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LIEN NGANH CO KHI - DONG LUC

Nghién ctru sw anh hwong cac tham sb cuia phwong phap
Polynomial Chaos dén sai s6 Leave-One-Out

Study on the effects of the parameters of the Polynomial Chaos
method on the error of Leave-One-Out

Cao Huy Giap

Tac gia lién hé: huygiapdhsd@gmail.com
Trwdng Pai hoc Sao Do

Ngay nhan bai: 06/10/2021

Ngay nhan bai stra sau phan bién: 21/3/2022
Ngay chap nhan dang: 31/3/203

Tom tat

Hién nay v&i sw phat trién cla khoa hoc k§ thuat, qua trinh tao ra cac sdn phadm méi dwoc rat ngan nhd coéng
nghé mé phdng sé. M6t trong nhirng phwong phap mé phdng sb hiéu qua nhdm rat ngén thdi gian mé phéng dé
la phwong phap Polynomial Chaos (PC) [1]. V&i phwong phap nay nguwdi ta sé chon mét sé lwong mau nhd, tinh
toan trén cac mau nay, cac két qua con lai sé dwoc noi suy theo két qua tinh toan & cac mau, do do trong qua
trinh tinh toan cé sai s6. Khi khéng biét két qua chinh xac thi ta khéng thé biét dwoc sai sé nay la I&n hay nhd.
Vi vay, can c6 mét chi sb dé danh gia cac sai sb trong qua trinh tinh toan theo phwong phap PC. Bai viét nay
trinh bay phwong phap xac dinh cac yéu té anh hwéng dén sai s6 Leave-One-Out (LOO) ctia phwong phap PC.
Két qua mé phéng dwoc so sanh, danh gia véi sai sb gitra phwong phap PC va phwong phap Monte Carlo (MC).

TL‘JJ~khc’Ja.' Phuong phap Iéy méu; phuong phap Polynomial Chaos; 16i Leave-One-Out; déng luc hoc; bién
ngau nhién.

Abstract

Today, with the development of science and technology, the process of creating new products is shortened thanks
to digital simulation technology. One of the effective numerical simulation methods to shorten the simulation time
is the Polynomial Chaos (PC) method [1]. With this method, people will choose a small number of samples,
calculate on these samples, the remaining results will be interpolated according to the calculation results in the
samples, because the measurements in the calculation process have errors. Without knowing the exact result, it
is impossible to know whether this error is large or small. Therefore, it is necessary to have an index to evaluate
the errors in the calculation process by PC method. This paper presents a method to determine the factors
affecting Leave-One-Out (LOO) error of PC method. The simulation results are compared and evaluated with the
error between the PC method and the Monte Carlo method (MC).

Keywords: Sampling methods; Polynomial Chaos method, Leave-One-Out error; dynamics; random variable.

1. PHUONG PHAP POLYNOMIAL CHAOS Trong do:
¢; La da thirc cua PC;
&=(£ ¢ ) lacac véc to doc Iap.

Véi r 1a s6 lwong bién khéng chéc chan. Méi quan hé
gitra cac bién nay v&i da thire clia PC sé dwoc thé hién
trong Bang 1.

Phwong phap Polynomial Chaos téng quat dwoc dé
xuét tir Xiu-va Karniakakis [1] la cong thirc mé& réng
dwoc phat trién tir ly thuyét cta Wiener [2]. Day la mot
phwong phép tinh toan theo xac xuét. V&i phwong
phap tinh toan nay sé gitp gidm chi phi tinh toan cho
céac bai toan véi cac tham sb khéng chéc chan. Véi méi
md&t mau & trong tap A’ thi gia tri clia clia cac bién sé
dworc tinh gan dung theo cong thirc:

Bang 1. Méi quan hé giita bién & va da thic cia PC

Bién & Pa thirc ¢ Gia tri
NI’
- _ _ Gaussienne Hermite (=c0, +0)
x(é,t) & Xpc (é’t) N ij¢f (é’t) M| Uniforme Legendre [a,b]
7=0 Gamma Legendre [0, »)
Beta Jacobi [a,b]

Ngw&i phan bién: 1. PGS. TS. Tran Van Nhw
2. TS. Nguyén Dinh Cwong
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Bién & theo quy luat Uniforme, theo tai liéu [1] da thirc

nay dwoc tinh theo céng thire:
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3, =4, o8 )= [ Lin (€D ®Ly ) (E)
Voi L
b&i cékng thire:

(n+DL,, (x)=Cn+DxL, (x)-nL, (x)
Vi

L(x)=1vaL,(x)=x

Véi quy luat nhw trén thi méi quan hé bién £ va da thire
¢ sé phu thudc vao hé sé p cua da thtrc PC (do ngu i
tlnh toan chon) va dwoc bién dién theo Hinh 1.

(2)

0 (k = 1+r) la da thtrc Legendre dwoc xac dinh

()

1
¥ — 50 (0-0) ¥
\ ——a@p=) | §
H #2(6)(p=2) e
1 wO @e=3) | F)
\ L =%= 04(§) (p=1) eﬁ .
) }(/ \><\ :_. 3
1 °
R od, ;
<l \ £ VAR b - —.OQ'O",@ 4
B A e
-3 / g 4
\::' ¢ X ]
d / \ !
\ ’ \ !
X /1 * II

Hinh 1. M6i quan hé gica bién & va da thic ¢,

V&ip =0 vap =1 thi da thirc ¢ dwoc bidu dién 1a
dwong thang. V&i p = 2 thi da thwc o dwoc biéu dién la
dwéng cong véi sb bac twong (ng.

N dwo’c tinh theo cong thirc:

N +1_(pTr')' 4)
pr:

Trong dé:

x;1a hé sé cia PC duoc tinh theo cang thirc:

)_C: (¢T(é(q))¢(§(q)))—1¢T(§(q))x(é_;(q)) (5)

Voi g(ll) — (él(q), é (q)) voiq=1,..,Q;

Q la sé lwong lay mau.

¢(§(q)) dwoe xac dinh bdi céng thirc:
A& by, (£

pE )= : (6)
H(E) - By (€D

2. LOI LEAVE-ONE-OUT

2.1. Sai sé trong qua trinh tinh toan cua
phwong phap PC

Trong qua trinh tinh toan tac gia st dung phwong phap
Monte Carlo dé kiém chirng lai. Néu x,, 1a két qua cla
phwong phap Polynomial Chaos, x,,. 1a két qua cua

phwong phap Monte Carlo, thi sai s6 trong qua trinh
tinh toan sé dwoc tinh theo céng thirc:

€=Xp-—

(7)

Xyme
2.2. L6i Leave-One-Out

Vi méi phan tir £9 thudc tap hop mau A xac dinh thi
taco thé tinh duoc x,,. () va x(£) voi x,. ()
la két qua ctia phwong phap PC vé&i méi phan tir g(q)
theo cong thire (1), x(E) 1a két qua véi phép tinh
trwe tiép tai méi phan tor 5(‘1) bang phwong phap giai
tich. L6i LOO dé dworc tinh theo cong thirc [3]:

1 & 2(ED) = 5,0 (£
eLOO:E,Zl: = - =

(8)
Vi h, dwoc tinh theo cong thirc:
hi — ¢(§(Q))(¢T (é(‘]))¢(§(¢])))—l¢T (é(q))

3. MO HINH DAO BDONG 1/4 TREN O TO

x (1)

[ z(0)

Hinh 2. M6 hinh dao dbong 1/4 trén 6 t6

Theo tai liéu [5], [6], [7] md hinh dao dong 1/4 trén 6 t6
dwoc mo ta nhw sau:

(10)
(11)

. X o
mx, =—k (x, —x,)" —c(x,—x,)

m, xz =k, (x, _xz)3 +c(xll—x.2)+ku(z(t)—x2)

Trong dé:
m_: Khéi lvong ctia phan dwoc treo;
m,; Khéi lwong cta phan khéng duoc treo;
k;: D6 cirng cua hé théng treo;
c: Hé sb can gidm chén;
kD6 clrng cua banh xe;
z,,- D6 nhap nhé clia mét duong;
X, Hé toa do gan vai than xe;
X' : Hé toa d6 gan véi banh xe.
Trong qua,trmh xe 0 to chuy(?n dong c()’ mot s6 t?(f) phan
cla hé thong treo sé thay doi théng so phi tuyén nhuw:
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D6 cirng cua 16p xe, gbi d& cao su,... Tac gia dé xuét
gia tri ctia d6 cirng hé thdng treo va do cirng clia banh
xe thay déi trong khoang 10%.

Bang 2. Théng sé cua xe 6 t6 duwoc khao sét [5]

Thong sé Gia tri
K, 400 N/m + 10%
K, 2000 N/m £ 10%
m, 40 kg
m, 20 kg
c 600 Ns/m
zZ 02m

4. KET QUA NGHIEN cUU

Pé so sanh sai sb trong qua trinh tinh toan ctia phwong
phap PC va phwong phap MC véi 16i LOO, tac gia so
sanh 2 gia tri ex va LOO.

Trong doé:

ex la gia tri tich phan cua sai sb trong qua trinh tinh
toan clia phwong phap PC theo thoi gian;

LOO la gia tri tich phan cta 16i LOO theo thoi gian.
Nhw vay, ex va LOO sé dwoc tinh toan theo cong thirc:

exzj.edt (12)
0

LOO = jeLOOdr (13)
0

Vé&i hé phwong trinh dwoc biéu dién nhw trén, tac gia

s dung chwong trinh phdn mém Matlab v&i truwéng

hop dau vao la mat dwong dwoc mo phéng nhw

Hinh 3.

oigan

Hinh 3. B nhép nhé ctia mét duong

T Hinh 3 ta-thdy qua trinh chuyén dong clia xe moé
phéng: Trong gidy dau tién xe chuyén déng trén mét
duwdng bang phdng sau d6 gdp map mod véi do cao
I&°0.2 m trong mét giay sau d6 xe tiép tuc di trén mat
dwong bang phang.

V@i cac diéu kién tinh toan nhw trén, tac gia thu dwoc
két qua tinh toan theo cac phwong phap lay mau lan
lwot 1a: Monte Carlo (MC), Hypercube latin ngau nhién
(LHSa), Hypercube latin xac dinh (LHSd) va lay mau
bang cach s dung nghiém cua cac da thirc (RR) [3],
[4], [8]. Cac tinh toan sé dwoc thwe hién trong trwdng
hop v&i p = 1+10. Do cac két qua sau mdi lan tinh
toan khac nhau, dé quan sat dwoc ving sai s6 clia cac

LIEN NGANH CO KHI - DONG LUC

trwdng hop tinh toan, tac gia da thwc hién cac phép
tinh 13p lai 30 lan.

Vé&i phwong phap l1ay mau la MC cac két qua sé duoc
thé hién qua Hinh 4.

Hinh 4. Phuong phép lay mdu MC

Trong Hinh 4, cac diém dau céng mau den thé hién két
qua cla tich phan sai sé cta phwong phap PC theo
thoi gian. Cac diém hinh tron mau d6 thé hién tich
phan ¢ cta 16i LOO theo thoi gian. V&i phuwong phap MC
thi mau dwoc chon 1a ngau nhlen trong khong gian Iay
mau. Nhw vay, véi cung mét sb lwong lay mau, khi Iay
st dung phwong phap nay thi sé cé tao ra cac két qua
la khéng tring nhau trong qua trinh 1ap lai. Do do6, tinh
toan 1ap lai sé tao ra cac két qua khac nhau.

Vé&i cac két qua & hinh trén ta thay rang khi p tang thi
ex va LOO déu cé xu hwéng gidm vé 0 (p = 5). Sy khac
biét gitra 2 gia tri nay cd xu hwéng giam khi p tang .
V6i phwong phap 14y mau 1a LHSa, cac két quéa duoc
biéu dién théng qua Hinh 5.

vvvvvvvvvvvvvvvvvvv

Hinh 5. Phuong phap ldy m4u LHSa

Phuwong phap lay mau Hypercube latin ngau nhién 1a
mét phwong phap dwoc phat trién tir phwong phap lay
mau Monte Carlo. V&i phwong phap nay, mau dwoc
tao ra bang cach chia khéng gian clia cac bién dau vao
thanh cac khéng gian con khac nhau va lay ngau nhién
trng khéng gian con nay. Nhw vay, khi Iap lai phwong
phap nay dé lay mau thi sé tao ra cac tap mau khac
nhau. Do d6, v&i cung mét sé lwong ldy mau, két qua
cla LHSa la khac nhau.

So v&i cac két qua cta phwong phap lay mau MC &
Hinh 4, thi cac két qua clia ex va LOO déu giam va c6
xu hwéng hoi tu vé 0. Dwa vao Hinh 5 ta thay réng khi
p =5 va p tang thi sy khac biét gitra ex va LOO gidm.

Cac két qua véi phwong phap ldy mau LHSd dwoc thé
hién qua Hinh 6.
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vvvvvvvvvvvvvvvvvv
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Hinh 6. Phuong phéap lay mau LHSd

Vé&i phwong phap Hypercube latin xac dinh, mau dwoc
tao ra bang cach chia khéng gian cia cac bién dau
vao thanh cac khéng gian con khac nhau va mau dwoc
chon la trung tdm clia cac vung khéng gian nay. Do sé
lwong khéng gian con nhiéu hon so véi sb lwong lay
mau, nén véi cung moét sé lwong mau cé thé céd nhiéu
cach chon. Do d6, v&i cuing mét sb lwong 1ay mau, két
qua clia LHSd la khac nhau.

So v&i cac két qua cua phwong phap lay mau MC,
LHSa thi gia tri ciia ex va LOO déu giam.

V6i phwong phap ldy mau la RR, cac két qua dwoc thé
hién qua Hinh 7.

vvvvvvvvvvvvvvvvvvv

Hinh 7. Phuong phéap ldy mdu RR

V&i phwong phap RR, viéc Iéy mau dwoc thwe hién
bang cach tim nghiém cla bac da thirc thi (p+1). Cac
mau sé dwoc chon tr cac nghiém nay. Nhw vay, déi véi
phwong phap RR chi cé mét tap mau duy nhat ¢ng véi
méi mét p. Do d6, khi lap lai tinh toan thi chi thu dwoc
1 két qua duy nhat twong (rng v&i méi p.

Dwa vao Hinh 7 ta thdy réng khi p tang thi ex va LOO
hoi tu vé 0. So v&i cac két qua clha cac phwong phap
l4y mAu MC, LHSa, LHSd thi sw khac biét gira ex va
LOO 1a it nhét khi gia tri p dd 16n (p 2 5). Khi p 2 6 thi
céc gid tri ciia ex va LOO la gan béng 0.

5. KET LUAN
Gia tri cua 16i LOO va gia tri clia sai sb gitra phwong
phap PC va phwong phap MC sé phu thudc vao viéc
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lwa chon phwong phap 1y mau va hé sé p. Sir dung
phwong phap PC dé tinh toan, khi hé sé p tang thi 16i
LOO va ex sé giam.

Gia tri cia 16i LOO sé gan vd&i gia tri cla sai s6 gitra
phwong phap PC va phuong phap MC va gan véi gia
tri 0 khi tinh toan v&i phwong phap l1ay mau 1a RR va
vGihé s6 p dilon (p 2 5).
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