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Introduction

* About RNN
* The RNN 1s a model for dealing with sequential

data, x{, x-, ..., Xy, consisting of N items.
* The length of the sequence (V) changes over time.

* The data items are mutually dependent.
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Introduction

* Model Concept

* recurrence: repeatedly performs the same task
for every data item 1n a sequence.

=> allow the input to be the various-length sequence.

output Y4 V2 YN
RNN llllllllllllllllllll

model \\ / *\ /

input X1 X9 XN 6
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Introduction

* Model Concept

e state (h): memorize the passed information.

=> model the dependency among data items

output Y1 Y2 YN
RNN h — —  msmmsEmEEmaEs [
model 0 \llz |

input X1 X XN
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Introduction

* Price Forecasting
* input: a sequence of the past prices
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* output: the next price in the sequence
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?5 Introduction

* Price Forecasting
* normalize the raw prices p; to the values g;

{
q; = (p; ‘@@—’ ’ an.da.rd

deviation

mean

raw

84.83 84.84 85.14 85.40|85.53 87.27 86.63

Di
p=185.52 .= (p; — 85.52)/ 0.97
4= 855 I 4= wi-8s52)7/0
normalized
q; -0.72  -0.71|-0.37| -1.2 | 0.06 2.01 1.29
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Introduction

* Price Forecasting
* take four values for predicting the next one

qi

-0.72

-0.71

] 12 | 006 201 125] -

y, =[0.06] ¥y =[2.01] y3 =[1.29] }’4—[?
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[—0.72, 071—90737—9132] 120([ 12006201129]
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RNN Architecture

* Model State and Parameters
* model state (h): memorizes past information

 h is hidden (cannot be directly observed)

* h 1s in the form of a |h|-d vector.

h = [hy by, .., )

vector dimension 1S a constant
and specified by the user
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RNN Architecture

* Model State and Parameters

* model parameters (6): weights shared across times

@D

input weights state transition weights output weights
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RNN Architecture

* Recurrent Inference: Formulation
* given: mput x; and the previous state h;_4

* objective: output y;
* update stage: evolve the state from h;_4 to h;
* prediction stage: use h; to produce y;

Vi
v | prediction
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RNN Architecture

Xt

* Recurrent Inference: update

* Step I: transform the input x; to the state u, by W.

transpose

S
(@)T =@ ' @)T = W: |h| x |x| matrix

|h|-d state vector |x|-d input vector

* Step 2: use U to evolve the state from h;_4 to hy

@)T :@' (@)T'::) U: |h| X |h| matrix
|h|-d state vector ﬁ)
S Mitust
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RNN Architecture @

* Recurrent Inference: update

* Step 3: fuse the data from the input and the past
by adding u; and hy

* Step 4: apply tanh() to compute the state h;

tanhWv' (k) 7k WU- (Rup)?) = ()"
y

¢ he e
zZ __ e—Z 0.5 | o
tanh (Z) — -10 -5 n'nﬁ{ M 10
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* Recurrent Inference: prediction
e transform the state h; to output y; by V.

@)T =@ ' (@T —> V. ly| X |h| matrix

ly|-d output vector |h]|-d state vector

6
\—l. Nkfusrcc



=3
2
B

%

2y -
: &
@&:\//ﬁ

-/ RNN Architecture
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* Price Forecasting
* take four values for predicting one price

= [x|=4 |yl=1

* model hidden state h as a 2-D vector and
initialize to zero vector

lh| =2

= hy = [0.0,0.0]

6
\_. Nkfusfcc



,é\m’&ﬂg&

RNN Architecture

* Price Forecasting

* model parameters ¥,
e W (input = state) : 2 X 4 matrix v
» U (state =2 state) : 2 X 2 matrix U
« V (state = output): 1 X 2 matrix Wx
t

—0.14 -0.09 0.39 0.00
W =
—0.48 0.06 0.30 1.09 ly«4

—~0.34 0.59
V=00.10 1.22]1.> ﬁ)
_O 52 032 2X2 \—. N;:fusrcs
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RNN Architecture T Rt
iversity of S9° X,
* Price Forecasting: update
x; = [=0.72,—-0.71,—0.37,—1.2]
* Step I: transform the x; to u; by W.
(u)" =W - (x)"
0.02 B _ (—0.72]
l ]: [ 0.14 0.09 0.39 0.00 y _071
—0.37
—1.16 —0.48 0.06 0.30 1.09




RNN Architecture !U

Xt

* Price Forecasting: update

hy = [0.0, 0.0]

* Step 2: evolve the state from hy to hy by U
(hI)T =U - (hy)"

ool L2 aialloe
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RNN Architecture

* Price Forecasting: update

m 2.01 | 1.29

* Step 3: fuse u; and hy by addition

(u)" + (h)'= [

0.02

—1.16

0.0
_I_

0.0

[0.02'

—1.16.

* Step 4: apply tanh() to compute the state

tanh (

0.02

—1.16

)

[ tanh(0.02) |

tanh(—1.16)

D (h)" = [

h
0. 02]

~0.8
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* Price Forecasting: prediction

* transform the h; to y; by V
D' =V -(h)"

[-0.98] = [0.10 1.22]x

0. 02]
—0.8
* un-normalize y, to the real price

price = 098 % .97 + 85.52 = 84.56 6
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T/ RNN Training

* Training Overview

* split data sequences into k data segments
S =< Sl,Sz, Sk >
* randomly select a data segment S; from S

Si = x](_l),xg ), TSL)

* flow through RNN to produce the output sequence

Y5 s g

* compute prediction loss for updating W, U,V

6
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predicted sequence

00

back- loss
propagation computation

NOWNG) A~ (1)
OO (@) Y10 Y2 e Iy
SiiXy Xy ) ey Xy, ——>

ground-truth sequence
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RNN Training

e Loss Definition

* measure the error between the prediction
V1,V2,..Vy and the ground truth y,9,, ..., ¥y
¢ * mean square error (MSE) (value prediction)

Lysp = — >< Z(yl $;)% total square error

l
average

* cross entropy (classification)

=) 5i x log(y1)
i ﬁ)
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RNN Training
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* Loss Definition: Price Forecasting

prediction (y;)
(1)
Y3 ———— .098 195 | 1.21
V
U
w ground truth (y;)
£®

0.06 2.01 | 1.29

1
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RNN Training
* Loss Definition: Price Forecasting
prediction (y;) ground truth (y;)
-0.98 1.95 | 1.21 0.06 2.01 | 1.29

1
Lysg = 3 X Z(yi — $:)? total square error

average y

1
=% ((=0.98 - 0.06)* +(1.95 ~ 2.01)°
+(1.21 — 1.29)2)

= 1.09 P)
S Ntust






