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Abstract

Let G be a 3-regular connected graph. If we delete a Hamiltonian cycle of G (delete edges but not
vertices), then the rest graph is a perfect matching of G. On the contrary, the rest subgraph delet-
ing a perfect matching of G must be Hamiltonian cycle of G provided that it is connected. Conse-
quently, all Hamiltonian cycles of Ceo are given in this paper by the way of deleting perfect match-
ings. And then it is shown that the relationship of perfect matchings is obtained by Hamiltonian
cycles.
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1. 5|8

IR, & i (Fullerenes) & H Bk —FiC AL, A& LAERIR . MHBLIREBLE RS M AEE I )5 . 1985
F, TFETLHTKYH) Harold Kroto 531 K2~ /) JTames R. Heath, Sean O’Brien, Robert Curl 1 Richard
Smalley &1, FEZTH 2R BRI 7™ A4 B AR ORI T & i . - s, 5 60 M5 1 ak
70 NIRRT 150 T (BREIRAEBRATHT RN Coo B Cro)XF EUI, IR T B0 . BIF 7 /N B AT T o S AT T3
FEFTEI “ L3Ik 7 [1]. IR Coo 454 5 26 B #2570 Buckminster Fuller BT f I H 55 T0 25 4 AH AL,
T E B AR Coo N “ BB F 84 & #1/%i (Buckminsterfullerene)” , LA >R [7) Buckminster Fuller E{A
[2]; #®FE “U” EREREHA Co THRIRTRABME, K555 = AR THIE, 1A R 504
T - AHIE o

Coo /& & B B 01, W2 FLE 2 e R e PR T, DRIEOR T Coo MR TR 2 o Klein 57
FAFE] Coo A 12,500 4> Kekulé Z514[3], Vukievie R Coo FIXTFREE [, BEK BT A Kekulé 25147 % 158
LM, B TIX 158 2 Kekulé 58 ARF TG EIR[4]. J5K Vukitevié 675 SCHR[S]H 4 H TR
i Kekulé Z5RIMIBH, PAK Coo IR 6-F8. JLIR 10-F8. L3R 14-FE A pra JLIR B 0 8 B e g fa b,
FEARPE 2 Kekulé 5401 H HHEE(ADIE Coo T Kekulé G540 pli/NR3E, Bl df=5, 6, 7, 8, 9, 10, %4
72 Kekulé 2544 AN %L, i BLIG 3 BH RIS B G AR TR 5 B RS Kekulé 458492 7] C-C LA C-C
WU A B AF R BRI 22 572 [6] . Schmalz LRI F AT FERI], A —F 1) Kekulé S58%F Coo 7371
FasE A TIRR[7] [8]. HIBERIUL, FFAEATA I Kekulé S5 FHR & T, X4 T Kekulé 455 £ (EI0e
JEH EEN

KT Cg HJ Hamilton B TR FAEH T —225 . Barnette 5T A & KA/ 6 7T 3-1E
W1 22 1 1 P 46 2 Hamilton PE(RI477E Hamilton [&]) [9], Goodey tRIAITIX—s5[10], H2EA IERIEH .
Barnettee 13X —f5 AR B 5 7 & B I, F HL 20 176 ANTHA & 17 B 1 Hamilton 1 S84 3R 11]
Frantisek Kardo$ 1iF 8 T Barnette FJ548[12], N Ceo 64 Hamilton B . H224F Mathematica [ B EE
FEFidsx T Ce ) Hamilton FERIEH N 1090, MH%H T Cep HIHH—/ Hamilton . ASCHH
Mathematica A HE T Cy BT Hamilton B, 3 HAHF% T Hamilton B 55¢E LA IR R .

2. S MmEER
2.1. —fE ERERTE

B GR=—NHE. G Hamilton [ 2158 E G MEANTURRE, CUFRNE SN H-B . G #i7ek
UCH R E 5 G HITA T 5 M R AR AR SR A 131 B A 58 55 DUk 2 A HLAL 2% P ) Kekulé 45
Mo 5t b, H-BRHARERTEEILRMAR . B 4, B RFEANES, 4 B B RHREE LN
A®B=(AUB)\(ANB): Fhilth, WRANB=0, W A®B=A40B, B 4H BHALH.

DOI: 10.12677/pm.2020.108088 746 S H


https://doi.org/10.12677/pm.2020.108088
http://creativecommons.org/licenses/by/4.0/

LR 45

AR AT RE 3-IEM & R 5 L IL I 5 H-F Z AR R, A BRA

WA 1% G2 3B, e G —A H-BlS B G —AN ekt ke, M G m
—ANSESRILES 5 B A R 1, g2 G I—> H-[El.

KT e RILEA H-FEl % 2, I8 H JA AT R LR A [

R 1 W A e SE UL EE A X AR 22 REAS 21 H-Tl,  HLAR R )58 R UL RC MR —4>?

I R 2 W = 5€ SE UL FE i AOAE S P A R AN S8 I G M 4 28 =1 58 SR DL C e 49 21 A H-Pe 2

H i AL 1T EAE A il e — RS D i

W RE 3 M — 58 £ VLD J e 45 21— H-[l (1% H-BlR E WA 58 £ ILI A L) ?

WRE 4 2 5 AFAE AN SERILED, M e — MR H-FEZ S AN AN S I 2

AT AL ALK G MFTA 5B R VCIE A E X IR ZE, X — X 56 R DU 2 13 31— L8 Bl 43 5
(BrTgeR MR, BI&EN), WAZEmAE 03, M ER H-Fel, XN 1, 2 R AKX

FE B 14 m%gﬂe(”?oj VO, TR, AR LA A 3, 4 el B

G E M e E VTR R A, AR R R, BUNE G B H-FE . BATAT AR TE— TS D
M EBARE — FIXF 7. Bl kB Qs B 9 AN5ERITEL K 2 B IX 9 A58 3 ILHEL S )1 K
oML 1R 2, HAH I R R TR .

BATTLLE R, MEICEALEREYRE Gy Gs, Ge Gy Gy GolX 6 ANEIEEN, Bl 051 H-
AN 6, 1X 5 Mathematica H 45 R AFI . 1X 6 A H-FEl A — AN 2 B > 58 SE LT i@ it A
ACHFME—HfE, TEWLE 1.

M, M M. M, M, M M. M, M,

1 2 3 4 5 6 7 8 9

Figure 1. All 9 perfect matchings of O,
E 1. O; A 9 MR MLEL

G G, G G G G

4

G

1
Figure 2. The graphs of deleting each perfect matchings of O;
& 2. 0; S AIMIER & FE X LA A F &

Table 1. Representation by perfect matching of 6 H-cycles of O
1. 089 6 N H-BEIMFT R R

H- %I G4 G5 Gé G7 Gx G9

e 2 AR AS M, UM, M, UM, M,OM M,OM M, UM, M,OM

7 2 6 3 9 3 8

2% 1Al O MSESRULRCH R AT R 1 B Rl 3 i 8, IR ANAEAE I 2 B 4 (S (HA2
HI3 =" BT AL, Coo "PISIAFAE [ 2 BRI 4 L (1 A8 58 SR UL L
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Figure 3. Buckminsterfullerene (Cy) and the label of its vertexs and edges
[# 3. Buckminsterfullerene (Cgo) &2 EL TR = FNi BIFR S

2.2. Coy EROERTIE

ARIRAE Coo AL 3 A1) ER 4 48 1 8125, TS RE(E Mathematica 11.0 FFEAT . JNIBEIATH 25k
X} Mathematica [)F27 H FH B AF 5 ] 3 — .

Ceo A 3-IENE . &M AR5 {1, 2, -, 60}, b5 H{1,2, -, 90}, ERIEZEWE 3 fr
AN, XS BT A H AR L AR ST g [ 14] 0 RATHE Coo FIFTA RO TR 20H 58 32 UL AT
FETAE— D EE Y, A8qE pms, BEASERILEYZ ISP HERE, B FAREig 5 1, 2, -, 12500 K3E
INEAEFEILE . Bltn, 1 55£0ILEN{{1, 2}, {3, 4}, {5, 6}, {7, 8}, {9, 10}, {11, 12}, {13,
14}, {15, 16}, {17, 18}, {19, 20}, {21, 22}, {23, 24}, {25, 26}, {27, 28}, {29, 30}, {31, 32},
{33, 34}, {35, 36}, {37, 38}, {39, 40}, {41, 42}, {43, 44}, {45, 46}, {47, 48}, {49, 50}, {51,
52}, {53, 54}, {55, 56}, {57, 58}, {59, 60}}. FEJFHHBNN Cs MILERELLEXTE AL BAEEA
edges . FHAZTEMREFAL,
Rest[Union[Table[vl = {};DepthFirstScan][ Graph[Range[60],
UndirectedEdge @@ @ Complement[edges, pms[[i]]]],1,
{"PrevisitVertex" -> (AppendTo[vl, #] &)}];
If[Length[vl] = = 60, {i,Flatten[ {Position[pms,
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Sort[Sort /@ Partition[v1,2]]], Position[pms,
Sort[Sort /@ Partition[RotateLeft[v1],2]]]}1},
{11.41,12500} 111
Length[%]

fEl SR — N LR . Eei vl 2 — AR, M pms U —ANTEEILE, e ST,
XA 78 SR ILACAE edges HHHIAME, FRFEHBTE R IATE A, AKX EEi i fE— TR E0h 60 MUK, 28
JEMTRRL 1 R, XIRRANEE “RBEEERT , FdETE 1R v, R RS — AT E] v
R AN, BRBEBEIAS 1 ONE SAE A v K, HKEN 60, B 60 ANHASIALE v H, T
vl H T AU /2 — > Hamilton BEIRIFTE AL, FHHE vI TR —ddAT R 2, XFERR 3 —AN 5%
FKULEC: RJEH0 vl ke — A E, RIS — ML BT AU s — M E B, B E BT
RIBEH—MrE b, B E BT AU S M E B, , MRUEEHE: LGRS —A
BEAT R 73 (R AR 70 4R A AR 2 THE H-JERe 7 — ), R mifa 2] 75— 5eRILie; )5 s
RPN S8 RICECHEAT HEF , /NIFERT, KRIUTESS, BJaREIRXMA 78R ILACIE 12500 %=, vl K
29 60 I 65 B RS 58 36 DL RO AN 5 THIA3 2PN e S ULEC LA ¢, (%, 1y rpiE Uit iR v KEAZ
60, MM —XSH{}: B AR EOME, BT TMASE TR Ra R SRR =
AN 5ERILECIEA 1090 4 (X5 Mathematica FIEHE EH IIZE R —20), T HEREERE, A7
XS RIMAE T

3. BRS
3.1. H-B 552X i

BUAE, FRATE Coo HITHELLE BXF i) 3 VR 1. BITE, BATRAM—F 2.2 WP RERFHmH g RP K
1090 H5e3EILEE, DA —4{1, {4573, 10565} } A%, “1, 4573, 10565” #2&5EEILLM RS, K=
MERILEERR, BEE 1 558 RULEMIB 5152 H-E, XA H-E2 H 4573 5 A1 10565 X P4
FERILE AL IR TR {* * XM TGRS H-E— Xk, 1M
FRESEIILHD, S5 H P EH e R ICELR KN 1) H-F o IXFEME M8 3 AR E 7, e A —
AN5EFE VGBS 9] 1 3 BEHR 1 58 £ VL AL

BAIGE—FIX 1090 HEFEIA 20N 5ERILE . BAVEE —HWE DXL SE . =M
Fr, MRS, KRR A TERILES, 4L 1090 4>, 5 3R AR T A58 R ILRCH
B AT LR BLEE RN E EEICER, BAMFERA 1350 A4, 245R1% B a4 55— 28 B 1 58 S IT I ;
O REHEATR L, HERA 490 4, WA KB EAMER, HE5HE—-RAELZMHA 860 1.
T EAFE 1090 4H &4 3535 e 3 1950 AN E AR 78R ILAS . L b, B Wiz f5 24 H-E 1
SERVLHS, 5 AR 0T LLUEE A A H M R H-F8 [ 56 2 UURC . SRT FRATT RIS 2 5 — 2858 LU RR B o, X
T RERICE AN, PAAIXPRGERITEL 2 B R A BEAENIE, FCATHEd—PHRE.

3.2. 5 H-EREXHTELEZERXF

H-[l2 — R R I B S, PITRABRATAE RNTE 5 H-FBAG 5K 10 58 L VL L2 15 15 & 56 SR IL AT
AR, B ARG ARRIIKR R ik, FATFEF RS R b K31 1950 56356
VBN T s I, DAUHCRIRR — N EMZ KB R . B E A 1090 A58RILES, Bl 2 Ja#8
S H-JE, BDPAS S8R ILEC I A IE, BT BARATIE 1090 A FESEILRC M H B2 s, LAY 2 0f 2R H-Fel )
PIAFE SR UL HE A N JEE M A 1] o b T MR 2 Jm 7 A H-F8 A 58 SR DL BE(1090 M) 54 B H- [l 1 56 SR UL AL

DOI: 10.12677/pm.2020.108088 749 S H


https://doi.org/10.12677/pm.2020.108088

LRI 45

(1350 M)A HE(490 1), XL 5T [ 58 FEVCRCTEX N ] B P BEA HE SCENJE, BT DUXANG 1) B R R
HHERZERILEAE 600 1>, HANERTERILEA 860 4. FATH A Mathematica i H 7 iX4NE 1950
MERE, RIEH 290 NMERY . NG HERERS I, BATHEELRE % TR,

AL b 2 J5 e 45 2 H-JBl i 58 UL RC Bk R, FREBATHRIR Coo FISE3RITHLT 158 NS
FKHAT I, RERWMF 2. B2 EHAE 16 NMENI, EHUX 16 KE R g5 &/ 5E
EUCREAE ARG, ARFICHIG S F1E Frfe 28 52 L UG IE A N B 4.

44

1R
1201
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W

120 120 120 120 120
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401~ 30

RalRRlNn .
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Figure 4. 16 representative perfect matchings and the sizes of their classes

B 4. 16 MRFTELERRES XKD

PTATERLES X 16 e R ILER L LT
{1,6, 10,13, 17,20, 23,27, 30, 33, 36, 39, 43, 45, 49, 51, 55, 57, 61, 63, 66, 69, 72, 75, 77, 80, 83, 85, 88, 90},
{1,6, 10,13, 17,20, 23,27, 30, 33, 36, 39, 43, 45, 49, 52, 53, 56, 59, 62, 65, 68, 71, 73, 78,79, 81, 84, 87, 88},
{1, 6,10, 13, 17,20, 23, 27, 30, 33, 36, 39, 43, 45, 49, 52, 53, 56, 60, 61, 64, 65, 68, 71, 73, 78, 79, 82, 85, 88},
{1, 6,10, 13, 17, 20, 23, 27, 30, 33, 36, 39, 43, 46, 47, 50, 53, 56, 60, 61, 63, 66, 69, 73, 76, 79, 82, 84, 86, 89},
{1, 6,10, 13, 17,20, 23, 27, 30, 33, 36, 40, 41, 44, 48, 49, 51, 55, 57, 61, 64, 65, 70, 71, 74, 76, 79, 81, 85, 90},
{1, 6,10, 13,17, 20, 23, 27, 30, 34, 35, 38, 41, 44, 47, 50, 54, 55, 58, 59, 64, 65, 68, 71, 73, 76, 81, 85, 88, 90},
{1, 6,10, 13,17, 20, 23,27, 31, 32, 35, 38, 42, 43, 45, 49, 51, 55, 57, 62, 65, 68, 72, 75, 77, 80, 83, 85, 88, 90},
{1,6,10,13,17,20,24, 25,28, 32, 35, 38, 41, 44, 47, 52, 54, 55, 58, 59, 62, 65, 68, 71, 73, 78, 82, 83, 85, 88},
{1,6,10,13,17,21,22, 25,28, 32, 35, 38, 41, 44, 48, 50, 53, 56, 59, 62, 65, 68, 71, 74, 76, 79, 81, 84, 86, 90},
{1,6,10,13,17,21,22, 25,28, 32, 35, 38, 41, 44, 48, 50, 53, 56, 60, 61, 63, 66, 69, 72, 76, 79, 82, 84, 86, 89},
{1,6,10,13,17,21,22, 25,28, 32, 35, 38, 42, 43, 45, 50, 53, 56, 60, 61, 63, 66, 70, 72, 75, 77, 80, 84, 87, 89},
{1,6,10,13,17,21,22, 25,28, 32, 35, 38, 42, 43, 45, 50, 54, 55, 57, 61, 63, 67, 68, 72, 75, 78, 80, 83, 87, 88},
{1, 6,10, 13,17,21,22, 25,29, 30, 33, 36, 39, 43, 45, 50, 53, 58, 60, 61, 63, 66, 69, 72, 75, 77, 82, 84, 86, 89},
{1,6,10, 14, 15, 18,22, 25, 28, 32, 35, 39, 43, 45,49, 51, 55, 57, 61, 64, 65, 68, 71, 73, 76, 79, 81, 85, 88, 90},
{1,6, 10, 14, 15, 18,22, 25, 28, 32, 35, 39, 43, 45, 49, 51, 55, 58, 60, 61, 63, 66, 69, 72, 75, 77, 82, 84, 86, 89},
{1, 6,10, 14, 15, 18,22, 25, 29, 30, 34, 35, 39, 43, 46, 48, 49, 52, 53, 58, 59, 63, 66, 69, 74, 77, 81, 84, 86, 90} .

FAHEE 4 2 i) 16 MU TTHRLEIEIE 73 3 4y ok, WA 5 efil2 4% 16 MR T 5K
NG FEHEFI o

HE 5 ATUE S|, =AM 5eR TR HE S — NS 2 A AR AN A IR, X FRh5ERILE R A
30 ZH, i s R MAI(n), X 30 50
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{9869, 4176, 2204}, {4236, 10780, 994}, {6851, 7256, 691}, {5806, 7304, 29741, {7097, 3210, 5585},
{8696, 1666, 5814}, {4645, 10337, 510}, {10213, 4431, 1260}, {10432, 487, 4633}, {6948, 7149, 477},
{9149, 5552, 1261}, {9058, 1452, 5581}, {10086, 1445, 4555}, {6904, 7350, 513}, {5474, 7733, 3167},
(11107, 4187, 586, {5436, 7781, 3110}, {5791, 8711, 1678}, {4725, 9621, 1411}, {9563, 4225, 2294},
(7145, 5828, 3020}, {7090, 902, 6829}, {4317, 10510, 697}, {10263, 1226, 4318}, {6748, 7797, 655},
{5674, 9085, 1232}, {7290, 3087, 5558}, {4422, 10492, 823}, {8601, 1426, 5933}, {6689, 7751, 914}.
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Figure 5. Connected components containing 16 representations

Es5 8% 16 METHEEN X

X4 30 HAFBRMSERILES, AP IERENA R ICEAER AR ZE S B0 H-FE A 2 T M
AN 56 £ VU HLAT 201 H-Fl; [z, AR — AT 7 B2 50 A AN A S FE R R H-B, It
TN )R 4 (1 (R0 2 FRAT T R — 2 0 =S se SR VLS i 2 [F] — AN B, DA —4 91, WL 6.

DA b2 4 R 56 SE VU IE [T AG SBEAT 20 2 ), i mT DL T R0 R B e 85 43 28, IXRE 43 25 DUJE it R 1
T(), (b), (¢), (d), (h), ()T FATHIX 6 AN 53 3 H HHEE ) REEAT 04T, e 10 A5 82 ] [H]
M. AL, H 4 AD5ERILE, MHEAEEHAR T ERZ 4573 S58£I00R, 1 HiX 4 /583 I0AES
REARF USRS, 202 1, 286, 490, 511 FrARERMZEME, X 4 MEMEFIHE 60 4N5E3EIL
Be, —/MNMENRIHHEA, HaF 60 N5 @ D> Sa)FE-E R 3CF (), EGHE
FEA 4 A 5E3E00HEE, MHAT & PSRN FIER 2 6420 5583500, 1197 A1 8102 J& TR —%54h 2%, 7795 f1
478 BT RS, (p) ARG, TE 711, 4206 5 1197, 8102 J& T-F—%M3%, 692, 4188
557795 A1 478 J& TR —55 02K, KRS KT IH 20 AN 7ERILE, —ADRPEHA, M 10 M IXFE
53 XK, H(a)FEPSSCHA 70 . AR E5 (b)), (¢), (d), (h), G)EtfREIE 2.

WAL 860 MER R RA N K58 LA 158 MG KAEAT /32, 64 11 38, 5558 W% 3.
KARPEIX R CHER S XS WA 5. i, FRIOIMNX 11 BhEg—Rik—N o RERNMET,
B 8086 5 5E R ILACAM HABARERICIE ] 5 h ¥ mT4E], 8086 558K ILHLATIES 3L 5 5 () FH,
RFTCHIBARNEHNE 3. HILIRATA

AR 2 Coo MR ERILAL ZE Z A5 7E 4 A H-[E
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Figure 6. Three special perfect matchings

B 6. =M BsE R LA LA

Table 2. The result of components under graph isomorphism

2. ERS IREFE S LR ER

By L (@) (b) () (d) () (0)
FERILAEEL 5 7 25 5 3 3
[ 3 S 5 70 40 30 60 60 30
Table 3. The sizes of isomorphism classes of perfect matchings with only indegree
= 3. (RANEMFTELEERER KN
Rt 23 384 6684 7443 2433 8086 2729 6420 7362 10480
N 2 1 2 1 4 1 4 3 2
SEEILHN L 120 120 120 129 30 60 120 10 40 60
eI

HEZRHARRIE RS R, 45 11401475,
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5474, 5581, 5585, 5674, 5933, 7145, 7149, 7256, 7290, 7304, 7350}, {588, 605, 709, 723, 830, 880, 888, 895,
910, 958, 1201, 1225, 1258, 1268, 1374, 1393, 1473, 1503, 1665, 1680, 2124, 2125, 2197, 2278, 4202, 4305,
4322, 4356, 4440, 4454, 4554, 4611, 4619, 4626, 4641, 4689, 5443, 5456, 5457, 5495, 5574, 5610, 5675, 5688,
5744, 5872, 5880, 5927, 7126, 7135, 7228, 7263, 7275, 7283, 7291, 7312, 7407, 7420, 8105, 8155}, {711, 859,
1104, 1197, 1397, 1471, 2043, 2137, 3906, 4206, 4443, 4591, 5325, 5477, 5748, 5869, 7363, 7406, 8102,
8150} }

Mi 3 860 PAETELTAHIS

{123, 74, 285, 325, 617, 659, 736, 762, 856, 951, 1068, 1091, 1142, 1221, 1321, 1326, 1380, 1495, 1572,
1656, 1763, 1774, 1906, 2081, 2082, 2102, 2168, 2281, 2824, 2907, 2979, 3017, 3068, 3098, 3180, 3212, 3295,
3381, 3533, 3698, 3849, 3850, 3897, 3914, 4024, 4298, 4334, 4381, 4472, 4494, 4587, 4680, 4745, 4787, 5056,
5076, 5377, 5379, 5396, 5407, 5512, 5641, 5660, 5693, 5886, 5918, 6200, 6408, 6484, 6564, 6709, 6751, 6314,
6833, 6918, 6950, 7010, 7042, 7153, 7214, 7240, 7330, 7450, 7592, 7805, 7866, 8200, 8202, 8205, 8224, 8501,
8610, 8690, 8717, 8777, 8845, 9018, 9051, 9067, 9145, 9523, 9572, 9628, 9660, 9836, 9843, 10061, 10124,
10206, 10259, 10347, 10419, 10474, 10503, 10802, 10804, 11054, 11108, 11172, 11251}, {24, 107, 297, 299,
329, 384, 385, 467, 643, 669, 733, 765, 849, 857, 950, 1143, 1171, 1183, 1185, 1222, 1287, 1348, 1379, 1494,
1570, 1654, 1764, 1787, 1907, 1917, 2100, 2103, 2167, 2280, 2331, 2333, 2389, 2412, 2431, 2432, 3124, 3126,
3235, 3497, 3534, 3601, 3885, 3887, 3913, 4023, 4051, 4052, 4120, 4131, 4157, 4158, 4297, 4348, 4406, 4475,
4493, 4580, 4588, 4679, 4749, 4826, 4973, 4975, 5054, 5078, 5080, 5193, 5286, 5392, 5393, 5394, 5411, 5421,
5510, 5604, 5664, 5690, 5885, 5917, 6755, 6861, 6870, 6973, 7022, 7024, 7039, 7163, 7218, 7238, 7333, 7454,
7504, 7658, 7659, 7800, 7851, 7856, 7969, 8087, 8204, 8220, 8221, 8222, 9095, 9096, 9157, 9270, 10214,
10215, 10266, 10320, 10514, 10519, 10560, 11353}, {29, 32, 84, 101, 294, 374, 468, 474, 653, 632, 734, 801,
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854,918, 924,948, 1115, 1169, 1186, 1217, 1303, 1307, 1375, 1496, 1612, 1622, 1704, 1714, 1741, 1879, 1904,
2115, 2217, 2273, 2366, 2391, 2414, 2415, 2437, 2448, 3123, 3131, 3474, 3476, 3524, 3573, 3584, 3593, 3882,
3957, 4015, 4122, 4132, 4161, 4168, 4287, 4366, 4415, 4476, 4526, 4585, 4649, 4655, 4683, 4759, 4807, 4832,
4898, 5092, 5097, 5192, 5198, 5284, 5301, 5337, 5409, 5428, 5489, 5608, 5618, 5689, 5716, 5857, 5913, 6680,
6684, 6862, 6869, 7019, 7082, 7167, 7224, 7242, 7332, 7365, 7397, 7439, 7442, 7521, 7527, 7854, 7870, 7968,
7987, 8060, 8085, 8113, 8157, 9087, 9090, 9261, 9262, 10217, 10223, 10314, 10315, 10512, 10520, 11370,
11374}, {30, 33, 290, 458, 469, 475, 625, 638, 650, 651, 845, 916, 920, 1168, 1275, 1300, 1301, 1340, 1742,
1878, 1911, 2109, 2361, 2365, 2390, 2413, 2436, 2438, 2484, 2551, 3076, 3104, 3128, 3133, 3221, 3445, 3460,
3483, 3574, 3594, 3878, 4121, 4145, 4162, 4164, 4390, 4402, 4410, 4413, 4576, 4647, 4651, 4808, 4897, 5090,
5095, 5098, 5182, 5275, 5417, 5422, 5427, 5592, 5599, 5600, 5635, 6034, 6057, 6592, 6640, 6714, 6808, 6336,
6865, 6867, 6959, 7015, 7077, 7083, 7196, 7203, 7205, 7208, 7440, 7443, 7849, 7872, 7875, 7981, 8076, 8249,
8332, 8682, 8740, 8884, 8885, 9060, 9089, 9093, 9246, 9309, 9359, 9649, 9748, 9851, 9941, 10068, 10137,
10218, 10224, 10406, 10416, 10466, 10513, 10516, 10589, 10666, 11203, 11272, 11324}, {34, 473, 649, 919,
1184, 1299, 1781, 2364, 2433, 2439, 3132, 3607, 4159, 4160, 4412, 4650, 4809, 5099, 5391, 5426, 5598, 6864,
7081, 7207, 7444, 7871, 8219, 9088, 10222, 10511}, {276, 626, 641, 842, 1276, 1342, 1908, 2106, 2480, 2512,
2898, 3072, 3105, 3222, 3382, 3482, 3888, 4391, 4399, 4573, 5084, 5412, 5595, 5636, 6024, 6122, 6397, 6578,
6715, 6809, 6839, 6960, 7001, 7193, 7204, 7860, 8245, 8319, 8683, 8741, 8846, 8887, 9007, 9065, 9308, 9358,
9648, 9750, 9825, 9853, 10064, 10121, 10408, 10418, 10471, 10588, 10763, 11066, 11204, 11252}, {298, 386,
457,627, 637, 850, 1170, 1273, 1344, 1916, 2101, 2332, 2380, 2411, 2557, 3040, 3129, 3231, 3488, 3886, 4053,
4111, 4144, 4386, 4401, 4581, 4974, 5079, 5183, 5285, 5420, 5593, 5639, 6051, 6724, 6775, 6366, 6969, 7023,
7197, 7199, 7660, 7852, 7982, 8086, 8259, 8638, 8748, 9097, 9266, 9299, 9604, 9944, 10096, 10216, 10364,
10448, 10515, 10649, 11309}, {313, 348, 479, 495, 542, 599, 600, 686, 689, 718, 771, 876, 877, 968, 1200,
1211, 1236, 1240, 1323, 1325, 1389, 1437, 1443, 1481, 1484, 1531, 1538, 1567, 2117, 2123, 2173, 2239, 2701,
2729, 3001, 3006, 3018, 3189, 3199, 3214, 3945, 3998, 4185, 4191, 4198, 4258, 4260, 4339, 4340, 4417, 4421,
4442, 4508, 4604, 4605, 4698, 5007, 5038, 5451, 5454, 5525, 5541, 5545, 5650, 5652, 5754, 5758, 5823, 5831,
5877, 5883, 5950, 6229, 6327, 6729, 6741, 6754, 6927, 6937, 6952, 7036, 7087, 7093, 7129, 7130, 7269, 7270,
7408, 7417, 7638, 7774, 7780, 7794, 7832, 8110, 8163, 8476, 8630, 8635, 8957, 9054, 9129, 9142, 9150, 9778,
9871, 9877, 10007, 10052, 10059, 10212, 10262, 10458, 10465, 10509, 10868, 10927, 10940, 11003, 11111},
{389, 2320, 2820, 4083, 4960, 6420, 7712, 8993, 10171, 11078}, {483, 693, 710, 860, 1105, 1192, 1245, 1388,
1440, 1477, 2044, 2138, 3002, 3190, 3907, 4193, 4197, 4427, 4441, 4590, 5326, 5478, 5550, 5753, 5827, 5868,
6730, 6929, 7089, 7362, 7402, 7796, 8101, 8151, 8631, 9139, 9875, 10057, 10464, 10928}, {572, 636, 657, 732,
822, 894, 907, 957, 1263, 1267, 1365, 1518, 1658, 1662, 2195, 2261, 2976, 3078, 3106, 3182, 4303, 4321, 4396,
4471, 4553, 4625, 4638, 4688, 5430, 5434, 5587, 5603, 5672, 5707, 5835, 5928, 6696, 6817, 6845, 6920, 7112,
7162, 7209, 7237, 7255, 7289, 7335, 7869, 8602, 8692, 8719, 9083, 9564, 9622, 9867, 10084, 10339, 10430,
10480, 10782} }
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