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Abstract As a key step in the physical design of very large scale integration, layer assignment
plays a very important role in determining the delay of routing solution. At the same time, with
the continuous progress of technical nodes, the density of the nets is increasing. Interconnect
delay is an important factor to evaluate the performance of the routing results. In order to optimize
the delay in integrated circuits, the existing layer assignment algorithms usually focus on

minimizing interconnect delay and via count. However, the existing work either does not consider
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the assignment of the timing—critical segments in nets, or the time critical representation of wire
segments is not reasonable, which ultimately makes the delay optimization not ideal. For this
reason, this paper proposes a multi-strategy delay—driven layer assignment for non—default-rule
wire technique, which mainly includes the following key strategies: (1) In order to avoid the local
optimization of the nets, a track number aware layer selection strategy is proposed. This strategy
enhances the ability of layer assigner to select suitable routing layers for wire segments so that it
allows the layer with the largest number of remaining tracks to be given priority in the layer
assignment to avoid overflow in the routing layer. (2) A multi-index driven initial net sorting
strategy is proposed. This strategy fully considers the characteristics of different nets to determine
the priority of nets, and comprehensively considers multiple indicators such as the wirelength, the
number of sink points, and the resource of routing tracks to determine the priority of layer
assignment for the network, so that the high—quality initial layer assignment results is obtained.
(3) In order to further optimize the delay, a wire segment adjusting strategy is proposed. This
strategy 1s adopted to optimize the delay of nets by re—assigning nets and assigning the timing—
critical segments on upper layers. (4) A wire segment delay optimization strategy is proposed to
optimize the delay of nets while eliminating overflow by ripping up and re—assigning the nets which
have overflow. This strategy not only makes the final routing result not overflow, but also makes
it have better delay. And the proposed algorithm is mainly composed of three stages. First, a
better initial layer assignment result is obtained through the multi-index driven initial net sorting
strategy. Then, the proposed algorithm adjusts the routing layer of the timing—critical segments
through the wire segment adjusting strategy, and then eliminates the overflow while optimizing
delay through the wire segment delay optimization strategy. Finally, under the condition of
satisfying the congestion constraint, the proposed algorithm rips up and re—assigns the nets to
select a better layer assignment result. In each stage, the track number aware layer selection
strategy is used in the single net layer assignment so that the track resources of upper layers can be
fully utilized. This paper uses the DAC12 benchmarks to verify the effectiveness of the related
strategies and the proposed algorithm. The experimental results show that the proposed algorithm
can achieve the best performance in both delay and via count among the existing algorithms

without overflow.
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Fd4  RINZ W EVEEE SR BE AN L M) B A AL SRS AT /5 LI 45 R b
HREY RS TINZE 1) B ] 42 SR s N2 1) B ) 4B b S i AR
Ha i TD MD 0.5% 1.0% 5.0% Hve TD MD 0.5% 1.0% 50% #ve
sp2 2131210  420.8  137.4 111.6  49.0 6815225 2107820  439.4  137.8 111.6  48.6 6562343
sp3 710498 4442 81.2  60.6  20.6 6138531 694919 447.7 79.7  59.2  20.0 5965551
spb 587249 208.7 48.8  37.2  14.5 5952285 572051 208. 1 47.8  36.3 14.0 5799693
sp7 551804 168.0 36.6  25.9 8.9 9083303 535554 189.8 35.4  24.8 8.5 8895986
sp9 374008 139. 2 41,9 29.7 11.2 4969299 363185 141.7 40.9  28.8  10.8 4858606
spll 696044  1466.2  104.4  62.6 17.7 5460008 679591 1402.1  103.3  61.6 17.2 5332042
spl2 483488 573.4 35.4  25.3 8.7 8268086 469263 545.0 34.4 243 8.3 8081012
spld 361087 202.3  47.8  34.4  12.7 3897885 350364 197.0 46.7  33.4  12.2 3794123
spl6 480910 153.9 46.8  36.2 15.8 3855073 468682 140. 4 45.3  35.0 15.3 3720892
spl9 171197 298. 3 18.5  14.4 6.8 2937368 164841 281.1 17.6  13.6 6.4 2871955
AVG 654750 407.5 59.9  43.8  16.6 5737706 640627 399. 2 58.9  42.9 16.1 5588220
ratio 1. 000 1.000  1.000  1.000  1.000 1.000 0.974 0.993  0.976 0.971  0.964 0.974
x5 NHRNEESEANEELWERITLL
HRES SCHR[3215 33 AR
H i TD MD 0.5% 1.0% 5.0% #ve Runtime TD MD 0.5% 1.0% 5.0% Hve Runtime
sp2 2222970  503.9 145.0 116.2 51.5 7129655 1025.9 2107820 439.4 137.8 111.6 48.6 6562343 1349.4
sp3 775357  535.1 89.1 66.2 23.2 6382992 671.6 694919 447.7 79.7 59.2 20.0 5965551  836.7
sp6 654807  253.7 57.3 44.0 16.9 6202333 572.2 572051 208.1 47.8 36.3 14.0 5799693  742.0
sp7 624896  233.2 43.1 31.4 10.9 9335272 725.3 535554 189.8 35.4 24.8 8.5 8895986  919.8
sp9 413723 211.5 46.0 34.2 13.1 5120143 426.9 363185 141.7 40.9 28.8 10.8 4838606  578.7
spll 750541 1602.3 109.7 68.2 19.8 5592279  462.2 679591 1402.1 103.3 61.6 17.2 5332042  649.7
spl2 542782  581.5 40.2 29.9 10.1 8500960  678.6 469263 545.0 34.4 24.3 8.3 8081012  878.8
spld 407862 2050 56.0 41.9 15.2 4038943 348.6 350364 197.0 46.7 33.4 12.2 3794123 474.4
splé 544414 186.3 54.4 42,9 18,9 4122687  448.2 468682 140.4 45.3 35.0 15.3 3720892  560.7
spl9 193844  304.5 24.6 19.0 8.7 3038941 233.4 164841 281.1 17.6 13.6 6.4 2871955 313.1
AVG 713120 461.7 66.5 49.4 18.8 5946421 559.3 640627 399.2 58.9 42.9 16.1 5588220  730.3
ratio  1.000  1.000 1.000 1.000 1.000  1.000 1.000  0.879  0.846 0.857 0.836 0.828 0.938  1.314
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F6 XERBNEEMANXEELWERIT L
iz SCHR[3315 1% ARk
GER TD MD  0.5% 1.0% 5.0%  #vc  Runtime  TD MD  0.5% 1.0% 5.0% #ve  Runtime
sp2 2139820 475.2 138.3 111.9 49.7 6857552  926.4 2107820 439.4 137.8 111.6 48.6 6562343 1349.4
sp3 718602  368.0 83.2 62.2 21.1 6186023 653.1 694919  447.7 79.7 59.2 20.0 5965551  836.7
sp6 592284 203.9 50.9 38.9 14.9 5945350 491.2 572051 208.1 47.8 36.3 14.0 5799693  742.0
sp7 558499  187.8 38.6 27.6 9.2 9134247  649.7 535554 189.8 35.4 24.8 8.5 8895986  919.8
sp9 376370  140.7 428 30.9 11.5 4990615 395.6 363185 141.7 40.9 28.8 10.8 4858606  578.7
spll 695731 1596.0 104.1 63.0 17.8 5388497  589.8 679591 1402.1 103.3 61.6 17.2 5332042  649.7
spl2 487128  536.0 36.2 26.0 8.8 8283491 581.2 469263 545.0 34.4 243 8.3 8081012 878.8
spld 363108  192.1 49.5 36.3 13.1 3907452  309.3 350364 197.0 46.7 33.4 12.2 3794123  474.4
spl6 485113  155.4 46.7 36.2 16.0 3796930 647.2 468682 140.4 45.3 35.0 15.3 3720892  560.7
spl9 172812 281.0 20.4 158 7.1 2951412 190.9 164841 281.1 17.6 13.6 6.4 2871955 313.1
AVG 658947  413.6 61.1 44.9 16.9 5744157 543.4 640627 399.2 58.9 42.9 16.1 5588220  730.3
ratio 1.000  1.000 1.000 1.000 1.000 1.000  1.000  0.967  1.000 0.948 0.937 0.943 0.973  1.378
R7T XE24IEEMANE AL ERITE
izt SCifik[24 18 A S B
H % TD MD 0.5% 1.0% 5.0% #ve TD MD 0.5% 1.0% 5.0% #ve
sp2 2218430  462.2  144.3 1157  51.3 7133201 2107820  439.4  137.8 111.6  48.6 6562343
sp3 772878 552.3  88.5  65.7 231 6385013 694919 47.7 797 59.2  20.0 5965551
sp6 618865 219.2  51.3 389 157 6326157 572051 208.1  47.8  36.3  14.0 5799693
sp7 621769 205.7 42,5 31.1  10.8 9352697 535554 189.8  35.4  24.8 8.5 8895986
sp9 411971 219.7 456 33.8  13.0 5130406 363185 141.7  40.9  28.8  10.8 4858606
spll 747512 1510.8  109.0  67.7  19.7 5600672 679591 1402.1  103.3  61.6  17.2 5332042
spl2 535737 575.7  39.0  29.0  10.0 8568340 469263 5450 34.4  24.3 8.3 8081012
spld 397619 207.8 527 39.4  14.7 4063943 350364 197.0  46.7  33.4  12.2 3794123
spl6 543261 170.4  53.9 42,6  18.8 4121769 468682 140.4  45.3 35,0  15.3 3720892
spl9 189768 205.9 227 17.9 8.4 3092748 164841 281.1 7.6 13.6 6.4 2871955
AVG 705781 442.0 649  48.2  18.5 5977495 640627 399.2  58.9 429  16.1 5588220
ratio 1.000 1000 1.000  1.000  1.000 1. 000 0. 891 0.887  0.885 0.863 0.843 0.933
x8 XEBNNEEMANXEELWERIT L
HIRES SCHR[37TE % ENEG RS
Ha i TD MD 0.5% 1.0% 5.0% #ve TD MD 0.5% 1.0% 5.0% #ve
sp2 2176680  422.8  143.0 114.1  50.2 6863534 2107820  439.4  137.8 111.6  48.6 6562343
sp3 748698 563.5  85.3  63.2  22.2 6221563 694919 447.7 797 59.2  20.0 5965551
sp6 632612 205.0  54.7  41.7  16.1 6038170 572051 208.1 47.8  36.3  14.0 5799693
sp7 592246 205.5  39.5 285  10.0 9118129 535554 189.8  35.4  24.8 8.5 8895986
sp9 400062 189.4  44.4 326 12.4 5002066 363185 141.7  40.9  28.8  10.8 4858606
spll 722414 1571.3  106.2  65.0  18.8 5457598 679591  1402.1 103.3  61.6  17.2 5332042
spl2 514793 584.6  38.0  28.0 9.5 8316707 469263 545.0 34.4  24.3 8.3 8081012
spld 390125 208.2  52.7  39.0  14.3 3942345 350364 197.0  46.7  33.4  12.2 3794123
spl6 514912 219.4  50.8  39.8  17.5 3918339 468682 140.4  45.3  35.0  15.3 3720892
spl9 185390 308.9 229  17.7 8.0 2958072 164841 281.1 17.6  13.6 6.4 2871955
AVG 687793 456.9  63.8  46.9  17.9 5783652 640627 399.2  58.9 42,9  16.1 5588220
ratio 1.000 1000 1.000  1.000  1.000 1. 000 0.916 0.853  0.901 0.886 0.878 0. 965
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Background

With the increasing number of integrated circuit
components on a chip, the limitation of storage space and
packaging technology has posed a new challenge to the design
method of VLSI. Some electronic design automation (EDA)
tools are difficult to deal with many VLSI design problems with
exponential increase in complexity, and lack of consideration
for a series of new problems in nano technology. In the current
manufacturing process, interconnect delay has surpassed gate
delay and become the main factor determining circuit
performance. The interconnect delay is mainly optimized in the

routing phase. Therefore, in order to optimize the performance

B 2D PRS 31 6 R Y R R RO T, W i A
OQXTX1og(T)). H THrBR AN E L& 1 B it i KA 1o
2 W B BBIN X g RS B KINHE] O(2XNX @) . iRk T 2%
R 25 BB e R MR BN, 458 B — 20, ek
) 5 44 BE R OCNX gHNX X B, 45 1 il 1528 I B i s 55
W B4 ] 18] 52 2% JBE O (QX TXlog (T) +2X N X g+NX g+NX
gXI=ONX g X (F+TXlog(T))).
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TXlog(T)). Prek LM IEMIRECN B i i RZ L T, R
BB 21 OCTX (NX gHNX g X F)) . LA MR R il 154k
o B s 42 B £ R B B ] A2 22 OCN X g X (T X log (D 4T+
TXENAONX gX TX (og(T)+E)). L4 IR, Bk
5 B BB R 2 OCN X g X TX (log (T +£)).

Je A B B U D — R 4 Rk 0, 5 H 56 i i 4 A B S
FNEACNINKEZ SRR . BRI 2k I B 22 iR s F e IF
RAWRIZ DA B . Herh, PRER NI A BT 46 9 B 14 it ] 42
BRI ONX @), B Pk B B i e KB & 240 O
(BXNXGgHNXgXE).

R ARSCRE A B, SRR IR 2R B O (N X log
(N)+NXgXTX (og(T)+E)). TEEE .
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of the chip, what we need to consider is not only the
optimization of wire length, but also some optimization
objectives about performance such as delay.

As a key step in the physical design of very large scale
integration, layer assignment plays a very important role in
determining the delay of routing solution. In order to optimize
the delay in integrated circuits, the existing layer assignment
algorithms usually focus on minimizing interconnect delay and
via count. However, the existing work either does not consider
the allocation of the timing—critical segments in nets, or the
time critical representation of wire segments is not reasonable,

which ultimately makes the delay optimization not ideal. For
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this reason, this paper proposes a multi-strategy delay—driven
layer assignment for non-default-rule wiring techniques, which
mainly includes the following key strategies: (1) A track
number aware layer selection strategy is presented to enhance
the ability of layer assigner to select suitable routing layers for
wire segments; (2) A multi-index driven initial net sorting
strategy is proposed to determine the priority of nets by
considering multiple indicators such as the wirelength, the
number of sink points, and the resource of tracks; (3) A wire
segment adjusting strategy is adopted to optimize the delay by
re-assigning nets and assigning timing-—critical segments on

upper layers; (4) A wire segment delay optimization strategy

is proposed to optimize the delay of nets while eliminating
overflow by ripping up and re-assigning the nets which have
overflow. The experimental results show that the proposed
algorithm can achieve the best performance in both delay and
via count among the existing algorithms without overflow.
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