Qui hoach yéu t6 2 mutrc d6

Chuong 4




e Khai niém chung

e Qui hoach yéu t6 toan phan

e Qui hoach yéu t6 phan

o Ti wu hoa bang phuong phap leo doc ding




4.1. Khai ni€m chung

Mo hinh thuc nghiém.

e Nham muc dich dung phuong phap toan hoc tién doan
diém toi vu cta thuc nghiém.

e Cac bién ngau nhién thudng c6 médi quan hé theo cach
khi thay do6i bién nay kéo theo su thay d6i phan bo cua
bién kia.

o Su thay doi ctia bién ngau nhién Y khi thay doi bién
ngau nhién X thuong chira 2 thanh phan: thanh phan
phu thudc va thanh phan ngau nhién.




o Néu khong c6 t}}e‘lnh phan ngau nhién, quan hé gitta Y
va X s€ dugc thé hién qua mdt ham tuong quan.

o Néu ca hai thanh ph‘ﬁn cung hién dién thi quan h¢ gitra
chung la quan hé gan dung.

* C6 nhiéu chi s6 ding dé bicu dién quan h¢ phy thudc.
Trong d6 hé so twong quan quan trong hon ca.

o Hé s6 quan h¢ dugc dinh nghia

’ r= E[(X ) p'x)(Y ) “y)]/GxGy

Néu X va 'Y khong ¢c6 quan h¢ thir=0
Truong hop chung -1 <r<+1




e Moi quan hé giita hai bién ngau nhién duoc xac dinh
bdi mot ham phan bo co diéu kién. Tuy nhién ham nay
kho sir dung. Nguoi ta thuong sir dung gia tri trung
binh p, va bién luong 6.2 Trong moi quan hé véi x thi
moi quan hé giira p, va x thuong sit dung hon va duoc
g0i 14 hoi qui cia p, theo X.

e Trong thuc nghi€ém ching ta thudong tim phuong trinh
hoi qui gan dung; danh gia mic do va do khong chac
chan cta phuong trinh. Bai toan nay dua vé tim
phuong trinh hoi qui va danh gia sai s6 thuong dugc
goi 12 “Phan tich hoi qui va twong quan”




Phan tich hoi qui 6 dang ma tran
Xem mo hinh qui hoach ¢ dang

Y = DgXg + byXy + DXy + 0gX5 + .. + B
dud1 dang ma tran co thé viét

Y = XB
Gial phuong trinh tim B

B = (XTX)1XTY

(XTX)™ 1a ma tran dao ctia ma tran (X'X)
Truong hop ma tran qui hoach la ma tran truc giao thi
cac ma tran (X'X) va (XTX)* 1a ma tran chéo. Khi do
214 tr1 cac thém}} phan cua ma tran dao la nghich dao
214 tr1 thanh phan tuong rng cua ma tran thuan




Y1 bl
Y2 b2
\Y — B —
yn bk
X7 Xok Xor %1
X{5 X1k Xo2 %12
X T
) Xk Xok X

an
Xn2

Xnk




e Ma tran qui hoach c6 dac tinh

.ijixiu:O ;u=] ;u=]=0,

Pic tinh tht nhat chinh 1a dic tinh truc giao ciia qui
hoach. No cho phep trong xay dung phuong trinh hoi
qui ¢co thé ki€ém nghiém doc lap ri€ng ting hé so cua

phuong trinh




Uu diém cua qui hoach yéu t6 2 mirc do

° Day la qU| hoach tryc giao nén tinh toan don gian Vi tat ca
cac hé so hoi qui khong phu thudc nhau, nén khi bo di cac
hé so hoi qUI khong c0 nghia thi khong phai tinh lai cac hé
s6 hoi qui cO nghia

e Qui hoach t6i vu D, nghia 13 dinh thirc ctia ma tran thdng
tin XTXc6 gia tri cuc dai NN. Vi Vay thong tin do qui hoach
dua ra & 1on nhat va tat ca cac hé so déu tinh theo tat ca cac
thi nghiém

e Qui hoach la tam quay, nghhia 14 thong tin & tdm 14 nhiéu
nhat. LlIO’Ilg thong tin ti 1€ nghich véi binh phuong ban
Kinh; vi vay chi can lam thi nghiém 14p tai tdm




1.2. Qu1 hoach y€u to toan phan
e Trong qui hoa(;h nay cac yéu to dugc két hop & tat ca
cac muc do. SO thi nghiém N
N = nk
n: sb6 mic do
k: 80 yéu to
e Truong hop cac yéu t6 duoc khao sat & 2 muc dd, sb
thi nghiém la:
N = 2K

Néu s6 yéu to khao sat 1a 3 thi s6 thi nghiém 1a 8




HIR2 | S | XX | AR Dapyu’"g
1 +1 +1 +1 +1 +1 +1 +1 +1 Y1l

0O N O 0oL A WD

e Bang qui hoach toan phan 23

+1 +1 +1 -1 +1
+1 +1 -1 +1 -1
+1 +1 -1 -1 -1
+1 -1 +1 +1 -1
+1 -1 +1 -1 -1
+1 -1 -1 +1 +1
+1 -1 -1 -1 +1

-1
-1
+1
+1
-1
-1
+1

-1
-1
+1
-1
+1
+1
-1

Y2
Y3
Y4
Y5
Y6
Y7
Y8




 Phuong trinh hoi qui
Y = by + DXy + DX, + 03Xs + DX X, + 03X X5 + D XX, +

D123X;X,X3
e Tinh gia tr1 cac h¢ so.
1 N
bj zﬁéxjiyl
N
b =i X X Vs




o Kiém dinh tinh y nghia ctia cac hé s6 ctia phuong trinh
hoi qui
Vi tinh chat truc g1ao cua ma tran qui hoach, do 1éch
chuan cua hé s6 bj — Spj = S JAN
tinh y y nghia ciia hé so b; dugc kiém nghién theo tiéu
chuan student t B ‘b ‘ / S,

o Tinh twong thich ctia phuong trinh hoi qui dugc kiém
dinh theo tiéu chuén Fisher F

g2 _ Z(Yi _§’i)2

res
—1

stat

1: s6 hé s6 cO ¥ nghia




o Truong hop co thi nghiém 1ap lai va so thi nghiém lap
lai cua ting thi nghi€ém la m thi bién lugng sai so6 duoc
tinh tr bién lwgng cua tung thi nghiém, c6 do tu do 1a

N(m-1) . —iiS?
e N I
1

va bien lugng cua cac hé so b; la
2 2
Sbj — Se /Nm




4.3. Qui hoach y€u to phan

e Hoach dinh’ Yél} t6 phan 1a hoac}l dinh cho phép khao
sat nhicéu yéu to hon vé1 cung s6 thi nghi€ém nhu hoach
dinh toan phan.

» Pé xdy dung qui hoach yéu t6 phan can xac dinh céc
“Quan h¢ xac dinh” hoac “twong phan xac dinh”.
“Ouan hé xdc dinh” biéu dién modi quan hé dinh trudc
kh1 xay dung qui hoach
“Tuong phdz,n xdc dinh” 1a Qang cua “quan h¢ xac
dinh” vo1 vEé bén trai cua bi€u thire 1a 1.

o SO tuong phan xac dinh ctia qui hoach 2P 13 2P-1




e Vi€c xac dinh “qpan hé xac dinh” can chu y Qé cac yéu
hoac tuong tac can xac dinh khong b1 trung 1ap véi cac
tuong tac khac.

e Qui hoach yéu t0 phan co thé 1a 1/2, 1/4, 1/8.

* SO thu’g nghiém N trong qui hoach yéu t6 phan nén
thoa bat dang thirc

K+ 1<N<2k

e Qui hoach y’é’u t,é toa:m phan s& 1a tap hop day du cac

qui hoach yéu to phan cua chung, ngh’fa la qui hoach

yéu t0 toan phan sé gom 2 qui hoach yéu t6 ban phan
hodc 4 qui hoach yéu to 1/4 .




Xem qui hoach yéu t6 toan phan 23.

HIR2 | S | XX | AR Dapyu’"g
1 +1 +1 +1 +1 +1 +1 +1 +1 Y1l

2 +1 +1 +1 -1 +1 -1 -1 -1 Y2
3 +1 +1 -1 +1 -1 +1 -1 -1 Y3
4 +1 +1 -1 -1 -1 -1 +1 +1 Y4
5 +1 -1 +1 +1 -1 -1 +1 -1 Y5
6 +1 -1 +1 -1 -1 +1 -1 +1 Y6
7 +1 -1 -1 +1 +1 -1 -1 +1 Y7
8 +1 -1 -1 -1 +1 +1 +1 -1 Y8




e Qui hoach nay c6 thé chia thanh 2 qui hoach ban phan

1 +1 +1 +1 +1 Y1l

2 +1 +1 -1 -1 Y4
3 +1 -1 +1 -1 Y6
4 +1 -1 -1 +1 Y7
1 +1 +1 +1 -1 Y2

2 +1 +1 -1 +1 Y3
3 +1 -1 +1 +1 Y5
4 +1 -1 -1 -1 Y8




e Trong qui hoach thit nhatta cé X, = X;X,
Trong qui hoach thir haita c6 X3 = - XX,
* Biéu thl’l’(,l X3 =X;X, duoc goi 1a “quan hé xac dinh” Khi
nhan 2 v€ voi x, ta co
1 = XXX
Biéu thtrc trén dugc goi la “tuong phép xac dinh”. Nhu
vay tuong phan xac dinh s€ 1a co s dé hoach dinh.
Xy = XX X3 = XoXq
Xy = XXy X3 = X1 Xg
Xg = X1 XoX5% = XX,




 Nhu vay voi hoach dinh yéu t6 231 cac tuong tac s&
lan véi cac yéu to, nghia 1a ta khong biét hiéu tng 1a
do tuong tac hay yéu t6. Chi ap dung duoc khi biét
chac chan twong tac 1a khong dang ké

» P phan giai ciia mdt qui hoach yéu t6 phan 1a mot dai
lwong nodi 1én mirc do “trung 1an” giira cac yéu to khao
sat. Khi s0 yéu to khao sat khong doi thi do phan giai
cang cao thi mtc do trung 1an cang it di




* Do phan glal V hay cao hon: an toan khi st dung (danh
gia to yéu to chinh va tuong tac bac 1)

» Do phan giai IV: can can nhac khi tién hanh thuc
nghiém (danh gia to yéu t6 chinh, twong tac bac 1 1an
vO1 nhau kho danh gia)

D6 phan giai I1I: Can can nhac that k§ (yéu to chinh
lan v6i tuong tac bac 1)

Tuy nhién d6 phan giai cang cao thi cang phai thuc
hién nhiéu thuc nghiém, ton thoi gian va chi phi




e Chon luya qui hoach yéu t6 ph?m
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e Phuong thirc
thuc hién
cac budc
tict theo
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yéu t6 phan
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Figure 8-11 Possibilities for follow-up experimentation after a fractional factorial experiment
(adapted from Box (1992-1993), with permission of the publisher).




Xem qui hoach yéu to6 phan 241
e Chon tuong phan xac dinh 1a 1 = X X,X3X,
Ta co:

X; = XoXaXy 5 Xo = X XaXg ; Xg = XXXy
X, = X XoXg
X Xo = XgXy 3 X Xg = XX, 5 XXy = XpXg

Céac tuong tac bac cao thuong khong dang ké. Do d6 ta
c6 thé dan gia duge cac yéu to chinh, nhung cac tuong
tac thi 1an véi nhau nén kho xac dinh anh huong cua
twong tac.




e Chon twong phan batky 1 =X,X;X,

Ta co
Xy = Xy XoXaXy 1 Xo = XgXy 3 Xg = XXy 7 Xy = XoXs
XiXo = XXXy 7 XXz = X XoXg 5 XgX4 = X XoXs

Vi viée chon tuong phan xac dinh nay thi ta co thé
danh gia cac twong cac X;Xy; XiXg; X;X4. Tuy nhién cac
yeu t0 chinh la1 lan vé1 cac tuwong tac bac 1, do do ¢co
thé dua dén két luan sai




Xem qui hoach 1/4 cia qui hoach 5 yéu to; 252
» Pé xdy dung qui hoach 1/4 ta can thém 1 twong phan
xac dinh thir hai, tirc phai c6 2 twong phan xac dinh.
Thi du: 1 = X XXX, = X XoXs = XqX Xz
Ta co: Xy = XoXgX4 = XoXe = X XgX4Xe
Xy = XXXy = X Xg = XoXaX,Xe
Xg = X XoX; = X XoXaXe = XX
X, = X XoXg = XXX Xg = XgXe
Xe = X XoX3X4Xe = X Xo = XgXy4
X1 X3 = XoX4 = XoXgXe = X X Xe
X1 X; = XoXg = XoX,Xe = XqXaXe




4.4. Phuong phap leo doc ding

e Leo doc ding 1a phuong phap tim diém toi vu ctia dap
tng bang cach tién hanh thi nghiém theo phuong thiang
gOc vo1 duong bao cua mat dap ung.

o Pay 1a hudng ngan nhat dé t6i diém toi vu

o Khi dat cuc dai cuc bd d6i khi can hoach dinh yéu to
lai dé xac dinh hudng leo doc tiép theo

o Khi gan vung cuc trj thi mo hinh tuyén tinh khong phu
hop, phai dung mo hinh bac hai




hang goc véi
duong bao

Vung xac dinh
mo hinh bac 1

Huong

leo doc dimg

Cac duong bao

‘;ﬁa mé hinh bic 1

e\




M4 hinh gia dinh M4 hinh thue té




Qua trinh sé tién hanh turng cac buwéc theo 10 trinh nay.
Pap ung Y s€ dugc do lwong va so sanh véi gia tri muc tiéu.

>

////




Mt so truong hop khi dat dén cwe dai cuc bd dé c6 dwoe diém toi wu cin tién
hanh hoach dinh yéu to khac dé xac dinh hwéng leo doc tiép theo

>

N

N—
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Models










Céc buéc tién hanh
e Budc 1. Xac dinh hé s6 ctia phuong trinh hoi qui tir
hoach dinh yéu t0
Y =b,+b,X, +b,X,+b,X,
 Budc 2. Chon yéu to chinh
e C6 hé s6 16n nhat (nén chon)
e Kho thay d6i nhat
e Cac muc roi rac
 Buéc 3. Xac dinh do 16n cua budc leo ddc ma ta s&
thuc hién trén yéu t6 chinh




e Budc 4. Tinh cac budc leo doc cua cac yéu to con lai

» Budc 5. Lap bang biéu dién 16 trinh leo doc. Tién hanh
thuc nghiém theo 10 trinh nay dén khi dat duoc dap
ung tbi wu hay dat duoc t6i wru cuc bd.

e Budc 6. Néu can thiét tién hanh hoach dinh méi tai
diém t6i vu cuc bo va thuc hién leo doc ding tir budc
1 dén budce 5.




/ Example of Projection Vector Method

Step 2:
Select the base factor

Step 1:
Obtain the coefficients for the prediction equation from a factorial DOE
StDev
Term Effect Coef Coef T P
Constant 52.354 0.3013 173.79 0.000
B 3.187 1.594 0.3013 5.29 0.006
C -5.367 -2.684 0.3013 -8.91 0.001
B*C 0.412 0.206 0.3013 0.68 0.531

N\
Y=52.35+ 1.59*B - 2.68*C + error (in coded units)

The above example equation was obtained from your last DOE and we want to
remember our practical problem of increasing Y.

In this case let’s select C as the primary variable:

3 reasons for selecting the primary variable.
« Largest coefficient (This is recommended)

« Most difficult to adjust
* Discrete levels

37




e

Choosing Step Size

Step 3:
Determine the step size for the base factor

We choose to move in the C direction in steps of 1.0 coded units and start at the
center of the original DOE design. Remember we want to increase our output, Y,
so we must reduce C. Look at our equation and see the negative coefficient for

factor C.

N
Y=52.35+ 1.59*B - 2.68*C + error (in coded unitg)

1.0

2.0




e

Other Factor Step Size

Step 4: Determine the step size for the other factors

» Use the ratio of the coefficients to determine the step size in the
direction of the other factors

Step,, = Coeff, *Step .

Coeff .

159, ..

- -2.68
—0.59

2.0 4




/ Other Factor Step Size \

Step 5 Coding Incrementl 1 Unit Use file
Move along the path and run Base Faclor - C 5 Ascent.mtw
the process at each step Coding Unit 0.05 Coding Unit
Coefficient -2.684 Coefficient Trial
Coded n Coded Results
0 4.20 0.0 56.1
Axis of -1 4.15 0.6 62.8
« A 2 4.10 1.2 69.0
real world unltsA origina 5 208 e —
C Experiment -4 4.00 2.4 77.4
4.25 -5 3.95 3.0 80.6
' -6 3.90 3.6 82.1
7 3.85 4.2 82.7
-8 3.80 4.8 82.5
9 3.75 5.3 80.9
4.15 -10 3.70 5.9 78.6
: | 11 3.65 6.5 74.3
Solution | i -12 7.1 69.7
Concentration : :
4.05 I I It is easy to work with
' : : coded units but we must
' l know what
: : settings to put our
: : Projected direction process.
3.95 I I
" : of Steepest Ascent
1 1
I 15 units I )
I I B > AXxis of
140 DegF 155 “real world” units
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Step 5:
Move along the path and run
the process at each step

Coding Incrementl 1 Unit
Base Factor - C B
Coding Unit 0.05 Coding Unit 7.5
Coefficient -2.684 Coefficient 1.594 Trial
Coded Uncoded Coded Uncoded] Results
0 4.20 0.0 147.5 56.1
-1 4.15 0.6 152.0 62.8
-2 4.10 1.2 156.4 69.0
-3 4.05 1.8 160.9 73.7
-4 4.00 2.4 165.3 77.4
-5 3.95 3.0 169.8 80.6
-6 3.90 3.6 174.2 82.1
-7 3.85 4.2 178.7 82.7
-8 3.80 4.8 183.1 82.5
-9 3.75 53 187.6 80.9
-10 3.70 5.9 192.0 78.6
-11 3.65 6.5 196.5 74.3
-12 3.60 7.1 201.0 69.7

As Factor C is decreased and Factor B
IS increased, we notice Y increases
until reaching a maximum near 82.5 and
then decreases. If we set the operation
to run at C=3.85 and B=180 in uncoded
units, we should be able to increase the
response values to about 82.5.

Process Results from Steepest Ascent \

Response

90.0

Base Factor C

80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0

0.0

.»/”“H“‘*\\

3.50

3.70 3.90

Factor Level

4.10

Response

85.0

Factor B

80.0 1
75.0 1
70.0 1
65.0 1
60.0 T
55.0 1
50.0

145.0

155.0 165.0 175.0 185.0

Factor 2

195.0

205.0
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