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*? TiZR,yAM72‘2M+2 #QmiJ2 Mb M/ S QTQ iBQMD rBRfkkQ SQTm|

MXYT+ $ V
M/2°bQM6b ai iBbiB+b 7Q° "mbBM2bb 1+QMQKB+b UR
AM72 2M+2 #0Omi J2 Mb M S QTQ"

’yth SQTmH iBQMb

*? Ti

fizZ™6)ez nA, s .8e%-i keykye
30Z™5@, $? be  &0J25&<¢) + MXYi+_LA"V5@30
5@+ M™IRiiTh,ff2KrmXB/pXir

LAM , + VF, )o#0
Pp2 pB2r
RX .Bb+mbb i?2 bi iBbiB+ HBM72 2M-=+ MU \%

70 irQ TQTmH iBQM K2 Mb Ui? 22 bBim iBQMb, TQTmH iBQM bi
MMFMQrMc K i+?2 b KTH2bV M/ i?2irQ TQTmH iBQM T ' QTQ iBQ

kX1t KTH2b

UV .2p2HQT M BMi2 ' p H2biBK i2Q7i?2/Bz2 2M+2 #2ir22M i?:
7Q° TQTmH iBQM Q7 K2M M/ i?2 K2 M bi 'iBM; b H v 7Q°
rQK2MX

U#V *QM/m+i ?2vTQi?2bBb i2bi iQ /2i2°KBM2 r?2i?2° Mv /Bz2"
ir22M i?2 T'QTQ iBQM Q7 /272+iBp2 T 'ibBM TQTmH iBQM
bmTTABMI i?2 T'QTQiBQM Q7 /272+iBp2 T ib BM TQTmH i
Im+2/ #v bmB XHB2"
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*? TiZR,yAM72‘2M+2 #QmiJ2 Mb M/ S QTQ iBQMD rBkikkQ SQTm!

RyXR AM72'2M+2b #Qmi i?2 .Bz2 2M+2 "2irz
SOQTmH iBQM J2 WH,, EMQrM

R X /2MQi2i?2K2 MQ7 TQTmH iBQM R UKkV-r2 rBHH 7Q+mb
i?2 /Bz2 2M+2 #2ir22M i?2 K2 X1b,

kX bBKTH2 > M/QK b KTH2 QWMBib 7°QK TQTmH iBQM R UKVX t
b KTH2b-i F2M b2T " i2Hv M/ BM/2T2M/2MiHv- 2 272 °2/iQ
bBKTH2 > M/QK b KTH2bX

iX bbmK2 i?2irQ TQTmH iBQM bi M/ / /2pB #¥BRQMB- bbmK2/
iQ +QHH2+iBM:; i?2 b KTH2bX

9X Zm2biBQM, ?2QriQ +QKTmi?2 M/ /2p2HQT
Q7 i?2/Bz2 2M+2 #2ir22M i?2 irQ TQTmHIB QN KB QItMpe 2 M

AMi2 ' p H1biBK iBOQM Q7

RXLt KTH22vbiQM2 .2T "iK2Mi ai@M2X- QT2 i2b irQ biQ 2b BM "m
L2r uQ'F, PM2 BbBM i?2 BMM2" +Biv M/ i?2 Qi?2  Bb BM bm#m
h?2 '2;BOM HK M ;2" MQiB+2/i? iT'Q/m+ibi? ib2HH r2HH BM Q
b2HH r2HH BM i?2 Qi?2°'X h?2 K M ;2" #2HB2p2b i?Bb bBim iBQ
/Bz2 ' 2M+2b BM +mbiQK2  /2KQ;  T?B+b ii?2irQ HQ+ iBQMbX *
:2-2/m+ iBQM- BM + Q K+DYS§MH rBPB-QId6K3U

kX amTTQb2i?2K M ;2° bFbmbiQBMp2biB: i2i?2/Bz2 2M+2 #2ir
Q7 i?2 +mbiQK2 b r?Q b?QT idfd%6ashi@sabX U

iX G2i mb /2}M2 TQTmH iBOQM R b HH +mbiQK2 b r?2G b?2QT ii?2
M/ TQTmH iBOQM Kk b HH +mbiQK2 b r?2Q b?20Q7TXii?2

U v L, K2 M Q7 TQTmH iBQM R UBX2X-i?2 K2 M ;2 Q7 HH +
i i?72 BMM2 @+Biv biQ 2V

U#V , K2 M Q7 TQTmH iBQM k UBX2X-i?2 K2 M ;2 Q7 HH +i
i i?72 bm#m # M biQ 2V
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*? TiZR,yAM72‘2M+2 #QmiJ2 Mb M/ S QTQ iBQMD rBjPkikrQ SQTm!

9X h?2 /Bz2 2M+2 #2ir22M i?2 irQ TOQTmH iBOMh@ 2 MilB B bH?2
1* 2- 12 TBHH b2H2+i DbBKTH2 ° M/QKHmMKTRIR2QY 7°QK TQTm @
HiBOQOMR M/ bBKTH2 ' M/QK b+KDBHQKR7b 7°QK TQTmH iBQM k:

8X g2 i?2M +QKTmi2 i?2irQ b KTH2 K2 MbX

Uu v ., b KTH2 K2 M ;2 7Q  i?2 bBKTH2n; BMMb@ABi2 @b @
iQK2'b

U#V ., b KTH2 K2 M :27Q i?2 bBKTH2n, K@K b#KM H I D@
iQK2'b

eX h?2TQBMi2biBK iQ Q7 i?2/Bz2 2M+2 #2irZ2ZM iBdbIii?2
IBz2 2M+2 #2ir22M i?2 irQ X

dXSQBMi 1biBK iQ Q7 i?2 .Bz2 2M+2 "2ir22M hrQ SQTmH iBQM J2

(10:1)

3X U6B;m 2 RyXRV i?2 T ' Q+2bb mb2/iQ 2biBK i2 i?2 /IBz2 2M+2 ;
K2 Mb # b2/ QM irQ BM/2T2M/2Mi bBKTH2 ~ M/QK b KTH2bX

FIGURE 10.1 Estimating the Difference Between Two Population Means

Population 1
Inner-City Store Customers

Population 2
Suburban Store Customers

W1 = mean age of inner-city
store customers

o = mean age of suburban
store customers

Wy — o= difference between the mean ages

Two Independent Simple Random Samples

Simple random sample of Simple random sample of
n; inner-city customers n, suburban customers
X, = sample mean age for the X, = sample mean age for the
inner-city store customers suburban store customers

X| — X, = Point estimator of p; —

NX h?2 TQBMi XpsBK i)  bi M/ /2 °Q  i? i /2b+ B#2b i?2
BMi?2b KTHBM: /Bbi'B#miBQM Q7 i?2 2biBK iQ X
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*? TiZR,yAM72‘2M+2 #QmiJ2 Mb M/ S QTQ iBQMD rBBXkQ SQTm!

RyXi M/ "/ 1°°Q @7 x, qBi? irQ BM/2T2M/2Mi bBKTH2 > M/QK b KT
bi M/ "/ 2 °® Q@7Bb b 7QHHQrb,

(10:2)

U#506)i 0 ,V>B Miar(aX + bY)= a®Var(X)+ PVar(Y)+2abCoyX;Y) V X

RRX A7 #Qi? TQTmH iBQMb ?2/BBi B#miBQM- Q B7 i?2 b KTH2 bE
H ;22MQm;? i? ii?2 2M #H2b mb iQ +QM+HM/2 i? i
b KTHBM; /Bbi BEMVMEKQMIMG2 TT QtBK i2/#v MQ K H /Bbi B#n
i72 b KTHBM; /IBbixB&#miBRM Q@2 /IBbi B#miBQM rBi? K2 M
Bp2M #v X U.2MQi2/ #v \%

RkX AM:2M2  H- M BMi2' p H2biBK i2 Bb ;BK2NBM Q7 @B M XbABK i
i?72 + b2 Q7 2biBK iBQM Q7 i?2 /Bz2 2M+2 #2ir22M irQ TQTmH iE
2biBK i2 rBHH i F2i?2 7TQHHQrBM: 7Q K,

RjX qBi? i?2b KTHBM; /BiriX.B*mBBQMM)Z K H /Bbi B#miBQM-r2 + M\
i72 K “:BM Q72 °Q b7QHHQrb,

J ;BM Q7 2 Q" = (10:3)

RO9XMi2 p H 1biBK i2 Q7 i?2 .Bz2 2M+2 "2ir22M hrQ SQTImH iBQM .
M/ , EMQrM

(10:4)

r?2°2s Bbi?2 +QM}/2M+2 +Q2{+B2MiX
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*? TiZR,yAM72‘2M+2 #QmiJ2 Mb M/ S QTQ iBQMD rBBYXkQ SQTm!

15.6Z'56)i 0 ,V

Zm2biB@)MXXXXXXXXXXXXXXXXXX)Q()KDQQNBXXXXXXA
|1t KTH2 :"2vbiQM2 2t KTH2X " b2/ QM /i 7°QK T 2pBQmb +
; T?B+bim/B2b-i?22irQ TQTmH iBQM bi M/ "/ /2B iBQMb 2
v2 'b MEI10v2 "bX h?2/ i +QHH2+i2/ 7' QK i?2irQ BM/2T2M/

M/QK b KTH2b Q7 :"2vbiQM2 +mbiQK2'b T°QpB/2/i?2 7TQHH

AMM2 *BivaiQ 2 am#m # M aiQ 2

a KTH2 aBx236 n, =49
a KTH2 Jx;M40 v2 b x,=35vVv2 b

6BM/i?2 K ;BM Q72 Q M/i?2 N8W +QM}/2M+2 BMi2 p H 2
72 °2M+2 #2ir22M i?22irQ TQTmH iBQM K2 MbX

bQH,

>vTQi?2bBb h2bib #Qmi

RX G2imb+QMbB/2 ?2vTQi?2bBbi2bib #Qmii?2/Bz2 2M+2 #2ir22

IbBM: iQ /2MQi2 i?2 2vTQi?2bBx2/ /Bz2M/M+2?2 21 22M

62#° m v kk- kyke
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*? TiZR,yAM72‘2M+2 #QmiJ2 Mb M/ S QTQ iBQMD rBEfHKkQ SQTm!

7Q Kb 7Q° ?2vTQi?2bBb i2bi "2 b 7QHHQTrb,

G27i@i BH2/ i2bi _B;?1@i BH2/ i2bi hrQ@i BH
Ho : Ho: Ho :
Hj: Ha: Hj:

kX AMK Mv TTHE+ iBQMDbI-bBM; i?2 irQ@i BH2/i2bi b M 2t KTH2
Do=0 1?2 MmMHH ?vTRJI?Zb B BX

iX AM i?Bb + b2-i?2 MmHH 2vTMYi,? 2I12BX B bHi® i 2 DRg+ HRQN Q7
iQ i?2 +QM+HMQRBQM.iB0iBb i'm2c i?, i Bb, "2 MQi 2[m HX

9X h?2:2M2° Hbi2Tbh7Q  +QM/m+iBM: ?2vTQi?2bEbi2hi%, ~?2QQChb2
+QKTmMi2i?2p HM2 Q70?22 - M/}M/i??2 iQ
r?2i?22°i?2 MmHH 2vTQi?2bBb b?QmH/ #2 2D2+i2/X

8X qBi? irQ BM/2T2M/2Mi bBKTH2 > M/QK b KTH2b-r2b?2Qr2/i? ii
Xi9%2 2 b bi M/ “/2;;QBp2M #v 2tT 2bbBQM URYyXKV M/-r?2M i
bBx2b "2 H “;22MQm;?-i?22 Bbi BH#HRIRQM BE2/ 4v
/Bbi*B#miBQMX

eXh2bi ai iBbiB+ 7Q° >vTQi?2bBb h2bbh #Qhii, EMQrM

(10:5)

dX g2 /2KQMbi® i2/ irQ@i BH2/ ?2vTQi?2bBb i2bi #Qmi i?2 /Bz2
TQTmH iBQM K2 MbX GQr2 i BH M/ mTT2 i BH i2bib + M HbQ
i2bib mb2 i?2 b :Bp2M BM 2[m iBQM URyX8VX h?2 T
70 +QKTmiB@piRm2 M/ i?2 "2D2+iBQM "mH2b 7Q" i?2b2 QM2@
b K2 bi?Qb2 7Q  ?2vTQi?2bBb i2bib BMpQHpBM; bBM:H2 TQT
TQTmH iBQM T'QTQ iBQMX
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*? TiZR,yAM72‘2M+2 #QmiJ2 Mb M/ S QTQ iBQMD rBifkkQ SQTm|

ZM2DIiBROMX XXX XXXXXXXXXXXX XRKRKXKKROKKK M X X X |

bT iQ7 bim/viQ 2p Hm i2 /Bz2'2M+2b BM 2/m+ iBQM [m HBIi
BM; +2Mi2 b- bi M/ "/Bx2/ 2t KBM iBQM Bb ;Bp2M iQ BM/BpB/m
i?72 +2Mi2°bX h?2 /Bz2 2M+2 #2ir22M i?2 K2 M 2t KBM iBQM b+(
[m HBiv /Bz2 2M+2b #2ir22M i?2 +2Mi2 ' bX h?2 TQTmH iBQM K2
"2 b7QHH®HOX?2 K2 M 2t KBM iBQM b+Q°27Q  i?2 TQTmH iBQ
i BM2/ i +RAMiBb i?2 K2 M2t KBM iBQMb+Q 27Q i?22TQTmH il
m Hbi® BM2/ B X2dRi22;BM rBi? i?2 i2Mi iBp2 bbmKTIiBQM i? i M(
2tBbib #2ir22M i?2i° BMBM; [m HBiv T QpB/2/ ii?2irQ +2Mi2°b
2t KBM iBQM ;Bp2M T 2pBQmbHvV BM p "B2iv Q7 b2iiBM;b Hr v
M iBQM b+Q 2 bi M/ */ /2pB iBQM M2 ~ Ry TQBMibX h?mb-r2 rB¢t
iQ bbmK2 i? i i?22 TQTmH iBQM bi M/ */ /2pB,iBQ@MIM/"2 FMQrM
,=10X M=005H2p2H Q7 bB;MB}+ M+2 Bb bT2+B}2/ 7Q" i?2 bim
bBKTH2 ° M/QK bnKT392BbMYBpB/m Hb 7 QK i ABMBM:;4862Mi2"°
BM/BpB/m Hb 7 QK i BBMBMF2RIMi2h?2 "2bT2+iBp2 b KTH2 K2 N
X1 =82 MK,=78X .Q i?2b2 /i bm;;2bi bB;MB}+ Mi /Bz2 2M+2 #2
TQTmH iBQM K2 Mb ii?2irQ i° BMBM; +2Mi2 b\ ai i2 i?2 MmH€FE
TQi?2b2b 7Q  i?Bb irQ@i BH2/ i2bi- +QKTmi2 i?2 i2bi bi iBbiB+-
"mH2b # b2/p@VWiRM2 TT'Q +? M/ i?2 + BiB+ Hp Hm2 TT ' Q +?
/12+BbBQMX

bQH,
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*? TiZR,yAM72‘2M+2 #QmiJ2 Mb M/ S QTQ iBQMD rBBY¥HkQ SQTm!

S +iB+ H /pB+2

RX AM KQbi TTHB+ iBQMb Q7 i?2 BMi2 p H 2biBK iBQM M/ ?2vTQ
T 2b2Mi2/ BM i?Bb b2+iBQM-" M/QK b KMH2b rEi? "2
/2[m i2X

kX AM + b2b r?2°2 2Bi?2° Q  #Qi? b KTH2 bBx2b "2 H2Lb i? M jy-
Q7 i?2 TQTmH iBQMb #2+QK2 BKTQ i Mi +QMbB/2" iBQMbX

iX AM ;2M2° H- rBi? bK HH2 b KTH2 bBx2b- Bi Bb KQ 2 BKTQ i N\
b iBb}2/i? iBiBb 2 bQM #H2iQ bbmK2i? ii?2/Bbi'B#miBQMb
"2 i H2 bi X

RyXk AM72 2M+2b #Qmi h?2 .Bz2 2M+2 "2ir2
SQTmH iBOQM J2 MUd,, IMFMQrM

RX 1ti2M/ i?2 /Bb+mbbBQM Q7 BM72 2M+2b #Qmi i?2 /Bz2 2M+2
K2 Mb iQ i?2 + b2 r?2M i?2 irQ TQTmH iBQM bi M/M/ /2pB iBQ
-2 X

kX AM i?Bb + b2- r2 rBHH mb2 i?2 b KTH2 bi MW/ /! /2pBQIBQMb-
2biBK i2i?2 mMFMQrM TQTmH iBQM bi M/ “//2pB iBQMbX

iX g?2Mr2mb2i?2b KTH2bi M/ “//2pB iBQMb-i?2BMi2 p H 2biBK
i2biBM; T°Q+2/m 2b rBHH #2 # b2/ QMi922° i? Mi?2 bi M/ /
MQ K H /Bbi"B#miBQMX

AMi2 ' p H1biBK iBQM Q7

RX G2imb /2p2HQTi?2K “;:BM Q72 Q" M/ MBMi2 p H2biBK i2 Q
i22b2 irQ TQTmH iBQM K2 MbX U_2+ HHV h?2 BMi2 p H 2biBK i
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*? TiZR,yAM72‘2M+2 #QmiJ2 Mb M/ S QTQ iBQMD rBINfkkQ SQTm|

TQTmH iBQM bi M/ “//2KB,iB QMMM QrM X

kX qBii? M/, mMFMQrM-r2 rBHH mb2 i?2 b KTHZbiM&/ iQ/2pB iBQ
2biBK i2 M/ "2Th *+2Bi? X

jXAMi2 p H 1biBK i2 Q7 i?2 .Bz2 2M+2 "2ir22M hrQ SQTmH iBQM .
M/ , IMEFMQrM

(10:6)

r?2°2 Bbi?2 +QM}/2M+2 +Q2{+B2MiX

9X AM i?Bb 2tT 2bbBQ M- /IRRI nBH2nQB'QIMZE b M - #mi Bi
T QpB/2b 2t+2HH2Mi 2bmHib M/ Bb 2H iBp2Hv 2 bviQ mb2X h?
+QmMi2  BM mbBM; 2tT 2bbBQM URyXeV Bb/2i2  KEMBM:i?2 TT
7Q 7 X

8X ai iBbiB+ HbQ7ir "2 T +F ;2b+QKTmi2i?2 TT QT B i2/2;°22b
B+ HHvX h?2 7Q KmH mb2/ Bb b 7QHHQTrb,
.2:°22b Q7 6°22/tQKBbi'B#miBQM qBi? hrQ AM/2T2M/2Mi _ M/Q
a KTH2b

2
$ .9
ni no
d = 5 5 (10:7)
10 T, 1§

ni 1 ni n 1 np

ZM2DIiBROMXX XXX XXXXXXXXXXXX XXKRKXKKROMMK M X X X |

UH2 “ri2 L iBQM H" MF 2 XHIH2r i2 L iBQM H" MF Bb +QM/mH

bim/v /2bB:M2/iQ B/2MiB7v /Bz2 2M+2b #2ir22M +?2+FBM; ++
iQK2'b iirQ Q7 Bib# M+? # MFbX bBKTH2 M/QKb KTH2 Q7 k
Bb b2H2+i2/ 7 QK i?2*?2 v :'Qp2" M+? M/ MBM/2T2M/2Mi bE
TH2 Q7 kk +?2+FBM; ++QmMib Bb b2H2+i2/ 7°QK i?2 "22+?2KQN
+?22+FBM; ++QmMi# H M+2Bb "2+Q /2/7Q 2 +? Q7 i?2 +?2+FBI
Q7 i?2 ++QmMi# H M+2b 7QHHQrb,
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*? TiZR,yAM72‘2M+2 #QmiJ2 Mb M/ S QTQ iBQMNb;2BRYflkikQ SQTm!

¥22° v :"Qp2 "22+?2KQMi
a KTH2 aBx2 n; =28 n, =22
a KTH2J2 M x;=%$1025 x,=$%910
a KTH2 ai M/ */ .2pB, EBQIA s, =$125

*H2 “r i2 L iBOQM H" MFrQmH/ HBF2 iQ 2biBK i2 i?2 /Bz2 2M+2
+?22+FBM; ++QmMi# H M+2 K BMi BM2/ #v i?2 TQTmH iBQM Q7
M/ i?2 TQTmH iBQM Q7 "22+?2KQMi +mbiQK2 bX *QKTmi2 N8W
2biBK i2 Q7 i?2 /Bz2 2M+2 #2ir22M i?2 TQTmH iBQM K2 M +?2+
i i?72irQ #° M+? # MFbX

bQH,

>VvTQi?2bBb h2bib #Qmi

RX U 2+ HHD,G2MBNM2 i?2 2vTQi?2bBx2/ /Bz2 BN M~2 %2 i3 M
bi iBbiB+ mb2/ 7Q  i?3 +MJ2 r?2FMQrM Bb b 7QHHQrbX

h?2 i2bi bi iBbIBHHQrb i?2 bi M/ '/ MQ K H/Bbi'B#miBQMX

kKX q?2MM/, "2 mMFMQrMs;rdmM2biBK iQM@7 b M 2biBK iQ"
Q7. X am#biBimiBM; i?2b2 b KTH2 bi M/ M/I2FBQBBMNb 722
7QHHQIBM; i2bi bi iBMiB+ 2@ FMQrMX
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*? TiZR,yAM72‘2M+2 #QmiJ2 Mb M/ S QTQ iBQMb2BRRHK SQTm!

iXh2bi ai iBbiB+ 7Q° >vTQi?2bBb h2bih # Qhii, IMFMQrM

(10:8)

h?2/2:°22b Q7 7 22IDKBPQRM #v 2[m iBQM URyXdVX

ZM2DIiBROMX XXX XXX XXXXXXXXXX XK M X X X |

*QMbB/2° M2r +QKTmi2 bQ7ir "2 T +F ;2 /2p2HQT2/iQ ?22HT b
/m+2 i?2 iBK2 "2[mB 2/ iQ /2bB:M- /2p2HQT- M/ BKTH2K2Mi M
hQ 2p Hm i2 i?2 #2M2}ib Q7 i?2 M2r bQ7ir "2 T +F ;2-  M/QK b
i2Kb M Hvbib Bb b2H2+i2/X 1 +? M Hvbi Bb ;Bp2M bT2+B}+ iB
BM7Q K iBQM bvbi2KX h?2M Rk Q7 i?2 M Hvbib "2 BMbi m+i2/
K iBQM bvbi2K #v mbBM; +m "2Mi i2+?MQHQ;vX h?2 Qi?2 Rk N\
i?2 mb2 Q7 i?2 M2r bQ7ir "2 T +F :2 M/ i?2M BMbi"m+i2/ iQ mb?
BM7Q K iBQM bvbi2KX h?Bb bim/v BMpQHp2b irQ TQTmH iBQMb
M Hvbib mbBM: i?2 +m "2Mi i2+?MQHQ:;v M/ TQTmH iBQM Q7
i272 M2r bQ7ir "2 T +F ;2X AMi2 Kb Q7 i?2 iBK2 "2[mB 2/iQ +QK
iBQM bvbi2K /2bB:M T QD2+i- i?2 TQTmH iB@BW K22MIE2 M2 b 7Q
T QD2+i +QKTH2iBQM iBK2 7Q" bvbi2Kb M Hvbib mBBM; i?2 +m
Bb i?2 K2 M T°QD2+i +QKTH2iBQM iBK2 7Q" bvbi2Kb M Hvbib n
T +F :2 h?2 "2b2 "+22  BM +? ;2 Q7 i?2 M2r bQ7ir "2 2p Hm iBQ
b?Qri? ii?2M2rbQ7ir 2T +F ;2 rBHH T QpB/2 b?Q i2 K2 M T
iBK2X h?mb-i?2 "2b2 "+?2  Bb HQQFBM; 7Q) BpBH2KE22i M+ QM-
LC BM i?Bb + b2-i?2 /Bz2 2M+2 #2ir22M i?2,ir@-TTBHHH{2BQM K
22 027 i? Mx2 QX amTTQDb2i? ii?2k9 M Hvbib +QKTH2i2i?2 bil
b?QrM BM h #H2 RyXRX
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TABLE 10.1 Completion Time Data and Summary Statistics for the Software
Testing Study

Current Technology New Software

300 274

280 220

344 308

385 336

372 198

360 300

288 S5

321 258

376 318

290 310

301 387

283 263
Summary Statistics
Sample size n, = 12 n, =12
Sample mean X1 = 325 hours X; = 286 hours
Sample standard deviation 5 = 40 s, = 44

G2ii?2 H2p2H Q7 bB;MBIEX Mi 22#22 MmHH M/ i?2 Hi2 M iBp2 2\
2bBb-i?2 i2bi p@BHIMBA-i?2 2D2+iBQM "mH2- K F2 /2+BbBQM

bQH,

UaQ7ir " 2PmiTmiV
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TABLE 10.2  Output for the Hypothesis Test on the Difference Between the
Current and New Software Technology

Current New
Mean 325 286
Variance 1600 1936
Observations 12 12
Hypothesized Mean Difference 0
Degrees of Freedom 21
Test Statistic LTI
One-Tail p-value 0.017
One-Tail Critical Value V27

S +iB+ H /pB+2

RX h?2 BMi2 p H2biBK iBQM M/ ?2vTQi?2bBb i2biBM; T°'Q+2/m 2b
T2 M/ + M #2 mb2/ r3i? b KTH2 bBx2bX

kX AM KQbi TTHB+ iBQMb-2[m HQ M2 "Hv2[m Hb KTH2 bBx2b
bBx2 + M #2 2tT2+i2/ iQ T QpB/2 p2'v ;QQ/ “2bmHib :
TQTmH iBQMb "2 MQi MQ K HX

X G ;2 b KTH2 bBx2b "2 "2+QKK2M/2/ B7 i?2 /Bbi'B#miBQMb (
Q' +QMi BM X

9X aK HH2 b KTH2 bBx2b b?QmH/ QMHvV #2 mb2/ B7 i?2 M Hvbi B
#miBQMb Q7 i?2 TQTmH iBQNb "2 iH2 hiX

LQi2b *QKK2Mib

RX >QriQ K F2BM72 2M+2b #Qmi i?2 /Bz2 2M+2 #2ir22M irQ TQ"
1 M/, "22[mH M/ mMmMFMQrM U V\

kX " b2/ QM #Qp2 bbmKTiBQM-i?2 irQ b KTH2 bi M/ */ /2pB iBQ]
T QpB/2i?2 7TQHHQIBM; TQQH2/ b KTH2 p "B M+2,
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JX h222bi bi iBbiB+ #2+QK2b

M/ ? b /2722 Q7 7 22/QKX ii?Bb TQBMi-i?2 +QKTmi
p@p Hm2 M/ i?2BMi2 T 2i iBQM Q7 i?2b KTH2 “2bmHib "2 B/2N
/IBb+mbb2/ 2 "HB2  BM i?Bb b2+iBQMX

9X /B{+mHiv rBi? i?Bb T°Q+2/m 2 Bb i? i i?2 bbmKTiBQM i? i i’
bi M/ "/ /2pB iBQMb "22[m HBb mbm AXVIMBIEMHITQTmH iBQM
bi M/ "/ /2pB iBQMb 27 2[m2MiHv 2M+QmMi2 2/X

8X IbBM: i?2 TQQH2/ T°Q+2/m 2 K v MQi T'QpB/2 b iBb7 +iQ v 2
b KTH2 bBx\2h, 2 X

eX heZ Q+2/m 2i? ir2 T'2b2Mi2/ BM i?Bb b2+iBQM /Q2b MQi “2[n
Q7 2[m HTQTmH iBQM bi M/ */ /2pB iBQMb M/ + M #2 TTHB2/
iBQM bi M/ / /2pB iBQMb "2 2[m H Q> MQiX Ai Bb KQ'2 :2M2
"2+QKK2M/2/ 7Q  KQbi TTHB+ iBQMbX

RyXj AM72°2M+2b #Qmi h?2 .Bz2 2M+2 "2ir2
SQTmH iBQM J2 Mb, J i+?2/ a KTH2b

RXlt KTHR i+?2KX

UV amTTQb2 2KTHQv22b i K Mm7 +im"BM; +QKT Mv+ M mb2 |
iQ T2'7Q°'K T 'Q/m+iBQM i bFX hQ K tBKBx2 T'Q/m+iBQM Q}
r Mib iQ B/2MiB7v i?2 K2i?Q/ rBi? i?72 bK HH2 TQTmH iBQM

iBK2X

U#V G2i /2MQi2i?2TQTmH iBQMK2 M+QKTH2iBQMiBK27Q" "
R M/ /2MQi2 i?2 TQTmH iBQM K2 M +QKTH2iBQM iBK?2
K2i?Q/ kX
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U+V gBi? MQ T 2HBKBM 'vBM/B+ iBQM Q71?2 T 272 2/ T Q/m
#vi2Mi iBp2Hv bbmKBM;i? ii?2irQT Q/m+iBQMK2i?Q/b ? p
H i BOMK2 M+QKTH2iBQMiBK2X h?mb-i?2MmHH XvTQi?2bB

U/V A7 i?Bb ?2vTQi?2bBb Bb "2D2+i2/-r2 + M +QM+Hm/2 i? ii?2
TH2iBQM iBK2b /Bz2 X AM i?Bb + b2- i?2 K2i?Q/ T"QpB/BNM
+QKTH2iBQM iBK2 rQmH/ #2 "2+QKK2M/2/X

Uu2v h?2 MmHH M/ Hi2 M iBp2 ?vTQi?2b2b "2r Bii2M b 7QHH

kX AM +?QQbBM: i?2 b KTHBM: T°Q+2/m 2 i? i rBHH #2 mb2/ iQ -
/i M/i2bii?2 2vTQi?2b2b-r2 +QMbB/2  irQ Hi2'M iBp2 /2bB;M
M/ i?2 Qi?2 Bb # 22/ GM X

UWM/2T2M/2Mi b KTHDBXSBH® ® M/QK b KTH2 Q7 rQ F2 b Bb &
M/ 2 +2 rQ'F2  BM i?2 b KTH2 mb2b K2i?Q/ RX b2+QM/ BM,
M/QK b KTH2 Q7 rQ F2'b Bb b2H2+i2/ M/ 2 +? rQ F2  BM
K2i?Q/ kX h?2 i2bi Q7 i?2 /Bz2 2M+2 #2ir22M TQTmH iBQM
i?72 T°Q+2/m 2b BM a2+iBQM RyXkX

U#Y i+22/ b KTH2,/20B2MbBKTH2 > M/QK b KTH2 Q7 rQ F2 b Bb
1 +?2 rQ F2 }'bi mb2b QM2 K2i?Q/ M/i?2M mb2bi?2 Qi?2 K2
Q7 i?2 irQ K2i?Q/b Bb bbB;M2/ > M/QKHV iQ i?2 rQ F2 b- rB
T2 '7Q KBM: K2i?Q/ R }'bi M/ Qi?2 b T2 7Q KBM: K2i?Q/ k }
T QpB/2k - QM2 p Hm2 7Q  K2i?Q/ R M/ MQi?2"
7Q° K2i?2Q/ kX

X AM i?2 K i+?2/ b KTH2 /2bB:M i?2 irQ T'Q/m+iBQM K2i?Q/b "2
BH ° +QM/BiBQMb UBX2X- rBi? i?2 b K2 rQ F2 bVc ?22M+2 i?Bb
i? Mi?2 BM/2T2M/2Mib KTH2 /2bB;MX h?2 T |

bQM Bb i? i BM K i+?2/ b KTH2 /2EB:M- Bb 2HBKB @
M i2/ #2+ mb2 i?2b K2rQ F2'b "2 mb2/7Q #Qi? T'Q/m+iBQM K

9X bbmKBM: i?2 M HvbBb Q7 K i+?2/ b KTH2 /2bB;M Bb i?2 K2i
/Bz2 2M+2 #2ir22M TQTmH iBQM K2 Mb 7Q  i?2 irQ T°Q/m+iBQ
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iQi?2 M HvbBb Q7 i?2 K i+?2/ b KTH2 /2bB;M Bb iQ "2 HBx2 i?
X

8X h?2°27Q°2-r2 2 p2 bEX6 «i0:H0BMR@O- MO:6) i? i rBHH #2 mb2/
iQ M Hvx2i?2/Bz2 2M+2 #2ir22M TQTmH iBQM K2 Mb Q7 i?2irQ

eX G2i Bbi?2 K2 M Q71?2 /Bz2 2M+2 BM p Hm2b 7Q i?2 TQTm
gBi? i?Bb MQi iBQM-i?2 MmHH M/ Hi2 M iBp2 ?2vTQi?2b2b "2~

dX bbmK2 i?2 TQTmH iBQV Q7 b /IBbi"B#miBQMX h?Bb
bbmKTiBQM Bb M2+2bb "vbQ i? ir2 Kv mbZQ2?2vTQi?2bBb
i2biBM: M/BMi2' p H 2biBK iBQM T Q+2/m 2bX " b2/ QM i?Bb bt
i2bi bi iBbiBt+/Bbi B#miBQM rBi?2:°22b Q7 7°22/QKX

3X2bi ai iBbiB+ 7Q° >vTQi?2bBb h2bib AMpQHpPBM: J i+?2/ a KTH

r?2°2
. M/ (10:9)

ZM2DIiBROMX X XXX XXXXXXXXXXXX XXKRKRKRKROMBXK M X X X |

Uh #H2 RyXjV UJ i+?2/ 1t KTH2VX -~ M/QK b KTH2 Q7 bBt rQ F
/I'i QM +QKTH2iBQM iBK2b 7Q  i?2bBtrQ'F2'b "2;Bp2M BM h #F
rQ F2 T QpB/2b T B Q7 /i p Hm2b- QM2 7Q 2 +?2 T Q/m+iBQ
i? ii?2H bi +QHMKM +QMi BMb i?2 /Bz2 2MAQ BM+PQRTH2iBQM
BMi?2b KTH2X bbmK2i? ii?2TQTmH iBQM Q7 /Bz2°2M+2b ? b
h2bii?2 2vTQH@R2h20 MH,: 460- mbBMQ:05X *QKTmi2i?2i2bi

bi iBbiBp@pHm2 M/ /' r +QM+HmMbBQMX *QKTmi2 i?2 N8W +Q
7Q° 1?2 /Bz2°2M+2 #2ir22M i?2 TQTmH iBQM K2 Mb Q7 i?2irQ T°
Ho Bb "2D2+i2/-r2 + M +QM+HmM/2i? ii?2TQTmH iBQM K2 M +QK
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TABLE 10.3 Task Completion Times for a Matched Sample Design

Completion Time Completion Time Difference in
for Method 1 for Method 2 Completion
Worker (minutes) (minutes) Times (d)

1 6.0 5.4 o)

2 5.0 582 =72

3 7.0 6.5 o)

4 6.2 59 o)

5 6.0 6.0 .0

6 6.4 5.8 o)

bQH,

"2 BMITTZH;I)Gd-y yXRy yXy8 yXyk8 yXyR yXyy8
t@o HmR2WPByXNky RX9de kXyR8 kX8dR jXje8 9Xyjk
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RyX9 AM72°2M+2b #Qmi h?2 .Bz2 2M+2 "2ir2
SQTmH iBQM S'QTQ iBQMb

RX G2iiBM; /2MQi2 i?2 T'QTQ iBQM 7Q  TQTmH2M®E R2M/
T'QTQ iBQM 7Q  TQTmH iBQM kX

kKX *QMbB/2° BM72 2M+2b #Qmi i?2 /Bz2 2M+2 #2ir22M i?2 irQ T
X

iX hQK F2 MBM72 2M+2 #Qmii?Bb /Bz2 2M+2-r2 rBHH b2H2+i |
b KTH2b +QMbBmMMBBIbF7 QK TQTmh, BDBIR7MIK TQTmH iBQM k

AMi2 ' p H1biBK B®M Q7

RX1t KTHRRt S 2T ° iBQM 6B K
i t T°2T °~ iBQM }'K Bb BMi2 2bi2/ BM +QKT “BM; i?2 [m HBiv (
Bib "2:BQM H Q{+2bX "v > M/QKHvV b2H2+iBM; b KTH2b Q7 i t "2i
Q{+2 M/ p2 'B7vBM; i?2 b KTH2 "2im Mboé ++m" +v-i?2 }'K rBH*t
i?72 T°"QTQ iBQM Q7 2°°QM2Qmb 2im Mb T 2T "2/ i2 +?2 Q{+2X
Bbi?2 /Bz2 2M+2 #2ir22M i?2b2 T°QTQ iBQMbX

UW, TTQTQiBQM Q7 2°"QM2Qmb "2im Mb 7Q  TQTmH iBQM R L
U#pd, TTQTQ iIBQM Q7 2°°QM2Qmb 2im Mb 7Q  TQTmH iBQM k L
U+V  , b KTH2 T'QTQ'iBQM 7Q° bBKTH2  M/QKb KTH2 7 Qt
u/v , b KTH2 T'QTQ iBQM 7Q° DbBKTH2  M/QK b KTH2 7°Qt

kKXSQBMi 1biBK iQ° Q7 i?2 .Bz2 '2M+2 "2ir22M hrQ SQTmH iBQM S°

(10:10)

iX h?2mb-i?2 TQBMi 2biBK iQ Q7 i?2/Bz2 2M+2 T2QZIDMiBQMb
Bb i?2 /Bz2 2M+2 #2ir22M iA2QTQ iBQMb Q7 irQ BM/2T2M/2Mi
" M/QK b KTH2bX

9X b rBi? Qi?2  TQBMi 2biBK iQ b-pi?@ PQB Mi RKFIBEMQ/Bbi B#m@
iBQMi? i "2~2+ibi?2 TQlppB#B2 p2H2RD QR7HViIiQQF irQ BM/2T2M
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" M/QK b KTH2bX h?2 K2 M Q7 i?Bb b KTHBM; /BWiiB2miBQM B
bi M/ "/ 2 "Q*®Bb,
ai M/ 7/ 1°Q pR7p:

(10:11)

8X A7 i?2b KTH2 bBx2b "2 H :22MGm;?i? i - M/
"2 HH ;"2 i2°i? MQ 2[miAA® KTHBM; /Bbi'B#miBQM
piepr + M #2 TT QtBK i2/#v  /Bbi'B#miBQMX

eX gBi? i?2 b KTHBM; /BhtpB#MIBWRBKQIR2/ #v MQ K H /Bbi B#miE
r2rQmH/ HBF2 iQ mb2 bi?2 K ;BM Q72 QX

dX >Qr2p2p-;Bp2M #v 2[m iBQM URYXRRV + MMQi #2 mb2/ /B 2+iF
TQTmH iBOQM TR TMABQEMMFEFMQrMX IbBM; i?2 b KTH2 T°QTQ
iQ 2biBIK, iM/i?2b KTH2 T'RTQ 2B@BW-i2?2 K ;BM Q7 2°°Q" Bb,

J :BM Q72 °Q° (10:12)

3XAMi2 ' p H1biBK i2 Q7 i?2 .Bz2 2M+2 "2ir22M hrQ SQTmH iBQM S

(10:13)

r?2°2s Bbi?2 +QM}/2M+2 +Q2{+B2MiX

ZM2DIiBROMXX XXX XXXXXXXXXXXX XXKRKKKRERRKRXK M X X X |

thtS 2T " iBQM 1t KTgR2}M/ i? i BM/2T2M/2Mi bBKTH2 ° M/QK b
7°QK i?2irQ Q{+2b T'QpB/2i?2 7TQHHQrBM; BM7Q K iBQMX

P{+2 R Kk
n, 250 300
LmK#2 Q7 "2im " Mb r&i?22 "Q" b

6BM/ K :BM Q7 2°°Q° M/ BMi2 p H 2biBK i2 Q7 i?2 /Bz2 2M+
TQTmH iBQM T'QTQ iBQMbX M/ NyW +QM}/2M+2 BMi2 p HX
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bQH,

>VTQi?2bBb h2bibp#®mi

RX G2i mb MQr +QMbB/2" ?2vTQi?2bBb i2bib #Qmi MQ /Bz2 2M+2
Q7irQ TQTmH iBOMbX AM i?Bb + b2-i?22i?°227Q Kb 7Q" ?2vTQ]

Ho:pr p2 G Ho:pr p2 O Ho:p1 p2=0
Ha:pt p2<0 Ha:pt p2>0 Ha:pr p2860

kX q?2M r2 bbmK2 =12 ? m2ep,=0-r?B+? Bb i?2
b K2 bb vVvBM;i? ii?2TQTmH iBQM TpETRXiBQMb "2 2[m H-

X IM/2°i?2 bbnH§BIBOM2 b M2[m HBiv-i?2 TQTmH iBQM T QTQ"
M/ X AM i?Bb,#,b22+QKabM/ / 1°°Q @7 p.

r?2Me=p=p
s

P p1) , Pl Po) _

10:14
~ ~ (10:14)

p1 p2 T

9X qBiMMFMQrM-r2 TQQH- Q' +QK#BM2-i?2 TQBMi 2biBK iQ b 7
B, MpViQ Q#i BM bBM;H2 TQB Mi 2Q HHKQI®, Q7
SQQH2/ 1biBK pQy?QRpi=p=p

(10:15)

h?Bb TQQH2/ 2bpBBlo iQ2®;?i2/ p2p ;MMAX
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8X am#biBim@BBM 2[m iBQM URYXRI9V-r2 Q#i BM M 2biBK i2 Q7 i?
Qe X h?Bb 2biBK i2 Q7 i?2 bi M/ /2 "Q Bb mb2/BMi?2i2bib

eX h?2 ;2M2° H7Q K Q7 i?2 i2bi bi iBbiB+ 7Q° ?2vTQi?2bBb i2bib
ir22M irQ TQTmH iBOQM T'QTQ iBQMb Bb i?2 TQBMi 2biBK iQ /B

P1 sz
dX12bi ai iBbiB+ 7Q° >vTQi?2bBbph2ipib #Qmi

(10:16)

h?Bb i2bi bi iBbiB+ TTHB2b iQ H “:2 bnipT-HZlb@)impBQMb r?2°2
Mhy(lep,) 2 HH ;2 i2°i? MQ  2[m HiQ 8X

ZM2DIiBROMXX XXX XXXXXXXXXXX X XRKRKKIKRERREKXK M X X X |

th t S 2T ° iBQM 6B K 1tVKBHRK2 i? ii?2}Kr MibiQ mb2 2vTQi
2bBb i2bi iQ /2i2 ' KBM2 r?2i?2 i?2 2 Q"  T°QTQ iBQMb /Bz2" #2
irQ@i BH2/ i2bi Bb "2[m8:1Q/% iDP2 H2p2H Q7 bB:MB}+ M+2X ai
MmHH M/ Hi2 M iBp2 2vTQi?2b2bX *QKTm 2@ p2H &2 DQ i BDBB + -
irQ@i BH2/i2biX ai i2i?2/2+BbQM "mH2 M//r +QM+HmMbBQN

bQH,
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MXYi+ s V

M/2°bQM&b ai iBbiB+b 7Q° "mbBM2bb 1+QMQKB+b UR!

2 TIRRAM72 2M+2b #Qmi SQImH iBOQM

fizZ™6)ez’ nA, s .8e%-i keykye
30Z™5@, $? be 80J5&<¢) + MXYi+ La"V5@30
5@+ M™JRiiTh,ff2KrmXB/pXir

LAM , + VF, )°#HO |

Pp2 pB2r

RX 1t KBM2 K2i?Q/b Q7 bi iBbiB+ HBM72 2M+2 BMXCHpBIV;

kX1t KTH2 ' Q/m+iBQM S Q+2bb Q7 6BHHBM: *QMi BM2 b

UV *QMbB/2" i?2 T°Q/m+iBQM T Q+2bb Q7 }HHBM; +QMi BM2"
T°Q/m+iX h?2}HHBM; K2+? MBbK 7Q i?2T Q+2bhBb /Dmbi2
Bb 98y ;" Kb T2  +QMi BM2 X

U#V Hi?Qm:? K2 M Q7 98y ;" Kb Bb /2LB @/ i?2 }JHHBM;
r2B;?ib Bb HbQ + BiB+ HX h? i Bb- 2p2M rBi? i?2 }HHBM,;
/IDmbi2/ 7Q i?72 K2 M Q7 98y ;" Kb-r2+ MMQi 2tT2+i2p2 v +
2t +iHv 98y ;" KbX

U+V "v b2H2+iBM; b KTH2 Q7 +QMi BM2 x-1r2 + M +3KTmi2
7Q i?2 MMK#2> Q7 ;> Kb TH +2/ BM +QMi BM2 X h?Bb p H
Q7 i?2p 'B M+2 7Q  i?2 TQTmH iBQM Q7 +QMi BM?Z
i?22 T°Q/m+iBQM T Q+2bbX
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U/V A7 i?2 b KTH2 p "B M+2 Bb KQ/2bi- i?2 T°Q/m+iBQM T Q+:
>Qr2p2 ' -B7i?2b KTH2p "B M+2Bb 2t+RMidb2p2-
Kv#2 Q++m "BM; 2p2M i?Qm;? i?2 K2 MBb +Q "2+i i98y ;°

U2V AMi?Bb+ b2-i?2}HHBM; K2+? MBbKrBHH #2 2 /Dmbi2/ BN
i?72 JHHBM: p "B M+2 7Q" i?2 +QMi BM2 bX

X AMi?2} bib2+iBQMr2 +QMbB/2 BM72 2M+2h #0@Tm@ p B M
HiBQMX am#b2[m2MiHv-r2 rBHH /Bb+mbb T Q+2/m 2bi? i+ M#
#Qmii?2p B M+Zb @®@TmH iBQMbX

RRXR AM72 2M+2b #Qmi SQTmH iBQM o 'B
RX h?2 b KTH2 p 'B M+2

$? = (11:1)

Bbi?2 TQBMi 2biBK iQ Q7 i?2 TOXTAM mbhG@M pi?B MKIH2p "B M+
# bBb7Q K FBM; BM72 2M+2b #Qmi TQTmH iBQMp "B M+2- |
Q7 i?2[m MiBiv Bb ?2HT7mHX

kXa KTHBM; .Bbi B#nriBQ G7
q?2M2p2° DbBKTH2 M/QK b BFH2HRADEXZ OK TQTm®@
H iBQM-i?2 b KTHBM: /Bbi'B#miBQM Q7

(11:2)

Bb /IBbi'B#miBQM rBi?/2;°22b Q7 7°22/QK U/2MQi2/ #
Q" V X

j XXAl,Z'56 |

UV *?B@b[m "2/ /BRiIiBEMIBQXIBFBT2/B XQ :frBFB/f*?B@b[m
/Bbi'B#miBQM
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U#W?22Q 2K Xy, Xn "2 Q#b2'p iBQMb Q7 *~ M/QKD GRKH2 Q7 bE
i?72 MQ'K H/BobNB#RMMEQEW i?2 b KTH2 K& Blb MP/2 b KTH2
p B M+2X h?2M

BX MEB2 B BM/2T2M/2MiX

DS _ L (X X)? 2 1)

B 2 2

U#56 510V a KTHBM; .Bbi B#miBQM Q7 2iiRDH2QMIBBWMLRX,
bi iXTbmX2/mfbi iI9R9fH2bbQMfkefkeX]

9X UBB;m 2 RRXRV b?QrbbQK2 TQbbB#H2 7Q Kb Q3/i?Xb KTHBM;
"2+ mb2 i?2 b KTHBM; /Bbi B#FMiBOPMRIDrM iQ ? p2 +?B@b[m
/IBbi B#miBQM r?2M2p2° DbBKTH2 nNB/QK2IH XKHIR2 QD KBX\2Q K H
TQTmH iBQM-r2+ Mmb2i?2+?B@b[m Z/Bbi B#miBCMiQ /2p2F
M/ +QM/m+i #Omi TQTmH iBQMp B M+2X

FIGURE 11.1 Examples of the Sampling Distribution of (n — 1)s%/c?

(A Chi-Square Distribution)

With 2 degrees of freedom

With 5 degrees of freedom

With 10 degrees of freedom

(n—1)s*
0 ]

AMi2 p H1biBK iBQM

RX amTTQb2i? ir2 "2BMi2 2bi2/BM 2biBK iBM;i?2 TQTmH iBQM
iBQM }HHBM; T'Q+2bbX © KFOMQBM2 b Bbi F2M- M/ i?2 b K
p B M+2 7Q i?2 }HHBM; [m MiBiB2h Bt 7@mMMQriZp 2 r2
FMQr r2 + MMQi 2tT2+i i?2 p 'B M+2 Q7 b KTH2 Q7 ky +QMi B
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Q7 i?2p "B M+27Q i?2TQTmH iBQM Q7 +QMi BM2"|
Im+iBQM T ' Q+2bbX >2M+2- Qm  BMi2 2bi rBHH #2 BM /2p2HQTI
i?72TQTmH iBQMp "B M+2X

kX U6B:m 2 RRXKV g2 rBHH mb2 i?iQMOMQED M2 p Hm2 7Q" i?2 +°?
b[m "2 /Bbi'B#miBQM i? i T'QpB/2b M "2 Q T 'G# ®BHBiv Q7
i?722 p Hm2X

UV i?22+?B@b[m "2/Bbi'B#miBQM rBi? RN/2:°22h Q77 22/QK B
BM/B+ iBM; i? i KX8W Q7 i?2 +?B@b[m 2 p Hm2b "2iQi?2 I

U#V BM/B+ iBM; i? i NdX8W Q7 i?2 +?B@b[m "2 p Hr
"B;?i Q7 3XNydX

FIGURE 11.2 A Chi-Square Distribution with 19 Degrees of Freedom

.95 of the

025 possible ,1/2 value
025
X'z
0 8907 32.852
X ,29?5 X }]25

-
jX Uh #H2 RRXRV h #H2b Q7 2 b Q T Q# #BHBiB2b "2 "2 /BHv |

/IBbi B#miBQMX h #H2 j Q7 TT2M/Bt" T ' QpB/2b KQ 2 2ti2MbB|
p Hm2bX
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TABLE 11.1 Selected Values from the Chi-Square Distribution Table*

Area or
probability

Degrees
of Freedom

1

o W

9

10
11
12
13
14

15
16
iz
18
19

20
21
22
23
24

25
26
27
28
29

30
40
60
80
100

k)

.000
.020
115
297

.554
.872
1.239
1.647
2.088

2.558
3.053
3.571
4.107
4.660

5.229
5.812
6.408
7.015
7.633

8.260
8.897
9.542
10.196
10.856

11.524
12.198
12.878
13.565
14.256

14.953
22.164
37.485
53.540
70.065

TS

.001
.051
216
484

.831
[[*2317
1.690
2.180
2.700

3.247
3.816
4.404
5.009
5.629

6.262
6.908
7.564
8.231
8.907

9.591
10.283
10.982
11.689
12.401

13.120
13.844
14.573
15.308
16.047

16.791
24.433
40.482
57.153
74.222

.95

.004
.103
.352
711

1.145
1.635
2.167
2.733
3.325

3.940
4.575
5226
5.892
6.571

7.261
7.962
8.672
9.390
10.117

10.851
11.591
12.338
13.091
13.848

14.611
15.379
16.151
16.928
17.708

18.493
26.509
43.188
60.391
77.929

i

Area in Upper Tail
.90 .10 .05

.016 2.706 3.841
.21 4.605 5.991
.584 6.251 a8l
1.064 7.779 9.488

1.610 9236 11.070
2.204 10.645  12.592
2.833 12.017  14.067
3490 13.362  15.507
4.168 14.684  16.919

4.865 15.987  18.307
5.578 1i7:2750 19675
6.304 18.549  21.026
7.041 19.812 22.362
7.790  21.064  23.685

8.547 22307 24.996
9.312 23542 26296
10.085 24769  27.587
10.865  25.989  28.869
11.651 27.204 30.144

12.443 28412 31.410
13.240  29.615  32.671
14.041 30.813  33.924
14.848  32.007 35.172
15.659  33.196 36.415

16473 34382 37.652
17.292 35563 38.885
18.114 36741  40.113
18.939 37916  41.337
19.768  39.087  42.557

20.599 40256 43.773
29.051 51.805 55.758
46.459 74397 79.082
64.278 96578 101.879
82.358 118.498 124.342

*Note: A more extensive table is provided as Table 3 of Appendix B.

URR M@k Ms v

.025

5.024
7.378
9.348
11.143

12.832
14.449
16.013
17.535
19.023

20.483
21.920
23.337
24736
26.119

27.488
28.845
30.191
31.526
32.852

34.170
35.479
36.781
38.076
39.364

40.646
41.923
43.195
44.461
45.722

46.979
59.342
83.298
106.629
129.561

.01

6.635
9.210
11.345
13.277

15.086
16.812
18.475
20.090
21.666

23.209
24725
26.217
27.688
29.141

30.578
32.000
33.409
34.805
36.191

37.566
38.932
40.289
41.638
42.980

44314
45.642
46.963
48.278
49.588

50.892
63.691
88.379
112.329
135.807
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9X 6 QK i?2 ;" T2 BM6B;m 2 RRXkr2b22i? iyXN8-Q N8B8W-Q7 i?2
#2ir22M M/ X h? iBb-i?2"2Bb yXN8T Q# #BHBiv Q7
2p HM2 bm+?2i? i

8X q2 bi i2/ BM 2tT 2bbB QM DRRXKGHMQrb +?B@b[m "2 /Bbi B#
i272°27Q°27r2 + M fm#DsBimiD® M/ r Bi2

(11:3)

eX AM 2z2+i- 2tT 2bbBQM URRXjV T QpB/2b M BMi2 p H 2biBK i
7Qn 1)s¥ 2 rBHH #2 BM i? 22BMiQ2p. N

dX g2 MQr M22/iQ /Q bQK2 H:2# B+ K MBTmH iBQMb rBi? 2tT 2b
M BMi2 p H 2biBK i2 7Q " i?2 TQTXnHQBERBMp iBiM#22 H27iKQDbi
BM2[m HBiv BM 2tT 2bbBQM URRXjV-r2 ? p2

2
5075 w ) 2 Gors (0 1)8° ) (11:4)

3X S2°7Q KBM; bBKBH ~ H;2# B+ K MBTmH iBQMb rBi?i?2 "B;?it
bBQM URRXjV ;Bp2b
(11:5)

NX h?2 “2bmHib Q7 2tT 2bbBQMb URRX9V M/ URRXS8V + M #2 +(
+QM}/2M+2 BMi2 p H 2biBK i2 7Q i?2 TQTmH iBQM p "B M+2

(11:6)

RyXt KTH2 Q/m+iBQM S Q+2bb Q7 6BHHERM: HBM? BM2 b KTH2
Q7 ky +QMi BM2 b T°QpB/2/ bs2KT2D26) BB M+ 2bQRTH2 bBx2 Q7
Ky-r2 2 p2 RN /2:°22b Q7 2y,22/8307 M/ 2, = 32:852X |bBM;
i?2b2 p Hm2b BM 2tT 2bbBQM URRXeV T QpB/2b i?2 7QHHQrBI
TQTmH iBQM p "B M+2 Q7 }HHBM; [m MiBiB2b,

Q 1166 2 4:300
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RRX h FBM:i?2b[m "2 °QQiQ7i?2b2p Hm2b T QpB/2bi?2 7QHHQTI
7Q i?22 TQTmH iBQM bi M/ *//2pB iBQMX

RkX h?mb- r2 BHHmbi  i2/ i?2 T°Q+2kbk Q7 mbBM: i?PQ 2b@
i #HBb? Q7 TQTmH iBQMp "B M+2 M/ TQTmH iBQ
/2pB iBQMX

RjK )I00W*QM}/2M+2 AMi2 p H 1biBK i2 Q7 SQTmH iBQM o "B M

(11:7)

r?2°2 i72p Hm2b "2 # b2/ QM +?B@b[m ‘2 /BHR:B22GLBYIM rBi?
7°22/QK M/ P2 ¥ Bb i?2 +QM}/2M+2 +Q2{+B2MiX

>vTQi?2bBb h2biBM;

RX IbBM; iQ /2MQi2 i?2 ?2vTQi?2bBx2/ p Hm2 7Q" i?2 TQTmH iB
i2°22 7Q Kb 7Q° ?vTQi?2bBb i2bi #Qmi TQTmH iBQM p "B M+

Ho: 2=
Ho: 26

Ho: 2

Ho: 2>

Ho: 2

Ho: 2<

oN OoN
oN OoON
onN oN

kX h?2b2 i?°22 7Q Kb "2 bBKBH " iQ i?2 i?°22 7Q Kb mb2/ iQ +Q
irQ@i BH2/ 2vTQi?2bBb i2bih #Qmj X

jiX h?2 T°Q+2/m 2 7Q° +QM/m+iBM; ?vTQi?2bBb i2bi #Qmi TQT
i?72 ?2vTQi?2bBx2/ p Hm2 7Q i?2 T@'H\MH?iZBQN('DH‘ZBpM‘-BZM+2
iQ +QKTmi2i?2 p Hm2 @bi bi iBbiB+X

9X%12biai iBbiB+7Q  >vTQi?2bBb h2bib #Qmi SQThhMKB®M 0 "B M
i? ii?72 TQTmH iBQM? b MQ'K H/Bbi'B#miBQM- i?2 i2bi bi iBb

2 = (11:8)

r?2°22 b +?B@b[m "2 /BbinBAMB @R BEI? 7 22/QKX
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8X 7i2° +QKTMIiBM; i?23iRmidQiBIRIB+- 2Bi?2 i?2TT Q +?
Q i?2 TT'Q +2- K v #2 mb2/ iQ /2i2 ' KBM2 r?2i?2" i?
2vTQi?2bBb + M #2 “2D2+i2/X

eX GBF2 IiBRPi'B#mMiBQM | #H2- i?2 +?B@b[m "2 /Bbi'B#miBQM i #
bm{+B2Mi /2i BHiQ 2M #H2 mp@Q@ M2 RBMZHWR >Qr2p2 - r2 + M
i?72 +?B@b[m "2 /Bbi'B#miBQM i #H2iQ C#i BX

dX Uh #H2 RRXKkV

TABLE 11.2  Summary of Hypothesis Tests About a Population Variance

Lower Tail Test Upper Tail Test Two-Tailed Test

Hy: 0% = o Hy: o? = o Hy: 0% = o
SREt e ot i Bl
. (n—1)s2 (n—1)s? (n— 1)s2
Test Statistic 2= 2 A= 2 = =
Rejection Rule: Reject Hy if Reject Hy if Reject Hy if
p-value Approach p-value = a p-value = a p-value = &
Rejection Rule: Reject H, if Reject Hy if Reject Hy if
Critical Value X=X Xz X = Xi-ar2
Approach or if
X=X

ZM2DIiBROMIX XXX XXXXXXXXXXXX XRKRKKKRERIRKXK M X X X |

h?2 aiX GQmMBDb J2i"Q "mbVIhKITHPX GQmBb J2i°Q "mb *QKT N
r Mib iQ T'QKQi2 M BK :2 Q7 "2HB #BHBiv #v 2M+Qm"  ;BM; Bil
+QMbBbi2Mi b+?22/mH2bX b bi M/ / TQHB+v- i?2 +QKT Mv rQ
i #mb biQTb iQ ? p2 HQr p "B #BHBivX AM i2 Kb Q7 i?2 p 'B M+
+QKT Mv bi M/ "/ bT2+B}2b M Bp HiBK2p 'B M+2 Q7 9 Q  H2|
"2 K2 bm 2/ BM KBMmi2bX h?2 7QHHQrBM: ?2vTQi?2bBb i2bi Bk
+QKT Mv /2i2 KBM2 r?2i?2 i?2 ~"Bp HiBK2 TQTmH iBQM p "B |

Ho: * 4  Ha: ?>4
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AMi2Mi iBp2HVHPBIWKBEMN: r2 "2 bbmKBM; i? ii?2TQTmH iBQM
""Bp HiBK2b Bb rBi?BM i?2 +QKT M¥Wg BB /22 BBMRKHE2 2 2B/2-M + 2
BM/B+ i2bi? ii?2TQTmH iBQMp B M+2 2t+22/bi?2 ;mB/2HBM?
bi2Tb b?QmH/ #2 i1 F2MiQ 2/ m+2i?2TQTmH iBQMp "B M+2X @2
i2bi mbBM; H2p2H Q7 bBy:MB}anM+T2002 i? i -~ M/QK b KTH2 Q7
#mb “"Bp Hbi F2M i /QrMiQrM BMi2 ' b2+iBQM B 948X2b b KTH
bbmKBM;i? ii?2TQTmH iBQM /Bbi B#miBQM Q7 "~ "Bp HiBK2b
*QM/m+i ?2vTQi?2bBbi2biBM; M/ /" p@EQ NMmB mbB QM-mbK Mi;? 2

+' BiB+ Hp Hm2 TT Q +?-b2T ~ i2HvX

bQH,

FIGURE 11.3 Chi-Square Distribution for the St. Louis Metro Bus Example

p-value

11/2

0 28.18

"2 BMITT2 h BH yXRy yXy8 yXyk8 yXyR
20 Hm2 Ukj/7V jkXyyd j8XRdk j3Xyde 9RXej3
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ZM2DIiBROMXX XXX XXXXXXXXXXXX XRKRKKKRERERKK M X X X |

*QM/m+i  irQ@i BH2/ i2bi #Qmi TQTmH iBQM p "B M+2 #v +Q
7 +2/ #v #m 2 m Q7 KQiQ  p2?B+H2bX >BbiQ B+ HHv- i?2 p "E
BM/BpB/m Hb TTHVBM; 7Q" / Bp2 5 ho6iB + 2Wdr2Ddt 2K B M 2i BND M

rBi? M2ri2bi [m2biBQMb ? b #22M /2p2HQT2/X /KBMBbi® iQ b Q
p2?B+H2brQmH/ HBF2i?2p "B M+2BMi?2i2bib+Q ' 2b7Q i?2 M
i 1?72 ?BbiQ B+ HH2p2HX hQ 2p Hm i2i?2p B M+2BMi?2 M2r 2
i?72 7TQHHQrBM; irQ@i BH2/ ?2vTQi?2bBb i2bi ? b#22M T QTQb2/

Ho: 2=100; H,: 26100

_2D2+iBHQNMBH BM/B+ i2i? i +? M;2BMi?2p "B M+2?2 b Q++m’
i? i bQK2[m2biBQMbBMi?2 M2r 2t KBM iBQM K v M22/ ' 2pBbBQl
Q7 i?2 M2r i2bi b+Q 2b bBKBH " iQi?2p B M+2 Q7 i?2 QH/ i2bi
jy TTHB+ Mib7Q  /'Bp2 6b HB+2Mb2b rBHH #2 ;Bp2M i?2 M2r pZ
g2 rBHH mb2 H2p2H Q7~=OB5M@ }+HQN+h+i i?72 ?2vTQi?2bBb i2biX
b KTH2 Q7 jy 2t KBM iBQM b+Q 2b T QmB#262X #QINH/Mpi'B M+2

?2vTQi?2bBb i2biBM; M/ / r +0QQ@®p-Hmi2B QWM @ bBM;

bQH,

"2 BMITT2 h BH yXRy yXy8 yXyk8 yXyR
20 Hm2 UKN /7V  jNXy3d 9kX88d 98Xdkk 9NX833
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*7? THJQ,F%M72‘2M+2b #Qmi SQTmH iBQM o B M+2b

RRXk AM72 2M+2b #Qmi hrQ SQTmH iBQM o

RX AM bQK2 bi iBbiB+ H TTHB+ iBOQMb r2 K vr MiiQ +QKT “2i?2
[m HBiv "2bmHIBM; 7°QK irQ /Bz2 '2Mi T Q/m+iBQM T " Q+2bb2b- i
iBK2b 7Q " irQ bb2K#Hv K2i?Q/b- Q i?2p "B M+2b BM i2KT2" in
/I2pB+2bX

kX AM K FBM: +QKT "BbQMb #Qmii?2irQ TQTmH iBQM p "B M+2
+QHH2+i2/ 7° QK - QM2 7°QK TQTmH iBQM R |
MQi?2  7°QK TQTmH iBQM kX h?2 sEQMAKTBIRH # B iM2 2bbBb
7Q0° K FBM; BM72°2M+2b #Qmii?2 irQ,T®TsH iBQM p "B M+2b

jXa KTHBM; .Bbi B#m¥BQd4Ww M 2= 2
q?22M2p2  BM/2T2M/2Mi bBKTH2 ° MYQ Kl h, K T2HRDHR 7 i2B 72 ) K
irQ TQTmH iBQMb rBi? - i?2 b KTHBM; /Bbi B#miBQ
Q7 Bb M /Bbi'B#miBQM rBi?/2;°22b Q7 7°22/QK 7Q" i?2
MmK2' iQ > M/ [2:°22b Q7 7°22/QK 7Q i?€ BRMQREBM TOI'X
P B M+27Q i?2  M/QKBIiXKKIH2 QK TQTmHSIBQMR-b MTH2
p B M+27Q i?2 M/QKBIiRRHZ @K TQTmH iBQM kX

9XA!,256, h?2 b KTHBM; /Bbi'B#miBQM Q7  iBQ Q7 p 'B M+2b Bt
X 6Bb?2° BM RNk9X ++Q /BM:iQ S°Q7X _X X 6Bb?2 -i?2 "  iB
+?B@ b[m "2 p "B i2b r?2M /BpB/2/ #v i?2B" "2bT2+iBp2 /2; 22
F@/Bbi'B#miBQM b

2 /(n 1 1)s2
Ve PR LN L P PPEP TP
n, pf(nz2 1)
F__«m 1)sz/ )(ny 1)  si 2 .
- 2 (ny Linp 1)
2

(n D3 i(n, 1) s3
A= 2 i?22M

SZ
S_% I:(nl Linp 1)

h?2°27Q°2-i?2b KTHBM; /Bbi'B#miBQM Q7 " FB®@/8ib B¢#TH B @ MB

rBithy, Liny, 1)/2;°22b Q7 7 22/QKX
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w2 TizR RAm72 2m+20b #Qmi SQTmH iBQM o "B M+2b

8X UBB;m 2 RRX/BbihB2ZmiBQM Bb M/ i?R p Hm2b + M
X h?2 b? T2 Q7 Mv H /BR+mMBHEMIiBQM /2T2M/b QN
Bib MmK2  iQ> M//2MQKBM iQ  /2;°22b Q7 7°22/QKX

FIGURE 11.4 F Distribution with 20 Degrees of Freedom for the Numerator
and 20 Degrees of Freedom for the Denominator

.05

0 2.12
F,Dﬁ

eX Uh #H2 RRXjV q2 rBHB nQi2 i?2 F HMR2TQDQpB/2b M "2 Q°
T ' Q# #BHBiv Q7 BiMi?2 Q7 i?2 /IBbi B#miBQMX 6Q 2t KTH2-
BM 6B;m FRRH0) = 2:12 /2MQi2b i?2 mTT2 i BH "2 FQ7 yXy8 7Q
/Bbi"B#miBQM rBi? ky /2:°22b Q7 7°22/QK 7Q  i?2 MmK2  iQ> M/

7Q° i?2 /2MQKBM iQ X
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*7? Ti2R,R\M72‘2M+2b #Qmi SQTmH iBQM o B M+2b

TABLE 11.3 Selected Values from the F Distribution Table*

Area or
probability

0 12

a

Denominator Area in

Degrees of Upper Numerator Degrees of Freedom

Freedom Tail 10 15 20 25 30
10 .10 2.32 2.24 2.20 2107 22,1
.05 2.98 2.85 2.77 273 2, 71]

025 3.72 3.52 3.42 3.35 S5l

.01 4.85 4,56 4.41 4.31 4,25

15 .10 2.06 1.97 1.92 1.89 1.87
.05 2.54 2.40 2.33 2.28 2.25

025 3.06 2.86 2.76 2.69 2.64

.01 3.80 215 3.37 3.28 3.21

20 .10 1.94 1.84 1.79 1.76 1.74
.05 2.35 2.20 A1) 207 2.04

025 2.77 2.57 2.46 2.40 2.35

.01 3.37 3.09 2.94 2.84 2.78

25 .10 1.87 1.77 1.72 1.68 1.66
.05 2.24 2.09 2.01 1.96 1.92

025 2.61 2.41 2.30 273 2.18

.01 3.13 2.85 2.70 2.60 2.54

30 .10 1.82 1.72 1.67 1.63 1.61
.05 2.16 2.01 1.93 1.88 1.84

025 2.5 2.31 2.20 2.12 2.07

.01 2.98 2.70 2.55 2.45 2.39

*Note: A more extensive table is provided as Table 4 of Appendix B.

dX G2imb b?QrRPBLHPB#miBQM + M #2 mb2/iQ +QM/m+i ?2vTQi?2
i?72 p B M+2b Q7 irQ TQTmH iBQMbX g2 #2;BM rBi? i2bi Q7 |
TQTmH iBQMp B M+2bX h?2 ?2vTQi?2b2b "2 bi i2/ b 7QHHQrb:

3X h?22T°Q+2/m 2mb2/iQ+QM/m+ii?2?2vTQi?2bBbi2bi 2[mB 2b i
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*7? Ti2R,RM72‘2M+2b #Qmi SQTmH iBQM o B M+2b

b KTH2b- QM2 7°QK 2 +?2 TQTmH iBQMX h?2irQ b KTH2 p "B M+
g2 '272° iQ i?2 TQTmH iBQM T QpB/BM; i?2 H “;2 b KTH2 p "B
h?mb- b KTH2 bBx2K/7 b KTH2 p "B M+2+Q¥7 "2bTQM/iQ TQT@

mH iBQM R- M/ b KTH2 bBXK2HRKTH2 p B M+2+@7 2bTQM/

iQ TQTmH iBQM kX

NX2bi ai iBbiB+ 7Q° >vTQi?2bBb h2bib #Qmi SQTmH iBQM o 'B

2_ 2
1 2

"b2/ QM i?2 bbmKTiBQM i? i #Qi? TQTmH iB/@BYMb B#p2iBQM -
i72° iBQ Q7 b KTH2 p "B M+2b T'BDpBb2bii2BWiBHHQrBM;

F= (11:10)

2MQiBM: i?2 TQTmH iBQM rBi? i?2 H ;2 b KTH2p 'B M+2 b T
bi iBbiB+ P bBMM B#miBQMLI/Ri?22b Q7 7°22/QK 7Q  i?2 MmK2" iQ
n, 1/2;°22b Q7 7°22/QK 7Q  i?2/2MQKBM iQ" X

RyX "2+ mB22b2 bi iBbiB+ Bb +QMbi m+i2/ rBi? i72
BMi?2 MmK2" iQ -i?2p Hm2 Q7 i?2 i2bibi iBbiB+QBHM2#42 BM i?
F /Bbi'B#miBQMX

RRX Uh #H2 RRX9V bmKK v Q7 ?2vTQi?2bBb i2bib #Qmi irQ TQTn

TABLE 11.4 Summary of Hypothesis Tests About Two Population Variances

Upper Tail Test Two-Tailed Test
Hy: 0f =03 Hy: o = o3
Hypotheses Al H.: o? # o2

Note: Population 1
has the larger
sample variance

Test Statistic _st _st

F -
s} s
Rejection Rule: Reject H, if Reject H, if
p-value p-value = a p-value = a
Rejection Rule: Reject H, if Reject H, if
Critical Value [FEsE, F=F,,
Approach

URR¥&k\Ws v 62#'m “v kk- kyke



*7? Ti2R,RM72‘2M+2b #Qmi SQTmH iBQM o B M+2b

ZM2DIiBROMX XXX XXXXXXXXXXXX XXKRKKKRERBRKIK M X X X |

UmHHmMb *QmMiv a+?QQMbmHKMBEZQmMMiva+?QQHb Bb 2M2rBM
#mb b2 ' pB+2 +QMi” +i7Q  i?2 +QKBM; v2 ° M/ Kmbib2H2+i QM2
i?72 JBH# MF *QKT Mv Q i?2 :mH7 S "F *QKT MvX g2 rBHH mb2
i?72 "Bp HQ TB+FmTf/2HBp2 viBK2b b T BK 'vVK2 bm 2 Q7 i
b2 pB+2X GQrp B M+2p Hm2b BM/B+ i2i?2KQ 2 +QMbBbi2Mi
A7 i?2p B M+2b Q7 "~'Bp HiBK2b bbQ+B i2/ rBi? i?2 irQ b2 pE
a+?QQH /KBMBbi® iQ b rBHH b2H2+i i?2 +QKT Mv Qz2 BM; i?2
>Qr2p2 -B7i?2b KTH2 /i QM #mb ~"Bp HiBK2b 7Q i?2irQ +Q
bB;MB}+ Mi /IBz2 2M+2 #2ir22M i?2 p B M+2b-i?2 /KBMBbi iC
bT2+B H+QMbB/2 iBOQMiQi?2 +QKT MvrBi?i?2 #2ii2° Q  HQr2°
TT QT B i2 ?2vTQi?2b2b 7QHHQTrX

.2 - 2. .2 2.

AHo + M #2 "2D2+i2/- 1?2 +QM+HmMbBQM Q7 mM2[m H b2 pB+2[m
rBHH mb2 H2p2H Q7 EB;MNMBQ+H @M2n+7i i?72 ?vTQi?2bBb i2biX b
Q7 ke ""Bp HiBK2b 7Q  i?2 JBH# MF b2 pB+2 T QpB/2b b KTH
b KTH2 Q7 Re "~ "Bp HiBK2b 7Q i?2 :mH7 S "F b2 pB+2 T QpB/2
kyX "2+ mb2i?2JBH# MFb KTH2T QpB/2/i?2H ;2 b KTH2p 'E
JBH# MF b TQTmH iBR@RMmMR2 TT2Q +? Q i?2 + BiB+ Hp Hm2
iQ Q#i BM i?2 ?2vTQi?2bBb i2biBM; +QM+HmMbBQMX

bQH,

"2 BMITT2 h BH yXRy yXy8 yXyk8 yXyR
6 0o Hn2 425 -, =15V RX3N kXk3 kXeN jXk3
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*7? Ti2R,RM72‘2M+2b #Qmi SQTmH iBQM o B M+2b

ZM2DIiBROMX XXX XXXXXXXXXXXX XRKRKKKRONIK M X X X |

QM2 @iFBiIRBI #Qmii?2p "B M+2b Q7 irQ TQTmH iBQMb #v +QM
QTBMBQM bm p2vX a KTH2b Q7 jR K2M M/ 9R rQK2M rBHH #2 n
#Qmi +m "2Mi TQHBiIB+ H Bbbm2bX h?2 "2b2 +?2 +QM/m+iBN
iQ b22 r?2i?2 i?2 b KTH2 /i BM/B+ i2 i? i rQK2M b?Qr ;72 i2
iiBim/2 QM TQHBiB+ HBbbm2b i? M K2MX AM i?2 7Q K Q7 i?2 Q
'Bp2M T 2pBQmbHvV- rQK2M rBHH #2 /2MQi2/ b TQTmH iBQM R

b TQTmH iBQM kX h?2 ?2vTQi?2bBb i2bi rBHH #2 bi i2/ b 7QHHC

.2 2 . . 2 2 .
HO' women men ! Ha women > men *

"2D2+iBH)MBPR2b i?2 "2b2 “+?2°i?2 bi iBbiB+ HbmTTQ i M2+2b
i? i rQK2M b?Qr :°2 i2  p 'B iBQM BM iiBim/2 QM TQHBiB+ H
"2bmHib T'QpB/2 b KTH2ROFMHDRZM M/ b KTH2 p "B M+2
2=80 7Q  K2MX 1b2 H2p2H Q7 (&5 M)BA@ NW+2+i i?2 ?2vTQi?2bBb i2|
bQH,

URR M@k Ms v
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U 1s1_*Aala

$
RRXRk- j- 8- N- Ry
RRXKkR9- R8- R3- RN
alS , ke- kN
& %
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‘o Tisz*QKT 'BM; JmHiIBTH2 S QTQ iBQMb- h2biQ3 AM/2T2M/2M
M2bb Q7 6Bi

MXYT+ $ V
M/2 bQMob ai iBbiB+b 7Q° "mbBM2bb 1+QMQKB+b UR!
*QKT BM: JMHIBTH2 SSOTO |
x2 TiR K Q R

T2M/2M+2 M/ :QQ/M2bb Q7

fizZ™6)ez nA, s .8e%-i keykye
30Z™5@, $?be &0JBE&<E) + MXYi+ La"V5@2o

5@+ M™IRiiTh,ff2KrmXB/pXir

LaM , +_VF, )O#0 |

Pp2 pB2r

RX *QMDbB/2  + b2b BM r?B+?i?2/ i #2mbBM; i2bibi iBbiB+ # b2
QM i?2 +?B@b{m V2ZBbi'B#miBQMX

kX AM + b2b BM r?B+?2 /i "2 MQi M im > HHv + i2:Q BEM/M-r2 /2}M:
+QMbB/2 i?2 Q#b2 p iBOQM +QmMi BM 2 +2 + i2:G v F?22b2
P2 b iBH2 M/ 2tT M/ ?2vTQi?2bBb i2biBM; rBi? i?2 7TQHHQrBM;

UV h2biBM; i?2 2[m HBivQ7 TQTmH iBQM T'QTQ iBQMb 7Q" i7
U*?B@alm "2 v

U#V h2biBM:i?2BM/2T2M/2M+2Q7irQ + i2;Q B+ Hp "B #H2bXV

U+V h2biBM; r?2i?2° T 'Q# #BHBiv /Bbi'B#miBQM 7Q° TQTmt
?BbiQ B+ HQ i?2Q 2iB+ HT Q# #BHBiv/Boi B#miBQNNVU*?
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‘o Tisz*QKT 'BM; JmHIBTH2 S QTQ iBQMb- h2biQ3 AML2T2M/2M
M2bb Q7 6Bi

RkXR h2biBM; i?72 1[m HBiv Q7 SQTmH iBQM S
7Q h? 22 Q JQ 2SQTmH iBQMb

RX AM i?Bb b2+iBQM-r2 b?Qr 2?8V i2BiHRABI®biBw+ 2 M #2 mb2/iQ K
bi iBbiB+ HBM72 2M+2h 4Qmii?2 7Q°i7°22 Q"
KQ 2 TQTmH iBQMbX

kX IbBM; i?2 MQi iBQM
= TQTmH iBOQM T'QTQ iBQM=12 3T QTKmH iBQM

i22 2vTQi?2b2b 7Q  i?2 2[m HBiv Q7 TOQR mHTI@QVHT i BTRDiBQMDb

b 7QHHQTrb,

Ho © H,:LQi HHTQTmH iBOQM T'QTQ iBQMb 2

UV A7i?2 M/i?2 +?2B@b[m "2 i2bi +QK THyi+i BA@Ib BM/B-
MQi #2 "2D2+i2/-r2 + MMQi /2i2+i /BANIMH2I KDWTIiOT Q" @
iBQMb X

U#V >Qr2p2 - B7i?2b KTH2/ i M/i?2 +?B@b[m "Hi2bi +QKTm
+ M #2 2D2+i2/-r27 p2i?2 iQ+QM+HmM/2 iR iMQi HH
TQTmH iBQM T'QTQ iBQMb "2 2[m Hci? i Bb- QM2 Q> KQ 2 T
/IBz2  7°QK i?2 Qi?2  TQTmH iBOQM T'QTQ iBQMbX

U+V 6m i?2° M Hvb2b + M #2 /QM2 iQ +QM-+Hm/2
Q T'QTQ iBQMb "2 bB:MB}+ MiHvV /Bz2 2Mi 7°QK Qi?2 bX

jX1t KTH2 P : MBx iBQMb bm+? b CX.X SQr2° M/ bbQ+B i2b mb
QrM2 b HBF2HvV iQ "2Tm +? b2 T 'iB+mH miQKQ#BH2 b M |
HQv Hiv 7Q" i?2 mMiQKQ#BH2X M miQKQ#BH2 rBi? ;'2i2 T
HBF2HViQ "2Tm +? b2 Bb +QM+HmM/2/iQ ? p2:°2 i2° +mbiQK2"  F

UV amTTQb2i? iBM T iB+mH “bim/vr2r MiiQ +QKT “2i?2 +n
i7°22 MiQKQ#BH2b, *?2p QH2i AKT H - 6Q/ 6mbBQM- M/ >
+m " 2MiQrM2 b Q72 +?2 Q7i?2i?°22 mMiQKQ#BH2b 7Q K i?2 |
i?2 bim/vX h?2i?°22 TQTmH iBQM T'QTQ iBQMb Q7 BMi2 2b
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‘o TiZRk*QKT 'BM: JmHIBTH2 S QTQ iBQMb-h2biQ3 AM42T2M/2M
M2bb Q7 6Bi

pp= T'QTQ iBQM HBF2HvV iQ "2Tm +? b2 M AKT H 7Q i
*22p QH2i AKT H QrM2 bX

p= T QTQ iBQM HBF2HV iQ "2Tm +? b2 6mbBQM 7Q" i?2
6MbBQM QrM2 bX

= T'QTQ iIBQMHBF2HVIQ '2Tm +?2 b2 M ++Q /7Q i?22 T(
++Q°/ QrM2 bX

U#V h?22 ?2vTQi?2b2b "2 bi i2/ b 7QHHQrb,

Ho : ; Ha: LQi HHTQTmH iBQM T QTQ iBQMb 2

U+V hQ +QM/m+i i?Bb ?2vTQi?2bBb i2bir2 #2;BM #v i FBM; b K
2 +?2Q7i?22i?2°22TQTmH iBQMbX h?mbr2 rBHH ? p2 b KTH2
QrM2 b- b KTH2Q76Q /6mbBQMQrM2 b- M/ b KTH2Q7 >Q

U/V 1 +?2 b KTH2 T°QpB/2b BM/B+ iBM; r?2i?2  i?2 "2bTQI
/2Mib "2 HBF2Hv Q"  MQi HBF2HV iQ "2Tm +? b2 i?2 miQKQ#
U2V Uh #H2 RKXRV h?2 /i 7Q b KTH2b Q7 Rk8 *?2p " QH2i AKT
6MbBQM QrM2 b- M/ Rd8 >QM/ ++Q / QrM2'b "2 bmKK “Bx:

TABLE 12.1 Sample Results of Likely to Repurchase for Three Populations
of Automobile Owners (Observed Frequencies)

Automobile Owners
Chevrolet Impala Ford Fusion Honda Accord  Total

Likely to Yes 69 120 123 312
Repurchase No 56 80 52 188
Total 125 200 175 500

U7V h?Bb i #H2 ? b irQ "Qrb 7Q  i?2 "2bTQMb2b u2b M/ LQ M
QM2 +Q "2bTQM/BM; iQ 2 +? Q7 i?2 TQTmH iBQMbX h?2 Q#
bmKK "Bx2/ BM i?2 bBt +2HHb Q7 i?2 i #H2 +Q "2bTQM/BM; i
i?72 HBF2HV iQ "2Tm +? b2 "2bTQMb2b M/ i?2i? 22 TQTmH i

U:V h?2 /i BMh #H2 RKXR 2 i?2 Q#b2'p2/ 7°2[m2M+B2b 7Q"
i? i 2T 2b2Mi i?2 bBt +QK#BM iBQMb Q7 i?2 RBFQMb2Q
M/i?2 QrM2  TQTmH iBQMX
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‘o Tisz*QKT 'BM; JmHIBTH2 S QTQ iBQMb- h2biQ3 M2 T2M/2M
M2bb Q7 6Bi

U?V A7r1r2+ M/2i2 KBM2i?2 2tT2+i2/ 7 2[m2VHpBRbhimiviZ2 i?2
r2+ M mb2i?2 +?B@b[m "2 i2bi bi iBbiB+iQ /2i2 KBM2r?2i?

B+ Mi/Bz2 2M+2 #2ir22M i?22M/ X
UuBvV A7 2tBbib #2ir22M i?2 Q#b2 p2/ M/ 2tT2+i2
[M2M+B2b- i?72 HeTRQ M ZPBH M/ i?2°2 Bb 2pB/2M+2 i? i

MQi HH i?2 TQTmH iBQM T°QTQ iBQMb "2 2[m HX
9X 1tT2+i2/7°2[m2M+B2b7Q i?2bBt+2HHb Q7 i?2i #H2 "2 # b2/

UV 6B bi-r2 bbmK2i? ii?2 Q72[m HTQTmH iBQMT QTQ"
Bbi m2X

U#V h?2M r2 MQi2 i? i BM i?2 2MiB 2 b KTH2 Q7 8yy QrM2 b- i
BM/B+ i2/i? ii?2vr2°2 HBF2HV iQ "2Tm +? b2 i?2B" +m  2Mi
Bb i?2 Qp2° HH b KTH2 T'QTQ iBQM Q7 QrM?

i?2v "2 HBF2HViQ "2Tm +? b2 i?2B  +m "2Mi miQKQ#BH2X

U+VHA7p, = pp=ps Bb im2- yXek9 rQmH/ #2 i?72 Q7 i?2
T°QTQ'iBQM "2bTQM/BM; HBF2HV iQ '2Tm +? b2 7Q" 2 +? Q
TQTmH iBQMbX

U/V aQ B7 i?2 bbmHKBDBIOM2QT72 rQmH/ 2tT2+i yXek9 Q7 i?2 RkS

H2i AKT H QrM2 b- Q° QrM2'b iQ BM/B+ i2 i?2v "2 HBF
iQ "2Tm +? b2 i?2 AKT H X IbBM; i?2 yXek9 Qp2> HH b KT
rQmH/ 2tT2+i Q7 i?2 kyy 6Q°/ 6mbBQM QrM2 b

Q7 i?2 >QM/ ++Q / QrM2'b iQ "2bTQM/ i? |
"2 HBF2HV iQ "2Tm +? b2 i?2B" "2bT2+iBp2 KQ/2H Q7 miQK

8X G2imb;2M2° HBx2i?2 TT Q +?2iQ +QKTmiBM; 2tT2+i2/7 2[m2
[12MQi2 1?2 2tT2+i2/ 7 ' 2[m2M+v 7Q i?M/+2HH BlM Q7 i?2
I #H2X

eX LQi2 i? i jRk Bb i?2 iQi HMmMK#2 Q7 u2b "2bTQMb2b U Qr R iC
b KTH2 bBx2 7Q" *?2p QH2i AKT H QrM2'b U+QHmMKM R iQi H\
b KTH2 bBx2X g2 + M b?Qr

_Qr R hQi H

hQi Ha KTH2 R P KM RHQIH

€11 =
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‘o TiZRk*QKT 'BM; JmHIBTH2 S QTQ iBQMb- h2biQ3 4 MR T2M/2M
M2bb Q7 6Bi

dXLtT2+i2/ 6 2[m2M+B2b mM/2" 1?2 HgbBbKI iBZ M

g = (12:1)

3X Uh #H2 RkXKV Ib2 2[m iBQM URKXRV iQ p2 'B7v i?2 Qi?2  2tT2+

TABLE 12.2 Expected Frequencies for Likely to Repurchase for Three
Populations of Automobile Owners if H, is True

Automobile Owners
Chevrolet Impala Ford Fusion Honda Accord  Total

Likely to Yes 78 124.8 109.2 312
Repurchase No 47 75.2 65.8 188
Total 125 200 175 500

NX?B@a[m "2 h2bi ai iBbiB+

(12:2)
r?22°2
fj = 7Q 1?2 +2HH BIM+ QHjmXK M
g = 7Q°i?2 +2HH BIM+ QHjmXK M

mM/2 i?2 bbnHE BilB QM2X

RyX AM +?B@b[m "2i2bi BMpRAPEMH IBOMTHBTWQO7B QMb- i?2 #(
bi iBbiB+? b +?B@b[m "2HAUDB2EMHEJIM YB2?PQK UV
T QpB/2/i?2 2tT2+i2/ 7°2[M2M+Vv7BD 2 +? +2HHX

RRXAUZ'56 V q?v i?2 i2bi bi iBbiB+ 7Q" i?2 +?B@b[m "2 i2bi Q7 ?Ql
+?B@b[m "2 /Bbi B#miBQM\ a22

UV h?2ImHIBMQKB H .Bbi B#miBQM M/ i?2 *?B@a[m 2/ h2bi
?2iiTbh,ffrrrXbi iX#2 F2H2vX2/mf bi "FfaiB+B:mBfh2tif+?Ba[m

U#V RAXR @ h2bi 6Q° >QKQ:;2M2Biv,
2iiTh,ffQMHBM2Xbi iXTbmX2/mfbi i9R/8fH2bbQMfRdfRdXR

RkX Uh #H2 RkXjV *QKTmi iBQM Q7 i?2 +?B@b[m "2 i2bi bi iBbiB+.

URR¥&k\Ws v 62# m “v kk- kyke


https://www.stat.berkeley.edu/~stark/SticiGui/Text/chiSquare.htm
https://online.stat.psu.edu/stat415/lesson/17/17.1

‘o TiZR,k*QKT 'BM; JmHIBTH2 S QTQ iBQMb- h2biQ3 AMRT2M/2M
M2bb Q7 6Bj

TABLE 12.3 Computation of the Chi-Square Test Statistic for the Test of Equal

Observed Expected Squared
Likely to Automobile Frequency Frequency Difference Difference
Repurchase? Owner B e; f; — e; (fE= e,-,-)2
Yes Impala 69 78.0 -9.0 81.00
Yes Fusion 120 124.8 -4.8 23.04
Yes Accord 123 109.2 13.8 190.44
No Impala 56 47.0 9.0 81.00
No Fusion 80 JESH2 4.8 23.04
No Accord 52 65.8 =-13.8 190.44
Total 500 500

Population Proportions

Squared Difference
Divided by
Expected Frequency
(f; - 6‘.‘,‘)2/ €

1.04

RjX Uh #H2 RkX9V AM Q /2  iQ mM/2 bi M/ r?2i?2> Q> MQi i?2 p Hn
H2 /b mb iQHZP2=p, = p3- vQm rBHH M22/iQ mM/2 bi N

M/ 272 iQ p Hm2b Q7 i?2 +?B@b[m 2 /Bbi'B#miBQM,

TABLE 12.4 Selected Values of the Chi-Square Distribution

Area or
probability
0 X2
Area in Upper Tail
Degrees
of Freedom A0 105 .025 .01
1 2.706 3.841 5.024 6.635
2 4.605 5E9.90 7.378 9.210
3 6.251 7.815 9.348 11.345
4 1.779 9.488 11.143 13.277
5 9.236 11.070 12.832 15.086
& 10.645 12.592 14.449 16.812
7 12.017 14.067 16.013 18.475
8 13.362 15.507 17.535 20.090
9 14.684 16.919 19.023 21.666
10 15.987 18.307 20.483 23.209
11 17.275 19.675 21.920 24.725
12 18.549 21.026 23.337 26.217
13 19.812 22.362 24.736 27.688
14 21.064 23.685 26119 29.141
15 22.307 24.996 27.488 30.578

.005

7.879
10.597
12.838
14.860
16.750

18.548
20.278
21.955
23.589
25.188

26.757
28.300
29.819
31.319
32.801

UV aBM+2i?222tT2+i2/7 2[m2M+B2bb?QrM BM h #H2 Rk Xk
i? Ho:p1=p2=ps Bb i m2- Q#b2 p2/ 7j2[M2M+BBM ; 22@

URR M@k Ms v

62#° m v kk- kyke
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‘o Tisz*QKT 'BM; JmHIBTH2 S QTQ iBQMb- h2biQ3 AMRT2M/2M
M2bb Q7 6Bi

K2Mi rBi? 2tT2+i2/ 7 &[mR2MWpB2 8 -
BM 2[m iBQM URKXKkVX A7 i?Bb Bb i?2 + b2-i?2p Hm2 Q7 i?2
rBHH #2 "2H iBp2Hy bX HH M/ X

U#V PM i?2 Qi?2 ? M/-B7 1?2 /Bz2 2M+2b #2ir22M i?2 Q#b2 pz
[mM2M+B2b "2 H “;2fjpef)m2M/Q72 +QKTmi2/ p Hm2 Q7 i?2 i2
bi iBbiB+ rBHH #X AM i?Bb + b2-i?2 MmHH ?vTQi?2bBb Q7 =
iBOM T°QTQ iBEQMb X

U+V h?mb +?B@b[m "2 i2bi 7Q° 2[m H TQTmH iBQM T QTQ" i
rBi? 2D2+HB QM N7 BM; r?2M i?2 i2bi bi iBbiB+

i?22mTT2 i BH Q7 i?2 +?B@b[m "2HBBT7T B#miBQMWK U_2D2+i
U/V g2+ Mmb2i?2mTT2 i BH "2 Q7 i?2 TT QT B i2 +?B@b|[n

i?2 TT'Q +?2 iQ /2i2 KBM2 r?2i?2  i?2 MmHH ?2vTQi?
“2D2+i2/X

RIXt KTH2 AM i?2 miQKQ#BH2 # M/ HQvV Hivbim/v-i?2i?°22 QrM
+ 0207 ii?2 TT' QT B i2 +?B@b[m "2 /Bhi B#miBN 22b
Q7 7°22/QKX

+?B@b[m "2 /Bbi' B#miBQM i #H2
"2 BMITT2] g8y yXy8 yXyk8 yXyR yXyy8
20 Hm2UkK| 9Xey8 8XNNR dXjd3 [NXkRy RyX8Nd

UV Up@p Hm2 TT Q +?V g2 b22 i?2 mT7T2 { BHBDb2#2i@

ir22Mm M/ X h?mb-i?2 +Q "2bTQM/BM; mTT2 i Bt
Kmbi #2 #2ir22 M M/ X UaQ7ip@%, Hm?2
=0:0193Vv
U#V qBi? -r2 2DHR+M/ +QM+HM/2i? ii?22i? 22TQTmH

T°QTQ iBQMb 2 MQi HH 2[m H M/ i?mb i?2°2 Bb /Bz2'2M
KQM: i?2 *?22p " QH2i AKT H - 6Q°/ 6mbBQM- M/ >QM/ ++Q"/

U+V Uh?2 + BiB+ Hp Hm2 J0:0) M7\KdBi?22b Q7 7°22/QK- i?2
+'BiB+ Hp Hm2 7Q" i?2 +?B @ b kg, =5iWhX thi?iB miBF2B h BH
"2D2+iBQM “2;BQM #2+QK2b

2D M4iB7
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‘o Tisz*QKT 'BM; JMHIBTH2 S QTQ iBQMb- h2biQ3 AMRT2M/2M
M2bb Q7 6Bi

gBi7:89 5991- r2 "2D&Ki

U/V h?mbp@D2Hm2 TT ' Q +? M/ i?2 +'BiB+ Hp Hm2 TT ' Q +? T°
2vTQi?2bBb@i2biBM; +QM+HmMbBQMX

R8X*?B@al[m "2 h2bi 7Q  i?2 1[m HBiv Q7 SQTmH iBQM3S QTQ iBC(
SQTmH iBQMb

URV ai i2i?2 MmHH M/ Hi2 "M iBp2 ?2vTQi?2b2b

Ho : ;7 Ha: LQi HHTQTmH iBQM T QTQ iBQMb

UKV a2i i?2 H2p2H Q7 bBXB2HM-2 ° M/QK b KTH2 7°QK 2 +? Q
TQTmH iBOQMb M/ 2+Q /i?2 Q#b2 p2/BM2[im2-\+B2Bk “Qrb
Mk +QHMKMbX bbmK2 i?2 MmHH ?2vTQi?2bBb Bb i'm2 M/ +(
7°2[m2M+B2hx

Ujv A7 -+QKTmi2i?2i2bi bi iBbiB+,

2 _

U9V 2D2+iBQM "mH2 U.2bB+BQM mH2V,
BX@p Hm2 TT Q H3,B7202+i X
BBX *"BiB+ Hp Hm2 THy B7+7?, _2D2+X
USV J F2 /2+BbBQMX
UeV . r +QM+HmMbBQM rBi? "2bT2+i iQ i?2 T'Q#H2KX

JMHIBTH2 *QKT "BbQM S Q+2/m’2

RX aBM+2i?2 +?B@b[m 2 i2bi BM/B+ i2/i? i MQi HHTQTmH iBQ
Bb 2 bQM #H2 7Q " mb iQ T Q+22/ #v ii2KTiBM; iQ
KQM; i?2 TQTmH iBOQM T°QTQ iBQMb 2tBbiX

kX "2;BM #v +QKTmiBM; i?2i?°22 b KTH2 T'QTQ iBQMb b 7QHHQ

"M/ GQv Hiv a KTH2 S QTQ'iBQMb
*22p QH2i A E 69/125 = 0:5520

6Q / 6m b B M120/200 = 0:6000

>QM/ ++Qps/=123/175 = 0:7029

URR¥&k\Ws v 62#'m “v kk- kyke



‘o Tisz*QKT 'BM; JmHIBTH2 S QTQ iBQMb- h2biQ3 AM/2T2M/2M
M2bb Q7 6Bi

jiX 6Q  i?Bb r2 rBHH "2Hv QM

T Q+2/m 2i? i+ M #2 mb2/iQ
+QM/m+i bi iBbiB+ H i2bib #2ir22M HHT B'b Q7 TQTmH iBQM T

BM:-r2/Bb+mbb KmHiBTH2 +QKT "BbQM T Q+2/m 2FMQXM bi?
9X g2 #2;BM #v +QKTmiBW i?2

#2ir22M
b KTH2 T'QTQ iBQMb 7Q 2 +?2 T B Q7 TQTmH iBQMb BM i?2 bir

C *?2p " QH2i AKT H M/ 6Q '/ 6mbBQM,
= j0:5520 0:600Q = 0:0480

C *?2p " QH2i AKT H M/ >QM/
= j0:5520 0:7029 = 0:1509

C 6Q°/6mbBQM M/ >QM/ ++Q"/,
= j0:6000 0:7029 = 0:1029

++Q/,

8X AM

b2+QM/ bi2T- r2 h2zH2-+i
BM;

M/ +QKTmi2i?2 +Q "2bTQM/
70°2 +?2 T B rBb2 +QKT "BbQM mbBM; i?2 7TQHHC
eX ' BiB+ Ho Hm2b 7Q " i?2 J °
SQTmH iBQM S'QTQ iBQMb
6Q 2 +? T B'rBb2 +QKT "BbQM +QKTmi2

b+mBHQ S B rBb2 *QKTK'BbQM S°Q

+ BiB+ Hp Hm2 b 7Q
CV; = (12:3)

r?2° 2

2= +?B@b[m "2 rBi?
P Mfp =
n; M,hj:

H2p2H Q7kbB/2MB22bMIR2 7 M/ QK
b KTH2 T'QTQ iBQMb 1QMFQTmH iBQMb
b KTH2 bBx2b 7Q iT®MImH iBQMb

dX IbBM; i?2 +?B@b[m "2 /Bbi BEniBIRULBM d; #32D RKXB-22/QK -
M/

yXy8 H2p2H Q7 bB;MBZE# M+R99tX L. @2 mbBM; i?2 b KTH2
T QTQ pPBOOMIS20-p, = 0:6000- Mps = 0:7029- i?2 + BiB+ Hp Hm2b 7Q" i

i?7°22T B rBb2 +QKT "BbQM i2bib "2 b 7QHHQTrb,

UV *?2p QH2i AKT H M/ 6Q /6mbBQM

CVypp =

URR M@k Ms v

62# m v kk- kyke



vo 1ioR K*QKT "BM; ImHIBTH2 S QTQ iBQMb- h2ki QTHANEZT2M/2M

M2bb Q7 6Bi

U#V *22p QH2i AKT H M/ >QM/ ++Q"/

r

_P___ 05520(1 05520) 0:7029(1 0:7029)
CVis = 5991 o + 7E =

0:1379

U+VvV 6Q / 6mbBQM M/ >QM/ ++Q°/

)
P____ 0:6000(1 0:6000) 0:7029(1 0:7029)
CVos = 5991 556 7

0:1198

3X A7 i?2 #bQHmMi2 p HM2 Q7 Mv T B'rBb2b KTF2 T Dt iBQM /E
+22/bBib+Q "2bTQM/BM; + BiBiRHTp BImBRb2 /Bz2 2N +2 Eb
ii?72yXy8 H2p2H Q7 bB;MB}+ M+2 M/r2+ M+QM+HmM/2i? ii?2ir
mH iBQM T QTQ iBQMb "2 /Bz2 2MiX

NX Uh #H2 RkX8V T B'rBb2 +QKT "BbQM T Q+2/m" 2,

TABLE 12.5 Pairwise Comparison Tests for the Automobile Brand Loyalty Study

Significant if
Pairwise Comparison |p; — P;l cv; |p: — Bl > CV;
Chevrolet Impala vs. Ford Fusion .0480 .1380 Not significant
Chevrolet Impala vs. Honda Accord .1509 1379 Significant
Ford Fusion vs. Honda Accord .1029 1198 Not significant

RyX h?2 +QM+HmMbBQM 7 QK i?2 T B rBb2 +QKT BbQM T Q+2/m"
+ Mi /Bz2 ' 2M+2 BM +mbiQK2 HQvV Hiv Q++m b #Mf22R i?2 *?2¢
>QM/ ++QPFmM b KTH2 "2bmHib BM/B+ i2 i? ii?2 >QM/ ++Q" /"
TQTmH iBQM T°QTQ'iBQM Q7 QrM2'b r?Q b vi?2v 2 HBF2Hv i
++Q /X h?mb-r2+ M+QM+HmM/2 i? ip:22037Q29N ? 0+ Q 2U2°
+mbiQK2  HQvV Hivi? Mi?2 *?@pF 0BEZOVAXKA? H " 2bmHib Q7 i?2 bim/
"2BM+QM+HmMbBp2 biQi?2 +QKT "~ iBp2 HQv Hiv Q7 i?2 6Q "/ 61

RRX q?BH2 i?2 6Q / 6mbBQM /B/ MQi b?Qr bB;:MB}+ MiHv /Bz2 2Mi
iQ i?2 *?22p " QH2i AKT H Q  >QM/ ++Q /- H :2° b KTH2 K v ?
bB:MB}+ Mi /Bz2 2M+2 #2ir22M 6Q / 6mbBQM M/ i?2 Qi?2 irQ
Q7 +mbiQK2  HQv HivX

URR ¥@&k\Ws v 62#°m “v kk- kyke



vo 1ioR K*QKT "BM; ImHIBTH2 S'QTQ iBQMb- h2ki Q7 AM{RT2M/2M
' ' 'M2bb Q7 6B ’

RkX Ai Bb MQi MM+QKKQM 7Q° KmHiIBTH2 +QKT 'BbQM T Q+2/m
bQK2 T B rBb2 +QKT "BbQMb M/ v2i MQi b?Qr bB;MB}+ M+2 7Q
T "BbQMb BM i?2 bim/vX

RjXXALZ'56 V q?ViB7 pj CV -i?2 T B rBb2 /Bz2 2M+2 Bb bB;MB}+ Mi\
C AXn B(nipr)-r2 ? ®2Xq1) = npr MNMar(X1) = nipa(1 pr) X

X
Cl=p=mX
Ny

GVar(G?) =

¢ *Gh,

C aBKBH >3v B p) X
CE(: po)=

CVar(p, p)=

C IM/2Ho:pr=p.-i2bi bi iBpipst,

RkXk h2bi Q7 AM/2T2M/2M+2

RX M BKTQ'i Mi TTHB+ iBQM Q7 +?B@b[m "2 i2bi BMpQHp2b r
7Q i?2 Q7 irQ p "B #H2bX 6Q  i?Bb i2bir2i F

URR¥&k\Ws v 62#'m “v kk- kyke



‘o Tisz*QKT 'BM; JmHIBTH2 S QTQ iBQMb- h2ki Q7 AM/2T2M/2M
M2bb Q7 6Bi

7°QK TQTmH iBQM M/ 2+Q /i?2 Q#b2 p iBQMb 7Q
p "B #H2bX

kX g2 rBHH bmKK “Bx2 i?2/ i #v +QmMiBM: i?2 MmK#2 Q7 "2bTQ
M iBQM Q7 + i2:Q'v7Q p B #H2 R M/ + i2:Q°v7Q p 'B #H2

iX h?2 MmMHH ?2vTQi?2bBb 7Q  i?Bbi2biBbi? ii?2irQ+ i2;Q B+ Hp
h?mb-i?2 i2bi Bb 272 °2/iQ k X

9X1t KTH2 #22 BM/mbi'v bbQ+B iBQM +QM/m+ib bm p2viQ /2
2M+2b Q7 #22° ['BME2 b 7Q  HB;?i- "2;mH - M/ / "F #22°bX

UV b KTH2Q7 kyy #22 /' BMF2 ' bBbi F2MrBi? 2 +?2 T2 'bQM Bl
BM/B+ i2 T '272°2M+27Q QM2 Q7i?2i?°22ivT2b Q7 #22 b,
i i?72 2M/ Q7 i?2 bm p2v [m2biBQMM B 2- i?2 "2bTQM/2Mi B
BM7Q K iBOQM QM p "B2ivQ7/2KQ; T?B+b BM+HmM/BM; ;2M

U#V "2b2 "+? [m2biBQM Q7 BMi2 2biiQi?2 bbQ+B iBQM Bb r?
i?7°22ivT2b Q7 #22 Bb BM/2T2M/2Mi Q7 i?2 ;2M/2° Q7 i?2 #2.

U+V A7 i?2irQ + i2;Q°' B+ Hp B #H2b- #22 T°272 2M+2 M/ ;2N\
#22 T 272 2M+2/Q2b MQi/2T2M/ QM ;2M/2° M/ i?2T 272 2M
M/ "F#22 + M#2 2tT2+i2/iQ#2i?2b K27Q K H2 M/ 72K H

U/V >Qr2p2 - B7 i?2 i2bi +QM+HmMbBQM Bb i? ii?2 irQ + i2;Q E
BM/2T2M/2Mi-r2 ? p22pB/2M+2i? i #22 T '272°2M+2 Bb bb(
MTQM i?2 ;2M/2° Q7 i?2 #22 /| BMF2 X

U2V b "2bmHi-r2 + M 2tT2+i #22 T 272 2M+2b iQ /Bz2 7Q K
/I " BMF2 bX AM i?Bb + b2- #22 K Mm7 +im 2" +QmH/ mb2 i?l
iIQKBx2 Bib T"TQKQiBQMb M/ /p2°iBbBM; 7Q  i?2/Bz2 2Mii °
M/ 72K H2 #22° /" BMF2 bX

8X h?2 ?2vTQi?2b2b 7Q  i?Bb i2bi Q7 BM/2T2M/2M+2 2 b 7QHHQ1

Ho: "22° T 272 2NM+2 BD Q7 ;2M/2°
Hy: "22° T 272 2NM+2 Eb Q7 ;2M/2°

eX Uh #H2 RkXeV aBM+2 M Q#D2+iBp2 Q7 i?2bim/vBbiQ/2i2 KB
ir22M i?2 #22° T 272 °2M+2b 7Q K H2 M/ 72K H2 #22  / BMF2 b-
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M/ 7QHHQr i?2 mbm HT  +iB+2 Q7 K FBM; i?2
p B #H2i?2 p B #H2BM i?2/ i i #mH iBQM i #H2X h?2 #22
Bbi?2 p B #H2 M/Bbb?QrM bp?B #H2X h?2
b KTH2 "2bmHib Q7 i?2 kyy #22° /'BMF2 b BM i?2 bim/v "2 bmKK

TABLE 12.6 Sample Results for Beer Preferences of Male and Female Beer
Drinkers (Observed Frequencies)

Gender
Male Female Total
Light 51 39 90
Beer Preference  Regular 56 21 77
Dark 25 8 33
Total 132 68 200

dX 6Q  i?2 + i2:Q B+ Hp "B #H2 ;2M/2 -r2 b22 Rjk Q7 i?2 kyy BM i
h?Bb :Bp2b mb i?2 2biBK i2 i7 i - Q7 i?2 #22° ['BMF2°
TQTmH iBQM Bb K H2X aBKBH vy 12 2LiBK i2 i?-iQ7 i?2
#22° "BMF2  TQTmH iBQM Bb 72K H2X h?mb K H2 #22° /"BMF2
72K H2 #22  /"BMF2'b TT QtBK i2Hv k iQ RX

3X a KTH2 T'QTQ iBQMb Q' T2 +2Mi :2b 7Q" i?2i?2°22 ivT2b Q7 #2

UV S 272 GB;7?i "22°

U#V S 272 _2;mM200=202385- Q j3X8W
U+V S 272 . 3B/200Z0:165- Q° ReX8W

NX + Qbb HH #22 /'BMF2 b BM i?2 b KTH2- HB;?i #22 Bb T 272
#22 Bb T'272 "2/ H2 bi Q7i2MX

RyX h?2 +QKTmi iBQMb M/ 7Q KmH b mb2/iQ /2i2°KBM2 B7 #22°
"2 BM/2T2M/2Mi "2 1?2 b K2 bi?Qb2 mb2/7Q i?2 +?B@b[m "2
IM/2" 1?2 bbmKTIiBQM i? ii?2 #22° T 272 2M+2b M/ ;2M/2° "2 B
1?72 2tT2+i2/ 7' 2[m2M+M/7QQHQWEKIM; Bp2M #v

e = (12:4)

RRX Uh #H2 RkXdV 2tT2+i2/ 7 2[m2M+B2b
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TABLE 12.7 Expected Frequencies If Beer Preference Is Independent
of the Gender of the Beer Drinker

Gender
Male Female Total
Light 59.40 30.60 90
Beer Preference  Regular 50.82 26.18 77
Dark 21.78 1122 33
Total 132 68 200

RkX h?2 +?B@b[m "2 i2bi bi iBbiB+X

2= (12:5)

RiX gBi?Qrb M/+QHmMKMb BM i?2 i #H2- i?2 +?B@b[m "2 /Bbi B#
12;°22b Q77 22/QK T QpB/2/i?22tT2+iz2/7 2[m2M+v B
7Q 2 +? +2HHX

RO9X Uh #H2 RkX3V

TABLE 12.8 Computation of the Chi-Square Test Statistic for the Test of Independence
Between Beer Preference and Gender

Squared Difference

Observed Expected Squared Divided by
Beer Frequency Frequency Difference Difference Expected Frequency

Preference Gender f; e; f,—e; (f; — ;) (f;— e;)e;
Light Male 51 59.40 —8.40 70.56 1.19
Light Female 39 30.60 8.40 70.56 2
Regular Male 56 50.82 5.18 26.83 153
Regular Female 21 26.18 -5.18 26.83 1.02
Dark Male 25 21.78 3.22 10.37 .48
Dark Female 8 11.22 =277 10.37 .92
Total 200 200 ¥ =645

R8X h?2mTT2 i BH 2 Q7 i?2 +?B@b[m "2 /Bbi B#miBQM rBi? k /.

"2 BMITT2] xRy yXy8 yXyk8 yXyR yXyy8
2 0 Hm2fUk| 9Xey8 8XNNR dXjd3 [NXkRy RyX8Nd
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ReX h?mb-r2b22i?2mTT2 i 34 "Bbi#2ir22M M/ -
M/ bQi?2+Q "2bTQM/BM; mTT2 i BKmR2i #2 #2ir22M yXy8 M/
yXyk8X qRi? -r2 2D+ M/ +QM+HM/2 i? i #22 T 272 2M-

MQi BM/2T2M/2Mi Q7 i?2 :2M/2° Q7 i?2 #2@p /HBARIBY X UaQ7ir "2

RAX qBiE0:05 M/ k /2;°22b Q7 7°22/QK-i?2 + BiB+ Hp Hm2 7Q" i?2
bi iBbiB2sBH5:991X h?2 mTT2 i BH '2D2+iBQM 2;BQM #2+QK2b

2D M4iB7

gBi®845 5991- r2 "2DRKi

R3X q?BH2r2 MQr ? p2 2pB/2M+2 i? i #22 T 272 2M+2 M/ ;2M/2"
r2 rBHH M22/iQ ;: BM //BiBQM H BMbB:?i 7°QK i?2 /i iQ bb2b
#2ir22M i?2b2irQp "B #H2bX PM2r viQ /Q i?Bb Bb iQ

T Q# #BHBiv Q7 i?2 #22 T 272 2M+2 *2bTQMb2b 7Q° K H2b M/

"22° S 272°2M+2 J H2 62K H2
GB;?i 39/68 =0:5735- Q" 8d Xj8W
_2;mH | 56/132=0:4242- Q 9k X9|RW68 =0:3088- Q" jyX|33W
"F 25/132=0:1894- Q" R3XN®BW8 = :1176- Q" RRXdeW

RNX q? iQ#b2 p iBQMb + MvQmK F2 #Qmii?2 bbQ+B iBQM #2ir2

2M/2°  BM i?2 b KTH2\

UV 6Q 72K H2 #22° /' BMF2 b-i?2?B;?2bi T 272°2M+2 Bb 7Q"°

U#V 6Q K H2 #22 /' BMF2'b- "2;mH ~ #22 Bb KQbi 7°2[m2MiHvVv

U+V q?BH2 72K H2 #22° /' BMF2 b ? p2 ?B;?2 T 272 2M+2 7Q"
K H2 #22° /|  BMF2 b ? p2 ?B;?2 T 272 2M+2 7Q #Qi? "2;m
#22 X

U/V U6B;m 2 RkXRV . i pBbm HBx iBQMi?"Qm;?# ~+? "ibBb ?2Z
biQ?QrirQ + i2;Q°'B+ Hp "B #H2b "2 bbQ+B i2/X
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FIGURE 12.1 Bar Chart Comparison of Beer Preference by Gender
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kyX?B@a[m "2 h2bi 7Q° AM/2T2M/2M+2 Q7 hrQ * i2:Q B+ H o B #F
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Q#b2'p2/ 7 2[lH2MMB2b#H2 rRIrD MAQHMKMbX h?22 2tT2+i2/
7°2[m2M+B2b Kmbi HH #2 8 Q" KQ 2 7Q  i?2 +?B@b[m "2 i2b
i72 MmMHH ?2vTQi?2bBb Bb i'm2 M/ +QKTmigi?2 2tT2+i2/ 7 2[r

UjV A7 i?2 2tT2+i2/ § -2Bb2M@V-KQ 2 7Q" 2 +? +2HH- +QKTmi2
bi iBbiB+,
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UoVv 2D2+iBQM "mHZ,
BX@p Hm2 TT Q +H3,BZy@p2HimX
BBX *'BiB+ Hp Hm2 THy R?+?,2,2R2Xi
usv ." r/2+BbBQM M/ +QM+HmMbBQMX
kRX 6BM HHv-B7 i?2 MmMHH ?2vTQi?2bBb Q7 BM/2T2M/2M+2 Bb 2D

#BHBiB2b b b?QrM BM i?72 #Qp2 2t KTH2 rBHH ?2HT i?2 M HV
Q 2tBbib 7Q  i?2irQ + i2;Q°B+ Hp "B #H2
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RkXj :QQ/M2bb Q7 6Bi h2bi

RX AM i?Bb b2+iBQM r2 mb2 +?B@b[m "2 i2bi U;QQ/M2bb Q7 }ii2
TQTmH iBQM #2BM; b KTH2/ ? b X

UV g2} bi+QMbB/2° TQTmH iBQM iEi? ?BATQMW#BHBIv
/IBbi"B#miBQM M/ mh?2 i2bi iQ /2i2°KBM2 B7 M2r b KTH
/i BM/B+ i2i?2°27 b#22M +? M;2BMi?2TQTmH iBQM /Bb
iQ i?72 ?BbiQ B+ H/Bbi'B#miBQMX

U#V g2 i?2M +QMbB/2° bBim iBQM r?2°2 M bbmKTiBQM Bb K
2 b T Q# #BHBiv /Bbi'B#miBQM M/ mb2 :QQ/M2btk
/2i2°KBM2 B7 b KTH2/ i BM/B+ i2i? ii?2 bbmKTiBQM Q7 M
/IBbi'B#miBQM Bb Q  Bb MQi TT QT B i2X

JmMHIBMQKB H S Q# #BHBiv .Bbi B#miBQM

RX gqBi? KmHIiBMQKB H T Q# #BHBiv /Bbi ' B#miBQM- 2 +? 2H2K:
bB:M2/iQ QM2 M/ QMHV QM2 Q7 i? 22X  KQ 2

kX gBFBT2/B , JImMHIiBMQKB H /Bbi'B#miBQM,
?2iiTbh,ff2MXrBFBT2/B XQ ;frBFBfJmMHIBMQKB Hn/Bbi B#miBQM

X1t KTH2 *QMbB/2  i?2 K "F2i b? "2 bim/v #2BM; +QM/m+i2/ #v .
_2b2 “+2X

UV Pp2 i?2 T biv2 - K F2ib? "2b 7Q  +2°i BM T Q/m+i ? |
jyW 7Q° +QKT Mv - 8yW 7Q° +QKT Mv "- M/ kyW 7Q° +QKT
2 +? +mbiQK2 Bb +H bbB}2/ b #mvBM; 7°QK QM2 Q7 i?2b2 +
KmHIBMQKB H T Q# #BHBiv /Bbi ' B#miBQM rBi? i? 22 TQbbB
U#V h?2 T°Q# #BHBiv7Q 2 +?2 Q7i?2i?°22Qmi+QK2b Bb,
Bph= T Q# #BHBiv +mbiQK2 Tm +2 B2QiM2#+ QKT Mv
BBX= T Q# #BHBiv +mbiQK2 Tm +B F2RIMZ# QKT Mv
BRBX T Q# #BHBiv +mbiQK2 Tm +T F2RIM2# QKT Mv
U+V IbBM; i?2 ?BbiQ B+ HK "F2ib? "2b-r2? p2 KmHIiBMQKB F
iBQM B E20:30-pg =0:50- Mpe = 0:20X
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U/v *QKTCMVH Mb iQ BMi'Q/m+2 06M2r M/ BKT Qp2/6 T 'Q/m+
Bib +m "2Mi 2Mi'v BM i?2 K TF2iK "QKBMRMNa+Qii J "F2iBM;
_2b2 "+?iQ/2i2 ' KBM2r?2i?2 i?2M2rT ' Q/m+irBHH Hi2 Q" -
b? "2b 7Q i?72i?°22 +QKT MB2bX

U2V aT2+B}+ HHv- i?2 a+Qii J "F2iBM; _2b2 "+? bim/v rBHH B
+mbiQK2 b iQ i?2 M2€C AIQATmMY M/ i?2M bF i?72 +mbiQK2 b
BM/B+ i2 T 272 2M+2 7R TiRZ2m@KT2MNv+QKT Mv " T Q/m+i- (
i?72 M2r +QKO T™MQ/m+iX

9X h?2 ?2vTQi?2bBb i2bi iQ /2i2 " KBMZ B7Q?&1 M2Bb-BDBF2MvV iQ +?2 M
i72 ?BbiQ B+ HK "F2ib? "2b7Q i?2i?°22 +QKT MB2bX

Ho:

Ha: h?2 TQTmH iBQM T QT @ #B30ph = 02501 QM e = 0:20

8X h?2 MmHH ?vTQi?2bBb Bb # b2/ QM i?2 ?BbiQ B+ H KmHIiBMQK
7Q°i?2 K F2ib? "2bX A7b KTH2 "2bmHHy HR2+QIiQ J?F2ABR+iBQN
~2b2 "+?2 rBHH ? p2 2pB/2M+2iQ +QM+HmM/2 i? ii?2BMi"Q/m+iB
CT Q/m+irBHH +? M;2i?2 K "F2ib? "2bX

eX G2i mb bbmK2 i? i i?72 K "F2i "2b2 "+? }’K ? b mb2/ +QMbmK
+mbiQK2'bX 1 +? +mbiQK2 r b bF2/iQ bT2+B7v Tm +? b2 T .
i?7°22 Hi2"M iBp2b, +QKT Mv 6b T Q/m+i- +QKT Mv "6b T Q/m+
M2r T°Q/m+iX h?2 kyy "2bTQMb2b "2 bmKK "Bx2/,

P#b2 p2/ 6 2[m2M+v
*QKT Mv 0O6b S|®QHFiMv "6b STQQKFiIMvV *6b L2r S Q/m+i
93 N 3 89

dX S2°7Q K ;QQ/M2bb Q7 }ii2bii? i rBHH /2i2 ' KBM2 r?2i?2" i?2
iQK2  Tm +? b2 T°272 2M+2b Bb i?2 MmMHH ?2vTQi?2bBbX

3X GBF2 Qi?2° +?B@b[m "2 i2bib- i?2 :QQ/M2bb Q7 }i i2bi Bb # b
Q#b2 p2/ 7 2[m2M+B2b rBi? i?2 2tT2+i2/ 7 2[m2M+B2b mM/2 i?
MmHH ?2vTQi?2bBb Bb i m2X
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NX h?2 2tT2+i2/ 7 2[m2M+v 7Q" 2 +? + i2;Q'v Bb 7QmM/ #v KmHIiB
Q7 kyy #v i?2 ?2vTQi?2bBx2/ T QTQ iBQM 7Q i?2 + i2;Q v,

1tT2+i2/ 6 2[mM2M+v
*QKT Mv 6b S]®OKFiMv "6b SIOQKTFIiMv *6b L2r S Q/m+]
200(030) = 60 200(050) = 100 200(020) = 40

RyK2bi ai iBbiB+ 7Q"° :QQ/M2bb Q7 6Bi

2= (12:6)
r?2° 2
U v-= 7°2[m2M+v 7Qi + i2;Q" v
U #e/= 7°2[m2M+v 7Qi + i2;Q vV

UHE 122 MmK#2 Q7

LQi2, h?2 i2bi bi iBbiB+ ? b +?B@ b[rke12/ 2B 2B #Qi B QA2 rB K?
T QpB/2/i? ii?2 7°2[m2M+B2b ‘2 7Q° HH+ i2:Q'B2bX

RRX h?2 i2bi 7Q" ;QQ/M2bb Q7 }i Bb Hr vb QM2@i BH2/i2birBi?
BMi?2mTT2 i BHQ7i?2 +?B@b[m 2 /Bbi'B#miBQM,

2D M4iB7

RkXt KTH2 Uh #H2 RkKXNV G2i mb +QMiBMm2 rBi? i?2 a+QiiJ "F2iB
M/ mb2i?2b KTH2 /i iQi2bii?2?2vTQi?2bBbi? ii?2 KmHIiBMQK
i?72 K "F2i b? "2 T Qf ©0iB0QM b 0:50- Mpec = 0:20X g2 rBHH mb2
M =0:.05H2p2H Q7 bB;MB}+ M+2X g2 T Q+22/ #v mbBM; i?2 Q#b.
7°2[m2M+B2b iQ +QKTmi2i?2 p Hm2 Q7 i?2 i2bi bi iBbiB+X
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TABLE 12.9 Computation of the Chi-Square Test Statistic for the Scott Marketing Research
Market Share Study

Squared Difference

Observed  Expected Squared Divided by
Hypothesized Frequency Frequency Difference Difference Expected Frequency
Category Proportion f. e f.—e (f. — e)? (f.— e)?le;
Company A .30 48 60 =12 144 2.40
Company B .50 98 100 =7 4 .04
Company C .20 54 40 14 196 4.90
Total 200 = 734

RjX qBi?i?22tT2+i2/7 2[m2M+B2b HH8Q KQ 2-i?2+7?B@%[m "2 i
92 rBHH "2D2+i i?2 MmHH ?2vTQi?2bBb B7 i?2 /Bz2 2M+2b #2ir2
T2+i2/ 7°2[m2M+B2b "2 H “:2X

ROX h?2i2bi b?P¥B1B4B#Hh #2ir22M 8XNNR M/ dXjd3X h?mb-i?2 +Q "2l
T2 i BH p@R@HM2 Kmbi#2 #2ir22M X qBi? -
r2 2DRgiM/ +QM+HM/2i? ii?2BMi Q/m+iBQM Q7 i?ZM2r T Q/m-
rBHH Hi2  i?2 ?BbiQ B+ HK "F2@p HDBO@RSBMAQ7ir "2,

"2 BMITT2] By Xy8 yXyk8 yXyR yXyy8
20 Hm2UK| 9Xey8 8XNNR dXjd3 [NXkRy RyX8Nd

R8X h?2 + BiB+ Hp Hm2 ¥D00 W/, krB2? 22b Q7 7 22/QK-i?2 + BiE
p HM2 7Q" i?2 i2bi BjsiBBLX BI?2 mTT2 i BH "2D2+iBQM "mH2 #
X qBVB34> 5991- r2 " 2DRKi

ReX LQri? ir2 ? p2 +QM+HmM/2/ i?2 BMi'Q/m+GBIQORA/@7Ai MB2HH+QKT
Hi2 i?72 K "F2ib? "2b7Q i?2i? 22 +QKT MB2b-r2 "2 BMi2 2bi
#Qmi ?2Qr i?2 K "F2ib? "2b "2 HBF2HviQ +? M;2X

RdX IbBM; i?2 ?BbiQ B+ HK "F2ib? "2b M/ i?2b KTH2 /i -r2 bmK

7TQHHQTrb,
*QKT MyBbiQ B+ HJ F2ija?KRHRPWM J "F2ia?| 2 UWV
jy
" 8y 98/200 = 0:49- Q" 9N
* ky 54/200 = 0:27- Q" kd
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BM+'2 b2i?2 K "F2ib? "TXKQ*QHQIK TBMQMb 7Q " i?2 Qi?2 irQ +QK1
BM/B+ i2 i? i +Q&H :M&M BM K “F2i b? "2 rBHA R R4Q KT Mv
+QKT BAX

FIGURE 12.2 Bar Chart of Market Shares by Company Before and After the
New Product for Company C
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URV ai i2i?2 MmHH M/ Hi2 "M iBp2 ?vTQi?2b2bX

BWo, h?2 TQTmH iBQM T Q# #BHBiv /Bbi B#miBC
rBi? bT2+B}2/ T ' Q# #BHBiBRb 7D Q2B2HQ7 i?2

BBIX, h?2 TQTmH iBQM /Q2b MQi 7QHHQr KmHiBMQKB H /F
bT2+B}2/ T Q# #BHBiB2b 7 Q2 ;0 ¥2Q7 i?2

UKV a2i H2p2H Q7 bBIMBHR2M+2 M/QKDb KTH2 M/ 2+Q /i?2
7°2[Mm2M+BR@Db2 +?2 + i2;Q °vX bbmK2 i?2 MmHH ?2vTQi?2bBb F
i2"KBM2 {72 7°2[m2aMBWM 2 +? + i2:Q v #Vv KmHiBTHVBM;

+0i2;Q vT Q# #BHBiv #vi?2 b KTH2 bBx2X

UjV A7 1?2 2tT2+i2/e7BD[mZHR+ki 8 7Q " 2 +? + i2;Q v- +QKTmi2 i?
Q7 i?2i2bi bi iBbiB+X

U9V 2D2+iBQM "mH?2,

URR¥&k\Ws v 62# m “v kk- kyke



vo 1ioR K*QKT "BM; ImHIBTH2 S'QTQ iBQMb- h2ki Q7 AW2T2M/2M
' ' 'M2bb Q7 6B ’

BX@p Hm2 TT Q +3,BF@mp2Him?2
BBX *"BiB+ Hp Hm2 THL RB?+? .5 2R2+i

usv . r/2+BbBQM M/ +QM+HmMbBQMX

LO'K H S Q# #BHBiv .Bbi'B#miBQM

RX h?2 ;QQ/M2bb Q7 }ii2bhi 70 Q# #BHBiv /Bbi'B#miBQM Bb HbQ
i?72 mb2 Q7 i22 /IBbi'B#miBQMX

kX AM T "iB+mH - Q#b2'p2/ 7°2[m2M+B2b 7Q  b2p2  H + i2;Q B2
T "2/iQ 2tT2+i2/ 7°2[m2M+B2b mM/2  i?2 bhomKTIiEDK i? ii?2
MQ K HT Q# #BHBiv /Bbi'B#miBQMX

iX "2+ mb2i?2MQ K HT Q# #BHEiv /Bbi B2 KM BQ/B7vi?2
rvi?2 “2/2IM2/ M/ ?2Qri?22tT2+i2/ 7 2[m2M+B2b ‘2 +

9X1t KTH2 Uh #H2 RkXRyV CQ# TTHB+ Mii2bi/ i 7Q *?2KHBM2

TABLE 12.10 Chemline Employee Aptitude Test Scores for 50 Randomly
Chosen Job Applicants

&Ml 66 61 65 54 93
60 86 70 70 73 73
55 63 56 62 76 54
82 79 76 68 53 58
85 80 56 61 61 64
65 62 90 69 76 79
77 54 64 74 65 65
61 56 63 80 56 71
79 84

UV *22KHBM2 ?B2b TT QtBK i2Hv 9yy M2r 2KTHQvV22b MMm
HQ+ i2/i?2°Qm;?2Qmi i?2 IMBi2/ ai i2bX h?2 T2'bQMM2H /B 2-
MQ' K H/Bbi'B#miBQM TTHB2b 7Q  i?2 TQTmH iBQM Q7 i2bi

U#V A7 bm+? /Bbi'B#miBQM + M #2 mb2/-i?2 /Bbi'B#miBQM rC
iBM: bT2+B}+ i2bi b+Q 2bc i? i Bb- b+Q 2b BM i?2 mTT2" ky'
QM- +QmH/ #2 B/2MiB}2/ [mB+FHvVX
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‘o Tisz*QKT 'BM: JmHIBTH2 S QTQ iBQMb- h2ki Q7 AN L2 T2M/2M
M2bb Q7 6Bi

U+V >2M+2-r12r MiiQ i2bi i?2 MmHH ?2vTQi?2bBb i? ii?2 TQTm
2 b MQ'K H/Bbi'B#miBQMX

8X * H+mH iBQMb,

eX >vTQi?2b2b #Qmii?2 /Bbi'B#miBQM Q7 i?2 DQ# TTHB+ Mii2l
U My, h?2 TQTmH iBQM Q7 i2bi b+Q 2b? b MQ K H /Bbi ' B#miE
M/ bi M/ //2pB iBQM RyX9R
U#N,, h?2 TQTmH iBQM Q7 i2bi b+Q 2b /Q2b MQi ? p2 MQ K F
K2 M e3X9k M/ bi M/ //2pB iBQM RyX9R

dX U6B;m 2 RkXjV h?2 ?2vTQi?2bBx2/ MQ K H/Bbi B#miBQM,

3X U6B:m 2 RKX9V .2}M2 i?2 + i2:Q B2b Q7 i2bi b+Q 2b bm+? i? |
+B2b rBHH #2 7Q 2 +? + i2:Q°vX gBi? b KTH2 bBx2 Q7
rvQ7 2bi #HBb?BM; + i2;Q B2b Bb iQ /BpB/2 i?2 MQ 'K H T Q# 1
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vo 1ioR K*QKT "BM; ImHIBTH2 S'QTQ iBQMb- h2ki Q7,AM/2T2M/2M
' ' 'M2bb Q7 6B ’

NX qBi? b KTH2 bBx2 Q7 8y-r2 iQmi/ 2iTBM 2 +? BMi2 p H Q"
+i2;Q v- M/ i?2 "mH2 Q7 i?mK# 7Q" 2tT2+i2/ 7 °2[m2M+B2b rQm|
HQQF KQ'2 +HQb2HV ii?2T°'Q+2/m ' 27Q  + H+mH iBM; i?2 + i2

UV qBi? +QMiBMmQmb T Q# #BHBiv /Bbi B#miBQM- 2bi #HBE
BMi2 p H? b M 2tT2+i2/ 7 2im2ZN=vXQ7

U#V 6B bi +QMbB/2  i?2 i2bib+Q 2 +riiBND;7Q2272H QrXDIi2b X
6°QKi?2i #H27Q i?2bi M/ "/ MQ K H/Bbi B#HMHBQM®2 }M/ i?
i?Bbi2bib+Q 2BbX h?2°27Q 2-i?2i2hibk+0 2 Q7
T QpB/2b i?Bb +miQzp HM2 7Q  i?2 HQr2bi RyW Q7 i?2 b+Q "

U+V 6Q i?2HQr2bikyW-123IM/~ M/i?mb X

U/V qQ FBM: i?°Qm:? i?2 MQ K H /Bbi"B#miBQM BM i? irv T Q
i2bi b+Q 2 p Hm2b,
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vo 1ioR K*QKT "BM; ImHIBTH2 S'QTQ iBQMb- h2ki Q7,AWM/2T2M/2M
' ' 'M2bb Q7 6B ’

RyX Uh #H2 RkXRRV qBi? i?72 + i2;Q ' B2b Q"  BMi2 ' p Hb Q7 i2bi b+C
i?72FMQrM 2tT2+i2/7 2[m2M+v Q7 }p2T2 + i2;Q v-r2+ M 2im N
Q7 h #H2 RkXRy M/ /2i2 ' KBM2 i?2 Q#b2 ' p2/ 7 2[m2M+B2b 7Q" i
T QpB/2bi?2 "2bmHib BM h #H2 RkXRRX

RRX Uh #H2 RkXRKV h?2 p Hm2 Q%=i?2X2bi bi iBbiB+ Bb
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vo 1ioR K*QKT "BM; ImHIBTH2 S'QTQ iBQMb- h2ki Q7AM/2T2M/2M
' ' 'M2bb Q7 6B ’

RkX IbBM; i?2 "mH2 7Q  +QKTmiBM; i?2 MmK#2 > Q7 /2:°22b Q7 7 2:
}ii2bi-r2 ? p2 12;°22b Q7 7°22/QK # 102/ QM
+ i2:Q B2=2MT ° K2i2'bUK2 M M/ bi M/ //2pB iBQMV 2biBK i2/
b KTH2 / i X

RjX amTTQb2 i? ir2i2bii?2 MmHH ?vTQi?2bBbi? ii?2 /Bbi'B#miB
MQ 'K H /Bbi'B#miBQM rBi? yXRy H2p2H Q7 bB;MB}+ M+2X

RO9X hQ i2bi i?Bb ?2vTQi?2bBb- r2 M22@ pQHh2227 QOB M22iP2bi bi iBbil
2=7:2 #v }M/BM; i?2 "2 BMi?2 mTT2 i BH Q7 +?B@b[m "2 /Bl
[12;°22b Q7 7°22/QKX Uh #H2 RRXOA2r2 YM/BI2H M 2 BM i?2
MTT2 i BH ;2 i2 i? MyXRyX h?mb@r AMQ BiR? ;i 2?12 i? M yXR\
UaQ7irp@p HMBB4V X

R8X qBi? - i?2 ?2vTQi?2bBb i? ii?2 T'Q# #BHBiv /Bbi B#n
*22KHBM2 DQ# TTHB+ Mii2bi b+Q 2b Bb MQ 'K H T Q# #BHBi
“2D2+i2/X

ReXQ K H S'Q# #BHBiv .Bbi'B#miBQM :QQ/M2bb Q7 6Bi h2bi

URV ai i2i?2 MmHH M/ Hi2 "M iBp2 ?2vTQi?2b2bX

URR ¥@&k\Ws v 62#'m “v kk- kyke



vo 1ioR K*QKT "BM; ImHIBTH2 S'QTQ iBQMb- h2ki Q7 AM/2T2M/2M
' ' 'M2bb Q7 6B ’

Ho, h?2 TQTmH iBQM ? b T Q# #BHBiv /Bbi B#miBQMX
Ha, h?2 TQTmH iBGM /iQ2h T Q# #BHBiv /Bbi'B#miBQ
UkV a2i H2p2H Q7 bB:MB}+ M+2 M/ b2H2+i -~ M/QKb KTH2 M

UV *QKTmi2i?2b KTH2K2 M M/ b KTH2 bi M/ “//2pB iBQM>
U#V .2kBMi2 p Hb Q7 p Hm2b bQ i? ii?22tT2+i2/7 2{m2M+v B

7Q0°2 +?BMi2 p KX IE3M; Bb :QQ/ TT Q +2X
U+V _2+Q°/i72 7°2[m2M+v Q7 /fi BMM 2P BMi2 p H /2@
M2/ X
UjV *QKTmi2i?2 2tT2+i2/ MmK#& 7Q7 Q ++2nBM28p2H Q7 p Hm2b X
iBTHv i?2 #v i?2 Q7 MQ 'K H > M/QKp "B #H?2

#2BM; BM i?2 BMi2 p HX
U9V *QKTmi2 i?2p Hm2 Q7 1?2 i2bi bi iBbiB+X

Uusv _2D2+iBQM mH2,
BX@p Hm2 TT Q H3,BF@MH2HIM 2
BBX *'BiB+ Hp Hm2 THL B?+?,5 2D2+i
r?2’ @2Bb i?2 MmK#2z" Q7 Q71?2 /Bbi B#miBQM 2biBK i2/ #v
b KTH2X

UeV .  r/2+BbBQM M/ +QM+HmMbBQMX
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vo TioR K*QKT "BM; ImHIBTH2 S'QTQ iBQMb- h2ki Q7 AM/2T2M/2M
' ' 'M2bb Q7 6B ’

U 1s1_*Aala

$
RkXRR- k- j- d
RkXkRy- RR- R9- Rd
RkXj RN- kj- k8

alS , kN- jk-jj-je

& %
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6L2p2° HHQri?2 BM/Bz2 2M+2 Q7 Qi?2 biQ z2+ivQm T bbBQM 7¢C
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*7? TiZR,J 1tT2 BK2Mi H .2bB;M M/ M HvbBb Q7 0 "B M+2

MXYi+ s V

M/2°bQM&b ai iBbiB+b 7Q° "mbBM2bb 1+QMQKB+b UR!

*2 TiR ) 1tT2°'BK2Mi H .2bB;M M/ M HvbBb

fizZ™6)ez’ nA, s .8e%-i keykye
30Z™5@, $? be  &0J25&<¢) + MXYi+_LA"V5@30
5@+ M™JRiiTh,ff2KrmXB/pXir

LAM , +_VF, )o#0
Pp2 pB2r
RX h?2bi iBbiB+ Hbim/B2b+ M#2Z +H bbBIi2Qb 2Bi?2° X

kX AM M 2tT2 'BK2Mi H bi iBbiB+ H bim/v- M 2tT2 BK2Mi Bb +QN\
I i X
UV M2tT2 'BK2Mi #2;BMb rBi? B/2MiETABMi2 2biX
U#V h?2M QM2 Q' KQ 2 Qi?2 p "B #H2h- i?Q M2 B/2QM#R}2/

M/ - M/
U+V /i "2 +QHH2+i2/ #Qmi ?2Qr i?0Qb2 p iB2#H2B #H2 Q7
BMi2 2biX
iX AM M Q#b2 p iBQM H bim/v-/i "2 mbm HHv Q#i EM2/i?2°Qm:"

M/ MQi +QMi"QHH2/ 2tT2 BK2MiX

9X :QQ//2bB;M T'BM+BTH2b "2 biBHH 2KTHQM2/Q#mi bdQ +B i2/
rBi? M 2tT2 BK2Mi H bi iBbiB+ Hbim/v "2 Q7i2M MQi TQbbB#H
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*?Tﬁﬂ?JllT?BKZMiFIQbB;M M/ M HvbBb Q7 0 B M+2

8X1t KTH2 AM bim/v Q7 i?2 "2H iBQMb?BT #2ir22M bKQFBM: |
"2b2 “+?2° + MMQi bbB:M DbKQFBM; ? #Bi iQ bm#D2+ibX h?2"°
iQ bBKTHV Q#b2 pBM; i?2 2z2+ib Q7 bKQFBM; QM T2QTH2 r?Q
222+ib Q7 MQi bKQFBM: QM T2QTH2r?Q /Q MQi H 2 /v bKQF2X

eX AMIi?Bb +? Ti2 r2BMi Q/m+2i? 22ivT2b Q7 2t7T2 BK2Mi H/2b
/12bB;M - /12bB;MM/ 2t@

T2 BKXMi

dX M HvbBb Q7 p "B M+2W M M Hvx2 i?2 "2bmHib Q7 2:°2bbBC(
BMpQHPBM; #Qi? 2tT2 'BK2Mi H M/ Q#b2 p iBQM H /i X

RiXR M AMiQ/m+iBQM iQ 1tT2'BK2Mi H .2b
M HvbBb Q7 o B M+2

RXlt KTH2 *?2KBi2+? AM+X /2p2HQT2/ M2r }Hi iBQM bvbi2K 7¢
bmTTHB2bX

UV h?2 BM/mbi'B H 2M;BM22 BM; ;:°QmT Bb "2bTQMbB#H2 7Q
b2K#HV K2i?Q/ UK2i?Q/ - K2i?2Q/ "- M/ K2i?Q/ *V 7Q  i?2 M2
bvbi2K X

U#V J M ;2°b i *?2KBi2+2r MiiQ /2i2 KBM2 r?B+? bb2K#Hv K.
Im+2i?22:°2 i2bi MmMK#2 Q7 }Hi~ iBQM bvbi2Kb T2  r22FX

U+V AM i?2 *?22KBi2+? 2tT2 BK2Mi- Bbi?2
p B #H2 Q' X

U/V "2+ mb2i?°22 bb2K#HvV K2i?Q/b +Q "2bTQM/iQ i?Bb 7 +iQ

2 bbQ+B i2/ rBi? i?Bb 2tT2 BK2Mic 2 +? i"2 iK
bTQM/biQ QM2 Q7 i?2i?°22 bb2K#HvV K2i?Q/bX

KXbBM:H2@7 +iQ 2MTR?BK2MHBi2+? T Q#H2K Bb M 2t KTH2Q7
2tT2 ' BK2Mic Bi BMpQHpP2b Q¥M2iQ UK2i?Q/ Q7 bb2K#HvVVX
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*7? TiZR,J 1tT2 BK2Mi H .2bB;M M/ M HvbBb Q7 0 "B M+2

jX JQ'2 +QKTH2t 2tT2'BK2Mib KX v +QiMbBhQQ7c bQK2 7 +iQ b K v
#2 + i2;Q°B+ H M/ Qi?2'b K v#2[m MiBi iBp2X

IXTWTmMH iIBOQ®MDiI? 22 bb2K#HV K2i?Q/bQ i 2 iK2Mib iZ}M2:?221?

Q7 BMi2 2bi 7Q  i?2 *?2KBi2+? 2tT2 'BK2MiX PM2 TQTmH iBQM [
22br?Q mb2 bb2K#HvV K2i?Q/

Bbi?Qb2r?Q mb2 K2i?Q/ *X

MQi?2 Bbi?Qb2r?Q mb2 K2i?2¢

8XQH#D2+VBPQi2 i? i 7Q° 2 +?2 TQTmMH iBQM iQ2
p B #H2 Bb i72

Q7 }Hi  iBQM bvbi2Kb bb2K#H2/ T2  r22F- M
K “vbiiBbiB+ HQ#D2+iBp2 Q7 i?2 2tT2 'BK2Mi B0 iQ /2i2 ' KBM2

T Q/m+2/ T2 r22FBbi?2b K27Q"
Q/bVX

HHi? 22TQTmt

eX20T2 BK2Mi H\amBTE Qb2 M/QK b KTH2 Q7 i?°22 2KTHQvV22}!
7°QK HH Dbb2K#Hv rQ F2 b |

i (72 *?2KBi2+? T°Q/m+iBQM 7 +B}
/2bB;M i2 ' KBMQHQ;v-i?2i?°22 " M/IQKHV B2M22tTR2 BK2Mi H
X

dX+QYKTH2i2Hv ° M/QKBX2/ /2bE;M

*2[mB 2b
i? i2 +2Q7i?2i?°22 bb2K#HvV K2i?Q/b Q i 2 iK2Mib #2 bbB;M2

Q7 i?2 2tT2 'BK2Mi H mMBib Q  rQ F2 bX

UV 6Q 2t KTH2- K2i?Q/ KB:?i #2 ° M/QKHvV bbB:M2/ iQ i?2 |
K2i?Q/"iQi?2}' birQ F2 - M/ K2i?Q/*iQi?2i?B /rQ F2 X

U#V LQi2i? ii?Bb 2tT2 ' BK2MirQmH/ "2bmHi BM QMHv QM2 K2 |
MMBib bb2K#H2/ 7Q 2 +?2 i 2 iK2MiX

3X DTHB+ViR® Q#i BM //BiBQM H/ i 7Q 2 +? bb2K#HvV K2i?Q/-r2
Q" i72 # bB+ 2tT2 ' BK2Mi H T°Q+2bbX

UV amTTQb2- 7Q° 2t KTH2- r2 b2H2+i2/ R8 rQ F2'b M/ i?2M
2 +2 Q7 i?2i?°22i°2 iK2MibiQ 8 Q7 i?2rQ F2 bX

U#V "2+ mb22 +? K2i?Q/ Q7 bb2K#HvBb bbB;M2/iQ&8 rQ F2 i-
? p2 #22M Q#i BM2/X

UBB:m 2 RjXRV i?2 +QKTH2i2Hv > M/QKBx2//2bB;M 7Q" i?2 *?2}

URR M@k Ms v

62#° m v kk- kyke



*7? TiZR,J 1tT2 BK2Mi H .2bB;M M/ M HvbBb Q7 0 "B M+2

i *QHH2+iBQM

RX PM+2r2 "2 Db iBb}2/ rBi? i?2 2tT2 ' BK2Mi H /2bB:M- r2 T Q+22
M HVxBM; i?2 / i X AM i?2 *?22KBi2+? + b2- i?2 2KTHQV22b rQ
BM ?2Qr iQ T2 7Q K i?2 Dbb2K#Hv K2i?Q/ bbB;M2/iQ i?2K M/ i1
bb2K#HBM; i?2 M2r }Hi" iBQM bvbi2Kb mbBM; i? i K2i?Q/X

kX Uh #H2 RjXRV 7i2  i?Bb bbB;MK2Mi M/ i° BMBM;- i?2 MmK#
#v 2 +? 2KTHQV22 /m"BM; QM2 r22F Bb b b?QrM BM h #H2 RjXR
b KTH2p "B M+2b- M/ b KTH2bi M/ *//2pB iBQMb7Q 2 +? bb2l
T QpB/2/X 6°QK i?2%2 /- TT2 'biQ "2bmHi BM ?B;?22° T°Q/m
“i2bi? M 2Bi?2 Q7 i?2 Qi?2 K2i?Q/bX
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*7? TiZR,J 1tT2 BK2Mi H .2bB;M M/ M HvbBb Q7 0 "B M+2

iX [Wn2biBQBL r?22i?2°i?22i?2°22 b KTH2 K2 Mb Q#b2 p2/ "2 /Bz2 2M
iQ +QM+HmM/2i? ii?2 K2 Mb Q7 i?2 TQTmH iBQMb +Q "2bTQM/B
Q7 bb2K#HvV 2 /Bz2 2MiX

9X hm M i?2 [m2biBQM iQ ai;iBbiB4 KRiB MmK#2 Q7 mMBib T Q/m -+
T2 r22F mbBM; K2i?Q/ -"-*-"2bT2+iBp2Hv

8X Hi?2Qm;? r2 rBHH M2p2 FMQr i22 ,+itMH-prHmRb @7 mb2
i?72b KTH2 K2 MbiQ i2bii?2 7TQHHQrBM; ?2vTQi?2b2bX

Ho: 1= 2= 3 Ha:LQi HHTQTmH iBQM K2 Mb "2 2[m H

eX h?2 Bb i?2 bi iBbiB+ HT Q+2/m 2 mb2/iQ
KBM2 r?2i?2" i?2 Q#b2°p2/ /Bz2 2M+2b BM i?2 i?°22 b KTH2 K2
iQ 2D Xi

bbmKTiBQMb 7Q° M HvbBb Q7 o B M+2
h? 22 bbmKTiBQMb 2 "2[mB 2/iQ mb2 M HvbBb Q7 p "B M+2X

RX 6Q 2 +?2 TQTmH iBQM-i?2 "2hTQME2 p "B #X2 EBb
AKTHB+ ABRINM2 *?22KBi2+? 2tT2 BK2Mi-i?2 MmMK#2> Q7 mMBib T°
U'2bTQMb2 p "B #H2V Kmbi #2 MQ K HHv /Bbi'B#mi2/ 7Q 2 +?

kX h?2 p "B M+2 Q7 1722 - Bbi?2b K27Q HHQ7i?2TQT
iBQMbX

URR ¥&k\Ws v 62#'m “v kk- kyke



*7? TiZR,J 1tT2 BK2Mi H .2bB;M M/ M HvbBb Q7 0 "B M+2

AKTHB+ iBMW?2 *?2KBi2+? 2tT2 BK2Mi- i?2 p B M+2 Q7 i?2 M
T Q/m+2/ T2 r22F Kmbi #2 i?2 b K2 7Q 2 +? bb2K#Hv K2i?Q/X

iX h?2 Q#b2 p iBQMbE Kmbi #2 X
AKTHB+ ABRINM2 *?22KBi2+? 2tT2 BK2Mi-i?2 MmMK#2> Q7 mMBib T°
7Q° 2 +? 2KTHQV22 Kmbi #2 BM/2T2M/2Mi Q7 i?2 MmK#2 > Q7 mM
7Q° Mv Qi?2 2KTHQvV22X

M HvbBb Q7 0 B M+2, *QM+2Tim H Pp2 pB2r

RX A7i?2K2 Mb7Q i?2i?°22TQTmH iBQMb “22[m H-r2:GmH/ 2t
iQ #2 +HQDb2 iQ:2i?2 X

UV h?2KQ 2i?2Db KTH2 K2-MD2 bi'QM:2" i?2 2pB/2M+27r2? p2
i?72 +QM+HmMbBQM i? i i?2 TQTmH XBQM K2 Mb

U#V A7 1?2 KQM; i?2 b KTH2 K2 Mb BuBi bmTTQ ib
cB7i?2p "B #BHBiv KQM; i?2 b KTH-20K2 ivhbTBIMQ "ib
X

kKX A7i22 MMHHMENTGi?20BbBbi m2-r2+ Mmb2i?2
i?72 b KTH2 K2 MbiQ /2p2HQT M 2%iBK i2 Q7

UV A7i?2 bbmKTiBQMb 7Q° M HvbBb Q7p "B M+2 "2b iBb}2/
Bbi'm2-2 +? b KTH2 rBHH ? p2 +QKZ2 7 Q KBilri2 B#K2B QM
rBi? K2 M M/ p "B M+2 X

U#V U*? Ti2  dV i?2 b KTHBM; /Bbi'B#miBDM QBBKZT b X T MZK 2
/IQK b KTH2 @Q77bB8K2 MQ'K HTQTmH iBQM rBHH #2 MQ K HF

rBi? K2 M M/ p "B M+2 X U \Y
U+V U6B;m HRPOkVN BZ- r2 + Mi?BMF Q7 2 +? Q7 i?2 i? 22 b K-
X; =62;X, =66- MX3=52 7 QK h #H2 RjXR- b p Hm2b /" rM i M

7°QKi?2 b KTHBM; /IBbi B#miBQM b?QrM BM 6B;m 2 RjXkX
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*7? TiZR,J 1tT2 BK2Mi H .2bB;M M/ M HvbBb Q7 0 "B M+2

jX q?2Mi?2b KTH2 bBx2b "2 2[m H- bBMi?2 *?22KBi2+? 2tT2 BK:
Q7i?2K2 MQ7i?2b KTHBM;BBH?2B#miBOM Q7
X AM i?2 *?22KBi2+? 2tT2 ' BK2Mi- M 2biBK i2 Q7 i?2
b KTHBM; /Bbi B#Bbi3QM Q7 X g2 272 iQ i?Bb 2biBK i2
bi?2 X

9X M 2biBK i2 Q7 i?2p "B M+2 Q7 i?2 b %THBM-: BB "Q@#BIiB/QM Q
#v i?2p "B M+2 Q7 i?2i?°22b KTH2 K2 MbX

s2 =
8X "2+ mb?2 _bQHPBN:BR2b
2 =
>2M+2-
1biBK i22@H U1lbiBK i2)97 X
eX h?2  2isfnk260- Bb "272°°2/iQ bi?2z 2biBK iZR7

dX h?22 #2ir22Mi 2 iK2MiB BhiBK22 QM i?2 bbmKTIiEGM i?Xi
AM i?Bb + b2-2 +?2 b KTH2 +QK2b TQ@QMni2BQM- M/ i?2 2 Bb QI
b KTHBM; /Bbi BXmiBQM Q7
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*7? TiZR,J 1tT2 BK2Mi H .2bB;M M/ M HvbBb Q7 0 "B M+2

3X AHHmbi i2r? i? HiTRIMb HEZ2Z2M bmTTQb2i?2TQTmH iBQMK2 Mb

UV LQi2i? i#2+ mb2 i?2i? 22 b KTHZb TRTMKIiBQMb rBi?
/IBz2 2Mi K2 Mb-i?2vrBHH ZbmHi DMKIPHEB2V ; /Bbi B#miBQ Mt

U#V U6B;m 2 RjXjV h?2 b KTH2 K2 Mb "2 MQi b +HQb2 iQ;2i?2
Hor b i'm2X 2mBHH #2 H “;2 -+ mbBM; i?2 #2ir22M i 2 iK2Mi
Q7 iQ #2 X

U+V AM ;2M2  H-r?2M i?2 TQTmH iBQM K2 Mb "2 MQi 2[m H- i’
2biBK i2 rBHFH i72 TQTmH iBQMWX "B M+2

U/V q?2M DbBKTH2 > M/QK b KTH2 Bb b2H2+i2/ 7°QK 2 +? TQT|
b KTH2 p "B M+2b T QpB/2b BbiBK i22@7>2M+2- r2 + M

Q" i?72 BM/BpB/m H 2FiBNIiiQQ®2 Qp2" HH 2b¢

iBK i2X

U2V h?22biBKQRIQFM2/BMi?Bbr vBo + HHEi?2
2biBK i22R7

U7V "2+ mb2 2 +?2 b KTH2 p "B M+2 T G pB b2y QMM BMVi? Q7
p B iBQM rBi?BM 2 +?2 b KTH2- i?2 rBi?BM2iBd MQMib@biBK
72+i2/ #v r?2i?2  i?2 TQTmH iBQM K2 Mb "2 2[m HX

U:V q?2M i?2 b KTH2 bBx2b 2 2[m H-i?2 rBi?BM iM2#X2Mib 2b
Q#i BM2/ #v +QKTmiBM; i?®7 i?2 BM/BpB/m Hb KTH2 p "B M

URR¥&k\Ws v 62#'m “v kk- kyke



*7? TiZR,J 1tT2 BK2Mi H .2bB;M M/ M HvbBb Q7 0 "B M+2

NXlt KTH2 6Q i?2 *?2KBi2+? 2tT2 BK2Mir2 Q#i BM

qBi?BM i'2 iK2Mib 26FBK i2 Q7

UV h?2 #2ir22M "2 iK2Mib22UkBKMBO Km+? i? M i?2
rBi?BM i"2 iK2Mib 2BiBK3iRj QX
U#V h?22 Q7 i?2b2 irQ 2biBsR/28BB BDH1SX

RyX A7 i?2 MmHH ?2viQi?2bBb Bb

UV h?2 #2ir22M i 2 iK2Mib TT Q +7 T DpiBRH2R 7

U#V h?2irQ 2biBK i2b rBHH #2 bBKBH =~ M/ i?2B X iBQ rBHH #2
RRX A7 1?2 MmHH ?vTQi?Z2bBb Bb

UV h?2 #2ir22M i'2 iK2Mik TT ' Q +? 2

U#V 1?2 #2ir22M i 2 iK2Mib 2biBK i2 rBHH #2 H

20?2 Mi?2r
2biBK i2- M/ i?2B" " iBQ rEMH #2

RKkX AM i?2 M2ti b2+iBQM r2 rBHH b?Qr ?2Qr H *;HiyXBb * iBQ Kmbi #
RjYXamKK “vh?2 HQ:;B+ #2?BM/ LPo Bb# b2/ QM i?2 /2p2HQTK2Mi Q
/2Mi 2biBK i2b Q7 i?2 +QKKQM TQTmHXiBQM p "B M+2

UV PM2 2biBR Bb @702/ QM i?2 p "B #BHB?2 b KTH2 K2 Mb
i72Kb2Hp2bX

U#V h?2 Qi?2 2biBRbiZ ®2/ QM i?2 p "B #BHBiv Q7 i?2 / i
2 +2 b KTH2X

U+V "v +QKT "BM; i?2b2 irG2b2BRHBRb#Q7#H2 iQ /2i2 " KBM2 r?2i
i?72TQTmH iBQM K2 Mb "2 2[m HX

URR M@k Ms v
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*7? TiZR,J 1tT2 BK2Mi H .2bB;M M/ M HvbBb Q7 0 "B M+2

XAl Z'56 |,

RijXk ™M HvbBb Q7 o B M+2 M/ i?2 *QKTH2i2
/IQKBx2/ .2bB; M

RX >Qr M HvbBb Q7 p "B M+2 + M #2 mb2/KQ Qb AQBIQ @ K[2n MbB i\
7Q° * M/QKBx2//2bB:MX
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*7? TiZR,J 1tT2 BK2Mi H .2bB;M M/ M HvbBb Q7 0 "B M+2

kX h?2;2M2° H7Q K Q7 i?2?vTQi?2b2b i2bi2/ Bb

Ho : ;7 Ha: LQi HHTQTmH iBQM K2 Mb "2 2[m |

r?2°2 Bb K2 M Q727D TmH iBQMX

iX g2 bbmK2 i? i bBKTH2 ' M/IQK b KTRAD G2DBX2H2+i2/ 7° QK
2 +2 Q7ki?2 Q" X

9X 6Q i?2 2bmHIBM; b KTH2 / i - H2i

UYX;,pHmM2Q7 Q#b2ZQ iBDMAML;2, ;n-j=1;2 ;k
U#y, MmK#2' Q7 Q#b2 p iBQNK 7Q" i'2 iK2Mi
Uy, b KTH2 K2 M 7Q jit2 iK2Mi X

U/‘Q}z, b KTH2 p B M+2 7Q-i 2 iK2Mi

U2y, b KTH2 bi M/ *//2pB iBQM 7Q  i"2 iK2Mi

8X h?2 Qp2  HHb KTH2 K2 M-BBRMRRiBMK Q7 HHi?2 Q#b2 p iBQMb
#V i?2iQi HMmMK#2 Q7 Q#b2 p iBQMb,

X = (13:3)

r?2 @ =n+ny+ + N (13:4) X

eX A7 i?2 bBx2 Q7 2 Ahb=KHnt2iBDd Qp2" HH b KTH2 K2 M Bb Dmt
Q7 iRD KTH2 K2 MbX
P, P, P, P,
X o Xi/n _

X = i = ” (13:5)

dX h?2 Qp2  HH b KTH2 K2 M+ M HbQ #2 +QKTmi2Q 70i?2
kb KTH2 K2 MbX

X =

URR M@k Ms v
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*?'HZFQJ]JTZ‘BKZMiI4.2bB;M M/ M HvbBb Q7 0 B M+2

3X1t KTH2 1 +?2 b KTH2BM i?2 *?2KBi2+? 20 ES BKDRip- (B\QMBDib Q
Uh #H2 RjXRV- r2 Q#i BM2/i?2 7TQHHQrBM; “2bmHi,

62 + 66 + 52
X= — =

60
3
A7 i?2 MmMHH ?2vTQi22b Bl Bf=i M2i22 Qp2  HH b KTH2 K2 M Q7 e
i?2 2biBK i2 Q7 i?2 TQTmMHKIiBQM K2 M

"2ir22M@h 2 iK2Mib 1biBK i2 Q7 SQTmH iBQM 0 "B M+2
R X #2”22Mi‘2iKZNHbZHMB%MHPQI)KTFHZbBXZbFZ‘ZZ[m H X

UV h?Bb 2biBKBiR4QRAH2/i?2 /m2iQ M/
Bb /2MQi2! ,

MSTR = (13:6)

U#V h?2 MmK2  iQ  BM 2[m iBQM URjXaV Bh + HM2/iQ?2
i"2 iK2Mib M/ Bb /2MQi2XK

U+V h?2 /2MQKBM iQT-2b2Mib i?2 /2;°22b Q7 7°22/QK bbQ+E
aah_X

U/M2 M a[m "2 .m2iQ h 2 iK2Mib

SSTR

MSTR =
k

(13.7)

(222
SSTR= (13:8)

U2VHABD i'm2-Jah_T'QpB3/2b M 2biBK iZR?2Qr2p2'-B7i?2
K2 Mb QR iMQTmH iBQMb 2 MQi 2[m H-Jah_Bb MQi M mM#I
Q7c BM 7 +i-BMi? i+ b2-Jaih_ b?2QnmF/2X

U7V A7 2 +?2 b KTHE @@MIBbLIBQ@Mb- 2[m iBQM URjXeV + M #2 r’

MSTR = = =
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*7? TiZR,J 1tT2 BK2Mi H .2bB;M M/ M HvbBb Q7 0 "B M+2

kX1t KTH2 6Q i?2 *?2KBi2+? /i BMh #H2 RjXR-r2 Q#i BM i?2 7Q

XK

SSTR = nj(x; Xx)?=5(62 60Y+5(66 60)+5(52 60y =
j=1
SSTR _ 520

MSTR = 172~

qBi?BM@h 2 iK2Mib 1biBK i2 Q7 SQTmH iBQM 0 "B M+2
RX rBi?BMi'2 iK2Mib 20MRMii2®D B KTH2 bBx2b r2°2 2[m HX

UV h?Bb 2biBKBR @ HH2/ i?2 /Im2 iQ M/ Bb
[2MQi2i ,

MSE = (13.9)

U#V h?2 MmK2  iQ  BM 2[m iBQM URjXNYV Bb + HM2/iQ?2
2°°Q° M/ Bb /2MQi2X

U+V h?2 /2MQKBM iQ Q7 Jal Bb 272 "2/iQ bi?2/2;°22b Q7
rBi? aalX

U/M2 Mafm "2 . m2iQ1l1l "Q°

MSE = (13:10)

r?2 QSE

(13:11)

U2V LQi2 i? i Jal Bb # b2/ QM i?2 p 'B iBQM rBi?BM 2 +? Q7 i?
MQi BM~m2M+2/ #v r?2i?2  i?2 MmHH ?2vTQi?2bBL Bbi'm2X h

T QpB/2b M 2biBK i22RQ7
U7V A7 2 +? b KQHB2 b iBGMbe i?mb - - M/
2[m iBQM URjXNV + M #2 “2r'Bii2M b
P
MSE (0 Dsf
~ k(n 1)
U;V A7i?2b KTH2 bBXxMSE BiP?R 2= ;2 G772 X

U?V LQi2i? iBiBbi?2b K2 2bmHir2 mb2/BM a2+iBQM RjXR r?
+QM+2Ti Q7 i?2 rBi?BM@i' 2 iK2Mib 2biBK i2 Q7
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*7? TiZR,J 1tT2 BK2Mi H .2bB;M M/ M HvbBb Q7 0 "B M+2

kX1t KTH2 6Q i?2 *?2KBi2+? /i

BMh #H2 RjXR r2 Q#i BM i?2 7QH

X

SSE = (n, 1s?=(5 1)275+(5 1)265+(5 1)3L=
j=1

vsg - _SSE _ 340 _ 340

nf k 15 3 12

*QKT 'BM; i?20 B M+2 1biBKFR22,bh?2

RX A7 i?2 MmHH ?2vTQi?2b&m BM/ Jal T QpB/2 irQ BM/2T2M/2Mi-
#B b2/ 2biBK 22b Q7

kX U*? Ti2° RR76Q TQTmH iBQMb-i?2 b KTHBM; /Bbi B#miBQ

Q7 irQ BM/2T2M/2Mi 2bTRKI HIXDr 7M/Bbi B#miBQM X

j X >2M+2- B7 i?2 MmHH ?2vTQi?2bBb Bbi ' m2 M/ i?2 LPo bbmKT
b KTHBM; /IBbi B#miBQNM Q7 Bb M /IBbi " B#miBQM rBi? MmK2"

iQ  /2;°22b Q7 7°22/QK 2[m HWMIQQ2MQKBM iQ" /2;°22b Q7 7 22/
2[m HiQ X

<

UV A7i?2 MmMHH ?2vTQi?2bBIMBBR/MSE b?XQuHM2IQ2 ~iQ ? p2
#22M b2H2+i2/ 7 QK/IBBIBB#miBQMX

U#V A7 i?2 MmHH ?vTQi?2bBb Bb 7 Hb2-i?2 p Hm2 Q7 Jah_fJa
#2+ mb2 Jah_ Qp2 2WBK i2b

9X >2M+2- r2 rBHHB 2 D22 2bmHiBMISPRAMSE QTT2 “b iQ #2
iQ ? p2 #22M b2H2+F2/FPQR#MiBRQM MBiR2  iQ"
/2:°22b Q7 7 22AQK /MM QKBM iQ  /2;:°22b Q7 7°22/QKX

8Xh2bi ai iBbiB+ 7Q" i?2 1[kn $HBTWME7iBQM J2 Mb

(13:12)

eX h?2 i2bi bi iBbiBF 7/@GHHBHMIBIQM (Bi?222b Q7 7°22/QK BM i?2
MmK2  iQnr &//2:°22b Q7 7°22/QKBM i?2 /2ZMQKBM iQVX U

dX1t KTH2 G2imb 2im MiQ i?2 *?2KBi2+? 2tT2 BK2Mi

M/ mb2 H
iQ +QM/m+ii?2 2vTQi?2bBb i2biX

URR M@k Ms v
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*7? TiZR,J 1tT2 BK2Mi H .2bB;M M/ M HvbBb Q7 0 "B M+2

UV h?2p Hm2 Q7 i?2 i2bi bi iBbiB+ Bb
- MSTR _
MSE

U#V h?2 MmK2  iQ" /2; 22bk@l7=73 2124 Q K MB/bi ?
[2:°22b Q7 7 12 +RK1IBH3 =12 X

U+V "2+ mb2 r2 rBHH QMHv "2D2+i i?2 MmH
bi iBbiBp@PHmM2 BYH i72 Q7 iF2/BDi
"B:;?i Q7 i?2 i2biFbs G:BSXB +

2 [2MQKBM iQ"

H 2vTQi?2bBb 7Q"°
"B#miBQM iQ i?2

U/V U6B;m 2 RjX9V b?Qrb i?2 b KFHBNTRBMSEB-#il PBpQ MntX27
Q71i?2i2bibi iBbiB+- M/i?2mTT20@BHM2 1Q iiIRPRIPZ2TQi?2bE

12biX

U2V Uh #H2 9 Q7 TT2M/Bt "V i?R BT 2B#nBiB QM rdi? k MmK2" i
/2:°22b Q7 7°22/QK M/ RK /2MQKBM iQ /2:°22b Q7 7 22/QKX

"2 BMITT2 h|BXRy yXy8 yX

u7zv?ep@p Hm2 TTVQ2#?mb2 -i?2
i BHF F9:18 Bb H2bb i? M yXyR® p Hmb2 BARH
p@p HO@AXV

u;Vv qBi? -Ho Bb "2D2+i2/X

yk8 yXyR

FoHmRU2-d,=12VKkX3R jX3N 8XRy eXNj

"2 BMi?2mTT2"
2bbi? MyXyR UaQ’

U? W QM+HWOB2Q@N2bi T QpB/2b bm{+B2Mi 2pB/2M+2 iQ +QM+Hm,
Q7 i?2i?°22 TQTmH iBQMb "2 MQi 2[m HX AM Qi?2  rQ /b-

URR M@k Ms v
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*7? TiZR,J 1tT2 BK2Mi H .2bB;M M/ M HvbBb Q7 0 "B M+2

bmTTQ ibi?2 +QM+HmMbBQM i? i i?2 TQTmH iBQM K2 M MmK
T2 r22F 7Q i?2i?2°22 bb2K#Hv K2i?Q/b 2 MQi 2[m HX

UBw2 + BiB+ Hp Hm2VTJBIQ +°? - M/
+QM+HmM/2i? ii?72 K2 Mb Q7 i?2i?°22TQTmH iBQMb "2 MQi

3%2bi 7Q  i?2 1[m HBiv Q7 E SQTmH iBQM J2 Mb

Ho: 1= 2= = x
Ho: LQi HHTQTmH iBQM K2 Mb "2 2[m H

h2bi ai iBbiB+
_ MSTR

F MSE

_2D2+iBQM _mH2

P@p Hm2 TT Q2072 iBF@p Hm?2
**BiB+ Hp HmM2 :TT2Q M§ABF  Fy 1, «

LPo h #H2

RX Uh #H2 RjXkV h?2 "2bmHib Q7 i?2 T 2+2/BM; + H+mH iBQMb +
BM i #H2 272 °2/iQ bi?2 M HvbBbh Q7 pi HHM4¢ D2 ;2M2° H
7Q°K Q7 i?2 LPo i #H27Q° +QKTH2i2Hv > M/QKBx2/ /2bB;M Bt

kX Uh #H2 RjXjV CJSf1t+2H QmiTmi

62# m v kk- kyke
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*7? TiZR,J 1tT2 BK2Mi H .2bB;M M/ M HvbBb Q7 0 "B M+2

iX hQi HbmK Q7SIS[V, 2b U

UV h?2 bmK Q7 b[m "2b bbQ+B i2/ rBi? i?2 bQm +2 Q7 p "B |
Bb + HH2/i?2 iQi HbmK Q7 b¥YX "2b U

U #SST = - M/ i? ii?2/2:°22b Q7 7°22/QK bbQ+B i2
i?Bb bmK Q7 b[m “2b Bbi?2 bmK Q7 i?2/2:°22b Q7 722/
rBi? i?2 bmK Q7 b[m “2b /m2iQ M/ i?2 bmK Q7 b[m “2b /m2
iQ X U XV

U+V q2 TQBMIiSSmIBDPB/2/ #v Bib/2: 220:QF Bb2A2LQ K
i? i rQmH/ #2 Q#i BM2/ B7 r2 i°2 i2/i?2 2MiB 2 b2i Q7 R8 Q#|

/i b2iX
U/V qBi? i?2 2MiB 2/ i b2i b QM2 b KTH2-i?2 7Q KmH 7Q" +¢
bmK Q7 b[®ST2Bb

SST= (13:13)

9X LPo + M #2 pB2r2/ bi?2 T Q+2bb Q7 T iBiBQMBM: i?2iQi H
i22/2:°22b Q7 7°22/QKBMiQ i?2B  +Q 2b"QM/BM, bXm +2b,

*QKTmi2™ 2bmHib 7Q° M HvbBb Q7 o B M+2
RX U6B;m 2 RjX8V CJSf1t+2H QmiTmi 7Q  i?2 *?2KBi2+? 2tT2 BK:

URR¥&k\Ws v 62# m “v kk- kyke



*7? TiZR,J 1tT2 BK2Mi H .2bB;M M/ M HvbBb Q7 0 "B M+2

kX h?2 b[m "2 "QQi Q7 Jal T QpB/2b i?2 #2bi 2biBK i2 Q7 i?2 TC
/2pB iBRM?Bb 2biBKBiI 6B:m 2 RjX8 Bb SQQH2/ ai.2pc Bi Bb 2[m

iX N8W +QM}/2M+2 BMi2 p H 2biBK i2 Q7 i?2 TQTmH iBQM K2 M

(13:15)

r?2°@Bb i?2 2biBK i2 Q7 i?2 TQTmH iBQMDbI2M/mb22iPR #20Q M
2biBK i2 @B T QpB/2/ #v i?2 SQQH2/ ai.2p- r2 mb2 BMHmM2 Q7 ¢
2tT 2bbBQM URjXR8VX

9X h?2/2:°22b Q7 7 22 pQHKNTDB bh?Rk- i?2 /2:°22b Q7 7°22/QK bbQ+
i222°°Q  bmK Q7 b[m " 2bgs2MF2 X Bi#i BM

32
62 2:179§|33?3=62 5:19

h?mb- 1?2 BM/BpB/m H N8W +QM}/2M+2 BMi2 @+5:I0G J2i?Q/ ;
5681 i B2 +5:19 = 67:19X
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*7? TiZR,J 1tT2 BK2Mi H .2bB;M M/ M HvbBb Q7 0 "B M+2

h2biBM; 7Q° i?2 1[mMKHBQT@H iBQM J2 Mb, M P#b2 p
IBQM H aim/v

RX LPo + M HbQ #2 mb2/iQ i2bi7Q i?2 2[m HBivQ7i?'22Q KQ
mbBM; / i Q#i BM2/ 7 QK M X

kX1t KTH2 Uh #H2 RjX9V L iBOQM H *QKTmi2  S'Q/m+ib- AM+X U
T'BMi2'b M/ 7 t K +?BM2b i TH Mib HQ+ i2/ BM iH Mi - . HH &
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UV h?2 2biBK i2/ 2; 2bbBi=MO2{EK XB @ MWBH2 mb2/ b TQBMi
2biBK iQ Q7 -i?2K2 M Q" 2tT2+i2y PHM2BP2M p Hm2 Q7
Xx- M/ b T'2/B+iQ Q7 MBM/BpB/Xn Hp Hm2 Q7

U#V 6Q° 2t KTH2- TQBMi 2biBK i2 Q7 i?2 K2 M [m “i2 Hv b H2
HQ+ iBQMb M2 *~ + KFtObQByBjiPy bim/2MibV bim/2Mib Bb

$= ($11Q 000y

AM i?Bb + b2 r2 ¢ 2omdB: Q7 i?2 K2 M pyHm2 Q7
r?2M=10 X

U+V 6Q 2t KTH2-iQ T 2/B+i[m “i2"Hvb H2b 7Q° M2r “2bi m"
bB/2'BM; #mBH/BM; M2 “h H#Qi *QHH2;2- + KTmbrBi? Ry-y:

+QKTmi2
9‘:
>S2M+2-r2rQmH/ T 2/B+i[m "i2°"Hvb H2b Q7 ORRy-yyy 7Q bn
AM i?Bb + b2-r2¢ 2mbBV; QY 7Q° M2r Q#b2 p iBQM
r?2h=10X
9X LQi iBQMb,
u v 4i?2 :Bp2M p Hm2 Q7 i?2 BM/XT2M/2Mip "B #H2

Uu#v 41?22 M/QKp "B #H2 /2MQiBM; i?2 TQbbB#H2 p Hm2b «
p B #H2 vxr22M
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U+V 4i?2 K2 M Q' 2tT2+i2/ p Hm2 Q7 i?2 2T2W2Mi p "B
X=X
u/v 41?72 TQBMi 2biEKy)QMQ 7?2 T 2/B+iQ Q7 M

BM/BpB/m Hyp ri? & =0Qx7

8X1t KTH2 "K M/0b SBxx S HQ b2t KTH2

UV hQ BHHmMbi i2 1?2 mb2 Q7 i?Bb MQi iBQM-bmTTQb2r2r M
p Hm2 Q7 [m 'i2 " Hv b H2b 7Q° HH "K M/6b "2bi m  Mib HQ+
rBi? Ry-yyy bim/2MibX

U#V 6Q i?Bb + b2- M/ /12MQi2b i?2 mMFMQrM K2 M p H
Q7 [m "i2°Hvb H2b 7Q° HHX2hWIOXK™ Mibr?2°2

U+V h?mb-i?2 TQBME(ZDIBIKTI20QB/2/ #v -

Q ORRy-yyyX

U/V "mi- mbBM; i?Bp MQIOiIBRMHbQ i?2 Q7 [m “i2 Hv
b H2b 7Q  i?2 M2r “2bi m" Mi HQ+ i2/ M2 *h H#Qi *QHH2:2-
bim/2MibX

AMi2 p H 1biBK iBQM

RX SQBMi2biBK iQ'b M/ T 2/B+iQ b/QMQiT QpBiz My BM7Q K i
bbQ+B i2/rBi?i?22biBK i2 M/fQ T 2/B+iBQMX 6Q i? [ r2 Kmbi
BMi2 p Hb M/ BMi2 p HbX

UV +QM}/2M+2 BMi2'p HBb M BMi2 » H 2biRK i2Q7 i?2
"Bp2M p B2 Q7

U#V T 2/B+iBQMBMi2 p HBb mb2/r?2M2p2 r2r MiiQ T 2/3 ]
7Q° M2r Q#b2'p iBQM +Q "2bTQM/BM; iQ ;Bp2Mp Hm2 Q7

kX Hi?20m:?i?2 TWIE*iQBEZM x BM2?QD K2 b i?2 TQBMi 2biBK i
Q7i?2 K2 M pyH®2 Q;Bp2M xHim2 Q7 r2 Q#i BM
7Q i?2irQ + b2b "2 /Bz2 2MiX

jiX h?2 K “;BM Q72 "G BbQ T 2/B+iBQM BMi2 p HX
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9X S"2/B+iBQM BMi2 p Hb "2b2K#H2 +QM}/2M+2 BMi2 p HbX >Qr
HHvX +QM}/2M+2 BMi2 p H “2T 2b2Mik M M/ Bb M
BMi2p Hi? i Bb BMi2M/2/iQ +Qp2  i?2 p HM2 Q7 i?2 T * K2i2 X
Bb bi i2K2Mi #Qmi i?2 p Hm2 iQ #2 i F2M #v - i?2 M2r
Q#b2 p yiBXM

*QM}/2M+2 AMi2 p H 7Q  i?2 J2yM o Hm2 Q7

RX AM ;2M2° H- r2 + MNQ i220H®¥i2t +iHvX A7 r2 r Mi iQ K F2 M
BM72 2M+2 #Qmip?Bb #tH Qb2 i m2 K2EW p- HBM2BHH ? p2 iQ
2biBK i2i?2p B M+2 Q7

kX h?2 7Q KmH 7Q 2biBK iBM: i2MP B ¥w2-Bb

S5 = (14:22)

r?2°¢= X

iX h?2 2biBK i2 Q7 i?2bi M/ ) RApEBpROM Q7?2 b[m "2 "QQi Q7 2[m

UR9XkKV X .
S = s %+ )zxi X));Z (14:23)
9XLPh1l,
Vi = o+ axi X)* i o= o+ 1x ( Hi2 M iBp3 KQ/2H

y = th(x Xx)p=hh+tbhx=y
y = ythx X
Eg) = E(y)
j=Var(g) = Var(y+b(x x)
= Var(y)+ Var(bh(x x))

2 ) 2

- F+(X X) (xi  x)?
- 2 E_'_ Q(X x)?
n (x; x)2 °
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8X1t KTH2 "K M/0b SBxx S HQ'b

P
s =13:829X qBk?=10-x = 14- M/ (x;*X)2=568-r2 + M mb2 2[m iBQM
URI9XKjV iQ Q#i BM

Sy =
exh?22Q 2K,
¢ E(y)
Sp (n 2)
dX¥QM}/2M+2 AMi2 B(H) 7Q"
(14:24)

r?22°2i?2 +QM}/2M+2 A@2{MB2MBBYH b2/ QtMBB2 B#miBQM rBi?
d2V /2:°22b Q7 7 22/QKX

3X1t KTH2 "K M/0b SBxx S HQ'b

UV .2p2HQT N8W +QM}/2M+2BMi2'p HQ7 i?2K2 M[m "i2 Hv I
"2bi m® Mib HQ+ i2/ M2 "+ KTmb2b rBi? Ry-yyy bim/2MibX

U#V g2 2 p2 X h?2mb-rgi? M/ K :BM Q72 Q"
Q7 - i?2 N8W +QM}/2M+2 BMi2 p H 2biB}
110 11:415X

U+V AM /QHH "b- i?72 NB8W +QM}/2M+2 BMi2 ' p H7Q i?2 K2 M
"2bim® Mib M2 "+ KTmb2b rBi? Ry-yyy b0RR2ERBBEbh(’PRR3/@y vy
7Q°2-i?2 N8W +QM}/2M+2 BMi2 p 1 7Q" i?2r?2M i?2
bim/2Mi TQTmH iBQM Bb Ry-yyy Bb X

NX LQi2i? ii?22biBK i2/ bi M/ ¢/;/BpBMBQMQ@7BQM UR9XKjV Bb b
2bir?2M X

RyX AM i?Bb + b2 i?2 2biBK i2/ bigM#2+ (PpBOiBQM Q7
S

& =5 S+ =
9 n _

h?Bb "2bmHiIi BKTHB2b i? ir2 + MK F2i?2 #2bi Q"  KQbi T 2+Bb2
p HmMQ Q2M2p2= x X
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RRX UBB;m 2 ROX3 B 7@K ?22 H X;2X #2+QK2bX b “2bmHi- i?2
+QM}/2M+2 BMi2 p H7Q i?2K2 Mp Hm2 Q7/2pBHBb*ROQX 2 rB/
7" QX

S 2/B+iBQM AMi2 " pH7Q° M AM/BpB/m Ho Hm2 Q7
RX h?22 T 2/B+i@Q?2Q7 HM2 Q7 2bTQM/BM; iQ i BbzBp2 Mx X
kX 6Q" i?2 M2r "2bi m® Mi HQ+ i2/ M =HOH#AQii?PQHH2/B+iBQM
Q7 [m "i2 'Hv p HEML+BMEO0) = 110- Q° ORRy-yyyX LQi2 i? i i?2 T 2/B
iBQM Q7 [m "i2°Hv b H2b 7Q  i?2 M2r K M/6b “2bi m> Mi M2 "~ h
b i?2 TQBMi 2biBK i2 Q7 i?2 K2 M b H2b 7Q° HH K M
HQ+ i2/ M2 ~+ KTmb2b rBi? Ry-yyy bim/2MibX

jX .2i2° KBM2 i?2p B M+2 bbQ®BL2/TrRI/BmiABMIM= x X
h?Bbp B M+2Bb K /2mT Q7 i?22bmK Q7 i?2 7TQHHQrBM; irQ +Qk

UV h?2 U2biBK i2/V p yBpMH@ ZN7 iPQmi iR K2 M X
U#V h?2 U2biBK i2/Vp "B M+2 bp Q@R L2BEBji®, m5BMX
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9X h?27Q KmH 7Q  2biBK iBM:i?2p 'B M+2 +Q "2bTQM/BM; iQ i?
Q¥ r?2M=x - /12MQs24- Bb

2
Spred

= (14:25)

8Xh?2Q 2K,
9‘ yI"I ew

tn 2
Spred (n 2

var(y  Yoew)

Var(g )+ Var(yYnew)
Var(¢ )+ 2

2
pred

eX U K M/6b SBxx S "HQ bV i?2 2biBK i2/ bi M/ "/ /2pB iBQM +(
T 2/B+iBQM Q7 [m "i2°"Hv b H2b 7Q° M2r "2bi m  Mi HQ+ i2/ M
+ KTmb rBi? Ry-yyy bim/2Mib- Bb +QKTmi2/ b 7QHHQrbX

Spred =

dXS 2/B+iBQM AMi2yp H 6Q"°

(14:27)
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r?2°2i?2 +QM}/2M+2 H@2{MB2MBIBE b2/ QM BD2 B#miBQM rBi?
n2/2;"22b Q7 7°22/QKX

3X U 'K M/6b SBxx S "HQ bV h?2 N8W T '2/B+iBQM BMi2 ' p H7Q"
M2r "K M/6b "2bi m> MiHQ+ i2/ M2 ~ hyH#1Q0 *@HHR ;2,BN\Bi?
Q7 2°Q° Q7 - i?2 N8W T 2/B+iBQM BMi2 p |
110 33875U0de-Rk8 iQ OR9j-3d8VX

NX LQi2 i? ii?2 T'2/B+iBQM BMi2'p H7Q  i?2 M2r “2bi m> Mi HQ+
H2;2- + KTmb rBi? Ry-yyy bim/2Mib- Bb rB/2"  i? Mi?2 +QM}/2N\
K2 M[m "i2°’Hvb H2b Q7 HH "2bi m~ MibHQ+ i2/ M2 "+ KTmb2b
h?2 /IBz2 ' 2M+2 "2~2+ib i?2 7 +ii? ir2 "2 #H2 iQ 2iBK i2 i?2 }

i? Mr2+ MT 2/B+i M BM/BpB/m Hp Hm2 Q7

RyX U6B;m 2 ROXNV *QM}/2M+2 BMi2 p Hb M/ T 2/B+iBQM BMi2"
r?2Mi?2p Hm2 Q7 i?2 BM/2k2BIb24H @bXB iHH 2
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ROXd *QKTmi2 aQHmMiBQM

R9X3 2bB/m H M HvbBb, o HB/ iBM: JQ/2H
iBQMb

RX 2bB/m H7Q iQ#B2 /BIRQM +2 #2ir22M i?2 Q#b2 p2/ p Hm2 Q7
[2Mip "ByAAHMJ i?2 T 2/B+i2/p HM2 Q7 i?2 /@ W2M/2Mi X B #H2 U

kX M M HvbBb Q7 i?2 +Q "2bTQM/BM: “2bB/m Hb rBHH ?22HT /2i2’
iBQMb K /2 #Qmii?2 "2;"2bbBQM KQ/2H "2 TT QT B i2X
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jX Uh #H2 R9XdV

9X1t KTH2 "K M/6b SBxx S HQ'b

UV DbBKTH2 HBM2 ~"2;"2bbBQM KQ/2H r b bbmK2/X
y= o+ X+ (14:29)

h?Bb KQ/2H BM/B+ i2bi? ir2 bbmk¥/i[Qn#2i2 HBWH2 H ZmW +iB Q
Q7 i?2bBx2 Q7 i?2 bim/2Wi THHMHMMiBO® WM K2+iBQM R9XO
2K /2i?2 7TQHHQrBM: bbmKTiBQMb XQmii?2 2 "Q i2 K

R X X

kX h?2 p "B MBRiIQZ b K2 7Q° HHXp Hm2b Q7 X
jiX h?2 p Hm2m®RQ7 X

9X h?2 2 "Q ?2bK X

U#V h?2b2 bbmKTiBQMb T QpB/2 i?2 i?2Q Z2iB+HMA i#®#DBb 7Q " i
mb2/iQ /2i2 KBM2 r?2i?2 i?2 2HXiBQMBDBT #2ir22
bB;MB}+ Mi- M/ 70" i?72 2biBK i2b T 2@

b2Mi2/ BM a2+iBQM R9XeX

8X A7i?2 bbmKTiBQMb #QmimTiP22 "G i2 X -i?22vTIQi?2bBb
i2bib #Qmii?2bB;MB}+ M+2 Q7i?2 2:°2bbBQM "2H iBQMb?BT
“2bmHib X

URR¥&k\Ws v 62#'m “v kk- kyke
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eX Jm+? Q7 "2bB/m H M HvbBb Bb # b2/ QM M 2t KBM iBQM Q7 ;°

UV THQIiQ7i?2 . BMbip Hm2b Q7 i?2 BM/2T2MMKRMip "B #
U#V THQIi Q7 . BMbi i?2 Q7 i?2 /2T2M/2Mi
p B #H2
U+V THQIX
u/v THQIX

_2bB/m H SHQi x BMbi

RX U6B;m 2 R9XRKV

UV S M2H ,A7i?2 bbmKTiBGMi? i Bbi?2bh K27Q" HHp Hm2
Q% M/ i?2 bbmK2/  2;°2bbBQM KQ/2H Bb M /2[m i2 "2T 2b
"2H iBQMb?BT #2ir22M i?2 p "B #H2b- i?2 "2bB/m H THQi b

BKT 2bbBQM Q7 X

U#V S M2H ", B7 i?2 Bb MQi i?2 b K2 7Q° KH7QHM2b Q7
2t KTH2- B7 p "B #BHBiv #Qmi i?2 "2; 2bbBQM HBM2 Bb ; 2
X X

U+V S M2H *, r2rQmH/ +QM+HmM/2 i? ii?2 bbmK2/ 2; 2bbBQM
[mi2 2T 2b2Mi iBQMQ7i?2 2H iBQMb?BT #2ii2Z2M 1?22 p B 1
"2;°2bbBQM KQ/2H G "2;°2bbBQM KQ/2H b?QmH/ #2 +QMbB/
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kX U6B;m 2 ROKRHRY "K M/0b SBxx S HQ b,

h?2 "2bB/m H THQi /Q2b MQi T 'QpB/2 2pB/2M+2 i? i i?2 bbmK’
K M/6b “2;:"2bbBQM KQ/2H b?QmH/ #2 +?2 HH2M:;2/X ii?Bb TQB
i72 +QM+HmMbBQM i? i K M/6b bBKTH2 HBM2 “X2:"2bbBQM KQ/

URR¥&k\Ws v 62#'m “v kk- kyke



*7? Ti2R,9aBKTH2 GBM2 ° _2; 2bbBQM S ;2

jX 1tT2 ' B2M+2 M/ ;QQ/ Dm/;K2Mi "2 Hr vb 7 +iQ bBMi?2 2z2+il
"2bB/m H THQibX

_2bB/m H SHQi 9 BMb|

RX MQi?2 "2bB/m HTHQi 2T 2b2Mib i?2 T 2/B+i2/9pQHMn2 Q7 i?2
i?2 2Q°BxQMi H tBb M/i?2 "2bB/m Hp Hm2b QM i?2 p2 iB+ H t

kX U6B;m 2 R9XRjV gBi? i?2 "K M/6b/ i 7°QK h #H2 R9Xd-

LQi2i? ii?2T ii2 MQ7i?Bb 2bB/m HTHQiIiBbi?2b K2 bi?2T i
THQi ; BMbii?2 BM/2T2MX2Mi p B #H2

iX 6Q° M HvbBb- i?2 "2bB/m $HMHKQD 2BBMHYV
mb2/ #2+ mb2 Q7 i?2 T'2b2M+2 Q7 KQ 2 i? M QM2 BM/2T2M/2Mi

ai M/ "/IBx2/ _2bB/m Hb

RX "~ M/IQKp B #H2 Bb bi M/ "/Bx2/ #v bm#i" +iBM; Bib K2 M M/
#v Bib bi M/ "/ /2pB iBQMX

kX gBi? i?72 H2 bi b[m "2b K2i?Q/-i?2 K2 M Q7 {X2h7?2hiB-/ mBHKI@B b
THv /BpB/BM; 2 +? "2b3/m H#v B's T QpB/2bi?2 bi M/ "/IBx2/
"2bB/m HX
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jXai M/ / .2pB iBQM Qi?i?2bB/m H

Syi 9 = (14:30)
S, ¢ = i?22Dbi M/ *//2pB iBQMiQ7 “2bB/m H
s = i?2bi M/ "/ 2°°Q Q7 i?2 2biBK i2
h = (14:31)

9Xai M/ "/Bx2/ _2bB/m H 7Q  P#b2 p iBQM
(14:32)

8X Uh #H2 R9X3V i?2 bi M/ "/IBx2/ "2bB/m Hb 7Q" "K M/0b SBxx S

eX U6B;m 2 R9XR9V
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dX h?2bi M/ /Bx2/ 2bB/m HTHQi+ MT QpB/2BMbB;?i #Qmii??2
"Q i2°R b X A7i?Bb bbmKTiBQM Bb b iBb}2/-i?
#miBQM Q7i?2bi M/ “/Bx2/ 2bB/m Hbb?QmH/ TT2 iQ +QK2 7" (
T Q# #BHBiv /Bbi 'B#miBQMX

3X h?mb-r?2M HQQFBM: i

bi M/ “/Bx2/ 2bB/m HTHQi-r2b?QmkH
BK i2Huv

Q71?2 bi M/ "IBx2/ "2bB/m Hb #2ir22 M

NX g2 b22 BM 6B:m 2 ROXR9 i? i 7Q  i?2 K M/6b 2t KTH2 HH Dbi
"2 #2ir22MMA2X h?2°27Q°2- QM i?2 # bBb Q7 i?2 bi M/ “/Bx2/ 2
THQi ;Bp2b mb MQ "2 bQM iQ [m2biBQMbi? M ®bkn K 7BHQN #MiB QM

LQ'K H S Q# #BHBiv SHQ|

RX MQi?2°

TT Q +?27Q /2i2 " KBMBM; i?2p HB/BivQ7i?2 bbmKTi
? b

MQ'K H/Bbi'B#miBQM Bb i?2 MQ K HT Q# #BHBiv THQiX
kX hQ b?2Qr ?2Qr
X

MQ K H T Q# #BHBiv THQi Bb /2p2HQT2/- r2 BM

UV amTTQb2 Ry p Hm2b "2 b2H2+i2/ " M/QKHv 7' QK MQ K |
#miBQM rBi? K2 M Q7 x2°'Q M/ bi M/ '/ /2pB iBQM Q7 QM
b KTHBM; T'Q+2bb Bb "2T2 i2/ Qp2" M/ Qp2 rBi? i?2 p Hm2|
Ry X

U#V h?2  M/QKp B #H2 2T 2b2MiBM;i?2 bK HH2bip Hm2 Q#i
THBM; Bb + HH2/ i?2 X

U+V ai iBbiB+B Mb b?Qri? i 7Q b KTH2b Q7 bBx2 Ry 7 QK bi

#BHBiv /Bbi B#miBQM-i?2 2tT2+i2/ p Hm2 QB5RhPBb@Q /2
2tT2+i2/ p Hm2 Bb + HIH2/ X

'LPh1l, *QKTmi2i?2 2tT2+i2/ p Hm2b Q7 Q /2 bi iBbiB+b 7Q"
7°QK bi M/ '/ MQ K H /BpLR#KPBM b &1Mpai ib'

2iiTh,ffb2 "+2X @T QD2+iXQ ;f*_ Lf 27K MbflMpai ibf?iKHf2pLQ KP /ai ibX?iKH

U/V Uh #H2 ROXNV 6Q  i?2 + b2 rBi2 100 KTH2 Q2 RExQ /2"
bi iBbiB+b M/ Ry MQ K HX

URR M@k Ms v
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=/ i X7 K2UT- [MQ'KUTVV
T [MQ KXTX

R yXyyyyyyyy @AM7
yXyNYyNyNyN @RXjj8Rddd
yXR3R3R3R3 @yXNy398dN
yXkdkdkdkd @yXey9838j
yXjejejeje @yXj93d88d
yX98989898 @yXRR9R38]
yX89898988 yXRR9R38]
yXejejeje9 yXj93d88d

N yXdkdkdkd] yXey9838j
Ry yYX3R3R3R3k yXNy398dN
RR yXNyNyNyNR RXjj8Rddd
Rk RXyyyyyyyy AM7

— =

w Qo d 0 ©

U2V G2i mb MQr b?Qr ?2Qri?2 Ry MQ'K Hb+Q 2b + M #2 mb2/iQ
i22 bi M/ “/Bx2/ 2bB/m Hb 7Q" K M/6b SBxx S "HQ'b TT2
bi M/ */ MQ K HT Q# #BHBiv /Bbi B#miBQMX

U7V Uh #H2 R9XRYV h?2 Ry MQ 'K HDb+Q 2b M/i?2Q /2 2/ bi M
b?QrM iQ;2i?2  BM h #H2 RIXRyX A7 i?2 MQ K HBiv bbmKT
bK HH2bi bi M/ “/Bx2/ 2bB/m H b?QmH/ #2 +HQb2 iQ i?2 bK
i?2 M2ti bK HH2bi bi M/ “/Bx2/ "2bB/m H b?2QmH/ #2 +HQb?2 i
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MQ K Hb+Q 2- M/ bQ QMX
U:V MQ' K HT Q# #BHBIivTHQi, THCIirBi@M222Q BxQMi H
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iBQM2/ BMiQ irQ +QKTQM2Mib, i?2 bmK Q7 b[m 2b /m2iQ “2;2
b[m "2b/m2iQ 2 QX h?2b K2T Q+2/m 2 TTHB2biQ i?2 bmK Q
"2;°2bbBQMX

(15.7)

r?2 2

aah, iQi HbmK Q7 b[m "2 4 X

aa_,bmK Q7 b[m "2b/m2iQ 2; 25bBQXM 4

aal, bmK Q7 b[m "2b/m2iQ 2 "9 4&X

kX1t KTH2 "miH2 h " m+FBM; T Q#BIK-2BEBMESRR 2XEDU6-
M BSSE =2:2994X

iX qBi? QMHV QM2 BM/2T2M/2Mip "B #H2 UMmMK#2 Q7 KBH2b i p2
R8Xj b?Qri8$? 5 23:900-SSR = 15:871- MSSE = 8:029X h?2 p Hm2 Q7
aah Bbi?2b K2 BM #Qi? + b2b #2+ mb2 Bi#GBR BR/2TRM/ QM
MSSE /2+°2 b2b r?2M b2+QM/ BM/2T2M/2Mi p "B #H2 UMmMK#2
121X
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9X h?2 KmMHIBTH2 +Q2{+B2Mi Q7 /RP2 KB M BADM?221QQiM2bb Q7 }
7Q 1?2 2biBK i2/ KmHiIBTH2 2:°2bbBQM 2[m iBQMX

(15:8)

8X h?2KmHIBTH2 +Q2{+B2MiQ7/2i2 ' KBM iBQGM+ M#28M1i2 T 2.2
BM i?2 /2T2M/2Mip B #H2 i? i+ M #2 2tTH BM2/ #v i

KmHiBTH2 2:°2bbBQM 2[m iBQMX

eX >2M+2-r?2M KmHIBTHB2/ #v Ryy-Bi+ M #2 BMi2 T 2i2/ bi?2
#BHByviBM+ M #2 2tTH BM2Z/ X

dX1t KTH2 AMi?2irQ@BM/2T2M/2Mi@p B #H2 "n8%R= h m+FBM;
21:6006 M SST=23:900- r2 ? fR2=21:6006/23900 = 0:9038X

3X h?2°27Q 2- NyXj3W Q7 i?2 p By#BHBITHBRBM2p2ZHM iBK2biBK i2/
KmHIiBTH2 "2;°2bbBQM 2[m iBQM rBi? KBH2b i° p2H2/ M/ MmK/{
BM/2T2M/2Mip "B #H2bX

NX U6B;m 2 R8XjV i?2 _@b[p Hm2 7Q i?2 2biBK i2/ "2;"2bbBQM
BM/2T2M/2Mip "B #H2- MmK#2x, @7 BKIBERIEXIRW2HR?db- i?72 T2 +
;2 Q71?2 p "B #BHBivBM i° p2H iBK2b i? i Bb 2tTH BM2/ #v i?2
2[m iBQM BM+ 2 H2h 7 QK r?2Mm MmK#2° Q7 /2HBp2 B2b Bb
b b2+QM/ BM/2T2M/2Mip B #H2X

RyX AM ; RM2HMHvb BM+"2 b2b b BM/2T2M/2Mip "B #H2b "2 //2]iC

RRX J Mv M Hvbib T 2R27Q/DimdiBMK#2"° Q7 BM/2T2M/2Mip "B #H?2
i?72 BKT +i Q7 //IBM; M BM/2T2M/2Mip "B #H2 QM

Q7 p B #BHBiv 2tH BM2/ #v i?2 2biBK i2/ "2; 2bbBQM 2[m iBQM

RkX qBiP2MQiBM; i?2 MmMK#2 Q7 QEb2MQiBOMb? MM mK#2 Q7 BM/
T2M/2Mip "B #H2b-i?2 /Dmbi2/ KmHIBTH2 +Q2{+B2Mi Q7 /2i2 k

7QHHOQTrbD,
(15:9)

RjX1t KTH2 qB%10 Mp=2-r12 ? p2

10 1
R?=1 (1 09038 — ——
( 10 2 1
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R9X h?mb- 7i2° /DmbiBM; 7Q 1?2 irQ BM/2T2M/2Mip B #H2b-r2
iBTH2 +Q2{+B2Mi Q7 /2i2 ' KBM iBQM Q7 yX3dejX h?Bb p Hm2 U2
Bb T°'QpB/2/ BM i?2QmiTmi BM &8;m Z RX9 Xh

H :2 MmK#2" Q
Mi F2
/IDmbi2/

R8X A7 i?2 RHBIRbX/HH M/ i?2 KQ/2H +QMi BMb
p "B #H2b-i?2 /Dmbi2/ +Q2{+B2Mi Q7 /2i2 KBM iBQM -
BMbm+? + b2b-bi iBbiB+ HbQ7ir "2 mbm HHv b2ibi?2

iBQMiQ X

R8X9 JQ/2H bbmKTiBQMb
RX h?2 KmHiBTH2 "2; 2bbBQM KQ/2H,

Y= ot Xzt 22Xt + pXpt (15:10)

kX h?2 bbmKTiBQMb #Qmii?2BMi?2 KmHIBTH2 2:°2bbBQM KQ/

URV h?2 2 "QBi2 K M/ QK p "B #H2 rBi? K2 M Q 2tT2+i2/ p Hm
i? i Bb X
AKTHB+ 6BQMBp2M pxHm;2b;&Q7 i?72 2tT2+i2/- Q" p2°
QY Bb ;Bp2M #v

72-p HmM:

E(y) = (15:11)

1[m iBQM URSXRRV Eb i?2 XE(y) 2T 2b2Mib
i?2 p2° :2 Q7 HH TQblBRHX®B MmO 7Q  i?2 :Bp2M p Hm

X1;X2; 3 Xp X
UKV h?2 p "B NBH2/DMQi2Y #W/ Bb i?2 b K2 7Q° HH p Hm2b Q7 i?:
T2M/2Mi p SB#H 21, ¢ i? i Bh- X

AKTHB+ hBQM 'B M+2QmMii?2 "2;°2bbBQM HBMM2PBb Hb
i72 b K27Q" HHxgxim2k,®7

62# m v kk- kyke
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UjV h?2 p Hm2® GT X

AKTHB+ h®QNM HmZ Q7 T iB+mH ~b2i Q7 p Hm2b 7Q  i?2 BN
p "B #H2b Bb MQi "2H i2/ iDQ?2Mv HM22QB2i Q7 p Hm2b X

U9V h?2 2 "QBIiR K " M/IQKp "B #H2 "2~2+iBM; i?:
/2pB iBQM #2ir22M p?Bm2 M/ i?2 i Bp2M dv x; +
2Xo + + poX
AKTHB+ IB®ME2,; ; , "2 7Q i?2 ;Bp2M p Hm2b Q7
X1;X2;  Xp- 1?22 [2T2M/2Mi p BB #HIRQ /IBbi B#mi2/

M/QK p "B #H2X

jX U6B;m 2 R8X8V *QMDbB/2  i?2 7TQHHQIBM: irQ@BM/2T2M/2Mi@
2[m iBQMX

E(y)= ot 1Xat 2Xp

9X LQi2i? ii?2 p HMQr®7Bb i72 #2ir22M i?2 ypmHih 2
M/ i?22 2tT2+i2/ y-HW2 Q72M= X, Mk, = X, X

8X AM "2; 2bbBQM M HvbBb-i?2i2 K 2bTQMb2p "B #H2 Bb Q7i2
X 6m'i?2 ' KQ 2-bBM+2 i?2 KmHIBTH2 "2; 2bbBQ
2 i2b TH M2 Q bm'7 +2-Bib ;" T? Bb ~ HHHR/
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R8X8 h2biBM; 7Q aB;MB}+ M+2

RX AM bBKTH2 HBM2 ~ "2; 2bbBW/MM#Qi? T QpB/2i?2 b K2
+QM+HmMbBQMc i? iBb-B7i?2 MmHH ?2vTQi?2bBl: Bb X2D2+i2/-r

kX AM KmHIBTH2 "2;i2bibBQ M-P2D2 ? p2 /Bz2 2Mi Tm TQb2bX

UV hR22bi Bb mb2/iQ /2i2°KBM2 r?2i?2° bB;MB}+ Mi 2H iBQ
ir22Mi?2 /2T2M/2Mip B #H2 M/i?2BMQT2M/2Mip "B #H2b
r2 rBHH "272F iQbP2b i?2 i2bi 7Q" X

U#V AFii2di b?Qrb M Qp2  HH bB;MB}+ Bl M-bi22iQ /2i2 KBM?2
r?2i?2°2 +?2 Q7 i?2 BM/BpB/m HBM/2T2M/2Mip ‘B #H2b Bb b
ti2bi Bb +QM/m+i2/ 7Q 2 +?2 Q7 i?2 BM/2T2M/2Mip "B #H2Db B
iQ 2 +2 Q7tiP2bid b i2bi 7Q" X

j X AMi?2 Ki2'B Hi? i 7TQHHQrb- F2i2BHH2 iPI2 BMM?P2TTHV
2 +?2i1Q i?2 "miH2 h ' m+FBM; *QKT Mv 2t KTH2X

F h2bi
RX h?2 ?2vTQi?2bEbiZRiI BMPQHp2 i?2 T ~ K2i2°'b Q7 i?2 KmHiIiBTH
KQ/2HX
Ho
Ha : PM2 Q  KQ ' 2Q7i?2T " K2i2'b "2 MQi2[m HIiQ x2 C
kX B7Bb "2D2+i2/-i?2i2bi Bp2Zk mb iQ+QM+HM/2i? i
QM2 Q KQ '2Q7i?2T ~ K2i2'b "2MQi2[m HiQx2 Q M/Ii? ii?2
#2ir29MM/ i?2 b2i Q7 BM/2T2MAZMi p ;X8 B 2 & X
X >Qr2pHye B MMQi #2 "2D2+i2/-r2/Q MQi 7 p2 iQ +QM@

+Hm/2i? i bB;MB}+ Mi 2H iBQMb?BT Bb T 2b2MiX
9X U_2pB2rvVU*? Ti2 ROV

UV K2 Mb[m 2EBELk /IBpB/2/ #v Bib +Q "2bTQM/BM; /2;
Q7 7°22/QKX
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U#V AM i?2 KmHiBTH2 "2;°2bbBQM + b2SSPY PQb H bmK Q7 b[m °
/2:°22b Q7 7°22/QK- i?2 bmK Q7 b[m “$8RW2 iQ “2; 2bbBQM
/2:°22b Q7 7°22/QK- M/i?2bmK Q7 BBEV 2bbkm2iQ 2 Q" U
[2:°22b Q7 7°22/QKX

U+V >2M+2-i?2K2 Mb[m "2 /MSRY BX: 20bBQWI U?2 K2 M

b[m "2 /m2 iQMSEQ B X

U/V Jal T QpB/2b M mM#B b2/ 2biBR p22BM+2 Q71?722 "Q i2 k
X

uav A7 Bbi m2- HbQ T ' QpB/2b M mM#B (
b2/ 2biBK 22 QW/ i?2 p HWEBRIMBE b?QmH/ #2 +HQbR iQ

U7V >Qr2idk B-bBr7MBR - 2 M/i?2p HMSROWSE
#2+QK2bh X

8X hQ /2i2 " KBM2 ?2Qr H *:2i?2p Hm2 QKMnbi #2 iQ HyD22]
K F2 mb2 Q7 i?2 7 +ii? i BT M/ i?2 #Qmi i?2
KmHiBTH2 “2;:°2bbBQM KQ+/2M B2KTHBM: /BbiMBRIMIEQM Q7
Bb M /Bbi'B#miBQM rBR2°22b Q7 7°22/QK BM i?2 MmK2" iQ"
BMi?2 /I2MQKBM iQ" X

eX6 i2bi 7Q° Qp2° HH bB;MB}+ M+2
UV >vTQi?2bBb,

HO : 1= o= = p:O

Ha © PM2 Q KQ 2 Q7i?2T > K2i2'b "2 MQi 2[m HiQ x2

U#V h2bi bi iBbiB+,
(15:14)

U+V 2D2+iBQM "mH2,

BX@p Hm2 TT Q H3,B7202+i X
BBX *'BiB+ Hp Hm2 THy B7+?, 2D2+i
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dX1t KTH2 "miH2 h " m+FBM; *QKT Mv
UV >vTQi?2b2b,
HO . 1= 2:0
Ho : 1 M/fQ; Bb MQi 2[m HiQ x2'Q

U#V U6B;m 2 R8XeV

U+WSR = 10:8003 M/MSE = 0:3285-F = X IbBM= 0:01-
X qBF?=32:88> 955- r2 "2DHti; = ,=0X
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U/V IbBM0:01- i?8@p H®R00 BM/B+ i2b i? i r2 +HM: 2D 2+i
,=0 #2+ MbDP@R Hm2 Bb H20:H1® M

U2V *QM+HmM/2 i? | Bb T 2b2Mi #2ir22Myi> p2H iBK?2
M/ i?22irQ BM/2T2M/2Mi p "B #H2b- KBH2b i p2H2/ M/ MmK;

t h2bi

RX A7Fi?2bi b?Qrb i? i i?2 KmHiBTH2 2:°2bbBQM “2tHiABIQMb?BT E
+ M #2 +QM/m+i2/ iQ /2i2°KBM2 i?2 bB;MB}~ M4+2 QU @ +? Q7 i?:
C K2i2 bX

KXh?2 i2bi 7Q° BM/BpB/m H bB;MB}+ M+2
UV >vTQi?2bBb, 6Q° Mv T ~ K2i2°
Ho
Hy, : ;60
U#V h2bi bi iBbiB+,
(15:15)
U+V 2D2+iBQM "mH2,

BX@p Hm2 TT Q +H3,BF@p2HmX
BBX **BiB+ Hp Hm2 HEBY +?, _2D2+iQ B7 X

X AMi?2 i2bi s BBbiB22biBK i2 Q7 i?2 bi M/ K/BpB gB2 @7
Sy TBHH #2 T " QpB/2/ #v i?2 +QKTmi2  bQ7ir "2 T +F ;2X

| XAl |
h?2 KmHiBTH2 “2;°2bbBQM KQ/2H

UV AMi?2K i'Bt MQi iBQM,

Q" Vi 1= Snp p1t n o1l
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U#V .2bB;M K, i Bt

U+V |b2 G2 bi@b[m "2b iQ }i  2; 2bbiBQM.HBN2@=i?2 / i

fXi1;Xi2; 5 Xip 10
X
Q) = (ves ){ves )= (viet )
i=1
%Q = 2sq{v s )=y
) (s%) = s
) ==

U/Vo B M+2 Q7 i?2b KTHBM;i FBbh2 B#HmiBQM Q7

2
(n D@ RY’
r?Z‘QEi Bbi?2b KTH2p "B Mx%2 MR?pBFB@#U-[m "2Q7i?2 "2;°2b@
bBQM QWM i?2 "2bi Q7 i?2 2tTH M iQ vp "B #H2b Q7 i?2 KQ/2F
+QMbi Mii2 ' KVX LQi2i? ii?2p 'B M+2 b?QmH/ #2 +QM/BiBC
p Hm2b Q7 i?2 2tTH M iQ vp B #H2bX

Var(h) =

9X1t KTH2 "miH2 h m+FBM; *QKT Mv

UV U6B;m 2 R8XeV i? i b?Qrb i@ QBQTMHF@Hi 1BQMb),
by = 0:06113h, = 0:923 sp, = 0:00989s,, = 0:221
U#V h?2 i2bi bi iBbiB+ 7Q  i?2 2vTQi?2b2b BMpQHPBM; T ° K2i:
t = 0:06113/000989 = 618, t = 0:923/0:221 = 4:18

U+V 1bBM:01- i?@@p Hm2b Q7 M/ BMi?2 QmiTmi BM/B@
+ 0202 ir2+ MHID2£i0 MHo: ,=0X >2M+2- #Qi? T * K2i2'b
*2 bi iBbiB+ HHv bB;MB}+ MiX

U/V Hi2 M iEp2Hv- X qB6A8> 3:499- r2 “2DH+i, =0 X
aBKBH ' HA185B3:299- r2 "2 DHy+i,=0 X
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JMmHIB+QHHBM2 "Biv

RX g2 mb2 i?2 i2 K BM “2;°2bbBQM M HvbBb iQ 272"
p B #H2 #2BM; mb2/iQ T 2/B+i Q  2tTH BMi?2 p Hm2 Q7 i?2 /21

kX h?2 i2 'K /Q2b MQi K2 M- ?2Qr2p2 -i? ii?2 BM/2T2M/2Mip "B #F
"2 BM/2T2M/2Mi BM Mv bi iBbiB+ H b2Mb2X PM i?2 +QMi" “v- k
#H2b BM KmHIiBTH2 "2;°2bbBQM T QOHREK222:°22 rBi? QM2
MQi?2 X

jX1t KTH2 "miH2 h"m+FBM; 1t KTH2

UV "miH2 h'"m+FBM; 2t KTH2 BMpQHp2b i?2 iUGEBMZRT2HME Mi p
2H2/VXMUMMK#2 Q7 /2HBp2 ' B2bV- r2 +QmH/ i'2 i i?2 KBH2
[2T2M/2Mi p "B #H2 M/ i?2 MmK#2 Q7 /2HBp2 'B2b b i?2 BN
iQ /2i2 " KBM2 r?2i?2  i?Qb2irQ p "B #H2b 2 i?2Kb2Hp2b "2+

U#V *QKTmi2i?22b KTH2 +Q " 2(,;iB)GH:16QR{4BZM? i bQK 2
/2;°22 Q7 HBM2 ° bbQ+B iBQM #2ir22M i?2 irQ BM/2T2M/2M]

9X AMKmMHIBTH2 "2;°2b0o3QM M HVvERB2 DiQi?2+Q "2H iBQM KQ
i?72 BM/2T2M/2Mip "B #H2bX

8X1t KTH2 JQ/B}2/ "miH2 h"m+FBM; 1t KTH2- i?2 TQi2MiB H T
+QHHBM2 “BivX

UV *QMbB/2° KQ/B}+ iBQM Q7 i?2 "miH2 h mxsBERB M2t KTH2X
i?72 MmMK#2" Q7 /2B g2 MQIR-IR2IMMK#2 Q7 ; HHQMb Q7 ; bQ
bmK2/X *H¥ UHY2 KBH2b i~ p2HZRV 2W/i2/c i? i Bb-r2 FMQr
i? 11?22 MmK#2" Q7 ; HHQMb Q7 ; bQHBM2 mb2/ /2T2M/b QM
im p2H2/X

U#V g2 rQmH/ +QM+HmM/2HOMB+ RBABj?HvV +Q "2H i2/ BM/2T2M/
p B #H2bX

U+V bbmK2 i? ir2 Q#i BMy22p2lxiBQM M/ }M/ i? i i?2
F i2bi b?Qrb i?2 "2H iBQMb?BT iQ #2 bB;MB}+ MiX h?2M bm’
ti2bi QMQ /2i2 " KBM2 r2B8i®2 M/ r2 + MMQiHy;2D2=Hd X
.Q2b i?Bb "2bmHi K2 Mi? ii p2H iBK2 Bb MQi "2H i2/ iQ KB
M2+2bb "BHvVX
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U/V q? i Bi T'Q# #Hv K2 Mb Bb i? i rEi? x; 1Q2b
MQi K F2 DbB;MB}+ Mi +QMi'B#miBQM iQy/Ri2 ' KBMBM; i?2 p
U2V h?Bb BMi2 T 2i iBQM K F2b b2Mb2 BM Qm" 2t KTH2c B7 r
- bQHBM2 + QXM\b-MTR2QUM Qi ; BM Km+? //BiBQM HBM7Q K iB
T 2/B+yBM:FMQrBM; i?2 KBHRWV X p2H2/ U

U7V aBKBtHI 2biivKk B;?2i H2 / mb iQ,=QMMN\HIP/2;: QmM/b i? i- rBi?
X, BM i?2 KQ/2H- FMQrH2/;2 Q7 i?2 KQmMi Q7 ;: bQHBM2 +QM
Km+7?X

eX hQ bmKK "Bx2- BM7Q" i?2 bB;MB}+ M+2 Q7 BM/BpB/m H T ° k
/IB{+mHiv+ mb2/#v KmHIiB+QHHBM2 "BivBbi? iBiBh TQbbB#H2
Q7i?2BM/BpB/m HT * K2i2 b Bb bB;MB}+ MiHV/Bz2 2Mi 7 QK x.
QM i?2 KmHiBTH2 “2;°2bbBQM 2[m iBQM BM/B+ i2b bB;ME

dX ai iBbiB+B Mb? p2/2p2HQTZQ02R22 KBMBM; r?2i?2  KmHiB+Q
Biv Bb ?B:? 2MQm;? iQ + mb2 T'Q#H2KbX

3X ++Q /BM;iQ i?2 mMH2 Q7 i?mK# i2bi- KmHiB+QHHBM?2 "Biv Bb
#bQHmMi2 p HmM2 Q7 22 2t+22/b 70" Mv
irQ Q7 i?2 BM/2T2M/2Mi p "B #H2DbX

NX h?2 Qi?2  ivT2b Q7 i2bib "2 KQ 2 /p M+2/ M/ #2vQM/ i?2 b+C
TQbbB#H2- 2p2°v ii2KTi b?QmH/ #2 K /2 iQ pQB/ BM+HmM/BM; |
i? i "2 ?B:?HvV +Q "2H i2/X

RyX q?2M KmHiB+QHHBM2 "Biv Bb b2p2 2-
UV BiBbMQiTQbbB#H2iQ /2i2"KBM2i?2b2T " i2222+iQ7 My
p B #H2 QM i?2 /2T2M/2Mip B #H2X
U#V r2 + M ? p2 /B{+mHiv BMi2 T 2iBMibi @M PH2nBNMBEBPB/m H T
K2i2 bX
U+V G2 bib[m "2b 2biBK i2bK v? p2i?2r 'QM; bB;MX

R RXAl, |

UV JmHIiB+QHHBM2 "BivBM _2;"2bbBQM M HvbBb, S 'Q#H2Kb
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?2iiTb,ffbi iBbiB+b#vDBKX+QKf 2;"2bbBQMfKmHIB+QHHBM2 "Biv@BM@ "
U#V JmHIB+QHHBM2 "BivBM _2; 2bbBQM, q?v BiBb T Q#H2K

2iiTh,ffiQr “/b/ i b+B2M+2X+QKfKmHIB@+QHHBM2 "Biv@BM®@ 2; 2bbBC(
U+V 1B;?iqvbiQ .2i2+i JmHIB+QHHBM2 "Biv

2iiTb,ffrrrXi?2 M HvbBb7 +iQ X+QKf2B;?2i@r vb@iQ@/2i2+i@KmHiIiB+QH
u/v JmHIiB+QHHBM2 "BivUgBFBT2/B V

?2iiTbh,ff2MXrBFBT2/B XQ ;frBFBfIJmHIiB+QHHBM2 "Biv
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S ;2R
BM~m2M+2 QM i?2 "2; 2bbBQM "2bmHibX

kX h?2 H2p2 ;2 Q7 M Q#b21p-iBQMm/2MQIQ1 7 °

1?72 p Hm2b Q7 |
BM/2T2M/2Mip "B #H2Db

27 QK i?2B K2 Mp Hm2bX

j X g2 mb2i?2 mH2 Q7 i?mK# iQ B/I2MiB7v BM~m2MiB H Q#b2 p

9X1t KTH2 "miH2 h " m+FBi;1QpKIW2 U

UV h?2 + BiB+ Hp HmB(ZOL)/M2pR9%2 Bb

U#V Uh #H2 R8XINVQO2h MQ2 2092022 /Q MQi /2i2+i BM~m2MiB H C
b2 'p iBQMb BM i?2 /i b2iX

IbBM: *QQIF .Bbi M+2 J2 bm 2 iQ A/2MiB7v

RX T Q#H2Ki? i+ M 'Bb2BM mbBM; H2p2  ;2iQ B/2MiB7v BM~m
M Q#b2 p iBQM + M #2 B/2MiB}2/ b ? pBM/ MQi M2+2bb "BHv

#2 BM~m2MiB HBM i2 Kb Q71?2 ZbmHIEWM; X

UV Uh #H2 R8XRyV "2+ mb2i?2 H2p2" ;27Q i?22B,;?i?Q#b2 p
Ui?2 + BiB+ HH2p2 ;2 p Hm2V-i?Bb Q#b2 p iBQM Bb B/2Mil
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U#V U6B;m 2 R8XRRV i?2 2biBK i2¢=282{13BQM 2[m iBQM,

U+V .2H2i2i?2 Q#b25y3BRM QK i?2/ i b2i M/}i M2r2biBK i2/
"2:°2bbBQM 2[m iBQM iQ i?2 2K BMBM; b2p2M Q#b2 p iBQN\
"2;°2bbBQM 2 [ IBIN2b

U/V q2 MQi2i9@iMi2 +2Ti M/bHQT2Q7i?2M2r2biBK i2/ 2; 2t
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"2 p2'v+HQb2iQi?2p HmMm2b Q#i BM2/ mbBM; HH i?2/ i X

U2V Hi?Qm;? i?2 H2p2 ;2 +'Bi2"BQM B/2MiB}2/i?2 2B;?i? Q#b
i?Bb Q#b2 p iBQM +H2 "Hv ? / HBiiH2 BM~m2M+2 QM i?2 "2b
bQK2 bBim iBQMb mbBM; QMHvV H2p2® ;2iQ B/2MiB7v BM~m2I
iQr QM; +QM+HmMmbBQMbX

KX*QQFDb /Bbi M+2 K2 imi2® #Qi? i?2 H2p2  :2 QHh Q#WLip2iBQM
"2bB/m H 7Q° Qitfy2:WpViBI@M2i2 ' KBM2 r?2i?2  i?2 Q#b2 p iBQM B
iB HX

D, =

UV h?2p Hm2 Q7BRIQW+2 K2 bm 2 rBHH #2 H ;2 M/ BM/B+ i2
Q#b2 p iIBQM B7 i?2 "2bB/m HQ i?2 H2p2 ;2 Bb H ";2X

U#V b "mMH2 Q7 i?mK#-p AimBMQB+ i2 i4ii?i@2%b2 p iBQM Bb
BM~m2MiB H M/ b?QmH/ #2 bim/B2/ 7m i?2 X

U4\t KTH2 Uh #H2 R8XMNBWIFQIGR K2 bm 2 7Q i?2 "miH2 h m+FB
H2KX P#b2 p iBOQ MO366B028< 1- r2 b?QmH/ MQi #2 +QM+2 M2/ #
i?72 T 2b2M+2 Q7 BM~m2MiB H Q#b2 p iBQMb BM i?2 "miH2 |

R8XN GQ:BbiB+ 2:°2bbBQM

RX AMK Mv "2;°2bbBQM TTHB+ iBQMb-i?2/2T2M/2Mi» "B #H2 K

kX1t KTH2 # MF KB;?ir MiiQ /2p2HQT M 2biBK i2/ 2;"2bbBQM :
/B+iBM;:r?2i?2° T2 'bQM rBHH #2 TT Qp2/7Q  + 2/Bi+ /X h?2

+ M #2 +Q/2! b B7i?72 # MF i?72 "2[m2bi7Q° +°2/Bi+ °/
M/ B7 1?72 # MF i?72 "2[m2bi 7Q° +°2/Bi+ /X
jX IbBM; r2 + M 2biBK i2 i?2 i?7 11?2 # MF

rBHH TT Qp2i?2 "2[m2bi 7Q° +°2/Bi + '/ ;Bp2M T "iB+mH "~ b
+?2Qb2M BM/2T2M/2Mip "B #H2bX
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9X1t KTH2 aBKKQMb aiQ 2bX G2i mb +QMbB/2° M TTHB+ iBQM
BMpQHpBM: /B 2+i K BHT QKQiBQM #2BM; mb2/ #v aBKKQMb :

UV aBKKQMb QrMb M/ QT2  i2b M iBQM H +? BM Q7 rQK2M6t
i7Qmb M/ +QTB2b Q7 M 2tT2MbBp2 7Qm @+QHQ b H2b + i
M/ 2 +?2 + i HQ; BM+HmM/2b +QmTQMi? iT QpB/2b 08y /Bb
Q7 0kyy Q" KQ'2X h?2 + i HQ;b "2 2tT2MbBp2 M/ aBKKQMb
i?72KiQ QMHV i?Qb2 +mbiQK2'br?Q ? p2 ?B;? T Q# #BHBiv C

U#V J M ;2K2Mi #2HB2p2b i? i MMm HDbT2M/BM; i aBKKQMb ai
+mbiQK2 ? b aBKKQMb +'2/Bi+ '/ "2irQp B #H2bi? i KB;
T 2/B+iBM; r?2i?2° +mbiQK2 r?Q '2+2Bp2bi?2 + i HQ; rBH

U+V aBKKQMb +QM/m+i2/ TBHQibim/vmbBM; -~ M/QKb KTH2
+ "/ +mbiQK2'b M/8y Qi?2 +mbiQK2 br?Q/Q MQi? p2 aBKK
aBKKQMb b2Mi i?2 + i HQ; iQ 2 +? Q7 i?2 Ryy +mbiQK2 b b2l
Q7 i2bi T2'BQ/- aBKKQMb MQi2/ r?2i?2 2 +? +mbiQK2  ? /
+QOmTQMX

U/V Uh #H2 R8XRRV h?2 KQmMi 2 +? +mbiQK2 bT2Mi H biv2 "
BM i?Qmb M/b Q7 /QHH b M/i?2 + 2/Bi+ '/ BM7Q K iBQM ?
i72 +mbiQK2  ? b aBKKQMb +'2/Bi+ '/ M/yB7 MQiX AM i?2

RBb 2+Q'/2/B7i?2b KTH2/ +mbiQK2  mb2/i?2 +QmTQM |

U2V q2 KB;?i1 iI?BMF Q7 #fmBH/BV; KQ/2H mbBM; i?2 / i
BM h #H2 R8XRR iQ ?2HT aBKKQMb 2biBK i2 r?2i?2° + i HQ
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72 +QmMTQMX g2 rQmH/ mb2 MMm H aT2M/BM; UORyyyV M,
BM/2T2M/2Mip "B #H2b M/ *QmTQM b i?2 /2T2M/2Mip B #

8X "2+ mb2i?2 /2T2M/2Mip "B #H2 K v QMHvV bbmK2i?2 p Hm2b C
KQ/2H Bb MQi TTHB+ #H2X h?Bb 2t KTH2
ivT2 Q7 bBim iBQM 7Q  r?B+? HQ:;BbiB+ "2:"2bbBQMr b /2p2HQ"

GQ:BbiB+ 2:'2bbBQM 1[m iBQM

RX AMKmMHIBTH2 "2; 2bbBQM M HvbBb- yBK2TQ 22tNV2-biR7% Hr
KmHIiBTH2 "2;°2bbBQM 2[m iBQMX

E(Y)= ot X1+ 26+ + X (15:26)

kXAQRQ;BbiB+ 2; 2bbBQN ANMHBOQBDIB+ "2;"2bbBQM- bi iBbiB+ H i
bT  +iB+2? bb?2QrMi? ii?2 2HE®QMKRBT #XrRBAM2ii2"
/2b+ B#2/ #vi?2 TQHHQIrBM: MQMHBM2 ~ 2[m iBQMX

X A7i?2irQ p Hm2b Q7 i?2 /2y 2N /2M/i20 "B y#®I2R- i?R(}) HmM2 Q7
BM 2[m iBQM URSXkdV T QpBi2hi?2 :Bp2M T “iB+mH b2i
Q7 p Hm2b 7Q  i?2 BM/2T2 M2 MkpX B #H2b

9X "2+ mb2 Q7i?2BMRYN Ri TBQM MFHBiv-i?2 HQ:BbiB+ 2 2bbBC
Bb Q7i2M r'Bii2M,

E(y) = (15:28)

8X1t KTH2 amTTQb2 i?2 KQ/2H BMpQHp2b QMHv MM 2?BM/2T2M/
P HM2b Q7 i?2 KQ/2H T o K272 M/ ;23X h?2 HQ;BbiB+ “2; 2bbBC(
2[m iBQM +Q "2bTQM/BM; iQ i?2b2 T * K2i2 p Hm2b Bb

E(y) = (15:29)

UV U6B;m 2 R8XRKV b?Qrb ;> T? Q7 2[m iBQM UR8XKNVX L
X h?2 p HE(®) QM;2b 7 QK X

URR¥&k\Ws v 62#'m “v kk- kyke
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U#V 6Q° 2t KTHKZ2rEQMBb TT QtBE2IZHMbQ MQi2i? ii?2p Hm?2

QE(Y) ;" /m HHv TT Q +?dhi?2 p HmMRAFQK2DH M/

i?72p HNEZyQ7TT Q +?2b b i?2 p HmZ2ZMQK2hH X
U+V 6Q 2t KTH22rR@M0:269X LQi2 HbQ i? ii?Efy)HnhR2Z@ 7

"2b2MiB M ; -BM+°2 b27 B ' tkv ' TB/Hv b X

h?22 7 +ii? ii?2 pEHW2bMI2 7°QK Yy iQ R M/i? ii?2 +m p2 Bb
b? T2/ K F2b 2[m iBQM UR8XKNV B/2 HHv bmBi2/ iQ KQ/2H
[2T2M/2Mip "B #H2 Bb 2[m H iQ RX

1biBK iBM; i?2 GQ:BbiB+ 2:'2bbBQM 1[m iBQM

RX h?2 Q7 i?2 HQ:BbiB+ “2;"2bbBQM 2[m iBQM K F2b |
+QKTmiBM; 2biBK i2b KQ 2 +QKTH2t M/ #2vQM/ i?2 b+QT2 Q7
bi iBbiB+ i iQ T"QpB/2 i?2 2biBK i2bX

kX h?2 2biBK i2/ HQ;BbiB+ "2;"2bbBQM 2[m iBQM Bb

9= = (15:30)

X >2WT QpB/2b M ;Bp2M T "iB+mH °
b2i Q7 p Hm2b 7Q  i?2 BM/2T2M/2Mi p "B #H2bX
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9X1t KTH2 aBKKQMb aiQ 2b

UV h?2p "B #H2b "2 /2}M2/,
(

B7i?2 +mbiQK2  /B/ MQi mb2 i?2 +QmTQM

Y= : B7 i?2 +mbiQK2 mb2/i?2 +QmTQM
X1= MMmM HbT2M/BM; i aBKKQMb aiQ 2b UORyyybV
B7 i?2 +mbiQK2  /Q2b MQi ? p2 aBKKQMb + 2/
B7i?2 +mbiQK2 ? b aBKKQMb + 2/Bi + */

U#V h?mb-r2 +?2QQb2 HQ;BbiB+ "2;"2bbBQM 2[m iBQM rBi? irQ

Xp= T

E(y) = (15:31)

IbBM; i?2 b KTH2 /i1 Ub22 h #H2 R8XRRV-r2 mb2/ bi iBbiB+
Tmi2 2biBK i2b Q7 i?2 KQ/hgh -T MKRi2 b
U+V U6B;m 2 R8XRjV

U/V g2 b22 p=i+2:146- ; = 0:342- M/, =1:099X h?mb- i?2 2biBK i2/
HQ:BbiB+ '2;°2bbBQM 2[m iBQM Bb
e 2:146+0:342x1+1 :099x 2

9 - 1+ e 2:146+0:342x1+1 :099% » (15132)
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U2V M 2biBK i2i?2 T 'Q# #BHBivQ7 mbBM:i?2+QmTQM7Q" +m
MMm HHv M//Q MQi? p2 aBKKQMb + 2/Bi +x1Bb TT QtBK
Mb(ZZOV,

9:

U7V M 2biBK i2i?2 T Q# #BHBivQ7 mbBM:i?2+QmTQM7Q" +m
H biv2 " M/ ? p2 aBKKQMb + 2/Bi + '/ Bbx;,FR QUBK i2Hv yX
Xo=1V,

e 2:146+0:342(2)+1 :099(1) e 0:363
=0:4102

= 1+ e 2:146+0:342(2)+1:099(1) = 1+ e 0:363
U;V Ai TT2 b i? ii?2 T°'Q# #BHBiv Q7 mhBM; i?72 YQMTQM Bb
+mbiQK2 b rBi? aBKKQMb + 2/Bi + /X

U?V "270Q°2 2 +?BM:; Mv +QM+HmMbBQMb- 2Qr2p2 - r2 M22/ iC
X

h2biBM; 7Q° aB;MB}+ M+2

RX h2biBM; 7Q bB;MB}+ M+2 BM HQ;BbiB+ "2;"2bbBQM Bb bBKBF
KmHIBTH2 "2;°2bbBQMX

kX 6B bir2 +QM/m+i i2bi 7Q" X 6Q i?2 aBKKQMb aiQ 2b 2t
KTH2-i?2 2vTQi?2b2b 7Q  i?2 i2bi Q7 Qp2  HH bB;MB}+ M+2 7Q

Ho
H, : PM2 Q #Qi? Q7 i?2 T ° K2i2'b Bb MQi 2[m HiQ x2°Q

UV h?2i2bi7Q  Qp2° HHbB:MB}+ M+2Bb # b2/ nbiQBIbi@2 p Hm:
iB+X A7 i?2 MmMHH ?2vTQi?2bBb Bb i ' m2- i®2@HHTQYB M # PEBLI@ B
b[m "2 /Bbi'B#miBQM rBi? /2:°22b Q7 7 22/GK 2[{m HiQi??2
BM i?2 KQ/2HX

U#V UBB:m 2 R8XRjV h?2 & Bb+rmH iEQMb Q7 X
h?2 p Hm2 Q7 Bib +Q  2bgi@MHBWR; BM i?2 q?QH2 JQ/2H "Qr Q
aB;MB}+ M+2 h2bib i #H2 Bb RjX6:pOMX Bibmib@ pi HV2 HBZop 2 H
Q7 bB:MB}+ ODBRL- r2 rQmH/ "2D2+i i?2 MmHH ?2vTQi?2bBb M
i? ii?2 Qp2 HH KQ/2H Bb bB;MB}+ MiX
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U+4VYPhll,

BX GQ;BbiB+ _2iiRlbdB@QNVHBM2Xbi iXTbmX2/mfbi i9ekfMQ/:

BBX GQ:;BbiB+ 2:"2bbBQWMoUKYRMXTBFBV2/B XQ :frBFBfGQ;
"2:°2bbBQM

jX A7 i?22bi b?Qrb M Qp2  HH bB;MB}+ M+2+ MG@22b2/ iQ
/2i2 ° KBM2 r?2i?2 2 +2 Q7 72 BM/2T2M/2Mi p "B #H2b Bb K FB
bB:MB}+ Mi +QMi ' B#miBQM iQ i?2 Qp2> HH KQ/2HX

UV 6Q i?72BM/2T2M/2MiDP2 BvEFR2D2b2b "2

U#V A7 i?2 MmHH ?2vTQi?2bBb Bb i'm2- i?2 DQKITHHEB ;: /BHB @ #n
b[m "2 /Bbi'B#miBQM rBi? QM2 /2:°22 Q7 7°22/QKX

U+V U6B:m 2 R8XRjV h?2 aT2M/BM; M/ * / "Qrb Q7 i?2 aB;MB}
6B:m 2 R8XR| +QMi BMi AR/ A2B26 Q7 2p@QMIBIRDL i2bi 7Q°
i72 2DiBK i2/ +Q2{+B2MibX am0TUb Q@ 2212 M Q2 i?2 bB;:MB}+ M+
Q7 i?2 BM/2T2M/2Mip "B #H2b BM i?2 aBKKQMb KQ/2HX

U/V 6Q  i?2BM/2T2M/2Mi p "BWHZ pTRAM2BEI U M/ i?2
+Q 2bTQM/BMmM?2 B3h X h?mb- ii?2yXy8 H2p2H Q7 bB;MB}-
+ M 2B+yp=0X

U2V AM bBKBH "~ 7 b?BQMHZ + M0 HBO® nmP@R Hm2 +Q° 2@
bTQM/BM; iQ * /G Bb X >2M+2- 11?22 yXy8 H2p2H (
bB;MB}+ M+2- #Qi? BM/2T2M/2Mip "B #H2b "2 bi iBbiB+ HH

J M ;2B HIb2

RX g2 /2b+ B#2/ ?2QriQ /2p2HQT i?2 2biBK i2/ HQ:BbiB+ "2; 2bbB(
i2bi Bi 7Q  bB;MB}+ M+2X

kX1t KTH2 6Q  aBKKQMDb aiQ 2b- r2 mMy2 1jx+=QKGm 13 £
0:4102 MP(y = 1jX; = 2:x, = 0) = 0:1881X h?2b2 T ' Q# #BHBiB2b BM/B+ |
7Q +mbiQK2 b rBi? MMm HbT2M/BM; Q7 Okyyy i?2 T 2b2M+2 Q
Q7 MbBM: i?2 +QmTQMX
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jX Uh #H2 R8XRKV h?2 2biBK i2/ T'Q# #BHBiIiB2b7Q p Hm2b Q7 M
ORyyy iQ 0dyyy 7Q #Qi? +mbiQK2 br?Q ? p2 aBKKQMb + 2/Bi -
reQ /Q MQi ? p2 aBKKQMb + 2/Bi + /X

9X >Qr + M aBKKQMb mb2 i?Bb BM7Q K iBQM iQ #2ii2 i “;2i +m
T QKQiBQM\ amTTQDb2 aBKKQMb r Mib iQ b2M/ i?2 T'QKQiBQM
iQK2'b r?Q ? p2 T Q# #BHBiv Q7 mbBM; i?2 +QmTQMX
2biBK i2/ T'Q# #BHBiB2b BM h #H2 R8XRk- aBKKQMb T'QKQiBQ

UV *mbiQK2 b r?2Q ? p2 aBKKQMDb + 2/Bi + /, a2M/ i?2 + i H(
iQK2 r?Q bT2Mi Okyyy Q  KQ 2 H biv2 X

U#V *mbiQK2 b r?Q /Q MQi ? p2 aBKKQMb + 2/Bi+ /, a2M/i?2
+mbiQK2 r?2Q bT2Mi Q"  KQ 2 H biv2 "X

8X h?2 T°'Q# #BHBiv Q7 mbBM; i?2 +QmTQM 7Q° +mbiQK2 b r?Q
+'2/Bi+ "/ #mibT2M/ 08yyy MMmXK¥mBb- aBKKQMb K vr MiiQ
+QMbB/2" "2pBbBM; i?Bb bi” i2;v#v BM+HmM/B3M; i?Qb2 +mbiQK2

+2/Bi+ /- bHQM; bi?2vhTQMKQ 2 H biv2 X

AMi2 T 2iBM: i?2 GQ:;BbiB+ 2:'2bbBQM 1[m iBQM

RX qBi? HQ;BDbiB+ “2; 2bbBQM- Bi Bb /B{+mHi iQ BMi2 T 2i i?2 ":
T2M/2Mip "B #H2b N/ i?2 /B 2+iHvV #2+ mb2 i?2 HQ:Bb
*2:°2bbBQM 2[m iBQIM BX

kX h?2 2H iBQMb?BT + M#2 BMi2 T 2i2/BM/B 2=iFv mbhB3WM; +QM
K~»V X
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iX h?2 UAK~V BM 7 pQ  Q7QM+2p2M8M: Bb /2}M2/ bi?2 T Q# #BH
2p2Mi IBpB/2/ #v i?2 T Q# #BHBiv i72 202X AM
HQ:BbiB+ "2;°2bbBQM i?2 2p2Mi Q7 BMi2 2bi Bb Hr vb

9X :Bp2M T “iB+mH ~b2i Q7 p Hm2b 7Q  i?2 BM/2T2M/2Mi p ‘B #
y=1+ M #2 + H+mH i2/ b 7QHHQrb,

odds= = (15:33)

8X h?2 Q//b  iBQ Bb i¥=Q//Bpi2M i? i QM2 Q7 i?2 BM/2T2M/2Mi p |
?2 b #22M BM+2 D2/ #v IBpB/2/ #v i?2 Qi 512Bp2M
BMi?2p Hm2b 7Q  i?2 BM/2T2M/2MiXp "B #H2b

U W//b_ iBQ
P//b _ iBQ (15:34)

U#V 6Q° 2t KTH2- bmTTQb2 r2r MiiQ +QKT 2 i?2 Q//b Q7 mbB
+mbiQK2 b r?2Q bT2M/ Okyyy MMm HHv M/ ? p@=2BKKQMb +
Mk, =1V iQ i?2 Q//b Q7 mbBM; i?2 +QmTQM 7Q " +mbiQK2 b r
MMm HHv M/ /Q MQi? p2 aBKKQNb MI3EDIVEX"/ U

U+V g2 "2BMi2 2bi2/ BMBMi2 T 2iBM;i?2 22z2+i Q7 QM2@mM|
p B # DR AM i?Bb + b2

odd;; =

M/
odds =

U/V S 2pBQmbHV r2 b?Qr2/i? i M 2biBK i2 RZ i?,BF2Q# #BHBI
X1=2 MK,=1 Bb yX9Ryk- M/ M 2biBK i2 Q7 i?d2=TL'Q# #BHBi\
‘Bp2M2 Mk,=0 Bb yXR33RX h?mb-

0:4102

2biBK I@d@?Z m: 0:6956

M/

. . _ 01881 _
2biBK 1@dQ7= ;—; oo, =0:2318

h?2 2biBK i2/ Q//b " iBQ Bb

2biBK i2/ Q//b:‘gf 16:3:00
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U2V h?mb-r2 + M +QM+Hm/2 i? i i?2 BM 7 pQ Q7 mbBM; i?2
+QmMTQM 7Q +mbiQK2 b r?Q bT2Mi Okyyy H biv2 ~ M/ ? p2
+ °/ "2 i?72 2biBK i2/ Q//b BM 7 pQ Q7 mbBWN
+QMTQM 7Q° +mbiQK2 b r?Q bT2Mi Okyyy H biv2 ~ M/ /Q MC
+ 2/Bi + /X

eX h?2Q//b"> iBQK2 bm 2bi?2BKT +iQMi?2Q//bQ7 QM2@mMMBi
Q7 i?2 BM/2T2M/2Mip "B #H2bX
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bbmK2 i? ii?2 +QK#BM iBQM i? i Bh #BHHQHbLXQR #2 #2bi 7Q 17?2

-r2rQmH/ mb2 i?72 +QK#BM iBQM Q7 MmK#2 Q7 /i p H

i? i KBMBKBx2b Jal 7Q i?2 ?BbiQ B+ HiBK2 b2 B2biQ 7Q 2+ L
iBK2 b2°'B2bX

1tTQM2MiB H aKQQi?BM;

RX 1tTQM2MiB H bKQQi?BM: HbQ mb2b r2B:?i2/ p2 ;2 Q7 T bi
7Q°2+ bic BiBb bT2+B H + b2 Q7 i?2r2B:?i2/ KQpBM: p2  ;2b
b2H2+! i?72 r2B;?2i 7Q  i?2 Q#b2 p iBQMX

kX h?2 r2B;?ib 7Q  i?2 Qi?2 /i p Hm2b "2 +QKTmi2/ miQK iB+
bK HH2 b i?2 Q#b2 p iBQMb KQp2 7 “i?2  BMiQ i?2 T biX
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Fro1 = (17:2)

r?2° 2

Fur, 7Q 2+ bi Q7 i?2 iBK2 b2AtBBb 7Q T2 BQ/
Y,, +im Hp Hm2 Q7 i?2 iBK2th2 ' B2b BM T2 'BQ/
Fo, 7Q°2+ bi Q7 i?2 iBK2 b2 'B2b 7Q " T2 BQ/

, 0 1V

9X 1[m iBQM URAXKV b?Qrb i? i i?7+1@R+rABIQi2T 20 BQJ2 Q7 i?2
+im Hp Hm2 BMMI/27?RQVI/Q 2+ bi tQX° T2 BQ/

8X h?2 r2B:?i :Bp2M iQ i?2 +im tHBb HI2bKN D2?B R/ +QMbi Mi
M/ i?2r2B;?i ;Bp2M iQ i?2 7QtBh ni BM X2 BQ/

eX G2i mbBHHmMbi® i2 #V rQ ' FBM; rBi? iBK2 b2 B2b BMpQHpPBM; ¢
Yi-Ys- MYsX

UV hQ BMBIiB i2 i?2 + H¥mB[imBENMD2 r2im2H p Hm2 Q7 i?2 iBK2 |
BM T2 BQ/ RE;i2YyBb>2M+2-i?27Q 2+ bi 7Q T2 'BQ/ k Bb

F, = =

g2 b22 i? i 1?2 2tTQM2MiB H bKQQi?BM; 7Q 2+ bi 7Q" T2 B(C
+im Hp Hm2 Q7 i?2 iBK2 b2 ' BRb BM T2 BQ/

U#V h?2 7Q°2+ bi 7Q T2 BQ/ | Bb

F3:

U+V 6BM HHv- bm#biBimiBM; i?Bb 2tT 2bbBQM 7Q 6jBM i?2 2t

Fa

Yz+(1 )F3
Ys+(1 Y2+ )Yi]
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h?2 bmK Q7 i?2 +Q2{+B2Mib¥; > -r 2MYs?2m 7H)b R X

Uu2v bBKBH °~ 5;mK2Mi+ M#2 K /2iQ b?Qri? i-lBMBBM2  H- M
r2B;?i2/ p2° ;2 Q7 HHIi?2T 2pBQmb iBK2 b2 ' B2bp Hm2bX

ZM2DIiBROMIX XXX XXXXXXXXXXXX XRKRKKKROKEKK M X X X |

Ib2 2tTQM2MiB HbKQQi?BM; TT ' Q +?2rBi? =bRQ@ PBMEM " K2i:
Fo:FsFs MFi3 7Q° i?2 ; bQHBM2 b H2b iBK2 b2 °B2b BM h #H2 RdX
ai "ii?2+ H+mH iBQMb- b2ii?2 2tTQM2MiB HbKQQi?BM; 7Q 2+
i?2 +im Hp Hm2 Q7 i?2 iBK2 b2 °B2b BM T2 'BQ/ RX

bQH,
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X

kX h?2 2tTQM2MiB H bKQQi?BHI2, 2B BiHMRIQ7 i?2 bmK Q7 b[m °

7Q 2+ bi 2°°Q b Bb N&XZyc ?22M-+2 X h?2 2tTQM2MiB H
bKQQiI?BM; "2bm#HOByBP2 p HM2 Q7 i?72 bmK Q7 b[m "2/ 7Q 2+ t
Bb RykX3jc ?2M+2 X

jiX h?2mb-r2 rQmH/ #2 BM+HBM2/ iQ T 272  i?2 Q B=BMX bKQQi?[
IbBM; + H+mH iBQM rBi? Qi?22p WM/ Q3:QQ/
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"2 bQM #H2 TT QtBK iBQM Q7 i?2 HQM:@ mM KQp2K2Mi BM i?

kX h?2 2biBK i2/ "2; 2bbBQM 2[m iBQMN /2L+ " RHBNB,QMb?BT #2 @
ir22M M BM/2T2M/2MiM/ B 2fTIEM/2Mi y BBb #HRii2M b

r?2 Bb i?2 2biBK i2/ Q T 2/B¥Xi2/ p Hm2 Q7

jX hQ 2KT? bBx2 i?2 7 +i i? i BM 7Q 2+ biBM; i?72 BM/2T2M/2Mi |
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Y= p2 ;2p Hm2Q7i?2iBK2 b2 B2b

t= p2 ;2 p HmM2 Q7
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7Q 2+ biBM; K2i?Q/X

URR¥&k\Ws v 62#'m “v kk- kyke



*7? Ti2R,d18K2 a2 B2b M HvbBb M/ 6Q 2+ biBM,;

e aY

MSE =

3X "2+ m52 BM 7Q 2+ biBM; Bbi?2b K2 b i?2 bi M/
."2bbBQM M HvbBb T°Q+2/m 2 TTHB2/iQ iBK2@hb2 B2b /i - r2
r*2iQT2°'7Q K i?2 + H+mH iBQMbX

NX U6B;m 2 RdAXRRV i?2p Hm2 Q7 Jal BMi?2 LPo i #H2 Bb

amK Q7 a[m "2b .m2iQ 1°°Q"

MSE = 2:°22b Q7 6 22/0K

URR¥&k\Ws v 62#'m “v kk- kyke



*7? Ti2R,d18K2 a2 B2b M HvbBb M/ 6Q 2+ biBM,;

e aY

RyX h?Bbp Hm2 C7 Jal QKi?2p Hm2 Q7 Jali? ir2 +QKTmi2/ T 2p
#2+ mb2 i?2 bmK Q7 b[m "2/ 2 "Q b BBIMBI®B/ 2 7#\ i?mb-
JalBMi?2'2;"2bbBQM QmiTmiBb MQii?2 X
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rQmH/ Q#i BM mbBM:; ;2M2> H 2:°2bbBQM TT Q +2?2X

LQMHBM?2 " h 2M/ _2: 2bbBQM
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jXZm /> iB+ h"2M/ 1[m iBOBI2iv Q7 MQMHBM2 > 7mM+iBQMb + M #2
P2HQT M 2biBK i2 Q7 i?2i°2M/ 7Q  i?2 +?QH2bi2 QH iBK2 b2 B2
i?72 7QHHQrBM: [m /" iB+i'2M/ 2[m iBQM,
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9X U6B;m 2 RAXRO9V TQ'iBQM Q7 i?2 KmHiBTH2 2;°2bbBQM Qm
KQ/2Hc

h?2 2biBK i2/°2;"2bbBQM 2[m iBQM Bb
_2p2Mm2 UOKBMHEB QM2 +0:922u2 “af

8XItTQM2MiB Hh 2M/ 1[m iBQM

(17:8)

eX amThH b&71- Mi =0:1697-T, Bb MQi BM+°2 bBM; #v +QMbi Mi KQ
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i2M/ 2[m iBQM /B 2+iHvX aQK2 bQ7ir "2 T +F ;:2b QMHv T QpB/
TTHVBM; Nogim Mb7Q K iBOQMiQ #Qi? bB/2b Q7 i?2 2[m HBivBM
r2+ M TTHvi?2 2[mBp H2Mi HBM2 ~ 7Q K,
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kX h?2 iBK2 b2 B2b THQi /Q2b MQ' BM/H+2Ne/ BAIM b H2bX h?2 } bi
M/ i?B / [m "i2°'b ? p2 KQ/2 i2 b H2b-i?2 b2+QM/ [m "i2  ? b i~
M/ i?22 7Qm i? [m "i2 i2M/b iQ #2 i?2 HQr2bi [m "i2° BM i2 Kb
h?mb-r2rQmH/ +QM+HmM/2 i? i Tii2’MBb T 2b2MiX

X Cmbi HBF2 ~hBM: iQ /2 HrBi? M BM/2T2M/2Mi p "B #H?2
bi M/ */ 2:°2bbBQM M HvbBb-r2 + Mmb2i?2b K2 TT'Q +2iQ |
rBi? b2 bQM HT ii2"M#vi'2 iBM; i?2 b2 5QM b X

9X 2+ HHi? ir?2M + i2;Q B+HR 2B #HZMKKv p "B #H2b "2
“2[mB 2/X h?mb-iQ KQ/2H i?2 BM i?2 mK# 2HH iBK2 b2 B2b
M22+1=3 /mKKv p "B #H2D,

( (
1 B7Zm "i2_ R 1 B7Zm "i2 k 1 B7 Zm "i2° j
Qtrl= . ;Qtr2 = , “Qtr 3 = .
0 Qi?2°rBb 0 Qi?2 rBb 0 Qi?2°rBb2

8X IbEMQ /2MQi2i?2 2biBK i2/ Q- 7Q 2+ bi2/p HmM2 Q7 b H2b-i?2
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dX UBB;m 2 RAXRdAV i?2 +QKTmi2  QmiTmi, i?2 2biBK i2/ KmHIiB"
Q#i BM2/ Bb

Sales=95:00 + 29:00 Qtr 1 + 57:00 Qtr 2 + 26:00 Qtr 3
g2 + M mb2 i?Bb 2[m iBQM iQ 7Q 2+ bi[m i2"Hvb H2b 7Q" M2ti
Zm "2 SRles=95:0+29:0(1) +57:0(0) + 26:0(0) = 124 X
Zm "i2 Shkles=95:0+29:0(0) +57:0(1) + 26:0(0) = 152 X
Zm "i2 Sales=95:0+29:0(0) + 57:0(0) + 26:0(1) = 121 X
Zm "i2 Sales= 95:0 +29:0(0) + 57:0(1) + 26:0(0) = 95 X
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M/ 9X h?2mb-r12 +QM+HmM/2 i ? | 2tBbib 7Q  bK iT?QM2 b H2

iX "mii?2 iBK2 b2'B2b HbQ ? b M i? i rBHH M22/ iQ #2 +@
+QmMi2/ 7Q°BM Q' /2  iQ /2p2HQT ++m  i27Q 2+ bib Q7 [m “i2"

9X h?Bb Bb 2 bBHv ? M/H2/ #v + QK#EMBM; i?2 7Q b2 bQM@
HBiv rBi? i?2 iBK2 b2 B2b 7Q°? M/ @HBM; HBM2 " i 2M/X

8X h?2 ;2M2  H7Q K Q7 i?2 2biBK i2/ KmHIBTH2 "2; 2bbBQM 2[m
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Ub2+QM/V Ui?B /V [m “i2° Q7 i?2v2 ‘cy Qi?2 rBb2X

eX Uh #H2 RAXRNV "2pBb2/ bK "iT?QM2 b H2biBK2 b2 B2bi? i BM
i?72 /mKKvp B #H2b M/ i?2XBK2 T2 BQ/

dX U6B;m 2 RAXRNV h?2 2biBK i2/ KmHIBTH2 "2;°2bbBQM 2[m iB(

Saleq100Gs) = 6:069 1:363Qtr1 2:034Qtr2 0:304Qtr 3 + 0:1456t (179

3X 6Q 2+ bi 7Q  hBK2 S2°BQ/Rd UZm ‘i2° RBM u2 "8V,
Saleg(100G) = 6 :069 + 1:363(1) + 2:034(0) + 0:304(0) + 0:1456(17) = 718

h?mb- ++QmMiBM; 7Q  i?2 b2 bQM H 2z2+ib M/ i?2 HBM2 " i 2N
i72 2biBK i2b Q7 [m “i2 Hvb H2bBM v2 ° 8 "2 dR3y- eeey- 38jy-

NX h?2 /mKKvp B #H2b BM i?2 2biBK i2/ KmHIiBTH2 “2:°2bbBQM 2
*2:°2bbBQM 2[m iBQMb- QM2 7Q" 2 +? [m i
T2 BQHQ '2bTQM/b iQ [m “i2° R-i?2 2biBK i2 Q7 [m “i2 Hv b H2b

Quarterl:Sales = 6:069 1:363(1) 2:034(0) 0:304(0)+ 0:1456¢)

= 4:71+0:1456
Quarter2 : Sales = 4:04 +0:1456
Quarter3 :Sales = 5:77 +0:1456
Quarter4 : Sales = 6:07 +0:1456
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*7? TiZR,aQMT‘ K2i'B+ J2i?Q/b S ;2 Rfjy

MXYT+ $ V
M/2°bQM&b ai iBbiB+b 7Q° "mbBM2bb 1+QMQKB+b UR!
* TiR,3LQMT T K21 'BHJ2i?Q/b

fizZ™6)ez’ nA, s .8e%-i keykye
30Z™5@, $?be  BOJ?B&<CE) + MXYi+ LA"V5@@0
5@+ M™JRiiTh,ff2KrmXB/pXir

LaM +_VF, )o#0 |

Pp2 pB2r

RX h?2bi iBbiB+ HK2i?Q/b7Q BM72 2M+2 T 2b2Ni2/ T 20BQImbH

kX h?2 T > K2i'B+ K2i?Q/b #2;BM 1B8i? MQmii?2 T Q# #BHBiv /Bb
i"B#miBQM Q7i?2 r?B+?BbQ7i2Mi? ii?2TQTmi iBQM? b
/Bbi'B#miBQMX

iX " b2/ mMTQMi?Bb bbmKTiBQM-bi iBbiB+E Mkt "2 #HZ2iQ /2 Bp2
i? i+ M#2mb2/iQ K F2 #OmMi QM2 Q  KQ 2T ~ K2i2 b Q7i?2"
mH iBQM- bm+? bi?2 TQTmH iBQM K2 M Q i?2 TQTmH iBQM bi

UV U 2+ HH *? Ti2 ' NV M BM72°2M+2 #Qmi TQTmH iBQM K2
M bbmKTiBQMi? ii?2 TQTmH iBQM? / MQ' K HT Q# #BHB
MMEFMQIrM T ~ KM2X

U#V IbBM: i?2 b KTH2 bi Ms IQ/2pBBKBI@M?2 TQTmH iBQM bi M/
/2pB iBRM

U+V h?2 i2bi bi iBbiB+ 7Q° K FBM: M BM72 2M+2 #Qmi i?2 T
b?QrM iQ ?t pBbi B#miBQMX
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*7? TiZR,aQMT‘ K2i'B+ J2i?Q/b S ;2 kfjy

U/V h?2Bbi ' B#miBQM r b mb2/iQ +QKTmi2 +QM}/2M+2 BMi2 p +
TQi?2bBb i2bib #Qmi i?2 K2 M Q7 MQ K HHv /Bbi'B#mi2/ T

9X AMi?Bb +? Ti2 r2 T 2b2Mi K2i?Q/br?B+? + M #2 mb2/iQ K F:
BM72 2M+2b #Qmi TQTmH iBQM rBi?Qmi "2[mB BM; M bbmkK
70°KQ7i?2TQTmH iBQM&b T Q# #BHBiv /Bbi'B#miBQMX

UV U6B bi b2+iBQMV ?2Qr i?2 #BMQKB H /Bbi " B#miBQM mb2b
K F2 MBM72 2M+2 #0Qmi X

U#V UL2tii?°22 b2+iBQMbY ?2Qr/ i "2 mb2/ BM MQMT * K2i B+
i2bib #QmiirQ Q  KQ 2 TQTmH iBQMbX

U+V UBBM Hb2+iBQMV mb2  MF@Q /2 2// i iQ +QMImi2i?2
irQ p "B #H2bX

8X 6Q i?Bb 2 bQM-i?2b2 MQMT ~ K2i'B+ K2i?0Q/b "2 HEQ +XHHZ/

eX h?2 +QKTmi iBQMb mb2/ BM i?2 MQMT ~ K2i "B+ K2i?Q/b "2 ;
X q?2M2p2 i?2 /i "2 [m MiBi iBp2-r2 rBHH i° MI
/i BMiQ + i2;Q' B+ H/ i BMQ /2 iQ+QM/m+ii?2 MQMT ~ K2i B

R3XR aB;M h2bi

>vTQi?2bBb h2bi #Qmi SQTmH iBQM J2/B M

RX h?2 T°QpB/2b MQMT * K2i'B+ T°Q+2/m*2 7Q" i2biBM;
#Qmii?2p HmM2 Q7 X

kX A7r2 +QMbB/2° TQTmF iBQMr?B®2t +iHv 2[m HiQi?2 K2/B M
i?2 K2/B M Bb i?2 K2 bm 2 Q7 i? i /BpB/2b i?2 TQTmH iBQM
i? i Q7i?2p Hm2b "2:°2 i2°i? Mi?2 K2/@7M?Mp Hm2b
“2 H2bb i? M i?2 K2/B MX

URR ¥&k\Ws v 62#'m “v kk- kyke



* 9 TiZR,aQMT CK2i'B+J2i?Q/b S ;2 jfjy

iX q?2M2p2° TQTmH iBQM /Bbi B#MPRQM /MBbM Bb Q7i2M T 272"
Qp2 i?72K2 M bi?2 #2bi K2 bm 2 Q7 +2Mi° HHQ+ iBQM 7Q" i?2

9X1t KTH2 h?2r22FHvb H2b Q7 * T2J vSQi iQ*?BTb #vi?2 G rH2
+?7 BMX

UV G rH2 6bK M ;2K2Mi K /2i?2/2+BbBQMiQ + “vi?2 M2r TQ
# b2/ QM i?2 K Mm7 +im 26b 2biBK i2 i? i IB2QmH/ #2
098y T2 r22F QM T2 biQ 2 # bBbX

U#V Uh #H2 R3XRV 7i2° + "vBM; i?2 T°Q/m+i 7Q  i? 22@KQM

K2Mi “2[m2bi2/ i?2 7QHHQrBM: ?2vTQi?2bBb i2bi #Qmi i?2
r22FHv b H2D,

Ho : J2/B M450
Ha : J2/B B1450

U+V Uh #H2 R3XkV AM +QM/m+iBM; i?2 bB;M i2bi-r2 +QKT "2 2

iQi?2 Q7i?2TQTmH iBQM K2/B MX
BX A7i?2 Q#b2 p iBQM Bb ;72 i2 i? Mi?2?2vTQi?2bBx2/ p H
bB: M

BBX A7 i?2 Q#b2 p iBQM Bb H2bb i? M i?2 ?2vTQi?2bBx2/ p t
bB;M

BBBX A7 M Q#b2'p iBQM Bb 2t +iHv 2[m HiQ i?2 ?2vTQi?2bB
iBQM EBb 7°QK i?2 b KTH2 M/ i?2 M HvbBb T Q+22

i?72 bK HH2 b KTH2 bBx2- mbBM; QMHV i?2 Q#b2 p iBQME
KBMmb bB;M ? b #22M "2+Q /2/X

URR M@k \Ms v

62# m v kk- kyke



*7? TiZR,aQMT‘ K2i'B+ J2i?Q/b S ;2 9fjy

U/V LQi2i? ii?2°2 "'2dTHmb bB;Mb M/ jKBMmMb bB;MbX

8X h?2 bbB;:MBM: Q7i?2 THmMbbB:Mb M/KBMmbEE:Mb? b /2i?2
TTHB+ iBOQMX h?2 b KTH2BBXx22 MmK#2 Q7 i'B Hb>
h?2°2 "2irQ Qmi+QK2b TQbbB#H2 ToB;MBQH - bB;M-

M/ i?2i'B Hb "2 BM/2T2M/2MMQERii?2 T Q# #BHBiv Q7 THmb b

eX A7 i?2 TQTmH iBQMpKYBHM Bm98y- b i?2°2 b?2QmH/ #2 8yW
THmb bB;Mb M/ 8yW KBMmb bB;Mb BM i?2 TQTmH iBQMX h?mb-
T Q# #BHBRIZ bB;M i2bi 2vTQi?2b2b #Qmi i?2 TQTmH iBQM K2/B
iQ i?72 7QHHQIBM: ?2vTQi?2b2b #Qmi iR #BMQKB H T Q# #BHB|

Ho: J2/B MA450
Ha.: J2/B B1450

UVH+ MMQi #2 "2D2+i2/-r2 + MM®RBk QBEZR2H2ZM2 T?7QK yX8y M/
i?mbr2 + MMQiIi +QM+HmM/2 i? ii?2 TQTmH iBQM K2/B M Bb /E

U#VHA7Bb 2D2+i2/- r2 + M +@NBHHWQ2 2Pmi H iQ yX8y M/ i?mb i
TQTmH iBQM K2/B M Bb MQi 2[m H iQ 98yX

dX Uh #H2 8 BM TT2M/Bt "VUh #H2 R 3% WUIGIE;, 2 b2 R 3iXR \H § B M/
p=0:50- Q#i BM i?2 #BMQKB H T Q# #BHBiB2b 7Q  i?2 MmK#2" Q
bbmKTHR @M i " m2X U v

URR¥&k\Ws v 62#'m “v kk- kyke



*7? TiZR,aQMT‘ K2i'B+ J2i?Q/b S ;2 8fjy

UV Ib2 yXRyH2p2H Q7 bB;MB}+ M+2 7Q" i?2i2biX

U#V aBM+2 i?2 Q#b2 p2/ MmK#2 Q7 THmb bB;Mb 7Q  i?2 b KTH
i BH Q7 i?2 #BMQKB H /Bbi B#miBQM-r2 +QKTmi2 i?2 T Q# 4
KQ 2 THmb bB;Mb

U+V aBM+2 r2 "2 mbBM; irQ@i BH2/ ?2vTQi?2bBb i2bi- i?Bb m
IQM#H2/iQ Q#i @M i”2 X

U/V gBi? - r2 + MMQi 2R 2N i2 Kb Q7 i?2 #BMQKB H T°
#BHBiv2 + MMQi H3D D+ 0:50- M/ i?mb r2 + MMQi "2D2+i i?2
2vTQi?2bBb i? i i?2 TQTmH iBQM K2/B M Bb 098yX

URR¥&k\Ws v 62# m “v kk- kyke



*7? TiZR,aQMT‘ K2i'B+ J2i?Q/b S ;2 efjy

3X h?2 QM2@i BH2/ bB;M i2bib #Qmi TQTmH iBQM K2/B M,

UV 6Q KmH i2/i?2?2vTQi?2b2b b M,

Ho : J2/B M450
Ha @ J2/B M450

U#V h?2 +Q "2p®@Q@MWIBRBb 2[m HiQi?2 #BMQKB HT Q# #BHBiv
Q7 THmb bB:Mb Bb 7Q0mM/ BM i?2 b KTH2X

U+V h?Bb Q@@ iHB1+2 X

U/V A7 0?22t KTH2r2 2 +QMp2 i2/ iQp @ HmM 2 BHM Bbi? p?2#22 M
i72 T°Q# #BHBiv Q7 Q#i BMBM; d Q  72r2  THmb bB:MbX

U2V h?2 #BMQKB H T Q# #BHBiB2b T'QpB/2/ BM h #H2 8 Q7 T
+QKTMip@R Hm2 r?2M i?2 b KTHZ bEXxXPRb

U7V gBi?H ;2 b KTH2bBx2b-12 24v QM i?2

Q7 i?2 #BMQKB H /Bbi'B#miP@M HOMRQKTBLH XiT2b i?2 +QKTm
iBQMb [MB+F2° M/ 2 bB2 X

Ib2 i?72LQ K H.Bbi'B#miBQM iQ TT QtBK i2i?2 "BMQKB
#BHBiv

RX1t KTH2 PM2v2 ~ ;Qi?2K2/B MT B+2 Q7 M2r?QK2r b Okje-y
+m "2Mi /QrMim M BM i?2 2+QMQKv ? b "2 H2bi i2} " KbmbBM; b
?QK2 b H2biQ /2i2°KBM2B7i?2TQTmH iBQMK2/B MT B+2 Q7
i? MBirb v2  ;0QX

UV h?2 ?2vTQi?2bBb i2bi #Qmi i?2 TQTmH iBQM K2/B M T B+2
7QHHQrb,

Ho
Ha

U#V g2 rBHH mb2 yXy8 H2p2H Q7 bB;MB}+ M+2iQ +QM/m+i i?E
Q7 T2+2Mi M2r ?2QK2 b H2h 7Mbb bQH/ 7Q° KQ 2 i? M
Okje-yyy- ?QK2b bQH/ 7Q H2bb i? M OkjeAyK2 MIH/
7Q Okje-yyyX

URR¥&k\Ws v 62# m “v kk- kyke



*7? TiZR,aQMT‘ K2i'B+ J2i?Q/b S ;2 dfjy

U+V 7i2 /2H2iIBM;i?2?2QK2i? ibQH/7Q i?27?2vTQi?2bBx2/K2/]
i?72 bB;M i2bi +QMiBMm2b rBi? kk THmb bB;Mb- j3 KBMmb beE
X

U/V h?2 MmHH ?vTQi?2bBb i? i i?2 TQTmH iBQM K2/B M Bb ; 2
Okje-yyy Bb 2tT 2bb2/#vi?2#BMQKB H/2Zhi B#mMIiBQAM ?2vTQi?
U2VHAT2 2 i m2 b M 2[m HBiv-r2rQgmhH/ 2iT2+?PQK2b iQ
? p2 THmb bB;MX

U7V h?2 b KTH2 "2bmHi b?QrBM; kk THmb bB;Mb Bb BM i?2 HQ
/IBbi " B#EmMIiBQMYE@RAMmM2b i?2 T Q# #B3HBiv Q7
r?2p=0:50X

U:V q?BH2 Bi Bb TQbbB#H2 iQ +QKTmi2 i?2 2t0+L 2BMQKB H T ¢
iQ kk M/ bmK i?2b2 T'Q# #BHBiB2b-r2 rBHH mb2 i?2 MQ K H
BK iBQM Q7 i?2 #BMQKB H /Bbi'B#miBQM iQ K F2 i?Bb +QKT

kXLQ 'K H TT QtBK iBQM Q7 i?2b KTHBM; /Bbi'B#miBQM Q7 i?2 M
bB;Mb r#2Mp=0:50, 6Q  i?Bb TT QtBK iBQMWWUi?2 K2 M M/
bi M/ //2pB iBQM Q7 i?2 MQ K H/Bbi'B#miBQM 2,

J2 M = (18:1)

ai M/ "/ /12pB:iBEQM (18:2)

iX qBn=60 ?2QK2b pM0:50- i?2 b KTHBM; /Bbi'B#miBQM Q7 i?2 MmK/
bB;Mb + M #2 TT QtBK i2/ #v MQ'K H /Bbi'B#miBQM rBi?

=0:50n = =p0:25n=

9X h?2 #BMQKB H T ' Q# #BHBiv /Bbi ' B#miBQM Bb /Bb+"2i2 M/ i?2
#MiBQM Bb +QMiBMmMQmbX hQ ++QmMi 7Q  i?Bb- i?2 #BMQKB
Tmi2/ #v i?2 MQ 'K H T Q# #EHEiv BMiX h2d2 yX8 //2/iQ M/
bm#i> +i2/ 7°QK kk Bb + HHZ/ (72 7 +iQ X

8X h?mb-iQ +QW@PiHM27Q kk Q" 72r2° THmb bB;Mb r2 mb2i?2 M
iBQM rBi30 M/ =3:873iQ +QKTmi2i?2T Q# #BHBivi? ii?2 MQ K H
p B #H2? b p HmM2 H2bb i? M Q 2[m HiQ kkX8X

URR¥&k\Ws v 62#'m “v kk- kyke



*7? TiZR,aQMT‘ K2i'B+ J2i?Q/b S ;2 3fjy

eX U6B;m 2 R3XKV IbBM; i?Bb MQ K H /B ki @8 i nBXQ M -71Q@ HHQIKrbm i 2

p@p Hm?2

dX qB0:0262< 0:05- r2 i72 MmMHH ?2vTQi?2bBb M/ +QM+Hm/2
K2/B MT B+2 Q7 M2r7QK2Bi®?2 Okje-yyy K2/B M T B+2 v2 ° ;Q

>vTQi?2bBb h2bi rBi? J i+?72/ a KTH2b

RX U 2+ HH *? Ti2> RyV !bhBM; M/ bbmKBM; i? i i?2 /IBz2 @
2M+2b #2ir22M i?2 T B b Q7 K i+?22/ Q#4b2 p i BEMDbBr2M22 /-
i?72  /Bbi'B#miBQMr b mb2/iQ K F2 MBM72 2M+2 #Qmii?2/
i?72 K2 Mb Q7 i?2irQ TQTmH iBQMbX

kX Ib2 i?72 MQMT ~ K2i'B+ bB;M i2bi iQG M Hvkd X i?2 bB;M
i2bi 2M #H2b mb iQ M Hvx2 + i2;Q B+ H br2HH b [m MiBi iBp2
bbmKTiBQM #Qmii?2 /Bbi'B#miBQM Q7 i?2 /Bz2 ' 2M+2bX

iX h?BbivT2 Q7 K i+?22/@b KTH2 /2bB.M Q++m22BIM b KTH2
QF TQi2MiB H +mbiQK2'b Bb bF2/ iQ +QKT "2 irQ #° M/b Q7
+Qz22-bQ7i/'BMFb-Q /2i2 ;2MibX qBi?Qmi Q#i BMBM; [m Mil
BM/BpB/m Héb T 272 2M+2 7Q" i?2 # M/b- 2 +? BM/BpB/m H B
T 272 2M+2X

URR¥@&k\Ws v 62# m “v kk- kyke



*7? TiZR,aQMT‘ K2i'B+ J2i?Q/b S ;2 Nfjy

9X1t KTH2 amM *Q bi 6 "Kb T°Q/m+2b M Q" M;2 DmB+2 T°Q/m+i
H2vX h?2 T'BK ‘v +QKT2iBiBQM 7Q" *Bi'mb o HH2v +QK2b 7°Q
Q M;2DmB+2 FMQrM b h"QTB+ HP® M;2X AM +QMbmK2 T2
i?2irQ#° M/b-R9BM/BpB/m Hbr2'2:Bp2M mMK ‘F2/b KTH2b Q]
T'Q/m+ibX h?2 #° M/ 2 +? BM/BpB/m H i bi2/} bir b b2H2+i2/ " |

UV A7i?2BM/BpB/m Hb2H2+i2/*Bi mbo HH2v L i?2KQ 2T 2
rb 2+Q°/2/X

U#V A7i?2BM/BpB/m Hb2H2+i2/ h"QTB+ HP™ V;2 bi?2KQ 2T"
rb 2+Q°/2/X

U+V A7 i?2 BM/BpB/m Hr b mM #H2 iQ 2tT 2bb /Bz2'2M+2 BM
T°Q/m+ib- rb 2+Q/2/X

8X Uh #H2 R3X9V .2H2iBM; i?2 irQ BM/BpB/m Hb r?2Q +QmH/ MQi

2Bi?2 #  M/-i?22/ i ? p2 #22M +QMp2 i2/iQ bHibBLtMRDhiMBi?
bB:Mb 7Q i?2 BM/BpB/m Hbr?Q +QmH/ 2tT 2bb T 2
7Q° QM2 Q7 i?2irQ # M/bX

eX G2iiBM: BM/B+ i2 i?2 T'QTQ iBQM Q7 i?2 TQTmH iBQM Q7 +m
*Bi'mbo HH2v Q" M:2DmB+2-r2r MiiQi2bii?2 2vTQi?2b2bi? ii
#2ir22M i?22 T 272 2M+2b 7Q  i?2irQ #° M/b b 7QHHQrb,

Ho
Ha,

dX 7+ MMQi #2 "2D2+i2/-r2 + MMQi +QM+HmM/2i? ii?2°2Bb /Bzz
7Q i?2 irQ # M/bX >r2pR"#B72D2+i2/-1r2 + M +QM+HmM/2 i?
+QMbmK2 T 272 '2M+2b /Bz2  7Q  i?2irQ #° M/bX

URR¥@&k\Ws v 62#'m “v kk- kyke



* 9 TizR,aQMT * K2i'B+ J2i?Q/b S ;2 Ryfj

3X Uh #H2 R3X8V g2 rBHH +QM# &5V X2h2; M KZIHBM; /Bbi B#miBQ|
i?72 MmMK#2 Q7 THmb bE ™Mb BBbi B#miBExN:58i® h=12 X
U \%

NX IM/2 i?72 bbHKBDBIQM2- r2 rQmH/ 2tT2-i THmb
bB;MbX gBi? QMHvV irQ THmb bB;Mb BM i?2 b KTHZ-1i?2 "2bmHib
Q7 i?2 #BMQKB H /Bbi B#miBQMX

RyX hQ +QKTm@p iRth2 7Q  i?BbirQ@i BH2/i2bi-r2} bi +QKTmi2i?z
Q 72r2  THmb bB;Mb M/ i%2Bbp Hm2X IbBM;i?2 #BMQKB H T Q
Q7 y-R- M/ Kk b?QrM BM hp@H2HRBX 8hHi? 2

p@p Hm?Z

RRX g2 BApPXRHAi?2i bi2i2bi T QpB/2b2pB/2M+2i? i+QMbmK2Z T 272
7Q7i?22irQ# M/bQ7Q M;2DmB+2X g2rQmH/ /pBb2 amM *Q bi
M/ +QM+HmM/2i? ii?2 +QKT2iBiQ ' 6b h'QTB+ HP> M;2 T Q/m+i E
amM *Q bi6 Kb+ Mi?2M Tm bm2 bi i2;viQ //"2bbi?Bb Bbbm

RkX aBKBH " iQ Qi?2 mb2b Q7 i?2 bB;Mi2bi- QM2@i BH2/ i2bib K
i?72 TTHB+ iBQMX

RiX bi?2b KTH2 bBx2 #2+QK2b H “:2 i?2 Q7
i?72 #BMQKB H /Bbi'B#miBQM rBHH 2 b2 i?2 +QKTmi iBQMX

URR Y&k v 62#'m “v kk- kyke



*7? TiZR,aQMT‘ K2i'B+ J2i?Q/b S ;2 RRfj

RO9X g?BH2i?2amM*Q bi6 KbbB;Mi2bi7Q K i+?2/b KTH2b mb2/ -
['1 -i1?22bB;Mi2bi 7Q K i+?2/ b KTH2b + M #2 mbZ/irBb?
razHHX

UV h?BbrQmH/#2T "iB+mH "Hv ?22HT7mH 22172
/IBbi " B#mi2/ M/ "2 X

U#V AM i?Bb + b2 TQbBiBp2 /IBz2 ' 2M+2 Bb bbB;M2/ THmb bE
Bb bbB;M2/ M2; iBp2 bB;M- M/ x2 Q/Bz2 2M+2 Bb "2KQPp:

U+V h?2 bB;M i2bi +QKTmi iBQMb T Q+22/ b #27Q 2X

R3Xk gBH+QtQM aB:M2/@_ MF h2bi

RX U 2+ HH *? Ti2  RyV h?2 T > K2i'B+ i2bi 7Q 2022 BK2Mi
*2[mB 2b [m MiBi iBp2 /i M/ i?2 bbmKTiBOM #2ir2z2M
i72 T B 2/ Q#b2'p iBQMb "2 MQ K HHv /Bbi B#%miMX2A2N2
#2 mb2/ iQ K F2 M BM72°2M+2 #Qmi i?2 /Bz2 2M+2 #2ir22M i?
TQTmH iBQMbX

kX h?2 i2bi Bb MOMT * K2i'B+ T°Q+2/m 2 7Q"° |
/i 7°QK X h?2i2bimhb2h
#mi/Q2b MQi "2[mB 2i?2 bbmKTiBQM i? ii?2 /Bz2 2M+2b #2ir2
piBQMb 2 MQ 'K HHv /Bbi B#mi2/X

iX Ai QMHV “2[mB 2b i?2 bbmKTiBQM #2ii22M i?2 T B 2/ Q#b2° @
piBQMb ? p2 /BbiB#miBQMX

9X h?Bb Q++m b r?2M2p2° @PRi?22irQ TQTmH iBQMb "2i?2b K2 M
7Q+mb Bb QM /2i2°KBMBM; B7 i?2 2 Bb /Bz2 2@%22%22iMQ2M i?2
TQTmH iBQMbX

URR ¥&k\Ws v 62#'m “v kk- kyke



*7? TiZR,aQMT‘ K2i'B+ J2i?Q/b S ;2 Rkfj

8X1t KTH2 S'Q/m+iBQMh bF *QKTH2iBQM hBK2b, *QMbB/2" K Mt
Bb ii2KTiBM; iQ /2i2 KBM2 r?2i?2 irQ T°Q/m+iBQM K2i?Q/b /Bz
+QKTH2iBQM iBK2X

UV Uh #H2 R3XeV IbBM; K i+?22/@b KTH2b 2tT2 ' BK2Mi H /2b
H2+i2/ rQ F2 b +QKTH?2i2/i?2 T Q/m+iBQM i bFirQ iBK2b- QI
M/ QM+2 mbBM: K2i?Q/ "X h?2 T°Q/m+iBQM K2i?Q/i? ii?2r
rb> M/QKHvV b2H2+i2/X

U#V /Bz2 2M+2 BM/B+ i2b i? i K2i?Q/ “2[mB 2/ KQ":

/Bz2 2M+2 BM/B+ i2bi? i K2i?Q/ " "2[mB 2/ KQ 2 iB

U+V .Q i?2 /i BMI/B+ i2i? ii?2irQ T'Q/m+iBQM K2i?Q/b /Bz2"

i2°Kb Q7 +QKTH2iBQMiBK2b\ A7r2 bbmK2i? ii72/Bz2 2M+2

/Bbi"B#miBQM #mi MQi M2+2bb "BHv MQ'K H /Bbi'B#miBQI
MF i2bi TTHB2bX

U/V AM T iB+mH - r2 rBHH mb2 i?2 qBH+QtQM bB;M2/@  MF
#2ir22M 72 +QKTH2iBQM iBK2b 7Q  i?2irQ T'Q/m+iBQN

Ho
H, : J2/B M 7Q K2i?02/B M 7Q" K260Q/ "

U2VHA MMQi #2 "2D2+i2/- r2 rBHH MQi #2 #H2 iQ +QM+HmM/2
+QKTH2iBQM iBK2b "2 /Bz2 HW)MBNK "2Q22Hi27- BX rBHH +QM+H
i? ii?72 K2/B M +QKTH2iBQM iBK2b "2 /Bz2 2MiX

URR¥&k\Ws v 62# m “v kk- kyke



*9 TiZR,aQMT “ K2i'B+ J2i?Q/b S ;2 Rjfjy

eX h?2 qBH+QtQM bB;M2/@=GMBM2bi bi2Th U

UV .Bb+ /i?2/Bz2 2M+2@7rQ F2 3 M/i?2M +QKTmi2i?2
7Q°i?2 2K BMBM; Ry rQ F2 bX

U#V _ MFi?2b2 #bQHmMi2 /Bz2 2M+2b 7 ®&HK?2} biUb2+QM/V
bK HH2bi #bQHmMi2 /Bz2 2M+2 Q7 yXR UyXkV 7Q  rQ F2  d Uk
R UKVX h?Bb >~ MFBM: Q7 #bQHmi2 /Bz2 2M+2b +QMiBMm2b
/IBz2 2M+2 Q7 yXN 7Q  rQ F2 e #2BM: bbB;M2/i?2 ° MF Q7
#bQHmMi2 /Bz2 2M+2b Q7 yX9 UyX8V 7Q rQ F2'bj M/ 8U9 M
Q7 jX8 U 8X8VX

U+V Uh #H2 R3XdV 1 +? " MF Bh QBp2K Q?B;BM H /Bz2 2M+2 7Q
rQ " F2 X

U/V G2i /2MQi2 i?2 bmK Q7 i?2 TQbB B p249:BYM2q2 r@ Akl U
mbBIZ b i?2 gBH+QtQM bB;M2/@" MF i2bi bi iBbiB+X

U2%¥ KTHBM: .Bbi B#niBDM Q72 qBH+QtQM aB;M2/@A7MF h2Di
i?2 K2/B Mb Q7 i?2 irQ TQTmH iBQMb "2 2[m H M/ i?2 Mm|
TB'bBbRyQ KQ'2-i?2b KTHBM+ /BBi2BEMIBOBK QZ/ #v

J2 M 1. = (18:3)

URR¥&k\Ws v 62# m “v kk- kyke



*7? TiZR,aQMT‘ K2i'B+ J2i?Q/b S ;2 R9fj

ai M/ "/ /2pB:iBQM (18:4)

.Bbi'B#miBQM 6Q K, TT QtBK i2HvV MR 'K H7Q"
dX1t KTH2 S'Q/m+iBQM h bF *QKTH2iBQM hBK2b,
UV 7i2 /Bb+ /BM;i?2 Q#b2 p iBQM Q7 x2'Q/Bz2 2M+27Q"
+QMiBMm2bnr810 K?22+22/ T B bX

_ n(n+1) _
T = 1 =
r

=275

nin+1)(2n+1) _

. = =9:8107
T 24

U#V U6B;m 2 R3XjV h?2 b KTHBM? /iRbii' Bi# nBilBIGMXQ7 i?2

U+V *QKTmi2 i?2 ip@@ iHB¥227 Q" i?2 ?2vTQi?2bBb i? i i?2 K2/B M
iBQM iBK2b 7Q  i?2 irQ T'Q/m+iBQM K2i?Q/b "2 2[m HX aBN
T+ =495 Bb BM i?2 Q7 i?2b KTHBM: /Bbi'B#miBQM- r2 #.
+QKTmMiBM; i?2 mTT2 i BH T Q# #BHBIiv

U/V aBM+2 i?2 bmK Q7 i?2TT BhB/iBp2 2iIMFM/ i?2 MQ K H /Bbi E
iBQM Bb +QMiBMmQmb- r2 rBHH Q#i BM i?2 #2bi TT QtBK

7 +iQ X h?mb-i?2/Bb+"2i2 T Q# #BHBivQ7
Bb TT QtBK i2/ #v i?2 MQ 'K H T Q# #BHBiv BWIi2?p H-
T Q# #BHBIV i295 Bb TT QtBK i2/ #v,

P(T* 495)=
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*7? TiZR,aQMT‘ K2i'B+ J2i?Q/b S ;2 R8fj

U2V IbBM; i?2 bi M/ '/ MQ K H /BbizB#211bB QMbi22H2 iMP?2
irQ@i B@»/ Hmz2 X gBi? p@p H@&@5- r2
"2DBMgi M/ +QM+HmM/2i? ii?2 K2/B M +QKTH2IiBQM iBK2b 7Q"
iBQM K2i?Q/b "2 MQi 2[m HX

U7V qBi?#2BM;: BM i?2 mTT2 i BH Q7 i?2 b KTHBM; /Bbi B#mi
K2i?Q/ H2/iQi?2 HQM:2  +QKTH2iBQM iBK2bX g2 rQmH/ 2t
iQ +QM+HmM/2i? i K2i?Q/ " Bbi?2 7 bi2  Q #2ii2° T'Q/m+iBQ

3XPM2@i BH2/ qBH+QtQM bB:M22@ QMBFB2HRX 6Q 2t KTH2- B7 BI
272/ #22M HQQFBM; 7Q  bi iBbiB+ H 2pB/2M+2 iQ +QM+HmM/2 K
K2/B M +QKTH2iBQM iBK2 i? M K2i?Q/ ",

Ho
H, : J2/B M 7Q K2i?02/B M 7Q° K220/ "

NX U 2+ HH a2+iBQM R3XRV i?2 bB:M i2bi +QmH/ #2 mb2/ 7Q" #Qi
TQTmH iBQM K2/B M M/ ?vTQi?2bBb i2birBi? K i+?2/ b KTH2b

RyX h?2 qBH+QtQM bB;M2/@" MF i2bi + M HbQ #2 mb2/ 7Q° MQ
X h?Bb i2bi K F2b MQ bbmKTiBQM #Qmi i?2 T
/Bbi"B#miBQM Qi?2  i? M i? i BiX3b

RRX A7 i?Bb bvKK2i'B+ bbmKTiBQM Bb TT QT B i2-i?2 qBH+QtC
T 27272/ MQMT ~ K2i'B+ i2bi 7Q° TQTmH iBQM K2/B MX >Qr2
Bb - i?2 bB;M i2bi Bb T 272 "2/X

RkX qBi? i?2 qBH+QtQM bB;M2/@" MF i2bi-i?2 [Ez2 2Ni+2h #2ir22]
M/ i?2 Q7 i?2 TQTmH iBQM K2/B M 2 mb2/ BMbi
IBz2 2M+2b #2ir22M i?2 K i+?2/@T B  Q#b2 p iBQMbX

RjX LPhlaY*PJJ1lLha,

UV h?2gBH+QtQMbB;M2/@" MFi2bi7Q" TQTmH iBQMK2/B M
iBQM i? i i?22 TQTmH iBQM Bb bvKK2i'B+X gBi? i?Bb bbmKT
Bb2[m HiQi?2TQTmH MROMnb-i?2qgBH+QtQM bB;M?2

MFi2bi+ M HbQ#2mb2/ b 12bi #Qmii?2 X

URR¥&k\Ws v 62# m “v kk- kyke



*7? TiZR,aQMT‘ K2i'B+ J2i?Q/b S ;2 Refj

U#V h?2°2 "2 b2p2  Hp 'BiBQMb Q7 i?2 qBH+QtQM bB:M2/@"
T QpB/2 bBKBH ~ #mi MQi B/2MiB+ H “2bmHibX h?22 i2bi r2 r
# b2/ QM Ur?B+? Bb Km+? 2 bB2 iQ + H+mH

U+V CJS mb2b i?2 2t +i qBH+QtQM bB:\N2Q/ @/ MaFm22tMid B M
TT QtBK iB Qv 2DXM

R3X] J MM@Qg?BiM2v@qBH+QtQM UJqqV h2bi

RX U 2+ HH *? Ti2  RyV 2¢vBQ2P2¥BHQ2GIiB2 /Bz2 2M+2 #2ir22])
K2 Mb Q7 irQ TQTmH iBQMb mbBM: irQ BM/2T2M/2Mi b KTH2b,

UV h?BbT > K2i'B+i2bi 2[mB 2// i M/i?2 bbmKTiBQM i? i
#Qi? TQTmH iBQNb ? / /Bbi'B#miBQMX

U#V A7 TQTmH iBQM bi M/ M//2pB ABQWRMQrM- i?2 b KTH2 bi M
| 1 12pB iBQMI& T QpB/2/ 2biBK iR X7

U+V H?2Bbi'B#miBQM r b mb2/iQ K FZ MQmMi i?2 /IBz2 2M+2
#2ir22M i?22 K2 Mb Q7 i?2irQ TQTmH iBQMbX

kX g2 T°2b2Mi MQMT > K2i'B+ i2bi 7Q  i?2 /Bz2 2M+2 #2ir22M ir(
QM irQ BM/2T2M/2Mi b KTH2bX Ai + M #2 mk2//rBiQ 2Bi?2"
/i M/Bi/Q2b MQi 2[mB 2i?2 bbmKTiBQMi? ii?2"
?2 p2 MQ'K H/Bbi'B#miBQMX

jX 02°bBQMb Q7 i?2 i2bi r2°2 /2p2HQT2/ DQBMiHv #v J MM M/ q
gqBH+QtQMX b “2bmHi-i?2i2bi? b#22M 272 °2/iQ bi?2

M/ i?2 X h?2 i2bib "2 2[mBp H2Mi M/ #Qi?
bBQMb T QpB/2 i?2 b K2 +QM+HmMbBQMX g2 rBHH 272" iQ i?B
i?2 i2bi U2X;X- irQ@i BH2/i2biV,

Ho : h?2irQ TQTmH iBQMb "2
Ha : h?2irQ TQTmH iBQMb 2 MQi B/2MiB+ H

URR¥&k\Ws v 62# m “v kk- kyke



*7? TiZR,aQMT‘ K2i'B+ J2i?Q/b S ;2 Rdfj

UBX2X-2Bi?2 TQTmH iBQM K v T QpB/2i?2 bK HH2 Q

9X BAZBb "2D2+i2/- r2 "2 mbBM; i?2 i2bi iQ +QM+HmM/2 i? i i?2 TQ

B/2MiB+ H M/i? iTQTmH iBQM R i2M/0 T 7T QpB/@ MBi2B"
i? MTQTmH iBQM kX

8X U6B:m 2 R3X9V DbBim iBQM r?2°2 TQTmH iBQM R i2M/b iQ T C
TQTmH iBQM kX ULQi2 i? i Bi Bb MQi M2+2bb "vi? i HHp Hm?2
H2bb i? M HHp Hm2b 77QK TQTmH iBQM kXV

eX 6B bi BHHmMbi  i2i?2Jqgqi2bimbBikBi? X

G i2 -r2rBHHBMi Q/m+?2 TT QtBK iBQM# b2/ QMi?2
/Bbi"B#miBQM i? i rBHH bBKTHB7v i?2 + H+mH iBQMb “2[mB 2/

dX1t KTH2 *QMbB/2 i?2QM@i?2@DQ# T2 7Q K M+2 " iBM:b7Q" 2
*BM2K b ky@b+ 22M KmHiBTH2t KQpB2 i?2 i2 X

UV mBM; M2KTHQV22 T2 ' 7Q K M+2 "2pB2r- i?2 i?2 i2 K N
2KTHQV22b 7 QK #2bi U> iBM; RV iQ rQ bi U® iBM; j8V BM i~
2TQ iX EMQrBM;i? 1i?2T "i@iBK2 2KTHQv22br2 2T BK B
b+?QQHbim/2Mib-i?2/Bbi'B+iK M ;2° bF2/B7i?22r b2pB/
/IBz2'2M+2BMT2 ' 7Q° K M+27Q  +QHH2;2bim/2Mib +QKT "2/

U#V AM i2° Kb Q7 i?2 TQTmH iBQM Q7 +QHH2:;2 bim/2Mib M/ i

b+?QQH bim/2Mib r?Q +QmH/ #2 +QMbB/2 2/ 7Q  2KTHQVK2
2vTQi?2b2b r2°2,

Ho : *QHH2;2 M/ ?B;? b+?QQH bim/2Mi TQTmH iBQMb "2
BMi2 Kb Q7 T2 7Q K M+2

URR M@k Ms v

62# m v kk- kyke



*7? TiZR,aQMT‘ K2i'B+ J2i?Q/b S ;2 R3fj

*QHH2:2 M/ ?B;? b+?QQH bim/2Mi TQTmH iBQMb "2

Ha
BMi2 Kb Q7 T2 7Q K M+2

U+V Uh #H2 R3X3V h?2i?2 i2 K M :2°6b Qp2° HHT2 7Q K M+2
2KTHQV22br b "2+Q/2/7Q 2 +?2 Q7 i?2b2 2KTHQV22bX

U/V Uh #H2hR2XNQMKFEBM2/ @b KTHRb2®OEIHH2p2H Q7 bB;MB}+ M+2
7Q i?Bbi2bi M/ i?72 +QK#BM2/ b KTH2k X

Uu2¥mK i?2 " MF® 2 +? b KTH2 b b?QrM BM h #H2 R3XNX h?2 t
7Q 1?2 }'bi b KTH2 rBHH #2 iW27iQbii b2 URi BAM i
4+1+7+2=14 X

U7V gq2rBHH Hr vb 7QHHQri?2T Q+2/m 2Q7 mbENM; i?2ZbmKQ7

bi?2 X

3X q?vi?2bmK Q71?2 MFbrBHH ?2HT mb b2H2+H#2h22M i?2 irQ
irQ TQTmH iBQMb "2B/2NM?B+#rQ T™MYTmH iBQMb "2 MQi B/2MiB+

62#° m v kk- kyke
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*7? TiZR,aQMT‘ K2i'B+ J2i?Q/b S ;2 RNfj

UV G2iGBRIMQi2 +QHH2;2HiM/MRiI2MPB;? b+?2QQH bim/2Mi-bm’
i?72 > MFb Q7 i?2 MBM2 bim/2Mib ? / i?2 TQHHQrBM; Q /2" rE
bim/2Mib ? pBM; i?2 7Qm HQr2bi~ MFbX

_MF R kK j 9 8 e d 3 N
aim/2Mi * * * *x > > > > >

U#V LQIiB+2i? i i?Bb T2 Kmi iBQM Q" Q /2 BM; b2T " i2b i?22 irC
+QHH2:2 bim/2Mib HH ? pBMj? Mi?2 ?B:? b+?QQH bim/2Mib

U+V h?BbBb bi'QM;BM/B+ iBQMi? ii?2irGTGTXHZBQMb "2
bmK Q7  MFb7Q i?2+QHH2:2bim/2Mib 3Mi?Bh + B2 Bb

U/V LQr +QMbB/2° > MFBM; r?2°2i?27Qm  +QHH2:2 bim/2Mib
MF b X

_MF R kj9 8 ed 3 N
aim/2Mi > > > > > * * * %
h?Bb Bb MQi?2  bi'QM: BM/B+ iBQM i? i i?2 irQ TQTmH iBQ
h?2bmK Q7  MFb7Q i?2+QHH2:2bim/2MibBMi?53b +X2Bb

U2V h?mb-r2 b22i? ii?2 7Q i?2 +QHH2;2 bim/2Mib Kmb
#2ir22M Ry M/jyX o Hm2b Q7BKTHvVi? i +QHH2;2 bim/2Mib ?
HQr2 > MFbi? Mi?2 ?B;? b+?QQH bim/2Mib-r?2°2 b p Hm2b
BKTHvVi? i +QHH2:2 bim/2Mib ? p2 ?B:?2° " MFbi? Mi?2 ?B;"

U7V 1Bi?2° Q7 i?2b2 2ti'2K2b rQmH/ bB:M H i?2 irQ TQTmH iB
>Qr2p2 - B7i?2irQ TQTmH iBQMb "2 B/2MiR+ HBM rQmH/ 2
i72 Q /2 BM:CQ®D i M/6b bQ i? i i?2 bmKWBDH MHFQb2  iQ i?2

Q7 i?2irQ 2ti'2K2b- Q' 42 2 iQ X

NX U6B;m 2 R3X8VUh #H2 R3XRyV J FBM; i?2 bbmKTiBQM i? i i
B/2MiB+ H-r2 mb2/ +QKTmi2 T Q; K Q +-QKXTmiz7Q"
i?2 MBM2 bim/2MibX 6Q 2 +? Q' /2'BM;- ‘2 +QKTmiZRI?2
i?72 +QHH2;:2 bim/2MibX h?Bb T°QpB/2/i?2 T°Q# #BHBiv /Bbi B#
b KTHBM; /Bbi B¥WniBQM Q7

URR¥@&k\Ws v 62# m “v kk- kyke



* 9 TizR,aQMT * K2i'B+ J2i?Q/b S ;2 kyfjy

RyX I1b2 i?2 b KTHBM; /BWi BBMGiB,@M2QR3X8 iQ Hp@THM2 i?Q"
i22 i2biX h #H2 R3XN b?Qrb i? i i?2 bmK Q7 ° MFb 7Q  i?2 7Qm

X "2+ mb2 i?BbW BmBM7?22 Q7 i?2 b KTHBM;
/IBDi"B#mMiBQM-r2 #2:BM #v +QKTmiBM; i?2 HQr2 i BH T Q# #B}F

P(10)+ P(11) + P(12) + P(13) + P(14)
0:0079 + 00079 + 00159 + 0:0238 + 0:0397 = 00952

P(W 14)

RRX h?2 irQ@@ B H2Y2 X qBi?=0:05 b i?2 H2p2H Q7
bB;MB}+ M@ p MH/MX@5- i?72 Jgqgq i2bi +QM+HmMbBQM Bb i? ir2 + MMC

62#° m v kk- kyke
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*7? TiZR,aQMT‘ K2i'B+ J2i?Q/b S ;2 kRfj

i?72 MmHH ?vTQi?2bBb i? i i?72 TQTmH iBQMb Q7 +QHH2;2 M/ ~
B/2MiB+ HX

RkX Ib2 i?2 b K2 +QK#BM2/@b KTH2 ° MFBM: T Q+2/Bb2 BN mb2 i
#mMiBQM TT QtBK iBORKIM@A@E2HM2 M/ /" ri?2 +QM+HmMbBQM;

RjX1t KTH2 h?B /L iBQM H" MFX

UV h?2# MFK M ;2 °Bb KQMBIQ'BM;i?2# H M+2b K BMi BM2/
i irQ #° M+? # MFb M/ Bb rQM/2 BM; B7 i?2 TQTmH iBQMb Q
i i?72irQ # M+? # MFb "2 B/2MiB+ HX

U#V Uh #H2 R3XRRV hrQ BM/2T2M/2Mi b KTH2b Q7 +?2+FBM;
b KTH2 bBx2b i # M+? Rn,M10

U+V Uh #H2 R3XRKV h?2 } bi bi2T BM i?2 Jqq i2bi Bb iQ ~ MF i?
7°QK i?2 HQr2bi iQ ?B;?2bip Hm2bX AMi? i + b2 Q7 i?2 irQ ¢
i72 b K2-i?2 iB2/ p Hm2b "2 DbbB;M2/i?2 p2 :2  MF Q7 i?
i72 +QK#BM2// i b2iX

URR¥&k\Ws v 62# m “v kk- kyke



*7? TiZR,aQMT‘ K2i'B+ J2i?Q/b S ;2 kkfjy

U/V Uh #H2 R3XRjV h?2 M2ti bi2T Bb iQ bmK i?2 > MFb 7Q" 2 +
b KTH2 R M/ 3jX8 7Q b KTH2 k "2 b?WrMB9:6R P22 ? p2
#Qi? b KTH2b bBx2b "2 - MQ'K H TT QtBK iBQMQ7i?2b KT
/Bbi B#m M QMVQF2 mb2/X

ROX IM/2" i?2 bbmKTIiBQM i? i i?72 MmHH ?2vTQi?2bBb Bb i m2 M
B/2MiB+ H-i?2 b KTHBM; /Bbi B#m\B@W,Q7 i?2 i2bi bi iBbiB+

J2 M (18:5)

URR¥&k\Ws v 62#'m “v kk- kyke



* 9 TiZR,aQMT S K2i'B+J2i?Q/b S ;2 kjfjy

ai M/ "/ /2pB:iBQM (18:6)

.Bbi'B#miBQM 7Q K, TT QtBK i2Hv MQ K H T QpB/2/

R8X aBM+2 i?2 i2Wi BbiFiB¥2i2 M/ i?2 MQ'K H /Bbi'B#miBQM Bb
r2 rBHH ; BM mb2 i?2 7 +iQ  7Q°i?2 MQ K H /Bbi B#m
TT QtBK iBQMX

ReXt KTH2 h?B/ L iBQM H" MFX

UV UBB:m 2R3XeV:Bp2Mi?2h KTH2bBx2b2[m iBQMb UR3X8V
M/ UR3XeV T QpB/2i?2 7QHHQrBM:; K2 M M/ bi M/ “//2pB iB
/IBbi"B#miBQM,

J2 M w =(1/2)(12)(12 + 10 + 1) = 138

ai M/ "/ /2pB:iB© Y (1/12)(12)(10)(12 + 10 + 1) = 15:1658

U#V qBi21695 BM i?2 Q7 i?2 b KTHBM; /Bbi'B#miBQM- r:
i?2 7QHH@BMmM?2 + H+mH iBQM,

P(W 1695) =

U+V IbBM; i?2 bi M/ '/ MQ 'K H > MzGR:p4-B?2H2Q @ BH 2/
p Hm2 X gBp®@p Hix@s- M/
+QM+HM/2 i? 1i?22irQ TQTmH iBQMb Q7 ++QmMi# H M+2b
MTT2 i BHp Hm2 7QWi BoM B+ BBDbBi® i i?2 TQTmH iBQM Q7
# H M+2b i# M+? Ri2M/b iQX#2
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*7? TiZR,aQMT‘ K2i'B+ J2i?Q/b S ;2 k9fj)

RdX aQK2 TTHB+ iBQMb Q7 i?2 Jqq i2bi K F2 Bi TT QT B i2iQ b
TQTmH iBQMb 7 pz2 M/ B7i?2 TQTmH iBQMb /Bz2 - Bi Bb (
BMi?2 HQ+ iBQM Q7 i?2 /Bbi'B#miBQMbX

R3X A7i?22irQ TQTmH iBQMb ? p2-i?2 ?2vTQi?2bBb i2bi K v #2 bi i2
BMi2 Kb Q7i?2/Bz2 2M+2 #2ir22M i?2irQ X Mv /Bz2 2M+2
#2ir22M i?2 K2/B Mb + M #2 BMi2 T 2i2/ bi?2 b?B7i BM HQ+ iB
+QKT “2/iQ i?2 Qi?2°X AM i?Bb + b2-i?2i?°22 7Q Kb Q7 i?2 Jq
K2/B MIbigE1:2V Q7 i?2irQ TQTmH iBQMb 2 b 7QHHQrb,

hrQ@h BH2/ h2bi GQr2 h BH h2bi ITT2 h BH h
HO,M1°M2:O Ho,Ml'Mz 0 Ho,Ml'Mz 0
Ha,Ml'M260 Ha,Ml'M2<O Ha,Ml'M2>O

R3X9 E mbF H@qg HHBDb h2bi

RX U 2+ HH *? Ti2" Rj- LPoV q2 +QMbB/2°2/ T > K2i'B+ i2bi 7C
TQTmH iBQMb r?2M r2 mig2/ M/ bbmK2/i? i i?72 TQTmH @
iBQMb ? / MQ K H /Bbi B#miBQMb rBi? i?2 b K2 bi M/ "/ /2pB IiE
BM/2T2M/2Mi > M/QK b KTH2 7' QK 2 +?2TQTmiH iBQM-rZ mb2/i7?:
iQi2bi 7Q /Bz2 2M+2b KQM; i?2 X

kX h?2 MQMT * K2i B+ Bb# b2/ QMi?2 M HvbBb Q7 BM/2T
M/QK b KTH2b 7 QK 2 +PQIMH iBQMbX h?Bb T'Q+2/m 2 + M
rBi? 2Bi?2° /i Q° /i M/ /Q2b MQi "2[mB 2 i?2

bbmKTiBQM i? i i?2 TQTmH iBQMb ? p2 MQ K H /Bbi'B#miBQMb

Ho: HH TQTmH iBQNEL "2
Ha: LQi HHTQTmH iBQMb 2 B/2MiB+ H
jX Mg Bb 2D2+i2/- r2 rBHH +QM+Hm/2 i? i i?72°2 Bb /Bz2 2M+2

iBQMb rBi? QM2 Q" KQ 2 TQTmH iBQMb i2M/BM; ip HARB/2
+QKT “2/iQi?2 Qi?2  TQTmH iBQMbX
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*7? TiZR,aQMT‘ K2i'B+ J2i?Q/b S ;2 k8fj)

9X1t KTH2 S2°7Q K M+2 1p Hm iBQM _ iBM:;b 7Q  ky qBHHB Kb 1K

UV Uh #H2 R3XR9V gBHHB Kb J Mm7 +im BM; *QKT Mv ?B 2b :
;2K2Mibi z7°QK i?°22/Bz2 ' 2Mi +QHH2;2bX 2+2MiHv-i?2 +
/IB"2+iQ #2; M "2pB2rBM; i?2 MMmM HT2 7Q K M+2 "2TQ ib "
bi zBM M ii2KTiiQ /2i2°’KBM2 r?2i?2 i?2°2 2 /Bz2 2M+2¢t
K M+2 " iBM;b KQM; i?2 KM ;2 br?Q ; /m i2/ 7 QK i?2 i?
h?2 T2 7Q K M+2 " iBM; b?QrM7Q 2 +? K M ;2 Bb 2+Q /2/
iQ Ryy-rBi? Ryy #2BM; i?2 ?B;?2bi TQbbB#H2 ~ iBM;X

U#V amTTQb2r2r MiiQi2bir?2i?2 i?2i?°22TQTmH iBQMb Q7
+ HBMi2 Kb Q7 X g2 rBHH Mb2 yXy8 H2p2H Q7 bB ;N
7Q i?2i2biX

U+V Uh #H2 R3XR8V h?2 1} bibi2T BMi?2 E'mbF F@q HHBb T Q-
7°QK HQr2bi iQ ?B;?2bip Hm2bX LQi2 i? ir2
i?2 p2° ;2  MFbiQiB2/ T2 7Q K M+2 " iBM;b Q7 ey- dy- 3y-

8?2 E'mbF H@q HHBb i2bi bi iBbiB+

(18:7)
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*7? TiZR,aQMT‘ K2i'B+ J2i?Q/b S ;2 kefjy

r?22°2
Ck= i?2 MmK#2 Q7 TQTmH iBQMb
Cn=i?2 MmMK#2 Q7 Q#b2 p iBQMb BM b KTH2
P
Cnr= K. n=i?2iQi HMmK#2 Q7 Q#b2 p iBQMb BM HH b KTH:
CRi = i?2bmK Q7 i?2  MFDbi7Q b KTH2

UV E mbFH M/qgHHBbr2 2 #H2iQ b?Qri? i-mM/2 i?2 MmHH
iBQM Q7 B/2MiB+ HTQTmH iBQMb- i?R b KITHBM T/ BB @®# mil

K i2/ #v /IBbi'B#miBQM rBi?/2:°22b Q7 7°22/QKX
U#V h?Bb TT QtBK iBQM Bb ;2M2" HHv ++2Ti7TON2 BRiQ2Z
i?X TQTmH iBQMb "2 HH X

U+V h?2 MmMHH ?2vTQi?2bBb Q7 B/2MiB+ HTQTmH iBQMb rBHH #
HBbH :2X b "2bmHi-i?2 E‘mbF H@q BHBRLRR] Bh M
i2biX

eXlt KTH2 S2°7Q K M+2 1p Hm iBQM _ iBM;b 7Q  ky qBHHB Kb 1K

UV h?2p Hm2 Q7 i?2 E ' mbF H@q HHBb i2bi bi iBbiB+,

Lo 12 (957 (77, (88)
2021) 7 6 7

3(20 + 1) = 8:92

U#V g2 }M/ 2 b M "20@FBMi?2mTT2 i BHQ7i?22 +°?
b[m "2 /Bbi B#mIiBEQM M/ 2?2 b M "2 Q7yXyRBMi?22mTT2 i
Q7 i?2 +?B@b[m "2 /Bbi B#miBQMX

U+V qBi2 892 #2ir22M dXjd3 M/ NXKkR-r2 + M +gd@®ptHmEZ2 i? i i
Bb #2ir22M yXyk8 M/ yXydRX H 2= @02~ r2 “2 D+ iM/
+QM+HM/2i? ii?221?2 22TQTmH iBQMb "2MQi HHi?2b K2X I
Q7T2 7Q K M+2  iBM;b "2MQiB/2MiB+ H M//Bz2 bB;MB}+
i?72 +QHH2;2X

U/V "2+ mb2 i?2 bmK Q7 i?2 ° MFb Bb “2H iBp2Hv HQr 7Q" i?2
r2Q ;> /m i2/ 7°QK - BirQmH/ #2 "2 bQM #H2 7Q" i?2 +Q}
iQ 2Bi?2° "2/m+2 Bib "2+ mBiBM; 7°QK +QHH2:2"- Q" iH2 b
" /m i2b KQ'2i?Q°Qm:?Hv #27Q 2 K FBM; ?B'BM: /2+BbB

URR Y&k v 62# m “v kk- kyke



*7? TiZR,aQMT‘ K2i'B+ J2i?Q/b S ;2 kdfjy

dX AM bQK2 TTHB+ iBQMb Q7 i?2 E'mbF H@q HHBb i2bi- Bi K v #
bbmKTiBQM i? i i?2 TQTmH iEQ#Mb 7 p2M/ B7 i?2v /Bz2 - Bi Bb
QMHV #v 70° QM2 Q  KQ'2 Q7 i?2TQTmH iBQMbX

3X A7KITDTmH iBQMb "2 bbmK2/iQ ? p2i?2b K2 b? T2-i?22 2vTH
#2 bi i2/ BMi2 Kb Q7 i?2 X AMi?Bb + b2-i?2 2vTQi?2b2b
i?2 EEmbF H@q HHBDb i2bi rQmH/ #2 r'Bii2M b 7QHHQrb,

HO . M]_:MZ: =Mk
Hy : LQi HHJ2/B Mb "2 2[m H

NX LPhlaY*PJJ1iLha, h?2 2t KTH2 BM i?Bb b2+iBQM mb2/[m MiBi
THQV22 T2 7Q K M+2 " iBM:biQ +QM/m+ii?2 E'mbF H@ q HHBbD
2 p2 #22M mb2/ B7 i?2 /i r2°2i%2 Q7 i?2 ky 2KTHQV22b BM
i2°Kb Q7 T2 '7Q 'K M+2X AM i?Bb + b2-i?2 i2bi rQmH/ mb2 i?2 (
h?2 bi2T Q7 +QMp2 iBM; i?2 [m MiBi iBp2 /i BMiQ MF@Q /2 :
M2+2bb “vX

R3X8 _ MF *Q '2H iBQM

RX U 2+ HH*? Ti2 jVh?2S2 "bQMT Q/m+i KQK2Mi +Q "2H iBQM
Q7i?2 #2ir22M irQ p "B #H2b mbBM; [m MiBi iBp2 /

kX h?2aT2 'K M> MF@+Q "2H iBQM +Q2{+B2Mi? b #22M /2p2HQT
bm 2 Q7 bbQ+B iBQM #2ir22M irQ p "B #F2b r?2M
“2 p BH #H2,

(188)( )

r?2 2

N=i?2 MMK#2> Q7 Q#b2 p iBQMb BM i?2 b KTH?2
Xi= i?2° MF Q7 Q#H2®i7BQWI2+i iQ i?2 } bip "B #H?2
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*7? TiZR,aQMT‘ K2i'B+ J2i?Q/b S ;2 k3fj)

yi= i?2° MF Q7 Q#h2Bi7BOMMI2+i iQ i?2 b2+QM/ p "B #H2

iX h?2 aT2 'K M > MF@+Q '2H iBQM +Q2{+B2Mi ~ MM2Bib QK
BMi2 T 2i iBQM Bb bBKBH " iQ i?2 S2 "bQM T ' Q/m+i KQK2Mi +Q
[m MiBi iBp2 /i X

9X " MF@+Q "2H iBQM +Q2{+E2Mi MBM/B+ i2b bi'QM;
bbQ+B iBQM #2ir22M i?2 > MFb 7Q  i?2irQ p "B #I

8X1t KTH2 a H2b SQi2MiB H M/ +im HhrQ@u2 "~ a H2b . i

UV +QKT Mvr MibiQ/2i2 KBM2r?2i?2 " BM/BpB/m Hbr?Q ? /
i i72iBK2 Q7 2KTHQVK2MiimMQmiiQ? p2?2B:?22 b H2b 2+
i?72 T2°bQMM2H /B 2+iQ" "2pB2r2/ i?2 Q'B;:BM H DQ# BMi2 g
“2+4Q°/b- M/ H2ii2 b Q7 "2+QKK2M/ iBQM 7Q" Ry +m  2Mi K:
7Q°+2X

U#V 7i2  i?2 "2pB2r-i?2 /B 2+iQ " > MF2/i?2 Ry BM/BpB/m Hb I
i2MiB H7Q bm++2bb ii?2 iBK2 Q7 2KTHQVK2Mi M/ bbB:M?2
2 /1?2 KQbi TQi2MiB Hi?2 "  MF Q7 RX

U+V Uh #H2 R3XReV . i r2°2i?22M +QHH2+i2/ QM i?2 +im Hb F
/Im BM; i?2B  }'bi irQ v2 "b Q7 2KTHQVK2MiX PM i?2 # bBb G
"2+Q ' /b- b2+QM/> MFBM; Q7 i?2 Ry BM/BpB/m Hb # b2/ QM I
Q#i BM2/X
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U/V Uh #H2 R3XRdV *QKTmi iBQM Q7 i?2 aT2 'K M _ MF@*Q 2
a H2b SQi2MiB H M/ a H2b S2°7Q K M+2

U2ry=0:733 BM/B+ i2Db #2ir22M i?2 ° MFb # b2/ QM
TQi2MiB H M/ i?2 " MFb # b2/ QM b H2b T2'7Q K M+2X AM/I
?B;?2 BM TQi2MiB H ii?2iBK2 Q7 2KTHQVK2Mii2M/2/iQ " M
b H2b T2 7Q K M+2X

eX b2 i?2b KTH2 > MF+@ KRFE2ABYEBEM72 2M+2 #Qmii?2 TQTmH i
+Q "2H iBQM +Q2{+B2Mi

Ho : H,:

dXaU KTHBM; /Bbi ' B#miBOW 27?2 bbmKTIiBQM i? i i?2 MmHH ?2vT
Bbi'm2 M/ i?2 TQTmH iBQM ™ MF@+Q "2H iBQM +Q2{+B2Mi Bb
/IBbi " B#mrBONMI@G2 mb2/iQ +QM/m+ii?2 i2biX

J2 M (18:9)

ai M/ “/ /2pB:iBQM (18:10)

.Bbi'B#miBQM 7Q K, TT QtBK i2HvMQ K HT QpB/2/

3X1t KTH2 a H2b SQi2MiB H M/ +im HhrQ@u2 " a H2b . i
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* 9 TiZR,aQMT CK2i'B+J2i?Q/b S ;2 jyfjy

UV h?2 b KTH2 " MF@+Q "2H iBQM +Q2{+B2Mi 7Q b H2b TQi
K M+2 Bb X IbBM; 2[m iBQM UR3XNVY- r2-? MR
MmbBM; 2[m iBQM UR3XRyV-12 ? p2 X

U#V gqBi? i?2 b KTHBM; /BbiTB*QtBKQMWQAY MQ K H /Bbi ' B#miE
i22 bi M/ "/ MQ K H  M/QKP+@K~LHWA?2 i2bi bi iBhiB+ rBi?

U+V IbBM; i?2 bi M/ '/ MQ K H T Q#=#B2ABr2 }MHP? 2MiftQ @
i BHR@p Hm?2 X qBiM05 H2p2H Q7 bB;MB}+ M+2
p@p HmMX h?mb- rz 1?72 MmMHH ?2vTQi?2bBb i? i i?2 TQTm
MF@+Q "2H iBQM +Q2{+B2Mi Bb x2 QX

U/V h?2i2bi 2bmHi b?Qrbi? ii?2" 2 Bb0bMF +Q "2H iBQM #2ir22M
TQi2MiB H 1i?2iBK2 Q7 2KTHQVK2Mi M/ +im Hb H2b T2 7

U 1s1_*Aala

$
R3XRR- j- e- N
R3XkRk- R8- Rd

R3Xj R3- kR

R3X9ke- kN

R3X8jk- j8

alS , jN- 9R- 98

& %
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" W6OBGHWXATCS) +Z2Z"Y » #n

€2"<i00rgiYhFO 55 Ua+QT2, +PNYV

LQi2b,

URV 6BHHBM i?2bim/2Mi A. MmK#2"> M/ MJK2BQM/ PraVl MPI2r2t IK?12222 1 M
vOQmi F2 QM i?2iQT 'B;?i +Q M2 Q7 iB22 MrZTY0QR22i ,

UkV Mbr2' HH [m2biBQMb BM 1M;HBb? UB;M@'2 i?2 ;" KK M/ bT2H

UjV Mbr2> 2 +?2 [m2biBQM BM i?DI9?22QBiHBFD "D Bb RkyX

U9V Ai Bb "2+QKK2M/2/iQ mb2 /OFT2MHBEKQBKi IRAKQr2/V

U8V h?2 + H+mH iBQM T '@ M/bWBO I[MB 2/ U+ H+mH i2 iQU9 /2+BK

UeV _2im M #Qi? i?2 Mbr2  b?22i M/i?2[m2biBQM b?22iX

U@V .2+H “UB@M, SH2 b2 i° Mb+ ' B#2 i?2 7TQHHQrBM:; Q i? QMiQ i?2 }'bi T ;
*2BM2b2 Q 1MIHBOPHSZEZEQUK;8/# FkK ¢gée AUURY TQBMib rBHH #2 /2/m
r'Bii2 ¥O2URY V
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6AUVvQm M K2 ?2° 2V rBHH bi B+iHv /?2°2iQ HH 2t KBM iBQM "mH2bX |,

++2Tii?2 KQbi b2p2 2 TMMBb?K2Mi BKTQb2/ #v i?2 b+?QQHX aQH2K

UAV JmMHIiBTH2U§RWB BV 2 +?2Vc b2H2+i QM2 +Q "2+i Mbr2 X
RX 6Q  i?2 7TQHHQIBM; M¢TQiA8® B i29i150i?2 i2bi bi iBbiB+ U VX Kmbi #
U"VX Kmbi #2 TQbBiBp2X U*VX + M #2 2Bi?2 M2; iBp2 Q  TQbBiBp2X

M/ QM2X

kX 6Q° irQ@i BH2p@bHmM22Bb i?2 T ' Q# #BHBiv Q7 Q#i BMBM; p Hm2

v H

2 N

7Q‘

HBF2Hv b i? i T'QpB/2/ #vi?2 b KTH2X U"VX mMMHBF2Hv b i? i T'Qp#/2

i?7 1 T°QpB/2/ #vi?2 TQTmH iBQMX U.VX mMmMHBF2HvV b i? i T°'QpB/2/ #

jX q?B+? Q7 i?2 7TQHHQIBM; /Q2b MQi M22/ iQ #2 FN@rMHBMMY U XEMQ
Q7 r?2i?2 i?2i2bi Bb QM2@i BH2/ Q  irQ@i BH2/ U"VX h?2p Hm2 Q7
bB;MB}+ M+2 U.VX h?2 T'Q# #BHBiv /Bbi B#miBQM Q7 i?2 i2bi bi iBb

V i
KH
i ?
B +

9X A7 i?2 MmHH ?2vTQi?2bBb Bb "2D2+i2/ i i?2 SW H2p2H iQ? DR\ Bi}2p JH-X

U VX BHH Hr vb #2 "2D2+i2/ U"VX rBHH Hr vb MQi #2 2D2+i2/ U*
#2 "2D2+i2/ Q  MQi 2D2+i2/

X

K Rfge
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Call:
Im(formula = Salary ~ GPA, data = GPASalary)

Residuals:
Min  1Q Median 3Q Max
-15105 -5311 -2954 1203 19901

Coefficients:
Estimate Std. Error t value Pr(>[t])
(Intercept) -110210 21083 -5.228 0.000795 **

GPA 72991 7147 10.212 7.25e-06 **

Signif. codes: 0 “***' 0.001 “** 0.01 *" 0.05 *. 011
Residual standard error: 11440 on 8 degrees of free dom
Multiple R-squared: 0.9288, Adjusted R-squared: 0 19199
F-statistic: 104.3 on 1 and 8 DF, p-value: 7.254e- 06

Analysis of Variance Table

Response: Salary
Df SumSqg Mean SqFvalue Pr(>F

GPA 1 1.3659e+10 1.3659e+10 104.29 7.254e-0 6 ***
Residuals 8 1.0477e+09 1.3097e+08

Signif. codes: 0 “*** 0.001 ** 0.01 *" 0.05 *. 011
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