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The gracefulness of graphs (n<9)
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(School of Electronic and Information Engineering, Lanzhou Jiaotong University,
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Abstract: A recursive backiracking algorithm is designed, which uses the algorithm optimization strategy
combined with pruning and prejudging function. It achieves the graceful verification for any graphs within
finite points. Using this algorithm, the gracefulness of all the simple connected graphs are verifying in 9
points, and the number of all the graceful and ungraceful graphs is obtained in this range. the results
show that the vast majority of the graphs are graceful in this range. And according to the experimental da-
ta, the following conclusions are also shown: a definite lower bound of graph K, —m (a graph of complete
graph minus m edges) is ungraceful; when p and ¢ satisfy certain conditions, all of this kind of (p, ¢)
graphs (p is the number of vertex, and ¢ is the number of edges) are graceful; when ¢ (mod4) = {0,
3}, and g< [3.7p-9.3], almost all of this kind of (p, ¢) graphs are graceful. And further guess,
when p >9, the relevant conclusions are rational.
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(iii) | f(u) - f(v) | =edgeLabel,
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Table 1 ¢ graceful space
WbR5 (edgeLabel) FAABTRRAR = (f (w) f(v))
q (0, ¢)
q -1 (0,¢ -1) (1, ¢)

1 (0,1) (1,2)+ (g -1, q)
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PRS2, Tk 28 O 2H 4R 5 2H R 1 1 2 1 5
o

Bl 20 ¢ =9 MR, Bk =
JUZH X RSP P 1R
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Fig. 1 A graceful labeling of G (5, 9)
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Table 2 Graceful space with ¢ =9

A5 (edgeLabel ) HETH 35 (f(u) f(0))
9 (0,9)
8 (0,8) (1,9)
7 (0,7) (1,8) (2,9)
6 (0,6) (1,7) (2,8) (3,9)
5 (0,5) (1,6) (2,7) (3,8) (4,9)
4 (0,4) - (3,7) (4,8) (5,9)
3 (0,3) -+ (4,7) (5,8) (6,9)
2 (0,2) - (5,7) (6,8) (7,9)
1 (0,1) -+ (6,7) (7.,8) (8,9)
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Fig. 2 The upper boundary of
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Aor i 1—nn 23R ETA BT HT B4
. ComputeDegreeSeq ( Graph;)
. ComputeEigenvalue ( Graph,)
. IsGraph,Grace = false
. end for
. search graceful space
. “ICHE S AP TempMatrix
10. ComputeDegreeSeq ( TempMatrix )

O 0 N N L AW N~

11. ComputeEigenvalue ( TempMatrix )

12. for i 1—>n

13.if (IsDegreeSeqSame ( Graph;, TempGraph)
&&IsEvalueSame ( Graph;, TempGraph)

14. IsGraph;Grace = true;

15. break;

16. end for

17. if (eachGraph is graceful )

18. break;

19. end search

20. for i 1—n

21. if (IsGraph,Grace = =false)

22. output ( Graph;) ;

23. return

24. end
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1. begin

2. search graceful space (edgelabel) edgelabel
e {0, 1,2, -, qf

WE 4k edgeLabel = ¢

3. if (edgeLabel = =0)

4. this graph is graceful ;

5. return;

6. select a two tuple (m, n)

me 10,1, -,

ne {edgelabel, edgelabel +1, -+, ¢}, | n—

edgeLabel —m| ,

m | =edgelabel.
7.1f (tuple (m, n) is not enabled)
8. ReSelect tuple;
9.for i 1—n

10. If (M} is enabled)
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12. for j in Table 3 The number of vertices is 5
13. If (Mj is enabled&&M; = =1) (p, @) mEEAE AEREEA %K PR
14. M]-jzn; M,-jzedgelabel; (5, 4) 3 0 3
15. end for j i—n (5,5) 4 1 5
16. end for i 1—n (5, 6) 4 1 5
17. If (conflict - free) (5, 7) 4 0 4
18. search graceful space (edgelLabel —1) (5, 8) 2 0 2
19. end search (5,9 1 0 1
20. if ( grace space search finished) (5, 10) 0 ! !
21. This graph is ungraceful
22. end F4 HEOMG
H e 2 A — AN E L M S Table 4 The number of vertices is 6
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@3. 60 GHz
RAM. 64.0 GB Table S The number of vertices is 7
JF &K . Visio Studio 2013 (p, q) mEEANE AEREEA % B
RS, CH (7, 6) 11 0 11
3.1 A2 -9 WETEEREN LT (7.7 3 0 3
BUTIBITAREN, MEh2, 3, 48, X (7.8 o 0 o7
R BT PR AR 2 00, I MO B0 1, 2, é}ﬁ) o . o
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El AR, Sq =p(p —1)/2 0, SEiESy5e4 (7. 15) 36 4 20
Kl 55 4 500458800 p, B8O ¢ BTEOL T BIRY (7. 16) 19 ] 21
SN 582 H1 55 3 505050 YT AR T S (7. 17) 3 ’ 10
RS AR B (7, 18) 0 5 5
(7, 19) 0 2 2
(7, 20) 0 1 1
(7, 21) 0 1 1
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#6 HEHS (9, 27) 665 105 770
Table 6 The number of vertices is 8 (9, 28) 197 147 344
(py @) (EEEAE AREEEAE MK (9, 29) 88 60 148
(9, 30) 0 63 63
(8,7) 3 0 3 (9, 31) 0 25 25
(8, 8) 8 0 89 9, 32) 0 1 1
(8, 9) 234 2 236 9. 33) 0 5 5
(8, 10) 477 9 486 (9, 34) 0 2 2
(8, 11) 814 0 814 (9, 35) 0 1 1
(8, 12) 1169 0 1169 (9, 36) 0 1 1
(8, 13) 1434 20 1 454
(8, 14) 1 554 25 1579 H#E3I-EKTAIUEL, (5, 10), (6, 14 -
(8, 15) 1512 3 1515 15), (7, 18-21), (8, 24-28), (9, 30-36)
(8, 16) 1289 : 1290 T BRI 0, 454 Rosa 411 53—
(8, 17) 955 15 770 AR BA R A 58 2 4%, LRl {5 e
(8, 18) 642 16 058 L, JFHRINAEAE 35 e 6 I T AT, TERECR
(8,19 9 1 100 SRIOTEIT, % g (mod4) =1, 28, HAEMR
E: j‘j; N ’ - SEFEAS B 24T P B K, T2 g
(8: ) o " s (mod 4) =0, 3 BF, FARIESE EIAEL A L SAHXT
@, 239 6 g o R/, 54 Rosa £ 1 38— B AL 6 By B2 A
(8. 28 0 . B Hr i sE 3 2%, B G i BOEL A 45 R 1 A 18 1
(8. 25) 0 s s e e B 2, 2B 3, JRmAE 4, REE
(8. 26) 0 ) 5 EEEZ, (HMHELERSEONS, JEREE L
(8. 27) 0 | | HIERRAN, WES Fin, ST 2-9 4 EN
(8. 28) 0 1 1 B B S B0 Al L S 850 DL R AR SE (i b
H1ZE 8 W1, X p=58f, HIEMER T,
£7 EMO REARDE e I R b B EL AR /DN, T HLH
Table 7 The number of vertices is 9 EPNES, P AS H, 9 A RN oy
(p, q) e AEEEEA % ISE 4 AREILIRAY N -
5. 8) " 0 e 3.2 9P mAEAIERER
(9. 9) 239 ) 240 D N R A TR 7 | L e S ST [ e S
(9, 10) 794 3 797 MMM T ¢ (p, ¢, num), Hrhp H i
(9, 11) 2075 0 2075 B, q ABEL, num FoRHHET (p, ¢) EITHEIL
9, 12) 4 495 0 4 495 MR, Wk (p, ¢) B RIAEDESE R R
EZ 3; 183374668 Zj 183489545 WA, MEE RSN G (p, @),
(9: 15) 20 303 0 20 303 HECH S E‘JiEﬁE%EééElﬂjCFﬁitéﬁu%, —IF
(9,16) 26631 0 26 631 34 B3 .
(9, 17) 31 202 198 31 400 MECH 6 WAEML K —IF 6 4>, Kk 4 fr
(9, 18) 33 152 214 33 366 N, Hf (1) B C,, SCER [1] C&H AT
(9, 19) 31 99 0 31996 BIEIR LR, (6) Moe4K K, CHk [6]
T Tm g T csTet R
(9: ) s 430 128 s ssg SECH T AR SR AN 5 R, ok
(9. 23) 10 090 6 10 096 (3) M2, SCik [13 -14] P E & HA
(9, 24) 5957 27 5984 KRG,
(9, 25) 3177 70 3247
(9, 26) 1 544 91 1 635
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Table 8 A comparison of the number of graceful numbers of all graphs in 2 =9 points

HE(p) 2 3 4 5 6 7 8 9
P 1 2 6 21 112 853 11 117 261 080
BRI AL 0 0 0 3 6 34 148 1466
(e EPSY i 1 2 6 18 106 819 10 969 259 614
AFEIEE R % 0 0 0 14. 286 5.357 3.986 1.331 0.562
G(5,5) 2) G(5,6) 3) G(5,10)
K3 p=5mIEIsER
Fig. 3 Ungraceful graphs with p =5
(1) G(6,6) 2) G(6,9) 3) G(6,10,1)
“4) G(6,10,2) 5) G(6,14) 6) G(6,15)
K4 p=6RmAEIEEKE
Fig. 4  Ungraceful graphs with p =6
SACH 8 BRI AR I IE 6 FR 3.3 9IPMRHNESMER
SR 9 W AR LS I 7 fros . Hok T UL E R R LS, LA A 9
(2). (3). (4) BAMWADEILHA—ADTAIEM, DR yeRE, mix ey L8 by s 280E i
(8) MM Ks FLFH— T RIE IR PRI AEES, L (8, 13), (9, 14)
HILL BB s B e AR, RS AR se .
B AR X B, HARZ DO T U, I (8, 13) FBIrILScEmlE 8 s,

HI A 2618 B A R ARG/ (9, 14) o HESEEmE 9 BrR.
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Fig. 5 Partial ungraceful graphs with p =7

A=< &< &b

(1) G(89.1) 2) G(89.2) (3) G(8,16) @) G819

K6 p=8 kit
Fig. 6 Partial ungraceful graphs with p =8
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(1) GO.9) 2) G©.10,1) 3) G(9.10.2)
@4 G(9.103) 5) G(9.20.1) 6) G(9.20.2)
(7) G (9,20,3) ®) G9.204) ) GO,20,5)

BT

(10) G (9,20,6)

K7 p=9 ML RA
Fig. 7 Partial ungraceful graphs with p =9
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Fig. 8 Partial graceful graphs of (8,13)
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