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CROSSTALK-DRIVEN AND RLC-BOUNDED TRACK
ASSIGNMENT ALGORITHMS

Student : Ying-Shu Lou  Advisor : Dr. Yih-Lang Li

Institute of Computer Science and Engineering
National Chiao Tung University

ABSTRACT

In this work, we have proposed crosstalk-driven and RLC-bounded
track assignment algorithms. Eirst, RBTA first applies LEA to produces a
utilization-driven TA, and then.transforms the-crosstalk minimization
problem into finding a MWHP by the-proposed new track overlap graph.
Experimental results show that RBTA algorithm reduced crosstalk
32.33% and produced fewer failed nets than previous works. In second,
we proposed an enhanced finding clique heuristic. For each clique in
IRoute OLG in the decreasing order of clique size, RLC-bounded TA first
apply initial assignment to produce a capacitance-free TA result, and then
iIf inductance coupling occurred, we use Tabu search to reduce inductance
coupling more. Experimental results show that Tabu search phase reduced
inductance coupling 66.9%, 62.80% and 55.44% when the sensitive rate
IS 25%, 33% and 50%, respectively. In the future, we hope to develop a

row-based RLC-bounded track assignment algorithm.
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Figure 2(a) is a routing region consisting of 5 x 10 GCells, and shows some
definitions in the example. In the case, the net segment a isn’t an IRoute, but b and ¢
are both IRoutes.(b) shows a track assignment result with six net segments in a
horizontal panel.
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Figure 3.Hlustration of Kj computation. N; and N; are two signal wires in the same
block sandwiched by ground wires g ;and g . . f(i) and g(j) are two linear interpolation
functions as shown by the sloping dotted line. The mutual inductive coupling is given
by the mean of f(i) and g(j) .
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1.Select an initial solution x™",
and set Tabu list H=empty;
2.While not meet the stop conditions do
Generate a candidate list Can_N(x"") from the
neighborhood N(x"", H) of x™" that doesn’t conflict
with H;
Select the best solution from Can_N(x™") : x™";
Xnow:Xnew;
Update Tabu list H;
End While

now

Figure 4. Outline of the Tabu Search algorithm
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Figure 6(a) Process the maximum clique{1,4,7,8,11} of the IRoute OLG.
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Figure 6(c) IRoute 5 can’t be assigned.
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Figure 6(d) The final track assignment result which the IRoute 5 can’t be assigned.
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Figure 7(a). the TAinttial solution after applying LEA.

Figure 7(b). Fig7(a)’s related track OLG.
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Start_node ! .

Fisited rnode . @ @
Figure 8(a). At first, we select node 1 Figure 8(b). Select node 4 to be the
to be the Start_node with the maximum  next Start_node with the minimum weight

total weight on its incident edges. on the edge connected node 1 and 4. And
remove the edges connecting the visited
nodes from the track OLG.
@ @

@

@

Start_node ! . Start_node : .

Fisited node . @ @ @ Figited node . @ @ @ @

Figure 8(c). Select node 2 to be the next ~ Figure 8(d). Select node 3 to be the next
Start_node with the minimum weighton  Start_node with the minimum weight on

the edge connected node 4 and 2. the edge connected node 2 and 3.
And remove the incident edges. And remove the incident edges.
®
@ ®

0 ®
Start_node .

Visited node . @ @ @ @ @

Figure 8(e). Finally, we add the last visiting node 5 to the path.
So, we find the minimum weighted Hamiltonian path {1,4,2,3,5}.
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1. Algorithm: RBTA

2. Input: A global routing result for a panel

3. Output: a track assigned panel

4. begin

5. Apply LEAto produce a utilization-driven TA,;

6. Construct the track OLG of the initial TA;

7. start_node = the node of the totally maximum weight

of its incident edges;

8. Set all nodes unvisited; set start_node visited;

9. while (there is unvisited nodes)

10. Include the least-weighted incident edge of the
start_node in the Hamiltonian path;

11. Set the other connected node of the newly selected edge
visited;

12 Remove the edges connecting the visited nodes from
the track OLG;

13. end

Figure 9. The RBTA algorithm.
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Figure 10(a) the left figure is the OLG of Fig(6). And the right figure is the TA result
with the maximum clique {1,4,7,8,11} of OLG and we assign IRoutes by applying
MWHP heuristic.
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Figure 10(b) the left figure shows that we marked vertex 1 and remove its incident
edges. And we find the maximum clique of IRoute OLG {2,5,7,8,11}. The right
figure is the TA result after we assign IRoute 2, 5.
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T Tk~ B E {25,711} - Fit 5 % 4o 10(c) - ¢ *% » IRoute 2,5,7,11 2 i 4R
© BB FLE A fe 0 TR 0 AP L S ks B ehds (T o

Figure 10(c) the left figure shows that we marked vertex 8 and remove its incident
edges. And we find the maximum clique of 1Route OLG {2,5,7,11}.
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Figure 10(d) we marked vertex 11. And then we find the maximum clique is
{2,3,5,9} - The right figure is the TA result after we assign IRoute 3, 9.
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Figure 10(e) the left figure shows that we marked vertex 2 and remove its incident
edges. And we find the maximum clique of IRoute OLG {3,6,7,9}. The right figure is
the TA result after we assign IRoute 6 .

d AN IEPEEL G R N EE L PR - o T o AR 6 Ak o B dr
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Figure 10(f) we marked vertex:6. And we-find the maximum clique of IRoute OLG
{3,5,7,9}

d > IRoute 3,5,7,9 45 = LB P A o T o AP R B 359 - %
4 Bl 10(9)

Figure 10(g) we marked vertex 3,5,9. And then we find the maximum clique is {4,7} -
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Figure 10(h) The final TA result.
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3.2.2 # #f "Wy A feiR & 2 (RLC-bounded TA)

TR S ER T S AP A0 5 TR RRT R R gy
TR RIT B 4R b UL A e AT g SR B o

APAFE LS BHI - B - BAI JIF AP AEI2L &P KD
o s el B o A - IRoute £ Bl Y s Flehig o d S T R A
R RUAIL o ¢ J AR AL IROUte 5 e B SR I 0 P A RLIE A e s TF ¢
A0 a0 K A9 ¥ 0 IRoUte g A flechite (£ & 4 0 — B RUE A e iR e
o OBHAAA FAPEHE BEY SR A IRoute £ 2 FUE A feeh
ARG AP E I Ao ok s EREREY ¢ KA FY A IRoute 522 PR
PR TE o AR RAR S (SA) - B 2 R AR E 2 5
Rie-Hp S TR BB EDE o T RI(LL)EAN P U AR R 2 o

1.Algorithm:RLC-bounded TA
2.Input: A global routing result for a panel
and nets’ sensitive information.
3.0utput: a track assigned panel.
4.begin
5.build the graph model
6. build the IRoute OLG,;
7. build the bipartite assignment graph;
8.For each clique in IRoute OLG in the decreasing order of

clique size
9. if there is IRoute unassigned in the clique
10. Initial assignment( );
11.  if inductance coupling occurred
12. apply Tabu search to the initial assignment;

13.  if unassigned IRoute exists, try to check if there is any
suitable track to assign it;
14.end
Figure 11. The RLC-bounded TA algorithm

23



(L)#ig 4 e i 1

ﬁi,ﬂwiﬁﬁeﬁlﬁﬁﬁﬁiéﬁx—%ﬁ%,gﬁaﬁ%ﬁ' k)
) TR B GALAE A e iR o AP IRoute £ AR P PR a0 i o R A
SRS SRR REARE o R e § SRk P HEC S S S
IRoute & dpfl ¥ 254577 o f1% B N epf B v 2 > P2 Wit X7
ootk d VUt I I F2 0 APFRT UL RN R RERF DP FR

B AP - l%%,";ﬁ;’,%é » &4 ¢ o |Route R AR A feRldLag by A

\

-~

PR R DR - B S A S P A i i
NPT - BEE P 9 IRoute ¢ 5Y o A R B R IR F K &Fg,,,ﬁ;é:éﬁ‘é
BB S AL A e el T o d 3T PR P IR 0 R Bt B R
mEEHARA 4§ A2 Rk S AP H - BRELE
* 7 E'L'rﬁg?J/\ SRR T AP B 2 j’;ﬁ:f?%égﬂg] o BFLRE Y gk - R

[ mh;g

# e 8_IRoute » @ BLer BL2 fF 5 B4pig engs 0 Bl 7 S B IRoute el gt > b
TARG B OR o A PSR S Y o 7 it IRoute £ F - 0§ 3F S
SR F A AP - AR ERY g dd I RER ﬂnlg/n\ﬁomﬁvzf o

FBINPERY h- BREF e 2E T ¢ 7% hIRoute » F)pt o

F i & 2 |Route & flecnif 2k Boe 24 |Route & IRoute & @l ¢ chR d < 3
o] iR B LR A e dRd2[17] 0 & & IRoute & IRoute £ Bl ¢ R - = mﬂf
iE o 3 IFRT} fRPE SR g R BchR Bl LTS NP R
40 IRoute B 4 i@ 42 o

B ARERY > Vi o b gk s ﬁ*a;:&rl& IRoute & iy @]
SE¢ v FHE # e |Route 3 AUELE i 0 A4z IRoute 2 i 3
FI% B FRBIT B 2 o R RAPGE A e 1T o

% AP0 IRoute ML A fedniB A A {8 A i e IRoute BB A
- BT UERE T EFAEFRDFLE L o4 ﬁf‘u{éfl%ﬂit“’ﬁ BB e
IRoute » 7 ¢ A fe 3| 4p AR crfiLif ¢+ o

Flpt o B E T BIGE A FR R E - IR AT R R
A IRoute 7 § Ahfe kAR AR OfLE o e tRT L fTE AR P
e 5 -
BF 12()~(e)¢ P ARG RAP EBFEZ DS - BAHM 2 LA EF B
B ENLiE A fede o fE o

24



B 12(a)® > ¥t 7 IRoute(1,6) > (2,6) > (3,5)4 |3 I Ap R M % -

= W A

Sensitive relation : {1,6).(2,6),({3,5)

Figure 12(a) A RLC-bounded TA example.
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Figure 12(b) IRoute OLG,and Sensitive graph.
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Figure 12(c) TA result after assigned the clique {1,4,6}.
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Figure 12(d) TA result after assigned the 1Route 2.
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Figure 12(e) Final TA result after the initial assignment.
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R 13 £ RLC-bounded TA @ % — # 3% » 45 #Lig & fed~ ) fR Ui & % o

1.Initial assignment

2. build the sensitive graph

3. For each clique in sensitive graph in the decreasing order of

clique size

4.  IRoutes are processed first in the decreasing order of their
degree in IRoute OLG, and then in the decreasing order of
their IRoute length if there is a degree tie.

5. each IRoute is assigned to the first assignable track
without introducing capacitance coupling.

6.For each insensitive IRoute

7.  apply the LEA algorithm to the IRoute to the first
assignable track without capacitance coupling.

Figure 13. Initial assignment in RLC-bounded TA.
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Figure 14(b). Move IRoute 1 from track 3 to 4 after Tabu search.
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1.Tabu search

2.Set the initial solution of a clique as initial solution TA™;
3.Set Tabu list H=empty; a=0; c=0;

4.while(a < Na){

5. tmpcost = TA™_cost;

6 b=0;

7 while(b < Nb){

8. TA™Y = -I—Acur;

9. TA™" cost = TA®™ cost;

10. Random_move (TA™");

11. if TA™" costisinH

12. ct+;

13. if ¢ <N, then continue;
14. else c = 0;

15. if TA™"_cost < tmpcost, TA™ = TA™";
16. tmpcost = TA™ cost;

17. b++;}

18.  Insert TA®™ cost into H;

19. TAM=TA™;
20. if TA®™ cost < TA™" cost, then TA™" = TA™";

21. a=0;
22. elseat+;}
23.  Update H;

Figure 15. Tabu search in RLC-bounded TA.
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4.1 m3| 5 AAPGE L FRIFEE DT R

Case | No. of nets Track size | Panel length (No. of GCells)
testl |12 5 20
test2 |14 6 18
test3 |9 5 13
test4 |9 5 12
testb |12 5 14
test6 | 15 5 15
test7 |12 5 23
test8 | 10 5 12
mccl | 1694 20 47
mcc2 | 7118 20 169

Table 1. THE:STATISTICS'OF TEST CASES.

A e RBTA 2 CHAERE TR 8 7 8 gl PR T4 L A pe & Intel
2.4GHz cpu = 768Mb 3= 88 ch R MG F4 T ek - 20 A fr%fﬁg i SESAP B 0
2R EEa 8RR PIETRE > o BiREKR S T E mecl 2 mec2 - £ 2
Bl 7] 415 0 R 11] % 3 % PR 5 o 5 1w R[11]F eh E > A Adp e el

PR IRE AR PaugE S o

W
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AP 45 IRoute s, & fp £ B o [11]7 e % > §2F 952 #-testl @ «h IRoute %
/A feddusg b oo e g RBTA it #-testl ¥ v IRoute = 2 & fie Bl #Lig + > #70L »

AR F PR RLE I F oo @ ¥ A RBTA A H[11] 9 e i3 i
B i % o 3 K3 RBTA i 49
T2 g 49 E Fe[11]¢ 2
¢k 2 HZTA vt 2. T s RBTA &t 49

#r

% 2 ¥ # IRoute 4 fie B HLE ¢ o
e i T i b 46.81% 8% iF B %“i)@%—% . é’—ff'[ll]
EN XN REE 19 LT

3

case Ho. [11] HZTA[18] RBTA

name Cost I.C. | T(sec) | Cost | I.C. | T(sec) | R.R. Cost | I.C. | T (sec) | R.R.
testl 94 1 <001 |9%4 0 <0.01 FrAAxx | 82 0 <0.01 | *xExx
test2 112 0 <0.01 |92 0 <0.01 17.85% | 82 0 <0.01 | 26.78%
test3 60 0 <0.01 |40 0 <0.01 33.33% | 40 0 <0.01 | 33.33%
test4 66 0 <0.01 |56 0 <0.01 15.15% | 50 0 <0.01 | 24.24%
testb 74 0 <0.01 |66 0 <0.01 10.81% | 62 0 <0.01 | 16.21%
test6 50 0 <0.01 |22 0 <0.01 56.00% | 22 0 <0.01 | 56.00%
test7 106 0 <0.01 |80 0 <0.01 |124.52% | 66 0 <0.01 | 37.73%
test8 50 0 <001 |34 0 <0.01 32.00% | 34 0 <0.01 | 32.00%
Average 27.09% 32.33%
mccl 18088 | 0 1382 | 834 |0 9.953 95.38% | 547 |0 1375 | 96.97%
mcc2 227842 | O 21.453 | 5968 1.0 180.828" | 97.38% | 4308 | O 9.563 | 98.10%

I.C.: incomplete net; T(ms): runtime;

R.R.(reduction rate): (cost of [11] — cost of HZTA[18]/RBTA )/(cost of [11]).
Table 2. THE COMPARISONS FOR THREE CTA ALGORITHMS.
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42 RLC # 31 U & it B i 07 R ¥l

Circuits | Size(xm) | #Layer | #Nets | #pins

S5378 | 4330x2370 | 3 1694 | 4734
S9234 | 4020x2230 |3 1486 | 4185
S13207 | 6590x3640 |3 3781 | 10562
S15850 | 7040x3880 | 3 4472 | 12566
S38417 | 11430x6180 | 3 11309 | 32210
S38584 | 12940x6710 | 3 14754 | 42589

Table 3. THE BENCHMARK CIRCUITS.

=
(N
St

Apflr CHHENET R T B B Ve Al 0 F
1GHz cpu - 2GB 3z % %8 <57 SUN Blade2000 1 ek F 3% 7 3V i era™ j& o
DA kR R R U U 2 iR R IR ERIRE TR

w

S o
W

T

Case name Sensitivity rate : 25%
Panel Net | Track Initial dssignment Tabu search (10,5,5)
Cost I.C. T(s) Cost I.C. TGS) | R.R.
S5378_h| 10 1694 60 |4486.74f 0 0.19/ 11641.89 O 0.53 163.41%
S5378 v| 19 1694 30 724.86 0 0.02:7(192.463| O 0.08 173.45%
S9234 h| 10 1486 60 11929.741 0 0.05 ([525.489| O 0.15 |72.77%
S9234 v| 18 1486 30 [652.705| O 0.01 (180.224] O 0.05 [72.39%
S513207_h| 16 3781 60 [9361.63] O 0.39 [3334.99] O 1.23 |64.38%
S513207_v| 29 3781 30 [2284.14] O 0.05 [761.559] O 0.21 [66.66%
S15850 _h| 17 4472 60 ]11859.9 0 0.48 (4409.67| O 1.81 [62.82%
515850 v| 31 4472 30 3097.2 0 0.05 (1095.45( O 0.27 164.63%
S38417_h| 27 11309 60 218176 O 0.75 (721347 O 3.84 166.94%
S38417_v| 51 | 11309 | 30 |6082.66( O 0.11 (195557 O 0.51 [67.85%
538584 h| 22 | 14754 | 80 |317328 O 1.97 | 12314 0 6.09 [61.19%
538584 v| 43 | 14754 | 40 |7873.24 O 0.16 |2655.49| O 0.7 [66.27%
Average 66.9%

I.C.: incomplete net; T(s): runtime;
R.R.: (Cost of Initial assignment — Cost of Tabu search) / (Cost of Initial assignment).
Table 4. THE COMPARISONS FOR Initial assignment AND Tabu search PHASES.
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Z 4~6 & w7 I A LA BN 5 (Sensitive rate) 5 25%33% > {r 50%2. T >
% RLC-bounded TA = = Initial assignment # % - {= Tabu search # ¢ {s i= * g -
MR RAE A e Sk o
Hoe 2 AE(cost) &A1 * (485 8k > a WELRPEF AP rg} | * RE A
A2 25% B B PIE A T o AP AR B ELAE A 4 UL ﬁtm 25%
Bagam > 2H 5 5 4p R B % o 5]4e:Sh378 P » FA M MP LT 5 25% -
CIESNAE e H{ T A A 423 BB B2 5 M T o 322 aﬂr’ ;
A T UFHEF S 2 AREFER P T ek > o i B Na> Nb 5 49§ ok
o Tt AP EEF % 450 Nao Nbo Neo & % 5 10’5’5%’ F O E
%*4{‘ TE% o
Afp sk 0 #rf h IRoute 38 A FRIIRE A2 o g =
i@ g;L s B % eh IRoute AR A fie 3 4p AR mm@j o A ELAMPEE 25% -
33% > ﬁr 50%z. 7 » § A P44 {7 Tabu search % 2 ts » H TR ¢ iﬁ*x)‘%/ﬁ‘v b eh
T35 %W G 66.9% 0 62.80% » fr 55.44% > AP L E MEBLAR B AR 0 TR
Bl b F i Ax+ 0@ ¥ > Tabusearch ¥ ¢ & 8 $E i > 5 40 % P B endl

B4 o

Case name Sensitivity rate : 33%
Panel Net | Track Initial @ssignment Tabu search (10,5,5)
Cost I.C T(s) Cost 1.C T(s) R.R
S5378 h| 10 1694 60 15934.69 0 0.19.712459.23 0 0.53 |58.56%
S5378 v| 19 1694 30 |903.46 0 0:02 | 286.58 0 0.09 |68.28%
S9234_h| 10 1486 60 253858 O 0.04 (792.086] O 0.17 |68.80%
S9234_v| 18 1486 30 |828.633| O 0.01 [260.543] O 0.04 |68.56%
S13207_h[ 16 3781 60 |12816.1 0 0.38 |5086.83 0 1.25 [60.31%
S513207_v| 29 3781 30 3020.7 0 0.05 |1100.88 0 0.23 163.56%
S15850_hf 17 4472 60 15696 0 0.47 16355.73 0 1.88 [59.51%
515850 _v| 31 4472 30 [3926.48| 0 0.05 152857 O 0.28 |61.07%
S38417_h| 27 | 11309 [ 60 | 28088 0 0.76 (103405 O 3.8 |63.19%
S38417_v| 51 | 11309 [ 30 |8061.3 0 0.11 |3032.16f O 0.56 |62.39%
S38584_h[ 22 14754 80 |41474.7 0 1.96 (17582.7 0 6.22 |57.61%
538584 v| 43 14754 40 [10102.3 0 0.16 |3860.14 0 0.76 161.79%
Average 62.80%

Table 5. THE COMPARISONS FOR Initial assignment AND Tabu search PHASES.
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Case name Sensitivity rate : 50%
Panel Net | Track Initial assignment Tabu search (10,5,5)
Cost I.C T(s) Cost I.C T(s) R.R
S5378 h| 10 1694 60 18888.06 0 0.19 14159.72 0 0.55 [53.20%
S5378 v| 19 1694 30 (1350.01] O 0.02 |547.061| O 0.08 |59.48%
S9234_h| 10 1486 60 |3863.79] O 0.05 |1511.11] O 0.17 |60.89%
S9234_v| 18 1486 30 |1162.62| O 0.01 |435.116] O 0.05 |[62.57%
S13207_h| 16 3781 60 118850.5 0 0.39 |8757.07 0 1.27 |53.54%
S13207_v| 29 3781 30 4429.4 0 0.05 |1976.78 0 0.24 |55.37%
S15850_hf 17 4472 60 ]23246.1 0 0.48 110756.6 0 2.01 |53.73%
515850 _v| 31 4472 30 ([5548.93] 0 0.05 |2667.58| O 0.27 |51.93%
S38417_h| 27 | 11309 [ 60 [40828.8| O 0.77 |179575] O 3.72 |56.02%
S38417_v| 51 | 11309 [ 30 (12013.9| O 0.11 | 5499.5 0 0.58 |54.22%
S38584_h| 22 14754 80 ]59155.4 0 197 [28972.1 0 5.98 [51.02%
S38584 v| 43 14754 40 |14540.5 0 0.16 |6784.11 0 0.73 |53.34%
Average 55.44%

Table 6. THE COMPARISONS FOR 1Initial-assignment AND Tabu search PHASES.
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Figure 15. The relation of R.R. and Sensitivity rate.
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