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NITK | Stanford Ignite / Seed Spark | IIMA (Business Strategy Communication) | SLP Fellow |
25+ Years Product Exp | Tech Leadership | Serial Entrepreneur

Autonomous Al-First Engineering Workflows for Semiconductor Design, Verification & Talent Development
Democratizing Silicon Innovation for a Self-Reliant, Al-Powered India

2021 Al Agents . EDA Automation PCB Intelligence . Talent Enablement

‘ Year of Incorporation / Registration
<~ - )
Design Assist - Verification ‘ Predict & Optimize Al Leamming Copilot

Founder(s) & Location

:z.‘ Sateesh Ambesange & Uppin Rashmi .
Bangalore, India g 2 Autonomous
Website & Social Media Links 4" "4 - D - Desn.gn
@ www.pragyansiliconai.com o - Verify
AV S , A\~ Optimize
m o o A —_— ~ - - Learn

Current Stage of Startup 7 | g ' ——

TRL 4 : VP
(Validated in Lab, Early Pilots)

Sector / Industry
Semiconductor | EDA | PCB | Al |
DeepTech | Engineering Education

Faster Lower
Time-to-Market Development Cost Design Reliability Talent Pipeline

12+ CORE SOLUTIONS | AI-POWERED TOOLS FOR THE FULL SILICON & ELECTRONICS LIFECYCLE

1. RTL Code Generator 2. Testbench Synthesis 3. Al Waveform Debugger 4. Formal Verification Assistant
</> Al-driven Verilog/SystemVerilog Automated UVM testbench Root-cause analysis & Property generation &

generation generation waveform insights formal checks

| " Verification Debug & Analysis  Verification

5. PCB Design Copilot 6. PCB DFM/DFT Analyzer 7. Thermal & EMI Predictor == m 8. Hardware-Aware Al Compiler
Al-assisted schematic & q Predictive manufacturability Pre-fabrication thermal :D: Model quantization for

layout design & test analysis and EMI analysis = Cm— edge silicon

PCEB Design PCB Intelligence

Edge Al

Analytics e oub syt

generation analytics skills

- 9. SoC Integration Assistant 10. Silicon Verification Insights ‘ 11. Interactive Learning Copilot 12. Engineering Workflow Agent
Sna IP integration & interface . l I Coverage, risk & quality ‘ Al tutor for VLSI/PCB/AI O End-to-end autonomous

EDA workflows




SpeclLLM + Multi-Agent
Engineering Specification
System

It is an Engineering Specification Intelligence system that understands requirements, challenges ambiguity,
discovers gaps, applies organizational knowledge, recommends engineering solutions, and produces traceable,
verification-ready specifications.
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Natural
Language
(Any format)

Requirement Agent

e Extract functional &
» non-functional requirements
« |dentify actors, inputs, outputs

Specification Analyst

e Structure & classify requirements
 Create engineering specification
format

Constraint Agent

e Detect performance, power,
area, latency, interface, security,
standards constraints

Critic Agent

» Find ambiguities, contradictions
e Challenge assumptions
e Ask clarification questions

Gap Analysis Agent

e |dentify missing information

e Analyze impact

» Suggest questions & data needed

Refinement Agent

e Resolve ambiguities
 Rewrite & enhance specification
 Define measurable parameters

Solution Intelligence Agent

e Recommend architectures
 Suggest design patterns, IPs
e Provide trade-off analysis

SpecificationAl

System / Requirement Intelligence (SpeclLLM)

From Natural Language to Verified Engineering Specifications with Multi-Agent Al

Product
Requirements

Natural Language / Documents / Existing Specs

=3

Standards
& Guidelines

~™

Previous
Projects

Specifications
/ SRS

=

Understand
Reason
Analyze

Use Knowledge

Collaborate with Agents

v -
=2 O ©
Requirement ’ Constraint » Context / Intent
Extraction Detection Analysis

Extract & structure
key requirements

b
ol
=

\.l

-o-

Identify and analyze
design constraints

> 4
Ambiguity Detection

Detect unclear, vague or conflicting requirements

b 4
Gap Analysis

Identify missing information and analyze impact

)

Specification Refinement
Refine, enhance and structure specification

b 4

Engineering Solution Recommendation
Suggest architectures, design options, IPs and best practices

goals and intent

Verified Engineering Specification

Complete, Consistent, Traceable, and Implementation-Ready

=

Understand context,

User Intent
& Context
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Al FOR SEMICONDUCTOR ENGINEERING
SPEC — RTL — VERIFY — SIGN-OFF

Constraints
(Performance, Power,
Area, etc.)

"

Engineering Knowledge Fabric

000000000 (I

Company IP & Previous Projects
Design specs, architectures, lessons learned

Design Patterns & Reference Architectures
Reusable solutions and templates

Standards & Guidelines
Industry standards, coding & verification guidelines

Component / IP Library
Processors, interfaces, memories, PHYSs, etc.

Design Rules & Best Practices
Technology, methodology, compliance rules

Datasheets & Manuals
Vendor IPs, tools, technology information

Expert Knowledge

[y Internal experts, forums, documentation

Outputs & Deliverables

Structured Engineering Specification
(Verilog / SystemVerilog / VHDL friendly)

Traceable Requirements with I1Ds

Constraints and Assumptions

Interface, Behavior and Performance Specifications
Design Recommendations with Trade-offs
Reference Architectures and Reusable Components
Verification Considerations

Implementation Guidelines

Complete, Reviewed & Verified Specification
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Multi-Agent Al for Engineering Specifications in Semiconductor Design

o Requirement Agent '- @ Specification Analyst

Input = Understand Understand — Structure

Understands natural language requirements and converts them into
structured, traceable functional and non-functional requirements.

Converts extracted requirements into engineering terminology, classifies
them, identifies dependencies and generates structured specifications.

OUTPUTS INPUTS (FROM REQUIREMENT AGENT) m

Natural Language Funct.ional ' Engineering Specification
dl:)afas'ag:qiir:i?ig;\szeoecgule =< @ <h OELtlé g s gl E Functional & Non-functional | document

b requirements
for sensor data 9

\ 7 e L Classified Requirements
r\‘ on-runctiona ‘ Functional, non-functional,
~ Documents 3 4 Requirements (NFR) interface, timing, etc
@ . Performance, power, Actors, Inputs, Outputs | @ ' - —
(PDF, DOC, PPT) area, reliability, etc. System elements & behaviors !
2 | Requirement
@ PRD, SRS, emails, Dependencies
meeting notes, etc. . :
ghoil ’ ' Actors, Inputs, . ’ Inter-relationships and
’ Outputs, Behaviors i e hierachies
.. Requirement Requirement IDs Specification
Existing Specs A t T bility inf ' Analyst
@ Previous projects, ’ gen Structured FRCERUING IHOOFAUoN nalys Missing Sections

legacy specifications RequnremenFs Q Identify gaps and missing
Clear, unambiguous information
requirements Fatat ot

User Intent & Context nitai Lome ;

:‘% Use case, domain, Requirement IDs @ Domain, constraints, use case a?“': :ment-to-Spec

constraints, goals & & Traceability PP g |

Unique IDs and Traceability matrix

traceable links

KEY CAPABILITIES - | - | | KEY CAPABILITIES
Convert unstructured text into

Parse natural-language requirements structured requirements Convert requirements into engineering

Maintain requirement IDs and termlruology _
traceability Classify requirements

Handle multiple document formats Identify dependencies
Generate structured specification

0,

Detect missing sections

Maintain requirement-to-specification
mapping

Ensure completeness and consistency

Extract functional requirements
Extract non-functional requirements

Identify actors, inputs, outputs and behaviors Provide recommendations and next steps

0000
00 0O
00 00

000 O

Ask clarification questions (if needed)
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Constraint Analysis and Specification Critique for Robust, Realistic and Complete Designs

Constraint Agent
Find what limits the design

Analyzes the requirements to identify and extract all design constraints that
will impact the architecture, implementation and verification.

INPUTS
(FROM PREVIOUS AGENTS)

IDENTIFIED CONSTRAINTS

Performance

Critic Agent

@

Challenge the spe

SPEC — RTL — VERIFY — SIGN-OFF

cification

Critically analyzes the requirements and specifications to find issues, ambiguities,
contradictions and missing information, and asks the right questions.

INPUTS
(FROM PREVIOUS AGENTS)

ANALYSIS RESULTS

===p Contradictions
g

Structured Speed, frequency, throughput Structured Conflicting requirements
Requirements : Requirements s

f-; Power 9 Ambiguities
System Context 2 Power budget, low power modes Unclear or vague statements

and Use Cases

Performance Goals

Area
Silicon area, utilization limits

Latency
Response time, cycle latency

Identified Constraints

'

Initial Specification

> A

Unrealistic Requirements
Not feasible or impractical

Missing Assumptions

Standards & Guidelines Constramt S iar s Criti Unstated assumptions
esign Context ricic
Agent ... Throughput 2 Aot Design Challenges
Previous Projects Data processing rate g Challenge design decisions

/ Company IP

Max clock frequency: 500 MHz
Latency: < 10 us

Throughput: 10 Gbps

Power budget: < S00 mW
Area: < 2 mm?

Memory: 1 MB on-chip
Interface: AXl4, PCle Gen4
Technology: 7nm

Security: AES-256, secure boot
Compliance: ISO 26262
Timing: Setup/Hold per STA

S Q&0

Memory
Memory size, bandwidth

Interface / Protocol
Protocol standards, 10, interfaces

Technology / Process
Process node, technology limits

Safety / Security / Compliance
Functional safety, security, industry
standards (ISO, IEC, etc.)

Timing Constraints
Setup/hold, clocking, timing closure

B
O
()

Standards & Guidelines

- EXAMPLE OUTPUT (CRITIQUE) 7

m

S

. Contradiction: Latency < 1 us conflicts with

power budget of 100 mW.

Ambiguity: "Process data quickly” - what is

the exact latency/throughput requirement?

Missing Assumption: Input data size not specified.
Unrealistic: 10 Gbps throughput may not be achievable
in 7nm with given power budget.

Clarification Question: What is the maximum data size
per transaction?

Risk Analysis
What could go wrong?

Clarification Questions
Specific questions to the user

| K-Rol)

Improvement Suggestions
Recommendations for better specs

-l'

KEY CAPABILITIES g

KEY CAPABILITIES

@ Extract explicit and implicit constraints & Validate consistency with requirements & Find contradictions and conflicts @ Ask“What could go wrong?”

€ Identify quantitative limits € Maintain constraint traceability @ Detect ambiguous statements & Generatg clarification questions

& Map to industry standards € Identify missing constraint information | € Identify unrealistic requirements o SUQ_QGSY improvements .

& Check technology feasibility & Provide recommendations ’ & Detect missing assumptions @ Validate completeness and consistency

& Highlight trade-offs @ Enable architecture and design decisions €& Challenge design decisions @ Provide risk analysis and recommendations
Q Iterative Feedback Loop — Refine Requirements and Specifications J
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Gap Analysis and Refinement for Complete, Measurable and Verification-Ready Specifications

Refinement Agent
@ Turn incomplete requirements into

@ Gap Analysis Agent

Find what’s missing

engineering-grade specifications

Analyzes requirements to identify missing information, compares with expected
engineering details, assesses impact and suggests clarification questions.

@ a Q Q ofl A Q

Refines requirements by adding measurable parameters, resolving ambiguities,
defining assumptions and generating structured, verifiable specifications.

B = 8B O L ©@ B

. »  Expected @  Available > Missing > Questions / Rewrite & Add Measurable Define Structure Expected Acceptance
Requirement f meering Information Information Impact Recommendation Clarify Parameters Terrmnology Assumptions Interfaces Behavior Criteria
ormation
Understand . What is provided What is not : 5 Ask for clarification Convert vague Define quantitative Use standard Make explicit Define inputs, Specify system Define verifiable
: What details ! : < Why it matters? : 2 £ 3 2 4 b
the requirement are needed? in the requirement? specified? and next steps statements into values and ranges engineering assumptions outputs and behavior in detail criteria
precise requirements terminology protocols

EXAMPLE: “The system should process data quickly.”

EXAMPLE: Refinement of “The system should process data quickly.”

Aspect M'E"g ing  Available Missing Information  Impact Qarification Questions /
Information Recommendation ~ After (Refined Enai T ficati
| _ By Before (Vague Requirement) B er (Refin ngineering Specification)
m Maximum latency, i e Latency value, Affi‘?tts ; What 'ts g;e Imtax'ml’;m ' e Functional Requirement:
Latency average latency, ot specinie conditions architecture, acceptable latency': X i
worst-case latency buffering, pipeline Is this average or '(lj’hie syst.e:; should process lthﬁa ::?t%mc sbl'g;n process input data at a throughput of
depth worst-case? A GLECKY. - The end-to-end processing latency shall be <5 us
l' Throughput Data rate/throughput  Not specified Throughput value, Affects interface, What throughput is m(;v:trls):::.lse) fora’1 KB data.packet.
€ (e.g.. Mbps, Gbps, peak vs sustained memory, processing expected? Peak or sy daia Slze 956 bytes10:4' KB perpacket
ti ined? ' : '
transactions/sec) e g sustained Data format: 64-bit words over AXI4 interface.
- ¢ Data size per . Input data size Affects memory, What is the input data Interface:
g ‘NPpUt SR Not specified ¢ S Woiherle . - Input: AX14-Stream @ 10 Gb
ormat, bit width buffer size, interface d format? PUE: e8 Ps
= DataSize transaction/frame d s design ' HEBPROTNDE Output: AXI4-Stream @ 10 Gbps
Operating Conditions:
_fU\_ Clock Clock frequency Not specified Target frequency, Affects timing, What is the target Clock frequency: 500 MHz
Frequency (e.g., MHz, GHz) process technology performance, power clock frequency? Process: 7nm
Non-Functional Constraints:
o Powier Power budget Not specified Power constraints, Affects architecture, What is the power i?;?rsb; ‘,’,?,ffz £200-mW:(typicall -1 W (waest-case)
e.qg., mW, W ower modes low- r i int? 5 =2 ra
(e.g., m ) pow ow-power design constraint Acceptance Criteria:
iae Cat i 2o Gt « Shall meet latency and throughput across all operating
Worst-case conditions  Not specified Operating coenditions Affect liabil Wh the t- = cg 2 3 =2
Worst-case : pe P g ' ects reliability, at are worst-case _40° ° o
A s (e.g., max data, high worst-case scenario  design margins scenarios (data, temp, conditions (-40°C to 125°C, £10% voltage variation).

temperature)

voltage, etc.)?

KEY CAPABILITIES

Q Rewrite vague requirements into precise, measurable statements
Add quantitative parameters and ranges

€ Resolve ambiguous terms and use standard terminology
€& Define explicit assumptions

KEY CAPABILITIES

Identify missing engineering information
Compare with industry standards and templates
Assess impact of missing information

Generate targeted clarification questions

Structure interfaces, inputs and outputs

Analyze functional and non-function a
SRS ctonetanguponl ong oaps Define expected behavior and error handling

Cover performance, power, area, timing, interfaces
Prioritize gaps by impact
Support iterative refinement with stakeholders

Generate acceptance criteria for verification

Produce complete, engineering-grade specifications
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Solution / Engineering Intelligence Agent — From Requirements to Optimal Engineering Solution SEEGERIL =R VERIPLSS ST DEE

Solution / Engineering @ Example: Design a High-Speed Data Acquisition Module
@ Intelligence Agent

: . . | Refined Requirement (from previous agents + Engineering Intelligence Agent
Given this requirement, how should N q ( P g ) g 9 9 9
g . : . l
e Throughput: = 10 Gbps ) Einds simil : d1p
Refined Requirement e Latency: < 5 ps (worst-case) — 2 inds similar designs and IPs
Clear, structured and measurable requirement e Input data: 12-bit, 1 GSPS €& Applies design patterns & standards
A s Multi-ciannet A Channess: o Generates multiple architectures
Knowledae Retrieval e Target platform: FPGA (option for ASIC) ° P ,
q edg o Power budget s 5 W & Performs trade-off analysis
Search internal & external knowledge sources . ] .
e Interface: PCle Gen4 for data transfer ,. ’ Q Recommends the best solution
o Similar Proj s' e Operating environment: -40°C to 125°C -
e
N i i i -
— Find relevant past projects and solutions Retrieved Knowled ge & References
L 4
8 Design Patterns A Similar Projects 8 Design Patterns Company IP Standards / Guidelines
: - — Radar, Imaging, PHY designs Data acquisition, high-speed ﬁ ADC interface IP, PCle DMA, Ea JEDEC, IEEE, PCle, AXI,
Use proven arch:tec;ure and design patterns [S— ADC interface FIFO cDC. SI/PI
Company IP Previous Solutions Component Library Engineering Rules <= External Knowledge
Find reusable IPs and components Past FPGA/ASIC designs ADC, SerDes, FIFO, DDR, Timing, CDC, DFT, low power ~ | Datasheets, application notes,
¥ PCle IP research papers
EE Standards / Guidelines . n ‘ ‘
Apply industry and company standards Solution Options Generated
b Option 1: FPGA-based Architecture Option 2: ASIC-based Architecture Option 3: SoC / Heterogeneous
Previous Solutions =
Learn from earlier implementations Analog ac | .| = FPGA = FFONASIC Set
— q 1 {
e Input st ,[ Dats Processing Wi I::al&g_, i } Digi?ll Frontend | | serbes/ | || toet ADC DSP/AlProcessing | PlleGent | Hosts
Component /1P Library (4 ch) ¥ ___ o | Host P L_' Deci( ‘t(?"‘"gr:_lpo PCle | ‘ — T Network
; AOC FIFO/ || PCle mation, FIFO) ‘ , , Controfler| | PCle / Ethernet|
Identify proven components and IP ™| 165ps [ 7| | Buffer F'l DMA ' —_— \Me"'“y . |
Engineering ths * High flexibility, faster development e Optimized performance, power and area e Integrated acquisition + processing
o Folloardesion: coding and verfication rulas e Uses commercial ADC + PCle IP e Best for high-volume production e Supports real-time analytics
9 2 9 e Suitable for prototyping and mid-volume e Customizable for application needs e Higher complexity, higher cost
b 4
Possible Architectures 513 Trade-off Analysis (©@ Recommended Solution
Generate multiple solution options = : ' & Meets performance (2 10 Gbps)
Criteria FPGA Option ASIC Option SoC / Heterogeneous Recommended Architecture © Latencys5ps
b Performance High Very High High ) @ Uses proven ADC and PCle IP
: FPGA PCle
Trade-off Analysis Latency Low {us) Very Low Low 4-Ch L S peed ADC == or | eae] = \ @ Scalable to ASIC in future
Compare options (performance, area, power, cost) Power Medium (3-5W)  Low (1-3 W) Medium A"“"f‘ (1 GSPS, 12-bit) [magsm -~ Memary — Gend > Host © Supports multi-channel acquisition
e Area Large Small (optimized)  Medium s oavernm o | Buffer  DMA — & Complies with industry standards
- Development Time  Short Long Medium © Lowdevelopment risk
/ Recommended Solution Cost (NRE) e High Mediurm ﬁ Key Components / IPs Interface & Protocols Next Steps
. . . : : . « High-speed ADC (e.g., ADS254/ADSE80) « ADC interface (JESD204B/C » Vaiidate architecture with simutation
o Best architecture with rationale, Flexibility High Low Medium S ey < . AxeSteminns . Evalate ADCand FPGAIP
Prot High Vol Advanced Applicati e PCle Gend IP OGinw/intel) « PCle Gend x8 o Develop RTL and testbench
, Components and next steps DAt on Chos L(r)?n?!%gev';lume b (Al /32?’) PSRN e DOR4/DDRS memory controller « Control interface (AXI-Lite) » Prototype and performance testing

e AXI-Stream, DMA, FIFO IP Plan ASIC migration (if required)
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KNOWLEDGE SOURCES

ENTERPRISE + PUBLIC + EXPERTS

=
B
o
&
B

A
—
A" 4

@ [

Company IP
Proprietary designs, IP blocks,
internal documents

Previous Projects
Past designs, specifications,
architectures, lessons learned

Design Specifications
System, block, interface specs

Architecture Patterns
Reference architectures,
proven design patterns

Component / IP Library

Processors, interfaces,
memories, PHYSs, IP cores

Design Standards

Internal & industry design
standards

Coding Guidelines

HDL coding standards,
linting rules

Verification Guidelines

Testbench, UVM, coverage,
verification methodologies

Industry Standards

JEDEC, IEEE, ISO, PCle, AXI,
CDS, Si/PI, safety standards

Datasheets / Manuals

Vendor datasheets, user manuals,

application notes

Design Rules

Technology, process, physical
design rules

Lessons Learned
Project retrospectives, failure
analysis, best practices

Expert Knowledge
Internal experts, forums,
documentation, Q&A

@f Specification Al g SiliconAl

Engineering Knowledge Fabric Al FOR SEMICONDUCTOR ENGINEERING

Unified Engineering Knowledge for Smarter, Faster and Higher Quality Design Specifications SEEC = RIL ZCHERIEY = HGNOFS;

ENGINEERING KNOWLEDGE FABRIC

Organize « Connect « Retrieve »« Reason « Apply

USAGE BY Al AGENTS
CONTEXT-AWARE ENGINEERING ANSWERS

Requirement Agent

1 Retrieve relevant standards, past
STRUCTURED SEMANTIC KNOWLEDGE RULES & projects and templates
Q Specification Analyst
* Documents + Embeddings - Entities & Relations « Engineering Rules 9 Get reference specifications and
« Specifications + Semantic Search - Projects, IP, Standards « Design Constraints design patterns
« Standards » Vector Store » Design Hierarchies » Compliance Checks
* IP Library » Concept Linking - Cross-Domain Links » Best Practices Constraint Agent
* Design Rules + Domain Ontology » Traceability » Mutii-Agent Reasoning Access technology, performance
and design rules

Critic Agent
Find best practices and known issues

- 1

e
P o
- L . ' ‘ : . : .' ’
IP Library <
— VECTOR DATABASE (RAG) g
- 1 | DOCUMENT STORE 1 H
~ , Solution Intelligence Agent

o B Retrieve architectures, IPs, previous
' / ")‘\ solutions and recommend best design

Architecture

Gap Analysis Agent
Patterns

Identify missing information using
reference knowledge

=)

Refinement Agent

Use similar designs and standards
to refine specifications

e®»
Py Expert Knowledge

Retrieval Knowledge Graph — Rules Engine
: e g. P — g. / Accurate Traceable
* Hybrid Search * Entity Linking - * Apply Design Rules (&) Context-Aware Answers Relevant Sources
(Keyword + Semantic) « Relation Mapping O « Constraint Reasoning
« Context Retrieval » Cross-Project Learning » Compliance Check
* Rank & Relevance 1 « Traceability 1 » Fact Verification

_ Industry & Faster & Better
—— — = Company Best Practices .l Engineering Decisions

o o > /", Higher Quality £ A Continuous Learning
Engineering Intelligence ’ A Seecfications & Designs IR/ from Projects

Deliver Relevant, Accurate, and Actionable Knowledge to Al Agents
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Engineering Knowledge Fabric

Bring Your
Company Knowledge

Add your IP, projects, standards,
design guidelines, documents

© 10

YOUR COMPANY KNOWLEDGE BASE

Add, organize and manage your engineering knowledge

Company IP
Reusable IP blocks, proprietary designs,
internal documents

Previous Projects

Past designs, specifications,
architectures, lessons learned
Design Specifications

System, block, interface specifications

Architecture Patterns
Reference architectures, design patterns

Component / IP Library
Processors, interfaces, memories,
PHYSs, IP cores

Design Standards
Internal coding, design and verification
standards

Coding Guidelines
HDL coding standards, linting rules

PR PN

2
v

Verification Guidelines
UVM, testbench, coverage,
verification methodologies

Industry Standards
JEDEC, IEEE, ISO, PCle, AXI, CDC, etc.

Datasheets / Manuals
Vendor datasheets, user manuals,

application notes

Design Rules
Technology, process, physical design rules

o 38N

Lessons Learned
Project retrospectives, failure analysis,
best practices

Expert Knowledge
Internal experts, forums, documentation, Q&A

!
’
¥
: .
!

CUSTOM UPLOAD

Qa-a%

PDF DOC TXT CODE Ccsv
Upload your documents, wnkns, code, spreadsheets, etc.

Your Company Knowledge. Your Standards. Your Solutions. Powered by Al Agents.

Customised
& Fine-tuned

Adapt to your processes,
terminology and design style

Your Unique Solutions

Learns from your past projects
to provide personalised,
high-quality solutions

ENGINEERING KNOWLEDGE FABRIC

Unified, connected and intelligent knowledge layer for your company

" Knowledge Graph
I )

Document Store

Semantic Indexing

Rules & Reasoning

» Documents « Embeddings « Entities & relationships = Company design rules
« Specifications 0'8*0 « Semantic search « Projects, IP, components « Technology constraints |
« Project reports » Metadata » Design hierarchy » Compéance checks

» Manuals / Datasheets + Damain ontology * Cross-domain links » Best practices

« Intemal wikis « Vector database « Traceability  Muiti-agent reasoning

Design Patterns

ENGINEERING
KNOWLEDGE FABRIC

. RAG + Knowledge Graph + Domain Models + Company Fine-tuning |

Po L_é ¢

Hybrid Search

» Keyword + Semantic
» Context aware
* Rank & relevance

Graph Reasoning

« Entity linking

« Cross-project learning
« Dependency analysis

» Traceability

ENGINEERING INTELLIGENCE

Fine-tuned LLMs

* Your terminology

« Your design style

* Your standards

» Custom model training

Rules Engine
» Design & verification rules
» Constraint reasoning

» Compliance check
« Fact verification

e

Company-aware
Domain-adapted

Your Knowledge. Your Al. Your Solutions. Continuously Improving.

Higher accuracy

Unique & Novel solutions

B

o@®e Multi-Agent Intelligence

@8R Retrieval + Reasoning + Analysis
+ Customised Recommendations

Better Solutions
More accurate,
faster and relevant
recommendations

Evolving Standards\ l

Update with latest
standards and guidelines

=i SiliconAl

Al FOR SEMICONDUCTOR ENGINEERING
SPEC — RTL — VERIFY — SIGN-OFF

Continuous Learning

Gets smarter with your new
projects, feedback and data

CUSTOMISED & PERSONALISED SOLUTIONS

Al agents leverage your knowledge to provide optimal solutions

Understands Your Domain )

» Learns your terminology, design style and standards
» Uses your past projects and IPs for relevant solutions

Company-specific Recommendations

« Suggests architectures aligned with your methodology
« Recommends reusable IPs and components

Context-aware Solutions

« Considers your technology, constraints and design rules
* Provides trade-off analysis based on your data

Novelty & Innovation

« Combines your knowledge with latest industry advances
» Suggestes novel architectures and optimizations

Personalised to Your Team
« Tailored to your use cases, preferences and goals
« Adapts over time with feedback and new projects

CONTINUOUS LEARNING & IMPROVEMENT

Your knowledge fabric gets smarter over time

New Projects
Add new designs
and learn

r

User Feedback
incorporate engineer
feedback

Nk

Continuous
Learning

Model Fine-tuning

Customise and
fine-tune for your domain
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From Natouoral Language Reguiremnments to Verified,

Natwral Language
Reguireasmnents

=
e
Existing
Specifications
Docs)

Documments
(PDF, Wioord, Excoei)

Customer J Stakehoider
Inmnputs

aEe -

Discussions
E Meetings

e

USER /S ENGINEER

rewvieww and iterate

Provide reguirermenits, ask guestior:ss,

SPECIFICATION Al

SpeclL LM Engine

ImplementationReady Specifications

UUnNnderstand s, orchhestrates and coordinates

rmuiti-agent workfiows

Interactive (COOEA0
Clarifications
Iterative Refimnerment
VWwhat-if Analysis

SPEC — RTL — VERIFY — SIGN-OFF

ENGINEERING
HKNOWILEDGE FABRIC

Every Company Canmn Add
E Customiize T heir Knowledge

o Understand Input - S e {I':::} Cossyranwy &5 i
- garse niturz_a! ;anguage Reguirement Agent # - Domain-specific modets CHEosabiebiccay-Sealpte)
: ';tréz?t c’ey AN R |ac’tuon e = Extract 2and sSstructure requirermenits ‘) - Muiti~-agent orchestration
emntify Oormain anmn contex i - - Context rmmanagerment ﬁ Previocous Projects
’ (Cesigns,. impiementations)
§ = - =
e Requlr.emerlt Extract_lon (‘ = = = = T r=irg - .
- Functional & non-functional reqgs § 3 Specification Analyst St unde,stpaanding Design Specifications
- Acrtors, inpauats, ().utputs. bet‘_navnors i Convert to engineering specification ’ — Stirnuctured output (IEEES/SRS) (SRS, block,. imterface speaecs)
- Structured reguirerments with 1IDs . ‘ . ‘ _ - Reqguirement database
- Maintain traceability I Architecture Patterns
= _ = .l (FProven asrchitectures)
e tTructure Specification [ - > Spec termpiates (IEEESincdustry)
- Convert to enginesering terrms ’ ‘ i} Constrainmt Agent ’ - ReqQuirement-to -Soec mMmapping 7 1P Lib
. = i - z = - = Component rary
— Class.ufy and organlz.e Firyo desggn constraints - Strwvewoetured specifiication ﬁ (Processcrs,. interfaces, PiiYs)
- Identify dependencies ‘ 4K - 3 - Terminology standardization )
= Detect mirssing sections = — e —
— Design Standards
- : — - | e s
o Ildentify Constraints S ﬁ - Consistency check (int P& i sta <ds)
- Performance, power, area Critic Agent - Risk analysis
- Latency. throughput, Mmemory S 13 3 e = s t' > - Clarification questions <l> Coding Guidelines
- InNnterface /S protocol ‘ -‘ ESSES TV e S Y SR A LR J - Design decision reviews (HDL . inting. styie guides)
- Technoliogy., safety, tirming, etc. o
—q ‘. [zl Verification Guidelines
e Analyz=e & Critigu<e - = e . (U4, testbench. coverage)
- Find contradictions i 3 Gap Analysis Agent L S s
- Detec.:t ambsz{ltu.es s ’ Find what's missing ’ - Targeted clarsfication Questions Industry Standasrds
- Identify unrealistic reguirements ‘ - ‘ o e it e e T T e (JEDEC, IEEE ISO. PCle,. etc)
- Ask “What could go wrong=>" e —
Refi = iFi i _— —- — —— -- Datasheets /S Manuals
o = ll"‘le-t Pec L L = o_n _ — Specification refinement Vendor datasheets, manouals)
= S e e ey » s i} Refinement Agent $§ - FParameterization
S fs— Turm into engineering-grade spec = Axariacs ciefinithors Design Rules
sSSsess i Pact ! ‘-‘ - Verification-ready spaec {(Process,. physical design rules)
- GCGenerate questions f recommendations ~— I _
i - ) ’ — . Lessons Learmed
o Engineering Solutions rr - x 1 i - Knowledge retrieval (RAG) r ¥ 4 (Project retrospectives)
- Architecture options ‘ Solution Intel gence Agel"lt ’ - Sarmdiar prosects & Oesign paitterns
- Interface choi('::)es L ¥ Recommend engineering solution - Comparywy IP and standards = Expert Knowledge
- Reusable IFP J components = ‘ - ‘ 2 - Solution recommendation ‘.—-.‘ Clrtee = i e DD
- Trade-off analysis - = 2
= = = - CIIUUSTOMIZATION & LEARNING
P Cc;,mqany = Previous Solutions Standards & Rules
_— E pacts : Similar designs, case studies., L—v—-l Industry standards, design rules, - Add your own knowledge base
—_— Reusable 1P past designs. implementation examples guidelines and best practices Fine-tune Mmodeils for your domain

iNntermal solutions 1 .
Cuoustomiize design rules & templiates

—
RECOMMENDED SOLUTION

Architecture options, component sceclection,
trade—offs, implementation approach

Learn from your past projects
Personalized soiutions for yowur team

Continuous Improverment over tirme

WVERIFIED ENGINEERING SPECIFICATION

Complete, consistent, traceable and implementation—ready specification

COwith reqquirements, constraints, architecture. Interfaces, and acceptance criteria)

DOVWVNSTREAM ENGINEERING FLOWVWV
Architecture - RTL Design Verification Implementation — _';’!—-7
il:'ﬁ} = g a FPGA J ASIC = e

System architectur=, Verilog /S VHDL code » Testbencihnh, UM,
biock diagram, mterfaces generation test cases, coverage synthesis, PE&R

Sign-off
Validation, reports,
fimal specification



Specification Al SiliconAl

Multl-Agent Al for Engineering Specifications Al FOR SEMICONDUCTOR ENGINEERING
From Natural Language Requirements to Spec-to-Silicon SPEC — RTL — VERIFY — SIGN-OFF

‘® NOVELTY & KEY DIFFERENTIATORS ' HOW IT HELPS COMPANIES

From Better Specifications to Faster, Higher-Quality Silicon

IS 7N =3

Grow with Gyan

Novelty What makes it different
Reduce Engineering Effort St
- . n:sge ° iti ime
lél é .é. Multi-Agent Multiple specialized agents collaborate 5 9:;?6T3f,isu§2§§§{}’§ntas"s 2 ® S Coct
au'CO) o Specification Intelligence instead of one generic LLM. o Less rework
N N R : Capture Institutional Knowledge

e é Req.tllren'.lent -> R Converts natural language into §tructured,  Preserve expert knowledge > eTe Knowledge

Engineering Specification measurable, traceable specifications. « Make it reusable #@@AN% Retention

e Reduce dependency on individuals

Actively challenges requirements instead

Al Critic + Gap Analysis Reuse Previous Engineering Work

,8’_?.]

of simply accepting them. e Find similar projects Faster
« Reuse IP, architectures, interfaces » B l Design Cycles
- . o ° . , » Leverage lessons learned
.‘0’. 0 Engineering Solution Recommends architectures, IP, interfaces y
Intelligence and implementation approaches. Improve Specification Quality .
e Detect ambiguities and missing details ’ c H'Q';:; -
" . - e Check feasibili d ist Igns
- Company Knowledge Each company can inject its own IP, projects, = :Sre sgs:p; éttsé :gss(;?ur:jsﬁaiggé it Qua
1 Fabric standards, rules and expert knowledge.

Company-Specific Solutions

Solutions
e Uses your IP, standards and design rules ’ ( & , Aligned to
e Tailored to your domain and processes Your Process
e Customizable and fine-tunable

RAG + Knowledge Graph + Rules +
domain/customized models.

MO (M« ¥ @

o, (0 <

Company-Specific Al

& O\‘

Learns from previous projects, design Continuous Improvement

1 I Continuous Leaming decisions, failures and feedback. j » Learns from past projects and feedback Growing
I I e Better recommendations over time Company Al

« Builds your engineering intelligence

Requirement — Constraint — Decision —
=3 Q Traceability by Design Architecture — RTL — Verification.

7
&

/l STRATEGIC VALUE FOR COMPANIES

i}
Engineer remains in the loop for questions, 4 | o | : L %
approvals and design decisions. & L A o ‘ § 3]

Faster ‘ Higher Reuse IP & " Build Long-Term

b Human + Al Collaboration

[ o
4
"))

Time-to-Market | ProductQuality | Reduce Cost Engineering Moat

Specification becomes the starting point
for Architecture, RTL, Verification and Sign-off. YOUR ENGINEERING KNOWLEDGE. YOUR STANDARDS. YOUR SOLUTIONS.
POWERED BY Al AGENTS.

Q000000000

Spec-to-Silicon Foundation




Specification Al e SiliconAl

Al Engineering Specification COp“Ot Al FOR SEMICONDUCTOR ENGINEERING

PRAGYAN Al l::**.t

Grow with Gyan

SPEC — RTL — VERIFY — SIGN-OFF

USP — Unique Selling Proposition

over company knowledge, recommends engineering solutions, and produces traceable, verification-ready specifications.

2. Specification 3. Constraint 4. Critic S. Gap Analysis 6. Refinement | 7. Solution
Analyst Agent Agent Agent Agent Intelligence Agent

@ @ @ ®
> » O » 6 @ e e

(:’ Core USP An Al Engineering Specification Copilot that doesn’t just write specifications— it understands, challenges, improves,

Natural Language 1. Requirement Verified

Input Agent

Specification

©
@ ’ . l@l ’ i ) » 1 ) ‘ ! § » if-_-h ‘ l =
£ &2 r ¢35 £ £-2 £ r 731 (v ]
e« Requirements e Parse & understand . Con\{ert to engineering » Find design constraints * Find contradictions * Find missing information e Rewrite vague reqs « Recommend architectures o Strichued
e Ideas e Extract functional specification » Performance, power, » Detect ambiguities e Impact analysis » Add measurable parameters » Suggest IP & components e Comblete
e Emails / Docs & non-functional reqgs » Classify & structure area, latency, etc.  |dentify unrealistic reqgs e Targeted clarification = Define assumptions * Interface choices e P P
: « |dentify actors, inputs, » Identify dependencies  Interface / protocol e Challenge decisions questions e Structure interfaces * Trade-off analysis ekt
» Meeting Notes outputs, behaviors » Maintain traceability * Technology, $pfiiNce o AskWhat could gowrong?" = e Recommendations » Generate acceptance « Best engineering solution * Traceable
e Customer Inputs e Create structured reqs secur'ty, criteria » Verification-ready

% A
p— . | &

Engineering ’ : . > | ,
' WD
Knowledge {':.} - o a o'g’b .. T Gy ™ » Custom knowledge for your company
Fabric Company IP Previous Projects Design Rules Standards Architecture Patterns Datasheets / Manuals Expert Knowledge e Domain-specific fine-tuning
IP blocks, designs, Designs, specifications, Process, technology, IEEE, JEDEC, ISO, Proven architectures, Vendor datasheets, Internal experts, e Company standards & templates
internal documents case studies, lessons physical design rules industry & company reference designs application notes forums, Q8A ’ :
Each companv can add learned standards » Personalized solutions
parly . T T * * ¢ * T e Continuous learning from projects
and customize their == . it e
knowledge base —_— T RAG + Knowledge Graph + Rules + Domain Models

- Reduces & Captures #~ M Reuses Previous Work Improves m Faster Design Cycles I Builds a Long-Term Moat
i l Engineering Effort = Institutional Knowledge W Specification Quality [ 4 II
e Automates repetitive tasks * Preserve expert knowledge * Find similar projects e Detect missing/ambiguous e From weeks to days « More projects
HOW |T HELP S e Faster documentation » Make it reusable e Resue IP and architectures details « Al-driven analysis » More knowledge
COM P AN | ES e Less rework » Reduce dependency e Leverage lessons learned * Check feasibility & consistency and recommendations « Better Al recommendations
on individuals » Ensure traceability e Focus on critical decisions » Better designs

m S ifi ti t S.I. Verified | Architecture R Desig: \ Verification | Implementation Sign-off
- pecitication 1o siicon Specification (System Design) ' (Verilog / VHDL) (Testbench, UVM) (ASIC / FPGA) (Validation, Reports)




Specification Al % SiliconAl

Al Engmeermg Specification Copilot Al FOR SEMICONDUCTOR ENGINEERING
SPEC — RTL — VERIFY — SIGN-OFF

PRAGYAN Al [—_'1

Grow with Gyan

Your Engineering Knowledge. Your Standards. Your Solutions. Powered by Al Agents.

il HOW IT HELPS COMPANIES

Reduce Engineering Capture Institutional Reuse Previous Improve : o
S 5 S : Faster Design Cycles
Effort Knowledge Engineering Work Specification Quality
Automates repetitive Company knowledge becomes Discover and leverage existing Al continuously checks and From weeks/months to days
specification activities reusable Al intelligence. knowledge and assets. enhances specifications. with Al-powered analysis and

recommendations.

: . e . : = Completeness -
@ Requirement extraction . . é @ Similar previous projects (All required information) Traditional Flow (Slow)
: - v 3> > : = o
’i Documentation - 259 @- Existing IP D Consistency ® ®
Py e e Expert Project Knowledge Al Agent (No contradictions) @ > > 893 > % > @ > 1! -
= Classification (Experience)  (Designs) Fabric  (Learn & Apply) m Previous architectures 4 ' a '™ xJ
' B e . ¥ Constraints Requirement Engineer Meetings Documents  Reviews Rework
Q Gap identification ; y ~ . < Bog Proven interfaces (Performance, power, area, etc.)
A : P Weeks / Months
@ Spesification formatting a @ Previous specifications Q (?c:g:t'i?y"mbar SEAEEAS)
cﬂo Traceability o bﬁ Lessons learned ‘ Feasibility With SpecificationAl (Fast) 1
: : e roj S :
:&0‘ Review preparation (Faster, Better, Consistent) a Known design problems : IRERSHc anfaqipisEnta. e
Traceability @ > nén » ' > g > € > ‘.° > E—b‘
& Preserve expert knowledge . (Efi:toBrd tiaceability) Requi ‘; Questions KnoTedge mewm:m Engi Vi ﬁg
. , . equirement ngineer Ven
G Save T!me & Cost @ Reduce dependency on individuals ﬂ Don’t reinvent the wheel Analysis Aopi ) Approval Specification
Let engineers focus on @ Build a long-term knowledge asset R ReUSE what Al cady Drics Higher Quality Specifications
high-value engineering @ Capture lessons learned and build better solutions Reduce costly errors in Days / Week
and innovation. . : : faster. RTL, verification and ays g
& Continuous learning from new projects implementation.

BUSINESS
.|/|' IMPACT

Save Engineering Time Leverage Existing Knowledge ~ Improve Quality Faster Time-to-Market Build Long-Term Value

iaher Broauetiey 50-70% & Reuse o Fewer Reduce Continuous
: ' reduction in specification IP, architectures and errors in RTL, verification design cycle from months . improvement with every
Better Designs. effort y vv proven solutions N " and implementation & to days/weeks ® new project

Faster to Market.

« !

_Q- Your Engineering Knowledge Q Your Standards ‘ ,.;.\ Your Solutions ‘ é% Powered by Al Agents i <’ Higher Quality Designs ‘ ﬁ Long-Term Competitive Advantage

- 1




@ Specification Al =k SiliconAl

Grow with Gyan Al Engineering Specification Copilot L —
Your Engineering Knowledge. Your Standards. Your Solutions. Powered by Al Agents. SPEC — RTL — VERIFY — SIGN-OFF

STRATEGIC COMPANY VALUE Turn Individual Knowledge into a ComEunding Company Asseij

TRADITIONAL ENGINEERING KNOWLEDGE ' WITH SPECIFICATIONAI THE LONG-TERM MOAT

Knowledge stays with individuals and is easily lost Knowledge becomes a reusable company asset Every project makes the company’s Al more valuable

Engineer A Engineer Ak : ' More Projects
: : xperience, skills, New designs, new domains, n
Er)i(gaelr;fr?gv?r'l ;;g';” project knowledge s more use cases :
Project A = More Engineering Knowledge Projects \
: S e Designs, specs, solutions,
. Design, specifications, — .
Project A solutions, lessons learned ¢ SSS00s MaeKTied
Design, specifications, o K ionledas Fadaic

: Bett i

solutions Richer, more conngcted / Knowledge
f(:omplar:jy e pt and structured knowledge ll e ' l Fabric
nowieage rapric More
e gl G e Better Al Recommendations Preiects QN
w'th E“g'neer .  €XP g gdn%ri ca)ccuarite_a, rele;/f{ant ENGINEERING 5
Not documented or reusable - - PRSP INTELLIGENCE
. . FLYWHEEL

r Specnficatlon Al - Better Specifications a%

- '~ Muiti-Agent Engineering E Higher quality, complete Al
Engineer leaves / moves Intelligence and traceable o Intelligence
Retires, changes company R 2 Desi '
or moves to another project i i i ) Q gz:it:;'i'zed a'rgc?\?tectures DBees?ger:'s ‘ 4\&/

g ::'iglsliagb;ﬁ;nglneer'ng reusable components
Reusable
Learns, reasons, recommends,
Knowledge loss improves over time More Reusable IP P
; , ] Libraries, templates,
Valua_able experience and - proven solutions
solutions are lost The result: A self-improving engineering
/ More Projects ‘ /' intelligence ecosystem that creates a
Repeated effort, reinvention and loss of @ ' Faster exscution; new opportunities, O sustainable competitive advantage.
institutional knowledge Knowledge preserved, reusable and higher competitiveness
continuously growing J

/ Preserve Higher engineering Better quality designs Continuous Long-term
B U SI N ESS institutional knowledge productivity Fewer errors. less improvement ' competitive advantage
. l l IMPACT Reduces dependency Reuse and faster rework ’ Every project makes | [} Unique company-specific
on individuals execution the Al smarter engineering intelligence




SiliconAl Architect: Interactive
Specification — Architecture

“An Al-powered Interactive architecture co-pilot that transforms engineering specifications into optimized chip
architectures through multi-agent design exploration, enterprise knowledge, PPA analysis, and human-in-the-
loop architectural decisions.”

Specification Intelligence + Engineering Knowledge + Multi-Agent Architecture Exploration + Interactive Architect
Collaboration + PPA/Risk Reasoning + Human Approval + Reusable Design Knowledge.



Silicon.l Architect R =

G row w it h GG y p— — Multi- Agent A vchitecture Exploration

Specialized Al agents collaboratovely explore, challenge, compare and optimize
chip architecture alternatives under architect guidance.

Specification

= = = : S to Optimized
Multi-Agent Architecture Exploration e ChippArchitecture
- Specification Input = = = CPU Asrchitecture Agent — Memory Architecture Agent L= T e Accelerator Agent
— == Core J ISA J pipeline _— SRAN JS DRAMNM :m: Al NMLUL/DSF engines
Functional Reguirements = = = Cache hierarchy == Memory hierarchy = = = Compute =architecture
Compute subsysternm Bandwridth J Iatency T hroughput S efficiency

BEE Performance Targets
Power & Area Constraints ’ =

Interconnect Agent Power Architecture Agent
Memory & Interfaces @ Bus /S NoC s AXl Power domaimns

Topology /S coherences= DWVFS /J clock gating

~ Securit Requirements = = = :
= e q Bandwidth J latency - s Chief T hermal analysis

Architect Agent

Orchestrate

Technology Node

Technical risk
Implementation risk

verification Requirements c Security Agent / | ey Orchestrate ~ g Risk Agent

Standards /S Compliance

Secure boot J isolation Synthesize

Crypto ~ threat maoaodeld

Safety & compliance Verification Agent PPPA Agent Schedule risk
E Coveragce S assertions - . . Power /S performance
Testabilivty /S v Area estirmation
Verification strategy Cost analysis

Retrieve and apply organizational engineering knowledge

- = e 9 i <> <> <> -

Previous IP Library Design Rules PPAa Data Industry Standards Architecture L essons Leammed Company
Desiagns E Components S Guidelines E:. Benchmarks (IEEE, etc.) Patterns & Templiates E Best Practices Engineering Knowledge

IHHiustrative values for comparison (Not aciual Mmeasurerments)y

m Architecture A * Asrchitecture B

Perforrmance Optirnii==ci Balanced (Recommended)

’ Architecture C
-

Low Power Optirmii==d

cPuU Al Accelesator Security CcPsu Al Accelerator Security (o= 24 § Al Accelerator Sec -
{High Perf) (Higher Compute) {(Balanced) (OCptimmized) {Low Power) {Effhicient) RS
I 1 1 = ¢ _mm_ = 1 _ ‘ . I 1
l NoC /f Interconnect NoC / interconnect ' i NoC J Interconnect
(High Bandwidtin) ) {Bailanced) ! {Low Power)

I T I e = . i o ik i o 1 -

Memory Power o Memory Power 170 l Memory Power y7o
{(Large, High BW) (Ferf Node) (Aulti-Interf=ace) (Moderale) {(Optimized) (Siandarad) ! {(Low Power) (Aggressive) (Low Power)
Pesrformancs e — —— a—— 4 | High Performancs = ——_ al High Pesrforrmance 0 Medium
Power High Power o= ] Medium Power == Low
Are= §z.- —o —— ——— ——————— =} High Area [oss=———————— | Medium Area Is=——— 5| Low
Cost js——— ————1 High Cost G 1 Medium Cost [e—  ——==— =) Low
Verification Complexity High Verification Compiexity [ ———— =] Medium Vernfication Complexity =} Low
Risk Medium Risk - S E— Low Risk ST % Medium
PPA Score (lllustrative) 86 PPA Score (lllustrative) 9 l PPA Score (lllustrative) 83
&= Architect Decision Loop (Human-in-the-Locop)
ES =% Interactive, explainable and iterative architecture design -
Q Modify o Approve
Up<cate constraints Sslect ==chlleciure
o Explore €& Anz=lyze Compare o Human Review
Generate alternatives = PPA. cost, risk, > Trade-off analysis S Architect discussion = Reject
' withh muliti—-agents = . . vertfication analys s @ across altermatives “g. and what-if analysss e Expiore again
S Re-explore with new insights and constraints

iy Key Benefits

/ Optsmmii—ed Faster -- Knowiledge-Driven = = Hurman-in-the-Loop . PPA_ Cost & Risk ® Reduced ———— Reusablie
<= Chip Asrchiteciures Design Expicorarion Decisions S, TS for Trust & Control m . Analysis T imme-to-Markel ——— ngineernng Imeliigencs




s X&AZ:,L\\1 )\ | SiliconAl Architect: Interactive Specification - Architecture | Fromrequirements

: : : : to Optimized Chip Architectu
Human Architect + Knowledge Base + Multi-Agent Architecture Intelligence :impA,":ﬁuma,',p,melﬁgencere

. J

Grow with Gyan

6 Specification Input e “'ﬁcatm“ Interactive Architecture Exploration Evaluation & Analysis e Human Architect Review G Optimized Architecture
Authoritative Input 7 tlndtelegeniek Nt Multi-Agent Design « Multiple Alternatives PPA + Cost « Risk - Verification Approve + Modify - Reject - Guide Final Architecture & Deliverables
nderstand - Refine « Ask -+ Validate
. @ What workoad? ‘ | % r;'“em"'y Candidate Architectures . Final Architecture (Example)
Eyihu SiRaraion TR {ak CPU o SRAM/DRAM s Accelerator ser::fhitectureoAt. ived
" 3 m What precision? , Agent * Memory hierarchy Agent el CPU Cluster Al Accelerator
.4 @ (INT8 / INT4 / FP16?) e Cores, ISA, pipeline | | * Bandwidth, latencyv * AUML/DSP engines v High Performance
) :.' - ¢ Cache hierarchy ¢ Compute architecture NEDT v High Power
; ¢ ) D Peak or sustained TOPS? » Compute subsystem T * Throughput, efficiency 2 ¥ v High Area
: \ / N:C v Higher Cost
() Whatis the latency target? - " v High Verification
73] Interconnect :@: Power Memory PPA Score: 86
(£) What power budget? 20 Agent L Agent ROV
) _ ¢ Bus/NoC/AXI Ch!ef ¢ Power domains
&) Functional Requirements {2) What memory bandwidth? * Topology, coherence Architect e DVFS, clock gating Architecture B E Discussion & Analysis
£y Performance Targets ® p A, > BRI e o TN SIBIS Balanced (Recommended) s
rocess node and interfaces? -
— % Compare alternatives
P & Area Constraint CPU' v Good Performance G p, :
v] Power & Area Constraints (® AnyexistingRTL ot Ploreuse? Security l oo Cost ik | P ¢ vetumeone What-if analysis ==
(2) Memory & Interfaces Agent sl Agent NSl WV Medium Area Refine constraints é Deliverables
< o Secureboot,isolation | o overage, assertions e PPA estimation | : '/ Optimal Cost Get Al explanations (Whay?)
@ Security Requirements B Refined Requirement Model . (S:;y"p!o,&threa( :node! e Testability, UVM . (;os; a'nallys‘isk Memory e Modify and iterate Architecture Specification
o Safety & compliance T e Technical nis = , :
@ Verification Requirements « Functional & Performance ® VeTHicution Shawoy PPA Score: 91 Approve architecture Block Diagram
Power, Area, Cost Constraints Interfaces & Data Flow
1] Technology Node v - Mg - .
v Memory &Interface Specs Khowlecge Base Ariectiye . 0 Approve Design Constraints & Rationale
@ Standards / Compliance o Seciity & Safely Redulrerents U Retrieve and apply organizational engineering knowledge Low Power Optimized Seloct as Baseline
= el : | v Medium Pert PPA Analysis Results
 Verification Requirements 1 {1 g A i i [#] Modify &terate
 Identify Missing Details 2 - ; il v omrom Update constraints Risk Assessment
. - ‘ Previous IP Library Design Rules PPA Data v Low Area rvy
Speaﬁcatmn is the Designs & Components & Guidelines & Benchmarks —_m— Reject Verification Strategy
starting point and Memory v Lower Verification X Explore again Technology Recommendations
. . s Industry Standards N AchitecturePattems (). Lessons Leamed '
drives the entire process (IEEE, etc) ¢ &Templates ' & Best Practices PPA Score: 83 >  Explore More Options Reusable Design Knowledge

Generate new altematives_i'

/@ 3 . imi /w Faster Knowledge-Driven ®, Human-in-the-Loo PPA, Cost & Risk Reduced & Reusable
T anafite Optimized » g N P ' — R :
() ncy Ben Uﬁ (S ' q Architectures | = i l Design Exploration I!!' Decisions /@ for Trust & Control | Analysis \ Time-to-Market s Engineering Intelligence




AEAAN] -\ Multi-Agent Architecture Exploration

Grow with Gyan Specialized Al agents collaboratively explore, analyze and optimize chip architecture alternatives

111 -

B: CPU Agent ; we  Memory Agent ) Accelerator Agent ;

" Core [ ISA [ cache g Hierarchy / bandwidth Compute architecture
Interconnect Agent > Power Agent Security Agent )
Bus / NoC / coherence ' Power domains / DVFS Threat model / isolation

' Verification Agent N PPA Agent N Risk Agent ;
Coverage / testability l l Power / Performance / Area Technical / implementation risk

Jdl Candidate Architecture Comparison

Architecture A l : Architecture B Architecture C
/ 1|

Performance optimized Balanced (Recommended) Low-power optimized ) l I

4
PPA Score: 86 PPA Score: 91 PPA Score: 83

——— X J

ReviewC >




Explore
Alternatives

PRAGYAN Al SiliconAl Architect

Grow with Gyan From Specification to Optimized Chip Architecture
Human Architect + Knowledge Base + Multi-Agent Architecture Intelligence

Analyze
Trade-offs

Optimize
Architecture

= Human-in-the-Loop Decision Gate

Al recommendations remain proposals until the architect approves or modifies them.
€ w - f - -
Approve Modify Reject &
‘_'. ) Recommendation ) Architecture > Explore Again terate with
} new insights
Select this architecture Update constraints, Provide feedback and and constraints

Architect i : ; 3
as the baseline. enerate new alternatives.
Reviews Al refine and iterate. g

Recommendations — = )

Every approved decision can become reusable organizational engineering intelligence.

B ali || sl o |

Decision Record " Design Rationale » PPA Evidence » Architect Feedback » Reusable Pattern " Lessons Learned

What was decided, Why this architecture Performance, Power, Expert inputs, Convert to design Capture insights
when and why. was chosen. Area analysis. comments and reviews. pattern or template. and best practices.

N 1/ o
g, T

> Design Decisions

{

) Reusable Patterns

» &> PPAData @2 Templates & Guidelines
> Design Rationale ¢ Lessons Learned »
Organizational
Approved

-,_\ Architect Feedback Engineering 'nte"igence ‘:; Best Practices
Architecture (Knowledge Base)

A
r'e
N

Future
Architectures




PRAGYAN Al

Grow with Gyan

= SiliconAl Knowledge Fabric e LeCromins 4y fieos
=

Organizational Engineering Knowledge for Chip Architecture Across Projects, Teams and Generations

!

IP Library & Components

Reusable IPs, cores, accelerators
and building blocks

mro
noa
ous

Architecture Patterns

Proven architecture templates
and design patterns

= o

Previous Designs

SoC/ASIC designs, reference
architectures, project data

[m]: [T =

SoC Architectures Block Diagrams Design Documents CPU Cores GPU / NPU DSP / Al CPU Subsystem Memory Hierarchy NoC / Interconnect
Accelerators Patterns Patterns Patterns
El =) (oog) — 2T
010
2T e : : interface IP .
Specifications Performance Reports Project Learnings Memory IP (PCle, AX|, etc.) Security IP Accelerator System Integration Reference

Patterns Patterns Architectures

PPA Measurements =  Design Rules
Measured data from previous designs ] Technology and implementation guidelines
%

4 I

Best Practices

Lessons learned and expert knowledge

]

o

Performance Power Area Technology Phvsi - ; . W :
: ¢ ysical Design Synthesis Architecture Power Optimization Security
Metrics Measurements Reports Constraints Rules Guidelines Best Practices Techniques Best Practices
S © =
~ =
= . —) </>
Cost Analysis Proce[e)ss Node Be;chrrark Tlmlggl& STA Power Design Verification Verification RTL Design Contnon lssies
ata esults uies Guidelines Guidelines Best Practicas Guidelifes & Solutions

ot Architecture Al

Specification Leverage organizational knowledge Optimized Architectures
& Requirements to generate, evaluate and optimize chip architectures with Evidence & Rationale




PR/

YAN Al

Grow with Gyan

®
P

Let me validate
the specification
and identify
missing details...

:
:
h J
o~ -
-
| —

Architecture B
, Architecture C
=i

Silicon Al Architect

Interactive Specification - Architecture
Human Architect + Knowledge Base + Multi-Agent Architecture Intelligence

~ : . =
Specification
Requirements, constraints,
interfaces, workloads
\_ /
- b
Spec Validation
Understand, refine, check completeness
Ask questions, resolve ambiguity
\ G )
7 C * )\
| HUMAN GATE #1
Approve Requirements
| Review refined specification and Al questions |
NG = ) =
i )
Architecture Options
Generate multiple architecture alternatives
based on requirements and knowledge base
& =,

(2,

HUMAN GATE #2

Select Alternatives

Review and choose architectures for deeper analysis

e

e’

J

Input from Architect

e Functional & performance requirements
e Power, area and cost constraints

e Memory and interface requirements

e Security and verification requirements
e Workloads and use cases

Al Analysis

Identify missing requirements
Check for conflicts and feasibility
Ask clarifying questions

Generate refined requirement model

Architect Review

e Answer Al questions
e Resolve ambiguities
e Approve requirement baseline

Candidate Architectures

e Performance optimized
e Balanced (recommended)
e Low-power optimized

Architect Decision

e Select architectioes to analyze
e Provide additional constraints
e Request new alternatives if needed



b 4
Multi-Agent Analysis

Specialized Al agents analyze, evaluate and
compare selected architectures

e ra | A
o =S ot - @ B ol
CPU Memory Accelerator Interconnect Power Security Verification PPA Risk
Agent Agent Agent Agent Agent Agent Agent Agent Agent
i + e
| HUMAN GATE #3 |
Review Trade-offs \
Evaluate analysis results and recommendations
Example Baseline Architecture ~ , J
CPU Cluster Al Accelerator ~ ! ~
3 S SR Architecture Baseline
PoC enereauecs ' ﬁj} Selected architecture with key decisions,
I 1 1 constraints and rationale
Memory Power Security S )
Subsystem Management Subsystem '
(= &,
I HUMAN GATE #4
Architect Approval
L Approve architecture baseline for detailed design J

Detailed Architecture (Example)

¥

CPU NPU DSP =)
S TR Detailed Architecture
NoC / Interconnect | Comprehensive architecture specification
3 3 1 3 for implementation (RTL, verification, etc.)
SRAM DRAM /O Security .

Analysis Outputs

e PPA (Power, Performance, Area)
e Cost analysis

e Risk assessment

e Verification complexity

e Trade-off comparison

e Recommendations with rationale

Architect Review

e Compare alternatives
e Understand trade-offs (Why?)
e Provide feedback and modify constraints

Baseline Deliverables

e Block diagram

Key architectural parameters
Interface definitions

Design constraints
Assumptions and rationale

Final Approval

e Review complete baseline
e Confirm alignment with goals
e Approve to proceed to detailed architecture

Detailed Outputs

e Complete architecture specification
Detailed block diagrams

Interfaces and protocols
Configuration and parameters
Ready for RTL and verification



SiliconAl IP — Al-Powered IP Intelligence &

Reuse

Discover. Understand. Evaluate. Reuse.
Integrate.

Before you build a new IP, SiliconAl tells you what your organization already knows, what it already owns, what can
be reused, what must be modified, and what should be built from scratch.



Consumer

Project A ﬁz Project B

SoC / Processor

Project D :'q': Project E

MULTIPLE PROJECTS

Automotive

Project C

Networking

Al / Accelerator

Project F

Industrial

</>

RTL - IP Specs

Verilog/VHDL Architecture
Reusable Blocks Design Docs

Requirements

SiliconmnAl IP Fabric

Enterprise IP Repository & Knowledge Fabric

o —
J—

Interfaces Verification Documentation Constraints Bugs = Fixes

AXI, AHB, APB Testbench Guides

Timing Issues

PCle, USB, etc. UVIM, Test Cases Datasheets Synthests Patch History
Coverage Application Notes PPA Reports Change Logs

IP Intelligence

Al-Powered Discovery, Analysis & Decision Engine

=

DISCOVER

Find candidate IP >
across all projects

- 4 REUSE
.- " Use existing IP as-is
~ Production proven
~ Fully compatible
~ Low cost & low risk
~ Fast time-to-market

¥

ANALYZE

interfaces, PPA, verification,

reuse feasibility
security and more

SCORE
Evaluate compatibility > Rank and assess 3

RECOMMEND

Al-driven decision
with rationale

~ =
MODIFY < > BUILD
G Adapt existing IP Develop new IP
~"" High compatibility ~ No suitable IP found
~" Minor modifications ~ Major changes required
~" Leverage existing verification ~ New functionality
~" Moderate effort ! ~ Longer timeline & higher cost
S




PRAGYAN AI Silicon Al I P Bring All Your Engineering

. ® Knowledge into a Unified IP Repository
Grow with G yan I P Asset I ngeStlon From RTL to Reports, Documentation to Verification

Ingest, Parse and Understand All Types of Engmeermg Assets Across Projects
©

e @ Verification @ " | Engineering Data o

Test & Validation Assets Reports & Metrics

RTL

Hardware Design Source | |

Documentation
Knowledge & Guidelines

Specifications

Design & Architecture

L]}

&
@

RTL packages
Reusable blocks

RDC reports
Bug databases
ECO history

Regression results
Formal verification results

ol -

)
—

Design decisions Release notes

Verilog ad Architecture specifications B Testbench B Synthesisreports B Design documents
= : : : : ) Timing reports : :
B a'js-mve”'og 29 Design specifications B UVM environments l,:‘ Ares ipo‘:ts B) Integration guides
g e - Interface specifications ) Test e I3 Power reports B Datasheets
D R rep(c;sul oUeS Microarchitecture documents i) Assertions 3  Lint reports B Application notes
modules '
— Heaiikements g Coverage reports CDC reports B Known issues

PEOR

——— ———

~ — L -~ S a -
e uart_ctrl ( Recuifernents Functional Coverage - T ' = :
o e | 2| b2 am | =] |I=| 22 =
npuL _n, pec Spec Docu {se : 2 S % | [ee=it=2o
: Synthesis Tlmmg Area & Power Lint / COC Design Integration Datasheet Release
Guide Guide Notes
7 2 —_( J RepOﬂ Report . Repoﬂ ; .

Report

$ ' 4

IP Asset Ingestion Pipeline

Extract Parse & Process Al Understanding ¢ Metadata Enrichment Index & Store
from Repos Code, Documents, =iy Classify, Tag, Extract =3 B — Create Structured e Searchable
Git, SVN, File Systems, Reports, Logs Key Information IP Knowledge Knowledge Base

PLM, Internal Tools

"g=m_ Parsed IP Knowledge (Example)
m¥< UART Controller IP

Unified and searchable

Cross-project discovery

RTL Specifications | Verification | Engineering Data Documentation
& \Verilog / SV files B Architecture spec B UVM testbench [5) Synthesis report [ Design guide Metadata and tagging
@ Modules & packages 33 Interface spec [} Testcases 2} Timing (650 MHz) & Integration guide Version and lineage trackin
g g g
@ Parameters Requirements [} Assertions -] Area (82K gates) 3 Datasheet
9 o : Secure and governed
@ Code structure B Design decisions [ Coverage (95%) ™) Power (41 mW) ) Known issues
D = =

Regression results Release notes

Lint / CDC reports Ready for Al analysis and reuse




PRAGYAN Al Multi-Project IP Intelligence Turn Years of Engineering Work

Grow with Gyan Unified IP Knowledge Graph Across Your Organization Into Reusable Intelligence
EEB ENTERPRISE | Example: UART Controller IP Journey
Multiple Projects | Unified IP Repository | Shared Knowledge | Reuse Across Organization | sﬁz Project A Initial implementation |
“@m®=  Used UART Controller Basic features
l ‘ * i i Version 1.0
. P R ; S .
Eng Project A a Project B Q Project C u Project D é] Project E a Project B Added FIFO
“E——=  SoC / Processor Automotive GOO6 Networking Consumer Al Accelerator Modified UART Controller h f
| Versicn 2:0 Enhanced features
| :
IP Assets IP Assets IP Assets IP Assets IP Assets | &
® RTL / Verilog B RTL / Verilog G RTL / Verilog @ RTL / Verilog @ RTL / Verilog 5%6 Project C Full verification
o : . : Verified UART Controller 95% coverage
@ Specifications Design Docs O Testbenches (23 Synthesis Reports & Bug Fixes Version 2.1
© Testbenches B Verification 3 Coverage Reports & Production Data & Performance Data *
@ Documentation B Issues & Fixes B Integration Notes =l Field Experience £ Release Notes Projecl; D Used in 2 production designs
\ l - Sroc!uct;o;-proven Stable and reliable
l l l ersion 3.
Project E :
| . 3 Fixed corner case
Enterprlse IP Gra ph | @E’ 322 afc'fg '2n1UART Controller 1 roved robustness

Connects IP, Projects, Versions, Interfaces, Verification, PPA, Bugs and Experience L

IP Blocks , o . )\ Projects SiliconAl Recommendation

Use Project D Version 3.2

It has the highest verification maturity and has
already been successfully integrated into two
production designs.

S \ Versions

SiliconAl . g
IP Graph , 0 ) Verification

./—— =

Production proven Compatible with your requirements

4 N .
ﬂ Bugs & Fixes
j High verification coverage (97%)
Stable and reliable

Used in 2 production projects

Lower integration effort
Known issues already fixed
Best risk vs effort tradeoff

" Production Usage

AN
AR

o * . Com arison of Versions
IP Reuse Knowledge Experience | &

Patterns Graph Graph Version piee  KeyFeatres  YCUSRR status Recommendation
v1.0 A Basic UART 78% Prototype
«” Find similar and duplicate IP v Connect requirements to IP + Learn from past projects v2.0 B + FIFO, Enhanced 85% internal Use -
« Identify reuse opportunities « Link specs, RTL, verification, docs « Use verification and field data v2.1 C Verified, Stable 95% Validated -
| «’ Track IP evolution across projects «” Track dependencies and interfaces « |dentify reliable IP versions v3.2 D Production Ready 97% Production € RECOMMENDED
. &~ Recommend best version « Capture organizational knowledge + Reduce risk and development time v3.2.1 E Bug Fixes 97% Stable Alternative
N

S "\__ 7 '\ J




PRA

YAN Al

Grow with Gyan

@ Traditional Search

Search: DMA

SiliconAl IP - Intelligent IP Discovery

Find the Right IP for Your Requirements, Not Just Keywords

- =

Al Understanding

& Search Dimensions

Semantic Meaning

Intelligent IP Discovery Results

Smarter Search.

Deeper Understanding.
Better Reuse Decisions.

Ranked candidates based on multi-dimensional analysis

and multiple outstanding » Microarchitecture, data path, control
transactions.” T

Understand intent, domain and Rank Candidate IP ?:::: Status Recommendation
€) Keyword based search engineering cor.l*t.ext
E s e e DMA-IP-07
Limited results i i te < = 3 e
Q | o Q Funcjnonal Bel?awor e ._l “8ll= High Performance DMA 96% Production | K Reuse
g Misses similar or renamed |IP . Identify key functions and capabilities ‘ o with AX14
€9 No technical evaluation g
€d No compatibility analysis & Interface Requirements 9 . DMA-IP-12
AXl4, AHB, APB, custom interfaces Multi-channel DMA 91% Production o Reuse
’ + o AXl4, Scatter-Gather
| oge = Protocol
SiliconAl Intelllgent Search AXl4, AXI3. AHB, PCle, etc. DMA-IP-03
+ Configurable DMA 82% Prototype O Modify
Natural Language Requirement: a Performance AXI4, Single Channel
“Need a high-throughput A l' Throughput, latency, .burst size,
memory-to-memory data outstanding transactions . DMA-IP-19 .
movement engine supporting + 4 - | egacy DMA 71% Experimental ® Avoid
AXl4, programmable burst sizes - - Architecture AXI3

€ Understands intent and context @ Technology - No suitable IP found - < / > Build New
@ Searches across all projects and documents Process node, technology, libraries
& Finds similar and related IP +
€ Evaluates technical compatibility Verification
€ Provides ranked results with recommendations Coverage, regression, signoff status
B Top Candidate Details (DMA-IP-07) & Comparison of Top Candidates w Al Recommendation
Specification Details Feature DMA-IP-07 DMA-IP-12 DMA-IP-03 DMA-IP-19 A Bas Use DMA-IP-07
3 Interface AXl4 Match Score 96%% 91% 82% 71% = ]
AX14 DMA AX14 . _ : s — It has the highest match score (96%),
|i Mastir Conteoller Slave ] Max ThTOUQ"DLﬁ ?2 GBfs : Status Production Production Prototype Experimental - production proven, and already used
| Data Width 128 / 256 bit Interface AXli4 AXI4 AXi4 AXI3 L in two production designs.
Burst Size Programmable (up to 256) Data Width 256 bit 128 bit 128 bit 64 bit & Mectsall fonetional # EIE
v High-throughput memory-1o-memaory data movement Qutstanding Txn Upto 16 Max Throughput 32 GB/s 24 GB/s 12 GB/s 4 GB/s v AXi4 in?erfic(e: (l:om enquljee =
" AX4 interface, programmable burst sizes Architecture Muilti-channel, Scatter-Gather Burst Size Up to 256 Up to 128 Up to 64 Up to 16 o Sooports ok throzah ot and Borst sves
+ Multiple outstanding transactions Technology /nm / 12nm Outstanding Txn 16 8 4 1 v Jﬁs le outgs tandin J tansactions
+ Scatter-Gather support Verification 989 functional coverage Verification 98% 95% 82% 60% « Hiah ’3 erification mgturity (98%)
" Error handling and interrupts Usage 2 production projects Technology 7nm 12nm 28nm 40nm i Lo?v integration effort &
v’ Production proven in muitiple projects Integration Effort Low Low Medium High & ‘Rediiced develapriiernit tene and visk



PRAGYAN Al

Grow with Gyan

Engineering Assets
(Multiple Formats & Sources)

RTL

Verilog / SystemVerilog
VHDL

RTL repositories

RTL modules / packages
Reusable blocks

Specifications

Architecture specifications
Design specifications
Interface specifications

Requirements
Design decisions

Verification

Testbench

UVM environments

Test cases

Assertions

Coverage reports
Regression results
Formal verification results

Engineering Data

Synthesis reports
Timing reports
Area reports
Power reports

Lint reports

CDC / RDC reports
Bug databases
ECO history

O @,.0,9 & 0 6.0

Documentation

Design documents
Integration quides
Datasheets
Application notes
Known issues
Release notes

Microarchitecture documents

B Unstructured Files

SiliconAl |P — IP Knowledge Extraction

From Documents to Engineering Intelligence

Al-Powered Extraction

& Understanding

1. Ingest & Parse

Extract content from code,
documents, reports and logs

&

2. Al Understanding

LLM + domain models
understand meaning and context

1

3. Information Extraction

Extract key entities, relationships
and engineering facts

L

4. Normalize & Structure

Standardize and create
consistent IP metadata

L

5. Build IP Knowledge Graph

Link across documents, projects,
versions and dependencies

4

6. Generate Knowledge Card

Create structured, searchable
engineering IP profile

B

e PDF, DOC, XLS, RTL, Logs
e Reports, presentations .
e Scattered across projects

Structured Engineering Knowledge

£* Functional Purpose

Architecture

all ﬂ PPA Characteristics

Q Verification Status

| Controller
_IP Knowledge

ﬁ Previous Projects

| :
s » ResetArchitecture

. Versions

L ;"5 Engineering Owners

Technology

From Documents to Engineering Knowledge

0 Al Knowledge Extraction

e Understand, extract, structure
Link related information
» Create searchable knowledge

@ Structured IP Knowiedge

* Rich metadata and insights
e Searchable and comparable
» Actionable for reuse and design

Turn Engineering Assets

into Actionable IP Knowledge

1

l

IP Knowledge Card — UART Controller

IP Name IP 1D

UART Controller

Category Version
Communication IP v3.2
Functional Purpose { ;3 Architecture
Asynchronous serial communication e Configurabie, modular architecture
controller supporting transmit and e TX/RX with FIFO
receive with configurable baud rate, o Clock domain independent
FIFO and interrupt support, e Optional parity/ECC
e Low power modes

RTL

e SystemVerilog

e Clean, synthesizable RTL
e Parameterized design

e UVM verified

Protocols

e UART (standard)
e AXIi4, APB
e Custom handshake (optional)

Dependencies

e AXl4-Lite interconnect

e (Clock and reset infrastructure
e Optional intermupt controller

.
saet

1;'

.t
L
—_—

T

L

Reset Architecture

® Active low reset (configurable)
e Synchronous reset
e Separate reset for core and FIFO

e
=

'
=

e

j PPA Characteristics
Uawe’ e Area: 12K gates

e Power: 2.5 mW @ 100 MHz
e Frequency: 500 MHz (max)

:

Coverage

e Functional coverage: 98%
e Code coverage: 96%
e Assertion coverage: 92%

Security

e Access control on registers

e No known security vuinerabilities
e Security scan: Passed

Previous Projects a Versions

e Project A (v2.1) — e v1.0- Initial
Protptype e v2.1-Added AIFO

e Project B (v3.0) - e 3.0~ CDCimprovement
Production

e Project C (v3.2) -
Production

UART-IP-07

e 3.2 —Production (current)

Production Ready

Interfaces
AXi4-Lite (control)
APB (optional)
UART TX/RX pins
Interrupt interface |

Parameters

Data width: 8/16/32 bit
FIFO depth: 16/64/256
Baud rate: 9600 - 3 Mbps
Parity: None/Even/Odd

Clock Domains

e Core clock: 50-200 MHz
e Asynchronous UART clock
e CDC for TX/RX

Technology

e Process: 7nm / 12nm / 28nm
e Standard cell library
e FPGA compatible

Verification Status

e UVM environment
e Regression complete
e Signoff: Yes

Known Bugs

e #102: Baud rate glitch (fixed in v3.1)
e #145: RFO overflow in rare case (fixed)
e No open critical bugs

Licensing

e Internal IP (Company owned)
e Reuse allowed within organization
e Export restrictions: No

Engineering Owners
¢ Design Owner: ABC Team

e Vernfication Owner:
DEF Team

e Primary Contact: XYZ
e Last Updated: Sep 2026




PR/\ YAN Al SiliconAl IP = compatibility Ana'ySiS Deeper Analysis. Clear Answers.

Grow with Gyan Multi-Dimensional Analysis to Evaluate Reuse Feasibility Reuse - Adapt - Integrate with Confidence.

Functional Compatibility e Interface Compatibility
Does the IP actually satisfy the requirement? | Analyze interfaces, protocols and connectivity

Clock & Reset Compatibility

Analyze clock domains, reset domains and CDC/RDC

Requirement 1N e Can \ Clock Domain Analysis
Understand and extract key functions | Eui g E.‘:‘ sSess : R 3
3 o —p —p beee — (S0 New SoC Clock Domains Existing IP Clock Domain Al Analysis
: - | New Required Existing Compatibility o
Functional Decomposition | Architecture Interfaces . IP Interfaces Matrix (Compute) IP clock is compatible
Break into features and sub-features | = > 7 S e — ST \ 50 AL ° with the primary
—= R Z ’
o * Interface Comparison Interface Analysis Results (System) u (Primary) quofmfi dorra&k
IP Capabilities ' 7 SR 7| 7S] S _ , 32 Kiz e iy
Extract IP features and capabilities i nterface tocol equil PPO mpatibility v AXI4-|nterface fully compatnble (Aleion) adaptation required.
* ‘ AX|4 v Yes v Yes Compatible v APB fnterface not available -
Featu R S requires AX| to APB adapter
: ealture-py-reature a in : . 2 a
R Ciaraars ang B R PR e e s AR V" Otherinteriaces not required Reset Architecture Analysis
= P APB P Ves 2 No Adapter Required v Custom mterfage partially . )
compatible — minor adaptation New SoC Reset IP Reset Al Analysis
Example: DMA Engine Requirement ACE % No n No N/A POR (Active Low)
- “Need a high-throughput memory-to-memory CHI % No X% No N/A IgM;ﬁecf h{llsntl:‘tches S 0 Reset polarity matches.
data movement engine supporting AX14, e . (Active High —> B Reset (Active Low) Reset synchronization
programmable burst sizes and multiple PCle N i WA C\:’;:‘terface n::‘ava"able s is required for
outstanding transactions.” + mismat Subsystem Reset -domai
g USB % No % No N/A . AXI 128-bit — 256-bit (adapter) (Actve 16%) cross-domain reset.
Requirement IP Capability Match Ethernet % No ® No N/A g Protocol mismatch
Custom interface timing CDC / RDC Analysi
AXI4 interface Supported ° SPI ®x No ® No N/A ™ Reset mismatch ) S NeL o
: > : gi . : ot require
256-bit data width SUppOrted ° oC e e N/A Active-low vs active hlgh Clock Domain CfOSSlng (CDC) (Same gso MHz domain) 0
4K burst size Supported & ) rdisniats mismaich : i Required
8 di S - MIPI »® No % No N/A Little-endian vs Big-endian Reset Domain Crossing (RDC) (Asyric reset th sy tesat) &5
St s e et - Custom Interface = Optional @ Partial With Ad a g;:oczarln;mamtﬁ: adapter fsyncMOnots NoUncaEs eich ©
1 ith Adapter -
ECC support Not supported [ X : Reset Synchronization Required (2-flop sync) &9
Low-power mode Not supported L X CDC Bridge Needed Not required (v
_ Recommendation RDC Bridge Needed Required 4
Al Conclusion z
Adapter Required .
e 78% functional compatibili . : « . Recommendation
u P ty w E
o . . AXI to APB bridge and width adapter needed. s _ 8 -
78% e Core functionality matches sl : : & No Clock Adapter Required
i , Integration is feasible with standard adapters. S .
e Missing features: ECC, Low-power mode e |P runs in existing 250 MHz domain
e Recommended: Reuse with modification e Add reset synchronizer for RDC
. Functional ) Interface Clock & Reset @ Overall Integration Feasibility ' Al Recommendation
/ Overall Compatibility Compatibility C Compatibility Compatibility “eww  Compatibility Core functionality matches the requirement. = REUSE
(C)) Summary (0N «  Interface adapters needed (AX! to APB, width adapter). . P
Muli-dirm sial analmss o h «" Clock domain is compatible (no adapter required). with Modification
r bty T jns'lc? 9 QLYHS 78% 85% 90% ‘ 84% J " Reset synchronization required. Estimated Integration Effort
or reuse decision W «  Integration is feasible with moderate engineering effort. 2 — 3 weeks




PR ACYAN Al (

CSGroww wwith S ywvam

< <
Conmntinuuoiss

Learnmning

Learm from
every project

Update
Knowledge
Graph
Capture mew IR

fixes and
IMMmMproverments

Improve
Fuature
\ = Its
Better anmnd
faster reuse
OoOwver tirme

S

RECOUIREMNENT
New Feature J SoC Block / IFP Need
Functiomnal Performance, Interface, PPA_ Constraints

~5 .

Reguirerment Intelligence
Understand - Decompose = Enrich = Clarify
Extract key features, consitraints and interfaces

s 3

=
e
<>
<

I DISCOVERY
Search across enterprise 1P repositories
A Sermantic search - Structuaral search - Protocoi search
= N
Candidate 1P Ranking
Rank based on relevanmnce and initial fit
MNMultiple candidates vwith simnmilarity score
.o. IFP INTELLIGENCE
Decep anmnalysis of candidate 1IFPs
= - - -
== | _ | = — & ] i
Faanctiomnal Interface I‘ Architectuar= I Cfcbck S Resaet
Anrnalysis ‘ Anrnalysis ! Analysis Analysis
Feature mapping Prorocol, sigmal MNMicroarchitecture { Clock domains
Reqguirerment fit compatibifity ! RTL stsucture J Rescet strategy
3 = —~)
=il = =) = =
PEA WVWeriftcation Security Technology Licensing S
Anrnalysis Anrnalys=sis Analysis Aanrmalysis Provemnance
Are=a, Power Cowveraqge,. testbhencin | Vulnerabilitres Process node Owvwnership, usage
Perforrmancse 1 Sigrnoff status TruestT S compliancs= ! Dependencies History, versicorns

)

-+

I SCORECARD

Owverall reuse feasibility score
Detailed comparisonmn of candidate 1Ps

DECISION ENGINE I

Al-driven recommendation |
Evaluate Reuse vs Modify ws Build with ratonalie ]

- _— — T
o REUSE
c o Use existing 1P

= - NMODIFY ' <I>

Adapt existing 1P

~— High compatibility - Minosr chhanges required —
-— Loww misk - Leverage existing verification —
-~ Fast Gme -to-rmarket ~ Moderate effort -~
-~ Low cost — Maintain compatibility —
g~ - ~
INTEGRATION PLAN
Detailed integration and implermentation plan
& Interface Mmappeesng. adapters, configusration. checkiist ]

~ =

Al WIRAPPER J RTL

Generate adapters, wirappers or modified RTL
ASAautomatic RTL generation using Al

~ = —
WERIFICATION

Validate functionality amd uality
Sirmusiation,. regression, coverage, formmal checks

~
SIGN-OFF

Release for imtegration
Ouality, securnity and compliance sign-offt

- ~5- a:
NEWW IP VERSION |

Create mneww version with mietadata
Store in enterprise repository

ENTERPRISE IF FAEBEBRIC

Continuously growing IP knowledge base

Reusablie IE learming from projects, organizational intelligence

=
g

e ——
o
—_—
———

Exarmplile Reguirermsent
“"Need =2 high-perforrmance
UART comntroiler withh AXIS interface,
2SE6-byte FIFO, low power support
for 7nm process.”

(444D

Understanding
FParse and understand matusral anguage
Exaract funcoomnal 8 oo -Functional reguirermenats
iIcentfy nterfaces, protoccois. comsiraints
Asic clarifying guestions (0Ff Nneaedecdd)

Search Across All Projects

Frrvd functionally sifnaliar 1P

Search RTL, specs,. verihhcation. docs
Match Intesrfaces and protocols
Discower imermnal, partmer ancad open 1P

—
—~—
—
——

Top Candidate 1Ps

IP-0O7 (9698 — Productsonmn provens
P -O2 {(9719%) — High compatibilicy
PO (8295 — Prototy e

1IP-0Oa (71596) — Experitrmental

-~

-
-—
-~

.

COLEEEEEEL

1P Intelligenmnce Analysiss

Feature-DHy-feature mapping

Imterface anmnd protocol compatuabality
Architecture and RTL analysis

Clock /treset and CDC U/ REC checks

PPA comparsscon (Area, Powveer, PerformTmance)
Verification maturity anmnd coveragese
Security risk analysis

Techmnology mnode anmnd dependencies
Licensimng anmnd 1P ovw rnership

Provenanoce anmnd version history

IP Scorecard (Examplie)

Functiomnal Fit =26

interface Fit og

PPA Fait ==

Verificatromn S 92
Security = | S I100
Technology SO

Docurmentation s5a High Confidence
NMatuarity = — Reuuse

BUILD
Develop mew 1P

No suitable 1P found

Major changes reguiared
New functionality
Lonmnger timeline & higher cost

o

Integration Pilan

ALY

((E

Imnterface rMmapping and adapters
FParameiter conhigusation

Clock srreset sntegration

Verification plam and test cases

Sy mithesss and Srmaang checks
Step-bhy-step inmntegration checkisst

1| Gencerated Asscets

Interface adapters S brnidges
VWrapper RTL for integration
FParametlesr configuratiron
Modiffied RTL OGFf reqqusreci)
Testbhbernch Templilates

Verificationmn

(4

Runm testbbench and regressions
Check funcltionmnal and code coverage
CDC/ROC, fimt and formmal chhecks
Verify perforrmancs and PPREA
Secoaurity wvalidation (F applrcable)

SignNn-Off Criteria

(444

Al verificatiomn goals rmet

FPPRPA tTargets achicved

MNoO critscal security issuses

Dociasrmentation anddd cormpliance compieted

New Versiomn Created

(448

Versiom numiber anmd release mnotes
MNMeertadales, docurmentalion ancdd Se=st reswaits
Linked to project and reguirernments
Avaiiable Tor Tuture reuse

Enterprise 1P Fabric

{44

Uprdated wvwith meve ,rmodified 1P
Tomnmmecited across all psrojects

Builds knowledge and exgperrence graph
Enables better reuse for future pPprojects



SiliconAl Spec2RTL — Al-Powered RTL
Generation

Al engineering system for traceable, constrained,

multi-objective RTL generation and refinement.

Specification — Architecture — Generate — Critique — Map — Constrain — Compile — Synthesize — Analyze —
Human Approve — Refine — Regenerate



Spec2RTL — Al-Powered RTL Generation & Refinement ;- ; \“‘t Gl et
From Natural Language Specification to Synthesizable, Optimized and Verified RTL \ TRACEABLE RTL

Grow with Gyéh

N W N\ [ D ™ = —)
= 1. SYSTEM 2. SPECIFICATION 3. RTL ARCHITECT AGENT HUMAN GATE #1 4. MULTI-VARIANT RTL 5. RTL CRITIC /
SPECIFICATION %& ANALYZER (Al) ‘!i .’ Architecture Review GENERATION (Al) Q REVIEW AGENT
Generate multiple optimized
e Natural Language / e Requirement Extraction e Architecture Exploration o implementatio[rj\s P o Correctness Check
Structured Spec ‘ e Interface Analysis ‘ e Module Decomposition ' [/ Review Architecture » » e Coding Quality
- Func:ional g‘.;quiremlents « FC)ogstraint lde;r\ntiﬁi:ation e FSM / Datapath Design [] Validate Approaches (____i__ﬂ e Architecture Fit
¢ Interfaces & Protocols e Performance Analysis e Pipeline & Micro-architecture [ Select Design Options =% 1( . 1( : e Synthesizability
Variant A Variant B Variant C : :
f L Tormancegioets Ak oW Acarlargets * Design Space Exploration Provide Feedback Performance RTL || Area Optimized || Power Optimized ‘ SRIEES FRCUCE EVIaW
* Power/ Area Goals e Ambiguity Resolution | v} Frovide Feediac _ e Security & Reliability
¢ Technology Constraints “ ( v | # Modify Requirements o HighFrequency || e Smaller Area o Low Power — ., =7
Requirements 2P ' ! | e Low Latency e ResourceEfficient | | @ Energy Efficient v Review Feedback
Tteriacee - :f P - | || o HighThroughput | | ® Low Cost e Power Gating v No critical issues
9 nterface FSM Datapath ] v Synthesizable code
Constraints ) Module | L ] . *. Request ‘ 11l 111 e YR _ |
Derformance || — ; ' i +/ Approve €5 Changes .E_Dg éD-E- ng v Optmpze state encoding
Power / Area | } (Memory } [ PtpelmeJ [ Controq - _,.J | ! o Il Y { || A Consider pipelining
2 — 7 &= ) & \ } =8 — v,

= ¥ = N D B \ (

“\
6. SPEC & RTL MAPPING — /’ 7. COMPATIBILITY ENGINE =0— 8. CONSTRAINT ENGINE 9. RTL REFINEMENT LOOP 10. COMPILE / ELABORATE
c (Traceability) E O e Incorporate Feedback _ :
e Requirement = Module e Interface Comp.atibility | o Add/ Modify Constraints e Apply Constraints ° Verllog | SystemVerilog / VHDL
¢ Requirement — Signal » e Protocol Compliance (AXI, etc.) ‘ ¢ Timing Constraints (SDC) ‘ e Regenerate / Refine RTL . e Compile & Elaborate ‘
¢ Requirement = Logic e Signal Width / Clock Domain e Area/ Power Constraints | e Compare Variants e Check for Syntax / Semantics
o quunrement i Asse.rt'lon 3 ?mluwng lConstr‘ft_lgts Clg:eckt = ° Tecl.mology Constraints & HWerate Until Goals Mét ‘ e Tog (xamia) \}
e Bidirectional Traceability e Technology / Library Constraints e Design Rules | module- axi slave (
— —_— —_ * Integration Readiness ¢ User Preferences Iterative Improvement | input logic clk,
Spec ID ‘Descnptlon RTL Module Sugnalﬁmg | < ; input logic reset_n,
| REQ-001 | AXl4 t l line 142 clk I YO T e o Y ) # SDC Constraints | Reﬁn_e g ; Regenerate input logic [255:8] s_axi_wdata,
| EQ- ! SUPPOY | axi_slave | fne ] fesetn LI LU C] —L_EIT_ crea.te_clock -name clk -pe.riod 30 [get_ports clk] Constraints RTL input log%c S__ax!'._valid,
REQ- 017 256-bit data datapath line 256 | lid = r set_input_delay 2.0 (all_inputs] output logic s_axi_ready
.' ' B | vall —— set_output_delay 2.0 [all _outputs] . CEaas
| REQ- 032 ECC support eccctrl | l{ne 378 | ready [ f i s 100600 Evaluate ) e
REQ- 045 | Low powermode | pwr_ctrl lined12 | data(255:0] | 256-bit set_power_budget 50 | (PPA / QoR) endmodule
: ' /‘ . — =/ - . _i S —_JJ z
v — — —— ‘ N f i f Aiit I
1 11. LINT + STATIC ANALYSIS 25 12, SYNTHESIS (PPA ANALYSIS) (et Vet AT Varot® | Varantc | PPAComparison ) IiEIgy[ HUMANGATE 42 -(*“}: APPROVED RTL
v/ . v/ Nocitical lint errors - = | eriormaacs) L ewel Wowe N Area | . RTL App roval - S Synthesizable RTL
* Coding Standard Check ol e “b=d™ o Synthesize with Constraints Frequency(MHz) 1000 | 400 600 | W Power ‘ & Review RTL & Reports ’ Ll Vetflog / Systemverdog / VHDL)
» Linting (Syntax, Style, CDC) ’ ¢ Area, Timing, Power Analysis Latency (cycles) 10 20 15 B Pedformance (1 Check PPA Results e Constraint Files (SOC)
e : V' CDC checks passed e | | | il & Validate Traceability T .
Static Analysis 7 Resdly for Simthess ® Resource Utilization Area (k gates) | 500 | 2000 | 300 i B4 Avorove for Intedration e Traceability Report
¢ Potential Issues & Recommendations * Compare Multiple Variants Power (mW) 300 180 80 VariantA  VariantB  Variant C 2 , - — e Synthesis Reports (PPA)
\ i S y o e NS = / [J Approve ] C) ggun;:: ® Ready for Verification & Integration J
101 . . . gty . . .
<[~ 1= Specification 0 Multi-Agent Spec + RTL “O——  Constraint-Driven ﬁ% Al Multi-Agent ®. Human-in-the-Loop &= Synthesizable, Optimized | e = == ,
X B : : —O- SRR : : : — : Faster Time-to-Market
*L_J= Intelligence RTL Generation CQ Traceability -O—  Optimization Se.o Architecture @ Design = and Ready for Integration {4\ H?;hzr_ Q':;Etyol Sacraleable




= = 3§ W AN Al SiliconmnAl SpecZ2RTL

Specialized Al Agents Working Together for Traceable, Constraimned and Optimiized RTL Generation

—
e p e S 1. Spectication A - s e
>
B Understand. Anaiyze and Structure - o Heounimterfaces’
% Natural Languags G Al EsdR ) - Resolve ambiguities
Specification ’
| - ) - Systerm architecture
g Structured . RTL Architect AIl < Module parhHicoring
Reqguirements Architecture exploration ' - FSM / Datapath / Pipeline design
T = - . ‘ Module decomposition ) — Explore multiple options
Nnterface rotocols
gg-... (AXI, AHEB, etc.) L Jv .
Constraints 3. Interface g FSMam 5. Datapath
(Timing. Area, Power) A Agent Agent Agent
= = = Protocol & Interface i i
Design Guidelines s State Machine Design Datapath & Corr-npute
~ & Standards - AXI. AHB. APB. etc. - State encoding = Batapativdesign
- Signal definitions = Transition logic - A_rlthr_-netlc LStaEs
ﬁ Technology Library - Bus protocols - Control signals - Fipeline Stag.es_ )
(Process Node) = Interface compliance - Optimized FShMM E— Resource optimization

—— =

* J

P ~ - = ~ -
— = Multiple optimiized strategies
Multiple RTL S RTL Generator Agent = Clearie st aloable oo e
Variations < > Generate Multiple RTL Variants & = - Parameteriized RTL
L (Verilog /J SystemvVVerilog /~ VHDL) 2 - Documentation 8 comments
Perforrmance RTL e _— ’
m (High Freguency) = ~ = Correctness check
3 - Coding gquality
L RT.L Critic Agent -_— bt A e T e
Area RTI_- i Revieww, Analyze and Improve RTL = Synthesizability review
(Smaller Silicon) s A < Best practice recommendations
Power RTL 8. Compatibility Agent Ex :;‘:f{gig?gg:phaat::z;tqu| e
{(Low Power) Check Interface, Protocol and > = i =7 g = iy .k =
Iintegration Compatibility = t:eset et e s L
__S 3 Integration with existing 1P/ SoC
m EBalanced RTL . o —
PPA T —off - - T irmin constraints (SDC)
C DERERE” L 2 O, Constraint Agent M. = e S e Ta e aes
- g2 Add /S Refine Design Constraints = Technology constraints
E Pipeline RTL O - - Design rules and guidelines
(High Throughput) gk
= in < Run synthesis (DC, Genus, etc.)
3. ST T10. Synthesis Agent < Check for errors and warnings
ow-Latency Compile, Elaborate and Synthesize - Generate netlist
(Fast Response) S - Resource utilization
=
- = Area estirmation
Resource-Shared RTL TT. PPA Analysis Agent o Flrming (Erase =Iack)
(Lower Area) Analyze Area, Timing and Power = - Power analysis (dynamic/static)
> =) y = Compare miultiple RTL variants
~ =
= - - Testbench generation
T2, Verification Agent - = AR TiOn e et (SN
Generate Testbench, Assertions - Functional verification (simulation)
and Run Verification b - Coverage analysis
= —— - -
T < Review architecture, RTL and reports
13. Human Gate . - Compare multiple variants
Review Results and Approve = Approve S request changes
= Modifty reguiremenits and iterate

; Owustput Deliverables

—
% ?\Eiﬁ:?fSystemVerilog S VDL
AppPproved RTL < Synthesis Report=

Refine Reguiremrments
and Regenerate

§ %.3- CAarea J Tirmmang Ff Powvesas)

Traceable - Constrained - Optirmized
Ready for Integration

= Verification Reports
(Simulation f Coverage)
T

Traceability Miatrix
(Reg — RTL — Test)

oCcurnenitatio _
. &rc‘g\atcctufe-.l:onstralnts, eTcl)

/

B




E———
No Single Correct RTL

=  Multiple Optimized
Implementations

Multiple RTL Generation Strategies | .

Different Optimizations for the Same Specification — Choose What Fits Your Goals TTi

=1 C — Power RTL
Minimize Dynamic / Static Power

Al
PRAGYAN Al
Grow with Gyan |

G — Resource-Shared RTL

Maximize Hardware Reuse

E — Pipeline RTL
Max Throughput

F — Low-Latency RTL
Minimize Latency

D — Balanced RTL _"
PPA Balance (Practical) |[ar=—m

B — Area RTL

Minimize Gate / Resource Count

A — Performance RTL |

Max Frequency / Low Latency

Optimization Focus

e Frequency
e latency
e Critical path reduction

Architecture Style (Example)
Deep Pipeline

e Deep pipelining
e Parallel execution
e Optimized critical path

Metrics (Typical)
Frequency 800 MHz (High)

Latency Low vy

Area High U
Power High Wl
Key Advantage

& Highest performance

& Maximum frequency
Trade-off

€3 More area
€ Higher power

Typical Use Cases

» High-performance chips
ﬁ « Compute intensive logic

Optimization Focus

e Gate count
e Resource utilization
e Smaller silicon area

Architecture Style (Example)
Compact Logic

Optimized
In Combinational Out
Logic

e Logic minimization
e Resource sharing
e Reduced redundancy

Metrics (Typical)
Frequency Medium
Latency Medium
Area Low (Best)
Power Low

Key Advantage

& Smaller silicon
& Lower gate count
Trade-off

€3 Potentially slower
€ Lower throughput

Typical Use Cases

» Cost-sensitive designs
o « Area-constrained SoCs

Optimization Focus

e Dynamic power
e Static power
e Power management

Architecture Style (Example)
Power Optimized

Clock/Power
In ‘_’[ Gating ]_’OUt

e Clock gating
e Power gating
e Low toggle design

Metrics (Typical)

Frequency Medium

Latency  Medium

Area Medium b
Power Low (Best) .

Key Advantage

& Low power
& Energy efficient

Trade-off

€) Performance trade-offs
Q May require design
complexity

Typical Use Cases

=@

« Battery-powered devices
« loT/Edge Al

Optimization Focus

¢ Balanced PPA
e Practical implementation
e Good overall metrics

Architecture Style (Example)
Balanced Design

Pipeline
+
In Optimized Out
Logic

e Moderate pipelining
e Optimized logic
e Practical constraints

Metrics (Typical)

Frequency Medium .
Latency Medium

Area Medium 1 -
Power Medium = | .

Key Advantage

& Practical implementation
@ Good PPA balance

Trade-off

€3 Not optimal in one
dimension

Typical Use Cases

» General purpose SoCs
(0’) » Mainstream products

ln»{_s;'" sz‘l 53154 ||s5}out

Optimization Focus

e Throughput
e Parallel processing
e Pipeline depth

Architecture Style (Example)

Multi-Stage Pipeline

e Deep multi-stage pipeline
¢ High throughput design
e Parallel data processing
Metrics (Typical)
Frequency High .
Latency Medium L
Key Advantage
& High throughput

Area High
Power High
& Handles high data rates

Trade-off

€ More registers/area
Q Increased latency (pipeline)

Typical Use Cases
am» * High throughput systems

= » Data processing / Al accelerators

 Streaming applications

Optimization Focus

e Latency
e Fast response
e Reduced stages

Architecture Style (Example)

=i

e Shallow pipeline
* Optimized combinational path
¢ Reduced logic levels

Direct Path

Minimal
Stages

Metrics (Typical)

Frequency High =
Latency  Low(Best) [
Area High

Power Medium .
Key Advantage

& Fastresponse
& Low latency

Trade-off

€3 More hardware
€3 Higher area/power

Typical Use Cases

« Real-time control systems
m « Communication systems

« Latency-critical applications

Optimization Focus

e Hardware reuse
e Time-multiplexing
e Resource sharing

Architecture Style (Example)

Shared Resources

Shared
Functional |- |Demux| Qut
Unit

( Control

e Time-multiplexed execution
e Shared functional units
e Control-driven scheduling

Metrics (Typical)

Frequency Medium .
Latency Higher
Area Low
Power Low

Key Advantage

& Lower area
@ Efficient resource utilization

Trade-off

€ Lower parallelism
€3 Potentially slower

Typical Use Cases

« Area constrained designs

{ :} « Multi-function units

~ » Embedded / low-cost systems

« Real-time systems - Edge devices « Power-sensitive applications » Balanced requirements

. ﬁlﬁ}‘»—Al-Assisted RTL Exploration )

@ Generate multiple RTL variants automatically
Evaluate PPA (Area, Timing, Power)
Compare implementations side-by-side
Explain trade-offs for each variant
Select best variation based on requirements
Refine with constraints and regenerate
Human-in-the-loop approval

Comparison Summary

Variation Optimization

A — Performance Frequency / latency
B — Area Gate/resource count
C — Power Dynamic/static power
D — Balanced PPA balance

Throughput

@® High
Medium
Medium
Medium

@® High
Medium

@ Lower

Latency

® Low High High
Medium Low Low
Medium Medium Low
Medium Medium Medium

E — Pipeline Throughput Medium High High

F — Low-Latency Latency Low High Medium

G — Resource-Shared  Hardware reuse Higher Low Low

Frequency

Multiple RTL implementations can be generated

from the same specification.

Choose the right variation based on your product goals

(Performance, Area, Power, Throughput, Latency).

Al can generate, evaluate and compare multiple variants
automatically.

Human-in-the-loop selects the best fit for the use case.




PRAC

Variation

A
Performance
RTL

C=
Power RTL
D—
Balanced RTL
oo E-
B2 Pipeline RTL
> F o=
Low-Latency RTL
R
Resource-
Shared RTL

YAN /Al

RTL Architecture (lllustration)

+[ Stage 2 ]—» Stage 3 ]»[ Stage 4 ]—b Out

Deep pipeline, parallel execution

In —»[ Stage 1

R == |
Shared I _’| Control '

in -/ Unit FSM l-—» Mux '—» Out

Minimal logic, optimized structure

-

Clock
In —’lr Gating

Power optimized design techniques

Low Power
Blocks

Power

Management =w Ut

Control
Unit

Pipeline

1
Stage |

in - -»{ Oplf:)rgzzed - —» Out

Balanced PPA approach

-

| Etang}»f Stage3 |-
.V—b[ StageZ }—» S@eﬁ— [ Out
W—»Q Stage 2 j—»; Stage 3 j—

—»L Stage1

In —4—»{ Stage1

—»L S?ge 1_

Multi-stage pipeline for hugh throughput
Direct Path

%{Lm

Low latency design (minimal pipeline)

Minimal

In = Stages

]—» Out

In +[ Multiplexer ]»[ Fungt}i‘:rr;::j Uniit J—b[ Denmttiplexer}-» Out

T—*[ Controller ]4—1

Time-multiplexed hardware reuse

Multiple RTL Generation Strategies

Same Specification = Multiple Optimized RTL Implementations

One Specification
Multiple Implementations

Frequency / latency
Critical path optimization

Gate/resource count
Logic minimization

Dynamic/static power
Clock/power gating

PPA balance

Optimized for area,
performance and power

Throughput
Parallelism

Latency
Critical path reduction

Hardware reuse
Time-multiplexing

@

o0 o0 00 00

o0 O0

Hughest performance
Maximum frequency

Smaller silicon
Lower gate count

Low power
Energy efficient

Practical implementation
Good PPA balance

High throughput
Handles high data rates

Fast response
Low latency

Lower area

Efficient resource
utilization

€ More area
€ Higher power

€ Potentially slower
Q Lower throughput

€) Performance trade-offs

€) May require design
complexity

€) Not optimal in one
dimension

More registers/area

Increased latency
(pipeline)

00

More hardware
Higher area/power

Lower parallelism

00 00

Potentially slower

» High-performance SoCs
Compute intensive blocks

Real-time processing

Cost-sensitive designs
Area-constrained SoCs
Edge devices

Battery-powered devices
loT / edge Al
Power-sensitive applications

General purpose SoCs

Mainstream products
Balanced requirements

High throughput systems
Data processing accelerators
Streaming applications

Real-time control systems
Communication systems
Latency-critical applications

Area constrained designs
Multi-function units
Embedded / low-cost systems



PRAGYAN Al Specification < RTL Traceability e

v Explain Every RTL Signal
Grow with Gyan End-to-End Traceability and Bidirectional Explainability from Specification to Silicon ¥® Verify and Validate Automatically

S

‘E | 1. SPECIFICATION d 2. ARCHITECTURE 3. RTL IMPLEMENTATION 4. SYNTHESIS % 2 5. TRACEABILITY
‘ Natural Language Requirement Architectural Mapping Generated Verilog / SystemVerilog Implementation Results : S  End-to-End Mapping
// AXI4 Interface (256"blt) 2 : ™ SPEC'REQ‘017
Functional Specification '/ Top: 256-bit Datapath ;
sk Spec X [ SOV RCEN e eN ] module axi_slave ( Synthesis Results @ Design shall support
SPEC-REQ-017 l input 1logic aclk, 256-bit AXI4 data.
AxHa , input logic aresetn, Area &
“Desian shall support e AXI Interface | Internal %nput IOQ%C [255:0] S_ax.i wdata, @ 0.45 mm? .
g . s ” 256-bit (AX14 Slave) | Logic input logic [31:0] s_axi_wstrb, (120K gates) ARCH-AXI-02
256-bit AXI4 data. € 3 input logic s_axi_wvalid, AXI Interface
t output logic s_axi_wready, m Timing (Fmax) 256-bit Data Path
: » » T 4 500 MHz
Related Details 256-bit output Llogic [255:0] s_axi_rdata, &
e Interface: AXl4 Data Path Qutput lLog 1 C S,_a)(]:. rvalid, Power MODULE-AXI-SLAVE
e Data Width: 256 bits i\ 1 g BULES AR 85 mW axi_slave
. \ 2 \ 4 )
* Burst Len.gth. 4K ... // RTL implementation ‘
e Outstanding Requests: 8 Control Buffers TSSO e Resource
e ECC: Optlonal FSM & FIFO ke — - v yt“ization SIGNAL'S_aXi_Wdata
i e wle ¥ _ | UTs: 120K input [255:0]
N OV SR 098 ROqUIES KEY SIGNALS - FFs: 95K
ARCHITECTURE REFERENCE Signal Name = Width Direction @ Description - RAM: 8 KB ‘
<) 3 s_axi_wdata [255:0] Input Write data bus RTL-LINE-142
ARCH AXl 02 s_axi_wstrb [310] Input Write strobe Datapath View (SyntheSiS) S_axi_wdata dec'aration
e AXl4 Slave Interface s_axi_wvalid 1 Input Write valid - \
e 256-bit Data Path s_axi_wready 1 Output Write ready AXI4 ' —_— V‘
e FSM for AXI Protocol s_axi_rdata [255:0] Output Read data bus 256-bit 256-bit TEST-AXI-017
= s_axi_rvalid 1 Output Read valid e gl Datapath . _
e Configurable Parameters gt Verify 256-bit data transfer
s_axi_rready 1 Input Read ready . E ] /

From RTL to Specification Bidirectional 'EXplainabiIity From Specification to RTL
Why does this RTL logic exist? Show me exactly how this requirement is implemented?

Example Query 1: Specification — RTL Example Query 2: RTL - Specification

B “Show me exactly how this specification B “Why does this RTL logic exist?

requirement is implemented in RTL.” Which specification requirement requires it?”

SPEC-REQ-017  _, ARCH-AXI-02 _, RTLCode _,  Synthesis _, Test RTLCode _,  Module _y  Architecture Speciication

i : 5 o -~ -
Design shall support 256-bit Data Path s_axi_wdata 256-bit datapath TEST-AXI-017 s_axi_wdata AXI-SLAVE ARCH-AXI-02 SEEL Sy

Desi hall
256-bit AX14 data. [255:0] [255:0] et SRRt




PRAGYAN Al

Grow with Gyan

Specification
(Natural Language /
Structured)

Interfaces
(AXI, AHB, etc.)

Constraints
(Timing, Area, Power)

Design Guidelines
(Coding Standards)

Technology Library
(Process Node)

7

Approved RTL

(Verilog / SystemVerilog /
VHDL)

()il JE o 3O I

/

Synthesis Reports
(Area / Timing / Power)

Verification Assets
(Testbench / Assertions)

Traceability Matrix
(Req — RTL — Test)

ys

Documentation
(Architecture, Constraints,
Analysis)

pefsjolijol)r]o

A0 E

©O 06 ¢ 6 6 6 606 0 O

Human-in-the-Loop RTL Generation
Al-Assisted Engineering, Not Blind RTL Generation

Al Generates RTL Variant A VariantB | VariantC |
Generate multiple RTL implementations Performance Area Power | s
from the specification — — :

Al Explains

Explain architecture, design choices
and specification mapping

AXl Interface | Data Path —»{ Control FSM

Al Critiques

Analyze code quality, correctness,
synthesizability and best practices

" Coding quality A\ Potential issues
v/ Synthesizability A

v Architecture fit

Improvement
suggestions

- Variant Area Timing Power Latency
Al Compares Alternatives A 18mm? 800 MHz 120 mwW 2 cycles
Compare multiple RTL variants (Area, B 0.6 mm? 400 MHz 80 mwW 4 cycles
Timing, Power, Performance) c 1.0 mm? 500 MHz 40 mW 3 cycles
Al Checks Compatibility @ Interface Protocol @y Width/Clock Tech Node
Verify interface, protocol, clock, width (AXI4) Compliance Compatible Supported

and technology compatibility

create_clock -period 2.5 [get_ports clk]
set_input_delay ©.5 [get_ports axi_*]
set_max_area 1.0

set_max_power 0.8)

Al Adds/Refines Constraints

Add or refine timing, area, power and
design constraints

Al Sypthesues i a RTL ' Synthesis Netlist
Compile, elaborate and synthesize RTL Tool Reports
with constraints Synthesis . l !

Al Reports PPA Area Timing Power
Provide detailed results with analysis 0.75 mm? 600 MHz 70 mW
and recommendations (-40%) (+50%) (-30%)

Human-in-the—Loop » Review architecture and RTL
, : e Check reports and comparisons
Engineer reviews results and makes e Validate against product goals
the decision e Modify requirements or constraints
e Select the best variant
Regenerate RTL

Al incorporates human feedback and regenerates improved RTL

e

Al Generates Options

Explains and Validates

Engineer Makes the Right Decision
Iterate to the Best RTL

Engineer Decision & Actions

0000

Approve

Accept the current RTL implementation

Reject
Reject and request regeneration

Modify Requirement

Update functional or non-functional
requirements

Add Constraint

Add or modify timing, area, power or
technology constraints

Select Variation

Choose the best RTL variant
(performance / area / power / balanced)




SiliconAl RTL2SIM

SiliconAlI RTL2SIM is an Al-powered differential verification engine that creates executable software reference models from RTL/
specifications, generates intelligent tests, compares software behavior against RTL behavior, and uses Al to identify and explain mismatches.



\

= ~ SPECIFICATION 3] S e e ah e
(Documents, PDFs, Natural Languageses) - Performance reguirerments
Specification L 5 L = Meonetraha
Understanding — - Extract reqguirerments
o s i s | - ident iINnputsSoutputs
= Specificatio Parser Dd 5 f;y ; s o
— - = - =etect ambiguities
= o = Requlrement Eng.ne =) - Create teqguirerment traceability
&2 ~. x ﬂ - RTL socource code
o =R L/ HDL - Maodule hierarchy
RTL Input <S> verilog / SystemVerilog 7 VHDL - Interfaces
L - Paramelers
“ 7 = D - Parse RTL (AST
e _ @ RTL Intelligencsas - Analyze hie‘,a,c,ly
RTL Intelligences Engine - Extract signalis, registers. FSmM
y S - Identify datapatih anmnd control path
~& < & ~ = >
o Structure Behavior State
_ Analysis Analysis Analysis
RTL Analysns - MNModule hierarchy - Functionmnal behavior - FSMNM ex<traction
- Signals anmnd nterfaces - Control logic - State transitions
- Datapath identification == - Data flow analysis - Reset and state behavior
| | = == | | |
— - Convert RTL behavior 1o executable model
e Software Model SEATER AR e ISR e S e = Model.negisters. Eahilcoatiaisatiia
= </S> Generation Englne - Cycle-accurate or transaction-level model
Generation - Support multiple languages
~ t ~ =
o < - Cc/C+» a Python MATLAES
Reference Models Reference Model Model NModel
1 = | | |
- Cross-mmodel comparison
o . - Reference Model 5 Self-corniStercy testi
Model Validation WValidation Engine - GCGolden vector validation
- Confidence scoring
l P 7—.— == < = - - Directed tests
o ‘ — i est e.nerat.on - Random /S Constrained random tests
Al Test Generation = Q Engine - Cormer cases and boundary tests
e - — - FProtocol, reset, error and sSstress tests
~

~-

— 77‘5 - _—
@ Directed Tests Random JF CR Tests Cormer Cases
- Funcitional scenarios - Constrainmneaed ranmndorm & - Bounda=ry conditions
- Requirement based - Wide input sp=ace - EsTOr cases, Stress tests

1 1 I

/

[ = SAME TEST VECTOR J
X
- -
o SOFTWARE SIMULATION q r‘ RTL SiIiMULATION
Sismnmulation (C/C+— /J Python /" NMATLAEBS) (Verilog J» SV 7~ VHDL)
Execution 5 5 -
[ % EXPECTED OUTPUT ] ( % ACTUAL OUTPUT j
L ¥
<+
= - afF T = = - Compare outpultls Itysignal tTransaction level)
@ Differential Check m g' ?rentlal I AR AN AR S = Detect fir=t diverg(:nce =
nmgines - Detailed miisrmmatch report
-
~ 5
~ PASS 6 FAIL
a Result Analysis [ o (Match) J ( (Mismatch) ]
= - , = _
cove'-age | O = C Al : Lt:‘-c.ate firs1 caevergencs .
@ Coverage Analysis -‘n. - Code and functional coverage @ Debug & Root Cause [ 3 - ;ei'xgycl:e!y S e = e
- Requirerment coverage -
- Coverage gap analysis ) E e E = = Wa::foog;:;lca;\aty:ls‘a -
- FESAY ancad datapath analyscas
. <
S — = - Expiairn thhe issae
“Q“ Fix Suaggestion - Prowvide fix recorremnendaltions
‘L - Gencerate regressiosn: test
(S - Add to regression suite
@ Regression Testing t ; - Re-rmnuaen with updated RTL
Lo - Prevent fulussre reqQressSions
~
I~ 3 - Rewview reports and results
Human Approval = - Approve fixes
HUMAN APPROVAL - Sigmn-off for next stage
o = — = s ____—— — — — —_ K
— £ - Al reguirerments verified
Sign-off @ VERIFICATION SIGN-OFF - Coverage targets rmet

L Ready for next phase (e.g.. symthes s J tape-owut)




» Reset / Clock sequence

E S AM E I N PUT : glg:ttrgla;iagnals

(TESt Vector / Stimulus) o Same test vector for both models i
N @ )
« Algorithm implementation * RTL simulation
SOftware MOdeI G Cycle-accurate behavior .RTL MOd.eI e Same test vector
(C/C++/Python/ MATLAB)  , same fixed-width arithmetic (I) (Verilog / SystemVerilog / VHDL) - (S;me :tlgr;k/tr;sft saeqt;(e)nce
: _ , » Generate output waveforms
Executable Reference Model Models registers, FSM, datapath Simulation Model (Testbench + HDL) . o cianals and states
— * J * /
~ : - S | |
Expected Output Cycle | Output (Expected) Actual Output Cycle | Output (Actual)
N 0 0x00 0 0x00
e Qutput data ———1— - e QOutput data
: 1 Ox1A : 1 0xT1A
e Qutput signals | e Qutput signals
e [nternal states (optional) 2 Ox3F e Internal states (optional) BT
e Cycle-by-cycle results 3 0x7C o Cycle-by-cycle results 3 0x7C
! COMPARE i
e Bit-level comparison
* Signal-level comparison
e Cycle-by-cycle comparison
e Transaction-level comparison
L. e Tolerance / latency alignment (if needed) 9
™ 4 I ™
M ATCH MlSM ATCH * First divergence cycle
» Mismatched signal(s)
Software and RTL outputs are identical Outputs differ « Expected vs Actual values
Test Passed v/ . Test Failed X  Triggering input sequence
> J




SiliconAl — Al-Powered Verification Intelligence

Understand the Specification. Understand the RTL. Generate the TestBench. Prove the
Design. Find the Bugs. Close the Coverage Gaps.

SPEC — ARCHITECTURE — RTL — VERIFICATION PLAN — TEST GENERATION — TESTBENCH/UVM — SIMULATION/
FORMAL — COVERAGE — FAILURE — ROOT CAUSE — ADAPTIVE TEST GENERATION — VERIFICATION CLOSURE



&) Specification

[N
« Interface specifications

« Performance requirements

« Timing constraints
« Power requirements

 Use cases and scenarios

= Functional requirements

PDF / DOC
SRS

Datasheet
Algorithm

Requirements

€@ Architecture

 Block diagram
* Module hierarchy
 Not Interfaces

(e.g. AXI, AHB, Custom)
e Data flow
e Control flow
« FSM / State diagrams

@) Reference Model

i C

& Coverage Information

« EXxisting coverage

e Uncovered features
.' « Uncovered FSM states

 Uncovered scenarios

« Code / functional coverage

@) Previous Failures
Bug reports
f i \ Failure waveforms
& Root cause analysis
Q Corner cases missed
Regression history

C/ C++ / Python / MATLAB —
Golden / Behavioral Model

4
Al Test Generation Engine

Intelligent Verification Brain

Understand Requirements

Analyze RTL & Architecture

Identify Functional Scenarios
Generate Test Strategy

Create Stimulus & Expected Results
Target Coverage Gaps

Learn from Previous Failures

SoC / IP Architecture

CPU / Master
Interconnect |
IP Core (AXI/AHB)

! ! |

=

Memory ] [ Peripherals

LLM + EDA Knowledge
Requirement-to-Test Mapping
Coverage-Driven Test Generation
Constraint Solving (Random/CR)

Protocol & Interface Awareness
FSM & State Exploration
Corner Case Reasoning
Power/Performance Scenarios

Self-Validation of Tests

RTL Code

N « Verilog / SystemVerilog /

VHDL

<I> « Module hierarchy

= Registers, FSM

 Datapath and control logic

 Parameters and

configuration
 [Interface definitions
J

module fifo (

input logic clk,

input logic rst_n,
input logic wr_en,
input logic rd_en,
input logic [7:8] din,
output logic [7:8] dout,
output logic full,
output logic empty

) I

endmodule

Directed Tests
Functional scenarios
Requirement based

Random Tests
Wide input space

Constrained Random
With protocol/field constraints

Boundary Tests
Min/max values, limits

Corner Cases
Rare and critical cases

Negative Tests
Invalid inputs, error conditions

Stress Tests
Long run, high load scenarios

Protocol Tests
AXI/AHB/Custom protocol checks

X2E2EQWDCY

o

Generated Test Categories

FSM Tests
All states and transitions

Reset Tests
Reset behavior, sequence

Error Tests
Error handling, exceptions

Overflow Tests
Arithmetic overflow/underflow

Latency Tests
Timing and latency checks

Performance Tests
Throughput, bandwidth, QoS

Power Tests
Low power modes, power states

Regression Tests
From previous failures & fixes

J

- — } E—
— Generated Test Bench ~| Generated Test Cases
_— Complete Verification Environment Detailed and Traceable Test Set
57 Tt s T at TestID | Input Stimulus l Expected Behavior  Coverage Target Req ID | Priority
« Self-checking testbench et tinctop e TC_001  Reset stequence All registers 100% REQ-001  High
 Stimulus generators Y Cloc-k/Réset TC_002  Write/Read basic Data match 95% REQ-010 High
= Protocol drivers (AXI/AHB/UVM) 7/ DUT instantiation TC_003  FIFO full condition full=1 100% REQ-012  High
» Scoreboard & checkers // Stimulus generation TC_004  FIFO emply condition empty=1 100% REQ-013  High
« Assertions (SVA) // Ssoreboard TC_005  Boundary values Min/Max 90% REQ-020 Mediun
 Functional coverage // Assertions TC_006 Invalid input Error response 85% REQ-021 Medium
- Configurable and reusable // Functional coverage TC_007  Burst transfer Data integrity 95% REQ-030 High
L& s TC_008 Latency check Within N cycles 90% REQ-040 Medium
endmodule TC_009 Power mode Low power state 80% REQ-050 Low
-

v

-

S0000000

ll' Verification Coverage Targets |

Functional Coverage
(features, states, transitions)

Code Coverage
(statement, branch, toggle)

Requirement Coverage
(Req — Test mapping)

Interface / Interoperability
(AXI/AHB/Custom)

Timing & Latency
(setup, hold, latency, throughput)

Power & Low Power
(power states, transitions)

Error & Exception Handling

Regression Coverage

v

.
a Outputs & Reports

= Qy (1) i

A
v

/

WIxXx]

Testbench (UVM / SV / VHDL)
Test cases with expected results
Requirement traceability matrix
Coverage reports

Simulation scripts

Waveform analysis

Pass/Fail summary

Root cause analysis (for failures)

Regression test suite




SILICONAI — Al TEST GENERATION & VERIFICATION PASTER
= COVERAGE
4 Core Intelligence Engines FEWER BUGS
T v &yl HIGHER QUALITY
From Specification to Verification Closure — Al-Powered, End-to-End, Autonomous P SILICON SUCCESS
2 6 : N =
Al VERIFICATION BRAIN Al TEST PLANNING & Al TESTBENCH Al VERIFICATION
Understand Design Intent GENERATION ENGINE CREATION ENGINE ANALYSIS & ADAPTIVE LOOP
Create the Right Tests Generate Complete UVM Environment Analyze, Learn & Generate More Tests
DESIGN INPUTS Al ANALYSIS & UNDERSTANDING = — — — F =
" | ( ( ( - = Y
Specification | @ Requirement Decomposition ©/ Directed Tests | "_X: Random Tests UVM ENVIRONMENT (Auto-Generated) l SIMULATION ENGINE @ FORMAL ENGINE W
=—| (Requi ts, - ‘ I | (RTL + UVM) (Assertions + Proof)
Usiqg;;(::e;rostocols) . ‘ f Constrained =| Interface ‘-!-L Agent i — e =
. ' Q RTL Functional Analysis @ Randomn Tests | 1:‘* Boundary Tests — ‘ ‘
T A
Architecture - : ( : —) /
5?6 Aiphectirs {"j Architecture Understanding A Comer Case Tests x Negative Tests Q Driver Sequencer B RESULTS
Microarchitecture) : L : T Coverage Data Failures
& P A ( ' e — . 9
3 ‘ A b ol 7\ Stress Tests @ Protocol Tests gom=' Sequence <&  Monitor gl (Code. Functional, (Logs, Waveforms,
RTL Code * : * ’ + Assertion, FSM) Counterexamples)
£ / > & | & FSM / State Analysis - ; * = @
erilog / SystemVerilog) | a FSM Tests (!) Reset Tests V4 Scoreboard — Reference Model ¥ e
- ' - . ' | i ™
F | b Dataflow Analysis : -- -' COVERAGE INTELLIGENCE
— Interface / Protocol | — _ A Error / Fault Tests | ‘I‘I Overflow / Underflow ||| Coverage Collector =| TestClasses Find what is still untested
€4— (AX, PCle, USB, DDR. ..) | J\/\- Timing Intent Analysis . | : = — \. ¥ J
- / f ' s \
Fa (") Reset Analysis | @ Latency Tests | gf] ~ Performance Tests VERIFICATION COMPONENTS (Auto-Generated) D FAILURE INTELLIGENCE
— Reference Model > - ' QU Analyze failures and classify
wwr (Golden Model) ; & Concurrency Tests = nt rability Test G& Stimulus G tor g?b Protocol Checker » : /
| ) | A Error / Fault Analysis y | 4= Nteroperabi ty Tests | imulus Genera roto o & ~
= ( ( ROOT-CAUSE ANALYSIS
Existing Testbeneh g Security Analysis o Security Tests | 0 Regression Tests % Assertions / SVA A Error Injector @ Why did it fail? What to fix?
(Test Cases, Constraints) . . \ . e Ll
r Al TEST PRIORITIZATION 1 | -
heck Functional
REQUIREMENT — FUNCTION — TEST INTENT al Q Shecwrs all  Functona Coverage /M ADAPTIVE TEST GENERATION
iy + TEST SELECTION R/ Generate targeted new tests
Al understands what must be verified 18 Optimal, targeted and comprehensive test plan _J . J 3 —
/
‘ Continuous Learning Loop - Generate More Tests Based on Coverage Gaps & Failures ,

_ i VERIFICATION CLOSURE - FINAL OUTPUTS = ) g 7. 7_
X “‘ » (] Requirements Coverage v/ Protocol Compliance | <> 55 l E @ . M" /
(] Functional Coverage (] Performance Targets @ o — 1 , / 77 [

(] Assertion Coverage (V] Power / Low-Power Behavior | i tig‘:Pr:eﬁVM) TeSsct (r:\;?f:s& Coverage Report B;Q cﬁeg:;tsi& Sign-off Report /< =4
[ Regression Pass (] Security Properties G sl ° / ”.;,’_‘L‘L 5?-”‘2:” |
, "f'J'7-7 /x T fod

;/.. / / - -'. ,/ J’I.r 4

Understand = Generate - Verify - Learn - Close ’/j; v




PRAGYAN

Grow with Gyan

Al Test Generation Loop

Self-Improving Verification from Specification to Closure

Al doesn’t just generate tests.

It understands what must be verified,
generates the right tests, executes them,
analyzes failures and coverage gaps, and

INPUTS

Specification
Requirements, Use Cases, Protocols

Architecture
Block Diagram, Interfaces, Microarchitecture

RTL Code
Verilog / SystemVerilog

Interface / Protocol
AXI, PCle, USB, DDR ...

Reference Model
Golden Model

Existing Testbench
Test Cases, Constraints

Coverage Data
Functional, Code, Assertion

Simulation Results
Logs, Waveforms

Previous Failures
Bug History

@

SPECIFICATION

Requirements / Use Cases / Protocols

\

>

¥

€

UNDERSTAND DESIGN
RTL + Architecture

)

\

¥

-
‘)
[
1=

BUILD TEST PLAN

|
Functional Requirements |

Interface Requirements \
Timing / Power / Security '

RTL Analysis
Architecture Understanding
Protocol & Interface Analysis

~

e

T s
& mmmm-
&
O =

Test Scenarios
Test Prioritization
Coverage Plan

©,

/

||

Update

K 4

‘ GENERATE TESTBENCH
RUN TESTS
¥ o
COVERAGE |
» Code Coverage | A
. Reqmrement Coverage

Test Plan

From Specnfucatlon
to Verification Closure
with Al Intelligence

Requirements — Tests
v UVM + SVA + Models
Simulation + Formal
* Functional Coverage

* Logs & Waveforms
* Counterexamples
» Bug Classification
= Failure Clustering

_ ~ |I|
UVM Environment ’
Stimulus / Sequences

Assertions / Reference Model
Coverage Model

RTL Simulation (UVM)
Formal Verification (SVA)
Regression Runs

FAILURES

continuously creates new tests until
verification goals are achleved

[ " OUTPUTS

Complete UVM Testbench
Environments, Sequences, Assertions

Test Cases & Scenarios
Directed, Random, Constrained, ...

Coverage Reports
Code, Functional, Assertion, FSM

Simulation Results
Logs, Waveforms, Metrics

Bug Reports & Root Cause
Failure Analysis & Fix Recommendations

Sign-off Report
Requirements, Coverage, Quality

™\
Improve

K 4
. 4
Lo
P |
- Assertion Coverage
Al ROOT-CAUSE +

COVERAGE INTELLIGENCE

GENERATE NEXT TESTS

Target Missing Areas

L 4

’ RUN TESTS AGAIN
Continuous Learning Loop

* Analyze Failures

=

Coverage
& Quality

« Find Root Cause

» Identify Coverage Gaps
« What is still untested?

Requirements Coverage
Functional Coverage
Assertion Coverage
Regression Pass

Protocol Compliance

@ VERIFICATION CLOSURE

Performance Targets

Security Properties
Interoperability

All Critical Tests Passed

Power / Low-Power Behavior

s

« Generate Targeted Tests
« Enhance Test Scenarios
* Improve Constraints

» Add Assertions / Checks

o

-

Self-lmproving
Verification

Continuously learn from results
and generate better tests until
verification goals are achieved.




PRA

YAN Al Test Generation Should Be Requirement-Driven

Grow with Gyan Al creates a Verification Knowledge Graph, maps requirements to tests, and ensures full traceability.

-

VERIFICATION KNOWLEDGE GRAPH

Al understands the design and builds a semantic model

REQUIREMENT — TEST FLOW 3;) Al-GENERATED TEST FROM REQUIREMENT

Al creates a complete verification chain End-to-end generation with full traceability

(5 . - SPEC ID Example: AXI 4KB Boundary Requirement
o Function —p Interface 1. ::;qtunrertnbint . Functional / Protocol
. Data Path . USB / DDR % Requirement Generated Test Specification
* Registers * Ethernet . . g s Verify functionality, Test ID : TB-AXI-042
o . Alg‘orlthms - » Custom Protocols Z.xﬁrlﬁc:tlon _?b1§°t'velo protocol compliance, REQ-AXI-017 Test Type : Constrained Random
p 1 - gtis thajeoncationuoat performance, etc. Functionality : 4K Burst Boundary
‘ ﬁ RTL Logic & Protocol ) F _ s Transaction must not Cc:ve'rage Target : AXI Boundary Coverage
\ 3. Coverage Point Fg::":f';?(;:;i e. cross 4KB boundary. Priority : CRITICAL
What to measure? coverage points Relate<.:! RTL . axi_master.sv
P — T — e Assertion : AXI_4KB_BOUNDARY
State : Timing | : Regression : YES
4 - FSM States @ « Latency 4. Test Scenario s by
- iti « Throughput iFy? , . '
: 222"534222 CClock Domain S OVCLOVEIY negative, stress, etc. Generated UVM Testbench Components
« Corner Cases | > ?i‘;%/ ":‘s"d —
.= Timeou ) i Transactions, sequences, = Q O I
et l./. —1 2 \?Vtr:mglus ’ oo — randomization constraints, 9 p— — all
| | | AUHIPULS RO RV corner cases Sequence Driver Monitor Scoreboard  Assertions  Coverage
| Q;L i | il Latency d (SVA) Model
: % e — —_ — /" ¢ v
Output, state changes, $
i =) (% 6. Expected Result timing, protocol response, *

Error Performance What is correct behavior? error handiin AN e
' 9 Aa- Simulation UVM) Formal Verification
. A Fault Conditions } .II « Throughput . d?b

= Error Injection « Bandwidth « Run directed, random & F G ¢ rties (SVA)
« Negative Tests | - Concurrenc : SVA properties, - e propal Hee:!
[ 3 Regovery ! | s Strace y ) 7. Assertion / Checker protocol checkers, . f:c;rl]setcrf?:vde::Stes - Prove design properties
i = T — How to check? scoreboard checks . Chedi: i « Find counterexamples
(- T - 3 e e e « Analyze unreachable scenarios
oas « Generate waveforms & logs
l ’ Fault Condition J ‘ m Throughput 71 ,
. - % 8. Testbench Component UVM sequence, driver, & <

Requirement ID

REQ-AXI-017

REQ-AXI-031
REQ-FIFO-009
REQ-CLK-002
REQ-PWR-005

monitor, scoreboard,

Generate
coverage, test class Coverage + Results + Failures

Next Tests

Where to implement?

Feed to Al for gap analysis and next test generation

=
Feature / Functionality I Verification Objective Coverage Point Test Scenario ’ Stimulus (Example) Expected Result Assertion / Checker | Testbench Component Test ID ' Priority Status
AKB Boundary No transaction across 4KB  AXI_BOUNDARY_COV Constrained Random  Addr=0xOFFC Must not cross 4KB AX]_AKB_BOUNDARY Seq, Driver, Monitor, TB-AXI-042 CRITICAL Generated
Len=16, Size=256b Scoreboard, Coverage
Write Read Ordering Maintain ordering AXI_ORDER_COV Directed Back-to-back writes/reads Data returned in order AXI_ORDER_CHECK Sequence, Scoreboard TB-AXI-055 HIGH Generated
No read when empty Prevent underflow FIFO_UNDERFLOW_COV Negative Test Read when empty rd_valid must be 0 FIFO_NO_READ_EMPTY Sequence, Assertions TB-FIFO-021 CRITICAL Generated
Reset Behavior Correct reset operation RESET_COV Reset Test Assert reset during Xact Design in reset state RESET_ASSERTION Sequence, Monitor T8-CLK-008 HIGH Generated
Low Power Mode Enter/exit low power POWER_STATE_COV Power Test Sleep — Active Correct state transition POWER_STATE_CHECK Sequence, Checker TB-PWR-012 MEDIUM Generated

PRAGYAN Al | Requirement-Driven Verification | Complete Traceability | Self-Improving Test Generation




Every Test Gets an Al-Generated Test Contract

Grow with Gyan From Requirement - Test Contract - Complete Testbench (UVM + SVA + Coverage + Expected Results)
$® INPUTS TO Al )}  AI-GENERATED TEST CONTRACT GENERATED TEST COMPONENTS (UVM + SVA + COVERAGE)
2 Specification
= Reqwrements' vselases TEST CONTRACT ('\\_{) 2.1 Test Scenario Verify that AXI transaction does not cross 4KB boundary
Architecture Test ID TB-AXI-042 What to verify? with various burst lengths, sizes and start addresses.
ISEE! Block Diagram, Interfaces 2
Requirement REQ-AXI-017 Sequence (sequence.sv) SYSTEMVERILOG
</> 51:-! Co/dse ey Feature 4KB Boundary | 2.2 Sequence class axi_4kb_boundary_seq extends uvm_sequence #(axi_seq_item);
eriog yste ernog Test Type Boundary 3 Negative Transaction patterns : // .Generate transactions near 4K8 boundary
-5  Interface / Protocol =—= endclass
4 AXl, PCle, USB, DDR ... Priority CRITICAL 2
'
@ Reference Model RTL Module axi_master.sv 2.3 Driver (Stimulus) . : B T
= = A i virtual task drive_axi(axi_seq_item item);
(=1 Golden Model / Algorithmic Al Interface AXl4 Drive to DUT // Drive AXI signals to DUT
~| Existing Testbench ANALYZES  Stimulus Generated ) endtask
¥ Tests, Constraints, Sequences &
GENERATES Expected Result Generated > 4 Morttee Monitor (monitor.sv) SYSTEMVERILOG
Coverage Data Assertion AX|_4KB_BOUNDARY ' virtual task monitor_axi();
all Coverage Reports Observe & collect // Collect observed transactions
Coverage AXI_BOUNDARY_COV Sie
A Previous Failures Regression YES sEncEask ’
Status GENERATED 25 Scoreboard e e
CUTREVUIEEEE =P | /) Compare with reference model
enb;;nction
EXAMPLE: AXI 4KB BOUNDARY TEST
Assertion (assertions.sv) SYSTEMVERILOG

2.6 Assertions (SVA)

4K8 Bound

& Test Scenario - Stimulus Example Waveform (Simplified) Check protocol & » | TRty sl AR boundary
5 b R design rules ' @(posedge ACLK) disable iff ('ARESETn)
e Start address near 4KB boundary A = ACLK ' ' | | - (ax_valid 8& ax_ready) |-> !crosses_4kb_boundary;
ddress = OxOFFC e
(e.q., OxOFFC) ARESETn endproperty
« Different burst lengths (1, 4, 8, 16) Burst = INCR AWADDR
e Different data sizes (32/64/128/256-bit) Length = 16 AWLEN 27 Coverage Model Coverage (coverage.sv) SYSTEMVERILOG
= INCR, WRAP, FIXED bursts Size = 256-bit AWSIZE : X covergroup axi_boundary_cg @(posedge ACLK);
. : AWBURST Functional coverage start_addr_cp : coverpoint start_addr { bins near_4kb = {...}; }
E \t;enf):jno transaction crosses 4KB AWVALID === = —— burst_len_cp : coverpoint burst_len { bins len_16 = {16}; )}
oundary ot ettt qEEE M8 P
AWREADY en«ggroup
& Coverage Results Simulation Results Key Assertions
7 Expected Result (spec.md - MARKDOWN
Start Address Coverage 2 Expgct ed R?smt = $ix : —
Ve  AXI_4KB_BOUNDARY Pass/Fail criteria

Transaction must not cross 4KB boundary.

For boundary addresses, either spllit or error response.
All valid burst lengths and sizes should be tested.

No protocol violations.

92% Burst Length Coverage Q PASS &

Data Size Coverage AXI_PROTOCOL_CHECK
Boundary Conditions No 4KB boundary violation AXI_VALID_READY
AXI Boundary Coverage Protocol Checks All assertions passed AXI_RESET_BEHAVIOR




Broader than Functional Testing
Al verifies functionality, protocols, timing,
power, security and more to ensure
high-quality, reliable silicon.

Verification Dimensions

Complete, End-to-End Verification for High-Quality Silicon

PRAGYAN Al

Grow with Gyan

1

PROTOCOL VERIFICATION

FUNCTIONAL VERIFICATION STRUCTURAL VERIFICATION

Does it follow interface and protocol standards?

Does it work as per the specification? Is the design structurally correct and robust?

@ Features & Use Cases Example Tests N @ AXLIAKE IS Example Tests ) @ FSM / State Machines Example Tests
- -
= : . = PCle » Protocol Compliance s = -
|,g l Data Path Verification Read/Write Operations = ST O‘: Harin [ﬁ ] CDC/RDC (Clock/Reset) State Transitions
_ e Data Processing & USB > — » Reset During Operation

E’ Registers & CSRs e Register Configuration B8 DR LFEDR « Boundary Co‘ndmons (3} Reset Verification « Clock Domain Crossings
{g- Algorithms & Processing » Algorithm Correctness e *yior Scenar.nf)s @ Connectivity Check » Deadlock Analysis

o Mode T i t0# Ethernet » Interoperability o Unresshabia Seates
<P Control Logic SIS LI SNSRIONS e Multi-Protocol Systems £8% Design Rule Checks

» System Level Tests . [X) Custom Interfaces i « Connectivity & Integrity
e End-to-End Scenarios Lint & Formal Structural Checks

PERFORMANCE VERIFICATION

Does it meet performance and timing goals?

RESILIENCE VERIFICATION

How does it behave under
abnormal conditions?

QUALITY VERIFICATION N

Is the design verified with
sufficient quality?

/

\

\ 6
O

(5

2 Latenc Example Tests e
Y P (=) CodeCoverage Example Tests o Error /Fault Handling ~ Example Tests

gl Throughput e High Throughput Scenarios @ Em‘:g;l e Coverage Closure " Fault Injection  Invalid Transactions
: e Multi-Thread / Multi-Master @ Coverage nalysis O Negative Testing | o /Clock Glitches

& Stress Testing V E R I F I CATI O N 3 e SVA Property Checks
e Stress & Soak Tests @ ?egtf_BSS'Oﬂ o Rooession Suftes a Corner Cases  Boundary Conditions

e e oo . esting
n Timing Verification e Timeout / Latency Checks @ Maintainabilty. | © Reusability & : Robastriess e Comner Case Stimulus
Scalability e Performance Under Load Modularity « Recovery &
« Traceability e Requirement E Recovery & Reinitialization
(Req — Test) Traceability Self-Healing

POWER / SECURITY VERIFICATION

I ¢ Is the design power efficient and secure?

o Power Verification
Power Modes (Active/ldle/Sleep) Example Tests |

0 Security Verification o Low Power Verification

Low Power Behavior

Example Tests

. e Security Threat Analysis Example Tests .

e Clock Gating / Power Gating e Active — Idle — Sleep e Access Control & Permissions e Invalid Access Attempts e Sleep/ Deep.Sleep / Wake e Sleep Mode Entry/Exit

» DVFS (Dynamic Voltage Frequency Scaling) o Wake-up Sequence e Secure Boot / Secure Modes e Security Violation Checks e Power Domain Management e Wake-up Latency

e Power State Transitions e Power Domain Isolation e Data Integrity / Encryption » Encrypted Data Handling e Isolation & Retention e |solation Cell Verification
e Retention & Isolation » Retention Register Check e Side-Channel Considerations « Privilege Escalation Tests e Power Sequencing e Retention Data Check

e Low Power Protocols e Low Power Compliance e Security Protocols e Protocol Security Tests e Power-Performance Tradeoff e Multiple Power States
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YAN Al

Grow with Gyan

Add Timing, Power and PPA Carefully

Al generates targeted verification scenarios for Timing and Power, and provides PPA analysis and optimization as a feedback loop.

TIMING VERIFICATION

Al generates timing-focused test scenarios

Key Test Scenarios

0 S O EHE S

Clock relationships
Multiple clock domains, frequency ratios

Latency

End-to-end latency, pipeline latency

Throughput
Sustained bandwidth, peak performance

Setup/Hold scenarios
Timing corner cases, margin checks

Backpressure
Flow control, stalls, congestion

Timeout
Response time, watchdog timers

Clock-domain interactions
CDC behavior, synchronization

Protocol timing
AXI/PCle/DDR timing compliance

POWER VERIFICATION

Al generates power and low-power test scenarios

Low-power protocols

Key Test Scenarios Example: Power State Transition
Power-state transitions
clk r @ All power mode transitions idle
valid & Idle - Active / \

v Wake-up latency, state restore /_\
ready @D Active > Sleep Sleep)
diitis DO l D1 l D2 Save state, power down =
™ e > @) Wake-up o S A

ency | Latency (N cycles) ' Correct wake-up sequence Wake-up
{}: Clock gating

Generated Checks Gating enable/disable checks Generated Checks

Power gatin ,
& Latency within N cycles u Serain gmatiogn Soner coniiol & Correct power state transitions
& Setup/Hold timing checks e € Clock gating effectiveness

etention

& No protocol timing violations E State retention across pawer cycles € Isolation during power down
& Backpressure handling olation € State retention after wake-up
& Timeout conditions : e Isolation cell behavior & Wake-up latency within limit
& Multi-clock domain behavior é & UPF/Low-power intent compliance

UPF, power intent, low-power modes

|| ESE=T N

Timing and Power scenarios are generated by the Al Test Generatlon Engine. PPA analysis provides feedback for optimization.

Specification
Architecture

RTL Code

Power Intent (UPF)
Constraints

»

PRA

YAN Al |

Generate Timing Tests
Generate Power Tests
Generate Functional Tests
Generate Testbench (UVM)
Generate Assertions (SVA)
Generate Coverage

—

Al-Powered Verification Intelligence

Al Test Simulation & | e . N
° Formal Verification .ll PPA Analysis Q Design Optimization

Run Timing Tests

Run Power Tests

Run Functional Tests
Formal Property Checks
Collect Coverage
Analyze Results

RTL Refinement
Architecture Changes
Constraint Updates
Low-Power Improvements

e Area/ Timing / Power
* Bottleneck Analysis

e Trade-off Exploration

o Optimization Suggestions

-

-

Iterate Until Verification and PPA Goals Are Achieved

Timing

PPA ANALYSIS & OPTIMIZATION

PPA is an analysis and sign-off feedback domain

% RTL / Design

¢ —3 —

e Property Checks e Area Estimate
e Protocol Compliance e Timing Analysis
e Formal Proof e Power Analysis

A !

PPA Results

e Functional
« Timing Scenarios
e Power Scenarios

Area Timing Powe
() Timing

e Frequency
e Critical Path
* Timing Slack

+

e Gate Count
e Die Area
e Utilization

e Dynamic Power
e Leakage Power
e Power vs Modes

Al PPA Analysis

* Bottleneck Analysis
e Optimization Recommendations
e Design Trade-off Analysis (PPA)

*

Optimization

Feedback to
Design &
Test Generation

e RTL Refinement
e Architecture Changes
e Constraint Tuning

i

Re-synthesis & Re-analysis

e Improved PPA Resuits
e |terative Optimization Loop

High-Quality, Optimized Silicon




PRAGYAN Al SiliconA! - From Verification to Silicon Success ot el "l

Grow with Gyan Al-Powered Verification Intelligence Across the Entire Silicon Lifecycle Al for Complete Silicon Journey

: : : v Protocol Compliance Yield Improvement
Prove the de5|gn before fabrication “=—¥- « Performance, Power, Security ' & Validate the manufactured silicon v Field Reliability

v Coverage Closure « Failure Analysis
Design Inputs

Specification

PRE-SILICON VERIFICATION g 7 LECcie i 5\ POST-SILICON TEST ¥ Manufacturing Test

PPA Optimization
End-to-End Traceability

B etecee | (Y —— @) Fom Vercato ST Test Infrastructure
Architecture Frriv: S -
B o : Consraned Sindistins || 5 i 5. m =
* e Constrained Random  SVA Assertions * Firmware + Hardware S — I — NIl
< / > RTL Code : * Protocol Tests e Formal Proof e Performance Testing l ICO n ' am 1 e Scan Architecture ® Stuck-at e MBIST (Memory)
Verilog / SystemVerilog * FSM Tests e Counterexamples e Long Running Tests Al VERIFICATION e DFT Rule Checks ® Transition e LBIST (Logic)
* Reset Tests e Equivalence Checking « System Level Validation . e Test Points e Bridging e Buiit-in Self Test
am» Reference Model o St Conee Caan . INTELLIGENCE e Delay Faults
s= Golden Mcdel * Protocol Compliance e SoC/ASIC « Controllability = ti’ % e On-chip Test
e Test Pattern : .
» IP Blocks « Observability Obtimization * Diagnostic Features
—==p Interface / Protocol o Sy P
4= AXI, PCle, USB, DDR ... : : A ey
A\ Al Analysis & Intelligence * Mixed Signal ‘ ‘ ‘
696 Constraints ¢ Specification Intelligence
-© Timing, Power, Security I Coverage Al A Failure Al O Test Optimization ) Design Understanding =5 ATE - Manufacturing Test
II Gap Analysis Root Cause Next Tests @) Test Generation
2 AH0 * Test Pattern Execution » Boundary Scan / JTAG * Yield Analysis
‘ Coverage & Root-Cause Analysis e Pass / Fail / Binning e Functional Testing » Failure Diagnostics
@ e Parametric Testing e Speed / Power Testing e Test Report Generation

Q Verification Closure

Field Validation & Reliability

® Requirement Coverage ® Assertions Passing
- . 4 = Post-Silicon Debu * Reliability Testi
@ Functional + Code Coverage ® Sign-off Readiness e Failure Analysis 2 . Field Da?a Ana:;gsis
e Silicon Bring-up e Continuous Improvement

TRADITIONAL VERIFICATION PROCESS | <4 3 SILICON AT - AlI-DRIVEN VERIFICATION PROCESS

Manual, time-consuming and iterative End-to-end intelligent and self-improving

“’a“’O" *C*lll«»Z S - = -5 -© -0 -8B - §

Reduced Verification Time
(up to 50-80%)

Higher Coverage & Quality

GQ}

Specification Understand Build Generate Run Tests Analyze Al Root-Cause
. 5 2 Design Verification Tests (Simulation+  Coverage+ & Gap Analysis Al-Generated Tests & Testbench
Engineer Writes Runs Looks at Writes Checks Repeats (Architecture + RTL) Plan (Testbench + UVM) Formal) Failures

Understands Test Simulation Failure Another Test Coverage (Manual Iteration) lll PPA Optimization Feedback Loop
specification 7~ g xh i

| ? o - al l I b2 wt v & — . 0 Better Silicon Reliability

\ s = enerate

BRI e e s R g Verification |m(,:,?;3?n?:m Rfesr::‘ Next Tests &  End-to-End Traceability
__________
"""""""""""""""""""""""" Closure (Target Missing Areas) ==
Time Consuming | Manual Effort | Slower Coverage | Knowledge Loss Scalable from IP to Full SoC

Faster Verification | Higher Coverage | Intelligent Test Generation | Complete Traceability

PRAGYAN Al Al-Powered Silicon Engineering From Spec to Silicon | Verification | Optimization | Manufacturing Test




SiliconAl RTL Intelligence

Al Understands, Debugs, Explains, Optimizes & Evolves Existing RTL

SiliconAlI RTL2SIM is an Al-powered differential verification engine that creates executable software reference models from RTL/
specifications, generates intelligent tests, compares software behavior against RTL behavior, and uses Al to identify and explain mismatches.



PRACYANRI - RTL Intelligence _ [ i

= Faster Debug & Higher Quality RTL
Grow with G yan F nd UnderSta nd le. Verlfy %’/ L — From Failure to Fix. From Bug to Better Design.

( Al analyzes existing RTL to dellver debug, insights and higher quality RTL.

@3\ DEBUGRTL
INPUT (Existing RTL) e Al ANALYSIS AGENTS B R ise 2 Diagnose. o 0 SUGGEST FIX & REFINEMENT e VERIFIED OUTPUT

Code Analysis Agent » Analyze Failures & Symptoms Provide Code Fix Fixed RTL Code
RTL Cde Specuf cation Testbench o Lint & Style Agent * Code, Waveform & Log Analysis « Explain the Fix » Updated Test Case
(If Available)  &Test Case ‘ « Waveform Analysis Agent ‘ » Trace to RTL Code ’ - ™+ Suggest RTL Refactoring ‘ + Validation Results
— » Root Cause Agent » |dentify Root Cause e » Optimize for Performance « Coverage Improvement
e Spec Traceability Agent » Highlight Critical Issues » Interface & Dependency Fixes - -
Simulation Logs  Waveforms Assertions A gnis : * Documentation & Notes
(Errors/Failures) (VCD/FSDB) & Coverage * Fix & Refinement Agent » Assertion & Coverage Analysis » Generate Regression Tests

DEBUG RTL - FLOW ~ " RTL - . - CORE CAPABILITIES

From Failure to Fix with Al

Code Analysis 1 Code Review

m ) - Lint Explanation
) " ' N Code Coverage i Xp.an '
| .z | | Refactoring
ky:' N R p eas °
' » £ - Critical Issues Detection

: i Optimization
RTL Code Code Analysis Coverage & Root Cause Verified RTL
Failing / Bu (Lint, Logs, Waveform) | Critical Issues Analysis '
| ( ng ggy) 0g | L | y (Passing)

Root=Cause’Anaiysis Legacy RTL Understanding

Waveform / Simulation Analysis RTL — Specification

l
Assertion & Verification Analysis Interface Analysis
0 RTL CODE (Buggy Example) | Bug Detection & Fix Suggestions Dependency Analysis
| counter.sv Code & Lint Analysis “

module counter ( T W g S s | BES m S Detects coding errors, lint issues,
{nput: <1k, == sk bt ML oSl | €)) Al SUGGESTED FIX & REFINEMENT @) VALIDATION & RESULTS

1

2

; HApHS. T = : Fixed RTL Code counter_fixed.sv T

4 output reg [7 @] count : = Q Compilation Successful Q Test Case Passed
5

); en ¢ - = waveform Ana'YS's 1 mOdUl‘:‘ counter (

input clk, Q All Assertions Passed Q Waveform Verified

input rst_n,

ouput en, Q Refactoring Q Coverage Improved
output reg [7:0] count

always @(posedge clk) begin Waveform (leed)

if ('rst_n) clk

- : ; - : Finds first divergence and
6 al w?)f? : @( ;t)()'_se)_'dﬂ? clk) begin COUD([?:O] . TSRS C LS NS nek
7 if (!rst_n — = -
3 count <= 8'd9; Unexpncmd increment

9 else if (en) when on = Coverage Analysis

10 | count <= count + 1; ASSERTION (SVA) Identifies untested scenarios
11 end

19" disaaiaa property p_no_increment; and low coverage areas 01-(,3“'-’3 (<e-n)8 do; e o
@(posedge clk) W

- A :
i disable iff (!rst_n) Root Cause Identification o vk Count remains stable
. - I else 3
Simulation Error Log 4 len |-> $stable(count); asta A 1old val count[7:0]
f‘

Traces failure to the exact RTL lines end count <= count; //Hold value whenen=0
Error: counter_tb. 'W(‘S) endproperty and condition responsible. "

#
# Assertion failed: count should - Restits Q'Addhional Al Suggestions Coverage Improvement
not increment when ened Test Case Result Refactor for better readabil;
R iy ool - o Related Issues (Knowledge Graph) O et O et 65% L & Code Coverage 1
ime: 250 ns » Assertion faile . 2 . . e ps A el Al e e —— Asserti overage
# Fatal: Simulation stopped. e o countichanged when:an =0 Finds similar issues and patterns Add assertions for corner cases A . - o sertion Coverage 1

223 from i n lic data. Generate additional test cases . m— o e .
e Time: 250 ne om past designs and public data Iorintiie FesetAMMBL heRdig Before Fix _ After Fix €& Functional Coverage 1

-
VRN UMEaEWwN

endrodule

Faster Reduced Hiah Specification Reuse Learning Better CLEAN RTL.
BENEFITS Root Cause " Debug Time @ R;rgl_ gualit Cgmpli'ancle ‘.;.‘ Across Projects 'Illl Verification - FASTER DEBUG.
»v Analysis 40% - 70% Y (Knowledge Graph) Coverage y HIGHER QUALITY SILICON.




12 Al-Powered Solutions

for Complete RTL Intelligence

From Code to Chip Insight - Understand. Debug.
Explain. Optimize. Verify. Evolve.

PRAGYAN AI

Grow with Gyan

SiliconAl RTL Intelligence (&

Al Understands, Debugs, Explams Optimizes & Evolves Existing RTL |
Turn Existing RTL into Actionable Intelligence for Higher Quality, Faster Debug and Better Silicon —

AN = A @ @ SiliconAl
@ @ @ » @ RTL Intelligence Engine ‘
(Multi-Agent Al + Knowledge Graph)

Specifications Testbenches Simulation Logs Waveforms Assertions
Coverage Intelligence Critical RTL Issue Intelligence

b/ 4 = =)

Fixes & Test Cases Reports &
Refactoring & Assertions Dashboards
RTL - Specuflcatlon

.

RTL Code
(Verilog f VHDL)

INPUTS

(Multi-Source)

Coverage
{UCIS / Regorts)

Design Docs

Historical Bugs
& Comments

& Fixes

(OOC / PDF) & Test Cases (Ervors / Wamings) (VCD / FSDB) (SVA / PSL)

24

Specification
& Documentation

RTL Debug Intelligence

From Failure to Fix with Al

Waveform Intelligence

RTL Code Intelligence

Deep code analysis beyond linting

Coding errors & synthesis risks
Unsynthesizable constructs

Race conditions & latch inference
Reset & clock-domain issues
Width/sign mismatches

Dead code & unreachable states
Blocking/non-blocking misuse

00000000

Suspicious conditions & parameters

Analyze simulation failures

Understand logs, waveforms, assertions
Trace signal & state behavior

Map to RTL line & specification

Identify root cause & propose fix
Generate regression test & verify

Nayuotioce

Al-powered waveform analysis

Find first divergence

Detect unexpected/missing transitions
Identify glitches & protocol violations
Analyze timing & state anomalies
Trace back to RTL and root cause
Visual comparison (expected vs actual)

Beyond coverage numbers

Find uncovered branches, states, transitions
Identify unreachable or dead code
Distinguish testbench issue vs RTL issue
Generate targeted test cases

Run simulation and measure improvement
Coverage-to-root-cause analysis

RTL Health Score & Risk Analysis

Functional, verification & CDC risks
Reset, interface, complexity analysis
Top 10 critical issues per module
Risk scoring and recommendations
SoC-level risk heatmap

Prioritize fixes for engineering teams

o Reverse Engineering

Generate specification from existing RTL

Understand architecture, interfaces
Extract FSM, registers, datapath, control
Infer timing behavior & requirements
Generate human-readable specification
Useful for legacy IP and maintenance

Overall Coverage @ Line Module: DMA Controller Al Reconstructed Specification

Branch RTL Health Score m Module: DMA Controller
‘ 72%

[

@ FSM State Inputs:

@ Expression 82/100 o clk, reset, start, src_addr, dst_addr, length
Uncovered FSM States

Toggle Functional Risk = ———— ) 82
Assertion Verification Risk  § S— ] A
Complexity L 64
© ¢ s3 )
Gy =
Key Output

Maintainability 58
Interface Risk a1

Why coverage is low — Coverage holes —

Root cause — Generated tests — Improved coverage

clk
- N Anatysis

dule counter ( rst_n
Ut clk, taset; Unreachable state
ik asablé Latch inference
[ 7‘:6] ¢ ount 'Nl(ﬂh rnlsmatdl
)i e Missing reset
data[7:0]

iinays B(posedge clk) begin e Recommended fix EN
'.‘ {t‘h.w]!")

Faillure at 320ns
count << count « 1;

a ’ Unexpected data value COUNT __| S

endmodule

Key Output

Critical issues | Severity | Root cause |
Recommended fix

vahd Behavior:
Accept start request
Validate address
Initialize transfer
Generate read requests
Generate write requests
Increment address
Assert done

Key Output

Module architecture — Interfaces — FSM —
Behavior — Generated specification (DOC)

D

Connect requirements, architecture, RTL,
tests, assertions, coverage and bugs

oultput req

ready Actual

A Al Insight

State S3 unreachable
Possible missing test
or dead RTL logic

CDC Risk == 3s
Reset Risk _ 76
Coverage Risk : 69
PPA Risk 62

Module risk score | Top issues | Prioritized fixes
SoC risk dashbeard

1
2
3
4
5
G
7
9
8
1
2

i
1

Key Output

What failed —+ Where — When —+ Why —
Which RTL — What to change — How to verify

(Failure — Root Cause — Fix — Proof) Wavetort anomaly: — Signal Wace = T lne =

Root cause — Recommended fix

o —— _—

Interface Intelligence
Protocol-aware RTL analysis

g

O

Understand standard protocols (AX|, AHB, APB,
Track verification status for each requirement PCle. DDR, USB, Ethernet, custom)

Identify verification gaps Dete

RTL Dependency Intelligence
Design dependency & impact analysis
Build module and s

Trace register/logic/module dependencies

Specification € RTL Traceability |

End-to-end requirement tracking

10 Al Refactoring & Optimization
Better RTL with PPA and equivalence

Analyze current RTL and behavior

RTL Knowledge (;raph

Central intelligence layer

Legacy RTL Archaeology

Recover design history & intent {
Map requirements to RTL, assertions, tests ignal dependency graph

Analyze old RTL, docs, bugs and comments

Generate optimized alternatives Reconstruct design intent and evolution

Analyze i ~t of ¢ ANQE'S
t protocol violations & handshake issues Analyze impact of code changes

ik historical bugs, fixes, and engineers
Check mdrh, ordering, burst, timeout, backpressure

Find affected assertions, tests, interfaces Estimate PP e2 W e rformance) Enable natural lanquaqg eries
Bidirectional traceability . ¢ NEF S simate PPA ,d' Power, Performance) Explain unusual logic and design decisions able natural language queries
= ) Analvze reset interaction and assumption: Predict risk before committing changes Recommend best implementation
Compliance and reporting Analyze reset interaction and assumpuons i

Requirement Traceability

1D Requirement RTL Assert Test Coverage Status
DMA burst
support © O O

ECC error
handiing

< o

o : .
Check formal/simulation equivalence QL & Continuously learn from new projects

e S

L) S

y - : Build company-wide engineering intelligence
Usetul for [P acquisttion and mamntenance Bk > 9 9
Design Dependency Graph

" Top Module
AXI Protocol ' [ P j Current RTL

32 -
:2::)3 [ Module A ] [ Mo:iulea ] [ Module C

ADOR § =, 1 1 / " | , :
RESP : X ] L FS!A_Y-] [ Interface 2 j
SreeSiec

RESP = Area: 100K Area. 92K (-8%) Area: 85K (-15%)
Power: 4BmW (-4%) Powsor, 4dmW (- 1T%)

Al Finding > — : 1.0x Perf: 1.02x (~-2%)

e VALID = 1 while READY =0 If | change Register X, potential impact: Risk: -

Parf: 08Tx (-2%)
Riskc Low Risk: Modiun

= Transaction must rermain stable until READY

e Potential data instabéity at line 184, GU é @ :? Cmiogﬂ

Al Recommendation
12 a7 Asgertions 23 Ing Ge
Moddes Siprals Tests ertsces oups
Key Output Key Output

Allemative A — better balanced PPA wiath lower
. \ Key Output
Requirement — RTL — Assertion — Test — Y e

funchional risk
Key Qotput
. A Dependency graph —+ Impact analysis —
CONSNOu ==-Vicaticrs s Risk prediction — Recornmended regression

AX| Interface Analysis

Refactoring Alternatives

Alternative A
(Recommended)

Design History Timeline SiliconAl RTL Knowledge Graph

iti i Architect ificati
2014 Initial RTL release Requirements chitecture Specifications

by Engmeer A ‘ t 1

Added ECC logic
(Bug #1042) Moduies FSM

Modified for low power ‘ 1 1
(Engineer B)

| Producer

Alternative B

Verified

2016 = Inmterfaces

2018

LOwW power
mode

n Pro gress

Signals Registers Protocols

Fixed CDC issue ‘ ‘ ‘
{Bug R21B7)

2020

Timeout

. 92% Verified
detection

Assertions
B +
Coverage Bug History

Key Output

Unified knowiedge graph
Reuse

Tests Waveforms

2022

B
I
@ Interface updated to AXI4

Protocol violations - Interface issues — Roct cause Design evolution

-+ Recommended fix

Raddced
Verilicotion Effort
40% —~ 70%

+ Histoncal context —
Intent explanation —+ Knowledge retrieval

» Search & query —
» Better future designs

Opbirnized RTL -« PPA estimation
» Best impiementation

\- Preserce Engineering <D
‘ Knowladge ‘..

» Equivalence check

Ay

Faster

4 o )’ Dobug Time
SO0% ~ BO%

KEY

H:'-gher
BENEFITS

RTL Quality

Better
PPA Optimiration

Faster Onboarding
for New Engineers

Reuse AcCross
Projects

CLEAN RTL. FASTER DEBUG.
HIGHER QUALITY SILICON.

Lower Risk
SHlicon




From RTL to Root Cause A
to Fix to Verified Design

P =g/

SiliconAl RTL Intelligence

Al Understands, Analyzes, Debugs, Explains and Fixes Existing RTL

RTL Code Intelligence

Go Beyond Linting — Deep Al Analysis of RTL Code

T

Verilog / VHDL
SystemVerilog

PRAGYAN Al

Grow with Gyan

o
: at failed? Where? When? Why?
- Which RTL caused it? What should change?
How to verify the fix?

Find Issues. Understand Intent.
Explain Root Cause. Fix with Al.

Design Understanding
o .
== e O"g

Module FSM & State Data & Control
Structure Machines Flow

c
525 o

Interfaces

RTL Debug Intelligence

From Simulation Failure to Verified Fix with Al

B B ®

RTL Code Simulation Waveforms
(Verilog/VHDL) Logs (VCD/FSBB)

b
Sil%o%Al

Debug Intelligence Engine

Multi-Agent Al Analysis
Logs » Waveforms « RTL « Assertions
Specification » Coverage

Example: Debug Session
Simulation Log (Error) Waveform (VCD/FSDB)

*¢ Error: counter_tb.sv(4S): clk
Assertion failed: rst_n

=

Coverage
Reports

V-
o ——

Assertions
(SVA/PSL)

Specification
(DOC/PDF)

AARA

SiliconAl
Code Intelligence Engine

Parse « Understand « Analyze
Build Design Model (AST + CFG + FSM)
Apply Al Analysis Agents

LA A AJ

IP/SoC
RTL Code

Test Cases

’ 3

Multiple

Modules ol

bhdl ol

Hierarchy Signal Analysis

How SiliconAl Works

0 Understand RTL Structure

(Parse, AST, CFG, FSM)

Al Debug Pipeline

Failure Classification
(Compile / Runtime / Assertion / Functionall)

Coding errors

Synthesis risks
Unsynthesizable constructs
Race conditions

Incomplete assignments
Latch inference
Blocking/non-blocking misuse
Reset problems

Clock-domain issues (CDC)

Example: Al Analysis of RTL Code

module counter ( ¢ A Latch inference
input clk, /| (countnot assigned in else)
input rst_n, '
input enable,
output reg [7:0] count <<

Waveform Analysis
(Find first divergence)

Signal Dependency Trace
(Trace signal to RTL)

RTL Line Trace
(Identify exact code)

State / FSM Analysis
(Check state transitions)

Analyze & Detect Issues
(Rules + Al Reasoning)

A » Missing reset handling Classify Severity

Width mismatch (Critical / High / Medium / Low)

)i (count may overfiow)

always @(posedge clk) begin- Find Root Cause

count should

L OO SO B W -

Width/sign mismatches
Dead code

if (enable)
count <= count + 1;
end

A b Blocking/Non-blocking issue |

(Explain with context)

Recommend Fix

not increment when en=0
258 ns
« Fatal: Simulation stopped.

en
count{7:0]

Specification Mapping

(Map to requirement)

-4
2 Time:
# » Unreachable state :

Unaemate i
whonen»9Q

Signal to RTL Trace

« Signal: count
Changed when en = 0
» Traced to:
counter.v:8
if (enable)
count <= count

Root Cause Analysis
(Explain why it happened)

Fix Candidate
(Suggest code change)

Duplicate logic
Unreachable states
Suspicious conditions
Parameter problems

endmodule '. (With code suggestion)

* ) Parameter mismatch

Al Suggested Fix

:. Original Code ] Fixed Code
e : e

)

L\ Wavefom_\ Analysis

o
2
@
O
&
@
9
&
@
2
@
&
@
o
@

Regression Test Generation

Al Analysis Results (Create/Update test cases)

Recommendation ¢ 1;
Add else assignment or default value
Add reset logic

Use proper width or saturation logic
Use <= for sequential logic

Check state transition conditions
Remove unused signal

Define parameter or use defaulit

Issue

Latch inference
Missing reset

Width mismatch
Blocking assignment
Unreachable state
Unused signal
Parameter issue

Severity Root Cause
Critical
High
High
Medium
Medium
Low

Verification
(Confirm fix with simulation)

00000000 00C

count not assigned in else
No reset for count register
count may overfiow

= used in sequential logic
FSM state S3 never reached
temp_siqg is never used
WIDTH not defined

always #(posedge clk) begin
if (!rst.n)
count << 8’d8;
eise Af (enable)

alwvays B(posedge clk)
f (enable)
count <= count ¢ 1;
end

Al Debug Result — Failure = Root Cause — Fix = Proof

count <« count + 1; What Fa.led @ Whel'Q& @ Why

ol Count incremented R ' Missing else condition.
count <= count; // hold when enable = 0 ey a count not held When

ond (Assertion failure) Time: 250 ns enable = 0
9
e [+ =

@ Root Cause
Incomplete logic
count updated even
when enable = 0

@ Proposed Fix

Add else branch
%» to hold value

& Verification

_ Run regression test
'\/ All tests passed
" Coverage improved

N, s WN -~ =B

Low

Recommended
¢J Fix with Code

Root Cause
Explanation

Critical Issues
with Severity

Design Health

Clean, Synthesizable
0.8 Score

RTL Code

Waveform + RTL
Correlation

From Failure
to Verified Design

Generates Fix &
Regression Tests

Faster Root Couse
Analyslis (70-90%)

Explains in
Natural Language

-~ .

4]

Key Outputs @

[

Key Benefits Egj




PRAGYAN

Grow with Gyan

Waveform Intelligence

Al-Powered Waveform Analysis — Auomaticaily Find Anomalies & Root Cause

SiliconAl RTL Intelligence

Waveform & Coverage Intelligence

Al Finds What You Miss. Explains Why. Suggests Fixes. Improves Verification.

Coverage Intelligence

Beyond Numbers — Find Why Coverage is Low & How to Improve

From Waveforms to Root Cause
in Minutes, Not Hours.

From Waveforms & Coverage

to Root Cause & Better Verification
Faster Debug. Higher Coverage. Better Silicon.

‘Q.

From Coverage Gaps
to Better Tests & Higher Quality.

LA | a0

First
Divergence

ad A

Glitch
Detection

Unexpected
Transition

Missing
Transition

Waveform Analysis with Al Insights

clk

rst_n

[ —

enable

-75

count[7:0] —— 5

state[2:0] |

valid

ready

data[31:0] —_l
Al Analysis & Root Cause Trace

Waveform Anomaly Detected
Count changed when enable = 0

Signal Dependency Trace
Traced to count register update
RTL Line Trace

Identified in counter.v line 42

Condition Analysis
Missing enable check in update logic

Root Cause
Count increments even when enable = 0

Recommended Fix
Add enable condition and verify

Q00000

KEY
BENEFITS

Find bugs faster
O*n  with Al waveform analysis

L[ Sy |

but COUNT changes!

.____j N _—

. s , ,Q -o"' O
B @& o WA A X% B | & | & | A @ A B R
Protocol Timing State Enable/Disable Reset Data Corruption Uncovered Uncovered Uncovered Uncovered Rare Dead Redundant  Hard-to-Reach Missing Design
Violation = Anomaly Transition Issue Anomaly Sequence Problem  Propagation Branches  FSM States  Transitions  Assertions Scenarios Code Tests States Requirements Bugs
g
Expected vs Actual (Zoomed View) Coverage Dashboard Coverage Breakdown by Module
| Module Line Branch FSM Assertion Status
= Overall Coverage ® L
Expected Behavior Line 82% uart_rx 92% 88% 84% 81% « Good
@ Branch  68% || o 6%  62% 48% 51% A Low
0,
EN | | @ FSMState  61% || o et 68% 54% 32% 0% @ Critical
H )
At L P e e—— v :"press'm‘ ;Z: axi_if 85% 70% 67% 64% A A
ogglen
» e fifo 95% 90% 88% 82% W Good
*) Assertion 58% - :
- arbiter 60% 42% 35% 38% € Critical

Actual Behavior Uncovered FSM States Analysis (dma_ctrl)

RTL Code (counter.v)

always @(posedge clk) |
1f (rst_n) begin
if (enable)
count <= count + 1;
else
count <=

Coverage-to-Root-Cause Analysis Flow

o Coverage Gap

Uncovered state/
branch/transition

Missing enable condition
or incorrect logic

o Why Unreachable?

Analyze RTL, tests,
spec & constraints

count,;

Al Suggested Test Case

Al Suggested Fix

. Fixes first divergence initial begin 100
always @(posedge clk) begin v S " reset():
if (rst_n) begin o Matches spec behavior start_transfer{src_addr, dst_addr, length); &80
if (b.(}nd)le)- : 0 Synthesizable n:'.:'_‘or uf:to_xta!el’): 40
count <= count + 1; . eheck write behavior():
else & No new warnings i o

d count <= count; // Hold value

@ Run regression test

®

end

Deep root cause
d .
——~J) explanation

Higher coverage
with Al guidance

Reduced debug time
60% - 80%

Better verification quality
and confidence

&

A
nfin

Uncovered State
(6‘&) (1

&k\ W“te /H@

Coverage Improvement (After Al Test)

Why Uncovered?

Possible Causes (Al Analysis)

Missing test case to trigger write state
Testbench does not generate this scenario
State is hard to reach due to conditions
Possible design bug (unreachable)
Requirement not properly tested

000009

Identify Cau/se o Generate Test 9 Run Simulation G Improve Coverage
Missing test
Dead RTL / Create targeted Execute and Measure improvement

test case using Al collect coverage

Impossible state / and validate

Missing requirement

/ Design bug

Key Outputs

& Uncovered items identified
& Root cause analysis

& Al-generated test cases

& |mproved coverage results
@ Verification closure guidance

B Before B After

68%

Assertion

Branch

Line

CLEAN RTL. HIGHER COVERAGE.
FASTER DEBUG. BETTER SILICON.




a | 4 M 20 B — P TL to |
PRAGYAN Al Silicon /Al RTL Intelligence | %) fomisoriedea @ @ .
Grow with Gyan Al for Understanding, Debugging, Optimizing and Evolving RTL @M Understand. Analyze. Explain. Fix. Verify. Evolve.

5 )\ Critical RTL Issue Intelligence ( Turn Thousands of Warnings , RTL — Specification Reverse Engineering f“‘"‘ Legacy RTL |

- : & into Clear, Usable
Al-Powered RTL Risk Analysis & Health Score into Actionable Insngilts Al Reconstructs Design Intent, Architecture and Specification from Existing RTL | Documentation

[=2] @ o & @ -‘-l-l Q Eﬂ»@»lg-;c@)»-)ﬁgb-)@»%

Code Quality Functional Verification Interface CDC & Reset Coverage Complexity & PPA Existing RTL Module hartacas ESM Registers Data Path & Timing Al-Generated
Analysis Risk Risk Analysis Analysis Analysis Maintainability Estimation (10+ Vears Old) Architecture (Protocols & Ports) (State Machines) & Signals Control Path Behavior Specification

Module RTL Health Score SoC Module Risk Overview Input: Legacy RTL Code (Example: dma_ctrl) I Al Analysis Pipeline J Output: Al-Reconstructed Specification

Module Health Score Risk Level Top Issues
dma_ctrl Risk Category P module dma_ctrl

dma_ctrl 68 HIGH 5 critical issues input clk,

e . axi_master MEDIUM CDC, interface ANPUL . TSt_N,
Verification Risk , , input start,

Complexity uart 88 LOW No major issues input [31:8] src_addr,
input [31:©] dst_addr,
input [15:8] length,

Interface Risk e spi_ctrl 76 MEDIUM FSM, corner cases output reg done,
CDC Risk E =i .
’_ mem_ctrl 55 HIGH Timing, CDC // ... legacy code ...
m ReSEL IS ! always @(posedge clk or negedge rst

Coverage Risk clk_gen 90 LOW Clean if (! rst_r;t) begin

reset log

gac

Parse & Understand RTL Specification Block Diagram FSM Diagram

Extract modules, signals, structure

Functional Risk Reconstruct Architecture Module: DMA Controller

identify data path and controd path

1. Overview

Identify Interfaces DMA controller transfers data from source to

Protocols, ports, handshakes destination memory using configurable length.
Supports burst transfers and generates done

Extract FSM ’ signal upon completion.

States, transitions. conditons

Maintainability i2c_ctrl 61 HIGH Reset, coverage

2. Inputs
Analyze Registers clk . Clock
Control, status, configuration reset . Active low reset
start : Start DMA transfer
src_addr : Source address (32-bit)
dst_addr : Destination address (32-bit)
length Transfer length (16-bit)

Infer Timing Behavior

Latencies, sequences, constraints

PPA Risk rst_sync 48 HIGH Reset, metastability

end else begin

. S // control
Overall RTL Risk: HIGH top_soc MEDIUM integration issues end

enc

Derive Implicit Requirements
From code behavior & patterns . Outputs
done : High when transfer is complete

Generate Specification
Functional, interface, timing. behavior Functional Behavior

Accept start request

Module Issue Root Cause Recommended Fix Reconstructed Architecture (Block Diagram) . Validate address
. . Initialize transfer

dma_ctrl Latch inference Incomplete assignment Add else assignment
Generate read requests

mem_ctri CDC violation Async signal crossing Add synchronizer Read A . Generate write requests
rst_sync Reset not asserted Improper reset logic Fix reset sequence start Address . Increment address

i2c_ctrl FSM unreachable i Missing transition Add transition logic src_addr{31:0] Generator . Assert done

dnja_ctrl Data widtf? mi§n1atch Width/sign mismatch fo porjt width : dst_addr(31:0) Control Unit , R— \ . Timing Behavior
axi_master Protocol violation AXl handshake issue Fix valid/ready logic (FSM) ‘ Address {1} > Read latency: 2 cycles
>

000000080

endmodule

spi_ctrl Dead code Medium Unused logic Remove unused logic length(15:0] : Generator Write latency: 2 cycles

dma_ctrl Timeout risk Medium No timeout handling Add timeout counter clk ' — '?il::sc?;sifbnugsrte;:)aonnssfgr(zonfigurable)
uart Unreachable state Medlum FSM state never reached Check state conditions reset_n T e ;T——/

mem_ctri Performance bottleneck Low Inefficient logic Optimize logic

Risk Distribution Risk by Category (All Modules) Risk Trend (Over Time) FSM Reconstruction Interface Analysis
100

Functional PE————— ] 72 Interface Type Direction Width  Description

e ificati e —] clk lock Inp: ’ System Clock
. High Risk  28% Verification 65 sta_rt valid complete Clo nput ystem clock

Complexity | gE— ] 58 i o T . reset_n Reset Input i Active low reset
68 Medium Risk 429% Maintainability ) 61 Y et start Control Input i Start transfer
) Interface 68 READ ,_’ DONE sr¢_addr Address Input Source memory address
Modules @ LowRisk 30% CcDC 49 i ~ \ , ) . 4 dst_addr Address Input Destination memory address

Reset 63 length Control Input Transfer length
Coverage 60
PPA 55 - High Risk Medium Risk  -= Low Risk

O O NOOL A WN -

-
o

error done Status Output Transfer complete

( Key Benefits for Engineering Teams ( Key Benefits for Legacy IP and Maintenance

e Identify critical §? Prioritize by @ Reduce debug time @5 Improve O Management-level Better PPA, I j Understand old RTL Generate clear (#) Reduce engineer ~1 Preserve design © Enable IP reuse Better verification
issues faster © real impact 409% - 70% 2J RTL quality (] | visibility higher reliablfity =) quickly documentation =D onboarding time knowledge EQ and integration and maintenance

-
-

"y




| %P o - <
SiliconAl RTL Intelligence By Connect Requirements to Design,
pRA o WX/G\Y';‘ === Specification <« RTL Traceability 'ﬂ' Verification and Coverage

e x , Two-way Traceabllity. Zero Gaps. Higher Quality Silicon.
End-to-End Traceability from Requirement to Coverage with Al Z ’ !

Traceability Flow (Two-Way Mapping) - ili i ' Requirement Details & Trace Links (R-127)  « Verified '

SPECIFICATION | - v’] @ @ R-127 DMA transfer completion Cover?ge
* Requirements ' ’ “.J ’ ’ ‘ Priority: High a B w\.

. i inti : . Category: Functional
Funcgonal Description Parse & Understand Map & Link Analyze Gaps Validate Visualize B c?i p:i'o S maay 'C 0’ n]“ Sher siall assert done’ siana 94% |
S e Specs, RTL, Tests Al Matching Missing Links Run & Verify Interactive Traceability " when transfer is complete. 4 "

Source: system_spec_v1.2.docx

ARCHITECTURE Requirement Traceability Matrix (Al Generated)

+ System Design > : _ 3 T :
« Module Decomposition Requirement / Specification  Architecture RTL Module Assertion TestCase  Simulation Coverage Architecture DMA Controller

« Interface Definition ‘ Q

arch/dma_controller.md

Support burst transfer of 4K AXI Master  axi_master.yv  axi_burst_assertsv  test burst_dk.sv 96% VERIFIED

RTL Implementation  dma_ctrlv (lines 120-180)

Handle read and write request ~ AXI Master  axi_masterv  axi_rw_assert.sv test_read_write.sv 92% VERIFIED

RTL
* Module Implementation

+ Signals & Registers - Address alignment check DMA Ctrl dma_ctrl.v addr_align_assert.sv  test_addr_align.sv
» FSM & Datapath

Assertion dma_done_assert.sv

DMA transfer completion DMA Ctrl dma_ctrl.v dma_done_assertsv  test_dma_done.sv 94% VERIFIED

90% VERIFIED Aedium Test Case test_dma_done.sv

Error handling and retry Error Ctrl err_ctrlv err_retry_assert.sv  test_emor_retry.sv 88% VERIFIED Medium Waveform sim_results/dma_done.ved

VERIFIED

VERIFICATION GAP

VERIFICATION GAP

FIFO overflow protection FIFO fifo.v fifo_overflow assertsv  test_fifo_overflow.sy

ASSERTIONS

« SVA/PSL Assertions - Low power mode support Power Mgmt pm_ctrl.v « w4

» Protocol Checks
« Functional Properties - Clock domain synchronization CDC cde_sync.v - Q

Coverage functional_cov/dma_ctrl.ucdb

Traceability Visualization (Graph View)

v
@
V)
v
&
D
D
@

Reset sequence handling Reset Ctrl rst_ctrl.v rst_seq assert.sv  test_reset_seq.sv PARTIAL

Architecture
VERIFIED DMA Controller

* Directed / Random Tests =2 = N 6, RTL N\
+ Constrained Random © Example 1: Verified Requirement (R-127) ' | + Example 2: Verification Gap (R-214) Specification j I & J

« Scenario Based Tests . dma_ctrl.v
Specification RTL (dma_ctrl.v) Specification RTL (pm_ctrl.v)

R-127: Assert done when Y ” af (tgg;‘:ff_'-lcf’:f}"e) . R-214: Support low power o 45 if (low_power_en) neg*n DS?I?Zne Yist Case i

46 // clock gating 1 |
WAVEFORM DMA transfer is complete. , end mode with clock gating. g % 06 . Coverage \b 0 s e '
94%

» Simulation Results
« Debug Analysis property done_assert; test_dma_done.sv clk p
@(posedge clk) - Initialize transfer transfer_complete ' x x No relevant waveform k Waveform

transfer_complete | . wait for completion [N No assertion found No test case found found sim/dma_done.vcd g

091 cone; - Check done signal <
endproperty Done asserted

COVERAGE ' at expected time Coverage .
» Code Coverage Coverage 0% A\ status: VERIFICATION GAP Key Benefits

S

» Functional Coverage = Q -~ ¢ = - e
. : 1 Compiate ©® FindGaos Betier Povce 8 Al-Powered
« Assertion Coverage L ==L Status: VERIFIED No functional coverage CY Tracasbity ©Q Avomatcally Comphance Rgder |

inmights

o

TEST CASE - Interrupt generation IRQ Ctrl irg_ctrlv Irq_assert.sv test_interrupt.sv

Assertion
W = dma_done_assert.sv

Functional Coverage | Assertion Coverage | Code Coverage Fanter Debug & Buttar Rovoe & Lower Risk
Yeotification Complance Maintainabdlity Silscon




PRAC

Grow with Gyan

Design Hierarchy (Module View)

Q

45
46
47
48
49
50

v (&) top_soc

Search modules...

v (5] module_a
v module_b

(&) register_x
@) fsm_y
v (& module_c
{2 interface_z
> (& module_d
> module_e
> (& module_f

v [@ ip_subsystem

axi_master
> (@ axi_slave
> (8 mem_ctrl

v (@ peripherals

uart
> @ spi
> @ i2c
> [®) timer

v

always @(pesedge clk or negedge rs

if (!rst_n)
register_x <= 1'b0;
else if (enable)
register_x <= data_in;

Register Usage (Who Reads/Writes)

Written By (3) Read By (6)

1 module_ajcontrol_fsm.v:120 1
2 module d/mem ctrl.v:88 2

3 module_e/arbiter.v:45

Selected Register Details

Module: module_b Register: register_x

t_n) begin

module_b/data_path.v:210
module_c/axi_interface.v
3  module_f/interrupt.v:76

. 3 more readers

134

=YAN Al

[1 RTL Dependency Graph (Interactive)

SiliconA

RTL Intelligence

RTL Dependency Intelligence & Change Impact Analysis

Understand Design Dependencies. See Impact. Prevent Breakages. Make Safer Changes.

@ Module @ Register ) FSM

(Top Controller)

[ module_a

|

/"

module_b
(Data Path)

(Control Reg)

é

register_x J

[}] Dependency Details

CPEEPPOODRDDS

¥
fsm_y
(State Machine)

module_d \
(Memory Ctrl)

Signals (47)
Name

Module module_c
Module module_d
Module module_f
Signal data_valid
Signal addr_out{31:0)
Assertion  axi_valid_stable
Assertion  reset_sequence
Test Case  test_axi_write
Test Case  test_mem_access
Interface  AXI4
Coverage  axi_write_cg

module_e
(Arbiter)

Assertions (8)

Relationship

Reads register_x
Depends on output
Uses status signal

Driven by reqister_x

™

:

module_c
(Interface Ctrl)

interface_z
(AXI Interface)

-
-——
- —
_.‘———-'-"
e - —

I

Derived from register_x

Depends on register_x

Indirectly affected
Stimulates register_x
Uses output signal
Transaction affected

Bins may change

Test

module_f
(Interrupt Ctrl)

Cases (23)

Details
Affects AX| transaction control

J

input (clk, rst_n, data)

v

combinational logic

(add, mux, compare)

v

Interfaces (3)

Impacts memory address gen

Interrupt generation
Affects handshake

Impacts memory access

May fail with new logic

Reset behavior change

Verify write sequence

Memory transaction test
VALID/READY timing

Coverage drop possible

register
(register_x)

!

FSM
(state_y)

v

output

(data_out, valid, ready)

Coverage (2)

Impact
High
High

Medium
High
High

Medium

Medium
High

Medium
High

Medium

Interface -# Signal «® Dependency

Signal Level Dependency

\
|

From a Register Chanae

to Complete Impact Analysis

Know What Could Break Before You Commit.
Safer Changes. Higher Quality Silicon.

{c3 Change Impact Analysis

m Al Analysis Result Risk Leve!: [[GLIEaN
Potential Impact Affected Modules (12)

| Iflchange register_x in module_b,

L what could break? mj Analyze Impact

Modules affected 1 module_a (Top Controller)
2 module_b (Data Path)
m 47 Signals affected 3 module_c (Interface Ctrl)
4 module_d (Memory Ctrl)
8 Assertions affected q module_e (Arbiter)
23 Tost caceas stfacted 6 module_f (Interrupt Ctrl)
7 axi_master (IP)
B 3 Interfaces affected 8 mem_ctrl (IP)

Coverage groups affected 4 more modules

[#] Impact Visualization (Fan-out/Fan-in)

Writers Readers (Key) Interfaces Affected
module_a module_b AXI4
(control_fsm) \ / (data_path) @ (valid/ready)
module_d | r lster_x module_c Memory Bus
(mem~ctri) (:'godu!e b) (aXI mtedace) @ (address/data)
module f Interrupt
'“°d‘_"‘9-e (interrupt_ctrl) @ (status)
(arbiter)

—

1 « Mmore

Q Recommendations ¥ Change Risk Summary

@) Runaffected test cases (23) after modification ~~ Change Type:  Register Logic Modification
€ Check AXI VALID/READY timing RiskLevel G
_ , AN Potential Bugs: Protocol violation, timing, FSM
0 Verify reset behavior and initialization :
Suggested Actions:

o Update related assertions if required

9 Re-run coverage to ensure no drop

Run full regression on affected modules
Check assertions and coverage

Review interface timing

Perform formal check (if available)

0 Consider formal equivalence check for safety



PRAGYAN Al SiliconAl RTL Intelligence By  SmarterRTL. Better PPA.

Al Refactoring & Optimization . =) Verified and Safe.

Grow with Gyan m Functionally Equivalent. Optimized. Production Ready.

o Current RTL e Analyze Behavior e
Input existing » Understand functionality, = Create multiple E
E RTL module % FSM, datapath, ( / > optimized

constraints implementations

Beyond Cleaner Code — Al Generates, Verifies and Optimizes RTL with PPA Insights

Estimate PPA Recommend Best

Generate Alternatives  (.8)  Formal/Sim Equivalence
-;{s_“;;:

Verify functional B
equivalence with
formal/simulation

Current RTL (Original Code) \ Al Analysis Alternative A (Recommended) Alternative B (High Optimization)

« // Optimized counter - shared logic, cleaner structure « // High optimization - pipelined and gated logic

- module counter_opt_a ( + module counter_opt_b (
Analyze control & datapath input  wire clk, input wire clk,
input wire rst_n, input wire rst_n,
input wire enable, input  wire enable,
Detect redundant logic input wire [7:0] data_in, input wire [7:0] data_in,
output reg [7:0] count output reg [7:0] count

Synthesize and estimate

Suggest optimal solution
. l I Area, Power, Performance

with trade-offs and risk

« /] C or with enable ¢ rese b1
// Counter with enable and reset Understanddesugn intent

« module counter_old (
input wire clk,
input wire rst_n,
input wire enable,
input wire [7:0] data_in,
output reg [7:0] count

Identify optimization opportunities

Analyze critical path

O0OOO®

always @(posedge clk or negedge rst_n) begin Check reset and enable |OQIC wire [7:0] next_count = count + data_in: wirg [7:0] add_result; :
if (!rst_n) begin assign add_result = enable ? (count + data_in) : count;

P |

count <= 8'de; ‘@ Optimization Opportunities always @(posedge clk) begin
end else begin if (!rst_n)
if (enable) begin Reduce register and logic count count <= 8'd0;
count <= count + data_in; Share common logic else if (enable)
end Improve critical path count <= next_count;:
end Reduce switching activity end end
ndmegdl Better reset structure endwodule endmodule
endmodule Parameterization for reuse

@ Functional Equivalence Verification [€) Simulation Waveform Comparison Waveforms Match v || £ PPA Comparison (Post-Synthesis) ?’ Al Recommendation
® Original @ Alternative A ® Alternative B Metric Original Alternative A — Recommended

Formal Verification PASSED 7o ST = = e Better balanced PPA with lower functional risk.
L ) 2 N1 Y o OO L Ll | Area (pm?) 12,500

Simulation (Testbench) PASSED s — | 7 = o o)

Im 1on n . v : : 4 .

always @(posedge clk) begin
if (!rst_n)
count <= 8'd9;
else
count <= add_result;

%

8% area reduction
4% power reduction

: (-4%) (-11%) 2% performance improvement
Constrained Random PASSED enable | | ' Performance 510 MHz 485 MHz Lower design risk

data_in(7:0] | ¥ 0 (g i i (Max Freq) 0N (+2%) (-3%) Cleaner and more maintainable code

Corner Cases PASSED count(7:0] Functionally equivalent (verified)
(Origina.l) Good balance for production use

Reset Behavior PASSED count(7:0] | | Logic Levels 4 Alternative B

Latency (cycles) 1

(Alt A) Reqisters 8 * Higher optimization (15% area, 11% power)
Coverage Check PASSED count(7:0] | ‘ . i * Slight performance loss (3%)
(Alt B) . | — Risk Level - Medium ¢ Medium risk (more aggressive changes)
» Use for low-power or area-constrained designs




PIRACGYAN Si|iconi& ' RTL lnte"igence ‘.-.| Turn Old RTL into Living Knowledge
Grow with Gyan ' Legacy RTL ArChan|Ogy Find design intent. Understand history.

. : 3 ] 3 Make confident changes.
Reconstruct Design History. Preserve Engineering Knowledge. Accelerate Innovation.

Fragmented Legacy Engineering Data /E-I SiliconAl — Legacy RTL Archaeology Engine Business Value

Old RTL Code Understand legacy IP faster

v T.sv I Recover lost design knowledge
f—
Old Specifications , 5 ’ @ ’ d% » ‘

PDF / DOC / XLS Ingest & Parse Understand & Build Knowledge Reconstruct History Enable Natural

Old Bugs / Issues RTL, Docs, Bugs, Correlate Graph Timeline, Intent, Language Q&A
Bug reports, CRs Tests, Logs, Emails Al + LLM + Graph Connect all artifacts Decisions Find answers instantly

Old Testbenches

Tests, Scripts, Logs
RTL Knowledge Graph (Example: DMA Controller)
Old Engineers

Emails, Reviews, Comments ( - j
|

Reduce engineer ramp-up time

Enable safe modifications

Preserve institutional knowledge
Accelerate IP acquisition & maintenance
Lower verification and debug time

00000000

Turn old code into living documentation

-y Requirement
fa— Functional & Non-Functiona

Ask SiliconAl (Natural Language)

Old Documentation | : .
Design docs, meeting notes Module (i - Specification Q. Why was this unusual logic added in the DMA controller?

—J DesignD t
Hierarchy, RTL Code | esign bocumen

; = | _ , | Al Answer (with Source Links) Source References
/ .l
Engineer Comment ‘ \ , RTL Code

O Interface = _
‘ @ Code Reviews, Emails \ / AXI, AHB, APB ... This logic was added to handle a FIFO overflow issue observed 3 COACTRANIS 2282 20)

— N = in high-burst scenarios on AXI interface. Bug Report

CR-482: FIFO overflow
DMA Controller (Jul 2018)

dma_spec_v2.1.pdf (section 4.3)

Issues, Root Cause Test Cases, Testbench

During high burst transfers, the write data rate could exceed
the FIFO consumption rate.

R - (Module) = *
Historical Bug '4,/”"' Test Design Intent (Summary) B Design Document
o

Engineer Comment
"Added flow control to prevent

This logic throttles the AXI read requests when FIFO is near full. overfiow” (code review, Aug 2018)

b Fix - __ Assertion It was added as part of CR-482 to fix intermittent data loss
¥ Code Changes L \,\, Waveform | SVA / PSL | observed in silicon. #)~ TestCase

: test_fifo_overflow.s
Simulation Results A The design was reviewed and approved on 12 Aug 2018. . v

Corresponding test case and assertion were also added. N ‘S’?’r:vf;‘s’sg Joverflowved

RTL Code (Excerpt) Design Evolution Timeline Related Artifacts | 4 Impact Analysis

Flow control to prevent FIFO overflow (CR-482) i : S : : TR ’ . . : :
Z l ' . r108 F 7 Initial RTL version (v1.0) - Basic DMA functionality Requirement REQ-127: Support high burst transfer - If | modify this logic, what could break?

1f (fifo_level > FIFO_HIGH_TH) begin A ) S -'
Specification dma_spec_v2.1.pdf (Section 4.3) @ Al Impact Analysis

axi_ar valid = 1'b9; // throttle read Added AXI4 support (v1.2) - CR-210
47 Signals affected

S

axi_ar valld =-1"b1; . .y
—at - Reason: Prevent FIFO overflow in high burst (See bug report) Fix Commit 1a2b368 = Add flowcontrol dogic

Added error handling - CR-510

Engineer S. Kumar (Added on Aug 12, 2018) 8 Assertions affected

Added low power mode - CR-612

Test Case test_fifo_overflow.sv 23 Test cases affected

Optimized for performance - CR-701

G [] bo © B |

Assertion axi_fifo_never_overflow.sv 3 Interfaces affected

CH+BOOHB

Minor refactoring — CR-845 2 Coverage groups affected

<

Waveform sim_results/overflow.vcd




PRAGYAN Al

Grow with Gyan

SiliconA

\! RTL Intelligence
RTL Knowledge Graph

Multlple Design Artifacts as Input

Requirements
PRD, Specs, User Stories

Architecture
Block Diagrams, Docs

RTL Code
Verilog / SystemVerilog

Testbenches
Tests, Sequences

Assertions
SVA / PSL

Waveforms
Simulation Results

Coverage
Reports, Databases

Bug History

CRs, Issues, Fixes

Documentation
Design Docs, Emails, Comments

LR 2 2R 2 2% 2R 2R 2

Knowledge Graph Explorer

Q Search modules, signals, bugs, requirements...

v [@ soc_top
v [@ cpu_subsystem
v cpu_core
@ alu
& fsm_ctrl
v reg_file
signals (32)
registers (64)
assertions (12)
tests (28)
coverage (85%)
bugs (3)
docs (5)
axi_interface
mem_ctrl
peripherals

> SiliconAl Engineering Knowledge Graph (Example) !

REQUIREMENTS }

« Module code
* Sub-modules
= Design intent

« Width, type
* Drivers/Users
* Fan-in/Fan-out

« Directed / Random
= Constrained
» Coverage targeted

Unified Engineering Intelligence Across the Entire Design Lifecycle

(Functional & Non-Functional)

v

% ARCHITECTURE
(System / Block Level)

= Spec links
» Use cases
= Acceptance criteria

» Block diagram
- = Design intent
¢ Interface summary

— :

v

MODULE FSM
| (Hierarchy) (State Machine)

1 l
SIGNALS REGISTERS

(Nets / Variables) (Control / Status)

« Conditions

ATAY

behavior

—>
>

« States l

« Transitions

» Address wiap

= Protocol rules
« Handshake
« Timing constraints

INTERFACE
(AXI, AHB, APB, PCle ...)

= Protocol checks
% » Transaction rules

« Compliance

PROTOCOL
(Standards / Custom)

J

‘ I
RTL

( / ) (Design Implementation)

* RTL code
» Line level traceability
« Synthesis info

; }

v

~B  TESTS ASSERTIONS
= § (TestCases/Sequences) (SVA / PSL)

» Signal activity
» Debug traces
« Failure analysis

WAVEFORMS

(Simulation Results)

|

J

COVERAGE

(Code / Functional / Assertion)

e

!

BUG HISTORY

(CRs, Issues, Fixes)

0

« Code coverage
« Functional coverage
» Assertion coverage

» Root cause
* Fix commits
* Regression tests

Connect All Design Artifacts.

Find Answers. Prevent Issues.
Engineering Knowledge That Grows
with Your Organization.

Example: Module Knowledge Graph

(on — - \'n
h  Requirement
Bug | ’ /

REQ-101
Reset issue
5 reg_file Vs
(Module)

Register File with 32 GPRs |
RTL Code

reg_file.sv
Assertions
Waveforms

regfile_sva.sv
regfile_sim.vcd

Specification
sec_regfile_v1.2.pdf

Interface
CPU IF (Custom)

E

</>
Testcases |
regfile_test.sv

JV
|

This logic was added to handle a reset race condition observed

in CR-482. During power-on, the register file could output
undefined values for 1 cycle. The fix (commit a1b2c3) added

an extra reset synchronizer. See waveform and test case links below.

RTL (line 124)

Ask SiliconAl (Natural Language Q&A)

Q. Why was this unusual logic added in reg_file?

6’ CR-482 (bug)

JV1 Waveform

Test case

Benefits

Complete traceability from requirement to coverage
Find design intent, history and context instantly

Understand complex legacy RTL

il

Turn Scattered
Design Data into
Unified Intelligence

Faster debug, better design changes
Preserve institutional knowledge

Reduce engineer ramp-up time

0000000

Enable Al-powered analysis, verification and refactoring




: ; . Analyze. Predict. Prevent. Learn.
Grow with Gyan Al for Smarter RTL. Safer SoCs. Higher Quality Designs. Build Better Silicon with Al

PRAGYAN Al SiliconAl RTL Intelligence € o Codeio Canidbngs
AR

@ RTL Intelligence Score™ RTL Change Risk Prediction Bug Pattern lntellig;nce

Every RTL block gets a comprehensive health score Predict impact before you commit Turn every bug into organizational knowledge

RTL HEALTH SCORE Code Quality T | ‘ ‘ > i .I Bug #1042 Self-Learning Intelligence
| d' (= ]

Functional Risk FIFO overfliow in AXI interface € Every bug s stored and learned
Developer SiliconAl Change Risk

Verification Modifies RTL  Analyzes Diff Impact Graph Prediction @ Find similar patterns automatically
Coverage = . ' " Root Cause € Proactively detect potential issues

taitiaa P — RTL Code Change (Diff) Change Impact Analysis hMe;isc’iEg gbackpressure @ Reduces recurring bugs
7 18
Modules Signa|s

Maintainability _—_——— dma_controtier.v Q Becomes more valuable over time
if (valid && ready) begin Affected

PPA data_reg <= data_in; S \ / Bug Pattern A\ Potential Recurrence Detected

- ] | count <= count + 1; 2 e AXI FIFO Overflow Pattern
Spec Compliance il TSN o controlier a l Bug Pattern #1042 detected

Affected [ PN il ™ i i
Top RTL Blocks by Intelligence Score + if (valid && ready && !stall) begin e ) S | Astertions| A e en
data_reg <= data_in; 1 - J Module Similarity Risk

Rank Module Score Risk Level count <= count + 1; 12 Knowledge Graph

last _addr <= next _addr; Store pattern, context,
2 = 2 Test Cases . i
end Affected fixes mem_ctrl 87% High

cpu_core 88 Low cache_ctrl 81% Medium

uart 85 Low A CHANGE RISK: HIGH Recommended Regression Similar RTL Detected dma_engine 78% Medium

dma_controller 82 Medium Predicted Risks =+ Reset behavior 17 tests Scan entire codebase
® Burst handling +« Address alignment  8directed tests

e Backpressure e« Interface timing * 6 constrained random tests
e 3 protocol tests

RTL Risk Dashboard (SoC View) '[E] SoC RTL Heatmap ' f@ Continuous Learning from Bugs

Which 20 RTL blocks are highest risk across the entire SoC? @ Low Risk Medium Risk @ High Risk @ Critical Risk ' * The system gets smarter over time

axi_slave 92% High
1 axi_interconnect 92 Low

mem_ctrl 79 Medium

AR AAAMAEBEAEAEAAAAAAEAEARD@AR @ == Bug Detection Accuracy == False Positives == Pattern Coverage ¢
More Bugs

100 S 92% | More Knowledge
]\ Higher Accuragy J

Module Intelligence Score Risk Level Key Issues

ddr_ctrl 48 Critical Reset, Timing, Coverage
pci_e 52 Critical Protocol, Interface
dma_controller 58 High Burst, Backpressure
usb_ctrl 60 High CDC, Reset

cache_ctrl 62 High Coherency, Coverage

~3 78%

60 -

40

- 8%
0 = — e = t T ———— r— 1

mem_ctrl 64 High Interface, Verification ‘
Jan Feb Mar Apr May Jun Jul Aug Sep Oct

Udbobogn

|
|
-

axi_interconnect 66 High Ordering, Protocol

cpu_core 68 Medium Coverage, PPA Example: New RTL Check from Learned Pattern -

npu_top 70 Medium Verification, Complexity g Learned Pattern Al Generated Check @ Prevents Future Bugs

AAAFAARAARARARARR

© O NN A WN
HOUWUE

AXI1 FIFO overflow ‘ Detects missing backpressure e lssue detected in
when READY is not

-
o

video_encoder 72 Medium Timing, Maintainability in new RTL automatically new_module.v

5 I 5 6 5 5 5 5 5 5 6 handled correctly (line 142)




From Specification to

Verified Silicon

Smarter RTL. Faster Debug.
Higher Quality. Lower Risk.

SiliconAl RTL INTELLIGENCE

Al-Powered End-to-End RTL Engineering Intelligence Platform
Analyze | Understand Debug | Optimize Verify | Accelerate

SiLicomAl RTL INTELLIGENCE
W B e

Code Analysis

Grow with Gyan

INPUTS

(Multi-Source Engineering Data)

OUTPUTS (Actionable Insights)

RTL Health Score

DEBUG INTELLIGENCE (Risk, Quality, Compliance)

(Find and Fix Issues)

SPEC INTELLIGENCE
(Connect Spec « RTL)

RTL Code
(Verilog / SystemVerilog)

2 3 Top Issues & Recommendations
Log Analysis Spec Analysis o :

Specifications
(PRD, Functional Spec)

Architecture
(Block Diagrams)

Testbenches
(Tests, Sequences)

(Style, Quality, Complexity)

Lint Intelligence
(Issues, Waivers, Best Practices)

FSM Analysis
(State Machine Extraction)

Dependency Al
(Design Hierarchy & Signal Flow)

Interface Intelligence
(AXI, AHB, APB, PCle, Custom)

(Simulation Logs, Errors)
Waveform Al

(Intelligent Waveform Debug)

Failure Analysis
(Test Failures, Assertions)

Root Cause Analysis
(Explain Why & How to Fix)

Debug Al

(Extract Requirements)

RTL — Spec (Reverse Engineering)
(Generate Specification)

Spec « RTL Traceability
(Requirements, Coverage)

Compliance Analysis
(Standards, Protocols, Guidelines)

Legacy RTL Archaeology

Interactive Debug Reports
Generated Specification
Traceability Matrix

Verification Plan

(Interactive Debug Assistant) (Reconstruct Design History)

| ——— L
gf RTL KNOWLEDGE GRAPH

(Central Engineering Intelligence Layer)

Optimization Recommendations

Simulation Logs 3
(Waveforms, Traces)

Change Impact Analysis
Lint Reports

(Static Analysis) Bug Predictions & Prevention

@ Al Chat Assistant
BUSINESS IMPACT

Higher RTL Quality
Faster Debug & Verification

Modules Requirements

Bug Database Signals Test Cases
(CRs, Issues, Fixes) Registers Assertions
FSMs Waveforms
Interfaces

- 2 Fi Al-POWERED QUERY
ug.s fxes ’ “"Why was this logic added?”
Design History

. “What can break if | change this?"
Epoiheer Kriowiedge *Show me all related tests”
Specifications

"Find similar bug patterns™
Dependencies " Explain this waveform"

Documentation Coverage

(Design Docs, Emails)

——

| PREDICTION INTELLIGENCE
lll (Prevent Issues)
Change Risk Prediction
(Pre-commit Analysis)

VERIFICATION INTELLIGENCE
(Ensure Correctness)

OPTIMIZATION INTELLIGENCE

Historical Data (Better PPA & Quality)

Reduced Engineering Effort
(Past Projects)

Coverage Al Lower Design Risk

(Code, Functional, Assertion)

Assertion Al
(SVA Generation & Analysis)

Test Generation
(Directed, Random, Constrained)

Regression Al Equivalence Checking
(Intelligent Test Selection) (Formal / Simulation)

A °
w 5
I_.L., = <3 o

—t S - i

VERIFIED RTL

Higher Quality | Lower Risk | Faster Time-to-Market

Al Refactoring
(Cleaner, Safer RTL)

PPA Analysis
(Area, Power, Performance)

Generate Alternatives
(Multiple Implementations)

Better PPA and Performance

Bug Pattern Intelligence
(Learn from Past Bugs)

Impact Analysis
(Modules, Signals, Tests, Interfaces)

Failure Prediction
(High-risk Areas, Hotspots)

—

Preserve Engineering Knowledge

Faster Engineer Onboarding

00000000

Accelerate Time-to-Silicon

i

Iterative Improvement

Continuous Learning
(Self-Learning System)

(Every Project Makes It Smarter)

&




PCB - Design and Verification



0 o i Key Outputs
Sillicom Al . SYSTEM REQUIREMENTS . e
Reguirement - 4 - - Design Specification
pCB Agent Electrical / Mechanical / - Electrical/ Mechanical Constraints
o T hermal JF Cost /S Compliance x) - Cost & Compliance Requirements
Intelligence = i
) Key Outputs
e e e _ SYSTEM ARCHITECTURE =T S tern Blockk-Disorans
gn. Verification Architecture e o
and Manufacturing TR i Power J Interfaces / Clocks - Interface Definition
s Components / Constraints = Power & Clock Architecture
— - Design Constraints
i ) Key Outpurts
e — R COMPONENT INTELLIGENCE i e st CoA R YT S
i::E Agent - Selection / Al_ternatives /! e~ = Alternatives & Second Source
Datasheet / Lifecycle /y Cost - Datasheet Analysis
= - - Cost /S Availability / Lifecyclie
[ g < Ot Ts
=
_ _F b SCHEMATIC INTELLIGENCE — P .
Schematic = = = = i - Schematic Design
._qi\" Agent T Clircuit Design /S Connectivity ~ e ERC Check
L X = Constraints / Design Rules - Design Rule Compliance
= | o = Reference Circuits
[ T < Ot
_ U311l — NET3 NETLIST INTELLIGENCE .eyNetliZ::‘ts
% :;te':‘stt 3;’;’ d :2:; Connectivity / Pin Mapping / ——— - Connectivity Graph
e ERC / Dependency Graph - Pin Mapping Verification
= = = - ERC Results
S =N N——. = Key Outputs
—— =1 F BOM INTELLIGENCE = TR R RA )
g Agent = gz a === AVL /S Cost / Lifecycle / - Cost /J Availability
L — = = Availability / Substitutes - Alrternatives S Substitutes
I = = Lifecyclie Risk Analvysis
= = | e
v Outputs
Stackup & PCEBE FLOORPLANNING p— - Board Stackup
@ Floorplan Agent Board Stackup / Regions / = Functional Regions
Components / Keep-outs = Component Zoning
— = Reep--ocouts /S Constraints
- ,
=" <= LACEMERN N ~ - ) Key Outputs
Placement Z — = e = _-r. i TELL] ErnN = .. - Optimal Compo_nent Placement
Agent il 2 T hermal /S Critical Nets / = Thermal Analysis
= == Povver / Interface /~ DFMNM - Critical Net Placerment
— - - DFM Compliance
Key Outpusts
S tifesh ROUTING INTELLIGENCE - e
m Agent Signal / Power / Differential Pair / _— e Controlled Impedance
Length / Iimpedance - Differential Pair / Lengthh Matching
I = - Routing Rule Compliance
~> Tr
SI1 INTELLIGENCE Sty g i e . & Pl INTELLIGENCE oy Cagigass
= - Nnalysis Repor & - mnalysis
M S Agent Signal Integrity > Eve Diaararn - Power Integrity > IR Drop 7 Voltage Noise

Crosstalk S Reflection
Jitter /S Eye

Pl Agent PDN /S IR Drop

Decoupling / Resonance

Crosstalk S Reflection
Sianal Cuslity NMetrics

Decoupling Optirmization
Power Integrity Report

~

R Y
Key Outputs
= PCEB VERIFICATION e DRC /J ERC Res=ults
WVerification —_—— == -— - =
Agent ——— DRC /S ERC /S Connectivity / - Constraint Check
= Constraint / Thermal 7/ EnNI - Thermal 7/ EMI Analysis
N > = Design Signmn-off Report
[ MANU AC T NG CH -t 4 3 Key Outputs
B Manufacturing F. =i = - DFMNM J DFEFA /S DFT Results
Agent DFMNM /S DFA S DFT /S Fabrication —— - Manufacturing Files (Gerber, ODB -+ +)
Assembly / Yield Prediction - Assembly Files (Pick & Place)
~— ~ - Yield Prediction Report
==
Outputs
Production - PCB Fabrication
Agent - Component Assembly (PCBA)
= Ouality Control
| wat
POST-BUILD VALIDATION S A . TR -
PSR RERE eons Iinspection / Test / Debug / === 'S i a|y-r SRS
Agent -p = g o unctional Test i
Failure Analysis - Debug & Failure Analysis
e Desiagn Feedback




PRAGYAN Al “H M SILICONAI PCB #

— Grow with Gyan — i Design « Verify « Manufacture

PCB VER

Al-Powered End-to-End PCB Verification Flow

ERC DRC "/ 9\ NETLIST

Electrical Rule Checking Design Rule Checking \ Netlist Verification

A

L +.= & Power pin checks & Clearance Schematic < PCB .
1o, 0~ @& @ Floating pins & Trace width Connectivity check

| ng)o » & Input/Output conflicts & Spacing Missing / extra nets
o D=+ - @ Missing power & Via/ Hole Component mapping
b  { & Wrong voltage & L l i ‘
[ o lT’ g g | ayer ruies Pin mapping

:’ £\ 08 & Unconnected pins & Solder mask Consistency check

CONNECTIVITY GEOMETRY CONSISTENCY

Electrical Connectivity Physical Geometry Design Consistency




Constraints

(3 Electrical constraints

%3 Physical constraints

@ High-speed constraints

& Manufacturing constraints
& Layer & stackup constraints

Si / Pl Analysis

009+

Impedance matching
Crosstalk analysis
Reflection and loss
Power integrity (IR drop)
Noise and resonance

Thermal Analysis

20000

Power dissipation
Temperature distribution
Hotspot detection

Thermal vias and copper area
Airflow and cooling

EMI/JEMC Analysis

{

Noise sources

Coupling paths

Radiated and conducted EMI
Return path analysis
Shielding and filtering

2 9@@00§
g
>
-
3
]

®OOPE

Manufacturing rules
Fabrication capability
Assembly feasibility
Component placement
Panelization and yield

FT Analysis

Test point coverage
Boundary scan
JTAG/ICT support
Access and probing
Testability score

000806¢

< R
CONSTRAINT CHECK

Design Constraints Verification

-

Si1 /7 Pl CHECK

Signal & Power Integrity Verification

+

THERMAL CHECK
Thermal Analysis and Hotspot Detection

v

EMI/JEMC
EMI/EMC Analysis and Compliance

v

DFM/DFA
Design for Manufacturing / Assembly

-

Design for Testability

D

&

00000 00000 00000 00000 00000 00

Al Analysis

Constraint coverage

Violations analysis
Optimization suggestions

Al Analysis

SI/PI risk detection
What-if analysis
Design improvement
Recommended fixes

Al Analysis

Thermal risk detection
Hotspot analysis
Component spacing
Cooling recommendations

Al Analysis

EMI risk analysis

Compliance check (CISPR, FCC, CE)
Mitigation recommendations
Filter and shielding suggestions

Al Analysis

Manufacturing issues detection
Assembly optimization

Cost reduction suggestions
Design for high yield

Al Analysis

Test coverage analysis
Missing test points
Recommended DFT features
Manufacturing test readiness
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Input Documents & Requirements

o

4
L
&
L
=
e =

RAGYAN Al

Grow with Gyan —

Requirements Intelligence
PCB Requirement Agent

g
Bl
Understand the product and system requirements
before schematic design.

<°“ Al Analysis

Voltage / current requirements
Interfaces (USB, PCle, Ethernet...)
Clock requirements

Memory requirements
Processor / MCU / FPGA needs
Environmental requirements
Temperature range

Board dimensions

Layer constraints

Cost constraints
Manufacturing constraints

o2

System Specification
Product Requirements
Electrical Requirements
Mechanical Requirements
Thermal Requirements
Cost Targets

Safety Requirements

Regulatory Requirements

Interface Requirements

System Architecture
Architecture Agent

Convert requirements to hardware architecture and identify
subsystems, interfaces and key design elements.

input: Requirements & Constraints

Aa R
N

@ @ 111 =

PCB Design Functional Performance Cost &

Requirements Targets

Compliance

Specification

A 4
(@ Al Analysis & Architecture Generation

Functional decomposition

Identify subsystems

Determine required components
Define interfaces and protocols
Power domain planning

Clock domain planning

Identify high-speed and critical nets
Thermal hotspot analysis

CPU/SoC

PCB Design Intelligence

Al-Powered Requirements, Architecture and Component Selection

Intelligence O

Improve Right
Reliability Components

Component Intelligence
Component Agent

Select the right components using Al analysis of datasheets,
electrical compatibility, cost, availability and lifecycle.

Al Component Analysis

Search candidate components
Analyze datasheets (latest revisions)
Evaluate electrical specifications
Check package and pinout

Verify operating voltage/current
Check temperature range

Evaluate availability and lead time
Compare cost and manufacturers
Check lifecycle (active / NRND / EOL)
Find second-source alternatives

Input: Component Requirements
Required Functions

Electrical Specifications
Interface Requirements

E

Performance Targets

Package Constraints

BQr>&

Cost Targets

rr

11
'

\I‘. N

Lifecycle / Availability

Component Selection Flow

; 2 Candidate Datasheet Electrical
d Manufacturing Constraints — | Design constraints and trade—cis {j Components ~ > Analysis - _"V\" Compatibility
l' ! i 1 | Output: Hardware Architecture
; - : — Package Availability Lifecycle Recommended
Output — Design Constraints * = [ DDR ] - Compatibility » -E & Cost > ® Analysis > 0 Component
, ) PCle ]ﬁ Memory: ,-.[ SPI |
{2} Electrical Constraints <
Voltage, Current, Power, Interfaces PCB Design Specification | USB CPU / SoC 12C Component Substitution Outputs
: : MCU / FPGA ’ —
ﬁ Mechanical Constraints e System Requirements Summary Ethernet / GPIO l ﬁ Selected IC ém Repommepded Components
o e . » e Interface List - P We'em 1 ® Obs?blete. ~» Alternative Components
s ermal Constraints S e Power / Clock / Memory - Sl Al iv nen (Second saurce)
Temperature range, Heat dissipation temnative Components
P ge, P Requirements Archi o + E;j Detailed Datasheet Summary
e Mechanical Specification chitecture Outputs & Pin Compatibility _ =
Manufacturing Constraints ¥ Jv- Electrical Compatibility Report
Layer count, Technology, DFM rules ¢ Thermal- Frgets ;E—e, ﬁ 4P A\ AN Electrical Compatibility
' ” e CostTagets System Block Subsystem Interface Power & Clock + < o Finoutand Faciege Infarmation
i Constmikits ® Regulatory Compliance Diagram Definition Definition Architecture <[> Firmware Compatibility .=  Cost and Availability Analysis
Compliance Constrain e Manufacturing Guidelines - . : Br— + e Cifecca Risk Al
Safety, Regulatory, EMI/JEMC — 5 8 = o - e y y
S . - —_ ecommen ement
Component High-Speed / Thermal Design % - BOM Suggestions
L Requirements Critical Nets Hotspots Constraints | 4
E‘ Requirements p Architecture -> . Component Schematic -> Netlist e PCB Layout -> Verification e Manufacturing e Post-Build
—, Intelligence Intelligence Intelligence Intelligence Intelligence Intelligence Intelligence Intelligence Validation




, 3 Build Reliable
801 Hardware

PRAGYAN Al PCB Design Intelligence ooy

Faster
Grow with Gyan Al-Powered Schematic, Netlist and PCB Consistency

Catch Ensure
Errors Early | <==2= Consistency

> o o o
Schematic Intelligence C) Sehematie Netlist Intelligence
Al-assists in schematic creation and analysis T+ Agent Al-powered connectivity, verification and consistency
| 1 r 2 > 3 > 4 Schematic b Netlist . Connectivity Graph
1171 Architecture Components Connectivity Schematic (Design Intent) (Connectivity) (Component — Pin — Net)
Al-Assisted Schematic Creation Example: CPU + DDR + Power Schematic (Generated with Al Assistance) From Schematic to Netlist Connectivity Graph
: " e o (Component — Pin — Net)
Use architecture and . e | ; 2 o Generated Netlist (Example) :
component selection | DC-DC |— |5, DDR Memory s Pin 1
O e - = | M358 Amplifier . vec |
i ’ 5 : L _ U1 Net L Pin 2
ﬁ Au}:oma:!cat::y c':eate , A G . = DQ[15:0) - il LM3S8 Ul LM358 VCC VIN VOUT GND vee \ VIN
Ve XTAL T & | VIN { " ° Extraction
-v_- Suggest reference circuits I QIE] | DOR Ck 1o : > % R2. Neel GND 10k - -/ Pin3
— = =) vouT
PCle CPU / SoC CTRL O R2 l 1 Cl VCC GND 1@enF
a Apply design rules and Reset Circuit s . J 10k T 100nF .END ) \ S
best practices ,x, 1 Reser J - ch __|‘ (" Decoupling & Power - = \ »vou1"/ 23 ; GND
& Generate complete schematic " Interface Circuits -5 il :g‘;., I . .
UsB o GND R vl e b Al Netlist Analysis Example: Netlist Issues & Al Analysis
7 terative refinement with —>:_FXde , 10pF  100nF 100nF 100nF 100nF S Issue Location Al Analysis Al Suggestion
. ————> Ethemet —— = = = = A\ Missing nets :
| W g engineer feedback 3 SPI/12C : ~ P Unconnected U3.5 NC pin should be Connect to GND
L—— GPIO v -~ / &3 Unexpected nets A ' connected to GND
J Pin or configured (or per datasheet)
y Incorrect pin mapping Sy o ; U
" 2 = " n issing o decoupling cap nF + 1y
Al Schematic Analysis & Verification A A oot U1 (VDD) e e
Missing connections Example: DDR Interface Analysis ~O Open circuits oy . VCC shorted to GND Check schematic
A“ Incorrect connections & Power (VDD, VDDQ, VPP) 3 o & short Circuit Net: VCC in netlist connection
e ( I T & Ground (muiltiple GND pins) y- . Power conniectivity probios ., Differential : Length sclsmatch Match lengths
’g Floatlng plns A[150] = —— DDQ g Address hr](es ([A[1 5:)())]) é Ground Connect|v‘ty prob‘ems “¥"  Pair Mismatch USB_DP/USB_DN > 100 m“S within 5 mils
& Power pins Data lines (DQ[15:0 : - : ;
/ DQ[15:0] & DDR VREF . R : T R Net Naming Different naming Use consistent
‘WA Pull-up / Pull-down requirements JOKE b Memory & Differential clocks (CK/CK#) -l"‘ Difterential-pasmismatches Q Inconsistency 12C.SDAVSSDA i schematic and PCB net names
: : Termination resistors (ODT) Net naming inconsistencies
<4}  Decoupling capacitors o :-IT_- :_[—. =4 g Becounling capacitors 0 e ' : & Power DDR VREF VREF{ not connected Connect to VREF
inati i = L - h ti PCB mi h / Connectivi - to reference source
AN ;?;:2232?1“;?5'?:?8 -4 2 l: @ Reference voltage (VREF) =7 Schematic «» PCB mismatc ty generator
- i iIrcu Required topology (length match) = = =
O  Clockecircuits © Schematic « Netlist «» PCB Consistency Outputs
j ) Al Recommendations Verified Netlist
Bk Resetcicults : ; Schematic Netlist PCE Layout Conrlwectivit Graph
. . o Issues Found x Al Suggestlon ° Auto»le/APP'Y (Design Intent) (Connectivity) (PhySiC8| Design) BinMa iny <A
& Interface circuits & Decoupling capacitor missing @ Add 100nF + 1yF decoupling  (2) Components automatically added : Pr « N : - = 3 NetC PP tg P Rasion
on VDDQ €) Connect to reset circuit with RC ) Update schematic 2 gf : I % Onsf's kol
Desi : ® Unconnected RESET pin , | P 2 Schematic < PCB Match Report
esign rule compliance , : © Add4.7kQpull-upresistors @) Verify design rules = :
O Pull-up resistor required on 12C i e L = Issues & Recommendations
B Dl e, | D Mgt witin Sl - (@) e sndlyae | Updated Schematic / Netlist
0 Unused GPIO pins floating O Tieunused GPIO to GND or VCC 0 Generate upcated schematic o Component Consistency ° Pin Mapping 0 Net Name Consistency 0 Connectivity Match Design Rule Check Report



PRAGYAN Al

— Grow with Gyan —

BOM

Component List
(Extract from Schematic)

Schematic
Circuit Design
with Components

- P -

— 5]

BOM Intelligence Agent

BOM Intelligence

&> Reduce Ensure Mitigate Right
) i ) | ] ) == Cost Availability Obsolescence Altematives
Al-Powered Bill of Materials Analysis, Optimization and Alternatives
Al Analysis Optimized BOM

Cost Effective
Reliable & Available Design

Evaluate, Compare
and Recommend

— (@) — [

BOM Analysis Parameters BOM Dashboard (Example)

Alanalyzes each.component for dochnicam o Technical Analysis = Commercial Analysis ﬂ' > Lifecycle Analysis Component Status
commercial and lifecycle parameters. N
& Manufacturer & Unit Cost ACTIVE @ Active 85
o Extract BOM from Schematic & MPN (Manufacturer Part Number) & MOQ (Minimum Order Quantity) Recommended for new designs NRND 12
(automatic parsing) @ Package (SMD / Through-hole) & Lead Time + 120 ® eoL 8
. . PPRTT Components
@ Electrical Rating (Voltage / Current) @ Availability (Stock) NRND
Evaluate component specifications i : i @ Obsolete 5
Q P P & Tolerance € Supplier Information 3t recommende: FDeW desions ®
z 2 - Not Recommended 10
= o e . Temperature Range & Multiple Supplier Comparison
==  Check availability and suppliers © F ; 4 : v e p. : EOL
Ne— & Power Rating &€ Price Breaks (Volume Pricing) End of life
. Speed / Frequenc Total Cost Analysis Cost Analysis
? Compare cost and alternatives © P freg _y, i © Y . - ¥ y
@ Pinout & Compatibility | OBSiOLETE @ Total Cost ' Potential Savings
®_» Analyze lifecycle and obsolescence 2 Sl ke == 12,450 ¥ 3,850 (31%)
Y- Recommend best alternatives BOM Analysis Example
[ . og. - oa®
» with compatibility score # Component Value / Part Manufacturer Package Voltage / Current Unit Cost (®) Availability Lifecycle Al Recommendation
o ) . 1 ul- MCU STM32F407VGT6 STMicroelectronics LQFP-100 3.3V 650 =~ In Stock & Active & Keep
ll' Optimize BOM for cost, availability 2  U2-DDR3 MT41K256M16HA-125  Micron FBGA-96 1.5V 320 @ Limited (4 weeks) & NRND & Alternative Available
and I’ellablllty 3 U3 - LDO TPS7A4700RGWR Ti VQFN-20 3.3V/1A 120 & In Stock & Active & Keep
4 U4 - Ethernet LANS8720A Microchip QFN-24 3.3V 180 & Limited & EOL € Replace Recommended
5 C1 - Capacitor 10uF 25V Murata 0603 25V 25 & In Stock & Active & Keep
6 R1 - Resistor 10kQ2 1% Yageo 0603 01w 0.3 & In Stock & Active & Keep
Component Alternative Selection Flow Alternative Components for EOL/NRND Part '
Example: Ethernet PHY (Original: LAN8720A - Microchip)
Original Q Find > Compatibillity e Cost & o 2§ Scores Option Manufacturer  Part Number Package Unit Cost (€) Availability ~ SomPatibility  geays
Component Alternatives ~ 1 Analysis - Availability Ill Recommend X , ; s
Original @ Microchip LAN8720A QFN-24 180 Limited 100% EOL
owes R R
| A2 @ Realtek RTL8207F QFN-24 120 In Stock 90% Good
Optimized BOM P Alternative Lifecycle Risk 'E Supplier /l Cost Savings
(Cost & Availability) €= Components Report e Comparison ol Report Alt 3 @ Microchip LAN8742A QFN-24 150 In Stock 92% Good



i

Manufacturing P Rellabie
st Ready al

PRAGYAN Al PCB Design Intelligence

— Grow with Gyan — Optimized Stackup and Intelligent Floorplanning

‘ PCB Stackup Intelligence @ Stackup ,Q i PCB Floorplanning Intelligence é) Floorplan

v Al-optimized stackup for performance, manufacturability and cost ‘o’ Agent Al-driven component placement, region planning and thermal optimization ‘°‘ Agent

Board - Layer s Dielectric @ Copper Impedance PCB Functional a Region a— - ’- Optimized
. s > 4uv~ . > = P -
Requirements - v Count e E Selection - Thickness " Requirements Requirements - Blocks - Planning - ~— CAGMNER: | 9 v Floorplan
Input: Board Requirements @ Al Analysis & Optimization a Al Considerations Input: PCB & System Requirements é} Al Analysis & Optimization Optimized Layout Benefits
i i : i : : . h high- h
? :i’;g:w—sgggd nggzré?;:es o Analyze signal, power and ground requirements & Signal layers {5} Component list (CPU, memory, I/0, etc.) e Identify functional regions €& Shorter hig slpeedn‘ paths
e, ; : net... . .
5 Recommend optimal layer count € Power layers @3 Board dimensions and shape e Optimal component placement & Better thermal performance
? impedance requirements e Select dielectric materials (FR4, low-loss, etc.) € Ground planes B . Coonediciiocations e Connector placement and orientation @ Reduced EMI/ crosstalk
(Single-ended / Differential) e Determine copper thickness @ Controlled impedance . _ . e Thermal-aware placement & mproved power integrity
4 signal and power integrity targets  *  Calculate controlled impedance (single-ended / differential) € Differential pairs - Hhepeed KuEttaces e High-speed path planning @ Optimal connector placement
. Optimize power/ground planes P li i - iqital i i
S=  Layer count constraints M") i ::M 3 plk @ High-speed interfaces 4F  Power delivery requirements e Power path planning & Analog / digital isolation
— _ TEien = cro§§ta EMI K £, Thermal constraints e Analog / digital separation & Manufacturing-friendly design
= Board thickness / form factor e Check manufacturability Q / crossta EMI it 2 | ; Easi bl d
. ‘ e @ Thesmal performance Siackhanical donaksiits B -sensitive region planning @ Easier assembly and test
@e Thermal requirements o Brovidamiition: siackiin f ' By EMI/EMC _ : e Keep-out and mechanical constraints & Cost effective placement
- e Manufacturing capabilit requirements . —— ;
a Manufacturing capability options with PPA analysis Q gcap y A | ' e |terative optimization with trade-offs
(fabrication rules) & Cost optimization Q Manufacturing constraints
g Cost targets Keep-out zones
Optimized Stackup Example (8-Layer) Al Floorplanmng Example Functional Regions
) 85 ' ' ‘ : e USSR s | @ Connectors @ Power
Layer Type Material / Dielectric Thic)kn&cs Description » USB, Ethernet, HDMI, etc. « DC-DC, LDO, PMIC
L1 - Top (Signal)— (wm = Edge clearance « Close to load
12 - GND L1 Signal Low-loss FR4 35 High-speed signals » Mechanical constraints « Short, wide power paths
L3 = Sional —— L2 Ground FR4 70 Continuous GND plane » @ High-Speed @ Analog
L3 Signal Low-loss FR4 35 High-speed / sensitive — B oommasnos ey W » PCle, USB, Ethernet * Sensors, ADC/DAC
L4 - Power (VCC) - A - . 2 - « Length matching » Isolated from digital
LS - Signal L4 Power FR4 70 VCC plane - r.| , « Avoid stubs and crosstalk « Clean ground region
C . .
LS Signal Low-loss FR4 35 General signals @ cCPU/SoC @ RF
L6 - GND Plane — @ ~ : l ogp g | « Central placement « Antenna, RF IC
L7 - Signal - = _ L6 Ground FR4 70 Continuous GND plane a) l € _ D) « Short memory and p o KR -OA 2000
L8 - Bottom (Signal) & L7 Signal Low-loss FR4 35 Differential pairs B B CAPESI S | St - € L0ne power paths » Isclation and shielding
L8 Signal FR4 35 General signals ‘ o “E @ Memory | Ry
, K RF : R i, = * DOR. LPDOR « Heat sink, thermal vias
Impedance Calculation & Validation Stackup Options Comparison ; '|__ (Antenna, RF IC) = S » Minimize trace length « Airflow consideration
Option 1 Option 2 Option 3 T ' & = o) Sl 10N « Hotspot analysis
. . - Pa t on '
Differential Pair deunanad (6-Layer) (8-Layer) (10-Layer)
Board Thickness 1.0 mm 1.2mm 1.6 mm Floorplanning Optimization Metrics
Maternial FR4 Low-loss FR4 Low-loss FR4
| Impedance Control Yes Yes Yes : Thermal J\M Signal Integrity ; Power Integrity @ EMI/EMC o Manufacturability ? Cost Optimization
g CR— High-speed Support PCle Gen3 PCle Gen4 PCle Gen5 Analysis
Target: 50Q Target 100Q Cost Low Medium High Hotspot reduction feh;;n;;s psatt;i OPUmtzaelgspowef Noise isolation Assembly friendly Optimal placement
Calculated: 49.8Q @ Calculated: 99.6Q @ Manufacturability Easy Standard Advanced P

nRequrements »amnecm».cmm»nscmm »Bueunst »nsom »m»nnoorpaan -baPlaoement-meouﬁng D
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1 YAN Al

PCB Design Intelligence

Al-Powered Placement and Routing Optimization

Placement Intelligence

Al-optimized component placement for performance, thermal and manufacturability ‘°|

Constraints
. @ {Electrical / Mechanical)

Al Placement Optimization Flow

Components
From BOM / Netlist

\ 4

Constraints
Electrical / Mechanical /
Keep-out / Rules

\ 4

Thermal Analysis
identify hotspots

+

Signal Integrity
Critical nets proximity

+

Power Integrity
Power delivery and decoupling

&

Mechanical
Board shape / Connectors

+

Optimal Placement
Al-optimized component layout

>

'N\' Signal Integrity >

Anatysus Analysis

¢'

Al Optimized Placement (Example)

ST RS
4w t,

Connectors e
(USB / Ethernet / }

: 1 RF Section

el
v
@
o

Al Placement Checks

0000000000

Ll

Critical component proximity
Decoupling placement

Thermal distribution

Connector accessibility
High-speed path length

Clock proximity

Power delivery

EMI (noise-sensitive components)
Manufacturing accessibility
Design rule compliance

Power Integrity

Analysis

Ml
M

LR

Cd

Power Density

o

Placement
Agent

»

Optimal

Placement

¥

Better
Performance

a» Lower

- Cost

Routing Intelligence

Al-powered intelligent routing for signal, power and high-speed interfaces

Netlist
(Connectivity)

Constraints
(Design Rules)

B > 4

Al Routing Strategy

Critical Nets
(High-Speed / Power)

>

M- = P
High-Speed DDR PCle USB
(PCie, SATA, Ethemet) (Memory Interfaces) (High-Speed) (Differential Pair)
e Controlled impedance e Length matching e Differential pairs e 900 differential pair
e Differential pairrouting e Matched differentialpairss e Impedance control e Length matching
e Length matching e Controlled impedance e Length matching e Minimize stubs
e Minimize vias e Minimize skew e Crosstalk reduction e EMI-aware routing

’ Power

(Low Resistance) Clock

(Low Skew / Low Noise)

Short and direct paths

Low skew routing

Shielding / ground reference
Minimize crosstalk

Wide traces / planes
Low inductance
Multiple vias

IR drop optimization

Al Intelligent Routing (Example)

= leferentlal Pairs __ -] ,
(PCle / USB) : NN
: ; ) NN

‘!l"!lllllll"l!'l'l"l“
FLTEBTITTATDITOR Y B S

- —

Contmlled Impedance |-
(SOQ / 900) '

<

.
-..-‘. E

A

General Signals

Optimal trace width
Trace spacing

Return path continuity
Layer selection

ength Matched) |

High-Speed Routing
(Layer Transition)

4 DDR Routing |,
(L

Faster
Time to Market

Routing Strategy >
(Al Optimized)

Reliable
Designs

Routing
Agent

@

Interactive /
" Automated Routing

Al Routing Flow

>

00000003000

© 00 0 060

Netlist
From schematic

4

Constraints
Design rules / Impedance /
Clearance / Length

¥
Critical Nets
High-speed / DDR / PCle /
USB / Power / Clock

r

Routing Strategy

Al optimized routing pian
¥

Interactive / Automated
Routing
Al-assisted real-time routing

+
Verification
DRC, SI/P1, Length match

I Routing Anélysis

Trace width and spacing

Via count and transitions

Length matching (DDR/PCle/USB)
Differential pair matching
Impedance control

Crosstalk analysis

Return path and ground reference
Via optimization

DRC compliance

SI/PI verification

=

Architecture
Intelligence

Requirements
Intelligence

* o

Component 1.+ Schematic
intelligence I Intelligence

B

Netlist
Intelligence

4

ag
oo

Stackup
Intelligence

Floorplan

> Intelligence

Placement
Intelligence

O

»(g

Routing
Iintelligence




PCB Design Intelligence

Signal Integrity, Power Integrity and Thermal Analysis

PRAGYAN Al

— Grow with Gyan —

Signal Integrity Intelligence é) s Power Integrity Intelligence

.

Ensure reliable high-speed signal transmission Agent Stable and clean power delivery for reliable operation
girsp g (B> > 4 x il =B
| E High-Speed > @ Transmission- > @ 2:0" sstaecmlk" > . Eye Diagram > a S| Report Power « PDN v‘v Decoupling == IRDrop Resonance
Nets Line Analysis Sose Analysis i Architecture ¥ A\ Design 32 Strategy » a5 Voltage Noise @ Analysis
High-Speed Interfaces T e & 57 Power Architecture
=] PCle <§* \Voitage Rails (VDD, VDDQ, VPP)
@3 DDR Current Requirement
\!’ USB a Power Domains
o= SATA &g, Decoupling Strategy
=3 Ethernet Plane Design (Power/GND)
& HODMI / DisplayPort €D viaStrategy
141 wmipl &4 VRM/PMIC Integration
SerDes

£l 6

Faster
Time to Market

Higher

Better
4 Reliability

Performance

3 Lower
v Cost

Thermal Intelligence , Thermal
Identify hotspots and ensure thermal reliability ‘°| Agent

s Power ey Heat i3 Thermal . 2 &
S04 Dissipation v '9~ Sources T &34 Model T alla Dnstributwn »
Fhermal Inputs 3D Thermal Simulation (Example)
Component Power (TDP) Temperature (°C)
Ambient Temperature
Airflow Conditions

Board Enclosure
Material Properties

Heat Sink / Thermal Vias
_{ Connector

Component Placement 52°C

SHEDDleR

. Thermal Constraints
Custom High-Speed IR Drop Analysus PDN Impedance
Volitage (V) - =~ Target —— Actual
Signal Integrity Analysis (Examples) L S N 10
a
Impedance Profile Eye Diagram (PCle) S-Parameters (Insertion/Return Loss) 1.05 § 0.1
120 c =] 3
g B o 1.00 g S5 Component Temperature Thermal Analysis Checks
% go BTN TN 1 E
S 3 -20 @ ICtemperature estimation
& - = —— Target 100 & -30 - e 0.001
S 9 . 3 insertion Loss (521) 01 1 10 100 1000 & Thermal hotspots
o Actual Eye Height: 320 mV = _40 Return Loss (S11) 0.90
: Fréquency (MEHz) @ Thermal vias and copper area
0 25 50 75 100 52’8 w'{‘;h 28 ps 0 5 10 15 20 Ppe
Distance (mm) tter: 12 ps Frequency (GHz) Power Integrity Checks @ Heat sink effectiveness
Crosstalk Analysis Time Domain Response Signal Integrity Issues Detected _ & Power plane design @ Airflow analysis
——= |deal &\ Reflections (impedance mismatch) ] ?,“gf -,C ngﬁ-;“" & Current density 0 Component spacing
1.2 — Actudl &\ Crosstalk (near-end / far-end) i & \Voltage fjrop (IR df op) : _

% e Ve Overshoot A Overshoot / Undershaot (] “'. 4 :‘FI)UG"CV g g:c:z:::g?g;ig?;cir selection € Thermal coupling between components

g s Ringing & Ringing e & Board-level temperature distribution

s o & Insertion loss (high-frequency) & Hoagh 1fxrquuem:y € PDN impedance and resonance ;

- & Renmsioss (hoar metchifg) (0.1-1pF) @ Ground retum path @ Thermal risk assessment
Without Shieldi With Shield; T - 2 3 = &\ Timing problems (skew, jitter) & Power d'§tr'bm‘°“
ielding i ielding Tirme (né) & Eve closure (margin reduction) € Thermal impact on power
Signal Integrity Power Integrity :  Thermal Management Reduced Re-spins Optimized Performance Manufacturing Ready

=

%) Design Benefits

Reliable high-speed performance Stable and clean power delivery Lower temperature and higher reliabifity Identify issues early

mld Better SI, Pl and thermal margins DFM and reliable design




PRAGYAN Al PCB Verification Intelligence T —

Reliable
— Grow with Gyan — Al-Powered ERC and DRC with Root Cause Analysis and Intelligent Fixes Sl e A e

Designs

ERC Intelligence j DRC Intelligence 3

Al-powered Electrical Rule Checking with Intelligent Explanations | Al-powered Design Rule Checking with Root Cause Analysis and Intelligent Fixes 40‘ Agent
& Power Pin E‘ Connectivity + Voltage & Level ‘4\: Input/Output &‘ Unconnected £2= Component &) ] AlRootCause “I" * x—x o —> o = g Q Manufactuning ‘_ﬂ Al Root
Checks Checks » (Checks Rules Pins =+ Compatibility & Fix Clearance Trace Width Via Rules Hole Size Spacing Edge to Copper Layer Rules Solder Mask Rules Cause & Fix
ERC Rule Checks Schematic Example ERC Results PCB Layout Example DRC Results
Power Pin (VCC/GND) 3.3V 1.8V : - P e Errors Wamings @ Info
o Errors 3 Trace Spacing Violation , P — 6 o
- | U1 ‘ | 0.08 mm (Min 0.15 mm) Y 8 12 S
o Floating Pin o OO il &L ' | - Via to Pad Clearance
- — Warnings 5 TSN ®) y 0.10 mm (Min 0.25 mm DRC Rule Checks
< Output & Output - = —q AVDD DVDD S o v N © : \ ( )
= - RN & i o o +«» Clearance (Net to Net)
S8 st Fna T ) €Q VREF . SCLK |~ 0 Info - . ; N\ —, | €)X n ¥ s Trace Width
= ” AD 2 : .\\ A e & . g X Z
s Floatlﬂg ﬁc AINO MISO 2 ) N ® Via Size / Drill Hole
{+? Missing Power ' - ' © Annular Ring
— AIN1 MOSI ——} T
- To MCU - i
® Wrong Voltage i : . = {»% Spacing (Pad to Pad, Via to Via)
—4 GND CSFr y .
i : Trace Width Too Narrow § VECQEGIarace
{+} Unconnected Pin = = = 0.08 mm (Min 0.10 mm) == Layer Violations
: . . Solder Mask
:t-: Bus Width Mismatch o= S A «d _
(@D> Al Explanation (Example) 3 Silkscreen
x Pull-up / Pull-down . - - st Manufacturing Constraints (DFM)
- gl Datasheet Reference 2 s
ERROR: Pin 23 (VREF) is unconnected. = (@) Al Explanation (Example)
Reference Pin (VREF) Q, Al Analysis Typecal Application Circutt e
Pin 23 is the reference-voitage input (VREF) for the ADC. é m ERROR: Trace spacing violation (0.08 mm, required = 0.15 mm).
! , Reset / Clock Rules The datasheet (Rev. E, Section 7.3) recommends a local VREF —II_“"- = -
100 nF decoupling capacitor and connection to a stable 100cF —ﬁ o 1 Q Al Root Cause Analysis ’ Recommended Fixes
a C t C tb' reference voitage (eg 25\/) o Thesg UN-O traces (ODRHDQ(BJ and DDR_DQ[&]) are too close. o Increase Spacing to = 0135 mm.
Dmponent LompEtiniity The current design leaves the pin floating, which can cause VREF must be connected to a stable * Spacing is 0.08 mm, while the board rule requires 0.15 mm. © Reroute using interactive router (Al-assisted).
inaccurate ADC readings, higher noise and unstable ;ﬁfgﬁ;ﬁi&’i’;ﬁ)ﬁi;‘;’:? 2 loce-100-nE - I::::gfg%l’f;::ged by manual routing in a congested area © Move one trace to adjacent layer with ground reference.
operation. . — Datasheet Rev. E. Section 7.3 ! Tr;ese = high-speerg.DDR signals, so inadequate spacing © Use differential pair spacing rulgs if .applicable.
£ Recommended Fix i eretl Sraia bl © Re-run DRC to ensure no new violations.
e Connect Pin 23 to VREF (e.g., 2.5V reference source). Fixed Design (Al Suggestion) Before vs After (Al Suggestion)
e Add a 100 nF decoupling capacitor close to the pin. 2.5V (VREF) : e Impact Analysis

e Use short trace with ground reference. Before (Violation)

AVOD WU

e Verify reference voltage accuracy and noise. | il e Increased crosstalk and signal integrity issues
VREF e Potential DDR read/write errors : 0.0B mm
4% Impact if Not Fixed 1000F = _J aino e Timing margin reduction \x_+ §
* Unstable ADC operation l —4 AINY e May fail at higher data rates - P——
e Incorrect measurements 4 N

e Increased noise and possible system failure

a 1 Al Verification @ Q : Al Analysis m : \ o : 0 . %
Al Flow RUNERC/DRC =» Detect Violations = " Boot.Calise +Explanation = Impact Analysis =p Recommended Fixes = Apply Fixes =p Re-Verify = Final Report
Key Benefits Actionable Insights m Faster Debug v Better Design Quality s Reduced SI/PI Issues «-] Manufacturing Ready & Lower Cost /~"7  Reliable Products

Not just errors, but explanations Al root cause analysis Fewer iterations =~~= Early detection = DFM-aware checks e Avoid respins | Higher first-pass success
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&) EMI/EMC Intelligence . EMI/EMC

Al-powered EMI/EMC analysis, noise prediction and mitigation  ¢@EJ)) Agent

pcB = 4\ EMiAnalysis = ((e)) NoiseSources = R Coupling Paths = @ Mitigation

EMI/EMC Analysis Inputs Al Analysis and Insights Noise Sources
PCB Layout (Gerber/ODB++) € Identify high-speed clocks and critical nets High-Speed Clocks  Switching Regulators
>  Stackup & Layer Information & Analyze switching regulators and harmonics ..
=== & Detect return path discontinuities K
€3 Component Models € Calculate loop areas and radiation risk — A,
fo3  High-Speed Interfaces € Find ground and power plane issues : o .
Q. Power Architecture € Analyze coupling paths (conducted & radiated) Differsntiel Pairs (:ompon-Mode Nonss\:
. . o -
ﬁ Clock & Switching Signals & |dentify con.1mo_n mode r.wmse sources 1; A
‘ € Evaluate shielding effectiveness =
J% Grounding & Return Paths & Recommend filtering and mitigation -~
<| Enclosure / Shielding & Check compliance with EMI/EMC standards ® ¢
& Compliance Standards

(CISPR, FCC, CE)
EMI/EMC Analysis Example

High

Switching Regulator
High EMI Hotspot
= Connector
Radiated Emission

PCB Design to Manufacturing Intelligence
EMI/EMC Analysis and Manufacturing Verification

Manufacturing Intelligence

Faster
Time to Market

Manufacturing

Al-powered manufacturing verification and release package validation ‘o. Agent

»%»%-.?»

Gerber

Verified PCB (o ooie o ODB++ Drill Files Pick & Place BOM
Manufacturing Inputs Al Verification Checks
chematic ematic « consistency
Sch ( Sch i PCB I
PCB Layout & PCB « Gerber consistency
. & Netlist and component verification
&= GerberFiles € BOM completeness and correctness
S5 ODB++ Files @ Pick & Place accuracy
? Drill Files (NC Drill) g Assembly drawing verification
: ) Drill file validation
{ RICkR FIace FRes @ Layer stack and Gerber integrity
[£) BOM (Bill of Materials) & Panelization and breakaway
Assembly Drawings €@ Solder mask and silkscreen checks
> @ DFM (Design for Manufacturing) checks
ol & Component availability and alternates
¢ Design Rules / Constraints € Manufacturing capability validation
@ Manufacturer Capabilities € Final release package verification

(DFM Rules)
Release Package Verification Flow

Schematic Lo

= Gerber e

.cc_z PCB e

£y «» B -

EBOM Lad

el

Manufacturing

: © JENNNIN

Assembly Files

Manufacturing Output

Verified Gerber Files

Validated ODB++ Files

Checked Drill Files

Verified Pick & Place Files
Complete and Correct BOM
Assembly Drawings

DFM Report

Manufacturing Readiness Report
Component Availability Report
Release Package (ZIP)

0000000000

Manufacturing Benefits

D& Fewer Manufacturing
Errors

(%) Lower NRE Cost
O,

"#3 Faster Time to Production
Co Higher First-Pass Yield

{ Pick & Place

Frequency Spectrum (Before vs After Mitigation) . Ref Part Number Qty Ref X(mm) Y{(mm) Rot
o e
e — Bef Mitigati —— g™ x Ui STM32 1 () 12.245 8.210 0
. §_ 80 = A":;m;:::n tol—r— _L_E':Es*- R1 10k02 4 R1 2510 12450 S0
Long Returmn Path S 60 ‘_ﬁ——l—!—u“":] C1 100nF = Cl  1B760 6320 0
High Loop Area kS o n use-Cc 1 J1 32500 20.100 180
, (Trace/Connector) 'é “ A
2 20 DFM Analysis Example
o ! '
10 30 ’ 100 - ?oo 1000 Solder Mask Clearance Check Silkscreen Overlap Check Drill/Annular Ring Check Component Spacing Check
A requency (MHz
age - . 22248 1131t
EMI/EMC Mitigation Recommendations = C 1 O 1 - S = : =
B (o ow = = =
E} Optimize Reduce “ Add Filtering I Use Differential 6 Improve Shielding Optimize Stackup @ Check Regulatory = |[EEEFPEReS A . - S = e s -
Retum Paths *=jf= Loop Areas (Ferrite, LC) Routing (Enclosure, GND) (Plane Continuity) Compliance Solder mask clearance BT Silkscreen overlaps ‘ g Annular ring too smali Component Spacing
violation (0.05 mm) | component (C101) (0.10 mmi < 0.15 mm) J violation (0.20 mm)
End-to-End PCB Design BYe] Design _ - Analyze ” Verify - Optimize - Generate Validate Manufacture Reliable, Compliant
Verification to Manufacturing ey (PCB) (EMI/EMC, DFM) (ERC/DRC) (Layout & Routing) (Manufacturing Files) (Complete Package) (Production) and Manufacturable Design
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DESIGN AGENTS

Intelligent PCB design from requirements

to routing

Requirement Agent
Capture and analyze PCB requirements

Architecture Agent
Define system architecture and partitioning

Component Agent
Select and validate components

Schematic Agent

Generate and review schematic

BOM Agent

Create and optimize Bill of Materials

Stackup Agent

Optimize PCB stackup and materials

Floorplan Agent
Determine optimal component regions

Placement Agent
Al-optimized component placement

Routing Agent
Intelligent routing for signal, power and high-speed

Change Impact Agent

Analyze design changes and impact

_ SILICONAI PCB &

PCB INTELLIGENCE ENGINE

Al-Powered End-to-End PCB Design, Verification and Manufacturing

VERIFICATION AGENTS

Comprehensive PCB verification and analysis

ERC Agent

Electrical Rule Checking with Al explanations

DRC Agent

Design Rule Checking with root cause analysis

Netlist Agent

Netlist comparison and connectivity analysis

Sl Agent

Signal Integrity analysis and optimization

Pl Agent

Power Integrity analysis and PDN optimization

Thermal Agent

Thermal analysis and hotspot detection

EMI/EMC Agent

EMI/EMC analysis and noise mitigation

Constraint Agent

Manage and validate design constraints

Connectivity Agent
Network connectivity and topology checks

Root Cause Agent
Al-powered failure analysis and debug

XX E3Y:

From Concept
to Manufacturing
with Al Intelligence

MANUFACTURING AGENTS

Ensure manufacturability, assembly and test readiness

DFM Agent Design for Manufacturing analysis

DFA Agent Design for Assembly analysis

DFT Agent Design for Test analysis

BOM Agent Manufacturing BOM optimization
Fabrication Agent Gerber, ODB++ and fabrication file validation

Assembly Agent Pick & Place and assembly file verification




https://pragyanai-pcb-varification-solutions-poc.streamlit.app/

https://github.com/pragyanaischool/PragyanAl_PCB _ Verification_Solutionsra= *« -~

App Settings

Analysis Mode

Full (Accurate) v

Show Raw Outputs

Cleanup temp files

Info

e Multi-Agent Al
e Power /Signal / Thermal / Layout
e Vision+ OCR + Graph + GNN

PragyanAl PCB Copilot

PRAGYAN Al

Grow with Gyan

Multi-Agent Al for PCB Analysis (Vision + Graph + LLM + GNN)

Upload PCB Image or Netlist

Supported
Cugey-ampe © 5 Inputs

e PCBImages
e Netlist Files

Run Al Analysis

Analysis Completed

1. Final Report 2. Domain Insights 3. Graph & Rules 4. Raw Data

(&



PCB_Related Projects.ipynb
PCB_finetune_paligemma.ipynb

LANGGRAPH 4
WORKFLOW HYBRID Al:
YOLO + SAM 2 GOOGLE COLAB GPU RUNTIME ENVIRONMENT JERO-SHOT
AT AL 0 i . SEGMENTATION
STATEFUL GRAPH ( | .  —> é% —> i }
ORCHESTRATION (s Q 5 - - ~
/ iy : GROQ LLM Al ‘ ' |
\ GP AGENT Ié__‘]
ISOLATION AGENT * 4\
" 2 »
(brizal/RMBG20) > il > TEXT-GUIDED
é Y | S ~ SEGMENTATION AGENT
FOREGROUND MASK [ REFERRING EXPRESSION MASKS | (FALIGEMMA VLM & SEGGPT)
{alpha channel) - B @ N \. J
" R s
€y | e Ry -
X N
—<—> —> < EXPRESSION MASKS
DEFECT e.g., Solder Bridge PRECISION PANOPTIC
LOCALIZATION AGENT | (340,120, 380, 160)) | SEGMENTATION AGENT SEGMENTATION AGENT
(ULTRALYTICS YOLOV seq) _ (METASAM2) ] | (MASK2FORMER swin-small) |
C v
<4 A A -
r - 23
GRANULAR PIXEL FULL BOARD —
MASKS (defects SEMANTIC MAPS ) > =
o=
GROQ LLM < Ok >
COORDINATOR AGENT SYNTHESIS &
(lama-3.3-70b- ANALYSIS AGENT
(340, 120, 380, 160) (GROQ LLM) COMPREHENSIVE
MULTI-MODEL . J e 2 ENG'NgEgg‘Rq[ AUDIT
SYNERGY HYBRID Al: YOLO + SAM 2 FAST GROQ INFERENCE \_




https://github.com/pragyanaischool/PragyanAl-PCB-Varifications-Solutions

Settings
Analysis Mode

Full (Accurate)

Show Debug Info

PCB Verification Stack

» Vision Defect Localization
e |PC-A-610 Rule Checking

* Topological Graph Engine
e Multi-Agent Orchestration

Chat Controls

Clear Chat

Reset Memory

Show Memory

PCB_Related Projects.ipynb

Y/AN

Grow with Gyan

PragyanAl PCB Copilot

Vision + YOLO + Segmentation + Multi-Agent Al + RAG

Upload PCB Image

PCB_damaged.jpeg @

47.0KB

+

Upload Datasheet / Spec PDF (Optional)

T

—

Upload

200MB per file « PDF

Share Yy /'

O



PCB_Related Projects.ipynb
https://github.com/pragyanaischool/PragyanAl-PCB-Varifications-Solutions

Share v 72 ©) :

Settings 1. Final Report 2. Visualization 3.VisionAl 4.Insights 5.Domain Rules 6.Graph Summary 7.Debug 8.ChatAl

Analysis Mode

Full (Accurate) S PragyanAl PCB Visualization

Show Debug Info Show Components Show Issues Show Heatmap

PCB Verification Stack

e Vision Defect Localization
e |IPC-A-610 Rule Checking

e Topological Graph Engine
e Multi-Agent Orchestration

Chat Controls

Clear Chat
Reset Memory

Show Memory




https://pragyanai-pcb-part1-planning-engine-solution-ah7xd8irnzed5wkym.streamlit.app/
https://github.com/pragyanaischool/PragyanAl-PCB-Part1-Planning-Engine-solution

Share ¢ 7 ©)

LLM: openai/gpt-0ss-120b (Groq) G - t h (

Embeddings: HF all-mpnet-base- PragyanAl Element 1: Planning & Strategy

v2

State Machine: LangGraph

Transform natural language PRDs into validated architecture_plan.json files.

Reset Session

Input: Product Requirements (PRD) Output: Architecture Plan

Describe your hardware project in detail: 5

. e g

A solar-powered IoT weather station with BME280 sensor, " Eami Ly ESP32-S3
amily" : " 32-53"

ESP32-S3, and an e-paper display. Must operate at 3.3V.
"package" : "ESP32-S3-WROOM-1"

}

Y "power_tree" : [



https://pragyanai-frontenddesignspecification.streamlit.app/
https://github.com/pragyanaischool/pragyanai_eda_aiagentic_vlsi-front-end-design-specifications_sol/

K Share v 7 ©)

app

Knowledge Base
Spec Designer

Spec Chat

RTL Generator

S PRAGYAN A

PRACGYAN Al

Grow with Gyan

PragyanAl: Multi-Agent VLSI Design Suite

Autonomous Chip Design Framework with RAG, RTL Gen & HITL

Welcome to MAGE (Multi-Agentic General Engine) tailored for VLSI Front-End Design. This platform automates the entire lifecycle—from RTL Design
Specifications (RDS) to Synthesizable Code and Self-Checking Testbenches—by leveraging specialized Al agents and your local technical library.

. Select a page from the sidebar to begin your design journey.



https://pragyanai-frontenddesignspecification.streamlit.app/

https://github.com/pragyanaischool/pragyanai_eda_aiagentic_vlsi-front-end-design-specifications_sol/

app

Knowledge Base
Spec Designer
Spec Chat

RTL Generator

Verification Bench

PRACGYAN Al

Grow with Gyan

1. Knowledge Base

Upload your PDF standards (AXI, PCle, RISC-V,
etc.). The RAG Engine indexes these locally using
HuggingFace embeddings for precise technical

grounding.

2. Spec Designer

Enter a problem statement. The Architect drafts
the RDS, the Critic audits for CDC/Protocol
errors, and you provide Human-in-the-Loop

refinements to create the "Golden Spec".

3. Spec Chat

Interact with your generated specification. Ask
questions about design choices or protocol

nuances found in your uploaded documents.

4. RTL Generator

Translate your RDS into production-ready
Verilog or VHDL. Includes an automated Linting
Agent to catch "design killer" bugs like

unintentional latches.

5. Verification Bench

Generate a Self-Checking Testbench. This phase
includes a DV Lead Agent that explains the
rationale behind every test case (Corner cases,

Reset, and Stress tests).

Share ¢ 7 ©)

v View MAGE Architecture Logic

__start___
architect
cntic
finalize_rds
-
master
v
rtl_architect
human_checkpoint rtl_lint

rtl_finalize
v
rtl_refiner

i

rtl_human_fix < Manage app



https://github.com/pragyanaischool/pragyanai_eda_aiagentic_vlsi-front-end-design-specifications_sol/

app

Knowledge Base
Spec Designer
Spec Chat

RTL Generator

Verification Bench

https://pragyanai-frontenddesignspecification.streamlit.app/

RTL Design Specification (RDS)
- 32-Bit Pipelined Adder

Document Revision: 1.0 - 2026-09-25
Author: Principal VLSI Architect

1. Functional Overview

Item Description
Block name adder32_pipe

Provide a high-throughput, fully synchronous 32-bit unsigned (or
two’s-complement) addition service to the SoC. The block is

Purpose deliberately pipelined to achieve one-addition-per-clock-cycle
throughput after pipeline fill, while keeping the combinational delay
of the adder itself well within a single clock period.

The adder is a shared arithmetic accelerator used by multiple
masters (e.g., CPU, DMA, DSP). It is accessed through a

SoC
; . memory-mapped register interface on the APB/AXI-Lite bus. The
integration . . .

o design follows the standard Peripheral Register Interface (PRI) used
conte

across the SoC, enabling easy inclusion in the address decoder and

power-management block.

Technical Audit -
RTL Design
Specification
(RDS) “32-Bit
Pipelined Adder”

Document Reviewed: RDS Draft v1.0 (2026-09-25)
Auditor: Senior DV Engineer
Date: 2026-09-25

1. Executive Summary

The specification describes a clean, two-stage,
fully-synchronous 32-bit adder intended for
APB/AXI-Lite access. The high-level architecture is
sound, but several design-killer risks are either
implicit or omitted:

&

Area Severity Comme { Manage app
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PragyanAl Silicon RAG

Hardware IP & Datasheet Engineering Suite

Navigation Menu

© Ingestion & IP Management
Interactive IP RAG Chat
References & Citation Dashboard
Spec & Version Comparison
Document Viewer & Page Summarizer

ul Registered IP Families

No IP models registered yet. Go to Ingestion

to start.

https://pragyanai-siliconai-ip-dataset-rag-assistant.streamlit.app/

Share ¢ » ©€) :

Grow with Gyan

IP Core & Knowledge Base Management (SQL +
FAISS CPU)

Organize semiconductor IPs stored persistently in SQLite database, manage added documents, ingest multi-source data into FAISS CPU Vector Store,

and retain information across sessions.

1. Select Existing Group / Protocol Family or Create New

Protocol Group Management IP Model / Version Identifier

Select Existing Group v e.g., PCle_Gen2, AXI4_Interconnect

IP Group / Protocol Family

e.g., PCle, AMBA, SPI, RISCV

Register / Set Active IP Container @@

{ Manage app




https://g2tuiszyrgedwvg2ky9bgz.streamlit.app/
https://github.com/pragyanaischool/PragyanAl_EDA_PCB_Part2_Implementation_Core_Solutions/

Share v 7~ ©)

app

Blueprint

Synthesis
Intelligence
Visualizer

PRACYAN Al

Grow with Gyan

PragyanAl Studio

Phase 1: Al Architect & Critic

Welcome to the PragyanAl Implementation Core. This phase facilitates the Human-in-the-Loop transition from planning to synthesis. Review your

Select Workspace:

£ Phase 1: Architecture & Critic

Phase 2: PCB EDA & Defect Prediction Architecture Plan, run the RAG Critic, and finalize the logic before generating engineering artifacts.

Phase 1: Architecture & RAG

Critic
Project Name Upload Architecture JSON
: : : e.g2., Smart AgTech Sensor Hub V2
Establish the logical foundation and : : 2 Upload
validate via Al Reviewer.
200MB per file « JSON 5
OMB per file « JSO &g

< Manage app
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PragyanAl Studio

Select Workspace:

Phase 1: Architecture & Critic
) Phase 2: PCB EDA & Defect Prediction

Phase 2: Core Solutions EDA

Analyze production line telemetry and
evaluate real-time defect risk.

Upload Inspection Data (CSV)

2, Upload

200MB per file « CSV

Agentic Pipeline Status:

Architect Agent: Online

Critic Agent: RAG-Enabled

https://g2tuiszyrgedwvg2ky9bgz.streamlit.app/
https://github.com/pragyanaischool/PragyanAl_EDA_PCB_Part2_Implementation_Core_Solutions/

W

N\

Share

w - ©)

Grow with Gyan

PCB Inspection & Defect Risk Analytics

Automated exploratory telemetry analysis and predictive defect assessment.

Total Inspected Boards Defect Rate

In

1,500 20.80%

™ 5.8% vs baseline

teractive EDA  Model Diagnostic Live Defect Predictor

Process Telemetry vs. Defect Rate

Defective Units

312

Mean Reflow Temp

244.7 °C

sk

< Manage app



