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Panh gid nguy co

MO HINH TAT DINH

Ban quyén © 2024 RSI & Pai hoc Maryland




Mo hinh tat dinh 1a gi?

® Trong mOt mo hinh tat dinh, cic két qua dwoc xac dinh chinh xac théng
qua cac mOi quan hé da biét gilra cdc tham sO mo6 hinh

® M6t dau vao nhat dinh sé ludn tao ra cung mot dau ra
® Khong xem xét bat ky bién thé ngdu nhién nao trong hé thong

® M6 hinh c6 thé duorc xay du’ng bang cach st dung cac gia tri dw kién,
wdc tinh tredng ho'p xau nhat, v.v..




Kich

® Visin
® Visin
® Visin

® Sinh vién dai hoc tiéu thu Meat Pies
® Sinh vién dai hoc doi khi bao quan Meat Pies khong dung cach
® Sinh vién dai hoc dai khi khong nau Meat Pies du ky.

ban Danh gia Nguy co Dinh lvong Vi sinh (QMRA):
Xay dwng M6 hinh tat dinh

h vat “X” xuat hién trong Meat Pies (banh nhan thit)
h vat “X” c6 thé phat trién trong Meat Pies

h vat “X” c6 thé bj vo hiéu hda bang cich nau




Giam thiéu
nau nwéng

Kich ban vi du




Kich ban vi du

® Cach ti€ép can th(r nhat
o Ué&c tinh lieu lwgng bang cach st dung céc gid tri trung binh

® Cach ti€p can th hai
o U&c tinh lieu bang cach st dung tred'ng hop xau nhat




Kich ban vi du

Gia tri trung binh

® NOng do vi sinh vat “X” = 2,0 log CFU/g

® Tang trwo'ng vi sinh vat “X” = 1,5 log (nhan t& khéng
don vi)

® BAt hoat vi sinh vat “X” = 3,6 log (nhan t& khong don vi)

® Kich c® khau phan =53,33 g




Kich ban vi du

Trwd’ng ho'p xau nhat (gidi han trén)

® NOng d0 vi sinh vat “X” =4.0 log CFU/g

® Tang trwo'ng vi sinh vat “X” = 1,85 (nhan t& khéng don vi)
® BAt hoat vi sinh vat “X” = 2,6 log (nhan t& khong don vi)
® Kich c® khdu phan =85,00g




U&c lwong diém

® Gid tri trung binh
o Liéu lwgng (rdc tinh dwoc st dung
O Khoang 36 sinh vat Tinh toan

(10[2*1.5-36]y 53 33)

® Gia tri bao toan
o Liéu lwgng wdc tinh dworc st dung
O Xap xi 152.000 sinh vat

Tinh toan
(10[4+1.85-26]y 85 00)




Thao luan

® NEu bénh rat kho xay ra vai lieu dwdi 1.000 sinh vat,
nhwng tang trén 1.000, banh nw&dng nhan thit cé phai la
"Thwec pham an toan" khong?

® Tai sao ban cd thé cho rang chiing KHONG an toan?

® Tai sao ban cd thé cho rang ching an toan?




Gidi thich wdc tinh diém

® Néu wdc tinh diém bao toan gidm xudng dwdi mirc nguy
co’ tOi da c6 thé chap nhan dworc thi ching ta biét rang
nguy co d6 thwe sw cd thé chip nhan dworc
O ... nhwng m&rc dd bao vé qua mirc van chwa dwoc biét

® Néu wdc tinh diém bao toan nam trén mirc nguy co toi
da c6 thé chap nhan dworc, thi ching ta khong biét liéu
nguy co’ cé thwe sw khong thé chap nhan dwoc hay dé I3
result of propagated conservatism.

[két qua cla viéc wdc tinh qud mirc]




Panh gid nguy co

NGHIEN cU’U DIEN HINH:
CRONOBACTER SAKAZAKII

S(’A CONG THUC cHo TRE sO'sINH

Ban quyén © 2024 RSI & Pai hoc Maryland




Nghién ctru dién hinh: M6 hinh tat dinh phirc tap

® Cronobacter sakazakii trong stra bt cho tré so’ sinh
® Dwa trén mot cong cu danh gid nguy co’ thue té cd san cong khai

® Minh hoa m6t vi du thuc té vé M6 hinh tat dinh dwoc st dung trong viéc ra quyét
dinh dwa trén nguy co’

® Két hop céc tinh nang phd bién dé ap dung danh gid nguy co' vi sinh trong nhiéu
linh vuwrc
- Wng phé vai vi sinh hoc dw doan




C. Sakazakii trong stra cong thirc dang bot cho tré so’ sinh

® S{ra bt cho tré so sinh (PIF) d4p (ng céc tiéu chuan qudc té/Codex
hién co cd lién quan dén cac tredng hop mac bénh v&i C. sakazakii
® Do d6, Codex bat dau qua trinh stra d6i m3
o Quy tac thwe hanh vé sinh qudc té vé thuwec phAm cho tré so sinh va tré em duoc dé
xuat
® Theo yé&u cau clia FAO/WHO, céng cu danh gid nguy co’ nay d3 duorc
hoan thanh

o Cung cap tw van khoa hoc dwa trén nguy co cho Codex va cac nha quan ly nguy co
khac, vé van dé C. sakazakii trong PIF

o Danh cho cac nha quan ly nguy co’ st dung ‘trwc tiép’ khi tham khao y kién clia céc
nhém lam viéc khoa hoc




Tom tat ngan gon vé Danh gid nguy co

® M5 hinh wdc tinh liéu lwong C. sakazakii trong PIF da diéu ché khi tiéu thu,
va sau dé la nguy co

® Dac diém k¥ thuat cla cac kich ban lam co s& cho dw doén liéu lwong trong
cong thtre di€u ché khi tiéu thu

® Két qua dau ra |a vé su thay ddi nguy co’ twong doi trong cac kich ban
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M ta cac tinh hudng chuan bi

® Cac kich ban dwoc xac dinh vé mat chuan bi, lam mat/bdo quan, hadm néng
va st dung

® Cac tinh hudng can xem xét:
0 Nhiét do cla chat 1dng tai hydrat hoa
0 Tinh hudng chuan bj (chai don, binh chira 1 lit..)
0 Nhiét do dé 1am mat/bdo quan
0 Nhiét dd phong dé st dung
0 Th&i gian cUa tirng giai doan chuan bi

® MO hinh dw dodn nhiét db cua sira cong thirc trong toan bd thdi gian tw tai
hydrat héa dén luc cho an




Xem xét k§ hon vé viéc chuan bj va x Iy

Tinh hudng chuan bi

[ Nhiét do cua sira }
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So sanh cac tinh hudng chuan bi & x Iy

® FAO/WHO triéu tap cuQc hop chuyén gia
0 Thang 01/2006, Rome
® Cac kich ban dwoc tao ra b&i mot nhom lam viéc tai cubc hop
® Bang ciu hdi d3 duoc glvi dén céc bénh vién trén khap thé gioi
® MOt danh sach day da céc tinh hudng d3 dwoc tim hiéu
0 vidu: nhiét do/thdi gian tu lanh, nhiét d6 phong...
® Két qua dworc tao ra tai cudc hop va dugc gidi thich b&i cdc nhém lam viéc

o B&o cdo day du cd san trén trang web clia JEMRA
0 http://www.who.int/foodsafety/publications/micro/mral0.pdf




Cac tinh hudng co ban

® Tam kich ban co ban d3 duoc diéu tra
® Cac diéu kién dwoc chi dinh cho nhiét d® phong mat, am va rat am

® Cac tinh hudng bao gdbm sw két hop cua:
0 Lam méat bang cach 1am lanh (4C) hodc gilr & nhiét dd phong
0 Bao gdm hodc loai trtr mot hanh ddng 1am am lai rd rang
0 Th&i gian cho &n ngan hodc dai
® MOi kich ban nay dworc thwe hién & mot loat cac nhiét dd hoan nguyén khac
nhau

0 10, 20, 30, 40, 50, 60 va 70C
0 So sanh 168 tinh hudng chuan bj khac nhau




A ’ P \ 4 >
Pau ra vi du: Cac tinh hubng co ban
Table. 11. Relative risk of different preparation, storage and handling practices for formula
prepared and used at a warm ambient room temperature (Room temperature = 30°C) {+ X
means an increase in risk of X fold, - X means a decrease in risk of X fold)
7
Preparation, storage and Relative increase or decrease in 11sk compared to the baseline
feeding scenarios scenario of 1 at different temperatures of rehydration of PIF
10°C. | 20°C: | 302G | 402C | 502€ |:60°€ 200
Refrigeration, re-warming, +2 + 34 +8 +27 +83 +18 = - 100,000
extended feeding pertod
Refrigeration, re-warming, short ' 1 1 1 1 +26 -1.3 | =-100,000
feeding period
Refrigerated storage, no re- 1 1 1 1 | +27 | -1.3 | >-100,000
warming, extended feeding
period
Refrigeration, no re-warming, 1 1 1 1 1 =13 > - 100,000
short feeding period
No refrigeration, re-warming, +3 +6 +15 +55 | +161 1 > - 100,000
extended feeding period
' No refrigeration, re-warming, 1 1 1 + 1.7 +5 -1.3 = - 100,000
short feeding period
' No refrigeration, no re-warming, 1 1 +28 +22 +97 -1.3 = - 100,000
extended feeding pertod
' No refrigeration, no re-warming, 1 1 1 1 +3 -1.3 = - 100,000
short feeding period (Base




San phAm mau

Table 18. Comparison of the relative risk related to holding time in fout of refrigeration before

extended feeding {2 hour) for scenarios conducted at a warm ambient room temperature. {(+ X
means an increase in risk of X fold).

Time between | Relative increase inrisk compared to the baseline scenario of 1

preparation at different temperatures of rehydration of PIF
and feeding

10°C 20°C 30°C 400C 50°C 60°C 70°C

Refrigeration 2 hour 1 1(Base 1 (Base 1 (Base 1(Base | 1 (Base 1
(baseline) (Base line) line) line) line) line) (Base
line) . | .  line)

4 | +106 | +109 | +109 | +112 | +1.17 | +1.19 1

6 +108 [ +111 [ +111 | +114 | +119 | +122 | 1

8 +111  +111 | +1.13 | +116  +1.19 | +1.24 1

No | 2 hour 1 1 (Base 1(Base 1(Base 1(Base 1(Base 1
Refrigeration (baseline) (Base line) line) line) line) line) (Base
 line) | | line)

4 +11 + 16 + 32 + 46 +53 +63 1

6 - +354 +600 | +1189  +1377 +680 +2,745 1

8 + + + +2,793 | + 705 +

12,721 18548 = 15,268 65,502




Puwa ra 10 khuyén

® Sau khi st dung danh gia nguy co, cudc hop két luan rang:

0 MOt s:(A) hwong dén, hi?n tai trén nhan san phérp PIF vé, nhi*ng hwdng dan dwoc co quany té
khuyén nghi, cé thé dan d"én tang nguy co nhiém khuan C. sakazakii va nhirng huw&ng dan nay nén
dwoc xem xét dwa trén két qua danh giad nguy co’

® Danh gid d3 dwoc FAO/WHO st dung dé xay dwng hudng dan va nhirng
hwdng dan nay duoc cong bd cong khai

0 Hwdng dan chuan bi, bdo quan va x Iy an toan st*a bt cho tré so sinh

0 http://www.who.int/foodsafety/publications/micro/pif2007/en/

0 CAng cu cé san mién phi trwc tuyén tai www.fstools.org



http://www.fstools.org/

Panh gid nguy co dinh lwong vi sinh vat

XAC BINH DAC DIEM MOI NGUY VA NGUY CO'’: MO HINH DAP U'NG -
LIEU LWO'NG VI SINH VAT VA UO'C TiNH SO LWUO'NG BENH TAT
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Xac dinh dac diém mdi nguy trong danh gia nguy co' vi sinh

® Danh gia dinh tinh(?) va/hodc dinh lwong vé ban chat clia cac tac ddng bat
lo'i dén strc khoe lién quan dén tac nhan sinh hoc

® Nén xem xét rd rang sw phirc tap cla twong tac (bao gdm ca di chirng, di tat)
gilka con ngw®’i va tac nhan sau khi ti€p xuc cling nhw kha nang lay lan thém
O Nén thuc hién danh gia dap tng - liéu lwong




Panh giad lieu lwong - dap wng

®Cac md hinh dap trng - lieu lwong 13 cac ham todn hoc mé td mbi quan hé dap &ng liéu -
lwo'ng dOi v&i cdc mam bénh, dwdng lay truyén va vat chu cu thé

® Udc tinh nguy co dap ng (vi du: nhiém trung, bénh tat hodc t& vong) vdi liéu lwong
mam bénh da biét

SO mii Beta - Poisson

o
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o
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[
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M hinh dap tng liéu lwong vi sinh vat
® Ludn dwoc coi la phoi nhiém cap tinh

® 1 CFU cé kha nang gay nhiém trung

O Ly thuyét vé liéu lay nhiém tdi thiéu (of minimum infectious dose - MID) khong con duoc
chap nhan

® C6 thé dwa trén céc nghién clru vé thirc an hodc di¥ liéu vé 6 dich




Hoan thi€én mo6 hinh banh nhan thit

® Gia st Bug X tudn theo mdi quan hé liéu Beta-Poisson va thém né vao Mo
hinh tat dinh

10

cPPy=1- (%)_a

e o = 0,581, p= 4,11 x 10°

nguy co

04

0.2

0.0® ® @ >

LOG10




Tai liéu chinh cho cadc mé hinh dép (rng liéu lwgng vi sinh vat

® Ban tom tat cac thi nghiém va md hinh dwoc bién soan:
o https://gmrawiki.org/framework/dose-response/experiments

® Xem thém, https://www.who.int/publications/i/item/9789240024892

TABLE 7. Dose-response models and parameter estimates commonly used in QMRA

Organism Reference Model Parameters Lowerbound  Upper bound
(Percentile) (Percentile)
Salmonella spp. FAO/WHO Beta- a=0.1324 0.0940 (2.5th) 0.1817 (97.5th)
(2002a) Poisson B=51.43 43.75 (2.5th) 56.39 (97.5th)
Listeria FAO/WHO Exponential r=1.06x10" 2.47x10" 9.32x10'2 (95th)
monocytogenes® (2004) (susceptible) r=2.37x10"  (5th) 2.70x10" (95th)
Exponential 3.55x10* (5th)
(healthy)
Campylobacter FAO/WHO Beta- a=0.21
spp.” (2009d) Poisson B=59.95
Shigella Cassinet  Beta- a=0.267
dysenteriae/ al.(1998)  binomial B=Lognormal
E. coli 0157 (5.435,2.47%)
Vibrio vulnificus ~ FAO/WHO a=9.3x10°
(2005) =110 000

*For L. monocytogenes, newer animal model data (Roulo et ol., 2014; Smith et al., 2003, 2008; Williams et al., 2007, 2009) and outbreak data
(Pouillot et al., 2016) suggest much higher r-values and hence lower ID, values than predicted by this model which was based on the method
of Buchanan et al. (1997) of matching expected loads of L monocytogenes across the food supply to the total annual cases in a community, and
which relies on many untested assumptions.

* The dose-response relation s for infection. The conditional probability of disease following infection was 33 percent (29/89) and can be
described by a beta(30,61) distribution.




Xac dinh dac diém nguy co: Tim hiéu vé sb lvong bénh

® Phuwong trinh co ban
O Xdac suat mac bénh: P, = G(d)
o G(d) 1a moét ham chuyén déi lieu lvong thanh xac suat mac bénh cho mot khau phan an duy
nhat chia liéu lvgng, d.
e Khi liéu lwgng thay doi:

‘f:l;x G(d)f(d)dd

O Xdac suat mac bénh: MeanP;, = fd

O S6 bénh: Nill=N
o G(d) 1a moét ham chuyén déi lieu lvong thanh xac suat mac bénh vdiliéu lvgng do.

servings x Mean PiII

o f(d)la sy phan bd xac suat cta sy thay doi liéu lvgng trong khau phan an

o phan bd f(d) va tich phan thwdng duoc tao ra bang cach sir dung M6 phong Monte Carlo




Panh gid nguy co

RA SOAT XAC SUAT VA GIO'I THIEU VE MO HINH HOA XAC SUAT
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Pinh nghia xac suat

® Th( nghi€ém ngau nhién cd thé tiét Id mdt md hinh
o M®& hinh mat sap va mat nglra clia mot dong xu

o M6 hinh chiéu cao khac nhau clia con ngu®i

® L3p lai th&r nghi@m nhiéu Ian dé tim hiéu thém vé mo
hinh

® Tan suat twong ddi clia két qua cu thé so vdi cac két
qua khdc cé xu hwédng huwdng t&i gia tri khong doi




Vi du

® Xac suat |3 mot thude do gilba 0 va 1

® MOt qua bong dwg'c chon ngau nhién tir mot tui
chira 3 qua béng do va 7 qua béng trang

® Xac suat chon mdt qua bong mau dd sé 1a 3/10




® Ngau nhién — c6 nghia 1a mbi qua bdng trong sb 10
qua bong cé cling xac suat (co hdi) duwoc chon
o Tat ca 10 két qua déu cé khd nang nhw nhau

® Xac suat ma mdt qua bdng trang dwoc chon 1a 7/10

o Tbng hai xac suat 1a 1 — khong cé két qua nao khéc cé thé xay
ra— bong cé mau trang hoac do




Khong gian mau

® Cac gia tri ma két qua cla cac thi nghiém ngau nhién cé
thé lay
o Mat sip hodc mat nglra khi tung dong xu
o Tat ca chiéu cao cd thé clia moi ngwdi trong mOt can phong

® Tap hop con cac gia tri
o Chiéu cao tlr 150 cm dén 155 cm




ThC nghi@m ngau nhién

® Quy trinh dat dwoc thong tin
o két qua cla viéc tung dong xu
o chiéu cao cla ngu®i tiép theo vao phong
o th&igian can c6 dé chiéu méi slide
® NEu nglu nhién thi khong chac chan vé két qua
o Ban s& c6 tung dwoc mat sap hay mat ngtra?
o Khéng chac chan vé chiéu cao trwde khi nhin thay (va do
lro'ng) ngwoi
o M6t sO slide s& nhanh hon nhibng slide khac




Xac suat cé diéu kién

® A va B la két qua clia mOt thi nghi€ém ngau nhién

P(A) - Xac suat A xay ra

P(khéng phai A) - Xac suat A khéng xay ra

P (A N B) - Xac suat A va B xay ra

P (A N B) - Xac suat xay ra A hoac B hodc xay ra ca hai
P(A | B) - Xac suat A xay ra khi B da xay ra




Pai dién cho xac suat

® Gilp xem xét van dé mot cach trwc quan
® Thuwdng tranh nhirng sai lam don gidn

0 So' do Venn
0 Cay s kién




So dO Venn

® S0 do Venn cho thay khéng gian mau dwoc chia thanh
cac su ki€n nhw thé nao

® Binh phwong |3 tong khéng gian mau = 1

o P(khong phai A) =1 -P(A)
o P(khéng phai B) =1 - P(B)

In




So dO Venn

[ cac s kién loai tritr 1an nhau khdng thé xay ra
cung moOt luc

S S
S ‘ S

[l A va B khong loai trwr [ A va B loai trtr l1an
lan nhau nhau




Tinh toan

Néu A va B khéng loai trir 1an nhau
1P (ANB) = P(BIA) x P(A)
1P (ANB)=P(A) + P(B)- P (AN B)




Tinh toan

Néu A va B loai trtr 1an nhau
1P (ANnB)=P(B|A) x P(A) =0 (tai sao
kKhong?)




Biéu do ven

® MOt chiéc banh ga c6 20% co hdi nhiém khuan
campylobacter va 10% co’ hdi nhiém salmonella. Xac suat
ma mOt chiéc banh ga c6 campylobacter hodc
salmonella, hodc ca hai la bao nhiéu?

® P(campy)=0,2
® P(salm)=0,1
® P(campy & salm) =0,2 +0,1- (0,2*0,1)=0,28




Vi du

P(campy) =0,2
P(salm)=0,1
P(campy U salm)=0,2 +0,1- (0,2*0,1) =0,28




Cay sw kién (hai lan tung dong xu)

a P(0 Ngwa) = (0,5 0,5) =0,25
a2 P(1 Ngwwa) =(0,5 0,5)+ (0,5 0,5)=0,5
a P(2 Ngwa) = (0,5 0,5) =0,25

o p(x=0,1,2) ={0.25, 0.5, 0.25}




7 PHAN BO XAC SUAT
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/ ¢ /¢
N V4 n \ \

phan b0 xac suat la gi?

® MOt ham md ta tat ca cac gid tri ma mot bién ngau
nhién cé thé nhan dwoc va xac suat lién quan dén
moi bién

® Bién ngau nhién — phai lay mot va chi mot gia tri tw
khong gian mau bat c ldc nao

® Cdc gia tri trong khéng gian mau loai trir Ian nhau
® Xac suat trong tdng phan bd dén 1




YY)

phan bO xac suat co thela ...

® R0Oirac

® Lién tuc

® Tham sb

® Phi tham s




phan bd r&vi rac

O I\/I(f),t ham cé thé 13y mot sO gia tri riéng biét (khong nhat
thiét [a hCru han).
® MOi gid tri (x) co xac suat xuat hién chinh xac
® TOng xac suat bang 1
2.P=1
J

® Day thudng |a cac sO nguyén khéng 4m
® Thudng dwoc goi 1a ham khdi lvgng xac suat




Vi du vé céc bién r&i rac

® Vi du vé cac bién r&i rac I3

Két qua cla viéc tung dong xu (Nglra hodc Sap)
Gidi tinh (Nam hoac Nr)

SO lwong 6 to trong bii d6 xe (sO nguyén)

Két quad mau dwong tinh hodc am tinh

SO lwong sinh vat (0,1, 2, ... )

Tinh trang strc khde (suy gidm mién dich, chuan)
Ngay trong tudn ma mot sw kién xay ra

O O O O O O O




phan bo lién tuc

® Duoc xac dinh cho mét sO diém vo han trong
mot khoang thoi gian lién tuc

O Dié,n tich dwdi dwd'ng cong bang suw thong
nhat

® Xac suat cho bat ky gia tri cu thé nao 13 0

® Xac suat de é%ﬂ&i%ﬁhﬂ'}% avab la
G ;  od

® Thudng dwoc/goi 1a ham mat d8 xc suat

ch




Vi du vé bién lién tuc

® Vi du vé cic bién lién tuc la

Thoi gian, Thoi lwong va Cwong dO mura

Chiéu dai, Trong lwvong, Chiéu cao

Vi tri xay ra sw cd (v& dudng Ong)

Nhiét do

Nong dd, Thé tich, Toc do

Quing dwodng xe cPu thwong phai di dé ctru hd

O O O O O O




TRwOng ho'p bién

® MOt sO dai lwong von d3 roi rac, nhwng dwoc dac
trwng |3 lién tuc dé thun tién cho tinh toan:
o SO lwgng I&n mam bénh
o Quy md dan sb phoi nhiém
o S6 lvong cu,cf)c goi dién thoai dwoc xC ly b&i nhan vién diéu

phdi khan cap trong mot tuan

® Tac dOng cUa lwa chon nay cé thé tlr thudng xuyén
dén nghiém trong (hi€ém gdp, nhwng quan trong).
Tim hiéu ngay!




Trwong hop bién

® MOt sO dai lwong 1a lién tuc, nhwng cé thé dwoc dac
trieng la roi rac:
o S6 do dwoc bao co (lam tron)
0 Nhiét d6
0 Chiéu cao? D0 tudi?
o Chiéu cao toa nha (sb tang)
® NEu can, ching ta co thé st dung nhiéu phuong phép
khac nhau dé tai tao phan bo lién tuc tl di¥ liéu rdi rac

o C6 tinh dén ban chat dw kién cla hién twong lién tuc, hinh thirc
phan biét (vi du: lam tron), thién vi dw kién




Ho cling c6 thé la.....

® Gidi han

0 bigi®i han b&i 2 gi¢i han
® Khong gi®i han"

0 kéo dai tr +vo cuc
® Gi0i han mOt phan

0 han ché & mot cuc




BIEU DIEN BANG PO THI VE XAC SUAT
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Bién ngau nhién r&i rac




Vi du: bién ngau nhién lién tuc




phan bo tich 10y (cdf)
® Cdf 13 xac suat bién nhan gia tri nhd hon hodc bang x :

phan bo lién tuc
F(x)=rprlx < x]

Fe)=] fu)du

® phan bd roi rac




Probability Density

Cumulative Probability

(9
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Bound ) ) Bound
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Ra soat cac bién phap thOng ké

® Cac bién phap do lvong xu hwdng trung tam
O Trung binh
o Trungvi
o Mot

® Cac bién phap phan tan
o Pham vi
o Phwong sai, d0 l1&éch chuan

® Bach phanvi




Thwo'c do xu hwdng trung tam: Mean hoac average
(gia tri trung binh =m)

R rac Lién tuc

n ; 00
m=ZX1p(Xi) m= jX-f(X)dx
.=l : —0
® n=sOkétquacéthéxay : e x=giatrikétqua
ra trong SS ® f(x) = ham mat do xac suat

® X =gia tri cUa két qua i
® p(xi) = xac suat két qua i
xay ra




® Gid tri trung binh
® Tung mOt ddng xu hai lan, cé bao nhiéu mat nglra?

®p
® k
®p

® Trung binh = 00,25+ 10,5+ 20,25 =1

Cac bién phap do lwong xu hwdng trung tam

han b0 réi rac
hdng gian mau SS={0,1,2}
han bo xac suat p(x)={0.25,0.5,0.25}




Cac bién phap do lwong xu hwdng trung tam

® Trung vi
o gia tri ma 50% phan bd & trén va 50% phan bd & dwoi

® MOt
O quan sat hodc gia tri thwdng xuyén nhat v&i xac suat xay ra cao nhat (gid tri co kha nang xay
ra cao nhat)




Po lwong dO phan tan

® Pham vi
o chénh |&ch gilra gia tri ti thiéu va toi da
o vidu: pham vi trong lwo'ng nai con la 69,3-25,8 = 43,5kg

® Phwong sai
o Trung binh clia d0 1éch binh phwong so v&i gia tri trung binh




Po lwong dO phan tan

® Bach phan vi
o Bach phan vi thir x |a gid tri ma x% d¥ liéu co gia tri thap hon
o cling dwgc nghi dén vé "dd chac chan"
0 95% chac chan rang sb lwgng clpu trong mdt dan it hon 300

0 khoang tin cay (khoang w&c tinh)

o Bach phan vi thtr 50 con dwgc goi la “trung vi”




Po lwong dO phan tan

Mode I Median

Probability Density

1.0 |
|
_ 75 |
= I
g '
£ I
E 25 : I
E | |
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2 | N
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Lower | 25%ile | 50%ile 75%ile Upper |

Bound Bound

Uncertain quantity X




Panh gid nguy co

MOT PHAN BO XAC SUAT DON GIAN:

PONG NHAT
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Pong nhat (a,c)

® Thong sO: toi thiéu (a); tdi da (c)

® Gid st tat cd cac gid tri tlr a dén c déu cb kha nang
xay ra nhw nhau

O ThL,J’c‘)’ng’du’Q’c sﬂ’,dung dé dai dién cho sw khong
chac chan (sw thiéu thong tin)

® lién tuc

® Gi¥i han
o Khong gian mau: (asxsc)

® Trung binh = (a+c)/2




Vi du vé phan bd dong nhat

® Thoi gian ch® diéu tri trong phong cap gl]’u
(Erpergepcy Room = EB) kl)(“)ng dwo'c biét, nhwng cd
thé tw tOi thieu 0,5 dén t6i da 6 gio’

® phan bb = Df“)ng nhét(0,5,6)

® Trung binh = 3,25

DPdng nhat(0,5,
6)

=RiskUniform(a,c)




Panh gid nguy co

GIOI THIEU VE MO PHONG MONTE CARLO
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- Phwwo'ng phap moé phong Monte Carlo

® Mo phong bat ky phwong phap phan tich nao nham tao ra modt phién ban
don glan héa clla mot hé thong, qua trinh hodc hién twong phlrc tap dé
nghién clru, phan tich va dw doan hanh vi clia hé thong dé trong cac diéu
kien khac nhau, dac biet la khi cac phan tich khac qua phlrc tap vé mat toan
hoc hoac qua khé hoac qua ton kém dé lam.

® Do6i v&i moi bién xac suat, xac dinh cac gid tri c6 thé cé voi mot phan bd.

® Phan tich Monte Carlo

O xay dwng mOt cach cé hé thong phan b xac suat cUa céc blen dau ra, bang céch chon ngau
nhién céc gia tri cho cac bién dau vao theo phén bo xdc suat cla ching.




- Phwwo'ng phap moé phong Monte Carlo

® Qua trinh lwa chon ngdu nhién dwoc 13p lai nhiéu 1an
o nhiéu tinh hudng

® MOi gia tri dai dién cho moét kich ban cé thé xay ra

® Cung v&i nhau, cac kich ban nay dwa ra mét loat cac giai phap kha thi

® MOt sO gidi phap cé phiéu kha nang xay ra hon va mét sO it kha nang
xay ra hon — phan bo xac suat




- Phwwo'ng phap moé phong Monte Carlo

® Phan tich Monte Carlo cho phép ching t6i mé phong

s thay dbi va khong chac chan trong cac gia tri
Vi du : D= A+B-C

chudn

||I.

A

chuan

/ \

® Pham vi cac gla tri cho "D" va xac suat xay ra cé thé
dwoc xac dinh.




- Phwwo'ng phap moé phong Monte Carlo

® Khi dworc 13p lai nhiéu Ian, gidi phap trung binh sé&
dwa ra cau tra I&i gan ddng cho van dé

® DO chinh xac cUa cau tra 1&i nay co thé duorc cai
thién bang cdch mo6 phdng nhiéu tinh hudng hon.
o S& ndi chi tiét sau




Phan mém mé phdng: @Risk

® Minh hoa

® Cich @Risk hoat dbng vO'i Excel

® Xay dwng mo hinh moé phong don gian sty dung @Risk
® Tim hiéu phan bd xac suat bang cach str dung @Risk
® Tim hiéu dau ra cla @Risk




XUc xac: Qua trinh ngau nhién

® Cho'i tro xuc xac ‘Craps’: mot vi du don gidn

® Xac di,nh phan bd xac suat cho tbng (S) clia hai con
xuc xac, Xva 'Y

® Cach phan tich

Pr[S = S]= ZPr[X = x]Pr[Y =5 —x]




Qua trinh ngau nhién

® Tung xuc xac va ghi lai két qua

w

Lan Lan Lan TOn
lap 1 12+ 26 =8 8
2 4 + 5 = 9
3 2 + 2 = 4
4 4 + 3 = 7
5 4 + 6 = 10




Chién thang: 7, 11 hodc Doubles

1 2 3 4 5 6
1| D 7
2 D 7

3 D | 7

4 7 D

5 7 D | 11
6| 7 11 | D




Ty 18 thang
® Doi v&i xuc xac cong bang (Fair Dice): 38,88%

® V&i xtc xac gian 1an (Loaded dice) (mdt sO mat nhat dinh sé
xuat hién nhi€u ho'n cac mat con lai):
O Mat 3: 25% thoi gian 38,3%
O Mat 3: 35% thoi gian

O Mat 6: 25% thoi gian 40,0%
O Mat 6: 35% thoi gian 41.3%




Giai phap phan tich

e —loaded®
= Loaded 3

Fair Dice

0 01 02 03 04 05 06 07 08 09 1

84




Phan tich so v&i m6 phong

® Cac gidi phap phan tich Ia
chinh xac, trirc quan va
cé thé giai thich.

O Tuy nhién, ching doi hoi
no Iurc rat |on trong cac z
van dé trong thé gioi
thurc.

® NguOn nhan lwc can thiét
thwdng khdng co san. Mb phong

Co 6c phan
tich

NO lwc

D6 phirc tap ctia van

A




Phan tich so v&i m6 phong

® Cic giai phap phan tich la
chinh xac, trirc quan va
cé thé giai thich.

O Tuy nhién, ching doi hoi
no e rat I&n trong cac
van dé trong thé gioi
thuwc.

® NguOn nhan lwc can thiét
thwdng khong cé san. Mb phong

|7

D6 phirc tap clia van

Co 6c phan
tich




Phan mém mo phdng Monte Carlo

® Analytica™
o Phién ban mién phi (danh cho cdc mé hinh cé d6 phirc tap tir nhd dén trung binh)
o Giay phép: https://analytica.com/products/free-edition/
® Goi phan mém thong ké R™
o Mién phi va khong gi®i han
o Thwdng dwoc st dung vai R Studio (phién ban mién phi va phién ban thwong mai)
® Risk™ (bd tro’ cho Microsoft Excel)

o Dung th&r mién phi 15 ngay: https://lumivero.com/resources/free-trial/atrisk/
o Phi: 2125 USD mo6i ndm



https://analytica.com/products/free-edition/
https://lumivero.com/resources/free-trial/atrisk/

Panh gid nguy co

MOT VAI PHAN BO XAC SUAT DON GIAN HO'N:

TRIANGULAR, PERT, BETA
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ohan bd trong danh gia nguy co’

® Nhiéu phan bo dwoc st dung trong mo hinh danh gia nguy co’
cho strc khde cdHng dOng

® Biy gi® ching ta s& xem xét thém 3 ban phan bd dé dwa ra mot
vi du nhanh vé mo hinh hda nguy co

® C6 nhiéu sich thdong ké vé chl dé nay

® NguOn thdng tin:
o https://en.wikipedia.org/wiki/Probability distribution
o https://mathworld.wolfram.com/topics/ProbabilityandStatistics.html




Tam giac (a,b,c)

® Thong sO: tbi thiéu (a); mot (b); toi da (c)
® Lién két cic diém
® Lién tuc
® Gidi han
O Mién: (a=x<b)
@® Trung binh = (a+b+c)/3
® Thudng dwoc st dung khi dir liéu
O “MO hinh tho”




Vi du vé phan bo tam giac

® MOt cudc khdo sat bénh nhan cho thay thdi gian
ch® doi nhiéu kha ndng nhat trong phong cap clru
(Emerrgency Room - ER 1a 2,5 gid» (t0i thiéu 13 0,5 va
tOi da 13 6 gi®)

® Tam giac(0,5,2,5,6) Triang(0,5, 2,5, 6)
® Trung binh= (a+b+c)/3
3 gio

=RiskTriang(a,b,c)




(A) (B) (C)

® Thong sO: toi thiéu (a); mot (b); tdi da (c)
® Lién két cac diém trong hinh dang gidng nhw “qua chudng”
® Lién tuc
® Gi®i han
o Mién: (asx<b)
® Trung binh = (a+4*b+c)/6
® Cling dwoc st dung khi dir liéu thwa thét —
O “M6 hinh tho”
O Tuwong tw, nhwng tron tru hon so v@i phan bd hinh tam gidc.




Vi du vé phan bo Pert

O Nong do trung binh cla salmonella trong trirng
sOng bl 6 nhiém van chwa dwoc biét. N6 duwoc
cho la c6 toi thiéu 20cfu, t6i da 1000 cfu va murc

rat cé thé 1a 900cfu. Mirc dd cho mbi qua trirng 12
bao nhiéu?

® PERT (20.900.1000) Pert(20, 900, 1000)

® Trung binh = (a+4*b+c)/6
= (20+4*900+1000)/6
= 770 cfu moi trirng

=RiskPert(a,b,c)

O 200 400 600 800 1000 1200




Beta(a, [3)

® M5 ta xac suat thanh cong (p) biét rang thanh cong (s) xay ra trong n thiy
nghiém

® Lién tuc

® Gi®i han

O Tén mién: 0<x<1

® Trung binh = o/(0+[3)

® C6 thé dwoc str dung dé biéu hién sw khdng chac chan vé ty 1& mac bénh
vOi ket qua xét nghiém dwong tinh s va am tinh n-s ma khong biét trudc
(0=s+1, p=n-s +1)




Vi du: phan b0 beta

® D{¥ liéu khao sat cho thay 1 xét nghi@m mau dwong tinh va 4 xét
nghi€m mdau am tinh (vi vay ... s=1, n=5).

® Beta(1,1) dai dién cho “uncertainty distribution” (phan b0 khong
chac chan)

® Chung t6i thém két qua khao sat vao
phan bO khong chac chan

® Prev = Beta(s+1, n-s+1)
Beta(1+1,5-1+1)
Beta(2,5)

=RiskBeta(s+1,n-s+1)




Tom tat: 4 phan bo

Pong nhat (min,max) Beta(s+1,n-s+1)

Pert(min,ml, max) Tam gidc(min,ml,max)




Panh gid nguy co

SO SANH PHUO'NG PHAP TAT DINH VA XAC SUAT
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So sanh cac gidi phap tat dinh va xac suat

® Hay nho kich ban Banh nw&ng nhan thit
O mb hinh tat dinh

® Diéu gi sé xay ra néu chung ta dwa bién thién vao hé thong?

® CAiu hoi: Chung ta cé thé mudn bién thién & dau trong mé hinh?




Xem lai kich ban




Kich ban vi du

Gia tri trung binh

® NOng do vi sinh vat “X” = 2,0 log CFU/g

® Tang trwdng vi sinh vat “X” =1,5log (nhan t& khong don vi)
® BAt hoat vi sinh vat “X” = 3,6 log (nhan t& khong don vi)

® Kich c® khau phan =53,33 g




Kich ban vi du

Trwd’ng ho'p xau nhat (gidi han trén)

® NOng d0 vi sinh vat “X” =4.0 log CFU/g

® Tang trwo'ng vi sinh vat “X” = 1,85 (nhan t& khéng don vi)
® BAt hoat vi sinh vat “X” = 2,6 log (nhan t& khong don vi)
® Kich c® khau phan =85,00 g




Bao gdm kha nang bién dbi thong qua phan bd xac suat

Thay thé wéc tinh diém bang phan bd

® NOng dé vi sinh vat “X” =Ddng nhat (2.0, 4.0) log CFU/g

® Tang trwdng vi sinh vat “X” = Thay dbi nhat ky tam giac (1, 1,5, 2)
® Bat hoat vi sinh vat “X” = Thay dbi nhat ky tam giac (2,5, 3, 5)

® Kich thwdc khdu phan = Tam giac (10, 50, 100) gram




H3y nh& rang dé wde tinh diém...

® Néu wdc tinh diém bao toan gidm xudng dwdi mlrc nguy
co’ tOi da cd thé chap nhan dworc, thi ching ta biét rang
nguy co dé thwe sw cd thé chip nhan duwoc (Khong xac
dinh dwoc mirc d6 bao vé qua murc)

® Néu wdc tinh diém bao toan nam trén mlrc nguy co’ toi
da c6 thé chap nhan dwoc, thi chung ta khéng biét liéu
nguy co cé thwe sw khong thé chap nhan duwoc hay I3
két qua cla propagated conservatism (viéc wOc tinh
qua murc).




Xdc suat so v&i wdc tinh diém

® S dung gia tri trung binh:
o hoan toan cé kha nang xay ra - thuc té

o lieéu cao hon mirc nay thwdng xay ra - khdng bao toan
® S dung cac wdc tinh than trong
o khdng c6 kha ndng xay ra - khdng thuc té
o lieu cao hon mirc nay hiém khi xay ra — “bdo toan”
o Tuy nhién, c6 thé chwa du bao toan
0 D6 tin cAy 95% co phai la thay thé cho ‘an toan’ khéng?




Xac suat so v&i wdc tinh diém

® Udc tinh diém
O Xac suat clla mot suw kién xay ra khéng dwoc xem xét
o Thé hién s mat mat thdng tin dang ké.
o Cac quyét dinh Quan ly nguy co dwoc dwa ra v&i rat it thong tin.
o Cac danh gia c6 thé qua bao toan hoéc bao vé khong day du, tuy
thuQc vao rng dung.




Xdc suat so v&i wdc tinh diém

® Lwa chon wdc tinh bao toan (than trong) 1a mét van dé gay tranh cii:
o Than trong dén mirc nao?
0 Kich ban tred&ng ho'p xau nhat (sw sang tao cé thé 13 gidi han duy nhat cho diéu nay)
0 Hwdng dan quy dinh mac dinh

o Nhan lén cac wdc tinh than trong thong qua két qua danh gia trong céc wdc tinh nguy co
khong ¢ bdi cdnh xac suat
0 Giam do tin cay cUa danh gia
0 Céac quyét dinh Quan ly nguy co khong “dwa trén co s& khoa hoc”




® Danh gid két qua dau ra tor @Risk

O
O

®P
®P
®C

Gi®’i thiéu vé Phan tich mo hinh

Tép mo6 phong
Pau ra va Bio cao Do hoa

han tich A0 nhay (Excel va @Risk)
han tich tAm quan trong (@Risk)

hay nhiéu tinh hudng




Panh gid nguy co dinh lwong: Tap trung vao

mo phdng va danh gid phoi nhiém

TiM HIEU MO PHONG MONTE CARLO
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NhO lai...

@® M6 phong - bat ky phuwong phap phan tich nao nham bat chwdc mot he
thdng thuc té, dac biét |a khi cac phan tich khac qua phtrc tap vé mat toan
hoc hodc qua khé dé téi tao.

® Do6i v&i moi bién xac suat, xac dinh cac gid tri c6 thé cé véi mot phan bo.
® Phan tich Monte Carlo

O xay dwng mot cach cé hé thong phan bd xac suat cla cac bién dau ra, bang cach chon
ngau nhién cac gia tri cho cac bién dau vao theo phdn bd xdc suét cla chung.




Va ...

® Qua trinh lwa chon ngau nhién dworc 18p Iai nhiéu
lan
o nhiéu tinh hudng ngau nhién, thwong dwoc goi la "lap lai"

® MOt sO gia tri dau ra (két hop dau vao) dugc tao ra
thU’O’ng Xuyén hon cac gla tri khac — phan bo tan so
nay ti€p can phan bd xac suat thuc khi sO lan lap lai
tang lén (néu chiing ta thwc sw ¢ thé biét né bang

cach phan tich).




Tao phan bd

® Dua trén cac sO nglu nhién gia
® Phwong phap vi du:

® D3ao ngworc phan tich

® Néu u duoc phan bo déu trén (0,1) va Y ¢ phan bo tich
luy £ thi ’ Fye(cl{)df F,

® Phuwong thwc

® Tao u, xac dinh x=F"(u), trd vé x




Vi du

® Tao phan bd theo cap sO nhan
® Cdf Ia F(x)=1-exp™

® Cho u= 1-exp™

® Do do x=-(1/ A)In(u)

® Thuat toan:
o Taou
o Travé x=-(1/ A)In(u)




Phwong phap lay mau: Monte Carlo

LAy mau ngau nhién don gidn (hodc, “Monte Carlo don
gian”)

® Phuwong phap lay mau don gidn nhat

® Mau U(0,1) c6 thay thé

® Yéu cau kich thuwdc mau twong ddi I&n dé tao thOng ké
dau ra chinh xac khi cac mo6 hinh phtrc tap dwoc mo
phong




Phwong phap lay mau: Latin Hypercube

LAy mau siéu l1ap phwong Latinh

® Phuwong phép it phd bién hon (nhwng phd bién hon
trong phan tich nguy co’ do tinh kha dung trong phan
mém c6 san)

® Dién tich duw®i dwdng cong phan bd dwoc phan tach
theo c& mau quy dinh (goi tat 1a 1an 13p lai)

® Cac mau ngau nhién mdt lan trong mdi ‘khu vurc’




HOI tu

® Khi sO lan 1ap lai tang 1én, s I,iéu‘th(‘)ng ké (gia tri trung
binh, phuwong sai) cia phan bo dau ra mé phong sé hoi
tu vé phia giai phap phan tich chinh xac.

® DO chinh xac cUa cau tra |01 nay c6 the dwoc cai thién
bang cdch mod phdng nhiéu tinh hudng hon.







Cai dat toi wu

® Khong co quy trinh dp dung chung nao dé xac dinh cai
dat mo phong toi wu

® C6 mOt sO hudng dan chung ma nha phat trién mo hinh
cd thé ap dung deé giup dam bao sb lan 1ap lai trong mo
phong mod hinh cé db I&n thich hop




TOi wu la gi?

® Khi sO lan 13p lai tang Ién, sw thé hién clia cac phan
b dau vao va dau ra dworc cai thién

® Khi cdc méd hinh bao gdm cac phan bo 1éch, cac
phwong trinh phi tuyén tinh cao hodc cac sy kién
hiém gdp, sO 1an 13p lai can thiét dé dat duoc sw
thé hién tot vé phan bd dau ra sé cao hon cic md
hinh khong cé cac thuQc tinh nay

® Muc dich |a dé xac dinh diém ma" tai dé nhirng nd
lwe bd sung dé dat duoc dd chinh xac sé vwo't qua
lo’i ich thu dworc"




Phwong an th& nhat

® Xac dinh “gia tri trung binh thwc” & mot so 1an 13p lai rat I&n, d6 13 mOt con
s6 du vwot qua diém hdi tu du ki€n clla md hinh va xem xét s thay ddi clia
gia trl trung binh chay tlr “gia tri trung binh thwc” nay va chap nhan né néu
né nam trong mot sO pham vi

o Vidu+1%




Phwong an th hai

® Quan sat s thay ddi trong thdng ké qua viéc tang sb 1an 13p lai va chap nhan
ket qua khi thdng ké khdong con thay doi nhiéu hon mot s mirc chap nhan
dwoc (vi du £1%).

o Khoéng cé “gia tri trung binh thwe” dworc xac dinh thay vao d6, gid dinh dwoc dwa ra rang tai
thi diém thu dwoc dd 6n dinh dai dién cho “gia tri trung binh thuc”.

o Than trong can thiét nhw mot mo hinh ¢ thé xuat hién dé 6n dinh nhwng trong cac lan 18p
tiép theo khac nhau rat nhiéu.
0 Cac mé hinh phi tuyén tinh (ham m{, ngwdng) va cac sw kién hiém gap.

o S dung "gia tri trung binh thwe sy" nhu mot tiéu chi sé tranh dwoc van dé nay.




® Xacdin
® Xacdin
® Xacdin

Cac bwoc thwe hién nhiém vu

h dau ra dai dién cho mot mé hinh 6n dinh (hodc hdi tu)
h (cac) sO liéu thdng ké can theo doi

h cac tiéu chi dé wéce tinh 6n dinh (hdi tu)

® Chay md hinh nhiéu Ian v&i cac c& mau khac nhau (sO 1an [3p lai)




Cac bwdc dé thuc hién (tiép theo)

® Kiém tra két qua va xac dinh diém ma mo hinh hdi tu cé thé chap nhan dworc

® Sy hdi tu clia mo hinh nén dwgc xem xét lai bat cr khi nao cé sw thay ddi doi
v&i m6 hinh trong cac phan b dwoc st dung dé mé ta cac bién trong mé
hinh hodc thay ddi trong chinh cdc phwong trinh mé hinh.

® Kiém tra la néu nhiéu lan chay cho két qua xap xi nhau
o Different number seeds (S6 moi khac nhau; sd moi nghia 1a sd dé tao ra cac két qua tw dong
trong cong thirc)

o Cho phép sw ngau nhién!




Panh gid nguy co dinh lwong: Tap trung vao

mo phdng va danh gid phoi nhiém

TiM HIEU SAU VE VE CAC PHAN BO
XAC SUAT THUONG BU'Q'C U’ DUNG
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phan bd cé ngudn gdc tlr quy trinh

® Hinh dang clia phan bd xuat phat tlr todn hoc mé ta mot hién twong Iy
thuyét
o Con duwoc goi la ‘co hoc’

® Doi hdi s hiéu biét vé qua trinh ngdu nhién co ban va bat Ky sw ngau
nhién nao la mOt phan cua viéc quan sat no.

® Co s& ly thuyét cho modt phan bo cu thé cé thé dwoc st dung dé ‘ghi
de’ sw tOt dep cua sO liéu thong ké phu ho'p cho thay cac phan bd khac
duong nhw la thich hop hon.




Ban phan b ‘thuc nghiém’

® Duwoc st dung cho quy trinh co’ ban khdng xac dinh,
di¥ liéu hdn hop hodc khi hién twong qua phirc tap
dé gan cho modt 1&p ly thuyét

® Duoc str dung dé nam bat cac phan doan chd quan
(vi du: niém tin trwdc day, niém tin cla chuyén gia)

® Ngoai ra, ap dung cho cac ban phéan bd dwa trwrc
tiép trén di¥ liéu, bat ké quy trinh




C6 ngudn gOc tlr quy trinh so v&i thwe nghiém

C6 ngudn goc tir quy

trinh Thwc nghiem

® Hai phan t, Hai phan t&r am

® Beta *, Beta-Pert **

® SO mi 0 Pong nhat

® Gamma 0 Tam giac

® Hinh hoc, Siéu hinh hoc 0 PDF thl’_J’C nghiém, CDF dwa
® Gumbel ~ trwc tiép trén di liéu

® Chuan, log chuan * Thwong déng vai tro chinh

- thure trong Cap nhat Bayes
** Thwong dwge st dung dé
 danh gia chuyén gia hodc du

® Siméon-Denis Poisson
® Weibull




MOt cach khac dé phan loai cic phan bo

® "Khong gidi han"
o kéo dai tlr am dén dwong vo curc
® Rang budc mOt phan
o bihan ché & mot cuc (thwdng bang khong)
® Ranh gi®i hai mat
o bi gi®i han trong gi®i han dwoi va gidi han trén
® Mién cb dinh
o CO thé nhan mot sb lwong gid tri cd dinh




CcAc PHAN BO CHUAN VA LOGNORMAL
VA DINH LY GIOT HAN TRUNG TAM
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ohan bd chuan

® Dudng cong dbi xtng hinh chudng

® chuan(y,o)

® /. |3 gid tri trung binh va ¢ 1a dd |&ch chuan
® Lién tuc

® "Khong gidi han"
o Tén mién: -inf<x<inf

O (Kurtosis = 3)




phan bd Log-Normal (Lognormal)

® Lién quan dén phan bo chuan:
o Khi di¥ liéu phan b log-normally dwgc chuyén ddi log, ching tuan
theo phan bo chuan

® Cac tham sO khéac nhau dworc st dung (h3y than trong):
O LogNormal(logu, logo)

o LogNormal(trung vi, gsd)
® Lién tuc

® Gi¥i han tw duwoi
o Tén mién: 0<x<inf




Pinh ly gi&i han trung tam

® N6i mot cach don gidn, phan bd tdng clia mot sO lwong
du I&n cac bién ngau nhién ddc Iap sé hoi tu vé phia
phan b0 chuan khi sO lwvg'ng bién tang Ién.




San pham clia RVs Lognormal

® Con san phdm clia mOt sO lwong AU I&n cac bién ngdu nhién thi sao?
Hay nh& rang:
Néu ProdX = X1 * X2 * X3* ... Xn, sau d6

Log(ProdX) = Log(X1) + Log(X2) + Log(X3) + ... Log(Xn)

® Vi mOt sdn phAm ludn cé thé dwoc viét lai dwdi dang tbng cla cac bién
ngau nhién dwoc bién dbi theo log, CLT dw doan rang log clia san pham nay
s& dwoc phan bd chuan.
o Do dd, san pham phai dwoc phan bd chuan.




Pinh ly gi&i han trung tam

® Lay tong cla n bién nglu nhién, mbi bién dwoc phan b
duwdi dang phan boé dong déu gitra 0 va 1: POng
nhat(0,1)

® Hiy xem xét si phan bd cla gia tri trung binh v&i sy gia
tang n




50




Tong 50 U(0,1)




CAC PHAN BO CO NGUON GOC TU’ QUY TRINH QUAN TRONG DE MO TA
CAC HE THONG VAT LY
VA QUAN SAT CUA CHUNG

Ban quyén © 2024 RSI & Pai hoc Maryland




phan bd tham sO

Ba quy trinh ngau nhién riéng biét chinh dwoc st dung
trong danh giad nguy co la:

1. Binomial (vOi Beta)

2. Poisson (v&i s6 m{ va Gamma)
3. Siéu hinh hoc (it phd bién hon)




Quy trinh nhi thtre (Bernoulli)

® Duwa ra mot sO thr nghiém déc 1ap (n)

® Hai két qua cé thé xay ra clla mdi thir nghi€m - thanh cong hay that
bai

® MOt bién ngdu nhién nhj thirc dém sO lan thanh cong trong s n thir
nghiém.

® Xac suat thanh cong = p

® Xac suat Hal =1-p

Quy trinh nhi thtrc!




Vi du vé quy trinh nhj thirc

® Diéu hién nhién... |t mdt dong xul!
o Tung dong xu n lan sé co sb 1an s 1at
(coi mQt 1at |la mot thanh cong!)
o0 C6 mOt xac suat p dé c6 dwoc mot lat
o CO xac suat 1-p dé cé dwoc mot sap

® Chon ngwoi tr ddm dong - s€ la nam hoac nlr

® SO lwgng dOng vat mac “Bénh X” dwoc chon tlr mot dan
- bl bénh hoac khong




Nhi thtre(n,p)

® M6 ta s Iui(_)’ng thanh cong duwoc d:u’a ra trong n th
nghiém, mOi thtr nghiém cé xac suat p thanh cong

® RO rac

® Gidi han
o Mién: (0£x<n)

® Trung binh =np

® Bernoulli la mot trwdng ho'p dac biét cua nhi thirc v&i n=1




phan bd nhj thirc (Binomial) - vi du

® Cong tac TV ¢ 0,2 kha nang bij 16i. Cé bao nhiéu 16i trong
mOt 16 100 ngau nhién?
0 phan bd nhj thire(100,0.2)

Hai phan(100,
0,2)

0 Trung binh=20

0 5 10 15 20 tr 30 35
an




Tinh todn nhi thirc

® Xac suat mot ngwoi bi di Png v&i méo 13 0,3. Xac suat cla it
nhat mot trong mOt nhdm 50 nguwrdi, dwg'c chon ngau
nhién, bi di *ng la bao nhiéu?

® Xac suat mot ngwdi khong bi di tng
o (1-p)=(1-0.3) hoac0.7

® XAac suat tat ca nhirng ngwdi trong nhém khdng bi di (rng
o (1-p)" =(1-0.3)>° hoac0,7°

® Xac suat it nhat mot ngwoi trong nhém bi di tng
o 1- (1-p)" =1- (1-0.3)*° = 0.999999982




Beta(a, )

® Xem lai ban phan bo Beta

® Chung ta d3 ndi vé Beta(s+1,n-s+1)
® Nhwng nd thuc s nén duwo'c coi la:
® Beta(q, P)

O O =s+a
O B =n-s+b
o ava b phuthubc vao truwdc, trong dé trirdc la Beta(a,b).

Thong thwdng kién thlrc cé tir tride 13 ‘ignorance’ (sw khdng biét trwdre)’
dwoc phan anh bdi Beta(1,1) mang lai a=s+1 f= n-s +1 sau khi quan sat n
tht¥ nghiém.




Cap nhat phién ban Beta v&i thong tin m&i

® Bat dau vdi Beta(1,1) trwdc d, tlre 1a ignorance (sw chuwa biét
triroc)

® D{r liéu khao sat cho thay 1 xét nghi@m mau dwong tinh va 4
xét nghi€m mau am tinh, thém chung vao ignorance distribution
dé c6 dwoc

® Prev= Beta(s+a, n-s+b)
Beta(2,5)




Beta: Nhiéu d{¥ liéu dan dén phan bd
chat ché hon

® Néu moOt xét nghiém khac dwoc thue hién trén 500
trang trai, va 100 la dwong tinh.
O Ghi nh® Beta(s+a, n-s+b)

® T thtr nghiém trwdc a=2, b=5
® Do do, phan bd khéng chac chan thich hop sé 13
Beta(102.405).

O Gid trj trung binh van con ~20%, nhwng phan bd dwoc phan
bO hep, phan anh sw tw tin tang lén.




‘Cap nhat Bayes’

01 mau nhd.

khao sat I&n

- -

00 03 05 08 10 (00 03 05 08 10 00 03 05 08 1.0
Beta(1,1) Beta(2,5) Beta(102.405)




Nhi thtrc am (s,p)

® MO ta sO lan that bai trong mot qua trinh roi rac véi xac
suat thanh cong p, cho dén khi thanh céng, mbi qua
trinh dirng lai & thanh cong cudi cling

® ROirac

® Gidihano 0
o Tén mién: {0,1,2,3,...}

® Ciing c6 thé dugc st dung dé phan anh ‘sw phan tan
qua mrc’ trong quy trinh Poisson (dwoc thao luan sau).




Nhi thtvc am - Vi du

® Bénh nhan dwoc xét nghiém bang xét nghiém v&i do
nhay 95%, xét nghiém dirng lai & két qua dwong tinh th%
6

® C6 bao nhiéu két qua dwong tinh ma ching ta cé thé da
chan doén sai? NegBin(6,0,95)
o Trung binh =0,315
o P(b0 I& it nhat mot) = 36,5%

NegBin(6, 0,95)




Qua trinh Poisson

® Qua trinh Poisgon la mOt qua trinh trong d(? cac sw
kién xay ra ngau nhién trong mot sO ctra sO co hoi.

® phan bo Poisson dém)sc“') Iu”(_)’ng quan sat cUa qua
trinh trong mot ctra sO nhat dinh.

® XAy ra trong mot chudi cic co’ hoi

® Quan sat qua trinh dwoc mo ta boi

o Qua trinh quan sat phu thudc vao ca cwd'ng dd clia qua trinh
va mlrc dO quan sat (thdi gian, khoang cach, v.v...)




Théng sO Poisson ()

® MOt quy trinh Poisson cé mot tham sb duy nhat,
trong d6 = w

® la cuwdng d6 trung binh cla qua trinh

o Diéu nay co thé 1a theo thdi gian hodc khong gian hodc don vi do
lwo'ng khac

O Vidu: # sw kién trén mOt don vi thQi gian hoac # sw kién trén mot
don vi khong gian

® “w” 1a kich thudc clia clra sO quan sat
o Pon vj thoi gian, dién tich, thé tich, v.v...




Quy trinh Poisson

® 3 phan bd chinh

1. Poisson (\)
2. Gamma (a,P)
3. SOmi(B)




Poisson(A)

® Mo ta sO lwong suw kién () xay ra
da cho w (ttrcla)

POISSON

® ROirac
® Gi¢ihand& 0

o Tén mién: {0,1,2,...}
® Trung binh =A




Poisson - Vi du

® Tai nan xay ra & murc trung binh 1 trén 100 km moi ndm
(u=0,01 trén km-nam).

® NEu ching ta quan sat doan dwd'ng 1000 km trong mot
nam (w = 1000*1), ching ta c6 thé mo hinh hda sw phan bo
sO vU tai nan mOi nam dwo'c quan sat nhw sau:

RiskPoisson(0,01*1000) hoac
RiskPoisson(10)




Poisson — Vi du (2)

® Tac nhan gay bénh dwoc phan bd nglu nhién trong toan
b® sdn pham thwc pham ddng nhat. Nong dd dwoc cho I3
1 CFU trén 100 g (=0,01 CFU/g). Ngw0'i tiéu dung an 35 g
sadn pham (w=35)

® Liéu lvong tiéu thyu cé thé dwg'c md hinh hda
nhw: RiskPoisson (0,01x35)
hoac RiskPoisson (0,35)

Poisson(0,35)




Tinh toan Poisson

® Xac suat cla bat ky sO lwong cu thé nao:
P(x) = A¥e? / x|
x! = x(x-1)(x-2)...(2)(1)

® Két qua quan trong:
O Xac sult quan sat bang khong:

P(x=0) =e*

O Xac suat cla it nhat mot:

P(x>0)=1-e™*




Vi du

o O quOc gia Y, sO ca mac bénh Creutzfeldt-Jakob trung binh hang nam 13 7.

® Xac suat sé cé 0 trwdng hop trong ndm t&i la bao nhiéu?
o P(x=0) = e =e”’ =0,000912

® Xac sult sé co it nhat mot 13 bao nhiéu?
o P(x>0)=1-e =1-0.000912 = 0.999088




XAP Xi CUAMOT
PHAN BO BO'I MOT PHAN BO KHAC

Ban quyén © 2024 RSI & Pai hoc Maryland




V&
N rd

Xap xi

® Trong mdt sO trwdng hop, viéc st dung xap xi cho phan
bd 13 thudn tién
o Néu rp(f)t tinh hudng yéu cau tinh todn sb lvgng I&n, hodc giai thira
cua sO lwong I&n
0 phan bd nhi thtrc hodc Poisson
® C6 thé ap dung xap xi v&i cac diéu kién nhat dinh dworc
dap ng




phan bd nhj thirc

® Pmf dwoc dwa ra boi f(x): Z Px(l—l?)n_x

® Lién quan dén tinh toan giai thira

O JE)‘i‘éu gi s& xay ra néu toi tung d(‘“),ng xu 1 triéu lan...yéu
cau tinh todn cac giai thra Ién dén 1 triéu!

® C6 thé duoc xap xi bang phan bd chuan

® Binomial(n,p) = Normal(np,(npq)°>)

o q=(1-p)
o M®t tiéu chi cé thé str dung n 0,31p>0,47




Xap xi chuan v&i nhj thire, p=0,1

1 1
o8 j/ 0.9 =
E 0.8 / E 0.8
s 07 s 07
2 / n.=10 P /
[ 0.6 11 \V4 o 06 H i
& = o 1N -~ Binomial
g / o U v, i g — normal
E 0.4 fi ‘3 0.4 _J
S s
E 03 /’ 2 03 7
O 02 i/ 3 0.2

0.1 4

/ 0.1 -
0 - 0
3 2 A 01 2 3 4 5 6 7 25 0 25 5 75 10 125 15 175 20 225 25
Predicted 's' Predicted 's'

Cumulative Probability

0 /...n=1.000

60 70 80 90 100 110 120 130 140 150
Predicted 's’




Phwong phap danh gia nguy co dinh lwong

MO HINH HOA SU KHONG CHAC CHAN VA BIEN DOI (CAC KHAI NIEM NANG CAO
TRONG MO PHONG)
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KHOng chac chan

® Sy khdng chac chan dwoc str dung dé mé ta thuc té
rang chung ta cé kién thirc chwa day du.

® Su khong chac chan cé thé dworc xt ly:
o MOt cach chinh thirc (vi du: 16i lay mau)
o gan nhw chinh thirc (vi du: goi y clia chuyén gia)
o khong chinh thtre (vi du: phdn xét)




D6 bién thién

® Sy thay dbi dé cap dén thwc té 1a cac hién twong tw nhién cé
sy phan tan vOn co.

® Loai phan tan nay khéng thé gidm thong qua Iy mau hodc
nghién ctru

® Gidm sy phan tan khdng phai |3 mot sw cdi thién vé kién
thirc...
né s& phan anh s mat mat théng tin.




Sw khong chac chan va bién thién

® H3y twdng twong ban do chiéu cao 10% clia mdt I&p dai hoc

® D{ liéu thé hién s thay doi

® Nhuwng khong Qhéi la m&t mau hoan chinh, vi vy cling ¢ sw
khong chac chan

® Ban I3y mau nhiéu hon — van it khdng chac chan hon

O Léy mau 100% va ban c6 kién thirc hoan hdo vé sy phan bd
bién thién

® Nhwng néu ban khong thé tang viéc 1ay mau thi sao?.....




Vi du vé sw khong chac chan va bién doi

Khéng chac chan

o Hiéu qua cua viéc ludc
trirng trong 7 phut.

O Xac suat cla bat ky
trang trai don 1é nao
la dwong tinh

o Ty |é ngudi tiéu dung
an san pham song

Do bién thién

o Thoi gian ngwoi tiéu
dung luQc trirng

o Sw thay dbi vé quy mé
dan gia suc

o Kich thuwdc khdu phan
tiéu thu




MOt cach (khong hoan hdo) dé phan biét

® Xay dwng phat biéu sau day lién quan dén tham sb phan tan, P:
O "V@&i théng tin hoan hdo, P cé thé dwoc gidm xudng mot gid tri duy nhat."
® Nghe cé vé hop ly day. S bap bénh
® Néu diéu doé nghe cé vé khong phu hop ... D6 bién thién
® Hau hét cac hién twong dwo'c mé hinh héa
vOicalU &V

o Thwong thi s khong chac chan quan trong nhat clia ching ta |a mirc dO bién
thién




Monte Carlo hai giai doan (hoac 2-D)

® Monte Carlo hai giai doan thuwd'ng dwoc ung hd st dung dé tach biét
s khong chac chan (U) va si bien thién (V).
o Vé mat khai niém, can phan biét cac thuwdc do ve ignorance (sw chwa biét trwdc) va
cac thwdrc do ve S thay ddi thuwe su.
O Trén thuwc té, rat khé dé thwc hién hoan toan.
® Hai giai doan mo6 phong
O M6 phong cac gla tri cho cac bién ngau nhién khong chac chan
o SO dung cac bién ngdu nhién khong chac chan dé thic day mot loat céc md phdng

chi tim hiéu sy thay doi.
O Phan tich sw thay dbi va khong chac chan mot cach riéng biét.

® FDA-IRISK ho tror day di mo phdng Monte Carlo 2-D
® G6i R™ mc2d cling hd trg moé phong Monte Carlo 2-D




