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Verification plan:

Design Feature:
(D PAD cell: instance pad model

(2) Mode decoder: various mode
confirmed

(3 Combinational logic: logic
selection with basic logic gates
@WRegisters: control of pull-

up/pull-down, sleep mode, and
ie/oe enable

a) Block Level: Check the connection between PAD and core inside PINMUX
b) Soc Level: the connections between PINMUX and subsystems within the SoC
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\ I. ctrl agent: configure the
N PINMUX module to a

@se Te%\W/
specific operational mode

Driver

ctrl _agent
II. signal agent: generate data
™~ gnal_ag g
m/ generated by python)
15 ) | w incentives, need a large number of random test cases;

.
m L PINMUX e transactions,
\ y\ DUT 0P odel [I. Assertion: checks the
VSEQ [ signal agent reference signal and DUT
Simulation Verification challenges:
Apré 2. Coverage collected is time-consuming and inefficient

output;(automatically
1. A single simulation cannot exhaustively cover all
with random transactions (now simAlI can help)
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EYSTEMS IMITIATIVE
T Fail

Formal Proofs

Excel SV
Meodify CSV file & restart formal

- 5,{ -: 4
‘ ' or| —/——
_ e -
- ) Reverse

L

Block level: %Wﬁhg

» Excel sheet or a comma-separated-value (CSV)
file; The generation of csv files 1s fully

automated by python script;
» Register-Transfer Level (RTL)

Soc level:

» wire reverse extraction from analyzed
and compiled RTL, directly output an
Excel file or csv for review

check conn -reverse —src {pinmux —dest {subsys 0} —complexity (straightforward | simple | conditional | complex) —save as reverse.csv

1 NAME, SRC BLOCK, SRC SIGNAL, DEST BLOCK, DEST SIGNAL
(ptest==1&&PAD XX==0) |-> (chip_top.GPIO xx ==

2 CONNECTION, a_0,chip_top,GPIO xx, [O_ MUX CORE, core in_xx _
IO MUX CORE.core in_xx)

3 ,COND_EXPR, ptest==1&&PAD_xx==
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fixed 0/1 value

«eled) pinmux Verification Complm

EYSTEMS INITIATIVE

mode 0 select active

Mode 0 path

Mode 1 path

mode 1 select active

B

C

Subsys 0

Subsys 1

a single PAD has input functions across multiple
modes, the CSV for one input function must
reflect checks for fixed values of signals under
other modes

1 NAME, SRC BLOCK, SRC SIGNAL, DEST BLOCK, DEST SIGNAL

2 CONNECTION, b _0,chip top, A, Subsys 0, B
3 ,COND EXPR, mode 0 =1 && mode 1=0

1 NAME, SRC BLOCK, SRC SIGNAL, DEST BLOCK, DEST SIGNAL

2 CONNECTION, b_1,chip top,A, Subsys 1, 0
3 ,COND EXPR, mode 0 =1 && mode 1=0
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File Edit View Design Application Window Help

wceled) Formal Prove

esult

38 connectivity Veri... | e Coverage |—f"'|

File————— Design Setup——— Conn. Setup- — Fermal Verification—— Search

l’rg QR E~E %8 =6 &t O O B| My |2 search the Message Log

¥ | Toggl €O 7 | Connection Name

Destination

Connectivity Viewer X | Task/Property Table

Worksheet Browser ~ Connections Table | Name | | |Result : |
I."' * ™| - All Tasks

¥ |Toggle|CcOl ¥ |Connection Name | Source Destination Classification et -~ <embedded> L___10:0:0:0

4 k™ p_1 partial equal name Connackvity

o & p_2 partial equal name

4 £ p_3 partial equal name

v & p_a partial equal name B = I‘ENO filter jlu Filter on name ,; E P~
4 £ p_5 partial equal name /T | Type T |Name ¥ |Engine =
¢ & p6 partial equal name « | Assert conn:p_1 Ht (1)

L4 W p_7 partial equal name T« | Assert conn:p_2 N (2)

o & p_8 none « |Assert conn:p_3 PRE (1)

o & p9 partial equal name «  |Assert conn:p_4 N (2)

4 & p_10 partial equal name «  |Assert conn:p_5 N (2)

o LY p_11 partial equal name _I o Assert conn:p_6 M (2)

= — — — - « | Assert conn:p_7 N (2)

E session_0 | ¥ - @ @ 0 Pl |aser conn:p_8 PRE (1)
2025-04-03 17:52:02: INFO (ICOVE30): Completed measure for task {Connectivity}. -] « |Assert conn:p_9 N (2)
[Connectivity] % 7 =

[Connectivity] % # # ## save coverage database Assert cannip-10 Ht (1)
[Connectivity] % # check cov -save ./cov db/cov.${conn target}.db -force «  |Assert conn:p_11 Ht (1)
[Connectivity] % +  |Assert conn:p_12 N (2}
[Connectivity] % & .

o . Assert p_13 N (2
[Connectivity] % set time end [tcl clock seconds] 558 COnip-: 2
1743673923 «  |Assert conn:p_14 N (2)
[Connectivity] % puts "\[CDNS INFO\] Total Time : [expr $time end - $time start] seconds"” « | Assert conn:p_15 M (2)
[CDNS_INFO] Total Time : 435 seconds « | Assert conn:p_16 N (2)
[Connectivity] % =

j «  |Assert conn:p_17 N (2}
«  |Assert conn:p_18 N (2}
[Connectivity] % « |Cover (related) conn:p_l:preconditionl Hp
« | Cover (related) conn:p_2:preconditionl Hp -
4 | ' 2
Console | Lint Messages | Warnings / Errors | Proof Messages ¥ % H [Total: 37 [Filtered: 37 |selected: 0 [validity: 36:0:0:1 [Run: 1:0:0:36
|No proofs running | Console input ready .
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Convert formal coverage file from .db to .ucd

-

jg-cov_inif -covfile
cov.ccf -type {toggle..}

Merge process:

(database —export unicov)

2. Specify source (formal top) and target

(sim_top)

include jg setup.tel
i
analyze and elaborate RTL
+
load formal cov database

3. %ge'/&m cov/cov /formal/cov/

Apl‘@ mnuﬁu

_\\

\/\

1. First, convert formal's .db to .ucd;

|

Sim + Formal
r G 1 — ‘

Combined Covered Grade

) 93.29%
() 93.89%

: — '*"":-‘-,‘:;.ss ,Setup formal hierarchy |
Export unicov (ued) | . "N ‘and simulation hierarchy

_| merge sim .ucd and

formal .ucd

) 77.35%
) 77.45%

Overall Average Grade
10 TIEer )

Formal Average Grade
(no filter)

D 81 68%
] 82.78%
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Compile need lots of time automatically add
| modules that are not
related to the source
signal and DEST
y signal path to the
black box list

elaborate iteration

Black Box

Assistant
set balckbox assistant handle bbox true

set balckbox assistant require control paths in connections true
set_balckbox assistant require clock paths in connections true

16 70 | fii.i?'i' blackbox assistant —config —connectivity map jg ${conn target}.csv
Apr 8 i l —export [get proj dir]/.bbalist
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BBA will cause the previously

passed assertion to fail

include jg proc.tcl

include jg_setup.tcl

include jg_cov_init.tcl
cinclude jg_read_design.tcl

check conn —load ${conn_target}.csv

weled Difficulties and Breakthr

K’

Source

4 constant.csv

]
C "mbi“‘rj'ﬁ““al C ombinational o Destination
logic logic

_

5 [

! Combinational Combinational
| logic logic

Destination |

The solution involves setting the input source

signal as a constant during the verification phase

~ /

enable bba ${conn_target}.csv

elaborate ...

—

/

—

1 NAME, SRC BLOCK, SRC SIGNAL, DEST BLOCK, DEST SIGNAL

2 CONNECTION, a_0,chip _top,GPIO_xx, IO MUX CORE, core_in xx

3 ,COND EXPR, ptest==1&&PAD xx==0

1 NAME, SRC BLOCK, SRC SIGNAL, DEST BLOCK, DEST SIGNAL

2 CONNECTION, a_0,chip top,0, IO MUX CORE, core_in xx

3 ,COND_EXPR, ptest==1&&PAD _xx==0

${conn_target}.csv
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a template tcl and leverage the
bsub command for execution;

clear —all include ./cons/cons.$ {conn_target}.tcl

_ . . _ set time_start [tcl clock seconds]
Manually run sequentially in Linux terminals

\ set conn target CONN TARGET check_conn -validate
\ include jg_setup.tcl check_conn -prove
e include jg_cov_init.tcl check cov -configure gui -task
Connectivity
é include jg read design.tcl

check cov -measure -task Connectivity
TCL script

& check conn -load ./csv/${conn_target}.csv
i bsub B check cov -
1640 |1 i . / save ./cov_db/cov.${conn_target}.db -
ADT /) =i | . clock -none force

reset -none set time end [tcl clock seconds]
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3. accelerate the convergence of results

identify the formal verification tool has
fully proven the design in batch mode

Jjg report txt User script Identify proven rF ormal passJ
batch mode |
cex
GUI debubg
check conn -prove

check conn —report —file xx.txt -force

proven not-generated Source is inside destination's COI  none

cex not-generated Source is inside destination's COI  none
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60
Efficiency improvement in formal verification
20000 18680 50 48 48
18000
16000 40
14000
30
12000
31.77X 48X
10000
20
8000 1
6000 . 4\4.67X
4000
1 <
2000 58 0 M — 1]
0 I Time for environme One-time verificatio Verification complet
Lines of code (line) nt setup (hour) n period (hour) ion time (day)
UVM verification 18680 UVM verification 48 48 14
B Formal verification 588 B Formal verification 1 1 3
16%) | . OFormal streamlines the 10,000+ lines of code to just 588 lines;

Apr % J.rt .0 Time required for environment setup and a single formal verification within an hour;
O Formal verification complete the whole verification in merely three days.
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~== Summary

Formal Verification

incentives are more easier iteration
comprehensive A—A
coverage merge better project

supported inheritance
- |4
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