Q: What is the expected return of the Replay side bet in craps. The pay table is as
follows (win on a “to one” basis):

EVENT PAYS
Point of 4 or 10 achieved four or more times 1000
Point of 5 or 9 achieved four or more times 500
Point of 4 or 10 achieved three times 120
Point of 6 or 8 achieved four or more times 100
Point of 5 or 9 achieved three times 95
Point of 6 or 8 achieved three times 70

A: The key to solving this problem is that the answer is the same whether there is
one significant discrete event at a time (any point being won or lost) or they
happen at a point in time, with random periods of no events in between. Either
way, there is a particular order of events that determines the outcome of the bet.

The probability of any significant event, given that one has happened is as follows:

Point of 4 or 10 win = 1/24.
Point of 5 or 9 win = 1/15.
Point of 6 or 8 win = 25/264

Any seven-out = 98/165

We shall use integral calculus to solve for each event. In each case, the mean
time between significant events is 1. Time since the bet started is x. Any given
probability is the sum from 0 to infinity that the first seven-out to occur happened
at exactly that moment with the needed winning conditions happening before.

To do the integration, | recommend the calculator at www.integral-
calculator.com. You can find the integrals in text form at the end.




a = Probability point of 4 or 10, but not both, achieved at least four times =

2 * (1-pr(point of 4 or 10 achieved 0 to 3 times) * pr(point of 4 or 10 achieved 0 to
3 times) * seven-out achieved 0 times * probability of seven-out, given a point
made or lost. =
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= apx. 3.6902714780188938 x10~>

b = Probability point of both 4 and 10 achieved at least four times =

(1-pr(point of 4 or 10 achieved 0 to 3 times) * pr(point of 4 or 10 achieved 0 to 3
times) * seven-out achieved 0 times * probability of seven-out, given a point
made or lost. =

X \? x\3
(24') +(§) )) 2 x e_% x%dx

l1—e 24(1+—
j( e ( +24+
0

=56262929147846029296875/3533706707858292439972927045566 =

apx. 1.5921788025794 x 1078

Probability point of 4 and/or 10 achieved at least four times=a + b =
3.6918636568215 x107°



c = Probability point of 5 or 9, but not both, achieved at least four times, and 4 and
10 both achieved 3 or less times. =

2 * (1-pr(point of 5 or 9 achieved 0 to 3 times) * pr(point of 5 or 9 achieved 0 to 3
times) * pr(4 or 10 achieved 0 to 3 times)”*2 * seven-out achieved 0 times *
probability of seven-out, given a point made or lost. =
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d = Probability point of both 5 or 9 achieved at least four times, and 4 and 10 both
achieved 3 or less times. =

(1-pr(point of 5 or 9 achieved 0 to 3 times)"2 * pr(4 or 10 achieved 0 to 3
times)”"2 * seven-out achieved 0 times * probability of seven-out, given a point
made or lost. =

X

: &, G x G)

JA—e s (144 4 M) x (e7a (14— + 24
x\3
(32)

2 28 98
=) X e 165 X — dx =
3! 165

X

4432779172318394681215006889833826206938632308352870259873720186109952/109339
40823420496140413926170733638530811352664699776845348274954672408453125 = apx.
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Prob 5 and/or 9 4+ times and no higher win =c + d = 0.000206714900021223.



e = Probability point of 4 or 10, but not both, achieved exactly three times, and 5
or 9 both achieved 3 or less times =

2 * pr(point of 4 or 10 achieved 3 times) * pr(point of 4 or 10 achieved 2 or less
times) * pr(point of 5 or 9 achieved 0 to 3 times)"2 * seven-out achieved 0 times
* probability of seven-out, given a point made or lost. =
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f = Probability point of 4 and 10 achieved exactly three times, and 5 or 9 both
achieved 3 or less times =

pr(point of 4 or 10 achieved 3 times)"2 * pr(point of 5 or 9 achieved 0 to 3
times)”"2 * seven-out achieved 0 times * probability of seven-out, given a point
made or lost. =
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Probability of 4 and/or 10 achieved exactly three times and no higher win=e +f =
0.00052298052124121200.



g = Probability point of 6 or 8, but not both, achieved 4 or more times, points of 5
and 9 both achieved three or less times, and points of 4 and 10 both achieved two
or less times =
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h = Probability point of both 6 and 8 achieved 4 or more times, points of 5 and 9
both achieved three or less times, and points of 4 and 10 both achieved two or
less times =
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Probability point of 6 and/or 8 achieved at least four times and no higher win=g
+h =0.00069820960363269400



i = Probability 5 or 9, but not both, three times, probability 5 or 9 achieved two or
less times, both 4 and 10 achieved two or less, and both 6 and 8 three of less
times =

2 * pr(5 or 9 exactly three times) * pr(5 or 9 two or less times) * pr(4 or 10
achieved two or less times)*2 + pr(6 or 8 three of less times)”2 =
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j = Probability 5 and 9 three times each, probability 5 or 9 achieved two or less
times, both 4 and 10 achieved two or less, and both 6 and 8 three of less times =

pr(5 or 9 exactly three times)*2 * pr(5 or 9 two or less times) * pr(4 or 10
achieved two or less times)*2 + pr(6 or 8 three of less times)”2 =
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Probability 5 and/or 9 achieved exactly three times, both 4 and 10 achieved two
or less, and both 6 and 8 three of less times =i + j =0.00179993294222686000.



k = probability 6 or 8, but not both, achieved three times, and all other points 2 or
less times each. =

2*pr(6 or 8 achieved exactly three times) * pr(6 or 8 achieved two or less times) *
pr(5 or 9 achieved two or less times)*2 * pr(4 or 10 achieved two or less times)”2
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| = probability 6 and 8, achieved three times, and all other points 2 or less times
each. =

pr(6 or 8 achieved exactly three times)”2 * pr(5 or 9 achieved two or less times)*2
* pr(4 or 10 achieved two or less times)”2
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probability 6 and/or 8 achieved three times, and all other points 2 or less times
each. =k +1=0.00429327448454606000



Probability loser =
pr(6 or 8 two or less times)”*2 * pr(5 or 9 two or less times)*2 * pr(4 or 10 two or

less times)”2 =
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Summary

The following table summarizes the probability and contribution to the return of
all possible outcomes. The lower right cell shows a house edge of 24.81%.

EVENT PAYS PROBABILITY RETURN
Point of 4 or 10 achieved four or more times 1000 0.00003691864 0.03691863657
Point of 5 or 9 achieved four or more times 500 0.00020671490 @ 0.10335745001

Point of 4 or 10 achieved three times 120 0.00052298052 0.06275766255
Point of 6 or 8 achieved four or more times 100 0.00069820960 0.06982096036
Point of 5 or 9 achieved three times 95 | 0.00179993294 0.17099362951
Point of 6 or 8 achieved three times 70 0.00429327448 0.30052921392
Loser -1 0.99244196891  -0.99244196891

Total 1.00000000000 -0.24806441599



Integrals in text form:

a =2*(1-exp(-x/24)*(1+(x/24)+(x/24)"2/2+(x/24)"3/6))* (exp(-
X/24)*(1+(x/24)+(x/24)"2/2+(x/24)"3/6))*exp(-98*x/165)*(98/165)

b = (98/165)*(1-exp(-x/24)*(1+(x/24)+(x/24)"2/2+(x/24)*3/6)) 2*exp(-98*x/165)

c = 2*(1-exp(-x/15)*(1+(x/15)+(x/15)A2/2+(x/15)"3/6))* (exp(-
x/15)*(1+(x/15)+(x/15)"2/2+(x/15)"*3/6))*(exp(-
X/24)*(1+(x/24)+(x/24)"2/2+(x/24)*3/6))"2*exp(-98*x/165)*(98/165)

d = (98/165)*(1-exp(-x/15)*(1+(x/15)+(x/15)*2/2+(x/15)"3/6)) 2*(exp(-
X/24)*(1+(x/24)+(x/24)"2/2+(x/24)*3/6))2*exp(-98*x/165)

e = 2*(exp(-x/24)*(x/24)"3/6)*(exp(-x/24)* (1+(x/24)+(x/24)"2/2)*(exp(-
x/15)*(1+(x/15)+(x/15)"2/2+(x/15)*3/6))"2*exp(-98*x/165)*(98/165)

f= (exp(-x/24)*(x/24)"3/6)"2*(exp(-
x/15)*(1+(x/15)+(x/15)*2/2+(x/15)*3/6)) 2 *exp(-98*x/165)*(98/165)

g = 2*(1-exp(-x*25/264)*(1+x*(25/264)+(x*25/264)72/2+(x*25/264)"3/6))*(exp(-
X*25/264)*(1+x*(25/264)+(x*25/264)72/2+(x*25/264)73/6))* (exp(-
x/15)*(1+(x/15)+(x/15)"2/2+(x/15)"3/6))*2*(exp(-
X/24)*(1+(x/24)+(x/24)"2/2))"2*exp(-98*x/165)*(98/165)

h = (98/165)*(1-exp(-

X*25/264)* (1+x*(25/264)+(x*25/264)A2/2+(x*25/264)73/6))A2*(exp|(-
x/15)*(1+(x/15)+(x/15)"2/2+(x/15)"3/6)) 2*(exp(-
X/24)*(1+(x/24)+(x/24)"2/2))"2*exp(-98*x/165)

i = 2*exp(-x/15)*(x/15)"3/6*(exp(-x/15)*(1+(x/15)+(x/15)*2/2)*(exp(-
x/24)*(1+(x/24)+(x/24)72/2)) A 2*(exp(-
X*25/264)*(1+x*(25/264)+(x*25/264)72/2+(x*25/264)73/6)) A2 *exp(-
98*x/165)*(98/165)



j = (exp(-x/15)*(x/15)"3/6)"2*(exp(-x/24)*(1+(x/24)+(x/24)"2/2))"2*(exp(-
x*25/264)*(1+x*(25/264)+(x*25/264)A2/2+(x*25/264)73/6)) 2 *exp(-
98*x/165)*(98/165)

k = 2*exp(-x*25/264)*(x*25/264)"3/6*(exp(-
x*25/264)*(1+(x*25/264)+(x*25/264)"2/2))*(exp(-
X/24)*(1+(x/24)+(x/24)"2/2))"2*(exp(-x/15)*(1+(x/15)+(x/15)"2/2)) 2 *exp(-
98*x/165)*(98/165)

| = (exp(-x*25/264)*(x*25/264)"3/6)"2*(exp(-
X/24)*(1+(x/24)+(x/24)"2/2))"2*(exp(-x/15)*(1+(x/15)+(x/15)"2/2)) 2 *exp(-
98*x/165)*(98/165)

Loser = (exp(-x*25/264)*(1+(x*25/264)+(x*25/264)72/2))*2*(exp(-
X/24)*(1+(x/24)+(x/24)"2/2))"2*(exp(-x/15)*(1+(x/15)+(x/15)"2/2)) 2 *exp(-
98*x/165)*(98/165)

Recommended integral calculator: www.integral-calculator.com



