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IP to SoC hardware/software integration and 
verification flows—Cadence methodology and focus
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Hardware 
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Perspec System Verifier Overview
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• Many IPs
– Standard I/O 

– Wifi, USB, PCI Express® (PCIe®), etc.

– System infrastructure 
– Interconnect, interrupt control, uart, timers…

– Differentiators 
– custom accelerators, modem…

• Many cores
– Both symmetric and asymmetric

– Both homogeneous and 
heterogeneous

• Lots of software
– Part of core functionality 

– Communication stack, DSP software, GPU 
microcode…

– User application software 
infrastructure
– Android, Linux…

A system-centric look at a modern SoC
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SoC-level verification and validation requirements

 How to communicate/share use cases between users

 How to create and reuse use cases from IP to SoC

 How to use C code to execute natively on many cores and communicate 

between cores

 How to run use cases across platforms and run more constrained random 

variants on faster platforms

Platform

Virtual Platform Simulation Emulation FPGA Prototype Silicon Board

User

Architect
Hardware 

Developer

Software 

Developer

Verification 

Engineer

Software 

Test 

Engineer

Post-Silicon 

Validation 

Engineer

V
e
rt

ic
a
l 
R

e
u
s
e

Horizontal Reuse

Use-Case Reuse

Scope

(Integration)

IP 

Sub-System

OS and Drivers

Bare Metal 

Software 

SoC (Hardware + 

Software)

Middleware

(Graphics, Audio, 

etc..)



7 © 2015 Cadence Design Systems, Inc. All rights reserved.

The solution: Perspec System Verifier
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Automated use case verification

C test
C test
C test

Abstract Tests

Perspec™ System Verifier automatically and exhaustively

completes the goals in to full legal scenarios

Correct-by-construction 

generation for multiple targets

C test
C test
C test

Target C test

Re-generate the code for 

derivatives, spec changes, 

etc…
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Example use case
Translating end-user use case to system-level bare-metal actions

End-user use case:

Mobile phone requirement:

view a video while uploading it 

(6 words)

Solver:

Constrained 

random data 

and control 

flow

UML Activity Diagram
System-level bare-metal actions: 
Capture a video with camera using graphics processor and save it to a memory buffer in DDR0 in AVI format with medium 

resolution and MPEG3 audio with 4x3 aspect ratio then transmit the video using the modem and processor 3 while 

processor 2 shows the video on the built in display being streamed by the graphics processor of the video already saved in 

DDR0 memory buffer

(66 words)

Solver randomly selects 

legal video source and 

video stream source

Solver randomly selects 

legal attributes of

video stream and 

memory buffer

Solver schedules show 

and transmit in parallel as 

required by use case and 

adds decode to display



10 © 2015 Cadence Design Systems, Inc. All rights reserved.

Flow
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Use-case verification flow with Perspec engine

Abstract Debug 
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Step #1: Capture topology and system actions

Use Case

Composer

Perspec™ Engine

SLN Model
Resources,

actions, C code

templates

Perspec

Library
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Step #2: Capture abstract use case >> solve for 
concrete use case(s) >> analyze gentime
coverage

Use Case

Composer

Perspec™ Engine

SLN Model
Resources,

actions, C code

templates

Perspec

Library

Desired Scenario: 

Decode video from the DDR 

and show on the display

Concrete Use Case

Abstract Use Case

Gentime coverage of use case
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Step #3: Generate tests for specific platform(s)

Use Case

Composer

Perspec™ Engine

SLN Model
Resources,

actions, C code

templates
C Test

C Test

C Test

C Test

Perspec

Library

Concrete Use Case

C Test

Generated C Code
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Step #4: Run tests and debug

Use Case

Composer

Perspec™ Engine

SLN Model
Resources,

actions, C code

templates
C Test

C Test

C Test

C Test

Perspec

Library

Concrete Use Case

C Test

Generated C Code

Debug from UML activity diagram

synchronized with source, waveform 

and log messages
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Perspec Modeling
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Modeling elements

• Component: Functional unit groups 

actions and resources

• Action: Abstract operation of 

function

• Token: Include information for pre-

conditions and outcomes

• Place: Defines interaction of tokens 

and actions (memory, channel, 

lock)

• Extend: Extending functionality of 

actions, components, and tokens
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Modeling with Perspec System Verifier
System language notation (SLN)
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Constraints
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C-code generation
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Code generation
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Public Success Stories
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ST TRD: Verify GPU modified for SoC power 
management
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Texas Instruments: SoC verification flow
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ST CPD: Complex SoC scenarios
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Summary
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Connecting it together

Coherency use case

User1

Power shutdown use case

User2

Coherency

Power shutdown

User3

Mixed Scenario

1. Cache transactions

2. Power down

4. Power up

5. Cache transactions

C Test

C Test

C Test

C Test

3. Cache transactions
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Perspec System Verifier

• Productivity

10X improvement for complex SoC 

test creation

• Abstraction

UML-style use-case diagrams

• Automation

System use-case test generation

• Portability

Reuse across all execution platforms

• Measurement

SoC-level hardware/software 

coverage metrics
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Backup



31 © 2015 Cadence Design Systems, Inc. All rights reserved.

• Perspec™ System Verifier has ability to manage resources, parallel 
actions, and test scheduling
– Before C code is created, automatic planning of the scenario takes place

– In the C code, sync points are added between cores and testbenches VIP

– Resources availability is also managed in runtime 

• Perspec sync is done via an abstract mailbox
– Modeled in layers to support multiple communication schemes, e.g., memory, sockets, 

GPIO, etc…

– Thread safe to enable multiple cores and same-time communication

– Small in size and efficient

• Some of the applications of this infrastructure
– Sync of any activity across languages and platforms

– Unified analysis and debug

– Runtime coverage and checking

– Control external VIP/component

– Print messages from the embedded cores 

Micro-kernel runtime environment

SoC

TB
USB

VIP

core2

Bus

core1core0

core3 core2

core1core0

core3

DDR

USB
Mailbox

Perspec Micro-Kernel
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Perspec Libraries
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• Many SoCs have many common characteristics 
– Typically have CPUs, caches, memories, low-power features, etc…

– Enables capturing a general set of SoC model building blocks

• Cadence provides pre-built libraries for Perspec™

– Reduces modeling effort and time for customer

– Models follow good coding style, built for reuse

• Perspec System Methodology Library (SML)
– Captures system modeling including memories, processors, etc… 

– Customer uses spreadsheet template to configure for specific SoC

• Example: Perspec library for ARM® Architecture
– Captures configurable cache, MMU, and low-power models

Perspec libraries
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System Control Processor controls 
clocks, power, and resets. To be 

confident the system is robust, we 
need to exercise all the range of legal 

power shutoff (PSO) scenarios and 
traffic that goes with them 

Power shutoff verification challenges
Power 

and 
Clock

Control 
Software

big.LITTLE  with Dynamic Voltage 
Frequency Scaling (DVFS) creates potential 
hazards through the combinations of clock 

frequencies. Need to drive the SCP and 
coherent traffic to cover all the clock 

combinations
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Example: Library for ARM Architecture
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• Set of operations to manage the ARM compute cluster
–Memory management 

–Page table handling, virtual address 

–Predefined actions that user can use in their program
–Write Data, Read data, Copy data

–Caching operation
–True Sharing
–False Sharing
–I/O Coherency

–Low power

• Takes a description of the system in a spreadsheet and  
creates system scenarios

Perspec library for ARM Architecture
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• Zero modeling is required since CPU and memory sub-system models 
are automatically generated from library by reading system 
configuration tables (shown below)

Perspec library processor configuration tables

• Memory blocks

• Processors, names, clusters, 

coherency

• Pages, virtual address (VA), 

physical address (PA), size

• Processors to memories 

accessibility/restrictions

Tables can be extended to add 

more design specific attributes
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Perspec library use model

Step #1: Fill in the standard 

SML and Coherency tables

SVR bringup env

Step #2: Load the SML 

bring-up environment + 

user boot code

Step #3: Use the composer 

to write scenarios and use-

cases: Memory, coherency, 

power, and DVM, tune the 

built-in coverage as needed

User model

Step #4: As needed model 

SoC-specific subsystems 

(e.g., PCIe controller), data 

movers (e.g., DMAs), user 

defined power states, etc…

Step #5: Use the composer to 

write tests that combine built-

in scenarios with user-defined 

scenarios and actions 

C test
C test
C testRunning

tests
No modeling effort
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Pre-defined basic software operations

• Basic software operations

− Write: write_data
− Generates data and writes it into the memory

− Copy: copy_data
− Copy data from one area to another

− Read: read_check_data
− Read data from previously written area

− Checks against the reference model

• Main control knobs

− Alignment

− Data size

− Memory block/address
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Advanced software operation: All processors to 
all memories

Different 

processors

Different 

memories
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Coherency—False Sharing

Processors run 

in parallel

Cache lines

Address

offset

Processors

split cache 

lines
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Coherency – True Sharing Scenarios

Processors run 

in parallel

And 

synchronize

Cache 

Lines

Address

Offset

Processors access 

same address at 

different times
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Debug
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Perspec debug capabilities

Abstract debug using 

UML activity diagram

Smart log filtering, 

stepping, and searching

Lock-step execution of activity 

diagram, log, C code, and waveform


