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Optimization problem % forg e fafy Teg wiag oy &1 == optimization YhR @ gaET & foug
Teh iterative approach Bl 9 tutorial H &H unconstrained optimization problem W A BE b [T
ESIIEK] e faft W wm #fdd R ® T T constrained optimization problem =R Lagrangian
multiplier method, constrained optimization problem ko unconstrained problem ¥ gRafdd & & o
9 | Tdt hY §| AW w\ey Ueh unconstrained optimization problem @1 newton fafel | solve fabar
T B
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1. Introduction

optimization I constraint @T"ﬂ'ﬁ‘ﬁ) Eal qq o] B JUcTsy HOEAl & |1 GaH YRUTET 6l WH 6
% w9 ¥ uRvia fbar man 31 e wow 3Fe Sied § ¥t dieil B e B &1 Vel |
T W A B AP A Bl qe B F U EE W R aerew €N % ar §
optimization Sied &1 Th albl 2 “Optimists view the proverbial glass half full and not half empty.”
Tomardr  fbeEr of ren o wEa gu, 39 fRufd ¥ aex FRedw &1 v &

TR =R W oo H, % optimization GHEIT (optimization problem) d& HEI & o @t dnfaq
T (feasible solution) ¥ TATAH HHILM I WIS H&l ¢l N 999 WA & ¥, T TH [uiRa
function o IR TareYd w9 § input I T IO Hh [ function & HIH &I T ik qTEdded
function T NUHAH HE AT HH HH & €I | R fbar S ebal

Given a function f:
f:A >Rx, €A
Either, f(x,) < f(x) Vx € A (minimization)
Or, f(xg) = f(x) Vx € A (maximization)
M ar W, A C R™ constraint (FHMAT (equality / FHHMAI (inequality)) % ¢ & &9 ° 3w ear &
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TEl xeA @ gl gdl (STUT) BT WgE BT BT &1 f B objective function / loss function / WHTA
(cost) function/ IqAAr (utility) function/ fitness function % ®] § yRWNa fbar S Hear @
optimization 9 98 999 W‘Iﬁi 91d %; o &1 T (extreme) W T GURAT Ted & TEEm R
% YR R T HAhdd AT ~IAdH & Tobal &1 I} I8 TH AN &, 9 BH ¥ HH Bl ol & AR
g Ig o9 &, d B9 Hiehdd =ed &, Jedl, &1 T UH 3894 (objective function) HEd & Hifh 39
TR BH b O $B T (variables) T MR €M1 U8aT ¥ | Objective function , Tb a1 TH &
EBCy optimization variables I U function EaT &l Unconstrained optimization problem $B
E«Iﬁ’mﬁ (experiments ) ¥ qNY IS B € Afd 7 B IR WA €9 ¥ A optimization
problem ® '{ia'l'{)l ¥ ot I e E | v objective function | penalized terms % T constraints I
EIRISIIE] (placements of constraints with penalized terms in objective function ) ECl v
unconstrained optimization problem % ®7 H T BTN AGEEMRS &l IR constraint optimization
problem o had GHAT STYMU(equality constraint) gl "Lagrangian Multiplier” a9
unconstraint optimization problem ¥ S & U IuAr fhar S dehar %1 unconstraint optimization
problem H T T TE&AT objective function R constrains 1 &I, e T (variables) I FE&AT HI
a7 g Al optimization problem | inequality constraint T T SAmd optimal condition ®
ey ﬁ, KKT condition & QTI)PT ¥ unconstrained optimization 4 uRafda fear 1 gan

Optimization problem:

min  f(xy, x5, X3, .., Xp)
X1,X2,..,xn

Subject to:

gl(xl,xz,...xn) =

gz(xlerV'"xn) =

Imxy xz,.xn) =

Lagrange multiplier ehIh constraints H I M GTel variables 1 T H oot objective function Ed|
G &l & $® non-negative Lagrange multiplier (1; = 0) ! HEAT ¥ constraints I function
f(x) % Y W WA 3 98 augmented function L @ n design variables B Lagrange multiplier E7|
HeeH gRIYa fohan S @

Lagrangian of f % ufafed dle o <o fhar ST dehdar &

L1, Xy eeey Xy g, Ay oo Q) = f(X1, X, o0y X)) + Z a; g (X1, Xz, s Xy)
j=123..m

2. Newton method for unconstrained optimization problem

Isaac newton HR joseph Raphson % A W Newton Raphson faf, polynomial equation @ roots I
GoM % [T T BT iterative approach Bl B A %1 fafer Wy war S ®) Taylor series ®
TEel FB terms b W MR, ~JeAba A &1 g wowr a9 fhar Srar &, w9 iy 1 waee /
UG &1 first derivative U S8l value Bl &1 & HFE numerical methods & &9 H F=F root
finding et &1 SURT HX root & FTAMI § GUR B & T =0T fohar Sram 21

Newton method, 8T T i@ (f'(x) =0) I qHIYM @M % fou EFR'IT{%T EMHRT (iterative
approach) &1 f3T T THEHRU HT twice differentiable BT H(A HAIH & TE FHILM H(HdH, =IFaH
gl saddle %@ & gl Bl
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M oiforg, &9 Fafef@d optimization problem 1 &1 T TEd &
(P:) min f(x)

x € R"

At x = x',f(x) I Taylor expansion ¥ IHIHA fbdl S Gehal H
1
f@) = h(x) = fGD+ VD0 =x) + 2 (x = 2D HE) (x —x)
3t expression f(x) ® x=x', W Taylor expansion fore ® wm e @

Vf(x) , f(x) T gradient R H (x), hessian T h(x) T e a9i6ma (quadratic equation) %; il
Vh(x) = 0 %l & &b optimize [haT AT Bl Gradient of h(x) %I 39 WbR faar T 2l
Vh(x) =Vf(x') + HX)(x —x")
gEife Vi) +Hx)(x —x) =0
x—x"=—HX")(x—x")
—H(x")(x —x") direction, 1 newton direction 1 el AT 2l

Algorithm
Step 1 Given x,, set k-0 e, X EQl randomly T X1 B Gehdl & JUal x Bl URED
THM & Gl Bl
Step 2 d¥ = —H(x*) 1 Vf(xk). If d¥ =0 then stop.
Step3 choose step size a® =1
Step 4 Set xk*1 « xk + akdk k « k +1. Go to step 2
Finite newton method & foiq assumption

1. H(x*) is non-singular for each iteration

2. It may be possible that f(x¥*1) < f(x¥)

3aEW 1: let f(x) = 9x —4log(x — 7). Suppose we want to minimize the given function.
e g
f(x) = 9x — 4log(x — 7).
X % f®U newton direction

4
f(x)=9—;

4
[ ==
X & i%ﬂ'{ newton direction
621 =—f"()7f' ()
d = _%(9_4/3(:) = _9/4x2 +x

Newton’s method will generate the sequence of iterates {x} satisfying:
xk+l=xk +d
=xK+ (=f" ()T ()
=2+ (F =9/, (D)
= 2xk — 9/4 (xk)Z)
X ! YRS AN values & %T{ B fafar g generated sequence ED PO 3@ S table ® %Q RN
gl
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Table 2:Generated sequences for some given value of x using newton method.
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Iteration x=0.01 X=0.1 X=7 X=10 X=100

1 0.009775 0.0775 -103.25 -215 -22400

2 0.018895 0.10661 -20940 -94761 -1.1189¢e+09
3 0.035306 0.10249 -9.9574e+08 -2.0292e+10 -2.8171e+18
4 0.061663 0.050313 -2.2309e+18 -9.2647e+20 -1.7856e+37
5 0.094243 0.0073999 -1.1199e+37 -1.9313e+42 -7.1739e+74
6 0.11098 0.00012745 -2.8217e+74 -8.3923e+84 -1.158e+150
7 0.079442 3.657e-08 -1.7914e+149 -1.5847e+170 -3.0169e+300
8 0.02283 2.9976e-15 -7.2206e+298 -Inf -Inf

9 0.0013075 0 -Inf -Inf -Inf

10 3.869e-06 0 -Inf -Inf -Inf

ep)

1 999 t{%ﬁ, function & first M second derivative EIFT T HALIHhdT %l

2. ¥ I ! fR9M (newton direction) | objective I optimum @ TH TeA1 §Ha A1 &, T &
Hehdl & I8 Had adl guaranteed ¥ T f(x) negative definite Bl 3§ HRU ¥, Newton-Raphson
RERICY dgd hH & ST ® @R oy & Wi gﬂb{ qKI H I dhm objective function ® globally
concave BM T HM I FH! 3l
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