Mé& dau

Thiét ké thi nghiem (Experimental Design) dugc sit dung rong rai bdi
céc nhd phan tich véi muc dich kiém soat cac nhan t6 quan trong trong
viéc mo t& ho#ic gidi thich két qua dau ra ciia thi nghiem. N6 ra doi tit
nam 1930 bat ngudn tit nhitng nghién citu ctia nha théng ké R. A. Fisher
tai trung tam thi nghiém nong hoc Rothamsted, Vwong Qudc Anh. Nhitng
déng gép quy bau ciia ong cung véi F. Yates va D. J. Finney 1a da dua ra
nhiéu bai todn trong néng nghiép va sinh hoc. Nhitng thap ky tiép theo,
gan lién véi syt phét trién ciia cong nghiép, G. E. P. Box va dong nghiep da
phat trién cac ky thuat trude dé dé phit hop véi cac bai toan trong cong
nghé héa hoc.

Phuong phdp bé mat ddp tng (Response Surface Methodology hodic
RSM) nghién citu syt phu thuoc ctia bién dau ra hay bién ddp 1ing (response)
y vao cac gia tri xy, --+, X, clia m nhan to (factor) dau vao trong thi
nghiem dudi dang y = f(x1, -+, Tm)+e. Ham hoéi quy bidu dién moi quan
hé nay la chua biét va duge xap xi bdi ham da thiic trong khai trién Taylor
trén mién duge giéi han hay con goi 1a mién thi nghiém (experimental
region).

Néu sit dung ham da thiic bac mot dé xap xi ta nhan duge mo hinh da
thitc bac mot (first-order model)

yiﬂoJrZﬂﬂHrE- (1)

i=1

Trong truong hop st dung ham da thic bac hai, mé hinh da thic bac hai
(second-order model) duge biéu dién dusi dang

m m m—1 m
y=Po+ Zﬂuiﬂf + Zﬂixi + Z Z Bijrix; + €, (2)
i=1 i=1

i=1 j=i+1

trong (1) va (2) € la nhiéu trang (white noise).



Trong mo hinh bé mit dap tng, cic gia tri clia cac nhan t6 dudc thiét
ké trong n phép thi (run) dudi dang ma tran thiét ké D ¢ n X m gom

cac hang (Ty1, Tu2, ***, Tum), ¥ = 1, ..., n. Ma tran thiét ké mé rong
X ctia mo6 hinh da thitc bac hai véi n hang va p = 1(m + 1)(m + 2) cot
(17 Jf%, T xgnv T1y, ==y T, T1T2, =", xm—lmnb) Hhan du’cjc t ma traﬂ

thiét ké ding dé udc lugng p hé sb6 ciia mo hinh bing phuong phap binh
phuong t6i thiéu thong thusng (OLS) hodc phuong phap binh phuong t6i
thiéu tong quat (GLS).

Céc thiét ké cho mo hinh bé mat dap tng hay con goi 13 thiét ké bé mdt
dap ing (response surface design hoidc RSD) phai théa man mot trong céc
tiéu chi sau (xem muc 7.1 Meyer & Montgomery (2002)):

1. Dua ra phan bd hop 1y vé cac bién dap tng trong mién quan tim
(region of interest) va phut hgp v6i mo hinh.

2. Céac phép thit thi nghiem c6 thé chia nhém duge.

3. Dua ra udc lugng sai s6, uéc lugng chinh xéc hé sé clia md hinh va
mo t& tot sy thay ddi clia phuong sai dit bao var(f(x)) trong mién
thi nghiém.

4. Thiét ké c6 tinh vitng (robust) dbi v6i céc gia tri ngoai bién ho#c gia
tri bi mat.

5. Thiét ké khong yéu cau qua nhiéu phép thit thi nghiém va nhiéu mitc
gia tri cho cac nhan to.

6. Dam béo tinh toan don gidn, dé giai thich mo hinh.

Tuy nhién, dé tim ra thiét ké théa man dong thoi tit cac tieu chi tren
1a khong thé, vi du tiéu chi 1 v& 5 khong thé cting dat dugce do 1 can thém
cang nhiéu phép thit cang tot. Vi vay, mdi bai toan tim thiét ké thi nghiem
chi tap trung viho mot s6 tidu chi nhat dinh. Vi du § tiéu chi 3, ngudi ta
thuong xem xét cac thiét ké dua trén cac tieu chuan D—tdi wu (cyc dai
dinh thiic ctia ma tran thong tin trong var(g(x))), G—t6i wu (cuc tiéu
gia tri 16n nhat clia phuong sai du béo), A—tdi wu (cyc tiéu vét ciia ma
tran nghich dio clia ma tran thong tin) va I—tdi wu (cyc tiéu trung binh
phuong sai dy bao).

Duéi day 1a cac thiét ké thong dung dap ting maot s6 tiéu chi trén bao

gdm:



(i)

(iii)

Cac thiét ké cho céc nhan t6 v6i 2-miic gia tri pho bién la: thiét ké
nhan t6 (FD) 2™, thiét ké mot phan nhan t6 (FFD) 2m~% va thiét
ké Placket-Burman (PBD).

Cac thiét ké cho cac nhan t6 véi 3-miic gia tri phd bién la: Thiét ké
tong hgp trung tam (CCD), thiét ké tdng hgp nhé (SCD), thiét ké
Box-Behnken (BBD), thiét ké tang cip (APD).

Thiét ké SPLIT-PLOT (SPD) la thiét ké khi xuat hién cac nhan t6
kho thay déi gia tri (HTC) va nhan t6 dé dang thay ddi gid tri (ETC)
do diéu kien kinh té va thoi gian.

Trong thai gian gan day, cAc huéng nghién citu vé thiét ké bé mat dap

ng tap trung chi yéu theo cac huéng sau:

(i)

(iii)

Gidm s6 phép thit thi nghiém ma vin khong lam thay ddi nhiéu
vé D—hiéu qui va cac tinh chat khac. Cac két qua ndy dudc cong
b6 trong Draper & Lin (1990), Morris (2000), Nguyen & Borkowski
(2008), Nguyen & Lin (2011), Dey (2009) va Nguyen & Dey (2013).

Phat trién, tim kiém céc thiét ké SPLIT-PLOT D—hiéu qui cho cac
thi nghiém c6 nhan t6 HTC va ETC. Cac két qud nay duge cong bd
trong Vinning et al. (2005), Parker et al. (2006, 2007), Macharia &
Goos (2010), Jones & Goos (2012) va Mylonal et al. (2013).

Phat trién cac thiét ké sang loc x4c dinh cho mo hinh bé mat dap
tng chi gdm céc hiéu ting chinh v& hiéu tng bac hai. Cac két qua méi
duge cong bo trong Jones & Nachtsheim (2011), Stylianou (2011),
Xiao et al. (2012) va Nguyen & Stylianou (2013).

Theo hai huéng nghién citu dau tién, néi dung chinh ctia luan an 1a

nghién cttu bai todn tim thiét ké bé mit dip tng 3-mic t6i wu theo cac
tieu chi 2, 3, 5 va 6. Cac thiét ké s& c6 (i) tinh chat hiéu ting bac hai truc

giao,

(ii) chia nhom duge va t6i wu theo chi s6 Deg. Trong bai toan nay

chiing t6i xét cAc nhan t6 v6i 3-mitc gia tri vi né 1a s6 mitc bé nhat phit

hop v6i md hinh da thitc bac hai va sé 1am s6 phép thit thi nghiém gidm so
v6i trudng hop thi nghiem nhiéu hon 3 mtc. Tiéu chudn D—t6i wu duge
stt dung trong ludn &n ciing rat phd bién trong cac cong trinh nghien ciu

vé thiét ké thi nghiém vi né dé dang tinh hon céc tieu chuan khac nhu



I—t6i wu, A—t6i uwu, ... Ngoai ra, mot thiét ké 1d D—tbi wu thi ciing gan
t6i ttu theo mot s6 tieu chuan khac (xem Wong (1994) va Cornell (2011)).
Két qua chinh ciia luan an la:

(i) Thiét lap céc thiét ké mat dap 3-miic ¢6 tinh chat higu tng tryc giao
cai tién céc thiét ké c¢d dién Box-Behnken bang cach si dung cac
thiét ké nhém khong day du (IBD). Céc thiét ké Box-Behnken méi
van giit nguyén céc tinh chét clia thiét ké Box-Behnken cd dién. Hon
thé nita cac thiét ké méi c6 s6 phép thit clia thi nghiém it hon BBD
va ¢6 thé chia nhém truc giao.

(ii) Mot thuat toan dé xay dung cdc SPD c6 tinh chat uée lugng tuong
duong va tinh chit hiéu tng bac hai tryc giao. V6i thuat toan nay,
cac thiét ké méi cai tién mot s6 lugng 16n cac thiét ké cii theo tieu
chuan chi s6 Deg, cac mitc gia tri nguyen va tinh chat hieu tng bac
hai tryec giao.

CAc thiét ké mdi ctia ching t6i déng gép vao tap hop céc thiét ké cho céc
ngudi lam thi nghiém gidi quyét cac bai toan thyc té.

Ngoai phan md dau, két luan, danh muc cong trinh va tai lieu tham
khdo, luan 4n bao gdom 3 chuong

e Chuong 1: Trinh bay mot s6 kién thic vé thiét ké thi nghiem va
tap trung gidi thiéu phuong phap bé mat dap tng.

e Chuong 2: Trinh bay vé thiét ké Box-Behnken va xdy dung céac
BBD méi c¢6 sd phép thit thi nghiém it hon ma van giit nguyén cac
tinh chit ctia thiét ké Box-Behnken.

e Chuong 3: Trinh bay vé thiét ké SPLIT-PLOT va thiét ké uéc lugng
tuong duong SPLIT-PLOT (EE-SPD). Cac EE-SPD méi tao ra bdi
thuat toan SPLIT c6 tinh chat higu tng bac hai truc giao va D—higu
qua.

Luan an c6 st dung cac mé dun IBD, CIBD va CUT trong phan
mém Gendex clia TS. Nguyén Ky Nam (http://designcomputing.net/
gendex/)) va lap trinh tinh toan theo ngdn ngit Java.


http://designcomputing.net/gendex/
http://designcomputing.net/gendex/

Chuong 1. Gidi thiéu phuong phap bé mat dap
ang

Trong chuong nay, chiing téi trinh bay khai niém vé thiét ké thi nghiém,

va tap trung gidi thieu vé phuong phap bé mit dap tng trong thiét ké thi

nghiém. Chiing t6i dua ra mo hinh, tiéu chuan D-t6i wu vi cac thiét ké
phit hgp v6i moé hinh.

1.1 Thiét ké thi nghiém

Thi nghiém (Experiment) gom mot phép thtt hodc mot tap hgp cac
phép thit. Nha théng ké Fisher dé xuét ba nguyén 1y co ban clia viée thiét
lap thi nghiem dé 1a (i) ngdu nhién héa (randomization), (ii) ldp lai nhiéu
lan (replication) vi (iii) chia nhém (blocking).

Thiét ké thi nghiem gom bén bude: (i) phéng doan, (ii) thiét ké, (iii)
thi nghiém va (iv) phan tich (xem hinh .

Thi nghiém Thi nghiém Thi nghiém

Thletk Phén tich Thlet ké Phan tich Thlet ké Phan tich

[ NN N/

Phong doan ~ Phong doan Phong doan Phong doan

Hinh 1.1: Qu4 trinh thuc hién thi nghiém lién tiép

Thiét ké thi nghiem 1& hé théng ciu tric cic phép thit duge thuc hien
trén cac nhan t6 dau vao dé xac dinh két qua & cac bién dau ra, trong dé



méi phép thit thi nghiém 13 mot t6 hop cac gia tri clia nhan t6. Cac nhan
t6 trong thi nghiém 13 diéu kién trong qua trinh thyc hién thi nghiém c6
anh hudng dén két qua dau ra va duge thiét 1ap & cAc mic tuong ting véi
mién gid tri. Ké qua dau ra ctia thi nghiem duge goi 1a bién dap tng (1a
bién phu thuoc trong mod hinh hoéi quy). Céc sai s6 thuong gip trong thi
nghiém thudng dudc gia thiét 14 nhiéu tring.

1.2 Phuong phap bé mit dap tdng

Phuong phap bé mit dap tng 1 tap hop cac ki thuat duge thyc hien
dé tim gia tri t6t nhéat ciia bién dap ing. Néu gia tri tét nhat hoic cac gia
tri ctia bién dap tng da biét dén, thi phuong phap nay cho ta hiéu biét
sau hon vé hé théng chung clia bién dap tng.

1.2.1 M5 hinh bé mit dap tng

Trong thyc té, bién dap tng phu thudc vio gia tri clia cac nhan t6 dudi
dang
y:f(xlu T2, *°, xm)"‘e, (1].)

trong d6 ham dap tng f chua biét vi sai s6 € 13 sai s6 thi nghiem dudc gia
stt ¢6 phan bd chuan véi trung binh 0 va phuong sai o2.

Néu xap xi ham dap tng bing da thic bac mot thi

m
y=PF0+ > Bimite, (1.2)
i=1
dudc goi 1a md hinh da thitc bac mot, trong dé cachésé 8;, i =1, 2, -+, m

dugc goi 1a hiéu ing chinh hodc bac mot (main hoac first-order effect).
Néu ham dap tng duge xap xi bdi da thitc bac hai thi mo6 hinh

m m m—1 m
y =B+ Zﬂufﬁf + Zﬂﬂi + Z Z Bijrixj + €. (1.3)
=1 =1

i=1 j=i+1
dudc goi 14 mo hinh da thitc bac hai, trong d6 caché s6 By, i =1, ---, m
la cac hiéu Wng bac hai (quadratic effect) va B, ¢ =1, ---, m, j =



2, «-+, m, i < jla cac hiéu ing tuong tdc (interaction effect) gita nhan
t6 thit 7 va thi j.
Thuyc hién thi nghiém duéi dang ma tran thiét ké

it o Tim

T21 - Tam

Tn1 - Tnm
V& quan st cac gia tri bién dap tng y., w =1, ---, n theo m&i phép thit
(w1, *+*, Tum) ta nhan duge hé phuong trinh sau

m

ﬁO + Z /Buxu; + Z /leul + Z Z ﬁz]xuzx'tu + €u- (14)

1=1 j=i+1

M5 hinh dudc viét lai dudi dang ma tran nhu sau:

Y =XB+e, (1.5)
trongd6Y = [y1, -+, yn| , €= [e1, -+, €n] VA ma tran thiét ké md rong
anp gomnhang (1 'rulﬂ Tty I?Lmv Tuly sy Tumy Tullu2, """y Ty m—lxum),

viu=1, ---, n.

Vecto hé 56 ﬁ = [/605 /6113 e aﬁmmaﬁh e a/67n76127 e 76'rn—1'rn], dlIOC
udc lugng bang phuong phap binh phuong t6i thidu 8 = (X'X)"1X'Y, c¢6
ma tran hiép phuong sai cov(B) =0o?(X'X)"!

1.2.2 Tbi wu bé mit dap iing

Vé6i m6 hinh da thic bac hai duge kiém dinh phit hop v6i mbi quan he
gitta bién dap tng va cic nhan t6, ta nhan dude du bao bién dap tng

+Zﬁzxz+25ux +Z Z 52J(E LL'j Bo+ﬂ§lb+$/]§1}7 (16)

i=1 j=i+1



trong d6 @ = (x1, -+, Zm), b= (b1, -, Bm) va ma tran dbi xing B
¢d m x m ¢6 phan ti duong chéo 1a By va cac phan ti & vi trf (i,5) 1a
Bij/2. Diém dimg ctia bé mit dap tng

xs = —%Bb. (1.7)

Néu ma tran B c6 tat ca cac gia tri rieng déu am thi diém dimg la
diém cyc dai ciia bé mat dap ting. Néu B ¢6 tat ca cac gid tri rieng duong
thi diém ding 1a diém cuc tiéu ctia bé mat dap ing. Trong truong hop gia
tri rieng ciia B ¢6 mot s6 am va mot s6 duong thi diém ding dude goi 1a
diém yen ngua.

1.2.3 Thiét ké thi nghiém phi1 hdp mé hinh bé mit dap iing
1.2.3.1 Thiét ké phii hgp mé hinh da thitc bac mot

Cac thiét ké phit hgp véi mo hinh da thitc bac mot thudng duge st dung
la cac thiét ké 2-mric gia tri cho cdc nhan t6 lam cyc tiéu phuong sai clia
céc he s6 hdi quy f;. Day la cac thiét ké ¢6 ma tran X'X dang duong chéo,
trong d6 ma tran thiét ké md rong X gom céc hang (1, Ty1, **+, Tum)
véiu =1, ---, n. Khi do6, cac thiét ké dugc goi 1 thiét ké bac mot truc
giao (first-order orthogonal design). Chting bao gom thiét ké nhan t6 2™
hosic thiét ké mot phan nhan t6 2™ % va thiét ké Placket-Burman.

1.2.3.2 Thiét ké phi1 hgp m6 hinh da thiic bac hai

Nam 1951, Box & Wilson dua ra 16p céc thiét ké tdng hgp trung tam
thic hién cho cédc nhan t6 v6i nam mic 1a —a, —1,0,1, . Cac phép thi
thi nghiém trong CCD gdom céc phép thit clia thiét ké nhan t6 2-miic,
cac diém sao (star point) dang (0,--- , +a,--- ,0) va cdc diém tam (center
point) (0,---,0).

BBD dugc gidi thieu bdi Box & Behnken (1960) thyc hién cho cdc nhan
t6 véi ba miic —1,0, 1. Cac thiét ké nay dugc xay duyng bing phuong phap
chdong chat diém lén cadc nhoém khong day dii (chi tiét & chuong 2).

Nam 2000, Morris dé xuat mot 16p thiét ké méi cho cac nhan t6 3-mutic

gia tri 14 APD. Céac thiét ké nay gdm cdc phép thit clia thiét ké 2-mic gia



tri truc giao trong mo hinh da thic bac mot va cac phép thi sinh ra tir
cac phép thit trén.

Céc SCD la thiét ké cai tién CCD béi Draper & Lin (1990) va Nguyen
& Lin (2011) béng cach st dung it cadc phép thit hon cho thiét ké nhan t6

2, N = .~ ~ 2 - 2 N + 2 ~
2-mic ma van gitt nguyén cac diem sao va diem tam.

1.2.3.3 Chia nhém cho thiét ké bé mat dap ting

Thiét ké bac hai chia thanh cic nhém truc giao (orthogonal block) néu
théa man cic diéu kién sau :

e Mdi nhom la mot thiét ké bac mot truc giao. Nghia la: Y x; =
0; >" z;x; = 0 trong mdi nhém.

e V6i mbi nhan t6, tong binh phuong tit mdi nhém ty 1é véi kich co

l 2
clia nhom. Nghia Ia : Z4=1% = ™ v6i n; la kich ¢3 clia nhom thi
i=1"q
I, 1=1,---, bvanlasd phép thit thi nghiem ctia thiét ké.

1.2.3.4 Thiét ké t6i uu cho mé hinh bé mat dap tdng

Thiét ké bé mat dap tng dudc goi 1a D-t6i wu néu gia tri dinh thic
|X'X| 1& cyc dai. V6i cac thiét ké bat ky, chi s6 Deg hay mitc do D—hiéu
qud (D—efficiency) dugc xac dinh dé danh gia mitc do gan toi uvu:

IX'X| )1“’
D = 1.8
of (|M0pt| ( )

trong d6, |M,,:| 1a dinh thic ctia thiét ké t0i uu va p la so tham s6 trong
mo hinh.

1.3 Thi nghiém sinh tong hop enzym Lipase

Trong muc nay, ching toi trich din thi nghiém sinh téng hgp enzym
Lipase trong bai bao clia tac gid Bui & Nguyen (2009) va tién hanh phan
tich bang phuong phap bé mat dap tng st dung phan mém R vdi géi lenh
rsm (http://cran.r-project.org/web/packages/rsm/index.html).


http://cran.r-project.org/web/packages/rsm/index.html

Chuong 2. Thiét ké Box-Behnken nhé vdi
nhém truc giao

Trong chuong nay, mot phuong phap méi xay dung cac thiét ké bac hai
v6i 3-miic st dung cac thiét ké nhém khong day dii v6i ¢d nhém khac nhau
dudc dé nghi v6i sd nhan t6 bat ky. Phuong phap nay dua ra cac thiét ké
¢6 thé chia nhém truc giao v6i sé lugng nhé cac phép thi thi nghiém, miic
do D—hiéu qud (D—efficiencies) cao v chi 86 zoay quanh (rotatability)
cao. Két qua méi duge cong bo trong bai béo [1] ctia danh muc cong trinh
khoa hoc ctia tac gia.

2.1 Thiét ké Box-Behnken

Box & Behnken (1958, 1960) gi6i thieu cac thiét ké bac hai (second-
order design hodc SOD) phit hgp v6i mo hinh da thic bac hai

m m m—1 m
Yu = Bo + Zﬂnxf + Z/B'le + Z Z BijTiT; + €y. (2.1)
=1 =1

i=1 j=i+1

CAc thiét ké nay goi 1a thiét ké Box-Behnken (viét tat 1a BBD) dugc xay
dung tit cac thiét ké nhom khong day di va can bang (Balanced Incomplete
Block Design hosic BIBD) hodc cac thiét ké nhém khong day di va ban can
bang (Partial Balance Incomplete Block Design hodc PBIBD) va thiét ké
nhan t6 2-mitc (hofic mot nita thidt ké nhan t6 2-mic ddi véi truong hgp
ctia BBD cho 11 nhan t6) dugc chong chat lén cac phan ti trong m6i nhém
ctua BIBD hoac PBIBD.

BBD c6 nhiéu tinh chat t6t nhu thiét ké c6 ba mtc gia tri, méi nhan
t6 dudc thie hien & cling mitc gia tri cao nhat va nhd nhét, c6 tinh chat
xoay quanh ho#ic gan xoay quanh va c¢é thé chia nhém tryc giao trit truong
hgp ba va 11 nhan t6. Ngoai ra, ma tran X'X ciia cac BBD c6 cau tric
don gian. Cu thé, trong khi cac thiét ké bac hai nhu APD va CCD c6 ma
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tran X'X dang
A 0
0 B

(2.2)

v6i A la ma tran vuong cap m + 1 va B la ma tran vuong cap m+ (5) =
m(m + 1)/2, thi cac BBD (trit truong hgp BBD cho 11 nhan t6) va CCD
c6 ma tran X'X dang

A 0

0 D

(2.3)

véi D 1a ma tran dudng chéo. Khi ma tran X'X ciia thiét ké c6 dang
thi hiéu ttng bac hai sé truc giao véi cac hiéu ting chinh va hiéu tng tuong
tac. Hon ntta, m hiéu tng chinh va (7;) hiéu tng tuong tac trong co
thé uéc luong mot cach truc giao néu ma tran X'X c6 dang

2.2 Thiét ké nhém khéng day da véi c¢d nhém khac
nhau

Thiét ké nhom khong day dt (IBD) c6 (v, b, r) 1a sit sip xép ciia v phan
t& viio b nhém véi kich thude khac nhau sao cho mdi phan t xuat hién
trong r nhém va khong phan t ndo xuat hién nhidu hon mot 1an trong
mdi nhém. Kich ¢d clia cac nhém c6 thé bing nhau hodc khac nhau. Khi
cac nhém c6 thé chia thanh cic nhém Idp lai (replicate set) thi thiét ké
nhém khong day di duge goi 1a tdch duge (resolvable).

M&i IBD gin lién v6i ma tran ldp lai (concurrence matrix) NN' = ()\;5)
voi Ny =7, (i=1, -+, v) va A;j (i # j) la s6 nhém xuat hien dong thoi
phan ti¥ i va j. BIBD la IBD véi ¢8 nhom khong ddi va Ajj = A Vi # j.

Chiing t6i dé nghi mo6t phuong phap xay dyng cac IBD véi hai gia tri
Xij = 1 va 2: Cdc thiét ké nhom khong day di nay duge zay dung bing
cach thém mot hay hai phan t& hodc xéa di mot phan & tu thiét ké nhom
khong day di va can bing.

2.3 Phuong phap xay dung thiét ké Box-Behnken nho

Thiét ké Box-Behnken nhé (Small Box-Behnken design hoic SBBD)
dudc xay dyng bing cich chong chit cac thiét ké nhan t6 2-mtc lén cac
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Bang 2.1: Céc chi s6 ciia SBBD.

m D (v,b,7) n+ ng Dy Q*
4a-b 15 (4,6,3) 24+3 98.86 1.0000
5° 21 (5,8,4) 34+2 72.44 0.9933
6 28 (6,11,5) 4442 85.50 0.9967
7a:b 36 (7,7,3) 562 99.93 1.0000
8 45 (8,20,7) 80+2 88.77 0.9972
9a 55 (9,12,4) 96+4 98.18 0.9985
10 66  (10,15,5) 120+2 69.21 0.9947
11 78 (11,19,6) 15242 74.90 0.9905
12 96 (12,22,7) 17642 90.06 0.9973
13¢ 105 (13,13,4) 208+2 99.11 0.9990
15 136 (15,35,9) 2802 90.52 0.9964
16¢ 153 (16,20,5) 32045 96.83 0.9974

@ Cac thiét ké duge dua ra bdi céc tac giad khac

b Cac thiét ké c6 thé chia nhém béi hai nhan t6 chia nhém (blocking factor)

phan t trong mdi nhém ciia thiét ké nhém khong day di. Véi trudng hop
SBBD cho 11 nhan t6, mot nifa clia thiét ké nhan t6 2* dudc st dung.
Cu thé, SBBD cho nam, sau nhan t6 duge tao tit cac IBD tuong ting cd
(v,b,7) = (5,8,4) va (v,b,7) = (6,11,5). Tuong tw, ma tran biéu dién
SBBD cho m = 8,12 va 15 nhan t6 c6 thé dat dugc bing cach x6a di cot
cudi ciing trong cac ma tran biéu dién SBBD cho m + 1 nhan t6.

Cac IBD gan lién cac SBBD cho 10 v& 11 nhan t6 dugc tao nén bing
cach them mot va hai phan tit vao BIBD ¢6 (v, b,7) = (9,12,4). Chiing t6i
khong tim duge IBD gin v6i ma tran biéu dién SBBD cho 14 nhan t6.
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Bang 2.2: S6 phép thit thi nghiém clia cac thiét ké chia nhém tric giao®

m BBDs DK SBBD
5 42 (2) 42 (2) 34 (2)
6 50 (2) 51 (3) 46 (2)
7 58 (2) - -
8 - 65 (5) 82 (2)
9 100 (4) 65 (5) -
10 162 (2) 82 (2) 122 (2)
11 - 90 (2) 154 (2)
12 194 (2) - 178 (2)

@ 86 nhém trire giao ndm trong dau ngodc (mdi nhém cé6 mot diém tam)

2.4 Thiét ké Box-Behnken nhé mdéi véi cac nhém truc
giao

Béng liet ké cac chi s6 Deg va Q* ctia SBBD, trong dé cac thiét ké
cho 4 va 7 nhan t6 da dugce dua ra bi Box & Behnken (1960), céc thiét ké
cho 9, 13 va 16 nhan t6 dugce dua ra mot cach doc 1ap bdi Crosier (1991)
va Nguyen & Borkowski (2008). Chiing t6i tim ra dugc bay thiét ké méi &
trong bénggém cac SBBD cho 5, 6, 8, 10, 11, 12 va 15 nhan t6. Chi s
Deg clia cdc SBBD nay 1a trong khoang tit 70% dén 90%, ngang bing véi
cac thiét ké ciia Dey & Kole (2013). Chi s6 xoay quanh Q* ciia cac SBBD
la 16n hon 0.99.

Bang thé hién s6 phép thit thi nghiém va sé nhém tryc giao cla
céc thiét ké Box-Behnken, cac thiét ké DK va cac SBBD ciia chiing toi véi
s6 nhan td m lén t6i 12. V6i mdi m, chi c¢6 cac thiét ké DK véi s6 phép
thit thi nghiém it nhat dugc dua ra dé so sanh. D& thay ring véi m = 5
va 6, SBBD ciia chiing toi c6 s6 phép thit thi nghiém it nhat. Tuy nhién, &
truong hgp 8-11 nhan t6, s6 phép thit thi nghiem ctia Dey & Kole (2013)
la it nhat. Vi thé, khi tim kiém céc thiét ké bac hai 3-mic c6 thé chia
nhém trire giao cho 8-11 nhan t6 véi ngudn tai nguyén han ché ngusi lam
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thi nghiém nén xem xét kj ludng viéc dimng céc thiét ké DK mic dit ma
tran X’'X ctia céc thiét ké DK chi ¢6 dang chit khéng c6 dang

2.5 Chia nhém truc giao ctia cac thiét ké bac hai dua
trén IBD

Céc SBBD cho m = 5, 6, 8, 10, 11, 12 va 15 dugc chia thanh hai
nhém tryc giao bdéi chuong trinh CUT (xem Nguyen (2001), http://
designcomputing.net/gendex/cut/). Cac SBBD cho bén dén bay nhan
t6 c6 thé chia nhém tryc giao béi hai nhan t6 chia nhém (vi du, céc hang
va cot hay cac ngay va khay) bang chuong trinh CUT.

2.6 Két luan chuong 2

Chuong nay trinh bay ciu tric ctia 12 thiét ké bac hai 3-mitc dya trén
IBD. Chung t6i tim ra bay SBBD mdi cho m = 5, 6, 8, 10, 11, 12 va 15
nhan t6 xay dung tu IBD vé6i ¢d nhém khong bang nhau. Cac SBBD nay
chua ting duge cong bod. Thiét ké cho 15 nhan t6 dya trén IBD khong xuét
hién trong Box & Behnken (1958, 1960) ciing nhu Nguyen & Borkowski
(2008). Sau thiét ké con lai c6 s6 phép thit thi nghigm nhé hon hin cac
thiét ké clia cac tdc gid trén vd cé chi s6 xoay quanh cao v khong co
nhiéu sy khéc biet vé chi s6 Deg. Tt cd céc thiét ké c6 thé chia nhém
tryc giao. Céc thiét ké v6i m < 7 nhan td c6 thé chia nhém tryc giao
béi hai nhan t6 chia nhom. Céac thiét ké nay c6 thé tim dugc trén trang
http://designcomputing.net/blockedSBBD/| cling véi cac thiét ké clia
Dey & Kole (2013) cho phép ngusi lam thi nghiém linh hoat trong viec
Iita chon cac thiét ké bac hai 3-miic c6 thé chia nhém tric giao.
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Chuong 3. Thiét ké udc luong tuong duong
SPLIT-PLOT

Nhiéu thi nghiém céng nghiép dugc thuc hién theo thiét ké SPLIT-
PLOT bac hai (Second-order Split-Plot Design hodac SPD). Céc thi nghiém
gdm hai loai nhan t6: nhan t6 6 lon (Whole-Plot hoac WP factor) va nhan
t6 6 nhé (Sub-Plot hodc SP factor). Nhan t6 WP hay con dugce goi 1a nhan
t6 khé thay doi (Hard-to-Change hodc HTC factor) la cdc nhan t6 c6 miic
gid tri gia tri khé hodc ton kém dé thay déi. Nhan td SP hay con goi la
nhan té6 dé thay doi (Easy-to-Change hoic ETC factor) la cdc nhan t6
c6 mitc gia tri dé hodc khong tén kém dé thay ddi. Trong céc thi nghiem
SPLIT-PLOT, céc nhan t6 WP dugc dong nhat véi cdc nhém (block). Mot
s6 SPD c6 tinh chat wdc ligng tuong duong (equivalent-estimation), nghia
1 céc u6c lugng clia cac tham s6 moé hinh theo phuong phap binh phuong
toi thiéu thong thuong (Ordinary Least Square) tuong duong véi phuong
phap binh phuong téi thiéu tong qudt (Generalized Least Square). Trong
chuong nay, ching t6i mo6 t4 mot thuat toan nhanh va don gian tao ra cac
SPD D-hiéu qua cé tinh chat wéc lugng tuong duong bing cach hoan doéi
cic mic gia tri ctia nhan t6 SP trong mdi 6 16n. Két qua clia thuat toan
nay duge danh gia véi 111 SPD trong Macharia & Goos (2010) va Jones &
Goos (2012). Céc két qua méi duge cong bo trong bai bao [2] trong danh
muc cong trinh cla tac gia.

3.1 Thiét ké SPLIT-PLOT

Nam 2005, Vining et al. dua ra cac thiét ké wdc luong tuong duong
SPLIT-PLOT bac hai (Equivalent-Estimation Second-order Split-Plot De-
sign hodc EE-SPD) dya trén thiét ké Box-Behnken va thiét ké tong hgp
trung tam. Nghién citu nay tiép tuc duge phat trién bsi Parker et al.(2006,
2007). Nam 2006, Goos da chi ra réing cac thiét ké EE-SPD dua trén BBD
va CCD c6 thé khong thu hit syt quan tam ciia ngudi dimg vi né ¢é chi s6
D.g thap. Nam 2010, Macharia & Goos da khai thac méi quan hé giita cac
SPD D-t6i wu (D-optimal) v6i cac EE-SPD cho mo hinh bé mat dap ting
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bac hai va dé xuét thuat toan sinh ra cac EE-SPD D-hiéu qua cho s6 nhan
t6 WP va SP, 56 6 16n va ¢ 6 tiy ¥. Ho xem xét 111 truong hop xay dung
SPD va chi ra 86 trudng hgp 1a EE-SPD. Nam 2012, Jones & Goos (goi tat
la JG) dua ra mot thuat toan dé cai tién va tim ra 60 EE-SPD trong 111
trudng hgp ma Macharia & Goos (2012) khong tim duoec EE-SPD hodc
EE-SPD c6 chi s6 Deg chua cao.

3.2 Mo hinh bé mat dap tng cho thiét ké SPLIT-
PLOT tong quat

Mo hinh téng quét cho dit lieu nhan dugc tit thi nghiem SPLIT-PLOT
cho my nhan t6 WP, mg nhan t6 SP dugc thyc hién trong b 6 16n c6 kich
cd k (bk =n) la

Y = X8+ Zv + ¢, (3.1)

trong d6 Y,,«1 la vecto cac gia tri ctia bién dap ting, X,,x, la ma tran thiét
ké md rong clia moé hinh da thitc bac hai cho m(= mw + mg) nhan t6 va
p = (m+1)(m+2)/2 1a s6 tham s6 trong phuong trinh Bpx1 1a vecto
he s6 chita p hiéu 1ing tat dinh (fixed effect). Ma tran Z,,x, 1a ma tran cac
phan t 0 va 1 chita b bién gia gan lién véi b 6 16n, vecto ypx1 gom b hiéu
ting ngdu nhién (random effect) ctia b 6 16n va vecto €,x1 1a vecto clia cac
sai 6 ngau nhién. Hai vecto v va € dugc gia thiét 1a khong tuong quan, c6
vecto trung binh 0 va ma trén hiép phuong sai don vi tuong tng la 031;,
va 021, trong d6 I, va I, 1a ma tran don vi c6 ¢d tuong tng 1a b va n.
Khi d6, ma tran hiép phuong sai cia mo hinh c6 dang

V =01, + 0227 = 021, + 023y, (3.2)
trong do6
Jixt Okxr - Orxk
Opxi Jexk -+ Opxk
Jy, =
Opxr Orxr - Jexk
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O day Jyxr 1a ma tran ¢d k x k gdm cac phan ti 1 v Opyy 12 ma tran cd
k x k gdm céc phan tit 0.
Mot EE-SPD 13 SPD c6 uéc lugng binh phuong t6i thiéu thong thuong

vA tong quét la glong nhau, nghia la 6OLS = ﬁGLS trong dé ,BOLS =
(X'X)1X'Y va BarLs = (X'VIX)IX'V7lY.
Tinh chét udc lugng tuong duong nay ducce bién déi vé dang don gidn

C'C=%B-B(X'X)'B, (3.5)

trong d6 B = X'J,X va C = (I, — X(X'X)"!1X")J,X. Chiing toi diing
phuong trinh 3.5 dé nang cao téc do tinh toan clia trace(C'C).

3.3 Cau triic mong mudn clia ma tran théng tin cta
SPD

Thue hién phan hoach ma tran thong tin M = X'V71X thanh

My | My
Moy | Moo

(3.6)

trong d6 ma tran con My; ¢d (1 +m +my ) x (1+m + my ). Néu 3.6 ¢6
thé viét dudi dang
M;; | O

0 |D

(3.7)

trong d6 D 1a ma tran dudng chéo, thi thiét ké SPLIT-PLOT dugc ky higu
14 SPD*. Phuong trinh 3.7 suy ra ring, déi véi mdi SPD* mg hiéu tng
chinh ctia nhan t6 SP va () hiéu tng tuong tac trong SPD c6 thé udc
lugng truc giao.

Trong chuong nay, ching toi phat trién thuat toan tim cac EE-SPD
D-hiéu qua trong 16p cic SPD c¢6 ma tran thong tin dang 3.7 hodc gan c6
dang nay.
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3.4 Thuat toan SPLIT

Gia stt riing o =02 =1, tasé nhan dugc ma tran hiép phuong sai
cia md6 hinh V=1,+J,va V" =1, — k+1Jb bit A = X'X, khi
d6 A c6 thé bidu dién dudi dang téng lien tiép sau Y.'_, A,., trong d6
A, = 25:1 X!, Xy VA X, 1& hang thit u cia X, (ma tran con ¢d k x p clia
X gan lién v6i 6 16n thi r).

Mot céch tuong ty, ma tran B = X'J, X c6 thé duge viét thanh téng
lien tiép Zi:l B,, trong d6 B, = w/.w,. vi w,. [a vecto c¢d 1 x p chita tong
mbi cot cta X,.. V1 vay, M c6 thé biéu dién nhu sau:

M = Z k+1 B,) (3.8)

Néu nhu 6 16n thit r bi lay di hosic duge thém vao SPD thi M c6 thé
duge cap nhat nhu sau:

1

Mupdated =M + (Ar - m

B,). (3.9)

Cong thiic cap nhat ma tran thong tin 3.9 rat quan trong trong chuong
trinh xay dung cac SPD. Néu khong c6 cong thitc ndy, cac ma tran sé phai
tinh toan lai mdi khi thay déi trong ma tran thiét ké.

Thuat toan SPLIT ciia chtng t6i dya trén cidc két qua cap nhat ma
tran thong tin 6 trén va gdm cac bude sau:

1. Xay dung thiét ké dau vio Dy: ma tran thiét ké cd n x m véi my
nhan t6 WP va mg nhan t6 SP trong n phép thit thi nghiém.

2. Xay duyng thiét ké khéi tao D ¢ n x m bang cach ngdu nhién héa
cic mtc clia méi nhan t6 SP trong mdi mic ciia nhan t6 WP trong
Dy. Tinh toan ma tran thong tin M theo phuong trinh 3.8 va ham
muc tiéu f bing téng binh phuong céc phan tit trong Mo vA cac
phan tit § trén dudng chéo clia ma tran Mas (xem phuong trinh 3.6).

3. Laydiolénthar, »=1, ..., bt D va cap nhat M theo 3.9. Trong
sb cacnhantd SP j, j =1,..., mg trong 6 l6n da rit ra, tién hanh
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Bang 3.2: Cac bu6c thuat toan SPLIT tao ra EE-SPD cho trusng hgp
257(mot nhan t6 WP va hai nhan t6 SP trong nam 6 16n ¢ ba)
1) (2) (3) (3

w  S1 82 w  S1 82 w  S1 82 w  S1  S2
1 -1 -1 1 0 0 1 0 -1 1 0o -1
1 0 0 1 -1 -1 1 -1 0 1 -1 1
1 1 1 1 1 1 1 1 1 1 1 0

-1 -1 1 -1 0 1 -1 0 1 -1 0
1 0 0 1 1 -1 1 1 - 1 1 -1
1 1 1 1 0 1 1 0 1 1 0 1

-1 -1 -1 -1 0o -1 -1 0 -1 -1 0 -1

-1 0 0 -1 -1 1 -1 -1 1 -1 -1 1

-1 1 1 -1 1 0 -1 1 0 -1 1 0

-1 -1 -1 -1 -1 0 -1 -1 0 -1 -1 0

-1 0 0 -1 1 -1 -1 1 -1 -1 1 -1

-1 1 1 -1 0 1 -1 0 1 -1 0 1
0o -1 -1 0 0 0 0 0 0 0 0 0
0 0 0 0 1 1 0 1 1 0 1 1
0 1 1 0o -1 -1 0 1 1 o -1 -1

tXem bang 5 trong Jones & Goos (2012). Cac 0 16n céch ra mot dong.
Cac bude d6i & (3) va (3’) dugc gach dudi.

tim kiém c@ip miic gia tri sao cho khi ddi chd hai mitc trong 6 16n
nay thi s& nhan duge f nhd hon (khi d6 6 16n sé duge tra vé D sau
khi d6i chd). Néu tim dugc, cap nhat f, D va M theo phuong trinh
3.9. Néu f khong gidm duge thi lap lai buée ndy véi 6 16n tiép theo.

Budc 3 duge lap lai cho dén khi f = 0 (nghia 14 D trd thanh SPD*)
hosic f khong thé gidm hon duge nita khi ddi chd cac phan ti.

3.5 Két qua va danh gia

3.5.1 Cac vi du minh ching

Béng trinh bay EE-SPD* dua trén CCD ctia Vining et al. (2005)
trong 12 6 16n ¢& bén cho 2 nhan t6 WP va 2 nhan t6 SP. Trong s6 48 phép
thtt thi nghiém, m&i nhan t6 WP dugc thyc hién 24 lan ¢ mic trung tam
0 con mdi nhan t6 SP duge thuc hién 30 lan 6 mitc 0. Chi s6 Deg tinh theo
SPD D-t6i wu trong bang 10 trong bai bio ctia Jones & Nachtsheim (2009)
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(xem bang 13 58.2%. Thiét ké thit 2 trong bang la EE-SPD* tao
ra bdi SPLIT. M6i nhan t6 trong thiét ké méi nay c6 tAm lan thyc hién &
mitc trung tam 0 va c6 chi 6 Deg=88.9% tinh theo cing SPD D-tbi uu
trén. Mot diém ndi bat ctia thiét ké mdéi 1a n6 co cac thiét lap mic gia tri
cho nhan t6 WP giéng heét thiét ké SPD D-t6i uu.

3.5.2 Két qua tinh toan

Jones & Goos (2012) tim dude cdc EE-SPD trong tat ci 111 trudng
hgp, trong d6 24 trudng hgp ¢6 mic gia tri khong nguyén (11 truong hop
liet ke trong bang 5 ctia JG). St dung SPLIT, ching t6i tim duge 105 EE-
SPD bao gom ca 24 truong hgp khong nguyen ctia JG. Trong sau truong
hgp SPLIT khong tim duge EE-SPD ¢6 nam truong hgp c6 céc 6 16n cd
hai.

200
I

150
I

®oo o o

100
L

Hinh 3.1: D6 thi hop ria meo cho ty s6 tuong dbi gitta mitc do6 D—hiéu qua
ctia thiét ké tuw SPLIT va JG

D@ so sanh hiéu qua ctia thiét ké méi va thiét ké ctia JG, ching toi tinh
todn ty so tuong doi (Relative efficiency hodc RE) (%) ctia mdi EE-SPD
méi bang ty sb chi s6 Deg gitta EE-SPD mdi véi ctia JG. Do thi hop ria
meéo (Box-Plot) ciia RE cho 105 trudng hgp duge mo ta trong hinh
Tit do thi, ta d& nhan thiy c6 2 EE-SPD véi RE nhé hon 80% con lai
1a trén 90%. Bang liet ke 25 trudng hop c6 RE 16n hon 100%. Cac
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truong hgp nay déu nam trong 60 truong hgp & bang 5 ctia JG (Bang ligt
ké truong hgp ma Macharia & Goos (2010) khong tim duge EE-SPD hodc
cac EE-SPD méi ¢6 chi 86 Deg cao hon). S6 truong hop thiét ké cia JG
khong c6 mic gia tri nguyén la 16.

Mot phan bién muén biét cac EE-SPD* t6t nhu thé nao khi so vé6i cac
thiét k& SPD D-tdi wu. Trong cac EE-SPD ctia SPLIT, 34 thiét ké ctia
chiing toi 1a EE-SPD*: 5 thiét ké dugc liet ke trong bang[3.7] 7 thiét ké c6
D-higu qua nhu cac thiét ké ciing s6 nhan t6 ctia JG (cac thiét ké nay cla
JG ciing 1a EE-SPD*) va céc thiét ké con lai ¢6 D-hiéu qua kém hon mot
it so véi cac thiét ké cling s6 nhan t6 ctia JG. Vé6i cac truong hop cu thé,
néu ta st dung cac thiét ké dau vao khac nhau thi SPLIT c6 thé cho cac
két qué khac nhau. Cac thiét ké dau vao cang c¢6 nhiéu mitc trung tam 0
thi kha ning nhan dugc cidc EE-SPD* sé cao hon nhung chi s6 hiéu qua
D.g thap hon.

3.6 Két luan chuong 3

EE-SPDs da duge nghién cttu bdi Vining et al. (2005), Parker et al.
(2006, 2007) va gan day 1a Macharia & Goos (2010), Jones & Goos (2012).
Tuy nhién, ngusi doc can chi ¥ rang cac SPD D-t6i wu (nhét 1a vé6i cac
SPD khong chita cac muc gia tri khong nguyén) nhan duge sy yéu thich
hon so v6i EE-SPD trit phi cac EE-SPD ciing 1a D-t6i uu ho#c gan D-t6i
uu.

No6i dung ctia chuong nay dua ra mot thuat toan SPLIT nhanh va don
gidn xay dung cac EE-SPD 3-mifc trong hau hét cac truong hgp. Sy khac
biét chinh giita EE-SPD ctia JG va ctia SPLIT 1a v6i SPLIT viéc thiét lap
cic mic gia tri cho nhan t6 WP va phan b clia cac miic gia tri clia moi
nhan t6 SP trong méi WP dudc thuc hién bdi ngudi lam thi nghiem. Cac
EE-SPD tao bdi SPLIT thutng la D-hiéu qua va ¢6 ma tran thoéng tin
dang don giin rat gan v6i phuong trinh Diéu nay cho ta giai thich don
gian vé két qua tinh toan.

Thuat toan SPLIT dugc thyc hién béi ngdn ngi 1ap trinh Java. Pro-
gram stt dung SPLIT ciing nhu cdc ma tran thiét ké dau vao va dau ra
ctia mdi truong hop trinh bay trong chuong nay 1a sdn ¢é tir cac tac gia.
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Bang 3.7: Cac chi s6 Deg clia cac thiét ké EE-SPD ctia JG va SPLIT cho
25 trudng hgp trong dé6 SPLIT cho két qua t6t hon.

. Ty
Truong my mg b k JG SPLIT  s6(%)
hop
25 1 2 5 3 80.58 91.7 114.0
30 1 2 6 3 70.9 91.5 129.0
36 1 2 7 4 82.6 85.4% 103.4
44 1 3 5 6 66.5 92.0 138.3
46 1 3 6 4 66.4 85.3 128.4
47 1 3 6 5 59.371 96.2 162.2
48 1 3 6 6 37.8t5  90.2% 238.4
66 2 1 10 4 90.8¢% 92.0 101.3
68 2 1 10 6 83.1% 97.9 117.8
69 2 1 11 2 90.9 91.5 100.6
71 2 1 11 4 91.27 914 100.2
73 2 1 11 6 67.61 97.4 144.0
74 2 1 12 2 80.3 91.8 114.3
76 2 1 12 4 94.2 94.7% 100.5
78 2 1 12 6 47.5% 98.21 206.7
89 2 2 9 3 75.21 90.6 120.5
94 2 2 10 3 44.5t5  92.5 207.8
95 2 2 10 4 50.27% 82.7 164.8
97 2 2 10 6 84.27 95.1 112.9
99 2 2 11 3 38.5¢1 89.3 231.8
100 2 2 11 4 60.61 88.4 145.9
101 2 2 11 5 66.31 88.2 133.1
102 2 2 11 6 55.71 93.2 167.3
109 2 3 8 6 44.9% 90.3% 201.2
111 3 3 12 4 93.7 97.2 103.7

1Cac thiét ké clia JG chita mic gia tri khong 1a s6 nguyeén.
{Thiét ké méi 15 EE-SPD*.
§Chi s6 Deg dugc tinh lai theo [Mopt| clia thiét ké D—t6i uu tao ra béi
phan mém JMP
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Két luan

Luan 4n dé xuit mot s6 thiét ké bé mit dap tng bac hai cho cac nhan
t6 3-mic gia tri ¢ tinh chéat hiéu ng bac hai tryc giao bao gom cac thiét
ké Box-Behnken nho va cac thiét ké wéc lugng tuong duong SPLIT-PLOT.
Cac thiét ké Box-Behnken mdi dude xay dung tit cdc thiét ké nhém khong
day da. Ching c6 s6 phép thit thi nghiem la nhé hon cac thiét ké Box-
Behnken c6 dién nén duge goi 1a thiét ké Box-Behnken nhé. Ngoai ra, cac
thiét ké nay c6 thé chia nhém triyc giao. D6i véi 16p cac thiét ké SPLIT-
PLOT, ching t6i xay dung thuat toan SPLIT dé tao ra cac thiét ké uéc
lugng tuwong duong SPLIT-PLOT. Céc thiét ké SPLIT-PLOT mdi cii tién
25 truong hgp clia cac tac gia Jones & Goos (2012) va Marchia & Goos
(2010) theo chi 86 Deg vh mic gid tri thiét ké 1a sd nguyén. Cac thiét ké
méi c6 ma tran thong tin dang don gidn néu ching c6 tinh chit hicu tng
bac hai tryc giao hosic gan véi dang don gidn nén dé gidi thich cac két qua
ctia mo hinh.

Cac két qua chinh ma ludn an thu duge bao gom:

(i) Céac thiét ké Box-Behnken méi véi s6 phép thit thi nghiem it hon va
c6 thé chia nhém triyc giao.
(ii) Déng gop vao danh sach céac thiét ké SPLIT-PLOT véi tinh chat uée
lugng tuong duong va cai thien mot s6 két qua clia cac tac gia trudc.
(iii) Xay dung l6p cac thiét ké thi nghiém véi tinh chat higéu ng bac hai
truc giao.

Cac két qui chinh clia luan 4n mdi dimg lai § mitc do xay dung ly
thuyét va 13 nhitng thiét ké t6t dé cho ngusi lam thi nghiém cé thém nhiéu
lya chon dé thuc hieén.

Luan 4n mé ra mot sb vn dé c6 thé tiép tuc nghien ctu:

(i) Ung dung mot trong sb céc thiét ké thi nghiem nay vao bai toan
thuc té.
(i) CAi tién cac thiét ké APD véi tinh chat higu tng bac hai tryc giao.
(ii) Nghién cttu tiép bai todn xay dung cac thiét ké thi nghiem sang loc
¢6 tinh chat hiéu ting bac hai tryc giao. Cac két qua mdéi nay da dugdc
gui G hai tap chi.
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