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Motivation: Timing Hazards
Scenarios of Timing Hazards

Scenario 1:

• Expected: Same value across cycles
• Reality: Value changes halfway

Scenario 2:

• Expected: Meaningful value is used
• Reality: Garbage value is used

 

Root Cause: Lacking Abstractions in HDLs

Existing HDL Landscape

 

Desired Property: Timing Safety

 

Anvil — A Timing-Safe and General-Purpose HDL

Research Question: Can we get both timing safety and expressiveness 
for low-level control?

 

Core Idea: Lifetime and Loan time

 

Message Passing Communication

 

Timing Contracts: Lifetime across Channels

Challenge: How to describe time in different modules?
Static Lifetime Contracts
Observation:
• Message passing defines an agreed-on cycle
• Offset by 𝑁  cycles is agreed on

Dynamic Lifetime Contracts
Observation:
• Multiple messages share the same channel

 

Reasoning about Abstract Time — Event Graph

 

Evaluation
Evaluation Questions
1. Safety (via formal proofs)
2. Expressiveness
3. Practicality

Benchmark Selection
Targeting real-world, diverse, 
dynamic latency

Takeaway:
• Cycle-accurate functional behaviour of real-world designs reproduced
• Practical synthesis overhead (vs SystemVerilog designs), averaging 4.50% area and 3.75% power  

Beyond Theory: A Practical HDL
Current Capabilities:
• Sync Modes
• Recursive (Pipelining)
• Parametrised Data Types
• SystemVerilog FFI
• Language Server

Future Work:
• Liveness-by-Construction
• Asynchronous Events
• Expressive Lifetimes
• Extensible, Optimised Compiler
• …

Anvil Playground Jason
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