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● Settings: 4/8/16 delay-driven (dash)/fanout-driven (solid) paths per iteration
● After 30 iterations,  fanout-driven strategy reduces register number to 509 (-37.9%)

Fanout-driven path extraction vs. Delay-driven path extraction

● Settings: 4/8/16 fanout-driven path (dash)/cone (dot)/window (solid) per iteration
● After 30 iterations,  window-based strategy reduces register number to 474 (-42.1%)

(Fanout-driven) Path extraction vs. Cone extraction vs. Window extraction

● Path delay: 9ns, Target node fanout: 1
● Register usage decreased

● Path delay: 10ns, Target node fanout: 2
● Register usage increased

Fanout-driven vs. Delay-driven

Window-based vs. Cone-based vs. Path-based

Path ❶: Delay-driven ❌
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Path ❷: Fanout-driven ✔

Window is derived by merging multiple cones that have di7erent 
roots but share an identical or overlapping set of leaves.
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Post-synthesis STA vs. XLS-estimated 
critical path delay of 6912 designs

● Evaluation: Google XLS + Yosys 
synthesis + OpenSTA + SkyWater 
130nm (SKY130)

● Observation: XLS-estimated delays 
(blue dots) exhibit significant 
deviation from the post-synthesis 
STA delays (the green line).

● These deviations create unused 
slack and present opportunities to 
refine scheduling quality, such as 
reducing register usage.

Original SDC [2] Timing Constraints:
Delay_1_8 = 12ns > 10ns ⇒ cycle_8 - cycle_1 >= 1
Delay_2_8 = 12ns > 10ns ⇒ cycle_8 - cycle_2 >= 1

… …
(for each path longer than 10ns)

Variables:
cycle_1
cycle_2
… …

cycle_9

Our ISDC Timing Constraints:
Delay_1_8 <= 7ns + 3ns ⇒ cycle_8 - cycle_1 >= 1
Delay_2_8 <= 7ns + 3ns ⇒ cycle_8 - cycle_2 >= 1

… …
(for each path longer than 10ns)

SDC (System of Di.erence Constraints) Scheduling Reformulation

● Delay Updating: In each iteration, the delay estimations between all pairs of node are 
recalculated based on the feedback from downstream tools.

● SDC Reformulation: In each iteration, the linear programming (LP) problem of SDC is 
reformulated based on the updated delay estimations.

● Intuition: Accurate feedback => less LP constraints => larger design space => 
better scheduling results.
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