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Routing Congestion Driven Placement

Eun Kyung Oh" - Sung Woo Hur™

ABSTRACT

This paper describes a new effective algorithm to estimate routing congestion and to resolve highly congested regions for a given
detailed placement. The major fedtures of the proposed technique can be summarized as follows. Firstly, if there are congested regions due
to some nets which pass through the regions it can determine which cells affect those congested spots seriously and moves some of them
to resolve congestion effectively. Secondly, since the proposed technique uses the ripple movement technique to move cells it resolves
congestion without sacrificing wire length. Thirdly, we use an efficient incremental data structure to trace the changes in congestion and
wire length as cells move. Hence, selection of cells to move could be very accurate and fast in the course of iteration. Finally, although
an MST net model is used to resolve congestion in this paper, proposed technique can be work with any net model. Particularly, if
proposed technique can obtain routing information from a real router, congestion can be resolved more effectively.

Experimental results show that the proposed technique can resolve congestion effectively and efficiently without sacrificing wire length.

Key Words : Congestion, Wire Length
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Function con, I3

Input: P, # // #: threshold value of congestion
output: congestion_value
S // set of indices of congested bins

S=o // empty set
congestion_value = 0;
for(i=1l; i<=n; i++) {
for(j=1; j<=m; j++) {
8, = ran(i,3) - th;
8, =ra(i,3) - m;
// « a constant greater than 1

if (5, > 0) {
congestion_value += (1+8,)°;
S=SU(, 5

}

if (8, > 0) {
congestion_value += (1+6,)°;
S=SU(, 7)

}

}
}

return g, congestion_value
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Function [sImproved

Input: P, Py thy w // 0.7<th<1, 0<w<l
Ooutput: gain

len(P ) — len(P )
len(P )

// Improved rate on wire length
// Among cong()'s return values, only
‘congestion_value' is used here
cong(P |, th)— cong(P,, th)
cong(P 1, th)
// Improved rate on congestion
gainCombined= w*gainCong+ (1 — w) xgainLen

gainLen=

gainCong =

return gainCombined
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Function ComqueGa in

Input: C // cell to move
r,c // bin index where C is
t_r, t.c // target bin's index where C
moves to th, w
Qutput: gain

P « cCurrent placement

P' «— New placement after moving cell C from
b(r,c) to b(t_r, t_©)

gain= IsImproved( P, P , th, w)

Move C back to original bin

return gain
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procedure CDP (Congestion Driven Placer)

Function CellSelection

Input: 7,7 // bin index of a congested bin
Output: cell name and direction

// The bin is assumed being congested horizontally
max_gain = 0
for every ¢ e d4,(i,)—List {
for every cell ¢ e ¢ {
r,c « index of a bin which cell C belongs
to
// if r is far from row i, ignore this case
if (r > 141 || r < i-1) continue
for every 8 neighbor bins of (s, ¢ {
// Each neighbor bin can be a candidate
for target bin
if(cell density of target bin after
moving > 1) {

continue

}

// Assume the target bin's index is
(t_r, t_o)

gain = ComputeGain(C,r,c,t_r,t_c)
if (gain > max_gain) {
max_gain = gain
save all necessary information
regarding max_gain
1
} // neighbor bins
} // every cell ¢ e ¢
Y // every ¢ e d4,,)—List
return information of cell name, target bin

Input: P: a detailed placement
k: // max num of iteration with no
improvement
w: // weight for congestion gain
th: // threshold value of congestion
Output: new placement P

regarding max_gain
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1. counter = k
2. 5= // S: a set of congested bins
3. // Consider input placement the best one

4. while (counter > 0) {

5. // Note: S will contain a set of
congested bins
// 'congestion_value' is not used
here :
6. S, congestion_value « cong(P, th)
7. Sort S in a non-increasing order
according to congestion value
8. for each binb € s {
9. // Assume b's index is (i,j) and it is
congested horizontally
10. mv_cell, mv_direction « CeliSelection
@i,3)
11. " Move ‘mv_cell’ along ‘mv_direction’ to
a target bin
12. P' « New placement after moving a cell

13. } // for each binb € s

14, for each bin b(i,3) {

15. Move cells in b(i,j) within the bin
to resolve overlap

16. }

17. P' « New placement after finishing step
14~16

18. // Now compare the new placement with the
so-far best placement
19. iF( Istmproved(P, P, th,w) > 0) {

20. P=P

21. counter = k

22. } else {

23. counter = counter - 1;

24. }

25.} // while (counter > 0)

26.return P
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Test circuits

(E 1) Mslo] AL=El sj2o| =AY

Number of nets

Number of cells

Cktl 8214 9338
Ckt2 15334 1629
Cki3 16579 20,859
Cktd 17,200 19,865
Cki5 18732 21,431
Cki6 19,179 24,057
Ckt? 19575 19867
Cki8 21,800 24538

(H 2) k=20, w=05, th=0.852 FUS mlel &

TH( #hins: gl HiM

BIMEAESE =212 UKl 65
B EE I
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Test Ckts wire length number of bins #iterfitions of CPU time
(meter) 0.7 0.8 0.9 1.0 11 1.2 13 while loop

| Before CDP 0.36538 212 152 91 64 28 2 8

After CDP 0.36300 448 190 15 3 0 0 0 77 2m15s
Cuy | Before CDP 0.78416 261 133 56 29 19 8 2

After CDP 0.77064 409 151 19 7 2 0 1 120 4ml3s
| Before CDP 1.1567 548 345 184 88 28 8 7

After CDP 1.1467 933 350 19 4 0 0 0 54 9m9s
x| Before CDP 1.0699 4 19 13 0 0 0 0

After CDP 1.0699 57 18 0 0 0 0 0 60 32s
s | Before CDP 1.0417 4 23 15 9 8 2 1

After CDP 1.0342 73 39 3 4 0 0 0 5 82s
g | Before CDP 1.2648 191 8 31 9 2 0 0

After CDP 1.2595 233 77 0 0 0 0 0 9 2m34s
g | Before CDP 10966 312 260 182 86 32 30 101

After CDP 1.0792 609 358 88 45 10 4 15 274 33mi5s
| Before CDP 1.1195 479 284 161 90 48 31 2

After CDP 1.0973 842 376 7 0 0 0 0 182 11m38s




66 TEAeIST=2X A M13-AZ H1z(2006.2)

(E 3 k=20, w=05, th=07~1.022 H&A|ZE W2 Hak(#bins: glof HIMAUNEZI}F FHE ZECH 2 B9 £)
i number of bins
glistts WI(r;elteersth 0.7 0.8 0.9 1.0 11 12 13 CPU time
Before CDP 0.36538 212 152 91 64 28 2 8
th=0.7 0.35018 380 37 6 0 0 0 0 36mlls
Cktl After th=08 035994 541 62 9 0 0 0 0 4m3s
CDP th=09 0.36337 359 274 % 6 0 0 0 62s
th=1.0 0.36487 268 229 129 8 5 2 0 28s
Before CDP 0.78416 261 133 56 29 19 8 24
th=0.7 0.73087 267 52 9 7 0 0 0 25m56s
Ckt2 After th=0.8 0.76446 472 58 18 6 1 0 0 4m50s
CDP th=09 0.77358 367 198 23 6 1 1 0 132s
th=1.0 0.77683 204 178 80 10 2 4 1 65
Before CDP 1.1567 548 345 184 88 2 8 7
th=07 1.0650 520 30 1 0 0 0 0 3h19m27s
Ckt3 After th=0.8 1.1374 1154 98 9 2 0 0 0 13md6s
CDP th=0.9 1.1510 750 524 28 7 2 0 0 5m46s
th=1.0 1.1551 59 433 217 11 6 0 0 2mds
Before CDP 10699 2 19 13 0 0 0 0
th=0.7 1.0651 42 0 0 0 0 0 0 2m55s
Cktd After th=038 1.0693 () 1 0 0 0 0 0 36s
Cbp th=0.9 1.0705 44 27 1 0 0 0 0 14s
th=10 1.0703 40 19 13 0 0 0 0 10s
Before CDP 1.0417 47 23 15 9 8 2 1
th=0.7 1.0150 49 13 1 1 0 0 0 6m58s
Ckt5 After th=0.8 1.0306 % 18 1 0 0 0 1m48s
CDP th=09 1.0370 58 41 3 5 0 0 0 70s
th=1.0 1.0373 54 33 19 5 0 0 0 60s
Before CDP 1.2648 191 85 31 9 2 0 0
th=0.7 1.2100 R 5 0 0 0 0 0 1h10m59s
Ckt6 After th=08 1.2540 93 13 0 0 0 0 0 6m7s
CDP th=09 1.2619 218 91 4 0 0 0 0 1mdds
th=1.0 1.2636 204 87 30 2 0 0 0 25s
Before CDP 1.0966 312 260 182 86 32 30 101
th=0.7 1.0173 450 183 51 11 2 3 10 1h55m17s
Ckt7 After th=0.8 1.0657 770 200 70 20 7 2 14 42m39s
cop th=0.9 1.0830 509 449 99 10 13 4 16 29mA7s
th=1.0 1.0895 379 3% 270 67 2 9 21 11m48s
Before CDP 11195 479 284 161 90 8 31 2
th=0.7 1.0491 639 160 3 0 0 0 0 1h54mi13s
Cki8 After th=0.8 1.0866 96 179 10 0 0 0 0 18m29s
CDp th=09 1.1042 667 499 50 3 0 0 0 7Tm23s
th=1.0 1.1098 476 372 287 21 1 0 0 2m45s
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(E 4 k=20, th=08, w=0~1.022 HsA|ZS W] Hui(H#bins: HIQ| HMUFTIZI} FOF ZHECE 2 Bl )
Test wire length number of bins CPU time
Ckis (meter) 0.7 0.8 0.9 10 11 12 13
Before CDP 0.36538 212 152 9 64 28 2 8
W=1.00 0.37344 633 7 5 1 0 0 0 4md9
il . w=0.75 0.36394 587 63 6 1 0 0 0 2m27
Dp W=050 0.35994 541 62 9 0 0 0 0 4m3s
Ww=025 0.35803 480 92 14 4 0 0 0 5mlbs
w=0.00 0.35654 286 103 54 48 17 5 3 16m29s
Before CDP 0.78416 21 133 56 29 19 8 2
w=1.00 0.78315 588 9 12 2 0 0 0 4m49s
2 At W=0.75 0.77046 515 61 10 7 1 0 0 3ml7s
cDP w=0.50 0.76446 472 58 18 6 1 0 0 4m50s
w=0.25 0.75887 453 57 18 10 5 1 0 7m3ls
w=0.00 0.751%6 317 7 31 18 10 3 1 34m25s
Before CDP 11567 548 U5 184 88 28 8 7
w=1.00 11620 1303 78 5 2 0 0 0 11m33s
3 At w=0.75 1.1468 1206 % 4 2 0 0 0 12ml5s
cop w=0.50 11374 1154 98 9 2 0 0 0 13md6s
w=0.25 11286 1042 101 11 2 0 0 0 21m33s
w=0.00 1.1095 620 194 72 % 1 2 0 1h32m39s
Before CDP 1.0699 2 19 13 0 0 0 0
‘ w=1.00 10716 76 1 0 0 0 0 0 17s
ot | ater Ww=0.75 10701 70 3 0 0 0 0 0 29s
paies w=0.50 10693 7 1 0 0 0 0 0 36s
Ww=0.25 1.0687 7 4 0 0 0 0 0 40s
w=0.00 1068 5 12 2 0 0 0 0 60s
Before CDP 10417 I 23 15 9 8 2 1
Ww=1.00 10443 114 17 4 0 0 0 0 63s
o5 | A w=0.75 1.0347 103 16 3 1 0 0 0 25
cDp w=0.50 1.0306 % 18 6 1 0 0 0 1m48s
w=0.25 1.0270 74 18 6 3 0 0 0 4m9s
Ww=0.00 1.0266 52 16 12 8 1 1 0 Tmds
Before CDP 1.2648 191 85 31 9 2 0 0
w=1.00 1.2662 324 19 0 0 0 0 0 2md3s
o5 | At w=0.75 1.2590 312 16 0 0 0 0 0 4mlds
Dp Ww=050 1.2540 293 13 0 0 0 0 0 Bm7s
W=025 1.2460 241 1 0 0 0 0 0 12m38s
w=0.00 12422 204 % 4 4 0 0 0 34m33s
Before CDP 1.0966 312 20 182 8 2 30 101
w=1.00 11314 1081 261 3 12 1 3 12 27mdls
- At w=0.75 10864 880 227 62 14 6 2 13 27m9s
cDp W=0.50 10657 770 200 70 20 7 2 14 42m39s
w=0.25 10561 667 184 101 39 11 9 15 37m3ls
Ww=0.00 10496 400 179 129 80 3 14 53 2h31ml5s
Before CDP 1.1195 4 284 161 90 48 31 2
w=1.00 11470 1225 172 0 0 0 0 0 14m59%s
w=0.75 1.0984 1069 150 0 0 0 0 14m13s
Chtd fég?; w=050 1.0866 926 179 10 0 0 0 18m2%s
w=0.25 10819 822 210 56 0 0 0 18m0s
w=0.00 10760 487 167 106 9 37 13 0 1h54m2s
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