Qui1 hoach bac hai

Chuong 6




e Vung can cuc tr1

e Mo hinh bé mit dap tng

e Qui hoach yéu t6 3 mic do

e Qui hoach tdm hon hop (Central Composite Design)

* Qui hoach Box-Behnken
* Tbi vu hoa




6.1. Vung cuc tri

e Vung cuc tri 1 ving tai 6 mo hinh tuyén tinh khong
con tuong thich.

e Mo hinh da thtrc bac hai thudng dugce st dung dé mo
ta vung cuc tri. Vo1 da thire bac hai thi s6 thi nghiém N
phai 16n hon s6 hé s6 hoi qui cua phuong trinh bac hai
ctia k yéu t0.
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e Pé mo ta mo hinh da,thfIC bac hai cac yéu to thi
nghiém phai co it nhat 3 mc do.

» Doi voi hoach dinh yeu t6 3 mirc d9, khi s6 yeu to 16n
hg’n 2 thi s6 thi nghi€m rat 16n rat nhi€u so vdi1 s6 he so6
hoi qui
k 2 3 4 5 6
3k 9 27 81 243 729
| 6 10 15 21 28

* SO thiNnghiém c6 thé giam xuong khi dung qui hoach
tam hon hop hay con goi 1a qui hoach Box-Wilson




e Thuong dé khao sat bé mit dap ing tai vung cuc tri
nguoil ta thuong chuyén doi phuong trinh hor qui da
thirc bac thanh phuong trinh chinh tac c6 dang:

Y = Vs = A X2+ A Xo? + s + Mg X2

o Tir phuong trinh chinh tac sé c6 3 truong hop
e Céc h¢ s0 cing dau: be mat dap tmg 1a mot ellip-paraboloid
vO1 tam 1a cyec tri. A;; <0 ta co cuc dai; A; > 0 ta co cuc ti€u
* Cach¢ sO trai dau: bé mit dap ung 1a mot hyperbol-paraboloid
cO di€m yén ngua min-max
e MOt h‘ay nhiéu hé s6 gan bang zero (khong phai tat ca): tAm bé
mat nam ngoai vung ngoai suy. Pay la dang ndc nha (ridge)




e Cac he¢ s6 chinh tac cung dau




e Cac hé so chinh tac tra1 dau
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e C6 mot hay nhi€u hé so chinh tac gan bang zero:
e Dang néc nha nam ngang:

dieu kién to1 vu nam trén duong §,, 5,

thang (1 hé so gan bang zero) hay N
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. Dang noc nha nghiéng xuong (len) g1a tr1 cua dap u’ng glam
dan (tang dan) khi di chuyen xa diém gan cuc tri va nam ngoal
vung khéo sat. Do d6 nén tién hanh them cac thi nghi€ém nam

ngoai vung khao sat ?
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Pé chuyén doi tir phuong trinh da thtrc sang dang
chinh tac can tién hanh 2 budc:
o Chuyén truc toa d6 dén diém cuec tri
Toa dd diém cuc tri X, 1a nghiém cua hé phuong trinh
of
“ 0
OX;
e Quay goc toa do dé loai bo céc thira so lién quan dén
twong tac. Trong trudong hop 2 bién, gdc quay a cho

bo1

b
tan 2a = 12

01— by,
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e Phuong trinh chinh tic c6 dang:
- 2 2

Y =Y =B Xt + BpX,
VOl

B,, = b;;cos%a + b,,sin’a. + by, Sina.cosa

B,, = b,;sina + b,,cos%a - by,sina.cosa
Cac hé s6 By; va B,, co6 thé giai dua trén bat bién cua
phuong trinh. Do 1a cac ham cua cac hé s6 co gia tr
khong do1 ¢ bat ctr hé truc nao

1
by =i
|, = by, +b,, = const I =|, = const
5012 bay




Truong hop tong quat cac hé s6 ctia phuong trinh
chinh tac 1a nghi€ém cua phuong trinh
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Céc toa do chinh tic quan h¢ vo1 toa do cua theo phuong trinh
Xi = My (Xg- Xgg) + Mip(Xo = Xpg) + ..+ my (X — Xi)
vO1 my; la nghiém dong thot cua k phuong trinh, vo1 B; phuong
trinh c6 dang:
(byy — By)myy + 720y ,my, + ...+ 2%bymy = 0
7D Myy + 25D oMy, L+ (b — By)my =0
Vi cac phuong trinh ti I¢ vo1 my;, nén dé dam bao tinh truc
giao cua h¢ phuong trinh thi:

m.?+my,+ ... +m2 =1




Thi du:

Chuyén phuong trinh bac hai vé dang chinh tic:
Y =10 — 15x1 — 10x2 + 4x1x2 + 6x1? + 2x22

B,, = 6.8284
B,,=1.1716

Mat c6 cuc tri v&i tm ctia mit 1a cuc tiéu

Y +4.0625 = 6.8284X 2 + 1.1716X,?2




6.2. M6 hinh bé mit dap tng

e Mo hinh toan dang da thirc

 Bao gom cac thira s6 biéu dién do cong va cac tuong
tac

* Cac hé s6 duoc xac dinh bang phuong phap phan tich
ho1 qui.

o Cac hé s6 khong c6 v nghia bi loai bo




¢ M6 hinh bé mit dap tung cta 2 yéu to X, va X, va dap
trng Y nhu sau:

Y= D, : Hang s6
+ b, X, +0,%, : Yéu to chinh
+ DX 2 + by X,2 : Do cong
+ DX X, : Twong tac

+ ¢ : Sai1 so




M6 hinh bé mat dap tmg ctia 3 yéu to X,; X, va X, va
dap ung Y nhu sau:

Y= Db, : Hang s6
+ b, X, + b,X, + byX, : Yéu to chinh
+ b, X2 + b X2 + bXy? : Do cong

+ b, X X, + bgX X5 + b X, X, : Tuong tac

+ ¢ - Sai1 so




6.3. Qui hoach yéu to 3 mirc do

Qui hoach 2 yéu t6 3 murc do
e Dang hinh hoc

le {3 .

O
Xy
e Dang toan hoc

Y =Db,+ b X+ b, X, + b X2+ b X2+ b X X,




Qui hoach 3 yéu t6 3 murc do
e Dang hinh hoc




e Dang toan hoc
Y = Bg + By Xyt BoXy + BaXg + By Xy Xy + Bs Xy X3+ PeX X3
+ B7X1% + BgXp? + BXg® + BoX 17X, + By X2 X,
+ ByoX Xo? + BraX?Xg + BraX X+ BrsX X4
+ B1eX 2 X%+ BrrX 2 X% + Brg X7 X% + B1gX X, X5
+ BoX 2 X X5+ By Xy X2 X5 + B X Xo X% + B X1 7X,7X
+ BpgX 2 X X5% + Bps X X7 X% + B X1 2X,2 X2 + &




6.4. Qui hoach tdm hon hop

e Qui hoach tdm hon hop (CCD) con goi 1a qui hoach
Box-Wilson
e Qui hoach tdm hén hop 2 yéu t6

QHyéutd + Diém sao
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Piém sao




e Trong qui hoach tdm hdn hop mdi yéu t6 c6 5 mitc do
1: diém cuc trén (diém sao)
2: diém trén
3: diém tam
4: diém duéi
5: diém cuc dudi (diém sao)

° C?',C qui hoach yéu t6 toan phan hay tirng phan duoc
ti€n hanh thi nghiém va phan tich trudc

. T1:1y theo Sy tuong thich cac thi nghiém tai diém sao sé
ti€n hanh tiep theo




e Qui hoach tdm hdn hop c6 thé 1a qui hoach truc giao,
tam quay hay truc giao-tam quay tuy theo viéc chon
gia tri cac diém sao o..

e Trong qui hoach truc giao cac hé s6 hoi qui doc 1ap

e Trong qui hoach tAm quay cac hé s6 hoi qui bac hai co
quan hé phan nao. Pé giam moi quan hé nay ta co thé
thuc hién nhiéu thi nghiém & tim hon. Khi so thi
nghiém ¢ tam du 1dn thi qui hoach tr¢ thanh truc giao-
tam quay




Qui hoach tdm hon hop

N;: s6 thi nghiém cua qui hoach yéu to

Ny: s6 thi nghiém & tAm

2k: s diém sao ©O,....fta,...,0)
o Piéu kién truc giao

4o’ (az + N; )
Ny =

Nt
o Piéu kién quay
N; = o

— 2K




e Cac gia tr1 cua o (truc giao hoa)

o
k F ng=1 | ny=2 | ng=3 | ng=4 | ng=5H | ny=256
2 4 1.000 | 1.0Y8 | 1.147 | 1.210 | 1.267 | 1.320
3 8 1.215 | 1.287 | 1.363 | 1.414 | 1.471 | 1.6256
4 16 | 1.414 | 1.483 | 1.647 | 1807 | 1.664 | 1.719
5 32 | 1.b96 | 1862 | 1.724 | 1.784 | 1.841 | 1.896

o6(1/2 rep) | 16 | 1.847 1.607 1.664 1.719 1.771 1.820
G 64 | 1.761 1.824 1.885 1.943 2.000 2.065b
6(1/2 rep) | 32 | 1.724 1.784 1.841 1.896 1.949 2.000




e Cac gia tri cia o (truc giao — tam quay)

Orthogonal
Center
Factors Points a
2 4 1.21
S 1.27
3 4 1.41
3 1.47
4 4 1.61
S 1.66
3 4 1.78
3 1.84
S (half 4 1.72
replicate) 3 1.77
0 (half 4 1.90
replicate) 3 1.95

Rotatable

Center
Points

S

6

10

1.41

1.68

2.00

2.38

2.00

2.38

Ortho. & Rotat

Center
Points

8
9
12
17
10

15

1.41

1.68

2.00

2.38

2.00

2.38




Cach xac dinh phuong trinh hoi qui bac hai truc giao

e Xét qui hoach hon hop véi k = 2; ny = 1. S6 thi nghiém
la N =22+ 2*2 +1 =9. Bang hoach dinh nhu sau:

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

© 00 N O O & W N P

+1 +1 -1 -1 +1 +1
+1 -1 +1 -1 +1 +1
+1 +1 +1 +1 +1 +1
+1 -aL 0 0 o2 0
+1 +o 0 0 o2 0
+1 0 -QL 0 0 a?
+1 0 +a 0 0) o2
+1 0 0 0) 0) 0




e Ma tran qui hoach khong truc giao. Dé chuyén thanh
ma trin truc giao phai doi bién so6 cac thira s6 binh
phuong \

S

2 v 2
= X=X




e Ma tran qui hoach tré thanh (o = 1)

1 +1/3 +1/3
2 +1 +1 -1 -1 +1/3 +1/3
3 +1 -1 +1 -1 +1/3 +1/3
4 +1 +1 +1 +1 +1/3 +1/3
5 +1 -QL 0 +1/3 -2/3
6 +1 +oL 0 0 +1/3 -2/3
7 +1 0 -0l 0 -2/3 +1/3
8 +1 0 +aL 0 -2/3 +1/3
9 +1 0 0 0 -2/3 -2/3




o Cac hé so hoi qui xac dinh ddc lap

ij,vu
b; = ZX vl =

ij,xu,vu
_ =1

b ) Vj,u=ﬁ j#u
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e Bién lugng cua hé so
Se
N

pRS
i‘=1
Phuong trinh ho1 qui ¢6 dang
Y =by +b Xy +0, X5 4.+ b X+
By X g Xi +byg (X7 = X7) +. b (Xi¢ = X¢)

2 _
Sbj_

chuyén vé cach viét thong thuong can tinh b,
by = by —b11X12 —---—bkak2

Bién lugng

K
2 2 2 (v 2\2
Sbo — Sbo +Zsbjj (Xj)
j=1




e Phuong trinh hoi qui c6 dang

Y = bO+Zb|X +ijux Xj—l—ijsz

u,i=1
o Kiém nghiém 3 y nghla ctia cac hé so Va tinh twong thich

ctia phuong trinh tién hanh nhu ¢ hoach dinh tuyén
tinh




Cach xac dinh phuong trinh hoi qui bac hai tam quay
e Ma tran truc giao khong co ‘tinh tam quay nén sgti S(f)
khi xac dinh dap ing trén bé mat dap ung co thé thap
hc‘)’n so vO1 trong tinh toan nhan dugce tr phuong trinh
ho1 qui.
e Hé s6 ctia phuong trinh hoi qui dugc giai theo phuong
phap ma tran
B = (XTX)1XTY
XT: 1a ma tran chuyén cua ma tran X
(XTX)?: 1a ma tran dao cua ma tran XX
e Ma tran qui hoach tam quay la ma tran khong truc giao
nén vieéc xac dinh cac h€ so ¢6 phu thudc nhau.




Tiéu chuan truc giao chua phai Ia tiéu chuan da manh dé tdi wu
hoa cac phuong an co tam bac hai.

Box — Hunter da dé nghi xem phuong &n quay bac hai 1 phuong
an toi uu.




.
J
b; = ay lef’fm%-u}’u

N

N E N
2
by = a5 3 Xy X yu + 86 5 Xit X Y — 87 Sy
1 1 1 1




e

Number Number Coefficients

of factors of trials
k N a a, az ay s ag ay
2 13 0.2000 0.1000 0.1250 0.2500 0.1250 0.0187 0.1000
3 20 0.1663 0.0568 0.0732 0.1250 0.0625 0.0069 0.0568
4 31 0.1428 0.0357 0.0417 0.0625 0.0312 0.0037 0.0357
5% 32 0.1591 0.0341 0.0417 0.0625 0.0312 0.0028 0.0341
5 52 0.0988 0.0191 0.0231 0.0312 0.0156 0.0015 0.0191
6% 53 0.1108& 0.0187 0.0231 0.0312 0.0156 0.0012 0.0187
6 21 0.0625 0.0098 0.0125 0.0156 0.0078 0.0005 0.0098
7% 92 0.0730 0.0098 0.0125 0.0156 0.0078 0.0005 0.0098
7 163 0.0398 0.0052 0.0066 0.0078 0.0039 0.0002 0.0052

* With half-replica




1. Bién luong cac thi nghiém o tam (s,,2)
2.5%(bg) =2y X Sy°

3.5%(b)) = a3 X sy”

4. s%(by) = ay X Spy?

5.5%(b;;) = (a5 + ag ) X Sy°




Kiém tra sy tuong thich theo chuan F:

Foot = S%/ S

$% = (Sgy—Sy) /T voi FT=N—-1-(n,-1)
Sqe = 2 (Yi—Y")? voii=1-N

St =2 Y%, = Th(y)I?

Fi.p (0.05 N—I-(n,-1),n,-1)




6.5. Qui hoach Box-Behnken

» Xem qui hoach 3 yéu t6 . —

li——

e Qui hoach Box-Behnken cho 3 yéu t6 gom 12 diém thi
nghiém nam gitra canh kho1 1ap phuong trén khoi cau
cO tam la tam qui hoach, cung cac thinghiém tai tam




e Qui hoach Box-Behnken 1a mot phan cua qui hoach 3
yéu to & 3 mtrc 0 bao gom ludn tm qui hoach

e Qui hoach cho phép udc tinh hiéu (g cta yéu to
chinh va cac dai lugng bac hai

e Qui hoach Box-Behnken khong thé tién hanh ké tuc
nhu qui hoach Box-Wilson

e Qui hoach Box-Behnken c6 y nghia tng dung khi mot
vai vung thi nghiém khong kha thi, nhu cac cuc tr1 cua
vung thi nghiém




* So sanh qui hoach Box-Behnken va Box-Wilson

Box-Behnken

Number of 3k Factorial CCD with 4 with
Factors 3 Center points Center points 4 Center points

2 12 12 —

K 30 18 16

4 84 28 28

5% 84 30 44

6= 246 48 52

7* 732 82 60

* Cac qui hoach 5,6,7 yéu to: d6i vdi qui hoach yéu to
3% thi dung qui hoach 1/3. B6i v6i CCD thi dung qui
hoach ban phan cua 2K,




6.6. Cac budc toi uvu hda

S O A Wb

Str dung mo hinh bac mot tai vung khao sat

Danh gia su tuong thich

Néu md hinh twong thich thi tién hanh leo doc dung
Tién hanh cac budc leo doc dén khi dat cua dai cuc bd
Lap lai cac buoc 1 -4

Néu kiém dinh cho thay md hinh bac mot khong turong
thich, thém céc diém sao danh gia d6 cong caa md hinh

Str dung md hinh bé mit dap img dé xac dinh diém t6i uu
(ding gian d6 hay dao ham bang khong). Chl y diém yén
ngua

Khi d3 xac dinh diém cuc dai thi phai dam bao rang khi
léch ra khoi dém cuc dai thi gia tri dap Gmg giam.




