Economics 2301

Lecture 4

Introduction to Functions Cont.



[Extreme Values

The largest value of a function over its entire
range Is call its Global maximum.

The smallest value over the entire range is
called the Global minimum.

Largest value within a small interval is a
local maximum.

Smallest value within a small interval iIs
called a local minimum.



A Function with
[Extreme Values




Average Rate of Change

Theaverageateof changef afunctionoversome
Intervalis theratioof thechangeof thevalueof the
dependenvariableto thechangen thevalueof the
Independet variableover thainterval

Theaverageateof changef thefunctiony = f(x)
over theclosednterval[xA,xB] IS

4y _ f(XB)_ f(XA)
AX Xz = X,




Average Rate of Change
[Linear Function

Lety=a + X

for theinterval[xA, xB], theaverageateof
changiis

ay _ 106)-F(x,) _ o+ B)=(a+ )
AX X5 = X, Xz = X,

_ IB(XB — XA) _

) Xg ~ Xa “F

Thisis theslopeof ourlinearfunction.



Average Rate of Change for
[Nonlinear function

Considelourfunctionfromlecture6

2
Y1 x
Interva [1,2]
Dy _(21+2)-(2/1+1) _2/3-1_-13 _ _y/3
AX 2-1 1 1
Interval[1,5]
Ay _(2/1+5)-(2/1+1) _2/6-1_-2/3 _ _1/6
AX 5-1 4 4

Fornonlinearfunction,averageateof changenot
the samecoverallintervals



Secant Line

Averagerateof changef afunctionoversome

intervalcanbedeplictedusingasecantine.A secant

line connectgwo pointson thegraphof afunction
with astraightline. Any point(x',y')on thesecantine
connectinghetwo points(x,, y, ) and(xs, y; ) will
satisfy treequation

(Y-ya) =

f (XB)_ f (XA)

Xg — Xa

f (XB)_ f (XA)

Y=Yat

Xg — Xa




Graph of Average Rate of ]
| Change for Nonlinear Function
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[Concavity and Convexity

The concavity of a univariate function is
reflect by the shape of it graph and its
secant line.

Function Is strictly concave in the interval
[Xa,Xg] If the secant line drawn on that
Interval lies wholly below the function.

Function Is strictly convex in the interval
[Xa,Xg] If the secant line drawn on that
Interval lies wholly above the function.



Strictly Concave
[and Strictly Convex Functions

Strictly Concave




Strictly Concave

Thefunction f(x)is strictly concaviin aninterva if, for

any twodistinctpointsx® andx® in thatinterval,andfor
all valuesof A in theopeninterval(01),

f(AxA +(1=2)xB)> Af (x2)+ (- 1) (x®)



Strictly Convex

Thefunction f(x)is strictly concexn anintervaif, for

any twodistinctpointsx® andx® in thatinterval,andfor
all valuesof A in theopeninterval(0]1),

f(AxA + (1= 2)xB) < Af (x2)+ (- A) £ (x®)



Convexity and secant line

for agiven valeof Ain theinterval( 01), theargrument

of thefunctionin theinterval(x®,x®)is x' = Ax* +(1-1)x°,
wherex” < x' < x®. Thevalueof thefunctionat thepoint x' is
f(x)= f(Ax* +(1-1)x®) With thedefinition of secantine
thevalueon thesecantineatx' is y'

(y=y?) { ) fﬁxA)}([ixA +(12)x°]-x*)

x® —x

:{ fle)- f (’(A)}(l—/l)(xB -x*)= @- AN ()= £ (x*)

X2 — x4

sincey” = f (x?), if weaddf (x*)toeachside,weget
y'=Af (x4)+ (1-2)f (x®)



Our Example

Considenurfunctiony = 1% over thanterval(15).
X

LetA =1/ 2,s0x'=3.

W)+ a-Aflx)=3 0+ (3] =2
f(Ax, + L-A)x)= F(3)==<=

Thisis truefor all valuesof A in theinterval(0,1),hence
ourfunctionisstrictly convexover thanterval(1,5).



Concave

Thefunction f(x)is concaven anintervalif, for

any twodistinctpointsx® andx® in thatinterval,andfor
all valuesf A in theopeninterval(0,1),

f(AxA + (1= A)x®) 2 Af (x4)+ (1- 1) (x®)



Convex

Thefunction f(x)is concexn anintervalif, for

any twcdistinctpoints x* anc x® in thatinterval anc for
all valueof A in theopeninterval(0,1),

f(AxA +(1-2)x®) < Af (x*)+ (1- 1) (x°)



Concave and
Convex Functions
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