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ELEMENTARY PATTERN RECOGNITION

Sample Pattern 1: 0 1 3 6 10 15
+1 +2 +3 +4 +5 +?
Sample Pattern 2: 1 2 4 8 16 32
x2 x2 x2 x2 x2 X2
+1 +2 +4 +8 +16 +?
Sample Pattern 3: 1 4 9 16 25 36

172 272 372 412 572 612




DIFFERENCE OF SQUARES

Perfect Squares:

0 1 4 9 16 25 36 49
oNn2 1N2 272 372 412 5n2 612 7N2
+1 +3 +5 +7 +9 +11 +13 +15?

+2 +2 +2 +2 +2 +2 +2




DIFFERENCE OF CUBES??

Perfect Cubes:

0n3 173 273 373 413 573 613 73

0 1 8 27 64 125 216 343

+1 +7 +19 +37 +61 +91 +127

+6 +12 +18 +24 +30 +36

+6 +6 +6 +6 +6




DIFFERENCE OF THE NTH POWER 1-3

X1
ot 11 21 31 41 51 6L 71 g1
0 1 2 3 4 5 6 7 8
1 1 1 1
X2:
Y 12 22 32 42 52 62 72 g2
0 1 4 9 16 25 36 49 64
9 11 13 15
2 2 y y 2 2 2
x3:
03 13 23 33 43 53 63 73 g3
0 1 8 27 64 125 216 343 512
61 91 127 169
6 12 18 24 30 36 42
6 6 6




DIFFERENCE OF THE NTH POWER 4-5

X4:

_04 14 24 34 44 54 64 74 84
0 1 16 81 256 625 1296 2401 4096
1 15 65 175 369 671 1105 1695
14 50 110 194 302 434 590
36 60 84 118 132 156
24 24 24 24 24

X>:

05 15 25 35 45 55 65 75 g5
0 1 32 243 1024 3125 7776 16807 32768
1 31 211 781 2101 4651 9031 15961
30 180 570 1320 2550 4380 6930

150 390 750 1230 1830 2550
240 360 480 600 720
120 120 120 120




NTH

DIFFERENCE For any given integer n 2 1, the nt"
OF THE NTH difference of any consecutive set
of (n+1) integers raised to the nt"
P OWERS power is equal to
PROPOSAL #1 n!
X4:
- 04 14 24 34 44 54 64 74 84
0 1 16 81 56 625 1296/ 240 4096
1 15 65 175 69 671 1105/ 1695
14 50 110 194 302 434 590
36 60 84 118 132 156

24 24 24 24 24



MODELING THE NTH DIFFERENCE

= (36-25) — (25-16)
=36-25-25+16
= 62-2:52 + 42

X2:

_02 12 ) 42 52 62 72 82
0 4 16 25 3€ 49 64
1 3 7 9 11 13 15

2 2 2 2
= (9-4) — (4-1) = (64-49) — (49-36)
=9-4-4+1 =64-49-49 + 36
=32-2.22+12 =82-2-72 + 62
=11-9



MODELING THE NTH DIFFERENCE

=11-9 2 =15-13

= (36-25) — (25-16) = (64-49) — (49-36)
=36-25-25+16 =64 —49 —49 + 36
= 62-2:52 + 42 =82-2.72 + 62

Regardless of the value of the
consecutive base integers, which could
be called b, b+ 1, and b + 2, the value
(b+2)%2 - 2(b+1)% + b? always equals 2

*2 =3-1
= (4-1) — (1-0)
=4-1-1+0

Note that the Base Zero case, when b=0, _22.2.124 02
is especially easy to evaluate since its *Base Zero Case
base integers are the integers 0 —n




NTH DIFFERENCE > 2

X3:
03 13 23 33
0 1 8 27
1 7 19
6 12
6

n=4;CD=41=24

24 =60 - 30
= (110 - 50) — (50 — 14)

n=3;CD=3!=6

6=12-6
=(19-7)-(7-1)
=[(27-8)- (8- 1)) - [(8- 1)~ (1-0)]
= (32— 29) - (2 - 13)] - [(22 - 1) - (1% - %]
=33-3:23+3:13-03

X4
0 14 24 34 4
0 1 16 81 256
1 15 65 175
14 50 110
36 60
24

=[(175 - 65) — (65 — 15)] - [(65 — 15) — (15 = 0)]
{[(4%=3%) = (3% = 29)] = [(3%* = 2%) = (2% = 19)]} - {[(3* = 2%) = (2% = 1%)] - [(2* - 1%) - (1* - O]}

= 44— 434+ 6:24 — 4-1% + 0



NTH DIFFERENCE EXPANSIONS

: Common Difference = n!
- Common Difference = n!

- Common Difference = n!

Common Difference = n!

- Common Difference = n!
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= 1!
=21
= 3!
= 41
=51

=1=1L0t

=2=22-2.12+ (2
=6=33-3.23+3.13- 03
=24=4%_4.34+ 624 — 4-1% + 0*
=120 =55 545+ 10-35— 10-25 + 5-15

1-1%- 10!
1:22-2:12 + 102
1-33-3-23+3.13- 1.0
1:44—4-3*+ 6:24 - 4-1* + 1-0*
1.5°-5:4°+10-3°-10-2°+5-1°-1.0°

Coefficients reflect Pascal’s Triangle
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NTH DIFFERENCE MODEL

: Common Difference = n!
- Common Difference = n!

- Common Difference = n!

Common Difference = n!

- Common Difference = n!

= 1!
=21
= 3!
= 41
=51

=1=1L0t

=2=02-2.12+ (2
=6=233-3.2343.13- 03

=24=4%_4.34+ 624 — 4-1% + 0*

=120 = 55— 5.45+ 10-35— 10-25 + 5.15— 05
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NTH DIFFERENCE OF THE NTH
POWER: REVISED PROPOSAL

For any given integer n 2 1, the nt
difference of any consecutive set
of (n+1) integers raised to the nt"
power is equal to
n!

Lh.
Zt” (— 1) (H ] = n!
=0 :




Recall that a Stirling Number of the second kind 1s the number of ways to partition a set of n
objects into k non-empty subsets and is denoted by S(n, k) or {:}

‘n—1

Definition. {1} = X1 (-7 4
IR NS N

1

— X (1 () -

Lemma 1. {’1‘} = {:} = 1, since there 1s only one way to partition n numbers mto either 1
subset or n subsets.

Proof.
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n n i " nej(n
{-n,} - Zj:l(_l) (j — 1)'(?3 — ) n| Z _1( 1) ( )J n') =1




Part 1: Base Zero Case.
VN €Zt | N#0, (M) (=)VH(F) = NI

Proof.

N

t

NO 07 () = G0N (] ) o croring |

t t=0

(—l)N((—l)N{x}N!) (by Lemma 2)

= (—=1)*(N!) (by Lemma 1 and 2)
= NI




CASE CLOSED?!

For any given integer n 2 1, the nt
difference of any consecutive set
of (n+1) integers raised to the nt"
power is equal to
n!




N-+b
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PASCAL’S COMBINATORICS




TERMS OF DIFFERENCE TRIANGLES




’MTEND[NG THE CASE







’MTEND[NG 'THE CASE




’MTEND[NG 'THE CASE




EXTENDING THE CASE







EXTENDING THE CASE
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EVALUATION OF THE EXTENSION




CONCLUSION

¥ ) . h Therefore, all
o% For any given integer n 2 1, the n™"  numbers on

difference of any consecutive set of _t"e(nth

difference level

(n+1) integers raised to the ntt  mustbe equal

. I to each other.
power is equal to n! Thus, the (n)th

difference level
isa common
difference of n!

has been shown to be true, since the (n+1)st difference,
which must be the difference of two numbers on the (n)th
difference level, will always be a zero given an original
series of integers raised to the (n)th power.

Ny (M) = NY




