


Let 𝑋𝑖~𝑁(𝜇𝑖 , 𝛽), 𝑋𝑗~𝑁(𝜇𝑗 , 𝛽), 𝑌~𝑁(𝜇𝑖 − 𝜇𝑖 , 𝛽) be normally distributed 
random variables.

𝑃 𝑋𝑖 > 𝑋𝑗 = 𝑃 𝑋𝑖 − 𝑋𝑗 > 0

= 𝑃(𝑌 > 0)

= 1 − 𝑃(𝑌 ≤ 0)

= 1 −Φ(
0−(𝜇𝑖−𝜇𝑗)

𝛽
)

= Φ(
𝜇𝑖−𝜇𝑗

𝛽
)



Update rule: 

∆= 𝛼𝛽 (
𝑜𝑢𝑡 + 1

2
−Φ(

𝜇𝑖 − 𝜇𝑗

𝛽
))

Values: 𝛼 = 0.07, 𝛽 = 500

First match: 𝑝1with score 1000 beats 𝑝3 with score 800

∆1𝑣3= 0.07 ∗ 500 (
1 + 1

2
− Φ(

1000 − 800

500
)) = 35∗ (1−0.65542) = 12.0603

 New score for 𝑝1 is 𝜇1 = 1000 + 12 = 1012

and new score for 𝑝3 is 𝜇3 = 800 − 12 = 788



Second match: 𝑝2with score 1200 beats 𝑝1 with score 1012

∆2𝑣1= 0.07 ∗ 500 (
1 + 1

2
−Φ(

1200 − 1012

500
)) = 35∗ (1−0.64803) = 12.31895

 New score for 𝑝2 is 𝜇2 = 1200 + 12 = 1212
and new score for 𝑝1 is 𝜇1 = 1012 − 12 = 1000



Third match: 𝑝3with score 788 beats 𝑝2 with score 1212

∆3𝑣2

= 0.07 ∗ 500 (
1 + 1

2
− Φ(

788 − 1212

500
)) = 35∗ (1−(1−0.80234)) = 28.0819

 New score for 𝑝3 is 𝜇3 = 788 + 28 = 816
and new score for 𝑝2 is 𝜇2 = 1212 − 28 = 1184



∆2𝑣3= 0.07 ∗ 500 (
−1 + 1

2
−Φ(

1200 − 800

500
)) = 35∗ (0−Φ(0.8)) = −27.585

∆1𝑣3= 0.07 ∗ 500 (
1 + 1

2
− Φ(

1000 − 827

500
)) = 35∗ (1−Φ(0.346)) =12.71095

∆1𝑣2= 0.07 ∗ 500 (
−1 + 1

2
−Φ(

1012 − 1173

500
)) = 35∗ (0−Φ(−0.322)) =-13.1068

⇒ 𝜇2 = 1173 𝑎𝑛𝑑 𝜇3 = 827

⇒ 𝜇1 = 1012 𝑎𝑛𝑑 𝜇3 = 815

⇒ 𝜇2 = 1186 𝑎𝑛𝑑 𝜇1 = 999



Results a):
𝜇1 = 1000

𝜇2 = 1184

𝜇3 = 816

Results b):
𝜇1 = 999

𝜇2 = 1186

𝜇3 = 815


