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Interaction with Upstream
Floorplanning and Logic Synthesis
e Design Trend
Tool Flow

100l Methodoelogies
Eloorplanning| Interaction

LegIC Synthesis Interaction
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Front End Flow Back End Flow
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Design Trend
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DSM: Design Global Wires

Local wires
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DSM: Crosstalk

Interconnect Geometry
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Observation 1

o Deep Sub-micron (DSM) is a problem
o All facets of design are getting more complex

o I[herefore, we need to make continueus (Wwhat does it
mean?) improvement to tools/design methods.
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DSM/SOC Design Dilemma

Abstraction Accuracy
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Feature Size and lterations

IC/ASIC Place & Route Iterations by Process Geometry, North America 1999
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Source: Collett Intl. 1999 IC/ASIC Physical Design & Layout Verification Study.
Data based on 224 North American IC/ASIC product development teams.
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Clock Speeds and lterations

1)
£
©
)
[t
Y
o
wd
c
]
O
L
)
o

IC/ASIC Place & Route Iterations by Highest Digital Clock Speed

North America, 1999
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Source: Collett Intl. 1999 IC/ASIC Physical Design & Layout Verification Study.
Data based on 220 North American IC/ASIC product development teams.
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Front End Flow
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Front End Flow
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Observation 2

There is a dilemma
We need to face it and do something about It.

We need to make fundamental changes to tools/design
methods.

As designs get more complex, number of; iteration
ncreases; rapidly.

Incremental (61 ne) Imprevement (e teols will net work:
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An Easy Solution: Re-use cores
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Hard IP

e The easiest path to SoC (?)

o Hard blocks makes the assembly more difficult
e See results in the next two slides

o Noresizing capability to fix timing during assembly
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Soft IP

o “Soft” IP will allow better Global Optimization

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

o Physical design is not easier than before
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o SoOft blocks can go anywhere (area management)

o Hard blocks need to fit perfectly (s hape
management)

Andrew B. Kahng
ICCAD Tutorial: November 11, 1999 @ Majid Sarrafzadeh




ckt( %rigid) Wong-Liu Constructor

cost time(sec) cost % diff time(s)
ind1(10) 12039 177 12182 1.18 8.6
ind1(20) 12168 173 12324 1.28 7.5
ind1(30) 14971 122 15400 2.86 59
ind1(50) 16033 88 17578 9.64 51
hway(10) 70571 3420 69611 -1.36 194
hway(20) 71838 3515 70448 -1.93 183
hway(30) 72274 3524 71900 -0.51 210
hway(50) 77653 2564 78696 1.34 105
fract(10) 131431 15651 128388 -2.32 897
fract(20) 137044 12803 130984 -4.42 704
fract(30) 137084 14694 135869 -0.88 723
fract(50) 144072 9268 145392 0.91 549
prim1(10) 831329 110491 832365 1.2 4629
prim1(20) 867690 100010 862657 -0.6 4911
prim1(30) 870456 95299 871623 0.13 4214
prim1(50) 897120 68303 931694 3.85 3617

prim2_s1(10) 230703 11899 215193 -6.72 455
prim2_s1(20) 235694 11141 217542 -7.70 439

prim2_s1(30) 248317 9306 229349 -7.46 411
prim2_sl(50) 249489 7445 248566 -0.37 328

prim2_s2(10) 323017 38416 283188 -12.33 1477
prim2_s2(20) 319897 30062 301768 -5.67 1389
prim2_s2(30) 333313 29632 308023 -7.59 1506
prim2_s2(50) 354387 21045 323188 -8.80 1138
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Tool Methodologies

Divide and Conguer
Sequential

... Less Seqguential
Simultaneous

(Example: Comparisen-Exchiange Serting)
o) SOIXA, X2, X3, ...y X11
s Comparexi&xzcnangeieutefierder
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Divide and Conqguer

o Divide the Problem into Smaller Sub-Problems
o Solve Each of these Separately
o Slitch together the Solutions of the Sub-Proeblems

10 Million Gete Desjor) == 200 (50K Gzite Desicns)
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Divide and Conqguer

System

Synthesis

FloorPlan

Block Block Block
#1 #2 #N
P&R P&R P&R

Timing Verification

o Divide into Logical/Physical Blocks
o Particularly emphasize the floorplan
o Iterations between different tools

o TIraditional floorplan

o No flexibility to fix timing preblems
caused by long wires

@yerly constrained timing budgets

Adds many; buffers and eVersizes gates
en critical patis

*Predictive (we lack good predictors)
elterative (takes a long time)
*Non-converging (counter productive)
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Seguential Methodology.

o Iy to Solve the Problem in Sequential Steps

o 1y to Optimize One Functionality at a Time.
o Optimize Number of Gates at the Logic Synthesis LLevel
o Optimize Wire Lengths during Placement
o Optimize Clock Skew After Placement Is [Done
o, @ptimize Crosstalk during Routing
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Seguential Methodology.

Synthesis

Timing Verification

*Predictive (we lack good predictors)
elterative (takes a long time)
*Non-converging (counter productive)

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

Andrew B. Kahng
ICCAD Tutorial: November 11, 1999 @ Majid Sarrafzadeh




Observation

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

things.
S0, cannot trust wire-load models
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Traditional Workarounds

For 50K block size, use wire-load model for 100K instead

Nets are over-driven

\Wastes power and area, but reduces number of nets that need fixing
after phys design

Assumes timing can be met with the pessimistic model (not always the
case)

For80IMHZ design, syntnesize at:100/MHz
Afterrphysicalidesign; resetiteo 80MHZ
Netsihetween 80:-100/MHzZwill fpass?

Annoetatertimmginieanaipnys designimiointo &R and syntiesis

@ptimizatienattempisiteymimimiZze chianges e accuracy e physIGesian
(Osually,canitdo)
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Semi-Sequential Methodology

Synthesis _
— Lots of logic move followed by lots of

— placement move
Placement

Synthesis :
d «Some logic moves followed by some

- - placement moves

Placement
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Low Congestion: some logic activities to CORRECT
synthesis mistakes
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High Congestion: lots of logic activities (panic mode)
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Congestion Map for a Wirelength
Optimized Placement
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Simultaneous Methodology

e “‘combine” placement and synthesis (& other steps)
o We needto find the right type and |ocation of the move.

Synthesis _
Placement

Andrew B. Kahng
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On Simultaneous Methodology

o Obviously, the most knowledgeable set of moves

o haven't been done In the past because
e history
¢ algorithmic complexity.
s nNeed

Iiming @ptimizatien

GateDelaysias\well asinterconnect delaysneeds o hean
essential pant e tiedes Gn precess.

Staliciyming Ana Vs siiesdsio perniegraiedinteiine
OPLIMNIZAl eI PrOCESS:
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Timing Analysis

IHew dewegel the delay RUmIBERS 6 thegaie/lnterCennecH?
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Timing 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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lterative Placement

* A placement move changes the interconnect
capacitance and resistance of the associated net

® A net topology approximation is required to estimate
these changes
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Traditional Approaches

¥~ Quadratic Placement

= Simulated Annealing

= Bi-Partitioning / Quadrisection
== [-orce Directed Placement

= Hybrid
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Typical Timing-Driven Approaches

D

immarbRventiEiacement

s Netwerghtngioe priertiZzetiming critical Patis
s Reduction efirentremnetienagtn
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Placynthesis:
Simultaneous L ogic/Placement A pproach

— D

s LegicoptimiZzation concurrenty withirplacement
s Netplacement witiiigateplacement

Andrew B. Kahng
ICCAD Tutorial: November 11, 1999 @ Majid Sarrafzadeh




Some Placynthesis Moves

W raructurw
cloning
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More Placynthesis Moves
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Commercial Integration Approach:

o Integrate synthesis with phys design
Cadence (Envisia Synthesis, 9/1999)
¢ Physically Knowledgeable Synthesis (PKS)
Synopsys (“PhysOpt”)
Monterey (“Doplhin?)
Magma (“Blast?).

Synthesis

Placement

Seqrii-Szeientz] WV ztiideldlde)y Shildliziisgls Aggrgzcr
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Many other Design Metrics:
Power Supply and Total Power
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Source: The Incredible Shrinking Transistor, Yuan Taur, T. J. Watson Research Center, IBM, IEEE Spectrum, July 1999 Andrew B. Kahng
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Dual Voltages: A harder problem

o Layout synthesis with dual voltages: major geometric
constraints

Andrew B. Kahng
ICCAD Tutorial: November 11, 1999 @ Majid Sarrafzadeh




Cope with Design Dilemma

Abstraction Accuracy
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Conclusion

Deep Sub-micron (DSM) problems are here and are real

Traditional Physical Design and/Logic Synthesis
Algoerithms do noet work

Innovation (in algorithms, methodolegy, teols, etc)
needed i all facets.
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