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Computational Science:
Computational Methods in Engineering

Steepest Ascent Method
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Description of the
Method

Concept of Steepest Ascent

Suppose there is a function f(x,y).

How is the maximum found?
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Concept of Steepest Ascent

Step 1 — Pick a starting point x;.
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Concept of Steepest Ascent

Step 2 — Calculate the gradient because that points toward increasing values of f(x4).
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Concept of Steepest Ascent

Step 3 — Calculate next point X, in direction of gradient. But how far?

1.0
X, =X, +7?

0.5

-0.5
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Concept of Steepest Ascent
Step 3 — Calculate next point X, in direction of gradient. But how far?
Moving too far along the gradient =
may cause the algorithm to go
unstable and not find the
maximum. 05
Moving not far enough will require
many iterations to find the Y
maximum.
For now, choose a constant a = 0.5.
-0.5
X, =X, +aVf(x,)
1.0
-1.0
X
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Concept of Steepest Ascent

Step 4 — Calculate the gradient at the second point x,.
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Concept of Steepest Ascent

Step 5 — Calculate the next point x; along the gradient.
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Concept of Steepest Ascent

Step 6 — Calculate the gradient at point x;.
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1.0

05
" 0

ZaN

The steep gradient caused the
maximum to be overshot. The choice of

P - |
ais important! 05
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Method
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Steepest Ascent Method

It is desired to minimize the number of times the gradient is calculated. It is best to
calculate the gradient once and then move in that direction until f{x) stops increasing. At
this point, the gradient is reevaluated and the process is repeated in the new direction.

Algorithm

1. Pick a starting point x.

2. Calculate the gradient at this point: g = VA(x)

3. If the gradient is zero or less than some tolerance, we are done!

4. Otherwise, move in small increments in the direction of g until f(x) stops
increasing: xX=x+ ag
Note: Think of this as searching along this direction like a 1D optimization and then efficiency can be
improved greatly.

5. Go back to Step 2.
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Choice of & (1 of 5)

ITERATION 1

Too large values of a can cause
the algorithm to jump away from
maximum.

At best, the algorithm converges
on a different maximum.
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Choice of (2 of 5)
ITERATION 1
Too large values of a can also
cause the algorithm to oscillate
about the maximum and never
converge to it.
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Choice of & (3 of 5)

ITERATION 1

For this example,

a=0.25 seems like a very good
choice. The best choice of o
depends on the properties of the
function. If the function varies
wildly, choose small . If the
function is rather well behaved,
larger values of « can converge
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Choice of @ (4 of 5)

a=0.1 seems like another good e

choice.

This is typically the value that |

choose at first if nothing else is

known.

X l‘is
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Small values of a converge very
slowly. This can be costly when
evaluating the function is slow.
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Choice of & (5 of 5)

ITERATION 1
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Example
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Example (1 of 5)

Problem
Find the maximum of the following function.
f(x,y)=2)cy+2x—x2—2y2 0<x<4
-05<y<25
Solution

Step 1 — Make an initial guess at the position.

’ x =2
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Example (2 of 5)

Step 2 — Calculate the gradient.

of(x,y) . of(x,y).
v (n) =205 T,

:%(2xy+2x—x2 —2y2)&x +%(2xy+2x—x2 —2y2)dy

=(2y+2—2x)&x+(2x—4y)&y

Iteration 1 (2.00,0.00)

Vf(2,0)=[2-0+2-2-2]a, +[2-2-4-0]a,

=-2a, +4a,

Step 3 — Gradient is not zero, so algorithm is not done.
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Example (3 of 5)

Step 4 — Move in direction of gradient.

2 -2
X, = 0 g = 4 Choose a =0.1

2 ol 27 [1.8
X, =X, +09, = + 0. =
2TRTERT 4 0.4

Iteration 2 (1.80,0.40)
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Example (4 of 5)

Step 5 — Go back to Step 2.

Step 2 — Calculate gradient at second point.
1.8 2y+2-2x 2:04+2-2-1.8 -0.8
X, = = — =
> 04 & 2x—4y 2-18-4-04 2.0

Step 3 - Still not done!

Iteration 2 (1.80,0.40)
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Example (5 of 5)

Step 5 — Go back to Step 2.

Step 4 — Calculate next point.

1.8 . 1.8 o -0.8] [1.72
X, = X,=X a = . =
> 104 TR0y 2.0 0.6

-0.8
g, = 20 Iteration 3 (1.72,0.60)
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Example (6 of 6)

Step 5 — Go back to Step 2.

Step 5-And so on...

After 77 iterations (tolerance 10-3), the answer converges to

2.00
X =
¢ 11.00

Iteration 77 (2.00,1.00)
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