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Abstract:

In this paper, we propose a Over-The-Cell channel routing algorithm for the advanced
three-layer process. The proposed algorithm makes the channel routing problem to simplified one
and makes use of simulated annealing technique to achieve the global optimal solution. And, a new
method to remove the cyclic vertical constraints which are known to be the hardest element in the
channel routing problem is proposed, and a way to detect the local minimal solution and escape from
it successfully is presented. Futhermore, genetic algorithm based channel router is implemented and
comparison is performed with the simulated annealing based one. All algorithms are written in C++

and GUI is made using Motif under Linux environment.
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void veg:iove(){
num_cve=0:
for(int i=0:i<num_nodes:i++){
if(nodesl[il.next != NULL && nodes[i}.found_dc != CEHECKED_DCH
if(travel(1,1}) num_cve++;

}
}

OCDNOB B WN

Int veg::travel(int starting_node,int net){
if(Inodesnet].next) return faise:
if(nodes[net].found_dc == CEHECKED_DC) return false:

if{nodes[net].found_dc == starting_node}{
if(starting_node == net) return true:
return false:

nodes(net].found_dc=starting_node:

int num_dc=0:

for(node* n=nodes[net].next:nl=NULL:n=n->next)
de+=travel(starting_nods,n->n);

iHnum_de){
add_dc(num_cve,net);
nodes[net].found_dc=CEHECKED_DC:
return true:

else return faise;
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Fig. 9. Implemented DC search algorithm.
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1void simulated_annealing(){
2 float T=100.0:
3 float next_cost, current_cost, real_cost,
4 float prev_costs{20], last_cost:
5 bool check_minimum=1;
6 int count=0, local_count=0;
7
8 ftor(int i=0:i<20;i++) prev_costs[i]=(float)i;
9
10 initialize_cost():
11 for(int i=0;iKOUTER_LOOP;i++}{
12 for{int k=0;k<INNER_LOOP;k++){
13 current_cost=tracks.overlap_cost()+columns.overlap_cost();
14 real_cost=0.9+«current_cost+0.05+«columns.length_cost();
15
16 if(rand_01() < OPY{ generate(}: op=0; }
17 else { generate2(): op=1; }
18
19 next_cost=0.9+cost_overlap()+0.05*cost_length(}:
20
21 if(laccept(next_cost,real_cost, T){
22 if(lop) recover();
23 else recover2();
24 cost_overlap(); cost_length():
25
26 }
27 T=0.97+T;
28
29  if{current_cost == 0} break;
30  prev_costs[i%20)=current_cost;
31 if{check_minimum && is_localminimum{prev_costs)}{
32 T+=0.08;
33 last_cost=current_cost;
34 check_minimum=0;
35
36  if(icheck_minimum) count++:
37  if(count == 20){
38 if(last_cost == current_cost){
39 if{tocal_count++ == MAX_LOCALM{
40 cerr << "Too Many Local minimumwn";
41 break:
a2 }
43 tracks.incnum():
44 columns.inc_trunks():
45 check_minimum=0;
46 count=0;
a7
48 else
49 check_minimum=1; count=0:
50
51 }
52}

a8 1. 789 SA g
Fig. 11. Implemented SA function.
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1 void genetic_algorithm(){
2 float cxi
3 float prev_costs[LOCAL_LEN}:
4 bool check_minima=true;
5 int count=0, num_local=0;
6
7 for(int i=0;i<LOCAL_LEN;i++)
8 prev_costs[il=(float)i;
9 evalute();
10 keep_the_best();
11
12 for(int i=0:;i<XMAX_LOOP:i++){
13 selection():
14 crossaver();
15 mutate():
16 mutate2():
17 evalute();
18 elitist();
19
20 cx=data.cx;
21 prev_costs[i%LOCAL_LEN]=cx;
22
23 if{cx == 0.0) break:
24 if(num_local > MAX_LOCAL) continue:
25
26 if{check_minima &&is_localminimalprev_costs){
27 increase_track();
28 evalute();
29 keep_the_best();
30 =1
31 num_local++;
32 check_minima=false:
33 }
34 if(lcheck_minima) count++;
35 if{count == LOCAL_LEN){
37 check_minima=true; count=0;
38
39 }
40}

22 13, 784 GA 5
Fig. 13. Implemented GA function.
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Fig. 14. Genotype representation.
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Fig. 15. Overlap cost graph.
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Fig. 17. OTC channel routing example.
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Fig. 18. OTC channel routing example 2.
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Fig. 19. OTC channel routing example 3.
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Fig. 20. Escape of local minimum.
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Table 1. Experimental result.

71& duelE A A% dwe]E
Ag3) 7
fidensity  #via | #density  #via
Brouwer 12 67 4 67
Yoshimura 12 56 5 68
Hwang 3 12 3 27
Wong 6 21 1 23
Burstein 19 347 18 326
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Fig. 21. Cost graph of hybrid algorithm.
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Table 2. Routing result comparison.

. SAE o143 dwelE £3 dae)g
? #density | #cost | S8 A17Hsec) | #density | #cost | 28 A1 7Hsec)

Brouwer 4 8 35 7 132 53

Wong 1 21 08 1 39 1.2

Burstein 18 | 1157 324 18 1644 637
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