00% 100% 0.00% 1 cClean 1 0 0.00%

Figure 19. Testplan tracker window, zero coverage sections.

| Debug this!

In this section we will go through a full debugging
path for an uncovered item using Visualizer's debug-
ging capability and see how we can fix the code at
the same place.

Starting from the testplan tracker window in figure

19, you may need to add more criteria to determine

which section to start with. Adding a priority
column, as shown in figure 20, makes it more
obvious now that the operand limit sub-section has
"zero" coverage percentage with very high priority
"1". Let’s track the assertion type coverage linked to
that section.

Testplan Tracker x|
o Finer:| v |[#][%] Funerny coveragesey o [~[=)% B2
Seci | Testplan Section/Coverage Link |Type |status  |coveragew |Goal | of Goal [weight  |Link Status [Bins Hits |9 Hit |prioriy |
0 B & Testplan Testplan [ | 81.16% - 81.16% Clean 1761 19.27%
2.18 | @ B Operand limit Testplan | | 0.00% 100% 0.00% 1 Clean 1 0 0.00%
4 = Q Binary_to_BCD Testplan 100% 1 cClean 1380 362 26.23% 4
43 @ B ..._flag_from BCD Testplan — 0.00% 100% 0.00% 1 Clean 1 0 0.00%
5 E €} Seven_segment Testplan [ | 53 100% 1 clean 4331 428 9.88% 5
5.1 @ B ...nsegment error Testplan —1 0.00% 100% 0.00% 1 ciean 1 0 0.00%
Figure 20. Adding priority column in the testplan tracker window.
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Double clicking on the assertion type "greater_
than_99_a" opens the assertion coverage window
for more analysis as well as highlighting the asser-
tion in the source window.

File Edit View Assertion Coverage Tools Window Help

-5 BLEFEBE S EBB 4 20A [wem [-|ro[|emfancoe [-|dp  [Flms [-] Bah >
[ Design - keypad_tb.calc H@Ax [ calesv - keypad_ tb.calc + A
489 else Serror ("write Flag check failed"); =]
mz‘ @ oy W l:] 490 resul_ready_check_a:assert property (result_ready_check)
491 else Serror ("result ready Flag check failed");
Design hierarchy |cover aptions |coveraget | 492 check_only_enter_a:assert property (check_only enter)
: 493 else Serror ("Only Enter Pressed");
494 invalid_entryl a:assert property (invalid_entry 1)
i_intf :(intf) +cover=hcefsx 495 else Serror ("Not a valid Entry");
s = 496 invalid entry2 a:assert property (invalid_entry 2)
kevolsyead) Tooverbeei — else Serror ("Not a valid Entry");
498 ofom.
499 assert property (number #% (key_ID == key_E))
500 else Serror ("Operator pressed before operand");*/
501
502 greater_than 99 a:assert property (greater_than 99)
503 else $warning ("Input should be less than 100");
504
505 cover property (sign_flag check);
566 cover property (divide_by zero_check); [+]
507 __cover property (display strobe_check); e
] ] r)
+ Assertion Coverage A £
£ 08[VX|E | Firer Assertions |||t Fuerioy coveragess)| MESETR
Name Cwerage%|5tatus |Language |Type |Pass Count |Fail Count [=]

fkeypad_tbicalc/write_flag_a SVA Concurrent
/keypad_tb/calc/resul_ready_check_a X SVA Concurrent
/keypad_tbicalc/check_only_enter_a A Concurrent
fkeypad_tbicalc/invalid enuyl a . Concurrent El

/keypad_tbicalc/invalid_ent . Concurrent
/keypad_tbicalc/greater lhan 99 a .00% 2 Concurrent
fkeypad_tbikey/asseri__key_pressed_check A Concurrent -
Jkeypad_tb/i_inti/number_of_cperands . Immediate EI

Figure 21. Assertion coverage window.

The assertion coverage window provides
more details about the design assertions igg Hgpraperty (2]
(status, assertion types, pass/fail count, jgg
etc.). It shows all embedded and external 460 property check only enter;
. 461 @(posedge clk)
assertions that were successfully com- 462 (key_ID == key C) |=> enter_key;
. . . 463 endpropert
piled and simulated during the current 464 s
: u " 465 property greater_than 99;
session. The “greater_than_99 a” asser- 466 @(negedge c1k)
tion is marked as 0% covered because gt (state == write_to_stack)|-> new_result < 100;
468 endproperty
the assertions failed. For more debug- 469
. . . 470 El sequence enter_key; E
ging, you need to examine this property 471 (!(key_ID == key_E));
. 472 - endsequence =
and try to add it to the wave. All of that 473 E
. . . A7A sinn flan check atassert nronertv (sinn flan o =
can be done in the same tool by invoking 4] mE | 'ﬁﬁ

Visualizer in debugging mode. Figure 22. Double clicking source highlighting.

Now by double clicking in Visualizer, you
can navigate to the property definition in the source
code window as shown in figure 22.

Siemens Digital Industries Software 12
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The condition says that at the negative edge of Now you can see that at the negative edge of clock
clock, if the state is “write_to_ stack”, the “new_ with the state equal to “write_to_stack”, the "new_
result” signal should be less than 100. You can result” signal is undefined!

examine the values by either enabling value annota-
tion or adding the property to the waveform
window as seen in figure 23.

File Edit View Wave Tools Window Help

-5 PLEFPEESOAQEF E287 + 20 [wen [Jro|-|eieg - B - BADRAIAASS

B Design - keypad_tb.calc +@Ax [ calesv - keypad_th.calc HA
[ i 455 state == alu) |=> Srose (result_ready); i
foread meae |+ [#] ou 4 = @ Rocusie [~ ] (&¥ {irite._to_stadk. o C|
456 endproperty
Design hierarchy |Cuv¢r0p1bons |Cuvarage€ 457
i x . 458
459
— | 4680 property check_only_enter;
461 @(posedge clk)
1->@
462 (key_ID == key_C) |=> enter_key;
2 d
463 endproperty
464
465 property greater_than_99;
466 @(negedge clK)
1-20
467 (state == WrIEENEONSEACK)|-> new _result < 100; |:
write_to_stack XXXKXXKX
468 endproperty
469 |
470 iz sequence enter_key; l:—
' e A
i:-]n — ,,I' m koo EVY | T
i 4[] keypad thsvEd  calcsvEd
File Edit View Options Tools Window
vy GO0 FASHHMWMM e =3 F3f [Cllx El=]0 [ omiwofms [~|Feqeass[muz]~] W L AEE PN NL
120 130 140

% Signal Name Values C1 1o

Figure 23. Waveform debugging.

You can fix this in the code by defining an initial | calc.sv - keypad_tb.calc
" "o B 36 output logic erase_stack; E
value for the “new_result” signal as shown in a7 output Iogic enable reset: F
H 38 output logic sign_from_bcd;
flgure 24. 39 output logic div_by_zero_bcd; =
40 output logic [34:0] new.result = (-);|
i i i i _ 41 output logic [34:0] top , second;
Rerunning the simulation, going back to the asser 5 SHEE. i SiRsr i
tion window, and searching for "greater*" in the 23
“filter assertions” box results in getting full coverage :g gutr_:ut logic operator , number;
. . ogic ready;
for the assertion. By checking the testplan tracker a7 logic result_ready; =
48 logic [3:8@] cur_num; -

window, we can see the “operand limit” now has full
coverage too. Figure 24. Source code window.

fiot ﬂ@@ FllterAssenionslgreaier* I'|@ Filter(by COverage%)[ —

Name ICoverage% istaxus ILanguage IType |Pass Count [Fajl Count |
- /A Ikeypad_tb/calc/greater_than 99 a 100.00% DN SVA Concurrent 13 0

Figure 25. Assertion coverage window with fixed assertion item.
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ﬂ Filter: [upemnd I'l@ Filter(by Coverage%)l I'l@ E@
Sec# | Testplan SectioniCaverage Link | Type |starus  [coveragess |Goal |90t Goal |Weight  |Link Status [Bins [Hits loomr |
0 = s Testplan Testplan 82.23% - 82.23% 1 Clean 9138 1763 19.29%
2 = a Calculator Testplan == 99.32% 100% 99.329% 1 clean 2031 635 31.26%
29 & B ...r before operand Testplan — 100.00% 100% 100.00% 1 Clean 1 1 100.00%
: © = Operand limit Testplan 100.00% 100% 100.00% 1 clean 100.00%

Figure 26. Testplan tracker window after fixing the assertion.

| Exclude all!

When you apply an exclusion on a cover item from a
coverage window, the exclusion is added to the
pending exclusions window. The exclusion is
displayed as a textual representation of the
coverage exclude command (including arguments)
that Visualizer will run to apply the exclusion.

Pending Exclusions
2 Pending Exclusions

00 XK |# Fiter ~|[#]

VE S

_

C

coverage exclude -src fhomefyaessam/VisCoverage/dut/calc.sv -feccondrow 374 2
covera

ge exclude -du work keypad -ftrans state {s3 -> s1

exclude -src /home am/VisCoverage/dut/keypad.sv -line 116

Figure 27. Pending exclusion window.

You can execute the selected commands by clicking
the run button in the toolbar, which constitutes a
two- step flow for coverage exclusion. You can also
copy the exclusion commands written in this
window and use them in a do file. All options are
listed below in the RMB menu.

Now you can run all the exclusions at once, saving
the coverage recalculations that happen after every
single execution for the exclusion, and hence
improve the GUI performance.

Siemens Digital Industries Software

Select All

Execute All Commands

Clear Selection

Execute Selected Commands
Remove Selected Commands
Save Pending Exclusions File

X0 9

M

Figure 28. Pending exclusion window RMB menu.
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All the executed exclusions are listed in the exclu-
sions list window, which displays the history of
items that you have already excluded in this session,
and helps you keep a track of any coverage exclu-
sions applied in your design. All excluded items are
marked as “E” in the different coverage analysis
windows as shown in figure 29.

File Edit View ExclusionsList Tools Window Help

% PLEPHEHSRGEF Es8B7 4 204 [|wen [

3 Excluded hems I:B] % Finer M
| Exclusion Command [ File |Line |Coverage Type
Goverage exciude -5r¢ duUgalc.ov tem 1 for 3?42
coverage exclude -sic dulkeypad_sv -code s -line dukeypad.sv 16 Statement
coverage exciude -du work keypad -1t state {s3 -> sl}{sﬁ >s5)
q 10|
B Design - keypad_tb.key SR %m;;" v - keypad_thkey @]a![%
= -| (BB [ else )
- [l 00 e = [@secsne -] [EE] (&1 e B
116K state <= 55;
Design hierarchy | cover Options | coverages ﬁlﬂ.
& ligy keypad_ih ‘(keypad )  +cover=bcefsx - 118
E i caic :(calc) +cover=beefsx i endcase
8 cllsplay (dispiay_bca) +cover=beefsx | 120 end []
+cover=boefsx -— 12 L
S T 3 | swaysieqposedge keyopressea)
|| 124 begin E}
| (€103
[]r]  keypad_tb.sv E3 r.alc.svl display.sv B = Binary_to_BCD.svEl  keypad.sv E3
o — P AN
R " e e —c
Line# |coverage Type  [Hit  [cover |Details |
B [ keypad tkey
B a4 Fsm state
@ T Fsm State v 100.00% 53
[ 102 Fsm State v 100.00%  s6
=6 Stalgient E = |
Transcript E§ | Code Coverage Outine E3

keypad sv - keypad_tb.key

Figure 29. Exclusions list window.

Now you can find that all related coverage analysis
windows are updated with the new coverage
percentage after running the exclusions as seen in
the testplan tracker window and FSM List window
shown in figure 30.

sm List

™onm FmerFsm[ |-|@
Name States iL |states Cove| q
&% /keypad tb B convert/r_SM_Main [ 8 100.00% 100.00%
Tkeypad_tbicalcistate 5 8 100.00% __100.00%]
Ikeypad_toikeystate 14 100.00%  83.33%
| & Testplan Tracker = (B
8% Fiter| [*[[#] %] Fiterioy coveragese)| U@@ B
Secit |Testplan Section/Coverage Link |Type |status  |coveraged |Goal |3 orGoal |weight  |Link Status |Bins |Hits 9% Hit |
0 E B Testplan Testplan [ | 82.31% 82.31% 1 Clean 9135 1764 19.31%
1 B & Keypad Testplan [ 98.45% 1009 98.45% 1 Clean 263 181
2 2] Calculator Testplan 99.40% 100% 99.40% 1 Ciean 2031 636 31.31%
3 E B Interface Testplan [N | B9.74%  100% 89.74% T Clean 1130 157 13.89%
4 E B Binary_to_BCD Testplan 100% 1 Clean 1380 362 26.23%
5 @ £ Seven_segment Testplan 100% 1 ciean 4331 428 9.88%

Figure 30. Coverage recalculations after running the exclusions.
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| Covergroup analysis

Last, but not least, we need to explore the cover-
groups window, which shows coverage results for
SystemVerilog covergroups, coverpoints, crosses
and bins in the design. The coverage information is
displayed in two panes. The top or left pane lists the
covergroups present in the current design, and
bottom or right pane (covergroup details) lists bins
and associated coverpoints for a selected cover-
group with corresponding bins.

As shown in figure 31, double-clicking on “opcode_
combinations” covergroup in the top pane of the
covergroups window populates the associated
coverpoints with the corresponding bins in the
bottom pane and highlights the source code
window. Then by filtering the coverpoints with
“zero” coverage, you can go directly to the missing
bins in your selected covergroup.

File Edit View Cavelglmps Tools Window Help

- PLEPEESE UE » 331 +
B Design - class_pkg

2 OA [wen <- pyeoge |z el |- B>

«.5(}!] En:vq:ape,svh—clasg_plrg FAX
}
apio_[g] (2] 0w (o] [ S b dpcone 2 covrposnt opr2) ¢
- 59 bins a2[] = {ADDITION, SUBTRACTION, MULTIPLICATION,6 DIVISION};
| Design hierarchy | cover options |coveraget g
=] keypad_i :(keypad_tb) +cover=beefsx [ opcode_3: coverpoint op[3] {
) B ‘. 52 bins a3[] = {ADDITION, SUBTRACTION, MULTIPLICATION, DIVISION};
@ | cisplay display_bcd) +covershosfax. — %2
E 55{';:’;,"‘; ) — Crossiopeodes : cross OPCOdeLD, OCOUeLT, BCONE 2, OPCOdELd;
e = 65 endgroup
i_intf :(intf) +cover=bcefsx | gg
key - +cover=beefsx 67 covergroup operand_operator_size;
68 operands: coverpoint operand_number {
69 bins two = {2};
70 bins three = {3};
71 bins four= {4%};
1| )
(€13) calosvid | coveragesvh B3
A EE
u Filter Covergroups ['|@@ Fllter(nycavemge%)l {"@@ B
Name |Missing Bins|Total Bins 9 Hit |Coverage [Status  |Goal
| TH! Jclass_pkgicoverage/operand_values [ 4 100.00%  100.00% mEEN  100%
|l| e kau.'cwerage!opemnd operatur size 0 8  100.00% [ ] 100%
A Iclass_pkg/coverage_| (1] 16 100.00% 1] 100% E
&Y iriace_ninirmvarana tanirach it unllme n 2 100 N0k —_— 10006
ﬂ.@. Filter Covergroup ltems| ‘ |.D Flllsr(uwaalagd%)IO E'|@ E;
Name | missing Bins[Total Bins 96 Hit |Coverage |status |coar &
= PRV iclass_pkglcoveragefopcode_combinations %0 272 66.91% 92.96% [ 100%
2 € cross opcodes 20 256 64.84%  64.84% 100%
<a0[11].a1{13].a2[10],a3[10]> 0o — 1
<a9[10]a1|15]a2[10]a3[10]> 0o — 1
<a0[11],a1(15 0o —— 1
<a 10]a_115]az[]_n]a3[1n]>
<a0[13],a1 Ty, 0 — 1 @
AO101 10111 AQLA1] aQliak s i

Transcript B3 = Covergroups

coverage.svh - class_pkg

Figure 31. Covergroup window.
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| Conclusion

The Visualizer Debug Environment helps you fix and
debug all the uncovered items in your design at one
place. Visualizer provides visualization tools that
display coverage results for both code and functional
coverage. The graphical user interface shows
coverage statistics in instance and design unit views,
helps you to see a quick overview of your design
coverage in terms of coverage types, testplan
sections and design units, and has detailed informa-
tion on every coverage item via the coverage analysis
window to facilitate the deep analysis for that item.
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