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ABSTRACT

In this study, Monte-Carlo simulation samples are generated by the
periodic Gibbs sampling algorithm. The probability of a rare event will
be estimated from these simulated samples. By using the Naive Monte
Carlo method to estimate the very small probability of rare events, it is
necessary to create very large simulation samples that take a long time to
initialize. This limitation was significantly improved by combining the
cross-entropy method with the Gibbs sampling algorithm to create Monte-
Carlo simulation samples. Using the technique of probability measure
change in the cross-entropy method, rare events will occur in the
simulation sample at a higher frequency according to the new probability
measure. The probability of these rare events can be well estimated by
returning the results for the initial probability measure.

TOM TAT

Trong nghién civu nay, cdc mau mé phéng Monte Carlo dwoc khdi tao boi
thudt toan chon mau Gibbs quét tuan tw. Xdc suat cua su kién hiém sé
duge wée lwong tir cde mau mé phong nay. Khi sir dung phwong phap
Monte Carlo don gian, dé uoc luong dugc cdc xac suat rat bé cua su ki¢n
hiém thi can phdi tao cdc mau mé phong cé kich thiede rdt 1om, mat nhiéu
thoi gian khoi tao. Han ché nay duoc cadi thién dang ké khi phuong phap
Entropy chéo dwocsir dung két hop voi thudt todn Gibbs d‘e tao cac mau
mé phong Monte Carlo. Véi ky thudt doi do do xdc sudt trong phwong
phap Entropy chéo, cdc sy kién hiém sé xudt hién trong mdu mo phong
voi tan s6 cao hon theo dé do xdc sudt méi, nho dé ‘khong can khoi tao
mau cé kich thuée qud Ién ciing c6 thé wée heong tot dwge xdc sudt ciia
cac su"kién hiém nay khi tra nguoc cdac két qud tinh toan vé do do xac sudt
ban dau.

Trich dan: Tran Van Ly, Nguyén Tir Thinh, Nguyén Duong Thanh Phu, Tra Pirc Pho va Trén Van Trong,
2020. Sur dung thuat toan Entropy c}}éo va chon mau Gibbs Sié ude lugng xac suat sy kién hiém.
Tap chi Khoa hoc Truong Pai hoc Can Tho. 56(S6 chuyén dé: Khoa hoc tyr nhién)(1): 46-53.
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1 GIOI THIEU

Trong nghién ctru nay phuong phap Entropy
chéo duoc gidi thieu qua mot thuat toan phu hop dé
ude lugng xac sut cua cac su kién hiém trong mot
truong ngau nhién phic hop (De Boer et al., 2005).
Phuong phap dugc mo ta 1a mdt qua trinh 1ap trong
d6 mdi budce lip co hai xir Iy co ban sau:

(i) Khei tao mot mau dir liéu ngau nhién (cac quy
dao, cac vector ngiu nhién, ....) tir phan phdi cua
mat trudng ngau nhién phic th dugc quan tam;

(ii) Cap nhat cac tham s6 clia mo hinh (tir dit ligu
mo phong) rdi sir dung dé khoi tao mau mé phong
khac thuc hién cho budc lap tiép theo.

Trong nghién ctru nay cac mau mé phong cho
mot vector ngiu nhién da bién X = (X1, X,, ..., X))
duoc khai tao tir mot phan phdi muc tiéu (X) xac
dinh. Nghién ctru duge xem xét véi gia thiét 1a co
thé d& dang thuc hién viéc lay mau tir cac phan phéi
didu kien w(X;|X{—),i=1,2,..,V, trong dé
Xy = (X;:j #0). Chon miu Gibbs tudn tu la
phuong phép duoc chon lya dé thuc hién viéc cap
nhat cac thanh phan X; cua X v6i mau lay tir cac
phan phéi diéu kién m(X;|X[_;) trén trang théi hién
tai cia cac thanh phan khéac. Thir ty cta thanh phan
dugc cap nhat c6 thé thay doi. V6i diéu ki¢n can
bang tong quat va gisi han vé sb Ian lip, mau cua
cac bién ngau nhién s& tiém can vé phan phdi muc
tiéu m(X). Céac khai niém cling nhu céc co so ly
thuyét lién quan dén phép chon miu Gibbs dugc
tham khao & Brémaud (1999); sy hoi tu cua thuat
toan dwoc khang dinh bai cac két qua trong Liu et
al. (1995) va Levine and Casella (2006).

2 THUAT TOAN CHQN MAU GIBBS
TUAN TU

Gia sir ta muén mo phong vector ngau nhién V
chiéu X = (Xy, Xy, ..., Xy) co phén phdi m(X). Phép
chon méu Gibbs quét tudn ty cap nhat thay doi cac
thanh phan X; cta X theo mét trinh ty qui dinh trudce.
Thuat toan cua phép chon mau nay dugc trinh bay
nhu dudi day.

Thuat toan 2.1. Ldy mau Gibbs quét tuan ty.

1)Chon X© = (x x{, .., x(?).

2) O lan lap thir t (t= 1):

— Lay ngau nhién
XO~m (X, X570, xE7, L xE V)

- Lay ngau nhién

XP~m (X, %0, XD, L XY
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— Lay ngau nhién
t t t t

XP~r (X, |xP, X, ..., x0).

3)Lap lai budc 2) cho toi khi dat dugc yéu cau
dung (xap xi véi phan phoi muc ti€u & mot mirc do
nao do).

Su hoi tu cia 'ghuat todn dugc dam bao boi Pinh
ly 2.1 bén dudi néu cac dieu kién sau day dugc thoa
man:

(d1) Sau mét sb budc hitu han n, budc lap,
khoang géch Pearson d,(p,m) tr ham mat do
Pn, (X) dén ham mat 6 muc tiéu r 1a hitu han, trong
6 dy(pn,, ) dugce xéc dinh béi

ng (X)
(o) = Var {3250} = 125 ax -

2
@2)f {%} n(X)n(Y)dXdY < oo, trongdo

K 1a ham xé4c suét chuyén;

(d3) Mau tao boi Thuat toan 2.1 la mot xich
Markov toi gian.

Pinh Iy 2.1. Cho mat d¢ ban dau cta phép lay
mau Gibbs tuan tu 1a py(X) va pn‘(X) mat do nhan
duoc & budc 13p thtr n. Khi cac diéu kien (d1), (d2)
va (d3) thdéa mén thi khoang cach Pearson tir P, dén
ham muyc tiéu 7 € hoi tu don diéu giam vé 0 theo
mot téc do hinh hoc.

Chikng minh.

Ky hiéu K™ 1a ham chuyén sau n budéc lap, sir
dung quy nap ta dugc

K"(Y|1X) = [K(YIX)K™1(X'|X)dX .

Khong mat tinh tong quat, ta gia sirn, = 0 trong
diéu kién (d1).

Po(X)

batg(X) = e

L3(m) tacod
|E, {h(X)} — E{h(X)}|

— 1, khi d6 véi batky ham h €

_ n Py (X)

= KL ) < IE TR I,
Trong  do, [lhll=VEM®?), |IF =
sup ||t (W)l va

heL3(m),||hll=1

L3(m) = {(h(X): E[h(X)] = 0, E[h?(X)] < 0}.
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Ly t(X) = ﬁ;—()"_)l thi bidu thirc vé bén tri s& a
d121(pn, T[)- V@l Vi ”g” = dn(pO: T[) nén
A (P, ) < |[FMld (o, 7).

Tinh don diéu dé dang dugc nhan ra véi luu y
rang ||F;|| < 1 khi ta thay thé p, boi p,_,va toc dd
hinh hoc nhan duoc 1a

1
lim || F*|[n = 7.
n—-oo

Két luan ciia DPinh 1y nhan dwoc nho két qua cua
Dinh ly 3 trong (Liu et al., 1995) da ching minh
duoc rang r < 1 khi cac diéu kién (d2) va (d3) thoa

O
3 PHUONG PHAP ENTROPY CHEO

man.

Xét mot ho cac ham mat d6 m, = m(X,p) Voi
X = (X1, X5, ..., Xy) 1a mot vector ngau nhién va
p = (p1, P2, -, Py) 12 mot vector tham so. Entropy
chéo gittam, = m(X,q) vam, = n(X,p), con dugc
goi la khoang cach Kullback-Leibler, dugc xac dinh
boi

Dy, m,) = Eq (10822 =
T
Xxm(X, log (m(X, Q) — Lx (X, @)log (n(X, p)).

- Xét tong S(X) = Xy + Xp + -+ X, va gid su
rang ta quan tdm dén xac suat [ cua su kién hiém
dang {S(X) = y} theo mat d6 (X, p) voi y 1a mot
mirc gia trj du lén nao do, nghia la:

L= P5(S(X) 2 v) = Ez(Lisxyzy))- 1)

S dyng mot  mau  ngdu  nhién
(XD, x@, ., XxM) dugc liy tr ham mat do
n(X,p) ta c6 thé woc luong Monte Carlo don gian
cho x4c sut [ :

)

Tuy nhién dé uée lurong dugc cac xac suit [ kha
bé theo cach nay, can phai tao mot mau cé kich
thudc rat 16n, dan dén “chi phi dung lwong” va thoi
gian tao mau s lon.

B 1
l = ;Z{\Ll 1{S(X(i))2y}'

Mot thuat toan dugc gidi thiéu theo phuong phap
Entropy chéo dua trén phép dbi d6 do xéc suat, qua
d6 co thé ude lwong duoc cac xac sut kha bé voi
mot mau khong can qua 16n, va do dé thoi gian tao
mau s& it hon.

Thay vi sir dung (2), x4c suét | s& dugc udc
luong dudi dang
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7 _1gN ) (X,p)
b= 2z sz 7o

3)
Trong do6, d6 do méi
Lsco=pym(X, D)

l

duoc chon tir ho (X, p) sao cho khoang cach
Kullback-Leibler gitta 7*(+) va n(, p)sau day

D(,my) = z 7 (¥)log (7 (X))

X

' (X) =

~ ) m(log n(X,p)

X

cang nho cang tbt. Piéu nay dan dén viéc phai
chon p sao cho

z 7 (¥)log 7(X, p)
X
sy (X, D)

ZZ I

X

log n(X,p)

12 16n nhét, twong dwong chudi thu tuc tinh toan
sau day
Lsozpm(XP)
!
[1{S(X)2y}log (X, P)]

max ),y log n(X,p) ©
p

max E;
P

Tiép tuc thém bude lam twong ty, khi dat trong
mot thuat toan lap, gia st rang p®~1 da dwoc xéac
dinh & budc lap th t, thuc hién phép ddi d6 do voi
mau trong tim lay tir phan phdi p¢~b, 46 do
méi (X, p®) duogc xac dinh boi

p(f) =

arg max[l{S(X)zy}W(Xv p, p(t_l))log T[(X, p)]!
14

trong d6 x, = arg max[y(x)] 1a ham xac dinh
r 92 x
tham s6 x, dé dat y,,q, va

= -1y (X Dp)
WX, P, )=y
Cap nhat cia p® c6 thé tim duoc tir 10i giai cua
hé sau
i Ls(x)e)W X, 2,0 ) Vlog (X ©, p) =
4)
trong d6 (X®,X@, ..., XM dugc lay tir mat do
(X, pt~V) va toan tir gradient dugc tinh twong (g
theo p.

1
N

0,
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Dé udce lugng cho xac suit [ trong (1) theo (3),
chung ta s& sir dung do do xac suit m*(-) = p®
dugc cap nhat boi (4) & mot sé bude lap phu hop
theo thuat toan Entropy chéo (CEA, Cross-Entropy
Algorithm) duéi day (De Boer et al., 2005).

_Thujt toan 3.1. CEA ding dé udc luong céc xdc
suat su kién hiém.
1)Chon mat d6 ban dau p™ va bit dau dém sé
buéc lapt=1.

2)0 lan lap thir t (t >2):

Khéi tao mau ngau nhién (X®,X@, .., xM)
duoc lay tir ham mat d6 w(X, p¢~1) , tinh céc tong
S(XD),i =1,N, roi sap tha tu tr nho dén Ion
SaySay Sy Vi pEOD, dit §=
Saci-pyny 1a 80 lugng (1 — p) phan sau ciia mau da
sap thi ty nay;

Néu 7 < y : st dung mau khai tao dé tinh cap
nhat cac xac suat p® tir (4) roi tiép tuc lap lai budc
2).
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Néuy >y, dimg budc 2), ldy = y va chuyén
sang buac 3).

3)Piat T l1a budc lap sau cung, khdi tao mau
(XD, x@, .., X™ND) tir phan phéi m(X,p™) va
wdc luong xac suét I boi

~ 1 N. N
L= N_12i=11 1{S(X(i))z-y}W(X(l)l v, p(T))

4 AP DUNG
4.1 M6 hinh ap dung

Chung t6i xét mot md hinh gdm 61 tham s ngau
nhién dudi dang moét vector ngau nhién X =
(X1, X5, ..., Xg1) theo 4 nhom cac bién tham sé doc
Iap cuc dai. Nhom Singletons ¢6 16 tham s6, nhém
Binaires c6 6 tham s, nhom Meteo c¢6 9 tham sb va
nhom Route ¢6 30 tham sé ¢6 phan bd xac suat lan
luot theo cau triic cac Hinh 1, 2, 3 va 4. Luu ¥ 1a
trong phan bd nay cac trang thai co xac suit nho s&
dugc ma hda boi cac mure gia tri lon va chung toi goi
phan phdi ban dau nay 1 phan phdi muc tiéu 7.

Graph of the clique Singletons
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Hinh 1: M3 héa trang thai va phan b xac suit ciia nhém Singletons

49



Tap chi Khoa hoc Trirong Pai hoc Can Tho Tdp 56, So chuyén dé: Khoa hoc ty nhién (2020)(1): 46-53
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X21:
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Graph of the clique Binaires

Hinh 2: M3 héa trang thai va phan bo xac suit cia nhém Binaires
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Graph of the clique Meteo

Hinh 3: M3 hoa trang thai va phan bb xac suét cia nhém Meteo
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Graph of the clique Route
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Hinh 4: M3 héa trang thai va phin b6 x4c suit ciia nhém Route

V6i mdi cdu hinh cu thé cia vector ngu nhién ~ trong phan phéi Muc tiéu ctia mo hinh, téng quan sat
X = (X1, Xy, ..., Xg1), thiét 1ap tdng quan sat S(X) = S(X) c6 gia tri nho nhat 1a 65 va gid tri lon nhat la
X, + X, + ..+ Xs,. Theo sy md hoéa trang thai 196. Hinh 5 biéu dién mat d xac suat ciia mo hinh

0.07

theo tong quan sat S(X).

Target distribution of the model

0.06

0.05

PDF

0.02

=== PDF of the configuration space |

80 100 120 140 160 180 200
S(X)=X1+X2+...+X61

Hinh 5: Phan phoi muc tiéu ciia mé hinh ap dung
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Trong mé hinh nay, nhitng cdu hinh c6 téng quan
st cang 16N, xac suat xay ra cang bé. Theo d6 chiing
ta c6 thé xem xét cac su kién hiém (tap cac cdu hinh
¢6 xac sudt xay ra kha bé hay rat bé) trong mo hinh
dudéi dang {S(X) = y} vé6i y 1a mot muac gia tri da
Ion.

Trong thyc nghiém ap dung tiép theo dudi day
ching t6i xem xét wdc luong xdc suat cua sy kién
hiem 120 = {S(X) = 120} , Hinh 6, v6i x4c suat
kiém chang rat bé 53 = 1077,

4.2 Két qua thuc nghiém

Céc thyc nghiém nay dwoc thyc hién bai phan
mém Matlab 2015a trén CPU 2.5 GHz, processor
Intel Core i5, RAM 4GB. Céc dit liéu ddu vao gdbm
céc trang thai tham sd, cac diéu kién phy thudc, cac
gi4 tri ma hoa va cac xac suit trong phan phbi mo
hinh ban dau dugcbién tap ¢ dang cac bang dit lidu
Excel, khi dua vao moéi truong Matlab chiang t6i
chuyén thanh céc siéu ma tran (Super-matrix) va cac
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mang té bao. Bing cac chwong trinh thuat toan
Matlab trong mot toolbox dugc thiét lap, chung toi
XUt ra cac dir liéu mé phong & dang cac mang té
bao. Tlr d6 chuyén sang cac dinh dang khéac dé xir ly
tinh toan, mo6 phong hinh anh, ....

Dé udce lugng cho sy xac suat kién hiém R120,
chiing t6i tao cic mau mo phong co kich thudc
N=100000 va N=1500000 theo phuong phap Monte
Carlo don gian. Di véi phuong phap Entropy chéo
chiing t6i tao mau cé kich thuéc N=100000. Thoi
gian tao mAu, tan suat xuat hién su kién hiém R120
va cac khoang tin cay 95% thu duoc tir cac mau thyuc
nghiém nay dugc trinh bay ¢ Bang 1. Két qua thu
dugc cho thiy voi ¢& mau N=100000 tao ra tir
phuong phéap Entropy chéo, c6 thé uéc lwong duoc
xéc Suat cua R120. Nhung véi mau tao ra tir phuong
phép Monte Carlo don gian ¢6 cung kich thudc nay
thi sy kién R120 chua thay xuat hién, ma phai tao
méu dén kich thugc N=1500000 chung ta méi wdc
lugong dugc xac sudt cua R120.

Distribution of the rare event T120

0.07 T T T

0.06 [

0.05 [

0.04

PDF

0.03 [

0.02

0.01 [

T T T

4 level f(X) of the rare event T120

PDF of the configuration space

- "

0 : : “
120

60 80 100

140 160 180 200

S(X)=X1+X2+...+X61

Hinh 6: Phan phdi xac suit cia sy kién hiém R120

Bing 1: Uéc hrgng xac suit caa sy kién hié R120 (xac suit diing 1353 « 1077)

Thoi gian (s) _ Tén suit ciia R120

Khodng tin ciy 95%

Phwong phap, C& miu

Naive Monte Carlo, N=100000 2319
Naive Monte Carlo, N=1500000 71791
Entropy chéo, N = 100000 2322

0 NaN
821077 (82 +45) 1077
59 x 1077 (59 4+39) %1077

52



Tap chi Khoa hoc Trirong Pai hoc Can Tho

5 KET LUAN

Khao sat cac su kién hiém véi xac sudt xay ra
nho thudng gap kho khin do khong c6 nhiéu di ligu
liéu thyc. M6 phong Monte Carlo thuong dugc dung
dé tao cac dir liéu md phong nghién ciru. Nhung véi
nhiing sy Kién c6 xac suét rat bé, doi hoi phai khao
sat trén cac mau mo phong c6 kich thudce rat 16n,
mét nhiéu “dung luong” va thoi gian khai tao. Diéu
nay 1a mot han ché khong nho trong nhiing truong
hop ng dung xir 1y truc tiép. Bang cach két hop vai
phuong phap Entropy chéo, trong d6 k¥ thuat d6i do
do dwoc van dung, mét cach tiép can hiéu qua da
duoc gigi thiéu dé khiac phuc han ché nay. Cu thé,
dé udc luong duoc xac rat bé cua nhitng sy kién
hiém, chung toi khong can tao mau qua 1on. Didu
nay thé hién qua két qua thuc nghiém dugc trinh bay
trong bai bao. Trén thyc té phuong phap nay ciing
da duoc 4p dung trong nhiéu du 4n cong nghiép.
Trong d6 nhiéu thuat toan tao mau Gibbs cai tién
khac da duoc sir dung va ing dung trong cic van dé
khac nira, khong chi don gian 1a dé u6c lugng xac
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suét sy kién hiém. T4t nhién 1a tinh hoi tu va yéu cau
xap xi phan phdi (cua dit liéu mo6 phong véi khong
gian ciu hinh) cta cac thudt toan cai tién ciing rat
dugc chu trong trong cac ing dung d6. Luu y rang
day 1a nhitng yéu cau rat quan trong ma cac tng
dung cong nghiép thudng doi hoi rat nghiém ngit.
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