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Design preview
• The System Address Map (SAM) decoding logic is the Target ID generator within the Network-on-

Chip (NoC).

• Each requester (Request Node/Home Node) uses the SAM to translate an address into a Target ID 
(TgtID) for routing. 

• Look-up and Mapping Table 



Design preview
• System Address Map(SAM) decoder logic resides in the NoC network layer.

• Paths: 

• Request Node(RNF/RNI) -> Router -> Home Node(HNF)

• Home Node(HNF) -> Router -> Subordinate Node(SNF/SNI)



Verification Scope
• Highly  scalable, configurable design(NOC/SAM)

• No fixed design

• Key multiple configuration combinations specific to SAM

• Address width variability: 32 → M bits.

• Scalability of targets/home agents: 2 → Nmax home agents.

• Hashing / interleaving diversity.

• Secure vs non-secure routing/permissions.

• Coherent vs non-coherent requester/target types.

• Address Map: Valid regions, reserved regions, fragmented ranges, 
and “holes”



Verification Challenges
• Combinations: Address Width x Home Node x Address Map…etc

• Traditional UVM based Testbench (constrained-random, 
scoreboards, coverage regressions) struggles to cover the 
exploding SAM configuration space on schedule.

• Manually adapting UVM testbenches for each SAM variant is not 
only labor-intensive but also error-prone

• Allowing rare bugs to escape late in the project cycle. 



Testplan



Proposed Methodology (Flow)
• Three Major combinations

(Formal Property Verification(FPV), 

Python-based automations and database tracking).

• Specification-aware flow

• Unique configuration selection generator
( Algorithm: Specification, Milestone, Priority, Ranges, and  ignore Previously Validated) 

• Single configuration check flow(Inner loop)

• Configuration-aware Formal Testbench Templates

• Generated RTL/Tbench used for prove property
• Failure analysis – Fix RTL/Testbench Templates

• All Targeted configuration check flow(Outer loop)

• New Unique Configuration
• Repeat Formal checks & regression

• Update completion status in the database

• Cronjob & debug fails 



Formal Testbench ( guidelines) 
• Configuration-aware Formal Testbench

• Python APIs are used to compose the FPV

(example: Address Map, Hashing…etc)

• Parameter Overrides ( example : Address Width, ID 
Width…etc)

• Helper functions 



Formal Testbench (example)
• Reference Generated code



Formal Testbench (Integration)

• Black-box all components except SAM Decoder block

• Binding at RTL/SAM Logic boundary

• Formal Testbench/Environment Block diagram



RESULTS
• RTL Findings: 

• Boundary decoding issues, overlap related bugs.

• Decoding errors for port_id and node_id were found across different 
configurations.

• Dead code and Unreachable code analysis helped to cleanup redundant 
code and for adding relevant formal checks.

• SW Findings: 
• Achieved rapid turnaround and early validation of NoC design generations, 

enabling faster detection and resolution of potential issues. 



CONCLUSION
• Fully automated, scalable verification solution

• Identified RTL and software issues early

• Validated multiple corner-case topologies early in the project 
cycle

• Increased overall confidence in design correctness



Questions ?

Thank you!
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