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Wirelength and Congestion Estimation

A placed VLSI standard-cell design
Total wirelength and congestion

Wire density DY{(x,y) q
= probability that line BB(1) n, m)
segment T, y [/ BB(t)
will be used in the -

routed path for this L, Y
connection ‘(O, 0)

BB(t) = Bounding box of net t
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 Lou etal. (ISPD-2001) assume
that every path has the same
probabllity of occurrence

Typical Path

We assume that paths with
smaller number of bends have
larger probability of occurrence

Typical Path




Previous Works and Our Contribution

 Previous probabilistic methods ignore
detouring
e WL Estimation = Estimation of RSMT WL

We take detouring into
account so that the predicted
congestion map can better fit
actual routing results

Detoured Path




Previous Works and Our Contribution

 Previous congestion map constructions are “one-shot”

>

o

Routing probability distributions are the same

We give an congestion map construction by

considering the interaction between nets
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Bend Distribution

Goal: More practical model for congestion estimation
* Not all paths have same probability of occurrence

Our model assumes that tF
have the same probability of
occurrence

 Empirical data: Bend distribution is log-normal

N2 ( =25
b — _0.054 L33 : 2(?;2)

p, = Probability of b-bend paths
«=0.6




New Wire Density Model

o Fit to observed statistics of routing paths in real layouts

X,y = unit-length segment with left endpoint at (x,y) in
the bounding box of net t

# b — bend paths passing T,
Dj(z,y) = PHUS 0000 ol

Total # b — bend paths
|

Pb




New Wire Density Model

QOSJ o

b= b=4
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ntm—2 + 2(m—1) T+ 2py

(n+m—4)n—1)m-1) O<y<m

w = Multi-bend factor
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L,y

Every path must pass of [ine segments in S.

D' (z,y) = Y. P(@,y routed|z’,y routed) o P(z',y' routed)
' y'eS
¥
P(z, 5y routed|z’,y’ routed) = D' (x,y)

ozt — _ D'y
P(z',y" routed) = S~ Do(a )

.J"r,.r;!{-'- ]




Testing the New Model

B Observations
»—Values of actual function

Walues predicted by Lou's model
O Values predicted by new modeal
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Two Questions to Answer

» Which nets will detour?
e How to predict detoured wirelength?




Relationship Between Congestion and
Detouring

Detoured nets
are around
congested

regions

\

Only detoured
nets are counted




Congestion_Factor

Congestion_Factor(t) = T X {(C(z,y) - I)‘r(:rriy)) ® !)"(.I',y)}
(t) (z,y)EBB(t)

F(t) = Half-perimeter of BB(t)
C(x, y) = Congestion of x, y

 Well correlated with
whether a net will
detour

 Hard to estimate the
detoured WL, since it
also depends on (nets
In) the region outside
BB(t)




terative Estimation Method

e If Congestion_Factor(t) > a
=» Expand the net bounding box in the least congested
direction in order to reduce Congestion_Factor(t)
=» Recalculate wire density function and
Congestion_Factor(t) for detoured nets
Keep expanding until Congestion_Factor(t) < a for all nets

Need a model for detoured nets

-—)




Detoured Nets Model

» Main idea: mapping the detoured paths in
! an nxmgrid to paths without detouring
In an expanded (n+2l) x m grid.

4‘
(n+l, yo) [ l

o W

Xx=n+| must be passed.

(X, y) 2 (X, y) Ify<yq
-2 (n+2I-x,y) otherwise

| = Detoured wirelength




Detoured Nets Model

b=2 b=3

\

Pa b=

1 Pd3 | 2n44l- L
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Probability of b-bend detoured paths
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Congestion Factor Based Algorithm

Input : Placed netlist with fixed pin location
Output : Total wirelength and congestion map

For each net in the layout
For each line segment
calculate wire density and update its congestion
For each net t in the layout
calculate Congestion_Factor(t)
While (the maximum of Congestion_Factor > a)
expand BB(t) by 1 unit in the least congested direction
and recalculate the Congestion_Factor(t)
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Five Industry designs obtained as LEF/DEF
files

Divide the layout into 40000 equal regions

Output includes total wirelength and
congestion

Output results are compared with actual
routing results of a commercial detailed
router, Cadence WarpRoute




I Comparison of Total Wirelength

Test RSMT_ WL | Actual WL Congestion_Factor Based

B | 3214 | 3317 | 3307 | 78% | 764
| D | 2100 | 2372 | 2368 | 93% | 2351

[RSMT WL — Actual WL| — |Est WL — Actual WL|
IRSMT WL — Actual WL|

improve =







Comparison of Estimation Quality

-.m;_-----.
10903 | 0878 [ 0911 | 0923 | 1235

Model | o | 1207 | 1352 | 1124 | 0046 | 1672 |

| cPU | 1524 | 756 | 467 | 2265 | 813 |

New | _p | 0051 | 1037 | 0962 | 0981 | 1102 |
Model | _a | 1134 | 0621 | 0721 | 0545 | 1024 |
mmmmmm

New
Model
+CF

C'(zy)
40000 ,—EZ 1

TYET;
f.;l 2. (zy)

T, YET;

40000

Metrics proposed in Kannan et al. DAC-2002
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Conclusions / Future Work

 New, accurate wirelength and congestion
estimation methods

-« Improve the wirelength estimation accuracy
i by 90% on average with respect to the

| traditional RSMT wirelength estimate

| » More accurate congestion maps than

| current estimation methods

|+ Include new estimator into a placer




