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Self-reforming Steiner Trees by Flip
and Applications to VLSI Interconnection

YUKIKO KUBO, YASUHIRO TAKASHIMA, Tt SHIGETOSHI NAKATAKE!ft
and YO0J1 KAJITANI

Given a Steiner tree that connects designated terminals on a plane routing area, the Flip
is defind as a procedure that makes a current Steiner tree change its configuration. It is to
replace one of the edges of the Steiner tree with a detour on an adjacent face. Since the pro-
cedure runs quickly, and the reachability is proved, the idea can be a useful routing algorithm
if it is implemeted by simulated annealng. The idea is enhanced to the 2-layer HV routing.
The performance of the algorithm was experimented for multiple objectives. Some unique
and satisfiable results were observed. The difference from the rip-up and reroute strategy is
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discussed in Appendix.
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Face F (shaded), teminal set R = {rl,72,r3,r4,
r5}, Steiner edge set S, pendant edge j and Steiner
tree T =S — {j, k,m}.

Fig. 1
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Fig.3 Example of transformation of a Steiner tree by

repetition of Flip.
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04 20 HVOOOOOO Flip
Fig.4 Flip applied to the 2-layer HV routing.
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05 0010000000000 a=020010a=1000
Fig.5 Exp.1: input (left) and outputs (a = 0.25 (center), @ = 1 (right)).

01 00100000000000

Table 1 Exp. 1: Clock routing optimization.

LEN | SKEW | time (sec)
input tree 1344 352 —
a=0 1184 272 363
a =0.25 1848 48 440
a=1 2728 4 529

02 002020HVO0000O00DOOOOD

Table 2 Exp.2: Average improvement of 2-layer HV

routing.
a=0,8=1 a=1,8=9 a=1,8=3
class VIA | CTLK| VIA | CTLK| VIA | CTLK

class-30 | 4.31 0.27 | 3.51 0.31 2.74 0.32
class-40 | 3.89 0.34 | 3.30 0.33 | 2.61 0.35
class-50 | 3.26 0.51 2.81 0.53 | 2.32 0.51

VIAOODOOOOOCTLKOOOOOOOooooo
gdboil1oooooobooooooboooooon
oo0ooooOoOoOooOooOoOoOoOoOoU0Oo0OeOp
oboooboooooooooooboooboooooo
ooboooooooooo
1000000000000 bO0O0bO0bob0ooD
gooooobooboooooooooboobobooo
0110000000000000o0ooooooon
gooooo
gooobbobooboooooooooboooon 3o
O0000SAO0O0OO00 Tinie = 1000 Tinaq = 0.10
C=0980L=20000000000000000 2
OO0000000O0OcdassODOOO00O0O0 100000
0000000 /oooo0obD)obooooooo
gooooooooboooobooooooooon
geboooObOOObOOOOODOeOOOODOOO
oob0Oo00000 120001800000000

O od
gooooooooooooooboooooooo
gooooooooobooooooooobooooon
goooooooooobooobooooooooon
gobooooboooboobooobodooboooooooo
ooboooobooobooooooooog

6. 0000

000oO0DoOOoOooooDOoo FlipoobDODODO
gdoooo0obo0ooobDUOooOoOoobboooooo
gdobooooodpooo0ooooooOoooooo
000000000000oo0dnD sADOOooood
goooogooog

goooooooooooooooobooboooo
gobooobooobooooboooooboooo

oooooo0o FlipdO0O0O0OODO0OOOODODOO
gooooooooooooga rip-upandrerouteg)

OO0OOCORROOOOOOCOORRODODOODOODBOODO

gbooobooooooooocoooooobbooboo
gooooboooooooooobooooboobooboo
go000oRROOOOODOOOOOOOOOOOOO
gooooobooooboboOobO0oooobooooon
gooooooooooooobooboboooboboo
lgoooocooooooao

Ud bOooboooooboboooooodgn
gbooboooooooooboooobooooooooa
0000 CAD21000000ooooooo

g o o 0O

1) Edahiro, M.: An Efficient Zero-Skew Routing
Algorithm, Proc. 31st DAC, pp.375-380 (1994).
2) Boese, K.D., Kahng, A.B., McCoy, B.A. and



Vol. 41 No. 4

FlipOOOOOOOOOOOOOOOOO vLSIoooOooooo 887

T
Tl
i
T
T

06 0020000000000a=108=9000a=10=300010
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Table 3 Exp.3: Comparison of performance of Flip and
RR.

oooo VIA CTLK
class Flip RR Flip RR Flip RR
class-30 | 0.62 0.54 | 3.35 1.29 0.32 0.46
class-40 | 0.64 | 0.81 | 2,98 | 1.30 | 0.38 | 0.75
class-50 | 0.73 | 0.79 | 2,50 | 1.32 | 0.53 | 0.73
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Table 4 Exp.3: Comparison of performance.

Flip RR
class MIN | MAX | MIN | MAX
class-30 | 0.51 0.78 0.20 1.00
class-40 | 0.56 | 0.71 | 0.46 | 1.00
class-50 | 0.48 | 0.87 | 0.41 1.00
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