
Optimization :

We  can  use  calucuhes  in  some  settings to find " the best
"

option among many possibilities . Often best  is formulated

as biggest
.

Suppose f  is  a function  with domain R
, say .

If
 c  is  a point  in R and if

f (c) >
, f ( x ) for  all xe R we

say f (c) is an

ab@emuxTkeotf.e.s

.

M
fG)= 1- * 2

an fl
,

1)TT
f(o)=/is a  maximum value for f G)

If fkt 5 for  allx
,

does f have a maxuwhe ?

Where is the max achieved ?



We have  a  similar concept for  mcnonwms .

f (c) is an  ayemimm
value ,f f (c) E f G) to  

aUxeRNote : f from the previous  example does not
have

an  absolute  minimum .

Functions  need not have
any

absolute  mnxcwms  or  Mariners .

e.g. f4)=e× #

And they an have muliple:

f G) =s.n( x )

•#
•

f attains its  war at
1 is a wax  value c= Iz + KZT

4 13 a min value



What does  calculus hue to do with this

?¥4/ \
sbpeto

slope >,O

intuitively
, slope of tangent line there is 0

.

Fact : If the daman  off  contains an interval amend a
,

and # f attains a max  on  man  atc
,

and if ftc ) exists
,

then fYc)=O
.

Need all of these :

Bdhsides_

Denuatoueexistsfltx
on El ,D .

f- G) = 1×1 on El ,l]

Agnus a mm  at×=1| Attains  a  mm of oatx - 0
.

f
'

(1) =/ to .

But fto ) does rot exist
,



Here's
a more  nuanced version of  a  maximum  value :

flx ) =  ⇐-1) ( ×+Dx2 •••W
÷

-

If xis Year "c=0
,

f- G) E FC c) .

We say f( c)is a

toemadmanIt
f  if

f- ( × ) { fk ) for X new  c
.

( And a similar detouitias Sen
a local min

. )

Typically , we don't want local minlmuxs but

we need to be aware of them .



g
Fermat 's Theorem

Faot : If the daman  off  contains an interval amend c
,

and # f attains a max  on  man  atc
,

and if ftc ) exists
, YoufYc)=O

.

local

This gives  you  a  way to look fer  maxima :

§
Spots where f 4×1=0

2) spots where ftt ) does not  exist

3) spots × tee f is not defined on both sales otx
.

It's gotta be one of these
,  

of anywhere .(
gg , w , gay a , a a.gg may gng

if fYd=O g- f
' (c) DNE

.



e. g . f- ( D= ×e×

It
• -

. E '

clearly doesn't have an

absolute  max .

Could have
an  absolute  man .

f
' G) =  ex txe×= ( ltx )o×

f ' 4×1=0 at ×  = -
I

.

Indeed f C- 1) = - E
'

is a  minimum value far f.

.

Now  
wehave seen That fnofoas need rot have mcnstnaxes

.

But : If f  is  continuous on [ a ,b]
,

a closed
,

bombed
internal

, then f achieves both a muumuu end

a maximum .

( Extreme Value Theorem )



e. g.
Find mailman and minimum udlues of

ftp.t
. t

"3
an [ - 1,4 ]

f
'

(E) = 1- lgt
-213

ftt )=O z = £
'

 " 3

-312
t = 3

derivative defined everywhere

Three candidates : +  =
- l

X  = 3-34

× = 4

f ( t ) = - 1 - ( - I ) = 0

f ( 4) = 4 - 4 "3  
= 2.41 . . . .

f- ( c ) = -0.3849 . .
.



f ( D=  x. . } on [ '
Is ,

4 ]

f
' G) = I - ¥

f 4×7=0 at I

candidates : X=l1s,
0

,
4

f ( 4s)= 5 + to = 5.2

f (4) = 4+1=4.25
f ( 1) = 1+1 = 2

So f  attains a mmanum of 2 at ×=l

mnx of 5.2 at +  =o .z



f ( D= ×
"3

on C- 8,8 ]

f-
'

G) = 23513 to

f
'

( A DNE
,

so this is a  cut point .

ff8 ) = 4

Eiy¥
]→

] mm .


