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Abstract In this paper, we present an O(|V|?) heuristic algorithm plan_divide for hierarchically
extracting a spanning subgraph under fixed embedding of some specified subgraphs. The purpose
of plan_divide is to find a spanning planar subgraph of a huge given graph G = (V, E)) having some
subgraphs that requires fixed embedding. Let maz_edge be the maximum cardinality of an edge set
that existing planarization algorithm can deal with. First, plan_divide divides G with |E| > maz_edge
into some small graphs G; = (V;, E;) with |E;| < maz_edge for some i > 1. Then plan_divide extracts
a spanning planar subgraph of each G;, and then finds planar edges from those connecting pairs of
subgraphs G; and G, (i # j). Furthermore, experimental results are given to compare plan_divide
with other planarization algorithms, and to evaluate performance of plan_divide experimentally.
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{e} LT LE/VERLEFETHD. b, Z
DFEOFEHEICIT 13 07 v T 2 EFALT
W5,

Wiz, WHEEEMERFETHY, PRERICE
WTHMOFEITHAATEELMEZTo TV
plan_pwb[10] ZHBSHG & U, AREAHE plan_divide
& DHIERE T o7, BEEFHA L TER L 21
BAER ST 7 G = (V,E) IZx LT, mEEEmissy
77 7HbEEEA L, BREL(E,,| = |E-FE'|,
FHREEEE CPU(s) IT2WTHE LTz,

FIE divg 1X, maz_edge & max_edge = |E|/k &
EDTHE D plan_divide &3

plan_divide D stepl. & THRHZ G = (V.E) {Z2W
T |E| > maz_edge TH2%E, G FOIEAM Y
LI NEREDFA I NVCEXHZ, KEREH
b9 5 &, GITstepl. DHEFEZ Y K Ui AT
B ENFRETHD. ZD#VRLEED FIRES
loop THHHT.

#4, £5, X6, XEhENEMBIA T NL~D
FHIRE XX & DO LRME loop=0,1,2 &£ L7=5HE
DEBRFERETT. £EIX, ZhEh 107 —% &
DEHETH 5.

AEIDERT — % T, loop DE, NIV ETF
7 DY A RO HFIHFETOHEITINT |E,y,
CPU(s) WTHIZDOWT S divg 23 plan_divide DH
THRLENLTWD Z LR RENTZ. BREDEICS
WX divs IXREDLA TH plan_pwb DFRZED
D 102% K ThH Y, 777 OWEMFEMLTDH
plan_pwdb & BRILDEOZENRBNTW EHHITFAED
L Z AR BN, FHERRIC OV T plan_pwd &
D HEET, EZOBMILS T 7 OEREAEK
FTHICONBFEICR->TEY, HAH 1000 D7 7
7 T plan_pwb D43 LT Lo TN 5.

FREDEDS plan_pwb LB L TE LR LA
WD, step(2.6) TF7 T 7 & KE A % LR
ol LCHEMEL, 77 728k vBEne R
5O ERDANL DR LTnWB izl Bbi
5. Fiz, /ELEECFHIE R & OB BN LT
b B b FEHERE A Lok, 2Ec kb
FRHZHR D 77 7 A X3P L, O(V]?) Th 5D
plan_pwb OFERFENEME S Wizl LB 2 LD,

060
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A EIOERT — X IZB W T divs 1% plan_pwb &
FIEFERBEOREDEEMERF LIcEE, AT A—
N—%EZ T &7, XVEHICERY T 7
EETTETRY, KR 7 7 CoXms 7 7
HIZEZRO T2 hEE XS,

SBITKBES T 71 L COERT—F 2 FE
S, AR TOZBEOELHEZHER L TV FET
H5.

T FED

AFRTIX O(|V|?) TKREMEZ Z 7 DFm 77 7 #h
Hi % BEJE AT 5 FIE plan_divide ZIRE L, FEBR
B Z DMERE % PRl AT L 7=

SHBROBFEE LTI

o LVKENMETHLS RS T THEIFIED

TR
o LVKBIMARY T 7 TCOERR ELABERD
FEE.
ERDHIToND.
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# 3: BFFIED I ER

w15 plan_pwb PE[4] | TR[3] | CP[8 | GR ]

[Erp [ CPU Enp[CPUEnp [CP U Ernp [CPUER,[CPU
100[294] 142 [0.210 | 153 [0.242] 143 ]0.258] 127 [0.508] 143 [0.398|
100 [588] 418 0.456 | 456 [0.898] 404 [0.719] 399 [2.023| 404 [0.852]
100882 697 | 1.159 | 742 |1.648] 693 [1.148| 691 [6.648| 693 [1.398
500 (1494 866 | 7.895 | 950 [353.1 845 [14.58] 812 [27.71] 845 [23.60
500 2988|2279 21.41 [2441[896.5[2233 38.90[2175 [I70.8[2233 8.6
500 E482[3728]36.05 [3919]1466 |3681[799.7/3595 564.4[3681[77.95
1000R2994]1742] 16.48 [ 1900|4662 [1670[104.0[1635 {08.6/T930[I71.4]
100059884572 42.78 [4897 [15504[4479 [281.2|4351 291.9[4482 P80.6
1000B982|7470[ 72.65 | 7888 P0163[7365 1627 — — [7355p65.5)

# 4: loop =0 & LIz EBRAER

plan_pwd diva divs diva divs

Bl (&, ,TCPU [En, [CPU [Eny [ CPUEn,] CPU[E,, CPU

300[ 153 ]0.134[ 159 [0.690] 159 [0.876] 162 | 1.009| 163 | 1.077

4001 241]0.284]240 [0.558 247 [0.598| 248'[0.841| 249 [0.864

500( 3311]0.442] 332 (0.570] 330 [0.577] 335 [0.798] 336 |0.727

600 421 [0.577] 419 [0.520] 420 [0.427] 425 [0.827| 427]0.736

15000 912 [7.156 | 936 [6.789] 920 [5.381] 958 [6.864 | 946 |[5.897

2000 1376{10.735[1403|7.732|1393[5.618 [1418| 7.105 [1418] 5.855

500 2500 1855(14.221|1871] 8.830 (1871 6.177[1890| 7.541 [1886] 6.126
500 [30002327|17.808/2346] 9.826 |2352[ 6.677 [2360| 8.831 [2358] 6.604

10003000 1886|27.788[1929[19.4691901[13.598 1965[16.1831937[12.467

10004000/ 2843|41.613[2881[23.8192866(15.9562921[18.76112904[14.516

10005000 3802(55.502[3817[29.1853801[19.824|3877|21.638 3857(16.360

100060004758 70:635 480T]38.566{4781]23.1884824[25.044[48T9[18.278

# 5: loop =1 & LIz EBRAER

plan_pwd diva divs diva divs

\VI|IEl &, TCPU [Emp[CPUEny [ CPU[E,, [ CPUE,] CPU

100[300] 156 [ 0.141 | 163 [0.739] 1568 [0.928] 162 [1.070] 164 | 1.104

100 [400] 2431 0.300| 246 [0.688] 245 [0.526] 249 [0.935] 247 ]0.938

100 (5001 329 [ 0.458 | 328 10.552] 326 [0.507] 335 [0.813] 336 | 0.828

100 [600] 420 [ 0.597 | 415 [0.575] 415 [0.485] 426 [0.823] 423 ]0.743

500 [1500 908 16.602[ 933 [5.604 | 926 [4.443] 950 | 5.643| 936 [4.807

500 2000 1381] 9.814 [1402]6.506 |1394] 4.474|1409] 5.918[1416] 4.702

500 2500 1852|13.136|1871] 7.502{1869] 5.033 [1886] 6.223 [1885[ 5.006

500 [30002330]16.404]2350( 8.7802343] 5.863|2360] 7.066 |2358] 5.199

1000000 1880]28.033[1921[19.7231891[13.0271960]16.0091937[15.366]

10004000 2842[40.538|2869[23.2642859(15.6772914[22.7772905[18.052

10005000 3801{53.905[3830[28.4673821[19.3573871]26.1523865[19.524

100060004762(66.237[4781 53:710 479723.1484819(28.855/4814[21.834]

# 6: loop =2 & LIz EBRHER

plan_pwb divs divs divg divs

VI Bl 15, TCPUE, [CPU[E, [ CPUEn, [ CPUE,, [ CPU

100[300] 156 [ 0.120] 160 [0.523] 159 [0.663] 165 [0.841] 166 [0.810

100[4001| 240 | 0.252] 242 [0.427] 246 [0.568] 250 | 0.774] 252'[0.721

100[5001 326 [ 0.397 330 [0.419] 333 [0.491| 332]0.625| 334 |0.640

100[600| 419(0.533|418(0.473| 410 |0.343| 421 {0.603| 422 ]0.563

5001500 912 [ 6.587 | 931 [5.949] 927 [4.118] 952 [5.555 | 943 [4.398

500 20001379] 9.398 [1397] 6.571(1394| 4.483]1416]5.883 4.997 1411

500 25001 1849(12.867|1874| 7.580|1863| 5.500 | 1882( 6.018 |1884[4.915

500 [300012323(15.855(2344| 8.645[2327|6.061 [2358] 6.797 [2358[ 5.317

10003000[1881{29.910[1929(22.856{1908]15.511]1961(16.001{ 1930(12.505

100040002845[43.936| 2872[27.564]2845(18.5622918|19.0382905(14.874

10005000[3805[62.218|3834[34.871[3828[22.001|3874[22.102 3857(16.873

1000600014765(75.102/4794|39.814]4799[26.1494822[24.854]4822[18.902
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