Boost Verification Efficiency with VC
Execution Manager

Taruna Reddy, Principal Product Manager
Raghuram S Gururaja, Applications Engineering Manager
Synopsys

NNNNNNNNNNNNNNNNNNNNNNN

SYSTEMS INITIATIVE"



Agenda

* Introduction to VSO.ai (Verification Space Optimization)

* Verdi RDA (Regression Debug Automation)

VC Execution Manager

Benefits

Demo

Conclusion

3008//8['3 Synopsys Confidential Information RME:!:!BI\OIN

SYSTEMS INITIATIVE *



The Right First Time Silicon Challenge

Re-spin Probability Cause of Re-spins

Source: Semico Research Group Source: Wilson Research Group 2024

Function
Clocking
Crosstalk
Reliability
Timing(S)
Firmware
Timing(F)
Security

Design size & Verification

Find More Bugs with Limited Time & Resources
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o @ Manual Process
Where Are The Opportunities for Automatigirt__

Next-Generation
Verdi

Debug
Failures

Debug Cycle

Regression
System

Results

Architectural Spec

& Coverage Cycle

TEST PASS

G Drive
(l% Coverage

Closure

Apply GenAl to Spec- Automate & Accelerate
Automation, Design & Test Coverage Closure with

3@ Creation VSO.ai

SYSTEMS INITIATIVE

Coverage
Closure

35%

Verification Time Spent
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Al Driven Verification Space Optimization - VSO.ai

Faster, Higher Coverage Closure & Analytics

Stimulus
Diversification

ML-based

e Targeted
Test Biasing

Stimulus

Automated

Analytics Automated

Test Biasing

Regression
Optimization

awviencia
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Stimulus Diversity: Uncover bugs earlier while
stressing the design

Productivity Boost: Advanced dashboards, metrics
to analyze to converge on goals

Improved HW Utilization: Maximum coverage for
the compute budget

Higher Verification Efficiency: High ROl tests to
achieve coverage targets
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See What Customers Are Experiencing with VSO.ai

REGRESSION COVERAGE
REDUCED HIGHER
Automotive TAT BY 'MPROVED = QoR BY
SoC 2% 10% 50%
High- REDUCED | FASTERTTRIN
Performance Data TATBY 50/ 1 4
Center CPU 16X ° ITERATION
High- POSLEQ IMPROVED BY 2000
Performance @ ) 20% RARE COVERAGE
Wireless MCU 10x TARGETS IDENTIFIED
REDUCED
Mobile 72 I IMPROVED BY 2600
SoC 8x 3% ILLEGAL BINS

EXPOSED
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VERDI RDA (REGRESSION DEBUG
AUTOMATION)
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Verdi Debug and Verification Management Platforr

8

Widest-Adopted Debug Solution LA UL

Full-featured debug spans gates to software

Infused with Al-based root cause analysis Innovative Verification Integrated Development
) Debug Management (VMS) Environment (IDE)

ified Wavef D FSDB, VDB
Integrated with Synopsys/third-party tools Unified Waveform and Coverage Data (FSDB, )

Virtualization | | Static/Formal Simulation Emulation Prototyping

Extendible with user-defined apps Virtualizer | |VC SpyGlass||  VvCs ZeBu HAPS

Platform VC Formal ZeBu
Provides full verification management Architect Empower

e
DESIGN AND VERIFg-in
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Enables IDE extension for VS Code




Regression Debug Automation (RDA) Motivation

Reduce engineering effort/TAT with Al and advanced RCA technologies

Regression .. :

e o0 O
IIJEI;II%E @ @ @ @

Regression Automated Failure Triage and D_ebu.g ano!
Execution Binning Analysis Validation with
, RCA report
With RDA _ﬂ_

- o o
- N e
sl 8 L8 oo 000

Without RDA

NNNNNNNNNNNNNNNNNNNNNNN

SYSTEMS INITIATIVE *



ML-Based, Automated Regression Debug

Code check Failure Probe sim
Regression
Re-run Re-run
Failing
tests tests

@
Aggregator

~

Ref snapshot

f RCA Manager

DUT RCA XRCA
» Debug Facilitator
TB RCA Log/Msg
Analysis

Engines k GUI j /
* Bucketized reg * Engines root cause * GUI complements
failures the bugs (if ref the engines
* Representative snapshot exists) * RCA Manager &

cases Report for revie 2024
\—/- \_/- \j- DESIGN AND VERIFICATION™
accellera DV ON
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Failing
tests logs

Passing

tests logs

SYSTEMS INITIATIVE *

Verdi Regression Binning with ML

-

Regex Set
Extraction

Clustering

o

Auto Binning

Extraction

Feature

/g
DUT RCAj XRCA
Log/Msg

Engines

Debug Facilitator

\_ GUI

/

-~

Single Error Binning

\V

N,

UVM_ERROR UVM_ERROR ASSERTION
ASSERTION ASSERTION UVM_ERROR
ASSERTION ASSERTION
ASSERTION ASSERTION

s
i,

Multi-Error Binn

e \

=,

UVM_ERROR UVM_ERROR ASSERTION
ASSERTION ASSERTION UVM_ERROR
ASSERTION ASSERTION
ASSERTION ASSERTION

N

7
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Verdi Root Cause Analysis (RCA) Engines

TBRCA

Transaction Diff — Diff
the transaction in the

reference vs failing
FSDB

* Message Analysis — No
ref FSDB required.
Analyze info from the :
“error” message.

Golden
Testbench
Transactions

Analyze error

1_goiden fagd. O+ .-0ox Ch3gE0

é‘
©
S
©
@
o
® P
ot

4 2

Clka@eon

Error

clks@roo

Testbench
Transactions

* Report transaction of
interest linked to the
error

Error detected and
reported by testbench

Error occurs in
DUT / testbench

XRCA / with X-Pessimism

Scan X signals in FSDB -
and trace the root cause _RCA Report
of X.

engme

* Handle large amount of
X signals in batch mode

* Formal engine to
identify X pessimism to
remove the noise

Update
X-pessimis|

acceller?)
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DUTRCA

TraceDiff

Adopt roll back mechanism and
TraceDiff technology to narrow
down DUT problem

Temporal Flow View to analyze root
cause path

Debug Facilitator

Generates debug data nightly for
each bin.

Facilitates user to debug with
“Protocol Analyzer” and “TB Reverse
Debug”

Reduces about 30 ~ 40% debug
effort for TB debug

2024

DESIGN AND VERIFICATION™

DV OIN

CONFERENCE AND EXHIBITION




Verdi Next-Gen: Accelerate Debug Automation

Customer Examples

@ Gate-level
with Many Xs

Automotive

60x

DFT with
1—| ® | X Monitors

aovoeiicid
SYSTEMS INITIATIVE

DUT
Code Change

20X

Massive
Log Files

) Multiple Failing
Assertions

“10x

@ DUT Hang

Video
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VC EXECUTION MANAGER
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VC Execution Manager

With Al/ML driven Verification and Regression Management

Unified Regression Cockpit

Native, PowerBI, Splunk Aggregator

4 »

i

94 Vv

T 1 11311

| Skl

Indicators Dashboard Planner Runner Coverage g

Server

!

Engines {c&

VCS, 201X JVC SpyGlass] VC Formal |ZeBu, HAPS m 3rd Party
ot

Native integration supported only with VMS Native Flow

3008//8['3 Synopsys Confidential Information
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Cockpit GUI based on Verdi

Native indicators with open
database support for PowerBIl &
Splunk.

Comprehensive dashboards

Scalable multi-user
Verification/Coverage Planner

Unified and extensible Runner
24x7 Coverage Aggregation

Native failure binning, triage and
debug assistance

Unified Al-enabled technologies

Enables Cl/CD methodology support
for verification

Cloud support

Supports industry standard APIs —
Rest, CLI, Python etc.

2024
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VC Execution Manager — Key Modules

T

» Test planning,
execution & debug,
coverage merge and
annotation

» Enables verification
data-over-time to be
mined for analytics

Multi-user test
scheduling/planning

Supports change
history and restore

* API for automated
report generation and
updates

SYSTEMS INITIATIVE

* Runs and optimize
regressions

Order tests to eliminate
long tail

Continuous merge

Aggregator
Inbox

Merged results

24/7 Merge

« Continuously merges
incoming coverage

‘| + Integrated tagged

VDB from ad hoc
regression runs

+ Can generate moving
window merge VDB
2024
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Planner

* Verification plans DB based Verdi Hierarchical Verification Planner (HVP)
created/viewed by multiple

users

File View Plan Exclusion Tools Window Help Q Men

o HEVEN Ao ' 2] DB &0 i

i
Hierarchy = Modules = Groups @ Asserts | Statistics Tests B G~ | [P~ ]| R~ [5] B = @@ [€] @
: &=l - NS

. # @ Name ¥ Score Line FSM “  Name =l owner at least weight Score
° Organlzes Conte nt by 8 v | tb_top Il ©2.57% I 92.86% M 75.00% v [¢] alu_plan 0 1 I 37.29%
. . ] ~ | alu NN 83.31% N 87.50% I 75.00% + | & lcommon: alu 0 1 . 37.29%
prOJECtS and pFOJECtS 2 v [ clals B 85.48% v [F]1.1common: add 0 1 [ 40.48%
1 clao_3 . 93.33% + [F]1l.1.1common: A 0 1 [ 50.00%
1 1 & claa_7 B 91.11% » [] snps [ 50.00%
#* clag_11 I 97.78% 3 1.1.2common: B 0 1 [ 42.86%
hierarchically B -
ﬁ clalz_15 Il &8.89% » Bl.ljcommon: Result 0 1 I 28.57%
& vif NN 87.50% I 100.00% - > o] tst .
1 L 4 L]
Summary  Plan Explorer "ImportFolder'="alu_plan" X
. f i e e S = h
Scalable for large designs EEY [[&]&]100% +||[afinked | ] &~ [} 2T~ | [ ] K~ |

Change History Query Info |

dan d users an d Cl ou d [ Show Filter Fields Filters: Ux0024 DATA

0x1000-0x1FFF | SESSION[256]

COm pati ble Rf"-‘-'53 0x2000-0x2FFF | DMA RAM

Tables 2 through 5 define the various fields found in each registers, "RW” indicates a:

Change . - . i N _ .
O Record Session < User = Timestamp = Descriptia field that can be read and written by the firmware. "RO" indicates a field that can be |
i e read but not written by the firmware,

Table 2: CHIP_ID Register

Field Reserved | PRODUCT_ID : CHIP_ID | REVISION_ID

 Smart editor with rich text T I

support, inline mages, T o neer
tables; bUIk edits; API HvpDetail | Change History = Restore Items ?| |T|3—'1’14T| H

TR~ l=l=T01 A
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Database backed application
enables real time
collaboration

Typed features ensures that
all plans satisfy project
template requirements

Rich text fields to describe
detailed descriptions

Project-wide queries and bulk

updates
Change history and restore

API for automated report
generation and updates

Verdi Ul (Linux) and Web Ul
(all platforms)

SYNoPsys

Planner - Details

Plan Explorer 25 _ 0 Hw

: -l

2 2 — O | HwDetail
“}'B [s] ( :., IV‘I 'l ,, Plan: jukebox_coin_handler

j ‘ Feature Typesl Attributesl Metricsl Included Subplans | Spec Files
e}

= ‘ vita_0119 planner
=] importFolder | B jukebox_coin_handler Name

+ E:] Memsys Verification Plan_incl + |—;E 1FT_1: coin_handler_1
=+ [£7] jukebox_top_plan_incl # E12FT2: coin_handler_2
# [P)3 jukebox_CD_handier

v [)value
@ Created 2024-01-19
= [£7] jukebox_coin_handler_incl ® at least 0

[&] jukebox_CD_handler [+ E14 FT2: Feature_l
[ jukebox_station _incl #[P]5 jukebox_station
(5] jukebox_coin_handler % F16FT2: tablel-1
[8) jukebox_station

2] jukebox_top plan

Plan Explore |j&t ' *
_incl">"jukebox_coin_handler" X | I

@ comments

# CommentinFig... | <p><img src="/media/...

Origin  Prop Type

2 _C

assig... richst...

default yes date
default yes integer

cc ccc ccd cdd ddd dde assig... yes string

Summary | Plan Explorer‘ CovSrc.l va| CovDetaill HvpDetail
Project Detail 2 &) _ 0| HvpReviewHistory
Feature Typesl An:ributesl Metricsl Spec Files
i E2.

5 ; . ) Feature
Identifier v Attribute Limit Child Limit Kl
FT2 <All> FT_l,common,me... Old Section:
FT 1 <All> <All>
common <All> common, measure...

Change History

Plan Detail

Exclusion Manager Plan Searchl Project Detalll Mesagel Change Hlshory] Restore Itansl

Plan Search Restore Items

Richtext Viewer (on odclega

Richtext Viewer

Turpis massa sed elementum tempus egestas sed sed. ==

Quam viverra orci sagittis eu volutpat odio facilisis.

4| Tempor orci eu lobortis elementum nibh tellus

‘molestie. Leo duis ut diam quam nulla. Porta nibh

H | venenatis cras sed felis eget velit aliquet sagittis. Et

‘magnis dis parturient montes nascetur ridiculus,
Gravida cum sociis natoque penatibus. Ac turpis
egestas sed tempus urna et pharetra pharetra massa.

|| Volutpat blandit aliquam etiam erat velit scelerisque.

Volutpat commodo sed egestas egestas fringilla

phasellus. Adipiscing vitae proin sagittis nisl thoncus |

Synopsys Confidential Information
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Reduce regression TAT and
resources

Schedules tests based on
history to eliminate long tail

Improves compute
resources utilization,
reducing costs

Native cloud support

|
Optimize Regressions

Runner
Scheduled Tests Scheduled Tests
(Before) (Optimized)
— — — e e W U

—

Considers: coverage, engine speed, smart test ordering

IIIIIIIIIIIIIIIIIIIIIII
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Methods

* |nteractive
— Easiest way to launch
regressions
— Includes live controls to kill,
rerun, and adjust sessions

e Batch

— Useful as part of complex
scripts or launched as cron
jobs

SYNOPSYS

)

File Wiew Plan Exclusion

= 0= E T

ExecMan.2

Home bart alu_uvm

Session Attributes

Saved session files:None

Show Filter Fields En

}' Preferences...

<Verd = Run Tests (on vgintsb515)
Hipdon,figl Setup | HVP | Advanced |
Tre X i
Debug Configuration Options

Customize Menu/Toolbar.. Project Name:

Configuration File:

Diff Databases...
Clean Databases Diff Results

Error Pattern File

Open Tests Browser

Run Control

Home

Name

s1

52

s3

(FEo ) [FepEed] _Defaul( view: ¥|Show: [standard || Scope: [all

bart

Configuration Name:  alu_uvm

build2delay.emc

Merge Directory:  emanMergeDir

[-]

-]

+| Local Run Automatic Cleanup v Overwrite severless

Begin Run ][ Cancel

alu_uvm  session_thielges 20180123 063021  slow

Session Attributes

Saved session files:None

Show Filter Fields | |Enable Filter: E]

v view: [nierarchical _ ~]|Rows:[10 ]

Status = Start Time = RTime(s) = Hostname = Log File Comment Action
Registered  — - - - Click to add a comment @ | &
Registered — - - - Click to add a comment @ | &1
Registered  — — = = Click to add a comment @& | &

Customize Save as CSV Email

Test Trend History

i (0]
il L)
il D

Runner - Launching Regressions

2024
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Coverage - Beyond Simulation

VC Formal example
e Coverage from additional P

verification tools can be
incorporated

+ Aszert Type Success/M Atternpt  Failure  Incomplet: Macuous  Category AllMatch  Severity  FirstMatch Putype Fystatus Fvdepth
| [Altsm a1 assertion IR o o ] il 0 assert [ BrovER
;— Altsm.a2 Assertion - ] [} o - ] 0 ass:tt_ 55
|~ [Altsm.a_complete_frame assertion [ R o 0 o - 0 0 assart L BIGVER
Altsm.a_loop break Assertion - a o o . ] 0 Bssert incanclusive 70
Altarm 5_snenot Bezertion _ 0 [} o i] 0 a;seu_
* Annotate VC Formal results oo M 0 o o o 0

. - B fsm.cl . Pi'opcrtr_ 1] - o o o 1] assert_
|| [Bl tsm.c2 Pronerw- o o o 0 0 cover Inconciusive 70

N the cove rage data base = Bl fsrm.c_bik_cnt . rroperty [ R o ] ] o 0 cover [ Cavered
| [B] tsm.c_onehot . property IR 0 0 ] 0 q caver|  covered 1
LBl tsm c_trang Fh:lptrtr- 1] o o o a

2 2 Merge |
[ J
Dlsplay VC Formal assertlon Merge Name Status Spool Log(s) URG Report Scorel
q merged.vdb E-D.I::-c_l urgReport 51.59
status in the coverage
report
— Verdi coverage and URG Scores for Verification Plan ‘
SCORE ASSERT FVAssert NAME
36.84  31.58 6/19 42.11 top
NAME SCORE ASSERT FUAs-art fuassert_expected status  fvassert | mi  status

¢ M e a S U re VC FO r m a I E top 36.84 31.58 6/19 42,11 proven -1 notreviewed
i f_default 37.50 37.50 6/1€ 37.50 proven -1 notreviewed

a SS e rt I O n Stat u S I n H V P i f_expected_assigned 25:00 -- 50.00 inconclusive 50 notreviewed

i f_assume 50.00 -- 100.00 proven -1 reviewad
2024
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Al/ML INTEGRATION AND BENEFITS
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Integrated View: VC ExecMan with VSO0.ai & Verdi RDA

(D) ®
R ion Cockpit Server Regression Grid/Farm
Results egression Cockpi ——
Interactive Run Sim H/H/H| Run Sim
U - Planner
sage (D [ Post Sim | " Post Sim_ |
NS
Indicators Native GUI VDB VDB
Test plans Analytics Management
to HVP Integrations Coverage Script
Schedul Automatio
CC:O: = ! Batch mode Testlist to
r N EMC
JENKINS | )5~ Web GUI (HTML)

4 Engines Coverage
Aggregator

| User Files/Processes/Scripts
- Synopsys Tools/Processes/Data

2024
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Unified Verdi VMS with Al/ML Technologies

Optimized verification with reduced resources, risks and maintenance

Ease of Use and Data Analytics

via Integration

 Faster rollout to project teams
(save up to 12 months)

« Seamless integration with native
solutions like VSO.ai

» Unified cockpit solution for
regression results, data
analytics, optimization outcomes
and health of ML model

Reduced Risk, Regular
Simpler Maintenance Al/ML Rollouts and Updates

» Reduces incremental support
overhead from weeks to days

« One DB/server (vs. multiple
machines/DB/servers for hybrid
systems with glue logic)

» Up to 2X reduced hardware
costs

+ 2-10X higher QoR with

integrated ML and verification
technologies when having full

data access/control

* Immediate deployments of
updates of VSO.ai, RDA, DPO,
ICO and VC Formal rollouts (vs.
months of integration effort)
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Conclusion

One-stop solution to ease the complexity of diverse verification tasks

Accelerates the deployment of advanced Al/ML verification and debug
technologies

Scales to accommodate multiple users and manage regressions seamlessly

Results made simple with a user-friendly, graphical view of results
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