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Motivation und Historie Attention

Cross-Attention

Self-Attention
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The FBI is chasing a criminal on the run .

FBI is chasing a criminal on the run .

BBI is chasing a criminal on the run .
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Bahdanau et al., 2015

Cheng et al., 20162

criminal on the run .



Motivation und Historie Attention

Attention im Zeitverlauf
GRU
(Cho et al., 20145)

Sequence-to-Sequence /
Encoder-Decoder
(Sutskever et al., 2014¢)

Soft Attention . Scaled Dot-Product
(Bahdanau et al., 2015 / Attention / Multi-Head

Globale und lokale Attention

Attention (Vaswani 7t al.,, 20178)
(Luong et al., 20152{/
Rif

n
>

Self Attention
(Cheng et al., 20162)

Vanilla RNN
(ElIman, 19903)

LSTM
(Hochreiter &
Schmidhuber, 19974)




Motivation fur Attention

RNN-Encoder-Decoder

Nicht-lineare Funktion

c=q({h1,...,ht}) =|hr Kontextvektor

Variable Ausgabeldnge

Letzter Hidden-State des Encoders wird [ ) } [ $" J )
als Kontextvektor verwendet® \ I\ : T\ —

7 - e AN ™
hi = f (z¢, hi—1) Encoder = | L A e "l_‘g) - .hf
2B.LSTM® A 8@ poof 8O} 8@ T Decoder

[ e ] [ L@ ] [ NG ] Fixe Lange

Kontextvektor nicht in der Lage, die relevante Information des
Eingabetextes abzubilden
- schlechtere Ergebnisse in der Ausgabe

Besonders bei langen Eingabesequenzen ist der
Variable Eingabelange %

Abb.1: RNN-Encoder-Decoder und Kontextvektor?




Soft Attention’

Durch Attention wird aus einem Kontextvektor c fixer Lange, eine Sequenz an Kontextvektoren

c, variabler Lange
y» (t) y(T) —
L ~. - J hi = [hi; hi],i=1,...,n

@ L[ ey LT h‘”
Encoder L h

1 I b a FA 7 -' ' Decoder " / Bidirektionalitat:
(o ). (5@ ). (@) h;hat einen starken Fokus auf das i-te
Eingabewort und dessen Umgebung

¢, wird als gewichtete Summe der
hidden States berechnet

'\ T,
c = Z ayih;.
i=1 l

Der Gewichtungsfaktor a,; wird
Decoder auch als Alignment Score

bezeichnet

Encoder

Abb. 2: Soft/Global Attention’




Soft Attention’

Decoder hidden State s, s,_;ist der hidden State

Pad
st = f(5¢e-1,y61,¢) des Decoders zum
Zeitpunkt t-1

Alignment Score
exp(score(s;_1, h;))

S v exp(score(si1, hir)) 4

_ ) ) o Softmax Uber eine —— 3
Der Alignment Score modelliert, wie gut die Eingabe x; und Score-Funktion

die Ausgabe y, zueinander passen und weist das

entsprechende Gewicht zu h;zu .
werden konkateniert
/

score(8;, h;) = v! tanh(W,[s; 1; h;])

ar; = align(y:, ;) =

Context vector

Global align weights

Gewichte, die zusammen mit den anderen
Modellparametern im Training gelernt werden

Abb. 2: Soft/Global Attention’




Von Soft Attention zur Scaled Dot-Product Attention

Soft Attention wird auch als Global Attention? bezeichnet, die Score-Funktion auch als Concat’

oder Additive Attention8

Dot-Product in der Name

Alignment Score Funktion

Quelle

Praxis wesentlich
effizienter zu berechnen
->trotz ahnlicher
theoretischer
Komplexitit

General

Warum Scaled Dot-
Product?

Fir grof3e n performt
additive Attention
besser
-> flr grof3e n kann
Softmax sehr kleine
Gradienten haben

D

Additive(*)

Location-Base

Dot-Product

Scaled Dot-
Product(”)

score(8;, ;) = v tanh(W[s, 13 h;])

oy ; = softmax(W,s;)

Note: This simplifies the softmax alignment to only depend on the
target position.

score(8¢, hi) = 8] W h;

where W, is a trainable weight matrix in the attention layer.
score(sy, h;) = 8/ h;

i
s, h;

score(s;, h;) = NG

Note: very similar to the dot-product attention except for a scaling
factor; where n is the dimension of the source hidden state.

Abb. 3: Alignment Score Funktionen'®

Bahdanau2015’

Luong2015 "

Luong2015"

7

Luong2015

Vaswani2017 °
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Scaled Dot-Product Attention & Multi-Head Attention

Vorteile im Vergleich zu anderen Attention- Verfahren

Verbesserte Trainingsstabilitat
Skalierung reduziert Auftreten von Vanishing-Gradient
Skalierung reduziert Auftreten von Exploding-Gradient

Effiziente Berechnung
Parallelisierung moglich
effiziente Berechnung auf GPUs

Bessere Handhabung grof3er Dimensionen
Unempfindlich auf Input-Dimensionen
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Dot-Product Bedeutung fur Attention

Dot-Productist a-b =% a; - b;
Eintragsweise Ahnlichkeit der Vektoren
Ahnlichkeitsmaf

Matrixmultiplikation ergibt paarweise Ahnlichkeiten

air vt am bi1 by ai a; by
( : " : ) . E E = ( . ) (bl_ ce bk_) = E
Aim *° Anm bin bin am Am_ b_l

cee

cee
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Scaled Dot-Product Attention8

a 4

£

W

Eingabe Queries, Keys, Values Matrizen
Q,K € R™%% ynd V € R™%

Ausgabe
X e ]Rnxn Y € Rnxdv

Mit n der Anzahl an gleichzeitig zu berechnenden Werten

X paarweise Ahnlichkeiten von Queries und Keys
Y Stellenweise Skalierung der Values um Ahnlichkeiten
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Scaled Dot-Product Attention8

class Attention(torch.nn.Module):
def _ init_ (self, mask=None):
super()._ init ()
self.softmax = torch.nn.Softmax(dim=1)
self.mask = mask

def forward(self, Q, K, V):
d_k = K.size()[1]
X = torch.mul(Q, torch.transpose(K, 0, 1))
\/ dk X = torch.mul(X, math.sqrt(d_k))
e if self.mask is not None:
T X « QKT X = X.masked fill(mask == 0, -9el5)

Q K i X - self.softmax(X)

Y = torch.mul(X, V)
return X, Y

Angelehnt an Zhang, 2021"
T

Q
Nn

attention(Q,K,V) = softmax

13



Multi-Head Attention®

class MultiHead(torch.nn.Module):
def _ init_ (self, input_dim, embed dim, num heads, mask=None):
0 super()._ init_ ()
/ X X assert embed dim % num_heads == 0, "embed dim % num_heads != 0"
self.embed dim = embed dim
self.num_heads = num heads

Con(;at ) X < Concat(headl’ Y headh) self.head_dim = embed_dim // num heads

- . /] /] 7 self.q proj = torch.nn.Linear(input_dim, emb_dim)
4+— . . . . : g q Tag s
Scaled Dot-Product h headl — attentlon(Ql ) Kl ) Vl ) self.k_proj = torch.nn.Linear(input_dim, emb_dim)
Attention self.v_proj = torch.nn.Linear(input_dim, emb_dim)
1 1 1 self.attention = Attention(mask)

f— o self.o_proj = nn.Linear(embed dim, embed dim)

- ! Q l K
Linear pJ{ Linear 'Ljnear Qi < QVVl Ki « KWl V! <« vwY
\ " k l l def forward(self, Q, K, V, mask=None):

| ‘ OW, KW, VW = self.qg proj(Q), self.k_proj(K), self.v_proj(V)
X, Y = self.attention(QW, KW, VW)

X = self.o_proj(X)

return X, Y

Angelehnt an Zhang, 2021"

V K Q

MultiHead(Q,K,V) « concat(attention(QWlQ, Kw{,vwy), ..., attention(QWQ, KWK, vwy )wo
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Implementierung & Evaluation

Modell Architektur

3
15}

Embedding LSTM Net / o

Optional: Multi-Head-
Attention8

worth

“worth” 16777

Angelehnt an Minaee et al., 20193
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Implementierung & Evaluation

Hyperparameter & Hyperparameter Suche

Hyperband:® Fixiere
Gruppe 1 mit besten
Werten, gebe Bereiche
flir Werte aus Gruppe 2
an, aus denen 30 Mal

Grid Search: Fixiere
Gruppe 2 mit
Jrealistischen” Werten,
variiere Werte aus

Ubernehme
beste Werte

10-Fold
Cross
Validation

Variierender
10% Train Split

Speichere
Parameter mit
bestem F1Score
aus bestem Fold
und Epoche ohne

Overfitting
Lade
_
Parameter

Evaluiere
einmalig

Test

Set

Gruppe1 — gezogen wird
Train Ubernehme
o E—— >

y Set | beste Werte |

Evaluiere auf Validation Set mit 3 Epochen Early Stopping

Train Toleranz (Overfitting und/oder abnehmende F1Score
Set l l
mﬁ/e Validation Set
Gruppe Gruppe 2

Embedding Dimension
LSTM Hidden Size

Lernrate
Vokabulargrofie

«»  Epochenanzahl -
« Batch Groéfie .

Linear Layer Size
Dropout Rate

Anzahl Attention Heads




Implementierung & Evaluation

Reproduzierbarkeit

Software Details

Neuronale Netze: PyTorch®v1.11.0 seed_everything(seed: int
Hyperparameter Tuning: Ray' v1.13.0 random. seed(seed
os.environ[ "PYTHONHASHS

Tokenisierung: spaCyv3.4.0
Evaluierung: Scikit-learn'® v1.0.1

np.random. seed(seed
torch.manual seed(seed

) torch.cuda.manual seed(seed
Hardware Details torch.backends . cudnn.deterministic

Training auf GPU (RTX 3090) torch .backends . cudnn . benchmark

Loss und Optimierung

(Binary) Cross Entropy Loss'"
Adam Optimize r20 Fiir alle Modelle und Hyperparametersuchen

seed everything(1234
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Briefsammlung - Spracherkennung

Ohne Attention

da o 0.0012 o o
precision recall fl-score support 0.8
en .9964 .9984 .9974 2517 de AroEs) - s g
de .9965 .9958 .9962 1443
da .9917 .9988 .9952 838 en 7 0 0.6
fr .9444 .9444 .9444 36 %
it .7714 .8710 .8182 31 w
unknown .0000 .1250 .2222 16 = fr 0 0 0a
accuracy .9936 ) 0 T
macro avg : 3 .8289 *
weighted avg - : .9926 L o2
unknown 0.44 0.19 019 1] 0.062 012
Standardabweichung: 0.451%
@ @ & % - &
QO
& L—Loo
Predicted label
Gruppe 1 Gruppe 2
= Epochenanzahl=15 = Lernrate =0.0001 »  Embedding Dimension = 65 = Linear Layer Size =72 = Anzahl Attention Heads =0

«  Batch Grof3e = 64 = Vokabulargréfie = 30000 - LSTMHidden Size = 88 = Dropout Rate =0.12 = Anzahl Parameter = 2.1Mio.




Briefsammlung - Spracherkennung

Mit Attention

en
de
da
fr

it
unknown

accuracy

macro avg
weighted avg

Gruppe1

precision

.9980
.9979
.9894
.9722
.7778

333
233

recall

.9976
.9986
.9988
.9722
.9032
.0625

fl-score

.9978
.9983
.9941
.9722

358
.1053

.9943
.8172
.9932

Standardabweichung: 0.155%
Steigerung durch Attention: +0.07 p.p.

support

2517
1443
838
36
31

16

Gruppe 2

= Epochenanzahl=15 .

« Batch Grofie = 64

Lernrate = 0.0001
Vokabulargréf3e =30000

Tue label

da 0 0 o 0.0012
de 4 0.00069 0.00062

en 0 0

fr 0 0

it 0 0

unknown 019 0.19 ] 0.062 0.062

e s & 1 ¥ s

6“9

Predicted label

Ik}

0.6

04

Foz2

-0.0

« LSTM Hidden Size = 55

»  Embedding Dimension =80

Linear Layer Size = 60
Dropout Rate = 0.19

Anzahl Attention Heads =1
Anzahl Parameter = 2.5Mio.
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Briefsammlung - Autoren

Ohne Attentlon Franz Kafka 0 0.021 o 0.05
0.3
precision recall fl-score support Friedrich Schiller 0 0038 ¢ 00038
Virginia Woolf 0.9654 .9690 .9672 1901 ) a
Henrik Ibsen 0.9989 9744 0865 897 Henrik Ibsen 4 0.0078 0.0056 00022 0 00078 06
James Joyce 0.9086 .9032 .9059 682 T
wilhelm Busch 0.9526 .8325 .8885 627 < James Joyce 0 ] ] 0.097 0
Franz Kafka 0.6677 .7964 .7264 280 I
Friedrich Schiller 0.4784 -8759 -6189 266 Johann Wolfgang von Goethe | 0.088 [MVEE 0 0 006l 0 0018 o4
Johann Wolfgang von Goethe 0.2745 .0614 .1004 228

accuracy .8859 4881 Virginia Wealf 4 0 o0
macro avg : TEEE .7419 4881 o2

weighted avg . . .8788 4881 Wilhelm Busch { 0.099 0037 0

Standardabweichung: 2.682% & a“\é &
d ": o — 0.0

& .z's;‘\t? &
&
Predicted label
Gruppe1 Gruppe 2
= Epochenanzahl =20 = Lernrate =0.0001 = Embedding Dimension=130 - Linear Layer Size =275 = Anzahl Attention Heads =0

«  Batch Grof3e = 64 = Vokabulargréfie = 30000 = LSTM Hidden Size = 277 - Dropout Rate = 0.45 = Anzahl Parameter = 4.9Mio.




Briefsammlung - Autoren

Mit Attention

precision

.9397
.9989
.9429
.9679
.7130
.5370
.6556

Virginia Woolf

Henrik Ibsen

James Joyce

Wilhelm Busch

Franz Kafka

Friedrich Schiller

Johann Wolfgang von Goethe

accuracy
macro avg
weighted avg

Standardabweichung: 4.59%
Steigerung durch Attention: +1.15 p.p.

Gruppe1
Epochenanzahl=15 = Lernrate =0.0001
Batch Grofie = 64 = Vokabulargréfie = 30000

fl-score

.9612
.9865
.8786
.9141
.7799
.6648
.3711

.8974
. 7937
.8941

support

1901
897
682
627
280
266
228

Tue label

4881
4881
4881

Gruppe 2

Jehann Wolfgang ven Goethe

Franz Kafka 0.0B6 00036 0 0.014 o 0.036
0.8
Friedrich Schiller 0 006 0 0.0038
Henrik Ibsen 4 0012 00045 0.0033 00011 0o 0.0045 0.6
James Joyce ] o 0 018 00015

0.057 o o 0.26 o 0.0088 o4

Virginia Woolf { 0 0 0 0016 000053
oz
Wilhelm Busch { 0.083 0029 0 00016 0014
g & & &
@ & & @
G 7 & —L 00
<& .é’(\‘d 2 ks N
& Q':S
&
Q“
&

Predicted label

Embedding Dimension=168
LSTM Hidden Size = 282

Anzahl Attention Heads =1
Anzahl Parameter = 7.4Mio.

Linear Layer Size =137 .
Dropout Rate = 0.48 .
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IMDB - Sentiment Analyse

Ohne Attention

09

precision recall fl-score support 0.8

negative 0.9077  0.7870 .843 4985 negative 07

positive 0.8130 .863 5015 06
3

accuracy .853 10000 - - 0.5
macro avg .853 . 10000 =

weighted avg .853 .853 10000 0.4

positive r03

Standardabweichung: 2.172% 02

| o1

negative positive
Pradicted label

Gruppe1 Gruppe 2

= Epochenanzahl =20 = Lernrate =0.0001 = Embedding Dimension=63 = Linear Layer Size =196 = Anzahl Attention Heads =0
Batch Grofie = 64 = Vokabulargréfie = 30000 LSTM Hidden Size = 266 - Dropout Rate = 0.48 = Anzahl Parameter = 2.7Mio.




IMDB - Sentiment Analyse

Mit Attention

09
. 0B

precision recall fl-score support
negative 0.7

negative 0.8956 0.8570 0.8759 4985
positive 0.8637 0.9007 0.8818 5015 = 0.6

=]

accuracy 0.8789 10000 Py r 05
macro avg 0.8788 16000 = 04

weighted avg 0.8788 10000
positive ]

Standardabweichung: 1.579%

Steigerung durch Attention: +2.5 p.p. - 0.7
— 01

negative positive
Predicted label

Gruppe1 Gruppe 2

= Epochenanzahl=15 = Lernrate =0.0001 = Embedding Dimension=184 - Linear Layer Size =299 = Anzahl Attention Heads =8
Batch Grofie = 64 = Vokabulargréfie = 30000 LSTM Hidden Size = 256 - Dropout Rate=0.5 = Anzahl Parameter = 7.6Mio.




ews - Ubersch

riften & Beschreibung

Ohne Attention

POLITICS
RELIGION

MONEY

FIFTY

GOOD NEWS

ARTS & CULTURE
COLLEGE
EDUCATION

accuracy
macro avg
weighted avg

Gruppe1

©.4559
©.5708
©.5332
0.3063
0.2623
0.2643
0.5203
©.4940

0.5073
©.4879
0.4942

Standardabweichung: 1.785%

Epochenanzahl=16
Batch Grofie = 64

Lernrate = 0.001
Vokabulargréf3e =30000

ARTS & CULTURE

BLACK VOICES

BUSINESS

COLLEGE

comeoY

CRIME

CULTURE & ARTS.

DIVORCE

EDUCATION

ENTERTAINMENT

ENVIRONMENT

FIFTY

GOOD NEWS

HEALTHY LIVING

HOME & LIVING

MEDIA

Tue labe

MONEY

PARENTING
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Gruppe 2 s
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= Embedding Dimension=115 .

« LSTM Hidden Size = 265

= DropoutRate =

Linear Layer Size = 207 = Anzahl Attention HeadsTOM

0.51 = Anzahl Parameter = 4.4Mio.




News - Uberschriften & Beschreibung

Mit Attention

DIVORCE
POLITICS
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EDUCATION
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(]

accuracy
macro avg
weighted avg

o0

Standardabweichung: 1.943%
Steigerung durch Attention: +0.31p.p.

Gruppe1
Epochenanzahl=15 = Lernrate =0.001
Batch Grofie = 64 = Vokabulargréfie = 30000

ARTS & CULTURE {024 0.04 0.0

BLACK VOICES 1001 [0 0.00 0

Business {00c
couLece {0
comeor
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DIVORCE

EDUCATION
ENTERTAINMENT
ENVIRONMENT {0
FiFTY {000

GOOD NEWS

HEALTHY LIVING

IMPACT

MEDIA {00

MONEY

PARENTING
pouics {00
QueER voices {001 001 ¢

RELIGION {000 00
SCIENCE
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STYLE {001 002
STYLE & BEAUTY {0
TASTE 00
TECH
TRAVEL {000
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WEIRD NEws {002

WELLNESS {0

HOME & LIVING {000 001 000 000 0.00

00 000 001 001 0.
000 0,01 001 00;

04 000 001 000 0.0

women {002 003 000 001 0.0

WORLD

Gruppe 2

01 009 000 0.04 001 0

001001 001 0

Predicted label

1001 001 003 0,

001 001 000 00

0 00

51 000 001 0

000 0.06 0.01 003 000 0.00 000

008 000 002 007 002 0.05 001 00

oo oo 0or

00 010 @88l 001

‘u)\un

000 000 002

002001 001

Embedding Dimension=152 -
LSTM Hidden Size =171 .

Linear Layer Size = 250

Dropout Rate = 0.47

Anzahl Attention Heads =2
Anzahl Parameter = 5.6Mio.
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ews Big - Uberschriften & Beschreibung

Ohne Attention
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accuracy
macro avg
weighted awvg

Standardabweichung: 0.507%

Gruppe1

Epochenanzahl =13 .
Batch Grofie = 64 .

Lernrate = 0.001
Vokabulargréf3e =30000
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Gruppe 2

= Embedding Dimension=117
» LSTM Hidden Size = 230

Linear Layer Size =188 .
Dropout Rate = 0.46 .

Anzahl Attention Heads =0

Anzahl Parameter = 4.2Mio.
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News Big - Uberschriften & Beschreibung

Mit Attention
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CULTURE & ARTS
STYLE
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MONEY
FIFTY

GOOD NEWS
S & CULTURE
COLLEGE
EDUCATION

accuracy
macro avyg
weighted awvg

Standardabweichung: 0.721%

Steigerung durch Attention: +1.23 p.p.

Gruppe1

Epochenanzahl =23
Batch Grofie = 64

= Lernrate =0.001
= Vokabulargréfie = 30000
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Gruppe 2 Lo
= Embedding Dimension=104 - Linear Layer Size =222 = Anzahl Attention Heads =1
» LSTM Hidden Size = 344 - Dropout Rate = 0.48 = Anzahl Parameter = 6.4Mio.

29



IMDB - Sentiment Analyse

Ohne Attention, absichtlich suboptimale Hyperparameter

09
precision recall fl-score support 0.8
negative 0.8602 0.5727 0.6876 4985 negative 0.7

positive 0.6812 0.9075 0.7782 5015
accuracy 0.7406 10000 T 06

macro avg 8.7329 10000 B
weighted avg 0.733 10000 W - 0.5
Standardabweichung: 4.851% - 0.4
Verlust durch suboptimale Parameter: -11.33 p.p. .

positive - ]
-02
L+01

negative positive
Predicted label

Gruppe1 Gruppe 2

= Epochenanzahl=15 = Lernrate =0.0001 - Embedding Dimension=100 - Linear Layer Size =128 = Anzahl Attention Heads =0
Batch Grofie = 64 = Vokabulargréfie = 30000 LSTM Hidden Size = 256 - Dropout Rate=0.5 = Anzahl Parameter = 3.8Mio.




IMDB - Sentiment Analyse

K

Mit Attention, absichtlich suboptimale Hyperparameter

precision

negative
positive

accuracy
macro avg
weighted avg

0.9447
0.8126

fl-score support

0.8536
0.8780

0.8669
0.8666 0.8658
0.8669 0.8658

Standardabweichung: 3.08%
Steigerung durch Attention: +12.63 p.p.
Verlust durch suboptimale Parameter: -1.2 p.p.

Gruppe1

4985
5015

10000
10000
10000

Epochenanzahl=15
Batch Grofie = 64

Lernrate = 0.0001
Vokabulargréf3e =30000

:

0.8
negative
= 0.6
=]
o]
i
'E 04
positive -
F02
negative positive
Predicted label
Gruppe 2
Embedding Dimension=100 - Linear Layer Size =128 Anzahl Attention Heads = 2
LSTM Hidden Size = 256 - Dropout Rate=0.5 Anzahl Parameter = 4.8Mio.
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Agenda

1. Motivation und Historie Attention

Soft Attention

Scaled Dot-Product Attention & Multi-Head Attention
Implementierung & Evaluation

Ergebnisse mit und ohne Attention

o o r w N

Fazit
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Fazit

Theorie

Scaled Dot-Product Attention ...

.. berechnet ein Ahnlichkeitsmaf3 zwischen
Queries und Keys und filtert damit die Values

.. skaliert durch Dot-Product deutlich besser als
RNNs

..istunempfindlich gegenuber langen
Eingabesequenzen

.. verbessert durch Skalierung iber Dimension
des Modells die numerische Stabilitat

Praxis

Scaled Dot-Product Attention ...

.. kann auch auf3erhalb von Transformer-
Modellen eingesetzt werden

.. verbessert Performance in allen Experimenten
im Vergleich zu Modellen ohne Attention

.. kann insbesondere dann vorteilhaft sein, wenn
Vorhersagekapazitat des Modells noch nicht
erreicht ist
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Anhang

News - Uberschriften & Beschreibung, ohne Attention
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0.3135
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0.00 0.01 002 005 0.00 000 003 000 0.00 0.02 0.01 0.02 0.00 0.05 0.00 0.04 0.05 0.02 0.01
0.03 013 001 000 0.04 002 0.11 0.02 0.00 020 0.01 0.01 0.01 000 0.01 0.01 005 0.01 0.02 0.03 0.02
001 000 002 000 000 000 003 000 001 000 [ 001 005 001 002 005 003 001 001 002 000
0.00 0.00 0,01 0.00 0.00 0.00 002 0.03 0.01 0.00 0.00 02 0.00 0.01 0.02 0.03 0.00 0.05 0.09 0.02 0.01
0.00 0.01 0.00 0.00 001 011 0.04 0.00 0.02 0.01 0.08 0.03 0.18 0.00 0.02 0.05 0.01 002 011 0.01 0.02

0.00 0.01 003 001 0.00 000 0.02 0.01 0.01 0.00 0.03 011 0.

00 0.08 0.01 0.07 0.00 003 0.08 0.00 0.01
0.00 0.00 0.00 0.00 0.00 0.00 005 0.00 0.01 000 0.00 0.01 cot-cot-ﬁtot 0.00 0.02 0,03 0.00 0.00

0.00 0.02 002 001 001 001 0:03 0.01 0.07 0.00 0.04 0.06 0.01 000 0.00/0.34 0.01 0.04 0.03 0.02 0.03

0.00 0.02 001 001 003 001 002 0.00 0.01 0.02 0.00 0.00 0.00 001 0.00 0.01[¥3M0.01 0.01 011 001

00 001 006 002 000 002 001 001 01 000 000 004 000 .00 001 202 000 I 001 001 000
0,00 001 001 001 001 001 062 002 005 000 000 010 0.00 .00 002 006 .00 0.02 [FLF 001 002
001 001 004 001 003 003 000 000 002 000 003 0.00 £.00 .01 000 004 .06 0.02 001
001 001 000 000 000 001 062 001 001 001 000 002 L0 RO 200 202 001 0.0 002 002

0.00 0.02 0.00 0.00 0.00 003 0.03 0.00 0.02 0.01 0.01 0.01 0.00 .01 0.00 0.05 0.00 0.00 0.01 0.03 0.

0.00 0.00 0.01 0.00 0.00 0.00 0.03 0.00 0.01 0.00 0.07 0.01 0.00 001 0.01 0.02 0.00 001 0.01 0.00 0.01 0.

0.00 0.03 0.00 0,01 0.01 0.03 001 0.00 0.00 001 0.00 0.00 0.01 0.00 0.00 0.01 0.01 0.0 0.01 0.02 0.01
0,01 0.01 001 000 001 000 0:03 0.00 0.00 0.05 0.00 0.01 0.00 000 0.03 0.00 0.01 001 0.02 0.01 0.01
0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.01 0.01 0.02 0.00 0.03 0.00 000 0.03 0.00 0.01 001 0.00 0.00 0.00
0.00 0.00 0,01 0.00 0.00 0.00 002 0.00 0.00 0.00 0.00 0.02 .00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.06 0.00 0.00 0.01 0:02 0.00 0.00 0.00 0.02 0.00 0.00 000 0.00 0.01 0.02 0.06 0.01 0.02 0.00
0.00 0.00 0.01 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.03 0.02 0.00 000 0.01 0.02 0.00 0.01 0.02 0.00 0.00
0.00 0.00 0.00 0,00 0.00 0.00 001 0.02 0.00 000 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.0 0.01 0.00 0.00
0.01 0.01 000 000 0.02 014 0.03 0.01 0.00 0.01 0.06 0.00 0.04 000 0.03 0.01 0.02 0.02 0.08 0.02 0.00
0.00 0.00 0.01 0.00 0.00 000 0.02 0.02 0.01 0.00 0.01 0.11 0.00 0.00 0.00 0.06 0.00 0.02 0.02 0.00 0.00
0,01 0.03 001 001 0.01 001 002 0.01 0.01 002 0.01 0.10 2.00 0.01 0.00 0.03 0.01 0.0 0,04 0.04 0.03

0.00 0.01 001 0.00 0.00 005 0.01 0.00 0.00 0.00 0.03 0.00 0.00 000 0.00 0.03 0.01 0.00 0.01 0.06 0.01

0.01 0.02 001 0.00 0.03 001 0.02 0.03
0,00 0.05 0.00 005 0.00 0.01 001
0.00 0.01 0.02 6.00 0.01 001 0.09 0.02
0.01 0.00 0.03 6.00 0.00 0.00 0.00 0.00
002 002 0.03 0.02 0.02 002 0.03 0.03
0.02 0.00 0.01 6.00 0.00 000 0.01 0.00
002 001 001 002 0.02 001 0.01 0.07
0.00 0.00 0.00 6.00 0.01 0.00 0.00 0.00
001 001 0.01 6.00 0.01 000 002 0.00
0.02 001 004 0.04 0.05 001 0.02 0.01
001 0.04 0.01 0.00 0.00 0.01 0.01 0.06
0.00 0.00 0.01 0.01 0.01 001 001 004
0.01 001 002 001 0.02 002 0.02 0.02
002 0.04 001 001 001 003 0.01 0.02
0.00 0.00 0.00 0.00 0.06 0.04 0.01 004
0.04 0.00 0.01 0.00 0.01 001 0.02 0.03
001 001 0.03 6.00 0.01 000 0.03 0.01
0.01 0.00 0.01 G.00 0.00 000 0:02 003
0.00 0.01 0.00 6.00 0.02 001 0.01 0.02

3 0.01 0.02 0.00 0.00 0.00 0.00 0.01
0.01 0.00 0.00 6.00 0.01 000 0.00 0.00
0,00 0.01 0.00 0:00 0.00 0.02
0,00 001 002 001 0.03
0.00

c.00fXH 0.00 001 0.00 001 001

0.00 001 001 027 032/ 003 0.02 0.03

.00 0.00 001 001 002

0.01 001 001 0.00 001 008
0,01 002 001 0.00 0.01 000 il 0.01
001 001 001 0.00 001 004 001
0.00 0.00 0.01 G.00 0.01 000 0.00 001
001 0.04 0.03 0.01 0.02 009 0.04 0.04
0.01 0.03 0.00 6.00 0.01 002 0.01 0.02
0.03 0.00 001 0.01 0.04 000 001 0.01

0.05 0.01 0.02 6.00 0.00 000 0.01 0.03

0.00 0.00 0.02 005 0.02
001 0.00 001 002 0.01
0,00 0.00 0.04 203 0.03
0,00 0.00 0.01 003 0.00]
0,01 0.04 0.01 002 0.00]
000 0.02 001 202 0.02
0,00 0.01 001 001 0.02
0,08 0.00 0.02 001 0.00]
001 0.00 001 201 0.02
002 0.01 001 005 0.01
0,00 0.02 0.02 0.00 0.06]
0,02 0.00 0.10 0.03 0.00]
002 0.07 003 002 0.01
001 0.01036 0.02 0.00]
0,01 0.00 0.03 201 0.00]
0,00 0.00 0.07 0.03 0.04]
0,00 0.00 001 002 0.02
0,04 0.00 0.03 000 0.01
0,01 0.00 0,03 0.03 0.00]
0,00 0.00 0.00 0.03 0.04]
0,03 0.01 0.02 201 0.00]
0,00 0.00 0.03 002 0.07
0,00 0.02 0.09 000 0.01
0.00 0.03 0.00 002 0.02
0,02 0.01 0.01 003 0.00]
0,02 0.00 0.02 001 0.00]
0,01 0.01 0.02 000 0.01
001 0.01 002 001 0.02
001 0.00 001 000 0.02
LEH 0.00 0.01 0.01 0.00]
001 0.19 0,01 000 0.01

.01 0.01 0.08 /040 0.01

cuctuctuctuc

000 0.0

ISEIRS
&
&

Predicted label

e GO & OB O G o e P
& ¢ ST 5 S G
g

h

&

36



Anhang

N Ub hriften & Beschreib mit A ' )
ews erscnrireen eschreibungen, mit Attention
ARTS & CUITURE {024 0.04 0.00 0.00 001 002 026 002 000 005 001 0.01 0.00 0.00 0.01 0.00 001 000 004 0.01 001 001 0.01 001 000 003 002 001 002 001 000 003 006 001
BLACK voices {001 |08 0.00 003 000 011 004 601 603 004 000 001 000 001 001 001 083 000 003 002 002 002 000 008 000 094 000 081 630 001 009 002 001 002
precision recall fl-score support
BUSINESS {000 003 [030 0.01 0.00 002 001 000 201 000 0.02 006 000 001 0.02 003 003 020 001 002 002 003 001 001 00 0OL 001 096 043 090 000 004 003 003
. couszee foon 00z oo 090 002 063 005 003 000 000 604 000 090 030 03 043 0T3 000 001 601 602 000 037 031 04 59 000 001 30 400 000 037 009 o7
ENVIRONMENT 0.4923 0.5437 0.5167 355
BUSINESS 0.4978 0.3026 0.3764 380 comeny {001 003 001 0,008 002 001 001 000 007 002 0.02 0.01 0.00 0.02 0.1 003 001 002 004 001 002 0.02 0.04 002 003 001 002 002 001 002 001 003 001
HEALTHY LIVING ©.3118 0.0751 0.1211 386 CRIME {0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.01 000 001 0.02 0.01 0.01 0.02 0.00 0.02 0.00 0.00 0,00 0.02 0.00 0.00 0.00 0.01 0.01 0.04|
HOME & LIVING 0.6263 6.7513 ©0.6832 386 CULTURE & ARTS {0.05 0.02 0.00 0.00 0.00 001 0.02 0.01 0.02 0.00 0.00 0.03 0.00 0.01 6.00 0.01 0.00 0.01 0.02 0.02 0.02 0.00 0.02 0.01 0.01 0.07 0.01 0.00 0.03 0.02 0.02|
33 3 3
ENTERTAINMENT 6.4175 CREEEE] 0.3707 387 DIVORCE {0.00 0.00 0.00 0.00 0.00 0.00 0.00| 0 0.00 0.00 0.04 0.00 0.00 0.01 0.00 0.00 2.01 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.09 0.00 0.01 0.02 0.00
STYLE & BEAUTY 0.4808 0.7698 ©.5919 391 06
EDUCATION {001 001 002 007 001 002 002 000 000 003 0.00 0.01 001 005 001 003 005 01 0.00 0.01 000 0.1 0.00 0,00 00T 002 001 001 00D 0.04 0.00 001
CULTURE & ARTS ©.4433 0.5601 0.4949 391
002 0.09 000 0.00 0.04 004 005 002 0.00[033| 001 0.00 0.00 0.00 0.01 0.01 004 001 005 003 0.01 001 0.01 0.05 001 007 001 001 001 002 001 0.00 004 0.
PARENTING 0.3862 0.5422 0.4511 391 ENTERTAINMENT -
SR AVGTeES iic onis  5isss Az exveowMENT Jo00 060 001 009 000 003 002 000 021 001 001 503 000 003 002 002 052 002 002 001 001 08 001 0 D41 001 000 005 600 401 002 030 003
MEDIA 0.5714 0.6076 0.5890 395 Firry {000 0.00 001 000 0.90 0,00 000 004 000 000 .00 [ 001 0.02 001 001 096 003 010 601 001 801 000 0.1 001 002 0L 91 003 601 .00 013 0.03 0.0
TASTE 0.6509 ©.7280 ©.6873 397 GOOD NEWS {0.01 202 0.00 0.01 0.00 0.14 0.02 0.01 0.02 .02 0.08 0.02 0.18 0.01 0.02 0.04 000 0.01 0.14 0.00 0.00 0.02 0.03 0.04 0.00 003 0.02 001 0.02 0:02 0.01 0.05 0.00 0.01
£ 3 3 3 05
COMEDY 6.6920 6.4336 6.5331 99 HEALTHY LIVING {0.00 0.01 0.03 0.01 0.01 0.01 0.02 001 0.00 0.00 0.01 0.10 0.00 0.08 0.01 0.03 000 0.03 0.04 0.01 0.01 0.01 0.04 0.02 0.01 000 0.04 001 0.01 0.01 0.01 &% 002 0.01
WEDDINGS 0.6700 0.8425 0.7464 400
% HOME & LIVING {0.00 001 0.00 0.00 0.00 000 003 000 001 001 001 001 000 000 [gR 0.00 060 001 002 000 000 000 000 001 00 003 002 001 082 001 00D 003 000 000
IMPACT 0.3741 0.2750 0.3170 400
= 000 0.01 004 001 0.00 0.04 001 002 003 001 05 0.06 0.00 0.01 0.01 328 001 004 005 001 001 0.03 001 .01 0.00 001 001 001 004 001 0.00
WOMEN ©.4743 0.3925 0.4295 400 ueact ] 0% 80
WORLD 0.5484 0.5470 0.5477 204 H MEDIA {001 003 0.02 001 004 002 001 601 601 601 001 009 00 001 000 000 507001 001 0.00 0.03 0.00 002 0.0 0.03 001 5,00 0.00 0.02 002 0.03
TRAVEL 0.5041 0.6074 0.5510 405 H MoneY {000 000 002 002 000 003 000 000 002 001 001 005 000 001 004 001 0010.00 0.00 0.00 0.01 000 001 000 0.03 002 002 0.00 0.02 000 0.01
0s
WELLNESS ©6.2904 0.5602 ©.3826 407 PARENTING 0.01 0.00 0.01 0.01 0.00 0.02 0.01 0.04 0.04 0.01 0.00 0.11 0.01 0.01 0.01 0.02 0.00 002 0.01 0.00 0.00 0.00 0.01 002 0.02 0.01 0.01 0.00 0.06 0.01 0.00
WEIRD NEWS 6.4600 6.0564 6.1004 408 POLITICS {0.01 0.02 0.03 0.01 0.01 0.05 0.00 0.01 0.02 0.01 0.04 0.00 0.00 0.01 0.01 0.02 0.08 0.05 0.00| 0.02 0.03 0.01 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.06]
CRIME 0.4246 0.7433 0.5404 409 U
quesr voices {o 00001 001 002 000 003 0.00 002 0.00 000 0.00 001 001 BT 003 001 001 000 001 002 000 000 003 .00 001 0.00 0.0
SPORTS 0.5296 0.7195 0.6101 410
STYLE 6.6357 0.2155 0.3219 413 RELIGION {000 001 0.00 0.00 0.00 0,04 002 90 006 001 601 0.02 0.00 0.01 .90 0.04 001 000 02 002 001 0.00 000 091 000 002 600 0.00 0.04 0.01 004
SCIENCE 0.6356 0.5604 0.5956 414 SCIENCE {0.00 0.00 0.00 0.00 0.00 002 0.02 0.00 001 001 007 0.01 0.00 0.01 0.01 0.00 000 090 0.0Z 0.00 0.00 000 001 001 002 002 093 000 042 000 001
03
QUEER VOICES 0.7751 0.6892 0.7296 415 SPORTS {0.00 002 0.00 0.02 0.01 005 0.01 0.00 000 001 001 0.00 0.00 0.00 0.00 0.00 007 090 001 001 001 000 000 001 001 01 000 000 001 001 002
TECH 6.6046 6.5697 ©.5866 416 STvLe {0.01 0.02 0.00 0.00 0.02 000 001 001 000 0.06 0.01 0.02 0.00 0.00 0.03 001 001 0L 0.03 0.00 0.00 0.00 0.00 0.02 022|038 003 0.02 0.01 0.02 0.00 0.03 0.01 0.00|
VOR g ; 2
DIVORCE 6.6681 6.7446 6.7043 419 STYLE & BEAUTY {0.00 0.00 0.00 0.01 0.00 0.00 0.02 0.00 0.00 0.01 0.00 0.02 0.00 0.00 0.02 0.00 001 001 001 0.00 0.00 0.00 0.00 0.02 0.03 001 0.01 0.01 0.02 0.00 0.02 0.01 0.00|
POLITICS 0.5471 ©.4286 ©.4806 420 —
sTE {0 ) .00 001 001 000 0.00 004 008 001 001 081 601 0,00 0,01 000 0.01 0.0 001 [ 001 005 600 000 0.5 0,00 0.0
RELIGION 0.6282 0.6182 0.6231 440
MONEY 6.4444 6.5802 0.5033 324 TECH {000 0.01 005 .00 0.00 001 002 000 000 001 001 00D 0.00 0.00 001 001 004 004 003 001 0.00 001 .03 0.02 0.00 001 002 0.00 003 001 003 o
FIETY 0.2515 0.4469 0.3219 273 TRAVEL {0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 000 001 001 0.07 0.00 0.00 0.03 001 000 GO 0.03 0.00 000 002 0.00 0.02 000 003 004 0.1 IR 001 0.00 003 000 001
GOOD NEWS ©.4870 0.1836 0.2667 EH WEDDINGS {0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.04 000 001 000 0.04 0.00 0.00 0.00 0.00 0.00 000 001 0.00 0.00 0.00 0.00 0.1 00 001 000 001 000 001 000 0.00)
p 3
ARTS & CULTURE 6.4662 6.2447 6.3209 282 WEIRD NEWS {0.02 001 0.00 0.00 0.02/0.24 0.03 001 0.00 0.02 0.05 0.00 0.05 0.00 0.03 002 0.01 0.03 004 0.01 0.00 .01 0.03 0.08 0.00 0.02 007 0.02 0.05 0.01 0.06 0.02 0.01 0.01
COLLEGE 0.5874 0.5708 0.5789 212
WELLNESS {0.00 0.00 0.02 0.00 0.00 0.00 0.02 0.02 001 000 001 0.09 0.00 0.04 0.01 0.03 000 09Z 0.03 0.00 0.00 001 0.03 0.00 0.00 090 002 001 092 001 0.00 (B 001 0.2
EDUCATION 0.4914 0.5758 0.5302 198
WOMEN {002 0.03 000 001 0.01 002 00L 004 001 001 001 012 0.00 0.01 001 004 001 000 003 002 0,01 0.02 000 002 0.02 001 001 001 000 001 0.00 0.10 088 0.1
S o oot rer won {090 051 60 050 530 48 00 001 809900 008 29 090005 09 004 002001 05 0G5 €00 6 05103 09080 00 00 00 001 000 053020

2 £ oo b oA & of < o & G O & BF & o & <«
macro avg ©.4895 12824 S LSS & & @@‘&gc & \‘EzV‘“p,Q\ch‘é &€ u\é’ec\l@“b 0 0@”\@@
weighted avg ©.4935 12824 ST & & G S LN L e 5 K
K & & & E S b & &
£ & S&& o TFe s s
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Anhang

News Big — Uberschriften & Beschreibung, ohne Attention o

ARTS & CULTURE {023 0.07 0.00 0.00 0.00 0.00 012 0.00 0.01 014 0.00 0.00 0.00 000 0.02 0.00 0.00 0.00 0.03 .09 0.04 0.00 0.01 001 000 0.05 0.02 0.01 0.05 0.01 001 0.01 0.03 0.03
BLACK voICES 0.00 [0 0.01 0.01 0.00 0.02 001 001 0.01 014 0.00 0.00 0.00 000 0.00 001 001 0.00 0.02 011 0.01 0.01 0.00 002 001 0.05 0.01 0.01 001 0.01 0.00 0.03 000 001
precision recall fl-score support
BUSINESS {000 0.01 J038 0.00 0.00 0.01 000 0.00 0.01 001 0.02 0.00 0.00 001 001 001 0.00 0.11 0.01 0.13 0.00 0.00 0.00 001 001 0.0 0.02 0.05 0.03 0.00 0.00 012 001 001
POLITICS 0.7668 ©.8068 0.7863 3215 COLLEGE {0.00 0.03 0.04 /030 0.00 0.03 0.01 001 0.09 0.03 0.00 0.00 .00 0.01 0.00 0.00 .01 0.04 0.06 0.09 0.00 D01 0.00 002 601 .00 0.01 .00 0.03 0.00 0.01 013 003 0.02
o7
WELLNESS 0.5625 0.8575 0.6794 1762 COMEDY {0.01 0.01 0.01 0.00 %1 0.00 000 001 0.00 0.15 0.03 0.00 0.01 0.03 0.02 0.00 0.01 0.00 0.04 0.09 0.01 0.01 0.00 0.02 0.01 0.02 0.03 0.01 0.01 0.00 0.01 006 0.00 0.00|
ENTERTAINMENT 0.6992 0.7075 0.7033 1600 CRIME {0.00 005 0.00 0.01 :uzﬂ:o[ 001 0.00 0.01 0.01 000 0.01 0.00 0.01 000 000 0.02 0.04 0.14 0.01 001 0.00 0.01 000 000 0.01 001 0.01 0.00 0.02 003 0.00 0.0
PARENTING 6.6441 6.8146 6.7194 1262 CULTURE & ARTS {0.05 0.02 0.01 0.00 0.00 000838 0.00 0.01 0.09 0.02 £.00 0.00 0.04 0.01 001 0.00 0.00 0.02 0.02 0.01 0.0 0.00 G.02 000 .06 0.03 0.00 0.09 0.00 0.01 007 G.00 0.02
TRAVEL 0.6664 ©.8437 0.7446 947
DIVORCE {0.00 0.00 0.00 0.00 0.00 000 0.00 [ 0,01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.01 0.00 0.00 000 G.00 0.01 0.00 0.00 0.01 £.09 0.00 0.06 000 0.00|
STYLE & BEAUTY 0.7686 ©.8623 ©.8128 1017
EDUCATION {0.00 ©.01 €.02 0.04 0.01 000 0.00 0.01 /@3 0.00 0.02 €.00 000 0.03 0.00 G.00 .00 0.03 0.19 0.11 0.03 001 0.00 001 G.01 .01 0:00 0.00 0.01 001 0.00 002 000 002
WORLD 0.7192 0.6554 ©.6858 891 06
TASTE 0.7230 0.8264 0.7712 818 ENTERTAINMENT {0.01 0.03 0.00 0.00 0.04 000 001 001 ¢.00 (81 0.00 0.00 0.00 0.01 000 6.00 0.00 0.00 0.03 003 0.02 0.00 0.00 201 G.01 0.02 0.01 0.00 001 0.01 0.00 002 001 0.00|
HEALTHY LIVING 0.5338 0.2287 0.3202 656 ENVIRONMENT {0.00 0.01 0.02 0.00 0.00 001 000 0.00 0.01 0.00 000 001 001 0.02 001 0.00 0.01 0.04 0.07 0.00 0.00 0.02 0.01 001 0.00 0.02 0.00 0.07 0.01 0.01 0.06 0.00 0.02
QUEER VOICES 0.7228 0.7525 0.7373 610 FIFTY {0.01 0.00 0.04 0.01 0.00 0.00 0.00 001 0.00 0.03 0.01 0.01 0.00 007 0.03 0.01 0.00 .01 0.14 001 0.01 0.00 0.00 001 001 0.02 0.04 0.00 011 0.04 001032 001 001
32
BUSINESS 6.5231 6.3832 6.4424 561 GOOD NEWS.{0.00 0.00 0.04 0.00 0.00 0.05 0.01 001 0.01 0.03 011 0.00 0.07 004 0.02 0.01 001 0.00 0.14 0.01 0.01 0.03 0.00 0.05 000 0.01 0.05 0.01 0.02 0.01 012 0.08 0.00 0.03
COMEDY 0.7026 0.4072 ©.5156 528
SPORTS 0.6889 0.7524 0.7193 521 0s
SACK vorees. | anih | a5 755 wome & s Jo00 000 009 009 000 000 020 020 050 009 909 000 0o 290 020 051 003 009 009 08 008 800 03 005 004 000 003 81 00 005 000 040
HOME & LIVING 0.7206 0.7518 0.7358 415 IMPACT {0.00 0.01 0.05 0.00 0.00 0.01 001 G.00 0.05 0.01 0.06 0.00 0.01 002 0.00 017 0.00 0.01 0.12 .08 0.04 0.00 0.00 001 000 0.01 0.02 0.00 0.03 0.00 0.00 0.16 004 0.05
ENVIRONMENT 0.4676 0.5471 0.5042 382 K MEDIA {0.00 0.02 0.03 0.00 0.02 000 000 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.01 j#3 0.00 0.00 029 0.00 0.00 0.00 003 0.00 0.01 0.00 0.03 0.01 0.00 0.00 003 0.01 0.02
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