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2022 Verification Study
Wilson Research and Siemens EDA
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Length of Design Project
How long are ASIC and FPGA Design Projects?
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Source:  Wilson Research Group and Siemens EDA, 2022 Functional Verification Study 
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Percentage of Project Time Spent in Verification
How much time is spent on Verification Tasks?
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40%-50%
Median project time spent 
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Source:  Wilson Research Group and Siemens EDA, 2022 Functional Verification Study 

ASIC FPGA
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Actual ASIC design completion compared to project's original schedule
Most ASIC projects miss schedule
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Actual FPGA design completion compared to project's original schedule
Most FPGA projects miss schedule
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Number of ASIC spins before production
Decline in first silicon success combined with increasing wafer and mask cost
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Source:  Wilson Research Group and Siemens EDA, 2022 Functional Verification Study 
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FPGA projects are performing no better than ASIC
Projects with non-trivial bug escapes into production
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Summary of Numbers around the Verification Process  
Both FPGA and ASIC Projects Require Acceleration and Improved Efficiency
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Verification Management 101
Managing the Verification Process
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Verification Challenges
Tight Relationships Between Verification Management, Debug and Coverage
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Source:  Wilson Research Group and Siemens EDA, 2022 Functional Verification Study 
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Verification Management
Standard Functionality Included by Vendors
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Definition

• The management of the verification process

Questa® Verification Management

• Unified Verification Management & Traceability

Unified Coverage

Unified Planning

Unified Reporting

Unified Regressions

Unified Analysis

Virtual

Prototype
Formal Simulation Emulation

FPGA

Prototype

ReqTracer
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Traditional Verification Management
Needs to Support Multiple Methodologies
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A Unified Coverage Database
Providing Unification of Data, Analysis and Flows across Multiple Engines
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Proven Technology

• Multiple Consumers and Producers

• Data volume size

• Storage, Handling & API

Data Unification

• Base Requirement for VM

• Architected for Unification, Capacity & Performance

• Multiple Dimensions

Standardization

• Internal Uniform Coverage Initiative

• Combining Engine Results

• Basis of Industry Standard UCIS
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Unified Engine Coverage
Multiple Engine Combined as Consumers and Producers of Coverage 
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VIP  

QUESTA™
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VELOCE™
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UCDB

Unified Verification Management Process Based on Coverage Data
Data, Process and Tool Automation
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Combining Simulation and Emulation Flows
Analog and Digital flows
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Combining PowerAware Simulation
Coverage, Assertions and VM
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Combining Formal CoverCheck & Simulation
Faster coverage closure
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Combining Formal Applications
Static analysis complements dynamic simulation
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Unified Coverage Analysis Requirement
Visualizer Coverage-Aware, Single Cockpit to view Debug and Coverage Data

Unrestricted | © Siemens 2023 | Siemens Digital Industries Software | DVcon US 2023

Code Coverage

Functional Coverage

Testplan Coverage
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Structural Coverage Analysis
Debugging & Analyzing Coverage Models Demonstration 

Unrestricted | © Siemens 2023 | Siemens Digital Industries Software | DVcon US 2023

10 minutes
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Planning, Regressions & Devops
Managing the Verification Process
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Unified Plan Driven Verification
Testplan capture, native to database
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UCDB natively supports Testplans

• Import from any data/document source 

• Testplan Tracker provides visibility and progress

Supports process of tracking to any metric

• Supports Parameterization, Unimplemented coverage

• Hierarchical mixed document types

• User defined Project Attributes

Excel Add-in

Testplan 

UCDB
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Unified Regression Management
Questa® VRM Providing Automation, Productivity & Efficient use of Resources
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Typical Homegrown Regression System Limitations

• Often no alternative but to home grow

• Script based, little separation between configuration and control

• Expensive to create & maintain

Benefits of a pre-built environment

• Focus resources on verification, not infrastructure

• Simplify set-up & Maintenance

• Continual development & support

Improve throughput and turn-around

• Faster execution of regression tasks

• Automation and repeatability of process

• Uncover Hidden data & Automation opportunities
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Automation, Productivity & Efficient use of Resources
Built in Features of a Regression System
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Grid Integration & Job Monitoring Automated Merge Based On Status

Automated Re-run for DebugOptimizing Testlists



Unified Rules Based Results Analysis
Who, What, When, Where, Why ?
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Where’s my 

first failure ?

Sort by time and then test

Filter by Severity

What tests did a 

failure occur ?

Filter by Severity

Sort by message and then test

When did 

messages occur 

on channel B?

Filter by Channel

Sort by time and then test
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Unified Trend Analysis Monitoring Project Progress
Who, What, When, Where, Why?
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What's my 

Progress?

When is code 

stable?

When did we 

lose coverage?

Are there still 

failures?
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Unified Dev Ops Big Part of Verification Management
Extends to Build and Issue Management
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Engineering practice that aims at unifying software development

(Dev) and software operations (Ops)

Targets automation and monitoring

• Infrastructure management

• Build, Testing, Integration, Release

• Process and Tools

Requirements

• Shorten development cycles

• Speed deployment frequency

• More dependable releases
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Many Software Based Tools Relevant for Hardware Design and Verification
Needs to be Agnostic and Collaborative
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Revision Control

• Tracking & Managing Changes

• Multi-user Collaboration

• Reviewing & Approving Code

• Examples:

RCS, Git, Perforce, SVN etc 

Bug Tracking

• Managing Defects & Issues

• Collaborative Communication

• Historical Details on Fixes

• Examples:

Bugzilla, Mantis, Gitlab, JIRA etc 

Server

Continuous Integration

• Automated build with testing

• Multi-user Collaboration

• Improve Software Quality

• Examples:

Bamboo, Jenkins, Gitlab etc 



Unified Traceability is an Important Aspect of Functional Safety Projects
Auditing Compliance to Safety Standards is Essential
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Requirements Tracing 
Throughout the Development Stages
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Impact Analysis 
Understand the Effect of an Engineering Change Order (ECO)
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Traceability
Record and navigate relationships between artifacts Demonstration 
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10 minutes
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The Evolution
How has Verification Management been Evolving?

Unrestricted | © Siemens 2023 | Siemens Digital Industries Software | DVcon US 2023Page 36



What do Projects use as a Signoff criteria?
Metrics of some sort are driving decisions
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Source:  Wilson Research Group and Siemens EDA, 2022 Functional Verification Study 

0% 10% 20% 30% 40% 50%

Other

When the project plan says sign-off, regardless of status

When the rate of bugs found per week drops below a specified goal

When we can no-longer think of any more tests to write

When code or functional coverage says we have achieved our target

When the emulated or prototyped design is working in-lab

When the project plan schedule says sign-off, assuming verification ok

When all tests documented in verification plan are complete and pass

Design Projects

FPGA ASIC
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Tools

Process

CREATING SUFFICIENT TESTS TO VERIFY THE DESIGN
(Coverage Closure)

DEFINING APPROPRIATE COVERAGE METRICS

MANAGING THE VERIFICATION PROCESS

TIME TO ISOLATE AND RESOLVE A BUG

TIME TO DISCOVER THE NEXT BUG

Other

0% 5% 10% 15% 20% 25% 30% 35%

Design Projects

FPGA ASIC

Biggest functional verification challenge
The Importance of Process and Tools
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Source:  Wilson Research Group and Siemens EDA, 2022 Functional Verification Study 
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Semiconductor Process Productivity Guided by Software Flows
EDA chasing software development practices

Unrestricted | © Siemens 2023 | Siemens Digital Industries Software | DVcon US 2023

Time

P
ro

d
u
c
ti
v
it
y

Machine Code

Assembler

Waterfall

HL Languages

Lint

Coverage

Graphical

CI

Agile

ALM

Software

Transistor

Gate Level

Waterfall

HDL

Lint

Coverage

Graphical

CI

Agile

ALM

Hardware

Page 39

Evolution



Where have we Evolved the Verification Management Process?
Managing Data, Process and Tools
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Data

Process Tools
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Continuous Integration
Introduction to CI in the Verification Process
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Verification Engineer Verification EngineerDesigner

Automating Integration of Changes for Collaborative Development
HDL Process Parallels Software Processes
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Project
Revision Control

Bug Tracking

Manager
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Requirements for Build and Test Management
Multiple requirements for running Tests
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Trunk

Pass/Fail
no

yes

Revision Control

Regression

Pass/Fail
no

yes

yes

Trunk check

• Sanity test, subset of regression

• Goal: Detect simple severe problems

• Ran at least daily & before check-in

Regressions

• Full test of functionality

• Goal: Verify correctness & Design intent

• Introduces coverage

• Ran at most nightly

Maximize resources

• Compute, Software & Human
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Verification Engineer Verification EngineerDesigner

Connecting Regressions to Revision Control
Continuous Integration the next productivity step
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Manager

Revision Control

Bug Tracking

Verification Run Manager

Continuous Integration Server
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Verification Automation

• Continuous Integration

• Run Management

Improved Quality

• Frequent Testing

• Faster Coverage Closure

Process Collaboration

• Results Analysis

• Metric Visualization

Questa VRM and Continuous Integration
Run Management Plug-in for Jenkins
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Continuous Integration
Integrating Regression Runners with Jenkins CI Demonstration 
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10 minutes
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Application Lifecycle 

Management
Introduction to ALM in the Verification Process
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Application Lifecycle Management (ALM)
The Three Core Pillars
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Collaboration Traceability Re-use
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Application Lifecycle Management
Dissolving the pillars of ALM into a whole Solution
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Collaboration Traceability Re-use
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Application Lifecycle Management
What an ALM Solution Provides
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Application Lifecycle Management
Requirements Management
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Application Lifecycle Management
Build & Release
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Application Lifecycle Management
Development Methodologies 
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Application Lifecycle Management
Planning Resource Management
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Application Lifecycle Management
Audits & Metrics Reports
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Application Lifecycle Management
Issue & Risk Management
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Application Lifecycle Management
Test & Quality Management 
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Application Lifecycle Management
Reuse & Branch 
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Application Lifecycle Management
Change & Configuration Management
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Application Lifecycle 

Management
ALM for the Semiconductor Process Demonstration 

Unrestricted | © Siemens 2023 | Siemens Digital Industries Software | DVcon US 2023

10 minutes
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The Revolution
How Verification Management has to Change
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Software Process Productivity
The Revolution Improving Productivity
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Revolution

Where is Software Development Going?
Development in the Cloud
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Scalability & Elasticity

• Variety of supplied instance types, load balancing and databases

• Easily expandable and contractable

• Auto-scaling of resources based on demand

Collaboration

• Shared project resources regardless of physical location

• Real time collaboration of source code

• Supplied version control and project management tooling

Software as a Service

• Pay as you go pricing model scales with usage

• Eliminates local installation and maintenance

• Up-to-date software, tools, and environments



Where is Software Development Going?
Shift left by taking advantage of AI/ML
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Automation

• Code generation

• Testing regression framework generation

• Debugging

Quality

• Code analysis

• Prediction software behaviour

• Optimization

Personalization

• Adaptation to user’s behaviours

• Improved user experience

• Recommendations

Revolution



Revolution

Hardware Process Productivity
The Revolution Improving Productivity
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Summary of Numbers around the Verification Process  
Both FPGA and ASIC Projects Require Acceleration and Efficiency
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10-12 Months

Median project time spent 

in verification for FPGA

10-12 Months

Median project time spent 

in verification for ASIC

Source:  Wilson Research Group and Siemens EDA, 2022 Functional Verification Study 

40-50%

Percentage of Project Time Spent in 

Verification for ASIC

50-60%

Percentage of Project Time Spent in 

Verification for ASIC

70%

FPGA Projects behind schedule

66%

ASIC Projects behind schedule

84%

FPGA design projects have non-

trivial bug escapes into production

76%

ASICs require 2 or more respins
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Complexity Amplifies Verification Challenges
Tight Relationship between Verification Management, Debug and Coverage
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Turn-around Times

Verification Closure

Resource Management

Safety Compliance

Project Visibility

Schedule

Resources

Quality

Challenges

Source:  Wilson Research Group and Siemens EDA, 2022 Functional Verification Study 

Debugging

Other

Creating 

Tests/Running

Engines 

Test-

planning

Testbench

Development

Time Spent 

within the 

Verification 

Process



If you can not measure it, you 

can not improve it.

Lord Kelvin, Mathematician
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Data Driven Verification
The Solution for Tackling Growing Complexity
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Turn-around Times

Verification Closure

Resource Management

Safety Compliance

Project Visibility

Challenges

Debugging

Other

Creating 

Tests/Running

Engines 

Test-

planning

Testbench

Development

Time Spent 

within the 

Verification 

Process

Data

Driven

Verification

Acceleration

Efficiency

Goals



Data Driven Verification Management
Supporting the Jump to a New Methodology
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Why These Core Solution Drivers?
Essential to Productivity, Improving Schedules and Ensuring Quality
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Analytics
are Essential for transformation

Collaboration
is Essential for team-based processes

Traceability
is Essential for Safety Compliance 



Collaborative Data Driven Verification Powered by Analytics
Agnostic Support of Engines & ALM
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Questa™ Verification IQ – Data Driven Verification

Verification 

Planning

Regression 

Running

Failure 

Analysis

Debug

Coverage 

Analysis

Big Data 

Platform

Simulation Emulation Prototype AMS Formal Static FuSa

Polarion® ALM™

Issue 

Tracking

Design 

Repository

Requirements

Management

Continuous

Integration



Verification IQ Solution
Data Driven Verification Powered by Analytics
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Browser Based Framework

Verification IQ Framework

Process Guide
• Plan & Requirements Driven

• Safety Critical Flows

• Lifecycle Management

Regression Running
• Creation, Execution & Visibility

• Historical Analysis

• ML Acceleration and Efficiency

Coverage Analysis
• Code/Functional/Testplan

• Hole, Test & Time Domains

• ML Powered Analytics

Data Analytics
• Metric Platform

• Project Dashboards

• Cross Analytics
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Connecting the Whole Team
Collaborative Process

Unrestricted | © Siemens 2023 | Siemens Digital Industries Software | DVcon US 2023

Verification EngineerDesigner Verification Engineer

Manager

Page 74

Executive System

Polarion

ALM

Testplan

Author
Coverage

Analyzer

Verification

Insight

Regression

Navigator

Verification Data

Revision

Control
Bug

Tracking

Process 

Metrics

Resource 

Metrics

Digital Thread

Software

Verification IQ



Revolution

Built for Cloud
Architectured using a Web Application Framework
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Scalable Verification Management
• Zero Install Device and OS Independence

• Supporting Public, Private and Hybrid Cloud

• Native Collaboration with Centralized Data Access

Power of a Browser-Based UX
• Secure Login Based Licensing Model

• URL Sharing for Efficient Collaboration

• Familiar Modern User Interface Experience 

Solution Features
• Supporting Scalability, Reliability & Elasticity

• Modern Team-based Notification System

• Enabling Verification Management as a Service
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Verification IQ Testplan Author 
Safety Compliance & Process Guidance
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Verification Traceability
• Browser-based Test Planning Authoring

• Enabling Plan and Requirements Driven Verification

• Agnostic support of Multiple Engines & ALM

Employing the Power of Lifecycle Management
• Digital Thread using OSLC Standards Based Integration

• Tight Synergy with Application Lifecycle Management

• Requirement Traceability to Design Implementation

Application Benefits 
• Built on Existing UCDB Testplan Infrastructure

• Verification Process Guidance

• Safety Compliant Traceability



Revolution

Plan and Requirements Driven Verification
Open Services for Lifecycle Collaboration (OSLC)
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Testplan 

Author

Page 77

Open standard for seamless integration
• Specifies services for integrating tools and systems

• Common language for data and information sharing

• Enables automation of processes and workflows

Data sharing promoting collaboration
• Real-time access to relevant data and information

• Traceability and visibility throughout lifecycle

• Enhances communication and coordination within a team

Platform independent RESTful services
• Based on well established web technologies

• Easily integrated with different tools and systems

• Flexible, scalable integration solution



Testplan Authoring & ALM Synergy
Requirements Driven Verification Solution
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Browser (Chrome, Firefox etc)

Testplan Authoring & ALM Synergy
Requirements Driven Verification Solution
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Siemens Digital Thread
The Bigger Picture
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Cross domain traceability
• Seamless interoperability 

• Integrated requirement management

• Bi-directional referencing, single point of truth

Integrated change management
• Evaluate low level change impact up to product

• Consolidate analysis for accurate product change decisions

• Integrate changes from ALM up into the product

Comprehensive solution
• Closed loop engineering development

• Visibility from all disciplines within the team

• Cross domain system of systems development, verification, delivery



Requirement Driven Verification 
Tracing Implementation and Verification Results to Requirements 

Demonstration 
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10 minutes
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Verification IQ Regression Navigator
Improving Turn-around Times & Resource Efficiency
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Regression Visibility & Controllability
• Browser-based Regression Interface

• Collaborative Regression Launching & Analysis

• Unified support of Multiple Engines

Power of Collaborative Regression Analytics
• Historical Regression Data Analysis

• Automated Failure Signature Analysis

• Tight Integration with Jenkins Continuous Integration 

Application Benefits
• Built on Existing Questa VRM Infrastructure

• Improved Regression Efficiency & turn-around times

• ML Assisted Test Selection

Revolution



Regression Management
Regression Control, Monitoring, and Analysis Demonstration 
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10 minutes
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Verification IQ Coverage Analyzer
Data-Driven Verification Closure
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Coverage Closure Acceleration
• Browser-based Coverage Closure

• Analyze Code, Functional and Testplan Coverage

• Unified support of Multiple Engines

Power of Collaborative Data Analytics
• Improved Coverage Model & Closure Understanding

• Analytical Navigation and Smart Visualization

• Integrates User awareness with Questa Exclusion Flows

Application Benefits
• Brings Team Based Analysis to the Questa UCDB

• Unique Analytics for Accelerated Understanding

• ML Accelerated Coverage Closure

Revolution

Traditional

Coverage 

Analyzer



Collaborative Coverage Closure
Analytical Coverage Closure Demonstration 
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10 minutes

Page 85



Verification IQ Insight
Project Visibility & Data-Driven Verification Closure
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Verification Process Predictability
• Browser-based Dashboard for the Verification Process

• Capturing ALL Verification Data for Improved Insights

• Unified support of Multiple Engines & Data Types

Power of Collaborative Data Analytics
• ‘Big Data’ Platform for Data-Driven Analytics

• Providing Insights to optimize Verification Efficiency

• Tight Integration with all other Verification Tasks

Application Features
• Centralized Dynamic Portal for Multi-Project Visibility

• Historical Multiple and Cross Domain Metric Analysis

• Predictive and Prescriptive Verification Analytics

Revolution



Effective AI/ML Relies on Structured Managed Data
Traditional Cross Analytic Trending
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Revolution

Data Lake
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The Application of ML in Functional Verification
The Journey has only just Started
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Replacing heuristics and graph 

analytics in core engines

Faster Engines

Impact

Enabling new analysis 

and debug capabilities

Faster Engineers

Impact

Predictive technologies to 

accelerate verification

Fewer Workloads

Impact

Data is now eating the world

The fastest verification cycle is 

the one you don’t have to run



Applying Machine Learning to Verification IQ 
Predictive and Prescriptive Verification Analytics
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Cross Hole Analysis

Expr Pattern Analysis

Stimulus Guidance

Testcase Prioritization

Failure Signature & Triage

Check-in Aware

Testcase Seed Optimization

Novelty Selection

Design Change Selection

T
a
s
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Identify repeat common causes

Identify irregular behaviour

Identify bug related changes 

Identify most likely check-in 

FASTER FEWER

Debug Acceleration

Identify tests in context

Resource Efficiency

Find misbehaving tests

Improve scheduling

FASTER FEWER

Regression Efficiency
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FASTER FEWER

Closure Acceleration



Metrics Dashboards
Cross Analytics and Trending Demonstration 
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10 minutes
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ML for Verification
What is Possible?
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ML is Made Possible by Rich Data
Approximation of a Complex System with Many Meaningful Examples
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Algorithm f

Domain 

Knowledge
Input

Output =

f (input)

Programmer + 

Domain Expert

(explicit) 

learning

Rule-based System

Coding

Model f

Domain 

Knowledge
Input

Output = 

f (input)

Training Data ML / Data 

Engineer

(implicit) 

selection

Data-centric System

Learning
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ML is Made Possible by Rich Data Exposed by VIQ
Multiple Metrics Extracted and Stored over project Lifecycle
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Task Data Modality

Simulation

Waveforms Graph

Timing Text, Graph

Test vectors Text, Table

Test results Text, Table

Logs Text

Metrics Text, Table

Coverage Table

Formal

Design specs Text

Design Code

Proof results Table

Traces Text, Table

Metrics Table

Constraints Code

Assertions Code

Proof scripts Code

Debug

Trace logs Text, Table

State dumps Table

Breakpoint Table

Testbench Code

Commits Code, Table

Example of Data Generated in Verification
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Application ML Has Been Investigated in Every Corner of Verification
Details Available in Our DVCon Paper
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…

Requirement 
engineering

Static code 
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Simulation 
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Coverage 
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Bug 
detection …
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How Verification Can Benefit from ML
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Accelerate 
verification execution

Automate verification 
workflow

Achieve better 
verification results
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Why is ML More Challenging in Verification? 
Impact of Data Governance to ML Paradigms

Unrestricted | © Siemens 2023 | Siemens Digital Industries Software | DVcon US 2023

Training Data

SW Engineer

Training

Rules

User

Insight

Coding Delivery

Model

Rules

MLOps

DevOps

Product Product
User

Training Data

Training

Model

Deployment 

Delivery

Model

Model

MLOps

DevOps

Product Product

User

Training Data

Training

Pre-Trained 

Model

Deployment 

Delivery

Model

Customized 

Model

MLOps

DevOps

Training Data

Training

Model

Deployment 

Product Customized 

Product User

Training 

Data
Training

Trained 

Model

Deployment 

Servic

e API

Model

MLOps

DevOp

s

Query 

Result 

Product User 

Solution

ML Analytic

ML Customized ML Service

ML Embedded

Page 96



The Application of ML to the Verification Process
Many Features Already Powered by ML
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Expression Pattern Analysis 

• Common Pattern Relationships

• Powerful Visualization

• Hidden Model Dimensions

Benefit: Closure Acceleration

Multi-Hole Analysis 

• Cross Hole Analysis

• Auto-Detects Subcommunities

• Clear Guidance to Holes

Benefit: Closure Acceleration

Testcase Prioritization

• Historical Test and Coverage

• Reinforcement Learning

• Identify Likelihood of Failure

Benefit: Debug Acceleration
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ML for Verification: What’s Next?
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Training Data
A good model learn from a lot 

of data

Computing 
Power

Training requires a lot of 
computation 

Model 
Architecture

Task specific architecture 
design

GPT-345 TB
text data

314 Zettaflops
~$4.6m if on AWS

174.6 BLN
parameters

Big Data & 

Large (Language) Model
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Graph Learning

0% 20% 40% 60% 80%

Other

cocotb or other
methodologies

Stimulus Generation

Runtime Management

FPGA
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Data Management

Intelligent Stimulus Generation

Python & 

Data Analytics w/ ML
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Machine Learning Powered Verification: 
Technologies Are Ready, Start the Journey with Siemens
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What's Next?
The Revolution Improving Productivity
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Next steps for Verification Management 
Closing the remaining gaps to catch software development
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Scalable Elastic Cloud

Benefit: Improved Efficiency

Software as a Service

Benefit: Reduced Costs

Distributed Data Streaming 

Benefit: Improved Efficiency

QUESTA®

Simulation

QUESTA®

Simulation

VELOCE®

Emulation



Debugging

Other

Creating 

Tests/Running

Engines 

Test-

planning

Testbench

Development

Time Spent 

within the 

Verification 

Process

Methodology Trends

Verification Tasks

Data is Now Eating the World
Value is Shifting from Software to the ability to Leverage Data
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Revolutionary Innovation for Effective Verification 
Collaborative Data Driven Verification Powered by Analytics
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Data

Driven

Verification

Zero Install Browser Based Collaboration for 

User-aware Verification Closure maximizing 

Team Efficiency

Unified ‘Big Data’ Platform employing Unique 

Predictive and Prescriptive Analytics for 

Closure Acceleration

Traceability between ALM and Verification 

enabling a Digital Thread for Functional Safety 

Compliance
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Evolutionary to Revolutionary VM Journey
Verification Continues to Benefit from Productivity Enhancements in Software Process
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Evolution 

Revolution 
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Disclaimer

© Siemens 2023

Subject to changes and errors. The information given in this document 

only contains general descriptions and/or performance features which 

may not always specifically reflect those described, or which may 

undergo modification in the course of further development of the 

products. The requested performance features are binding only when 

they are expressly agreed upon in the concluded contract.

All product designations may be trademarks or other rights of 

Siemens AG, its affiliated companies or other companies whose use by 

third parties for their own purposes could violate the rights of the 

respective owner.
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