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Optimization



E— Find the 'most ideal’
Optimization design, configuration, inputs, etc.
f( X1, Xo, X3, ..., X0) = objective function

cast it as q minmizehan
o<  MaXximizat g pm‘olm-

Maximize the fuel efficiency of an
automobile

Independent variables:

e Materials

e Fueltype

e “Aerodynamics” of design
e Exhaust system

Obijective function:
e Miles per gallon
Constraints:

e Cost

Maximize the bending rigidity of a beam
for unidirectional loading

Independent variables:

e Materials
e Spatial distribution of beam
cross-section .y's lnaPc "

Objective function: %
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e Bendingrigidity El
Constraints:

e Total cross-sectional area



X I Ix
4 V 9/dy
Finding a minimum (or maximum) in Mz

design-variable space

. 1% ecanfiqurabion

T Voritble grw'm*
|

Xs| ‘( HX.,X, ) Vf =0
Scadw fuachaa
(Xll(|_ _ /M /lﬂcﬂ’ Minima ] )

lue. \ll ’x"
Global minimum Ut —
The sef <X|=?,x:=?, . Xa = D? HM!' 9iw; Hae v - / . ’

Smalfst vole of f anywhese . .
Local minimum _ .

The s&b Pr=d, X =2 Xo=2 3} Yok gives _5‘/8Xn_
Yae Smallest \IaJMe i the  neignbadiond

ENGR 21 Fall 2025



Techniques for single-variable unconstrained

optimization . ,

Look foc %, st F(x) = max.
f(z) |
| Lok fos % st £0)= O

Methods that don’t rely
on knowledge of f'(x)
to maximize f(x)
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An optimization problem

y
The shear stress on the face of this beam, in terms ‘
of distance from its centroid y, is hard to calculate. ~ -—-f---"-------%~

Shear Stress =

61224.2 -1.9334x10°%y - 7.01705x10% y? + 4.375x10%° y3 - 6.81818x 101! y*

0.000686111 - 0.0533333 y + 1. y?

If you are only allowed to calculate the above formula a total of 10 times, how

. : . .
would you determine the value of y where the shear stress is a maximum? Lec 91 Thu, Nov 4

Optimize the following function

def shearStress(y):
return (61224.2 - 1.9334e6%y - 7.01705e8 * y*x2 + 4.375€10 * y**3 — 6
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(Looking far a moximunr in f(x)) »*
Bracketlng for single-variable unconstrained optimization of f(x)

L Liest SH,P
1. Pick some x

2. Increment x, — X, — X, — X, K in direction of increasing f(x)
ast 2 peinfs

Hae
3. Keep going until f(x) decreases — kel.(9 v MAXiMUM %x has
[xn—laxn] been Succe49fu|£y
orackefed taside
Huis nkesvay

Incrementing strategies:

- constak increment

- inwzcwfg inceement X, =
‘)C, =0-2
W2 = 04
'ng = Db -

After successful bracketing, need more sophisticated methods:—
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bl we koow a bracket [a,b]

. ch 9phMum Lies.
Golden Section SeaI’Chﬁsingle-var%gmeanc?r?;ﬁ'ain*eho% opt’:miﬂz'la':tiontcl)?f(x)
¥ gt
? X% 'fL;l 332 ) Choose two special points
N | —> X inside the bracket:
| ‘X\" I')C m " :
a[ f [’ - ] r1 =b— Rh
! %\
| e 0 o = a + Rh
—145
R = 5 V5 ~ (0.618...

Check ‘F F('x‘) >{:(X2)——-)/\€.w ’DTGC'M:[ EQIXJ] Cn‘cda}e p(x) O.k %), X2

if F0e) < Blea)— e biacet [, 0] (oloeady pasun £, FG))
l\[e)d': N,P&O.,{-

Goal: successively narrow down the interval where f is minimized
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-

_-1+l5

2

i[— £(x) >F(Xn)——)/\ew bradied [Q,Xz]

if 06 < B(a)— new bracket [oc,,b )
Maximize f(x) = sin(2x) in the region [0,1]

z1=b— Rh
zo =a+ Rh

- iF
(S
/' Xu’a
Sep Q@ %K Kr o W nas intowd LN{&,%A
' X,:o-n\qetﬁx,_.—_o.ag
N L Cxi k]
| Xi=0-68 [%=0762 | .o “(o.c

l Ogcb‘q '(:(X')=0°ql1Lf (:(Xa)30-qqg 0-6(%
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