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








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


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𝑓(𝑥; 𝜃), 𝜃 ∈ 𝛩

𝐻0: 𝜃 ∈ 𝛩0 𝐻1: 𝜃 ∈ 𝛩1

𝛩0 ∩ 𝛩1 = ∅



𝐻0: 𝜇 ≤ 56000 𝐻1: 𝜇 > 56000

𝑋 ∼ N 𝜇, 𝜎2 , 𝜎2 = 𝜎0
2 nota

𝜇 = 56000 ∶ semplice; 𝜇 > 56000 ∶ composta



𝑋1, 𝑋2, … , 𝑋𝑛

𝑥1, 𝑥2, … , 𝑥𝑛

(𝑥1, … , 𝑥𝑛) ∈ G ∶ si rifiuta 𝐻0



𝑃𝐻0 𝑇 ≤ 𝑞𝑝 = 𝑝



p

𝑝 ≤ 𝛼 ∶ si rifiuta 𝐻0

𝑝 > 𝛼 ∶ non si rifiuta 𝐻0



p

𝑝 = 0.07 > 𝛼 = 0.05



p

𝑝 = 𝑃𝐻0 𝑇 ≥ 𝑡obs



p



Coda destra: 𝑇 > 𝑞1−𝛼

Coda sinistra: 𝑇 < 𝑞𝛼

Due code: 𝑇 < 𝑞𝛼/2 oppure 𝑇 > 𝑞1−𝛼/2





𝑃𝐻0 rifiuto di 𝐻0 ≤ 𝛼

𝛽(𝜃) = 𝑃𝜃 non rifiuto di 𝐻0 , 𝜃 ∈ 𝛩1

Potenza = 1 − 𝛽(𝜃)



𝛼 = 3 × 10−7 ≈
1

3333333















𝐻0: 𝜇 = 𝜇0 𝑧 =
𝑥 − 𝜇0
𝜎0
𝑛

𝐻1: 𝜇 > 𝜇0 𝑧 > 𝑧1−𝛼

𝐻1: 𝜇 < 𝜇0 𝑧 < 𝑧𝛼

𝐻1: 𝜇 ≠ 𝜇0 𝑧 > 𝑧1−𝛼/2



𝐻0: 𝜇 = 𝜇0 𝑡 =
𝑥 − 𝜇0
𝑠
𝑛

𝐻1: 𝜇 > 𝜇0 𝑡 > 𝑡1−𝛼,𝑛−1

𝐻1: 𝜇 < 𝜇0 𝑡 < 𝑡𝛼,𝑛−1

𝐻1: 𝜇 ≠ 𝜇0 𝑡 > 𝑡1−𝛼/2,𝑛−1

SE =
𝑠

𝑛
, 𝜈 = 𝑛 − 1



𝐻0: 𝜇 ≤ 170 𝐻1: 𝜇 > 170

𝑡 ≈ 1.2218, 𝜈 = 24, 𝑝 ≈ 0.1168



𝑡 ≈ 1.2218 < 𝑡0.95,24 ≈ 1.7109 𝑝 ≈ 0.1168 > 𝛼 = 0.05



𝐻0: 𝜇 = 15.7 C 𝐻1: 𝜇 < 15.7 C

𝑡 =
𝑥 − 15.7 33

𝑠
≈ −4.5990, 𝜈 = 32, 𝑝 = 0. 000032



𝑡 = −4.60 < 𝑡0.05,32 = −1.6939 𝑝 = 0.000032 < 𝛼 = 0.05



𝐻0: 𝜇 = 7.5 mm 𝐻1: 𝜇 ≠ 7.5 mm

𝑡 =
𝑥 − 7.5 10

𝑠
≈ 1.5390, 𝜈 = 9, 𝑝 = 0.158



𝑝 = 0.158 > 𝛼 = 0.05𝑡0.025,9 ≈ −2.2622 < 𝑡 ≈ 1.5390 < 𝑡0.975,9 ≈ 2.2622



𝐻0: 𝜎
2 = 𝜎0

2 𝑠𝜇0
2 =

σ𝑖=1
𝑛 𝑥𝑖 − 𝜇0

2

𝑛

𝑄 =
𝑛𝑠𝜇0

2

𝜎0
2 ∼ 𝜒𝑛

2, 𝜈 = 𝑛

𝐻1: 𝜎
2 > 𝜎0

2 𝑄 > 𝜒1−𝛼,𝜈
2

𝐻1: 𝜎
2 < 𝜎0

2 𝑄 < 𝜒𝛼,𝜈
2

𝐻1: 𝜎
2 ≠ 𝜎0

2 𝑄 < 𝜒𝛼/2,𝜈
2 oppure 𝑄 > 𝜒1−𝛼/2,𝜈

2



𝐻0: 𝜎
2 = 𝜎0

2 𝑠2 =
σ𝑖=1
𝑛 𝑥𝑖 − 𝑥 2

𝑛 − 1

𝑄 =
(𝑛 − 1)𝑠2

𝜎0
2 ∼ 𝜒𝑛−1

2 , 𝜈 = 𝑛 − 1

𝐻1: 𝜎
2 > 𝜎0

2 𝑄 > 𝜒1−𝛼,𝜈
2

𝐻1: 𝜎
2 < 𝜎0

2 𝑄 < 𝜒𝛼,𝜈
2

𝐻1: 𝜎
2 ≠ 𝜎0

2 𝑄 < 𝜒𝛼/2,𝜈
2 oppure 𝑄 > 𝜒1−𝛼/2,𝜈

2



𝐹 =
𝑠1
2

𝑠2
2



𝜇 𝜎2

𝜇1
𝜇2 𝜎2

𝐹

𝐹
𝜈1 = 𝑛1 − 1
𝜈2 = 𝑛2 − 1



𝐻0: 𝜎1
2 = 𝜎2

2 𝐹 =
𝑠1
2

𝑠2
2

𝜈1 = 𝑛1 − 1, 𝜈2 = 𝑛2 − 1

𝐻1: 𝜎1
2 > 𝜎2

2 𝐹 > 𝐹1−𝛼,𝜈1,𝜈2

𝐻1: 𝜎1
2 < 𝜎2

2 𝐹 < 𝐹𝛼,𝜈1,𝜈2

𝐻1: 𝜎1
2 ≠ 𝜎2

2 𝐹 < 𝐹𝛼/2,𝜈1,𝜈2 oppure 𝐹 > 𝐹1−𝛼/2,𝜈1,𝜈2



𝐻0: 𝜎𝐴
2 = 𝜎𝐵

2 𝐻1: 𝜎𝐴
2 ≠ 𝜎𝐵

2

𝐹 =
0.7448889

0.4601111
≈ 1.6189

𝜈𝐴 = 𝜈𝐵 = 9

𝐹0.025,9,9 ≈ 0.2484 < 𝐹 < 𝐹0.975,9,9 ≈ 4.0260



𝐻0: 𝜎𝐵
2 ≤ 𝜎𝐴

2 𝐻1: 𝜎𝐵
2 > 𝜎𝐴

2

𝐹 =
0.1557692

0.00988889
≈ 15.7519

𝜈𝐵 = 12, 𝜈𝐴 = 9

𝐹 > 𝐹0.95,12,9 ≈ 3.0729



𝑑𝑖 = 𝑥𝑖 − 𝑦𝑖 , 𝑖 = 1, … , 𝑛

𝑑 =
σ𝑖=1
𝑛 𝑑𝑖
𝑛

𝑠𝑑 =
σ𝑖=1
𝑛 𝑑𝑖 − 𝑑

2

𝑛 − 1

SE𝑑 =
𝑠𝑑

𝑛



𝐻0: 𝜇𝑑 = 𝛥0 𝑡 =
𝑑 − 𝛥0
SE𝑑

𝜈 = 𝑛 − 1

𝐻1: 𝜇𝑑 > 𝛥0 𝑡 > 𝑡1−𝛼,𝜈

𝐻1: 𝜇𝑑 < 𝛥0 𝑡 < 𝑡𝛼,𝜈

𝐻1: 𝜇𝑑 ≠ 𝛥0 𝑡 > 𝑡1−𝛼/2,𝜈

𝑑 < 𝛥0 + 𝑡𝛼/2,𝜈SE𝑑 oppure 𝑑 > 𝛥0 + 𝑡1−𝛼/2,𝜈SE𝑑



𝐻0: 𝜇𝑎 = 𝜇𝑏 𝑡 =
𝑥𝑎 − 𝑥𝑏
SE 𝑠𝑝

2 =
𝑛𝑎 − 1 𝑠𝑎

2 + 𝑛𝑏 − 1 𝑠𝑏
2

𝑛𝑎 + 𝑛𝑏 − 2
SE = 𝑠𝑝

1

𝑛𝑎
+

1

𝑛𝑏

𝜈 = 𝑛𝑎 + 𝑛𝑏 − 2

𝐻1: 𝜇𝑎 > 𝜇𝑏 𝑡 > 𝑡1−𝛼,𝜈

𝐻1: 𝜇𝑎 < 𝜇𝑏 𝑡 < 𝑡𝛼,𝜈

𝐻1: 𝜇𝑎 ≠ 𝜇𝑏 𝑡 > 𝑡1−𝛼/2,𝜈



𝐻0: 𝜇𝑎 = 𝜇𝑏 𝑡 =
𝑥𝑎 − 𝑥𝑏
SE

SE =
𝑠𝑎
2

𝑛𝑎
+
𝑠𝑏
2

𝑛𝑏
𝜈 =

SE4

𝑠𝑎
4

𝑛𝑎
2 𝑛𝑎 − 1

+
𝑠𝑏
4

𝑛𝑏
2 𝑛𝑏 − 1

𝐻1: 𝜇𝑎 > 𝜇𝑏 𝑡 > 𝑡1−𝛼,𝜈

𝐻1: 𝜇𝑎 < 𝜇𝑏 𝑡 < 𝑡𝛼,𝜈

𝐻1: 𝜇𝑎 ≠ 𝜇𝑏 𝑡 > 𝑡1−𝛼/2,𝜈



𝐻0: 𝜇𝑎 = 𝜇𝑏 𝑧 =
𝑥𝑎 − 𝑥𝑏
SE

SE =
𝑠𝑎
2

𝑛𝑎
+
𝑠𝑏
2

𝑛𝑏

𝐻1: 𝜇𝑎 > 𝜇𝑏 𝑧 > 𝑧1−𝛼

𝐻1: 𝜇𝑎 < 𝜇𝑏 𝑧 < 𝑧𝛼

𝐻1: 𝜇𝑎 ≠ 𝜇𝑏 𝑧 > 𝑧1−𝛼/2



𝑑𝑖 = 𝑒prima,i − 𝑒dopo,i 𝐻0: 𝜇𝑑 ≤ 0 𝐻1: 𝜇𝑑 > 0



𝑡 =
ҧ𝑑 − 0
𝑠𝑑
𝑛

≈ 3.1384 𝜈 = 𝑛 − 1 = 9

𝑡 ≈ 3.1384 > 𝑡0.95,9 ≈ 1.8331 𝑝 ≈ 0.00598 < 𝛼 = 0.05

ൣ ൯ҧ𝑑 − 𝑡0.95,9 SE𝑑 , +∞ C = ሾ )0.03660,+∞ C



𝐻0: 𝜇𝐴 = 𝜇𝐵 𝐻1: 𝜇𝐴 ≠ 𝜇𝐵



𝑠𝑝
2 =

𝑛𝐴 − 1 𝑠𝐴
2 + 𝑛𝐵 − 1 𝑠𝐵

2

𝑛𝐴 + 𝑛𝐵 − 2
≈ 0.0007156 mm2

𝑡 =
𝑥𝐴 − 𝑥𝐵

𝑠𝑝
1
𝑛𝐴

+
1
𝑛𝐵

≈ −2.7583 𝜈 = 8 + 10 − 2 = 16

𝑡 ≈ 2.7583 > 𝑡0.975,16 ≈ 2.1199 𝑝 ≈ 0.01399 < 𝛼 = 0.05

𝐼𝐶95% 𝜇𝐴 − 𝜇𝐵 = 𝑥𝐴 − 𝑥𝐵 ± 𝑡0.975,16 𝑆𝐸 = −0.06190,−0.00810 𝑚𝑚



-2 -1 0 1 2

49.92

50.00

50.08

-2 -1 0 1 2

49.92

50.00

50.08

₀ α

8 0.9649 0.8555

10 0.9689 0.8809

𝐻0: 𝜎𝐴
2 = 𝜎𝐵

2 𝐻1: 𝜎𝐴
2 ≠ 𝜎𝐵

2

𝐹 = 𝑠𝐴
2 / 𝑠𝐵

2 = 1.8802

𝜈𝐴 = 7, 𝜈𝐵 = 9 𝑝 = 0.3719 𝛼 = 0.05



𝐻0: 𝜇𝐴 = 𝜇𝐵 𝐻1: 𝜇𝐴 ≠ 𝜇𝐵



SE =
𝑠𝐴

2

𝑛𝐴
+

𝑠𝐵
2

𝑛𝐵
≈ 0.47649 s 𝑡 =

𝑥𝐴 − 𝑥𝐵
SE

≈ −2.9294

𝜈 =
SE4

𝑠𝐴
4

𝑛𝐴
2 𝑛𝐴 − 1

+
𝑠𝐵

4

𝑛𝐵
2 𝑛𝐵 − 1

≈ 7.4922

𝑡 ≈ 2.9294 > 𝑡0.975,7.4922 ≈ 2.3335 𝑝 ≈ 0.02043 < 𝛼 = 0.05

𝐼𝐶95% 𝜇𝐴 − 𝜇𝐵 = 𝑥𝐴 − 𝑥𝐵 ± 𝑡0.975,7.4922𝑆𝐸 = −2.50772,−2.28395 𝑠



𝐻0: 𝜇𝐴 = 𝜇𝐵 𝐻1: 𝜇𝐴 ≠ 𝜇𝐵



SE =
4.22

80
+

5.12

100
≈ 0.69325 C

𝑧 =
72.6 − 71.4

SE
≈ 1.7310

𝑧 ≈ 1.7310 < 𝑧0.975 ≈ 1.9600

𝑝 ≈ 0.08346 > 𝛼 = 0.05

1.2 ± 1.959964 × 0.693253 C → −0.1588, 2.5588 C









SST =෍

𝑖=1

𝑘

෍

𝑗=1

𝑛𝑖

𝑦𝑖𝑗 − 𝑦
2

SSA =෍

𝑖=1

𝑘

𝑛𝑖 𝑦𝑖 − 𝑦 2

SSE = ෍

𝑖=1

𝑘

෍

𝑗=1

𝑛𝑖

𝑦𝑖𝑗 − 𝑦𝑖
2

SST = SSA + SSE

SSA, 𝑙
SSE

𝑘



𝜈tot = 𝑛𝑡 − 1, 𝜈𝐴 = 𝑘 − 1, 𝜈𝐸 = 𝑛𝑡 − 𝑘

MSA =
SSA

𝑘 − 1
MSE =

SSE

𝑛𝑡 − 𝑘



𝑘

𝐻0: 𝜇1 = ⋯ = 𝜇𝑘

𝐹 =
MSA

MSE
∼ 𝐹𝑘−1,𝑛𝑡−𝑘

𝐹 > 𝐹1−𝛼,𝑘−1,𝑛𝑡−𝑘





𝑘 = 3, 𝑛𝐶 = 7, 𝑛𝐴 = 4, 𝑛𝐵 = 5, 𝑛𝑡 = 16

𝑦 = 32.3125, 𝑦𝐶 ≈ 34.7143, 𝑦𝐴 = 24.0, 𝑦𝐵 = 35.6

SSA ≈ 370.8089 SSE ≈ 842.6286

𝜈𝐴 = 𝑘 − 1 = 2, 𝜈𝐸 = 𝑛𝑡 − 𝑘 = 13

MSA =
SSA

2
≈ 185.4045 MSE =

SSE

13
≈ 64.8176



𝐹 =
MSA

MSE
≈ 2.8604

𝐹0.95,2,13 ≈ 3.8056

𝑝 = න

2.8604

∞

𝑓𝐹(𝑥; 2,13)𝑑𝑥 ≈ 0.09344



𝑝𝑗 ≤
𝛼

𝑐
, 𝑗 = 1,… , 𝑐

𝑐 = 5, 𝛼 = 0.05,
𝛼

𝑐
= 0.01



𝑓(𝑥) =
1

𝜎 2𝜋
exp

− 𝑥 − 𝜇 2

2𝜎2

𝐸𝑗 = 𝑛𝑝𝑗 𝑄 =෍

𝑗=1

𝑚
𝑂𝑗 − 𝐸𝑗

2

𝐸𝑗

𝜈 = 𝑚 − 1 − 𝑟, 𝑄 > 𝜒1−𝛼,𝜈
2

𝑟



𝑚 = 1 + 3.3 log10 𝑛 = 7.6 → 8



Ƹ𝜇 ≈ 499.6043 g, ො𝜎 ≈ 8.6894 g

𝑄 ≈ 1.01554, 𝜈 = 6 − 1 − 2 = 3



𝑄 ≈ 1.01554 < 𝜒0.95,3
2 ≈ 7.81473

𝑝 ≈ 0.79749 > 𝛼 = 0.05



𝐻0: 𝐹 = 𝐹0 𝐻1: 𝐹 ≠ 𝐹0

𝐹𝑛(𝑥) = 0, 𝑥 < 𝑥(1)

𝐹𝑛(𝑥) =
𝑘

𝑛
, 𝑥(𝑘) ≤ 𝑥 < 𝑥(𝑘+1)

𝐹𝑛(𝑥) = 1, 𝑥 ≥ 𝑥(𝑛)

𝐹𝑛(𝑥) =
1

𝑛
෍

𝑖=1

𝑛

𝐼𝑥𝑖≤𝑥





𝑝 𝑛

𝑞 = 1 − 𝑝, 𝐾 ∼ 𝐵𝑖𝑛 𝑛, 𝑝

𝑃(𝐾 = 𝑘) =
𝑛!

𝑘! (𝑛 − 𝑘)!
𝑝𝑘𝑞𝑛−𝑘 , 𝑘 = 0,… , 𝑛

𝐸(𝐾) = 𝑛𝑝, 𝑉𝑎𝑟(𝐾) = 𝑛𝑝𝑞



𝐼𝑋𝑖≤𝑥 ∼ Bernoulli 𝐹(𝑥) ෍

𝑖=1

𝑛

𝐼𝑋𝑖≤𝑥 ∼ Bin 𝑛, 𝐹(𝑥)

𝐸 𝐹𝑛(𝑥) = 𝐹 𝑥 Var 𝐹𝑛(𝑥) =
𝐹(𝑥)ሾ1 − 𝐹(𝑥)]

𝑛

𝐹



𝐷𝑛 = sup𝑥∈ℝ 𝐹𝑛(𝑥) − 𝐹0(𝑥)

𝐷𝑛 > 𝑞𝐾𝑆,1−𝛼,𝑛



Ƹ𝜇 ≈ 499.53 g, ො𝜎 ≈ 8.39 g

𝐷𝑛 ≈ 0.0447, 𝑝MC ≈ 0.99300

𝑞boot,0.95 ≈ 0.10177



Ƹ𝜇 ≈ 497.24 g, ො𝜎 ≈ 18.02 g

𝐷𝑛 ≈ 0.282 𝑝MC =
1

20000
= 0.00005

𝑞boot,0.95 ≈ 0.09285



𝜌 =
Cov(𝑋, 𝑌)

𝜎𝑥𝜎𝑦
, 𝜌 ≤ 1

𝜌 = 1 implica 𝑌 = 𝑎𝑋 + 𝑏 quasi certamente



𝜎𝑥 > 0, 𝜎𝑦 > 0, 𝜌 < 1, 𝑢 =
𝑥 − 𝜇𝑥
𝜎𝑥

, 𝑣 =
𝑦 − 𝜇𝑦

𝜎𝑦

𝑓𝑋𝑌(𝑥, 𝑦) =
1

2𝜋𝜎𝑥𝜎𝑦 1 − 𝜌2
exp

− 𝑢2 + 𝑣2 − 2𝜌𝑢𝑣

2 1 − 𝜌2

𝜌 = 0: 𝑓𝑋𝑌(𝑥, 𝑦) =
1

2𝜋𝜎𝑥𝜎𝑦
exp

− 𝑢2 + 𝑣2

2
= 𝑓𝑋(𝑥)𝑓𝑌(𝑦)



𝐻0: 𝜌 = 0, 𝑅 =
σ𝑖=1
𝑛 𝑥𝑖 − 𝑥 𝑦𝑖 − 𝑦

σ𝑖=1
𝑛 𝑥𝑖 − 𝑥 2σ𝑖=1

𝑛 𝑦𝑖 − 𝑦 2

ST =
𝑅 𝑛 − 2

1 − 𝑅2
∼ 𝑡𝑛−2, 𝑛 ≥ 3

𝐻1: 𝜌 > 0 ST > 𝑡1−𝛼,𝑛−2

𝐻1: 𝜌 < 0 ST < 𝑡𝛼,𝑛−2

𝐻1: 𝜌 ≠ 0 ST > 𝑡1−𝛼/2,𝑛−2

ρ



µ

µ

µ

𝐻0: 𝜌 = 0 𝐻1: 𝜌 ≠ 0



µ

𝑅 =
σ 𝑥𝑖 − ҧ𝑥 𝑦𝑖 − ത𝑦

σ 𝑥𝑖 − ҧ𝑥 2 σ 𝑦𝑖 − ത𝑦 2
≈ 0.76003

ST = 𝑅
𝑛 − 2

1 − 𝑅2
≈ 3.6982 𝜈 = 𝑛 − 2 = 10

ST ≈ 3.6982 > 𝑡0.975,10 ≈ 2.2281

𝑝 ≈ 0.00412 < 𝛼 = 0.05




