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good tutorial?
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What do the students want
from their tutorials?

Answers

But I give them detailed written answers afterwards...

Another point of view
Contact hour in small group
To pass the exam
To learn about the topic
To gain skills?

What are tutorials most
useful for?

What I value
Communication skills
Critical thinking
Becoming confident of answers
Feedback
Discussion?

See also workshops, labs, pals, ...

Some exercises / answers
to discuss

2. Identifying a Gaussian:
As part of a derivation, we may need to identify the probability density function of a
vector up to a constant. For example:


>
>
p(x) ∝ exp −x Ax − x c ,

where A is a symmetric invertible matrix. As this distribution is proportional to the
exponential of a quadratic in x, it is a Gaussian: p(x) = N (x; µ, Σ).
Identify which Gaussian x comes from by identifying the mean µ and covariance Σ in
terms of A and c. The easiest method is to compare p(x) to the standard form for the
multivariate Gaussian PDF (given in class).

The answer you should be able to show is:
Σ=

1 −1
1
A , µ = − A−1 c.
2
2
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Working for answer:
The quadratic form in the multivariate Gaussian takes the form:
1
log N (x; µ, Σ) = − (x − µ)> Σ−1 (x − µ) + const.
2
1 > −1
1 > −1
1 > −1
= − x Σ x + x Σ µ + µ Σ x + const.
2
2
2
1 > −1
= − x Σ x + x> Σ−1 µ + const. (Σ and Σ−1 are symmetric)
2
In comparison the quadratic form given in the question is:
log p(x) = −x> Ax − x> c + const.

We can read off the mean and covariance by comparing the coefficients of these forms.
Comparing the quadratic term:
1
− Σ −1 = − A
2
Comparing the linear term:
Σ −1 µ = − c

⇒

⇒

Σ = 12 A−1 .

µ = −Σc = − 12 A−1 c .

Some textbooks will instruct you to ‘complete the square’ — manipulate the given
equation for p(x) into the standard quadratic form that appears in a Gaussian PDF,
keeping track of the constants. That approach is fine, but more work than necessary.

)) ≤
small
enough
gradient
in the direction that will improve the
improves,
i.e.,steps,
E(w(1the
E(w(0) )points
.
cost function the most, so the gradient step will improve things. A fancier
couldsome
say that
a Taylor
the that
cost E
function
ii) answer
There exists
choice
of theexpansion
step size ηofsuch
(w(1) ) <is:E(w(0) ).

E(w + δ) = E(w) + δ> ∇w E + . . .
b) A common programming mistake is to forget the minus sign in either the descent
procedure
orδin=the
As a result one unintentionally writes a
Setting
−ηgradient
∇w E we evaluation.
have:
procedure that does w(t+1) ← w(t) + η ∇w E. What happens?
E(w(1) ) = E(w(0) ) − η (∇w E)> ∇w E + O(η 2 ).

So for small enough η, the change in cost is negative.
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b) Getting the sign of the gradient wrong means the algorithm maximizes E rather
than minimizing it. Often when we’re minimizing a cost, it has no finite maximum.
For example in linear regression we can make the squared error as large as we like
by setting extreme weights. So typically E(w) and the magnitude of the weights
increases towards infinity over time. In practice the code will often crash due to a
numerical error.

3. Maximum likelihood and logistic regression:
Maximum likelihood logistic regression maximizes the log probability of the labels,

∑ log P(y(n) | x(n) , w),

numbers
describing
experimental
conditions such as temperature and concentrations
MLPR
Tutorial
Sheet
7 (Answers)
of chemicals and nutrients.
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c) There’s a debate in the lab about how to represent the other input features: logtemperature or temperature, and temperature in Fahrenheit, Celsius or Kelvin?
Also whether to use log concentration or concentration as inputs to the regression.
Answer:

1 − p1 (1−f )
H2 (f )/(1−f )
=
2
p∗1 (1−f )
. . . and finally:
p∗1 =

1
,
H
(f
)/(1−f
)
2
(1−f )(1 + 2
)

which is equivalent to the previous answer.
Are these messy expressions correct? It is important to treat results with suspicion. To
be honest, the first thing I did was check my first expression against the answer in the
book numerically. But we won’t always have answers in books to check. (And who says
they got it right?) In general, extreme cases are often easy to check. Here, the channel
may reduce to one that is easier to analyse.
When there is no noise, f = 0, we are just source coding: we want to use the symbols
equally often, and indeed we recover p∗1 = 1/2 in this case.
As f → 1, the channel only ever emits a single symbol, so the capacity will tend to
zero. When that happens, it doesn’t matter what input distribution we use, the mutual
information is zero no matter what. For interest, we can see what input distribution we
should use as we approach this limit:
lim p∗1 = lim f f /(1−f ) =

f →1

...

f →1

1
.
e

How did I get this limit? When I first did it, I took logs and then applied L’Hôpital’s
rule to the quotient. If I just wanted the answer in a hurry, I would type “fˆ(f/(1-f))
as f tends to 1” into http://wolframalpha.com and check it numerically.

Closing thoughts
Set expectations
Finding what works is iterative
taking >1 group useful!

Ask what are main goals of this tutorial?
Give your lecturer feedback

