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If you roll two standard 6-sided dice then

1. 2: (1,1). ONE way. Prob 3¢

2. 3:(1,2), (2,1). TWO ways. Prob 7%

3. 4: (1,3), (2,2), (3,1). THREE ways. Prob 4.

4. 5: (14), (2,3), (3.2), (4,1). FOUR ways. Prob §.
5.6: (1,5), (2,4), (3,3), (4,2), (5,1) FIVE ways. Prob 2.
6. 7: (1,6), (2,5), (3.4), (4.3) .(5.2) .(6,1) SIX ways. Prob ¢.
7. 8:(2,6), (3.5), (4,4), (5.3), (6,2) FIVE ways. Prob =
8. 9: (3,6), (4,5), (5,4), (6,3) FOUR ways. Prob z.

9. 10: (4,6), (5,5).(6,4) THREE Ways Prob 15

10. 11: (5,6), (6,5) TWO ways. Prob 1z

11. 12: (6,6) ONE way. Prob 2.



Let Polynomials Do The Work For You!

P+ X+ X+ x2 F x)(XC+ x° x4 X+ x)



Let Polynomials Do The Work For You!

P+ X+ X+ x2 F x)(XC+ x° x4 X+ x)

Look at coefficient of x®



Let Polynomials Do The Work For You!

P+ +x* + 3+ 2+ ) (X + x5+ x* + X3+ X%+ x)

Look at coefficient of x®

xExP4x2x* 4 x3x3 4 x* x2 4+ x%xt = 5x® = (Number of ways to get 6)x°



Let Polynomials Do The Work For You!

P+ +x* + 3+ 2+ ) (X + x5+ x* + X3+ X%+ x)

Look at coefficient of x®

xExP4x2x* 4 x3x3 4 x* x2 4+ x%xt = 5x® = (Number of ways to get 6)x°

Coefficient of x" is number of ways to get n.
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Example of Non-Standard Labelings

What is we label the dice (1,2,2,2,5,5) and (1,3,3,3,3,7)?

(2x° 352 +x) (x"+4x3+x) = 2x124+3x24-9x3 4+ 2x0 1 12x° +4x* 1353 +-x2

12: TWO ways. Prob %.

: THREE ways. Prob 1.
: NINE ways. Prob 3.

: TWO ways. Prob %.

: TWELVE ways. Prob 3.
: FOUR ways. Prob %.

: THREE ways. Prob %
: ONE ways. Prob %.
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Is there a Non-Standard Labeling That. ..

Question Is there a nonstandard labeling of dice that gives the
same probabilities as the standard dice?

Question Phrased In Terms of Polynomials Does there exists
a; > --->ag and by > --- > bg such that

(X7 4 xT2 4 x4 x4 x5 4 x36) (xP1 - xP2 4 xbs - xPa g xbs | xBo) —

(x® 4+ x° + x* + x3 + x* + x)2



Is there a Non-Standard Labeling That... Cont.

(X7 4 xT2 4 x ¥ 4 x4 x5 4 x36) (xP1 4 xP2 4 xbs o xBa g xbs | xBe) —

P+ +x* + 3+ +x) =2+ x* + X3+ X2+ x+1)2 =

XP(x +1)2(x% — x + 1)2(x* + x + 1)



Is there a Non-Standard Labeling That... Cont.

(X x%2 4 xF 4 x4 4 x* —i—x‘g'ﬁ)(xb1 +xP2 4 xbs xPa 4 xbs +xb6) =

P+ +x* + 3+ +x) =2+ x* + X3+ X2+ x+1)2 =

XP(x +1)2(x% — x + 1)2(x* + x + 1)
What properties do the polys we are looking for have?

1. ag = 1 and bg = 1 since otherwise cannot get a 2. So both
poly's have a factor of x.

2. (1%t +1%2 4 x™3 4 1% 4 1% + 1%) = 6. So if f(x) is a factor
need f(1) = 6.



Is there a Non-Standard Labeling That... Cont.

x+ 120 = x+ 1) (2 +x+1)2 =

x(x41)2(x%—=x+1)P(x24+-x41)sx(x+1)2 73 (x?—x+1)2" b (x%4x+1)27¢
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Is there a Non-Standard Labeling That... Cont.

Px+1)2(x° —x+1)2(x°+x+1)2 =

x(x41)2(x%—=x+1)P(x?34+x41)sx(x+1)2 3 (x?—x+1) 2P (x24+x+1)2¢.
Since f(1) = 6 and g(1) = 6 we have conditions
1x27x1Px3°=6and1x2%77x127P x 327 ¢ =6
So

a=1 be {0,1,2} c=1

b =0 and b =2 are symmetric so we just do b =0 and b= 1.



The Non-Standard Labeling
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The Non-Standard Labeling

Case b = 0: Then the polynomials for the dice are

x(x +1)(x® +x+1) = x* +2x3 +2x% + x,

x(x+1)(x®> = x+1P2(x®+x+1) =xB+ x® + x® + x* + x3 + x.
So the dice are (1,2,2,3,3,4) and (1,3,4,5,6,8).

GREAT- these are nonstandard dice that give the same probs as
standard dice.



The Non-Standard Labeling

Case b = 0: Then the polynomials for the dice are

x(x +1)(x® +x+1) = x* +2x3 +2x% + x,

x(x+1)(x®> = x+ 1202+ x+1) =x3+ x°+ x® + x* + x3 + x.
So the dice are (1,2,2,3,3,4) and (1,3,4,5,6,8).

GREAT- these are nonstandard dice that give the same probs as
standard dice.

Case b = 1: Then the polynomials for the dice are
x(x +1)(x®2 = x+1)(x%+x+1) = (x*+ x>+ x* + x>+ x2 + x).
x(x +1)(x®2 = x+1)(x%>+x+1) = (x+ x>+ x* +x3 + x2 + x).
So the dice are (1,2,3,4,5,6) and (1,2,3,4,5,6).
The standard dice.

Upshot there is only ONE pair of nonstandard dice that give the
same probabilities as the standard dice. That pair is
(1,2,2,3,3,4) and (1,3,4,5,6,8).



