Advanced Human Language Technologies
Exercises on Recurrent Neural Networks

Recurrent Neural Networks

Exercise 1.

Your friend’s mood depends on the weather of the last few days. You've collected data about the weather
for the past 365 days which you represent as a sequence as x1,...,x3gs5. You've also collected data on
your friends’s mood, which you represent as y1, . . ., y365. You’d like to build a model to map from z — y.

1. Should you use a Unidirectional RNN or Bidirectional RNN for this problem?

2. Explain why vanishing gradients affect more severerly RNNs than deep FNNs.

SOLUTION

1. You need a unidirectional RNN because your friend’s mood does only depend on the past days
weather. Having the information from the future weather would not be useful.

2. Vanishing gradients affect much more RNNs because the weight matrices are shared among all
time steps, while in FNN each input position (i.e. time step) has it own matrix.

Exercise 2.

Given the unfolding of the first time steps of a RNN, where both hidden and output layers are linear:
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1. Write the RNN equations.

2. Compute the values for hidden units hq, ho, hg and output units y;, yo,ys, for input values x; =
2,29 = —0.5, x3 = 1, assuming that the weight matrices are W, = W), =W, = L.

3. Explain what is the network computing.

SOLUTION

1. The RNN equations are:
h(t) = Wyxy + Wihi—
y(t) = Wyh



2. hy =Wyx1 +Whrho=1-2+1-0=2
gy =Wyhi=1-2=2

ho = Wyxs + Wihy =1--05+1-1=15
Yo =Wyhy =1-15=15

hy =W,xs+Wpho=1-141-15=25
y3:Wyh3:1-2.5:2.5

t
3. The network computes the sum of all the inputs, i.e. y; = Z Z;
i=1

Exercise 3.

Given the unfolding of the first time steps of a RNN, where hidden layer is linear and output layer has a
sigmoid activation function o(z) = H%
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1. Write the RNN equations.

2. Compute the values for hidden units hq, ho, h3 and output units y1, y», y3, for input values x; =
(2,-2),z2 = (0,3.5),z3 = (1,2.2), assuming that the weight matrices are W, = (1,-1), W), =
Wy, =1.

3. Explain what is the network computing.

SOLUTION

1. The RNN equations are:
h(t) = Wy + Wphy—q
1
y(t) = o(Wyhe) = T e Wohe
2. hy = Wyxy +Wyho = (1,—1) . (2,—2)+1'O:4
h=c(Wyh1)=0c(1-4)=1/(1+e*)=0.98

ho = Waars + Wihy = (1,—1) - (0,3.5) +1-4 = 0.5
Yo = c(Wyhe) = o(1-0.5) = 1/(1 + e %5) = 0.62

hg = Wyzs + Wihy = (1,—1) - (1,2.2) +1-0.5 = —0.7
ys = oc(Wyh3) =o(1-—-0.7) =1/(1 4 ¢€>7) = 0.33
3. The network computes in the hidden layer the sum over all time steps of the difference between
t
both z; dimensions, i.e. h; = Z(L [0] — @;[1]).
=1

The output layer is the sigmoid function of that value, that is, a value in [0, 1] that is 0.5 when the
difference is zero, —1 when it is largely negative and +1 if it is largely positive.



Exercise 4.

Given the unfolding of the first time steps of a RNN, where hidden layer has a sigmoid activation function
0(z) = 17e==, and output layer is linear.
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x1 X2 X3
t=1 t=2 t=3

1. Write the RNN equations.

2. Compute the values for hidden units hq, ho, h3 and output units y1, y», y3, for input values x; =
18,9 = 9,23 = —8, assuming that the weight matrices are W, = —0.1, W}, = 0.5, W, = 0.25 and
biases are b;, = 0.4,b, = 0.

SOLUTION

1. The RNN equations are:
h(t) = c(Waxs + Wihi—y +by) =
y(t) = Wyhi + b,

2. hy = o(Wyozy + Wpho +b,) = 0(=0.1-184+0+0.4) = o(—1.4) = 1/(1 + **) = 0.2
Y1 = Wyhl + by =0.25%x0.2+0=0.05

1
14+ e~ (Wozi+Whrhi—1+bp)

hy = o(Wata + Whhy +by) = 0(=0.1-940.5- 0.2+ 0.4) = 0(—0.4) = 1/(1 + €°4) = 0.4
Yo = Wyhy + b, = 0.25%0.4+0=0.1

hy = o(Wyrs + Wyha +by) = 0(—0.1- -84+ 0.5-0.4+0.4) = 0(1.4) = 1/(1 + e 14) = 0.8
Y3z = Wyh3 + by =0.25%x0.84+0=0.2

Exercise 5.

Consider a simple RNN with the following equations:
ht = tanh(Wzsct + Whht,1 + bh)
Yt = Wyht + bu
where:
* 1, is the input at time ¢,
¢ h, is the hidden state at time ¢, set to zero fort = 0

* Wy, Wy, W, are weight matrices, and
* by, b, are biases.

1. Given the following values, compute the hidden states h; and hs for the input sequence x; = 1,
Tog = 2

0.6 0.5 0.2 0
Wa = {0.1} Wn = {0.3 0.7] bn = {0] by =0.1

2. Given the values above, which is the dimensionality of A, y;, and W, in this RNN? Justify your
answetr.



SOLUTION

1. Computing h; and hy

Fort =1:
0.6 0.5 0.2 0 0
hy = tanh(Woxy + Wyho + b) = tanh <[0~1} -1+ [0.3 0.7} . {O] + [J)
— tanh 0.6\ _ [tanh(0.6)| _ [0.5370
- 0.1] / — |tanh(0.1)| = [0.0997
Fort = 2:
0.6 0.5 0.2 0.5370 0
hy = tanh(meQ + Wrhi + bh) = tanh (|:0.1:| -2+ |:0.3 0.7:| . |:0'0997:| + [0:|)

0.3 x 0.5370) + (0.7 x 0.0997) 0.2 4 (0.1611 + 0.06979)
— tann (([1-4884] ) _ [tanh(1.4884)]  [0.9032
- 0.4309| ) — [tanh(0.4309)| ~ [0.4063

2. Dimensionality of h,, y;, and W,

— tanh ({(1);] N [go.5 % 0.5370) 4 (0.2 x 0.0997)]) _ tanh ({1.2 + (0.2685 + 0.01994)D

The hidden state h; is a 2-dimensional vector since W, has two rows, and W}, is a 2 x 2 matrix.

The output y, depends on W,,. Since W, h, must result in a scalar (as implied by the scalar bias b,,),
W, must be a 1 x 2 matrix.

Therefore, the dimensions are:
* hy € R?
® Y € R
° Wy c RIXQ

Exercise 6.

Given an LSTM cell with the following equations:
fi=0Wysay +Uphi—1 + by)
it = O’(Wil‘t + Uiht—l + bz)
0 = O'(Wol't + Uoht—l + bo)

where:
¢y = tanh(Wewy + Uchy 1 +be) o(x) = H% (sigmoid activation)
ct=fi ®ci_1 +it O tanh(z) = ::1::: (tanh activation)

@ represents element-wise multiplication.

hy = o¢ ® tanh(c;)

1. Manually compute f;, i;, o, ¢t, hy, assuming the following values

0.1 0.05
fE=l o her= [0.2} -1 [0.1}

0.4 0.1 0.3 0.1
* Forget gate: Wy = [_0.2] Uy = {0'2 0.5} by = { }

. 02 _ 104 02
Input gate: W; = [_0.3] Ui = {—0.1 0.3}

-0.3 0.2 —-0.2 0.02
Output gate: W, = { 05 } U, = [0.1 04 } b, = [ }



. 0.3 -0.2 0.3 0.0
Candidate cell state: W, = [O.l} U.= { 04 _0.1} be. = {0.1]

Solution

1. Computing f;, i, 0¢, Ct, hy
First, compute the gate activations:
Forget gate:

0.4 0.1 03] [01]  [o01
fo=o0(Wsa+ Ushy_y +b5) = 0 ({_0,2} I [0.2 0.5} ' {0.2} + [—0.1})

o (| 5]+ o x o T oa o]+ 5 = ([ ot con 7o)

B 0.57 7\ _ [0.639
~ 7\ |-0.18]) 7 |0.455
Input gate:
) 0.2 04 02] [01 0.05
e = o(Wie + Uit +bi) = "([—0.3} L [—0.1 0.3} ' {0.2} * [—0.05])
B 02404 x0.1+02x02+0051) (0337 _ [0.582
~7\|-03-01%x01403x02-005) " 7\ [-03])7 [0.426
Output gate:

~03 0.2 —02] [o0.1]  [0.02
00 = o(Wory + Uohe—1 +bo) = ”([ 0.5 } L {0.1 0.4 } ‘ {0.2} i [0.01})

3 —03+402x01-02x02+002]\ —0.3]\ _ [0.426
T\ 05401x01+04x02+001 ) "% ]06]|)7 |0.646
Candidate cell state:

- . —0.2 . 1 .
¢ = tanh(Wexy + Uchi—1 + be) = tanh( [8 ﬂ 14 { 004 _0031} . {8 2] + [8 ﬂ)

o ([03=02x0.140.3x0.2400] _ - (034] _ [0.327
=01 404%x01-01x02401]) @ 0.22 ) 7 lo.217

Cell state:

-~ [0.639] [0.05]  [0.582] [0.327
¢=JtOo-1+iO&= [0.455} © [0.1} + [0.426] © [0.217]
0639 x 0.05+ 0.582 x 0.327] _ [0.222
~ 1 0.455 x 0.1 4 0.426 x 0.217 | ~ {0.138

Hidden state:

~ [0.426 x tanh(0.222)
~ 10.646 x tanh(0.138)

0.426 0.222])

0.426 x 0.218 0.093
ht = oy ® tanh(c;) = {0.646} © tanh( [0.138 [ * } ~ [ ]

0.646 x 0.137 0.089

Exercise 7.

We have an LSTM trained to perform sentiment analysis. At each step, the LSTM cell has different values
for the forget gate (f;) which decide what fraction of the previous cell state should be kept, the input
gate (i;), that controls how much new information is added, and the output gate (o;), which controls
what is sent to the hidden state.

Given the input sentence I love this movie, gate values at each time step are:



t Word ft it O¢

1|1 09 0.1 04
2 | love 0.1 09 0.8
3 | this 0.7 03 0.5
4 | movie | 0.8 0.5 0.6

1. If the initial cell state is ¢y = 1.0, compute the final cell state ¢; after processing I love this movie
using only the forget gate values and ignoring the input gate values. Interpret the impact of these
values on memory retention.

2. Now take into account the input gate information at step ¢ = 2, assuming that he candidate cell
state computed from the input is 0.8, and compute the new ¢;. What does this tell about how
LSTMs handle important words?

3. Assume the final ¢, is 2.0 before the output gate is applied. Compute the final hidden state h;. How
does the output gate affect the final representation?

4. Discussion Questions

(a) Forget vs. Input Gates: How do forget and input gates work together to control memory in
an LSTM?

(b) Effect of Sentiment Words: How does the LSTM handle sentiment words like love?

(c) Limitations: What are some weaknesses of LSTMs compared to Transformers in sequence
processing?

SOLUTION

1. The cell state update (using only the forget gate and ignoring the input gate) follows the formula:
et = fr-c—1
Given ¢y = 1.0, we compute each step:

c1=fi-c0=09-1.0=0.9

ca = fa-c1=0.1-0.9=0.09

c3 = f3-co=0.7-0.09 =0.063
¢y = f1-c3=0.8-0.063 = 0.0504

The forget gate has a strong impact at ¢ = 2 (where it drastically reduces memory), showing how
an LSTM can "forget” past information based on learned gate values.

2. The new cell state update formula is:
ct = [t -1+t G
For ¢t = 2, with an additional new input of 0.8 and input gate i, = 0.9:

cy=fo-c1+1i-0.8=0.1-0.9+0.9-0.8 =0.09+0.72 = 0.81

This demonstrates that if sentiment words (like love) receive high input gate values, it allows
LSTMs to amplify their importance.

3. The hidden state is computed using the output gate and the cell state:
ht = o - tanh(cy)
Given ¢4 = 2.0 and o4 = 0.6:

hy = 0.6 - tanh(2.0) = 0.6 - 0.964 ~ 0.578



4. (a) The forget and input gates jointly control memory retention. Forget gates selectively discard
past information, while input gates determine how much new information is incorporated.

(b) If the LSTM has been trained on a sentiment analysis task, sentiment words like love will
receive high input values, ensuring their strong influence on the cell state.

(c) LSTMs struggle with long-term dependencies due to vanishing gradients and sequential pro-
cessing constraints, while Transformers are able to access any information in the past sequence
thanks to the attention mechanism.



	
	
	
	
	
	
	

