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» Drivers for Protocol Verification

 Protocols Verification Journey

» Objectives at Each Use Case

 Protocol Solutions for Each Use Case

» Case Study — Automotive SoC

e Summary

* Demo — PCle Gen6 Validation using Physical Gen6 Cards
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Protocol Verification Drivers

Drive Specifications

Arch. Features Environment Features Test Requirements Closure Parameters

HPC, Data Center
.| Drive Use Modes Drive Verification Closures
Protocol | y | '
PCIE / CXL DUT Types Verification Topologies Verification Scope Verification Sign Off
Y (Custom) Root Complex Serial Rates: Gen1 — Gend IP to System
Automotive CXL End point PIPE <4.4.1, LPC, PL/DL/TL functionality
AR I VR AMBA Dual mode SerDes Data link layer only Regression Stability
P Ethernet Host/Device PIE-8 Application layer only Power/Voltage Sign-off
e DDR Switch DUT Application layer (TLM) Transport Only Performance Tuning
— UCle Retimer Intermediate stack System Level Interoperability
UFS Multi-protocol stack Single link Virtual Configurations Compliance/Certification
USB4 Multi link
| f | f
Drive Topology Drive Verification Needs
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Protocol Verification Journey
From IP to Multi-die System

System Scenario Verification

Automotive ADAS SoC Real-life scenario-based system validation using Virtual and Hardware-based
e e— e System Protocol Solutions in Emulation and Prototyping

64-bit

o8 'g
ARC Cache %'g o ARC SDieMMC
HS68M 25| o | safey . . are -
ot el ol B Ml [0S Sub-system Application Verification
Processing Subsystem & giffl.%ty Storage

Application-driven subsystem verification and performance benchmarking using
AMBA Interconnect . . . .
— , - VIPs, Transactors, Virtual and Hybrid protocol solutions in
Vision Subsystem Display Connectivity

Sbsy N | ttrermet Simulation, Emulation and Prototyping
. r'c:,r;;; - AVBITSN

M.OST o )

Protocol IP Verification
lexRay

)

Coverage driven protocol verification using protocol Verification IPs and Test
Suites in Simulation
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Protocol Verification Journey
From IP to Multi-die System o

Multi-Die System Integration and Verification

Hetero-geneou.s system Power & thermal System pathfinding
integration management
SORWarS Capacity/performance
Die-to-die connectivity development & pacty’perto .
; for system verification
modeling
Systam S|_gnoff Hierarchical Test & Repair Rellablh.ty 4
analysis Security
System yield Memory utilization & coherency
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Protocol Verification Objectives

.. : Compliance
Application Driven =l m v
Performance/Power/Fidelity — 3 c Arc Compliance
Certification % 2 HW SW Debug
SW HW o ) 3rd Party Tester
Connectivity, Memory map, Validation -
Firmware, Software
Performance/
Power Performance
Validation Power
System Debug
SW Bring-up IP Compliance
Coverage Driven Re resz-cl;lr_l %’ Monitor/Checker
Functional 9 g_) Assertions
Verification =
e e [ T
Verification 9
Design Complexity Verification Objective Use-Case Protocol Solution Debug
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System Validation Objectives

Android

* Protocols in context of IP to system o At 360 Camera
Applications, v 7
validation against real software and Benchmarks, t« Hardvare o
hard ot R s
araware Tests 5
. . A Sensor Camera Flash
* Validating system components for T HAL HAL HAL
I OS Kernel
— Horizontal (HW to HW, SW to SW) g . o~
ensor
Hub Driver Driver Driver
_ Vertical (SW to HW, HW to Peripheral) | =rotocol |
Standard S
— End-to-end system scenarios o T (e et
P Hub Crtrl Ctrl
(Benchmarks, Compliances and _ E — — —_—
PhyS|Ca| PC Sensor PHY PHY
Certiﬁcation) Standard

© interoperabiiy

B
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Protocol Solution Across Use Cases

» Getting ahead in the game (TTM) with
industry-first protocol verification
solutions

* Drive best-in-class QoR with solutions
leveraging silicon proven Ips

» Ensure interoperability with broadest
eco-system partners

 Shift-left post-silicon use-cases with
hybrid and virtual technologies

SYNoPsys

Rate-adapted  At-speed Traffic from

Traffic Real Interfaces
Mature from Real
Software Virtual Traffic lnterfaces

i 1 Protocol
from Scalable lnterface
Interfaces Speed
Adaptors
Exhaustive
e .
Functional Verification
Software _| HAPS
\

v ==
Testbench ZeBu

IP/Subsystem RTL SoC RTL
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Automotive SoC Case Study

IP to System-level Closure
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Automotive SoC Architectures

ADAS / Central Compute

(x8) LPDDR5/4/4X
64-bit

Safety HS68M

Manager Processor | Data path

& %aef;mty Storage Processing Subsystem

UFS

(x8) LPDDR5/4/4X
64-bit
ARC Cache
HS68M
Processor | Data path

(x12) |LPDDRSM44X
64-bit
ARC Cache
HS68M
Processor | Data path

Security

ARC
Safety Manager

SD/eMMC

ARC
Safety

Embedded
Memories
Embedded
Memories
Embedded
Memories

Manager

Safety .
& Security Storage Processing Subsystem

SPI/QSPI

Logic Libraries
Logic Libraries
Logic Libraries

Safety & Security

Processing Subsystem

AMBA Interconnect

Storage

AMBA Interconnect AMBA Interconnect

Display

Subsystem
Graphics
Core

Connectivi

x4 CAN,
CAN-FD

Acceleration &
Sensor Fusion

D Sensor &
Control

Connectivity

CAN, Ethernet
CAN-FD | AVB/TSN

Display
Subsystem

Vision Subsystem Switch Subsystem

Connectivity

Ethernet
AVBITSN

Packet
Forwarding

Engine
Embedded

ADC/DACs| Vision

Multiport
Switch

MOST PCle 12C

x8
Ethernet
UART AVB/TSN

Packet
Processing
Accelerator

Processor

MIPI

HDMI
MIPI DSI UART

SPI/QSPI

e Subsystem
Point

+ Interfaces: LPDDR5/4/4X, Ethernet + Interfaces: LPDDR4/4X, Ethernet TSN, * Interfaces: LPDDR4/4X, Ethernet TSN,
TSN, MIPI, HDMI, PCle, CXL, ADC PCle, DSP PCle, DSP

+ Processing: Al Accelerators, Embedded * Processing: Protocol Accelerators » Processing: Protocol Accelerators
Vision, DSP, Security » Security & SoC Safety Manager » Security & SoC Safety Manager

e S L * 5G — GPS Sensor Fusion * SoC Safety Manager

fReonsenELien . 28-nm > 16-/14-nm « 28-nm > 16-/14-nm

TSR = e e = )  Functional Safety » Functional Safety

+ Functional Safety )
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Early RTL Verification

PC I e Example Application Layer

PCle Transaction Layer (TL)

L 1

PCle Datalink Layer (DL)

L 1

PCle Physical Layer (PL)

PCS N

Verification IP

DUT Speed (Over VCS Simulator)

VCS Simulator Host PC

User UVM
Testbench PCle PIPE I/F OR Sub-System

SV -
Protocol I(\PI ; EP VIP Behavioral PHY DUT

Test Suites

PIPE Legacy/LPC

PIPE SerDes Arch
|

*  Behavioral models for Protocols/PHYs
*  Connects to DUT through PIPE I/F or PHY I/F PCSO

«  Complete setup runs on Host PC at DUT speed [ b
»  Thorough protocol implementation and checkers (preserves protocol sequence)
+ Key Requirements — Specification-mapped verification plan, PCle EP VIP, Test

SerDes

Suites, Highest debug productivity, multiple RTL-turns a day I
i

=
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RTL Regression / SoC Bring-up
PCle Example

Linux Operated PC | | ZeBu
Tra n SaCtO rs (XTO R) PCle Gend Transactor

User SW

pele

DUT Speed (Over ZeBu/HAPS) e,

ZeBu or HAPS

User XTOR QSFP PCle

Testbench

: ct B N oF, SulIERlll W puT
Virtual API

Device

Lanes
Interface

|

 DUT PHY IP replaced by a XTOR lane or PHY model
*  Connects to DUT through PIPE I/F or PHY I/F

. No real-world devices needed

»  Virtual device models, running on Host PC, for application and long payloads

* Runs at Multi-MHz DUT speed, preserves protocol sequence

* Key Requirements — Simulation speed, high debug, transactional payloads,
few RTL-turns
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Software Bring-up
PCle Example

Virtual System Adaptors (Virtual Host Solution) Application Software

DUT Speed Guest OS

Virtual ZeBu / HAPS Host PC ZeBu or HAPS

Machine

User XTOR 9FP  pele N enes 10 Drlve_! i 10 I?rlver
Testbench PIPE I/F Metrics
Real-World C++ A EP ummmm PCle , : :
Pl VSA API XTOR , Proxy Device
Proxy Protocol o

Analyzers =1 Proxy Device
(Ex. NVMe) S

* DUT PHY IP replaced by a XTOR lane or PHY model

*  Connects to DUT through PIPE I/F or PHY I/F

* Real-world applications over Virtual Machine(QEMU) running on host PC

*  Full setup runs at Multi-MHz DUT speed, preserves protocol sequence

+ Key Requirements — Simulation speed, system flow debug, software debuggers

support, application platform support, rare RTL turns
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Hardware Software Validation
PCle Example

P’ ~*~" ZeBu | HAPS Host PC

Speed Adaptors (SA2) =

Real-World r
Devices

DUT
& ]

Real-World 1/O Speed Adapter

) O (—

At-Speed ! DUT Speed
1 ZeBu or HAPS

Real-
World SA

|
Speed Adaptor  HT3/
QSFP :
Device Wrapper Jiig s

= PCle SA2 Logic <—TJ PCle
Host

Speed Adaptors

PC

Cust
* DUT PHY IP replaced by a speed adaptor wrapper logic - T:Z,g:n :Jard buT
* Real-world devices connect to the speed adaptor —
+  DUT runs at Synopsys ZeBu / HAPS speed {5/' B s - .
*  Speed adaptor performs rate adaptation from DUT speed to at-speed ¥ Debuggers ICE Adaptor

* Key Requirements — High-fidelity real-world connection, application-level

In-circuit Adaptors
hardware and software debuggers, almost no RTL turns

(At-speed Adaptors)
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Compliance and Certification
PCle Example

Protocol Interface Card (PIC) IP Prototyping Kit (IPK)

Real- ZeBu or HAPS Real- ZeBu or HAPS

World World
Device . Device

PCle PHY PCle PHY —
board board

« Card with protocol connector connecting with customer IP or Synopsys IP Reference Kit
* May have a PHY chip or PHY+CTRL chip or Synopsys PHY Board

» Direct connect protocol interface to prototype

» At-speed to DUT speed rate adaptation in the PCle CTRL or Synopsys PCle CTRL

+ Key Requirements — High-fidelity real-world connection, at-speed connection to post- HAPS PCle 4.0 EP FIREFLY
silicon compliance and certification hardware and software, no RTL turns PCle Gen4x16 Endpoint to Firefly adapter

5x Firefly connector - 1x PCle x16 finger
2x 12-Pin PMOD connector
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Functional Safety RTL Verification of ADAS SoC

SoC Level Objective

LPDDR5
PHY
LPDDR5 UFS 3.0
controller controller controller

v

2

Ethernet AMBA APB

AVB TSN
controller

USB 3.1
Controller

Ethernet CAN-FD FlexRay
PHY controller controller

Digital IP Physical IP

SYNoPsys

Synopsys VCS

nnnnnnnnnnnnnnnnnnnnnnnnnnn

Synopsys
VC 201X

I i![l

Wéyhiopsys
VC FSM

» Verification IP
— Ethernet AVB TSN
— Flash, LPDDR5, SRAM

— FlexRay, CAN-FD, JTAG,
UART

— MIPI CSI-2, MIPI DSI-2,
PCle 4.0, USB 3.1, UFS 3.0

» Automotive Specific Use
Case

— Functional Safety Verification
with Synopsys VC Z01X

— Functional Safety Manager
for Scalable and
collaborative
Failure Modes and Effect
Analysis (FMEA) and Failure
Modes, Effects and
Diagnostic Analysis (FMEDA)
solution
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SW/HW Validation of ADAS SoC

System Level Objective

LPDDR5 @

LPDDR5 MIPI
PHY PHY

LPDDR5 UFS 3.0 SRAM MIPI CSI-2 MIPI DSI-2
controller controller controller controller controller

AMBA 4 AXI, AMBA 3 AXI & AMBA 2.0 AHB

Ethernet AMBA APB

AVB TSN
controller

CAN-FD FlexRay PCle 4.0
controller controller PHY.

Al

Accelerator

USB 3.1
Controller

PHY

$

Ethernet
AVB TSN @ @ @ @ Fele 40 @
| |

PCle 4.0

Ethernet CAN FD FlexRay

$

ZeBu / HAPS

SDG Solutions

ECU networks test and analysis software
Tool (Ex. Vector, CANoe)

CARLA

Open-Source
Autonomous Driving

Simulator
SYNoPsys Digital IP Speed Adaptor XTORs / MM ZeBu PHY Models

© -

Transactors
— CAN-FD, Ethernet AVB TSN

- MIPI CSI-2, MIPI DSI-2, USB 3.1,
PCle 4.0, UFS 3.0, JTAG, UART

Memory Models
— Flash, LPDDR5, SRAM

Speed Adaptor
— PCle 4.0

Automotive Specific Use Cases
— RTL Functional Safety Verification

— OEM partners SW/HW Validation
with ZeBu Cloud

— Ethernet, CAN, FlexRay Analysis
and Testing with VECTOR
CANoe

— Closed loop SoC Performance
Analysis (Autonomous driving
simulation)
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Compliance and Certification of ADAS SoC

Interoperability Objective

LPDDR5 UFS 3.0 SRAM MIPI CSI-2 MIPI DSI-2 Al
controller controller controller controller controller Accelerator

+

AMBA 4 AXI, AMBA 3 AXI & AMBA 2.0 AHB

I AMBA APB I

Ethernet
AVB TSN
controller

USB 3.1

A Controller

controller

(A GEN
controller

$ $ $ $ $ 3 $
O S S C < <

PCle 4.0

Ethernet

CAN FD FlexRay

ECU networks test and analysis hardware
Tool (Ex. Vector, CANoe)

SYNoPsys

S

ZeBu/HAPS
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* Protocol Interface Cards
— CAN-FD, Ethernet
— MIPI CSI-2, MIPI DSI-2

— UFS 3.0, SRAM, JTAG,
UART

» Speed Adaptor
- PCle 4.0

* |P Prototyping Kits
— PCle 4.0, LPDDRS5, USB3.1

» Automotive Specific Use
Cases

— @speed Compliance and
Certification for Automotive
Ethernet, CAN-FD and
FlexRay with VECTOR
CANoe + Network Interfaces
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Summary

 Protocol verification changes objectives at each stage of product design cycle

* Prevailing IP Re-use, increasing software content, aggressive TTM and
shortening product lifecycle leading to aggressive system verification,

hardware/software validation, compliance and interoperability requirements

» End-to-end cohesive solutions essential for objective driven protocol verification

DEMO - Industry’s only solutions to validate PCle Gen6 using real Physical Cards!
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PCle 6.0 End-to-End HAPS-100 Prototype Demo

Pl B0 End ie-End Hadware Lisuap
Bl PFEITormsese
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