


noteworthy because the greedy method is asymptoti-
cally as good as the optimal matching [16].

Tables 3 and 4 highlight the contrast between HI 1
and the method of [71, showing minimum, maximum
and average values for both total wirelength and skew.

As noted in [9], any set of approximation heuristics
induces a meta-heun”stic which returns the best solu-
t ion found by any heuristic in the set; we also imple-
ment ed this as H 13, which returns the minimum-skew
result from H 1 through H 12. Interestingly, in our expe-
rience H 13 always returns a perfect pathlength balanced
tree, i.e., for each problem instance, at least one of the
heuristics H1 through H12 will yield a zero clock skew
solution (while HO never does). This is very useful, es-
pecially when the heuristics are of similar complexity.
For example, we can solve the Primaryl benchmark us-
ing all twelve methods in less than two minutes on a
Sun-4/60 workstation.

Finally, we tested our algorithm’s performance on the
Primaryl and Primary2 benchmarks, using the same
layouts as in [7]. Figures 4 and 5 illustrate the output of
variant H 11. Table 5 compares the results of H 11 and
the results of (71 which were movided bv the authors

H11 com~l~tely eliminat& clock ske”w while using
7% less wirelength.

Conclusion

We presented a heuristic method based on recursive
matching which constructs clock tree routings with ex-
tremely small skew. The method uses total wirelength
that is on average within a constant factor of the wire-
length in a minimum Steiner tree, and in the worst case
bounded by O(@) for n terminals in the unit square.
We verified our algorithm on numerous random exam-
ples as well as on industry benchmark circuits; results
show near-zero average clock skew while using total
wirelength that compares very favorably with previous
results.
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Table 1: Average tree costs for the various heuristics.
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Table 2: Average skew valuea for the various heuristics,
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HO I HO I HO II Hll I H11 I Hll
min ave I max II min ave I msx
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S556
12243
17543
25325
36179

Table 3: MinimUrn, average, and maximum total wirelength wd-

ues for Hll and the method of [71.
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4
8
16
32
64
128
256
512
1024

-mr
min

2
46
86
11s
141
120
127
103
94

-Im-
ave

112.31
1S6.10
234,72
262.61
229.15
201.55
183.28
153.90
125.34 T

o 11
max min
379 0
407 0
416 0
540 0
337 0
282 0
250 0
203 0
167 0 T

11 11
ave max
0.00 0
0.00 0
0.00 0
0.00 0
0.00 0
1.02 30
0.92 46
0.62 31
0.0s 4

Table 4: Minimum, average, and maximum skew values for Hll

and the method of [7].

HO HO Hll Hll skew cost
skew Cmt skew cost impr 7. impr

Prlml 0.29 161.7 0.00 153.9 0.29 4.8
Prim2 0.74 406,3 0.00 376.7 0.74 7.3 1

Table 5: Comparison of Hll and the method of [7] on Primaryl

and Primary2 benchmarks: “skew” denotes standard deviation of

path length; “cost” denotes total wirelength.
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Figure 4: Output of varisnt Hll on Primaryl bencbmark layout
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Figure 5: Output of variant HI 1 on Primary2 benchmark layout.
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