
















Combining the above results, we have the following theorem: 

Theorem 3.3 For 2 �~� n :::; 7, no covering of Kn exists. For the remaining values of 
n, a minimum covering of Kn has padding of size: 

15 for n = 10 0 for n == 1,16 (mod 24) 
3 for n == 7,10 (mod 24), n 2:: 31 15 for n == 7,10 (mod 24), n 2:: 31 

(non-simple paddings allowed) (if simple paddings required) 
6 for n == 4,13 (mod 24) 9 for n == 19,22 (mod 24) 
n for n == 8,23 (mod 24) n+3 for n == 14,17 (mod 24) 

n+6 for n == 11,20 (mod 24) n+9 for n == 2,5 (mod 24) 

n + 12 
for n == 6,18 (mod 24) 

n 
for n == 0,12 (mod 24) --

2 2 
n+ 15 

for n == 3,9,15,21 (mod 24) 
2 

4 

0 2 1 3 

+ 0 0 
4 6 5 7 

3 

Ps Pg 

4 2 

0[;><]' :1: 10 

3 2 6 9 

PIO Pn 

Table 2: The padding Pn for a minimum covering of Kn with 3-cubes in the cases 
8 �~� n :::; 31 and n = 34. Note that for n = 31 and n = 24, the minimum covering is 
smaller if multiple edges are permitted in the padding. In these cases, the multigraph 
paddings are denoted by P3I and P34 respectively (continued on subsequent pages). 
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0. ill 1 

o[>~r 2. II 3 

10 l1li III 11 3 2 

P12 PI3 

10 
4 13 

0 7 
9 14 3 

1:2 6 12 10 0 5 7 

9 11 2 

P14 PI5 

0 
8 16 
~ fb 

12 9616<>13 2 12 2 3 7..----. 11 

8 4...---. 13 
15 9 ,..6 

14 
... 

14~17 

II> Ii) 

4 2 10 1 

P17 PIS 

602 
18 4 8 19 9112 

14 
11 15 15 

16 17 
12 

17 18 13 9 
11 

PIg P20 

Table 2. (continued) 
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8e---e 11 
6 12 

4~5 91" 3 10'--' 14 

11 15 

15 19 17 0 
17 18 

16 2 9 

P21 P 22 

0 

22 
10 13 

0 4 8 12 16 20 
14 III III III III III III 

20 3 1 5 9 13 17 21 
III III III III III III 

15 2 6 10 14 18 22 
III III III III III III 

19 3 7 11 15 19 23 
7 16 III 

5 
6 17 

P 23 P 24 

6 23 

9 5 22 

5 20 

3 8 9 10 11 17 

I I I I I I 
14 18 7 12 13 14 15 25 

P26 P27 

Table 2. (continued) 
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12 

:[61: 
0 

2 21
0

23 

27 25 

14

0
'6 

20 18 

220 24 
28 26 

P28 P29 

6 

7 2 

11 8 

12 9 28 4 

14I 151 16

1 17I 
13~j~f 18 19 20 21 

22I 23
1 241 

251 26 27 28 29 14 5 19 21 

P30 P31 

0E=:>1 

Table 2. (continued) 
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4 Appendix 

Within this Appendix, the graph C of the 3-cube with vertices and edges as shown 
in Figure 1 will be denoted by (VI, V2, ... , vs). 

~ 
Let the vertex set of Ks be {O, 1, ... , 7}. A maximum packing of Ks with 3-cubes and leave as 
shown in Table 1 is given by: 

I (0,1,2,3,4,5,6,7), (0,6,3,5,7,1,4,2). 
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A covering of Kg with 3-cubes and padding as shown in Table 2 is obtained by using the additional 
3-cube: 

I (0,2,4,6,1,3,5,7). 

~ 
Let the vertex set of K9 be {O, 1, ... , 8}. A maximum packing of K9 with 3-cubes and leave as 
shown in Table 1 is given by: 

I (0,1,2,3,4,5,6,7), (0,2,4,6, 7,5,3,8). 

A covering of K9 with 3-cubes and padding as shown in Table 2 is obtained by using the additional 
3-cubes: 

1(0,2,8,5,6,7,1,3), (0,8,4,1,5,7,2,6). 

I KlO I 
Let the vertex set of KlO be {O, 1, ... , 9}. A maximum packing of KlO with 3-cubes and leave as 
shown in Table 1 is given by: 

I (0,5,3,6,7,2,4,1), (0,1,2,3,4,5,6,7). 

A covering of KlO with 3-cubes and padding as shown in Table 2 is given by: 

[1Q 

(0,1,2,3,4,5,6,7), 
(0,7,5,8,9,4,3,6), 

(0,1,3,2,5,7,8,9), 
(1,6,4,8,9,7,2,5). 

(0,2,1,3,6,8,4,9), 

Let the vertex set of Kll be {O, 1, ... , 1O}. A maximum packing of Ku with 3-cubes and leave as 
shown in Table 1 is given by: 

(0,1,2,3,4,5,6,7), (0,2,4,6,8,9,1,3), (0,5,8,7,9,3,4,10), (1,6,9,7,8,10,5,2). 

A covering of K 11 with 3-cubes and padding as shown in Table 2 is obtained by using the additional 
3-cubes: 

(0,10,1,9,8,6,5,7), (9,6,7,4,8,3,10,2). 

I K121 
Let the vertex set of K12 be {O, 1, ... , 11}. A maximum packing of K12 with 3-cubes and leave as 
shown in Table 1 is given by: 

(0,1,2,3,4,5,6,7), (0,2,4,6,7,5,3,1), (0,5,8,9,10,11,1,4), (2,7,8,10,11,9,3,6). 
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A covering of K12 with 3-cubes and padding as shown in Table 2 is obtained by using the additional 
3-cubes: 

I (0,8,4,11,1,9,5,10), (8,2,9,6,11,3,10,7). 

I K 13 1 

A maximum packing of K 13 with 3-cubes and leave as shown in Table 1 can be found in [1]. 
A covering of K 13 with 3-cubes and padding as shown in Table 2 is given by: 

(0,1,2,3,4,5,6,7), 
(0,8,6,9,12,3,1,11), 

I K141 

(0,1,2,3,5,7,8,9), (0,2,4,6,7,9,1,10), (0,2,5,10,11,7,12,4), 
(1,3,5,8,12,6,11,10), (2,10,3,11,12,9,4,8). 

Let the vertex set of K14 be {O, 1, ... , 13}. A maximum packing of K14 with 3-cubes and leave as 
shown in Table 1 is given by: 

(0,2,4,6,7,5,3,1), 
(0,1,2,3,4,5,6,7), 

(1,9,2,12,13,3,10,5), 
(3,6,8,11,12,13,10,9), 

(0,5,8,9,10,11,1,4), 
(6,9,7,10,11,13,8,12). 

(0,8,2,11,12,4,13,7), 

A covering of K 14 with 3-cubes and padding as shown in Table 2 is obtained by using the additional 
3-cubes: 

I (0,1,2,3,13,10,7,8), (3,4,5,6,7,11,9,12). 

I K 15 1 

Let the vertex set of K 15 be {O, 1, ... , 14}. A maximum packing of K 15 with 3-cubes and leave as 
shown in Table 1 is given by: 

(0,1,2,3,4,5,6,7), 
(0,2,4,6,7,5,3,1), 

(1,9,5,12,13,7,10,8), 
(2,7,14,12,13,11,3,10), 

(0,5,8,9,10,11,1,4), 
(4,8,14,11,13,6,10,9). 

(0,8,2,11,12,3,9,6), 

A covering of K 15 with 3-cubes and padding as shown in Table 2 is obtained by using the additional 
3-cubes: 

(0,13,5,14,11,12,7,8), (3,6,14,13,9,12,4,1), (0,5,9,8,10,2,14,1). 

I K 16 1 

It is well-known that there exists a decomposition of K 16 into 3-cubes (see [5]). 

I K171 
Let the vertex set of K17 be {O, 1, ... , 16}. A'maximum packing of K17 with 3-cubes and leave as 
shown in Table 1 is given by: 

(0,1,2,3,4,5,7,11), 
(0,9,2,10,13,4,6,14), 
(1,4,8,13,16,14, 15,12), 
(5,11,14,12,16,15,7,9). 

(0,2,4,7,8,5,3,10), 
(0,14,1,15,16,2,11,13), 
(2,12,3,13,15,4,16,6), 
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(0,5,9,11,12,10,1,8), 
(1,3,8,6,12,7,16,11), 
(3,6,9,14,15,10,13,5), 



A covering of KI7 with 3-cubes and padding as shown in Table 2 is obtained by using the additional 
3-cubes: 

(11,10,4,2,6,9,15,8), (5,6,0,3,8,7,1,9), (6,7,8,10,12,13,14,16). 

I K I8 1 

Let the vertex set of K I8 be {O, 1, ... , 17}. A maximum packing of K I 8 with 3-cubes and leave as 
shown in Table 1 is given by: 

(10,15,13,16,17,14,12,11), 
(0,1,2,3,4,5,6,7), 
(0,8,2,11,12,4,16,3), 
(1,10,5,11,12,9,16,15), 

(8,11,10,12,11,9,14,16), 
(0,2,4,6,7,5,3,1), 
(0,13,3,14,17,2,10,7), 
(2,7,11,14,15,9,13,4). 

(6,12,17,13,16,7,15,8), 
(0,5,8,9,10,13,1,4), 
(1,9,6,14,17,3,15,5), 

A covering of K I8 with 3-cubes and padding as shown in Table 2 is obtained by using the additional 
3-cubes: 

(8,7,13,14,6,11,4,17), (3,6,10,8,2,9,5,12), (16,1,15,0,2,9,5,12). 

I K I9 1 

Let the vertex set of K I9 be {O, 1, ... , 18}. A maximum packing of K 19 with 3-cubes and leave as 
shown in Table 1 is given by: 

(0, 1, 2, 3, 4, 5,6, 7), 
(0,8,2,11,12,3,9,6), 
(1,9,5,15,18,7,10,6), 
(3,16,5,17,18,8,12,9), 
(7,12,10,15,17,18,13,8). 

(0,2,4,6,7,5,3,1), 
(0,13,1,14,15,2,10,3), 
(2,7,8,14,17,11,4,13), 
(4,14,11,15,16,7,13,12), 

(0,5,8,9,10,11,1,4), 
(0,16,1,17,18,2,12,4), 
(3,6,8,11,13,16,10,9), 
(5,13,6,14,18,15,17,10), 

A covering of K 19 with 3-cubes and padding as shown in Table 2 is obtained by using the additional 
3-cubes: 

I (12,17,15,14,11,16,9,18), (14,9,15,16,17,12,11,18). 

I K 20 I 
Let the vertex set of K 20 be {O, 1, ... , 19}. A maximum packing of K 20 with 3-cubes and leave as 
shown in Table 1 is given by: 

(0,2,1,3,4,6,5,7), 
(0,11,4,12,13,5,8,2), 
(1,10,4,13,16,5,14,6), 
(4,15,7,16,19,8,11,9), 
(7,17,8,18,19,10,16,12), 

(0,5,2,7,8,3,4,1), 
(0,14,1,15,16,2,17,3), 
(1,12,5,18,19,6,15,2), 
(6,8,7,9,10,13,14,12), 
(10,14,11,15,18,16,19,17), 

(0,6,1,9,10,3,11,2), 
(0,17,4,18,19,5,9,3), 
(3,12,7,13,14,8,10,9) , 
(6,11,12,17,18,13,15,9), 
(11,16,13,17,18,15,19,14). 

A covering of K 20 with 3-cubes and padding as shown in Table 2 is obtained by using the additional 
3-cubes: 

(0,2,4,6,1,3,5,7), (8,10,12,14,9,11,13,15), (16,18,8,12,17,19,7,15). 
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I K211 
Let the vertex set of K21 be {O, 1, ... , 20}. A maximum packing of K21 with 3-cubes and leave as 
shown in Table 1 is given by: 

(0,1,2,3,4,5,6, 7), 
(0,8,2,11,12,3,9,6), 
(1,9,5,15,18,7,10,6), 
(3,16,4,19,20,5,14,6), 
(8,13,12,16,20,15,18,19), 

(0,2,4,6,7,5,3,1), 
(0,13,1,14,15,2,10,3), 
(2,7,8,14,17,11,4,13), 
(5,12,7,13,17,8,15,10), 
(9,15,19,17,18,16,11,14), 

(0,5,8,9,10,11,1,4), 
(0,16,1,17,18,2,12,4), 
(3,6,8,11,13,16,10,9), 
(7,14,9,16,17,15,12,20), 
(10,12,19,14,18,11,13,20). 

A covering of K21 with 3-cubes and padding as shown in Table 2 is obtained by using the additional 
3-cubes: 

I K221 

(5,15,8,19,4,20,11,15), (9,19,10,20,17,16,14,12), (2,19,7,20,13,6,17,18), 
(0,19,1,20,17,3,18,13). 

Let the vertex set of K22 be {O, 1, ... ,21}. A maximum packing of K22 with 3-cubes and leave as 
shown in Table 1 is given by: 

(0,1,2,3,4,5,6,7), 
(0,8,2,11,12,3,9,6), 
(0,19,1,20,21,3,18,5), 
(2,19,4,20,21,8,15,10), 
(4,14,19,16,21,11,13,12), 
(7,13,8,18,19,21,16,20), 

(0,2,4,6,7,5,3,1), 
(0,13,1,14,15,2,10,3), 
(1,9,5,15,21,7,10,6), 
(3,6,8,11,13,16,10,9), 
(5,13,6,14,19,18,17,10), 
(7,14,20,15,17,21,9,19), 

(0,5,8,9,10,11,1,4), 
(0,16,1,17,18,2,12,4), 
(2,7, 8, 1~, 17,11,4,13), 
(3,16,5,17,20,7,12,8), 
(6,18,12,19,20,21,15,11), 
(9,12,20,17,18,10,13,15). 

A covering of K22 with 3-cubes and padding as shown in Table 2 is obtained by using the additional 
3-cubes: 

I (12,17,15,14,11,16,9,18), (14,9,15,16,17,12,11,18). 

I K 23 1 

Let the vertex set of K23 be {O, 1, ... , 22}. A maximum packing of K 23 with 3-cubes and leave as 
shown in Table 1 is given by: 

(0,1,2,3,4,5,6,7), 
(0,8,2,11,12,3,9,6), 
(0,19,1,20,21,2,22,3), 
(3,6,8,11,13,16,10,9), 
(4,15,7,16,21,8,17,12), 
(7,12,15,21,22,14,18,17), 
(10,13,11,14,22,19,20,16). 

(0,2,4,6,7,5,3,1), 
(0,13,1,14,15,2,10,3), 
(1,9,5,15,18,7,10,6), 
(3,16,5,17,18,8,12,9), 
(5,18,10,20,21,11,12,13), 
(8,13,18,20,22,15,19,12), 

(0,5,8,9,10,11,1,4), 
(0,16,1,17,18,2,12,4), 
(2,7,8,14,17,11,4,13), 
(4,14,5,19,20,6,13,7), 
(6,17,10,19,21,14,15,9), 
(9,14,19,16,22,20,21,18), 

A covering of K 23 with 3-cubes and padding as shown in Table 2 may be obtained by rotating the 
3-cube (0,10,1,12,5,3,7,4) modulo 23. 
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I K241 
Let the vertex set of K24 be {O, 1, ... , 23}. A maximum packing of K24 with 3-cubes and leave as 
shown in Table 1 is given by: 

(0,2,4,6,7,5,1,3), 
(0,12,1,13,14,2,7,9), 
(0,21,4,22,23,5,8,6), 
(2,10,3,13,16,5,15,4), 
(4,14,7,18,19,10,16,6), 
(6,10,21,11,15,7,8,20), 
(8,13,15,16,17,19,23,21), 

(0,4,3,5,8,10,12,14), 
(0,15,1,16,17,2,8,3), 
(1,11,3,14,17,4,9,6), 
(2,19,8,22,23,9,12,11), 
(5,9,11,17,18,16,14,20), 
(6,12,16,20,21,18,11,19), 
(10,17,23,18,20,.13,16,22), 

(0,9,1,10,11,2,6,13), 
(0,18,1,19,20,2,21,3), 
(1,20,5,22,23,4,12,7), 
(3,18,9,22,23,8,15,10), 
(5,11,7,13,19,15,17,22), 
(7,19,12,20,21,14,17,9), 
(12,21,15,22,23,13,18,14). 

A covering of K24 with 3-cubes and padding as shown in Table 2 is obtained by using the additional 
3-cubes: 

(0,1,2,3,4,5,6,7), (8,9,10,11,12,13,14,15), (16,17,18,19,20,21,22,23). 

I K 25 1 

It is well-known that there exists a decomposition of K 25 into 3-cubes (see [5]). 

I K 26 1 

Let the vertex set of K 26 be {O, 1, ... , 25}. A maximum packing of K 26 with 3-cubes and leave as 
shown in Table 1 may be obtained by rotating the 3-cube (0,10,1,12,5,3,7,4) modulo 26. 
A covering of K 26 with 3-cubes and padding as shown in Table 2 is obtained by using the additional 
3-cubes: 

(0,1,2,3,13,14,15,16), (4,5,6,7,17,18,19,20), (8,9,10,11,21,22,23,24), 

(11,12,7,3,24,25,20,16). 

I K271 

Let the vertex set of K27 be {O, 1, ... , 26}. A maximum packing of K27 with 3-cubes and leave as 
shown in Table 1 is given by: 

(0,2,4,6,7,5,1,3), 
(0,12,1,13,14,2,7,9), 
(0,21,4,22,23,5,8,6), 
(1,20,4,23,26,5,12,7), 
(3,18,10,23,24,5,17,11), 
(5,11,7,13,25,12,8,15), 
(7,10,20,19,25,16,11,14), 
(9,15,26,20,22,18,16,24), 
(12,21,14,23,24,15,22,19), 

(0,4,3,5,8,10,12,14), 
(0,15,1,16,17,2,8,3), 
(0,24,1,25,26,2,22,3), 
(2,10,3,13,16,5,15,4), 
(4,14,7,24,26,10,15,6), 
(6,16,7,18,19,9,17,12), 
(8,13,16,21,24,17,14,18), 
(9,21,10,24,26,17,25,23), 
(13,19,25,22,23,17,20,16), 

(0,9,1,10,11,2,6,13), 
(0,18,1,19,20,2,21,3), 
(1,11,3,14,17,4,9,6), 
(2,19,8,23,25,4,18,9), 
(5,9,11,19,22,12,6,10), 
(6,20,7,21,25,8,22,11), 
(8,16,15,17,26,12,20,22), 
(11,15,23,18,26,19,21,13), 
(13,20,14,24,25,18,26,21). 

A covering of K27 with 3-cubes and padding as shown in Table 2 is obtained by using the additional 
3-cubes: 

(0,1,2,3,4,5,6,7), 
(16,17,18,19,24,25,26,0), 

(8,9,10,11,12,13,14,15), 
(20,21,22,23,24,26,1,2). 
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(16,17,18,19,20,21,22,23), 



I K 28 1 

Let the vertex set of K28 be {O, 1, ... , 27}. A 3-cube decomposition of K 28 \ K4 is given in [1]. This 
gives a maximum packing of K 28 with 3-cubes and leave as shown in Table 1. 
A covering of K 28 with 3-cubes and leave as shown in Table 2 is given by: 

(0,1,2,3,4,5,6,7), 
(0,2,5,8,9,10,3,4), 
(0,16,1,17,18,2,15,4), 
(0,25,1,26,27,2,23,5), 
(1,6,11,24,27,12,7,13), 
(3,17,5, 18, 19, 6, 20, 7), 
(5,19,10,21,25,11,12,13), 
(7,23,12,24,25,10,16,15), 
(9,18,19,20,25,21,12,17), 
(12,20,23,22,25,18,26,24), 
(15,19,22,26,27,21,20,25), 

I K 29 1 

(0,1,2,3,5,7,8,9), 
(0,10,4,11,12,5,13,1), 
(0,19,1,20,21,2,22,3), 
(1,3,6,8,14,12,9,11), 
(2,7,14,17,20,15,6,13), 
(3,25,4,26,27,6,21,7), 
(6,16,7,22,23,8,17,9), 
(8,15,9,21,22,11,16,17), 
(10,17,15,22,26,11,13,16), 
(13,14,22,18,23,16,21,15), 
(18,23,21,24,27,19,26,20). 

(0,2,4,6,7,9,1,10), 
(0,13,2,14,15,3,11,5), 
(0,22,4,23,24,5,16,3), 
(1,3,8,18,21,14,10,11), 
(2,12,4,24,26,8,14,9), 
(4,19,8,20,27,9,13,10), 
(6,18,10,24,26,12,15,14), 
(8,24,16,25,27,17,18,14), 
(11,20,14,23,27,16,19,24), 
(13,19,25,22,26,17,23,27), 

Let the vertex set of K 29 be {O, 1, ... , 28}, A maximum packing of K29 with 3-cubes and leave as 
shown in Table 1 is given by: 

(0,5,1,6,7,2,8,3), 
(0,14,4,15,16,5,11,3), 
(0,23,1,24,25,2,26,3), 
(1,25,5,27,28,4,20,3), 
(3,5,23,9,21,24,6,11), 
(6,12,7,16,17,8,19,9), 
(6,26,10,27,28,11,16,8), 
(8,14,16,22,23,12,13,15), 
(10,20,25,21,23,13,17,26), 
(12,18,22,20,26,28,24,15), 
(15,25,18,27,28,22,23,21), 

(0,8,4,9,10,5,7,1), 
(0,17,1,18,19,2,15,5), 
(0,26,4,27,28,5,12,2), 
(2,6,4,10,18,7,23,3), 
(4,5,21,18,24,9,12,10) , 
(6,15,8,18,19,10,13,11), 
(7,11,10,17,21,20,14,15), 
(9,14,17,20,21,19,12,16), 
(11,17,16,23,24,19,18,20), 
(13,19,27,22,25,28,23,14), 
(16,19,23,25,26,22,17,24). 

(0,11,1,12,13,2,14,3), 
(0,20,1,21,22,2,16,4), 
(1,13,4,19,22,5,17,3), 
(2,9,6,21,24,7,10,8), 
(6,8,9,13,14,11,15,7), 
(6,20,7,22,25,8,26,9), 
(7,25,11,27,28,10,22,12), 
(9,18,13,27,28,14,21,17), 
(12,15,18,24,25,19,26,27), 
(13,24,14,26,28,16,27,20), 

A covering of K 29 with 3-cubes and padding as shown in Table 2 is obtained by using the additional 
3-cubes: 

(0,1,2,3,4,5,6,13), (0,4,1,3,8,7,9,10), (0,2,4,1,11,9,10,12), 

(13,15,17,19,14,16,18,20), (21,23,25,27,22,24,26,28). 

I K30 I 
Let the vertex set of K30 be {O, 1, ... , 29}. A maximum packing of K30 with 3-cubes and leave as 
shown in Table 1 is given by: 

(0,2,4,8,9,10,1,3), 
(0,15,1,16,17,2,9,4), 
(0,24,4,25,26,5,15,3), 
(1,23,4,26,29,6,10,7), 
(3,5,7,18,21,17,8,10), 
(4,21,5,27,29,8,20,11), 
(6,19,7,21,24,9,20,12), 
(8,23,10,25,27,14,19,13), 
(10,24,14,26,29,15,18,13), 
(13,17,26,20,21,22,24,27), 
(15,20,28,23,25,29,24,21), 

(0,4,3,10,11,6,12,5), 
(0,18,1,19,20,2,11,3), 
(0,27,1,28,29,2,25,5), 
(2,13,7,16,19,8,9,5), 
(3,6,8,16,27,9,14,10) , 
(5,18,9,22,23,11,12,13), 
(6,25, 7, 27, 28, 9, 23,12), 
(9,21,11,26,29,14,13,16), 
(11,19,16,24,25,12,14,20), 
(14,22,16,25,28,26,23,17), 
(15,21,29,22,28,16,27,18), 
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(0,12,1,13,14,2,8,5), 
(0,21,1,22,23,2,24,3), 
(1,14,3,17,20,4,13,6), 
(2,22,6,26,28,4,18,8), 
(3,7,11,28,29,12,4,19), 
(6,14,7,15,16,11,17,9), 
(7,22,8,24,28,10,15,13), 
(10,11,15,17,20,22,12,18), 
(12,16,20,17,26,18,23,19), 
(15,19,21,26,27,22,28,25), 
(17,24,19,27,29,18,25,23) . 



A covering of K30 with 3-cubes and padding as shown in Table 2 is obtained by using the additional 
3-cubes: 

I K311 

(0,1,2,3,7,6,5,4), 
(14,15,16,17,18,19,20,21), 

(1,4,2,7,5,0,6,3), 
(22,23,24,25,26,27,28,29). 

(4,8,11,9,10,12,3,13), 

Let the vertex set of K31 be {O, 1, ... , 30}. A maximum packing of K31 with 3-cubes and leave as 
shown in TBhlp. 1 is given by: 

(0,1,2,6,7,8,9,3), 
(0,13,2,14,15,4,10,1), 
(0,22,1,23,24,2,20,3), 
(1,7,5,18,24,6,11,4), 
(2,12,3,28,29,8,14,6), 
(3,25,4,29,30,10,14,11), 
(5,24,8,27,28,7,18,9), 
(7,20,11,22,29,9,13,10), 
(9,23,10,24,25,12,18,13), 
(11,16,15,17,18,14,19,20), 
(13,20,15,29,30,16,25,18), 
(16,19,22,28,29,23,20,26), 
(18,23,25,26,27,30,29,21), 

(0,2,7,9,10,8,4,5), 
(0,16,1,17,18,2,19,3), 
(0,25,1,26,27,2,21,3), 
(1,9,4,27,30,6,12,7), 
(2,23,4,26,30,8,16,9) , 
(4,17,7,21,22,5,14,9), 
(6,8,19,18,21,25,7,16), 
(8,21,13,26,28,11,12,14), 
(10,12,17,27,28,20,14,13), 
(12,21,14,29,30,15,23,17), 
(14,25,19,27,30,20,21,22), 
(17,21,30,25,26,23,24,22), 
(19,24,20,29,30,26,27,28). 

(0,8,3,11,12,5,13,1), 
(0,19,4,20,21,5,3,10), 
(0,28, 1, 29, 30, 4, 6, 5), 
(2,11,7,15,17,8,13,6), 
(3,15,5,16,22,8,20,6), 
(5,23,6,25,26,7,10,11), 
(6,19,10,26,27,11,9,12), 
(9,15,10,17,19,12,16,13), 
(11,15,13,23,24,14,22,16), 
(12,22,15,24,28,17,18,21), 
(15,26,16,27,28,19,17,24), 
(18,22,29,24,28,23,27,25), 

A covering of K31 with 3-cubes and non-simple padding as shown in Table 2 is given by: 

(0,1,2,3,4,5,6,7), 
(0,1,8,7,10,9,11,5), 
(0,16,1,17,18,2,15,4), 
(0,25,1,26,27,2,28,3), 
(1,27,5,29,30,4,19,6), 
(2,23,7,29,30,8,14,9), 
(3,23,9,24,25,10,15,7), 
(6,17,7,20,22,9,19,8), 
(7,27,8,28,30,10,26,11), 
(10,16,15,19,20,22,14,17), 
(12,24,15,28,30,13,27,16), 
(15,17,22,25,30,24,18,20), 
(19,20,28,22,23,24,26,29), 

(0,1,3,5,6,4,8,9), 
(0,2,4,11,12,5,13,1), 
(0,19,1,20,21,2,22,3), 
(0,28,4,29,30,5,16,3), 
(2,7,11,12,17,13,10,8), 
(3,4,12,6,14,26, 7,16), 
(5,8,13,15,17,16,9,18), 
(6,23,12,27,28,13,20,9), 
(8,15,11,25,29,12,16,18), 
(10,21,14,28,29,17,12,19), 
(13,18,19,26,29,14,24,16), 
(17,23,18,26,27,22,21,25), 
(20,26,23,27,29,30,28,24), 
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(0,1,6,8,9,7,10,2), 
(0,13,2,14,15,3,11,6), 
(0,22,4,23,24,5,14,1), 
(1,10,3,18,21,4,9,12), 
(2,20,4,24,26,5,25,6), 
(3,12,10,17,19,13,14,11), 
(5,18,6,21,23,11,13,16), 
(7,18,8,21,22,10,24,11), 
(9,21,13,25,26,15,22,12), 
(11,20,14,27,29,15,23,21), 
(14,19,16,25,30,21,20,23), 
(17,25,29,28,30,19,27,18), 
(21,24,22,26,28,25,30,27). 



I K341 
Let the vertex set of K34 be {O, 1, ... , 33}. A maximum packing of K34 with 3-cubes and leave as 
shown in Table 1 is given by: 

(0,1,2,3,4,5,6,7), 
(0,1,8,7,10,9,11,5), 
(0,16,1,17,18,2,15,4), 
(0,25,1,26,27,2,28,3), 
(1,10,3,18,21,4,9,12), 
(2,20,4,24,26,5, 19,6), 
(3,25,4,31,33,7,12,10), 
(5,18,7,21,23,9,16,10), 
(6,21,8,29,32,9,22,10), 
(8,19,10,30,31,11,17,9), 
(10,15,17,24,27,18,14,12) , 
(12,29,13,31,32,14,26,15), 
(15,19,20,21,22,23,18,28)' 
(16,21,22,32,33,23,24,25), 
(18,29,30,32,33,31,27,26), 
(22,29,28,31,33,32,23,30), 

(0,1,3,5,6,4,8,9), 
(0,2,4,11,12,5,13,1), 
(0,19,1,20,21,2,22,3), 
(0,28,4,29,30,5,16,3), 
(1,27,4,30,33,6,3,12), 
(2,23,6,30,32,3, 17, 7), 
(4,26,8,32,33,9,13,11), 
(5,25,8,27,31,6,20,7), 
(7,22,13,23,24,14,15,11), 
(8,23,12,28,33,14,19,13), 
(11,21,14,25,30,13,20,15), 
(13,16,18,24,32,17,21,19), 
(15,23,16,24,27,20,26,21), 
(17,23,25,28,29,26,19,27), 
(19,22,25,29,30,26,31,21), 
(23,27,33,29,31,32,28,24). 

(0,1,6,8,9, 7, 10,2)' 
(0,13,2,14,15,3,11,6), 
(0,22,4,23,24,5,14,1), 
(0,31,1,32,33,2,29,5), 
(2,7,11,12,17,13,10,8) , 
(3,14,7,19,24,8,15,9), 
(5,8,16,15,17,18,6,12), 
(6,13,12,22,28,14,16,11), 
(7,26,10,28,29,11,14,9), 
(9,20,10,25,27,11,18,13), 
(12,20,16,25,26,17,19,18), 
(14,27,16,30,31,17,22,18), 
(15,28,16,29,33,19,31,20), 
(17,25,20,30,33,21,32,24), 
(20,22,27,24,28,30,25,26), 

A covering of K34 with 3-cubes and non-simple padding as shown in Table 2 is given by: 

(0,1,2,3,4,5,6,7), 
(0,1,8,7,10,9,11,5), 
(0,16,1,17,18,2,15,4), 
(0,25,1,26,27,2,28,3), 
(1,10,3,18,21,4,9,12), 
(2,20,4,24,26,5,19,6), 
(3,25,4,31,33,7,12,10), 
(5,18, 7,21,23,9,16,10), 
(6,21,8,29,32,9,22,10), 
(8,19,10,30,31,11,17,9), 
(10,15, 17,24,27, 18,14, 12), 
(12,29,13,31,32,14,26,15), 
(15,19,20,21,22,23,18,28), 
(16,21,22,32,33,23,24,25), 
(18,29,30,32,33,31,27,26), 
(22,29,28,31,33,32,23,30), 

(0,1,3,5,6,4,8,9), 
(0,2,4,11,12,5,13,1), 
(0,19,1,20,21,2,22,3), 
(0,28,4,29,30,5,16,3), 
(1,27,4,30,33,6,3,12), 
(2,23,6,30,32,3,17,7), 
(4,26,8,32,33,9,13,11), 
(5,25,8,27,31,6,20,7), 
(7,22,13,23,24,14,15,11), 
(8,23,12,28,33,14,19,13), 
(11,21,14,25,30,13,20,15), 
(13,16,18,24,32,17,21,19), 
(15,23,16,24,27,20,26,21), 
(17,23,25,28,29,26,19,27), 
(19,22,25,29,30,26,31,21), 
(23,27,33,29,31,32,28,24). 

(Received 3/2/99) 
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(0,1,6,8,9,7,10,2)' 
(0,13,2,'14,15,3,11,6), 
(0,22,4,23,24,5,14,1), 
(0,31,1,32,33,2,29,5), 
(2,7,11,12,17,13,10,8), 
(3,14,7,19,24,8,15,9), 
(5,8,16,15,17,18,6,12), 
(6,13,12,22,28,14,16,11), 
(7,26,10,28,29,11,14,9), 
(9,20,10,25,27,11,18,13), 
(12,20,16,25,26,17,19,18), 
(14,27,16,30,31,17,22,18), 
(15,28,16,29,33,19,31,20), 
(17,25,20,30,33,21,32,24), 
(20,22,27,24,28,30,25,26), 


