BROPUCTION PLANNING AND

CONTROL

Lecture 2




Classification of Forecasting Models

Forecasting

Statistical Judgemental

Time Series Causal or Expert Market Delphi
Models Regression Models Opinion Surveys Method

Trend Trend and Smoothing
Projection Seasonal Methods

Moving Exponential
Averages Smoothing

Simple Moving Weighted Moving Simple Exponential Exponential Smoothing Exponential Smoothing Exponential Smoothing
Averages Averages Smoothing with Trend with Seasonal Variation with Trend and Seasonal




Demand e

Purely random—

No recognizable
pattern e
e ® 4

Demand =

Increasing
linear trend

Demand e

Curvilinear ®
trend (quadratic,
exponential)  ®

Demand e

Seasonal
ttern plus
inear growth







Interpolation

155 and had a table such as shown
below:

Vn
1.46287
1.46629
1.46969
1.47309

—_— ==
h =
o o O

2.
2.
2.
2.

-1 O
<

The difference between the square roots of 2.15 and 2.16 1s 0.0034. Since 2.155 is half-way
between 2.15 and 2.16 we could assume that its square root was half~way between the square
roots of 2.15 and 2.16. This gives 2.155 = 1.46799.

Had we wanted 2.153 we would have added 0.3 times 0.0034 to 2.15. This is the process of
LINEAR INTERPOLATION, mm which we assume a linear variation between the two known
values to predict intermediate values.




Newton's
HOIWAI
IDiffEREnce

IRterpolation
S Eermula




yr+1 _yr

1s called the first difference of v., denoted by Ay, : Av, =y -

Similarly. the relationship Ay, , — Ay, 1s the second difference: Ny =Ay,_ —Ay,

For example, AEJ”{: = Ay, — Ay, = (J’z - yl) _(yl — yl}) =V =2yt

Similarly Ny =&y, = Ay =(ys=3) = (= 2) =»s =20+ »
In general terms: Ny =y =2y, +¥, r=0,1,2,....n-2

The third differences are Ny, =y -3y, _,+3v,.,— ¥, r=0,12,....n—3




Proof of forward difference
formula

Statement: If xg, x4, X3, ..., X,, are given set of observations with common difference h and let

Vo, Y1, V2, -, ¥y are their corresponding values, where y = f(x) be the given function then

F(0) =yo +p by, + B a7y, + BEDE a3y 4y

p(p—1(p-2)..(p—(n—1)) ,n.
- A%yq

Proof: Let us assume an n‘" degree polynomial

f(x) =Ap + A1 (x —x0) + Ap(x —x) (x —x1) + o4 A (X — x0) (x — x1) oo (X — 200—1) ---> (i)



ewton forward difference

interpolation derivation

ap: Find coefficients AO, A1, A2..An

Substitute x = x5 in (i), we get f(x) = Ay = vy = Ay
Substitute x = xy in (i), we get f(xy) = Ay + A, (x; — x0) = y, = vy + 4,h

Y1~ Yo _ A¥o
h h

Substitute x = x, in (i), we get f(x,) = Ay + 4, (x; — xy) + A, (2 — x5) (2, — x;)

= Y2 = Vo +A1(2h) + A;(2h)(h)

= ¥, = yo + 2h (-2) + 2h%4,

Sy, e get A, —ﬂ"}'u

1
= A, = 5 40%,



ewton forward difference
dnterpolation derivation

Substituting these values in (i), we get
1 1
ﬁﬂgyn ot e —xe)(x —x0) e (X —2521) A",

(i)

flx)=yo+(x— Iu)%ﬂ}'u + (x —x)(x —x9)

X—Xp

Butgiven p = n

=-"'I_I[|.=Fh-=:'x=lﬂ+h

= x—x;=x—(xg+h)

=(x—xp)—h
=ph—h=(p—1h
Similarly, x —x, = (p — 2)h,

Xx—x,1=(p—(Mm-1)h



Newton forward difference
erpolation derivation

Substituting in the Equation (ii), we get

p (p—1)(p-2)..(p—(n—1))
PR Ay,

N . 1) (2
I"f..t"! }ﬂg},nerﬂ J(p—2) A3y + ot

f(x) =yo+pBy,+ —

3!



IEXercise
HiReRaNcubic polynomial in x
whichitakesion the values
oWy i, 27, 57aand 107,
whenx =0, 1, 2, 3,4 and 5
[ESpPECctively.




Splltion
HETEReIobservations are
givenrategualiintervals of unit
wiclir)s i N
JoYdeEtermine the required
selynomial, we first construct
the difference table




Difference lable

SO D Ry Af(w




Sieerthe 44 =and higher order
HIENences are zero, the required
Newtonsanterpolation formula

f(x, + ph) = f () + pAf (x,)+ p(p2—1) AZF (x,)

+wﬂ(m






Stistituting these values into
thesoernula, we have

f(X) = —3+6X- X(Xz_l) (2)

: X (X —16)3(x —2) (6)

\ f(X)=Xx"—2x"+7x-3,

The required cubic polynomial.




NEWTON’S
BAGKWARD

N DIFFERENCE
INTFERPOLATION
FORMULA




BNEWwWton backward difference
Nterpolation derivation

~ Statement: If x,, xq, X3, ..., X,, are given set of observations with common difference h and let
Yo, Y1, Va, o, ¥y are their corresponding values, where y = f(x) be the given function then

3 !

X—Xp

where p = -

Proof: Let us assume an n‘" degree polynomial
flx) =Ap + Ay (x — xp) + Ay (x — x) (x — Xp—q) + o+ Ay (0 — x) (X —X51) o (X —x3)
> (i)




Newton backward difference

interpolation derivation

Substitute x = x,, in (i), we get f(x,) = Ay = v, =4,
Substitute x = x,,_; in (i), we get f(x,_1) = Ay + A, (x;_; — x,) = V1 =V, — A4

_ ¥n—¥n—1 _ Vwy
= A = h  h

Substitute x = x,,_5 in (i), we get f(xn_z) = Agq + A1 (Xn—2 — xn) + A2z — %) G2 — Xn—1)
= Yn—2 = ¥n + A1(=2h) + A2 (=2R)(=h)

Ty -
= Yno = Yu — 20 (22) + 2174,

1 -
= A; = ﬁvzﬁ}’ﬂ

Similarly, we get 4,, = n_i-’*‘- V%



ewton backward difference
terpolation derivation

Substituting these values in (i), we get

1 2
W v"}’“ + ..

—|‘(I - Iﬂ}(x - IT'!—I) was (1 _ xl) ;1 vﬂyn T {ii]

n

: 1 :
f(x) =y, + (x— xﬂjﬁ?}rﬂ + (x —x, ) (x — x—1)

X—Xn

But givenp = ;

=x—x,=ph=x=x,+h

= X— Xy =x—(x, —h)
=x—x,)+h
=ph+h=(p+1)h

Similarly, x —x,,_» = (p + 2)h,

-
-

x—xy=(p+Mm—1)h



Substituting in the Equation (ii), we get

p(p+1)
"}

- p (p+1)(p+2) p (p+1)(p+2)..(p+(n—1))
.—r {'r] = }rﬂ + p v}?‘l‘l + ﬂz}rn + 3! ﬂg}?ﬂ. + e + 71! ﬂ“},ﬂ




This formullis o :
Newtonisibackward

int@rcc AnERNermula. This
forrmulzl 1S zlse KaleWirEs
Newton s-Gregory hackward
difference interpolation
ermula:



Excimols

For i followile) o]
Vel NESHESUHIMALENN(7.5).

. 5 3 4 5 6 7 8
1w = l__.':’ﬂ IITLII
SR EEICIEIEIEIES




spllilion

yhewaltiesto be interpolated is

distherendioeifthe table. Hence, it

]s appropriate toruse Newton’s
pPackwvard interpolation formula.

| st usHirst construct the

°) ckw id difference table for

the given data




DIfference lanle

y=Jx 7y Ty




Sihce the 4t and higher order
OIETENnCces are zero, the
eguirediNewton’s backward
pienpolatieniormula Is

+1
Y = Yo+ PVY, p(g, Jvry,
L P(PD(P+2) s

3!



in'this problem,
X—X, [(.5-80

h 1
Vy =169, V°y =42, V’y =6

"‘ y,. =512+ (—0.5)(169) + (_0'52)(0'5) (42)

(—0.5)(2.5)(1.5) (6)
— 512 -84.5-5.25-0.375

=421.875

—0.5

p:

-+




mple
es for the last five
JEanstsigIven in the table

oW, Estimate . the sales for
eyear 1979

Year | 1974 1976 & 1978 | 1980 & 1982

Sales
(in lakhs)







1ikthis example,
) = 1979 ;1982 _ 11

J.I'J‘

- Vy, =95 Vyn
Viy =2, Viy =




Newton's interpolation formula gives

_0.5)

Yig70 =907 +(—=1.5)5+ % (D)

. (-15)(-0.5)(0.5)

” (2)

. (-15)(-05)(0.5)(15)
' 24

—57-75+0.375+0.125+0.1172

ThErelore, y1979 =90.1172

()



Example

C‘Dmidﬂ the 1011011. ing table of values

Uae Newton’s B*ile ard DlﬂE‘l ence meuh to eatunate the v *1lue 01 f(1.45) .



145-15
0.1

- _05 v»vr;!: 1 ? vz-}}n: '2 * ?3»"”}}1: - 2 3 ?4.];1'1: _'4 ]




p(p+]) oo v+ pp+D(p+2) o y
2! ‘ 3! '
PPt l)(p;lr 2)(p +3) vy p(p+D(p+ i)'(ip +3)p+4) Vi
(—0.5)(-0.5+1) 02)+ (—0.5)(-0.5+1)(-0.5+2)
2! 3!
L (£05)(05+1)(-0.5+2)(-0.5+3)
4!

v, =y, +pVy +

v, =45+(-0.5)()+ (-0.2)

5)

(-04)+

=45-05-0.025+0.0125 + 0.015625+ 0.068359
=4.07148




