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The final exam will be cumulative, but with added focus on the material covered after Thanksgiving
(which we have not had an exam on yet). In this document, I go through chapter 3 (the new
material) and point out the things you should know from it.

The final exam will be closed-note, closed-book, closed-smartphone, and so on, but I will include a
formula sheet for the final exam. A rough draft of it is also included in this document. Suggestions
for what to add to the formula sheet are welcome, but will not necessarily be followed.

(In general, I don’t consider definitions and statements of theorems to be things that should go
on this sheet, but if there’s a formula that you would want to look up even if you understand the
theorem as a whole, that formula would belong there.)

To study for the exam, I suggest the following resources:

• Review the solution to the homework assignments. Moodle (https://learn.illinois.edu/)
will have solution sets for each assignment on the day it is returned. It’s worth reading over
them even if you solved the problems correctly to see if you missed shortcuts or alternative
approaches.

• When reviewing material from a specific section, look at the examples in the textbook, which
are labeled “(x.y.z) Example.”, and try to work through or understand them on your own
before checking against the book’s solution.

• The exercises at the end of each chapter are pretty good too. Some of them develop extra
theory that wasn’t covered in that chapter, which occasionally means they get deeper into
the material than we do in this class. If you have questions about how to solve any of the
exercises, I’m happy to answer them.

3 Iterative Methods for Unconstrained Optimization

For all of the above, don’t worry about heavy numerical computation appearing on the final. You
should be able to do the calculations in principle, assuming the numbers are not too bad.
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3.1 Newton’s method

You should be able to use all versions of Newton’s method and understand their geometric interpre-
tations (as finding roots of linear approximations, or critical points of quadratic approximations,
to the original function). Be aware of cases where Newton’s method fails and what that looks
like.

You should understand Theorems 3.1.4 and 3.1.5 (although the latter isn’t relevant until our dis-
cussions of descent methods).

You don’t need to worry about the discussion of how to solve systems of linear equations effi-
ciently.

3.2 The method of steepest descent

You should be able to use the method of steepest descent. Theorems 3.2.5 and 3.2.6 are important
to know; theorem 3.2.3 is kind of cool.

3.3 Beyond steepest descent

You should know the criteria 1–4 for Wolfe’s theorem (Theorem 3.3.1), as well as the theorem itself,
and be able to do the following things:

1. Find a descent direction p(k) of the form (Hf(x(k)) + µkI)∇f(x(k)).

2. Test which values tk in the iterative step x(k+1) = x(k) + tkp
(k) satisfy Criteria 3 and 4 of

Wolfe’s theorem.

3.4 Broyden’s method

You should be able to use Broyden’s method (3.4.1) and understand the geometric intuition behind
the update rule.

2



Formula sheet

Newton’s method, solving a system of equations: x(k+1) = x(k) −∇g(x(k))−1g(x(k)).

Newton’s method, finding a critical point: x(k+1) = x(k) −Hf(x(k))−1∇f(x(k)).

Wolfe’s theorem criteria (where φ(t) = f(x(k) + tp(k))):

1. φ(t) < φ(0).

2. φ′(0) < 0.

3. φ′(t) > βφ′(0).

4. φ(t) < φ(0) + αtφ′(0).

Broyden’s method: b = x(k)−x(k−1), Dk = Dk−1 + g(x(k))bT

bTb
, x(k+1) = x(k)−D−1k g(x(k)).

Least-squared error solution to Ax = b: x∗ = (ATA)−1ATb.

Minimum norm solution to Ax = b: x∗ = ATw, where AATw = b.

Minimum H-norm solution: x∗ = H−1ATw, where AH−1ATw = b.

Lagrangian function: L(x,λ) = f(x)−
∑m

i=1 λigi(x).

Courant–Beltrami objective function: Fk(x) = f(x) + k
∑m

i=1(max{0, gi(x)})2.

3


	Iterative Methods for Unconstrained Optimization
	Newton's method
	The method of steepest descent
	Beyond steepest descent
	Broyden's method


