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14/9/2025 Real-world data often contain uncertainty caused by measurement noise,
Ngady chdp nhén inconsistent labeling, or incomplete information, which significantly degrades
dang: the performance and reliability of traditional machine learning models. To
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proposed as a powerful extension of the conventional Random Forest, allowing
probability distributions to be directly integrated into the structure of decision
trees. PRF models input features as probability density functions (PDFs) and
output labels as probability mass functions (PMFs), thereby preserving and
utilizing uncertainty information throughout the propagation and classification
process - enhancing both predictive accuracy and interpretability. This paper
provides a detailed presentation of the mathematical principles underlying PRF,
including the probabilistic propagation mechanism at each node, an expected
cost function based on an extended Gini impurity for optimal splitting, and a soft
voting method for prediction aggregation. The key contribution highlighted in
this study is PRF’s ability to produce probabilistic output distributions rather
than single-label predictions, enabling direct quantification of prediction
confidence.

TOM TAT

Dir liéu thiee té thuong chira do bat dinh do nhiéu do lwong, gdn nhin khong
nhdt quéan hodc thiéu thong tin, lam giam ddng ké hiéu sudt va dg tin cdy cia
cdc mé hinh hoc may truyén thong. Dé gidi quyét han ché nay, thudt todn Rimg
ngau nhién xdc sudt (Probabilistic Random Forest — PRF) ra doi nhu mgt mo
rong manh mé cua Rung ngdau nhién truyen thong, cho phép tich hop truc tiép
phan phoi xdc sudt vao kién tric cdy quyet dinh. PRF mé hinh héa ddc trung
dau vao dudi dang ham mdt dg xdc suat (PDF) va nhin dau ra duéi dang ham
khoi hrong xdc sudt (PMF), qua dé duy tri va khai thdc théng tin bat dinh xuyén
suot qua trinh lan truyén va phdn 1op, tir do ndng cao do chinh xdc va kha nang
gidi thich. Bai bdo nay trinh bay chi tzet co ché hoat dong va cac nguyén ly toan
hoc ciia PRF, bao gom co ché lan truyen xdc sudt theo tirng miit, ham chi phi ky
vong dya trén Gini impurity mo rong dé toi wu hoa viéc chia nhanh, va phuong
phap tong hop két qua dir dodn thong qua bé phleu mém. Diém méi quan trong
ma bai bdo nhan manh la kha nang PRF cung cdp két qua di dodn duéi dang
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mdy, PRF, Ring mét phdan phéi xdc sudt day i thay vi mét nhan duy nhat, qua @6 cho phép
ngau nhién xdc suat. lwong hoa truc tiep do tin cdy cua dy doan.

1. Giéi thiéu

Trong nhitng ndm gan ddy, cac thuat toan hoc may (machine learning — ML) di tré thanh
cong cu thiét yéu trong phan tich dit liéu va hd tro ra quyét dinh trong nhiéu linh vuc nhu y té, tai
chinh, thi gidc may tinh va an ninh mang (Chandola, Banerjee, & Kumar, 2009). Mot trong
nhimg bai toan ¢t 16i cia ML 13 phéan 16p dir liéu, trong d6 cac thuat toan xay dung mé hinh du
doéan nhan cho céac mﬁu dau vao dua trén dic trung di biét. Mot mo hinh phan 16p phd bién va
hi¢u qua la Rung ngau nhién (Random Forest — RF), m6 hinh nay duoc xdy dung dua trén
nguyén 1y t6 hop cua nhiéu cdy quyét dinh dugc huin luyén mot cach doc 1ap (Breiman, 2001;
Zhang & Ma, 2012).

Thuat toan RF cho thdy wu thé vé kha ning m¢ rong trén dir liéu moi, kha ning chong
qua khép (overfitting), va do chinh xé4c cao trong nhiéu tinh huéng thuc nghiém. Tuy nhién, mot
han ché co ban ciia RF va cic mo hinh ciy truyén thong 1a gia dinh dir lidéu dau vao 1a nhimng
diém xéc dinh (deterministic), tirc 1a moi dic trung va nhan dau ra déu duoge coi la gia tri dung
tuyét d6i (Reis & cs., 2018). Trong khi do, dir liéu thyc té thuong chira do bat dinh (uncertainty)
phat sinh tir nhidu nguyén nhan nhu sai s6 do ludng, thiéu hut thong tin hodc gan nhin khong
nhat quan giita cac chuyén gia (Gal, 2016; Kendall & Gal, 2017).

Nhan thirc dugc van dé nay, nhiéu nd luc di duoc thuc hién nhim tang cuong kha nang
xir 1y bat dinh cho cdc md hinh cdy quyét dinh, nhu tich hop yéu t6 xac suét trong voting
(Breitenbach & cs., 2003), lua chon ddc trung c6 trong s6 ngﬁu nhién (Gondane & Devi, 2015),
hoic két hop RF v&i cac mo hinh Bayes (Zhang & Ma, 2012). Tuy nhién, cac cach tiép can d6
van chua gidi quyét triét dé van dé bat dinh vi van xu 1y dit liéu dudi dang diém cb dinh hodc mo
hinh héa bét dinh theo cach gian tiép.

Pé lap day khoang tréng nay, thuat toan Rung ngau nhién xéac suét (Probabilistic Random
Forest — PRF) dd duogc Reis va cong sy dé xuat nhu mot giai phap tich hop bét dinh truc tlep vao
kién triic ciia mo hinh RF (Reis & cs., 2018). Khac véi cac bién thé trudc d6, PRF biéu dién mdi
dic trung dau vao nhu phan phdi lién tuc (thudng 1a Gaussian), va nhan dau ra nhu phan phbi roi
rac. Thay vi phan loai theo kiéu "c6 hodc khong", mau dir liéu dugc phan chia thanh nhiéu kha
ning va dong thoi lan truyén theo timng xéac suat nhd qua cac nhanh, twong tu nhu cach con nguoi
dua ra nhidu phong doan trude mot tinh huéng khong chic chan.

Bai bao nay trinh by va phan tich co s¢ toan hoc cta thuét todn PRF, bao gdm mé hinh
hoa dit liéu, chién luoc phan nhanh, ham chi phi, qué trinh suy dién va co ché bo phiéu mém.
Qua d6, bai bao 1am rd cach PRF mé rong kién tric RF dé xir 1y hiéu qua dit liéu nhidu, dong
thoi cung cép dau ra véi do chinh xac cao va mirc do tin cay dugc lugng hoa rd rang — diéu dic
biét quan trong trong cac linh vuc nhu y hoc, tai chinh va ty dong hoa.

2. Co s6' ly thuyét

2.1 Cay quyét dinh va Rirng ngiu nhién truyén thong

Cay quyét dinh 12 mdt mo hinh hoc méy phi tham s, t chirc dit lidu theo ciu triic cay nhi
phan, trong d6 mdi nit 1a mot diéu kién kiém tra trén mot dic trung, va cac nhanh con dai dién cho
két qua cua didu kién d6. Mdi mau dir liéu duge dan dat tr nat géc dén mot nat 14, noi né duoc gan
nhin dau ra twong tmg. Qua trinh xay dung cay thudng str dung chién lugc “chia dé tri”, voi tiéu chi
Iwa chon dic trung va ngudng nham t6i vu hoa d6 thuan khiét (impurity) trong phan bd nhén tai mdi
nat (Quinlan, 1986). Hai thudc do phd bién cho do thuan khiét 1a Entropy va Gini impurity. Trong
bai toan phan 16p, Gini impurity dugc dinh nghia nhu sau:

t)=1-> p: (1)
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trong d6 p, la xéac sudt (udc luong theo tan sudt) mau thudc 16p ¢ tai nut ¢, va C 13 sd 16p
(Breiman, 1984).

Ring ngau nhién (RF) 1a mot phuong phap hoc t6 ‘hop (ensemble learning) dugc dé xuit boi
Breiman (2001), m6 rong tir cay quyét dinh bang cach két hop nhiéu cay doc lap dé cai thién hiéu
nang dy doan va tinh tong quat hoa. Thuat toan RF xay dung mét tép hop gdm T cdy quyét dinh,
moi cay dugc huén luyén trén mot tap con bootstrap (tire 14y mau ngau nhién c6 hoan lai) cua dir liéu
gdc, ddng thoi str dung mot tap con ngau nhién cua cic dic trung tai mdi lan chia nhanh dé ting tinh
da dang (Zhang & Ma, 2012). Trong bai toan phan 16p, dau ra ciia RF duoc tinh bang hinh thirc bo
phiéu da s6 (majority voting):

y= argrilg{x ZI [ht (x) = y] 2)

trong d6 4, (x) 1a két qua phan 16p clia cay thir 7, Y 14 tip nhan, va I[] 1a ham chi bdo, tra vé 1 néu

diéu kién dung va 0 néu sai.

RF thira huong vu diém tir cay quyét dinh nhu kha ning xtr ly ca dir liéu roi rac va lién tyc,
dong thoi khic phuc nhuoc diém dé overfitting nho vao tinh ngu nhién va t6 hop. Tuy nhién, RF
van gilt nguyén gia dinh rang dic trung va nhin trong tap dir liéu la gia tri xac dinh. Piéu nay dan
dén han ché khi 4p dung RF trong cac bai toan c6 nhiéu do luong hoic nhan khong chic chan — mot
dic diém phé bién trong céc dir liéu thuc té (Reis & cs., 2018; Gal, 2016).

2.2. Vén dé bt dinh trong hoc may

Trong hau hét cdc mé hinh hoc may truyén thng, dir liéu huin luyén thuong duoc gia dinh
13 hoan toan xé4c dinh, tirc mdi gia tri dic trung va nhan duoc xem 13 chinh xac tuyét dbi. Tuy nhién,
trong thuc té, dit liéu hiém khi hoan hao. Céc hé théng do luong, quy trinh thu thép hodc gan nhan
thuong bi anh hudng béi nhiéu, sai sd, thiéu hut hodc tinh cht quan, tao ra nhitng yéu té bat dinh
khong thé bo qua (Gal, 2016; Kendall & Gal, 2017).

Bit dinh trong hoc may la biéu hién ctia mirc do thiéu chéc chin vé gia tri cua ddc trung dau
vao, nhan dau ra hodc ban than mé hinh du doan. Tuy theo nguyén nhan phat sinh, bét dinh duoc
chia thanh hai loai chinh (Gal, 2016):

- Bit dinh noi tai (aleatoric): Xuat phat tir ban chat ngiu nhién khong thé loai bo cua dit liéu,
vi du nhu nhiéu do luong tir cam bién hozc nhan khong nhat quan do con ngudi gan nhan khac nhau
cho cuing mot ddi tuong.

- Bét dinh m6 hinh (epistemic): Xuét phat tir thiéu hut dir liéu hogc kién thirc m6 hinh, c6 thé
cai thién duoc bﬁng cach thu thap thém dir liéu hoac cai thién cAu triic mé hinh.

Khi bat dinh khong dugc mo hinh hda dung cach, hi¢u suat va do tin cdy cua mo hinh hoc
may co thé bi suy giam. Bit dinh trong dir li¢u d4u vao hodc nhan, nhu trong anh y hoc, c6 thé dan
dén suy dién sai va giam do chinh xac. Ngoai ra, cic md hinh khong xtr 1y duoc bat dinh sé& thiéu kha
ning udc lugng do tin cay trong du doan, gy rii ro nghiém trong trong cac tmg dung nhu y té, tai
chinh hoac lai xe tu hanh.

3. Co s6 toan hgc cua thuit toan PRF

3.1 M6 hinh hoa dit li¢u bang phan phdi xac suz'lt

Mot dlem d6i mai cdt 16i trong thuat toan Rimg ngiu nhién xac suat (PRF) 1a kha nang mo
hinh héa tryc tiép do bat dinh trong dir liéu, théng qua viéc biéu dién ddc trung va nhan dudi dang
cac phan phdi xac suat. Diéu nay cho phép PRF tiép nhan va khai thac thong tin khong chéc chin
mdt cach ty nhién ngay trong qua trinh hoc va suy dién, thay vi chi diéu chinh két qua d4u ra nhu
mot s6 mo hinh trude d6 (Reis & cs., 2018).

3.1.1 Biéu dién dic trung dau vao bang phén phoi lién tuc (PDF)

Trong PRF, mdi dic trung x; cua mau dir liéu tht i dugc gia dinh 1a mot bién ngéu nhién

lién tuc tudn theo phan phdi chuan (Gaussian):
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~N (14;,07) (3)
Trong d6, u; 1a gia tri trung binh dac trung thtt ; cua mau i, O'; 1a phuong sai thé hién

mirc d6 khong chéc chin hoic sai s6 do luong cia dic trung th j o mau .

Chang han, mot dic trung nhiét d6 duoc do 13 37.0°C véi sai s thiét bi +0.2°C ¢6 thé
dugc mo hinh héa duéi dang x ~ N (37.0,0.2%). Viéc sir dung phan phdi Gaussian gitp don gian
hoa qua trinh suy luan va lan truyén x4c suét trong cdy, nhd cac tinh chat giai tich ctia ham mat do
xac suat chuan. Tai moi nut i, PRF khong thuc hién phan nhanh cing nhu cay truyén thong, ma
tinh x4c sut dé mau roi vao timg nhanh dua trén phan phdi cua dic trung. Diéu ndy giéng nhu
viéc danh gia kha ndng mét diém nam bén trdi (X; <) hay bén phai (X, > ) ngudng, thay vi
khing dinh chic chin.

1
O

0-x,
7" = P(x,<6)= cp[ *’ J va 7% =P(X, >6)=1-7"
Vé6i @(-) 1a ham phan phdi tich lily (CDF) ctia phan phdi chuén tic, con 7r,.(L), ﬂfR) lan luot
1a x4c suat dé mau lan truyén sang nhanh trai/phai v6i ngudng chia 6. Mdi mau do d6 khong di
theo mot duong duy nhéat ma lan toa song song qua nhi€u nhanh, phan anh sy khong chac chan
trong dédc trung déu vao. Vi dy, gia st mot dac trung x; c6 gia tri do duge 1a 5.0 voi d§ léch
chudn o, =1.0, va ngudng chia tai nat 1a 6 = 6.0, khi do:

(L) _ (D(6.0—5.0

;T =

1

j =®(1.0)~0.8413 va 7z =1-7") ~0.1587

Theo d6, hay vi két luan ddi twong nay truyén sang nhanh trai, PRF cho rang déi tugng co
84.13% kha nang dugc lan truyén sang nhanh trai va 15. 87% kha nang sang nhanh phai.

3.1.2 Biéu dién nhan diu ra bang phin phoz roi rac (PMF)

Vé phia nhan huin luyén, PRF khong yéu cau moi mau phai dugc gan mét nhan duy nhit,
ma cho phép biéu dién bang ham khdi lugng xac suat (PMF). Cu thé, v6i tap nhin
Y ={C,.C,,..Cx}, mbi mdu i c6 thé c6 phan phdi nhan:

Sp= 1} )

k

PME = {P(yi =C, ) =PDix

Trong do, p,, la xac suat ma mau i thudc vé 16p C,. Chang han, thay vi gan nhin cling
“dwong tinh” hay “4m tinh” cho mot ca chan doan y té khong rd rang, ngudi ta c6 thé gan phan
phoi nhan cho ca nay dudi dang:

PMF : P(y = positive) = 0.6, P(y = negative) = 0.4

Cach biéu dién nay. rat phit hop voi dir lidu c6 nhin bi nhiéu, dit lidu ban giam sat hoac dir
lidu dugc gan nhin boi nhiéu chuyén gia voi d9 tin cay khac nhau (Kendall & Gal, 2017).

3.2 Qua trinh lan truyén theo xac suat

Trong cdy quyét dinh truyén théng, mbi mau dugc phan nhanh mot cach tat dinh tai mdi
nut dya trén di€u kién dang x; <. Tuy nhién, trong moi truong dir li¢u bat dinh, dic trung dau
vao X; dugc xem la mot bién ngau nhién thay vi mot gia tri don 1¢. Do d6, PRF ap dung mot
chién lugc chia nhanh theo xac suit dua trén phan phdi xac suit caa dic trung.

.o ” A - A A A A 2 . A 4 A

Gia sir mot dac trung X; tuan theo phén phoi chuan X, ~ N (x;,07). Tai mot nit phan
chia n str dung ngudng 6, , xac suat d€ mau di sang nhénh trai (toe 1a X, <6,) duoc xac dinh bai
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ham phén phéi tich lity 7sz) va 7z,(1R). Khi d0, x4c suat & mot mau lan truyén dén mot nit cu thé »
trong cay duoc tinh bang tich cac xac suit r& nhanh trén duong di tir géc dén n :

7, T T Hq{ - JH[I q’[t—uﬂ

meLl meR meLl meR

Trong d6, R , L 1a tap cac nat di sang trai hodc phai trén duong tir nit gbe dén nit n; 6, ,
Jj,, 1a ngudng chia va chi s6 dic trung tai nat m. Hinh 1 minh hoa qué trinh lan truyén ctia mot
méu dén cac nut 14

Hinh 1. Minh hoa lan truyén x4c suit ciia mt mau trong ciy PRF
Trong Hinh 1 ta thay, xac suat d¢ mgt mau lan truyén dén cac nut 14 la:

Tra —”éoz 7[1(\121 =0.56; Tran = 7[;(;02 7[1(\115111 =0.14;
a3 = ﬂéog) 7[1(\11:112 =0.12; Traa = ”éoc) 72'1(\1122 =0.18

3.3 Ham chi phi va tiéu chi chia nhanh
Pé xay dung cay, PRF can chon ra déc trung va ngudng phan chia sao cho hai nhanh sau
khi chia cang “thuan khiét” cang tot. Chi s6 danh gla thuan khiét trong PRF 1a mot phién ban mo

rong cua Gini impurity. Gia sir tai mot nit #, mdi mau i mang xAc suat lan truyén 7r,(1 ), va nhan
ctia mau 1a mot phan phdi roi rac { )2 L}L _,, trong d6 C 1a s0 16p. Khi d6, phan phdi nhan trung
binh tai nit » dugc tinh nhu sau:

= _ 1 0 4 0
=—> ' -p V6L =) 1 5
pn,c, Zn Zl: n pl,c n Z[: n ( )
V6i phan phdi nhin trung binh nhu trén, Gini impurity tai nit n dugc xéac dinh béi:
=1- an c (6)

Khi chia nat thanh hai nhanh trai (L) va phai (R), ham chi phi tong duya trén dic trung j va
nguong 6 dugc tinh nhu sau:
V4 Z
C(j0) =21 G(L)+ 22 G(R) )
Z, Z,

Trong 46, Z,, Z, 14 tong x4c suét lan truyén cic mau vao nhanh tréi/phai; Z, = Z, + Z, 1a
tong x4c suat tai nut hién tai (nft cha — trudc khi phan chia); G(L), G(R) 1a Gini impurity ciia hai
nhanh. Xét mot vi du don gian gdm 3 mau véi 1 ddc trung X , ¢6 cac thong tin sau:

Béng 1. Dir liéu gia 1ap minh hoa quy trinh chon ngudng phin chia

Méu I c Nhin

1 3.0 0.5 [4:1.0,B:0.0]

2 4.0 0.5 [A4:0.0,B:1.0]

3 5.0 0.5 [4:0.5,B:0.5]
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Xét mot ngudng phén chia 6 = 4.2. Tai nit gdc:

Miul: 7" =@ %) ~0.9918, 7") =1-0.9918 ~ 0.0082.
Miu2: 7" =@ wj ~0.6554, 71" =1-0.6554 ~ 0.3446.
Mau 3: 7Y =@ wj ~0.0548, %) =1-0.0548 ~ 0.9452.
Khi do:

Z, =Y 7" =0.9918+0.6554+0.0548 = 1.702;

Zp=> 7 =0.0082 +0.3446 +0.9452 =1.298;

Z, =7, +Z, =3.000
’ Bang cach gop tit ca cac PMF theo trong sé lan truyén vao nhanh trai, ta tinh dugc phan
phoi nhan trung binh tai nhanh trai nhu sau:
B, , = 0.9918:1.0+0.6554-0.0+0.0548-0.5 ~0.5987;
’ 1.702
Pry=1-p,, =1-0.5987=0.4013.
Vay Gini tai nhanh trai 1a G(L)=1-(0.5987> +0.4013%) ~ 0.4805.
Tuong tu, véi nhanh phai ta co:
B, = 0.0082-1.0+0.3446-0.0+0.9452-0.5 ~ 0.3704:
’ 1.298
Pry =1 Pps =1-03704~0.6296.

Suy ra G(R)=1-(0.3704> +0.6296°) ~ 0.4664.

Khi d6, chi phi tong v6i ngudng 0 =4.2 1a

C(j42) =722 0.4805+ 128 .0.4664 ~ 0.4744.
3.0 3.0

Ta c6 thé 1ap lai cac budc trén cho nhiéu gia tri 6 khac nhau, rdi chon ngudng ¢ C nho
nhat 1am diém phan chia t6i wu. Nhu vay, PRF thuc hién tim kiém ngudng phan chia bang cach
danh gié toan bd ngudng kha di theo gia tri chi phi, thay vi chon dya trén diém cat dit liéu nhu cay
quyét dinh truyén thong. K§ thuat nay cho phép PRF khai thac tron ven thong tin xac suat va dua
ra quyét dinh chia nhadnh 6n dinh hon so v61 cdc mod hinh cay truyén thong, dac biét khi dir liu co
nhiéu.

3.4 Suy dién va tong hop két qua

V6i moé hinh PRF F ={¢,1,,...,t;} gom T cdy xac suat da huan luyén, muc tiéu 1a du
doan phan phdi nhin cho mau méi x,, trong d6 mdi dic trung ciing dugc biéu dién dudi dang
phan phéi xac sut, vi du x; ~N (u,,07) . Qua trinh suy dién g6m hai giai doan:

3.4.1 Giai dogn 1: Suy dién trén tirng cdy xdc suit

Déi véi mdi cay e F , muc tiéu la tinh toan phan phdi xac suat hau nghiém 2(y|x., ).
Qua trinh nay thyc hién nhu sau:

a) Lan truyén xdc sudt toi cac nut la: Xéc suat dé x,, dén dugc mot nat la / cu thé dugc

est

tinh bang tich cua cac xac suat r€ nhanh trén duong di tir goc dén 1a 7 :
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72-/ (xtest ) = H test H 72- test H 72- xtest (8)

nepath() nelL neR

di theo
nhanh twong tmg tai nGt n, R va L 1a tdp cac nat di sang trai hodc phai. Can luu ¥ ring tong xéac
suat dén tat ca cac 1a cia mot cay luon bang 1.

b) Tong hop phdn phoi tai moi cdy: Phan phoi dy doan cua toan bg cay ¢ cho mau x

test

trong d6 path(?) 1a tap hop cac nut trén duong di dén la ¢, 7, (x,,) 1a xac sudt dé x,_,

dugc tinh bépg trung binh c6 trong s6 ciia cac phan phdi tai cac nut 14, voi trong sb chinh 14 xac
suat lan truyén 7,(x,,):
ACIEM B IEACRACY ©)
teL”(t)

Trong do6, La(t) 1a tap cc nut 14 trong cay thir 1, P, (y) la phan phéi xéc sudt tai nut 14 £
ctia nhin y. Két qua cua giai doan nay 1a mot tp hop gdm 7' phan phdi xac suat, mdi phan phdi
tuong ing véi mot cay trongvrfmg. )

3.4.2 Giai dogn 2: Tong hop keét qud toan cuc

Trong PRF, viéc tong hop cac phén phéi dy doan tir timg cdy trong rung dé tao thanh
phan phéi dau ra duy nhat cho mau kiém tra x, duoc thuc hién thong qua co ché voting mém,

test

tuc 1a tinh trung binh cdng ctia cac phan ph01 X4c sudt tir tit ca T cay:
])hnal y | xtest ZP y | xtest (10)

Phan phbi émal (¥]x,) chinh la két qua dau ra cudi ciing ctia mo hinh PRF. N6 khong
chi chtra thong tin vé 16p c6 kha nang xay ra cao nhat ma con phan anh mérc d6 khong chic chin
trong du doan, tao co s& cho viéc danh gia do tin cay cua du doan.

4. Théo luin

Véi RF truyén théng, dac trung va nhan dugc xem la cac diém dir liéu xac dinh, trong khi

d6, thuat toan PRF mo hinh héa mdi dic trung dau vao X ,; dudi dang bién ngﬁu nhién lién tuc

theo phan phdi chuan N (,ulj,q;) , vanhan y, dudi dang phan phéi roi rac. Céch tiép can nay cho

phép PRF phan anh tot hon tinh chat khong hoan hao cua dir liéu thuc té, bao gém nhiéu do
luong, sai 1éch nhén va thong tin khong day da. Thay vi phan nhanh quyet dinh tai moi nit nhu
RF, PRF lan truyén mdi mau dong thoi dén ca hai nhanh, voi Xac suét dugc tinh tir ham phén
phéi tich Iy (CDF) cua dac trung tai ngudng chia. Co ché lan truyén xac suit nay gitp bao toan
thong tin bat dinh trong subt qua trinh hoc, thay vi lam méat né nhu trong cic cdy quyét dinh
truyén thong.

Ngoai ra, thay vi chi dua ra mot nhan phén l6p duy nhit, PRF tong hop phan ph01 xac
sudt tir tit ca cac nut 14 ma méiu co thé di toi, tir d6 tao ra két qua 1a phan phdi P(y | x). Diéu nay

khong chi gitip m6 hinh udc lugng dugc mire do tin cdy cho tung dy doan, ma con cai thién kha
nang xu ly trong cac tinh huong phan 16p kho hodc nhan mo ho.

Du c6 nén tang ly thuyet ving chic, PRF ciing ton tai mot 5O han ché dang luu y. Thu
nhét, viéc tinh toan xac suat lan truyén, phan ph01 nhan tai moi nut va tong hop dau ra bang ky
vong (trung binh c6 trong s6 theo xac suat) khién cho chi phi tinh toan ctia PRF cao hon dang ké
so voi RF truyén thdng. Chi phi nay ting theo s lugng mau, s6 dic trung va do sau cia cay.
Hon nira, @& PRF hoat dong hi¢u qua, md hinh can duoc cung cép thong tin vé muc do bat dinh
trong gid tri diu vao, cu thé 13 phuong sai hodc do 1éch chuan cua timg dic trung. Day 13 mot gia
dinh khong phai luc nao ciing kha thi trong thuc té, ddc biét voi cac bo dit lidu khong dugc thu
thap mot cach c6 kiém sodt.

5. Két luan
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Bai viét di phan tich cac nguyén ly va co ché toan hoc cua thuat toan Rimg ngiu nhién
Xac suat mot mé rong ciia Rimg ngau nhién truyén thong, thuat toan nay cho phép moé hinh hoa
tryc tiép d6 bat dinh trong dit liéu thong qua phan phéi xac suit. Viéc lan truyen mau theo xac
suat, sit dung ham chi phi dua trén ky vong, va két luan bang phan phbi mém giup PRF xu ly
hiéu qua dit liéu nhiéu va nhan khong chic chin.

Tuy nhién, bén canh cac vu diém Iy thuyét, PRF ciing d6i mit voi thach thie vé chi phi
tinh todn va yéu céu thong tin thong ké dau vao. Trong tuong lai, viéc t6i wu hoa thuat toan va
tich hop vao cac hé thong hoc may hién dai s& 13 hudng nghién ctru tiém ning nhiam phat huy tdi
da kha ning cia mé hinh nay trong thuc té.
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