INTERPOLATION AND
=XTRAPOLATION

sppolation 1S an import; oAbt .
Intery portant statistical lechnique (o determine the most likely value of a

snde variable (Y) on the asis of < .
dep‘nd;nl ( 1¢ basis of some given values of independent variables (X). For example,
e d s of a country for the years 1931, 1941, 1951, 1961, 1971, 1981,

ation figure for any year falling between 1931 and 2011 wiil

1091, 2011 ete then to find out the popul
s termed as Interpolation. 1f we calculate the population for any year out side the interval 1931 to

11 it will be known as Extrapolation,

VEANING AND DEFINITIONS

re given the population figure

Interpolation helps us in determining the missing links in the data if any, where as extrapolation
s used for forecasting.

According to D.N. Ethanie, “Interpolation may be defined as the technique of obtaining the
most likely estimate of certain quantity under certain assumptions.”

According to Hirsch, “Interpolation is the estimations of a most likely estimate in given
conditions. The technique of estimation a past figure is termed as interpolation. While that of
estimating a probable figure for the future is called extrapolation.”” -

According to W.M. Harper, “Interpolation consists in reading a value which lies between two

extreme points. Extrapolation means reading a value that lies outside the two extreme points™.

There is no difference between interpolation and extrapolation so for as the methods are

concerned but for distinguishing past from the future we give them two different names. Interpolation

relates to the past whereas extrapolation gives us the forecast for the future.

ASsumpTIONS

we have a number of dependable methods of interpolation and
Je values of the past and future but even then there are some
ble results, Some of these conditions are as under :

Inspite of the fact that
®trapolation 1o find out most probab g
basic conditions which must be satisfied 10 &€t relia

: . servations on the basis of which, the dependent variables are to be
() A sufficient number of ob

determined, should be available.
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(fii)  As far as possible the given values of X ie. the independent variables should be 3¢ equy]

intervals.

g BT s T T

(iii)  There should not be continuously missing terms in the data.

(iv)  The values of X should be in a proper sequence. There should not be sudden jumps i,
values. The data must not contain any Iperiod which corresponds to war, famines or floods

i

etc. It means data should relate to normal period.

(v)  The variables under consideration must be related to each other. i
(vi)  The rate of change of values of independent variable should be uniform. 4
(vit)  The data under consideration should not be affected by external forces.

USES OR IMPORTANCE OF INTERPOLATION AND EXTRAPOLATION

The tool of interpolation and extrapolation has vital importance in the following situations :

T L T

() It estimates intermediate values : Interpolation helps us in determining the intermediate
values from the given data, which if otherwise collected may need much of time, money and
. . .

resources. There are a number of figures or data which are collected at some fixed intervals. There is

no provision to collect the same data for any other period. In that case only interpolation techniques
come to our rescue. For example, population statistics are collected after an interval of ten years. In 3
case we need the population figure for any intermediate period we shall have to use some suitable

formula of interpolation. In simple words, we can say that the technique of interpolation helps in |
filling the gaps in data.

(@) Missing data : Some times it happens that the collected data is misplaced, destroyed or lost
for some reasons like non-seriousness. fire, war or flood etc. It is not always feasible to collect it §
again. The missing figures can be calculated with some suitable technique of interpolation.

(ii)) Non-availability of data : Some times it becomes practically impossible to collect the da®@ *
at some particular time or at some particular place.

be estimated on the basis of the other part of the giv
reach some particular region to contact the people
natural calamity. In such cases We can estimate the
population figures of that region for the other years.

Then the data for the particular place or time caf
en data. For example, it may become impossible 102
with regard to Population census because of some -
population figure of that region on the basis of thé

() It can bring uniformity in the data : The primary object of the collection of data s 0 },
make comparisons. Suppose we have been given th '

e number of students of a ¢jass < A* have 2ol ¢
marks less than 5, 15, 25, 35 class ‘A’ who .

............ etc. and the students of 3 class ‘B’ who have got marks less thaft S
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0,20 30 ssmavon et Now (o compare (|e

LSS itervals. To overcome this lype
cla

M properly both the data must be according to the similar

ol diffje ot :
dllllunlly we use the methods of interpolation,
() For Foreeasting ; Extapolation jg the

L : best possible technique for forecasting. All economic
. policy tormulations ete, gpe

slaniit

) ‘ hothing but future estimations. The methods provide us
entitically based formulae for pre
W

dictions ang lorecasting,
() Calculation of Median and Mode
gional averages are nothing but inge

¢ The formulae used for median, mode and other

pos , : rpolation. The formulae of median and mode for locating
yahies In continuous series are based on interpolation. These formulae are
N :
gt ¥
; 7 -
Median=L + = x i

Y

A
Mode=L+ ————
A +4A,

-~

METHODS OF INTERPOLATION
The following are significant and widely used methods of interpolation or extrapolation :
1. Newton’s Method Finite or Advancing Differences
2. Lagrange’s Method
3. Binomial Expansion Method
LNEWTON’S METHOD OF FINITE OR ADVANCING DIFFERENCES

This method is applied when independent variable x advances by equal intervals and all the

values of dependent variables corresponding to all x are also given. The value of x for which y is to be
mterpolated falls with in the given range of x variables. This formula gives best suited results if the

LRT

value 1o pe interpolated lies in the beginning or somewhere in the first half of data.
Conditions : The following conditions must be satisfied for application of Newton’s method.

l. " The independent variable X should advance be equal intervals.

2. The value of variable X for which Y is to be interpolated should ws lie in the class limits of

X series.,
Newton’s formula for interpolation is BIvEmas:
Loxx=D 2 x(x=1)(n-2) Al (v = D(x = 2)(x - 3) A
yx:y0+XA(J+FLTA(J | 3 ! | 4 ’

; e interpolated.
Where y  represents value of y to be interpoli
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Value of X for which Y is tc

y be interpolated — ipital value of X

I

A's are finite or advancing differences.

Lqual gap between two adjoining values of X

Following table elaborates the process of taking differences.

X Y Finite or Advancing Differences
Ist 2nd 3rd 4th -
Xo AR N
»=yo= Ag
Xy i Al — Al = Azo
yi—y = A A} - A3 = A
X2 » A12 _ Al = A;i’ 3 _ Al = Af)
y3i=y2= A, Ay - Al = A}
X3 Y3 A5 — AL = A%
Va—y3 = Alg,
X3 Va

S

Finite differences of y series taking them in pairs are calculated in stages till there remains onl)

ne figure. While taking differences proper signs positive or

negative are taken into consideration
he time of subtracting previous value from the immediate next value.
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BINOMIAL EXPANSION METHOD

This method is based on Binomial Theorem. This method is easy to understand and apply. The
basic requirement of this method is that the intervals of dependent variables must be equal throughgys
the d'itaqand missing value or values of the independent variables must correspond to these intervals,

¢ W =

Conditions : This method is applicable, if the following conditions are satisfied :
The independent variable X should advance by equal intervals,

The value of X for which Y is to be interpolated should lie in one of the class limits of :
For example this method is applicable when the data is of the form

Marks Qbtained : 10 20 30 40 50

No. of Students ; 5 23 4 45 75

Followings steps should be followed for interpolation by this method

() Mark the values of x variable including those for which y is to be interpolated as

X9 » X{ s Xdyarennn etc. and the corresponding values of y variable as yy, , y;, 5 ......... etes
including those which are missing.

(@) Depending upon the given values of y and unknown values of y the leading differences are §

put equal to zero. If the number of known variables are » then the leading difference when 1
taken as zero will give

n(n-—1) nn—-1)(n-2)
Ay=y,-ny, _,+ 2 Vpos = 3 Vpo3 Feomt (1) yy =

In other words we put Ay =0or (y-1)" =0,

The binomial expansion is done accordin

g to the known values and taking leading difference
equal to zero. '
Following formulae will be of much help in solving the problems :
Number of Known Binomial Expansion
Values
. 2 |
X A()-—-}12-2yl +y0=0
3
4 Ay=y3 -3y, 3y -y, =0
Ad - 4
5 -U""y4" y3 +()y2 "'4)»‘] »}.JJ():O
A my &
) A:)) yS 5)’4 1 l0y3 —lOyz +S"Jl_y0=0 {..!I
7 ;J Yo~ 0y +|5)’4—-20)J3+15)J2—6y1+y0=0
8 A

+7y -y, =0
8
Ay=y 1 70

3——8)’7 +28y6-56y5+70y4

._56y3+28y2_8yl+y0 :_g/.
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AGKANGE’S METHOD

ethod was developed by Fre

m l .
‘ i ries does not advance by u]l|1|]Lh Mathematician, | Agrange. This formula is most suitable
ot X S€ ab imterval
nx vals, This is a c«
“:nl Jass iNMETVe als are equal or unequal, condition free method and can be used .
whel

As gsual the values of independeny v

ariable are expressed as xo . X .« X7 5 X x, and
{ dependent ' b Mol o O ity 4
««ponding values © pendent variable |y W ) : alue corresponding to
“;I:hi, is to be interpolated then YI AN 2 eartipe 1T % 16 the value P &
whit
| ,(‘,.:\ )(\ Xy KX =X3)oiin (x=x,) ’ (x=x)(x=x7)(x=2;3)...... (x=-2,)
L ) g +o—— Yt
(o ~N AT 07 V3 ) ("n‘-‘”‘ (x) =x )(x; =25 ), X3 )eeennn ()X,
(\‘—\'0)(\—\ )(\‘“‘\'3) ...... (\‘—-\”) (\-_\U)(r rl (x rz) ...... (Y x) o+
Yy +
—\))(\q .\ )(\-\—-\ ) ------ (\F, ‘") 2 (Y‘; —ru) YJ I)(r x ) """" (xj_xn) 3
............ S U (R
(\ —\0)(‘\ ])(\ 2) ...... (\"“' .\'”_I)

0)(\n . l)(" 1_'\2) ------ (x,,—x _l).y"

Mustration 10. From the following data, applying Lagrange’s formula, find the value of Y, when
X = 5 for the data :

4 2 3 4 6 7
y: 1 5 13 61 125
Solution :
X Y
2 =X 1= Yo
3=x 5=n
4=x; 13 =)
6 = x3 61 =ys
7= x, 125= Y4
we have

Byl,angrangesformula, x:)(x~ ) (_\-_.\‘O)(.\*—xz)(_\.__\.s)(_\. _‘.4) |
(x 'Ll)(x 'I:Z)(':r' 3 Yo 57 . . ) (x \ )(\ B )}l
& ~x) (¥ - x5) (Xg )‘3)(“0 Xy) ¥y Xp) (¥ — X3 (¥ = X301 =%y

(x—xp) (v =x ) (x - xy) (¥ —xy)
B (X5 = xg) (V) — .\‘l)(.\'2 - .\'3)(3:2 -X4) 2

(¥ =xg) (¥ =x)) (v = xp) (x - x3)

V4
* (vy = Xp) (vg —xp) (xy —x5) (xy —Xy)

Scanned with CamScanner



Substituting the values
B-DE-DE-60G-7 5-2)E-H(5-6065-7) (5)
“i pr R S 1~
TR-NR-hR-0e-7 (3-2)C-H3-6003-7)
($-DE-IGE-0G=T) 4

YA @-DE-6@E-T

LB=D6=H6B=HG-7

(6-2)(6-3)(6-4)(6-7)
L B-96-36-96-6)
(7-2)(7-3)(7T-4)(7-6)

(12

L BOOENED) o BO@EDED) (o
DEDENH T @OE) )
LOOOE) () OOOED
HEDED T O®HEO

_ QMEDY)
(1) (-2) (4) (=5)

M

LI L N
0 V-5 O+ 1)+ 6D~ 125)

=0-1-2-5+13+30-5-12-5
=43-6—-15=28-6 Ans.
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