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Decreasing Speed Limits for On-chip Traffic

• Physical limits for on-chip traffic 

• Technology scaling limits the propagation 
distance over one clock cycle
– Increased interconnect resistivity

• IBM’s Design Productivity Group 
supports
– High performance ASIC and SOC designs
– Processors (power6, power7, bluegene, etc.)
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Multi-cycle Datapaths Need Pipeline Latches

• Lower speed limits →
more stops along the way

• Designers insert latches 
to pipeline global signals 

• Pipeline latches —
a bottleneck to timing closure
– Traditional placement doesn’t handle them well
– May come as a surprise (found late in the flow)
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Why Wirelength-driven Placement Falls Short

• Optimal wirelength may not have good timing
• Timing influenced net weights always pull to one side
• The center is not right either…
• There may be only a single optimal point 
• How do we find it?
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Incremental Timing-Driven Placement

The
“Pipeline Latch”

Problem

The
“Imbalanced Latch”

Problem

The
“Crooked Path”

Problem

– + – +

–+

– – –

Three Variations of ONE Problem: Poorly Placed Latches on Critical Paths

• Poor latch timing is not evident until after optimization
• Returning to global placement costs a lot of runtime
• Low placement stability may prohibit convergence
• Calls for an incremental solution 
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• Incremental placement for timing improvement is not new…
– Various heuristics to move individual latches / gates exist [Wang05, Chowdhary05]

• Problem: Neighboring logic (esp. buffers) prohibit local improvements

• Our Solution: 
– Remove repeaters and use linear delay model

• Delay of a buffered net is linearly proportional to its length
• Accurately represents virtually buffered nets 

– Use linear programming to efficiently calculate optimal solution
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Problems with Existing Solutions

Initial Repowering

Local

Placement
Disruptive

Placement
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RUMBLE: Rip-up and Move Boxes with Linear Evaluation
()►Conceptual Step (1): Rip out Buffer Trees
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►Conceptual Step (2): Cast Optimization as Linear Program 

LP
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►Conceptual Step (3):
Legalize, Rebuffer, and Measure Improvement

LP
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RUMBLE: Rip-up and Move Boxes with Linear Evaluation

• What if something goes wrong?
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• Restore the original state

“Do No Harm”
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A Physical View of the RUMBLE Flow

Model Place

Rip-up Re-buffer
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Subcircuit Timing Model

• Gather the neighbors (gray) of movable gates (green)
• Decompose nets into two-pin timing arcs
• Delay of arc proportional to Manhattan distance
• Timing points on neighbors are fixed 
• Timing does not propagate through latches
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The RUMBLE Linear Program

• Delay (timing arc) = length(timing arc) * constant
– Constant is an empirically determined technology dependent parameter

• Objective: Maximize minimum_slack

• Variables: (x, y) coordinates of each movable object,
minimum_slack

• Constraints implement static timing analysis
– RAT := Required Arrival Time
– AAT := Actual Arrival Time
– For each movable gate G 

• RAT = min(RAToutput – delay(arc) – delay(G))
• AAT = max(AATinput + delay(arc) + delay(G))

– minimum_slack = min(RAToutput – AATinput – delay(L))

RAT

AAT
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Displacement Minimization Objective

• Many solutions may have 
optimal slack

• Add a bias to original location
– Prevents LP solvers’

“lower left preference”
– Mitigates legalization problems
– Helps preserve initial timing 

conditions
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FOM Objective

• FOM = Σ (slackn – threshold)
• Objective function emphasizes worst slack

– Worst slack may not be improvable
• Additional term for sum of negative slack

– Some negative paths may be improved
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Experiment 1: Keep Buffers

Rebuffering dramatically improves performance
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Experiment 2:  Linear Delay Model vs. 
Industrial Timer

97% correlation
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Experiment 3: How good is RUMBLE ?

41.3% Cycle time20.9% Cycle time
“Do no harm”
preventing degradation
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Experiment 4: Multi-move RUMBLE vs. Single

Simultaneous movement 
is better than

one latch at a time

Simultaneous movement 
is better than

one latch at a time
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Experiment 4: Multi-move RUMBLE vs. Single

Simultaneous movement 
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Simultaneous movement 
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Experiment 4: Multi-move RUMBLE vs. Single

greater FOM 
improvement on 
larger subcircuits

less worst-slack 
improvement

on larger subcircuits
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Conclusions

• Challenge:

– Aggressive performance requirements + technology scaling =
increased use of pipeline latches

– Traditional placement leads to poor timing-driven latch placement

• Proposed Techniques:

– Remove repeaters to allow freedom to move

– Use a linear wire-delay model that is accurate for long wires
• Solve using LP to place subcircuits

– Primary objective: worst slack
• Secondary objectives: displacement and FOM

• RUMBLE improves upon existing solutions because it sees through repeaters

• The “do no harm” philosophy is crucial to prevent unforeseen degradation
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Future Work

• Handling blockages more intelligently
– There can be many optimal locations, choose a legal one
– Formulate and solve for the best location disallowing blocked 

locations

• Smarter subcircuit selection
– Only explore the critical region
– Only rip out the buffers you need to

Also, stay tuned for DAC08…
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Questions?
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Backup
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