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PHUONG PHAP THONG KE MO PHONG GAN PUNG CHO
MO HINH NHIEU YEU TO PAU RA

Tran Ngoc Son, Nguyén Vian Btic, Tran Quang Hoang Anh’

Tom tit: Bai bao nghién citu hé thong phikc tap cé nhiéu yéu t6 dau ra. Nhitng
hé thong phitc tap chiu si tdc dong ciia nhiéu yéu t6, van dé ddt ra la can thiét phai
ddanh gid tam quan trong ciia tinmg yéu té va phdn tich sw anh hidng ciia nhitng yéu
16 do dén hé thong, tir @6, xdy dung mé hinh todn dé phan tich ciing nhw dir bdo sir
phat trién cia hé thong. Tdc gia dwa ra quy trinh sit dung phwong phdp todn thong
ké dé nghién ciru hé thong phirc tap. Tdc gia dé xudt phirong phdp xdy dung mé
hinh gan diing cho hé thong nhiéu yéu té dau ra trén nén tang sir dung dang mo
réng cia thudt toan binh phwong t6i thiéu. Pong thoi, tic gia dé trinh nhimg
phirong phap kiém tra tinh twong thich ciia mé hinh dé xem xét chat lwong ciing nhu
do tin cdy cua moé hinh vira xdy dung.

Tir khéa: Phén tich hdi quy, M6 hinh nhiéu yéu t& ddu ra, Thuét toan binh phwong tdi thiéu, Tiéu chuin
Bayes.
1. MO PAU

Van dé mo phong hé théng hién dai doi hoi can phai duy bdo su phat trién hé
thdng. Mot trong nhiing phuong phap quan trong dé thuc hién phan tich va du bao
do6 1a sir dung phuong phap toan hoc. Phuong phéap toan hoc c¢6 kha nang tinh toan
toan dién su tac dong cua nhidu yéu t6 khac nhau dén két qua cua du béo, ting do
chinh x4c va ting téc d phan tich cho du bao.

Dua vao sb luong céc yéu td dau ra, ta co thé phan chia thanh 2 loai mé hinh
chinh: M6 hinh mot yéu td dau ra, va M6 hinh nhiéu yéu td dau ra. Mo hinh mot
yéu t6 dau ra di duoc nghién ctru trong nhiéu tai lidu, c6 thé ké dén nhiing tac gia
nhu: N. Dreiper, H. Smith, A.B. Uspenskii, V.U. Burmin, E.V. Markova, J.
Johnson va cac tac gia khac [1-5].

Mo hinh nhiéu yéu t6 dau ra 1a mé hinh dong thoi quan sat mot vai yéu to dau
ra. C6 nhiéu mo hinh c6 thé str dung dé mo ta trang thai cua déi twong nghién ciru.
Tuy nhién, phuong phéap va thuat toan mo hinh héa nhiéu yéu t6 du ra van chua
duoc nghién ciru mot cach toan di¢n.

Nhitng mé hinh héi quy nhiéu yéu t6 dau ra truyén théng c6 diém dic trung 1a
cac ham sd trong nhitng phuong trinh hdi quy giéng nhau, ngoai ra cac mé hinh
nay khong nghién ctru sy trong quan giita cac yéu té dau ra. Vi vay, muc dich cua
bai bao nay 1a phat trién phuong phap thong ké cho méd phong gan dung trong
truong hop dong thoi quan sat nhiéu yéu té dau ra.
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2. PHUONG PHAP THONG KE CHO MO PHONG GAN PUNG

Trén co s¢ cac tai liu da gioi thiu, tac gid xay dung quy trinh phuong phap

théng ké cho mé phong gan dung cua hé théng nhiéu yéu té dau ra. Quy trinh nay
pht hop dé dy bao, phan tich nhitng hé thdng phtic tap vi nd cho phép nghién ciru
su tic dong cia nhidu yéu t6 toi hé théng dugec mé hinh héa. Cac bude cua quy
trinh duoc thé hién nhu trong hinh 1.

Nhitng budc quan trong nhit trong quy trinh trén 13 xay dung (budc 5) va kiém
dinh tinh twong thich (budc 6) ctia md hinh mé phong gan ding dya trén dir lidu
thdng ké. Duéi day 1a cac bude cu thé trong quy trinh.

a. Buéc 1: Pit van dé

Day 1a budc dau trong phén tich hé théng bao gdm nhitng nhiém vu co ban
nhu: Phan tich nhitng kho khan gap phai, liét ké nhiing nhitng nhiém vy, phan
tich cdu truc cta hé théng va dua ra nhitng muc tiéu chung ban dau khi phan tich
hé thong.

b. Buéc 2: Tong hop nhirng bién diu vao va diu ra cia hé thong
Day 1a budc liét ké tat ca nhitng yéu t6 tac dong 1én hé thong.
c. Buéc 3: Pit vin dé cho mé hinh gin diing phirc tap

Trong budc nay hé thong ban dau sé& dugc phan tich chi tiét hon, va s& dugc
xem xét, dat van dé phu hop véi mé hinh gan diing nao trén nén tang két qua thong
ké thuc nghiém.

d. Buéc 4: Phan tich toan thong ké

Str dung phuong phap toan thong ké dé mo ra nhitng kha ning phan tich hé
thong phuc tap. Cu thé trong qua trinh mé phong c6 thé sir dung phuong phap toan
théng ké dé lua chon ciu trac cho md hinh, hay no6i cach khac 1a lva chon nhiing
bién c6 gia tri dé dwa vao phan tich.

Pé thyc hién nhiém vu trong trudng hop mé hinh hdi quy da bién c6 thé ké dén
mot vai phuong phap nhu phuong phap hoi quy timg budc va phuong phap Bayes.

d.1. Phwong phdp hoi quy tirng buée

Muc tiéu ctia phuong phap hdi quy timg budc [6-8] 14 lira chon tir cac bién dau
vao dé dugc mot tap hop nhitng bién c6 ¥ nghia hon, tuong quan nhiéu hon véi
nhiing yéu t6 dau ra. Thong thuong qua trinh nay dugc thyuc hién trén co s st dung
hé sb F-test, t-test hay nhirng hé sé khac. Nhimng cach sir dung hdi quy timg budc

bao gém:
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1. bat véin dé:
a). Phin tich nhimg kho khin
0). Liét ké nhimg nhi¢m vy
B). Phén tich cdu triic cia hé thong
r). Pua ra myc tiéu ban dau cia nghién ciru

2. Téng hgp nhimg bi¢n dau vao va dau ra
cua hé thong
|

» 3. Dt van dé cho mé hinh gan ding phic tap |

. . o . 4. Phan tich toan thong ké |
7. Hi¢u chinh mo hinh toan
ban diu, lam chinh xac thém l
thong tin 5. Xay dyng mé hinh gan ding mé phong hé
théng ¢6 nhiéu dai lugng dau ra

khong

6. Kiém tra tinh twong thich
cua md hinh

khong

9. Néu ra nhimg gia thuyét
— khdc vé chirc nang va sy
du bdo cia hé thong

8. M hinh co thoa
man van dé datr

ch

| 10. Nhiém vy hoan thanh |

Hinh 1. Quy trinh phirong phép théng ké cho mé phong gan diing.

- Lya chon tién: Ban dau phwong trinh hdi quy khong chira bién nao. Nhimng
bién s& duoc tiép nhén 1an luot néu nhu chung théa man mot diéu kién di xac dinh
truée. Thir tu tiép nhan bién 1a mirc d6 quan trong cia bién d6 dbi véi cac yéu t6
dau ra (so dd phuong phap duogc thé hién nhu trong hinh 2).

- Loai bo lui: Ban dau tat ca cac bién s& dugc dua vao phuong trinh hdi quy.
Sau d6 theo thur ty nhiing bién nay s€ bi loai bé khoi mo hinh theo mot ti€u chi
thich hop (so d6 phuwong phap duoc thé hién nhu trong hinh 3).

- Lya chon timg budc: Pay 1a cach thuc két hop 2 phuong phap trén. Trong
tung giai doan lya chon tién s& déng thoi loai bo bién.

Trong thyc té, phuong phap hdi quy timg bude c6 mot s6 han ché nhu viée khong dua
ra phuong trinh hdi quy t6i vu voi mé hinh sb lugng bién dau vao 16n. Nguyén tic

twong quan gilra nhitng bién dau vao s€ khién cho nhirng bién quan trong c6 thé
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Biat din

!

Lira chon bién cé trong quan lén nhat véi Y

L

_*

i=01m

}_

Tinh toan gid tr F thirc té va gia ti F theo

bang

Fireal)>F(tabel)

Ca

Khong

Tiép nhan bién ndy vao mé hinh

L

K &t thic

Hinh 2. So d6 phirong phdp lwa chon tién.

Bit din

b

%( i=0(1)m

)_

|

Lwa chon bifn it c6 ¥ nghia nhat véi mé hinh

bang

Tinh todn gia tri F thie t& va gid t F theo

Co

Eh

“hong

o Loai bo bién nay ra khoi md hinh

K &t thic

Hinh 3. So @6 phirong phdp loai bé lii.

Tap chi Nghién cieu KH&CN qudn sw, Sé Péc san An toan Théng tin, 05 - 2017

151



Cong nghé thong tin

khong duoc dua vao phuong trinh. Pé c6 duge cau trac mo hinh t6i wu, can phai
tinh toan nhiing truong hop, trong d6 phan tich tit ca nhitng kha nang két hop. Tuy
nhién, phuong phap hoi quy timg bude s& co hidu qua cao v6i nhitng mé hinh ¢6
s6 luong théng ké 16n hon nhiéu sb luong bién dau vao.

d.2. Phwong phap Bayes

Phuong phép nay c6 tén la BMA (Bayesian Model Average) [9-11] 1a thuat
toan lua chon mo hinh nhiéu bién. Trong d6 mdi mé hinh c6 mot trong sé, trong $6
nay la BIC (Bayesian Information Criterion). BIC 14 tiéu chuan lya chon mé hinh
tir tip hop mo hinh tham s6, mé hinh nay phu thudc vao sb lugng tham sb. Dé
danh gid m6 hinh nay ta sit dung phuong phap udc luong hop 1y cuc dai, gia tri
nay cé thé ting 1én khi thém nhiing tham s6 méi. Tiéu chudn Bayes cho phép giai
quyét bai toan véi sb lugng tham sd 16n, dua ra hé s6 phat khi ting s6 lugng tham
s6 ciia md hinh. Tiéu chuan nay gan gidng vé6i tiéu chuan thong tin Akaike, chi
khac 14 gi4 tri phat nghiém ngat hon khi ting s6 luong tham sé ctia mo hinh.

Gia sir ta ¢6: X = {x, ", 1a mot bo phan cla mau, trong d6 timg thanh phan

dac trung cho bién X, =(x,,....x;). Khi do, tiéu chuén thong tin Bayes s€ dugc tinh
theo cong thurc:
BIC==2In(L)+kIn(),
trong d6, L 1a gia tri cuc dai cuia ham sb hop 1y cia mau quan sat v6i sé luong
tham sé cho trudc.
Trong truong hop mé hinh héi quy tuyén tinh tiéu chuan dugc thé hién théng
qua SSE 1a tong binh phuong cua sb du:

BIC = nlnﬂ+kln(n) .
n

Tu nhitng mé hinh dugc xem xét, ta s€ chon md hinh c6 gia tri tiéu chuin
Bayes nho hon. Tiéu chuin Bayes phu thudc vao sb luong tham sé va téng binh
phuong s6 du ctia md hinh. Thay ddi bién phy thudc va ting sb luong cac bién s&
lam thay d6i gia tri tiéu chuan Bayes.

e. Buéc 5: Xdy dung mé hinh mé phéng gin diing

Dud6i ddy 1a mé hinh nhiéu yéu td du ra quan trong trong mé hinh mé phong:

v, =n(x;,0)+¢, (i=1n), (1)

trong do:

xl.T = (xh. ,...,xk,.) 1a dai luong ddc 1ap hay nhiing yéu t6 du vao;
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yT = (V¥ 14 yéu t6 phy thudc (dau ra);

n 1a s0 lan quan sat; / 1a so lugng bién dau ra;

el =,,..6 ) latham s6 chua biét;
17" m
77T(xi>®) = (771 (x,@),...,nf (x, @)) 12 ham sd cho trudc;

6‘l. la sai s6 ngau nhién, tuan theo nhiing ti€éu chuan sau:

_ T,_ o
Ele;1=0, E[e;s] 1=d(x)), Elz;e ]=0,i% ], d(xl,)‘;to

trong do, E 1a gia tri ky vong.

Nhiém vu ctia van dé dit ra 1 phai xac dinh gia tri tham sé cho mé hinh duoc
thé hién trong cong thirc (1). Dé tim gi tri ndy tac gia sir dung bién thé cua thuat
toan binh phuong tdi thiéu nhu sau:

n

zza)jki(yji =1, (XN —m(x,,0)),  (2)

/
min S(f) = min
0 0 j=1 k=1 =1

trong do: w, =d -l (x;) 1a trong s6 ctia md hinh.
Trong trudng hop tuyén tinh theo tham sd, ta co:

n(x,0)=F' (00,

trong do:
f“(x) fw(x)
F(x)=|f;(x)f, (0] = .

ARG R e
Gi4 tri tham s6 tuyén tinh t6t nhat c6 dang:

O=M7y, 3)
trong do:
_ -1 T _ 13 _ -1
M=n ZF(xl.)a)l.F (xl.), Y=n ZF(xl.)a)l.yl., o, =d"(x;)-
i=l i=l
hoic dudi dang chi tiét:

_ k=10, yT =
M—(Mjk), Lk=LL,Y" =(¥, ,.Y,),

trong do:
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n
_ T
Mjk _izlwfkiff(xi)fk (x;)>

[

n
¥, :iikzlekiykifj(xi)'

f. Buéc 6: Kiém tra tinh twong thich ciia mé hinh

Sau khi tim duoc gia tri tham s6 ctia mé hinh gan dang, timg phuong trinh s&
duoc kiém tra tinh twong thich. Pé dat dugc diéu nay c6 thé sir dung nhiing tiéu
chuin nhu tiéu chudn Student, tiéu chuan Khi binh phuong, tiéu chudn Fisher...,
gidng nhu mo hinh hdi quy don thuan.

Pé kiém dinh tinh twong thich cia mé hinh nhiéu yéu t6 dau ra tac gia dé xuat
str dung 3 tiéu chuan sau:

f1. Sai sé gan diing

Pé xem xét do chinh x4c ciia md hinh, ta st dung gia tri tuong tu vdi sai )
gan ding nhu cong thirc (4). Sai s6 gan dung 1a d6 1éch trung binh ctia nhitng gia
trj thuc té va gid tri dugc tinh toan theo mé hinh [3]:

d=Lysemlyi= i o0, @)
n= sum(y ,-)

trong do: y;1a gia tri thuc té; )A/l. la gia tri theo mo hinh.

Chi nén sir dung mé hinh dé phén tich va dy bao néu c6 sai sé nhé hon 15%.
Néu sai s6 nho hon 5% thi mé hinh c¢6 d6 chinh xac cao.

f2. H¢ 56 xdc dinh

Pé xem xét chét luong cua mo hinh ta sir dung dai lugng tuong tu nhu hé $6
xac dinh nhu cong thire (5). Hé s6 xac dinh 1a dai luong thé hién phan trim bién
dong cua yéu td dau ra dugc giai thich boi cac yéu té dau vao [3]:

R > tE oE,
Ztr(EiO)Ta)iEfO ,

)

trong d6: tr 1a vét ciia ma tran, E, =y, — y,, E,.0 =y,—y, y la gia tri trung binh.
Heé s6 x4c dinh cang gan vdi 1 thi chat lwgng mé hinh cang tbt.
3. Tinh 6n dinh cia tham sé
Khi xem xét d6 6n dinh cta gia tri tham sd ciia mé hinh nhiéu yéu té dau ra co
thé chia ra lam 2 trudng hop:
- Truong hop dit lidu dugc tong hop trong thoi gian dai: Ta chia nho co so dir
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liéu va kiém tra d6 6n dinh cta tham sb thong qua nhitng mo hinh nho nay. Néu
nhimg tham s6 thu duge c¢6 khuynh huéng khong on dinh thi viéc sir dung mé hinh
xdy dung trén dir liéu ddy du s& khong dang tin cay.

- Truong hop dit liéu duge tong hop trong thoi gian ngan: Ta chia dir liéu ra
lam 2 phan, sau d6 sir dung 1 phan dé xay dung mé hinh dy bao, phan con lai dé
kiém tra tinh dtng din ctia mo hinh. Nhu vay, c6 thé tinh toan chat luong ciia mé
hinh du bao trén dir liéu dﬁy du. Néu mé hinh tim dugc khong c6 do chinh xac cao
ching ta budc sang budce 7.

g. Budc 7: Hi¢u chinh mé hinh

Hiéu chinh lai m6 hinh toan va lam chinh xac thém thong tin, sau d6 quay lai
Budc 3 dé dat lai van dé cho mé hinh gan ding. Néu mé hinh ¢ chét luong tot,
tuong thich voi gia tri thong ké ta chuyén sang budc 8.

h. Buéc 8: Kiém tra mé hinh

Kiém tra xem md hinh c6 thoa man nhitng van dé nhiém vu di duoc dit ra &
budc 1 hay khong. Néu khong ta chuyén sang budc 9.

i. Buéc 9: Néu ra nhirng gia thuyét khac vé chirc ning va sy dw bao ciia
hé thong

Tur nhing gia thuyét mdi nay ta s& tong hop va lya chon lai nhiing yéu t6 dau
vao va dau ra cho mé hinh (quay lai budc 2).

3. KET LUAN

Trong pham vi bai bao tac gia da dé xuit phuwong phap nghién ctru mé hinh gan
dung cta hé thong, trong d6 quan sat dong thoi nhiéu yéu td dau ra. Tac gia di st
dung dang bién thé ctia thuét toan binh phwong ti thiéu dé xac dinh gi tri tham s6
ctia mo hinh gan dung dya vao két qua thong ké, dong thoi dé trinh nhitng phuong
phap dé kiém tra tinh tuwong thich ctia mé hinh dya vao gid tri nhu sai s gan ding
va hé s6 xéc dinh.
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ABSTRACT
APPROXIMATED STATISTICAL APPROACH
FOR MULTIPLE OUTPUT MODELS

In this article, the authors focus on complex systems, which have many
outputs. Complex systems are affected by many factors, and the issue is that,
it is necessary to evaluate the importance of each factor and analyze the
effect of those factors on the systems, from which to build mathematical
model for analysis as well as predicting the development of the systems. The
authors propose a procedure using statistical methods to study complex
systems. The authors then propose an approximated modeling approach for
multi-factor systems based on the use of the expansion form of the least
squares algorithm. At the same time, the authors also propose methods to
validate the compatibility as well as the reliability of the constructed model.

Keywords: Regression analysis, Multi-output model, Least squares algorithm, Bayesian information criterion.
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