Phan tich bién luong

Chuong 3




* Muc tiéu cua ANOVA

» ANOVA mdt chiéu

e ANOVA hai chiéu

e Qui hoach hinh vudng La tin

e Qui hoach hinh vudng La tin- Hy lap
e Qui hoach khéi La Tin




3.1. Muc tieu cua ANOVA

o ANOVA nghién ctru anh hudng cta cac yéu to dén su
thay doi gia tri ctia dap ing qua viéc danh gia su thay
d6i cua gia tri trung binh ctia chiing

o ANOVA str dung tinh cong cta bién luong cta cac
bién ngau nhién

o ANOVA la mdt cong cu rat manh khi khao sat nhiéu
yéu to dong thoi (phu hop voi qui hoach thue nghiém)

» Co 30 cia ANOVA la tach bién luong tong thanh cac
bién luong thanh phan, mdi thanh phan nay tuong Gng
véi mot nguon thay doi




e Bién lugng cua mau tuong irng s€ dugc so sanh voi
bi€n lwgng do sai s6 ngau nhién
e Kiém nghiém duogc sir dung la kieém nghiém F
e Tinh toan dua trén cac gia thiet
e Sai s6 quan sat ngau nhién dugc phan b6 theo ham phan bo
binh thuong (ham phan bo Gauss).
e Céc yéu to0 chi anh hudng dén sy thay doi gia trj trung binh.
Bién luong quan sat van khong thay doa.
e Cac thuc nghiém c6 dd chinh xdc nhu nhau.




 Trong ANOVA, bién lugng dugce tinh qua binh phuong
trung binh (MSS). Binh phuong trung binh 1a ti s6 cua
tong binh phuong (SS) va do tu do (DF)

e C6 3 loai tong binh phuong
e Tong binh phuong chung: SST
e Tong binh phuong yéu to: SSA
e Tong binh phuog sai s6 : SSE




Céac thanh phan SS

SS
do gi tri TB °

SSA SSB
do yéu tOA do yéu to B etc.

SSE
do sai sO




-

Cac thanh phan d6 tu do (DF)

° n = s6 gia tri x;
1
SS do gia tr1 TB

(# murc dO) -1 (# mic do) -1 @
Yéu tdo A Yéu to B etc.




Cach tinh tong binh phuong

e Tong bin!

o Tong bin!

0l

0l

* Tong bin

0l

e Tong bin

0l

p!
p.

p.

p.

hrong toan phan GTSS = Zx

hrong do trung binh  SSM =ng?

huwong chung SST = (% —u)’
=1

huong do yéu to

SSA = replication #[(mAl —,u)2 + (M, —ﬂ)z + (Mg —ﬂ)zJ

o Tong binh phuong do sai s SSE
e Bang 0 néu khong co thi nghiém lap
e Udc tinh bang phuong phap gdp (pooling). Gop cac yéu
to co dong gop thap nhat vao TSS




F-statistic

SS cia sai sO

e Bién lugng saisd = — ——
do tu do cua saiso

_ Binh phuong trung binh y&u t&

e I — —
Bién lugng sai sO

+ SScuayéutd

e Binh phuong trung binh cla yéu td = —
DF cua yéu to

« F=1 anh hudng cta yéu to ngang voi sai so
* F=2 anh hudng cua yé€u td sat bién
* F>4 anh hudng cua yéu t6 dang ké




3.2. ANOVA mot chiéu

o ANOVA mét chiéu dung dé kiém nghiém su déng nhat
ctia hai hay nhiéu gia trj trung binh ctia mau thong ké
o ANOVA mét chiéu sir dung kiém nghiém F nén thuong goi 1a

ANOVA F

o Pay la sy mé rong ctia kiém nghiém t d6i voi 2 mau
doc 1ap

e Truong hop chi c6 2 nhom thi kiém nghiém t va
ANOVA mot chiéu giong nhau va ludn ludn cho clng
g1a tr1 p

o ANOVA gitp nha phan tich tranh rti ro sai s6 loai I
qua 16n khi khao sat nhiéu gia tri trung binh




e Khi so sanh nhiéu gia tri trung binh str dung kiém
nghiém t thi phai tién hanh mot loat kiém nghiém t (vi
kiém nghiém t mot lan chi kiém nghiém chi 2 gia tri
trung binh)

e Mic du mdi kiém nghi€ém chi thuc hién vo1 mot mirc v
nghia o, nhung murc y nghia sé tich lily theo loat kiém
nghiém do d6 & kiém nghiém cudi cung s& c6 mirc ¥
nghia rat 16n




o ANOVA cho phép kiém nghiém su khéc biét ciia cac
g14 tr1 trung binh trong mot gla thuyét chi dung mot g1
trj o, do d6 mirc ¥ nghia s& nam & mutc d6 kiém soat
duoc

e Néu can kiém nghiém theo ting cdp thi mdi kiém
nghiém sé& sir dung murc y nghia bang o chia cho s0
kiém nghiém (o/n kiém nghiém)

e Thi du néu quan sat vién can danh gia diém kiém tra cua sinh
vién trong 16p theo vi tri trong 16p (bén trai, ¢ gitra va bén

phai) thi s€ so sanh gia tr1 trung binh theo tirng cap vo1 muic y
nghia la 0.05/3 =0.017




ANOVA mot chiéu

Yéu tod




Cac bién trong ANOVA mot chiéu

e Bién dap tmg hay bién phu thudc 1a bién ma chung ta
dung so sanh cac nhém

» Bién yéu t6 hay bién doc 1ap 1a bién quyét dinh su
dung dé dinh nghia nhém (mau)
e Gia sir o k nhom, thi k 13 s6 muc do cua yéu td

o ANOVA dugc goi 1a mot chiéu vi cac gia tri sap xép
theo mot chiéu (chi c6 mot bién yéu to)




Dit gia thuyét.

e HO: pl=pu2=pu3=....=pk
Thi du ¢6 3 nhom HO: ul = u2 = u3

» H1: c6 it nhat mot gia tri p khac véi cac gia tri khac
DPicu nay khong c¢6 nghia la H1: pl # u2 # u3

f(X) f(X)

By = By = s Hi = Hy K




Tinh céc tong binh phuong
e Tong binh phuong chung
SST=32X, 1a° - (ZXioi)? /' N
e Tong binh phuong giita cac nhom
SSB=X[(ZX, )%/ N,] - (ZX,)? / N
o Tong binh phuong trong nhoém. Tinh cho tiimg nhém
va cOng lai
SSW, = ZX,2 - (ZX,)?/ N,
N : téng s6 dit liéu; N, : s6 dit liéu trong nhom
k : s6 nhom : N =N, *Kk

total

total




e Taco: SST = SSB + SSW
e POty do
e DO tu do cua SST 1a (N-1)
e Do tu do cua SSB 1a (k-1)
e Do tu do cua SSE Ia (N-k)
e Tinh binh phuong trung binh
 MSB = SSB / (k-1)
e MSE = SSE / (N-K)
e Tinh gia tr1 Fstat
e Fstat = MSB / MSE
e So sanh Fstat va Ftab. Két luan




:

Bang ANOVA

A

Nguon saiso | Tong binh phuong | Bac twdo | Binh phuong trung binh | Gia tri thong ké
- SS df MS F
Yéuto y 5S4 MSA4
SSA k-1 VS — 202 _

(Between Group) M3A= k-  MSE
Sai s0 S _ . SSE

(Within Group) SSE=55T-554 ok M3E = T

Tong cong SST n-1




e

~

Vi du:

—_—

Ham lwong Alcaloid (mg) trong mot loai duge lidu duoe thu héi tir 3 ving khac nhau duoge s6
[1¢u sau:

Ving1: 7.5 68 71 75 68 66 718

Ving2: 5.8 56 61 60 57

Ving3: 6.1 63 65 64 65 63

Ho1 ham Iwong Alcaloid ¢6 khac nhau theo ving hay khong?

So sanh 3 loai thuoe bo A, B, C trén 3 nhém., nguor ta duoc két qua tang trong(kg) nhur sau:

A: 1.0 1.2 14 1.1 0.8 0.6
B: 2.0 1.8 1.9 1,2 1.4 1.0 1.5 L8
C: 04 0,6 0,7 0.2 0,3 0.1 0,2

Hay so sanh két qua tang trong cuia 3 loai thude bo trén voi o = 0.01




Ving 1 Ving 2 | Vung 3

7.5 5.8 6.1

6.8 5.6 6.3

7.1 6.1 6.5

7.5 6,0 6.4

6.8 5.7 6.5

6.6 6.3

7.8
I 7 5 6 N=18
T; 50,1 29.2 38.1 T=1174

Z,rj 359.79 170,7 242.05 >y 15 =772 .54

A2
ssT=772.54 - WTA” _ ¢ e31111
5 2 2 3 2 1 A2
ssa= OOD7 (29;2) + £ 86‘1) 4 1_?‘4) = 5326968
SSE = SST— SSA =1,5041428
Ng‘llﬁn SS Df MS F Fk—l:_ nk - 1-ot
Yéu to 5,326968 2 2.663484 ]
e - - 26.561504 3,68
Sai s6 1,5041428 15 0,1002761
Tong cong 6.831111 17

= F > Fr1.nk- 1« nénbac bo Hy chap nhin H;.
\ Viay ham Iugng Alcaloid ¢6 sai khac theo ving.




e

Anova: Single Factor

SUMMARY
Groups Count Sum Average Variance
Ving 1 7 90.1 7.157143 0.202857
Ving 2 5 29.2 5.84 0.043
Ving 3 6 38.1 6.35 0.023
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 5.326968 2 2.663484 26.56148 1.17756E-05 3.682316674
Within Groups 1.504143 15 0.100276
Total 6.831111 17




3.3. ANOVA hai chiéu

o ANOVA hai chiéu cho phép khao sat 2 yéu t6 dong
thoi, modi yéu to co nhiéu mic d6

o ANOVA hai chiéu con cho phép danh gia dugc tuong
tac gilta 2 yéu to




ANOVA hai chiéu

Yéu t




e

\
Phan tich phwong sai 2 nhan t6 khéng Lip

Phan tich nham danh gi14 sy anh huong cua 2 nhan t6 (ycu t0 ) A va B frén cac gia tri quan sat x;;
Giasunhanto Aconmica;.a) ,....a, (nhanto hang)

Bcecommicb;,b,.....b, (nhan to cot)
* Mau diéu fra:

B
by by by,
A )
dj X1 X12 Xim
dj X1 X2 Xom
dp Xnl Xn2 Xnm

* (1a thiét Hy:
¢ Trung binh nhan t6 ¢4t bang nhau
¢ Trung binh nhan t6 hang bang nhau

¢ Khong ¢6 su twrong tac gitra nhan t6 cdt va hang




e

* T1én hanh tinh toan theo bang dudi day:

B
b b b == X 2
A : ? w | L=y | Yy
J J
2
a X11 X12 Xim J§C 2. %1,
J
,
a X21 X22 X2m Tos Z X2j
j
.
ay Xn1 Xp2 Xnm Ty Z Ynj
J
T T Tem T = Z X;

[]
ks
P I

Z ‘T}i 1
I
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* Bang ANOVA

Nguén SS df MS F
o 72 I o S84 _
Yéutd A SSA=§I 7 n-1 MS (4 = —— Fa = MSA/MSE
m 7.1 |
2 |
. 1.,
Ycéuto B ; boor? m-1 MSB = S5SB Fb = MSB/MSE
SSB= = = m—1
1 n.n
- CCT QC 1 SSE
Sai1 sO SSE=SST-SSA-SSB (n-1)(m-1) | A/SE =
(n—1)(m—1)
2
Tong SST:Z.T;; - nm-1
i mn

* Két luan :

e NéuF,=>F,_, (@D(m1) - 1 thibacbo yéu to A (h ang)
e NoukFg=F,1- (0-1)(m-1) - 1-oc thi ba ¢ bo ycu to B (Cf}'[)




e

Vi du:

Chiét suat chat X tir 1 loai duoc li¢u bang 3 phuong phap va 5 loai dung moi, ta ¢6 két qua:

PP Chiét suat (B)

Dung moi (A) b1 b> bs
ai 120 60 60
a) 120 70 50
as 130 60 50
a, 150 70 60
as 110 75 54

Hay xét anh huong cua phuong phap chiét suat va dung moi dén két qua chiét suat chat X
vol a=0,01

™~




e

Giai: Gia thiet Ho :  * Trung binh cua 3 phuong phap chiét suat bang nhau
* Trung binh cua 5 dung mé1 bang nhau

* Khong co sur trong tac gitta phuong phap chié suat va dung mon

Tinh toan:

N i " ) i X
J
aj 120 60 60 240 21600
a 120 70 50 240 21800
a; 130 60 50 240 23000
a4 150 70 60 280 31000
as 110 75 54 239 20641
T, 630 335 274 T=1239
> 80300 22625 15116 2. x; =118041

1.j




Fg >F1.5.099= 8,649 = Phuong phap anh huong dén két qua chiét suat.

72 2
3
SST = Zr ———118041- (1239) = 1556996
m.n 5x3
Z Ti* 2 anoAn- 2
ssa= i 17 - 308321 (239)7 _ 35 2667
m . 3
ZT*%F 2 7
ssp=L L~ 84_201 _42 _9) =14498.8
n m.n 5 15
SSE = SST - SSA- SSB = 768.,5333
Nguon SS df MS F
Ycu ‘r{‘fj A SSA= 4322667 4 MSA = 108.,0667 Fa= 1.1249
Yéuto B SSB= 14498 8 2 MSB = 72494 Fg=75.4622
Sai sO SSE= 768.5333 8 MSE = 96.0667
Tong SST =155699.6 14
= Fa < Fs4.5.009=7.006 = Dung mo1 khong anh huong dén két qua chiét suat.




SUMMARY Count Sum Average Variance
at 3 240 80 1200
a2 3 240 80 1300
a3 3 240 80 1900
a4 3 280 93.33333333 2433.333333
as 3 239 79.66666667 800.3333333
b1 5 630 126 230
b2 5 335 67 45
b3 5 274 54.8 25.2
ANOVA
Source of Variation SS df MS F P-value F crit
Rows 432.2666667 4 108.0666667 1.124913255 0.409397603 7.006065061
Columns 14498.8 2 72494 7546217904 6.42093E-06 8.64906724
Error 768.5333333 8 96.06666667
Total 15699.6 14




e

Bai tap

Mot nghién ctru dugc thue hién nham xem xét su lién hé gitra loai phan bon, giong lua dén nang
suat. Nang suat loa dugc ghi nhan tur cac thyue nghiém sau:

Giong [ua
Loai phan bon A B ¢
1 65 69 75
2 74 72 70
3 64 68 78
4 83 78 76

Hay danh gia sy anh huong giong laa, loai phan bon trén nang suat lna, o = 0,05.

™~




e

Phan tich phwong sai 2 nhan to ¢6 Lip

* Mau diéu tra:

B
bl b’?' bm
A
X111 X121 X1iml
X112 X122 Xim?2
al - - -
X11r X12r Xlmr
X211 X221 . X2ml
X212 X222 Xom?
HE - - .
X21r X221 X2mr
Xnll Xn21 . Xnml
Xn12 Xn22 Xnm?
ap : : :
Xnlr Xn2r Xnmr




*Bang ANOVA

Nguon SS df MS F
, SSA4 MSA
Ycuto A SSA n-1 M54 = 1 A= VISE
Yéuté B SSB m-1 vsp — SSB F, - MSB
m—1 MSE
Tuong tac AB SSAB (n-1)(m-1) | A/S4B = 5548 = MSA4B
(n—1)(m—1) : MSE
Sai 50 SSE un(-1) | pgsE = —20F
nm(r —1)
Tong SST nmr-1

* Keét luan

Neéu Fu
Neéu Fg

> Fp1-ame1): 1.« thi bac bo yéu to A (h ang)
> Fomil: nom@1): 1« thibacbo yéu to B (cot)

e NEéuFap > Fiaiyml) ame1): 1« thicd surtuong tic giita A va B




: B

Vi du: Ham lmmg saponin (mg) cua cung mot loai duge ligu dugce thu hai tr ong 2 mua (kho va mua:
trong moi mua liy mau 3 lan - dau mua, giira mua, cudi mua) va tir 3 mién (Nam, Trung, Bic)
thu duge két qua sau:

.. Mién
Mnua Tho1 diém
Nam Trung Bac
bau mua 24 2.1 3.2
Kho Gitra mua 2.4 2.2 3.2
Cuo1 mua 25 22 34
bau mua 2.5 22 3.4
Mua Gifra mua 25 23 3.5
Cudi mmna 2.6 2.3 3.5

Hay cho blct ham luong saponin ¢ khac nhau theo muia hay mién khéng? Néu cé thi 2 yéu to
mila va mién c6 su twong tac voi nhau hay khong? o = 0,05




Mien Nam Trung Bic Tiss
Mua
2.4 2.1 2,2
Kho 2.4 7.3 2,2 0.5 2.3 9.8 23.6
2.5 2,2 2.3
2.5 3.2 3.4
Mua 2.5 7.6 3.2 6.8 35 | 104 24.8
2.6 3.4 3.5
Tje 14,9 13,3 20,2 T=484

Tinh :

o Dx; =13464
i.j.k

o Y Ti =236"+248=1172
o > TI..=149+133"+202°=1806.94
J
e DI =73+76"+65+68+98 +104"=40374

i.j

o T2=484%=2342.56




o D x; =134.64

i.j.k

o YT =236"+248=1172

I

o > T.. =149"+133"+20.2°= 806,94
J

o DI’ =73+76+65+68+98 +104°=40374

1.J
o T2=484%=2342.56
2
342.5
SST= ) x3; L 13464232290 4 4978
ik nmr
STa 5
, 125
QA T 1172 234256 0,08
mnr nmr 9 18
ST
. 806,94 19 5
ssp=____ L~ _ 234250 3408
nr ninr 6 18
2
X
o 5 Zj ! 403.74
SSE = Y x - - —134.64 - ~0.06
r',j,;ﬁ:

SSAB= SST — SSA —SSB - SSAB =4.4978 - 0,08 - 0,06 - 43478 = 0.01




e

Bang ANOVA
Nguon SS df MS F

Yéuto A (mua) 0,08 1 0,08 Fa=16
Yéu t6 B (mién) 43478 2 2.1739 Fp= 43478
Tuong tac AB 0.01 2 0,005 Fag=1
Sai $0 0,06 12 0.003
Tong 44978 17

= Fa>Fi12.095=4.7472  : Ham lugng saponin khac nhau theo mua.

Fg >Fy 12-095= 3.8853 :Ham luong saponin khac nhau theo mién.
Fag<Fy.12.095=3.8853 :chp nhin Hy ( khong tuong tac)

Vay ham luong saponin trong duoce li¢u khac nhau theo mua , theo mién va khong c6 su tuong tac giira
mua va micn trén ham luong saponin.




SUMMARY Nam Trung Bac Total

Count 3 3 3 9
Sum 7.3 6.5 9.8 23.6
Average 2.433333 2.166667 3.266667 2.622222222
\ariance 0.003333 0.003333 0.013333 0.251944444
Count 3 3 3 9
Sum 7.6 6.8 10.4 24.8
Average 2.533333 2.266667 3.466667 2.755555556
\ariance 0.003333 0.003333 0.003333 0.300277778

Total

Count 6 6 6

Sum 14.9 13.3 20.2

Average 2.483333 2.216667 3.366667

\ariance 0.005667 0.005667 0.018667




ANOVA

Source of Variation SS df MS F P-value F crit
Sample 0.08 1 0.08 16 0.001761696 4.747221283
Columns 4.347778 2 2173889 4347777778 6.36194E-12 3.885290312
Interaction 0.01 2 0.005 1 0.396569457 3.885290312
Within 0.06 12 0.005

Total 4497778 17




e

Phan tich phwong sai 2 nhan to ¢6 Lip

SSA=mr ) (X — ¥ ): = _

i mr- nmr
P
J

SSB=nrY (v, —x)° = 1
J

2

nr nmnr

h
> 7}
1.7

Zﬂi* ij_;—’* 2
_ | n

SSAB =1 (X — Xpue = Xupu +x)7 =2

i

SSE = SST — SSA — SSB - SSAB = Y x, — -2

i.j.k

7

nr mr Hninr

>k

7




*Bang ANOVA

Nguon SS df MS F
o SSA MSA
Yéuto A SSA n-1 Mod = n—1 4 MSE
Yéuto B SSB m-1 MSB — SSB . MSB
m-—1 MSE
Tuong tac AB SSAB (-1)(m-1) | ps4p - 4B F,, =545
(n—1D(m—1) ) MSE
Sai s0 SSE nm(r-1) MSE = _SSE
nm(r —1)
Tong SST nmi-1
* Két luan
e NéuF, > F.u -am(r-1) - 1-¢ thi bac bo },réu tf’}r A (h ang)
e NéuFp > Foul ome1): 1 thibacbo yéuto B (cot)

e NCuFag> Faiym1) amal): 1 thico sy tuong tac giita A va B




Bai tap
1) Mot nghién ctru dugc thuce hién nham xem xét sy lien h¢ gitra loai phan bon, giong lua va nang
suat. Nang suat lua duge ghi nhan tir cac thuc nghiém sau:

Gi1ong lua | ,
W A B C
65 69 75

1 68 71 75

62 67 78

74 72 70

2 79 69 69

76 69 65

64 68 78

3 72 73 82

65 75 80

83 78 76

4 82 78 77

84 75 75

Hay cho biét sy anh huong cua loal phan bon , giong lua trén nang suat . o = 0.01




3.4. Qu1 hoach hinh vuong Latin

e Qui hoach yéu t0 hinh vudng Latin 1a qui hoach hinh
vudng trong d6 mdi phan ttr dugc sap xép dé chi xuat
hién 1 1an theo cét hoic theo hang
thi du hinh vuoéng Latin 3x3




* Trong qui hoach hinh vudng Latin cac yéu c6 cling so
muc do

e Qui hoach hinh vuong Latin 2x2 ¢6 thé dung khao sét
3 yéu t0, trong d6 anh hudng ciia cac twong tac bi lan
vao anh hudng ctia cac yéu to. Noi cach khac khi dung
qui hoach hinh vu6ng Latin thi phai du doan truéce l1a
cac yéu to khong quan trong.




e Bang qui hoach hinh vudéng Latin 2x2 khéo sat 3 yéu

to

bl b2

cl c2

-
D>
c

[
(@}
>

c2 cl




 Bang qui hoach hinh vudng Latin 3x3 khéo sat 3 yéu

to

bl b2 b3
al cl c2 c3
a2 c2 c3 cl

a3 c3 cl c2




e Viéc phan tich bién luong cua hinh vudng Latin tuong
duong phan tich bién luong 2 chiéu. P6i véi yéu to thi
2 (yéu t6 C) viéc phan tich bién lugng sé tinh tuong tu
nhu yéu t0 A hoic B. O day yéu t6 C 1an véi tuong tac
AB.




bé dO’Il‘ gian hon viéc phan tich bién luong tién hanh
theo tuan tu nhu sau:

e Tinh tong theo hang (cho A) theo ¢ot (cho B) va cho C.

o Tinh tong binh phuong tat ca cac dit liéu: SS1

e Tinh tong binh phuong chung cho hang chia cho so dit
l1éu trong mot hang: SS2

e Tinh tong binh phuong chung cho ¢t chia cho s6 di
l1€u trong mot cot: SS3

e Tinh tong binh phuwong chung cho C chia cho so dit
l1€u trong mot loat C: SS4




o Tinh tong binh phuong toan thé: GTSS = SS5
 Tong binh phuong cho hang: SSA = SS2 — SS5
e Tong binh phuong cho cot: SSB = SS3 — SS5
e Tong binh phuong cho C: SSC = SS4 — SS5
e Tong binh phuong chung: SST = SS1 — SS5
e Tong binh phuong sai so:
SSE = SST — SSA—-SSB - SSC
e Tinh MSA, MSB, MSC va MSE
e Tinh gia tr1 F,, Fg, F¢
o So sanh voi gia tri bang va két luan




e Bang ANOVA cua qui hoach hinh vuong Latin

Nguon Pj tu do Téng binh Binh phwong trung binh | Giatri F
bién phuong

SSA = SS2 — SS5 ,2=SSA/(n—1) S,2/Sg2
B n-1 SSB = SS3— SS5 Sg2=SSB/(n—1) Sg2/ Sg2
C n-1 SSC=SS4 — SS5 S.2=SSC/(n-1) Sc2/S:2
Saisd (n—1)(n—2) SSE Se2=SSE/[(n-1) (n-2)]
Tong n2-1 SST = SS1 — SS5




/‘ Table 4-11 Coded Data for the Rocket Propellant Problem

Batches of Operators
Raw Material 1 2 4 5 Yi.
1 A= -1 B=— C=-6 D=-1 E=-1 —14
2 B=-8 C=-1 D= 5 = 2 = 11 9
3 C=-7 D= 13 E= 1 = 2 B=—4 5
4 = 1 = 6 A= 1 B=-2 C=-3 3
5 E=— = 5 B=-5 C= 4 D= 6 7
Y —18 18 —4 5 9 10 =y_
y?
SSr =2 2 2 Vi~ %
i ! k
(10)°
= 680 — = 676.00
25
1 & y?
SS atches - 12 - =
Batch P;}’., N
2
it i e e e - Y2 600
5 25
]. 7 yz
SS = — 2 — =
Operators p kZ] Y.k N
1 10)
= [(-18) + 18% + (—4) + 5° + 97| - (2; = 150.00




The totals for the treatments (Latin letters) are

Latin Letter Treatment Total

A yi.= 18
B Vo = —24
C ya. = —13
D ya = 24
E V5. = 5

The sum of squares resulting from the formulations is computed from these totals as

1&H , Y
SSFﬂrmulatians = E; }'] - ?

187 4 (—24)° + (—13) + 247 + 57 (10)°

5 5 = 330.00

The error sum of squares is found by subtraction:

SSE = SST — SSBalchcs - SSGperamrs - SSFurmulatiunS
= 676.00 — 68.00 — 150.00 — 330.00 = 128.00




Table 4-12  Analysis of Variance for the Rocket Propellant Experiment

Source of Sum of Degrees of Mean
Variation Squares Freedom Square Fy
Formulations 330.00 4 82.50 7.73
Batches of raw material 68.00 4 17.00
Operators 150.00 4 37.50
Error 128.00 12 10.67
Total 676.00 24
Table 4-10  Analysis of Variance for the Latin Square Design
Source of Sum of Degrees of Mean
Variation Squares Freedom Square Fy
1 < 2 ‘},2 SSTmatrncnts MSTreaun-anLq
TI'EH[ITIEHIS SSTremmenls p _;21 y.ga N P 1 p— 1 0 MSE
1S, 2 SSrows
Rows SSkows z,l ; N p—1 b — 1
]- o J“i SSC‘-:rlumns
Cﬂlunms SSColumns p ’z‘ y.z.k N P l p— 1
Erro SSe (by subtraction) (p—2X 1) S5,
r _ —
S P (P =20 - D
2
Total $Sr= 22 D Pl
i J k




3.5. Qui hoach khdi La tin

e Qui hoach 3 yéu to, n mirc do (n>2) duoc thuc hién
qua khoi vudng. Ba canh cta khoi Vuong biéu thi cac
yéu td A, B, va C, cac mirc d6 duoc biéu thi trén cac
truc.

 Néu dung khoi vudng Latin dé khao sat 4 yéu to thi
yéu to thir 4 — yéu to D thi mirc d0 ctia yéu to D sé
duoc biéu thi tai cac diém tuong tng trén khoi vudng
va ta co khoi Latin bac nhat.

o Khoi latin bac nhat c6 thé biéu thi bang cac mit phang
song song vo1 mat truc qua cac bang hoach dinh
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Khoi1 Latin bacnhat3 x3x 3
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1

1

NolA B lC Dly.
2

15
16
17
18
19
20
21

Y1
Y

Y16

0
1

0
0

0
0

1
2

NolA B lC Dly.
0
1

Y17

Y21

Y22

22

23
24
25
26
27

Y24

Y10

10
11

Yas

Yll

2

Y12

12
13
14

Y27

Y13

Y14




Cach phan tich bién lugng tién hanh tuan ty nhu sau:
o Tinh tong ctia cac yéu to ¢ tirng murc do
e A(i=0,1,2,....,n1)
«B;(j=0,1,2,...,n-1)
¢ C,(q=0,1,2,...,n-1)
eD,(1=0,1,2,....,n1)
o Tinh tong binh phuong tat ca cac so liéu: SS1
o Tinh tong binh phuong chung cho yéu t6 A chia cho
n%: SS2
e Tinh tong binh phuong chung cho yéu t6 B chia cho
n?: SS3




o Tinh tong binh phuong chung cho yéu t6 C chia cho
n%: SS4

e Tinh tong binh phuong chung cho yéu t6 D chia cho
n%: SS5

e Tinh tong binh phuong toan thé: GTSS = SS6

 Tong binh phuong cho yéu to6 A: SSA = SS2 — SS6

e Tong binh phuong cho yéu to B: SSB = SS3 — SS6

e Tong binh phuong cho yéu to C: SSC = SS4 — SS6

e Tong binh phuong cho yéu to D: SSD = SS5 — SS6

e Tong binh phuong chung: SST = SS1 — SS6




e Tong binh phuong sai so:
SSE = SST - SSA-SSB - SSC - SSD
e Tinh MSA, MSB, MSC, MSD va MSE
e Tinh gia tr1 Fp, Fg, F¢
o So sanh véi gia tri bang va két luan




» Bang ANOVA cua qui hoach khoi Latin

Tong binh phwong | Binh phwong trung binh

n-1 SSA = SS2 — SS6 A2=SSA/(n—1) Sp2/ Sg2
B n-1 SSB = SS3 — SS5 SBZ =SSB/(n-1) Sg2/ Sg?2
C n-1 SSC= SS4 — SS6 S.2=SSC/(n-1) Sc2/ Sg?
D n-1 SSC= SS5 — SS6 S.2=SSD/ (n-1) Sp2/ Sg2
Saisd nd-4n+3 SSE Sg2 = SSE / (N3 — 4n +3)
Tong nd-1 SST = SS1 - SS6




Thi du: STT T (A) Ap sudt (B) Thoi gian (C) Hidu sust
1 100 20 10 2
2 200 20 10 6
3 100 60 10 4
4 200 60 10 8
5 100 20 20 10
6 200 20 20 18
7 100 60 20 8
8 200 60 20 12

SS1 (Binh phuwong dap &ng) = 752

SS2 (Téng binh phuong A/4) = (242 + 442)/4 = 628

SS3 (Téng binh phuong B/4) = (362 + 322)/4 = 580

SS4 (Téng binh phuong C/4) = (202 + 482)/4 =676

SS5 (Téng dap &ng)?/8 = (2+6+4+8+10+18+8+12)2/8 = 578
SST=551—555=752-578=174  (df=7)

SSA =552 —SS85=628-578 =50 (df=1) MSA =50
SSB =SS3 —-SS5=580-578=2 (df=1) MSB =2
SSC =S54 -SS5=676—-578 =98 (df=1) MSC =98
SSE= SST —SSA -SSB-SSC=174-50-2-98=24 (df=4) MSE =6
F (bang) (0.05, 1, 4)=7,7

FA =50/6 = 8,33
FB=2/6=0,33
FC=98/6 = 16,33




