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m Cong thic xac subt day di
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Gidi thiéu xac suat cb diéu kién

Trong thuc t&, viéc xét cic bién cb hoan toan déc 1ap véi nhau I3
ly tudng va rat khé dat dugc.

Néu ta bd qua su can thiét vé tinh phu thudc giita cac bién cb thi
cac két qua sé bi anh hudng thé nio?



Xéc suit cé didu kién - Céng thirc Bayes - Xac suét tidn, hau nghiém

L Xac subt c6 didu kién va cong thic Bayes

L X3c subt c6 didu kién
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Hinh: Thi nghiém tung xtc xic

X4ac suat clia mét bién co sé bi anh hudng thé nao néu nhu mét
bién c6 khac d3 xay ra?
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Phép thd c6 diéu kién

Phép thir 1. Tung xiic xic. Q = {1,2,3,4,5,6}. D3t 2 bién c&:

m A= {235} (Ra dugc mit I3 sb nguyén t8). P(A) = 1/2.
m B ={2,4,6} (Ra dugc mjt chia hét cho 2). P(B) = 1/2.



Xéc suit cé didu kién - Céng thirc Bayes - Xac suét tidn, hau nghiém
L Xac subt c6 didu kién va cong thic Bayes

L X3c subt c6 didu kién

Phép thd c6 diéu kién

Phép thir 1. Tung xiic xic. Q = {1,2,3,4,5,6}. D3t 2 bién c&:

m A= {235} (Ra dugc mit I3 sb nguyén t8). P(A) = 1/2.
m B ={2,4,6} (Ra dugc mjt chia hét cho 2). P(B) = 1/2.

Khi d6 AB = {2} va P(AB) = 1/6.
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L X3c subt c6 didu kién

Phép thd c6 diéu kién

Phép thir 1. Tung xiic xic. Q = {1,2,3,4,5,6}. D3t 2 bién c&:

m A= {235} (Ra dugc mit I3 sb nguyén t8). P(A) = 1/2.
m B ={2,4,6} (Ra dugc mjt chia hét cho 2). P(B) = 1/2.

Khi d6 AB = {2} va P(AB) = 1/6.

L3p lai phép thir nay nhiéu Ian: c6 khoang 1/2 s 1an xay ra A.
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Phép thd c6 diéu kién

Phép thir 2. Tung 1 con xiic x3c.

m Ghi lai két qud néu két qud 12 s6 chdn (bién co B).
A |'>

m Bd két qud di néu két qua 1a sb Ié.
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Phép thd c6 diéu kién

Phép thir 2. Tung 1 con xiic x3c.
m Ghi lai két qua néu két qua 13 sb chin (bién cb B).

2

m Bd két qud di néu két qua 1a sb Ié.

Phép thi 2 13 phép thid con clia phép thir 1, véi diéu kién B.
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Phép thd c6 diéu kién

Phép thir 2. Tung 1 con xiic x3c.
m Ghi lai két qua néu két qua 13 sb chin (bién cb B).

2

m B6 két qua di néu két qua 13 sb 1é.
Phép thi 2 13 phép thid con clia phép thir 1, véi diéu kién B.

L3p lai phép thir ndy nhiéu lan: c6 khodng 1/2 sb Ian két qua dudc
ghi lai nho B x3y ra.
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Phép thd c6 diéu kién

Phép thir 2. Tung 1 con xiic x3c.
m Ghi lai két qua néu két qua 13 sb chin (bién cb B).

2

m B6 két qua di néu két qua 13 sb 1é.
Phép thi 2 13 phép thid con clia phép thir 1, véi diéu kién B.

L3p lai phép thir ndy nhiéu lan: c6 khodng 1/2 sb Ian két qua dudc
ghi lai nhd B x3y ra. Trong dé, mdi mit 2, 4, va 6 ra dudc khoang

1/3 sb lan.

— Khi 4p dit diéu kién B, xac subt A xdy ra (tdc ra mat 2) trd
thanh 1/3.
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L X3c subt c6 didu kién

Khéng gian mau con

Phép thi 2 c6 khéng gian miu {2,4,6}, chinh 13 B.

Cé thé xem B nhu khéng gian m4u con cha Q.
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L X3c subt c6 didu kién

Khéng gian mau con

Phép thi 2 c6 khéng gian miu {2,4,6}, chinh 13 B.
Cé thé xem B nhu khéng gian m4u con cha Q.

Xac subt xay ra bién cb A vé6i diu kién B 13 xac subt x3y ra A trén
khéng gian m3u con nay. Ky hiéu. P(A | B).
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L X3c subt c6 didu kién

Khéng gian mau con

Phép thi 2 c6 khéng gian miu {2,4,6}, chinh 13 B.
Cé thé xem B nhu khéng gian m4u con cha Q.

Xac subt xay ra bién cb A vé6i diu kién B 13 xac subt x3y ra A trén
khéng gian m3u con nay. Ky hiéu. P(A | B).

O vi du ndy, P(A | B) = 1/3 trong khi P(A) = 1/2.
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L X3c subt c6 didu kién

Xdac suat c6 diéu kién

Cho mdt phép thir ngiu nhién va 2 bién cb A, B. Xéc subt ctia A
véi diéu kién B, ky hiéu P(A | B) (con goi la x4c suat cla A, biét
truéc B) do kha ning A xdy ra trong cac tinh hubng c6 B xay ra.
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LDinh Iy Bayes

Coéng thitc Bayes
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Coéng thitc Bayes

Cho mdt phép thir va 2 bién ¢ A, B, sao cho P(B) > 0. Khi dé:

P(AB)

P(A|B) = 55y
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Coéng thitc Bayes

Cho mdt phép thir va 2 bién ¢ A, B, sao cho P(B) > 0. Khi dé:

P(AB)
P(B)

P(A| B) =

Ding thic sau diing véi moi A, B ma khéng can diéu kién
P(B) > 0:

P(A| B)P(B) =P(B | A)P(A) = P(AB).
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LDinh Iy Bayes

Coéng thitrc Bayes - Vi du

Phép thir 1. Tung 1 con xtic x3c. Q = {1,2,3,4,5,6} vdi
A=1{2,3,5} va B=1{2,4,6}.
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Coéng thitrc Bayes - Vi du

Phép thir 1. Tung 1 con xtic x3c. Q = {1,2,3,4,5,6} vdi
A=1{2,3,5} vd B = {2,4,6}. Khi dé:

m P(B)=1/2.
m P(A|B)=1/3.
m AB = {2} va P(AB) = 1/6.
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Coéng thitrc Bayes - Vi du

Phép thir 1. Tung 1 con xtic x3c. Q = {1,2,3,4,5,6} vdi
A=1{2,3,5} vd B = {2,4,6}. Khi dé:

m P(B)=1/2.

m P(A|B)=1/3.

m AB = {2} va P(AB) = 1/6.
P(AB)

1/3= 35 = P(A\B):W.
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Coéng thitrc Bayes - Vi du

Phép thir. Rat ngiu nhién 1 trong n 14 thim: Q = {1,2,... n}.
A, B 13 2 bién cb vé6i |A| = a,|B| = b va |AB| = ¢ < min{a, b}.
Khi dé
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Coéng thitrc Bayes - Vi du

Phép thir. Rat ngiu nhién 1 trong n 14 thim: Q = {1,2,... n}.
A, B 13 2 bién cb vé6i |A| = a,|B| = b va |AB| = ¢ < min{a, b}.
Khi dé

m P(B)=b/nva P(AB) =c¢/n.
m Trong céc trudng hop B xdy ra: viéc A xdy ra <= AB xdy ra.
M3i két qua trong B déu c6 kha ning xay ra nhu nhau
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Coéng thitrc Bayes - Vi du

Phép thir. Rat ngiu nhién 1 trong n 14 thim: Q = {1,2,... n}.
A, B 13 2 bién cb vé6i |A| = a,|B| = b va |AB| = ¢ < min{a, b}.
Khi dé

m P(B)=b/nva P(AB) =c¢/n.

m Trong cic trudng hop B xdy ra: viéc A xdy ra <= AB xay ra.
M3i két qua trong B déu c6 kha ning xay ra nhu nhau
—> Xac subt xdy ra AB 1a ¢/b.
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Coéng thitrc Bayes - Vi du

Phép thir. Rat ngiu nhién 1 trong n 14 thim: Q = {1,2,... n}.
A, B 13 2 bién cb vé6i |A| = a,|B| = b va |AB| = ¢ < min{a, b}.
Khi dé

m P(B)=b/nva P(AB) =c¢/n.

m Trong cic trudng hop B xdy ra: viéc A xdy ra <= AB xay ra.
M3i két qua trong B déu c6 kha ning xay ra nhu nhau
—> Xac subt xdy ra AB 1a ¢/b.

_c_c/n_P(AB)

Do dé P(A| B) 5= 5/ PE)
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Céng thic Bayes - Giai thich

Cé thé dung so dd sau dé gidi thich vi du trén:

N

ANB
P(AIB) = 713(;‘(;)3)

Hinh: Biéu dé Venn thé hién dinh Iy Bayes



Xéc suit cé didu kién - Céng thirc Bayes - Xac suét tidn, hau nghiém
L Xac subt c6 didu kién va cong thic Bayes

LCﬁng thifc x4c subt ddy da

Cong thiic xac sut day di

Cho By, By, ..., B, 1a mét hé bién cb day du, tic la:
BivByV...VB,=A.
B;szgvéi moi i # j.
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LCﬁng thifc x4c subt ddy da

Cong thiic xac sut day di

Cho By, By, ..., B, 1a mét hé bién cb day du, tic la:
BivByV...VB,=A.
B;szgvc’ji moi i # j.

A 13 mét bién cb bt ki. Khi dé:

P(A) =P(A| B1).P(B1)+P(A| B2).P(B2)+---+P(A| Bn).P(Bn).
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LCﬁng thifc x4c subt ddy da

Cong thiic xac sut day di

Cho By, By, ..., B, 1a mét hé bién cb day du, tic la:
BivByV...VB,=A.
B;szgvéi moi i # j.

A 13 mét bién cb bt ki. Khi dé:

P(A) =P(A| B1).P(B1)+P(A| B2).P(B2)+---+P(A| Bn).P(Bn).

— N&u biét truéc P(A | B;) va P(B;),
c6 thé tinh P(A) ngay 1ap tiic.
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L Xac subt c6 didu kién va cong thic Bayes
LUng dung

V4

Y nghia

Céng thitc Bayes c6 nhiéu ¥ nghia v& mit x& Iy tinh phdc tap cla
di liéu thong ké.

GO &)

Hinh: Phan hoach khéng gian miu
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Bbc thim

Cé 3 chiéc thim trong dé c6 2 chiéc thim c6 diu X. Ba ngudi
choi 1an lugt s& bbc timg 14 thim (ngudi dau bbc rdi téi ngudi thi
hai rdi thi ba). Héi liéu kha ning bbc tring 14 thim c6 diu X cla
ba ngudi [a nhu nhau?
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Bbc thim

Goi A; 13n lugt 13 bién cb bbc tring 14 thim X cla ngudi bbc thir
i
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LUng dung

Bbc thim

Goi A; 13n lugt 13 bién cb bbc tring 14 thim X cla ngudi bbc thir
i

P(Al) = %
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Bbc thim

Goi A; 13n lugt 13 bién cb bbc tring 14 thim X cla ngudi bbc thir
i
P(A1)

P(Az) = P(A1)P(As|A1) + P(A1)P(Ao A1) = 5.5 + 3.1 =

Il
wWIN

WIN
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Bbc thim

Goi A; 13n lugt 13 bién cb bbc tring 14 thim X cla ngudi bbc thir

I.
P(Al) = %
P(A2) = P(A1)P(A2|A1) + P(A1)P(Ax|Ar) = 3.5 + 1.1 =32,
/23(1/43) 12 P(2A1A2) + P(A1) = P(A1).P(A2|A1) + P(Ar) =
21,1 _2
32Tt3=3
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Bbc thim

Goi A; 13n lugt 13 bién cb bbc tring 14 thim X cla ngudi bbc thir

P(A1) = 3.

P(Ay) = P(A1)P(Az|ArL) + P(A)P(AA) =322 +11=2

/23(1A3) = PgAlfz) + P(A1) = P(A1).P(A2]A1) + P(Ar) =
327373

2
Vay két qua bbc thim I3 cong bing. Néu mé réng, ta cé thé théy
i c thim 13 céng bing vi né khéng phan biét thir tu bbc.
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H8n hop hat gidng

Vi du. Anh Linh trén 3 loai gibng téo A, B, C véi ti 1& ndy mam
lan lugt 13 90%, 80%,60% vao hdn hgp ti I8 tuong tng 13
A:B:C=8:3:1déban. Anh Linh mubn tim ti 1& ndy mam cda
1 hat ng3u nhién trong hdn hap dé ghi Ién bao bi.
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LL/Jng dung

H8n hop hat gidng

Vi du. Anh Linh trén 3 loai gibng téo A, B, C véi ti 1& ndy mam
lan lugt 13 90%, 80%,60% vao hdn hgp ti I8 tuong tng 13
A:B:C=8:3:1déban. Anh Linh mubn tim ti 1& ndy mam cda
1 hat ng3u nhién trong hdn hap dé ghi Ién bao bi.

Loi giai. Xac subt mét hat gibng x ndy mam:

P(X)=P(X | A)P(A) +P(X | B)P(B)+ P(X | C)P(C)
1 102

8 3
—0.9><E+0.8xﬁ+0.6xﬁ_?_0.85

Cha thich. X ="x n3y mam", A ="x thudc loai A".
Tuong tu véi B va C.
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Xét nghiém HIV

May xét nghiém HIV cé ti 1& chan dodn chinh xac:
= N&u bénh nhan bi HIV: 99.7% (x4c suit duong tinh 13 99.7%).
m N&u bénh nhan khdng bi HIV: 99% (xac suit 4m tinh 13 99%).
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LUng dung

Xét nghiém HIV

May xét nghiém HIV cé ti 1& chan dodn chinh xac:

= N&u bénh nhan bi HIV: 99.7% (x4c suit duong tinh 13 99.7%).
m N&u bénh nhan khdng bi HIV: 99% (xac suit 4m tinh 13 99%).
Ti 18 mot ngudi ngiu nhién bi bénh HIV 13 5%.
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LUng dung

Xét nghiém HIV

May xét nghiém HIV cé ti 1& chan dodn chinh xac:

= N&u bénh nhan bi HIV: 99.7% (x4c suit duong tinh 13 99.7%).
m N&u bénh nhan khdng bi HIV: 99% (xac suit 4m tinh 13 99%).
Ti 18 mot ngudi ngiu nhién bi bénh HIV 13 5%.

Trung xét nghiém 1 1an: dwong tinh. X4c sut Trung bi HIV?
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LUng dung

Xét nghiém HIV

May xét nghiém HIV cé ti 1& chan dodn chinh xac:

= N&u bénh nhan bi HIV: 99.7% (x4c suit duong tinh 13 99.7%).
m N&u bénh nhan khdng bi HIV: 99% (xac suit 4m tinh 13 99%).
Ti 18 mot ngudi ngiu nhién bi bénh HIV 13 5%.

Trung xét nghiém 1 1an: dwong tinh. X4c sut Trung bi HIV?

Sau két qua duong tinh 1an dau, Trung khdng tin va xét nghiém
thém 3 lan nita: duong tinh - am tinh - duong tinh. Biét két
qua xét nghiém cac lan déc Iap nhau, xac suat Trung bi HIV?
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LUng dung

Xét nghiém HIV

May xét nghiém HIV cé ti 1& chan dodn chinh xac:

= N&u bénh nhan bi HIV: 99.7% (x4c suit duong tinh 13 99.7%).
m N&u bénh nhan khdng bi HIV: 99% (xac suit 4m tinh 13 99%).
Ti 18 mot ngudi ngiu nhién bi bénh HIV 13 5%.

Trung xét nghiém 1 1an: dwong tinh. X4c sut Trung bi HIV?

Sau két qua duong tinh 1an dau, Trung khdng tin va xét nghiém
thém 3 lan nita: duong tinh - am tinh - duong tinh. Biét két
qua xét nghiém cac lan déc Iap nhau, xac suat Trung bi HIV?

Gia st Trung 1am xét nghiém n I4n, trong d6 c6 k 1an 4m tinh
va n — k lan duong tinh. Tim gid tri nho nhat cta k dé Trung
yén tam ring xac suit minh bi bénh duéi 0.1%.
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LUng dung

Xét nghiém HIV

Ky hiéu:

m A 13 bién cb anh Trung bi HIV.

m B, By, B3, Ba la bién & may chan doén anh Trung bi HIV (xét
nghiém 4 lan).

p = P(B;j|A) = 0.997 - x4c sult chin doan diing néu bi bénh.
q = P(Bj|—A) = 0.01 - x4c subt chan doén sai néu khéng bi
bénh.

r = P(A) = 0.05 - xdc suit anh Trung bi bénh khi khong biét
két qud chan doan.



Xéc suit cé didu kién - Céng thirc Bayes - Xac sué n, hdu nghiém
L Xac subt c6 didu kién va cong thic Bayes
LUng dung

Xét nghiém HIV

Trung xét nghiém 1 Ian: duong tinh. Tim xac suit Trung bi HIV.
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L Xac subt c6 didu kién va cong thic Bayes
LUng dung

Xét nghiém HIV

Trung xét nghiém 1 Ian: duong tinh. Tim xac suit Trung bi HIV.

Dau tién,
P(B1) = P(B1|A)P(A) + P(B1|=A)P(=A) = pr +q(1 —r).
Nhu vay

P(B1|A)P(A) pr

PAB)= "0y T a0

~ 0.8399
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L Xac subt c6 didu kién va cong thic Bayes
LUng dung

Xét nghiém HIV

Sau két qud duong tinh Ian diu, Trung khéng tin va xét nghiém
thém 3 |an nita: duong tinh - am tinh - duong tinh. Biét két qua
xét nghiém cac lan I3 déc 13p véi nhau, tim xdc suat Trung bi HIV.
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L Xac subt c6 didu kién va cong thic Bayes
LUng dung

Xét nghiém HIV

Sau két qud duong tinh Ian diu, Trung khéng tin va xét nghiém
thém 3 |an nita: duong tinh - am tinh - duong tinh. Biét két qua
xét nghiém cac lan I3 déc 13p véi nhau, tim xdc suat Trung bi HIV.

DAu tién,

P(B1Ba(—B3)Bs) = P(B1B2(—B3)Bs|A)P(A) + P(B1Ba(—B3) Ba| 7 A)P(—
=p’(1—=p)r+q°(1—q)(1—r).

Nhu vay,

p>(1—p)r
pPPl=p)r+q(1—q)(1l-r)

P(A|BlBQ(—\B3)B4) = ~ 0.9937
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L Xac subt c6 didu kién va cong thic Bayes
LUng dung

Xét nghiém HIV

Gia st Trung 1am xét nghiém n 1an, trong d6 c6 k 1an 4m tinh va
n— k 1an duong tinh. Tim gia tri nhé nhat cta k dé Trung yén tdm
rang xac suit minh bi bénh dudi 0.1%.
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L Xac subt c6 didu kién va cong thic Bayes
LUng dung

Xét nghiém HIV

Gia st Trung 1am xét nghiém n 1an, trong d6 c6 k 1an 4m tinh va
n— k 1an duong tinh. Tim gia tri nhé nhat cta k dé Trung yén tdm
rang xac suit minh bi bénh dudi 0.1%.

KMTTQ, gid st k Ian dau ra am tinh va n — k |an sau ra duong
tinh. bat B = (—\Bl)(—'BQ) ce (ﬁBk)Bk_H ---B,. Khi dé

—

P(B) = P(B | A)P(A) + ( | ~A)P(-A)
=p" (1= p) + ¢" (1 - )" (1 ).
nfk(l_ )k
pK(1 = p)k+ g K1 - q) (1 —r)

P(A|B) =
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L Xac subt c6 didu kién va cong thic Bayes
LUng dung

Céng thiic Bayes - Ung dung

< P - p)*
P(A| B) =
(A1B) pr KL= p)k+q" K1 —q)k(1—r)
B 1 !
- 9" k(1-q)*(1-r) 14 TU"Vk
1+ p"=K(1—p)k
V6i T =15 =19, U=19 =g V=192 = 3001

Nhu vay

N 1 n
P(A| B) <0.1% <= 19 (997> 32901 > 999

999
< k > n|0g32901(99.7) + |0g32901 <19> ~|0.44n + 0.38



X4c sut c6 didu kién - Céng thirc Bayes - Xac suét tidn, hau nghiém

L)(aic subt tién nghiém, hiu nghiém

Xac subt tién nghiém, hau nghiém
m Khéi niém
m Vi du: Trai sinh PiMA gidi Toan



Xéc suit cé didu kién - Céng thirc Bayes - Xac suét tidn, hau nghiém
LXe’nc suét tién nghiém, hdu nghiém
L Kh4i niém

Tinh hubng

Toa an lién bang xem xét mét vu an cla anh K vi t6i sam s& bé
géi trong thang may. Toa an tin ring anh K cé 85% kha ning
c6 tdi. HAi sy tin cdy cha toa an vao kha ning cé tdi cla anh K
s& nhu thé& nao néu camera trong thang méy cho thiy anh thuc
su sam sG bé gai?



Xéc suit cé didu kién - Céng thirc Bayes - Xac suét tidn, hau nghiém

LXe’nc suét tién nghiém, hdu nghiém
L Kh4i niém

Tinh hubng

Toa an lién bang xem xét mét vu an cla anh K vi t6i sam s& bé

géi trong thang may. Toa an tin ring anh K cé 85% kha ning
c6 tdi. HAi sy tin cdy cha toa an vao kha ning cé tdi cla anh K
s& nhu thé& nao néu camera trong thang méy cho thiy anh thuc
su sam sG bé gai?

Cé gia thuyét cho ring c6 40% dan sb & nuéc T mang trong
minh nhém mau O. M6t vi béac si dia phuong tin ring gia thuyét
nay c6 80% kha ning ding. Nhung sau d6é dng khdm cho 10
bénh nhan va thdy 8 bénh nhan c6 nhém miu O. Khi dé su tin
tudng sé thay déi thé no?



Xéc suit cé didu kién - Céng thirc Bayes - Xac suét tidn, hau nghiém
LXe’nc suét tién nghiém, hdu nghiém
L Kh4i niém

Gia thuyét va quan st

Cong thic Bayes: P(A | B) =



Xéc suit cé didu kién - Céng thirc Bayes - Xac suét tidn, hau nghiém
LXe’nc suét tién nghiém, hdu nghiém
L Kh4i niém

Gia thuyét va quan st

P(B | A)P(A)
Cong thic B :P(A|B)= ————————.
ong thdc Bayes: P(A | B) P(B)
m A 13 mdt gia thuyét v& mét théng ké nao dé. Vi du: Hon 80%
sb trai sinh PiIMA hoc gidi toan.
m B 13 mét két qua quan sat thuc té& vé théng k& dé. Vi du:
Trong 5 trai sinh dugc chon ngiu nhién, cé 3 ban gidi toén.



Xéc suit cé didu kién - Céng thirc Bayes - Xac suét tidn, hau nghiém
LXe’nc suét tién nghiém, hdu nghiém
L Kh4i niém

X4c sult tién nghiém, hdu nghiém

Trong cong thirc Bayes:

P(B | A)P(A)

P(AIB) = =g

Khi A 13 gid thuyét va B 13 két qua quan sat dugc
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LXe’nc suét tién nghiém, hdu nghiém
L Kh4i niém

X4c sult tién nghiém, hdu nghiém

Trong cong thirc Bayes:

P(B| AP(A

P(A|B) = P(B 1 A)P(A) P|(B)) ( ).

Khi A 13 gia thuyét va B 13 két qua quan sit dugc , ta cé:

m P(A): Xéc sudt tién nghiém (trudc thi nghiém) (Prior
probability) cia A: niém tin ban diu cia ngudi quan sat vé kha
nang A ding.

m P(A| B): X4c suét hau nghiém (sau thi nghiém) (Posterior
probability) cia A: niém tin sau khi quan sat vé khd ning A
ding.



Xéc suit cé didu kién - Céng thirc Bayes - Xac suét tidn, hau nghiém
LXe’nc suét tién nghiém, hdu nghiém
LVl’ du: Trai sinh PiIMA gidi Toan

Vi du: Trai sinh gidi todn

Gia thuyét A: it nhit 80% hoc sinh PiMA 2018 gidi toan, tucong
duong 23/28 ban.

Trung ban dau tin ring kh3 ning A x3y ra |3 90%.



Xéc suit cé didu kién - Céng thirc Bayes - Xac suét tidn, hau nghiém
LXe’nc suét tién nghiém, hdu nghiém
LVl’ du: Trai sinh PiIMA gidi Toan

Vi du: Trai sinh gidi todn

Gia thuyét A: it nhit 80% hoc sinh PiMA 2018 gidi toan, tucong
duong 23/28 ban.
Trung ban dau tin ring kh3 ning A x3y ra |3 90%.

Trung hdi 5 ban trai sinh ngdu nhién va danh gid c6 3 ban gidi
todn.



Xéc suit cé didu kién - Céng thirc Bayes - Xac suét tidn, hau nghiém
LXe’nc suét tién nghiém, hdu nghiém
LVl’ du: Trai sinh PiIMA gidi Toan

Vi du: Trai sinh gidi todn

Gia thuyét A: it nhit 80% hoc sinh PiMA 2018 gidi toan, tucong
duong 23/28 ban.
Trung ban dau tin ring kh3 ning A x3y ra |3 90%.

Trung hdi 5 ban trai sinh ngdu nhién va danh gid c6 3 ban gidi
toan. Goi bién c6 B la “Cé khong qué 3 ban gidi todn trong 5 ban
dugc chon”, ta cé:



Xéc suit cé didu kién - Céng thirc Bayes - Xac suét tidn, hau nghiém
LXe’nc suét tién nghiém, hdu nghiém
LVl’ du: Trai sinh PiIMA gidi Toan

Vi du: Trai sinh gidi todn

Gia thuyét A: it nhit 80% hoc sinh PiMA 2018 gidi toan, tucong
duong 23/28 ban.
Trung ban dau tin ring kh3 ning A x3y ra |3 90%.

Trung hdi 5 ban trai sinh ngdu nhién va danh gid c6 3 ban gidi
toan. Goi bién c6 B la “Cé khong qué 3 ban gidi todn trong 5 ban
dugc chon”, ta cé:

3 i 5—i
P(B|A) < 220% ~ 0.207.
C
28



Xéc suit cé didu kién - Céng thirc Bayes - Xac suét tidn, hau nghiém
LXe’nc suét tién nghiém, hdu nghiém
LVl’ du: Trai sinh PiIMA gidi Toan

Vi du: Trai sinh gidi todn

N&u két qua khao st cic nim trudc cho thiy P(B) ~ 0.4, ta cé:

P(B | A)P(A) _ 0.207-0.9

P(ATB) = P(B) — 04

~ 0.466

Nhu vy sau khi quan sat, niém tin ctia Trung d3 gidm khoang
mét nira va thip hon 50%.



X4c sut c6 d Céng thirc Bayes - Xac suét tidn, hau nghiém

LPhan phdi tién nghiém, hau nghiém

Phan phbi tién nghiém, hau nghiém
m Khai niém
m Vi du: Trai sinh PiMA gidi Toédn



Xéc suit cé didu kién - Céng thirc Bayes - Xac suét tidn, hau nghiém
LF’hﬁn phéi tidn nghiém, hau nghiém
L Kh4i niém

Dinh nghia

V6i 2 bién ngiu nhién X, Y trong dé Y phu thudc vao X. Ta biét
trudc:

Phan phdi py|x—x véi mdi gié tri x.

Phan phéi px.



Xéc suit cé didu kién - Céng thirc Bayes - Xac suét tidn, hau nghiém
LF’hﬁn phéi tidn nghiém, hau nghiém
L Kh4i niém

Dinh nghia

Néu X va Y 13 rsi rac, ta cé cbng thic:

P(Y=y | X =x)P(X =x)
P(Y =y) ’

PX=x|Y=y)= X,y



Xéc suit cé didu kién - Céng thirc Bayes - Xac suét tidn, hau nghiém
LF’hﬁn phéi tidn nghiém, hau nghiém
L Kh4i niém

Dinh nghia

Néu X va Y 13 rsi rac, ta cé cbng thic:

P(Y=y | X =x)P(X =x)

PX=x|Y=y)= PY =) ,

Vx,y

hay
Pyx (¥ | x)px(x)

py(y)

PX|Y(X’}/): ;X
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LF’hﬁn phéi tidn nghiém, hau nghiém
L Kh4i niém

Dinh nghia

Néu X va Y 13 rsi rac, ta cé cbng thic:

P(Y=y | X =x)P(X =x)
P(Y =y) ’

PX=x|Y=y)= X,y

hay
Pyx (¥ | x)px(x)

py(y)

PX|Y(X’}/): ;X

Trong dé, py(y) cé thé dusc tinh nhu sau:

py(y) =D pyvix(y | X)px(x) Yy



Xéc suit c6 di Céng thirc Bayes - Xac sué n, hdu nghiém
LF’hﬁn phéi tién nghiém, hau nghiém
L Kh4i niém

Dinh nghia

Néu X va Y la lién tuc, ta cé:

PY\X(y | x)px(x)
py(y)

pxiy(x | y) =



Xéc suit cé didu kién - Céng thirc Bayes - Xac suét tidn, hau nghiém
LF’hﬁn phéi tidn nghiém, hau nghiém
L Kh4i niém

Dinh nghia

Néu X va Y la lién tuc, ta cé:

PY\X(y | x)px(x)
py(y)

pX|Y(X|Y): ) VX,_)/,

trong d6 cac ham pxy, py|x, Py, Px 13n luot 13 ham mat dé xac
suit bién clia X (biét Y), hAm mat dé xac sult bién cta Y biét
X, ham mat do xac suat cia Y va ham mat dé xac suat cha X.



Xéc suit cé didu kién - Céng thirc Bayes - Xac suét tidn, hau nghiém
LF’hﬁn phéi tidn nghiém, hau nghiém
L Kh4i niém

Dinh nghia

Néu X va Y la lién tuc, ta cé:

PY\X(y | x)px(x)
py(y)

pX|Y(X|Y): ) VX,_)/,

trong d6 cac ham pxy, py|x, Py, Px 13n luot 13 ham mat dé xac
suit bién clia X (biét Y), hAm mat dé xac sult bién cta Y biét
X, ham mat do xac suat cia Y va ham mat dé xac suat cha X.

py(y) c6 thé dugc tinh nhu sau:

py(y) = / pyix(y | X)px(x) ¥y



Xéc suit cé didu kién - Céng thirc Bayes - Xac suét tidn, hau nghiém
LF’hﬁn phéi tidn nghiém, hau nghiém

L Kh4i niém

Mot s6 khai niém

Phan phéi ting véi px |13 Phan phbi tién nghiém (Prior
distribution) clia X, biéu thi niém tin ban diu vé phan phbi clia
X khi chua ¢6 quan sat gi.

Phan phéi ting v8i px|y 13 Phan phéi hau nghiém (Posterior
distribution) clia Y, biéu thi niém tin vé& phan phéi clia X sau khi
quan sat dugc Y.



Xéc suit cé didu kién - Céng thirc Bayes - Xac suét tidn, hau nghiém
LF’hﬁn phéi tidn nghiém, hau nghiém
LVl’ du: Trai sinh PiIMA gidi Toan

Vi du: trai sinh PIMA gidi toan

Anh Trung tin rang xac suit dé mot ban trai sinh bt ki giodi toan
la A\, v6i A > 0.8, v6i phan phoi tién nghiém cta A 1a U(0,1). Goi
sO ban gidi todn trong trai 13 x,

'https://en.wikipedia.org/wiki/Beta function



Xéc suit cé didu kién - Céng thirc Bayes - Xac suét tidn, hau nghiém
LF’hﬁn phéi tidn nghiém, hau nghiém
LVl’ du: Trai sinh PiIMA gidi Toan

Vi du: trai sinh PIMA gidi toan

Anh Trung tin rang xac suit dé mot ban trai sinh bt ki giodi toan
la A\, v6i A > 0.8, v6i phan phoi tién nghiém cta A 1a U(0,1). Goi
s0 ban gidi todn trong trai 1a x, khi dé

P(A | x) = Px PN GpA*(1— ) 28X
fol P(X | )\)P()\) fol 58 x(l _ )\)28—xd/\
)\X(l _ A)287X

i AR(1 = A)28-xdA

'https://en.wikipedia.org/wiki/Beta function
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LF’hﬁn phéi tidn nghiém, hau nghiém
LVl’ du: Trai sinh PiIMA gidi Toan

Vi du: trai sinh PIMA gidi toan

Anh Trung tin rang xac suit dé mot ban trai sinh bt ki giodi toan
la A\, v6i A > 0.8, v6i phan phoi tién nghiém cta A 1a U(0,1). Goi
s0 ban gidi todn trong trai 1a x, khi dé

P(A | x) = Px PN GpA*(1— ) 28X
fol P(X | )\)P()\) fol 58 x(l _ )\)28—xd/\
)\X(l _ A)287X

= 1 -
fo A(1 — \)2B—xd\
Ham s6 & mAu sb thuc chit 13 ham Betal cha x va 28 — x, ta cé:

1
1
N(1 =) 7dA =
/0 (1= 29C5;

'https://en.wikipedia.org/wiki/Beta _function




Xéc suit cé didu kién - Céng thirc Bayes - Xac suét tidn, hau nghiém
LF’hﬁn phéi tidn nghiém, hau nghiém
LVl’ du: Trai sinh PiIMA gidi Toan

Vi du: trai sinh PIMA gidi toan

Do dé:
P(A | x) = 29C (1 — A)® ™



Xéc suit cé didu kién - Céng thirc Bayes - Xac suét tidn, hau nghiém
LF’hﬁn phéi tidn nghiém, hau nghiém
LVl’ du: Trai sinh PiIMA gidi Toan

Vi du: trai sinh PIMA gidi toan

Do dé:
P(A | x) = 29C (1 — A)® ™

Gid st thong ké cho thy chi c6 18 ban gidi toan, khi dé:

P(\ | x =18) = 20GEA18(1 — \)1°
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LF’hﬁn phéi tidn nghiém, hau nghiém
LVl’ du: Trai sinh PiIMA gidi Toan

Vi du: trai sinh PIMA gidi toan

Do dé:
P(A | x) = 29C (1 — A)® ™

Gid st thong ké cho thy chi c6 18 ban gidi toan, khi dé:
P(\ | x =18) = 20GEA18(1 — \)1°

X4c suit d&é \ > 0.8 Ia:

1
P(A>08|x=18) = 29C2188/ AB(1— )10~ 0.02
0.8

Nhu vy chi cé khodng 2% kha ning niém tin clia anh Trung |3
dang.
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