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SOS_HEURISTIC (7)

L= L1STOFALL CONSTRAINTS IN POOL VIQLATED BY 1.
B = LISTOF ALL CONSTRAINTS IN POOL BINDING FOR AT LEAST 1 ACTIVE NODE;
L =[-8
SORT L FROM LEAST NUMBER OF NON-ZEROS TO MOST NON-ZEROS;
C=@
REPEAT AT MOST i TIMES WHILE L IS NON-EMPTY
D=
FOR EACH CONSTRAINT/INL DO
IF NONZEROCOLUMNS (i) n NONZEROCOLUMNS D=0
THEN MOVE CONSTRAINT i FROM L INTO SET I

ENDIF
END
C=Cub:

END

RETURN (0)

}
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GREEDY_AUGMENTATION (S, 1)

{

TOTAL = 1(S); SSIZE ={S]— 1, VIOLATION = TOTAL - 88IZE;
FATAL_ERROR_IF (VIOLATION < 0j; /S MUST BE VIOLATED. ¥/
HEARINIT (V. §, ); f* SEE FIGURE 5.3%/
HEAPMAKE_HEAP ();
WHILE HEAPNHEAP >0 DO

v =HEARHEARTOPR {);

wy = HEAPVWEIGHT vi;

NEWV = VIOLATION +wy —1.0;

I NEWY < 0 THEN

EXITLOOP, VIOLATION WOULD DISAPPEAR IF WEADD v,

ENDIF

YIOLATION = NEWV,

{* REMOVE VERTEX v FROM THE HEAR. ¥
HEAPREMOVE TOPR {);

S=8uiy;

TOTAL = TOTAL + wv,

SSIZE=SSIZE + 1

HEAPVINDEX W] =-2;

{* UPDATE THE FRONTIER AND WEIGHTS. %
FOR EACHEDGE e SUCH THATv € ¢ DO

{F Ao < 0 THEN SKIP;
Flen &|# 1 THENSKIP,

PCT/US2022/038039

{* VERTEX v1S THE FIRST (AND CURRENTLY ONLY) VERTEX OF EDGE ¢ IN &, MAKING 7/
1 EDGE ¢ ANEW EDGE CROSSING THE CUT. ADD ITS WEIGHT TO1T5 VERTICES NOTINY

f* S, ADDING THESE VERTICES TO THE HEAP IF NOT ALREADY PRESENT. b

FOR EACHVERTEXu € ¢ DO
IF = v THEN SKIP;
k= HEAP VINDEX [4;
fFk<OTHEN
FATAL_ERROR_IF (k#-1);
k= HEARNHEAP,
HEAPHEAP [l = u;
HEAPVINDEX [} =k;
HEAPVWEIGHT [4]- 0.0,
HEAPNHEAP =k +1;
ENDIF
HEAPYWEIGHT [ #=Tg;
HEARADJUST_KEY (k);
END
END
END

FIG. 16
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HEARINIT (V. 5, 1)
n=ilh
HEAP = NEWINT Inl;
VINDEX = NEW INT [n;
WAEIGHT = NEW DOUBLE [n];
FOREACHVERTEX ve VDo
HEAP [V =0,
VWEIGHT [ =0.0;
fFyeSTHEN
VINDEX V] = -2;
ELSE
VINDEX [v] = -1
ENDIF
END
nHEAR =
AVERTS =n;
FOREACHEDGE#<EDC
[F 1o & 0 THEN SKIP;
k=iSne
IF (k< 0) OR (kz |el) THEN SKIP;
*EDGE ECROSSES CUT (s V- 5). i
FOR EACHVERTEX vE DO
[Fve STHEN SKIP;
FFEDGE ¢ CROSSES CUTTO VERTEX ves. i)
K = HEAPVINDEX [v]:
{fk<{Then
FATAL_ERROR IF (k#-1);
k =HEAPNHEAP:
HEARHEAP k] = v;
HEARVINDEX [v] =k,
HEAPVWEIGHT [v]= 0.0
HEAPNHEAP =k + 1
ENDIF
HEAPVWEIGHT {v] += 1,
END

13
=
3

FIG. 17



WO 2023/004129 PCT/US2022/038039

21/28

FIG. 18



WO 2023/004129

PCT/US2022/038039

22/28

UPDATE_PSEUDO_COSTS (NODE)

{

F={ge £l 15 FRACTIONALY,

U={ecF: PSEUDO COSTS FOR Y UNDEFINED }
R=F-U

SQRT R BY PSEUDO COST AGE, NEWEST 70 OLDEST,
k=[VRi4,

0= OLDEST K ELEMENTS OF R;

R=R-{,

STRIDE=| Rk J;
QFFSET = HASH (NCDE) MOD STRIDE;
S=¢
i=OFFSET,
WHILE i <|R| DO
S=SuR[
i=i+STRIDE:
END
L=UuQus;
FOREACHe =L DO
RE-CALCULATE PSEUDO COSTS FOR 7
END

FIG. 19
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FIG. 20

SIZE EUCLIDEAN RECTILINEAR
ORIGINAL NEW ORIGINAL NEW

oo | 172 12 652 1045 | 164 23 525 40889
00 43 w2 16.86 #1603 | 3123 #7926 2082 43518
000 787 #6 04 £155 | 6372 #9618 | 17530 45080
00| 1325 w276 882 380 | 64694 #11663.1 8023 42628
00 | 1708 47, 869 4326 15043 3525
6000 | 283 7 9657 630 46339 180709
000|300 a7 0 80 18124 426599
8000 | 4177 #1027 15481 1844 51712 £1075
9000 | 5020 #1093 18528 4825 130447 £271865
10000 | 10835 118433 2218 43468 98856 #4367
15,000 18215 83137 937223 0.0
20,000 85820 45075 525358 $0.00
25,000 | 8732 #7847 | 1331 #5329 19118624 4000
30,000 193240 19181 34990245 +0.00
40,000 350900 41394 370469944 £0.00
50000 | (440225) (xdoqa) | 691057 4118554

100,000 | (904838) (:74095) | 388022 412389

250,000 3871073 $0.00

500,000 126867836 #0.00

1,000,000 973671180 40.00

RANDOMLY GENERATED INSTANCES. TOTAL COMPUTATION TIME (SECONDS),

FIG. 21A
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SIZE EUCLIDEAN RECTILINEAR
ORIGINAL NEW ORIGINAL NEW

1000 8.1 00 0.0587  £0.0257 23 14 0723 40648
2000 g5 +04 0216 200558 | 2847 7907 2808 41458
3000 23 30 0447 20146 | 3371 0635 135750  +480.023
4000 10.7 230 0579 0108 | 42009 £11666.0 20680 +19.810
5000 30 38 1018 303 41021 £32.885
8000 144 +18.0 2.291 £2.76 305480 304.475
7000 735 258, 1943 10438 168183 £245.448
8000 418 10038 2528 #0662 221809 +301875
8000 431 5020 INg 09y 1023.01 £2718.590
10,000 5500  #18335 4030 #1195 542 575  +407 984
15,000 9839 #2478 82687.23 .00
20,000 20875 #8011 2744 89 #0400
25,000 666.91 2151285 30573 27133 187483 58 00
30,000 43338 17848 344275.03 .00
40,000 97.038 28557 3693808.24 .00
50,000 | (28950.4) (1401334) 188.385 434808

100,000 [ (10369.5) (348139 884647 +178462

250,000 1511.04 .00

500,000 86717.77 +0.00

1,000,000 T 447830669 +0.00

+ FST CONCATENATION PHASE WAS RUN ONA 5.0 GHZ AMD 9590 WITH 32 GB OF 1600 MHZ DDR3

(HALF SPEED OF AMD 2950X PLATFORM)

\'

Ik

RANDOMLY GENERATED INSTANCES. CONCATENATION TIME (SECONDS)

FIG. 21B



WO 2023/004129 PCT/US2022/038039

25/28

INSTANCE | EUCLIDEAN | RECTILINEAR | HEXAGONAL | OCTILINEAR
500 (1) 758 28 S8 1791 13853 1727) 16536 1787
300 (2) 807 318 731 241 16274 2082y 12108 1740
500 (3) 748 278 635 190 | 12685 1546) 11892 1633
500 (4) 776 286 43 130 ) 17902 2027 12988 1689
500 (5) S87 212 1 M58 480 ¢ 7928 H37) T 12
500 (8) 874 325 983 178 ¢ 18856 B 17T 1726
500 (7) 664 2865 470 133 ) 11882 14497 9181 1A
500 (8) 638 245 624 1585 | 20803 2021) 9400 1325
500 (9) 704 280 893 282 | 12708 1777) 8460 1341

506 (1) 719 2860 459 122 ) 18043 2381 10371 1388
500 (11) 914 338 610 187 | 218682 2084) 16462 1925
500 (12) 125 274 627 203 | 1738 12847 9329 1287
506 (13) 550 188 43 1.2 6922 1047y 7450 1107
500 (14) 912 328 638 192 | 18045 2253 4124 1788
506 (15) 77 2% 545 180 ¢ 21553 2289 14233 1983
1000( | 1642 588 | 1880 566 ¢ 57181 8603 32651 52Y
10000) | 1872 583 | 1731 4311 44668 81731 26101 479
1000(3) | 1833 719 | 1543 516 | 4320 6727 46703 6302
10004y | 1761 650 | 1538 503 | 38344 6521) 3B13 5589
10005 | 1605 602 | 3008 1153 | 38820 6243 32030 5360
10006y | 1746 685 | 5387 744 | 58075 9701 292868 4975
100007) | 1675 620 | 1385 4511 34106 5308 32212 5108
10008 | 1745 652 | 2885 636§ 77637 10381 880N TIW7
10008 | 1846 721 1 2057 685 | 90591 12583 3% 4

1000(10) | 1844 568 | 44824 950 | 39508 5653, 28801 4079

1000011 | 1673 619 | 1783 556 | 63548 8613 32428 H416

1000(12) | 1872 698 | 3367 1229 § 50175 8877 38190 @612

1000013 | 1629 608 | 1380 457 | 36830 5052) 33206 4768

1000(14) | 1735 650 | 8392 672 | 60434 10577 3766% 6239

1000(15) | 1785 665 | 1838 582 | 64214 10383] 32298 87

10000 (1) | 55566 22415 [1024.18 546.92 133120.6811504.70 20403 61 12657.88

OR-LIBRARY INSTANCES. TOTAL COMPUTATION TIME (SECONDS, ORIG / NEW).

FIG. 21C
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INSTANCE | EUCLIDEAN | RECTILINEAR | HEXAGONAL | OCTILINEAR
500 (1) 004 002 043 011 007 003 008 003
500 (2) 010 004 028 0197 011 Q04 010 003
500 (3) 004 0M1 050 0167 008 003 007 002
300 (4) 005 001 023 Q08¢ 040 007 006 002
500 () 006 002 75 3727 008 003 008 002
500 (6) 004 004 030 010§ 043 005 008 002
500 (7) 006 004 023 009 008 Q04 004 002
300 (&) 004 002 116 0151 008 003 006 002
500 (9) 004 001 4T 144 ) 008 008 035 005
300 (10) 005 002 018 007 ) 008 007 007 003
500 (1) 003 000 033 0181 043 005 006 002
500 (12) 003 00 034 019} 012 008 004 002
500 (13) 004 001 020 010 ¢ 008 o006 016 008
300 (14) 018 002 069 0251 016 005 0068 003
500 (15} 006 002 040 0181 01 004 963 406
1000 (1) 008 004 263 0387 028 012 029 006
1000 (2) 0t 005 474 Q3% 032 013 018 (.08
1000 (3} 01 04 058 0441 048 012 02¢ 007
1000 (4) 01 008 116 0401 036 016 013 065
10600 (3) 007 004 | 2336 6257 036 015 014 008
1000 (8) 0t Q07 | 3565 1227 036 018 036 (.08
1000 (7} 013 0w 083 0271 023 o008 058 019
1000 (8} 018 006 | 1148 058 8665 0168 [54003 2189
10600 (8) 012 004 125 0511 048 047 035 016
1000 (10) 009 004 (43578 5HM 1 083 015 017 008
1000 (1) 007 003 273 083 020 O 015 006
1000 (12) 013 006 690 2457 035 04 047 010
1000 (13) 007 002 057 0237 028 O 010 004
1000 (14) 012 008 | T4 0701 030 01 018 007
1000 (15} 007 003 27 084 03 OH 015 008
10000 (1) | 21989 414 | 73866 5684 | 3392 159 | 3010 534

OR-LIBRARY INSTANCES. CONCATENATION TIME (SECONDS, ORIG /NEW),

FIG. 21D
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INSTANCE EUCLIDEAN RECTILINEAR HEXAGONAL OCTILINEAR
0198 2387 9.08 0.06 0.01 5297 330 13.08 0.87
LIN318 17.00 5751 26%6.21 35.78 31423 U2 16138 121
FLA1T 2635.56 75.59 83.77 2.10 649.77 TR 630 HB
PCB442 | 4041937 16853.30 0.15 006 | 1823402  10%6.87 33.83 280
ATTS32 14.82 551 90.93 268 282.51 26.98 28026 239
ALIS3S 2020 750 449 1.23 456.97 48.31 30686 2401
Us74 14.22 419 175 .44 73.56 13.18 152.01 12.43
RATS75 17682 4.28 14.18 487 487.07 80.04 109.04 15.90
PE54 - - 048 020 | NOFSTs - 321 57988
057 5.02 1843 a4 213 84344 61.24 47238 370
GREG6 58.37 17.07 5760 3.89 825.36 60.74 76830 5530
Ura4 14.87 440 2.09 0.46 150.02 17.28 60.03 1.90
RATT82 2138 580 1740 560 817.56 88.55 19178 2538
D8J1000 75.20 2519 18.27 550 | 187070 12588 134478 10964
PR10G2 49.52 11.33 2.1 0es | 108818 7578 39605 2023
L1060 146.48 4185 | 77043 27259 . - | 9326413 25982
Y1084 12.32 424 3.08 0.87 124.94 13.87 138 158
pCBIT3 48.91 17.58 4.02 104 1 30313 25282 79203 50.82
D1281 | 35643268 168750.07 0.53 021 836728 5448 - 8024
RL1304 18.14 543 1.26 0.35 126.58 10.37 16847 1484
RL1323 25.08 735 1.30 0.38 246.00 1841 7783 1054
NRWA37S 50.10 16.25 16.35 4438 | 635802 142284 98246 15161
FL1400 - - - - - - -
U143z - - 0.30 0191 NOFSTs - 140043 82383
FI577 | 88457748 397278590 719 229 | 4443185 T4DATZ 392428 24228
01855 | 8306019 2863562 153 052 | 1608188 22297 249808 12156
YM1748 26.78 819 10.14 2.66 481.7 .20 3716 4678
UIB17 | 40008482 20110397 0.52 025 | 9732087 7518 - 22174
RL188% 3378 10.32 2.58 0.82 164.68 18.58 8128 304
02103 NOFSTs  NOFSTs 14 045 | 640788 41648 385122 23502
U2152 | 6000428 2457783 0.67 035 | 10202722 1458583 4614 30586
U23te NOFSTs NOFSTs 0.73 035 | NOFSTs NOFSTS - -
PR2392 78.18 18.58 525 173 8338t 3152 H¢
PCB303E 804.62 32725 | 1647979 16.33 - 2031042 | 1383084 117328
FL3785 NOFSTs - - - | NOFSTs - | NOFSTs
FNL4461 33289 100.70 144541 - 800608 | 1100240 374548
RL581S 187283 967.53 12.76 418 ¢ 200847 28032 225003 37934
RL5834 1961.03 360.60 13.20 466 1 318334 37646 449101 1. %7
PLAT3G7 NO F3Ts - 3248 1086 | NOFSHs - -
RL11848 - 2085676 | 195.54 3484 | NOFSTs 8834885 | 3004183 202044
USA13508 | 68322617 1009.84 - 610570.06 | NOFSTs 2806946 - 2325788
BRO14051 | 4006030 1361119 - - NOFSTs 12060740 | NOFSTs 48528.72
D15112 - 325182 NOFSTs 11588240 | NOFSTs 5774071
DIBG1Z | 13500741 34067 - -1 NOFSTs 20853121 | NOFSTs 7328378
PLA3381G NOFSTs  NOFSTs | 6070.71 19568 | NOFSTS NOFSTs | NOFSTs -
PLARSSO0 NOFSTs  NOFSTs - -| NOFSTs NOFSTs | NOFSTs NOFSHs

TSPLIB INSTANCES. TOTAL COMPUTATION TIME (SECONDS, CRIG / NEW).

FIG. 21E
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INSTANCE EUCLIDEAN RECTILINEAR HEXAGONAL OCTILINEAR
0198 0.03 0.81 0.00 0.00 1.08 0.09 0.02 0.00
LIN31B a.07 003 § 200471 35.48 o 0.03 (.50 0.05
FL4t7 .25 047 62.01 2.22 1.31 0.08 0.22 004
PCB442 2.54 0.80 0.3 0.01 0.88 0.33 068 0.13
ATT332 .14 003 83.95 0.38 0.72 010 (.08 {.04
ALIB3S 0.06 0.2 0.81 0.18 0.69 013 174 0.07
U574 8.0 003 043 0.05 017 (.06 0.16 0.03
RATS75 0.14 0.05 072 0.26 0.15 0.06 144 0.33
PG54 - - 0.05 002 | NOFSTs - 320450 564
0857 .07 0.02 4 61 0.69 0.40 010 0 0.04
GR6E6 0.09 0.04 47.52 0.51 0.50 p.27 0.18 0.08
U724 £.05 0.81 0.50 0.06 0.23 (.08 .47 {.03
RATTE3 012 0.05 1.5 817 045 012 0.12 0.05
D&J1000 0.4 0.06 110 037 0.42 0.21 0.14 0.08
PR1002 £.09 0.04 0.8 0.17 0.57 018 (.18 0.04
U1060 1831 450 1 748 2118 - - 0142758 14185
Y1084 0.0 0.04 0.34 .13 0.25 0 0.27 0.08
PCBUTS 8.21 0.08 040 0.0¢ 0.29 013 0.47 0.08
D128 17748 43.89 0.06 0.03 169 0.61 - 213
RL1304 015 0.06 0.14 8.05 0.55 .20 0.18 0.05
RL1323 0.08 0.04 013 .04 0.31 .10 0.15 0.04
NRWIST9 £.39 0.2¢ 2581 7.34 19.143 123 467 041
FL1400 - - - - - - - -
U432 - - 0.03 000 | NOFSTs - 142340 91686
F5TT 17.35 544 1.28 0.61 3.9 1.20 6.15 0.84
(1655 5809.52 5¢.93 032 007 1 1342657 840 87380 2440
YM1748 0.23 0.20 315 0.42 143 033 0.7¢ 012
U1st7 108.59 8.43 0.05 00t | 1565342 357 - 16074
RL1689 .19 0.08 0.3 0.14 0.63 0.34 043 0.4
02103 NO F5T8 - 0.08 .05 145 (.46 148 041
U2152 59.50 2503 0.06 0.02 2697 443 22.80 361
U2318 NO FSTs - 0.02 0.00 | NOFSTs - - -
PR2362 040 0.2 1.0 0.40 2.56 (.83 136 0.35
PCB3038 85.85 36.85 | 1644887 5.02 . 41.74 4680 1440
FL3795 NOFSTs  NOFSH - -1 NOFSTs - 1 NOFSTs -
FNL4461 44.95 397 1127.28 55.81 5604 2009
RLS%1S 457 2.04 455 1.27 538 127 5.48 123
RL5G34 661.40 14.83 2.85 0.87 513 1.9 3584 249
PLAT397 NOFSTs  NOFSE 11.61 308 | NOFSTs - - -
RL11845 237680 1 14388 1338 | NOFSTs 346301 25175 1887
USA13500 | 69144594 125.21 - 60975827 | NOFSTs 50646 36343
BRD14051 3660.68 157.75 - - NOFSTs 241851 | NOFSTs 61732
Distiz2 - 856.77 NOFSTs 451137 | NOFSTs 305649
D18812 | 122217.99 34267 ~ - NOFSTs 5260848 | NOFSTs 985754
PLA33810 NOFSTs NOFST | 564407 2648 | NOFSTs NOFSTs | NOFGTs -
PLABSS00 NOFSTs  NOFSTs - - | NOFSTs NOFSTs | NOFSTs NOFSTs

TSPLIB INSTANCES. CONCATENATION TIME (SECONDS, ORIG / NEW).

FIG. 21F



