45 s 2R A M = A Vol. 45 No. 8
2018 4F 8 A COMPUTER SCIENCE Aug. 2018

FTEMENERATERREARNERETE

Iz 858 = E#H® #®OFE MHEX
(FEA#RBELIAE¥KE W E 330031

W E RBABZNENFTE ARAEFOTAER RELSLAEREEREFELELLT 204 EREF, Xk
LEREETRABERG ETHOFEE KRR B R P HE. SEREZTTHEREL S AR F X/ Bk
TENSEEERGOIFEN, B bBRARLEERTETNTELSLER ANEELESERTHFZIANEIRET 4
SREEWmMyRS, RERFEHEEITEZTUAR—NAXETEEABRNAREE, HELRAN. LA IOFBREE
TR PR 4R N<T25 ek R M Ae N<34 693k R MR IE R T R A EH A 2 o), &8 T 2 % 45 & 494,
FREFEAERAMKHARABREETHH F e 2B REETE AIERMBE (NI, K5 % R5F T L#k[8]F 7
Heg 22 B AREEH 19O MEXLF IFBREZTNMFERKR, 25T MAUE & R Al X ek,

XERA BARMA.ZE2FLTFT.AFRLTETMALE
hEESEE TP301.6 MXEEARIRRS A

DOI 10. 11896/j. issn. 1002-137X. 2018. 08. 054

Node Invariants by Imitating High-order Moments and Their Graph Invariants

JIANG Shun-liang GE Yun TANG Yi-ling XU Shao-ping YE Fa-mao

(School of Information Engineering, Nanchang University, Nanchang 330031, China)
Abstract By the way of high-order moments and the level-order computing framework, twenty kinds of node invariants
were defined with the connection distance and level-order information of nodes. These node invariants reflect overall bias
distribution characteristics, non-uniformity and smoothness.while the sum of squares of nodal degree reflects the distri-
bution of the nodal degrees in the level. By comparing the number of distinguishable nodes, it is found that the sum of
squares of nodal degrees obviously improves the refining ability of node invariants. The node invariants are ordered to
form a vector as the graph invariant. The calculation results show that there are nine graph invariants that can distin-
guish between all N<U25 non-isomorphic tree and N<C34 non-isomorphic irreducible tree (no 2-degree tree) without in-
stance being found so far for non-isomorphic tree with the same graph invariants for trees with more nodes. The distin-
guished ability of nine graph invariants to non-isomorphic graphs (N<C10) exceeds the 19 results of 22 graph invariants

in reference [8],and the degeneracy of nine graph invariants is small, thus improving the performance of random graph

isomorphism testing.
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Fig. 1 Diagram of calculating sequence nodal invariants
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Table 1 Definition of 20 invariants
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Fig. 2 Flowchart of calculating nodal invariants
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Table 2 Comparison results of nodal invariants by tree data
ERS K o4 5 R Topl5 % K %
rxE E S 4 it ]
(i A4e3 AH2 BN HAL3 AE2
D 17.1 14.7 6.9 0.0 0.0 7.7
w 0.0 0.0 0.8 0.0 0.0 0.2
L 2.1 9.2 0.0 0.0 0.0 2.3
wyw, 17.6 451 481 0.0 0.0  22.2
wih 71.6 82.6 78.0 9.6 0.0 48.4
wy hh 83.9 96.0 96.9 19.2 14.3 62.1
wy wy hh 87.2 98.1 98.9 19.2 14. 3 63.5
wy wyhh 86.9 97.7 98.3 17.8 10.7 62.3
wy wy hh 87.1 98.0 98.7 19.2 10.7 62.8
wy wy hhh 88.1 98.8 99.9 41.1 17.9 69.2
wy wyhhh 88.2 98.8 99. 8 39.7 17.9 68.9
wy wyhhh 88.1 98.8 99.8 41.1 17.9 69. 1
w; S1h 98.5 98.7 97.6 41.1 14.3 70.0
w; Syh 98.1 97.9 96. 7 80. 8 35.7 81.8
wy Sih 98. 1 99.0 98. 4 16.6 14.3 71.3
w, Sy h 98.8  98.7  97.7  45.2 143  70.9
wSihh 100.0 100.0  99.9  78.1  82.1  92.0
w, S, hh 99.8  99.8  99.8  100.0  92.9  98.5
"wzslhh 100. 0 100.0 100. 0 57.5 89.3 89.4
wy Syhh 99.9 99.9 99.9 46. 6 100. 0 89.3
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Table 3 Number of deficiency calculated from different graph invariants

N n i I I : I A R T P e
6 1 1 1 0 0 0 0 0 0 0
7 4 2 3 0 0 0 0 0 0 0
8 12 8 10 0 0 0 0 0 0 0
9 32 21 26 0 0 0 0 0 0 0
10 84 58 72 1 1 0 0 0 0 0
11 205 146 180 3 1 0 0 0 0 0
12 509 379 462 8 4 0 0 0 0 0
13 1245 991 1157 13 0 0 0 0 0
14 3082 2577 2926 30 0 0 0 0 0
15 7640 6656 7364 53 0 0 0 0 0
16 19185 17323 18710 120 4 0 0 0 0
17 48453 44961 47642 259 1142 2 0 0 0 0
18 123636 117015 122270 569 9241 43 2 2 2 0
19 317658 305296 315371 1268 9702 37 2 1 1 0
20 822680 799807 818884 2793 72681 359 13 12 12 0
21 2144015 2101655 2137740 6622 80006 357 11 8 8 0
22 5623129 5544739 5612810 15675 550347 2653 99 88 86 0
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Table 4 Number of deficiency cacluated under variable constraint

wi =ws =1 S1,S2 =sum d; h=1

TRLTS it I If I, 1IN I T, I
14 0 0 0 0 0 0
15 0 0 0 2 0 0
16 0 0 0 13 0 0
17 0 0 0 42 0 0
18 2 2 2 156 0 0
19 1 2 1 469 0 0
20 14 13 12 1492 1 0
21 8 8 8 4530 0 0
22 88 89 86 13614 5 0
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Table 5 Number of indistinguishable graphs calculated

with graph invariants

Top 3 in 22 Results™* w0, S,k w Sy w Siht  w, Syh+
Topl Top2 Top3 cm cm

5 6 2 2 0 0 0 0

6 16 5 23 8 4 0 0

7 34 7 96 71 77 12 12

8 385 482 1701 1938 1952 497 529

9 6009 27030 58202 82594 83067 32203 33202

F 5 PIRS “w S h” Al “w S, h” 53 1 d AR Y 45 S
AR RS R 2 P A« A om” S 38 B A #6 B (Comple-
mentary Graph) 715 EI R A8 &, 4R 5 BE A R B Y AS 28 & %
HEAT AR . A9 SCHF B 45 R 0 BT A SO0 A T ek s b
fih 19 AGES L G 19 AR A AR 5 PRI X 194
R HE(N=5.6,7,8,9 4% K 9,64, 584, 8983,
231809,

9 i I AN AR o (T5, — I, il woy S,) H B 345 B9 A | X 43 &
B 4 22 M /N T FL R [F) R A8 A6 0 R AR o
BN AR B, THEE AR A AT XA B i 55 3% 5 P g R X
BN, LN 3 AR A (wpw, hih s wy So by Syhi) A5 2
25 AE B (wrsws » Sy 5 So b)) JHE AT R 0 B/ A A8 i B
PAFEE R (N=5.6,7,8,9 4514 0,4,71,1936,82594., {H
S FH R IET 55 0 T 1 25 RS A8 A 2 R BT 1 R AR e R A T
PRI ARAS 19 45 A BRI i ik, BRI 2R 5 P “w Sih+
em” Ty Soh+em” B &5 F . B FRIR R X 9 FhE RS B
-y R e T SRR B9 ERAE L 1 X i B 2 19 R L B AT R #b
3R (VR R o o 7 TS W e N 3 B Nt ) | NS A RS IR Y
o B GRS AR

R T BT R AR X R R P GBI B % 5 10 X 01
Bl XA R RO 45 5 8 N=10 R 47 T R, N=
10 AR M A 11716571 Fh. i %k E=20~25 AR R W
R i 100 TR o E=23 Ak MM AR £Z, tH
1348674 . I RZE i w Soh T HE M A B R & B R
3999232, H 4ty 34. 13%, Hh E=24 M £, BN
554612; MR E H A LT B, W g E=27 M 2. 8H N
49.69% . RN A4 R A5 2 i A B [ AL I 5 A K b e 36 T
NBEL LR, W SRR AR B R A A 34, 1300 FE
16, 67%  BUE R H 4 IR Z A E=23 &b, ik, 24K
R A B i BR B 2 i, 9 b EOR AR B A G 4 SR AN
LTI

X 45 R N=15 By B AT REALI L . BOGA B E= 40~
49 (1 10 41 100 J5 A~ BEHLAE [F] 44 &1, £ 48 & H Nauty 2. 6 H1i1)
genrang 2= W A shortg B T 100 J7 A &l J& AH T A [6) 44
M. M5 MEARAERRS S 0E L whh, wiwhh,w S, ,
wy S ) XX 10 R AT T A B R E I E R IE 6
fral, Horb  BAE R w S, M w, S,k X E3E 1000 J7ANE R
AR GRS N 1, X BERE SAFFE—XEUR AT X 41,
Xt Pk B R A 0 RS i, A7 7 HURE D R T X 4 [ 2 A )
A 1 AR A T L R S 3R R B A S I R T £ R
X A AR AE B A LA B, SRR T B R R A AN T X 43 1



5 8 1

TINS5 55 < 7 e B R B9 245 A 72 o e LA R ) PR 7 305

SE RO R S LR RN R I I R T AT X
LA T KR AR 5 Y ] 9 ¥ (Degeneracy) , 45 B 4n 3k 7 Br
B, 87 I BE g — AN AN AR A 0 I Al ) A R B 0 2 AR
[Fi) 447 L 7 9 B oA 2, 6 g 3 A3 [ 44 1 1sf £ 0 B oy 3.
6 N=15 i A J 8RS Bk
Table 6 Number of deficiency from graphs with N=15

E L wy hh wy wy hh w, Sy wy S,k
40~42 999892 >192000  >192000 0 0
43~45 999919 =>406000 =>407000 0 0
46~48 999947 >612000  >612000 0 0

49 999962 761027 761183 1 1
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Table 7 Statistic of degeneracy(>1)

N Invariant Code G| VA Degeneracy
Average St. Dev.
w, S, h 1952 827 2.4 0.8
N wy hh 8296 1457 5.7 8.9
w, w, hh 8526 1429 6.0 9.0
L 11113 36 308.7 658. 3
w, Syh 83067 30438 2.7 3.6
0 wy hh 235042 19446 12.1 48.8
wywy hh 237634 17439 13.6 53.0
L 261076 60 4351.3 10770.9
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