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Stability analysis (1d)

Lt41 = f(a:'t)
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Stability analysis (1d)

Lt41 = f(a:'t)

Let «* be a fixed point, and let

Ty =x + Yy
Then
Ti+1 = f(CCt)
4y = fla" +y)

Tty = @)y @)+ O(yl?)
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Stability analysis (1d)

Lt41 = f(a:'t)

Let «* be a fixed point, and let

LTy = Qf* =F Yt
Then
Ti4+1 — f(l’t)
i = f(2" 4+ y)
Tty = f@) +y f(@)+ O(y)?)
Y+1 ~ Ui f’(m*) =y 0
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Stability analysis (1d)

Tre1 = f(21)
Let «* be a fixed point, and let

Ty =x + Yy
Then

Tep1 = fl(a)

Y1 = f(@"+y)

Aty = f@) +u f(@)+ O(lyl)
Y1 = Y f(27) =y B

r* is a stable fixed point if |3] < 1
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Stability analysis (2d)

Tn+l — f(fEmyn)

Yn+1 — g(xnayn)
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Stability analysis (2d)

Tn+l — f(fEmyn)

Yn+1 — g(:ljnayn)

Consider a small pertrbation from the fixed point (z*, y*):

T, = X+ Uy,

Yn — y*+vn
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Stability analysis (2d)

Ln+1 — f(xnayn>

Yn+1 — g(xnayn)

Consider a small pertrbation from the fixed point (z*, y*):

T, = X+ Uy,

Yn = y* + Un
Combining above equations, we get:

T+ Uy = f(ZIJ* + Up, Yy~ + Un)
y* T Unp1 = g(CU* T unay* -+ Un)
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Taylor’s explansion

For a scalar function f of a single variable x:

f(x+h) = f(x)+hf(z)+- -
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Taylor’s explansion

For a scalar function f of a single variable x:

f(x+h) = f(x)+hf(z)+- -

For a scalar function g of two variables o = [ ;I; ] ;

gla+e)=gla) +e'Vg+---

e[ o [ £]-[2]

and Vg = [

Q.’)|QDQD|QD
SSJSESRS
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Taylor’s explansion

For a scalar function f of a single variable x:

fle+h)=f(z)+hf(z)+--
For a scalar function g of two variables o = [ ;I; ] ;
gla+e)=gla) +e'Vg+---

where ¢ = [ I

99

andVg=| 9 | = 9= | In other words:
99
oy Gy

University of Georgia Lecture 4 —slide 4



Stability Analysis

T+ Upp1 = f(x* + Up, Yy~ + Un)

*

Yy _|_Un—|—1 — g(x*+un7y*+vn>
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Stability Analysis

T T Upy1 = f(x* + Up, y* =+ Un)

*

Y T+ Upy1 = g($*+unay*+vn>

o U = f@ ) Funfe(a y") +onfy(xt y")
Yt = 9@ Y) F Unga (2, Y7) + vngy (2, YY)
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Stability Analysis

T+ Upp1 = f(x* + Up, Yy~ + Un)

*

Yy _|_Un—|—1 — g($*+unay*+vn>

o U = f@ ) Funfe(a y") +onfy(xt y")
Yt = 9@ Y) F Unga (2, Y7) + vngy (2, YY)

[ Un+1 ] _ [ f:v(x*ay*) fy(m*ay*) ] [ Unp ]
Un+1 gw(x*vy*) gy(x*vy*> Un
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Eigen values

Theorem 2.2: The fixed points (z*, y*) are stable only if the absolute
value of (both) eigen-values of

g | fan ) fy(@ty)
9o (2", y")  gy(x™,y")

are less than 1.
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Eigen values

Theorem 2.2: The fixed points (z*, y*) are stable only if the absolute
value of (both) eigen-values of

J— fe(2™, y7) fy(miayig

g (x*,y") gy(z*,y

are less than 1. Given J, s there an easier way to check stability?
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Eigen values

Theorem 2.2: The fixed points (z*, y*) are stable only if the absolute
value of (both) eigen-values of

fx(x*a y*) fy(aj*a y*g

J: k k
g:v(x Y ) gy(a:’ Y

are less than 1. Given J, s there an easier way to check stability?

Yes:
Jury (96) conditions:

trJ| < 14 detJ <2

Why?
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Eigen values

Theorem 2.2: The fixed points (z*, y*) are stable only if the absolute
value of (both) eigen-values of

fx(x*a y*) fy(aj*a y*g

J: k k
g:v(x Y ) gy(a:’ Y

are less than 1. Given J, s there an easier way to check stability?

Yes:
Jury (96) conditions:

trJ| < 14 detJ <2

Why?
A —trJ X\ +det J =0
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