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ABSTRACT

The limitation of the method Monte Carlo Naive (MCN) was presented
in this paper. This method is used to estimate the probability of rare
events (events with very small probability). In the MCN method, to be
able to observe rare events, it is necessary to initialize very large
simulation samples. This limitation can be solved by using the Cross
Entropy (CE) algorithm. The numerical results presented in the last
section will further clarify the superiority of this method.
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1. GIOI THIEU

Trong nghién ctru phat trién khoa hoc cong nghé,
c6 nhiéu treong hop can phai thuc hién thuc nghiém

trinh bay ¢ phan cuéi cing sé lam ré hon tinh wu viét Ciia phwong
phadp nay.

Ky thuat Monte Carlo (Brémaud, 1999;
Rubinstein & Kroese, 2017) thuong duoc sir dung
dé md phong cac kich ban thuw nghi¢m trén cic

c4c mau mo phong c6 kich thirc rat 16n dé quan sat,
thir nghiém cac kich ban c6 su kién hiém (cac su
Kién c6 xac suat xay ra rat thap). Chang han trong
viéc nghién ciru phat trién hé thong hd tro 1ai xe
nang cao ADAS (Advanced Driver Assistance
Systems), néu mudn danh gia tinh hiéu qua cua hé
thdng khi d6i mit cac kich ban c6 thé dan dén rai ro
va cham tai nan (cac sy kién hiém) thi ta can phai
thuc nghiém véi mot s6 lwong rat 16n cac kich ban
thir nghiém. Yéu cau vé& ¢& mau mé phong I6n va
cach tiép can co thé giam thiéu c& mau mé phong 1a
hai van dé dugc dit ra thao luan trong bai bao nay.
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truong va cac mo hinh ngau nhién. Chang han mét
s6 nghién ciru da xay dung cac mé hinh ngau nhién
dua trén dir liéu thuc ldy tir N-FOT (Naturalistic
Field Operational Tests) dé chay mo phong Monte
Carlo nham danh gia thir nghiém cac thiét bi, hé
thdng. Nhu dugc néu trong Zhao et al. (2017), nhém
nghién cuu cua Woodrooffe dd moé phong 1,5 triéu
kich ban va cham dya trén dir liéu xung dot thyc té
ciia N-FOT va sir dung chiing dé danh gia cong nghe
canh bao va cham va k¥ thuat phan ang phanh thing
gitip giam thiéu va cham trén xe tai hang nang.
Phuong phap mo6 phong thtr nghiém Monte Carlo
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dugc sir dung dé gitip tiét kiém chi phi thuong rat
I6n nhu cac dy an N-FOT. Tuy nhién, ngay ca dbi
V6i cach tiép can bang mé phong may tinh, khi can
thuc nghiém thir nghiém vaéi mot cd mau phai rat lon
(dé nghién ctru cac sy Kién hiém) thi cac “chi phi”,
“t6n that” vé thoi gian, vé dung luong khoi tao cac
mo phong, ... 1a mdt tré ngai khong nho dat ra cho
cac du an nghién cuu.

Chia khoéa c6 thé giup giai quyét van dé phai mo
phong mau kich thudc 16n 1a 1am 1éch (d6i do do xac
Sut) cac phan phdi khoi tao cac mau Monte Carlo
trong cac budc 1ap cua thuat toan Entropy chéo (De
Boer et al., 2005) nhung van ¢6 thé duy tri tinh diing
dn va sy chinh xac ctia cac tinh toan twong tng can
thiét. Phuong phap Entropy chéo dwoc sir dung dé
tim kiém cap nhat cac tham sé ti wu sao cho tin sb
Xay ra cac sy Kién hiém tré nén thuong xuyén hon
trong mau cac mo phong, gitp gia ting cac co hoi
quan sat, thir nghiém céc thiét bi cong nghé trong
cac kich ban c6 sy kién hiém ma khéng can phai
khéi tao cdc mau co kich thude qua 16n.

Hai vain dé thao luan di néu ra, vé yéu cu c&
mau mo6 phong 16n va phuong phap Entropy chéo
gitip giam thiéu c& mau, s& dugc xem xét trong bai
béo theo cach tiép can thong ké toan hoc thong qua
Viéc nghién ctru cac phuong phap udc lugng xac
suat cua sy kién hiém. Pugc xem xét trudc hét 1a
phuong phap udc lugng dua trén cac md phong
Monte Carlo co ban va s& cé cac thuc nghiém cu thé
dé so sanh véi cach udc luong theo phwong phap
Entropy chéo. Cac ap dung thuc nghiém sb s& duoc
trinh bay sau cung trong bai bao, sau khi cac van dé
vé thuat toan Entropy chéo dugc xem xét chit chg.

2. UOC LUQNG MONTE CARLO

Xét X = (X1,X2,..,Xn) 1a mot vector ngau
nhién véi cac thanh phan Xi (i = 1,2, ...,n) c6 cac
16p trang thai dugc ma hoa sau cho trang thai xay ra
V6i xé4c suat cang thap thi s& duoc gan boi cac gia tri
cang cao. Ham tong S(X) = X1 + X2 + -+ Xn ¢
gié tri cang 16n thi xac suat Xay ra cang nho. Sy kign
{S(X) >y} s& c6 xac suit xay ra cang thip (1a mot
su kién hiém) khi y 1a mot muc gid tri lon.

Véq dé dat ra la can ude lugng xac suét £ cua su
kién hiem {S(X) > v}
£ =P{SX) > v} = E{1smsn )
trong d6 1(5(x)>yy 12 ham chi dinh cua sy kién
{SX) > v}

Uéc lugng MCN dya trén cac mau doc lap
XMW x@, ., XM va c6 phan phdi dong nhat cua X
dugc tinh boi trung binh mau:

2.1)
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?= %Z?’ﬂ Lig(x)>y)- (2.2)

Véi @ tin cay (1 — @)100%, wdce lugng khoang

tin cay (P — e, 2 + &,) cia £ co sai s6 twong ddi £,
duoc xac dinh boi
6 =L (2.3)

trong d6 mot nira khoang tin cay (d¢ chinh xac
cua udc lugng) dugc cho boi

£q = 2,0(0) = 2, /Var(?),

a
2

V6i W1 (+) 1a ham nguoc clia ham phan phéi xac
suat chuan tac V" (0,1).

Zg =97 (1-
(2.4)

Khi cd mau N du Ién, theo dinh 1y giéi han trung
tam, thong ké 2 s& xap xi phan phdi chuan

N ([E(z’), Var(?)), trong do

E(?) =E (%Zlivﬂ 1{5(X(i))>y}) =4, (2.5)
Var(?) = Var (12’? 1 1{s(x<i>)>y}) =
Zl. 1 Var (1{S(X(‘))>y}) M (26)

Tir (2.3), (2.4) va (2.6), dé sai sb tuong ddi
¢, bi chan bai mot muc B cho truéc (B =
5%, 10%, ...) ta phai co

{’(1 )

5 <B. 2.7)

Diéu nay yéu cau ¢ mau phai thoa man

Zg 29-¢
N > (F) -
Yéu cau (2.8) chi ra rang néu xéc suat £ cang bé
nghia 14 £ — 0 thi ¢& mAu s& dan vé oo rat nhanh.
Tuc 1a dé sai s6 twong ddi cua wdc lugng xac sudt s
kién hiém khong qua 16n thi yéu cau ¢& mau mo
phong phai cuc lon. Vi du dé wdc lwong duoc mirc
xéc suat 1076 sao cho sai s6 twong ddi khong vuot
quéa 10% thi phai khoi tao mau c6 kich thudc toi
thiéu phai 1a 384159616. Pay 1a Iy do ma phuong
phap MCN néu duoc ap dung trong truong hop nay
s& rat cham, s& ton rat nhiéu thoi gian va dung luong
dé khoi tao mau.

3. PHUONG PHAP ENTROPY CHEO

3.1. Phwong phap doi d do xac suit

Dt (X) 1a ham mat d6 xac suat dong thoi cua
vector ngau nhién X = (X1, X2, ..., Xn), trong d6 su
kién {S(X) > y} c6 xac suat tinh theo ham mét d6

(2.8)
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ndy 14 nho. Y tudng & ddy (phuong phéap doi do do
xac suat) 1a s€ thay ham mat d¢ xac suat w(X) bai
mot ham mat d6 méi f(X). Ham mat 6 mai f(X)
duogc chon sao cho, trong cac mau mo phong tir ham
mat d6 mai nay, sy kién {S(X) > y} ¢6 tan suat xay
ra cao hon.
~ Cu thé cach tiép can co thé bat dau tir sy chuyén
d6i cach tinh xac suat nhu sau:
P{SX) >y} = [En:{l{S(X)>y}}
=[ Lsx>pm(X)dX
= [ s>l O f (X)dX
= Er{1is0>n L0},
: — X
trong do6 L(X) = 5
Tir (3.1), xé4c sudt £ = P{S(X) > y} c6 thé udc
luong tir mau moé phong XW, X3, . XM gqugc
khai tao tir mat do f(X) boi

?= %Zﬁvﬂ 1{5(x<i>)>y}L(X(i))-

Trong treong hop nay phuong sai cia uéce luong
duoc tinh baoi

(3.1)

(3.2)

3\ _ ]Ef(l{S(X)>y}L2(X))_£2
Varf({’) = N .
Dé sai sb twong dbi cia ude lwong bi chan boi
mot mic S cho trude thi

Zq j]Ef (Lis00sn 2 (X0)) — €2

<B.
¢ N =B
Tur d6 dan dén
2a\? [(Er(Lsc0>n 2 (0)
n () (@) y) gy

Quan sét tir (3.3) ta thdy néu ham mat do f(X)
dugc chon hop 1y, sao cho Ef (l{s(x)>y}L2 (X)) cod
gié tri gan v6i £2, thi ¢ mau md phong khdi tao can
thict s€ khong can phai qua 16n. Thuat toan Entropy
chéo dudi day s€ gitip co6 duge dicu nay.

3.2. Thuit toan Entropy chéo

Thuit to4n 3.1. Thudt toan Entropy chéo uoc
lugng xé4c suat su kién hiem £ = P{S(X) > y}.

B1: Bét dau dém lan I3p bsi t = 1, chon ham
mat do xuat phat la ham mat d6 cia mo hinh
fOX) = n(X).

B2: O lan lap thir t > 1, khéi tao mau mo phong
XD, x®@ XM tir phan phbi cia ham mat do
FEDX) va tinh cac tong
S(XW),s(X@), ..., S(X™) rdi sap xép thanh day
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gié trj tir nho dén 1on Sg;y < Sqy < -+ < Sgyy. Tinh
phan vi mac (1 — p) cua mau ¢ = S(1-pywy-

B3: Sir dung miu ¢ budc B2 cap nhat tham sé
xé4c dinh ham mat d¢ xac suat méi f® (X) thoa méan

ML TI 53005y L (X ) 10g(f (X)), (3.4

. n L orx®
trong do L(X(l)) — f(tT(X(i))'l =12,..,N.

B4:’Néu ¢ = v thi chuyén sang budc B5 roi két
thuc; néu nguoc lai thi tro lai budc B2.

B5: Pat T 1a chi s6 dém ¢ budc lap sau cung,
khoi tao mau mo6 phong X, X@, .., XM tiy phan
phdi cia ham mat do £ (X) va udc lwong x4c suat
£ boi

~ 1 .
t= EZ;:VLI 1{s(x(i))>y}L(X(l))- (3.5)

Chi y 3.1. Diéu kién (3.4) duoc xap xi tir diéu
kién

max E (1 ﬂlo (f(X)))
Ty F(E-1) {5(x)>y}f(t_1)(X) g

o max Er(1500>y) 108(f (X)))=
max f 1500y l0g(f (X)) (X)X,

Pidu nay s& lam cho khoang cach Kullback-
Leibler D(g(X), f(X)) dudi day nho nhat

D(g(X), f(X)) = Eglog (%)

=] g(X)g(X)dX — [log(f (X)) g(X)dX,
trong d6 g(X) = 1(5x)>yym(X). Tic 1a cac budc
lap cua thuat toan s€ gitp khoang cach Kullback-
Leibler gitta ham mat do méi méi £©(X) va ham
muc tiéu (X) ngay cang gan hon.

Khoang cach Kullback-Leibler ¢ trén con dugc
goi la Entropy chéo gitta 2 ham g(X) va f(X) vado
d6 thuat toan trén duoc goi 1a thuét toan Entropy
chéo.

Sy t6n tai ham mat do téi uu £ @ (X) trong thuat
todn da duoc chira @ ménh dé 5.1 trong'Homem-de-
Mello and Rubinstein (2002). Muc tiép theo dudi
day s€ xem xét sy dam bao vé diéu kién dung cua
thuat toan.

3.3. Pidu kién dirng caa thuat toan Entropy

chéo

Co s¢ dam bao vé tinh dimng cua thuat ton
Entropy chéo trong viéc thuc nghiém s6 dugc thé
hién qua Dinh 1y 3.1.

DPinh 1y 3.1. Xét 7, 1a phan vi mac (1 — p) cua
méau mo phong X, X@, .., XM dugc khai tao tir
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phan phdi cua ham mat do £ (X) & budc lap t cua
thuat toan 3.1. V&i mdi gia tri y, ludn ton tai s6 N,
nguyén duong va mot s6 duong p, sao cho v6i moi
s6 nguyén duong N thoa N > N, va moi 6 duong
p thda p < p, thi hau chic chan (voi xac suét 1) ta
S& ¢O P, > y, tirc 1a thudt toan 3.1 hdu chic chén s&
dung.

Chitng minh. Truée hét chung ta luu ¥y rang &
mdi budc lap t cua thuat toan 3.1 phan vi muc
(1 — p) cua téng S(X) c6 thé nhan duoc tir 161 giai
tdi vu cua mfin E {¢[S(X), €]} voi

PIS(X), ¢l =
{(1—/3)[5()()—5] néuS(X)2€(3 6)
pl§ —SX] néuSX) <&

That vay, theo (3.6), ky vong ctua ¢[S(X),¢]
duoc tinh boi
E{p[S(X), &1} = (1 —p)[S(X) —
SIPAS(X) =2 &} + pl§ — SO PASX) < &}
Do do

IE{p[S(X), &1}
—5r =P RSO =¢)
bit 1a y, phan vi mac (1 — p) cua S(X) tic la
PASX) <y} =1-phay p—PAS(X) 2y} =
0 thi dong thoi ta cling ¢6
{p —PAS(X) 2§} <0 voi& <y,

p—PASX) 26120 v6is =y, (3.7)
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Diéu nay dong nghia y, ciing 1a loi giai t6i uu
cua min E.{p[S(X), <]}

Twong tu, néu ky hiéu 7, 1a phan vi mac (1 — p)
ciia mau mo phong X, X@, . XM tir phan phdi
clia ham mét d6 fFO(X) thi 7, 1a 1o giai toi wu xap
i cua mfm LyN L o[S(x©),¢€].

Do IEt{qb[S(X) E]} 1a ham 15i nén  khodng cach
gitra y, va 7, s& dan vé 0 khi N dan vé co. Nghia la
ton tai s6 nguyén duong N, sa0 choy;, = ., Voi ¥,
1a phan vi muc (1 — p) ctia mau md phong co kich
thuéc N > N;.

Giasuy < m)?xS(X) khi d6 p, = P{S(X) =

¥} > 0 va co thé dé dang chi rarang y, > y 1a phan
vi muc (1 — p) cua S(X), p € (0; py).

Céc diéu trén chi ra rang ton tai s6 duong p, =
P.{S(X) = y} va s0 nguyén duong N, sao cho vai
moi p € (0; p;) va moi s6 nguyén duong N > N,

1udn c6 hau chic chan (voi xac suat 1) p, > y.0

Ch y 3.2. Trong thuc nghiém sé cua thuat toan
Entropy chéo, cac phan vi mac (1 —p) thuong
duoc lay véi p € [0,01;0,1]; néu p 16n thi c& mau
N & cac budc lap khong can phai qué 16, khi d6
thuc nghiém thuat toan can nhiéu budc lip hon;
nguoc lai, néu p nhé thi ¢& mau khoi tao can phai
lay du lon.

Bing 1. M héa cac trang thai cac tham so thanh phan cia vecto X = (X1,X2,...,X16)

Ky hi¢u Tham sd

Ma hoa cac trang thai

X1 Cau

X2  Dg-Rong-Duong
X3 Bdng-Chi-Dain
X4  Ddi-Hdic-In

X5  Chuong-Vat

X7  Dai-Ngan-Cach

X8  DPdnh-Dédu-Mdt-Puong
X9  Vét-Truot

X10 Swa-Puong

X11  Vét-Nude

Y12 Khoang-Cach-Tuong-

1: Khéng-C6-Cau, 2: Duéi-Cau, 3: Trén-Cau

1: Puong-Thuong, 2: Duong-Co-Via-He

1: Khéng-Bang-Chi-Dan, 2: C6-Bang-Chi-Dan

1: Khéng-Dai-Hiic-In, 2: C6-Dai-Hec-In

1: Khéng-Chuong-Vat, 2: Chudng-Vat-Bat-Ngo, 3: Chuéng-Vit-Thuong
X6  Kiéu-Vo-Ling 1: V6-Lang-Phdi, 2: V6-Lang-Trdi

1: Co-Day-Ngan-Cach, 2: Khong-Day-Ngan-Cach

1: C6-B.Ddu-M.Puong, 2: Khong-D.Ddu-M.Duong

1: C6-Vét-Truot, 2: Khong-Vét-Truot

1: Co-Sua-buong, 2: Khong-Stra-Duong

1: Co-Vét-Nuoc, 2: Khong-Vét-Nuoc

1: K.C = 100m, 2: 50 < K.C < 100,5: K.C < 10,3:25 < K.C <
béi 50,4:10m < K.C < 25m
1. -05m<C.L<-1m,2.—-1m<C.L<-1,5m, 3:

—1,5m <

X13 Chénh-Léch-Lan-DBuong C.L < —2m, 4: Khong-Chénh-Léch,5:0,5m < C.L < 1m, 6: 1m <
C.L<15m,7:15m<C.L<2m

X14 Gia-Toc-Xe-Tw-Hdnh
X14  Ving-Pdc-Biét
X16 Vin-Toc-Xe-Tu-Hanh

1: Binh-Thurong, 2: Yéu, 3: Manh
1: Tang-S.Lan, 2:Khong-Vung-b.Biét, 3:Giam-S.Lan
1: Nhanh, 2: Trung-Binh, 3: Chdm
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X1 (Cau):

X2 (D.Rgng-L.Duwong):
X3 (Bing-C.Din):

X4 (Ddi-H.In):

X5 (Chudng-Vin):

X6 (Kiéu-V.Lang):

Do thi cac tham s6 don
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X7 (Dii-N.Cich):
X8 (P.Déu-M.Duong):
X9 (Vét-Trugn):

X10 (Stra-Duong):

X11 (Vét-Nwéc): 0,98 0,05,
X12 (K.Cich-T.D3i): 0.4 1 \'!D“ 05,
XI3 (C.lgch-L.Puing):0,6% Qh ,'__:, 025,
X14 (Gia-Téc): 0,7 o0, %2
XI5 (Ving-D.bigo): [ 0.4,
X16 (Van-Téc): o, 0,07(2

Hinh 1. Phan b xdc suit cac trang thai ciia cic thanh phan vécto X = (X1, X2,

018 Phan phéi ciia s kién [S(X)>25]

PDF ciia khong gian mau
I Ving xéc sudt cia sy kién [S(X)>25] | |

0.16 0.16 I Ving xdc sudt cita sy kién [S(X)>34] |
% M tong S(X) cia sy ki¢n [S(X)>25] *  Mirc tong S(X) cua sy kién [S(X)>34]
0.14 1 014 F |
0.12 1 0.12 |
w 0.1 q " 01F 4
a a
a o
0.08 1 0.08 1
0.06 1 0.06 1
0.04 1 0.04 1
0.02 1 0.02 1
(X) > 25} = 0,032098 P{S(X) > 34} = 3,18*107
0 0 : :
17 20 25 30 35 40 45 50 17 20 25 30 35 40 45 50

S(X)=X1+X2+...+X16

..,X16)

Phén phdi cia sy kign [S(X)>34]
0.18 ! ! ; |

T T

PDF ctia khong gian mau

S(X)=X14X2+..+X16

Hinh 2. Phéin bb xac suit cia sw Kién [S(X) > 25] (trai) va sw kién [S(X) = 34] (phai)

4. AP DUNG SO
4.1. M6 hinh ngiu nhién

Xét mot nhom gdm 16 tham sb doc lap, 1a cac
tham sb don gian nhat trong md hinh mé phong cac
kich ban tham dinh hé théng hd tro 14i xe nang cao
ADAS sur dung cho xe tu hanh trinh (xe tu 1ai). Cac
tham s6 X1,X2,..,X16 dugc xét trong md hinh
vecto ngdu nhién X c6 16 bién doc lap X =
(X1,X2, ...,X16). Cac tham sb thanh phan nay c6
cac trang thai dugc ma hoa nhu trong Bang 1 véi cac
xéc sudt trong tmg dwoc giGi thiéu & Hinh 1.
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Do céc trang thai c6 xac suét xay ra nhé dwoc ma
hoa béi cac gid tri I6n nén xac sudt dé tong S(X) =
X1+ X2 + -+ X16 nhan gia tri I6n s& rat nho, tic
1a cac su kién c6 dang [S(X) = y] S& co xac suit
P{S(X) = y} rat nho khi y Ié6n. Chang han Hinh 2
(trai) thé hién ving xac suat P{S(X) > 25} =
0,032, Hinh 3 (trai) thé hién ving xac suat
P{S(X) =31} =575+ 1075 con  Hinh 2 (phai)
biéu dién cho ving xac suit P{S(X) > 34} =
3,18 % 1077, Sy kién [S(X) = 34] dugc xem la sy
kién hiém do co x4c suét xay ra rat nho.
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Tén suét wéc lvong Monte Carlo
— — — Xac suét can voc lugng
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Kich thwéc mau N %108

Hinh 3. Phin bd xic suit (tri) va wée lwong MCN (phai) cia sw kign [S(X) > 31]

4.2. Thwc nghiém woc lwgng

Str dung mau mé phong MCN véi kich thudc
N = 106, x4c suat P{S(X) = 31} wéc luong dugc
14 5,8 * 105 (Hinh 3) v6i sai s6 tuong ddi 1a 0,26
va thoi gian khoi tao 1a 1892 gidy. Theo (3.3), néu
mudn ude lugng xac suat nay theo MCN véi sai s6
tuong d6i 1a khong qua 0,25 thi c& mau Monte Carlo
t5i thiéu can khai tao 1a N = 1069113. Néu sir dung
phuong phéap CE thi chi can mau véi kich thuéc N =
1000, qua 3 vong lap cua thuat toan, xac suat udc
lwong nhan duoc 14 5,72 * 1075 véi sai s6 trong ddi
0,24 va thoi gian khoi tao chi 1,8 gidy.

Dbi véi xac suat P{S(X) = 34}, qua 4 vong lap
cta thuat toan CE véi ¢& mau khoi tao 1a N =
20000, gia tri uwdc luong nhan dugc la 2,71 *
10~7véi sai s6 twong ddi 14 0,254 va thoi gian khoi
tao 1a 13,7 gidy. Dé udc luong xac suat nay vai sai
s6 tdi da 1a 0,254 thi khi tinh toan theo (3.3), néu sir
dung phuong phap MCN can khoi tao mau c6 kich
thudc t6i thiéu 1a N = 1,93  108.

Céc thuc nghiém d3 thuc hién & trén cho thay
phuong phap CE gitip giam thiéu it di hon 1000 1an
vé ¢ mau khéi tao va thoi gian khoi tao so voi
phuong phap MCN. Nhitng thuc nghiém nay dugc
chay mé phong tir cac chuong trinh duge ma héa
trong phan mém Matlab 2020a va thyc hién chay
trén may tinh Processor Core 15-4460 CPU 3.20
GHz RAM 8G.
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5. KET LUAN

S0 v6i phuong phap uée lugng dia trén cac mau
moé phong Monte Carlo co ban, khi can wéc lwong
xac sudt rat nho caa cac sy kién hiém, phuong phép
sir dung thuat toan Entropy chéo gitp giam rat nhiéu
lan kich thuéc mau can khéi tao. Day la diéu da
dugc phan tich va xem xét chat ché vé nén tang co
s& 1y thuyét, ddng thoi ciing da dugc thé hién trén
cac két qua thyc nghiém. Vé mat dong gop tng
dung, két qua dugc khang dinh trong bai bao dic
biét rat c6 y nghia trong cac trudng hop can thyc
hién thir nghiém, thim dinh cac thiét bi, cong nghé
méi, nhat 1a cac thar nghiém cho nhiing kich ban
hiém xay ra theo cac diéu kién thong thuong. Ching
han nhu thir nghiém céc thiét bi hd tro tranh va cham
tai nan trong nghién ctru phat trién xe tu l4i, hay cac
thir nghiém nhimg tinh hudng nghén mang, cac mo
phong thir nghiém hat nhén, ... V& nhimg nghién
ctru c6 thé phat trién tiép theo, thir nhit c6 thé nghién
ctu cai tién thuat toan 3.1 dé c6 thé ti uu c& mau
khai tao va téi wu mirc phan vi trong timg budc lap
ctia thuat toan; kha nang thir hai 1a c6 thé nghién ciru
két hop Vi cac thuat toan tao mau Gibbs (Levine &
Casella, 2006) nhim lam ting tinh hiéu qua cua
phuong phap khi ap dung cho cac cdu trac mo hinh
phuc tap.
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