1. Ratio & Proportion

For a : b we have, a — Antecedent, b — Consequent

Operations on Ratio
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Properties of Indices

m n m+n
a Xa =a
m n mn
(@) =a
0
a =1
m 1
a =g
a
m |
4 = TTm
a
an =4a™
Formula

(a+b) =2 +b +3ab(a+b)

ABC

4. Equations

. . 2
Quadratic Equation —» ax +bx+c¢=C(

The roots of a quadratic equation:

Sum of roots =
b —coefficient of x

a coeffiecient of x>

L\"f;:—/h.
a
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Product of the roots =
c constant term

a coeffiecient of x>
To construct a quadratic equation
for we have

W faxtez O

1 [ =
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=D x<S

2
. = 83 49 B :- X -(Sum of the roots)
Proportion = dL, (gﬁbz 18 , b 2b) X + Product of the roots = 0
a ¢ b d a +b =(atb)a —ab+b)
1. Invertendo — E:E - ;:: 2 b= (a—b) (a2 sab+ b2) Some results to remember
2 2
a ¢ ~b =(a+ - _ b
2. Alternendo — E:E - 3:% 2 = =@=la=t) a+b=- "
c
Roots
a ¢ + + _c
3. Componendo —» —=—= — atb _ctd ab=—
bd b d 2'=2 1 3'=3 L 5'=s
& a ¢ a-b c¢—d ) e ey (a+b)—2ab
4-&4&3%0&-&“ EZE—)T:T 2°=4 L 37=9 , 57=25 g’ & —
3 I b3 - pi
27=8 v 37 =27 v 5T =125 +
tb_cf ' ' @_b)@éa#ﬁb 7 G
5. Componendo and Dividendo — a_c _,atb_c+d o166 ' 3'=3%1 L 5t =625 L‘X 2 2 4
d a-b c¢-d 5 LS LS
6. Adendo — i:i:e_—-ya+c+e 26_16 i 36_243 i 56_3125 a3-_b-3=(a+b)L(a2+b§-ab)
b d f—b+d+f 2 =64 ' 3 =729 ' 5 =15,625 - —
7 ' 7 1
e 2 =128 | 3 =2187 | L a’-b’=(a-b)(a’+b*- ab
7 Suhtra Hendo — 3:3—3—> arc-e 8 P8 : /_,- (_. )('-— - )
b d f b—d_f 2 =25 + 3 =6561 -
2 — 510 i 3’ — 19683 i In case of resiprocal
10 : 10 :
. 2 =1024 ' 3 =59,049 ! 5sob=-
2. Logarithms || e A S oS
Property Factorials Equations '
l.logm=n—a =m &g w= _L, ! !
71 +1 1 “ o8 & 0r=1 | Nature of the roots x = i@ :
. log,m + log,n — log,mn Aﬂ&% =1 :
3. log.m — log.n — log, ™ ) : 1)Ifb—4ac—0therootsarerealandequal" ’_1_‘,—%
+ 08 a o / ' : — 'R
4. log (m") = n.log m ! ’59'7 X - lsg X 31=6 i) If b*~4ac > 0 then the roots are real and unequal (or distinct)
TS TS e o = :
5.log.1=0 ¢ m 451' _ ?; 0 ' iii) If b>~4ac <0 then the roots are imaginary;
‘ ‘ L ) )
6. log = 11 b g: = 2(2)20 i iv) If b'—4ac >0 is a perfect square ( # 0) the roots are real, % Cubic Equation — ax'+ bx’ + cx+d =0
_ o8 T : rational and unequal (distinct); s fRoots and Product of Roots:-
7. log,b = logx” — change of base ]1 = 40320 : b e 0t ) i | 3 um o 20f;1r3r roduct of Roots:
; . | = Y ac >0 but not a perfect square the rots are real, |
*Bas'e by default is taken as 10 . 9! =362880 .. p q 3 OHBJH{:_% apt Byt a‘y:% aﬁyz_%
which is also called as common logarithm : irrational and unequal. At 3 8 —
L N | e




Mathematics of Finance

Mathematics of Finance

Simple interest: It is the interest computed

on the principal for the entire period of borrowing.

I=Pit A7
/.—-
A=P+1
- ¥
[I=A-P bt~ —
Lo

Here, A = Accumulated amount (final value of an
investment)

P = Principal (initial value of an investment)

S fud 2 FVAZ
Ce —=fV 2 tun, AVAX
Lo P\

val: of Bomst = A(wc{lt) F Ay

(same amount in same internal)

i
)t“ ko ‘ \ Xioo
Annuity regular Annuity Immediate |§
(I'set payment (I set pay short of
end of set period ) set period)
7
Future value Present value Future value Present value
T+ 1 -+ Q-+ -1 @+

FV=A|—7F— PV=A| -~ @ = i PV=A A

[ i Jl 1+i)! Po|TYA iéx(.lﬂ), i@+i)"!
(FV calculated on (PV calculated on (FV calculated on after (PV calculated on day
last annuity paid) start and last annuity last annuity payment)  of first annuity paid)

after paid 1 period)

o

LW (| H)»J:H

1 = Annual interest rate in decimal.

A=Ff~ n st

I = Amount of Interest

t = Time in years

Compound interest: as the interest that accrues when
earnings for each specified period of time added to the
principal thus increasing the principal base on which

subsequent interest is computed.

A,=P(1+iy”

CL=A—-P=P(1+i)-P LS

e
(oo

where, P = Principal 1= Annual rate of interest

-~
s
-

n = Number of total conversion period i.e. t X no. of

D (=X

2mM > =V
R C=l1L

Effective Rate of Interest: The effective interest rate can

-

be computerc\l directly by following formula:
//E=((1+I)g—1)><100 Iyiaﬁfm*\‘oc
Future value of a single cash flow can be computed by

conversions per year

above formula. Replace A by future value (F) and P by
single cash flow (C.F.) therefore
F=CF (1+1i)

-

Permutation and Combination

M X n/
Fundamental principles of counting '

Multiplication Rule: If certain thing may be done in ‘m’ different ways and when it has been done, a
second thing can be done in ‘n‘ different ways then total number of ways of doing both things
simultaneously = m X n.

Addition Rule : It there are two alternative jobs which can be done in ‘m’ ways and in ‘n’ ways

respectively then either of two jobs can be done in (m + n) ways.

ma+ "
Permutation »
ﬂP = '

I

The number of permutations of n things chosen r at a time is given by - "Pr=n!/n-r !
Arranging n things in circular arrangement is given by :(n-1)! _—

1
*The number of necklaces formed with n beads of different colours = > (n-1)!

Number of permutations of n distinct objects taken r at a time when a particular
object is not taken in any arrangement is ~p,.
Number of permutations of r objects out of n distinct objects when a particular

object is always included in any arrangement is . "'P_.

r 1’\/\P
0N

"C =n!/1! n-r! N
nCr = nCn—r ,L E\
" " N ’“fr N
Cy=1land C ,=1. G~ - N
n+l \ n’_ - 6 f _/'"—
Cr = HC: + r—1 ’ T( b”f)
— ’

Permutation and Combination

1

n n-1 n—
P.=""P +r P,

T

Permutations when some of the things are alike, taken all at a time

P=n!/n!n,! n,!

Permutations of r things out of n when each thing may be repeated once, twice,...

. . T
upto r times 1n any arrangement = n

The total number of ways in which it is possible to form groups by taking some
"o 4N 7

“

—_—

or all of n things (an).

The total, number of ways in which it is possible to make groups by taking some
or all out of n (=nl + n2 + n3 +...) things, where n1 things are alike of one kind and so on,

is given by

| g

{0, + 1) (0, + 1) (ny + 1.} -1
The combinations of selecting r1 things from a set having n, objects and 12 things from

a set having n, objects where combination of r, things, r, things are independent is given by

nl n2
Cyx Cy v

a\/v\ h\d} ’,W % é — a {__ K) %
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Arithmetic Progression

A sequence a,, a, ,a,,

, a_1s called an

Arithmetic Progression (A.P.) when

a,—a, =a,—a,—....=—a —a,_=d

~—h
n term(t )=a+(n—-1)d,

n
Sum of n terms of AP:- S =75 [2a+(n—1)d]

tn = Sn N Sn—l

Sum of the first n terms

Sum of 1st n natural or counting numbers: S=n

Sum of Ist n odd number : S =n’

Sum of 1st n even number : S =n(n+1)

(n+
2

D)

Sum of the Squares of the first, n natural numbers0:
n(n+1) 2n+1)

6

Sum of the squares of the first, n natural numbers is

2
n(n+1)
i

Geometric Progression (G.P)

n" term of a GP= ar"

1

Sum of first n terms of a G P

(-m)
(1-r)
N —a(m—_l)

G

S,=a

/whenr<1

/whenrt>1

Sum of infinite geometric series

a
S |
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Set, Function & Relation

|

Measure of Central Tendancy and Dispersion ~

: " “'(“)‘.‘b">- "“w”"
X = %, —
S WM \Y| f Central Tend "
ets [ easure of Central Tendanc ]
- 3 sdoagt — 2 M
S - METGEwets.
ARITHMETIC MEAN GEOMETRIC MEAN ;%ill\\l/lONIC MODE
Power Set :- The collection of all possible subsets of a given
set A is called the power set of A, to be denoted by P(A). Individual <= (Xi+x2+X5 4. 4%,) GM = (X, ¥ X, X X; ... X X,)"" HM=—" The value that occurs the
_ ( f(A )\_ ) N Observation n Logarithm of G for a set of Z[Xi] maximum number of times
Proper Subset and Super Set :- M T~ < =X observations is the AM of the l
A set containing n elements has 2j-1 proper subsets n logarithm of the observations; i.e.
Ylogx
. logGM =
Cardinal Number:- " Slogx
A ak) G.M. = Antilog =
1) Il(A_kJ_B) —nA)* I_l(JB) _%’-) F (xifi +XoF +x3 f+. 4 X, f,) ) 44‘ ‘Q‘ 1%'1 l‘ﬁ;‘/ n f—f)xh
— requenc 2o X X X D & i GM = 1 B xxf..x I/n HM = _
(2)n(AUB UC)=n(A)+n(B) +n(C) - n(A N B) - 1A O | | Dietibution (b 1y O x> x X Z( N J Mode = L+ %
- — -~ = A0 '—_ | Xj 1t 2
3)n(A-B)=n(A)—n(ANB) NCAAD + A(\E(\) 1, = LCB of the modal class i.e.
B the class containing mode.
#)n(B-A)=n(B)-n(ANB) f, = frequency of the modal class
f, = frequency of the pre-modal
P f, = frequency of the post modal
5 U b ) L class
’ / ‘7‘% C = class length of the modal class
J (o)== Relationship y=a+bx if z=xy then Yino = @+ DXy
= ™ — " _ variables GM z = (GM of x) x (GM of'y)
ifz=x/y then
’/’:—‘—’ GM of z= (GM of x) /(GM of'y)
\ 2 2X Weighted H.M
L ( . . iW; . . VIS
. ‘b o)« Weighted Weighted A.M =ﬁ Weighted G.M = Antilog elngAe
1 s Mean t Zw logx; ZTII
| ‘J ZWi X1
‘ / k’j{f\ Combined Combined_A~ M. ~ Combined
Mean = _ X+ 05Xy _ny+np
X2 =", HM=5 0,
H'H,

[ Relation among Average]

[]

For Given two positive numbers (A.M) x (H.M) A;(G.M)2 ey AM S (M > HN

AM:a+b

GM =+/ab

2ab

HM=27%

AM > GM > HM The equality sign occurs, as we have already

seen, when all the observations are equal.

Mode = 3 Median — 2 Mean or Mean — Mode =3 (Mean — Median)

-

Scred, 4 AM = (M - fipq




Measure of

Central Tendancy

Measure of

Dispersion

MEDIAN QUARTILES (Q,, Q, & Q) DECILES (D,, D,, D.....D,) PERCENTILES (P, P, P.....P,)
Disgrete | Median = Size of ( w)th - Q, quartile is given by the %( N+1) ”lihe D, Decile is given by the The Iil Percentile is given by
Series/Unclassifi 2 th value " (N + 1) th value the Too (N + 1) th value
ed Data the Q,, quartile is given by the D,, Decile is given by the 110 (N + P, Percentile is given by the
%(N + 1) th value 1)th value % (N + 1) th value
Jd. V] :
Group Frequency N_cr B AL;‘ — CF, B %B._ CF, ﬁ‘: CF,
Distribution Median = ll + 2 XC Qn = ll + —f X C Dn = ll + —f xXC Pn = ll + —f X C

f

[, = lower class boundary of
the median class i.e."" the
class containing median.

N= total frequency.

CF = less than cumulative
frequency corresponding to /,.
(Pre median class)

f = frequency of the median
class

C = [, — |} = length of the
median class.

1 = lower class boundaty of the

Quartile class 1i.e. the class

containing Quartile. N = total
12 3
frequency. p = 22 for Qq,Q,, Q3

respectively

CF = less than cumulative
frequency corresponding to /;
(Pre Quartile class)

F = frequency of the Quartile
class.

C = [, — l; = length of the Quartile
class.

[, = lower class boundary of the
Decile class i.e. the class
containing Decile.
N = total frequency.
1 2 3 9

p= E,E,E, ,E for DerZ
, D3, ...., Dg respectively

CF = less than cumulative
frequency corresponding to /,.
(Pre Decile class)
F = frequency of the Decile class.

C = |, — |1 = length of the
Decile class.

[, = lower class boundary of
the Percentile class  i.e. the
class containing Percentile.

N = total frequency

1 2 3 9 P
P = 100’700’ 100’ "’ T00 1

P,, P, ..., Pyg respectively

CF = less than cumulative
frequency corresponding to
l1. (Pre Percentile class)
F = frequency of the Decile
class.

C = [, — l; = length of the
Percentile class.

Note:- 1.y . =a+bx,,

i\?(g - )1\ —O

2. S|(x,— A)| 1s minimum 1f we choose A as the median
| - Loy | > et

—_—

Absolute Relative Ify=a+bx
RANGE (R) Range = Largest (L) —Smallest (S) Co efficient of Range = ﬁx 100 R, =1b| xR,
MEAN M.D, = lz'x — Al Co efficient of M.D fromA = M.D, = |b| x M.DD,,
DEVIATION (M.D) " = MD aboutd . 400
about A
MEAN M.D about Mean = =~ Y|x; — X| Co efficient of M.D from A.M = M.Dy = |b| X M - Dy
DEVIATION (M.D) " M.D about <,
about A.M (x) x
MEAN M.D about Median = ~Y' | x; — Med | | Co efficient of M.D from Median | M.Dy, = |b| X M - Dy
DEVIATION (M.D) " _ M.D about Med « 100
about Median - Med
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Measure of Dispersion

* Properties of Dispersion

|
|
|
|
|
|
|
v («(/VU A l\knvnﬁf\' :
- Absolute LWL e towe! | Relative Taw, Ify=a+bx | .
P < S < - . Change of Scale & Change of Origin:
1 Standard S (x; — X)?2 Co efficient of Variation = =X ey gy = |b| X gy |
o« e i | . .
Deviation (s ) = — 200 L ' Central tendency Dispersion
|
ov = SN "oy _ .
Zx-z = Y o AS -2 ‘%C)/ilj‘ul‘txb l l
o= L_ 2 T T /WAM, Median, Mode Range, SD, MD, QD
n — ot ATV
<~ Standard Deviations for first n , - .. N102+n,02+n,d%+n,d2 | (X ;) scale —» v Scale —
U / b D= la~bl2T - Combined Standard Deviation, gy, = 1 nz o 1 2 | )" Calc
_— _ nes— 1 2 I _ o . o .
L Natural numbers, o = T Where dy = %y — Zyg, dy= %, — 1y i (+, ) origin — v Orlgln —
- | l !
|
Quartile Deviation | QD= % Co-efficient of Q.D = % % 100 i y=a+bx y=a+bx
K} 1 I — —
(020) Or i y=a+bx R, =|bl.R,
Co-cfficient of Q.D = % X 100( for Symm. : mey =a+b me, N y = |b .Sy
|
Distribution) . moy,=a+tbmo, M.D, = [b[.M.D
|
Variance ( s ?) Variance means Square of l S.Dy = |b S.D X
standard Deviation A i Q[%, = |b .Q.DX
A ; L™\ !
N v \
/T\/’ i /j} I Probability
= >t ?_IF t = < "‘G’Cli ~ ~
- - X,, p y £ [S
5 Xalm Xme 2! Mds € Mam Mean & Mol PL/A%): PCANR)

na _ No.of eqally likely events favourable to A

P(A) =

n Total no. of equally likely events

» The probability of an event lies between 0 and 1, both inclusive.

1e.,,0<PA)<1
 When P(A) =0, A 1s known to be an impossible event and
when P(A) =1, A is known to be a sure event.

Odds in favour of A=m, : (m —m,)
and Odds in against A =(m —m,) : m,

o =pAS!
Play & PLAD =)

* For any two events A and B, i.e., P(A U B)=P(A)+P(B)-P(AnB)

» For any three events A, B and C, the probability that at least one of the

events occurs 1s given by

“ P(AUBUC)=P(A)+P(B)+P(C)-P(AnB)-P(ANC)-P(BNC)+P(AnBNC)

=

—Conditional Probability
‘ P(BNA) P(ANB
P(B/A) = ( ) _ K )
-\ P(A) P(A)
—(Compound Probability or Joint Proability

P(ANB) = P(A) x P(B/A) Provided P(A) > 0

pCh)

Expected value

oo v | 2]

E(k) = k for any constant k.

E(xy) = E(x)<E(y)

A~

|
* When x 1s a discrete random variable Withglarobébi‘ity%
mass function f{(x), then its expected value is given by

b= 2x f(x)

and its variance 1s
2 2 2
o =EXx)—u

e

Ex)=2x,pl oy ey T3]3

Where E(x*) = Zx'Ax)

Properties of Expected Values

» Expectation of a constant k is k 1i.e.

/

E(x+y) = E(x)+E(y) for any two random variables x and y.
E(kx) = k.E(x) for any constant k

s
e



Statistics (Chapter — Theoretical Distribution)

Mog(m Qo

KARL PEARSON’S PRODUCT MOMENT

SPEARMAN'’S RANK

COEFFICIENT OF CONCURRENT

CORRELATION COEFFICIENT CORRELATI ~— DEVIATIONS
_ . _ Cov(x,y 6Y d*
r=Txy = O_xXO_y R’rR:l_in(nz—l)A TC:i i(zc_m)
Name Condition Probability Mass | Notation Mean Varinace | Mode < - S L—yw:isRemarks Where, m
Function = Y (-0 — ) Where c is concurrent deviation, m
[ J S S’;)Hdg =N Y Cov(x,y) = n For tied ranking, - is one less than number of pairs of
Binomial Trials are P(X =x) = X ~B(n, p) u=np ‘L c’=npq | Mode = (n+1)p ifnoninteger | p+q=1 or = L XiYi Zy 6 [Z d2+y @31—;0] observations N
Distribution independent and "C oot g™ . - n R=1-—— oD
/2 % each trail has only P4 « B I_f integer I L ok Mm= y-J
Q,l))f ~ d("“ . two outcomes 2 =(n+1)p and (n+1)p —1 o= [T %= [T )% — _
[ ?ﬁ& ; Succegsﬂs\fc iagure. e 3 e m e _ é//: Bz ) ~L - M
' P TEONLS - oY W\:l%:"‘ﬁ‘“—_ nY x;y; — X x; XXy L 1’ m
\ e gm :-/Q‘b( ¢ 77 — L . e B -
Poisson Trialsa P(X =x) X ~ P(m) u=m c’=m l Mode = m if non integer e=2.71828 \/[nz x2 = x| x [nX y2 - y)?]
Distribution independent and ~m_x — — - — f ., .
Nns o probability of = %‘-ﬁ UJ' If integer = m and m—1 bd — M=ok AM b A ok M
p . occurrence isvery | For x=0,1,2,.,n M= = j“_—’” Ty = Wruv V= & TC& %’ L &9
ﬁ, pe0-03 small in give time. ¥ - N LN /
whereu ="=% andy =¥ = s = € Pxy U Ty
= bg- O‘\ =SS ) 5
w Normal or When distribution = X ~N(u, 02) Mean = o’ 45 Mean Deviation = 0.8c
Gaussian is symmetric = - Median = First Quartile = p—0.675¢ REGRESSION ANALYSIS
Distribution V% Siéé eﬁ 7= m Mode = \ Third Quartile = p+0.675c
Van For o0 < x <+ o s o) ‘f Quartile Deviation =0.6756
or X () / = Point of Inflexion x= u— o Y depends on X X dependsonY
Pix—1= ’j—//, £ To* E—— b andx”pto Simple Regression y=atb,x x=atbyy
727 MY e~y - ML N5 Equation L Ty
Relationship for Normal Distribution: - 4SD = SMD = 6QD SND 8 e T\ Normal Equations Ly =na+bydx Yx;  =na+bydyi
z ) 2 2
Hp=o0'¢ &P-0675" LXiYi = XX+ by XXiyi = axyi+ by dyi
ﬂ,’ —_ ) . g /
S‘l‘ t. t. (Ch t C I 'l'. d R . ) o | — 2 ), @3 =0¢7 Regression Coefficient _ Cov(x,y) — b = Cov(x,y)
- N yxX = 2 Xy — 2
atistics apter — Correlation and Regression -y K ¥ by Lony 50 S S
— 29 byx = U_y /bxy = G_x
Correlation X ~ y
, , , , LNV MENS b nEy— XX X By, _ nExyi — XX X X
The following table shows degrees of correlation according to various values of r. T TR — (Nx)? W Ty — ()2
Degree of Correlation Positive Negative Some Important Relation:- Intersection point of these two lines is X, y
5 — .
. Y 4235 =K W & § =A
. - - - ! -
Perfect correlation - +1 | Some Important Points : - (} / ?
v d d g
. . -+ b ; b \.///
Very high degree of correlation +09to+1 —-09to—1 r= —\/ yx  Oxy }_ > Y
—— . = =
Fairly high degree of correlation +0.75t0+ 0.9 —0.75t0-0.9 q. X-a y-c¢C
b,, =— b,, whereu = and v =
Top 7 p q
Moderate degree of correlation +0.50t0+0.75 050 to— 0.75 . e ,
Coeflicient of Determination =r
Low degree of correlation +0.25 to + 0.50 —-0.25t0-0.5
. . . 2
: Coefficient of Non — Determination = 1—r
Very low degree of correlation 0to+ 025 — 025100 i
—— W=z o v X -ﬂ’bu-u:’/(i)b}%
No correlation ( 0) k 0o ) - c & % b
— \_/97
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Index Number

Index Number

Pn
(1) Price Index Number:- P, = x 100
0
(2) Quantity Index Number:- Q_ = ~x 100
0
Vl’l
(3) Value Index Number:- V__ =7 x 100

Index Number

Bowley = P,,, = s

2w
—

CL] = LW —/-

Link relative of current year x Chain Index of the previous year

Method Price Index Quantity Index
1. Simple Aggregate P — 2. B 2. Qn
oM 2. Py 2. Qo
2. Simple Average (&)\ o (ﬁ)
N o £ Z@Nee (@
’ n n
3. Weighted Aggregate
(a) With base year weight (Laspeyre's index) Y. P.0Q, Y. QP
Bo % PoQo % QoPo
(b) With current year weight (Paasche's index) Y. PO, C Y. Q,P,
,ﬂ ———
=M Z POQ/n Z QOPn
(c) Fisher's Ideal [Geometric mean of Laspeyere's
M - o @aree -/ 2 PyQy X Py0Qy X QoPy X Qoh,
4. Welghteq Average pis | 5 (& W) 5 (& W)
W = Weights = Base Year or Current Year Price Py Qo
Weights N4 N4
Index Number -
P

Chain Index =

7 Deflated Value — Current Value

CPeak

100

Shifted Price Index =

Price Index of the current year

Original Price Index

or Current Value X

Base Price (Py)
Current Price (pp)

~

Price Index of the year on which it has to be shifted

|20 n
= @ =i

Marshall - Edge worth — P, = =<
9o T 9n

TRy | S

xlﬂ

_/-

21I-W
CLI =<+

I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
SW |
|
|
|

Splicing of Index Number - N Conarm @M
Test of Adequacy

(1) Unit test > > A

X ¥x SA X
/72,\?%

S EVMEV
(3) Factor reversal test = [, x Qg = Vs; =F v

(2) Time reversal Test = Iy, » P o =|

(4) Circular Test — Simple GM of Price Relatives

-

and Weighted Agg. With fixed weights




