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How to prevent timing hazards?
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SystemVerilog 
assertions

Design phase Verification phase

Assertion violations Long feedback loop

Burden maintaining 
implementation-specific 

specifications
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Timing Safety Expressiveness

Meaningful and unchanging 
values across multiple cycles

Automatically enforced by the 
compiler during design phase

Cycle-level timing control

Distinct register/wire abstractions

Dynamic timing
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Expressive
Practical: 
  practical overhead (4.50% area, 3.75% power); 
  interoperable with other HDLs;
  used in our projects

Type 
checks Timing-safe
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What is "abstract time"?



Event Graph: Reasoning about Abstract Time

11

event: abstract clock cycle define events relative to others



Event Graph: Reasoning about Abstract Time

11

event: abstract clock cycle define events relative to others

1

#3

2

cycle 3
1 2



Event Graph: Reasoning about Abstract Time

11

event: abstract clock cycle define events relative to others

1

#3

2

cycle 3
1 2

1

(t1; t2) >> …

3

2

1 2 3

#0 #0



if x { cycle 1 } 
else { cycle 2 }

Event Graph: Reasoning about Abstract Time

11

event: abstract clock cycle define events relative to others

1

#3

2

cycle 3
1 2

1

(t1; t2) >> …

3

2

1 2 3

#0 #0

1

2 3

B B

#1 #2

4 5

6

1 2 4
3 5 6

J J



Synchronous Message Passing Communication

12



Synchronous Message Passing Communication

12

channel

endpoint endpoint



Synchronous Message Passing Communication

12

channel

endpoint endpoint

send ep.req (x)



Synchronous Message Passing Communication

12

channel

endpoint endpoint

send ep.req (x) let x = recv ep.req



Synchronous Message Passing Communication

12

channel

endpoint endpoint

send ep.req (x) let x = recv ep.req



Synchronous Message Passing Communication

12

channel

endpoint endpoint

send ep.req (x) let x = recv ep.req

1

ep.req

2



Synchronous Message Passing Communication

12

channel

endpoint endpoint

send ep.req (x) let x = recv ep.req

Explicit communication intent

1

ep.req

2



Synchronous Message Passing Communication

12

channel

endpoint endpoint
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Explicit communication intent Synchronisation primitive
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Challenge: Lifetime across Modules
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Until when can I 
use this value?

Until when should I 
avoid changing this 
register content?

let x = *r;

send ep.req (x) let x = recv ep.req
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How to describe time in a contract?

Message passing

t + k

chan ch {

left req : (request@#1),

right resp : (logic[16]@#3)

}
How about dynamic lifetimes?
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chan ch {

left req : (request@#1),
right resp : (logic[16]@#3)

}

Observation: Multiple message types share the same channel
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chan ch {

left req : (request@#1),
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External proc: interfacing with foreign modules

Find them in paper or documentation
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Filament (Nigam et al., 2023): timeline types, specialized for pipelines with static timing

Comparison with Filament designs:
● No additional cycle-level latency overhead
● Average overhead: area -10.50%, power 6.5% 
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