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Mr. Neil J A Sloane

Bell Laboratories

LOO0 Mountain Avenue

Murray Hill. New Jersey pD7974

Dear Mr. Sloane:

In reference to your letter of December 1. regarding

the paper- "Polyomino Enumeration Results™. which was
presented at the SIAN Fall Meeting~ December 19b7. 1

would like to submit the following pages-

Sincerely-
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L. J

J. Lander. General Manager
Advanced Software Development
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{1 xJ)and (2 x J)

n lxn 2x(n-1) 2x(n-2) 2x(n-3) 2x(n-4) 2x(n-5) 2x(n-6) 2x(n-7) 2x(n-8) 2x(n-9)
1 1

2 1

3 1 1

4 1 3 1

5 1 3 -2

6 1 5~ 6 1

Fig | i 5 11 2

gl -1 7 19 10 ]

2 1§ 1 28 22 3

10 1 9 40 52 15 1

11 1 9 53 90 45 3

il | (R 11 69 158 119 21

1301 1 11 86 238 257 73 4
14 1 i3 106 360 505 237 28
15 1 13 127 498 895 591 119 4
16 2

17 1

18 1

19 1

20 1

21 1

22| 1

230 1

241 1
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(3 x J)A

3x(n-6) 3x(n-7) 3x(n-8) 3x(n-9) 3x-(n-10) 3x(n-11)

n 3x(n-2) 3x(n-3) 3x(n-4) 3x(n-5)

I

2

3.

4

5 6

6 15 7

7 25 39 7

8 35 96 59 3

9 || 49 188 210 a2 1

10 || 63 332 550 255 | 21

11 || 81 529 1231 954 212 4

12 | 99 800 2406 | 2800 | 1184 | 103 1

13 | 121 1142 | 4313 | 6818 | 4634 | 964 33

0 T 1580 | 7171 14722 | 14182 | 5497 | 546 6

15 | 169 5107 | 11304 | 28760 | 36919 | 22011 | 4743 | 187 1

V'L U D SHpR IR G SRS PP 2833 | 47

T [ D (DR PR I IR P R 1173 6
o L I SRR | | R (PR U E-IERIc-c. s 324
19

20

21

22

23

24

n 3x(n-12)|3x(n-13) 3x(n-14) 3x(n-15)|3x(n-16)|3x(n-17) 3x(n-18)|3%(n-19) 3x(n-20) 3x(n-21)
18 | 1

19 || 64

20 8

21 1

Partial results beyond N

= 15 due .to Stein and Walden, 3/12/63.
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4xJ) |
. \
4x(n-9) 4x(n-10) 4x(n-11) dx(n-12) |

n “4x(n-3). 4x(n—4) 4x(n-5) 4x(n-6) 4x(n-7) 4x(n-8)

@

Partial results beyond N

= 15 due to Stein and Walden, 3/12/63.

| . |

1 ! i |
2 % ' ' i
3 ;

4

: .

6

7 18

g | 61 77

9 || 97 383 181

10| 1s5 822 1304 266

11 | 220 1551 3548 2847 251

12 | 313 2680 8239 10323 | 4441 168

13 | 415 4327 16821 | 29442 | 21995 | 5008 66

14 | 551 6634 31576 | 71742 | 79155 | 36035 | 4168 20

15| 698 9751 55083 | 155995| 231017| 167459 45749 | 2439 3

W5 [ I (RN U S e 45289 | 1008
R T = | I R IS (S e 34112
T, SR (RG-S (NI [P I Rk LEEEEE EEEEEE LRt hid
19 !

20 '

21

22

23

24

n 4x(n-l3)4x(n—l4)4x(n-15)4x(n-16)4x(n~17)4x(n—l8)4x(n—19)

18} 55

19 § 7852 6

20 | 2347 1

21 | @ 479

22 | 77

23 6

24 1
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(5% J)

5x(n-6) 5x(n-7) 5x(n-8) 5x(r-9) 5%(n-10) 5x(n-11) 5x(n-12) 5x(n-13)

Partial results beyond N =

15 due to Stein and Walden, 3/12/63.

n 5x(n-4) 5x(n-5)

1

2

3

4

5

6 A

T

8

9 | 73

10 240 529

11 410 2366 2413

12 646 4738 13161 7375

13 979 8683 30998 51133 17041

14 1415 14894 65236 1432301 153122 30320

15 1993 24223 126503 | 348083 | 517407 | 366951 42670 5
Ul T e, SRR SR AR EE I I R et 47344
21 PR S S Bt Sl ditid kel R R
| B e Bttt dtldidiliel buliedialiihali it I 27764
19

20

n 5%(n-14)|5x(n-15) 5%(n-16)|5x(n-17) 5x(n-18)[5%(n-19) 5x(n-20)[5%x(n-21)
19 14083

20 5279

21 1470

2.2 302

2 48

o e ) AN PSR EEEEE 6

3 [ R B ! il Wity 1
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6x(n-5) 6x(n-6) 6x(n-7) 6x(n-8) 6x(n-9) 6éx(n-10)
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(6 xJ)

W N O R W N

10
11
12

13,

14

255
908
1553
2558

3983

2835

11952
23215
42256

18533
89212
194015

86974
483509

323559

G’r 15

16
17
18
19
20




(=

o]

7x(n-5)

7x(n-7)

7x(n-8)

O 0 3 o~ W N e

O =
N b W N = O

950
3417
6041

13402
55132

111425
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(8 x J)

8x(n-7) 8x(n-8) 8x(-n-9) 8x(n-10)

O 0 ~ o0 1 b W DN =

e
;O B W NN = O

* 3492

N = e =
[« BN o TN o < BENE N BN @ ]
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Summary

y _ Pn
n 1xJ 2xJ- 3xJ 4xJ 8] 6xJ TxJ 8xJ Total
1 1 1
2 1 1
3 1 1 2
4 1 4 5
5 1 5 6 12
6 1 12 22 35
7 1 18 71 18 108
8 || 1 37 193 138 369
9 1 60 490 661 73 1285
10 _1 117 1221 2547 769 4655
11 1 200 3011 8417 5189 255 17073
12 1 379 7393 26164 25920 3743 63600
13 1 669 18025 78074 108834 | 32038 950 238591
14 1 1250 43847 229881 | 408217 |201956 |16819 901971
15 1 2247 106201 | 668194 | 1427830(1047322|172598 | 3492 32%&&%;}(/
16 || 1 g
17 | 1 A
is i H ;L ’
19 | 1 N
20 1
21 1
2
23 1
24 1



Ce

Q=

Symmetry Class Code

(All shapes in minimum value orientation. )

Symmetry Code Symmetry

Rectangular Shapes

15 None

1 Symmetric about a vertical axis

2 Symmetric about a horizontal axis
3 Symmetric under 180° rotation

4 Symmetric about both horizontal

and vertical axis

Square Shapes

5 None
6 Vertical axis
7 Horizontal axis
8 180° rotation
9 - Left diagonal
10 Right diagonal
11 Both horizontal and vertical axis
12 Horizontal, vertical and 90° rotation
13 90° rotation
14 Both left and right diagonal.

Samples of each class on next page.
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of Polyominoes

Examples of Symmetries
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Symmetry Class

N

.Rectangular square Totals
N wxL | 151 112 3" 4] 5 Te]7[s]9101 13[14 | By w& L
I
ISl | | | 1
N=1 Totals | | ‘ {4
g lxz | 1 85
' N=2 Totals| ‘ } 1 ﬁ)
r —
O S | 1 1
2x2 | 1 1
N =3 Totals ’ 1 1 ({j
4 1x4 1 1
2x2 1
2 x3 11 1 3
N=4 Totals| - 1| 1 1] 1 (s)
5 1x5 1 1
C 2x3 | 1] 1 2
2 x 4 \ 3 3
3x3 |L 1 11, |2 o
N=5Totals| 4 1 1 1 11 2 @)
6 1x6 o 1 1
2 x3 | \ 1 1
2x4. | 3| 2 1 : 6
2xs 3 . 1 | 5
3x3 | 4 |1 2 7
3x4 | 10 2 | 3 15
N=6 Totals, 16 | 3 2 5|2 4 |1 2 E/z/q)
[ [ I - T3]
T Lxd | 1 )
Zix 4 2| \ 2
2x5 | 8 | 3 l 11
2 x 6 5 . 5
3x3 | \ 2 | 2 11 1 7
_ 3 x 4 38 1 | 39
« 3xs |17 1 2 | 4| | 25
¥ 4=4 | | | | 12 L 6| PAtss
No7 Totals, 70 | 4|3 142 | 1al2l I | [7]1 B (110-:}
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Symmetry Class

; Rectangular Square Totals

N WxL 15 1| 1|2[3 5 7(8;9]10111|121314 By W & L
8 1x8 ‘ ' 1
2 x4 | 1
2 x5 6 L2 Il | \ 10
2x6 14 4 1 ; 19
2x 7 5 1 1 | ) | 7
3x3 1 ~ ! 1 1 3
3x4 48| 3| 3 3 ! 59
x5 92 1 : \ 96
3x6 27 3‘ 5 \\ | 35
4x4 70 1 4 $H% "
4x5 54 2 5 1 e 61
N=8 Totals' 246| 15| 7 17 70 | 1 ill IR s
9 1 x4 ]'a l ‘ 1
225 2 1 3
2x6 22 ; | 22
2x7 23 5 | 28
2x8 7i ‘ 7
3x3 . 1 1
3x4 37 5 ( 42
3x5 183 12| 5 8 210
3x6 187 1| 188
3x 7 38 1 3 | 6 49
4x 4 | 168 . %211% 181
4x5 380 | 3 ‘ l \ | 383
4x6 97 | o : 91
5 x 5 | j 52 | 25| \13, 1| 73
N =9 Totals 976 | 22 |14 j14 220 l 2] 5] 2024 2| 1285




-14-

Symmetry Class

Rectangular Squa-re Totals

N WxL iy 2T 3 5 [ 6] 7|89 10[11]12]13 [14|By W& L
10 1x10 ~ | 1 l l 1
2x5 1 ‘ 1
2x6 10| 3 2 15
2x7 44 4 4 52
2x 8 33| 6 1 | 40
2x9 71 1 1 9
3 x4 11l 2| 4] 2|2 | ‘ 21
3x5 239 9 ' 5| 11 ‘ S
3x6 518 |11 ( 7 |11 3 z 550
3x7 326 5| 1 332
3 x 8 52 4 7 63
4x4 244 3133319 | 266
4x5 1273 | 14 17 1304
4x6‘ 816‘ 6 | | 822
4x1 146 | 2 7 L 155
Ex'§ - i 516 3 1|9 529
B, 226 3 |1 | | 1 240
710 Totatel 3701 |57 |24 |70 | 8 | 760 | 3] 61314 TR 1| 4655
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Symmetry Class

o Rectangular Square Totals

B v Wz & 15]1!2|3 4 16 )7 | 8 910111_21314| By W& L
 r e B ‘ l 1 | 1
2x6 3 3
2 x 7 40 | 5 45
2x8 - 90 90
2x9 46 17 53
2%x10 9 9
3 x4 2 2 4
3x5 179 |12 |10 | 7 4 212
3x6 947 7! 954
3 x 7 1172 |26 10 20 | 3 1231
3 x 8 528 1 ‘ 529
3x9 67| 1| 4|8 1 81
4x4 237 3 11 251
4%5 2817 |30 | 2847
4x6 3548 3548
4 x 7 1546 5 1551
4x8 220 220
5x 5 2324 | 613 20 | 4 44 2 2413
5x 6 2363 3 2366
5x 7 286 | 2 3 |18 1 410 .
6 x 6 | 226 | \ 29 \ 255
N=11 Totals|13963 |88 |40 |53 l1o | 27871 6113 120 | 7 84 | 2| . 17073
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Symmetry Class

Rectangular Square : Totals
N WxL 15 1 2 3 4 B-lch LT 8 9]10}l1 12(13|14| By W& L
12 1 x12 1 1
2 %D 1 1
2% 15 3 3 21
2 x 8 106 9 4 119
2 %9 146 6 6 158
2 x 10 60| 8 1 69
2x 11 of 1! 1 11
3 x 4 | 1 1
3% 5 83 7110 1 2 103
3x6 1128, 21 | 16| 17 2 1184
B gg - 2764 26 8 1 1 2800
3x8 2341| 23 | 13 25 4 _ . 2406
349 792 7 1 800
3x 10 85 5| 9 99
4 x 4 1431 5| 2 2 21 9l 1l2|1 1 168
4 x5 4359 43 71 30 2 | 4441
4x 6 10275 25 l 23 | 10323
4x7 8173 26 40 : 8239
4x8 2672 8 2680
4% 9 302| 2 9 ' 313
x5 72931 8 |19 2 I10 40 11171 7375
5x 6 13083 25| 53 13161
5x 7 4730 5 3 4738
5x 8 623 41 19 ‘ 646
6 x 6 2810 5 1 17 | IR 2835
6 x 7 886| 3 19 ) 908
12 Totale 52632]215 | 921269 | 14 | 1024613 121 | 9 13|66l 1] 313]3] 63600
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Symmetry Class

Rectangular Square Totals

N WxL e e i 5 6] 7] 8] 9 Lofii]iz2[13]is] By Wk L
13 1x13 1 1
2 x 7 301 | 4
2x8 73 73
2x9 244| 13 257
2x10 238 238
2 x 11 771 9 86
2 x 12 11 ’ 11
3x5 19| 3| 6| 2| 3 33
3x6 . 943 21 964
3x7 4507| 62| 24| 37 4 4634
3x8 6808 10 6818
3x6 4210| 44 17| 38| 4 4313
3x 10| 1141 1 1142
3 x 11 104, 1| 5| 10] 1 121
4x4 ‘ 56 2 8 66
4x5 4948| 60 5008
4x6 21995 21995
4x7 | 29366 76 ’ 29442
4x8 | 16821 16821
4x9 4320| 7 4327
4x 10 415 415
5x5 167951 29 160 |44[15 89| 3 | 1| 2|3 | 17041
5x6 @ 51100 33 51133
5x7 | 30828 33 32[105 30998
5x 8 8680 8683
5x 9 944| 2| 4l 28| 1 979
6 x 6 18381 13]139 18533
6 x 7 11947 5 11952
6 x 8 1553 1553
Tx7 | 867 3 (19 60 950
N<13 Totals | 201295316 |1561220 |14 |36099]29 |63 [63130[296]|3 [ 2] 2|3 238591




S

Symmetry Class

Rectangular Square . Totals

N WxL Y Ef 2] 4 57 6] 7] 8] 9] 10[1112[13[14] By W& L
14 1x14 1 | | 1
2% 17 1 ‘ 1
2x8 21 4 3 | . 28
2x9 219 9 .9 | 237
2 x 10 480 19 6 505
2% 11 344| 8 8 360
2 x 12 95" 10 1 106
Bl . 11, 1 1 13
3x5 2| 1| 2 1 6
3x6 491| 13| 24 12| 6 546
3x 7 5416| 46| 28| 6] 1 5497
3x8 | 14010 76 37| 57| 2 14182
3x9 14656, 53] 11| 1' 1 14722
3x 10| 7061| 39| 21' 45, 5 7171
3x 11| 1570 9| 1 | 1580
%% L2 126 | 6| 11 143
4x4 10] 3] 1 1| 1| 2 2 20
4% 5 4055| 59 16| 321 6 4168
4x6 | 35898| 77| 10 50 36035
4x7 | 78908|135 112 79155
4x8 | 71632 60 50 . | | 71742
4% 9, 31463 40 73 . 31576
4x 10| 6624 10 | 6634
4x11 538| 2 11 ' b s 551
5x5 30069| 44| 72|10 221100 2 1| 30320
5x6 '152809 40[111] 159 3 b 153122
5x7 .143123| 60| 38° 8| 1 |~ 15 143230
5x8 | 65072 40 124 - | | . 65236
5x9 | 14884! 7| 3 . 14894
5x 10| 1381 5| 29 1415
6x 6 ' 86799 33 |29|111 b2l 86974
6x7 | 89045| 41 126 | | 89212
6x8 | 23195 .20 [ a 23215
6x9 | 2523, 3 29 \ | 2555
7x7 13361 5 2| 34 13402

gl | 3374 44 39 A\_f L 2
N =14 Totals|769026 | 8121357]1032 |28 |130239 a7] 78 44 [54[247] 2| | 5] 901971
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& ' ' - Symmetry Class
; , Rectangular - Square Totals

N WxL TR IR 5T 6 7] 8| 9] 1oj11]i2[13]14] By W& L
15 1 x 15 1 1
2x8 4 ’ 4
2x9 112 7 119
2x10 591 591
2x 11 870 | 25 ' 895
2 x 12 498 498
2 x 13 116 | 11| : 127
2% 14 13 ' 13
3x5 ' 1 . 1
3x6 167 20 187
3x 7 4592 | 61 46| 37| 7 = 4743
$x8 21971 40 22011
3x9 36592 [168| 51(103| 5 | | ' 36919
> 3x10 | 28747 ! 13 28760
& 311 | 11145 66| 26| 62| 5 11304
3x 12 2106 1 2107
3513 | 1ag] 1 &li2i1 | 169
4 x 4 1 2 3
4%x5 2390 | 49 2439
4% 6 45749 | | 45749
4x7 |167171 1288 | 167459
4x8 |231017 | 231017
4x9 155845 150 155995
4x10 | 55083 | 55083
4 %1l 9742 | 9 | 9751
4x 12 698 l | 698
5x 5 ' 661 34 42670
5x 6 | 366756 1195 366951
5x7 |516641 [251]151 517407
5x8 |348039 44 348083
126192 | 49| 49|213 126503

5ix 9
etz; AR b i Sk SR D . R ol .
N = 15 continued on next page. ;
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Symmetry Class

Rectangular Square Totals

N WxL 15 1 & 3] 4 5 6y 7 8 9] 10(11|12|13{14| By W& L
15 5x 10 |~ 24220 3 24223
5x 11 1945 2 5 40| 1 1993

6 x6 323071 81| 407 323559

6 x7 4834411 68 483509
6x8 194015 194015
%o @ 42249 1 42256

6 x'10 3983 3983
1T 110832| 7| 43|135| 17| 389 2 11142%
7x8 - 55127 55132
Tz 9 5965 3 4, 68] 1 6041

8 x8 3367 125 3492
N=15 Totals|2943941(1215[659 89229 4794781117[1541201|132|1055] 6 6| 3427885
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Symmetry Summary

Ea |

Rectangular Square Total
A Sym  Non-Sym Total |[Sym Non-Sym Total |Sym Non-Sym E)
1 0 0 0 1 0 ] 1 0 1
2 1 0 1 0 0 0 1 0 1
3 1 0 1 1 0 1 2 0 2
4 ) 1 4 1 0 1 4 1 5
5 z 4 6 1 5 6 3 9 12
6 12 16 28 3 4 7 16 19 35
7 13 70 83 11 14 25 24 84 108
8 43 246 289 10 70 80 53 316 369
9 54 976 1030 35 220 255 89 1196 1285
10| 159 3701 3860 35 760 795 | 194 4461 4655
11 191 13963 14154 | 132 2787 2919 | 323 16750 17073
12| 590 52632 53222 | 132 10246 10378 | 722 62878 63600
13| 706 201295 202001 491 36099 36590 1197 237394 238591
1a) 2229 769026 771255 | 477 130239 130716 2706 899265 | 901971
15 2795 ° 2943941 2946736 |1671 479478 481149 | 4466 3423419 3427885
| 3
[0S
> 1651
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ization of Holes

Categor

Single Pseudo-Hole
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Single Real-Hole
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Holes by Type, N, W, L

Holes
: All Types
N wWx L Pseudo- Real- Multiple - Total P(N)
7 3x3 1 0 0 1 7
N = 7 Totals 1 0 0 (1)
o
8 3 x 3 0 1 0 1 3
3 x4 5 0 0 5 59
N = 8 Totals 5 1 0 (6 )
: ~m i
9 3 x4 6 2 0 8 42
3x5 11 0 0 210
4x4 18 0 0 18 181
N = 9 Totals 35 2 0 @)
10 3 x 4 2 3 0 5 21
3x5 34 6 0 40 255
3x6 17 0 0 17 550
4% 4 45 7 0 52 266
4x5 -8l 0 0 ﬁ-}-\‘ 1304
N = 10 Totals 179 16 0 (195 )
\_____/
1y 3 x 4 0 1 0 1 4
3x5 37 12 2 51 212
3x6 95 7 0 102 954
3x 7 2 0 0 23 1231
4'x 4 60 16 2 78 251
4x5 - 417 34 0 451 2847
4x6 145 0 0 145 3548
5x 5 128 0 0 128, 2413
N = 11 Totals 905 70 4 /(79 \
R
12 3x5 17 16 2 35 103
3x 6 201 35 4 240 1184
3 x 7 190 11 0 201 2800
3 x 8 29 0 0 29 2406
4 x4 40 23 4 67 168
4%x5 980 167 31 1178 4441
4x6 1141 60 0 1201 10323
4x7 223 0 0 223 8239
5x 5 932 64 0 996 7375
5 x 6 493 0 0 - 13161
N = 12 Totals 4246 376 41 (4663 )
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Holes

All Types

N Wx L Pseudo- Real- Multiple - Total P(N)

13 3x5 ' 3 6 1 10 33
3x6 212 69 14 295 964
3x7 633 67 10 710 4634
3x8 319 12 0 331 6818
3x9 35 0 0 35 4313
4x4 13 14 3 30 - 66
4x5 1369 372 122 1863 5008
4x6 4109 463 94 4666 21995
4x7 2378 95 0 2473 29442
4x8 315 0 0 315 16821
5x 5 3462 419 102 3983 17041
5x 6 5103 233 0 5336 51133
5x 7 849 0 0 849 30998
6 x 6 . 578 0 0 . 578 18533

N = 13 Totals 19378 1750 346 21474

14 3x5 0 2 0 2 6
3x6 114 71 21 206 546
3x 7 1128 224 50 1402 5497
3x8 1480 114 12 1606 14182
3x9 482 16 0 498 14722
3 x 10 41 : 0 0 41 1371
4x4 2 5 1 8 20
4x5 1222 506 226 1954 4168
4x6 9085 1624 647 11356 36035
4x 17 11774 980 189 12943 79155
4x8 4248 133 0 4381 71742
4x9 421 0 0 421 31576
5x5 8060 1514 657 . 10231 30320
5x 6 26055 2372 584 29011 153122
5 x 7 11032 410 0 11442 143230
5x 8 1329 0 0 1329 65236
6 x 6 7201 279 0 7480 86974
6 x 7 2185 0 0 2185 89212

N = 14 Totals 85859 8250 2387 96496
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Holes
: All Types
N Wx L Pseudo- Real- Multiple - Total P(N) .
15 3x6 32 37 8 77 187
3x7 1149 366 142 1657 4743
3x8 3830 510 107 4447 22011
3x9 2892 170 18 3080 36919
3 x 10 679 17 0 696 28760
.3 %11 47 0 0 47 11304
4x 4 0 1 0 1 3
4x5 685 431 216 1332 2439
4x6 13656 3453 . 2029 19138 45749
4x7 36355 4726 1851 42932 167459
4x8 26973 1745 281 28999 231017
4x9 6871 180 0 7051 155995
4x10 541 0 0 541 55083
5x5 13186 3341 2163 18690 42670
5x 6 86561 11806 5740 104107 366951
5x 7 71545 5170 1171 77886 517407
5x 8 20764 632 0 21396 348083
5x 9 1951 0 0 1951 126503
6x 6 47009 3490 903 51402 323559
6'x 7 32694 1059 0 33753 483509
6 x 8 3806 0 0 3806 194015
7x7 2376 0 0 2376 111425
N = 15 Totals 373602 37134 14629 425365




