
lh1ufb~~u~~9~t~u~  rrrMiaul7  Y tt~tdhJ76a7r  x,, xl, . . . . x, d7in&

= SYstem8tiC part + Random Part
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I.  u iOut?~tolafuaJAtt~sdu

2. E,“; = 0 L&I 0 %I Zero vector %&I 0 = (0, 0, . . . . 0)’

3. E(UU’)  = 0’1,

4. U - N(0, 0’1,)

5. x = (X,,  x*,  . . . . X,) %JLW'?%tYJfhflJ~  6%  X dU  Fixed Matrix

6. X &J,Si  Full Rank &I r(X) = k < n

ST331 91



%Il'5tUl  E(UU’) W’Wil

E(UU ‘) = V(U) = E (u,,  lb. .-.t  ud

0’ 0 . . . 00 01 . . . 0I I II = 0’1.i i0 0 . . . a’
9 2 ST331
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e’e = (Y-Xi’(Y-Xi)

= (Y’-;‘x’)(Y-x;)’
A2

= Y’Y-Y’X~-ij’x’Y+ij’x’xp

= Y’Y-2ij’x’Y+i;‘X’Xjj

,:: a I %(YlY  -2;;‘X’Y  +i;JX8Xi; = 0nJut.4  aBe  e = aa

L0X.J

‘ =  X’AX =  +Xf+2:aia,xix,  = (XI,
a=,  a,2  . . . aa.

x1.  . . . . X.)
i#j

a., a.2 . . . a..

&ia aii%
a’X = a UA:: .j?xX’AX  = ZAX

ST331 9 5



%d  2 Maximum Likelihood Estimation Method (MLE)

L = ff,,(th)  = 41&RewI  -2029) )

1 i”f

= (2dpJ
exp ( - ’

T7)

1 U’U=-
(2rro*)"0

exP{ -5  >

1f
~2llO3"~

exp ( -(Y -xw(y-Xm

202 I

3.2.2.1 E(^m  = fi

37n i; = (x'x)+x'y uaroln&mmJfi  2 d-h E(u)  = 0 M%I E(y) = xp

6Jh E(& = E{(X’X)-‘X’Y}  = (XIX)-‘X’E(Y)  = (X’X)-‘X’XP  = fl  %&l~~~d8fl
Y





V(Z) = m:~+m:o~+2m,mzo12  = (m,,  ml)
[Ii I;]  G:]

V(Z) = MV(Y)M’ t&I V(Y) = = Variance - Covariance Matrix

WIJY

Gi~h.4  oin '[ = (X%)-'X'y%  M =fX'X)-'X' LtA~L~l~fl~~i  v(Y) = $1.

diJdU V(%  = MV(Y)M’ = (X,X)-‘X’  O*I.  {(X/X)-‘X’}’
.’

x 0~(x’x)-‘x’x(x’x)-’  = 02(x’x)-’

9 8 ST331













WI

w 2

I il

c
Fmufi  w = i UW::  G tUortuAn$min  m x n I%~iZ

WiW
d

tu09PvI M,,&, t2,...,t,J  = E(e”“) tta:t&Isavl  W = GY 6dU
Y

+ M,&t2,..., t,,,)  = E(e”G”)  tttWdlhIlml  M&t t,,  2 ,...,  td  i%KdkJWittYluw”  t’

llOJ M&,,tl,..., t.) d?U  t’G  tvi-&iGio:aiuianv5~u  mgf 2105  W I.8

W&,t2,..., t3 = MoY(td2....rtm)

= exp  { t’Gp+  d9!$!9’  }

= exp { t’(@)  + ‘v}

tk=?&l  W /XJ  N(Gc(,  GVG’)

ttw~t~iRiOJi1n~i~;fJii%nrniattonttassii9  7 &dunstihwizm~  w Vi&dCl
c2

fhmAm1~  c  =  :II tta:  w = c Y = c,y,+  c,Y,+...+  C.Y.

C”

$0 W %I  Linear Function 1109  Y t~lWW¶J~l  M&t) = E(e”“)  = E(e”“)  = M&C’) LtWdl
,

b.4nl5~l  M&t)  ht57r6Kwiatw.4~  t’ %U  MY(t,.t2,...,tn)  = exp { <P+~+  } ci?o  tc’

c
KJ%A  M&t)  = exp { tC’p+F  ) = exp ( tC’r+ tc’vqt  )2

t exp{ t(c$)++q  2

tttVW-!l W * N (C’p,  C’VC )



LdaJaln i;  = (X’xpX’Y  h71hUflllt (X’X)~‘X’  = c ‘Jrwu41 s^ = CY rnllff

C &MM%dhl~  k x n

&isbW  MFt ,. l,....tk)t = exp { tr(Cp)+F)  hod  p = E(Y) = xf3 UlE

v = V(Y) = OP.

”

65i.U  q(t)  = exp { t’(CXm+
t’(cy3t  ) ~ i;

- N(CX/&  &I.C’)

h5tulCX~  arwLrhcx~ = [(X'X)~'X']X/3 = /3 LEwwh &I,C'=

ol[(x'x)-'x'][(x'x)-IX']'  = u'(x'x)-'X'X(X'X)~'  = uqx'x)-s

~I.&  M~t,.t~,....tk)  = exp ( t’/3+ t’uz(x~)-‘t  }

Lmwil ;- N[fi,  02(x'xj1]

3.2.3 -i~Js=dwi;LLPflsfnsn”RdUql  (Coefficient of Determination) : R2
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Explained Variation

Total Variation

Explained Variation x ,oo%-
Total Variation

= 1 _ Unekpiained  Variation
?+a  (l-Unexplained Variation

Total Variation Total Variation
) x 100%

ST331 1 0 7



A A
&~u~ei~i  = /3zxiyi-pxxiyi  = 0

~JQP~  tyf  = x$+I:ef  MfD (Total Variation) = (Explained Variation) + (Unexplained

Variation) ~FI  (Total SS) = (Explained SS) + (Unexplained SS)’

- 1 0 8 ST331



D

R”JQ¶h  L~Cl$l  Correction Factor $?I nYZ ss"nwpr~nD~~s~ii79~~~~~~~~~~~ aswa'i

Y’Y -nY’ = (ij’X’Y-nYZ)  +e’e

&&I  (Total Sum Square) = (JZxplained Sum square) +(Unexplained Sum Square)

ST331 1 0 9



R' = ;X'Y-"p
Y’Y-nP

= Regression SS
Total  SS

~~ = l-e’e/n-k
‘Z:yf/n--  1

= I-(Y’Y-P^‘X’Y)/n-k
(Y’Y-nP)/n-1

110 ST331



?
“YQ

= (fi,X'U  ~ nu')'/(y'y  - "y')(p'>('y  - ny')

B'x,y - nyf'

Y'Y - nP

= u2

ST331 111



? = $, 1 + &x2  + . . . . . . + iikXk

1 1 2 ST331
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[ x, Xx xs I:: :.I 1 = [:::,]
1 1 1

X’Y  =

IY.
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&&.uamof  i; = G[3i; = (X’X)~‘X’Y

=>

i;= nIXiYi-TXiTYi
n xx:-  @Xi)’

ka  xi =  (Xi-E). yi =  (YrV)

LLl’: z = XXfI:Yi-IXil:XiYi
n I:  Xf- ()I  Xi)*

ST331
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5
’

2
’

II
II

Ii
II

5 II e%
l 3 5
’

3
,







“1).  Sampling Distribution WI J a^

1  P
W~‘illfk%1Ui31&l  mgf - technique

2X:+2? qxi  - Z,‘+ “52  = (1 Xf - n?)  + “22 _ E.xf

n t xf nZZ xf nt xf nE xf

ST331 1 1 9



I I

LLIfi did?  J&&.4  (Random Interval) ’ hkkl ,
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Y

diuimwawh&21rrn

(fq%)

40

45

50

65

70

70

80

X1 X3

J3¶I1tu'?"ii1i
”

lJiu1flIti1duY
(iiFaflr”Ufli, $3

100 36

200 33

300 37

400 37

500 34

alo 32

700 36
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Is-‘1  = (1 - 2tyyLI  Gm=w~u  1 = K$C ~?a pq  = (1 - 2t)ysI &&u
ISI

integrand  %hL%U~lhlTl&JtbP1

1 _ IX-y,‘S-‘IX-)?)
e

1

(2Tr)“‘y/(l  - 2t)y.q

exp  { -tx  - h’)-‘s-‘(x  - d } dx,dxI...dx
2

1
= (1 - zt)“‘*  ;

=> Mdt)  = ’
(1 - 2ty*

~Jh-lBJbbA$l&  51 V b?.h  Positive Definite hl  7 L!& Quadratic

Form (X -;)‘V-‘(X  - p) P~inl3!JWlLrWLLW.J  $,,

HTi1GfJM999
n kc. A A

Yi = ci,at+  ci2P3+... + c&  = f ciji;i  ; i = 1,2,...,r

1- ’~n~~~fij,L~&.J~ilcilln  Wonnacott,  R.J. and Wonnacott. T.H. Econometrics (John Wiley and Sons, Inc., NY:

1970).  p. 249
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?I 1 o o . . . o

=>N F2 = 0 1 o . . . o

: : :
. . . i

cc  0 0 o... 1 1
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WlRUnlf  Simple Linear Regression Y, = p,  +p&,+  u,  ; i = 1.2 ,..., n orwuii’





%?a f/L  - /id2 : (02 - h2 ( *
K: K:

1 3 6 ST331



0 .  .  . 0

0 . . . 0

0 . . . 0

0 . . . 0

”
tc-r  col

1 0 0 . . . 0

0 1 0 . . . 0

0 0 1 :.. 0
. . .
. . .
. . .
0 0 0 . . . 1

I
r co1

* row
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LLA:: & UA:: Ml Confidence Limii  WI J PI

iitil ?l. ?llXf%J Confidence Region zIE)J  & LOWE &

0.
c=

[0

I 1 0

I

I !_--_____.

v-(x’x)-’
T’

, = - .otM2 I
; 0 1

I 55.914

- 1.546
!II

011  0
=> v,, -

[I I0 0 I

- .0042 - 1.546
--.-.-.-.--  ---_..____.._

.ooooh7 .oooo773

.oooo773 .0433 1

-55.914

; -
- - - - - --t----- - - - -  --------_
-a42 i

- .0042  1.546 I

.ocQoo37- .oooo773

- 1.546 i .oooo773  .0433

1 3 8

















(C/3-C~~(c(X’X)-‘C’]-‘(C~-Cii)  G  ;;‘rF,.+,,-o

da Ho  :
[: :]E:] = [:I

1 4 6 ST331



,.
h-CfY(C(X’X,-‘C’)-‘(WC>)  < r$iF,,.+,,-,

ST331 1 4 7









il~bP;iW~l(~o-Cij)~[C(X~X)-‘Cf]-~~Yo-C~  =

15.2589 I .9536 -1

(-8.62 ) 1.9536 .2649 ( - 8 . 6 2 )
- 1.8066 - .23841

= (8.62)2  = 461.805
.1609
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&$u  Q = Y’Y = 19,286.9,  Q,=$X’Y  = 19J40.5,  Q, = Q-Q2  = 46.4 617519  ANOVA

ANOVA

H,, : fi=O VSH,/j.#O

sov df
I_--

s s MS F

Total 8 19,286.9

Due to fi 3 19,240.5 6,413.5 691.1'

Error 5 46.4 9.28

Fs,  5,  .95  = 5.4095

ST331 1 5 3 .



YlYZ

I-
i
Y”

= I
: .

1 x1,  ...  X.”  i X,,,”  .** Xk,

1 5 4 ST331



ANOVA

Ho:Yl=O VS HI :YI+O
.

sov df s s M S F

Total

Due to fl

Due to h

Due toYI

Error

n

k

k - r

r

n - k

YIY

$XfY

F; x;  Y

n-k &$x’Y-;;X;Y=Q,  Qlfr T Q,.

~‘y-ji’x~y  =Qo Qdn-k

En-331 1 5 5



= >  8jj,=29OyL%&=~=  36.3=;yi,n  =y

6JdUi; X;Y =(36.3)(290)  =(2+)  290=8  (c;)‘=  10,512.5  =nii’

bbamnkmhwJ  Y=xp+u  bmm1aa~1Pba61(991 ij ~Qioinwuniauohm

(X’X)ij=X’YH%;= (x,x)-‘X’Y wmJ%  $X’Y  = 19,24&s

kt%~.&~wb^wRVQJlaw,Z  X2  bbix  X, i% j’X’Y  - r^;  X; Y = 19,2405 - 10,512.5  = 8,728
Y

ANOVA

Ho:/jz=lj3=0 VS HI:/%,!,20 ;j=2,3

s o v df S S M S F

Total 8 19.286.9

Due to /3 3 19J40.5

Due to Y1 1 10,512.5

DuetoY (W~OVZ{V,) 2 8,728.0 4,364 470.3 *

Error 8-3 = 5 46.4 9.28

156 ST331



ANOVA

&:p’-a-... -A-OVSHi:A#O;j-2,3.....k

SOV df s s MS F

j?X’Y  - nF’
R’ -.

Y’Y -nP’

S T 3 3 1 1 5 7



. .

. . .

* .
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1.

2 .

3.

T6ld

.

Total SS = Explained SS (Mf0 Regression SS) + Unexplained SS (I60  Residual SS)

Ma”0  Y’Y = ij’X’Y  + e’e

ST331 1 5 9



ANOVA

sov df s s M S F.

Regression k - l ij’xty h X’Y

(=~~tX*,yi+...+~~iLxXt,yi)
ST- (n-k) $X’Y

Y’Y -$xrYResidual n - k
y’y-ijxty  (k-  l)(Y’Y  $‘X’Y)

(=I:Y3-j3Jx*iYc-...-  &I:x,,yd
‘n-k

Total n - l Y’Y=Iyj

= l _ (Y’Y-@X’Y)/n-k
Y’Y/n-  1

h ,.

i)innuni~d~3mtWfii  y,  -&  x2,  + j, x3,  + . . . +flk x,~ ------- (1)

1 6 0 Sri331







= J,,; j = 2, 3. . . . . k
I



‘yi = P2’2i  + P3z31  +...+  PkZki  + Zui;  i = 1, 2, . . . . n

VI% 5’
(n x 1) =

Zx P Z”
(n x k - 1) (k - 1 x 1) + (n x 1) . . . . .. ..(S)

P3wh zgxzx  = nRx
( k - l x k - 1 )

ElIA correlation matrix tk92i?uMkm

zrxzy  =
nR

(k - 1”: 1)
dU correlation vector ~os~a~~~a~ascn~att~~~l~

ZtyZy  = n

6 = R; ’ R
XY

s 2 = n _ ; + * [ZlyZy - b’z’xZy]

1 6 4 ST331



%~~~leb~l~seb~l~~~~~~~l~l~~~-dl E(uiuj)  # o~Pa~fldXJil4 i#j LLA:  E(uiu.J  Z  03

%U~fl~lllEl~ i = j bTh%‘M Dependent Lagged Model, Autoregressive Model #%lbh~~iaufl~bii
1

fi$IYEJMl  Heteroscedasticity  ~~~‘WKlWl77bIh~l4  E(UU’)  6% 0’1~ +JLfh  scalar Matrix

l6dn&JWJa'l  E(UU’) = 02Q h!Jf? Q Liflu Symmetric Positive Definite Matrix’?IU?@  n X n
0.

bbW"WIJ-h  U N N (0, 02Q)  ‘hh

ST 331 1 6 5



1Wl 1 OW% Transformation Technique

= o2  I”
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.

Y* = X*ij+e  LLFIZ e = Y*-X*8

~@l~~l6fliur?lfl%lnl~  Minimize Ze*  p::wyjl

( 1 )  ; =  (x*‘x*)‘lx*‘Y*

= {(P-‘x)‘(P-lx)}-’  ((P-lx)’  (P%)}

= {x’(P’)-’  P“X}“  {x’(P’)-’  PJY}

= (X’Q-‘x)-l  (X’Q.‘Y)

( 2 )  v& =  lJ*(x*‘x*)-’

= 2 {(P-‘xy (P-lx)]-’

= o*{x”(p’)-’ p-lx]-’

= a2  (X’Q-IX)-’

(3) ^o* = & (Y+.‘Y*-lj’x* ‘Y*)

= .&- ((P“Y)‘(P-‘Y)-;‘(P-‘x)’  (P-‘Y)}

1= .-
n-k

(Y’Q-‘Y-$X’Q-‘Y)

(4) WI’573  ANOVA  lh-‘?l~~~~

s o v df

4 1

P*,.  P,.  ....  .P, k-1

Residual n-k

Total (Corrected) n-l

Total (Uncorrected) n

s s M S F

“Ye2

3 X’ Q-‘yq,++2 & @X’Q-‘Y-n%+‘)  ‘1
F.

Y’p.‘Y-FX’Q-‘y &-  (Y’Q-‘Y-&Q-$)  J

Y’Q-‘y-*p* & (YQ’Y-nY l 3

Y”Q“Y

ST331 1 6 7



I

I. . . . .

1
II=  ;

I,I

1

1

,
I = .I

(n x n)
II’

1 n=-( 2: y’+
n i 1

t Y,Y,  )
i#i

z ; Y’JY

WE
FlilSMl.4  S S R  =  P’X’Y  - ; Y’JY

SST = Y’Y - i Y’JY

1 6 8 ST331





~ia7~~7LRJVl%&  Msij’SLh  Idempotent Matrix %lZWEld7

r(M) = tr (M) = tr {III-X(X’Q-‘X)-’  X’Q-I}  = n-tr {(X’Q-‘X)-l  X’Q“X)}  = n-k’

Y
%77%l&J  M’Q-‘M  b&NPVl  Q a?!%  Positive Definite Matrix* &cWr(M’Q-‘M)

.=r(M)  = n-k3

LLR@&  B = M’Q-‘M  L&4 Positive Definite Matrix d r(B) = r(M) = n - k

646% E(G’)  = $(IJ’BIJ)  = $ tr(B) = ‘G ff*

lii.& E ( +kiq= u*M%l Sk (Y - Xh’Q-‘(Y - Xii a~u~~~a:aJlmdl~

¶Jmlslflo~~lln~  fJ*

1 c
Kll A Lfh  Idempotent  Matrix fl

n.
r(A)  = r LLAa  tr (AI  = r; r(A)  %~i& Rank YEN  A,tr  (A) YIa~lf~fhaceYaJ  A

2 61 A tfh  Positive Definite Matrix LL6-2  A’ LLat  A-’  QCt?ttb  Positive Definite Matrix &XI

3 61 A‘UUl~  n x n t!h  Positive Definite Matrix LLiJt  B Lht~J@l?fl‘ihUl~  n x k fi r(B) = k<n U6-2  B’AB

%X%4  Positive Definite Matrix

1 7 0 ST331



n,o’ a=
=-=-T  = - ;  t  =  1,2,...,T

n, n,
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p-1 =

&LT1WmJlmvl1  SS(&)  VhhJ

2. TlTi &Ki  9 Autocorrelation : AR( 1)

.  .
I

1@ -*-fj (p’)-lp-l = Q-1

T

II,  = Put-1 + v, -hfJ%h  E(v,)  = 0 , E(v,v,)  = 0 ; t # s LLRZ E(v: ) = at a&  P &I

Serial  Correlation Coefficient d Ipi < 1 ’

bA~&‘LhA6 LfJ~L~7~l&Jfll7LtYlU’Fh  Lagged u,  $7 1 iipb ~181J4&l?l09 Markov Process

Lalo::nlaJlan~qad~6~l

P. = p' LLt3.E  0: = 4
13

; s  =  l,Z,...,n

GY!iw E(UU’)  = o;Q  = o:

1 p p2  . pn-’

p I p . . . p”-2

pz p 1 . . . p”-3

p“-1 p”-2 p”-3 .  .  .  1
I

J n*n

.

1 7 2 ST331



1 0 0 0 . . . 0

670 o... 0 00
-p 1 0 . . . 0 0 0

0 -p l... 0 0 0

:. . I

0 0 0 **. -P 1 0

0 0 0 . . . 0 -p 1

-

0

0

:I

P

1 nxn

dPP’ = Q

ST 331 1 7 3



E(UU')  = o2

.

(a+ bX$)’ 0 . . . 0

I

= o=Q

nln

. . .

. . .

Ksih Q-’  = .

1 7 4 ST331



p-’ =
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Dl I  0 0 0 0 1 0 0 1 0

D2 0 1 0 1 000100

D3 0 0 0 0 1 0 0 0 0 1

D4 0 0 1 0 0 0 1 0 0 0

S T 3 3 1 1 7 7



Y  =  ~,+~~D~+u~D~+u~D~+~~XJ+U

Xt

1 1 0 0 10

1 0 1 0  7

1 0 0 0  9

1 0 1 0  8

1 0 0 1  2

1 1 0 0  5

1 0 0 0 12

1 0 1 0  8

1 1 0 0 30

1 0 0 1  9

I

Pl
a1

, P = 02

03
103

Y  =  ~1+alD,+~~D2+~3D3+u.D4+a3X3+~

x =

1 1 0 0 0 10

1 0 1 0 0  7

1 0 0 0 1  9

1 0 1 0 0  8

1 0 0 1 0  2

1 1 0 0 0  5

1 0 0 0 1 12

1 0 1 0 0  8

1 1 0 0 0 30

1 0 0 1 0  9

1

Pl01
,p= al

a3

(14h I
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x =

1 0 0 0 10

0 ’ 1 0 0  7

0 0 0 1  9

0 1 0 0  8

0 0 1 0  2

1 0 0 0  5

0 0 0 1 12

0 1 0 0  8

1 0 1 0 30

0 0 0 0  9
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. . . . . . . . . . (1)

Y,-1 = P1+P2X2,t-1+...+PLXL,t-I+Y(t-l)t~r-l . . . . . . . ...(2)

(1) - (2) Gi

(Ye-Yv.1)  = P2(X21-X2,,-,)+.~.+PL(XLt-XL,,-1)+Y(t-t+1)+(U,-  U,-1)

= Y + PzWzr - x2,,-1)  + . . . + /Mx,,  - x,,-,)  + (u  , - u,-,) . . . . . . ..(3)

ST331
a

1 8 7
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E,l =
= GfXj

XJ,  1XJf2
I I

i ; I  = I,2 ,..., m : j = 2,3 ,..., k

XJl  ml

; I = 1,2,...m

ST331 189
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fooo
o$oo

I 1

1 7 0 0 0’
0 5 0 0

a’  = LLA::  (Go’)-’ =oo;o
0 0 0 1

\ 0 0 3 0

0 0 0 1

= I nI  0 0 0 0 nl 0 0 0 0 n30 0 0 0 n

1 19.714 4.428

1 21.800 4.600

1 26.333 6.666

1 22.000 4.000

= [%‘(GG’)-‘jZ]-‘X’(GG’)-‘v

6’  = hk { y’(GG’)-‘y - $jZ’(GG’)-‘k  } hd m = 4, k = 3
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;a - y’(&)-q-  k $,&)-IT-
m - k
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L3Rl (au.) ‘/Z 1 1'/2 2 3 4

102 110 126 132 160 164

n-m@% 105 120 128 143 149 166

115 115 119 139 147 172

'halJ~~~lnl~  (X) 3 7 12 17 25 35 45 55 70 120

(dOM6/3)

s'~tl~:ll~Jfll3~d~itJnl~ 86 79 76 69 65 62 52 51 51 48

100  = a+-
100-Y k

4. x,, x2 LLRZ  x, a~w~l”aunls~~nal8lbn”oa~aJ,‘, i%yKJZ s, = 1, s2 = 1.3 ) sj = 1.9

’ r12 = 0.37 , r,3  = -0.641,r,,= -0.736 WFh4.?cu.V71  partial correlation r,3.,

6 X1 = X1 + X2 5whrafuwl r12’ 43r Ml= rd3,? afnnmlpJ57tw47~t~~l~  r 13.2
Gh r %bYilfk13.2
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-mmi&m-&m  0  1 . 8 3.6 5.4 7.2 9.0 10.8 12.6 14.4 16.2 18

(&),d

~-mutttWJn?Wtt%,h  2 5 0  2 7 6 298 335 374 414 454 503 558 604 671

6. lununi5  yt  = px,,  +  yx,,  +  Ut

yt  = Y,  - T, x It = X,, - x,  , xpt = X,, -&)  TIJ~-ZSJI~W~I  p bUJ’j%Viab~

1) +%umMl  p̂ ttix  j mwmlx-mna~  y on x,, x2

2) %~m&wn15nnnau  y on x2  ttijam=+mda  y*,

%mr&wnmnmau  x,  o n  x2  tt&~fkmb~l$xuvGa  x*1,
%nal&wn-mwnaer  y* o n  x*, ttthvmii  ^p

?JtttWJ\~t%?U%d7  ii WlIJ$?l  1 )  LLWZ 2 )  t9i-A tta=uwr9JJq~t~Mjl~?MtVI~a

yt-;x,t-;Ix2t  l%J  y*,-;xyt  %1tYi1l%.b

I) ?tmtM’aunlmwao  Y on X3 iia  yi  = b,3x9,+uI tta”?mhPrtM$a  ui = y,-b x13 31
2 )  %miAwmnanau  X 2  o n  X 3  Cia  x 21 = b23x31+  vt t6L3’1mtiautM$a

v = x -b x*t 23 3,

r = &IV1 2  3 1 1
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r =
12.3 CUV,

a+=

r12-r13  r23

xG-3c

r 132

r -r r
=

dg Ii+

x = 51.843 S = 9.205 r = -0.91581
Y = 8.313

KY
S = 1.780 r = -0.8696

Y Yt

r=o S = 6.057 r = 0.9304XI
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1 470 62 33

2 520 62 42

3 560 63 32

4 510 61 38

5 500 64 31

6 550 61 40

7 630 62 44

8 640 63 36

9 650 61 30

10 620 58 43
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X 2 X3

35 53 200 49

35 53 212 40

38 50 211 41

40 64 212 46

40 70 203 52

42 68 194 59

44 59 194 53

46 73 188 61

50 59 196 55

50 71 190 64

I-- ad
1 2 3 4 5 6 7 8 9

Y 6.5 6.8 8.7 8.7 8.4 8.8 9.7 11.0 11.6

F 5.0 6.3 8.0 8.6 8.7 8.9 9.4 9.9 11.0

F” 6.2 6.7 8.5 9.0 9.0 9.2 9.9 11.1 12.02,
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1 48 7 94 13 158

2 54 8 104 14 170

3 60 9 112 15 181

4 67 10 124 16 192

5 76 11 134 17 204

,6 86 12 144

cy' = 1.16, +' = -8, XX' = 100

XX2 = 1 0 0 , c X X =2 1 2 -80, CX*Y = 10
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