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Tessent9ƳōŜŘŘŜŘ !ƴŀƭȅǘƛŎǎ ŦǳƴŎǘƛƻƴŀƭ ƳƻƴƛǘƻǊƛƴƎ

Observing non-intrusively if your SoC behaves as it was meant to

Full visibility into HW/SW interactions in deployed systems enabling 
optimizations and debugging throughout the entire system lifecycle from lab to 
deployment

Å Real-time debug and trace environment

Å Optimize software to achieve better performance and efficiency

Å Use historical performance data to inform designs of next generation 
designs
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Introduction ς Tessent Embedded Analytics

Host Suite

3rd party SW

Orchestration / 
analytics app

Host Suite

Embedded 
SDK

Capture/
processing 

app

Smart monitors
Range of ~40 IP blocks including run-time 

configurable monitors, infrastructure, and 

interfaces that enables non-intrusive debug and 

performance monitoring 

Software for interactive 

debug and optimization
Debug software running on a separate PC is 

used to interact with the EA smart monitors

Edge analytics enablement
Applications developed using the Embedded 

SDK interact with the monitors, capture, and 

process results

Fleet monitoring enablement
Applications developed using Host Suite can 

automate data orchestration and analytics from 

one or multiple devices



Tools & Requirements

ÅRequirement tracking tool (documentation)  (e.g., Polarion)

ÅVerification management tool    (e.g., VIQ)

ÅDigital simulation tool      (e.g., QuestaOne)

ÅRegression running tool     (e.g., VRM)

ÅCoverage visualization & merging tool   (e.g., Visualizer)

ÅRegression scheduler & CI/CD    (e.g., Jenkins)

ÅMetrics, data visualization and dashboards  (e.g., VIQ)

Vendor-agnostic flow!



Challenges of Working with 
Highly Configurable IPs



Highly-Configurable IPs

"Highly-Configurable"
o Designs with many RTL parameters
o Compile-time constant, large impact on synthesis results
oά/hbCLDέ Ґ άǎŜǘ ƻŦ ǇŀǊŀƳŜǘŜǊǎέ

Who
o IP vendors must provide configurable designs
ÁStandard protocols, AXI, USB etc.
ÁOptional features/optimisation
ÁE.g. Tessent Embedded Analytics has extremely high configurability

o Scaling up means increasingly modular designs
ÁAccumulates wider range of configurability
ÁMore inter-dependencies that result in bugs or invalid configurations
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Trace and track progress of many configurable 
requirements in documentation

Managing complex verification plans for both sharedand 
unique features

Manage compatibility of verification execution with all 
parameter sets

Gather metrics to give confidence of high verification 
quality across all configurable functionality

Visualizing verification metrics across all configurations 
for quick feedback

Verification Challenges

Many more test scenarios to cover

Many more bugs to find

Incomplete insight into verification progress

Unclearwhere best to invest resources

Time-to-marketscales drastically

Verification complexity scales exponentially with design ...     Χ So a data-driven methodology is needed.



Verification
Execution

Requirements
SW / Driver RTL Design

Coverage

Testbench Design

DUT

Coverage

Assertions

Stimulus

Checking

Verification Management

Verification plan

Gather metrics

Database management

Requirements 
statistics

Regression 
statistics

Data visualization



Summary of the proposed flow



Requirement Management 
and Verification Planning



Specification Management

ÅItemised requirements for each IP module

ÅReferenced specification from common 
components/interface/module

o Maximise reusability

o Easier to maintain

o Only need to be formally reviewed once

ÅCustomised approval flow/work 
items/scripts, baseline, branching, and 
ƳǳŎƘ ƳƻǊŜ Χ

Common 
Component 
Spec

Common
Interface 
Spec

Module Specification

Å REQ-001
Å REQ-002
Å REQ-003



Requirement Traceability

ÅEnsure every requirement is linked to 
the test plan

ÅTraceability is straight forward and 
easy to read 

ÅWindow pop-out showing details of 
the test plan item

ÅCrucial aspect of adhering to industry 
standards e.g. ISO 26262 and DO-254



Requirement Traceability Dashboards

01
RTL Implementation
Requirements linked to the 
actual RTL implementation e.g. 
VHDL, Verilog using pragmas. 02

Test Plan
Requirements linked to the 
Test Plan. 03

Coverage Results
Shows coverage number for 
each test plan items that the 
requirements are linked to.



Exporting Data from Specification

ÅSingle source of truth

ÅAPI to access its database

ÅAuto-generated YAML files

ÅFurther automated process

o Auto-generated RTL sub-components

o Auto-constraining parameters of the 
designs

Script
Use API to request data

Filter and check data

RequirementsDatabase
ContainsWork Item Data
Provides API to access

YAML
All necessary data with
agreed structure

RTL
Verification
ASCII Docs
IPXACT

~~~~~
~~~~~
~~~~

~~~~~
~~~~~
~~~~

~~~~~
~~~~~
~~~~

~~~~~
~~~~~
~~~~

Scripts
Read YAML

Check against files
Generate files



VIQ - Testplan Author

ÅParameters used in the test plan ς highly configurable reuseable

ÅMaximise reusability across multiple IP modules for common components, interfaces, protocols

ÅStrong emphasis on collaboration and effective communication

ÅComment, reuse of other testplans, coverage analyzer looking at UCDBs



Test Plan Traceability

ÅShows the requirement linked 
to the test plan item

ÅWindow pop-out showing 
details of the requirement



Coverage Tracking in Test Plan
ÅCoverage Database linked to the test plan

ÅFunctional coverage

o Test plan is linked to covergroup and/or coverpoints

ÅCode coverage

ÅPorts in test plan are linked to toggle coverage

ÅTest plan coverage

o Shows overall progress ofthe test plan

o How well the test plan is executed

ÅExclusion option available in test plan



Test Plan Coverage Tracking in UCDB

ÅTest plan merged to the UCDB

ÅUCDB = Unified Coverage Database

ÅAutomatically merged at the end 
of each nightly regression run

ÅAccumulated UCDB reflected in 
test plan

ÅUCDB flow and VIQ dashboards 
covered in later topics



Specification vs. Test Plan vs. Coverage

Specification

Lorem Ipsum is simply dummy text of the 
printing and typesetting industry. Lorem 
Ipsum is the industry's standard dummy text 
ever since the 1500s, when an unknown 
printer took a galley of type and scrambled it 
to make a type specimen book. It has survived 
not only five centuries, but also the leap into 
electronic typesetting, remaining essentially 
unchanged. It was popularised in the 1960s 
with the release of Letraset sheets containing 
Lorem Ipsum passages, and more recently 
with desktop publishing software like Aldus 
PageMaker including versions of Lorem 
Ipsum.

Natural Language
REQ-001Ą Lorem Ipsum is simply dummy text of 
the printing and typesetting industry. 

REQ-002Ą Lorem Ipsum is the industry's standard 
dummy text ever since the 1500s.

REQ-003Ą It has survived not only five centuries.

REQ-004Ą The leap into electronic typesetting.

REQ-N Ą Aldus PageMakerincluding versionsof
LoremIpsum.

. . .

Requirements

1.1Ą Lorem Ipsum is simply dummy text 
of the printing and typesetting industry. 

1.2 Ą Lorem Ipsum is the industry's 
standard dummy text ever since the 
1500s.

1.3 Ą It has survived not only five 
centuries.

1.4Ą The leap into electronic typesetting.

m.n Ą Aldus PageMaker including
versionsof LoremIpsum.

Test Plan

. . .
%

%

%

%

%

UCDB - Coverage

Test Plan

CC: Branch

CC: Expression

FC: Coverpoint. . .

CC: Toggle



Structure for Effective 
Regressions
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Parameter Randomization

ÅEssential for covering param-space

ÅSeed-based randomization for reproducibility 

ÅConstraints for inter-dependencies (improves 
efficacyof batch-runs)
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Regression Scheduling

ÅFrequency: continuous integration, 
nightly & weekends

ÅDifferent regression lists for different 
purposes:

ÅMini (5mins), nightly, long (weekend), 
formal, PSS

ÅFully flexible for custom test lists
e.g. for specific configurations
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Regression Engine

ÅMany stages of tests & scripts

ÅExecutes config-randomization, PSS, simulation, 
coverage, data extraction
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Data Extraction

ÅExtractor to port all regression 
results and UCDBs to one 
location 

ÅIn-house flow (Yaml, 
Make,Python, Groovy)

ÅAutomated test plan coverage annotation, coverage 
merging, unreachability-based waivers & repository 
data statistics
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Data Visualization

ÅSeparate datasets can be visualized

ÅTrigger for regression engine
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Data Extraction

Data 
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Failure Signatures

ÅAutomated data scraping

ÅView statistics on each failure message

ÅView failure log and run command with rand-seeds 
to rerun the same param config and test stimulus



Accumulated Coverage 
Structure



Metric-Driven Verification (MDV)
ÁWhen should we use it?

ÅSometimes, a system has too many possible inputs.

ÅBrute-force is not, therefore, an option.

ÅMetric-Driven Verification is based on RANDOMIZATION.

RANDOMIZE

COVERAGE

CheckMetrics

FUNCTIONAL

CODE

Repeat

RTL

Sendto

Collect



ÅCollecting coverage for highly-configurable IPs require robust strategy.

ÅUsing automation tools (e.g., Jenkins) is critical to success.

ÅTwo different accumulation approaches will be explored.

ÅAccumulation is based on merging UCDB files. 

Metric-Driven Verification (MDV)

Accum UCDBRun 
Regression(s)

Latest UCDB
Config TYPIC

generate

Latest UCDB
Config MIN

generate

Latest UCDB
Config MAXgenerate

merge

merge

merge



Merging Strategy

Merge

Latest UCDB
Config TYPICAL

Accum UCDB

cvg.cp.bin_A cvg.cp.bin_A

cvg.cp.bin_C cvg.cp.bin_B



Merging Strategy

Merge

Latest UCDB
Config TYPICAL

Accum UCDB

Accum UCDB

cvg.cp.bin_A cvg.cp.bin_A

cvg.cp.bin_C cvg.cp.bin_B



UCDB Hierarchy

Run Regression(s)

Config 
TYPICAL

Config 
MIN

Config 
MAX

Config 
RANDOM

Latest 
Config TYPIC

Latest 
Config MIN

Latest 
Config MAX

Latest 
Config RAND

Accum 
Config TYPIC

Accum 
Config MIN

Accum 
Config MAX

Accum 
Config RAND

Accum 
ALL CONFIGS



Automation Tool

Job #1

ÅSingle job Ą All configurations

Automation: Scenario 1

Config 
TYPICAL

Config 
MIN

Config 
MAX

Config 
RANDOM



Automation Tool

Job #1

ÅSingle job Ą All configurations

Automation: Scenario 1

Config 
TYPICAL

Config 
MIN

Config 
MAX

Config 
RANDOM

Latest 
UCDBs

Accum 
UCDBs

Accum 
ALL CONFIGS

Local files Ą ǿƛǘƘƛƴ ŀ ƎƛǾŜƴ ƧƻōΩǎ ǿƻǊƪǎǇŀŎŜ



Automation Tool

Automation: Scenario 2

Jo
b

 #
1

Config 
TYPICAL

ÅSingle job Ą Singleconfiguration
Jo

b
 #

2
Jo

b
 #

3
Jo

b
 #

4

Config 
MIN

Config 
MAX

Config 
RANDOM



Automation Tool

Automation: Scenario 2

Jo
b

 #
1

ÅSingle job Ą Singleconfiguration
Jo

b
 #

2
Jo

b
 #

3
Jo

b
 #

4

Config 
TYPICAL

Config 
MIN

Config 
MAX

Config 
RANDOM

Latest 
Config TYPIC

Latest 
Config MIN

Latest 
Config MAX

Latest 
Config RND

Accum 
Config MIN

Accum 
Config TYPIC

Accum 
Config MAX

Accum 
Config RND

Accum 
ALL CONFIGS

Local files Ą ǿƛǘƘƛƴ ŀ ƎƛǾŜƴ ƧƻōΩǎ ǿƻǊƪǎǇŀŎŜ

Global files Ą shared by multiple jobs



ÅChoose the right accumulation path based on the structure.

ÅAnalyze intermediary UCDBs as needed.

ÅEasily check how thoroughly the IP was verified using the ALL_CONFIGS.

Considerations



Traffic Light System & 
Unreachability



ÅIn a world with highly configurable IPs, different parts of the RTL 
might be unreachable depending on the configuration.

PARAM_ALLOC = 1
RTL

ALLOC_MODULE

Χ

INVALID_OPERATION

Introduction

ALLOC message
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PARAM_ALLOC = 1
RTL

ALLOC_MODULE

Χ

INVALID_OPERATION

ALLOC message

Introduction

PARAM_ALLOC = 0

ÅIn a world with highly configurable IPs, different parts of the RTL 
might be unreachable depending on the configuration.



PARAM_ALLOC = 1
RTL

ALLOC_MODULE

Χ

INVALID_OPERATION

PARAM_ALLOC = 0

Introduction

ÅWith PARAM_ALLOC disabled, 
![[h/ψah5¦[9 ŎŀƴΩǘ ōŜ ŎƻǾŜǊŜŘΦ

ÅHow to deal with that?

ÅIn a world with highly configurable IPs, different parts of the RTL 
might be unreachable depending on the configuration.

ALLOC message



Traffic Light System: Coverage Goals
ÅCoverage collected both for function 

coverage and code coverage.

ÅCoverage target goals are:

ü100% Function Coverage

ÇUpgraded methodology to be param 

aware.

üмлл҈ άŜȄǇƭŀƛƴŜŘέ /ƻŘŜ ŎƻǾŜǊŀƎŜ

ÇExplained means there are waivers for 

unreachable code.

ÅWhy the Traffic Light System?

üAllows for initial thorough analysis.

üForces, on Red Waivers, to go back for 

more implementation/analysis.



Waiver classifications:
ÅRed 

ü Reachable, but untested

ü Requires further attention.

ÅAmber

ü Reachable, but only partly tested. 

ü High confidence it will be covered.

ü Might require further attention.

ü e.g., Cover Crosses (FC).

ÅGreen 

Å Unreachable.

Å Requires clear justification and 

reviews.

Å Once accepted, no need for 

further attention.

Å e.g., different configuration

Traffic Light System



Traffic Light System: Proposed methodology
1.Look forcoverage holes.

2.Analyzecoverage holes.

3.Classifycoverage holes.

4.Proposea classification (e.g., through JIRA).

5.Wait for the approval.

6.Excludethe items.

R

E

D

G

R

E

E

N

AMBER



Unreachability
ÅFormal Unreachability
üMathematically unreachable.
üFormal Verification tools.

ÅProposed Methodology:
1. Run unreachability analysis tool.

2. Analyze proposed exclusions.

3. Apply exclusions.

AND 
GATE

0 0/1

0

1

Toggle
Expression

AND 
GATE

0 0/1

0

1

0/1

AND 
GATE

Χ



Exclusions
ÅTraffic Light System + Unreachability Ą Need for Exclusions!

ÅHow to manage exclusions?
ÅAssume 3 configurations: CONFIG_TYPICAL, CONFIG_MIN, CONFIG_MAX

ÅCreate exclusion files for each configuration.

Green_TYPICAL.do

Green_MIN.do

Green_MAX.do

includes

includes

includes

auto
load

auto
load

auto
load

R

E

G

R

E

S

S

TYPICAL.ucdb

MIN.ucdb

MAX.ucdb

Formal UNR Tool
(e.g. Questa CoverCheck)

UNR_TYPICAL.do

UNR_MIN.do

UNR_MAX.do

generates



ÅCode Coverage can be excluded; Functional Coverage shall not be for 
Green Waiver.

ÅIntroducing Parameter-aware Functional Coverage:
üCreate auto-excluding Covergroups, Coverpoints and Bins based on parameters.

ÅCovergroups Ą if  (<COND>) cvg ˮ ÎÅ×ƽƧÎÁÍÅƨƾƘ

ÅCoverpoints:
  option . weight     = (<COND>);
 option . at_least    = (<COND>);
 type_option . weight  = (<COND>);

ÅBins   Ą bins  b_A = { 'h0 } with (<COND>);

Parameter-aware Functional Coverage

What if 
option . per_instance  = 1 ?



ÅRandomize all parameters Ą Allows for covering all possible  
     configurations over time.

ÅAddition of COV_ALL flag.
üNo parameter-aware in RANDOM Ą We need to see coverage holes.

üAdd covergroup for parameters.

RANDOM Configuration



Collaborative Work ς Coverage Analyzer 
(VIQ)
ÅVIQ offers a collaborative work 

environment to analyze and 
manage coverage.

ÅIt also keeps track of testplans 
merged into coverage files



ÅFor Code Coverage, well-maintained Exclusions are 
the key to success.

ÅFor Functional Coverage, well-designed parameter-
aware covergroups shall expedite verification.

Considerations



Real-time and Interactive 
Dashboards



Dashboards
ASIC Verification Complexity

ÅHighly configurable IPs require verification acrossmultiple 
configurations

ÅLeads toexponential growthin verification effort (almost infinite 
permutations

ÅManaging diverse configurations and variants creates significant 
data challenges

ÅNeed for data-driven decision making thus super important to 
present this data in a concise and meaningful way.

ÅCrucial that data is accurate and Real-Time



Type of Metrics

Regression Pass / 
Fail Status

Code and Function 
Coverage

Bug tracking 
system statistics

Specifications / 
requirements 

items

Verification plan 
items 

Repository 
statistics

Compute 
resources metrics 
(CPU, Memory etc)

Test/regression 
resource statistics 

(e.g. run time)



Challenges Without Real-Time Dashboards

ÅDelayed insightsinto verification progress and issues
ÅManual collection and correlationof metrics across configurations 

can lead into misinterpretation
ÅReactive rather than proactiveissue detection
ÅSiloed informationbetween teams and verification stages
ÅCan lead to stale data very quickly
ÅTime-consumingreport generation and analysis



Benefits of Real-Time & Interactive Dashboards

ÅImmediate visibility into verification progress
ÅEarly bug detection and trend analysis
ÅResource optimization and management
ÅComprehensive coverage tracking across configurations
ÅData-driven decision making
ÅEfficient generation of verification health reports.



Benefit 1: Immediate Visibility

ÅAt-a-glance άƘŜŀƭǘƘ ǎǘŀǘǳǎέ ƻǾŜǊǾƛŜǿ ƻŦ ŘŜǎƛƎƴ ŀƴŘ ǾŜǊƛŦƛŎŀǘƛƻƴ
ÅReal-time statusacross all regression runs and configurations
ÅAggregated viewof pass/fail metrics across variants and also 

coverage
ÅImmediate feedbackon new test additions or code changes
ÅBetter understandingof verification bottlenecks



Benefit 1: Immediate Visibility



Benefit 2: Early Bug Detection

ÅLive bug convergence trendshighlight potential issues early
ÅInteractive bug curvesallow drill-down into problematic areas
ÅCross-configuration bug correlationidentifies systemic issues
ÅPredictive analyticsfor forecasting time to verification closure



Benefit 2: Early Bug Detection



Benefit 2: Early Bug Detection (2)
ÅSmart debug - > Using ML 

to triage and identify 
candidate tests to debug.

ÅSpeeds up debug cycles 
helping in earlier bug 
detection.


