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PART III: Interaction with Upstream
Floorplanning and Logic Synthesis
PART III: Interaction with Upstream
Floorplanning and Logic Synthesis
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Observation 1Observation 1Observation 1

z Deep Sub-micron (DSM) is a problem
z All facets of design are getting more complex
z Therefore, we need to make continuous (what does it

mean?) improvement to tools/design methods.

z Deep Sub-micron (DSM) is a problem
z All facets of design are getting more complex
z Therefore, we need to make continuous (what does it

mean?) improvement to tools/design methods.
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Clock Speeds and IterationsClock Speeds and Iterations
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Observation  2Observation  2Observation  2

z There is a dilemma
z We need to face it and do something about it.
z We need to make fundamental changes to tools/design

methods.
z As designs get more complex, number of iteration

increases rapidly.
z Incremental (or no) improvement to tools will not work.

z There is a dilemma
z We need to face it and do something about it.
z We need to make fundamental changes to tools/design

methods.
z As designs get more complex, number of iteration

increases rapidly.
z Incremental (or no) improvement to tools will not work.
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An Easy Solution: Re-use coresAn Easy Solution: Re-use coresAn Easy Solution: Re-use cores
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Hard IPHard IPHard IP
z The easiest path to SoC (?)

z Hard blocks makes the assembly more difficult
z see results in the next two slides

z No resizing capability to fix timing during assembly

z The easiest path to SoC (?)
z Hard blocks makes the assembly more difficult

z see results in the next two slides

z No resizing capability to fix timing during assembly
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Soft IPSoft IPSoft IP
z “Soft” IP will allow better Global Optimization

z Final assembly may solve shape, pin, and global timing problems
causing reduced design iterations.

z Physical design is not easier than before

z “Soft” IP will allow better Global Optimization

z Final assembly may solve shape, pin, and global timing problems
causing reduced design iterations.

z Physical design is not easier than before
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Soft vs Hard Blocks
z S oft blocks  can go anywhere (area management)
z Hard blocks  need to fit perfectly (shape

management)

z S oft blocks  can go anywhere (area management)
z Hard blocks  need to fit perfectly (shape

management)
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Results
Wong-Liu Constructorckt( %rigid)

cost time(sec) cost % diff time(s) speedup
ind1(10) 12039 177 12182 1.18 8.6 21
ind1(20) 12168 173 12324 1.28 7.5 23
ind1(30) 14971 122 15400 2.86 5.9 21
ind1(50) 16033 88 17578 9.64 5.1 17
hway(10) 70571 3420 69611 -1.36 194 18
hway(20) 71838 3515 70448 -1.93 183 19
hway(30) 72274 3524 71900 -0.51 210 17
hway(50) 77653 2564 78696 1.34 105 24
fract(10) 131431 15651 128388 -2.32 897 18
fract(20) 137044 12803 130984 -4.42 704 18
fract(30) 137084 14694 135869 -0.88 723 20
fract(50) 144072 9268 145392 0.91 549 17
prim1(10) 831329 110491 832365 1.2 4629 24
prim1(20) 867690 100010 862657 -0.6 4911 20
prim1(30) 870456 95299 871623 0.13 4214 23
prim1(50) 897120 68303 931694 3.85 3617 19
prim2_s1(10) 230703 11899 215193 -6.72 455 26
prim2_s1(20) 235694 11141 217542 -7.70 439 25
prim2_s1(30) 248317 9306 229349 -7.46 411 23
prim2_s1(50) 249489 7445 248566 -0.37 328 23
prim2_s2(10) 323017 38416 283188 -12.33 1477 26
prim2_s2(20) 319897 30062 301768 -5.67 1389 22
prim2_s2(30) 333313 29632 308023 -7.59 1506 20
prim2_s2(50) 354387 21045 323188 -8.80 1138 18
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Tool MethodologiesTool MethodologiesTool Methodologies

z Divide and Conquer
z Sequential
z … Less Sequential
z Simultaneous

z (Example: Comparison-Exchange Sorting)
z Sort x1, x2, x3, …., xn
z compare xi & xj; change if out of order

z Divide and Conquer
z Sequential
z … Less Sequential
z Simultaneous

z (Example: Comparison-Exchange Sorting)
z Sort x1, x2, x3, …., xn
z compare xi & xj; change if out of order
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Divide and ConquerDivide and ConquerDivide and Conquer

z Divide the Problem into Smaller Sub-Problems
z Solve Each of these Separately
z Stitch together the Solutions of the Sub-Problems

z Divide the Problem into Smaller Sub-Problems
z Solve Each of these Separately
z Stitch together the Solutions of the Sub-Problems

            10 Million Gate Design => 200 (50k Gate Designs)10 Million Gate Design => 200 (50k Gate Designs)



21

Andrew B. Kahng
Majid SarrafzadehICCAD Tutorial: November 11, 1999 C

Divide and ConquerDivide and ConquerDivide and Conquer
z Divide into Logical/Physical Blocks

z Particularly emphasize the floorplan

z Iterations between different tools

z Traditional floorplan
z No flexibility to fix timing problems

caused by long wires

z Overly constrained timing budgets

z Adds many buffers and oversizes gates
on critical paths

z Divide into Logical/Physical Blocks
z Particularly emphasize the floorplan

z Iterations between different tools

z Traditional floorplan
z No flexibility to fix timing problems

caused by long wires

z Overly constrained timing budgets

z Adds many buffers and oversizes gates
on critical paths

FloorPlan

Block
#1

P&R

Block
#2

P&R

Block
#N

P&R

Timing Verification

System

Synthesis

•Predictive (we lack good predictors)
•Iterative (takes a long time)
•Non-converging (counter productive)
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Sequential MethodologySequential MethodologySequential Methodology

z Try to Solve the Problem in Sequential Steps
z Try to Optimize One Functionality at a Time.

z Optimize Number of Gates at the Logic Synthesis Level
z Optimize Wire Lengths during Placement
z Optimize Clock Skew After Placement is Done
z Optimize Crosstalk during Routing

z Try to Solve the Problem in Sequential Steps
z Try to Optimize One Functionality at a Time.

z Optimize Number of Gates at the Logic Synthesis Level
z Optimize Wire Lengths during Placement
z Optimize Clock Skew After Placement is Done
z Optimize Crosstalk during Routing
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Sequential MethodologySequential MethodologySequential Methodology

Optim
Optim

Placement

Timing Verification

System

Synthesis

Routing
Nets that meet timing in
one iteration may fail in
the next iteration

•Predictive (we lack good predictors)
•Iterative (takes a long time)
•Non-converging (counter productive)
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ObservationObservationObservation

z There are many “equally good” placement and routing
solution. A small change in one, will change the whole
things.

z So, cannot trust wire-load models

z There are many “equally good” placement and routing
solution. A small change in one, will change the whole
things.

z So, cannot trust wire-load models
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Traditional WorkaroundsTraditional WorkaroundsTraditional Workarounds

z Pessimistic approach

z For 50K block size, use wire-load model for 100K instead
z Nets are over-driven
z Wastes power and area, but reduces number of nets that need fixing

after phys design
z Assumes timing can be met with the pessimistic model (not always the

case)
z Over-constrained approach

z For 80 MHz design, synthesize at 100 MHz
z After physical design, reset to 80 MHz
z Nets between 80-100 MHz will “pass”

z Multiple-iteration approach
z Annotate timing info and phys design info into P&R and synthesis
z Optimization attempts to minimize changes to accuracy of phys design

(usually can’t do)

z Pessimistic approach

z For 50K block size, use wire-load model for 100K instead
z Nets are over-driven
z Wastes power and area, but reduces number of nets that need fixing

after phys design
z Assumes timing can be met with the pessimistic model (not always the

case)
z Over-constrained approach

z For 80 MHz design, synthesize at 100 MHz
z After physical design, reset to 80 MHz
z Nets between 80-100 MHz will “pass”

z Multiple-iteration approach
z Annotate timing info and phys design info into P&R and synthesis
z Optimization attempts to minimize changes to accuracy of phys design

(usually can’t do)
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Semi-Sequential MethodologySemi-Sequential MethodologySemi-Sequential Methodology

Placement

Synthesis
•Lots of logic move followed by lots of

placement move

•Some logic moves followed by some
placement moves

Placement

Synthesis
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Low Congestion: some logic activities to CORRECT
synthesis mistakes
Low Congestion: some logic activities to CORRECTLow Congestion: some logic activities to CORRECT
synthesis mistakessynthesis mistakes
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High Congestion: lots of logic activities (panic mode)High Congestion: lots of logic activities (panic mode)High Congestion: lots of logic activities (panic mode)
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Congestion Map for a Wirelength
Optimized Placement
Congestion Map for a WirelengthCongestion Map for a Wirelength
Optimized PlacementOptimized Placement

Congested Spot: cannot duplicate
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Simultaneous MethodologySimultaneous MethodologySimultaneous Methodology

z “combine” placement and synthesis (& other steps)
z We need to find the right type and location of the move.

z “combine” placement and synthesis (& other steps)
z We need to find the right type and location of the move.
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On Simultaneous MethodologyOn Simultaneous MethodologyOn Simultaneous Methodology

z Obviously, the most knowledgeable set of moves
z haven’t been done in the past because

z history
z algorithmic complexity
z need

z Obviously, the most knowledgeable set of moves
z haven’t been done in the past because

z history
z algorithmic complexity
z need

Timing OptimizationTiming Optimization

Gate Delays as well as Interconnect delays needs to be an
essential part of the design process.

Static Timing Analysis needs to be integrated into the
optimization process.

Gate Delays as well as Interconnect delays needs to be an
essential part of the design process.

Static Timing Analysis needs to be integrated into the
optimization process.
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Timing AnalysisTiming Analysis

5 5 5

4 4 4

2

L
A
T
C
H

L
A
T
C
H

3 2 1 1

2 1 3 2

1

2222

1919

How do we get the delay numbers on the gate/interconnect?How do we get the delay numbers on the gate/interconnect?
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Timing MetricsTiming Metrics
�How do we assess the change in a delay due to a

potential move during physical design?
�Whether it is channel routing or area routing, the

problem is the same
� translate geometrical change into delay change
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�A placement move changes the interconnect
capacitance and resistance of the associated net

�A net topology approximation is required to estimate
these changes

Iterative PlacementIterative Placement
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Traditional ApproachesTraditional ApproachesTraditional Approaches

�Quadratic Placement
�Simulated Annealing
�Bi-Partitioning / Quadrisection
�Force Directed Placement
�Hybrid

�Quadratic Placement
�Simulated Annealing
�Bi-Partitioning / Quadrisection
�Force Directed Placement
�Hybrid
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Critical path

Timing Driven PlacementTiming Driven Placement

•  Net weighting to prioritize timing critical Paths
•  Reduction of entire net length
•  Net weighting to prioritize timing critical Paths
•  Reduction of entire net length

Critical Path

Typical Timing-Driven ApproachesTypical Timing-Driven Approaches



37

Andrew B. Kahng
Majid SarrafzadehICCAD Tutorial: November 11, 1999 C

Critical path

•  Logic optimization concurrently with placement
•  Net “placement” with gate placement
•  Logic optimization concurrently with placement
•  Net “placement” with gate placement

Critical path

Placynthesis:
Simultaneous Logic/Placement Approach

Placynthesis:
Simultaneous Logic/Placement Approach
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Some Placynthesis MovesSome Some PlacynthesisPlacynthesis Moves Moves

resizing buffering

cloning
restructuring
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More Placynthesis MovesMore More PlacynthesisPlacynthesis Moves Moves
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Commercial Integration Approach:Commercial Integration Approach:Commercial Integration Approach:

z Integrate synthesis with phys design
z Cadence (Envisia Synthesis, 9/1999)

z Physically Knowledgeable Synthesis (PKS)
z Synopsys (“PhysOpt”)
z Monterey (“Doplhin”)

z Magma (“Blast”).

z Integrate synthesis with phys design
z Cadence (Envisia Synthesis, 9/1999)

z Physically Knowledgeable Synthesis (PKS)
z Synopsys (“PhysOpt”)
z Monterey (“Doplhin”)

z Magma (“Blast”).

Semi-Sequential MethodologySemi-Sequential Methodology Simultaneous ApproachSimultaneous Approach

Placement

Synthesis

P
lace

R
o

u
te

L
o

g
ic O

p
t.

T
im

in
g



41

Andrew B. Kahng
Majid SarrafzadehICCAD Tutorial: November 11, 1999 C

Many other Design Metrics:
Power Supply and Total Power

Many other Design Metrics:Many other Design Metrics:
Power Supply and Total PowerPower Supply and Total Power
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HL

H L

•
•
•

feedthrough VH

VL GND

H -- High Voltage Block
 L -- Low Voltage Block

Layout Structure

VH

VL

Cell Library with
Dual Power Rails

GND

IN OUT

Dual Voltages: A harder problemDual Voltages: A harder problemDual Voltages: A harder problem

z Layout synthesis with dual voltages: major geometric
constraints

z Layout synthesis with dual voltages: major geometric
constraints
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Cope with Design DilemmaCope with Design DilemmaCope with Design Dilemma
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ConclusionConclusionConclusion

z Deep Sub-micron (DSM) problems are here and are real
z Traditional Physical Design and Logic Synthesis

Algorithms do not work
z Innovation (in algorithms, methodology, tools, etc)

needed in all facets.

z Deep Sub-micron (DSM) problems are here and are real
z Traditional Physical Design and Logic Synthesis

Algorithms do not work
z Innovation (in algorithms, methodology, tools, etc)

needed in all facets.


