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Background and Problem

Our Approach
Coverpoints are not in a vacuum
Mode-of-operation
DUT Configuration
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Some Serial Controller IP @ BROADCOM o
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A Data path is 32 bits
A Single lane transmit/receive

A Generation 1 speed

Using PCI-Express as the Example
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CRC A Start of packet delimiter
A Header
DATA A Data
A CRC
HDR A End of packet delimiter
32

Serial Transmit Data

>
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Packet Data

CRC

DATA

HDR

32
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A Monitor delimiters

A Start of packet depends on origin
I STP = start transport

MONITOR !
T SDP = start data | I nk

A End of packet depends on data

i END = good packet (86
IP i EDB = bad/nullified

n Serial Transmit Data R
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class MonitorA; class MonitorB;
logic [7:0] data; // 8-bit data path logic [7:0] data; I/ 8-bit data path
logic ctrl; Il 1-bit control path logic ctrl; Il 1-bit control path
covergroup tx_dp_cg; covergroup tx_dp_cg;
coverpoint data; coverpoint data;
coverpoint ctrl; coverpoint ctrl;
endgroup cross data, ctrl; /[ correlation!
endclass endgroup
endclass
A No correlation A Over-correlated
I data == 80hFE when ctihnldat=a == 80hFE && ctrl

I  EDB covered!
False positive for EDB coverage

Obviously, not the way to do functional coverage

SNUG 2016 6



€ BROADCOM' (sn.
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class MonitorGL; A
logic [7:0] data; // 8-bit data path Properly correlated covergroup

logic ctrl; // 1-bit control path A When cross ¢ 0 is covered. the
covergroup tx_dp_cg; - |

coverpoint data { whole group is covered
bins data_0O[ ] ={
86hFB, 86h5C, wFD, S8OhFE }:

} Only care about delimiter encodings
coverpoint ctrl {

binsctrl 0 = 160b1 1} ;
} Only when characters are marked as control
c_0: cross data, ctrl {

delim_cross =

binsof(data.data_0) &&

binsof(ctrl_0); \
} Sample only packet delimiter control characters

endgroup
endclass
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PCle Controller IP
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A Data path is 3% bits

Four
A Sip§le lane transmit/receive

THo
A Generation X speed

X

3
A Low power support v
i Lo v
i L1 Vv
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T L1 Sub-states
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PCle Controller IP @ BROADCOM
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Gen3, 2-Lane, Low Power LOs and L1 support

A Data path is 32 bits

L1 sub-states coverage

not needed _ _
A Two lane transmit/receive

A Generation 3 speed
A Low power support

I LOs
I L1

x4 lane coverage
not needed
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A Data path is X bits

Config 1 Fixed value
A Y number of lanes transmit/receive
Low power Config 1T Supported at compile-time
Mode T Enabled at runtime
IP A Generation Z speed
Config 1 Supported at compile-time
Mode T Enabled at runtime
A Low power options include/exclude
Config T Supported at compile-time

Mode I Enabled at runtime
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class MonitorGL;

logic [7:0] data: /I 8-bit data path A Are all delimiters covered when:
logic ctrl; /[ 1-bit control path i GEN1, GEN2, GEN3 speed?
covergroup tx_dp_cg; . _ o
coverpoint data { I X1 support: x1 enabled”
bins data_0[ ] ={ I X2 support: x1 enabled, x2 enabled?
\ 80hFB, 80h5C, 80hFD, &0 pFfnndrt: x1, x2, x4 enabled?
Coverpoint ctrl { T LaneS reversed?
binsctrl _0 = { 10b1 }; i Lane polarity reversed?
} iy . ,)
¢ 0: cross data, ctrl { i After transition out of LOs"
delim_cross = I After transition out of L1?
binsof(data.data_0) && i After transition out of an L1 sub-state?
binsof(ctrl_0);
}
endgroup

endclass
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Monitor @® BROADCOM
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Customer 2:

Did you even test this mode? 2rs covered when:
. _ GEN3 speed?
covergroup tx dp cg; -

The coverage scenario questions are applicable to ALL covergroups

Cir -
B Provide BRI i Lane polarity reversed?

Cross T After transition out of LOs?

AN Lo o e o o o T e e LA L1 AN

Shape

rou dats
gase'g S ontext

G \ja mode
on (ctrl of

nfi :
contig operation

Customer 1:

S €€ a n err
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Background

Our Approach
Coverpoints are not in a vacuum
Mode-of-operation
DUT Configuration
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Customer 2: (®BROADCOM' (5n'2)
Did you even test this mode? comectng eventhings o e

A Mode-of-operation

I Selected once or a few times during simulation
I Often only at the beginning of simulation

Low power
I Affects coverage context

IP

A Configuration

i Selected via defines throughout the RTL
I Affects structure of covergroup

crossGen3d && x1 &&
-ros5-eR-3—&&— 2 & & €
—€FossGGehra3—&&—¢ 4 & &
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A Write covergroups once
A Automatically shape all covergroups by configuration

A Automatically propagate mode coverpoints to covergroups
A Avoid waivers at (nearly) all costs , ¢

When cross ¢_0 is covered,
the whole group is covered
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Coverpoints Data Ctrl
36 hlF B “bineof (data data._0) &&
c0 . ~ P> : — |
— 8 0 h|FD, binsof(ctrl.ctrl_0); \EERI\:F(J('E\)T,\II(I)\IL\J
coverpoint data { | MECAOS\{JERREAI\%NT/!
bins data_0[]={ ¥ B ANDANALYSIS f
80hFB, 806h5C, 80hFD, 80hFE 1} ; ~all I -
} A . n—-—-———-‘ &
coverpointctrl{binsct r 1 0 = { 106Db1 ' S

Andrew Piziali
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Table Format
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A Write covergroup once

Coverpoints Data Ctrl
80 hFB,
e 86hFD, | !
Coverpoints Data Ctrl/,M_Speed M_Width
80hFB, K
c O 86hFD. 1 \Gl,GZ x1,x2,/x4£
Z=G1, G2 Y =x1
‘V,\\
Coverpoints Data Ctrl//I\/I_Speed M_Width
86hFB, K
cO 86hFED. 1 \Gl,GZ x1

SNUG 2016

A Automatic mode propagation

A Shape based on configuration

How to setup mode propagation?

How filter based on configuration?
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Hierarchical Abstract Model @ BROADCOM
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A Cover block

I Collection of related cover groups and cover blocks
A Block model mp———

I Sub-tree from any block n
A Cover model m
i Sub-tree from the root block /N
f

block_1/ blosk, 2 T\ block_3

’
é/ v
blogk 1 1 Ezlock_z_l _ block”

/‘l' \

E ‘ \
lock 1 1 1 \
I I D D D DN D DN DN N e e ‘
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Hierarchical Abstract Model @ BROADCOM' (sn:
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A Cover block

I Collection of related cover groups and cover blocks
A Block model mp———

I Sub-tree from any block - -
C C
A Cover model 0 o
I Sub-tree from the root block /‘Y\

block 1 block 2 block 3
A Cover block i Excel Spreadsheet | T
A Cover model i Directory structure b'oc‘l—l—l block_2_1 | | block 2 2

block 1 1 1
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A Cover

I encourage reuse

Root block

A Mode
I special case cover variable automatically
propagated to all covergroups in the /N
current coverblock and child coverblocks

block 1 block 2 block 3
A Config plock 1 1| [block 2 1] [block 2 2
I special case cover variable used to filter l
mode variable values AND block 1 1 1

cover group scenarios
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Name Range
Data 8“hFB, 8HMHFDC, B6hFE
Ctrl 1
Cover
root/block _1/Cover.xlsx
Coverpoints Data Ctrl
c O * 1
A Cover variables may be re-used:

I In current spreadsheet
i I'n any child bl ockos
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root/Cover.xlsx

Name Range
C_Speed G1, G2, G3
C_Width x1, X2, x4

Name Range
M_Speed Gl, G2, G3
M_Width X1, X2, x4

SNUG 2016

A Mode variables are propagated to:

Current spreadsheet cover groups
Al | child bl ocksd spre
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Specific configuration © BROADCOM
Supported speeds: G1, G2; Support width: x1

Name Range
C_Speed Gl, G2, G3
C_Width x1, X2, x4

Name Range
M_Speed Gl, G2, G3
M_Width X1, X2, x4

A Config variables filter:
i All mode variables
I Any cover group scenario that specifies it
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Specific configuration © BROADCOM
Supported speeds: G1, G2; Support width: x1

Name //Range\

C_Speed | G1, G2 )

C_Width x1 //
root/Cover.xlsx
Name Range

M_Speed Gl, G2, G3
M_Width X1, X2, x4

A Config variables filter:
i All mode variables
I Any cover group scenario that specifies it
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Specific configuration

Name Range
C_Speed Gl, G2
C_Width x1
l
Name Range
M_Speed G1, G2 /
M_Width x1 ¥

SNUG 2016

£ BROADCOM
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Assumed named value
(i.e. enumeration)

root/Cover.xlsx

A Config variables filter:

i All mode variables
I Any cover group scenario that specifies it
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Cover variables in block 1
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7 Range

root/Cover.xlsx

Name
C_Speed | G3 ‘
C_Width x1 //

Coverpoints

Data

Ctrl

05

SNUG 2016

C_Speed Not applicable
Pems— Removed root/block_1/Cover.xlsx

O OZ

A Config variables filter:
I Any cover group scenario that specifies it
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Cover model

\ 4
cover.xlsx .
Root block -

\_/—

e

bloik_l blo(ilg\m)::k_g _>"“

block 1 1 block 2 1 block 2_2 coverc.pl

|

block_1_1 1

SNUG 2016 >



Usage model

Root block

/N

block 1 block 2

block 3

| i\»

block 1 1 block 2 1

block 2 2

|

block 1 1 1

SNUG 2016
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Cover model
cover.xlsx —

___

| Instantiate

—>’:—>

in test bench

covergroup.sv

coverc.pl

___
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Usage model

Root block

/N

block 1 block 2

block 3

| £\

block 1 1 block 2 1

block 2 2

|

block 1 1 1

SNUG 2016

—

coverc.pl
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Cover model
cover.xlsx

___

covergroup.sv

___

VPLAN.xmI

Synopsys Users Group

Report
Coverage

\_/—
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Usage model

Root block

/N

block 3

block 2 2

block 1 block 2
block 1 1 block 2 1
block 1 1 1

SNUG 2016
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Cover model
cover.xlsx —

___

—>’:—>

covergroup.sv

coverc.pl

___

VPLAN.xmI

\_/—

shn

Synopsys Users Group
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Background
Our Approach
ATHDe moodg nWhat this | ooks |1 ke owitho

Coversheet examples from the paper
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Mame Date modified Type Size

| ex €— 9/11/2016 8:15PM  File folder
build_ipl.bat - — 8/31/2016 7:30 AM  Windows Batch File 1 KB
- IP1_Configbi em— 2/12/2016 5:40 PM Text Document 1 KE

Contains the coversheets from the paper
— |P1 static configuration

Script to build cover model for IP1

32
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Mame Date medified Type Size
| b oex 9/11/2016 8:15 PM File folder
build_ipl.bat 8/31/2016 7:30 AM  Windows Batch File 1 KB
| IP1_Config.tt 2/12/2016 5:40 PM Text Document 1 KB
Mame Date modified Type Size
| Coverc_topadsy <€ 8/31/2016 7:29 AM  Microsoft Excel W... 13 KB

—— Root block coversheet
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Mame Date medified Type Size
| ." EH '.. ' -: 'I.l e il = Eh =
- : E | '[E hr'l H— - ﬂ""'t 7,305 crosoft Exc ? |
bLIIld_IFI-l. Home Insert Page Layout Formulas Data Review View Team &7 9 = &3
| IP1_Confi 19 - K | M| |
Name A B C D é
= 1 Name Symbol Name Range Description
| _ IP supported
Low Power C_lowpower off, LOs_en, L1_en, LIPMss_en
2 low power modes
M 4 » M| config /‘mode . variable . group %3 4] I | » 1]
Ready | |[E2|C0 @ 160% (=) L)

A config tab 1 lists configuration variables
A ldentifies static (compile-time) configuration values for the DUT

SNUG 2016
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Mame Date medified Type Size
G/11 /201 A 215 DhA Eila £nldar
bLIIld_IFI-l. Home Insert Fage Layout Formulas Data Review View Team 7 9 = [
| IP1_Confi] &2 = %] 7
o A B C D E -
ame E
_ 1 Name Symbol Name Range Signal
| Cowv
. Low Power M_lowpower off, LOs_en, L1_en, LIPMss_en int CFG::LP
W 4 » *| config | mode . varable . group . ¥d (4] il | b 1]
Ready | |[E8|E M@ 160% (=) Ty () ..

A mode tab i lists mode variables
A Mode variable range values are pass-thru filtered by config variables
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[EII ™ R R overc_topxlsx - Microsoft Exce
Home Insert Page Layout Formulas Data Review View Team 2 e = P E3
Mame AL0 ~ ( £ | -
_’L 1 Symbol Name [ Description
b”'ld—h 2 Data Data [8'h00:8'hff] data  Decoded data bus from DUT ,
= IP1_CJ|. 3 Control Control 0,1 ctrl Control character indication =
Mamill 4 COM COM 8'hBC Comma control character, K28.5 '|
5 STP STP 8'hFB Start transport packet, K27.7
H1dl ¢ spp SDP 8'h5C Start data-link packet, K28.2 |
7 END END 8'hFD End of packet, K29.7
COM, SSTP, SSDP,
ControlChars ControlChars ° > ? Decoded control characters I
[| 8 SEND |
Sltssm_detect, LO, Enumeration of all LTSSM states ’
LTSSM States ltssm_state th.ltssm_o .
9 Sltssm_LOs_RX possible. Bound to DUT output. |
4 4 » M| config .~ ‘mode | variable . “group . ¥J (4] i | 0
| Ready | |[EOmE 160% (=) y om)

A variable i declare ranges for use in cover points
A Variables may be used in this coversheet and any child coversheet
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Man @| = - =R overc_topxlsx - Microsoft Exce Slvmbul Name
. Home Insert Page Layout Formulas Data Review View Team Data [8' hDD-BIhff]
| N B24 . fe |
A B C D CIDI"ItI'D| D, 1
15 BEW= RX Datapath Refined COM S'hBC
16 pol Name rx_datapath _cg .
Il 17 PE ptio Required RX path only important scenag#s to sim; STP 8'hFB
18 ance Pz th::rx_datapath cg SDP 8'hs5C
19 I pe
I
20 1y ata D 0 ate | END B hFD -
21 pkt delim cross  SSTP, SSDP, SEND 1 LO Cover packet delimiters |=
22 LOs wake rx _cross SCOM 1 LOs rx FTS LOs en LOs en Cover FTS receive
TR config .~ mode . varable | group . ¥3 KR i |
Ready | |[EE@ M 145% (=) ]

A group i instantiate variables in cross-scenarios used in a covergroup
A Any mode, config, or cover variable in this or any parent coversheet
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IP #1 Configuration Override @ BROADCOM
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Mame

o e

build_ipl.bat Scope and
||| IP1_Config.txt name ma:t(_;h?“
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