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‘ Fundamentals of Smarter Verification Management

\

‘ Next-Generation Architecture

\

‘ Centralized Multi-Geography Collaboration

|

’ Multi-User, Multi-Engine Concurrent Verification Planning

/

‘ Automation and Customization
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Fundamentals of Smart
Verification Management

It’s all about predictability, productivity and quality
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Across the Flow
 Predictability
Traceability

‘
N ctivity ~Run

3
* Quality Multi-Engine




Productivity: Regression Round Trip

w Analysis Help

Q@ © 0O0- K E-E
vPlan ::;:n

(4]

[ First_Failu... ~

Context Operations Planning

Parity mismatch._20
Parity mismatch._19
Unexpect CACHE miss._B

Unexpect CACHE miss._14
A\ Error
A\ Error
A\ Error
A\ Error

Error Low speed channel SB error. 1

Parity mismatch._9
Low speed channel SB error._7
FIFO write ptr out of bounds._1
Parity mismatch._7

Showing 111 items

]

s#zEea FAIL - APB RECEIVED WRONG DATA from uart0

Attempted access to illegal memory location._19

vManager radical:8080 (64

(%)
@

S S N I

Edit sach

INumber Of Entit
¥
¥

lysis - Messages Analysis]

Description

A\ SCRBD
A\ SCRBD
A\ SCRBD
A\ SCRBD
A\ SCRBD
A\ SCRBD
A\ SCRBD
A\ SCRBD
A\ SCRBD
A\ SCRBD

#@ERFFF FAIL
#EERHHHE FAIL
sEgeias FAIL

HEERRHF FAIL
EERERHFE FAL

EEERZEFE FAIL
HEEFHEE FAIL

#RFERHHE FAIL

Showing 28 items

HEERHFEFAL .

FEFRHHH FAIL

#ERERFE FAIL.

APB RECEIVED WRONG DATA from uart0
APB RECEIVED WRONG DATA from uart0
APB RECEIVED WRONG DATA from uart0d
APB RECEIVED WRONG DATA from uart0
APB RECEIVED WRONG DATA from uart0
APB RECEIVED WRONG DATA from uart0
APB RECEIVED WRONG DATA from uart0
APB RECEIVED WRONG DATA from uart0
APB RECEIVED WRONG DATA from uart0
APB RECEIVED WRONG DATA from uart0
APB RECEIVED WRONG DATA from uart0

cadence

¢ H
History Rerun  Creats fir Refrash | Report
Runs Report
B-2-2 0 » A
Index Name Status First 4 Seed Run
-] Failure Time 4 e
N E fuart_tests/apb_uart_rx_tx © failed 213500 165... /hd=
18 © /uart_tests/uart_apb_incr_data © failed 1080500 <13.. /ho
10 fuart_tests/apb_uart_rx_tx © failed 1751500 -16.. b
12 © /uart_tests/apb_uart_rx_tx © failed 1920500 212 1
17 © /uart_tests/uart_apb_incr_data © failed 1977500 100 h
14 Juart_tests/uart_apb_incr_data © failed 2016500 633 h
8 © /uart_tests/apb_uart_rx_tx © failed 2480500 128 ]
15 © /uart_tests/uart_apb_incr_data © failed 2804500 =18, ho
) o
M Showing 8 items
Attributes Logs 4 p 2
|brunlog = xrun_apb_uart_m txlog x local_loglog x localloglog x 4 p @

L}

[ Match case

338 UVM_INFO [home/magraham,‘xlm,wc-fkshopfsvﬁcb,ex,libfuanﬁctrlfsv/sequenceﬁhb/lE
339 UVM_INFO /home/magraham/xIm_workshop/sv_cb_ex_lib/interface_uve_lib/uart/sv/u
340 UVM_INFO /home/magraham/xIm_workshop/sv_cb_ex_lib/uart_ctrl/sv/sequence_libft
341 UVM_ERROR /home/magraham /xIm_workshop/sv_cb_ex_libfuart_ctrl/sv/uart_ctrl_sco
342 UVM_INFO /home/magraham/xIm_workshop/sv_cb_ex_lib/uart_ctrl/svfuart_ctrl_score
343 UVM_ERROR /home/magraham/xIm_workshop/sv_cb_ex_lib/uart_ctrl/sv/uart_ctrl _sco
344 UVYM_INFO /home/magraham/xIm_workshop/sv_cb_ex_lib/uart_ctrl/sv/uart_ctrl _score
BJSH M INFO -"Qridfavse|nsta\|f’xce\ium/AG\LE.’18,04.00lftoo\sfmethodolooviUVlvﬂCDfﬁ@

Messages
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Prioritize highest
impact failure

modes

|dentify shortest
test for each
failure mode

Automated rerun
to generate debug

data
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Outline from a Functional Spec

Functional & Code Coverage

4 Overall ) 88.45%
I 408%
e Requirements traceabilit b
ssi I 37.25%
I—o% Name Overall Average Grade Assertion Status Grade
J I/ 0% = V| APB_UART [ 84.46% === 91.43%
O . “ onal ) 90.74% = APB UART 84.46% 91.43%
* Requirement import to seed e, [ 21 e s
CoverGroup T 41.67% -
) 1.1.1 APB [ 85.42%

n [ ] L ] L] ) 1.1.2 UART 51.62%
verification plan creation P

— =[5 1.3 Core Features - White Box =84 86% == 91.43%

| NN war_tests apb.to_usnt_1stopbit_test & 1.3.1 Serial Data FIFOs B 64.29% = 66.67%
n L} L it 0 [ie=] nc. [ 1.3.2 Transmitter 100% == 100%
* Link requirements and verification o, = &
= 1.3.4 Code Coverage E=s1.02%

#( 1.3.4.1 uart_ctrl_top(block) [l 88.61%

plan
« Visibility of changes to requirements

Name Source Expression Hierarchy Full Expression

»
¥
o &
o o
<

pb_subsystem top for smc.sv  x  apb_subsystem Ov = smc ltew = smc_ahb_lite_ifv

 Multi-engine coverage
merge/ combine o P o P o =

- 4 i_shbSlaveMonitor [ ©
) C I [2] & i_apb_lite = =y else if (({(htrans == "TRN_IDLE) | (htrans == "TRN_BUSY)) &
Ove rag e a n a yS I S [=] 4 i_ahb_lite [— (cs 1= 1'b0) & hready & ~mis_err &
[#] 4 i_counter_lite —_ ~dis_err) | r_hresp | (hsel == 1'b0) )

[ Match Case

1 H W3 EEE100% 0 274 Gl fndax ¥ Score

» Refinement (unreachability (UNR), = R e
[Es  mmEE100% 0 332 (e Z ] 1 g 1 gg

UNR crosses 8 e [ | S e

¥ Showing g items. - o E 2 ’_ o = . ? } l_] ‘“

« Analysis of coverage vs. plan
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Quality: Defined and Agreed Goals and Metrics for ~— BV aecellera
Entire Team

|dentify Link

Tests Verification Plan Specs
1 Name Overall Average Grade Assertion Status Grade
= |V| APB_UART [0 84.46% = 91.43%
=g APB_UART [==0) 84 46% (=) 9] 43%
-5 1.1 Interfaces = 68.52%
¥ 1.1.1 APB B 85.42%
#[5 1.1.2 UART B 51.62%
[ 1.2 Functional Features - Black Box
=I5 1.3 Core Features - White Box =10 84.86% =1 91.43%
+#{75 1.3.1 Serial Data FIFOs = 64.29% B 66.67%
#[5 1.3.2 Transmitter 100% =1 100%
+ [ 1.3.3 Receiver === 94.12% B 94.12%
=175 1.3.4 Code Coverage =10 81.02%
+ = 1.3.4.1 uart_ctrl_top(block) [E==T]88.61%

Import
vPlans

|dentify
Coverage

Common Understanding
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Smart Verification Management
Predictability, productivity, quality

| vManager™
S Management
Analysis

Block | Block loc Block
Planning
Traceabillity

BUS

CPU
Subsystem

IP
Block

Al
Subsystem

Formal Simulation Emulation Prototyping
JasperGold® Xcelium™ Palladium® Protium™

X86 Server X86 Server
Custom Processol

Public REST API m
55

Arm® Server Arm ® Server
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Verification Management
System Architecture

Scalability, reliability, and ease of admin
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@  / @
Ve v, Vi
Project 1 Project 2 Project n
Linux Client Linux Client Linux Client

SQL Database

* Minimum requirement for a verification management system
e Multi-user
» Centralized database
* Multiple project support



Next-Generation Architecture

o ¢ o
W Vo -
Project 1 Project 2 Project n
Linux Client Linux Client Linux Client

vManager™ High
Availability Proxy Server

X Farm I Cloud
ll Project 1 Il Project 2 ll Project n
Server Agent Server Agent Server Agent
\ XX
N

SQL Database

* Load balancing and resilient routing

e o,
2

|

» Distributed processing for redundancy, scalability, and fault tolerance

/

— e — — — ——
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* Provide scalable, resilient, reliable replacement for previous single, monolithic system

SYSTEMS INITIATIVE
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Opportunity

Interactive

=3 V. V. v

i Project 2 Project n

i Project 1 )
gER T SQliDatabase Limlm Client Linux Client Linux Client
Batch

Interactive

I Cloud

Farm

al |

Publi¢ REST Al SQL Database l Project
Publig REST A saQL Databa;e
Batch - Reduced maintenance overhead

- Lower IT infrastructure requirements
- Improved reliability and scale
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Multi-Geography Verification
Management

Utilizing the advanced architecture to enable data centralization
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/’- ______________________ ~ // ___________________ \\
/ N / b
/ 5 \ / g \
| — 4 | : I8
I ) » I
| ~._logs _ | | . logs _ |
| Coverage | | Coverage l
I i 3 | | g ! I
| (¢] l l i |
I ® | | (¢] I
| | | » I
| S | | ‘ |
: 3 | vManager™ Platform Multi-Site App | R :
. |
: <3 : (Limited Summary Data Sync) | % :
| . 5 | . l P |
- e g | | g o i
@

| Project 1 g | | = w' :
| San lose User i : : 2 Project 1 |
: Linux Client | I Boston User :
| : : Linux Client |
: | I :
| : | |
| | | |
\ / l\ ,'
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________________________________

//Manager User

* Distributed,
enterprise ready

~ Analyze on Premises or in

architecture ——— Cloud

Regression vManager™ 23 : §
o Scale aCrOSS | .. Efficient Data Transfer ” % ﬁ
multiple sites and g\
|nto CIOUd " Centralized results DB g
- Centralized B - M
regression 3

On Premises

________________________________

database for
collaboration
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« Single vManager
Server

« Central data
management across
projects

« Aggregated analysis
and reporting across
geographies

Availability Server

<
2
I
s
’_L
(O]
()]
(]
(=
©
=
S

Database




Case Study: vManagersZfrali g N R ge oot a@
- INB BB E: 15+
« vManager server SfEBFIEEZE: 10+
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Multi-User, Multi-Engine, Multi-
Region Verification Planning

Providing collaboration along with advanced planning features
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Darn, the

vPlan is

I’m going to locked, |

check out guess Hl
this vPlan. | wait.

need to
make some

vPlan locked Q

. O
o— o @
Tim Mary

I’m not
waiting, I’'m
going to
work on a

Clip art on this page is licensed under CC BY-SA



File-Based Verification Plans

Ahh, the
vPlan is
available, I'm
going to take
it!

vPlan locked

vPlan O
Tim EL Mary

I’m ready to merge my
changes. Oh no, my
copy doesn’t look
anything like the vPlan.
I’m going to spend a lot
of time merging
Qhanges.

vPlan copy

/

| have more

changes to
make. I'll

have to wait.
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File-Based Verification Plans

Uggh, I’m furious. I’'ve
been waiting to enter
my changes!

vPlan locked

vPlan
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Mary

Clip art on this page is licensed under CC BY-SA
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* Move verification plan storage to the centralized database
« Enable co-authoring for multi-user, multi-region verification plan creation

vPlan

Tim ! Mary

Clip art on this page is licensed under CC BY-SA
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Create plans, Analyze metrics
link to TB and specs and coverage

Pt
— %O S hub I"_’
Integration & Migration Solutions S e rve r

: vManager™

Integration with Requirement
Management

* Multi-user co-authoring ability to work
on the same vPlan

» History tracking of changes

» Import/export from DB to vPlan file

Multi-user vPlan development

» Section-level access permissions

People Clip art is licensed under CC BY-SA
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» Single vPlan acts as Verification
Contract for diverse teams

« Automatically in sync — no need for
problematic cross-site document
merge "

Availability Server

I
2
T
z
—
o)
(o
@
=
©
=
>

e —————————

» Central persistence for connection
to external systems (e.g., req. mgmt.

— = — — — SO

Database




Case Study: Microsoft TFS 5vManageri i 22 5.

s TFSG = himE XK= mE KN E B REER

s IRHIBEAREE,

H

* TFSENFmEXA

» TFSERYIOUEFE K mA 7= 42
%Jtm ﬁ'ﬁgij:j?b:ﬂﬂﬁ'ﬁ

° H_L'U-.En‘n;.l%/umzr

2
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Multi-Engine Case Study:

Mobile SoC
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Interconnect Workbench

Xcelium™ with UVM
JasperGold® UNR

JasperGold Formal

Palladium®

Perspec™

=)

Protium™

Mobile SoC ~ &%

Name

4 V| Mobile SoC
4= 1 Soc Features

bk- 1.1

1.2 Integrated Components

General Features

1.2.1 General Subsystem Verification Temple
b 1.2.2 Interconnect Verification

3 I.2.3 CPLISS
1.2 4 Display Audio
1.2.5 PMIC (External)
1.2.6 PMU
I.2.7 ISP
1.2.8 BOOTROM
1.2.9 MODEM
1.2.10 GPIO
1.2.11 10 subsystem

1.2.12 Integrated Interfaces

1.3 Architectural Verification

» | 1.4 Low Power Verification
1.5 Power Estimation
1.6 Clock Management Unit
1.7 Thermal
1.8 Security
1.9 Full Chip Use Case

3 1.10 Gate Level Use Scenarios

4 1.11 BenchMarks
3 1.12 Code Coverage

’NE

Manual Tests, Checklists,
or Milestone Views

11 noc I

IP vPlan Results

i e— W 7O |

System-Level Verification
Results

o b— U 70 |

Specialized Verification
Tasks, i.e., Low Power

Use-Case Testing
e U7 |
Gate-Level Results

Embedded SW Coverage



Sim + Formal Combined vPlan

t= vPlan Hierarchy
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Subsystem vPlan ~ §&%
Ex UNE Name

4 [ subsystem wPlan

40 11P#1
& 1.1 Interface #1

1.2 Feature #1

FPV/ABVIP/COV/ ) ; S
) Simulation
1.3 Interface #2 Simulation » Bug Hunting
/

IP #2

2.1 Interface #1 _PV/ABV||5 + V||3>
2.2 Interface #2 Simulation
2.3 Feature #1

|
|
=]
O 1.4 Feature #2
2
=]
=
=

Formal\

Bug Hunting

.
o

IP #3

3.1 Interface #1 FPV/ABVIP + VI P)

3.2 Interface #2

3.3 Feature #1 CSR >

3.4 Feature #2

3.5 Feature #3 FPV)

N

Simulation

Code Coverage Simulation) UNR) Simulation)

.
mo
Ol OO0 0|

§ubsystem Integration

5.1 Connectivity

CONN >

Multi-Engine vPlan Usage Example - http://events.dvcon.org/events/proceedings.aspx?id=234--1

“A Mutually Exclusive Deployment of Formal and Simulation Techniques” - Devarajegowda, Vliegen et al - DVCon Europe 2017

Primary: Formal
Second: Simulation

Primary: Simulation
Add FPV App

And add formal bug
hunting for critical IP

Etc, etc ....add apps as
needed for
verification needs

UNR Assists in
Coverage Closure

CONN increases
productivity

accellera

SYSTEMS INITIATIVE

Simulation

Formal
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Automation and Customization



Summarizing Regression Data — Tracking

2021

DESIGN AND VERIFICATION™

DVI

CONFERENCE AND EXHIBITION

accellera

SHANGHAI | MAY 26, 2021 SYSTEMS INITIATIVE
Coverage Coverage Coverage Coverage Coverage Coverage Coverage Coverage Coverage Coverage Coverage Coverage
ucm/ucd ucm/ucd ucm/ucd ucm/ucd ucm/ucd ucm/ucd ucm/ucd ucm/ucd ucm/ucd ucm/ucd ucm/ucd ucm/ucd
L I B

Log info. Log info. Log info. Log info. Log info. Log info. Log info. Log info. Log info. Log info. Log info. Log info.
Pass/Fail Pass/Fail Pass/Fail Pass/Fail Pass/Fail Pass/Fail Pass/Fail Pass/Fail Pass/Fail Pass/Fail Pass/Fail Pass/Fail
Run1 Run 2 Run 4 Run 5 Run 6 Run 7 Run 8 Run 9 Run 10 Run 11 Run 12 Run 13

Here we begin with a regression

producing coverage and pass/fail

R i results
We run 4 regressions each egres3iy

.

- (900

RRRREERRRRRRRRRRE ..

Each snapshot represents 20
regressions incl. coverage, vPlan,

—anad pass/tail

th w th fr w th f w th fr
Week 3 Week 4 Week 5 Week 6
Snapshot 3 Snapshot 4 Snapshot 5 Snapshot 6

Merged
Coverage

Merged
Coverage

[Session data

Run data |

Merged
Coverage

Merged
Coverage

vPlan i

[Session data)

Run data |

vPlan vPlan |

Run data

Session data |

[Session data)

Run data

i
i
il
i

Automate to easily capture into snapshots the important data from each regression
* Once captured the regression results are no longer needed for tracking, freeing up disk space and capacity
« Summarized snapshot data can easily be charted



What Data Is Interesting to Track?

* Code
coverage
results for
a particular

LT

fnnnong

vPlan

I

module
7z

vPlan results
for a
particular
perspective

121 eerty emor, crtical] i
FY- RRPM 8]
e O s 1 |

Runs / Failures

Unique failures
produced by each
run for the entire
project

Who owns the
most failures
historically

What are the most
common tests in
the regression

DESIGN AND VERIFICATION™

DV

CONFERENCE AND EXHIBITION

I

[

Sessions

* Total
number or
runs,
passed
and failed

4

accellera

SYSTEMS INITIATIVE



Charting Tracked Data
Quickly spot trends an
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d anomalies

Goal line

/

/

Snapshot’s values Trend line

Charts

Pass / Failed
w2

Overall AvG/Grade - Goal  ljif i

lifi 19 Overall Coverage Grade i 19 | Mix i 19 i i

85
80
75
70
65
60
55
50
45

Number

40
35
30
25
20
15
10

accellera

SYSTEMS INITIATIVE

12/5/14 12/7/14  12/9/14 12/11/14 12/13/14 12/15/14 12/17/14 12/19/14 12/21/14 12/23/14 12/
= cum.overall_AVC_Crade -e cum.overall_AVG_Crade_Goal -& cum.overall_AV C_Grade_Trend

12/1/14 12/3/14

100%
110
95% [
| 105
|
L] | 100
85% i 95
B0% | 90
75% i 85
T I E— [ - n i 80
[75
65% 1 |
w [70
60% |
| 65
55% |
5 | 60 r
© 50%{ tss &
G [ =
45% Iso
40% %45
35% i 40
30% | | 2
| 30
25% | |
|
t2s
20% |
[ 20
1554 |
| 15
L | 10
wl M : - - — 0
1/2115 1/9/15 1/16/15 1/23/15 1/30/15 2/6/15 2/13/15 2/20/15
B Session #Fail ] Session #Passed = APB_UART APB_UART Code Cov Grd
APB_UART APB_UART Func Average Grd

On Schedule??

More Tests = More

25/14 12/30/14
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« VAPl implements programmatic access to
Verification Management vManager Server vManager Web

« vManager™ database provides centralized VAP

data repository a

 Verification-specific abstraction of database =
content pgthon

* Query and mine verification specific data, with
automation around tasks like coverage merge

« “what is the toggle coverage on top.sig1
from all failing tests from last Tuesday”

 Execution of verification management actions
on specific datasets

* “rerun all tests that failed with parity error in
the past 5 days”

-

vManager Clients



Failure clustering using Machine

Learning
* In today's daily regression failure analysis, the first
analysis effort is to go over the failures and identify:

e
2.

3.

Are they new?

If they look alike, are they really the same as one found
before.
First Failure Analysis is not always sufficient:

1. Error over-generic (Many bugs maps into same group)

2. Error over-specific (Single bug maps into many groups)

« We are applying Machine Learning (ML) techniques by

“learning” from the user manual assignments and
“predict” future assignments automatically:

user assigns a failed run to a FC (Failure Cluster)

The system extract the properties of that run and consider
them as characteristics of the FC

Whenever a run with “similar” characteristics would show up it
could be candidate for assignment to the same FC.

cogoo0c00OO0OO

cogoo0oOOO0OO

Regression Failures

More Regression
Failures

2021
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Time consuming failure
classification by user

Classification model buily
from inspection of
user classifications

SYSTEMS INITIATIVE

Failure Clusters

~:l Decoding

Automatic fast
classification
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* |dentify and adjust the weighting of stimulus targeting a specific verification goal

» Each iteration results are evaluated against goals, effective tests are given more weight in the next

iteration —

00000 ﬂpi gﬁ"e’éf?SYSJE%ZSifi%Z 00000 00000

— OOOQO || Fndmorobuss QOOQQ eJolelele

e OO0000O O0000O 0000

seeds O0000O 0000 0000
OOOOO OOOOO OOOOO Higher coverage and
@ m O (7 O O O O O O O O O O effectiveness

Testz Q000! [ womimr > Q0000 ﬁ.> 00000 | —

e 0000 Q0000 0000
88888 10.3% 88888 22 5% 88888 57.8%
Q0000 Q0000 OO0000O

Test 3 Q0000 Q0000 Q0000

= $8338| (33828
Q0000 0000 0000
/75 runs /5 runs /5 runs



Xcelium ML User Flow

patterns hidden in
verification regression results

Coverage

& Control
data

Xcelium-ML Master

ML Learning

ML Models

ML Client

2021
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Regression Generation

ML Client

SYSTEMS INITIATIVE



Xcelium ML — User Feedback

I had
yet to find *any* user comments about ML being applied to logic simulators
for regressions nor anything simulation related.

That is, until now.

Regressiohs

Xceliufp-ML

In this year's report, two early ML users share that Xcelium-ML got them
a 2.5X to 3X speed-up in regression runtimes -- with comparable coverage
compared to their constrained random approach.

"Xcelium-ML helped us generate a 3X smaller regression set while
retaining 99+% coverage."

"Xcelium-ML improved our regression runtimes by 2.5X vs. Xcelium."

2021
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What the EDA users AR SYSTEMS INITIATIVE
REALLY think

DEEPCHIP

Xcelium ML Reduction in Testcases & Runtime
®m % of Original Testcases ®Time (hrs) = % of Bins Covered
100%100% 100% 99.1% 99.4%
III wwl III lll
Original (No ML) ML1 ML 2 ML 3
2_7}5 seeds 126 segq_s 683 §ggg]s 1326 seeds

Read the Full report: http://www.deepchip.com/items/dac20-02b.html
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Wrap Up



2021
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Smarter Verification Management

SYSTEMS INITIATIVE

Better Productivity, Predictability, and Quality need more than ever.

Planning, Collaboration and Centralization needs continue to expand.

Multi-User, Multi-Engine, Multi-Region, Multi-Project are not optional.

Thank you!

What the EDA users s Manager saves 1hr/day/engineer”

BEEPCHIP Users Best of 2020



2021

DESIGN AND VERIFICATION™

BvETi (accellera

CONFERENCE AND EXHIBITION

SHANGHAI | MAY 26, 2021 SYSTEMS INITIATIVE



cadence

www.cadence.com/qo/trademarks




