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Research Process in Flow Chart

FF
Review of Literature FF ,
Review Concepts
Define and Theories [ Research Analysis Data| Interpretation
Research Formulate | | Design Collect Data| F (Test and
Problem Hypothesis (Including (Execution) |~ | Hypothesis Report
Sample Desi i itti
Review Previous |H d il ifany) Wriing
esearch Findings oI v v Vi i
1 u
F
Kk Ag.l
Where F = Feed Back (Helps in Controlling the Sub -System to Which it is Transmitted)

FF = Feed Forward (Serves the Vital Functions of Providing Critria for Evaluation)
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20,74,94,22,93,45,44,16,4 © U3g)]
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H GOl ¥y TxiA %d | Rp 201, 744, 947, 221, 932, 450, 449, 162, 045 i T1327z061T y wi

AL
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arfereT 10.1
Random Sampling Numbers

20 17 42 28 23 17 59 66 38 o6l 02 10 86 10 51 55 92 52
74 49 04 49 03 04 10 33 53 70 11 54 48 63 94 60 94 49
94 70 49 31 38 67 23 42 29 65 40 88 78 71 37 18 48 64
22 15 78 15 69 84 32 52 32 54 1S 12 54 02 o1 37 38 37
93 29 12 18 27 30 30 55 91 87 50 57 58 51 49 36 12 53
45 04 77 97 36 14 99 45 52 95 69 85 03 83 51 87 85 56
44 9] 99 49 89 39 94 60 48 49 06 77 64 72 59 26 08 51
16 23 91 02 19 96 47 59 89 65 27 84 30 92 63 37 26 24
04 50 65 04 65 65 82 42 70 S5I 55 04 61 47 88 83 99 34
32 70 17 72 03 6l 66 26 24 71 22 77 88 33 17 78 08 92
03 64 59 07 42 95 81 39 06 41 20 81 92 34 51 90 39 08
62 49 00 90 67 86 93 48 31 83 19 07 67 68 49 03 27 47
61 00 95 86 98 36 14 03 48 88 51 07 33 40 06 86 33 76
89 03 90 49 28 74 21 04 09 96 60 45 22 03 52 80 01 79
o1 72 33 85 52 40 60 07 06 71 89 27 14 29 55 24 85 79

27 56 49 79 34 34 32 22 60 53 91 17 33 26 44 70 93 14
49 05 74 48 10 55 35 25 24 28 20 22 35 66 66 34 26 35
49 74 37 25 97 26 33 94 42 23 01 28 59 58 92 69 03 66

20 26 22 43 88 08 19 85 08 12 47 65 65 63 56 07 97 85
48 87 77 96 43 39 76 93 08 79 22 18 54 55 93 75 97 26
08 72 87 46 75 73 00 11 27 07 05 20 30 85 22 21 04 67
95 97 98 62 17 27 31 42 64 71 46 22 32 75 19 32 20 99

40 10 60 09 05 88 78 44 63 13 58 25 37 11 18 47 75 62
94 55 89 48 90 80 77 80 26 89 87 44 23 74 66 20 20 19
11 63 77 77 23 20 33 62 62 19 29 03 94 15 56 37 14 09
64 00 26 04 54 55 38 57 94 62 68 40 26 04 24 25 03 6l
50 94 13 23 78 41 60 58 10 60 88 46 30 21 45 98 70 96
66 98 37 96 44 13 45 05 34 59 75 85 48 97 27 19 17 85
66 91 42 83 60 77 90 91 60 90 79 62 57 66 72 28 08 70
33 58 12 18 02 07 19 40 21 29 39 45 90 42 58 84 85 43

This table is extracted from the first part of Table 8: Random Sampling Numbers, in D.V. Lindley and J.C.P. Miller, Cambridge Elementary
Statistical Tables, Cambridge 1953.
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xi A T(ONddition Theorem )
i x3 T4 Pl ykb% O00HOZ yOUAce ABRNKUB WO ABN| n#pdT
} N AEN) 7 w-p3ud gy Al Tl 7 upy AiE- Ril ) BB xB TNxO TOk y1T 0y 34U Tix ¥ 4
(Theorem of Total Probability) %) ? NxO %RBUp i1 RBE ]
i OPHODAYEQPA@
P (A x}B)=PA)+ P(B)
ykb¥% 00RO yOUAx AEN; ocw 9
P(A x B xJC...... ) = P(A)+ P(B)+P(C).........
Oy N eUxy &AM AN pP| AGEI RAE NBah.dl @Risb| i@ 30U pAOygx
I @g %) %y REBUWE X0

m m2
P(A=—1 P(B)= 2
Neowg n ii,

} N T @9% %y swtWB ARANOAE brigl gm Rk |
yiAAyT UB3¥% AEN| 3%y Ty 7 x%iy
Ttz =T LT - pea) + PE)
P (AVFkoB) N n o n

xiA TOk 1 Od UJAURAJAO '0( AENxf OOy OUA R '1( U RgbOB 'Set( bP| P wyOwk |
A6 1Ti ABNgg B Of bp| yAWd OBiyT Oy Ti N1 AHi g3%xg0 By
OPHO® yOUAxE NRgw %RU) I gTBL x ] b HWJIIORIHTXE AO %xy A Ay x|
AEN} "w % yOUAxe N RiN| OO

P(A x1B)=PA)+PB) -PA&B)

12.4.2 At N TOk (Multiplication Theorem)

AFN TOKk % yRpyd i yi O Ti plyd¥% HOl &y AEN) [ % o% byl AEN| Yy Tix%d § } NG
y UAy UA A&E RIN[ Yy g<FET AT Tix¥% © upy AF NOU RB] xRg Tibx¥%d } ¥4 AF N TOKk y1 0
e OU T T x%i j (Thearem Bf@pmpound Probability) %R U3 [} RK O@Bxiéii HUI w
AENyow By T+ }YN¥ ©3% byl AEN| 3%y Ty 7t x%uly

PA y1 UB)=PAXP( B)

{Pd T¥% BLBDIPg Py ... Pn yNl HOITws AERNjow Bi [i }e
oy Ty ¥ x%iy
P(1,2,3.4.......... N)=P 1X P X P gXxPgX............ Pn

Oy N UgRAo #Ajn, iAER4) p| Ri Ppuing (& y RAUNBE @ AN B, n )
[ Gy Pl RRABOIGS @} Py WD B ] (P T
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m m
P(A)=—1 P(B)=—2
=1 PE~_
1 2
xd TiNUAENx[ % b AF i z Db TOk ( Fundamental Theorem) % y Npy@y Naay

yit TiRK1 AMEORYYY wew Py 1 AEN| %y €00 Tyt x%i

MMy _ MM _ by + p(B)
P(ArFkB)= M*M2 M M
01-3-2 bT? [ Oe¢bndifonal Probdbifity)
PiOjexi1 {b QI vy pEOUN} r7» o% Q@ AEN; A& RiN| % OFA) nibd AEN; ABAd
PTv i Oed Tyt x%uly %RAUQDPE IBE zkUKko6AENy cw Ri Ti } Ny
Tix ¥4 ) ORUg AEN) 34 RiN[ %y Tibx%d } © BT @ AEN) % }b RaE Of RiN| Yy Tipx %4l ) AG$s ORUg
B Apay 33
- {N TiNl %y AF NOU Rg] y1 jkn
P(A I T B)=P(A)XP(BIA)
P (AB)=P(B)xP(A/B)
ARRUP(B/A), B %y bTH Ceb Tipx%i ) RRyTiknB %y } P RHT P I %YRARAIORU] RE
A&l Bi Avyrkl © GPAB)A %y Ti i Oed Ty ¢ xBLAEN; CBY B RpARE) [
O3 N U ARA AEN| ay O ¥ x1 %y %0 Paxy ' ARB AE| x) Ky Alp R RARNOJ

}0 ¥pbgd OOQORHARIAO®OOBIR)RANOGAEI d Ry 1 1

aB o my  _ ml/n _P(AB)

P =
éﬁA_ I¥11+m2 (ml +m2)/ n P(A)

20. P(AB)=P(A)XP(B/A)
{Pd T¥%le@W®Rix) Ay b%uly RB n¥%
P(AB)
P(B)

P(A/B)=

i dN AEAB o Qay¥ ¢ Uxo

P(ABC)=P(A)xP(B/A)XP (C/AB)

ARPW@/AB)=C % AEN| 3%y TV AxiAIBARKBIAREA %R Apid Ry ]
124.4 ONyr Ug 'TOLL¥ . ... . M ~ " “7(

xd rubd AEN) % 0% Ol Of A& RiN['POUI ) %y Tipx%d j a)i Ri it %0 n O@gall

Of bl T RNRHAAI r OO A& RN Bedrxyd | AG ONiwg WOig d x| Ax| iINGN P& %
y Np)@ PNAH ¥y Ay b¥i dRE)

214



P(="c,.P .g""
P= AENy RiN[ %y Tix¥%d 3 y 1 1k eOUI § (Probability of Happening of the Event i.e. success )
g= AEN; N Ri N| &rpbabili®fnét Badppening )
n= TxJP1 %y %U Pdyy (total number of trials )
r= AEN) RBi N| 3%y RHANUImbexdf suéeesseb iny tria)s)
nCl,.=n Of rHH t uys PujAl ¥y bdx) (Number of combination of n things taken r at a time)
AENy 3% o3% Oy @ A#N| %y T4 Tt x%iy
AEN; ré& @ AEN| %sPxPXP.L.x &b |
AEN) n®) 03y @ NnBfaillre) %y Ty v=9%i
rOy @ Ri M QNN Yy bufl Tix3i y =PTq"'

P NRAAT g @ |AGET Ri N| %y Ty P x%ly
n!

-r)r!
nC..Pl.q"Nr x (n r)'r' Pr.gn-r

1- PpPTv i Oeb Tyt x%ulyp | Cxy 1)380xx RBREB

12.5 PEORI %z B OEN . @i @ (Theoretical Frequency Distributions)

AN z G -0\ 3ay ANy by x%y y NpebyNit bl } QUGB UH 63, y1 0 y QUi (actual or
observed data) % z Dy 02 ¥y Aji gRB] {N OEN! %4 y OUisN z i OEN (observed frequency
distributions) ¥R 1 | R1 ] n B @wxpdax) vuQpiy 34 00 ¥%2% ©@ Odga)
TiE 8y 4y B4 NAN Ti yOUirpd z R -OwEN ONy x|, Agb|p3%i | Ry
yOUigd z RI-OWEN 3% 1} 7T R@I
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mPkkWabZ folkfFkZ;ksa dh izklrkad vko fr
Y4 1sehO eas Y2 la[:k

Y vko fr Y2
150&155 2 1&20 5
155&160 6 21&40 8
160&165 28 41&60 27
165&170 10 61&80 7
170&175 3 81&100 3
175&180 1 ‘ksX 50
'ksx 50

y T XMeaning) 9 %A ap)l Of riubd PPNAEAI

OOy yT O Oexiy blz @D %@, AC1 1 d x

z DI O Téxyeli z Uil x1 3y y NON UApx) Ay b ) RE]

} 13 R@kd 9 PRU eC¥% 53 OB} AU A| Kk A i(Head) z N |

%y bOUI Oy Ny Ay

TEx%i ) bl z U8 CaEN Flery OFi 6334 yOU yT 0 TxiAl WO TiH N %@ %A FNAAI
OOy uy 1 Op Oexiy upp z DY OB AG i &k ¢O Oy NOWI  rpaxy Ayl ) Rg PRORI % z U

O %R [R] {eRfz TUxz Gt OBN OJ %I | /]
pWlel % z DI OB TNGN Texeli z O ) Yy %Oy %y Ayl d Rs-

POUI } %y PbPwéxj) ¥t x%i Téxqli z OB
0 1/8 8
1 3/8 24
2 3/8 24
3 1/8 8
xi A 1 64

} Oxi k@iiliyy) - pORss z U8 CEN, z PINY biRix¥y ¥y z DI 5] TO: CEN y Nps

00@x HI ¥ 1 x1

Of } Oxi Ad

ebW U

Rif| Bl ]

TT O- YNp[RO xR Oy AUI § Rergs PNAAT Oexi ) up yel Ak P2 ¥y Cxy TR RIAJ]
ing9 pEURI % CaNi WO TYH Texyeri pOwy 60000 xiNi x UN| ¥y z DS TH F %@ [} ]
I d bgTex @ pOwg YaybRxi ) bl OUd OUKMDIN UAx| Ay by R ]

ALT-lPE¥ U} Rel %

y Npayy Of gx x

OwEN y UUi n %l

OweENi % #HI1 )3 Ny OeN Ril]|

y &% © @y bhx Rl ] {elf U 6% z Ui -0kt 3% H N 0@ T=€l rpaxy Ay by RY]
O) wh bRl 3 OrNY b| TYH Téxyevi z UBx)
z Ugx) p|'S2 AmywOg(

vy UH 63 y NeyN w0 T)E  y OUirgd

I DRy vy Ay bl g RO @ xR PNAZYXPNY4U) Ay bl ) Rerps TiNI %y y el @TH AxN 34 } ¢AJUARD 34
v4@ }eCeN Rz Ry 10 rfabdy ex @ W0G |
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AE[- ORI % 0N Pl ovs xB Od U0 Rl ) Rervs UH 603 y RKpyN Of ¢ AxryN| U BK,
U0 ©@ bO-S Ri by RBAPP| xR I x rfaxy Ay b%i ) s @iy NpmyN byl %
RiAp yl O iNG s ] yiy O 600eN T34@ % Texyovi z U OrN1 3%y 4N TE% AN O y Kes
POHXx), "w ¥ POy DO N Of PRy x% Rily BB ]

pwal| O Of b Ek,Ww0ufRecissd Gy Npx ORS8O xOx¥4euiNOy | R
bpwal| O Of bR,k xR issi il Gy Npz ORE0ON xOp¥4ewiOyi |} ]
T %4 (Bypes)
z BN, by x¥y Of y Npx blORI 3% z UB-OBN1 ¥y TxiA Rl R3O ¢ }NOf b PRGN 1 N 34y
pOr 00 OR&U R1 9
(%W 6 UOT O wBiNomial Distribution
(¢ EURx PN O ®disBon Distribution
AT Py} O) e x QoyEalDistribution
125.1 % 6 0O (Bingmifl Distribution) :

{p OwWERN 3%y AN, %@N| %3 U| x 168441905) AiC 1 R RA| Ep %PON
Ry Ogxe 34 z E UYxQl 1713 |- O g 141 {p CEN % } K34 NjO Oz ONfUg OEN Od %43y Ayl 4
BB ]
W UOI (Bimgmill Distribution) %) y i ki 9 &% AEN; 3%y (Stctebs) © @1 0d
AEN} 3%y vy Edawd jb|padi ] wa0AG CEN =% (BE z OB BN rAi WOl ()80
0 U3%gpOUI ;11 ypPOUI ) % 0% POB Yy Tix¥d j} ¥4 TH P %@ ) ;]
pCyy YAJUN % TG b wedD CEN Yy ¢<g0h OUgORl POAJ Ay bP¥%i g Rk xd =% PAU
ebC¥% % }AJWE OOy O iTy) Ey1T B ipiwsl (Hedd) AWAD bP%ij RE
OE(Tailll) k AdA k A@N| 3%y POUI ) O Ay Rl ®B) WP gxCI  n¥xy
Wi ybpOUIp Oy Ny Ay xU, NBIGTPEIP By Agici TPxv%l ) epW el 3% zDy) O
xR %By Ay Py BB n%

P=g=1/2 © @ P+g=1

x01 Ti (lam@¥%e% byl YA Ul Ap x| i pGOyeU0i 006@1 )} O {¢E
Ii k@@HA,Ti gF) y1U0; o% kAWl Omg CEHT) yi( ORUy CE Thg
KAITH 1 { KN O00@my ®x%sy %y Ti ebC¥% Uy U TxiA

if].kke rhds izkf;drk | 1Qyrk 1zkf;drk
eki

fpr (H) 1V (T L] (H) (P)

2 0 HH (PXP)=F |2 v,

1 1 HT (Pxq) 1 s

TH (gxP)=2Pq
0 2 TH Qxg=cf 0 Y,
‘ksx (P+qY 1
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bdd 00@1 § O1 %y TPPRRG2IBBYAIRAERE | yi1 Ti ebpC%l ¥
} P3%y WO UQR+q)OwWEN 6 U0URI } @ Ri Ay ]

xol [ gRNQdie@m) o% byl }AL Ul Ayx| i 006giRyREHNEN by
igN epCc% U0y U; TxiA

ifj.kke rihds 1zkf:drk IQyrk izkf:drk
eki
forH) | IV LI (H) (P)
(M
3 0 HHH (PPP)=P 3 1/8
2 1 HHT (PPP)= Fy 2 3/8
HTH (PgP)=Bq
THH qPP= Py
=3 Pq
1 2 HTT Pgo= Pq 0 3/8
THT qPg= P4
TTH qoP= P4
=3P¢f
0 3 TTT gqg= 0 1/8
'ksx P’+3Pq+3Pg+q’=(P+qy 1

{bd T&b &2..... n AEN; upp 0o waOO CEN }OxEi z B)d 02 ONyx| Ay bl | R AT Ng
AERyosw 'ebpC% (P+PpOB) DAGNA; Ri i d B ©@ }bpw%u 00HI, ay
o % A ESp+q) 1=P+q
i iAE R j- P 2=P2+2pqq2
i gN  AERR+@P3+3p2q+3pg? +q3
Ay @ AEProiaP4+4p3q+6p2g2 +4Pg3+q?

il Py O) e XGesretal Form)
x0hAEN) cw Ri-6 DRI y@0&a] 7T NGN HUZO Ri Ay

_ 11 n(n-1) n-2 n(n-1)(n-2) n-3
(p_,_a)n_pn_,_nd’l ql"‘m dﬁ' a+—3_2.1 d] 31

L0120 -3 -aca
43.2.1

5
x6h =5 i ;(p"'Q)n:(p"'q)

(p+a)° =p +5p° 1 +—5(52' D

qn

5-2,2 +o6-1)(-2) 0533+ 5(55-1)(5-2)(5-3

g 3x2 4x3x2
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5-4q4 +96-1)G-2)(5-3)5-4
5x4x3x%x2

p q5— p°+5p q+10 &+10p23 +5
a0H 12 3 @0eN O % bapqeO% AF oy PAx % TNxOl 34 y NPy Od TiH x| Ay b | Rk

(p+a’="gPL+"gid+"g P4

e+ "gpdt+ "g g

=5C5p° +5C48'd +5G P +5G F P +56 Fd+56 P ¢

=1n° +5%q+10°F +10F ¢ +5d +1q

JOxEl HIEO b xB Od HORE Ri Ayl ) rRewald 60H )8 ¥y Téxpe O ONfUgT O| ¥Bernouli
Theorem) -"C,Pfq"T W U} @y a3 i n%xy Ay puniy B8] Uy HIO Of We
¥ &) OT1 3% ONyrUgN TO| x WUy @y v N¥%pUp Ay bpuiyp BBE]
URG—9Sl (Pascal's Triangle) (P+q)" & fadR & T[0T

Y

BI| [ERERINIED 1T 2n
1 111 2
2 121 4
3 1331 8
4 14641 16
5 15101051 32
6 1615201561 64
7 7213535352171 128
8 1 8285670562781 256
9 193684 12612684369 | 512
10 | 104512021025221012045101 1024

OFgU BOPD O Texps Ab 13 1 Pp|@AUg Ol % TiKi ~ @3 Ti AP 3 ¥ At RBAB|-

6= 3+3, 28=7=21, 126 = 70+56, 10 = 9+1 zol

WeUOT OwEN eU¢N| 3% by Oyex T NxO

(01T %y bwéxy 9 Wwel0da Up| By gk @ CH| 0% y % (p+g)° OFf6,
p+q)8 O 8 O RV A[]

(AT Y %W o xi A 9 pP@Eqla Oy 10 nvi A T @neEmidp+a) © ¥

ORI} @ % ORW| AQIl @ " @,@%=%1 i/NIRBA} | 15+0%5 R, Rud
Ol Ofi+1 gp@R+24K08 1 1 |2+300) wAlH4s o@ AE 0BBA { P T¥% @ RD C
Ay il 3% xi A 4 REB]
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(LA T Y YgptgPO ¥ e U0HDPEP A0 nOdUn-2,n-3,2,10 Rii| RE]
BUOGgl 8 ¥ -Aui OTipPlApk RE @& RR&EOKDIL2.0h-
1),nA(p+q) 3 Ofp %  4,4i32,1,0 ©@ 8 % Ay i OHB+4 oB @]

' baged%s At jog 9 000eN O 3% AF 134 % PGOeb Ofi N Qi [}gUE Nk R
(Y4 OFwald aUH 2 % 0eOeN At jog PI ) OO ¢k Ril | RBBAP| s QFuU BOA b| HORE
RBNE3 %  €1lBg3,1,n=4 ¥ 146,41 ©Q { by 4]

(¢ ( AF j8g, P& % y Npyd x; bAx WO OFvU BOA Yy bRxi ) bl }OU® x| Ay by |
BB ]

(A( rupg WaOO GEN % bOd A1 % AF g ¥4 Al 2n Ril ) RgAAPP|}b R % 34U
POUN) upay baxy ¥y O ) AUl BB Texps Oe0% Al 3 U xB xiA Ti AF ) Rl } AUy
Ayiy BEB]

i wWeUOl OweEN % pOd O1T1 %y TitPx%iyp w % A1l 0 Ri

. (©@. %y O eUOT OWEN (@pq) b QF ¢k O i{bp POFO % y ONIN|
Of xB %OEN) | RHp) % Wkodixy wUBi Bg OO0 O| «U¢sd A,
yKD#HOD %O ©@ y,ebOUd[} "y %y Pwéxy % z@i Rg 00 (
%ON|  ¥(g+p3"Wm O UHI ) @ cUghp) Ay i WoR®] O6U0UHI )} @ Ec¥% }
Ayl R RpH) ") Wel @ xB OB % HE1 3 Nyel @1 %@ 61 x|
n=7+p= pPOUI (Heads) %y T) % g%y pOUI(Tails) %ay Ti1 T k #p+g)” ©O
(g+p)” ¥ WeUOl oURI )} @ A)NGNA|T]%) @ € Ug |

(p+a)’ (a+p)’

POU iy " w %y Ty xn%iy POU I 4" w %Oy xn%liy
Puwcé x} Puwc x|

M (n-n) (N(n-r)

7(0) ’c7p’qO=1p’ 0(7) ’copOq7=1q"
6(1) ’cgpBql=1pbq 1(6) 7cqplgb=1plq®
5(2) 7cgpql=21p5q2 2(5) 7C,op2g5=21p2g>
4(3) 7C4p*q3=35pg° 3(4) 7C3p3q4=35p3q?
3(4) 7Cgp3g4=35p3q* 4(3) 7C 4p4q3=35p4q3
2(5) 7Cop2gP=21p2q° 5(2) 7C4p°q2=7p°q?2
1(6) 7c1plgb=7p1g® 6(1) 7cgpBql=7pbql
0(7) ’copYq7=1q’ 7(0) ’Cyp’q0=1p’
(q+p)" = nCanp0+nclqn‘1p1+n02qn'2p1+nC3qn‘3p3 ____________ +nC?’qun

220



=q n+”C1qr“1p+”Czq”'2p2+nC:,;q”'?’p:" ............ +ph
(v) WA GEN 3y Te<0i z i xjw
x61 POUI) %y 60&0dR, . baycé pPGRNDI WaIA Tix¥%l jpudONPI@ U
ilg Ayl d R 1Ti }OUGH OuwBiNomhalPidlability Distiibutisrl) | LOUWEN)] RE]
i % gxU0Rp MEKf " uN @l O Texy0i z G xju(expected frequencies) &) I %y Ay
RE RA b IexpasOU uy TiPx ¥ | ¥ Ol 1 ¥y %0 baxy (N) blAF ) %24 x) Aji ) RB
N(p+a)" x yN(g+p)"
n=18081 AEN); "w 'epbPC% ( 3%y buwéx}y
N<O@gal Ytriatgp yé x |
WeUOl Owy MOy Constas@f the Binomial Distribution)

==

8 00T ¥WymxNo @TO0 AUAUN PNGN p§) WUig Texa ¢O blayi x| Ay b¥l | RE-
(PO el @ -BFMpx
Wa oy O GU'EL?/NT

izek.Weroof
" POy el @ O] ExHOI x®TAE®ROWUL) %y TTP x3%ibOU®OP %y Ti1 Tt x %l
BUes OeN POUI " w % eUs WwWOUOT OwEN 3% TNGN O R A|
POyel @ Oy Ex % O0O0@A; 1K

PwoOUI |} %y bPwé xy TI® x%iy AF NOU
*) () (xp)
0 ghn 0.g"
ng"-1p 1.ngn-1p
n(n-1) n- n(n-1) n-
( )qn 22 o N )qn 2,2
2 2 2
n n
:ksx P 0
= axp ap=1 n.p
ap ap=1 axp

axp=0.d" +1na"1p w 26 +....nB

=ng"p+nn-0d2¢F +...nP
np %i y,U0AN% UN| O@ ¥ NGN 00@i O TIEI Rily) RB]



npld” 1+ (- 2P+ nB]
— -1 n-1
=nplq +pf’ ¢%i hEv HPTDT we00i % o0HI ;@ RE]
=nplW"] ¢ a+p=1

\ )‘(z—aXp:ﬂO:np

\ axp=np ap 1 yi1 pOyei@ O Ex

Ni(TOy O 8 UAUR

ﬁ:\é n
. 2 )
02 .2 axp_ axsp _.
Uc =£ Vs Vlvz ,épp_ 1p_ax?p
_axp _ axp _
v =2 = 2 oy
1 Ap 1 P

\ 02 :éxzp-(np)z

2
ax2p=02q"+ 12 nd"Lpht 2 n(2n D n2p2 g n(ﬂgzl)(n 2) 3,3 2

= ng"In+ 2n(n-1)42 &+%ZW) §33.. 70

= npgq“-1+ 2(n-1)d'"2 mw> §32... pt

ingi dp@| ©@ } G il 13 03 A1 O O3 weRN| 0@

(n-1)(n-2) -3

ax2p=np§ g+ (n-d" =7

+‘?+(n -1)cf1'2p+—2(n -12)(n -2) ch's ..... (n -1]0”'1 }

[éiaga  20-0d%p=m-D8%0+ 0-08% 1 ¢y, o
yRei 6 oW =1p"2+n-1p"
N S - n-1 2 3 .n-
\ axp=npd q+j +(n-10>{35|1 (n-28~pp Z}
=npgq+p)n'1+ (n-1pf q+}>n'2
\ (a+p)" =1 5 (a+p) P =1
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\ axzp:np[l+(n-1p.]] :n|{§1+ np-]): np+% % rﬁ
(=4 % p -2(:np)2 2.n p2-+ n
=np+1f - ng- f F= np-nf= np(1-p)=n|
va s/ n
OO0 AMdments) ¥ 8 UOT OwEN ¥ Ay @1 OO0@A; i ¥NGN T% @ RE
TT O 0O0dA,T
we0idx Bbeﬂ&z; T F
i bk o@Aj €3 TPA@-P)

— 2 2
Al ExOGAyi €4 =n3p°q” npa(1-6pg

blzs_:;:nzpzqz(q-pz_ (@-py
82 n3p3q3 npq
o = Ea _ 300 ¢ +Npq(L-6pg
27 ¢ 120242
i p%q

_30°F°d , npg(1-6pg)_,, 1-6p
n2p2q2 n2p2q2 npq
Oy 6 oOurexysli z Ogax1 Yyl PNy 9
x0BbepbC26 Oy @ } Ay U| 0L+ 243+ B+Heads 3%y bwéx) a3l %y
UH 6% z B xJu QUGB Ri ApxAd weld -GN 3% z Dy OB Tiex ¥ | PN3yUv@ Texp0i z (i xjw
Odaji ¥y A) bv% gk xd £CxUIPEU R ©@ 0@ 1 Al Owb | WD 3%y bwéxy vy
UH 8% © @ TexysUi z Ugaxl Ofyel @ O %0 Ri Ajiy R UHi 6% oOurexddi z Ogax) %
yel @ %y byl yOeUl¢l T4 @gitiXxl w0y @1 n¥wxy Ay bl
4 ol 1L g (1)
o -BAK OG@test) WUy Oy ]
'Yy Foel g & @il (Graphical Method) :
(b @i #AyNP@UH % " @Texy0i z Oaxywr 1§ NI RBRg @ ¢3 kAS 0O vy
x0T x| Ti NibdARQ &aew PRNVE Ri 1i yel NG 36 ONy Aji j © B xR %Ry Aji ) R3
n% ®AN }&4E R3(The fitis good) xd TiNI 00 3%4Oyi@O@ R1 i 0Oy HI 0% C
z Ugax1 Ofyel @y ¥ Ril ) Rz0 @z AN } 8¥/HE NRadNy Ayl BE(The fit is not good).
"¢ ( Ak O@gal
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Uy AIi 6f)3@@ T& xyfe)il@x) % yei @z DWOD ¥y -UAXx %i Al Ny %@ Ug
X}
%y OAx F N3y UNHUOI3 8 x@uU x  H(dggleas difreetom)y xa ) | %@ Ug Ay |
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Ik/kkj.k Iglaca/k +0.60Is +0.75 -0.60Is-0.75
de Iglaca/k +0.30Is +0.60 -0.30Is-0.60
vYilglac& +0.30Is de -0.30Is de
lglaca/k dk iw.kZr% vH 0 0

13.2.3 bRoG@ 44 YN Yy TOp. €OxhW

1. 0P KAs y1 0 Kel pkAS
2. %) Ux 0 Ox b-RGEDDYAF 8P R
3. RHOx@OBN 3%y %i 6E yel @ 6UkD
4. pyAy 6d 6 UAUN 0U0kb
5. exfii © UAxeH®
13.2.3.1(1) @D KAs yi Oy ROel pkhS (Scatter Diagram or Dot Diagram)
i POYOU) ud OZFHOZ PR PAeD vayd Uy © @0)8) ¥y y NOIN 8Ja D kKAS ONj3u@ riaxy Ay
b¥i ) RE] {P @& % yNpy@HUi & AGOYx1 ¥4 el g &« 3% Ohja Oil; iep@ebd zk Ui A
OYx) ¥ ¥4E ya OByl raxy Ayl )’ AO aJap kAsl OByl Relt up|T% TR HREAIAD

Bild RBRB 113 0O =% ¥ NRHAI 61 Uy, i0fiiNAaOpx) Opgdi pR-U; B
PGOeb %y Oy sAJITy R Nyid% T@ Rl |A)i [PR-PGOe D 3%y O3 83 } IR
Rild Ayid R GOebyeAN) el Ri POI 3 Ry yi1 0y 1180% ]

AG alap KAs O JdeN ReitA)a ~ R, @R 11y }Np| % *NAEAT T HORE N Rii g
Bili -PGBOeb y@P Riiy rB] xd pOJ el tOxdy @ % WNAU| %4N| b| T8N © @ % } 0D
Uy U| %i N| 1% % P@U aUw PdbBbd G|l ¢4 ¥ ¢0O ywnx%l Ri
O i xANigO% pR-PGOe D R1 ]

AO PO el ty OB P|NA| %y~ @a¥vs bdd @ ORI R 1§ AGOyx1 Of Gux 1 80% bR-
p&GOeD O3 xy Ajiy BB ]

aap kAs ONIN| % OFAY 1 K4 OA bl AAGN| UUg o% ¥bd @ | ¢ A} P¥l gR AP o3
" @RI N| Roel 7Ril | R UAOA } I N|RgRelfid” @Rl Ryl O 1iNb " @% Relt upy {P &}

b I[UAOGA POIN yel @Ri ] {P @& 1 % PUOXEl yelUxiAN @ y1 O bUAO YO<Ei 1) & ) (line
of Bestfit)y %R | R ]

13.2.3.2 %3 U 06 Ox b x-NG0sk; AF R
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TebWU0 T3 C1UpHSd % Ux 06O0xbx-HNGA¢ D} &Ny b EguQ@b.y Gi
P RPGD AF Joy @i ¥y TP QIN rfax) ] xB @i PUays OINg Aji gRECx13%4 {PP|PR-PGOe B 3y
61 Uy ©@ 0181 % bwlii YANY ywwn 0% 030 RBi Apiyp By ]
{b| ¥gUx8xbPK ¥y AF NOU z At xbR-bGOeb At j&g Od %Ri [ R ] AF NOU (Product) UGT
%y yxia@y Ad 3% OEx @AUN % AF NOU pb|RsAO#: z Al x(Moment) W B %) xyel Uy
A@ % OEx @AUN pb| R3] Tikn @JAUN 34 AF NOU 3 xiA ¥y © bi xR @JAUN (Covariance)
%BRUL T3 BB] %) UeGeROA: e Ty OREOCH RUBLT  xB REris {PP PR P GOe D %y 6
¥y Qb xA Ny Ri A)i R {P3%4 Pl Rg PRPGeD ¥y 08 © @ bdy uyay AJNvydy Od {bb|y cAc
iR p| Ri Ayid R ] bPRPGOeb a3l %@N| ¥ xB 60kbD
{PP|O& JO ¥ O URU N3UI ) R {P 60D P|xB B UA@GI 3%y O3 83 Od ajyi %y
PRPAOeb PN3yUN| % Uo TNGN P& TxiA rfuxy Aji ) Rk
a dxdy orr= adxdy
NG x 0y \/adxzx 5d2y

xR} ur b RPGeD A} j34
Bdxdy = TiKd Uf x1 3 @JAUNI 3y AF NOUway Al R]
Ax a Uy T i N1 POy w%dy Uy "w ¥ TOy O BUAUNY % yeOgxc(
N= O xfOl %y bax, R
dx=x-X
dy=y—-Y
UiaN 3G P8 3y y Chy UAFAOD P PRPGOeD a)i %N 3% Uo 1@ P&l ¥y TxiA rfux)

Ay reRANYy TxiA xR O IN P& vayy Chy PA Rl RE ] ABb|

11 O P&

5 dxdy- a dx.dy

\/adxz( P a2 (ady)

r=

weli & pa
NX& dxdy-( adxX ly)
\/NXadx (adx )( (NX @yz)-( @/2) )
Y4Ux8x RN 34 PRPCOeD Ab jog ¥y ON -1 0o +1 % OdA @RI} R ©F n %l
xB ¥ Ply®¥% NRgpi P%i ) 8] {P% by Rg xR PAeD A} j&y o¥% ¥by NEDR y iy Ry Ai OU
el o @i PNy O)INIEE Of @i K | TO0I NRguil j Rk byl RgTi U x1 34 OEx ¥yUx80xbK ¥y
pRPGOeD Ab joy } N34 1iN p@) Ti QAON Ab oy ¥4 AF 2@ O)Ex Ril § Rk
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%y U0 21 x1 Of pPRPGOeD a3 i %oHPrpED AUk ¥yOmki riwsy U x
Ayiy RB] %3 U UO|lld 0@ 1i T%1 @ % 00g0ixN1 3%y TO; U
o kn O ii yyvs O8) ¥y ANEOY: bRPGeb Ri Ozl 7 y gOvgUN } cAJUARNWOS PRPEeD

1180% R yT U 90U N R ]

1T 1 RGTE %%y 0,0 O Qg NU|L U 1173 Uy O % 7?NGNy wnwul bt
PRPGOeD Af joy ayi Yaflo 9
Il waWth fuos- ykHk %4000 : ¥
100 30
90 22
80 20
70 14
60 15
50 10
40 5
30 8
20 4
10 2
R U- ¥%yUx8xRN % bRPGeD A} jog ¥y Al Ny 'Téxa a0d(
i waWXxh f uog YKHRY) dx vkSgy
dk xq.kuQ]
iwaWth X =55 | fopyu dk oxZ YkHK |Y =55 | fopyudk | dxdy
14000 :¥%) | Is fopyu dx2 /4000 V4 Is oxZ dxdy
V) fopyu | dy? z
dy
100 +45 2025 0 +17 289 765
90 +35 1225 22 +9 81 315
80 +25 625 20 +7 49 175
70 +15 225 14 +1 1 15
60 +5 25 15 +2 4 10
50 -5 25 10 -3 9 15
40 -15 225 5 -8 64 120
30 -25 625 8 -5 25 125
20 -35 1225 4 -9 81 315
10 -45 2025 2 -11 12 495
a X =550 adx=g250 [aY =130 Hdy? =7 | adxdy =
N=10 N=10 24 2350

v=2Y _130/10 =1
N ¢ Ox|

Y4Uxe<bX ¥y PRPGM AF 84 y1 0
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_  Adxdy _ 2350 2350
Ja d@X zd?y  V8250x724y 597300

2350 2350
= +/5973000= 2443.97 =40 96
yi gt NO| U 117T) Uy & Of ye¢eA HI@Ggx ANy 0% bRPbwyOwWD R ]

02-1-2-2 RHOx@QOBN -%y %i 6E yel @ 00kbD
{P%) Txi A CU; ¥ ©oEUEx RHO@xOBN N| 08/3 Of n%:
JOXEl R ARAUIEx] ¥y Téxa baxxedys 03 O pgOU N Ri 1173 }eRBR[f 3% UU =
yNpP)2 @& Ay b }TIRA Ji xOREDO4y, beid ), AU Ex Téxa ¢0 Of yw%i ,0f
Ozl 7 8e0eN {3y x) ¥4 AP ¥y ¥4Eg % z D@ O RUy, Thg © B i PG {&x)d v4E OO TN
waxy Ay b¥i ) Rl {N OOl % z Dy OB Rg OO0jeil By 1 U %E yel @8 W0 PRPA D A Jiy
P N3sUy Apiyp REB]
Tn Ox BO@E ¥y ¥E yel IpRPCeD Af 18y TNYyUN| Yy PINGNUL, | Troxy BB
"0 ( AOTiyT U li plyw¥ O Opx) vy ¥4ExhBON NRgRii gyT ik @@y U 1 d Of n %l
Opx ¥y ONgUsR NRaxd Ri T8 x I T )y % O Opx) % yUAy UA %i 6 E OO TI
Aji | 3y] POP|ly ¥ z 4@ QU Ogx % 0 114 1bb| %0 z %@ QU % 1 ©B{ bd T %) ¢
i 6 E OO ?P NRHAAT n¥%e Api| R ]
"1( x¥% OO01y®& PEPGOebd OO AE) %@ %i 6E yel @ T N3y U|
"2( 00y ei @ ¥ UAx %@y } N UAr 3%y AV E t N3%p Uy Ajp x| /
"3 ( yel ,WIN pa WG vEE PRPCOeD AF 8 &yl raxy Apx | Ay ]
b= 6807
N(N2-1)
x Bh
p Od % b whol¥ida BRPCOeD A} jig % 0o TxEl Bz RE]
D=(R1-Ro)= O'1 % A@ =) % Y4E Y4 yel @

N= x@O1 Yy bap) R ]

Y4Ux8xPK 3% bRPGOeD At 18 Yy Ogtlj ¥4&E y el @ PRPCOeD Ab jog Yy ¥ O by Od
a¥ BRBJ]

n%ubd POw%1y(i0d PO . O Opx) vy2 y1 U2 bly ¥ Q2 ONGUG Ri
Pyl grBI Ty {P T¥4@ 3% POIN z 4@ QU| Oyx) % © bi % z DY OB bOIN & Ti N %@ |} ]
{b T% @ %y bOw¥% U| C1 x1 Of %i 6E xR PPIEONGD T34 bUitsi o N |
%@Ny y?P NUp xx Rily) REBI

64 D2+-= (mP-m)+...)
P=1 12

NS-N
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{b P& Om }N O Opx1 3y bax) ¥ TYE v | RBRARNy Y4E PON RE } OxEl b UidDI
P8 ¥ }N O Opx) 3y bap) ¥ TYE v | RNy v4E POIN RE] }OxEI bUWitAl b %i 3% 0OU
}b 10Uy O TxiA riwxy Ay b%i ) BRAOG TiN1 Uf x1 Ol %00 rwpd ey O Opx vy ONGXR R Ri ]
xd {NUg x1 Olii O Opx1 vy NGO Ril grei i PWitAl pa Ofy g Fel 7 uph H N Oz ONr
1/12(m3m) e U Ny zOAx% RialAQ @& bUFAI b bl OOxxB T U[ | R s
1iN0 Off =1 O %0 i N[O Opx) vy ORgOGR rp 114 BTN O Opx1 vy ORgUOGR kil g &} Nd Rg
agpba Jri2m3>m AV E T[T | By ]

} 1) RNyl z %8 b|Y%E yel 280 % WUG PRPGCOeD AF M4l Yao J

X Js.kh Y Js.kh
8 84
36 51
o8 91
25 60
75 68
82 62
92 86
62 58
65 35
39 49
i 6E PR PwOwb %y Al Ny
X Js.kh Y Js.kh dksfV vUrj| dksfV vUrjks
ewyY; dksfVv ewy; dksfVv oxZ
X Rx Y RY Rx-RY:D DZ
8 10 84 3 7 49
36 8 51 8 0] 0
98 1 91 1 0] 0
25 9 60 6 3 9
75 4 68 4 0] 0
82 3 62 5 -2 4
92 2 86 2 0] 0
62 6 58 7 -1 1
65 5 35 10 -5 25
39 7 49 9 -2 4
N =10 A D2 —go

Atgps Téxpe U] gOFd x| Ax| Opx) ¥y z @ o% TB@ P OeN Ry T jk nvd| Od Ogx ©¥% bl
y 0% H NI O NRay x) By [ 1 ¥%dE PR PCOeD % b§ ¥ bWl YN Yy ¥ z Uk ¥ ) NRgudy
]
Y4@E pGeb At og y1 0
e(a D2)
N3-N)

__6x92
10°-10
192

1000 —-10

P=1
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552
=1 990 =1-0.5576

= +0.442

}T 3 R@1 ¢ NGNy wip3diOl by awdi gOad 1) AJOU %4 yel Ak Gx|[Ax|ap % PO d x|
Ax| Br]

%i Bl @000 % wOg oyl ap © @AJ00U ap % OEx bRPEeD Af jig a)i b x]

xzke flafpr {ks= %4 gSDVs;) pkoy Js.kh ¥4 gSDVs;)
A 48 13
B 33 13
C 40 24
D 9 6
E 16 15
F 16 4
G 65 20
H 24 9
| 16 6
J 57 19
%i 6 E PRPWOwWD 3%y Al Ny
xzke X Js.kh Y Js.kh dksfV| dksfV vUrjks
flafpr {ks=] dksfV| pkoy {ks=73 dksfv vUrj oxZ
Y4 gSDVS; gSDVs;j Rx-Ry
X Rx Y Ry D D?
A 48 3 13 55 -2.5 6.25
B 33 5 13 55 -0.5 0.25
C 40 4 24 1 3.0 9.00
D 9 10 6 8.5 1.5 .25
E 16 8 15 4 4.0 16.00
F 16 8 4 10 -2.0 4.00
G 65 1 20 2 -1.0 1.00
H 24 6 9 7 -1.0 1.00
| 16 8 6 8.5 -0.5 0.25
J 57 2 19 3 -1.0 1.00
N =10 aD? =41

1Ol Al Ny ¥gxxb|Ti 1 Ex) OB T¥yU OB j - T1 O TiKn 0f x) O/ 340 i N Opx1 'y 1 jk n6, 13

0 6) %y ONGR RRXRRBY [ 1 %&E PR P&eD Al j24 % bPUIAI P& %yl Of ZD’1 g N 0120
(mé-m) AIEN| % OFRJi n6 ¥y Abj riax) ApxBy ] We0i o A4 16, 13 © @ 6 Oyx1 Yy OGO
O0U32 ©@2 O} R3{PlUa | N Q@ U¢ | Ax| 1/12(m3m) Ofm %3 O3 N ORU| 3,%i h
IBQYEY: Of2 0@ | db@| RidvG¥% AQ[x| Ay ]

Y4@E PRPCOeD AF jBy ¥4 PUWTAI P4,

6§a D2+ 1(m m)+ f(mg m)+— (n? -m)
p=1

N3-N

6 41+ (3"" 3)+ (§ 2)# @G -2)
=1 @

103-10
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e 1 1 1 |
-1 6§41+T2 (24)+T2 (6)4T2 (6) \:1 6(41+2+0.5+0.5
1000-10 1000-10
—1_264 __ _
=1 990 =1-0.267 +0.733

13.2.3.4 pwAj; Od 6 UEohburreéhgDeviation Method)

AO RY Ok xR OUD Ny Ril ) Rerpa 1§ A@avs Rgd Uy O Al ON Ry T Uy 000 46 Uy
Of 1 O RO pAyOJAUAUN @il ¥y TxiA %@ [R] {p @i % yNPidAOTi PGHU AGXx ©Qy a ¥
Rg 61 By-bPP] AON Jai |} BQf AN; eO0% pPRPGOeb Rily) BB ]
%@l 181} NOJ 1180% bPRPGOeD Oy xy Ayl REB]

{b @i O Téx34 Oyx %y} bb| AU Ofx P|T BNy %y A gRE] yi1}gOmUN } cAjUAN
O] PRPGOeb igrf] O@ir@AYNI yd Uy (+ x3- (i RBg Exy3 N Of} 0%y
z% @ %y AI Ny RNRBgw 3%y Ajid RE ]

BUkB P @gti WU, @, PRPGOebD 7 N3y UN| %y ?NGN TnOx.

"0X©@y Ul 1 d Ofy Ul TBAY: Ox %y i BNy } P34 BOAU| Ox Pl ¥y ApxAd]  x 61
Ogx BOAU|b|ly ¥ RBIi }P¥y BUAUN (+) Ri Ago T %O RWRiAy "~ @ xo6]lip&) N
xy |/ (] O6U0UAUN 3% 3% 0U, kpAug @3 Mgy 8IAUN <GB 3 pdxy %0 O
xE01 vy bay bla¥s %O RiIAJ Cxigs OBU| O ¥y 60AUN RBgR i | § ]

(2) x ©By % | & Ay g UAUN deRl ¥y AF )} ¥4 ANgOY. AP N OUl % KAN eUxy
Ay x| Ayl xB pPwAy 6d 6UAUNYl 3%y bPwéxy Rl ]

3)

re= PAJOJ GUAUN A} joy % Un TxEl Rz B

C=pwAj); Od BUAUNI 3%y bwéxy B ]

N= BJAUN x@1 3y bax) B Ai OFxD 3y bax) bl %0 R (N=N-1)

}T ) R0 3y 1B OATay © B TR gxx 34 INGgd  pOsg b| PAYOd BJAUN 60 %

WOy @3 zx 113 ¢gxx % OEx pRPwyOwb aji %yRAo ]
Jfed nSfud etnwjh ¥:% nSfud O;; ¥Ya:%
A 65 60
B 40 55
C 35 50
D 75 56
E 63 30
F 80 70
G 35 40
H 20 35
| 80 80
J 60 75
50 80
PRpPGOed %y AI Ny ' pPwAy Od 6UAUN 6U0kbD (
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Jfed X Js.kh Y Js.kh fopyu fpUgk
nSfud vk; %] fopyu | nSfud vk; %] fopyu fpUg| dk xg.kuQy
fpUg
X Y
A 65 60
B 40 - 55 - +
C 35 - 50 - +
D 75 + 56 + +
E 63 - 30 - +
F 80 + 70 + +
G 35 - 40 - +
H 20 - 35 - +
I 80 + 80 + +
J 60 - 75 - +
50 - 80 + -
= N=10 C=9
11
a2C-n
rc= /ae—
C n
&(2x9)-10
¢ 10
_ [a18-10
¢ 10
_./8
10
=+/0.8 =+0.894
yit TEBYN% zx 113 gxx Of }eA #Hi @ % AN &0% PRPGOe€E

02-1-24 exfii © UAx TE® W0F PRPGEeD (Correlation by the Method of Least
Squares)

xB T TN . ORGR exBil O UAx80® 3% y Np1@ ¢ dAduAx) PURYHE &) O z D)@ Ril d Rk
OH f1 exfi O UAX@ J, TPiOjex bOF@ 1 Yy bRyxi § bl ¢ Adi N QUge% PUOXET z %UN & 4
BB ]
exfil O UAxggi w(ig PRPCOeD At 4l ¥ OUN M| %4 INGyil  Troxy RB
0- PUxTT O Thky Oy ¢x BIOHBUDKEA PR Ggx TNY4UAY ]
1- y 3% UH a® Ox) O p|i epCebd bAElI Ox AE@ 8JAUN TiH x| AAS]

d-y-Ye

BUAURNY % OAYYO%m; [AinSsxy Aj oAy ]

PNGN pa wUg }CI aJAUN UAr % O)Ex PRyyUy Ajxpy ]

g2 =8 (Y|;]YC)2
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Sy2 - pUBXETI Bl ¢y Y%y TPSI B ]

5  yUlld % Tpol T Ruw Uy ApeAy (6Yxm) BPirguB AU %y
%R | B ]

6. yel , DIEN pa % wUad PrRPAeD Al jog PNy4U d0x) Ayl ) R3]

[
203

7. (b @l wOF aji Ar 84 34 OR AQ i & KBeR (+ x }- ) yAGOfx b AeR 3% y NEO Rii 4
BB ]
11RG  9FNGN OO bl exfii © UAxEUD ¥Uig PR PR b@m AF j8g &)i Yaifal
X 1 2 3 4 5
Y 82 91 71 89 168
exfi O CAx¥Oyg Y bAG i Ofx1 vy Al Ny

ewy; ewy; X vkSy dk X ds oxZ | laxf.kr ewY
xq.kk
X Y Xy X a +bx= yC
1 82 82 1 49+17X1 66
2 91 182 4 49+17X2 83
3 70 210 9 49+17X3 100
4 89 356 16 49+17X4 117
5 168 840 25 49+17X5 134
aX=15 | aY=500 | aXy=1670| 3 x2 =55 500

Thy O1ex bOJ%DI

a Y-Na+b 4Xx

X | 500= 5a+15b e (D)

4 XY=a aX+b &°

X | 1670 =15a+55b e (2)

POd %@ %13 pb| OJ A T[Nl 1120fpp|lPAFgRAl 'O ? NGN 00OgI
1670=15a+55b 500=5a+15x17

1500=15a+15b 500-225=5a

170=10b 5a=245

B=17 a=49

sy2 0 w? 0O0g%UN
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X ewy laed| laxtkrewY Y oY, | (Y-Y)° |Y =100 | fopyu oxZ
Y Ye dkvarj | varjoxZ| |sydk | (YY )?
(Y-Yo) fopyu
d(yy )| o
1 82 66 +16 256 -18 324
2 91 83 +8 64 -9 81
3 70 100 -30 900 -30 900
4 89 117 -28 784 -11 121
5 168 134 +34 1156 +68 4624
;Skx 500 500 3160 6050

vy )2
o2 A (YY) 3160_ .,
N «x, 5

NIVAY
o2 8 (Y-Y9? 6050

N 5

= |1- sy | 632 578

"Gy 1210, V1210
r=J 477

X 1+.69

yi x©@y % OEx O8) ¥y ANBOY: PR POR (] xRAUDD ¥4UxeOxbK PR POW AF j&4
R o Fo - I 7 I
OHRHA; I 113 (vayAdfead)
yCp@ iy Ajiy R A0 &y A@ O RiN| QU] O&0i X! ¥y z i A@y1 ik nbGeb U] d OB 1 @y
TOU NROEl j RE ORyY %A POx Gi yP@OH | Rk %4d © @ TOU 34 GA % }b 3yUel @y 1 [
POx % yel@ % RBg OHAI} y1U; %RU[6BYGAN;ORHAITG, €
Ay Ny 1 yit OHAT %y yix TO0,30 3%y 3% @1 bl OHAp Od R
y OAON Od %R)CxAmiy mwWral TO0, 0 Pl ORU| ziy}) RB]
PRPGOe D ©OF % xx FHpre®iebbsd eid) aOFUUI 3 O 10HKEO NN TYad Yy

1. Téxa bPGQAeENl U Z1 x1 Of %) xx % @1 bpGOeb Ri buly
2. i gp@y b0y OU-I xR Bag @Prgs 1iNl Uf xhupupd i @ PiOex w@l  b| o %
61 Uy Ofjeddyi o671 Uy " w Of TOy00i Ri @Rg RI ]

3. OZHOG Tnidk Pl xhupFAOD 0% TG OB TOU BU by dR] TiNl Rgyyd © @
003110 Ri bP%ui d BB ]
4. T NGT x% p&OgR:Od POO Of T4 Ul Tl x1 rOOJ}NG p|GRAH N
Ai E|l TPrIiTUOr Of % 0OU T8O % % @1 pPRPGOeA Oy x; !/
1324 zwe U% PRPGOeb
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6. zweU% PRPWOwWP 3%y Al Ny 6Ukb
o114 23

(-2

(1-3)xy (1-153)
23-NMA13

@125 (1113)2

2.3~

3.1~

b o= 3 Na23
13.2= > >
L)% (155)

}T 3 B@io ky o UayA@d vy OR PRPORY AF j8g OOUI INGNeUZ, | Rii }p TUp O/ x 1 1T y,y
i TzgeOuw 1 g % OA z )% PREGE AF j8g Yay Al Ny Y o]
x I Ty % OA PReGRY A J&4 ry,=.58
y i Tz % QA pPRPGR A} 184 ry5=.32
x I 1T g % GA PRPAM A} Jig r13=.88
R U

21214 23

@)%/ (155)

.58-.88x.32
J@-88Y x/(1-.32}

_ .58-02816
J@-7744% x[ (1-.10243

_ 2984
J(:2256)x/ (0.8976)

__ .2984
A7497x.947-

_.2984
44998

= 0.66
z d)% PREOE AF j&4

h2.3=

231213
J@-B)x (1)
:32-58x.88

J(@-58F x/(1-.88%
_ 32-5104
- J(1-.3364)x[ (1-.7744

123.1~
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_-1904
~8146x.4749]
1904
~.38601

=-.4921
z d)¥% bRP O A} j34
3174 23

(@)% (1-133)
_ .88-58x.32
J(1-58F x/ (1-.32¥

.88-.1856

J(1-.3364F %/ (1-.10248

_.6944

~.8146x.9474

_-.1904

77175

=.89977
HOhEg %o¥y OA pRPEeD Af j84 58 ] {P AF gy OJz A %3 Od TO, 0 RE ]
RyyU TN|OD AR g 66 R Ay i3 RB ] {b%x il @dx ¥x R byeiugh YO
BUO@gl TO; U OE OgRrRyA@®RBI A P XE&PABv:,; Od TO3 U Ri N
Af g ANOY: 32 B1 UKk AN TO3 U % yNOyAw 13 N|OJO PRPGOe B
4921 R Ay iy RB ] wdll yN@IAG RGP GOeD O 0UA} @ %G| R
¥ QA®H TOU % TNyygU TN OB PRPE D Ab j& 88 b| OB®:GBi - Ay i bR 1) &8C
xR By A %y { N kil N ABrEeb O Ti % TOU OE @y Ry
13.2.5 CRAG & bRPGE YayAl Ny 6 - {PP|AA % bufl TO,U ANN| %4 Ua o¥, o AD Vi
Ul »#2 yex A@l y1U0; ykb% Agl % P31 }pbp% PRPyOwb A

2 2
Myt %z X xf VB xe
x-Yz= >
1' ryz

3.2~

2 2
Myt %y Xl b ye
1_ r XZ

113 B

256



dx|Ax|z &t % z D12 02 O3AGK PRPCOeD AF 1y WUid ¥g0 18Qi N O ¢ 11 % TxiA aUupPyx

%y 0181 ¥ TO,0 3% zvyUN 3%0@x| ]
ygY }&Qi N 8 76 8 83 72 93 76 81
Tr i o%E RCUOEU(
OYyx "{wA Of (6 8 14 11 9 16 5 3
} Ux@3%1 %) 3} Ox#OA 25 5 20 15 10 35 30
(TP I a%E n3%by - (
D f| Ok-| MoZjdksa| (X- | Dx2 | (Y-| d2 | (Z- | D2 | dxdy | did, | dyd;
mRikny  (Y) iZZksx | x Y) 7 )
X) 2) Y oy 0z
85 6 40 +4 | 16 | -3 | 9 | +15| 225 | -12 | +60 | -45
76 8 25 S5 1251 -1 1 0 0 +5 0 0
82 14 5 +1 | 1 | +5| 25|-20| 400 | +5 | -20 | -100
83 11 20 +2 | 4 | +2 | 4 -5 25 +4 | -10 | -10
12 9 15 91810 O | -10| 100 0 +91 0
93 16 10 +12| 144 | +7 | 49 | -15| 225 | +84 | -180| -105
76 5 35 5125 -4)16|-10| 100 | +20 | -50 40
81 3 50 0 O | -6|36|+25/625| O 0 15
ax=8y=| az- 296 140 1700[ +106 -110| -450
648 72 200
OKWSNG o % Yoo
OKIISNG o XEC o
OKUI$ Nt B Tn m Cu
D@ Lo9Qe_PTe  pTe o
Qe W wept MG Nd
C e BQwQa ppTm ppT
()
P eeE s Qa WG wep X mTX TED »e
e BQwQa TUT TUT
A TA R ) &0 ¢

Qo

Mp T mp x mmil UK

2 2
Myt %z 2w vE xz
Ix.Yz= 2
1-1%,

(.52 +(-.16f -2(.52)(-.92)(-.16
1-(-.92Y

\/.2704+.0256-.15308€
1-.8464

257



_ [.1429 _ _
=1 1336 =+.93=.96

PRPEeD ¥y O8] 'AF 184 r( % z DB 02 QUNOIN POd®I A 3% G b xRiN| ¥4 bCORDI
AA % OA PR PGeD b TP ¥y RExR PRPCOeD A j3g % z DB OB gxCi  ryaxy Ay P¥%i ) RE
xd pPRPGOeb AP g +1 Bi i3 RBB] { bpOJ100&olixh Rii 38k Bx1¢ x1 T APEA 3
PROGD Af 18y 'r( AEI ) Ajij Rgéx) &1 z UN 3y O)Nv: SEE Ol g Al g RBITT 1 O80hx 3y
URDI | O %.0dz I gAs drk
2 NDd At 13 % z D13 OB QUKOIN
NPy AF &g =r* x100

xB HORE %@i); RB n% Ii A@l % UOJAO;HAR Op GPe A | ¥4dr
xR Od HONE Ril § Rers 0% A@ vy (OAUNUGI ) O 1@ AB ¥y ud Ny TO0 R} 1 IRA 3% eUx| xd
A ©@U % bR bCeb Af j8g r=0.08 R3i O NPy AF 84 064 (64 TV 1 Ul ( Ri Ay ] {Pb]
Bily ®BBTMBWI % Ag 3y B0 R® AdRgy (OAUNOEI } bl PCOeb R3UY 36
T Ui 180 0% Thgp| AU & RK

133. b@U @G| ¢de TI JAON o

([an)
=)
c
=<

0i B THN
1. PRPGOeDd P| zO0 &xy; bPOAEI| RE

2. PRPAD AF Jy W% P| C®; 13 &80xx BB

3.PpRPGOeD ¥ 0U0Ue0eN T3 @ OI ) {x]|]

i yT1U0Op T4 Pl yk®8e GeNi jOfyidx; POy NIy RBE } %by
z "ty Ay p%i) RB] AG#s Tl AON POy {N A@ %y z %@l «OudUy ¥y O)0 R3] Ti AON
ebWUpel % TvriOpT N 1WHgEN {ORiF OGO '©@x ) 3y PGB Oy
pely Nf ykD¥%igiGOFEANN®BIg @i j vy bel N[y ©% EANJ NRal g] QKD % y Np)@

258



LTk § AON T+ y1T Uy Ti bl ykb% A@l ¥ { %%y { x
L L
13.4. TI JAOGN ¢ ) o w

Ti JAGN chmGOe D %i Tl eUxi %@l d ofzayeibded E4TUl g ON

i d U udy QuxbPrRPCeb RiA) ] xd U o¥% 10@ % E g R 1§ 'OV
Uax RiA)] x| @| ¢RiNdioys TR vyl @ AayRiAd] PRPCeD }i KNy Rgy ¥ RiA) ]

X & Y R FTET 3@l

Y @I X TR YARTET 3T

o 1-A
3 (XY, ) = g

=7 1-B
2
Y (Y-Ye ) = =gAaH

oF PR P&eD

TS Jr3T

o 12.2 R 12.3 YT Y91 iR A<=

AGTi A@yl U G OUx1 OFHOD 1 BNy vy Ay gRBIE JNOrPlevs HOi e 11510 z val
AB¥RUY | Rk xd o¥% A@Of Ugal y1 Uy 3%Od Rl gRBI i Thd Ag Of Og O0Ur Uy y1 U 30d Yy
TOGBR OxdAjigraii 1iNl A@bPR PCRAI Rl | RK

B#O ws - Oy O H & ¢0 bl OGN Ril § Rk

zxk Ul Am0i ws A@ Of RiN| UjU| O00gUxi N 0@ T NOx@ «

i A@ % a0, © Pi PR PGleb ¥ ¢xCi %N UUg bUKOXEl POXIAN @& ) ups
Ti JAON @ ¢3 %Ry Ajyiy 321 O AAROBH 11ii THHAPAON g|
%upy O 'y1%yx OByl jkmnx 3% bUKOxEl p@edi ©pbi ON O N[ 34 U AQG#sy %3 Oy N
dx) Bz Ril) 0k
Ti AN & ) ¥ PURO @& ) ¥y ¥Rl | R xR G 3 RRUUNI 34 exfi O UAr Oz By@ Ril gRiy T 1k AO
yAox A@ %y TeOAON @ ¢} yA@whd Ajiid Oyl 8PN a0 n:
Ayl By 1 {»80T7&@@d® Ay TidAON @ ¢) xed wAll A0,V RMY
A % bpUOri 6 O N axogn&yi Aptp Ag] PUriI O Oy N Uy HI 60
R ] N z egUl ON bl OH 0% OIN 34 QUAUN % UAj ¥y xiA exBil O Ril ) RB] NN kA8 Of x
%)y O iy pyx 08 TP i AON @ ¢1 ¢dwykgy Qe diVitgx Pl ¢ POPL T4 N
Yay Rl ? upay T8 O)OJA| RB] Ti AON @& j blovs i @ % Relt upay i @ ¥y xiA RI N RiA;
in@i @ % et upayl @ ¥y xiA OdYi Ny RgRiAy ] yit Ti AORy @ 4 %4 1iN - @3yl &1 %
UAj ¥4 xiA 'TIAON @& ) bl UAURNY ( %y yel D exBi O Riiy B8] {Pd %) DllLeabtisguare
method¥%R 1 | R ]

135.TI JAON pOd %D

[ iX cAapp Of RANYI ws Buk®@b® 113 xB ay)ix &oNTe R
O GAPExN QAICKDRz  RBI i A D KA Ofy iy y Npa Rl t upp OR 0% ¢ )

x 61
| %4 | ¥

259



AN R grRy Ai TIAON @1 yT U pUx}OxEl POXIAN @&, 1 y1 0y Line of the best fit%sR Uy 1 d
BB ]
13.5.1 exfii © GAxaxd %Oy Tri AON pOg. B
(1) x¥%yO0@ TIidAON @ ¢3 %) bPOJ%@l T NGN T¥% @ RE ]
X=a+by
xRhie © @b vayy AU O)Ny RB] fubddo Re y 3% Opx1 % Jo x ¥y Ogx {Pblaj rix)
Ay bpuiy BB ]
2 y¥%x0@ Ti dAON
y=a+bx
xRhg ©Fb RAT @ By ¥l TO) N wpsy e OpN ay i ninxiRBAY] P%
ORU}; yAU O) N ay¥Rly | &8 &R xR el iR3AP OF Ti AON %E ya y-axis
Vi HOUxvd | R O Rel? w(O) bl {N Reit ul% yyi@yel1 ¢ B ¥4 ON R3] AO{P yelr
¢ EE ¥y OIN ANygO%: Rif y BRI Ti AON @) %dE ya Oz O el tOB FOUx¥d dRga %3 Oy N
1180% RiN| OB TI AON @, ) %&E ya v OU Roel ib| NA| HOUx%d gk a ¥4 ON Upx RiN[O @
TI AON @, O Roel tb| Rg TIA0 Ril g Rk
{P¥% AN} 80®R|xXQ®D ywunkni %Ki @ Tj¢O%n O, 0 061 ¢y 0o
1 180% oOufNje0%: 1iN1 Rg O)0 OO Fel th|y gl e AJifR] O Pixy %4 yT 0 Al Fy0 11 Of
ANy e 0% 0Oy Noidy] O 8d||vye @O0 1 180% ° BANEOY: TiKn vy O Rl ib|y oyl
x| A [RQyT i kO Pixi % ANy eO¥O bPlyj % 13 80% Oy N ywnxi Ril]
yel1 ¢EE %) OdA ACZI widx 00
(1) =atby y T Ua= -by
(2) =atbx y T Ua= -bx
aOujiNl A@ yT 0 G OU5 upp OOUI POki GOEXx R3] T M BON b TV I AON G| ¢ ¥
g<Cl 3% ) R {P| T OAON A} j&g ¥R | ]
ao@b¥ O N nwupbpd Od UAx % T RNGN Ti $»OJ%@l Pp| &
xO0@y %y Tii AON
1,15 éx=Na+bé'1y
1/,21/% axy=aaytb ayZ
x BB T AON POFd  ayexBii O UAXOVDH 34 %RUi d RE]
PNGN } T3 R@1 Pl TiJdOAON 3% yw%N %oN;

a0 | ¥y} ARW (x)  63,65,64,65,66,70,68,67
e vy} ARw {eAi Of (y)  65,63,66,66,70,69,67,70
R U

260



TP i AON 7t N3%y UN| 6%k De yONiy @GN Ay x| Ad

- %%
8x2.34x2.1:

r=0.6

w42
o l d 44
uyaNy 8_/_

U Xo.12

. 42
o Z d 44
uyaNy 8_/_

UYs.aa

Co

y-Y)
y

\ X-X=r

Co

2.12 ,
\ x-66=(+.6 -67
( )2—34 (y-67

X-66=.54 (y -67)
or x=0.54y + 29.82
U _
—x-X)
u Xx

y-Y=r

234 , <
-67=(+0.6)—— (x-X
y ( 2.12 ()

fitkdh | dx dXx? ig=kas| dy dy? dxdy
mpkbZ mpkbZ
YaXY2
63 -3 9 65 -2 4 6
65 -1 1 63 -4 16 4
64 -2 4 66 -1 1 4
65 -1 1 66 -1 1 1
66 0 0 70 +3 9 0
70 +4 16 69 +2 4 8
68 +2 4 67 0 0 0
70 | +1 | . 4 70 | +3 9 3
>28 T X=36 | 536 aady? | 26=a Xady?
)_( =é.7X Y =ﬂ
N N
x =228_g5  y=20_¢7
8 8

261



8. y-67=0.66 ( %66 )
or y=0.66x + 23.44

U 08 A % Tri Oy N

x4 60 v tAY (X) 6D {A R T Iepligd® o bi YARUY ¥ pUi O y KON UAN|
v eYWR X O Ti dJOAON bpOJ#%@l %y Txi X W daxJOYAAx|zAGRE ] {
DYy % bUl 0% Opx &)l %@ X ya OBd x| Ax|Oyx % Relib| @1 OBURD ¢ dy Al 1 Ry
@ UG b| FOUxReltb|y-axiSO@ UGO ¢ Juplh Ofxdall ¥ Uxy Ajiy RB] {b R[¢
} 11 Roly=.680x+23.44p Od %01 %i } Oxi A Of eUxy Apiy BB ]
A 0@ U %, Tri OAON

X0y v bpOJdyPY dOIAx|Oyx) ¥4 OB O@Pblz dRE YA X ¥ PO 1 O pPu.
Ohx &yl ¥@ x| A ] (N X 3% pPOr i YHospWigdyx) % G KAS O Tyl B4
@eOeN Rel? uys eOUp d x) Ajl ) RB] {P T3@X %yy O Te OAON @ ¢1 Ti1 EI Ri
1362 izfrexeu xq.kkad fof/k )kjkir x eu f o ys- k. k

(1) x %y 0@ Tt i AON

x-X=r <(y-Y)
uy

X-X=bxy(y-Y)
Ux a ¢

or

Y ady?

(2) y %jx 0@ Tt i AON

bxy=r

Co

2 x-X)
U X

y-Y=byx(x-X)

y-Y=r

byx:rlj%ré1 ¢

0 X" 5 ax?
XBP_(LuiTJv<X§A V3% Oy Ex
r=PRP @R AF j84

29.I'T;U):xI'Ty%4 01 N% kAAUNR

bxy I 1 pyx=x %y I 1T y %)x OB Tii AON A} j8y
dx [ T gy=x- X), = Oy Y)
a dxdy

]
a dx2dy2

, 2 . 4,2
& x a dx an ady
N - N

262



136 TP | AON yReEIquA of Regression)

Ag % U0OynHIi0U0U% Oy N 11Ty }P¥% zwhmeUui Oy N 3% OdA
%@l | R1Y ] T¥iAON yOU|lY % Oy N RAINp %0 Rilj) By
TeOAON y OUY %4 Rgz 8UN 3y O)IN¥. SE (Standard error of estimaté)d %R 1 | Ry ] T
@ 5 uwh y NOIN %y TO0 sEXAENGNUZ, | P& WUig TRvy4Ug A< Ad]

X %1y OBTO0 S
Y %X OB TO0 $fE
Xc I Ty, 00Uk 1Ty #HyROINI ON R]
N=O1 1 %y Pwé xy
}T ) RAINGN) wnwi ) wwEY pP| TidOAON @ ¢y aw a3 i %yRAn
x Opx 4 5 6 7 8
x Ofx 8 10 12 12 13

X X =61Is | fopyu ewY, Y Y =111s | fopyu ewY| fopyu ewY

X )k dx (dx) Y )k dy (dy) dxdy

4 -2 4 8 -3 9 +6

4 -1 1 10 -1 1 +1

6 0 0 12 +1 1 0

7 +1 1 12 +1 1 +1

8 +2 4 13 +2 4 +4

.N=5 .10 . N=5 . 16 . 12
9 X=30 T | ¢ Y=55 @y, | ¢ dxd
)_(:ﬂ:@:G
X Opx1 ¥y POl @OEX y1 N 5
y=2Y__p)
y Opx1 %y pOel @OEx y1 U N 5

x Oyx1 ¥y OIN¥ QJAUN

adz 10
0 X X = J= 2:
EN B

263

N :

i



y O9x1 %y O3 N3 8 UAUN N 5

X1 1Ty % PR PCeD A} 18

12 _ 12
J10x16 +/160
=+0.948

X%y O@ Ti JOAON 3%y bpOdu%gI

X-X=r lfx (x-Y)
Uy

O; N @:N| OO
X-6=0.948x
=.75(Y-11)=.75Y -8.25
X=.75Y-8.25+6
X=.75Y-2.25

yO{b bOg:d Ofdx|rx|Y Ogx) % @& %2} N% PAORDI X Opx NN Tw@a)i rpax| Ap<pf -
x=.75Y-2.25

X % yNOFNI Oyx, x 6 1
Y=8,rks X=.75x8 - 2.25=3.75
Y=10, ks X=.75x 10 - 2.25=5.25
Y=12, rks X=.75x 12 - 2.25=6.75
Y=13, rks X=.75x 13 - 2.25=7.5
Y UX 0@ Ti JOAORL@Iy bOd
Y (%)
Uy

v-11=248L. 78,
1.41

Y-Y=r

=1.19(X-6)=1.19X-7.14
Y=1.19X+3.86
} O+ DO J %@fd x| Rx| X Opx) % & %0} N34 PGORDI Y Opx INGN Tow@ ai rpax| Apxpy
]

Y=1.19X+3.86
264



Y %y NOFNI Oyx, x 6 1

X=4, Y =1.19x4+3.86=8.62

X=5, Y= 1.19x5+3.86=9.81

X=6, Y =1.19x6+3.86=11.00

X=7, Y =1.19x7+3.86=12.19

X=8, Y =1.19x8+3.86=13.38

~0@ 61 % OgAIxg, 10,12,13) % yNp@ X % yRNOFNI Oyx1 (3.75, 5.25, 6.75

iT75 Pl 030 X 0w Tr i OAON Ipdx| R Oyx) '4,5,6,7,8) ¥
yNP@ Y % y ROFNI Ogx) v8.62,9.81,11.00, 12.19 13.38) b| O O O WX DI od
TIi JOAON @| ¢y ¢dwAd Ay puid By |

4] x=75 y_1225
Y =1.9 X +3.86 /

13

1? ~/
/

10
9
Regresgion of |Y on X— /y«——Regressjon of X on Y
8 /7
0 1 2 3 4 5 6 7 8

CERPEERGILUGEINECIY

0i B PRHN

1. TIi JOAON @ ¢1 ®f] Cxy3 Rild RE
1- TIidOARN aji -%@WN|b gLy w RE
2- TIiJdOAON yPUlY Cxy; RBE

13.7 O 6 R Gatrix)

265



i €01 3% OwRCI (dolumpn) Bk EO%POP ¢ O Of ¢gxURHIT Matrth)dHB U Rigy
R {bb| Ofx) % a¥% ¢O Of gxORd | riwxy Ay b¥%i ) RB] {P¥y TxiA pRPOM OBRCP O R} {]
8T we POU %GO (Pfingipalddo kpanentl Analysis) Of {bP3%) } Oxi A n¥wxy A
el % % AR %y i Ny %N Of OBRCP %y TxiA ¥%d | R xR baxs0% bAN) upy PwyH
G<URH ¥ ¢OnRk ORCP Of 0G| 11 Hi GO 3wy baxy % {P¥y O@DO0 (Dimension) %R 1 | ] Ry
OBORCP % T% @ % Ril| B1]1 Agp]
PO; N O HEgéalMatrix)
AiTBOBORCP }p RHITI Of POJ N OB6RCP #%RUI| Ry AC
Ppwéxy wv% PO N Oyxd Ajyid B1 ]
OAx O KShuae Matrix)
OwRCIi T11PBHRGCH
RAPO[cx¥%OwWRCI Ri OwRCIi OBO6RCP i1 RAPOJ % OU o3¥% #H
Uax OBRCP (Null Matrix)

AO pbOd 1 & UI0RiBsRRY

~

S i

A= g% 0 or A=
HY U@ Ofcala Katrix (
iyabd UAXOBRCP Of APOf pOg 8l xi 0 ¥y ON o3 POIN R Ozl r80% x¥% y U0y 1 &0
¥4 OIN Upx Ri F4UB OBRCP %R0y ) RE

8 0 0
80 Ps5o0
B3 B o0s

{ %3 | O gUuniRM&itpx)
n¥%bd H¥ UZB OBO6RCP Of RAPOI 00x%l x 1e60 ao¥% { 3|
Bv] {(#HOJWUy @) TieUxi %u@qlo By, z0ABP| OBORCP

art 0 0

10
B

13x3 13x3
R} wb Oi A (TéahspodelobMatrix)

AOBORCP %3 AMGyi@gjAQO T3% @ 1 Uk x jJORAGIT J HIRGO 3k
(1, M4 HIAQT OwRCI % ¢0O Of 0000 i xi Ri Ayi| By I

833 2 5 833 7 1
239 232
A= & 24 Aol 9 4

266



{pd 98B
&35
€
B= B &4
POe O O ESyrin@trc Matrix)
x61 UAx Oarsgase:s: b O; N RiSymimetficMatrixesRi | Ry ] AB

a1 2 3 a1 2 3
g 4 5 2 4 5
A=G3 56 pgB 50

vy h E%i 1 dx (ORhbdgoaHMatrix)
0% UAx OBO6RCP } b RAITPI Of yhE#%i 1 dx OB6RCbP %uBU)

.M, smd
a2 1
3 \3
eL2
} i) BRI A=¢cV3 \3
af2 [16 (2@ [1 ©
3 3§3%%Jg:é 0
861_ —ZOF\/:ZQ:L
(OINE: S 0
Ad AE3 3 V8 V3 =

Oi  TAN 9
1. OB6RCP pP| zO €x); bPOEI| RE

2. Uax OBRCP ¥y Cxj I j8OxxRB

3.0 UB OBO6RCP Cxj; RE

4. Ry wybpOi A OBDPRCP Cx; RHB

5. pOe Oi OBORTP Cx} RE

{p I®MBhE% 1 dx OBORCP %BRU) x| Ay ]

13.08 CRAG @UFUNI  ( Multivariate Analysis )

267



0 O @ A Introduction )

pOJg PyRxax QXOxAURi s PORN ¢O bl Tl ai} % TPiAxR OMBIT i%yk
BUAU| YI , &30 QOFURI | %Nga vy Ul O @& dA; p% g RB] {P T¥%D RO xRy Od ¥R
Py | Rers OA@ QOAUYT 1 %Ndgs }N pOJ 1 %Nga vy xiA y1 0 pOB RERANOS Téxp. @yx %
eUx| OEdJ buwdObgervaiign) TOEGD R i ykB¥y wU Ui B yExxN1  Of
(Variable) Ril | ARO[z POBN ;] ° | OOOWAOUT ¥ P %y OOGRHTPI OUAHU| Y]
Pl Rg ROf A@ % OEx bPOBN % yExxN %y Od z UFpal § Ril d REAANGS 4 %] z Ux p&0eb
Dependency Relationship NR@wx} Ay i3 RBB] {P T% @ bwa| O Of ¥bd
Agl 3% OEx 0U0U8UDP pPGOebDl 3y yExxORA@IEIEYY 6 UNgW YR0ji d n >
By ]

8 U % Drevelopment)

UH U O %RAG OFUYT 1 %Ngs ¥y 60vyb, O PlAG % ¢O O TI Uk riax| Ax|! ¥R %
BUAU| YT ¥ e Ux | & ¥%PoWdrd itodl; #geO @ARe D R Cxirps % AD | ¥Nds
(Univariate Technique) Ai n% Téx| % XABA%LPUHUAYI O@a1 gORK AUI
%@ byl d Ry ] AR s {OEX corfeltGroe B y el 1 (Intekdepeddency)
O2 % Ex)N NRguf xj Ayl ) Rl O 0RO OAU| QAjp UYj Of OB bayxy Of 6080 bfix Yay a0i 1
statisticians N[ 800D ORAD | %Nga 34 634p OfyONy xiAlJIN dxy gl Uiy N Of { N pOd
Y%y Txi A 000yH x|ty ABos o0 JagrRe i 8 0 UNo@&s)N, AU o604y K
OAiU z 8 Ofrpwxy Aji ) BB
y NTxiA (Application)

x| PO ORA@ @OFUYT 1 %Ngf 6OHi & ¢O O TxiAebWU (Empirical) Ry =©Uw { Ny
U) HIi 6 (Redlity) b[RE] yi1 {POJAEU z %E 3% OOV 3wy Odali) R3] {Pd¥d vy ¥yl
o< J0R@% cOur AG Uib Of UH a3 O jO % QN| % U ORAG @OFUNT 1 %Nda ¥y Rg PRI
Uli| BT 1 {p¥ %ri®©®BLo) { NNbeudof-makin@ ©f Od PRy xI ) £
yi1 xB O %R b¥i [ R s xd rabd Uib¥il ;x¥y Til AxN % z D)@ O AN| Ae Of bl OO %
zD) @ O@ %i | b(uébpbdity stavemdnt) TNy B 11 1P Ua | %P 34 QOAUYT Rk D
y K50 ORAD by <% | %Ndp bOP| }OxEl Ry ORAD AT | %Ndy. ¥y z Dyadh UT x basic
aim AEU | uE % POB % o% P)Oex¥%h ¢O O TH F %y Rk
UAc%dI
U QN Of O&d bayxy O e0a0p ORAD | %Ngs TAUN Of R Rerf rpx RO yONd pID ) ¥ e Un
z idt Ug x1 O al0C v@ b | R:-

(1) z i axdxhydependence methods)

(2) yel 1 z i aXdxAnter dependence methods)

{P T%4@ ¥y UAG@ TNGN %A THU 02z D@ Rf]

PROLI Ag O b| %A AD Cx) rikelRglyex A@ OBz k Ul 2?2Rxqd }i @ RAWEIi RO z i 60D
%y Txi A %@i| By 1 {p¥ 600@gi x61 }a@ NRguw Ry i
{(P¥% y¥ @I ORADT NG Yy T ¥4 POAN| Rl 7T+ yex TN Od Ri-

268



n% N| A@ bpwécxp Of zxkUI By

Cx| wuE| TUOUwid Bx Dyl ?p NRguy

TebWU0 o60WUO3 N AAigU Ny @y EMIO N[ ENpERN O yORRKB| O |L ¢
- T L L T 0,01 my Ty (Bowehai) o[ x4 BETOR
A ARG R} ORAG QOFUYI 1 ¥%Nga Yy TYai POAxdAxdRE] Ai {b T¥%D RE-

OAG AOADYT 1 %Ngay O 080D TY4D % A ¥y } OxiA Ril j RB] {eff 600D REY41 jup|
P NGN O3 Av O 800CI yi1U0; URNgOwH ruBeeli i Ay- pPwuiy BB

gy x)} ¢ x) &% ARXplanatory variable

g
bRhEAi A@ A@bservable variable
(] Descrete variable

UArAQ Dumpy variable

13.09 TOp, ORAGI ¥%:NdF (main multivariate techniques)

OAiU Of TxiA z NJUUg TO:, ORAD | ¥Ndps 8D AUdf 9
1) yoUgx Ti dgAON Multiple Regression,
2y OUgx 0U0U| Y% 6 ONuldleMiscriminant anaysis,
(3) UAD ¥y ORA@ AUFUYI Multivariate analysis of variance,
@7 Nxe Ol pPRPwWOwWD GuhbRidal|cofrelation anaysis,
G) Y Nxi Ad 6 UHU| Y1 Factoranaysis,
(6) POBN aJFDYI Cluster anaysis,
(7) OO d O)ON Multi-dimensional scaling and
@B yTgxa bw@AN) 6 (Udtent sitdcture analysis
13.9.1 y 00§ x T I (dtipléiRegression) :

yoOUgx TidJOAON 6URAU| YI Of Ul xNjeOy A My @ Ok (
Ul xNy 80% A@ % P31 ykb#ui O PR pybwb D¢ Py 1 {b I:
REAO Uib¥i x% Qb o¥% o%U U Kjedyv AG R Al s o% Thd U 80% AD ¥y Yyx @O ¢O
Uvali Ri 1 {PpP 0UkD % TxiAzOoWl UAR| % ROUKLOSS ADT ¥
AUANUJI  3ay O8O Ul g %Ny ] {b a0 WG do Re HUl 8y AD % z DI OBz i AG ¥y
BUAURNUdUI ) 3% #®BI @ % | w“wUN nwxy Ay p3uiyp RE ]

AO o3 zxUI A@ 3%y pPGOeb Ti yilUp yrd&Hx HUAWS) AR
oAk Tri AON PNGN p§ WOig ail raxy Ay BB
13.9.1.1 exfi O UAxa® W0ig T AON pOg.a

(Wxq ¥ajxo I T x3 0@ TP 1 AON

X1 237 @1 23+ 0 10 3%Xp, D1 X3
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X1=Na g 23+ b 123 Xp4b132X3

X1Xp= 81 23%04+P12 3%p2+b13 oXoX3
X1X0= 21 93%34D12 3%pX5*D13 2X5”

(2 xoy ¥ayxg 1 T x3 0@ TF 1 AON
X1.23= @1.23% D 12.3%04P1 2%3
X2.13=@2.13% P 21 3%14P2312%3
Xp=Na g3 1o b3y pX1+bo3 1X3

X1Xp= 82 13+ D21 3%12+0o3 1X1X3
XpXg= 82 13%34D21 3%1X5*D 3 1%5°
@B)xg ¥jxg I T xo O TP 1 AON
X312=@3.12% P 31.2%14+P32.1%2

xg=Na g qp +bgq oX1+035 1%

X1X3= a3 124+X17037 2X12+b3p 1X1X)

_ 2
XpX3= @ 3 19X04b31 9X1Xo*b3y 1%

Y1) RDI
X1, Xo X3 I N A@ % i &plyi g Ogx NA(d = BEJI
X1= 3 5 6 8 12 14

xo= 16 10 7 4 3 2
x3= 90 72 54 42 36 12
()x 3 %ixq Ux, OBexfi O UAXTI QAON POFud a)i Yaiho i1,
(iyx3 ¥ yNOy WA} { x| AGpy8B 00
()x 3 ¥a1x; ©Bx, OB ORAF d TI PAON
oV pOY.a
X3.12783,12+P31.2X1+P32 1 X2
RHS @4y bgyp Ubgyq % OOBAI N T NGN Thky Oy ex pPOJd%uOI [
Ay oAy ]
Bx3=Na3 15, b3 1o%1+b3p 1%7

_ 2
BxyXg=a3 124+ X1*tb3q 2X17+035 1 gX1X3
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Bxoxg=agz 15 pXotbzg o gX1Xo*h3p 1 BX12

X1 X5 X3 X1 Xo | X1 X3 | X2 X3 X4° X5 X35°
3 16 90 48 270 | 1440 9 256 | 8100
5 10 72 50 360 720 25 100 | 5184
6 7 54 43 324 378 36 49 2916
8 4 42 32 336 168 64 16 1764
12 3 30 36 360 90 144 9 900
14 2 12 28 168 24 196 4 144
48 42 300 236 | 1818 | 2820 | 474 434 | 19008
aX, | aXo | aXs | aXs |axs|aX |a XP?la X?la X?
X2 X3 X3

POg:3 1 % o dedeN Ofx1 ¥y O@LUN

1818=48a 3 1, +474b 3 5+236b 3, | (i

pOd %@) %i8 PlA} 4 %N © @} PO P|POFMA (i) %i AE} N| OO
2400=48a,+384h, +336h,,
1818=48a, +474h +236h,
582= -90h,, +100h,, , (iv)

P Od %@) %i7 AP % © @} PO P POF@ (i) % AE)} N| OO0
2820=42a,+236h, +434h,
2100=42a,+336h, +294h
720=  -100h, ;+140h,, V)

P Od %@) %i10 PLAFJ %N © B} POPIPOFE (VO LA} %84 AEN| OB
6480=900h, +1260h, ,
5820=900h, +1000h, ,

660= 260k, ,

_ 660 _
b;.= 20 = 2.5385

POd %@iv) Ofbgy,q %) O3y N @G¢N| OO

582=-90@2.1 =313—;)0

582-253.85=90§ -

328.15
b31 0= ——— =3.64¢
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aji Opx1 % pOg@d () Of Tt 1 pdaQi%%@®dy N } OUGD %@ eUx) Axy
300=64a,, +(48x-3.646)+(42x2.5385)
300=6a, ;175.008+106.617
368.39=64a,,
6a, ,=61.4, h, =-3.646, b, =2.5383
ye OhE pPOJ%OI
X =61.43.646x10+2.5385x6

3
=61.436.46+15.2310
=40.171x ; 40

yl x; =10 ©@x, =6 B N|x3 @@y NOWNI Ogx 40 By ]
13.9.1.2 Tii AON A} j3g a0 WOig T AON eOFDYI
(1) xq%ix, 0 T x308 TP i AON
X1.23:31.23+b12.3x2+b13.zxs
& o5~ 'b12.3b13.2

bos = O1 _Tip_TI3lo3
123= —X———
62 l-r

01 _TI2-Tols3

62 1-—r7 23
x B P1yla© Bbyg oz 8% TH AON A j#g 8] , o Oy, %, Uxg %y TOy O 6 UAURN B ]
r=pPRPwWOwD
2( XoYaxg ©Bx308 TF i AON

X2.13:32.13+b21.3x1+b23.1X3

ﬂxrlz "I 23

2
b21.351 1- i3
erzm' Md 12
b. = S1 1- r132
23.1

" 2( X, %X, ©8X,00 Tt i AON

X315 5157 b31.2x1+b X

32.1%2
b3.12= 'b31.2'b32.1
e, = O3 TI13-I23l2
312 = —X
0> 1— In
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O3 Ip3—T3lp
32 ]l=—x——=

o, 1-r1,2

xoi Xi=150 °1=8r =0.6

Xp=25  S2=2r =0.8

X3=20  °3=4r,=0.7
X, Y X 11T X, 08 Tri AON &) i x@wl6RogXxd0wix,%y pPOri o 0O; N
%y RA®n]

(I) X2.l3:a2.13+ b2.13x1+ b23.1X3
=0.278%+0.3056

b, ,=0.02780b,,,=0.3056

23.1

a,,,=25-0.0278x1560.3056x20
X, 1, =0.0278%+0.3056%
(i) X,%y PUOri @16 Ay ]
13.9.2 y OU& x 06 0U| Y ulaple distfiminent analysis)
{p 0@&D W0, @y %i| Od Ui bHMiyAd %BOAF WS z D@IOD ¥si
TiyT O yys OON Ofz W0 o3 A@ 3% ¢O OJUAGH %@ b%i ) RE P 1 %Nds ¥y TxiA 1 O Ril )
R AO n% e%U zxkUI A@ TUOUU Of NRgw Rilj) REB) OF) N
pwOU Ri Ty Ry Py;1T Rg }N pPOd zxkUIi A@l ¥ byl {P¥H
13.9.3. JAG ¥y CRAG UKl (Multivariate analysis of variance)
xR xT 31 x Of Tb@vaviate) Q0RO #y2Rg 00H § ¢O RBAPO %y y el g UAx
TPd © @yei1 UAXTPA 3 OEx y NI ¥y Rgz 84UN rpaxy Ayiy R3] {p 80 ¥y PUi O TxiA
i O Oy Ajiy RBAO s g O Uib y ExxN Of O b AR TUOUU (Non metric) Ul } x& 0% AQ
P O PRIyl G z i TUOUU AG R |R] {P T%4@xR Od n% bx%ui | RB1 n%
TxiA 1 O riaxy Ayl ) RBAGH: Uib%d px} b O@gONy ¥y Od il v@ § ReAL s UAr Of ORA@ aJAURN)
yil Uy nO@ yei @1l b| bwOwkbi RBil| Ry ]
1394. F Nx e O b R b wO(@@ond) Ebldlaioh Analysis)
{b 6UkD %i 06 6&ubdi x%ON NHoRling sARWA x %i BB ] {Pp 8
i1y NN OB TiK Rg 6Dx) ¥y TxiA Rily RB] {P | %Ngs % TxiA ¥ Ofx IWiFk Ti yUA
y UA A@ipO8 Ofab|y Ux(l % y UA y UA BNy RBRANOS 3y {N TiNl POB! %4 y Ux(1 34 OE x
y 0% O ORAG bRPOR PQU Ri ]
1395. F Nxi Ad O0UHUSf YI y1 (FactoBAnalsis) 8 OHU| YI
{b @D ¥y TxiA Uib y ExxNudf TxEl RiN| (Ug 80800 ORAD | %Nga Of bUpd¥s TAUI
i %Nd¥% RB] {P 0UkD %y Txi A by O RAE ¥ Ug W xg Oy OB
TxiA 1O PUXEl Rii j RBAO o% Thi x| Ax| A@ % UAXOF A@ Of OOGWU yei 1 NOG } Oxd
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Ayid Ri1l pp 1 RgpPANpEON Y@DARI | R ] AR s upd xR a0y %
OO %A iEx ABP| n% Lep¥agz¥by x ©@ T NUp xR yiU;r ¢t NU;p 2
xd ypvay PIORY Ul g% Q@ Oy NKOIN %@y Ri || {pd 80D ¥y Rg TxiA }OxEI Rii ) B {P
TY4@ b| HORE Reris {P | %Nds ¥4 TxiA b|AG % O pOB O bl %A Tii iNkd AG AN z PN RE
RApP3%y zby @ A@l % OEx Oy x ApN| Uy Uy pPRPwOwdCctoksi |
¥4 ONI Nx|A@ % ¢O Of TxIA %@ b¥%i | ;]

PNxiAd QOFUYT 1 %Ngs gy Npe O0dxhugil d R Ozl i xR z Uk NRaRriz {N pOd 8dx)
Pl O&@ O o3 PON Rgz x[Cxirpa x1 Jl xOf PNxiAd BOFUNT | %Ng4s 0% o3%U 1 %Ngs NRgRyy 601 ¢
xB | %Ng/a ¥y 0% UAXRE] PNxiAd 0OFUYT  edxAENGN Ri-
" T(¥ eigx 6U0kbD
" T8 N AE¥% 0U0«kb

Principal component 6 Uk D %) @% O UHAHU| Y1 3%y NGR:OfKj 109% zR%E] RA
% CFl OB % o¥% AE% % Aif bOB Of PHURYT %N % Ux| riwxy Ay Ry ] xB d x| Bx|
PANNEOY, A@ %4 POB ¥ayz d % gx)Ex) TH | %@ ) REPJl Rg bj&x¥ax PORF 3% Uox|z Uk
yOxU Ti3 N %@y R ]TT Ob T&UAD RHofelEing)uiip1933 Of nwxy 1
THED%: y PPN % a)i v%@N| % Ua {p 60D ¥y TxiA y Npa awORn w0 g rfaxy Axy ] RApQ
A TOp NN @]
y Ui %e @86)) @O o N @968) b'd z @ O19BWE x; AIP3)'Pd = H wWB75) ONP
@) A1P75), T%) U ©@ @®yRAN
13.9.6 POBN @XFUYI (Cluster Analysis)

POBN 6JFUYT 1 %Ndgs 3% yel Ak 6080p A@ ¥ PO® Clusters Of UAG4 ¥ |Ry] T ¥%Nday
¢O blavs POB O }N POJAG % @& ) Ajiy RBAI s o TRGP|IICA BRI @ P| PRPwWOwk D
Pl RgiR@pOB % Ad b[}N¥y brRP@RY OdexBi O Ril ) R} P | %NGs ¥y TxiA Yu@N| ¥4y }WI K
xR Oy UAIN) Rrfs o3 POO ANpaxy Ol ud Ny % O pOB ReAi s PONI j° upp z D)@ OF
ANy T U ARJAx| R ] 6JUY¥ 6JAUYI (Discriminant Anaysis) % 06 UO0O@gi {PpP OUHU|[ YI
P| Rg PNRAI x| Ax| POB NRuAN[ Aji [R] 600K ¢O pP|GA@b@RJ UiD vy ExxNt Of{Pp 63d ¥4
Txi A 60U0lY ¢O Pl }gU|l¢Ndgx BB ]

{b @ % UAFOOIMDS | %.Nd¥% Od #%BIi| RE¥Pd{ ®doUEBR & o¥
Of ©% P| ykb%u ywl yT Uy 058y Of Uibwmul px wWUOy@ 0O;
z D)@ R Q060D UiAl WOg e0x|Ax| Thi %A y W i % POKN B by [R]
13.9.7 0000} 1 d(Mi&dAinensional Sealing)

{ bl %Ndg% % Txi A }b yUOrRTp Of nwxy Ajyiy R AdOn#%
%W OEx zkUi pbpwybwbp NRguwy O xPr&ARCP REI ©ZRPIT Rg U]
1398 yTgxa b wdA N fLatén{Sthutur¥ Analysis)
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102 O jxd Axd ORAG aOFDYT vy bOd 1 ¥Ngw % ydi @i RO QF 6FUYl  (Path
Analysis) | %Nd %1 %3 Od Ul xN %@ pP%i | BB RAP% n% } OxiA
vy IND@ R frgaxy Ay p3%ip R 1 O3 1 OUHU[ YI UG %) (Bioldgig) b U>»
HO| U @wel \Eright) N [1934 Of rfaxy] xR @OFONYT Of b| Ti AONI 34y U] d (A series and
multiple Regression) 0@ z by 0@ Ri i} RB]

O0i P BAN
0-ORAGK B UHU| Y172 Cx ) BB o)
1.TO08 ORAGK | ¥Ngf ¥aN PIRE? ]

3.0RAGK T dDAON Cxy BB e
3 -INxedl PR PGOeD AIFUNI ¥y OFx IWIFK Cx) BB? o]

4 %) @% OUHU[ YI bl z0D Cx) DPOAI | .RBieieeeeee )
5- POBN QUFUYT Cx) BB?2 ]

13.10 Pwx i AN 0(Odmbihattoh Analysis)

BU% b %y Téx| % TnOxy Of zkiIx% I ws %y bPgU ¢gO A
alUhE AP 1)

xR ABGEUI} }N3%y zklix¥% AvrieUxkbxl w0p@y Ai #®l; N
Ay puid B }N%uy 06U0:c:O0eNWAF PP UOPOY Ay | pwrky AR

{b T3@ OAIUU ) POO ¢0O b| AOeN H N1 WOig TOp Ab @dx1 ¥ Of xi 1 8JOeN
pwuxi ANl W0, @y gxCi gl i RB1] 60YxAi ?PNIixl Ai n#n O
gx) Ub) ? x,%WaHKAY %H@ A UUnABHEE x| P) wWRéEXxX%Uyx zD) @
OH O OfpgadH N ¢O b Téxps H N Oz OR8U NRgu, | [’ }NOf bl %A O OR0OH xBi b |
R ] AOp. A Chk ORBURN Ril | R =% bjx¥ax z DI{b TWDTO, ¥yxj %y ORA} N %G|
geUo zUHAx3% BB Ai n3% n%pbd a| s %) nOx; &ed% ¢O b| TrPirv

pwxi AN @UAHU| YI Of OpU pbPuwuxi AN TI| U 3%y Od ¢gxy) ¢ x|
Of yeGeN %y AJN| OUg TOe, ObUl % bOR ¥4 URx bejAN ¥Ri |[RB] OPUYl 3% a3y %y
b bl URx) 3% bwjAN 34 y ExxN 3y ORE0UON xPOA& Aji ) Rk UiH U Of ObUl ¥y Tii ¢ O URALy
Tl ¥, z d % 17 ) %Y% Yoy PORAY: acOWIRFET 34 AF 1 % yexieb rDx) ¥y O 10 Rii ) Rk {N
ie01 3% o6UAU|IOLL ¥f UNe & 108 ¥y b)OWRYs yExxN z d % }QI Kk RB] Atpd
Ud Um74) N{UHx bPujANI 34 y ExxN 34 ORE0 ¥4 gxCl %@ | ¥ Ry Rirgs B0OeN a gl Of Opul
%) yYBA Or&U Rz p¥a pOAN| % 0o Urx PwjAN 3y yExxN z UFk3% i@ UG Ol |
Urx pPwxi AN AUxw ' pPOd %) @%1 %y ( by O%Up &860% beéexiy) =R
i1y yp¥ o60i@ Trigodl 3%y Od o060 N @ g O % R
pwuxi AN 0@ 0UA; @ %@N; zUHx% RE ¥ N 1 y%8 %A Nga@ii
Y%t ©%) %y OPUl % O6UHU[YI w03 @, NRguw ORg¥% }N¥% bPuyx
pwuxi AN ONy N| %y 08B 6QkDUgU®l g REB] {49674 Ay WNPE
'1958) 1} OHO963) Q0¥ '1964) N| OUJAy UA axdxhugH 1801 3y RB] y§x@'1969) N| Od
0% N| 6UkD %) Txi A n¥#uxy Axyp RB {pP¥% P31 RBg buwxi
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Txi A 3%y Ajp N| 186p)Ugl 1N | @OyN196es) Ui ) © WxikAyvs bafN; 3% aOFOYT O TxE
11195759 %y OU0UkD % Od }Oxi A pPUHx buwxi AN T NDy x O@1 ¢
pwxi AN 8U0RHU| YT Of ?TNGN 6U0kbxh % O Of zid RB 9
- U vy ex i © GUAUN 6
- Ei| %y 6U0UkbD
T30p %y 060kbD
@0y }guU; R B8U0kbD
- ENx@g z3| ¢
- NlgpR U Rr| 6P 0UKkbD
- Yy x ) x80Ppgd pPAYyey 600
02-0/-0 0dg0@ 3%y 60«kb
Urx puwjAN O a0A) %Nl QU1 O Atbd U@ '0843( PUXT O RE } N3ay exfii © 6JAURN
a0 ORAKAK RBIT ) y ¥y O a6dxh U Yy 60D % Rg PUWidl ¢O RE] }eriNf URx-P yx i AN
Ti 1 U P RNRAAIe ¥%@N |1 T ¥x O FEPON Pk pufi gex 3% OEx OFAOJ ap ¥4
UpaD rivax)] 1 b OFEU Of bBDJRI % z By xR RBris OpUl 3% y WAk O PON ¢O bl 6Ji @ Ry]
ABy ¥4 0% Dlex vgY Of Ul Tii Ui vg@vi OO o% RgOPU 3% y Ak RBiINgA®@= ] x61 Ti OP
BB T & Te&x| % %) ,6iRgAPORAU[ THiIINQT O@ Téx| % ¥ yuwi AxIi
RiN| OB Téxps % 0/ Til Ul gvi OO RiIN|AydRe | {p PBURI % B ¥ 3wy i BNy OF 60v, A o
Of P| %@ xi Ralx 7 NR AR RBIN{#3% U Téx3 ObU 3 apoOU 3y 33U ObUl %
a|lsou p| TriUI &ayi %oy }terRf AEI| OO0 Of @¢) Ayiy
oy OPPT O Ti ,gpWidl OpUl zd vy POB Oy Uj | R3] Tex#% URx bPujAN 3
Ui 60% ©@ pPBWUy Rel % TPIiUI a|soU %) yuwi @Stangaid %0
Deviation Method P| exgl O GJAUN a0 (U; Urx bPwjAN PN i) Aji ) ReAG: U ¥4
}JWIT | Ax OUAUN 3%y Uy #HIBU%w 038) a;i %O NRelatike Rarkv.@ ) 6 UA
2 _ad?

ueNy T3 1 {peUx| } ef@#%Mp UTFON O PoBA Vaance % bar ° ~ n %y
Txi A n¥%xy Apiy BB ]

xRhud %y [ 3 &80xx OPUl ¥ bBWU; Rel ©@ U, Ai &% Jé Ot
PwOwk Bi  PAPUIANLYOfPwWE xy Pl RB ] RAP Ufx pbpuwxi AN Of
exfi O TPG '@O[( Rily BBURg { b { 3% | a|ls %y URx pPwxi AN O} ¥
T n Oxup| PAHORE R ARR 0% ¥ygON RAU| %y }TIRA THIF raxy Ay B8] 3 b} 1T 43 BR@T  «
ObU ¥ Ry @ 1 Ax) REFAANYy aBOU 34U vgvi O 34 apOU ¥y 0 Thi Ul bly ®©¥% /]

} Ty R-@abs UG a0eN ObUI % y AT xO0 {P T¥4@ RS

o o~ WO N P O
1

Qly XsgWw puk tSk xUuk dikl
{ks=Qy 7201 37 29 14 12 8
gSBY
day d f'’krHEk  37.0 29.0 14.0 12.0 8.0
dk iz
{N ! %El 3%y O1IT PpP| ?PNGN T% @ b| bPuwuxi AN ?NBDy x¥?1¢

Urxowxi AN %@ Al Ny
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la;kstu es IS}akfrd | okLrfod vUrj vUrjdk ox4 oxZ dk ;kg izl.k
Qly la[;k izfr 1 zfr
{ks=Qy | {ks=Qy
d 100.0 37.0 63.0 3969 3969 3969
nks 50.0 37 13 169 610 305
50.0 29 21 441
33.3 37.0 3.7 13.6
rhu 33.3 29.0 4.3 18.49 404.67 134.89
333 14.0 19.3 372.49
25.0 37.0 -12.0 0144 450 112.5
_ 25.0 29.0 -4.0 16
Pk 25.0 14.0 11.0 121
25.0 12 13.0 169
20.0 37.0 17 289 614 122.8
_ 20.0 29.0 9 81
ikap 20.0 14.0 6 36
20.0 12.0 8 64
20.0 8.0 12 144

{b TvD exfi O TP@ A OpPUI QU| Urx-bujANi OfRE] {P ¥4@d {b FRAU| ¥y PujAN AR N

©% AeNy %) RE]

UdU@ % {Pp OREU %yt MGN RBUIi ANy

0- {pOf pPOd OPUl %ui pPOJN OREU 61 x; Axy BB ] {pPOJ
x) 11 OPUITEIN R I T yex Ad Ri AR s AEKN NOR ¥@Y Of Rl j 1]

1-  xWx6 U N[ '0845( QUi {%¥%y| % z By OB QUi bwjAN TI U ONyxy Ozl ¢ Urx PejAN 34
Py 1T NRgw @¢ P¥% ]
{pelUa ARhQUr© @ OpU1 ¥y Q@FOW. baR ORSUCH xR, U AE Al | R

2- {pPOJ §gxRCi O@uni, ¥ PQd ¥#m01z0830 Rk OPUl 3% AxN n
NRaudR Y o<l 3y bAID; OB RO® Ril | RY]
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{PO] NRg @¢) Axy BB ]

{ Nz Ui ANBGRilj|rRe OJUHD 3% OFEU 3%y 0H G TxiIA Riljz Ry RE ]

13.102 Ei | %y 6U0kb

Ei| 3%y 06U0kb Od UJU@ 3%y 06U0kD %y bPwlUikdi ¢0O0 BB ] {
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T i $0g TH P Urx bwjAN R] ORI %2 OIN
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Table 1
Degree of intensity of fuinctions according to the position of town in any of the sub
triangle of triangular cordinates

Pridominant | Sub Triangle Secondey Functions
Services I Low industry, medium Trade & Transport & high
Town services
Il Low trade & Transport, Medium industry and high
service
Industrial I Low Trade & Transport, medium Service and high
Town industry
\Y Low service, Medium Trades & Transport and High
Industry
\% Low service, medium Industry and High Trades &
Transport
Trade and VI Low industry, medium service and high trades &
Transport Transport
Town
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Nelson & Harris Classification of Service Centres

S Centres Percentage of employees engaged in different functions
No.
LS Mfh MF Tc Ts )
1l Va Vb VI Vil IX
1. | Banswara 1.13 7.82 9.40 21 5.87 41.16
2. | Kushalgarh 1.41 1.68 3.82 25.34 3.02 33.85
3. Ghatol 15 6.80 2.55 11.44 0.39 13.45
4., Lauhariya 0 3.95 43 10.78 0.21 6.72
5. | Garhi 0.30 3.01 3.81 451 2.51 30.39
6. | Partapur 0.29 8.27 12.17 19.39 0.38 26.62
7. | Bagidora 0.48 4.74 12.17 19.39 0.38 26.62
8. | Bhuhiya 0 22.02 0 1.26 0 25.63
9. | kalinjhara 0 15.15 1.17 15.15 0.23 9.09
10. | Sajjangarh 0 10.90 6.81 14.44 3.00 26.16
Mean (X) 0.38 8.43 4.22 13.16 1.58 22.90
S.D. .0.48 5.86 3.82 7.09 1.82 10.64
Mean+S.D. 0.85 14.30 8.04 20.25 3.35 33.54
Mean+2S.D. 1.33 20.16 11.86 27.34 5.28 44.18
Mean+3S.D. 1.81 26.02 15.69 34.43 7.14 54.82

Note : Here LS Livestock, fisheries, Hunting, forestry etc.

Mfth = Manufacturing in household

MF = Manufacturing other then household
Tc = Trade and Commerce

Ts = Trade, storage and communioati

O = Other services

13.10.8 ¥yx 0% dYg84 bPAY4ey 60D (Functional Specialization Index Method) :

{pl PUxTT O RAROT N| }Oxi A O UNADOEDapxyRyx<ef {
UAE%@l n¥wxyp] xB 060kD a| 8§ % % x3 xed%w UAexw@l ajp N 3
(PO OF ap vayz O Of co-relate %@ OO0@I% P MMy 1| By ] AdOGn% KN| UPK
Functions %y T? 1 Ui aj i 3%@i | mdujtrial{Rbgiod DeknBateW W3y Ay b %l |
xR @ NUPN a3 % pOIN NRguysrizel u{POf Tii Ui 34 H N O Functional Specialization
Index a3 I %]l nOB } N¥%ptan@ydBeviatonyWJ | || RB ] Oy %y by @g
Rl 6p 60kD % bOI N RE]

F.L:\/N\leOOXPleoo

Tw TN
x 31 w
F.l.= Function Index  ¥yx8O% ba¥aydly
N,,-= No. of workers in a particular function of a centre n¥%»wpbd % es % BU0U Y %y

Yay bPuwcé x

T,,-= Total No. of workers in a particular function in the whole study region PG xy ExxN

als Of }pb 0U0U|lY %) xx Of UA| Ueg0% 3%y buwé xy

P,y-= Total No. of workers in the study centre Yes O PAO xUD¥a ¥y Payy
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Ty-= Total No. of workers in all function in the wold study regions. PG xy ExxN ap Of UA|
Ue O%1 3%y Puwé xy
113 R@1 9
Pl Yes Of ¥yx@O%: PAYyty ¥4 ONN
Showing functional index value of Service Centre

S | Centres FiLs | FIMfth | FIMF | FITC | FITS FIO egRo
No. Functions
1. | Banswara 435 | 10.38 | 18,57 | 25.79| 18.15| 37.35 |Ls2, Mfh2,
FF2, Tc2,
TS2,0
2. |Kushalgarh | 255 | 1.05 | 3.56 | 14.67| 4.40 14.48 | LS, Tc, O
3. | Ghatol .26 3.96 221 | 6.17 | .53 5.63 Mfh
4. | Lauhariya 01 1.96 32 | 495 | .24 2.28 | Diversified
5. | Garhi 045 | 154 | 290 | 214 | 299 10.62 O
6. | Partapur 44 435 | 952 | 943 | .46 9.56 Mfh, MF,
Tc
7. | Bagidora .86 2.93 1.89 | 476 | .30 6.71 Mfh, MF,
Tc
8. | Bhukhiya .01 8.40 .01 45 .01 6.68 Mfh
9. | Kalinjhara .01 5.09 .58 470 | .18 2.09 Mfh
10. | Sajjangarh .01 3.38 | 3.15 | 4.15 | 2.17 5.55 Mfh
Mean (X) .89 431 | 427 | 7.72 | 2.94 10.07
S.D. 1.37 | 285 | 558 | 7.09 | 5.29 9.77
Mean+S.D. | 2.26 | 7.15 9.85 | 14.81| 8.20 19.84
Mean+2S.D.| 3.62 | 9.99 | 15.42| 21.90| 13.46| 29.60
Mean+3S.D.| 499 | 12.84 | 21.00| 28.99| 18.72| 39.37

Note : Here FILS = Functional Index value of Livestock, fisheries, Hunting,

forestry and hunting.

FIMfh = Functional Index value of Manufacturing in household
FIMF = Functional Index value of Manufacturing other then
household
FITc = Functional Index value of Trade and Commerce
FITs = Functional Index Value of Trade, storage and

communication

FIO = Functional Index value of Other services
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Name of Total Cl | Al Tis] MQ [MFH] MF [ cN [ TC | Ts | O [ Functional
Cities Working (Percentage Value) Type
Population

1 2 3 4 5A 5B 6 7 8 9 10
Mumbai 2198098 | 0.12 | 0.13 [ 091| 0.8 132 | 4096 | 3.04 | 2.36 | 10.77| 20.26 MFl

Calcutta 1165542 | 0.01 | 0.04 |0.37 | 0.04 | 0.66 | 27.12| 2.41 | 28.28 | 13.56 | 26.76

Jamshedpu 13599 136 | 214 | 061 | 017 1.16 | 56.34| 4.13 | 1240 | 7.44 | 14.34 MF3

Sharanpur 61117 141 | 146 [ 095| 4.03 | 449 | 26.83| 2.62 | 22.65 | 17.12| 27.39
Durgapur 56734 372 | 655 | 08 | 108 | 3.65 | 34.07| 478 | 9.23 49 | 21.27 AL]_

MF

X 281 | 329 | 1.34| 064 | 581 | 23.21| 4.33 | 20.60 | 11.65| 27.40

SD. 224 | 2.84 | 1.58| 448 | 9.11 | 10.75| 456 | 4.95 | 586 | 853
o 505 | 613 | 3.38| 512 | 14.92| 33.96| 8.89 | 2555 | 175 | 3593
X +1.8D.
o 729 | 897 | 496| 9.60 | 24.03| 44.71| 13.45| 30.50 | 23.37 | 44.45
X +2.5.D.
o 953 | 11.81| 6.54 | 14.08 | 33.14 | 55.46| 18.01| 35.45 | 29.23 | 52.98
X +3.8D.

Functional Types

Mumbai - MFq Calcutta - Tcq Jamshedpur - MFg, Sharanpur - NIL, Durgapur - Alq, MQ 5, MF

14.5.4 vyx @Oy, OUYg4 PA¥aty 60 (Functional Specialization Index Method) :
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Center F/ICL | F/AL | FILS | F/IMR | F/Mfh | F/IMF | FICN | F/TC | F/TS F/O

S.D. i - i i i - - i i i

X +1.S.D.
X +2.S.D.
X +3.S.D.
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Group lewg Function dk;Z Census Industrial Categories
Tux.kuk JkSfxd oxZ
A Industry 345(AorB), 6
B Trade and Transport 7,8
C Service 9
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1. % Relexd TIO Up O Ad ) Rgii xB ONy Ajiy Rsrps OB AB s U@ %) yeéx) kb
Balanced Composition @& 1) Ry T ik i i A@ %y Toi Ui O)8; UAGA POIN ]

2. ¥i| Roelpwalik Un OFz iy ragii Oy Ayl Rres Ti O %@E ¥y YyxxOexO Balanced R = Uu
y e xFunction OE x ®oderate R ]

3. xd vi| Relritgk Ud Oyziyrgii}p R O T O %&E ¥y ¥yxxOExO Accentuated R
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4. x4

Vil

Relititogk O bl ORD z 1) Rgii }p R

Accentuatred %y U 1 d Of i1 Ry =w0w UlY Ti % xx %O
RORGD 3 rfapd)} O ROA O ribd v Yy Rl ¥ % z Dyd OB Yyx1 3% ANED 3y O3
Predomient Function Sub Secondary Functions
Triangle
(A) Service Towns I Low Industry, Medium Trade and Transport, High
Service
I Low Trade and Transport, Medium Industry, High
Service
(B) Industrial Town I Low Trade and Transport, Medium Indusaryd High
Service
I Low Service, Medium Trade and Transport, High
Industry
(C) Trade and Transport I Low Service, Medium Industry, High Trade and
Town Transport
I Low Industry, Medium Service, High Trade and
Transport

O T1 O %&E % ¥axx Highly

VIR@ 9NN }1RG WG BY4l pu@z @ Y4 TxiA %@ | Rx| NAG ¥y Yax g0y H0¢O TH f

%OD x| ]
uxj % of A % of B % of C
eSuigjh 20 34 46
cSir 27 38 35
Ikj/kuk 42 25 33
fQjkstkckn 64 23 13
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14.5.6 POO y1 O O PAYyt4 6 (Compsite Index Method) :
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1 2 3 4 S5A 5B 6 7 8 9
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0

-0R TAT RApmky Npd %@ | Rx| pd ap ¥y ANPax) fupd Q00 z K % mOx) Yy~ @
T1 6@i Riild RB]

1-RANWNPG %@ | x| %| TNO) }WxiA © @ ANpax) reRg O | PapAl ap Yy~ @ Pt
al sl %y "@ yOp@ Rild RE]

2 -'a) Ugf 00 U AN AF jiy (b) OFE bigsi PaAYyey
) WbHRT ) Nd%al yURHAIT ¥d) sl PAY4

4. x61 #HIT | Ngd%I(LQURKHT O NI} BB i }pbp }Wxi A %y O5 AdIl
%0 %y RHITT Of } b3y O3y Adiy @g %O Oy Nd Ajid RE]
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5. RAp% zD; @ OO T3i1eU% ¢0O0 bp| nwupd AYi00kD % Puwyw
Oi b TAN 9
1. {P¥% eUx| @WixiyohaA Odix)0Ug¥y RNy z Uk RE
2 @ 0dU@ U 00y }gUI R MRUKk®PRN U R| 6P 60k D
() YuyxgO¥: UV PAYay d) pufi PAYyty 60O
3. RAp % es ¥ eUx| Oy N bP| ykb¥% ziy) RE]

4, Cx1n¥% {POf] n¥%bd ¥ esb)dyl }BYybDyxad 64O PEED ¥y Od Al Ky
wy Aypid RB]

149y §xy Py 1T x THN

1. bwu¥ si 1173 00@0| al %y 0U£0eN B80kbx1 % }YgU| ¢ %y

2. wbdrO<El YT rG WO H Ngud y ORH ¥ 3y }gUp %@x]

3. OWxi kA% TI | U p| =RB{PexTOr WA 3 }gUp Yai x]

4. YOxEl k@ p&i NgpN O @ adx1 ¥y }gUp Y x]

5. ¥yx 0% QUYdd bdygey 600 Yy 60H § Q00RR) vadx| i1y xB O x| §s xB 6D yex
adx1 Yy i PNy Of Cx1 1ad OINgA)i d Rk

14.10 b wyi Ox (Réferdnce Books)

1. Aslam Mahmood (2002) : Statistical Methods in Geographcial Studies: Rajesh Publication, Ne
Delhi.
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ofice, New Delhi, 1967, PP. 35-81.
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1995, PP.189 -210.
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Review XXXIII, Jan. 1943, PP. 86  -99.
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Vol. X11 1965 PP 40 -53
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{ %1 : 71 3 P N% ,ykiizxinOxy o0w ANPwéxy Tal o
(Spatial Distribution, Interaction and Population Projection)
{ %4 | %y ¢009| ¢}
150 } Wi | Ax
151 THI 3 ONy
152 #T } ¥ N% 001 @1 3%y O00@0y Yy U {pP¥% Ti¢0 %i a3l %oN
1521 03 O6di AN&U Trigo
1522 Uy @f A UO
15.2.3 KAIN %y bijesi PBAYydy
15247 N%EI O Tv iUl Ud 6UHU| YI
1525 UAx O 0AU| YiI B80kbD
1526 s e Ri Od O UHU| Vi
153 yeil xnOxy epWbyei "00@0; Yy U 8U0kbxy wl(
15.3.1 y el ®Ox} bAYydl
15.3.2 exBN ¥y Age0 iWixO
15.3.3 ¢ 9 gx)Q@ Agel iNx O
15.3.4 y UAJU el rebWDjel
15.3.5 NORN AgaU O)fU
1536 ANPwé xy; 000U 6U0UkbD
154 ANbwéxy Tal O ' 00g0; vy U 6U0Ukbxy w(
15.4.1 Rl g & i
1542 OJAAZ1 i dx @gt i xy) w
155 b} @1 wuU
156 UGT 3 OUg
157 0i b THRNY % 1} ag@
158y gxy Py 1 x THN
159 byl Ox Oel
15.0 } ¥ I |(®bjectives)
{b {3%)]| % yExxN % }O@,ei zO pPOLE bP¥% Al n% 9
34.7#1T ) TN @l oR4ye Ue Ok B x § w
35.yeinOxy ayi %@N| 3%y 6Us£0eN 0U0Ukbx) w
36.ANPwéxy Ta|l O %y 0000 Yy 0Uk®K] wuoN| %y 6U0UeOeN

15.01 THI } Qrdrpduction)
ANPwé xy %) z%3 @ 1173 Ybp¥ a|lsdx 060314l z04 o 834 by&(
%0 ANpax; @& N QU y 0P %y TNy Of Tay y % Qxd Aji g R 800eN AJ 1 &k 83dx)
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WUy @) {»o¥pUAPBIT) 0 %i &yl n¥%xy Ay pxuiy RBB] {bpd T
% ywit nOxyp Od ykb% Ri Ad] {PbP% TNDp x@I ¥ esi %L
PAUD) uph z DD O riwxy Ay b¥i ) Rk ANPax) Tap WOg %es! %y O3 Ud ANDPwé x|
P1OIRY: z d % O)0dy NOIN UAp<y Ay b ) RE

15.02 #1 j ¥ N3% @9pdti@Distribution)

BR1] yONd a|sdx 00@0; ¥)0 #H| B syWysi DR iR bl j0) RAR:
zkl x% 000| Yiy " w Pl PwOwkbdi Rily Ry ] ykbBUpbP1 Y
P NOXx@ %@iy RBv] % esl % z%1 @ %y }N¥x #H#I 1P N% TP
yk DUOH @ %0 RAJyT ikn0 Qb Qb RIAI A0 y 3 ANPax) @ Nl GU| y ®UP1 3% OA
Uh 01984), CUy ¥%x 01968)3(elbdg = 0 4958)5 @d b B[ 2966} g Ac'1971), RH O1
'1975) © @ OfY O x R

H N 3y z Ok 3 ) oOuy OUPY %y PO 1abd ap Of YOUD H N 3% y Npai O } OxiA %
ebWUOyel Pl R1T ] n¥%ubd a| 8§ Of ykbUypPl % pPUriod yui
Uy Ul Ui Al % ykbUp b % }Oxi AjORa%uD PP &) Dxyyl &g
dkON UH O NRguRy] y 8l xR y Upl 3% Ul QN y gl 3% 0o Yad px) A OIN TrOx) ¥4
PAl ¥d dRE] y WgUN 3y bGm Ay WUl YRacking Theor| Od R Ai 80t Qe
UH 7 wayOful %y yExx N %@l RB1 ] ywi @y 0 ayi %oN| % eUas '
POP| OBU|l Txi A UfBED O E heBilf P [Mes? % }RoyTag AN P wceRog|
Pl Yesi PP 2B Yyl @O OORT % ¥y Txjp riex) ]

Isok dsUnz nwjh Yafdeh tulaf;k Isok {kédeth ¥
1. Igjok 7 800 45
2. xkWao 12 1500 135
3. dLck 21 3500 400
4. NksVk 'kgj 36 9000 1200
5. dkmaVh flVh 62 27000 3600
6. ftyk eq[;ky; 108 90000 10800
7. JKT; jkt/kkuh 186 300000 32400

apk Ui d TO Ay YN ¥yli adxhs
1. Af 180% a0
2. 0, 8,80% 6U0KkbD

1. At j80¥% 3@ (Qualitative Method) :

{b a0® O FEUE ¥ ONKASuyay PRxT § b iabd Odap Oy Ul ¥y Tl ¢O OUD ¥ | ;]
ABlpufl, B| ¢ § ¥ ¥%UyARAT oluiB z d]
i ¥ xR e O apl % U JOxEl NRa|j
2. 0) §) & O¥{Qeadtikabve Method) :
(PO OF x AUPxJuiNGN R}
15.2.1.03 6d1 AN & QVilpdel Dty Pattern) :
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o-oA- @3 ROebN 11 ;1946 O-ywo(p1Ch BN T ¢Q pay T¥a8 ¥ ARK| 3y Txb
n %xy ]
o0-Of Op AeN|gAH N 3% OO0d ywUPl %4y wi @) U 0@ yExxN nwxy 113 1}
VAN % 0o TNGN P8 ¥4 TxiA rfaxy]
1.1248d-%
2

GOd AN TH ¢O %4 g A
d= ANg& U

N=ykDU} P} 3%y Puwc x|

A=yExxN TIi| U 3% a|sou

P Nh %Y x

y 0% ANED yoUpl 3% OA %y %0 1@ % TUXA 113 %0 ANSOD y % 1@ % TUxRA)] {p
zD @ OO T NOWTIAQAWOOd O x13yy@gU ED Ax @) O x3 1T 0 N[ &y i r
G000 OAiUY § OUpEg INE Ny WU a )i ¥@N| % 0% | INGN P8 ¥y TxiA rfaxy J

D:\/E
N

D= AN& U
N=yExxN TT|U 3% al|sou
A=yxk DUy Py %y bpuwéxy
(P & ¥ UANYN| % BU[ xB g0y vay Al e O0d y®Ub UgED rOEEIUD 3%
yhE¥4g x OO p|laJi @ R] AOyiygUN Qb RBii yUP bi#esg RIA[] y iylgUN 4 TaA  RiN|
0@ n¥%%yl xpg@dg Oy 1 U3 ? NxeU@yix @@ Nijgod O00@a| 601 11y vy
0@ Ui @l Trigd x)y dRcA% Oy Ny Aypiy RE ]
15.2.2. U} @| e ALoréh@e Curve)

Uy @l eA UO ©o3% bPwAxdg Tri Ul 00 Ry] {pP3%908 OF I © ORI |
Pw¥ esl %i ajol nweaxN| 1% }ePd URG|l eA U0 %Ry Apiyp RBE]
UpeA 00 o Rei g o a0 Rk Ui ON pOx Of{b ad ¥y TxiA OAIU % ap Oy bl %
Pw¥ esl oUw zkl x% nOxy " w % bPw¥ si % a;i %@N| %

et & O OZe¥% UgA 0O ONy N| % eU=s ¥ NGNeUZ¢i O % &y

pOP| ORU| Ogx1 y1 U OEx Keit uyh PAxGxiA PNyyU| A) | R ]

yijO PAxgOYx ¥ 100 Ti Ui ON3By ex bAxdOYx ¥y T U N30y Ayl ) ®]

PAXJOYx) A TH Ul % Xya OBiTyPAxdz O A TH Ul yya OO TieUxi %@

PAug O9x) %4 TH Ui % 100 p| T) OGO #bbypAxdz O % TH Ui % op| T3 96

%@100 1 % €U¢y Apiy REB ]

5. 0b|100 %i e OU; N| Uy Ul bdbd smupni MR \N 1601 @1 G| ¢}
UieA 00 ¥y }OxiA Ofx ¢O b| 800eN apjuyay ANPax) bigesl ¥4y | DNjEO¥ y ExxN 3aN|
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PO @ @1 % PRIG Rl 7 uys OUIN| OB ey U0 NIy ReAI UyggA 00 %RUj | RE
(1) POy 68Ul @1 @ ¢1 BINUP&NeAN Bhbigesl y1 U0 ydUbl vy AOU
ykD¥% Ri Ap ]

(2) POOUI @I @ ¢y Pl Uy @leA UO RAINy OybPy RiAp bPw¥

A

3) AOUEA 0O pORII @ @ ;) OB CE § rii i URAkreges] Rg3U Od NRayxy Ayl )]

4 AOABIi Uy @leA U0 Ryw i+ Ai Uy @leA U0 pPOJdwuOI

Pegesl 1110y DY bifesl RiA]
Uhodl eA 00 W00y ykbUOyPbPl %y bPw¥ esl

dssUnz Is nwjh Yfdeh2 vi/koklksa dh
laf;k Lakp;l Lkap;l {ks=Qy Lakp;ll Lkap;
ksx | 1 k z ksx || k z
0-10 40 40 40 10 10 10
10-20 30 70 70 20 30 30
20-30 20 90 90 30 60 60
30ls T;knk 10 100 100 40 100 | 100
Y

100
90 —

o N,
0 %’/@%

&l BT TR gfererd

40 —| P@
30 — %
20 — g?%\
10 —
(1)00 9|0 t|30 7|0 GIO 5|0 4|0 3|0 2|0 1é 0 X
fdar &1 el gfoera
foa 14.1

iy 9
(1) UrgeA 00 vy O x TiY xB RBris bYesl ¥y bapgdvs O)0 1 UD NR@RH j B 00 00 ¥4
Tk %@ Rgy NOIN UApxy Ay b3l ) Ry
(2) Pax 0¥ Opx ayl v % Un kAeNd ¥y bifesl A jig sbwbjel TxiA Of U] [ Ry]
04- x-A2Nd %] Apjg¥d es

xB UhG|l eA U0 3% Rg o6WUMHJIIgxAD i)l B 1 {PbPp|
KAeNdgN| OEx vy g % z Do OB p¥%es]  AF jeg y 1 Uy begesi y NI vy T QI N riax) ]
G=Floogé_ Xi ¥i+1- é.YWH
G=Uhg| eA U0 % RADGHy SORMIL ¥ OdA zi) RBE]
X.=y ©©UP1 vy PAxdz Ut
y=apOuU vy pAxdz U
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x 6-1 G=Upx bw#gesl
G=p @ xpégesi
G=opbi bw¥ esl

nwjh Yfdell vf/koklksa dk el lap;hizfr rik4Y%2 {ks=Qy difr rk| {ks= dk lap;h
izfr rky Y2
0-10 5.07 5.07 6.23 6.23
10-20 15.42 20.49 18.71 24.94
20-30 21.87 42.36 27.91 52.85
30ls T;knk 57.64 100.00 47.15 100.00
kAeNd T@g¥MmM. .~ ' = ', "7
Y/o /o X Yiur Yi X
5.07 6.23 5.07x24.94=126.45 6.23x24.49=127.65
20.49 24.94 20.45x52.85=1082.90 24.94x42.36=1056.46
42.36 52.85 42.36x100=4236.00 52.85x100=5285.00
100.00 100.00
a xy.=544535 a v x.,=6469.11
i0[6469.1} 5445.3
G= 100

=0.1024
OD14y& DU} Pl 3% yBwkD&s BLO

G% OyRN ROLU; ARjos% BLHMG ®EA Abk .4 B x]l, Of Pl
RAP3%y O) N ykDP% Ri }bP% ORU| eUgi| R1 =aU0w %O Uy Ug
Oy N ROl Uy Rg ANy &80% RBily RB1 ]

OAil%: yNpayN Ofxit H P N3 0 0B@PBdx 0U0eOeNiy " w 20w 060eOe
Od el % pam % OF O 1K Tol ¢O % Rg FOE NRawpud } ORY TIU % O)0d 6y B 7
O PO¥ell xiANy TH i %@ ;) ;] OAiU% y RpEyN Of 045)60% adx) ¥y y RTxiA d Njuf N
OEiy A}y @R} REB]

1524 F N%ET O Tt i 0| (ldareét Ndigbhour Analysis)

OAily: y RpayN Of TxEl 0)8)60% audx1 Of IN%EO Ti UUd aOAUYT  vay ORGR %y 0%
OREOGH xH N RB] {P ORI ¥y TxIA Pd TY@ % T ¢O i @ % TUN| R 7riwxy Ajiy R)
ykbU; Pl ¥ AT 1P N 601 @l ¥ U0 OeN TrPigO spabdel |
Dispersed, Agglomerated or Dense z61 R iCdhyentional Visual Judgement %y y Ol a|
PN%EI O Tvri 0| Ud 6 UHGY byBRIG &Ry Ugtiw BOuHOhE 1 TH P rfax) A
buiy RE ]

NzEl O Tvl OUgaouUYT Ovlri Owi 1 pURT O Qi O @ T %6800 CUR3x aly Ueb (Clark
and Evans) W U) 54 Of 06 U0%e bl  Y(Ecoldgy, 534445 -53) { POJ } eRBi Npyq y«
Ui @1 % TrigoOr % bpwOwd %) 1962), xibk '1pers6p)]i j {CHipeLicyR E
i1y Ty )3? NwA19e1@p YA GOUP yExxN %@ {b Oy % UjAuryax) Axy ] Haggett
(1963), Chorlety and Haggett (1968), Yeates (1968) i T )Coleand King (1968) W Uy @3 1} N
%y xx Of OWUPI 3y aodiy %y OQgay %y Axd]
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Od Oz @) O {byy WU ¥y TxiA Q AiQU- Venugopal, Ogu O x © @ Shamma@nd
Singh+ 80 © 0 XKape@pvAAU®N Od ¥ @ SBHY Reddy, SghwR zo61 N| yoO
y ON| UiD ¥gxr Of riax)] OVOR 34 U ppR%s a0uysi80¥% RiN| % 34d  O45180% Ol % OAiU Of z
Ay Nl pPl OLAieU¥% Uib O {pbP3% TxiA 61T Nyw 61N OE; R
%y Txi A }gUl ¢Ndgx ¢O Pl n¥%xy Axyp By

~ = 7 nearest neighbour technique involve the measurement of distance from an individual

) 7 ¢oom ‘ LI t LA ] [ ¢ ) ~
J - J < J - - J < [ N + + - . J N

The Indian Geopgraphical Journals, Vol. 48, 1973, Pagel.

~ - peighbour analysis indicated the degree to whi ch any observed distribution of
points deviates from what might be expected if the ponits were distributed in a random

b T N 3 ’ [ T " ¢ m
~ J N -

L.J. King

v oy (v ‘ ’ ' B TESS T - n 2

~ J N f I oy = N = - -

points to its n earest neighbour irrespective of direction. This model indicated the degree to
which an observed distribution of points deviate from what might be expected if the points

‘ ‘ - ~ ¢ A ’ u oy A - i I R I} ’ 1L
R N [ N + < + P | N P -

Vol.. 38, 1976, Page 78.

xR OUkD yOUin#ui yei@yU ol0w zO|val yel@yur % Og
yel gU oOuy PNxO TH TUx¥%y ARNI j %y AjRad 11 Bk AQ$s y OUigd yel gU pOd Rel 1
yT1 U # )N %A OA vyo bl Tayvs TUk) R3] {p T@N¥EU TP | U]l U 80Uk D Pp| Uy
BUAUN 3%y ARNIy 1173 }N3¥% a|sdx TrigoO % 7¥TNbPy xO0@I ¥
PN%ET O Tri Ul Ud @UAULYI OowUOri Pl I dN T% @ % o000 @l
0- pPO¢ O(d x
1- x) WREAY
2- ARAI
(Quantitative techniqu es in geography - RobertHammondand and petrick Mcullagh)

{ P OWUWR|Valdgr N3y U%@ 601 @l Tri¢goO %RiValudrjRagjURNYy i3 Ret
P8 ¥y TxiA rpaxy Ayl 5]

ro

R (R) = re

—
@

WhereRy orR= ¥ N%ET O T7v i U| Ud R#AI @) w%
=" =P N%ETOGT OxUd p| ykDOy P} % vyOUinwu O3RN % ob
n= ykBDUy; P} 3%y Puwé x)

ZJ; = pd)0i cOBPdb|y QAT 1@ vy OFEx

or

- 1

re= - .~ ~
2JPp= yk D0y P1 % ARN&OC

N=ykDUy Pl 3%y Puwéxy
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xBPwa A=yExxN a|s % al|lsou
{P P& ¥y TxiA %N % OFRJ (R OB OfR\,Scalg W Uy @3 ykDUypdg( 600 @1 TT
BB ]
Ry Scale
0.00-0.09 Ob kxy bégesl (Absolute Concentration)
0.10-0.50 } ¢ A b w¥Hligh sohcentration)
0.51-0.99  ARAI Tvi ¢0O (Clustered pattern)
1.00-1.19 I 580 T tRangldn Pattern )
1.20-1.49 pO¢g O ¥ (Apdidaehing uniform)
1.50 and aboveDispersion
Ui | Gebgraphical review of India, Vol.38, 1976
vy WOg xR8 Gl bufl gex y Oy % NAGx y bl T ¢O (Urban Settlements) ¥4
i d T ¢O % Ux| TxEl Yy AxdARAUR, %3 O0.7M P (138 1 % 06Ue OeN @y € x)
wNy xE¥% @) ¢x %  NA Q@yrkan gettlenmeptdPatiein i g0 Oy §) 8 0% @gt i b
Rl r74NOB W0 OgxRgR, OB Oy Ny %y } Oxi Nupn %X NhAwy 0Of} 6U0e OeN
Approaching z x} AP n% @) &¢x %y Od @Ry ]

Nearest Neighbour Analysis Topset no. 440
Bhatinda & Hissar Districts pSeLio- =10
E E
29° 75935 75940 29°
N5 45N
2
1 ®
@/v \@3
5 »04
/® 6 7
>0
®
8
9
®
/ '\@10
® \
29° ! 2° 29°
N == N
40 oy 1 o 40
757135 75740
E R.F=1: 63,360 E

}JT 3y RGBT 9 61 x| Ax| Oy NkAs w0y @)y ykbUpbl 3% 000 @l T
R.F. 1:100000 or 1 cm = 1 km
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S No. Settlement Distance in inches (d)
1. 1-2 1.5
2. 2-3 1.15
3. 34 0.6
4, 4-3 0.6
5. 5-4 1.56
6. 6-7 0.3
7. 7-6 0.3
8. 8-5 1.95
9. 9-10 0.85
10. 109 0.85
11. 11-9 2.05
12. 12-10 1.83
Total No.=12 a d=13.54
E)=a—d 13541 128 1ndl
N 12

'CxIps O)ONg %4 y NPyd 0 {45 0 OdJ(
r0=1.28 inch= 1.128 mi
O)ONg% y NPy z x)i ¥yUGY| =5.02 { w#.02 Od U
zxy | %) &|U&GUe5.02x568=285136 UAx Od U
es_ 1
os [N
A
N=12
A =28.5/360Ax Od U

1-128 el

0-769 el

R =1.4668 Km.
yity®Upb Pi@d d% y Npi@ xR y ®Upd Ti ¢O POZO 34 INYE RiA)]
obi yOal T@yy O a0bd (Variance x } V) b1 BN} ¥y Ay d R

4p

V= 4dp
N

d= A

x 06 V> RiliydUp) ¥y &0l @ ARAI Tii ¢O (clustered) Ri Ay ]
xoW=Ri i ykbUOyPpPl % 0600 @1 xRamRm)A® Ayl U y? NxwyRS |
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xoW>Ri 1+ ykbBUppPl 3% 06U0UnM RTAJEO POZO
1962 Of Epdaluf AufTunj) N pjOjex PAY4ey ¥4 TxiA riax) (Di)
_ o
pi= 1.0750/ d
xoDi % OQzNi)jrEg}p R Ofedid Tii¢O pitgesi yi 0 ARAI Oy A<y ] xd xB
Oy =1 ziy R 1+ }pb POgO 00 PIDI=0BP K&yi y AR Ayp P OB x
BUIl @l Oy Ny Ap x| Ayl
iqu% IR;rk dh tkWap ds fy,
re- ro
ZScore= sre

0 repi z Qai TayvyONy. s
' r0.26_136
N2
A
Zscore ¥ Oy ATl U Pyp1 x3%iy #HI @ OBETxd@scoren@i | ORN

196 | %0 ziy RB T+ xB Pypix% Oy Ny Apx| Ay sU0w 620 @i

score %3 O198 P| ykD¥% ziy BB 1i xB PypT1x% NRgw Ri Ap ]

Oy Ny Ay x| Ay ]

Ab oOujiv

1. {POfo%U olup ANDD Singlei T Multi ClusteredT¥ I ¢ O 3%y O| 1T HORE RNRBRguy

2. aB vy PO xvNy Y40y ¥%EN RBCxIpa OB R Value %i T Oy 601 %@y BB ]

3. Ax¥ Ni P NRAAT a| 8§ %y bdody 3% Oy RD %) %i| Od ¥ e
Uln%wN x61 yExxN a|ls§ O zN| UyU| nwubd % es %y TN
Uy eOU n¥wxy Ay bpuwiyp Ry]

4, xo1 Ti1 ykBDa@ WO eitRii R Tgyii QB ANJAxAd]

15.25. UAx O UAU[-YI 60kDd 9
UAx@OFDYT a0 ywUPb) 3% apgk @i @ yEXXN %m[ Yy Toz 0 Rg {p D ¥y TxiA

pUXI O BREE Ny ON| =% TOp DD -~ LT,

Methodology) Of rpax)] RREE N| {Pb| OBU| %u pOd adx1 ¥ AUl ONI [Bp IN pOd % Ny

dxy {N% yNpj@ xd RO yUbl 3% apk aUid TiwO ¥ ANy ARI | B3I i ROy UP) %

U H#i 8 U% vy (Loedidn) i Exy3 N Of @%@ YNy a|sdx T3¢0 %y

O }OxiA pGebd ap PAUI NRgupuaNy A)®x] RREE ORil x N[ PG xy ExxN 34 apOU ¥

POIN UAj O Oitgy ©Ujb1 %4 bigesl ¥y y ExxN riax)]

Aal s Bal s
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10Ax %3 a96duw B| Od-
vi/koklksa dh la[;k oxksZ dh vko fRr
A {ks= B {ks=
0 1 3
1 1 1
2 2 1
3 2 2
4 0 1
5 1 1
6 1 0
7 1 0
bigesi aj)i YN % Vo PAx6FOYT % 3 Oy Al Of Oy wEy Aypiy R1 ]
1. RONy Op| a8 % TrvrilUIi ¥ zp; @ 00O
Aals RONy, Op| al|ls %5 ykbUOybp
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2 TP 1 U1 a1l %iyNOFNT ANPap) Cxi RIAG
P =10 lakh (1+0.2y
= Antilog (log 10 lakh + 10log 1.02)
= Antilog (1.00 + 10 x 0.0086)

= Antilog 1.0860
=12.19 lakia
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Tial ¥ O O H JNjiel @ 34 z D)o 08 O)Ud Uvxvayy NOFNI ANPaxy 4y %@ UgAji drk

O0i B TFHN
1. ANPwéxy Tal O P Cxy 1j,&80xx RE

1- ARNpax) Tap %y TO: @OxuyaN bdRE?

3. ANPwéxy Tal O Of pUrad %y 06 Of %N bpd 06UkE

15.5 b} @ (Sununary)

yUbgk i d TiwO % @0eN adx1 ¥y QAU 3N % ORI nxR PNAZYXPRYUT | Riris
(PO GAx@OFDYl oUupeROd 600 y¥% }OxE1 RB Cx1n% {N 8U0kbx1 Of
yUR Y b|}b¥y i d T ayi rwxy Ajiy RRRAPO %@ % b&OLUI NRaupud | AGs y ex
ox1 O xB %Od Rk yel gOx) aji v Of NON AgeU OfEU y ¥ }OxEl R Cxlfs {pPOf
ANPweé xpy-B Uui QU® pAID) upd Od ORSU d x3 Ajiy rk y NOFNI ANPax) U yex
by Oy RARI x% T ¢ O &agCdmpowd iferesblfaw yk D% }ad O3 Nd Ayid R
zD) @ UYx %y ARmwEpeyy Ue 130gHAUI uxy Aji ) Rk
15.6 UGT ; (@ibgsary)
yel @) UR i@ % 00A)0 vy OGKRI k ¢O RBAI Oiel% ¢O b| & o Ril ) BB
yel xnOxy i % es? 3% OdA %y TO, U0 al §]
ANPwé xy: TaliN U pOw 3% z By O O)Ud OYx1 ¥y y NOIN UAINJ
157 O0i D THMN1} & @
O0i B THN
1. H PR3, a0l @ %y TOp @dxuiNGN RB9

(@ Oy O0di AN&U0O T7¢ i'tf O 0O U ANA AF joy
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2. POxT1 O ANe Wiufks dkiks Qya; I nwxy Ap i ANBE] Uykpxal s Of
%O RiAMIN¥ ANEU % a| s Of yel @) UN ykbD% B| Ay ]
3. ANgAF o 60D OJG 3%y O R|1 % OdA zG=p URK p#esi , G=0.5 o©bI
Pw¥l Gy Qb xbifesl
4. xR BUkD yUOUinu vyeli @, U owU z0% vawn yei@dypulr 3 O
5. yOUin%l vyel @) U
d=NE O T U0d by ®UP) %y Ol T
N=ykbU} Pl 3%y buwé xy
6. { PO ykDUy Pl % U0OprHIOU% yURHI I @O 3EFx) WEOf N O 3
R AOn% yex O NRguy
7. {bp%) PUxXTIT O-RO%i O 1860 | n¥xy 1]
O0i P PHN
1. yel ROxy owbjel Ti A N1 34 OA O } Ny ANpapy % y Npyd ANgOvs ¢O p| Ok k Ril d

gRIid BB 14 }R Baxyipe 156gd0 L@k k Rii g ®i d ok

2. (a) yel Ox} bAY4 (b) exBN ¥y Agel RxO
(©) ¢ 19 <)@ AF8U NxO  (d) y UAJU Kel reblbjel
(e) NORN Age0 OfU HANpPwéxy; 06U0UeOU 6U0UKD

3. yUAO el reblbjel y% }Ox€l 8 0k D RBE]

4. Cx1n% { PO AN#CE R Hesy) xOIN PaOD; w4 OgOrRsU d xy Aji ) Rk

5. Téxps Kol 1% ANPaK) % xiA Of}b Relib|lyex Relt upp O vyl @y xiA ¥y OA TN b|
Ty EI Rily RBB]

O0i P BHAN

1. } OU A4 % z Dy OB O)0d Opx1 s by x¥ax y NOIN UAN| 34 0% | {P¥y } OxiA Rii  RE

2.(a) Foelid & 6D
by 6dA AZiidgx 60kb

3. ComponentInterestlaw y kD% } Oxi A Of Ug Ajid RE]

158y gxy by 1 x THN

1. H N i @ vay80edeN adx1 ¥y @0H 6 8 UUBT T gRAX| ]
2. T RN%EI O Tri 0|l Ud OUAU| YI ?BOxEiz )0 IRE xg&RI HI® Ak ¥4 88 o
BU0U0@1I T gRAx|]

3. HpNw aid O UAxaDFDYl a0 ¥y @0Hi § a00d TdhAx] xB yex adx1 vyl BNy Of Cx1
ykbD¥% }ad O3 Ng Ajid RE]

4. yel xpOebWbyeli bl zO{0% ROAEN %0NF 3%y 06Ut OeN 06Ukt

5. ANPbwéxy Tal O bp| 201¢R@Iboa&RI fH¥ 60 O0eN o
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{ %) 16 z BIN3. | %:Nga ¥y y NTxiA1 ¥%.CE<8g pf@ Ul K,
OAidl%: PAN) T e8 aOuPOHEEUx B 1 ok 1 e
[Application of Modern Tools: Computer, Remote Sensing
Geographical Information System (GIS) and Global
Positioning System (GPS)]
{ %4 | %y ¢009| ¢}
160 } Wi | Ax
16.1 T#HIi p UNy
7 e =1:1%
16.2.1 ¥.GExBD 0¥ OGTA X
16.2.2 %GB0 ¥y by B (¥ Rp
16.2.3 ¥.GExBD ¥ay QO0VI ¥y
16.2.4 Y.GExBD ¥ay QOUYI jow
16.2.5 %G ED % TOg } OxiA
16.2.6 Y.GExBD ¥ay Odil x jw
16.2.7 ¥%.GxED ¥4 UAGQ
16.2.8 %CGEBDHOU ' ORI
16.2.8.1 HOU % TY4dD
16.2.8.2 %GxED1 8% Ot x OA © @} N34 yxx
16.2.9 .G ED ¥y UG j0Ug
16.2.10 E}J)E; Ol pP TOebN TI1}j Ug
162101 E; E; Ol P TOebBN TI1}) Ug
162102 E} E; Ol P Tl Ug 3% Uy O
16.3 H N3 PAN) TwxikA¥ay
16.3.1 PF@pPU N
16.3.1.1 PF@PUW N ¥y yT1 x
16.3.1.2 PF@bU N 3 OO Yp¥¢w
16.3.1.3 bF@ bW N 3y TrOx upUuj &U
16.3.1.4 PF@ bW N 3y 6Xyp
16.3.1.5 O)d O/ pi@pU N %y 6Fyp
16.3.1.6 PF@PU N 3z DyEdh Py,
16.3.1.7 bF@PUWN 3% pPwl| T %
16.3.1.8 ~A; x 0Un%@l bpPGOebd Pw#%ugON) xJ
16.3.1.9 ~A; x %) T%yl xN
16.3.1.10 ~ A} x %3 y UOUi YI
16.3.2 OAisU% PARN; | e3
16.3.2.1 OAiU% PAN) | e8 ¥y @b
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16.3.2.2 OAigU¥ PARN; | es 34 }WI K
16.3.23 O Ai PBRuI &3y ap
16.3.2.4 OAil% PAN) | &) % TP
16.3.2.5 OAiel¥: PAN) | e8 Of %G BD ¥y TxiA
16.3.2.6 OAisU% PAN) | e8 %y e0%gONy
16.3.2.7 OAil¥% PARy 1 es % U0
16.3.3 OOEEUx Bl | ok | e8
16.331 AdOd-ab- 3%y %y xx TI1yj Ug
16.3.3.2 OBDg BH | & | &' Adgldab-( % UiO
16.3.33 Oy @i Of Ad-Od-wob- 3% }Oxi A
16.3.34 Ag- Od-eb- %) bwvaEIl {FIiRyb
164 by @) wuU
165 UGIT 3 OUg
166 Oi b THNA QD ¥
167 ygxy by x THN
168 bPuwl 6x Oel

16.0 } ¥ I |(®bjectives)

THI by Exyx % y ExxN %y PAOI § ¥y diRE b|TNGNeUZ, |} W1k TNDEH  rfax| Ax| R -

0- %CExED % O0% aFyb % QG Of ARy T)E  3aN))

1- OINU } & N Of %.GExBD xiAl IN 34 Q@ Of ANy TIH 32N

2- H N rap( % Ovx O/ PAN; uys PeybN, OWEJ00AU| YI ©@ } Oxi A %i Ay
3- PH@PUW N | %.Ngs © @Y pP¥ay ORay % QPO 4N TIH @)

4- H Ry PAN) TWxikAYay % 00e0eN | 80l © @} Nvay ORay % O Of ANy TIH @)

16.1 T #i ; Qrifrpduction)

z A ADN 34 Texpa ap O gx)0% ¢O b| %GxED ¥y }OxiA Ri @) Rk 0ay, } W xi¢hx 1,01 @
KApaED) 11 ) {AdNxd © @ TWxikdvay bOda gl Of GxEa% KXy z Al{G Ny y O UAGA yb@U RrE
Ul OIN xA % %GBS xA YYD Cbad Aji ) R z DIN%: ADN 3% UADA r@ap ¢ Ol UIN| %
%y @1 xB Ny O%@l Py il x% Rg RBE]%UCEEAW U0 @OUTR Fa®U 6/6E i
Yy POx Oxz @1 ¥ GBS N[ 60F0PNgk © @z byN Rg NRaudNyx; RRON N eEANE 3% } OxiA b|
OU¥% AO%IAD ORGVE TIH @ Yy balpy OJ} QUMD R Al R G¥a © B EYAA Of ¥(ExED
v} Ox ib®exp PiAl % Od O pPaIDy R Al R OAIU @0vyx % yExxN © @y Ex)ON Of
YCEx BB Yy Of Oy xiAl N Rk CxED % W0ig z i) %4 bAi ) bz %Y z &1 © @ ONKAS K
¢0 dxy Ay b3y R ¥ BB N| GR © @1 BRAEU =eUUDN OfEU(Digital Elevat ion Model - DEM)
b| -zRx§ Three dimensional) z @& © @ ONKAS ONINy O z byN Oy d§ x5 R TIARHU b|
Rg O)INKAS OAIUUR) uwpy QA © @ Ojf ORE0UCL x}O%@ WD Rg RE {N¥y H Ui %
Oy Nk &gl ¢O0 Of Y Oxi A n¥xy 81Ag ap O AG0 &b | x&)04 KkgApPUa i
vy ONyxy Aji ) R {K34 NO)Kk O POx © @ U0 TiN1 Rg O2dm UAT | ] UpuN AO 1 % x| N3
I Bxy @, MOy PAN¥UOANG T Ay g Bk ¥RgNd xJuDAXO U T R T i ¥Rguf~w Af O |
EgUl % bPOI U %@y ¢|id %y Ay Nl UAId%uBRgly ®BRgw) BKki B
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Ay reyT U ¢ yUpb OfGU Ay | {N OuO@i M vay AlNvadly TIH 3N) © @} N34 y Npy@
OINKAS) Of O K Ny O’f  3EN ¥yx xRk UpaN xR ¥yxx¥Gx G © @ H Ny, PAN) TWxikAyay

% }OxiA b P@ © @PRA Py UAN| UA; Rk }OOR }R apl % Od bRy UD © @ & | O9N| O KAS
¢dwA UAIHIU BAj % YOG TAO ©FyAO ON[Re T] PF@PW N [ %Ngs b|TIH OlAie U¥%

i 80 vy NORNi O AJN3yd 4 OgN| O)NkAS) Oy il riaxy Ay byl ) Bk O)NKAS PNOk  Of %.GExEA

© @ OAIU¥: PANy 1 es T %Ngs N[N 340U }OxiA % ap Oy el t @AA)D TN %@N| Of 0% Oyfei

Rg Uy Tg RBY @OFAI p2/ Rep] Uy WBMUOW) ORg% O @i Apgb|
OINKAS) ¥y PNOK %GB % O)xO bl OAIUY PAN, © @ ODEDg Rl i gk ies 1 ¥%Ng: %

y NTxiA WO & | OByN| O RiN| UA} =B

16.2 ¥%.GExED (Computer)

VGExBD ¥y {VirRp y¥ TIARN RE AO z d ONO ADy wO @iy T4 b Bgy ON| QUI
AINO@ 1 1) pyOINI 3y KANI d %N 3% Ua AD) Yyl di@ O %A a0y kel UAJ | 1] 1% QI
Ai-BIEOI @ i1 U¥%id3 B4 ¥y TxiA rax) AIN{ UAJ Al AB| OINU bgxi ) 3y 6B4b Rz ,

Al Ny 3%y O6U0k6Hdg1 00001 xN zN| UAy] ARy w [ % Al NpOxyT 10O
Txi A Of zN| Uj U;(ABACUR)IT jyRA PP AN Of 0U%e bl nv¥%xyp A:
16.2.1 ¥%CExBD 0¥ OGRX

YCExBD u¥s {UCRANY xRl .OURN RERAP 3%y 3 Oxi A 8 0Dwwi 10, B3 OWE)
y Puwyby) k DI (Rawydlatals byl % PAN; waN( Of G UN| 34 eUo rpaxy Ayl ) Rk %GED Of
z i) vy ORP © QD }ely bypdl riax) Ay P%i ) RB3ITy z UFk¥i ) RIN| OF ey ORr TiH
(Retrieve)n 3%x 3 A} b3y RB] ,{AEY R MAP GA K| AN PA] Njoupay Ay
byl d Rk ¥%CExED Al % %40 % Ael PWEE Of %@ 111 Rk xR O URT UjUg Od Ril } RE
URET UjUg %GB %A PYE Oy @ Al Np¥wy@ b | ;]
16.2.2 ¥ (CExBD ¥4 Py E {7 RP

VG BD ¥y Uy UAOA 350 UvxOxTia0 Rz 1) bUXI O t ity % GIA OO0 N[ PNn
1642 Of Ai 7 10 URpAIY [t 0D paxy 1w pP% §I PNn832 OO MNA =% 000 %
(Calculator)ONy x5 1 {pP%) Ny O 1 EQl @] A oAl ;1] % {d A IUDUE
RAP3%) 1180 10A bw- @) - yO|l 0%y Of ANAIT N} % eUsg 1 %x|
Ug iN3a N PPD Re ¥.GExBD ONjo] xR Of DOJAH b yaxx¥@ | 1] x| «¥% PyEE Of 40U 5000
xi A GW AF ) ¥y TrOxjouvs@ Qi | 1] ¥%CExBD ¥4 z PIN% ¢O T N[ Of RUOEXOgh © @ ER AN-

U yENIPJO ¥y O3f GOy xiATN Rk z A 3y %GB N %00 o3 OR O b0y b¥i ) Reyad ¢
{(P¥% %A OEU yEAJO BAD OfOd @, | Ay Py | Rk x|y &y UREI UlUg© @i di APl P| ¥yxx3%@1 |
R Ui ON ¥%CxE@y @ AE&U Al Njoulti PHE %y Al b ¥N| Of POl xR e’y UAJ 12 } eNi
n¥%xy Ay @Ry BB]

16.2.3 ¥:CGEx BD Yay Q00YT jow

V.G BD Yy Y4xX1 JUgy UA By %y Rk y ON| 00eURE Ual 1 3% %4d %CExBD 0¥ } &/4E OUR
Rk xB y ONg HOY  (Memory) Of Ofy@@ NI W1 3% PNx8&] O yyxx¥d | Rk ¥GxEDz i) ¥4 ORI,
bwby kbi ©@ 00@I 01 % OwE); A&E HEIAWHEiy cBOPRBIR blz HA
PANy ups bydi (Processed) %@ b¥i ) Rk {POf OUU OBy O PAN) up @z i) ¥ Omdd
vaxy Ay bl ) Rk Y(GExBDy ex %GxEA PP H 1800 3.2 b¥%i ) 3
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16.2.4 ¥CExB@ ay Q00Y1 yotu-

(i AV i (i) QDI )

(iii) ORg x)Od Yax x| ¥y a Ol | (v OwE); @1 3%y aodiy
V) OUHUPNG x|y (vi) yExUpby x

16.2.5 ¥%CExED % TOp } OxiA

(i) FA O i e&i @1 Of

(e ZNo kZe=3:1% (iv) AN " pUxib[y ufyf vGExED
(v) ¢iA © @z 0hvyd Of V.G BD (vi) CeUp 1 N1 Of %GB ED

(vii) y HO jJU1 Of %GB BED (viii) P&y POy uf) %G BD

16.2.6 %G BD ¥y Odfi xjufGenerations of Computer)

pObP| ORU; }O%®N) AR nwUA ONPR) yAMuacis)] ] y Ol %b
Upsd z A % y &x1piN%s aOuWlREl UjUg :GExBA % z @0hvw@ | % vy bOx Qv O)A1 Of Ofy Ax) R
el RO %CExED ¥y Odi x Juvali | Ry

LW TT O Odg946r59) (2) wWe Ul dx 1959f65y

() I bk Qf g'1965-71) (4) At xOf g'1971-85)

(5) Oy WAUdI986 il g U1 x O3 N 1 %

D) TT O 0d946-59 - TTO %GExED 1946 Of yRAI &0 O zxy 13 i
o Nd x(ENMIAC) '{ UBRANY: ex®®U {HOED oft) YWWEA 1) © @ {b¥y z 6D AlOd o¥Ex
(J.P. Eckert) 1) Al EGxd OiFU[ (J.W. Mauchly) N[ riaxy 1)) TIO Ofg % %GXED Yy
PNGNeUCZ ¢l 00U YIyp¥w Tduy
1. xR z Y4B O POP| O | CEXEDT |
2. {N %CExEa Of Ogx ¢O b| UBxD tox® (Vaccume Tube) y 1 U E ) x i(dHodelMalge)

NjO¥. { UBRANY: CANYy TxiA Ril § 14

{N3ay BE) TipgpA Yy Al O %0 1d

TI O OJ g% ¥%GxB@ O 6=t ~Apye O ¥4Oyy % 1 g

TT O Odi ¢ty OUdL Oy (Machine Language) O@ %y xx , #®j w POd 3

1Ty ByiElp O ol x| Ayi| 111

E)} E} bwkAli #%@N| 3% eUs {NOf] OwA%¥%y Ex %) Txi A Ri

T O Qi g% CEXEDAUN| %4 U ¥ xR x1 3wy A¢d Oidig

@) % 8 01 Qygei 1§59:1965) - 8 Ue Ux O QWNilkami ghockly) 1 T4 1} K% PRxi Ag
WUy @) yO| 68%) %yBelOlabbratdries) AQ)J; UR) wRansidgd Ny} 0% o3 ye
{UBRINY: CANYy z Q0N rixy Axy 1] xR y WRAJUY (Semi Conductor) OT j PJj & OU%@ (
Ty 0Ty {p¥yyxxaOiy BxD tx® (Vaccume Tube) b|¥Ray % 1 dy{b Of g % %GxED Yy
Of x AU RGNV, | RR9

1. {P Of g% %GxEA O UgxD tox® 3% H N OF REAHED ¥y TxiA riaxy Axy 1]

2. R) WRAHER #HPd wali & Of g% YCExBD Y4 z Y4@ Y40y AiEs T ]

3. {b Of g% ¥GExBD Yy TiP A Yy AN TI O O g% %GB ¥y i DNy Of %40yy % 1 g

4. {NOf BE) Pdl %N % U AEOvax HO (Magnetic Tape) %) T xi A n¥xy Ajpiy
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5. { b Gyxx¥@N| % Un y bROUg OpY) ¥y TxiA Ril j T3 Ai ifs OURG OyYy 3yl DNy O 740y
zby N 1T d]

6. {P Of g Oy tNeOk %.CExB@ Of O xi 1 UNIVAC,IBM - 700 | T ATLAS z 61 1 [ ]

@ bk g '1965-71):- itk Ofg Of %G=xGD % ap O Ofijyydm OO UI x N z x
UBay ¥ N%l RN| PB¥%W 1 Ry wRARE®G! % 00U} %@ o¥% ykE
(Integrated Circuit) ¥y PNOK 19axj] {P OF g% ¥%GxEA Yy Of x QOUYI N, | RE-

(N %GExEa O REAFED % H N O BEOn¥y TxiA rwxy Axy Al s REBAVFED b| y D%
URCI Uy Ug T134]

IC %y z V4@ REAFED % O % z Y@ b AIE RiN[%4 Y48 {P Of g% %CEXEA ¥y z Y4D

Od 3%y Oy Ai Ey RBi Axy]

bk OFg¥% %GB Of %) xx  %@ON| % & UHighlLevdl Lamfudgey.) OF ¥ A
n¥%x) Axyp] TI O }¢A HI @gx(FOGRTRAN)#y 1 Ny O Oi Ry N

{b Qf g3 ¥.CG<BA ¥ z el @u OB OdigA|l 1JRPP|{Nvy OEEd a i) O 4Oy Ukkd

o ey

(4) Al FxOdf g'1971-1985):- %GExED Yy Al F xOf g % bOx O %GExEA ¥y PUpDYs 6/4b

Re ] {PdOF g0 ¥b| %GxED ON| Ai ris Q080D Yyxx¥@N| Ofpad 1| AB|9 Al Ny %), k AS
ONy, NN | B)D YNy © DEE; PR %Ny z 4] PNm971 Of E| EedHafd N|1T#Nx)

Yy ORUy Of OiTipp@ ONyxj] {b OF g% ¥GExBD Yy A0UYI uiNGReUZ, | RB

AiF AiF 0@ 1 % TxiA % va4d {RNyy z ¥%4@ 34Oy AiE) 1)) B EO %GB NiE Op4
G EZ © @ QO EfO (Palm Top) %GB0z d {bdOd g% %GxE2 % ORUOL x} 1 IRA Rk

(b Ofg % %CExBA vy TibpA %y Al 80AUg i it Odi x1 b 34Oy i A Td xB %G*ED

Oy { Oi KI=BEcki 13 N| Ni(10tSeEBE 3y xx %@ [ 1]

{N%y OUHUPNdgxi) OLxkpsONyk P&RAOFH UG WRg Ri 1| 1]
{(Rvay OEEi@ a0l yex Odi x1 % %CExED Yyl PNy Of yOyy % 1 d

(N v%GxGa Of Od ¥yxx¥ | % Un }cA H @x Oy ¥y TxiA raxy Ajiy R {p Ofg O
bl A TOp YcA H @x O wd & b ¥BASIC) %i Oi(@©OBOL) ©@ 0Oy A%U
(PASCAL) z 61 R ]

{b O g% ¥%CExBA O] OF x IBM-PC, ZX - SPECTRUM z 61 ]

{p Of g% %CGExE@ O pOp|TO; 00V {N34 PiAN POAN[I T NI x UN|3waliy Rk {P
Of g % %GExB@ Of O xi 1 PNGNeUZ, | 60UV j¥uy -

{N %G @ Q[ VLSIC (Very large Scale Integrated Circuit) | %Nd % %) Txi A n¥%xy
(N ¥%GxBa % %880 4 OA (Artifical Intelligence: AL) } ORHAT,IRAPRY 3% @1 { Ny
Ul Nl 3%y aodiy 3% Oy ykbD¥% RE]

{ N3y TiPp Ay ¥y Al %40y y % Rk xB %CExED 0% PRIEE Oy @ Al Ny ¥ %PN¥y By
At i 00%i (1l BEEO] O, 0d Ajid BB

(b O g% %CExBa OJO)d O RgtNeOk %GB O (PARAM) Of x ¢O b| UjdU K

PO %GBT ) @OE z d OURN{PdOf g% ¥%CExEa ¥y U] Oz 1 g
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6. {b

V0 % ¥GxEa@ ¥4 NiUR {NOI@UN Tibppd HEO (Knowledge Information

Processing System) %R Ajp 11 RE]
16.2.7 %GxB2 ¥y UA@@ (Classification of computer)
Y%.CExBD 604 )N AAT %y 0% Opij 3@ ¢ A R RPN ONU AN 34 RZ ORUU¥4 ARN ¢O b |

TO) 601

B ]

N ¥%x §, ¥4 KT JUqidy NTxiA % z D)o OF %G BA ¥4 TNGN UAj Of O Axy

PR

]

[ TR (Size) W [ Frdsomen (Operation)‘ ( IZ2% (Purpose) |
1. FISH] HFY 1. f&ofrea 1. HETROT
2. Frly Brgex 2. QAT 2. gy
3. T BN 3. TTEfse
|4 TRFEEY || o N
7€ =37

1. z %) ASize): z 4D % z DIPODYCExED ¥4 INGN 4 UA ] Of Oy wE} Axy RB1 9
1. O Oi %GBT

(i)
(ii)

(i)
(iv)

OO0 %CxBD@ z %y @ Of pOpP| Ai E|l 113 ONyUE Of vl
{N4 GNrOf epOcnvs {UBRTNY: BUE R gRERA P | Ol (Moth@i Board)3zR ) Ay 1 |
Rk {Pd OB {P¥% POJCAN(ComponentlUA| Ri 1| R ]

yex %GxEA i ONy O {RvyOEed aoiy 113 TiblebPwA %y AP
gxUpjix¥ ¢0 b|{eRagyGExEA ¥ PUpD¥ } OxiA Of dUxy Aji | RK

2. sONd ¥.GEx &2 (Mini Computer)

(i)

(i)
(iii)

eONg YGExBD Yy z Y4@ O O %y i BNy Of Gy Ril ) R3IT) ONJUE UAOA

O O %uCExEa ABIRi I d REB]

{ N3y OEE) AStoragd)ilyy Ti bP| € b(Bpedk PAZ IRi | d R
eONd %GExBD b| At | POJEONU, } b ¥LPU b |  ¥(Céble) 3% WOig Af| B |

~ ~

BRRAP| Ui %U o Q@caljArediNetvbrkégLAN) %R 1 | B ]

3. Oft |0 %.GEx B (Mainframe Computer)

(i)

(ii)

(iii)

O{Oi 1) ONd %.G=B@ P| z v4@ O Gy RNl 3% by -bji  ONt O %GExEA 3wy
PpwgAN; 1173 ONyOE %y Oy AGEU Riid RBE]

Téx| % %l xx ¥ eUn o% yUA { %) | (Seradgs) a G | Q@I
TiblebPwA %y AY Il ykDP% Bild By ]

Ot 1O %CExED O x ¢O b NEU#MA 3% 0o Rg TxiA riax) Aji) RE
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(iv)

(v)

eONg %GB Yay | Ny Of {PP| 3yOyy % baxy Of EONU Ail |A) % |IRERAP OO
%y xx ¥%@N| Uy U]l ¢gxRCIi o¥% Age) %@ Xl [ 1R Yy UA
Ot 16 %GExEa b| At | POJ EONU {b% CPU b|rf4 NgOd i@y OB ki b¥%i | R {b
i @R %y Pw@AN) % (Wide AreadNéngorky x NWARD#R 1 | R ]

4, PP ¥:GE<BD (SUPER COMPUER)

(i)
(ii)

(iii)
(iv)

(v)

PO VG EDz B O A |11 y % URT UjUg R | R

{ N3y OEE; @1 albiy i1y TiblebwA 3%y AY I pPUp xk
%y Oy ykb% Bild REB]

PO v.GEx @ Of PNl x UN|Yaya Ol ) Ril gRj

Ot PO PGOebd Oo@hi* Oyel axy Npayih Of {N¥y y NTxiA a0y ¢O

Pl n¥%xy Apiy BEB]

0A0 3 %A AN ANLTI N Rg P2 %GED ONx| 3y RAN O] O) @i Od o %
Ny OrUy O xHUI Ud b OD %.GEx @ OZD 10000 ]

2. V(B BD ¥y ¥4xxT1 JUg (Operation):- Y(Ex<BA ¥4 ¥4xxTi JUg% z D@ OB NN | N UAj Of QHj

Axy) -Bq

9

1. \EAEU 3.CEx B (Digital Computer)

(i)

(ii)

(iii)

(iv)

x| VG BB epOx bl uPD Ry Yaxx¥ud [T T) OB OgebOxii baxy ufBlOT T 11

0]

IEAEU %GxBD Al Ny ¥ w %@ P Ail (addition) P| Rg bpPOd AL
POHXx) "w ¥ POy B N PNy Ul Api| Ry

xR %CExBD POJz ) 1 1) NI W % 0% bl Ul [ R © @ NI W)NP D Yayx x¥VaBh 0¥s

by 00@1 30 T |1 By]

(P I B % WEEIA, AL ©F! nObP1 Of pPUpxkD¥% ¢O } Oxi A
Y.GEx BD byOjex1 1ERAEU %GB BD Rg Ril | 7]

2. aNJUIA %<& (Analog Computer)

(i)
(i)
(iii)

(iv)
(V)

xR VGG baxy uPD v4xxN v@4 A 1o pedi ) A1 jJOOIN, Al © @ EWxf
TUJ R z61T OB %y xx %@i| B]

oNJUIA %GExBD 0¥ POx Of O a¥% PNIW U [RBIT) b PRI WINPID Yax xV@N| %
OAA)l {byy NI U [}

xR Y CEx B2 OG0 jO TN % «Ua Al Nyx[ NRgy-a | ;]

{N %G BE@ ¥4 TxiA OJUN| % Un TIOON %y 4N z UOFk% NRguw R

T Oy x Quhérr@bmeter), Ay 1 1 x1 3%y AT (Speddipn@sr) z @ S¥%A ¥b|Rg
oNJUIA %GExBD % }T IR R

3. R{ RE %GB (Hydbrid Computer)

Q)
(ii)
(iii)

(iv)

R HE ¥%GxEa O EAEU 1) aNyUiA TiNl Rg¥%GExBa % AP 1 %y POOD Ri T 5 By
x 3 v.CEx B2 Q0edeN Pegi 1 O Yyxxv.d | Re O Al Ny ¥4 O 10 TN O pad Rk
xR V4GB d x| Ax| TIOO! % NI WiNP @ Yyxx¥@ | R Odif { N3 TiO0 { N3y HO
(Memory) Of Pwk Al Ril | By]
i 94Nt Oz RO oThy ¥aN| Of UAG OUR| Od 0% R RE %CExBD ¥y Rg}TIRA ]
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2 - } W(Purposep TxiA 3% z D) 0D %.CExBA ¥4 TNGN Ti UAj Of OF) Ax) R
y - bjOlex Wik 3%GxED (General Purpose Compuer)
( {Ryy O HO byOex RgRi | § Oaf 5 0deN PREUK@ ¥y } OxiA ¥@ { N4
BUesO0eN 3%y xj Of Txi A nwxy Apiyp By
G<Upix% 1@ O %40 z N| QU| POJ %GB } Wik olwpyOex }OxiAl UU|
YaGEx B il | 7]
O Uy wirk ¥%GxED (Special Purpose Computer)
(i) xR YuCExBD b d 0¥ Yyxx8UY v4 YN OfTa Ril [R]
i)  OgpNes TxIAUU) wo @ yel @ yNpyN z & a00A1 O {N %uGEXBA vy TxiA
Rily RBE]
16.2.8 ¥.CExED OBid) (Computer Memory)
YCBOHOU }P% WO BE % OERd YwaOl j  %i R [NORROY OERd Yy
adiy Rild RB yi1 }p%ui NyON[ % eUs ?NGNeUCZ¢l { %y |
(i) Bit (binary Digit) (i) Byte (iii) Kilo Byte (iv) Mega Byte
(v) Gega Byte (vi) Tera Byte
Bit y 1y BiharyDigit 0 yT U1 Of P| n¥%ubd ©o3% yw¥% % cUs {HI|
{N {3% | x1 Of O0@HO® " NGNeUCZ¢I PGOebD Ry °1I

8 Bits = 1 Bytes
1024 Bytes = 1 KB
1024 KB = 1MB
1024 MB = 1GB
1024 GB = 1TB

16.2.8.1 HOY % T¥4d (Type of Memory)
0¥,  YCEXED O Ti Tvad ¥y BOU xywq| Ajid Ry Rely TOIN EQG WD AOY 1) yTHON
JNACROWIWD HOY ¥R | 7]

VB B2 FHOY
T By (Main) #OU y1 U y T B (Auxillary) #OU  x}
z el Odimernal) HOY y1 O O} n(External) HOY x)
T1 1 & @eimary) HOY 01 E x g(&eondary)HOu

16.2.8.2 ¥%.GxBD1 &% O x OA © @} N3} Yyxx
V< BD Y| x8) Yy POB Rk %GBT &y% 1i TO, OA R
() x w8 b (Hérdndre)
(i) TnOxy  (Softedey
() By E x OHard@are): - xR %GBS % Ol % AEYA ¥y pOtAx Rk {pPO] %GBT %
{UCRINY: © @ x 8% OA Ril | Rk %G 5D Of x & bjOOd ¥y INGNeUZ, | { 34| xJuil d Rk
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(%( Ohf KMpRtG):- E| Ug8 UAN; PPy B xR w©3¥% dAx OEU Ri .
xRk %GB O N kA8 0 a)0d {b OB d sy OI|RE ONED v A VT Ux{ )
(Visual Display Unit)y Od %RI1 | B ]
C( % esgx bpuytcenddl Prdcésging Unit CPU) - {b| bjOjexi1 %CXED ¥
ORHl i Od %y Aji ) BB xR %CExED ¥y TOp KAO Ril ) Rk xR YGEXED ¥y z W@s { ¥4 xjw
©F PRy x¥% xwsl %yOpe@tipnsp wnikdj ¥4 ) RE xR %CExED | &y % WO, A
NI W) %y PybN, AJ ig 1Ty 1 pws Popx)” up@PAN) @y % TUI R % TOebN
P NQNBO © a0mEd Yy xRl x1 b PGV @& 1§ [t
Yiesox PN {¥y| OJINGNeUZ, I TOp y A Bil | Bk
0] HOU {34 1-xB z &1 © BPNI W) % y ¥ AP (Digitalcodes) Of OwEj 0@ g
(ii) P Nx w8 % (Qodtrpl lUnit CU): -xRB 3% esgx bwby BN {3 | Of ¢
i1y {pP%uy PO ArieUkbxl ©@ AEN}  w %i ? NxwRS
(iii) y WHAZT 1T gx 11 y(Arthniétic aqd¥%qgic Unit) -{ b3 W Oy Ay, AKkip N}
o O)J A T| Rl %nydrOdl Ww¥Al By Ajid RBE]
(iv) ¥8.d CEU (Keyboard): -x R %G BD Yay PNUUX R Rk %CExBD Of z &) © @ NI W1 %
tNOD % eUn %3 OEU %y } OxA raxy Aji ) BB
v) O } BMouse):-xR o¥% INUU xFl R %GB %4 AUIN| Of {p¥y O OREU Ry
{P%) } Oxi Windaw) 2D} O  T{EME 6B XROEXD z d % PAJUN
Of n¥wxy ALl EARONNKAS ©@ wHAx z61 {pbPd % w0y
(vi) 0 T ujkegboard):-xR bjOjex ¢O b} OxiA Oz N| QUgNAO xRl ;)
(vii) H¥ {8eanner):-xR o¥% }Qiyk YNOU xBEI RE (Peripheral Input Device) xR Kk A§ 1
©@ O] mtext)uply ¥.CExED O NUD %21 ) Rk
(i OB@ xRl xjufStorage Device): -%EXED Oz #4i), Kk ASA) x} kA8l zo6l ¥
@ NYUg xR ¥4 ORm@ xR %Rl |7
R} E x (HarHdisk), & Uh Gidppy), E |, O T¥Ugk ArD¥y (Magneto optic disk), %) Ex O @/
(Cartridge) ©@ ¥%h GO| CEompdetrDisk) z d ¥4 }OxiA z il © @ OOINF! % OB 3%
eUo nvxy CEGI xRz} TY40 vy Ril dRE
R} E x (Harldik) : xR Ofd ¥y bOp| URI UjUg xRk {P| #lesx PybN {34 (CPU)
Of HIyxd ¢O pbP| UAy 61 xy Ayiy BB] {pPOf] 060Uy U 0O 8§,
%h GO| CE(Compagtsdi sk): BUJREY: tNeOk bRy Arpyvy ¥y }OxiA PAN) upp OmG 3
eUao nwxy Apiyp Byl {pOf 60Uy U Oy8; Of zw%ll % OwE
P h & E ($oftware): xR ¥%.CExED % eUa NI W) %y POB Ril ) RE
bfé EUk @ Y.GExBD % Un y PNUpxxRH | R Cx s { N34 RNy %GEx 5D ¥4 AUjpx) Rg NRgud ) b ]
PREUKD % NI W % WO Rg ¥CExBD Yyxx¥d | Rk
bRE&EO| x@ 11 T% @ % Ril| Ry 1
37. 1 w8 Tn Ox (System Soktwfare)
2. y NTxiA pjOOd (Application Software)

16.2.9 %G ED vy UG j00g
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(1) xjdiei % yeOAO HOU (RAM - Random Access Memory): - xB ¥%GExED Yy O x FOU ¥4

yA R R @ Ofz #4i) ¥ updOJOO Oy Uy {cAINPIB Oy Ay b¥d ) RE

(2) %0U CEN #Olf (ROM - Read Only Memory): - { P¥% 1T ibd¢g-O B @i O ©@ Ed- (
Pd- Ed- @ofpact XDk Read Only memory Rk {P% WO z i) ¥ ¥.GXED O

HT J Ny T wO@il nwxy A ewuidd RB ©Owdo0d zwxwi | OwEy 0@l
Ed- Ud - @igifat Versafile Disk Read Only Memo ry RB] {p¥% w0, @, OwE,; OO
AUl kA8l zol 3% }Oxi A o w1 Nyi wgl RBi P%i 3 RE]

Oi E(M6dem):- xR o¥% ¥bd xfi R Ap% YOG %GB BUDIN Uy N OB PARY upy z 1)K-

TN %@ | 3] OIED % wUg 0¥ GG Y Pl BUDIN WU T B %.CExBD 02 O’y Ayl [ {]

N| E QNéwork):- AJUOO z b Of At xREl x1 ¥y o¥% ¥by POB Ril § R AP xBEl x1 % OEx

PANY wa z TIN-TT 3 RN RBi P3%iy RB] Ay UOO T4 T%) @ (BANS:Real | R
Area Network System) © @aJH § ap AJUOO (WANS: Wide Area Network System) ]

{ WE @itgrriet):- xR o¥% TGP AT AJUOO! ¥y a0FDGx )OS POB R

U Op@welsite):- UD {EANE ¥4 O)A Ril § Rk {POf Py Of } OxiA 1 Ay | %G Ea O Of@d

PANY uyp TH JOA) "OOEN %4 PAR Rif 4 ] {N TH JOR)Y, } OORg Oy BE EWK&@ dr Ugx
%00 z d UdU Ril R UOPHE {N by PAN; uyd TIH v@N| ¥y O ) 'POyx P&( Ril j Rk AB|
{eEANE OB ANAI Ny a0O)A P|PANUTH ¥@N| % Ua UD by E R www.censunsindia.net

16.2.10 Ey Ey O| b T O@#&dbast Mandgement System)

Téex| % PwAEN Of 0U0Ug£0eN T% @ % %) xx Ril| RB1] T
ONy | Ayid R1] 0U0U£0eN Oy Ul Of % O0;@ ¥pbp| zwwl | C
oy Ay Bl % pORK) uph POPIN R FEIE) O ¥4 €0v4b rfax) Ax)] BIE Op BIE) ¥4 0% ¥b)
pOEAx RURAP[{P T¥@ §<URH | riuxy Ajij B TiCl ) BE % AO AR ORI T)H %@ b¥%i ) i
EE Op @k0eN pAN; ups TxiCly %z Uk NP ipbd Od Ty1 ¢O Of Tibl b %
O O xB z UFk¥s R ris Téxps @yExvaya¥s YAd Rl g R A% z D)o OF @E] ¥4 PAIKD riux)

Ajiy By 10 ONr TyH rpaxy Ajiy B
162101 E; E; Ol p OBKOBAM®f E T1 34 Ug

DBMS Ti O3 01 33)eAxar) BzAI BE Op O) U1 % YNxBi %@y B xR Ti jJUg BE
Ol P Of OQRBREENNHI 1 NU PR BLON| Ei %ON@:;pO0wpGOeDP, %) x:
eUo } a@i ) x @BVSi WEE My Peh ) Yy OJ R rRildjAi n% Eyp Ep O b
y éxel  ORE0UOH xR CxIrips EIE; Op OBy Npa TxiCl ) yxxv.@ | 7]

POH ¥xjRfDBMS T i T%1 @ %y Oy Y} w- By ET xERAn &gl R i ¢
Definition Language) (1) BE O[NQJUUN @Y (Data Manipulation Language)] DDL T & x| %
O@%y Ex % Ouvti % 60001} bHARDNIPAP YO EY41¥ PINGAD } POJ
EJE)] %) T% @ zo6l1l % O00O0)mMWIE;EPN|O| M %341 i DIl ¢ PRyA] /
Yyxx% 0o ORI TIH %Ny, } N3y Ti b £}PNpAi %upRpd OO0 Of , ¢ NOuBeiel %
%@Nyp z61 %) xx %ON| ¥ % O zid RBy]

162102 E} Ey Ol b Tl Ug % U0
1. 0¥ BE Op y Nps y NxiAl 34 0o BE) o%RI %@ ) R 1 yfs 0% Hesg Uil b PAEN &
n%bd %i OdEpP@BYI } ORWGD Ri P ]
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2. {pp| EJE} NUOIJNd%w@l PoU Ri Ayl R1]
3. OEE; @I #HI ;N 3%y OAI Rild R1]
4. Ti 6, 6 E}J E} 0@ zkUi NRgw RilT| R1]
5. 0¥ Ry Q@ EiE) {NOE N 3y z UFk 34l | Ril g R
6. E} E} %y vy« HGonsistapdy) } PUGD Ri 1 d R ]
7. E; E; Ol b (Qbdry) Oy i d RsFAPP| QUP@ TiG0a@ Oz tNO® Re KONy b@ij bl
Ti 603 6 ONy x| Ay pPx%i| R1]
Ey Ey Ol P %y |(Op@iatingcosd YO Al %0 Bl g
16. | 6i P TAN
3 1. Al Ny % eUx| PUxTUQ|THiONaA 3NNy O OI
"I z 4D YaRh Rg 2
— e e
b 2. TxiA % z DY OB %CEx 6@ ¥4 rvd N OAj O iy Ax) 38
;” 3. UGEXBA % YaxxTl JUg% z D1o OB il KL OAj O O Ax) fp
L
WXH 4 11O Of g% %EXED Yy Cxy VDT e @
K A .............................................................................................................................
Y2y | 5. VWGP %y ORHAI K% nywb| %By Apiy By
(SP | ettt
atia | 6.  VLSIC ¥4 Og Ko O § ]
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Info | 7 YCExBD V4 z DINY ¢O TN O rwbyy OF Gy xiAT N B
Hma |
tion
Technology)
H N PAN; Twxikdyay b| 1 180«xH N 'ap( % a0yx O PAN upp PAxN (1) %GED
WUOp @) )} N¥% OwEYEHAN © 3 }OxiA b| Rk H pRY: PANT TWxikAvay Of {UCRANY:

OB 1 Yy JOxIA riaxy Ajiy BB {N }O%@ 1 Of %CExED v TOp Hi N Rl Py OExO1 AB|
El UgOi N ©@ } OORY %y OR&eU Od %O NRgw R1] /AOROI xpQ)

}OORup| TIH A8 OlAisU% AjNy@x) % TOp Ui R



}OOR bl Af| BUDIN, PAN) upp PTYT Of Ofx Od¥y tNOY [ R PANy upt {P OmID %
z DB O v Ba % w0g ONKAS) ¥y PNOK rfaxy Ay R %GxGE@ ? Ne Oxi Oy Nk A§
BUU| Yiyoeow RilTd RB1]

H PR PAR) TWxikAvay% 11 TO: v A RB

(1) OAidD% PAN) T &) (Geographic Information System)

(2) OBEEUg B | & | & (Global Positioning System)
16.3.1 PF@ Ul N (Remote Sensing)

lgnvlaosnu rduhd ,d Iwpuk laxzg.k rduhd gS] ftlds vUrxZr fdih Hkh oLrg ds IEidZ
tkdj Hkh mids ckjs esa nwj Is gh fofHkUu c¢dkj dh Iwpuk;sa ckir dh tkrh gSaA blhfy, -
rRoksa dh fofHkUu fo'ks"krkvksa Is IEcfU/kr Iwpuk,aazignwiihvikri{g®3s&k$j ogki Is fuf'g
HkwdsUnzksa rd ¢sf'kr dh tkrh gSaA ;g vUrfi{k rduhd dk O;kogkfjd mi;ksx gSA blds v
rduhd fofHkUu ¢kd frd rRoksa ds losZ{k.k] ¢ccU/ku] ewY;kadu vkSj ekufp=.k gsrq ¢;ksx

1631-1 Ignwosnu dk VEk&ning of Remote Sensing)

PF@PUN % U8 % yIxi @b PAN; TJEH %@y Ry T 1k nubd OF 7 %4 HOUxryax| FONy
1p% Q@O PANy TiH %Ny PF@PU N 33Uy 3 BB RO y ON[A)A ~ @A+ %A T 1 [RexR z gil b|
ORAy NiH PR PHFPU N 4 TNxO UAURI 4 Rk {P POx z O {p|PF@PU N 3y PRI} b|
BRg Oi O3 @R, iehd0H 3% j IR @BAOxTONx z wf o% bU| % (Sensor) %) %) x X
Rg Rl xB PU¥% Ot V| RBr ©@ RNy eU¢ | yTiknygU 1T ¢30g H N1 p| OGO k
(Reflected) T¥yU y1 U aWxi AROvax @kpud (Electromagnetic radiation ) % [ WNgQd z UAl
(Corresponding impulses ) ¥ ORI %@ | R {P% ORjinxR zU| A ORARI h% Of Al
Tial ¥ .GEa% WU {N3y bl -y T B UHU| YI RBily) RE]
yi1 PF@PU N %y | j8Oxxi @ p| rjupd Od Bl Uge UH 734 Q@ O pANy T)H %Ny RE PF@ PU N
Yy txO PO OB UjANRI § BB ONPx ¥ayz wil WOg 60edeN UT x1 %y ORAN pE@ b N b Rg PGOU
R grE PF@PU N 0% ¥by 604N Rs APy Qai UH 734 GO Of Ax| N} Rg 6 xf ABOVax
Ord % Tv4U OguUi N b PUl 3% % wOig b UH p3y ORAJIN © @ @0FUYT P@U Ril j RK
16.3.1.2 PF@ PO N 3y OGDY¥éy

UxkN, 7580 YOOR yi1 U ¥b| By pabd yex BEUEO)OxOD & | Ax| rvbd bl % % ¥0,g
yeOdU | Bgi U % Thi OGO © @ bGORDI PANy upsd 'i( Ty ET, (iiga@ R |wyb jProd@dsing'
@ N i gac ) YN % 804N % PF@ PUW N 3y bay 11| R PiOex ¢O O Pi@ bU N ¥
P NGNeUCZ¢l 1T wA pP| 0080, 8YI nwxy Ay pPuiyp BB

Mo PO N 80edeN UT x1 % ORAJINN| © @} Ny a0FOYT ¥ R rewxF AEOvax ~AxAB| -
T%,Bh0O;, @@ Ex1 [ gwAl ¥ Txi Al p| PGORebi 08U0MBeN 6

eUhxE o©oO- PRoydFCsabing 3 Of INPi@ M@ UG vy 1180<x} N a0dx1 b| REA NS
apd UT x ¥4 ORAINN[ 1T ) }R34 Ual 1 % OON| % x| @Wxf AGO%y x ~Ay k%A kO)
iT1 @1 Ex1 [T @wAl #%iMTxi A Of Upxy Apiy BE]

The term Remote Sensing refers to methods that employ electromagnetic energy, such
as, light, heat and radio waves, as the means of detecting and measuring target
characteri stics.

yO| 08%N @) h Rgx WN&ienal IAcéadedyloh $cigne' ( %4 yNP)@ - B3 U Rg Of
O iNva whig pFg PN UG %y }O<iA Ol i@y bl PE@ UTx1 '080d Ae s OUxPEEY, HE| UQ
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AEN) "w {é&xy3 61 ( % yExxN &30 00U pfonpdpN; NARL z BHIL
pwUO| 2 &%l | Puwby k phAygantWeEi | @ @ xBEl xpuy el @ 11 UxpiNeOk bups © @
OBl p¥DJRI % aOurxiA)gd% T1 JUg Abyy Wik OBUJ 3% Bai U % Uxieluy el @ bUal 1 ¥
PAJUN P| Reris bjO®RYs TOI % PNd RE %d | Rk

-« 7 ‘ [ 1t LI} ¢ T [ [

< J - N ~ - J J + | S + J * ’ [

remote sensing objects (earth, linear, and planetary surface and atmosphere, stellar and
phonomena etc.) from great distances. Broadly defined ....... remote sensing denotes the joint
effects of employing modern sensor, data  -processing equipment, information theory and
processing methodology, communication theory and devices, space and airborne vehicles,
and large system theory and practice for the purposes of carrying out aerial or space survey
of the earth surface.
GgaU- Tquyi PU'B.L. Deekshatulu (1 13 Ah A®eorde Joseph ( % y NPy M gp U N
0¥, yel gNpepl mOxy U0 RsRAPO updigdl EU| EO) Ox bl Tlval zw¥%il
Ti3al ¥ pybN1 vyl )03y, Oh NJE@g wA ©@ zMy%UN %@i | B ]
Remote Sensing is a multi  -disciplinary activity which deals with the inventory, monitoring
and assessment of natural resources through the analysis of data obtained by observations
from a remote platform.
1.3 PF@ bW N %y TrOxjeupUul 80 (Processes and Elements of Remote Sensing)
{b T¥@bi@PU N 34 yel Ak Ti TrOxjpupROUI ¥y Ay b¥%i dRE ' «k Al6.1)
IATAT ARSI 11000 e (JATA AMALY 51

—— e e

< 7| |2 [t
—nod nmﬁu Vuw an
- - - i «/

100) I rmrwermalon (g fm-

fnang ha -'
@(M Bonnams ol 00017 wlngtone ° ',: (.D s m y ..A' ;
" MW / (¥) [ () mﬂm QPT’;

. DOOMNG Wywiems Dl psianis [T (LYY
-"‘;\- {c . Wl wralyh
. _*.e / !hmmhnbdum
\\
b
K A 86.1-ObybN1 34 aWxfi-AEO%x bh@ PU[ N 3y TrOxjow(After T.M.Lillesand and R.W.
Kiefer)

1 Data Acquisition - {P¥y [ j8OxxPAN;" uptp PAR b| RE riupd Od UT x % Q@ Of PARx |
KAS§dx ©@ zwun%¥% ¢0O0 pb| TI1EI 3%y Ajyid-eRg] xR ¥ NGN AgI
y - xi AEOvax ~Apyy ~AxUil % ¢0O O RiNy]

O baxp|ayd WO ~Apxyy DG U OBz Ny, Ai @i AEOVax | @y 34 ¢O O Ril § Rk
b- bgi U Oz ORAN| OiUg awxf AROvax ~Apxyy Bgi Ug Ul x1 b|y el @Dx) YN
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