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Fast interconnect on chip buffer insertion timing optimization analysis
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Abstract: Along with large scale integrated circuit development, interconnect delay has become the
bottleneck of restricting its performance. Buffer insertion is one of the ways to solve interconnect delay
problem. VG algorithm is the classical algorithm of buffer insertion interconnection sequence optimization.
The improvement is performed based on the three main operation processes of VG algorithm in this paper.
Red-black tree data structure is employed to store and route topology data structure, therefore speed up
the update and access of the data structure; fast redundancy discrimination and sorting method are adopted
to decrease the quantity and the complexity of the optimal solution. The circuits included in standard test
circuit International Symposium of Circuits and Systems in 1989 (ISCAS89) set are used to test the
proposed method, and the test results show that although the running time of both the improved method
and the traditional method is linearly increasing with the increasing of circuit scale, the advantages of the
improved algorithm are still more obvious than traditional method. Meanwhile, the advantages are also
more significant along with the buffer numbers increasing in the buffer library. In the case of one buffer in
the buffer library, the running time of improved algorithm is 73.28% of VG algorithm, while in the case of
8 buffers and 20 buffers in the buffer library, the running time of improved algorithm is 67.34% and
63.05% of VG, respectively. The proposed method can effectively reduce buffer insertion time in the mass
interconnection sequence optimization.
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Fig.2 Adding interconnect subtree
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Fig.3 Fast interconnect timing optimization algorithm
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Tablel Simulation buffer parameters

buffer type 1 2 3 4 5 6 7 8
input resistance/Q 1120 980 840 700 560 420 280 140
input capacitance/fF 7.89 9.01 10.52 12.62 15.78 21.03 31.55 63.10

K 2 ISCAS89 ARifEMI it i FL RS AR ROIMBRESE nf i A s L
Table2 Numbers of interconnect wires and candidate buffer insertion points based ISCAS89

test circuit s27 51196 §5278 $9234 s13207 s15850 835932 $38584
number of interconnect 22 1041 4440 8221 11 955 14 329 30317 34 486
insertion point number of candidate buffer 910 41 830 177 680 328 910 479 520 574 160 1220 670 1380 420

03 b 3 SR FH 1) 2 v T, S 42 TSCAS89, AR HE % 1) AU AR 1k FH A B %l 27,51196,55278,59234,513207,
$15850,535932 Fll 538584, & 2 A H T FTF B9 A% vhE A i 3% b 3% 2R S0 BRI 1B 2% vh 284 A S5
K440 T VG B HAR T E7E 4 ] Blibl,Blib8 Fl Blib20 2% mh 28 FE B A AL iz AT it a5 3, MIRIFp el L)
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Fig.4 Comparison of running time between proposed algorithm and VG
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Table3 Running time comparison between proposed algorithm and VG in different circuit sizes

electric circuit bufferlib1/(%) bufferlib8/(%) bufferlib20/(%)
s27 74.02 70.68 64.17
s1196 73.25 67.59 61.45
85278 71.39 65.94 63.38
$9234 75.42 67.80 62.72
$13207 71.87 66.43 59.63
s15850 72.32 65.81 61.38
835932 70.92 64.12 62.09
$38584 77.05 70.35 69.60
average ratio 73.28 67.34 63.05
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