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IMPORTANT NOTICE

This presentation may include information related to Synopsys’ future product or
business plans. Such plans are as of the date of this presentation and subject to
change. Synopsys is not obligated to update this presentation or develop the
products with the features and/or functionality discussed in this presentation.
Additionally, Synopsys’ products and services may only be offered and purchased
pursuant to an authorized quote and purchase order or a mutually agreed upon

Leg a I written contract.
Disclosure FORWARD LOOKING STATEMENTS

This presentation may include certain statements including, but not limited to,
Synopsys’ financial targets, expectations and objectives; business and market
outlook, business opportunities, strategies and technological trends; and more.
These statements are made only as of the date hereof and subject to change.
Actual results or events could differ materially from those anticipated in such
statements due to a number of factors. Synopsys undertakes no duty to, and does
not intend to, update any statement in this presentation, whether as a result of new
information, future events or otherwise, unless required by law.



Industry Trends & Challenges

— Pervasive Intelligence, Software, Hardware, Interfaces, Architectures

Chiplet Verification Challenges

— Scaling Laws, Power, Verification Phases

Prototyping & Emulation

Modularity in Verification
* The Role of Software

e QOutlook
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Era of Pervasive Intelligence

L 2
<

»
[ ]

=
Data Center

HPC / Al Healthcare

Industrial 4 Enterprise Financial Government &
Automation Software Services Aerospace

© 2025 Synopsys, Inc.



Evolving “Intelligence” Al Drives Compute & Power Challenges

. 4
P

>

-
“INTELUGENCE“ //:\‘.' J_',_—/” " LOV\@ TV\\V\k\v\@

p
e

Va Wi “Wentor, Coach”
S

rd

/" “Formal Learning”

4
y 4

-y

COMPUTE

Blackwell: 4x performance/watt 2x internet data every year
Source: NVIDIA CES Keynote vs. last generation for the next couple of years
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Compounding Complexities
Hardware-assisted Verification (HAV): The Keystone for Ensuring Functionality, Power and Performance

Software Hardware Interfaces Architectures
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Verification Challenge: Quadrillions of Cycles’
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https://arxiv.org/pdf/2403.14123
https://bit.ly/4hDXCe9

Al Demands Extreme Performance
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Al Demands Extreme Memory Bandwidth
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Al Demands Extreme Interconnect Bandwidth

Interconnect

2X

600 PCle Standards . in 3 years Ethernet Speeds
e/.

500
400
300

200
PCle PCle
100 1.0 2.0

Bandwidth (GB/s)
Link Speed (b/s)

2020 2030

it Presentation P Standard Comple

SYNOPSYS'

© 2025 Synopsys, Inc.



Al & Multi-die Design Drive New Design Paradigms

The Need for Hardware Scaling Leads to New Architectures and Design Approaches

Rapidly Growing System Complexity
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https://arxiv.org/pdf/2403.14123

A State-of-the-Art System Verification Challenge in 2025
Grace Blackwell NVLINK72

130 trillion transistors

A ExaFLOPS TE FPa i "__755??:--. '  Trlon Tarsist 2,592 CPU cores

1.4 exaflops
Like recent “Room Supercomputers”

14 terabytes of memory

1.2 petabytes per second
Memory Bandwidth of the Internet
right now!

Source” NVIDIA 2025 CES Keynote
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Verification Happens in Phases — Quadrillions of Cycles!
Hardware-assisted Verification (HAV): The keystone for verifying software-defined products

Hardware-Assisted Verification

Example average per CPU IP":
« 5-6 Trillion cycles (in emulation)
« 2-3 Peta cycles (in prototyping)

S‘/HUPS‘/S® *“System Validation at ARM: Enabling our Partners to Build Better Systems”, https:/bit.ly/3WLCvhr, https://bit.ly/3CEMBdO
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https://bit.ly/3CEMBd0

Analyze Impact of Multi-Die Architecture on System KPlIs

» Translate functional
requirements into physical
constraints, e.g. technology,

area, aspect ratios

WORKLOAD
DEFINITION

Application
Requirements:
End-to-end latency,
throughput, ...

Functional Blocks

Sensing Comms
Inference Apps
oS

« Capture component-level and
system-level application and

ARCHITECTURE
DEFINITION

HW Requirements:
Performance, power

HW Components
Chiplet P
SRAM NoC

HBM

PARTITIONING AND
TECHNOLOGY
SELECTION
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architecture requirements

MULTI-DIE SYSTEM
PROTOTYPING
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Partition system into chiplets

Performance and Power Analysis

Mapping of workload and data structures
determines traffic across chiplet boundaries
Larger on-chip memories and caches help to
reduce die-to-die traffic

Analyze resulting impact of multi-die system
partitioning on performance and power KPls

Synopsys Confidential Information
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What About Verification Cycles & Test Generation?
Test/Verification Productivity Has Not Caught Up!

1978 1985 1994 2006 2009 2021 2025 (not a “chip”)
Intel i386 Intel i386 Pentium P54C Intel Core Duo Intel Core i5 Ponte Vecchio Grace Blackwell NVLINK72
29,000 Transistors 275,000 Transistors 3 million transistors 167 million Transistors 774 million Transistors 100 billion Transistors 130 trillion Transistors
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Intel® Smart Cache L

47 tiles

5 orders of magnitude 3 orders of magnitude

Petacycles 1 Test/Verification
(1015) Silicon bug Requirements
escapes
Teracycles
(10"2)
Gigacycles Test/Verification
(109) Generation
Test Generation Productivity
Megacycles Productivity Gap Test Generation
(10°) Productivity Gap
Kilocycles
(10%) Accellera PSS, SW driven & directed Sub-system/SoC
eRM, VMM, OVM, UVM, SystemVerilog Constrained-random, assertions, coverage Blocks
Manual Ad-hoc, HW directed test
1970 1980 1990 2000 2010 2020 2030
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Modularity is Critical for Hardware-assisted Verification
The Race for “Max Specified Gates” is Over!

1978 1985 1994 2006 2009 2021 2025 (not a “chip”)
Intel i386 Intel i386 Pentium P54C Intel Core Duo Intel Core i5 Ponte Vecchio Grace Blackwell NVLINK72
29,000 Transistors 275,000 Transistors 3 million transistors 167 million Transistors 774 million Transistors 100 billion Transistors 130 trillion Transistors
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48MG Up to 1BG Up to 19BG Up to 30BG

Modular HAV

ZeBuEP2
Up to 5.5BG

i

HAPS-10/20 HAPS-60 HAPS-70 HAPS-80 HAPS-100
2MG 18MG 12-48MG 26MG-3BG 28MG-9.6BG

Accellera PSS, SW driven & directed Sub-system/SoC
eRM, VMM, OVM, UVM, SystemVerilog Constrained-random, assertions, coverage Blocks
Manual Ad-hoc, HW directed test

1970 1980 1990 2000 2010 2020 2030
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HAV Trends and Challenges

Trends Top Challenges

Design sizes are growing faster than Predictable bring-up, especially in prototyping

emulation and prototyping
max capacities Timing closure for high-performance prototype

Configurable and replicated computational Scale of compute resources to build large prototypes
units > Bugs and inefficiencies in SW

o Integrating sub-system prototypes for chip validation
New Multi-die verification flows

Independent validation of each die

Validate inter-die connectivity Asynchronous clock domains for sub-systems

© 2025 Synopsys, Inc. 16



Large SoCs, Multi-Die Designs

Modular Architectures

Die O

Die 1

Compute Block Memory Subsystem

On Chip Connectivity
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On Chip Connectivity

Compute Block Memory Subsystem
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[l Unique subsystem
Replicated subsystem

‘ Protocol Bus

* |P blocks connected via
protocol busses

* Protocol busses across die-
die interfaces

* Protocol busses enable
independent clocking on
either side of the bus
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Multi Core Designs with Multi-Threaded SW

Modular Architectures

« Highly replicated execution
units: CPU, GPU,
Accelerators

Targeted SW Dev+Debug

» Complex multi-threaded
Compute Block Memory subsystem Accelerator Cores SOftwa re arCh iteCtU re

« Many complex SW bugs only

On Chip Connectivity .
show up on multi-core HW

* Need to build large multi-core
prototypes for early debug of
Software

© 2025 Synopsys, Inc. 18



Synopsys' ProtoCompiler SW for Synopsys' HAPS® FPGA-based

Prototyping Systems

Two-Pass, Timing-Driven Partition Flow

FPGA[1:Y]

HAPS
Timing-Driven
Partitioning
Engine

Timing
Aware
Partition

» User-guided, timing-aware partition into subsystems
» Self-contained, netlist-based subsystem projects
» Automated or guided partition of subsystems to FPGAs

© 2025 Synopsys, Inc.
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Modular Prototypes: Benefits

Compute Block Memory Subsystem Accelerator Cores
| A | B | C
On Chip Connectivity | D | E | F
USB PCle |_G | H ||
P11 P12
Scalability and Predictability Incrementality
— Independent build and validation — Only rebuild modified subsystems
— Integrate prototypes into full chip — Bit-file reuse for multi-core
— Savings on time and resources — Build once, replicate N times

Enables localization of verification process
— Debug, SW bring up, etc...

Organically supports modular design paradigms (chiplets and subystems)

© 2025 Synopsys, Inc.
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Modular Design Verification Environments

... are Quite Natural

Q Independent teams developing
| subsystems in parallel

Individual teams responsible for
validating subsystems

System teams responsible for integrating
and validation of full-chip

Verification techniques like Formal and
Simulation are modular

Aodular HA.

Natural extension of modularity into
prototyping and emulation platforms

© 2025 Synopsys, Inc.
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Die-to-Die Case Study

» Single-die design is 60 FPGAs, requires a
modular implementation flow for fast,
predictable build times.

« Need to contain compute, storage resources.

« Many copies of the single die design to be
deployed.

» Very few dual die designs to be deployed.

« Want a single implementation project/flow for
both scenarios.

« Hardware to be configured for either single die
or dual die usage

Source: Microsoft, SNUG 2024

Microsoft Approach To Prototype Large SOC

Multi-die ASIC

Lam Ngo

© 2025 Synopsys, Inc.
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Die-to-Die Case Study: Physical Setup

« Single die = single rack

configuration
Rack 1 Rack 2 « Physically cable between 2
HAPS.1 [l | | HAPS.1 racks to realize the dual die
setup
HAPS.2 | | HAPS.2
. « Rack 1, Rack 2 can be run
HAPS.3 [ | | HAPS.3 as 2-single die designs OR
1-dual die design
HAPS.4 o | | HAPS .4
* No need for dedicated dual
HAPS.5 [l | | HAPS.5 die implementation & bring
HAPS.6- HAPS.6- up
HAPS.N HAPS.N

Source: Microsoft, SNUG 2024
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Die-to-Die Case Study: Results

Prototype Large SOC at Microsoft - Summary

» Challenges

Operating speed reduced as model gets bigger (multiple racks).
» Compute and storage resource grow linearly as number of FPGAs grows.
» Build time becomes longer and success rate also less predictable.
» Difficult to use the same hardware on multiple models type.

» Approach
» Using HAPS Modular HAV for prototyping single-die.
» Connect single-die in loopback for validation.

» Connect identical prototypes for single-die into multiple-die prototype for system validation.

» Learnings and Benefits
*  66% reduction in compute /storage resources.

» Smaller project result in faster build time and more predictable result.
* Smaller implementation team required.

SNUG Silicon Valley 2024

Source: Microsoft, SNUG 2024

© 2025 Synopsys, Inc.
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Summary & Outlook

« Large Multi-core and Multi-die designs present new
verification & validation challenges

* Modular HAV provides a scalable approach for
prototyping large and multi-die designs

Synopsys

 |P teams can build high-performance prototypes
optimized for subsystem

« System integrators can combine multiple
prototypes for chip validation

« SW developers can find and resolve complex bugs
on multi-core prototypes

© 2025 Synopsys, Inc.
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