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Rentian Length Distribution

C7552 Benchmark Circuit: 3512 Gates, 5836 Interconnects

—— Rentian Digtribution (Rents exponent 0.6)
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Length Distribution

C7552 Benchmark Circuit: 3512 Gates, 5836 Interconnects

Total Length Optimized Distribution (TLOD)

—— Rentian Digtribution (Rents exponent 0.6)
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Length Distribution

C7552 Benchmark Circuit: 3512 Gates, 5836 Interconnects

Total Length Optimized Distribution (TLOD)
—4— Rentian Distribution (RD)
MMD Rea (RMMD)
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Salient Properties of New Distribution

e Reduction in maximum length of interconnects

e Reduction in number of long interconnects

e |ncreases the available design space




Outline

e Vultiplicity

e Theoretical MMD

e Real MMD

e | mpact on Global Interconnects
e Conclusion




Multiplicity of Length Distribution

Total number of layout arrangements
that have the same length distribution




| nterconnect Positions
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e MIJL]: Number of interconnect positions of
length L In alayout
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| nterconnect Positions
e Dengity of interconnect states function M[L]

3
1<L<+/N: M[L]:%—2L2ﬁ+%L(6N—1)

3
JN<L<2/N-2: M[L]:—%+2L2\/N—%L(12N—1)+§\/N(4N—1)

J. A. Davis, V. K. De, and J. D. Meindl, “ A stochastic wire length distribution
for gigascale integration (GS) Part I: Derivation and Validation,” |EEE Trans.
Electron Devices, vol. 45, pp 580-589, March 1998.




Multiplicity of Length Distribution

e Assumptions

e Gates are arranged I1n a Normogeneous souar
layout array

e |nterconnects are independent

e Each interconnect is distinct




| ndependent | nterconnects

o N[1] =2

e

e Impossibilities Counted (Si mpI e Calculations)!




Distinct | nterconnects

o N[1] =2

p

e Unique arrangement should be counted!




Multiplicity of Length Distribution

VI e

e Ax3 {M[1]»x (M[1]-1)} ways of arranging the 2

Inter connects

N[L]-1

Q, = H(M[L]—I)

e Multiplicity of interconnects of length L

. M [L]
© (M[L] - N[L])!




Multiplicity Calculation

e Multiplicity of interconnect length distribution

Q_zm—z M[L]
: D (M[L] = N[L])!

e Entropy

L mAx

S= » log(M[L]!) —log((M[L] = N[L])!)




Length Distribution

C7552 Benchmark Circuit: 3512 Gates;, 5836 Interconnects
Multiplicity of RD= 10°°°®* < Multiplicity of TLOD= 10°'%*®
Multiplicity of RMMD= 102%%*

—— Total Length Optimized Distribution (TLOD)
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—— Rentian Disgtribution (RD)
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Real MMD (RMMD)
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Outline

e Multiplicity

e [neoreiical MMD

e Real MMD

e | mpact on Global Interconnects
e Conclusion




MMD Problem Definition

e Find thevauesof N(L) suchthat S

L max

S= % log(M[L]!) —log((M[L] - N[L])!)

IS maximized under the following constraints

L max Lmax

NEdges = ZIN[L] LTotal = ZL*N[L]
= =




MMD Derivation

L max

f1= LZlN[L] ~ NEdges » olog(M[L]-N[L])) ra+A=0
ON[ L]

Q)

L mAx

fo= L* N[L] — Lvota (2)
2,

0S of 1 of2 _
+a + 5 =
ON[L] ~ ON[L] " ON[L]

—logM[L]-N[L)+a+fA =0 (7)

N[L] = M[L] -7 T A- ®)
log( K!) = Klog(K) - K
N[L] = M[L] - e e ©

olog(M[L] - N[L])Y) _ _
N =—logM[L] - N[L]) a=d b=




MMD Expression

N[L] = M[L] - a(b)-

3
1<L<+4N: M[L]:%—2L2ﬁ+éL(6N—l)

3
JN<L<2/N-2: M[L]:—%+2L2\/N—§L(I2N—1)+§\/N(4N—1)




MMD Calculation

N[L] = Max(M[L] - a(b)"-,0)

L max

Nedges = § Max(M[L]-a(b)l,0)

LmAX

LTotal = ;L* Max(M[L]-a(b)",0)




MMD Calculation

:

Lavg=30
—=— | avg=25
—— Lavg=20
—— Lavg=15

Lavg=10

Lavg=4.89
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MM D evolution for ¢7552 circuit with
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Outline

e Multiplicity

e Theoretical MMD

e Real MMD

e | mpact on Global Interconnects
e Conclusion




Real MMD

e Distribution Driven
Placement

Cost = ZW* [Nact[L] - Nreg[ L]
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Distribution Driven Placement

1000 Circuit Costl | Cost2 | Cost3 | Cost4
Name: C499

Cumulative 50.88 440.1 | 36.84
% error

% Increasein | 27.65 29.64 | 29.51
total length
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Outline

e Multiplicity

e Theoretical MMD

e Real MMD

e |rnpact on Global |nierconnects
e Conclusion




Multilevel Interconnect Architecture

Global Interconnects

EEEEEEEEHR
Local Interconnects
EEEEEEEER




Global |nterconnect

Percent Decrease In Global | nterconnect Count Percent Decrease I n Global | nterconnect Length

M Cost 2 B Cog 2
I Cost 3 B Cog 3

C1355 C(C1908 C2670 C3540 C5315 C7552 C1355 C1908 C2670 (C3540 (5315 C7552

e Global Interconnect Cutoff = 0.2X Lyax
e Global Interconnect Count - average improvement: 54% (Cost 2) vs 68% (Cost 3)
e Global Interconnect Length - average improvement: 55% (Cost 2) vs 68% (Cost 3)
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Total Interconnect Length
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Percent Increase In Total Length

M Cog 2
E Cos 3

C1355 C1908 C2670 C3540 C5315 C7552

e Averageincreasein total
length: 21% (cost 2) vs.
23% (cost 3)

| nterconnects with what
length cause an increase in
total length?

What isthe |ezst length that
we could use as global
interconnect cutoff and see
an improvement in global
Interconnect?




Global |nterconnect Quality

—=— Total length of interconnects with length >=
XinTLOD

—— Total length of interconnects with length >=
Xin Real MMD

24,3610

| 24,1086
20 30

Globa Length Cutoff (X)




Global Interconnects

% Increaseintota length of interconnects with length >= X

20 30
Global Length Cutoff (X)




Global Interconnect Quality
Maximum L ength
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Outline

e Multiplicity

e Theoretical MMD

e Real MMD

e | mpact on Global Interconnects
e Conclusion




Conclusion

e New interconnect |length distribution

e Reduction In
e Number of long interconnects (55%)
e Total length of long interconnects (55%)
e Maximum length of long interconnects (12%o)

e |ncrease in total interconnect length dueto
local Interconnects

e [nsight into Distribution driven Physical
Design







