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Cadence
An AI Computational Software Leader

OUR MISSION is to innovate technology and 
productivity solutions for an AI-enabled world

OUR SOLUTIONS enable engineers and scientists 
to bring innovative new products to life

AI-Enabled
Sciences

Hyperscale
Data Centers and
Communications

Transportation, 
Robotics, and 

Machines 
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13,000+
Global Employees

35.3%
Revenue Invested in R&D

40
Global Development Centers

1600+
Patents Awarded

Cadence at a Glance

Wall Street Journal’s Best Managed Companies 2025

Time's World’s Best – Sustainable Growth Companies 2025

Newsweek’s America’s Most Responsible Companies 2025

Fortune’s 100 Best Companies to Work For 2025

Fast Company’s Most Innovative Companies 2024

Time’s America’s Best Mid-Sized Companies 2024

CORPORATE

RECOGNITIONS ACCELERATED DESIGN TECHNOLOGIES

REVENUE ($B) 

$1.70 $1.82 $1.94 $2.14 $2.34
$2.68

$2.99

$3.56

$4.09

$4.64

1 2 3 4 5 6 7 8 9 10

An AI Computational Software Leader

Source: Cadence Earnings Press Release, April 28, 2025
https://www.cadence.com/en_US/home/company/newsroom/press-releases/pr-ir/2025/cadence-reports-first-quarter-2025-financial-results.html 

https://www.cadence.com/en_US/home/company/newsroom/press-releases/pr-ir/2025/cadence-reports-first-quarter-2025-financial-results.html
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• Use of emulation/prototyping in the semiconductor industry

• Cadence platforms  for emulation/prototyping

• Summary

Agenda
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Software Verification Challenge

IBS July 2022

Significant effort

debugging failures

and developing tests

Complex mix of IPs – digital and analog

System-level compliance 

Concurrency

Coherency

75%+ project costs in 

software and verification
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16-128M
Gates

128-512M
Gates

1-40BG
Gates

Verification for Different Sizes of Payloads

Application Specific Components
Compute Subsystem

3D

GFX

DSP 

A/V

High speed, wired interface peripherals

DDR

PHY

Other peripherals

SATA

MIPI

HDMI

WLAN

LTE

Low-speed peripheral 

subsystem

Low speed peripherals

PMU

MIPI

JTAG

INTC

I2C

SPI

Timer

GPIO

Display

UART

Boot 

processor

Modem

CPU

L2  cache

USB

S

P

I

U

A
R

T

PCIe

Gen

PHY

Ether

net

PHY

CPU CPU

L2  cache

CPU

Cache coherent fabric

Compute

Subsystem

IP Subsystem Chiplet and SoC

Application Specific Components

3D

GFX

DSP 

A/V

Boot 

processor

ARM M0

ModemCustomer’s

Application-Specific IP

Re-run regression

after bug fixes

Re-run regression

after bug fixes

System-level bugs may trigger module-level ECOs

Bare-Metal SW
Bare-Metal SW

Bare Metal and Application SW Stack

IP

Testbench / Virtual Interface Testbench / Virtual Interface

Compute Subsystem

IP
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Emulation & Prototyping:  D&V Methodology Example

Chip 

Focus

C-Model : Design & Test

RTL : Unit teams - Design & Test

Si
Emu/Proto : HW Teams with system-level tests

TIME
FNL

Tapeout

Silicon

SW 

Focus

SW : Develop & Test

System Emulation/Prototyping :  SW integration and Checkout

Production

Emulation / FPGA : HW Teams with unit-level tests

Emulation / FPGA :  SW Teams with unit-level tests

RTL ECO

System Emu: Power and Performance Analysis

Emu/Proto : DFT vector debug

Virtual Hybrid:  SW Teams with OS boot and drivers
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Challenge: more silicon and system development in less time
Bug detection still not as early as possible

B
u

g
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e
te

c
ti
o

n
 r

a
te

IP 

Verification
SoC

Verification

HW/SW

Development
System Validation /

Certification & Production

Reduce risk & cost 

Find customer-level bugs 

as early as possible in 

the development phase

Simulation catches 

most IP-level bugs

Acceleration / Emulation

catches most SoC-level bugs

Emulation / Prototyping

catches most HW/SW level bugs

Production / Live System Test

catches most customer level bugs

Shift-left strategy is 

consuming the attention 

of many leading-edge 

companies   
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There is no “One Size Fits All”
Verification and software platforms need to interoperate

SDK OS 
Simulation

•Highest speed

•Earliest in the 
flow

•Ignore 
hardware

Virtual 
Platform

•Almost at speed

•Less accurate 
(or slower)

•Before RTL

•Great to debug 
(but less detail)

•Easy replication

Formal 
Analysis

•Non-scalable

•Exhaustive

•Early RTL 

•Great for IP

•No SW 
execution

HDL 
Simulation

•KHz range

•Accurate

•Excellent HW 
debug

•Broadly 
available

• Mixed-
abstractions 

•Limited SW 
execution

Acceleration
Emulation

•MHz Range

•RTL accurate

•After RTL is 
available

•Good to debug 
with full detail

•Expensive to 
replicate

FPGA 
Prototype

•10’s of MHz 

•RTL accurate

•After stable 
RTL is available

•OK to debug

•More expensive 
than software to 
replicate

Prototyping 
Board

•Real time speed

•Fully accurate

•Post Silicon

•Difficult to debug

•Sometimes hard 
to replicate
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Cadence AI-Driven Verification Full Flow

Advanced Content

and Checkers

Run, Cover, Debug

Fast Scalable

Engines

Heterogeneous

 Compute Arm®/X86 CPU Arm/X86 CPU

Jasper
Formal

Xcelium
Simulation

Helium
Virtual Platform

FPGA

Protium
Prototyping

Cadence Silicon

Palladium
Emulation

Arm/X86 CPU

Cloud Enabled

VIP – System VIP – Perspec

Verisium
AI-Driven Verification Platform

Debug Automation, Bug Hunting, Coverage Optimization

Resource Maximization, Regression Orchestration, Generative Automation
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System and Chip Design Trends

Business challenges

• Time-to-market

• Development cost reduction

Technical challenges

• Multi-core design and verification complexity

• Integration of new IP, subsystems in 
derivatives

• Software stack development and bring-up

• Hardware-software convergence

• More than 60% of effort in software
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Drivers

Communications L2
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Modem Comms

Application 

Processor

Bare Metal

Operating Systems (OS)

Drivers

Applications

Middleware

Firmware / HAL
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Design Trends Practical Result
Formerly separate projects must converge, software is a fundamental component

Hardware

Software

Vehicle Software Infotainment Software

Linux Android

DOM0 DOMn

Xen

Vehicle 

Service 

Sensors, etc.

Diagnostics, 

Calibration, 

Configuration

Emergency

Services

UI with TTS and Speech Recognition

Phone

BT

NAV Cloud Apps

Wireless Display Sync

Streaming Multi-media

Radio

System Services

IPCIPC

System Services

…

Control Software
Engine Chassis Brakes Electric

AUTOSAR RTE

System 

Services

Memory 

Services

Coms 

Services
I/O HW 

Abstraction
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S

Dev 

Abstraction

Memory 

Abstraction

Coms 

Abstraction

I/O HW 

Drivers

Dev 

Drivers

Memory 

Drivers

Coms 

Drivers

• Hardware is not complete until it works 

with the software and vice versa

• Teams cannot afford to work sequentially

®
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Virtual Platforms

• Software development and verification
in parallel with 
hardware development and verification

• Validated software simplifies verification

Hybrid Platforms

• Software development and verification
foundationally integrated with
hardware development and verification

• Start both before either are complete

• Accuracy and speed where you need them

Cadence Helium Digital Verification Process
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Virtual Platforms
Transforming software development

Controllability, Observability, Repeatability

Instruction Accurate

• Target software runs 
without changes

Full programmers view

• Memory, registers, and 
interrupts

Loosely Timed

• Fast enough for 
OS Boot

Available Early

• 6-12 months 
before silicon

All in Software

• Run on standard 
x86 workstations
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Hybrid Platforms
Transforming software-driven verification

Balance of Speed and Accuracy

Mixed Accuracy

• RTL for DUT

• TLM for context

Full Programmers’ View

• Memory, registers, interrupts, and pins

Mixed Abstraction

• Fast enough for OS Boot

• Detailed enough verification

Available Early

• As soon as the DUT is ready

Integrated with Hardware

• Palladium® and Protium platforms 
for capability and performance
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Connect RTL with TLM to 

form hybrid platforms

Comprehensive Model 

Library

Load and debug the software 

stack across virtual and RTL 

cores

Helium and xeDebug UI work 

together to debug HW/SW 

issues

Multiple engines RTL with 

common features

“Correct by construction” 

avoids common pitfalls in 

platform authoring

Helium reference designs 

for quick SoC bring up

Intuitive visualization and 

rapid prototyping features

Single interface for 

inspection, control, and debug 

of software, models, and RTL 

Uniform experience across 

a diverse ecosystem

Save/Restart across 

engines

Protium

System Level Debug
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System Level Debug

Assembly

SystemC Rule Checkers, Platform Reports

Intuitive 

Memory Map

One-Click 

Update

Smart 

Connectivity
Adaptive 

Port Binding

Customizable Build/Run
Manage Software 

Configurations

Helium Debug Engine

Ports, 
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Interactive 

Debugging
Gearshift

Address 

Translation

Python Scripting Interface

Virtual <->RTL
Memory 

Debug

System-Level View 

of the SoC
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Native IntegrationsModels / Platforms

RISC-V

Arm ® Processors, 

System IP, Primecells

Cadence ® IP

Standard IP, Routers

Customer IP

Bridges

Transactors

Smart Memory

AVIP

Palladium®

L
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 M
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Helium Reference 

Designs
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Unified Command and Control

Protium

Xcelium

Helium HW and SW Runtime Engine

Helium Virtual and Hybrid Studio
The key to a flow that connects verification and software together
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• Highest performance RTL verification platform

• RTL regression and timing critical software use cases

• All virtual assets are part of Helium

• Pure virtual hardware platform

• Digital Twin for platform critical 
software and prep for verification 
use cases

• High performance SystemC 

• Assets shared with Hybrid 

• Assets shared with VLAB**

• Vehicle to Virtual ECU to Software to RTL

• Mix and Match Digital Twin, software and 
hardware verification platforms as needed 
for use cases

• Path to VHILS, Vehicle Networks, FMI, and 
Automotive Toolchains and Environments

• Assets shared with software development 
test flow

• Assets shared with hardware development 
and verification flow

Cadence + VLAB Works

Helium

Virtual Platform

Cadence / VLAB

Vehicle Scale Digital Twin

VLAB

Virtual OS/BSP Platform (VDM T2) 

VLAB

Virtual BSW Platform (VDM T3)

• Virtual ECU Level 4 

• Digital Twin for Entire SW Stacks, 
including OS, BSP and Firmware

• Software Debug, Test, Analysis

• Ultra-High performance

• Assets shared with Helium**

Hardware V&V Environment 

Software D&T Environment

VLAB

Virtual Platform (VDM T1)

• Virtual ECU Level 3 

• Digital Twin for Apps and Base/MW SW 

• Software Debug, Test, Analysis

• Ultra-High performance

• Runs in Helium**

• Virtual ECU Level 2 

• Digital Twin for Apps SW

• Software Debug, Test, Analysis

• Ultra-High performance

• Runs in Helium**

Helium /Protium

Prototyping Hybrid

Helium /Palladium®

Emulation Hybrid
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Prototyping challenges

LPDDR
DRAM NAND

FLASH

NAND

FLASH

WiFi

Bluetooth

GPS

Receiver

Motion

Sensors

Power

Control

Memory

Card

Application Specific Components

SoC Interconnect Fabric

CPU Subsystem

3D

GFX

DSP 

A/V

High speed interface peripherals

DDR3

PHY

MIPI

WLAN

LTE
Low-speed peripheral 

subsystem

Low speed peripherals

PMU

MIPI

JTAG

INTC

I2C

SPI

Timer

GPIO

Display

UART

Cortex

-A15

L2  cache

USB3.0

3.0
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Y

2.0
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Y

Cortex

-A15

Cortex

-A7

L2  cache

Cortex

A-A7

Cache Coherent Fabric

• Mapping ASIC 

clocking into FPGAs

(RTL changes)

• Mapping ASIC

memories into FPGAs

(RTL changes)

• Interfaces that

require speed-adaption 

(RTL changes)

• Design > 40MG

(FPGAs partitioning)

• Debug HW+SW

(Tools support)

5G

Modem AI

CoresAI

Cores
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So … Traditional prototyping is not suitable anymore

• Too many gates

• Too much memory

• Too many peripherals

• Too much software
…

• Not enough time

• Needs to be remotely
accessible
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And That Brings Us To Enterprise Prototyping  … Addressing Those 
Challenges!!!

Compiler Automation takes the pain away from mapping to FPGA

• Takes ASIC RTL and with little or no modification maps it into FPGAs

o Clocks,  Memories

o Fully automatic, multi-FPGA partitioning

o FPGA timing closure

o Fully integrated FPGA PnR

o Speed Bridges, Virtual Bridges, Memory models

RTL

preparation

Compile

Synthesis

Automatic / manual

Multi-FPGA partitioning
FPGA Timing Closure

In-Circuit

Bring-Up

Memory

remodeling

▲

Traditional

◄ Enterprise Prototyping 
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Cadence’s Dynamic Duo

12 of the top 15 

Semiconductor
Companies

4 of the top 5

Smartphone / Mobile
Application Processor Suppliers

9 of the top 10 

Hyperscale
Companies

Compile Predictability 

Multi-BG Scalability 

HW Verification Throughput

Palladium

High-Perf SW Validation

Multi-BG Scalability 

Fast Bring-up via Congruency 

9 of the top 15 

Semiconductor
Companies

3 of the top 5

Smartphone / Mobile
Application Processor Suppliers

6 of the top 10 

Hyperscale
Companies

Protium
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Dynamic Duo III Verification Platforms Benefits

Emulation Features and Applications
• Modular Compile: 8-hour TAT for any size design

• FullVision Debug: observe any signal with at-speed triggering

• Exclusive use models: 4-state and mixed-signal emulation, 95% accurate power 

analysis

Prototyping Features and Applications
• Modular Compile: 24-hour TAT for designs up to 20 BG 

• FullVision Debug: observe any signal without recompile

• Shared Virtual and Physical interface and debug solutions with Palladium

1.5X faster than 

Palladium Z2 

with at-speed debug

Shared front-end, 

fastest compile for 

billion-gate designs 

Palladium® Z3 Protium  X3

Fast bring-up time 

with Palladium 

congruency

Enterprise scalability:

40MG to 48BG

8X density reduces 

datacenter costs

Enterprise scalability: 

16MG to 48BG 

reduces cost of 

ownership

1.5X faster than 

Protium X2 

3-5X faster than 

Palladium Z3

=~

Scalability, Congruency, High performance
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Cadence Dynamic Duo III

Palladium® Z3 Protium  X33-5X faster
Quick bring-up

Cadence® Z3 

Emulation Processor AMD VP1902 

Adaptive SoC

Unified compile and virtual/physical interfaces

build run debug build run debug runbuild debug runbuild run debug

Software Debug FocusHardware Debug Focus

#1 for total TAT

• 1.5x faster than Z2

• 2x more capacity per rack than Z2

• Scalable to 48BG

• Mixed-Signal and 4-state support

• Natively integrated power analysis

• 1.5x faster than X2

• 3.3x more capacity per rack than X2

• Scalable to 48BG

• Unified compile & testbench link with Z3

• One shot compile technology

#1 for speed
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• Standalone emulator with capacity of 128 million gates
o No Cadence install required – unpack and go

o Standalone 4U form factor

o Air-cooled with front-to-back airflow

o Powered from typical lab outlets: 110/220V 15/20A

• Supports up to 8 concurrent users per unit

• Supports up to 4 SpeedBridge ports

• Same software and flow as Enterprise Z3 rack system

New! Palladium Z3 System Studio

Palladium® Z3 
Model: System Studio
Standalone 4U form factor
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Scaling both Capacity and Compiler to accommodate rapid design growth

• Modular Compile enables nearly constant compile times 

based on massively parallelized processor-based compiler 

with no timing closure required

• Design performance is 100% predictable after compilation

2.3BG to 3BG

4.6BG to 6BG 

• Z3 capacity scaling to 48BG with user-control 

granularity of 16MG increments

• Capacity utilization at 100% guaranteed due 

to processor-based mapping technology

Capacity Roadmap

Phase-1 Phase-2 Phase-3

Palladium Z3

Elasticity of Palladium Capacity: 

minimum to nominal usable gates

9.2BG to 12BG 

18.4BG to 24BG 

36.9BG to 48BG 

Production Ready
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Hardware Debug: RTL Software Debug: C Code

Dynamic Duo III Debug Productivity

FullVision Waveforms

Code and Functional

Coverage

At-Speed System 

Probes

High-Speed I/O Probes

Assertions

Lightweight Assertions

Save and Restore

Record and Replay

FullVision Waveforms
w/o predefining probes

Dynamic RTL 

and SDL

Force and Release

Dynamic Probes

At-Speed Streaming 

Probes

Memory Backdoor 

Read/Write

Palladium® Hardware-Focused Debug Protium  Software-Focused Debug



© 2025 Cadence Design Systems, Inc. All rights reserved.27

The Many Use Cases of Palladium® Emulation
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3-5X faster
Quicker bring-up

HW Product Portfolio and Solutions

Acceleration

Engines

Vertical  

Solutions

build run debug build run debug runbuild debug

Helium  Virtual and 

Hybrid Platform
VirtualBridge  / 

AVIP

SpeedBridge®/

EDK

Memory Model

Portfolio

Power 

Analysis 3.0

Fault 

Emulation 
Job Scheduler

Virtual Test and

Virtual Debug 

4-state

Emulation

DMS-RNM

Emulation

Cloud Enabled
Palladium® Z3 Protium  X3 
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Life SciencesConsumer Communications Industrial Mobile AutomotiveHyperscale Aero/Defense
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• Software becoming even more important 
o The scope and scale are growing exponentially

o Timelines are shrinking

• Modern Software Engineering Practices Are Required
o Cloud-based development environments

o Automated and continuous integration and regression

• Use the different platforms at different stages of the project
o Virtual Prototyping

o Emulation

o Enterprise Prototyping

Summary
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Cadence AI-Driven Verification Full Flow

Advanced Content

and Checkers

Run, Cover, Debug

Fast Scalable

Engines

Heterogeneous

 Compute Arm®/X86 CPU Arm/X86 CPU

Jasper
Formal

Xcelium
Simulation

Helium
Virtual Platform

FPGA

Protium
Prototyping

Cadence Silicon

Palladium
Emulation

Arm/X86 CPU

Cloud Enabled

VIP – System VIP – Perspec

Verisium
AI-Driven Verification Platform

Debug Automation, Bug Hunting, Coverage Optimization

Resource Maximization, Regression Orchestration, Generative Automation
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