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2. Sprachverarbeitung
« Z.B.inVS Code oder Google Colab

« Modell zur Anfragebeantwortung
1. Visualisierung von Clustering

e 20 Newsgroups und k-Means oder

« Zwei Datensatze gegeben Kosinusahnlichkeit
e K-Means und DBSCAN  Notebook mit Ausgaben im Moodle
hochladen

« Vergleich der Verfahren

Magnus Bender | WiSe 2022/23
Werkzeuge fir das wissenschaftliche Arbeiten

RSN w -. K
2 BSoo=~  INSTITUT FUR INFORMATIONSSYSTEME
9 = 4



Herangehensweise & Tipps

e 2er Gruppen

» ,erfolgreich bearbeitet” oder
,nicht erfolgreich bearbeitet”

Magnus Bender | WiSe 2022/23

g’“_} UNIVERSITAT ZU LUBECK . . . .
LRSS INSTITUT FUR INFORMATIONSSYSTEME ) Werkzeuge flur das wissenschaftliche Arbeiten
:




Herangehensweise & Tipps

e 2er Gruppen

» ,erfolgreich bearbeitet” oder
,nicht erfolgreich bearbeitet”

1. Clustering
o Beispiele aus Vorlesung nutzen

e Parameter aus dem Notebook
fiur DBSCAN nutzen
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Herangehensweise & Tipps

. 2er Gruppen 2. Sprachmodell

. L « Training und Anfragebeantwortung
o ,,erfolgrelch bgarbeltet qder in der Klasse erginzen
,nicht erfolgreich bearbeitet”
« NLTKVorverarbeitung

1. Clustering
e k-Means erfordert Zuordnung der

o Beispiele aus Vorlesung nutzen Cluster zu Kategorien

« Bewertet wird nicht, wie gut das

e Parameter aus dem Notebook
Modell auf den Daten funktioniert

fir DBSCAN nutzen
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1. Perzeptron
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e Lineare Funktion zur Klassifikation

. Eingabe eines mehrdimensionalen Vektors x

e Ausgabeo € {0,1} (haufigaucho € {—1,1})
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Deep Learning

2. Mehrschichtige Netzwerke
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« Zuvor festzulegen:

 Netzwerk-Topologie

Iy o Magnus Bender | WiSe 2022/23
5 \;"_}:, S UNIVERSITAT ZU LUBECK

INSTITUT FOR INFORMATIONSSYSTEME . Werkzeuge fur das wissenschaftliche Arbeiten




Lernen

« Zuvor festzulegen:
 Netzwerk-Topologie

e Anzahl Perzeptrone
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« Zuvor festzulegen:
 Netzwerk-Topologie
e Anzahl Perzeptrone

« Anzahl Schichten
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Gewichte bestimmen

« Netzwerk festgelegt!
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Gewichte bestimmen
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Lernen der Gewichte (Idee)

1. Gewichte zufallig initialisieren
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Lernen der Gewichte (Idee)

1. Gewichte zufallig initialisieren
2. Optimieren der Gewichte

i. Ergebnis (Ausgabe) fur einen
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Zufallig oder
geht das
besser?
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Mittels Python

TensorFlow

« Pakete PyTorch (Facebook) und TensorFlow (Google)

e Modellierung von Netzwerken () PyTOrCh

e Durchfuhren des Lernes (z.B. Gradientenabstiegs)

e AusfUhren” der Netzwerke
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Mittels Python

TensorFlow
« Pakete PyTorch (Facebook) und TensorFlow (Google)

e Modellierung von Netzwerken () PyTOrCh

e Durchfuhren des Lernes (z.B. Gradientenabstiegs)
e ,Ausfuhren” der Netzwerke
e Optimiert fir Nutzung mit Grafikkarten (GPUs)

e Nutzung auf CPU moglich, aber deutlich langsamer
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Mittels Python
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« Pakete PyTorch (Facebook) und TensorFlow (Google)
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e Ausfuhren” der Netzwerke

e Nutzung auf CPU maoglich, aber deutlich langsamer
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Beispiel: PyTorch
O PyTorch

e Python Paket

e https://pytorch.org/get-started/locally/
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Beispiel: PyTorch
O PyTorch

e Python Paket

e https://pytorch.org/get-started/locally/

e |nstallation z.B. mit pip3 install torch

e Import

import torch

e Test (GPU Treiber)

torch.cuda.is available
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Beispiel: PyTorch

O PyTorch

e Python Paket

e https://pytorch.org/get-started/locally/

e |nstallation z.B. mit pip3 install torch

e Import

import torch

e Test (GPU Treiber)

torch.cuda.is available()
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Beispiel

import torch

from torch import nn

from torch.utils.data import DatalLoader
from torchvision import datasets

from torchvision.transforms import ToTensor

training data = datasets.FashionMNIST
root="data"
train=True
download=True
transform=ToTensor

test data = datasets.FashionMNIST
root="data"
train=False
download=True
transform=ToTensor

SF https://glthub.cpm/zaIa.ndoreseal.rch/fas.h|on—mn|st | Magnus Bender | WiSe 2022/23
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Beispiel

from torch import nn % 1 Trouser
from torch.utils.data import DatalLoader | f 2  Pullover
from torchvision import datasets CAm g 3 Dress
from torchvision.transforms import ToTensor 1jjaq 4 Coat
. . SRR Y 5 Sandal

training data = datasets.FashionMNIST -3 5 Shirt

root="data" A | A

tra'.l.n True ;‘"u E\ Y4 Sneaker

download=True e St 8 Bag

transform=ToTensor N0 53 e a2 9 Ankle boot
test data = datasets.FashionMNIST

root="data"

train=False

download=True

transform=ToTensor
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Label Description
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import torch ‘l{'i‘ RER R 0 T-shirt/top
from torch import nn i | % a H {ﬂl 1 Trouser
from torch.utils.data import DatalLoader ﬂﬁ 100 00 2  Pullover
from torchvision import datasets i’fzﬂf];ﬂ i %" 3 Dress
from torchvision.transforms import ToTensor ﬁmmﬂi\\ | TLL 4 Coat
traini = ' B m' g% al % i 5 Sandal
raining data = datasets.FashionMNIST( 1504 T} 6 Shirt
root="data", nliEd AAM
train=True, g?.g ﬂﬁf; 7 Sneaker
download=True, ot s cr s Patar xy 8 Bag
transform=ToTensor( ), o L) oy B 9 Ankle boot
)
test data = datasets.FashionMNIST(
root="data",
train=False,
download=True,
transform=ToTensor( ),
)
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Beispiel

batch size = 64

train_dataloader = Dataloader(training _data, batch size=batch size
test dataloader = Dataloader(test data, batch size=batch size

for X, y 1n test _dataloader
print(f"Shape of X [N, C, H, W]: {X.shape}"
print(f"Shape of y: {y.shape} {y.dtype}"
break

device = "cuda" if torch.cuda.is available() else "cpu”
print(f"Using {device}! device"

https://pytorch.org/tutorials/beginner/basics/quickstart_tutorial.html Magnus Bender | WiSe 2022/23
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for X, y 1n test _dataloader
print(f"Shape of X [N, C, H, W]: {X.shape}"
print(f"Shape of y: {y.shape} {y.dtype}"
break

Shape of X [N, C, H, W]: torch.Size([64, 1, 28, 28])
Shape of y: torch.Size([64]) torch.int64

device = "cuda" i1f torch.cuda.is _available() else "cpu"
print(f"Using {device}! device"
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Using cuda device
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test dataloader = Dataloader(test data, batch_size=batch size)

for X, y i1n test dataloader:

print(f"Shape of X [N, C, H, W]: {X.shape}")
print(f"Shape of y: {y.shape} {y.dtype!")
break

Shape of X [N, C, H, W]: torch.Size([64, 1, 28, 28])
Shape of y: torch.Size([64]) torch.int64

device = "cuda" if torch.cuda.is available() else "cpu”
print(f"Using {device}| device")

Using cuda device

https://pytorch.org/tutorials/beginner/basics/quickstart_tutorial.html Magnus Bender | WiSe 2022/23
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Beispiel

class NeuralNetwork(nn.Module
def __init_ (self
super( ). init
self.flatten = nn.Flatten
self.linear_relu stack = nn.Sequential
NnNn.Linear(28%28, 512
nn.RelLU
nn.Linear(512, 512
nn.RelLU

nn.Linear(512., 10

def forward(self, x
X = self.flatten(x
logits = self.linear relu stack(x
return logits

model = NeuralNetwork().to(device
print(model(X).shape

i https://pytorch.org/tutorials/beginner/basics/quickstart_tutorial.html Magnus Bender | WiSe 2022/23
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Beispiel

class NeuralNetwork(nn.Module):
def __init_ (self):

super(). init ()
self.flatten = nn.Flatten()
self.linear relu stack = nn.Sequential(

nn.Linear(28+%28, 512),

nn.RelLU( ),

nn.Linear(512, 512),

nn.ReLU( ), —

nn.Linear(512, 10)
)

def forward(self, x):
X = self.flatten(x)
logits = self.linear_relu stack(x)
return logits

model = NeuralNetwork().to(device)
print(model(X).shape)

https://pytorch.org/tutorials/beginner/basics/quickstart_tutorial.html Magnus Bender | WiSe 2022/23
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Beispiel

class NeuralNetwork(nn.Module):
def __ init_ (self):
super(). init ()
self.flatten = nn.Flatten()
self.linear relu stack = nn.Sequential(
nn.Linear(28+%28, 512),
nn.RelLU( ),
nn.Linear(512, 512),
nn.ReLU( ), \\*‘
nn.Linear(512, 10

)

def forward(self, x):
X = self.flatten(x)
logits = self.linear_relu stack(x)
return logits

model = NeuralNetwork().to(device)
print(model(X).shape)

Y W https://pytorch.org/tutorials/beginner/basics/quickstart_tutorial.html Magnus Bender | WiSe 2022/23
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Beispiel

class NeuralNetwork(nn.Module):
def __ init_ (self):

super(). init ()
self.flatten = nn.Flatten()
self.linear relu stack = nn.Sequential(

nn.Linear(28+%28, 512),

nn.RelLU( ),

nn.Linear(512, 512),

nn.ReLU( ), “\**

nn.Linear (512, 10
)

def forward(self, x):
X = self.flatten(x)
logits = self.linear_relu stack(x)
return logits

model = NeuralNetwork().to(device)
print(model(X).shape) torch.Size([64, 10])

Y W https://pytorch.org/tutorials/beginner/basics/quickstart_tutorial.html Magnus Bender | WiSe 2022/23
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Be

class NeuralNetwork(nn.Module):
def __ init_ (self):

super(). init ()

self.flatten = nn.Flatten()

self.linear relu stack = nn.Sequential(
nn.Linear(28*28, 512),
nn.RelLU( ),
nn.Linear(512, 512),
nn.ReLU( ), —
nn.Linear(512, 10

)

def forward(self, x):
X = self.flatten(x)

logits = self.linear_relu stack(x
return logits

= wGag, - - y
=) ."\*:’_%‘ S UNIVERSITAT ZU LUBECK

model = NeuralNetwork().to(device)
print(model(X).shape) torch.Size(l64. 10
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Beispiel

loss _fn = nn.CrossEntropylLoss
optimizer = torch.optim.SGD(model.parameters lr=1e-3
def train(dataloader, model, loss fn, optimizer

model. train

for X, y 1n dataloader
X, yv = X.to(device), y.to(device

pred = model (X
loss = loss fn(pred, vy

optimizer.zero grad
loss.backward
optimizer.step

Ry e https://pytorch.org/tutorials/beginner/basics/quickstart_tutorial.html Magnus Bender | WiSe 2022/23
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Beispiel

loss _fn = nn.CrossEntropylLoss( )
optimizer = torch.optim.SGD(model.parameters(), lr=1e-3)
def train(dataloader, model, loss fn, optimizer):

model. train()

for X, y in dataloader:
X, y = X.to(device), y.to(device)

model(X)
loss _fn(pred, y)

pred
loss

optimizer.zero grad()

loss.backward( )
optimizer.step()
i ¢ o https://pytorch.org/tutorials/beginner/basics/quickstart_tutorial.html Magnus Bender | WiSe 2022/23
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Beispiel

loss_ fn = nn.CrossEntropylLoss( )
optimizer = torch.optim.SGD(model.parameters(), lr=1e-3)
def train(dataloader, model, loss fn, optimizer):

model. train()

for X, y in dataloader:

X, v = X.to(device), y.to(device)
pred = model(X) |
loss = loss fn(pred, vy)

optimizer.zero grad()

loss.backward( )
optimizer.step()
i ¢ o https://pytorch.org/tutorials/beginner/basics/quickstart_tutorial.html Magnus Bender | WiSe 2022/23
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Beispiel

loss_ fn = nn.CrossEntropylLoss( )
optimizer = torch.optim.SGD(model.parameters(), lr=1e-3)
def train(dataloader, model, loss fn, optiaizer):

model. train() R

for X, y in dataloader:
X, v = X.to(device), y.to(device)

model(X) |
loss _fn(pred, y)

pred
loss

optimizer.zero grad()

loss.backward( )
optimizer.step()
i ¢ o https://pytorch.org/tutorials/beginner/basics/quickstart_tutorial.html Magnus Bender | WiSe 2022/23
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Beispiel

loss_ fn = nn.CrossEntropylLoss( )
optimizer = torch.optim.SGD(model.parameters(), lr=1e-3)
def train(dataloader, model, loss fn, optih}zer):

model. train()

for X, y in dataloader:

X, v = X.to(device), y.to(device) .
!
model(X) |
loss _fn(pred, y)

pred
loss

optimizer.zero grad()

loss.backward( )
optimizer.step()
i ¢ o https://pytorch.org/tutorials/beginner/basics/quickstart_tutorial.html Magnus Bender | WiSe 2022/23
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def test(dataloader, model, loss fn Belsplel

size = len(dataloader.dataset
num_batches = len(dataloader
model.eval

test loss, correct = 0, 0
with torch.no _grad
for X, y i1n dataloader
X, vy = X.to(device), y.to(device

pred = model (X

test loss loss fn(pred, y).item

correct pred.argmax(1 y).type(torch.float).sum().i1tem
test loss num_batches
correct size

print(f"Test Error: \n Accuracy: 100*correct):>0.1f}%, Avg loss: {test loss:>8f} \n"

https://pytorch.org/tutorials/beginner/basics/quickstart_tutorial.html Magnus Bender | WiSe 2022/23
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def test(dataloader, model, loss fn): BQISpIEI

size = len(dataloader.dataset)

num_batches = len(dataloader)
model.eval()

test loss, correct = 0, 0

with torch.no grad( ):
for X, y 1n dataloader:

X, y = X.to(device), y.to(device)

pred = model(X)
test loss += loss fn(pred, y).i1tem()

correct += (pred.argmax(1) == y).type(torch.float).sum().i1tem()

test loss /= num batches
correct /= size

print(f"Test Error: \n Accuracy: {(100*correct):>0.1f %, Avg loss: {test loss:>8f} \n")

https://pytorch.org/tutorials/beginner/basics/quickstart_tutorial.html Magnus Bender | WiSe 2022/23
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def test(dataloader, model, loss fn): BeISPIEI

size = len(dataloader.dataset)

num batches = len(dataloader)
model.eval()

test loss, correct = 0, 0

with torch.no grad():
for X, y 1n dataloader:

X, y = X.to(device), y.to(device)

pred = model(X)
test loss += loss fn(pred, y).i1tem()

correct += (pred.argmax(1) == y).type(torch.float).sum().item()

test loss /= num batches
correct /= size

prlnt(f Test Error: \n Accuracy: {(100*correct):>0.1f}%, Avg loss: {test loss:>8f} \n")

: b ¢ https://pytorch.org/tutorials/beginner/basics/quickstart_tutorial.html Magnus Bender | WiSe 2022/23
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def test(dataloader, model, loss fn): BQISpIEI

size = len(dataloader.dataset)

num batches = len(dataloader)

test _loss, correct =

with torch. no_grad()
for X, y in dataloader:

X, y = X.to(device), y.to(device)

pred = model(X)
test loss += loss fn(pred, y).i1tem()

correct += (pred.argmax(1) == y).type(torch.float).sum().i1tem()

test loss /= num batches
correct /= size

print(f"Test Error: \n Accuracy: {(100*correct):>0.1f}%, Avg loss: {test loss:>8f} \n")

R N https://pytorch.org/tutorials/beginner/basics/quickstart_tutorial.html Magnus Bender | WiSe 2022/23
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epochs = 5

for t in range(epochs
print(f"Epoch {t+1}\n-----------“-------------- !
train(train dataloader, model, loss fn, optimizer
test(test _dataloader, model, loss fn

D, https://pytorch.org/tutorials/beginner/basics/quickstart_tutorial.ntml Magnus Bender | WiSe 2022/23
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epochs = 5

for t in range(epochs
print(f"Epoch {t+1}\n-----------“-------------- !
train(train dataloader, model, loss fn, optimizer
test(test _dataloader, model, loss fn

Epoch 1

Test Error:
Accuracy: 23.8%, Avg loss: 2.185232

i https://pytorch.org/tutorials/beginner/basics/quickstart_tutorial.html Magnus Bender | WiSe 2022/23
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epochs = 5
for t in range(epochs

print(f"Epoch {t+1}\Nn---------cmmmmmaeeea -
train(train dataloader, model, loss fn, optimizer

test(test dataloader, model, loss fn

Epoch 1

Test Error:
Accuracy: 23.8%, Avg loss: 2.185232

Epoch 2

Test Error:
Accuracy: 49.3%, Avg loss: 1.952881

> dlh\ https://pytorch.org/tutorials/beginner/basics/quickstart_tutorial.ntml Magnus Bender | WiSe 2022/23
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epochs = 5

for t in range(epochs
print(f"Epoch {t+1}\n---------------“---------
train(train_dataloader, model, loss fn, optimizer

test(test dataloader, model, loss fn Epoch 3

Test Error:
Accuracy: 61.9%, Avg loss: 1.594316

Epoch 1

Test Error:
Accuracy: 23.8%, Avg loss: 2.185232

Epoch 2

Test Error:
Accuracy: 49.3%, Avg loss: 1.952881

https://pytorch.org/tutorials/beginner/basics/quickstart_tutorial.html Magnus Bender | WiSe 2022/23
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epochs = 5

for t in range(epochs
print(f"Epoch {t+1}\n---------ccccmmmmmmea -
train(train dataloader, model, loss fn, optimizer

test(test dataloader, model, loss fn Epoch 3

Test Error:
Accuracy: 61.9%, Avg loss: 1.594316

Epoch 1
Epoch 4

Test Error:

Accuracy: 23.8%, Avg loss: 2.185232 Test Error:
Accuracy: 63.6%, Avg loss: 1.308432

Epoch 2

Test Error:
Accuracy: 49.3%, Avg loss: 1.952881

https://pytorch.org/tutorials/beginner/basics/quickstart_tutorial.html Magnus Bender | WiSe 2022/23
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epochs = 5

for t in range(epochs
print(f"Epoch {t+1}\n-----------“--------------
train(train dataloader, model, loss fn, optimizer
test(test _dataloader, model, loss_fn Epoch 3

Test Error:
Accuracy: 61.9%, Avg loss: 1.594316

Epoch 1
Epoch 4

Test Error:

Accuracy: 23.8%, Avg loss: 2.185232 Test Error:
Accuracy: 63.6%, Avg loss: 1.308432

Epoch 2
Epoch 5

Test Error:

Accuracy: 49.3%, Avg loss: 1.952881 Test Error:
Accuracy: 64.8%, Avg loss: 1.124939

https://pytorch.org/tutorials/beginner/basics/quickstart_tutorial.html Magnus Bender | WiSe 2022/23
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epochs = 5

for t 1n range(epochs):
print(f"Epoch {t+1}\n----------“--“------------- )
train(train_dataloader, model, loss fn, optimizer)
test(test dataloader, model, loss fn) Epoch 3

Test Error:
Accuracy: 61.9%, Avg loss: 1.594316

Epoch 1
Epoch 4

Test Error:

Accuracy: 23.8%, Avg loss: 2.185232 Test Error:
Accuracy: 63.6%, Avg loss: 1.308432

Epoch 2

Epoch 5

Test Error:

Accuracy: 49.3%, Avg loss: 1.952881 Test Error:
Accuracy: 64.8%, Avg loss: 1.124939
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« Hintereinanderschaltung von (vielen) Perzeptronen

« Kombination linearer Klassifikatoren
* Bestimmung von Gewichten notig = Gradienten nutzen

« PyTorch @ \'/
» Bietet bendtigte Funktionalitaten @’é,”g ”

e« Zusammenstellen von Netzwerken Ws.5 @ ’

e Lernen von Gewichten
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Evaluation

ZENTRALE LEHREVALUATION
Evaluation im WiSe 2022, Teilnahme ist moglich bis zum: 01. April 2023, 02:00.

Bitte helfen Sie mit, die Qualitat der Lehre an unserer Universitat zu verbessern: Evaluieren Sie diesen Kurs anonym,
am besten jetzt gleich. Danach erhalten Sie hier Zugriff auf die (Zwischen-)Ergebnisse.

Diesen Kurs jetzt evaluieren

Je mehr mitmachen, desto besser!

Fragen zur Evaluation? Alles uber die zentrale Lehrevaluation

Besprechung der Ergebnisse
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Evaluation

ZENTRALE LEHREVALUATION
Evaluation im WiSe 2022, Teilnahme ist moglich bis zum: 01. April 2023, 02:00.

Bitte helfen Sie mit, die Qualitat der Lehre an unserer Universitat zu verbessern: Evaluieren Sie diesen Kurs anonym,
am besten jetzt gleich. Danach erhalten Sie hier Zugriff auf die (Zwischen-)Ergebnisse.

Diesen Kurs jetzt evaluieren

Je mehr mitmachen, desto besser!

Fragen zur Evaluation? Alles uber die zentrale Lehrevaluation

Gerne spater noch

Besprechung der Ergebnisse teilnehmen!

, — Magnus Bender | WiSe 2022/23

INSTITUT FOR INFORMATIONSSYSTEME y Werkzeuge fur das wissenschaftliche Arbeiten




V.
Transformer Sprachmodelle

1. ldee

Iy o Magnus Bender | WiSe 2022/23
5 R _%A, UNIVERSITAT ZU LUBECK

INSTITUT FOR INFORMATIONSSYSTEME i Werkzeuge fur das wissenschaftliche Arbeiten




Attention

Eingabevektor eI

e ~
e ~
s ~
’ N
7’ ~
’ A
’

| A |
e : N, Linear
e Z.B.flUrein Wort [ Matrixmultiplikation ] oS [ A ]
T [ Zusammenfiuhrung ]
» Relevante Teile (,Features”) [ Softmax ] - A >
: '. 4 A
erkennen T Skalierte Skalarprodukt-
‘; [Ska"ere”] : Attention y
1 SR ) AT KT 4
o lrrelevante Teile ausblenden [ Matrixmuttiplikation | I | (
T T [Linear]JJ [Linear]JJ [Linear]JJ

o Q K Vo
V ¥ ¥

e L. Q K V
4 Grafiken aus https://www.ifis.uni- Vaswani et al.,Attention Is All You Need”, NIPS 2017 Magnus Bender | WiSe 2022/23
S WA : SITAT ZU LUBECK - : . . . .
'i;o @,;, UITIL\QEI'TTLTTAFUR INFORMATIONSSYSTEME luebeck.de/ bender/ma/theSIS.pdf Werkzeuge fur das W|Ssenschaft||che Arberten

oder dem angegebenen Papier 36


https://www.ifis.uni-luebeck.de/~bender/ma/thesis.pdf
https://www.ifis.uni-luebeck.de/~bender/ma/thesis.pdf

« Eingabevektor

e Z.B.flir ein Wort

e Relevante Teile (,Features”)

erkennen

Attention

————————
- -~

)

e

Irrelevante Teile ausblenden

[ Matrixmultiplikation T
A A ..
: v Zusammenfuhrung
[ Softmax ] [ A N
I 1 ‘. £ )\
" T ‘. 4 N
: [ _ ] Skalierte Skalarprodukt-
.‘ Skalieren ',' Attention )
“ l’ \_
\ t -
\ [ Matrixmultiplikation ] ( C a
S C ( C
g z v /’:” [Linear]JJ [Linear [Linear
Q K V

~ o -
———————

'\{. / ) T2 !:‘ . .
WY © UNIVERSITAT ZU LUBECK
s INSTITUT FUR INFORMATIONSSYSTEME

Grafiken aus https://www.ifis.uni-
luebeck.de/~bender/ma/thesis.pdf

oder dem angegebenen Papier

Vaswani et al. ,Attention Is All You Need” NIPS 2017

36

Magnus Bender | WiSe 2022/23
Werkzeuge fir das wissenschaftliche Arbeiten


https://www.ifis.uni-luebeck.de/~bender/ma/thesis.pdf
https://www.ifis.uni-luebeck.de/~bender/ma/thesis.pdf

Attention

« Eingabevektor T A
. t \\\ [ Linear ]
e Z.B.flUrein Wort [ Matrixmultiplikation ] oS A
; T [ Zusammenfiuhrung ]
e Relevante Teile (,Features”) [ SoftTmaX ] Lo 2 A >
: | 4 h
erkennen [ | ] Skalierte Skalarprodukt-
". Skal':re” ; Attention ],
| . - /" h
. \ A ) AT
 Irrelevante Teile ausblenden [ Matrixmuttiplikation | Lo ( ('F
A T [Linear]JJ [Linear]J] [Linear]JJ

« Skalarprodukt zwischen zwei R L ¥ ¥ 7
Ausgaben ergibt einen Wert N Q K v
der Ubereinstimmung

S % Grafiken aus https://www.ifis.uni- Vaswani et al., Attention Is All You Need’, NIPS 2017 Magnus Bender | WiSe 2022/23
“INSTITUT FOR INFORMATIONSSYSTEME luebeck.de/~bender/ma/thesis.pdf . Werkzeuge fiir das wissenschaftliche Arbeiten

oder dem angegebenen Papier


https://www.ifis.uni-luebeck.de/~bender/ma/thesis.pdf
https://www.ifis.uni-luebeck.de/~bender/ma/thesis.pdf

Attention

« Eingabevektor eI .

)

T \ [ Linear ]

° ZB fur ein WOI’t [ Matrixmultiplikation J \\‘\\\ T

A A

[ Zusammenfihrung ]

o Relevante Teile (,Features”) | [ SoftTmaX ] L A S
: 'l 4 )
erkennen | Skalierte Skalarprodukt-
| [Skalleren] Attention y
‘ 1 A ) g h
o lrrelevante Teile ausblenden [ Matrixmuttiplikation | I | ,
oA T /f:'/ [Linear]J] [Linear]J] [Linear]J]
Q

« Skalarprodukt zwischen zwei ) A ¥ ¥ 7
Ausgaben ergibt einen Wert Q K \
der Ubereinstimmung

Grafiken aus https://www.ifis.uni- Vaswani et al.,Attention Is All You Need", NIPS 2017 Magnus Bender | WiSe 2022/23

E U NETITUT FOR INFORMATIONSSYSTEME Iuebeck.de/~bender/ma/the§is.pdf . Werkzeuge fiir das wissenschaftliche Arbeiten
oder dem angegebenen Papier



https://www.ifis.uni-luebeck.de/~bender/ma/thesis.pdf
https://www.ifis.uni-luebeck.de/~bender/ma/thesis.pdf

Transformer

4 ) .
Positions- Kodierer
kodierung
‘ [ v v
4 N 4 N h 4 N\ h 4 )
Fingabe- > Add Add Klassifizierung,
Eingabe—| embed- ‘é > I\/Iultl—H.ead & > Feed & »  Softmax, [...
. Attention Forward
ding > Norm Norm etc.
N y \- J/ Y \- J \ Y - /

\_ /

mehrfach hintereinander
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Bidirectional Encoder Representations from
Transformers (BERT)
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Devlin et al.,Pre-training of Deep Bidirectional Transformers for Magnus Bender | WiSe 2022/23
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Weiterhin Grundidee des Netzwerks,
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BERT: Eingabe (Tokenize)

Text Bisons are large animals. They run fast.

Tokenisierter Text |[CLS]| | bison | #+#s | are large |animals ISEP]| | they | run | fast [SEP]
Token IDs 101 | |22285| 2015 | 2024 | 2312 | 4176 | 1012 102 2027 | 2448 | 3435 | 1012 102 0
Segment |Ds 0 0 0 0 0 0 0 0 1 1 1 1 1 0
Position p1 P2 p3 P4 Ps Pe pr ps P9 pio | puu | P1 P13 | | P14
Sequenzmaske 1 1 1 1 1 1 1 1 1 1 1 1 1 0

e Worter werden mittels WordPiece in Vektoren ubersetzt

e Position und,Segment” werden hinzugefugt (Teil 1 oder 2)

Devlin et al. ,Pre-training of Deep Bidirectional Transformers for

W ; Understanding” NAACL-HLT 2019 Magnus Bender | WiSe 2022/23
S RULRIT = UNIVERSITAT ZU LUBECK anguage vnaerstanading, - . . . .
SIS INSTITUT FUR INFORMATIONSSYSTEME JHad 7 iy Werkzeuge fur das wissenschaftliche Arbeiten




BERT: Eingabe (Tokenize)

Text Bisons are large animals. They run fast.

Tokenisierter Text |[CLS]| | bison | ##s | are large |animals [SEP]| | they | run | fast [SEP]
Token IDs 101 | 122285 | 2015 | 2024 | 2312 | 4176 | 1012 102 2027 | 2448 | 3435 | 1012 102 0
Segment |Ds 0 0 0 0 0 0 0 0 1 1 1 1 1 0
Position p1 p2 p3 P4 Ps Pe pr ps P9 pio | pu | P P13 | | P14
Sequenzmaske 1 1 1 1 1 1 1 1 1 1 1 1 1 0

e Worter werden mittels WordPiece in Vektoren ubersetzt

e Position und,Segment” werden hinzugeftgt (Teil 1 oder 2)

Devlin et al. ,Pre-training of Deep Bidirectional Transformers for

Y O - Magnus Bender | WiSe 2022/23
: &"f S UNIVERSITAT ZU LUBECK Language UnderStandlng , NAACL-HLT 2019 . . . .
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BERT: Training

e Pre-Training
 Modell soll Sprache,lernen”
« Vorhersage eines maskierten Wortes

o Bestimmung, ob zwei Satze nacheinander stehen

SUE Devlin et al.,Pre-training of Deep Bidirectional Transformers for Magnus Bender | WiSe 2022/23
VINSTITUT FOR INFORMATIONSSYSTEME Language Understanding’, NAACL-HLT 2019 Werkzeuge flr das wissenschaftliche Arbeiten
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BERT: Training

. B . ( L )
Pre-Training PO > Predicted w;
\Clasilﬁer)
i | [ | ||
Modell soll Sprache,lernen BERT
e T T 1
» Vorhersage eines maskierten Wortes = % A <

o Bestimmung, ob zwei Satze nacheinander stehen
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BERT: Training
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BERT: Training
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ERT: Training
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BERT: Anwendung

Sequenzklassifizierung

Lin. Klass. F» Klasse von w

A L L1 1]

« Erste Vektorausgabe

BERT
1T
» Reprasentation des ganzen [CLS] - Wi
Texts
« Weitere Vektorausgaben
« Reprasentation des jeweiligen
Wortes
Devlin et al.,,Pre-training of Deep Bidirectional Transformers for Magnus Bender | WiSe 2022/23
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BERT: Anwendung

Sequenzklassifizierung Nachster-Satz Vorhersage
Lin. Klass. [» Klasse von w Lin. Klass. F» Gehért w' zu w?
 Erste Vektorausgabe ST Y S I N
BERT BERT
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« Reprasentation des ganzen [CLS] - win [CLS] wi,n [SEP] w'ip
Texts
« Weitere Vektorausgaben
« Reprasentation des jeweiligen
Wortes
Devlin et al.,Pre-training of Deep Bidirectional Transformers for Magnus Bender | WiSe 2022/23
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BERT: Anwendung

Sequenzklassifizierung Nachster-Satz Vorhersage
Lin. Klass. [» Klasse von w Lin. Klass. F» Gehért w' zu w?
 Erste Vektorausgabe S S
BERT BERT
1 1 1 T | T T T T 1
« Reprasentation des ganzen [CLS] - win [CLS] wi,n [SEP] w'ip
Texts
Fragebeantwortung
« Weitere Vektorausgaben Anfangsvektor 4)[ Skalgr;])crodukt& Ly Start der Anwort in w”
ortmax ) .
) | | . Endvektor )[ Skalgrﬁciodukt &
e Reprasentation des jeweiligen otmax
WOrteS I —>» Ende der Antwort in w’
BERT

1 |
[CLS] W1,n [SEP] wil,n

Devlin et al.,Pre-training of Deep Bidirectional Transformers for Magnus Bender | WiSe 2022/23

% UNIVERSITAT ZU LUBECK Lanquage Understandin ”, NAACL-HLT 2019 . . . .
§INSTITUT FUR INFORMATIONSSYSTEME 19 7 Werkzeuge flur das wissenschaftliche Arbeiten

>
' A e
OIS.Slsﬁé’ 41




BERT: Anwendung
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Anwendung:
Ubersetzung

Kodierer (Encoder)

! I TITITTT
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Anwendung:
Ubersetzung

Kodierer (Encoder)
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Anwendung: _
Ubersetzung | Ll Ty

l. Dekodierer (Decoder)

Kodierer (Encoder)
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Ubersetzung

1 1 L 1

Kodierer (Encoder)
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Kodierer (Encoder)
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Kodierer (Encoder)
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Kodierer (Encoder)
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Generative Pre-trained Transformer (GPT)

e Fokus auf Generation von Text

« Verbindungen nicht bidirektional,
sondern nur von links nach rechts

e Bestimmung eines nachsten Wortes
gegeben einen Satzanfang

Radford et al.,,Improving Language Understanding by Generative Pre-Training”, 2018 44 Magnus Bender | WiSe 2022/23

5 UINSTITUT FOR INFORMATIONSSYSTEME Radford et al.,Language Models are Unsupervised Multitask Learners”, 2019 Werkzeuge fiir das wissenschaftliche Arbeiten
Brown et al.,Language Models are Few-Shot Learners”, 2020




V.
Transformer Sprachmodelle

2. GPT & BERT mit Python

A% Magnus Bender | WiSe 2022/23
2 WP’ © UNIVERSITAT ZU LUBECK

S INSTITUT FOR INFORATIONSS YsTeME 4 Werkzeuge fur das wissenschaftliche Arbeiten




Installation

o Python Paket v

o https://huggingface.co/docs/transformers

A Magnus Bender | WiSe 2022/23
S TR © UNIVERSITAT ZU LUBECK
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https://huggingface.co/docs/transformers

Installation

o Python Paket Vv

o https://huggingface.co/docs/transformers

e Installation z.B. mit pip3 install transformers
e VVorher GPU-Backend torch oder tensorflow installieren

e CPU-Version mittels pip install transformers|[torch] bzw. transformers[tf-cpu]

A Magnus Bender | WiSe 2022/23
2 WP’ © UNIVERSITAT ZU LUBECK
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https://huggingface.co/docs/transformers

Installation

o Python Paket Vv

o https://huggingface.co/docs/transformers

e Installation z.B. mit pip3 install transformers
e VVorher GPU-Backend torch oder tensorflow installieren

e CPU-Version mittels pip install transformers|[torch] bzw. transformers[tf-cpu]

e Import z.B.

A Magnus Bender | WiSe 2022/23
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https://huggingface.co/docs/transformers

Installation

o Python Paket Vv

o https://huggingface.co/docs/transformers

e Installation z.B. mit pip3 install transformers
e VVorher GPU-Backend torch oder tensorflow installieren

e CPU-Version mittels pip install transformers|[torch] bzw. transformers[tf-cpu]

e Import z.B.

from transformers import pipeline
from transformers import BertModel

A Magnus Bender | WiSe 2022/23
2 WP’ © UNIVERSITAT ZU LUBECK
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https://huggingface.co/docs/transformers

Installation

e Python Paket

o https://huggingface.co/docs/transformers

e Installation z.B. mit pip3 install transformers

e Vorher GPU-Backend torch oder tensorflow installieren

e CPU-Version mittels pip install transformers|[torch] bzw. transformers[tf-cpu]

e Import z.B.

from transformers import pipeline
from transformers import BertModel

WA Magnus Bender | WiSe 2022/23
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https://huggingface.co/docs/transformers

Transformers

e Repository von Transformer Sprachmodellen und
Datensatzen

e https://huggingface.co/models

e https://huggingface.co/datasets
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https://huggingface.co/models
https://huggingface.co/datasets
https://transformer.huggingface.co/doc/distil-gpt2
https://huggingface.co/docs/transformers/index

Transformers

e Repository von Transformer Sprachmodellen und
Datensatzen

e https://huggingface.co/models

e https://huggingface.co/datasets

e Online-Demo”

e https://transformer.huggingface.co/doc/distil-gpt2
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https://huggingface.co/models
https://huggingface.co/datasets
https://transformer.huggingface.co/doc/distil-gpt2
https://huggingface.co/docs/transformers/index

Transformers

° RepOSitory Von TranSformer SpraChmOde”en und O O ED v 4 U transformer.huggingface.co/doc/distil-gpt2 “& ¢ [I’] + [[‘]
Datensatzen |
\\~\%0§
e https://huggingface.co/models i
' 2dind Write With Transformer adistii-gpt2 ©®
) I: Shuffle initial text @ Trigger autocomplete or  tab
o httpS://hugglngface.CO/datasetS Select suggestion | t ||+ land | enter Cancel suggestion | esc

Save & Publish [1]
e ,Online-Demo” e TERR

e https://transformer.huggingface.co/doc/distil-gpt2

Some time ago there has a lecture to be given. The topic should
be about computer science. It will start with an introduction to
the programming language and the fundamentals of Python.

,/—— Q‘\\
\_ Share screenshot K9 )
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Transformers

° RepOSitory Von TranSformer SpraChmOde”en und O O [:j v < ‘) transformer.huggingface.co/doc/distil-gpt2 “& [I] + [[‘]
Datensatzen |
e https://huggingface.co/models i
' 2dind Write With Transformer adistii-gpt2 ©®
) ?/: Shuffle initial text @ Trigger autocomplete or tab
o httpS://hugglngface.CO/datasetS Select suggestion | t ||+ land | enter Cancel suggestion | esc

Save & Publish [1]
e ,Online-Demo” e TERR

e https://transformer.huggingface.co/doc/distil-gpt2

 Python Paket mit Implementierungen verschiedener Some time ago there has a lecture to be given. The topic should
Modelle be about computer science. It will start with an introduction to

the programming language and the fundamentals of Python.

 https://huggingface.co/docs/transformers/index

(' Share screenshot [ )

e Sowohl fur PyTorch als auch Tensorflow
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Pipelines

from transformers import pipeline

classifier = pipeline("sentiment-analysis”

print(classifier("I like bisons.”

print(classifier("I hate to drop my plate.”

o Magnus Bender | WiSe 2022/23
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Pipelines

from transformers import pipeline
classifier = pipeline("sentiment-analysis”
No model was supplied, defaulted to distilbert-base ..

Using a pipeline without specifying a model name and
revision in production is not recommended.

Downloading: 100%| | 629/629

Downloading: 100%] | 268M/268M
Downloading: 100%] | 48.0/48.0
Downloading: 100%] | 232k/232k

print(classifier("I like bisons.”

print(classifier("I hate to drop my plate.”

Magnus Bender | WiSe 2022/23
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Pipelines

from transformers import pipeline
classifier = pipeline("sentiment-analysis”
No model was supplied, defaulted to distilbert-base ..

Using a pipeline without specifying a model name and
revision in production is not recommended.

Downloading: 100%| | 629/629

Downloading: 100%] | 268M/268M
Downloading: 100%] | 48.0/48.0
Downloading: 100%] | 232k/232k

print(classifier("I like bisons.”
[{'label': 'POSITIVE', 'score': 0.9975264668464661} ]

print(classifier("I hate to drop my plate.”
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Pipelines

from transformers import pipeline
classifier = pipeline("sentiment-analysis”
No model was supplied, defaulted to distilbert-base ..

Using a pipeline without specifying a model name and
revision in production is not recommended.

Downloading: 100%| | 629/629

Downloading: 100%] | 268M/268M
Downloading: 100%] | 48.0/48.0
Downloading: 100%] | 232k/232k

print(classifier("I like bisons.”
[{'label': 'POSITIVE', 'score': 0.9975264668464661} ]

print(classifier("I hate to drop my plate.”
[{'label': 'NEGATIVE', 'score': 0.9376800656318665} ]

Magnus Bender | WiSe 2022/23
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from transformers import pipeline Pi pel i n eS

unmask = pipeline("fill-mask”

print(unmask. tokenizer.mask token

print(unmask("I went <mask> from school."

A Magnus Bender | WiSe 2022/23
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from transformers import pipeline Pi pEI i n eS

unmask = pipeline("fill-mask”

No model was supplied, defaulted to distilroberta-base ..
Using a pipeline without specifying a model name
and revision in production is not recommended.

Downloading: 100%] | 480/480
Downloading: 100%] | 331M/331M
Downloading: 100%| | 899k /899k
Downloading: 100%] | 456k /456k
Downloading: 100%] | 1.36M/1.36M

print(unmask.tokenizer.mask_ token

print(unmask("I went <mask> from school."”

Magnus Bender | WiSe 2022/23
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from transformers import pipeline Pi pEI i n eS

unmask = pipeline("fill-mask”

No model was supplied, defaulted to distilroberta-base ..
Using a pipeline without specifying a model name
and revision in production is not recommended.

Downloading: 100%] | 480/480
Downloading: 100%] | 331M/331M
Downloading: 100%| | 899k /899k
Downloading: 100%] | 456k /456k
Downloading: 100%] | 1.36M/1.36M

print(unmask.tokenizer.mask_ token
<mask>

print(unmask("I went <mask> from school."”
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from transformers import pipeline Pi pEI i n eS

unmask = pipeline("fill-mask”

No model was supplied, defaulted to distilroberta-base ..
Using a pipeline without specifying a model name
and revision in production is not recommended.

Downloading: 100%] | 480/480
Downloading: 100%] | 331M/331M
Downloading: 100%| | 899k /899k
Downloading: 100%] | 456k /456k
Downloading: 100%] | 1.36M/1.36M

print(unmask.tokenizer.mask_ token
<mask>

print(unmask("I went <mask> from school."”

[
{ 'I went home from school.' .. },
{ 'I went away from school.' .. },
{ 'IT went back from school.' },
]

Magnus Bender | WiSe 2022/23
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Beispiel |: BERT

from transformers import BertTokenizer, BertForNextSentencePrediction
import torch

tokenizer = BertTokenizer.from pretrained("bert-base-uncased”
model = BertForNextSentencePrediction.from pretrained("bert-base-uncased"

prompt = "In Italy, pizza served in formal settings, such as at a restaurant, is presented unsliced.”
next _sentence = "The sky i1s blue due to the shorter wavelength of blue light."

encoding = tokenizer(prompt, next sentence, return tensors="pt"
print(list(encoding.keys

outputs = model(**encoding, labels=torch.LongTensor(|1
print(outputs. logits

print( "random sentence" 1f outputs.logits|/ 0, 0 outputs.logits 0, 1| else "next sentence"

https://huggingface.co/docs/transformers/v4.25.1/en/model_doc/ Magnus Bender | WiSe 2022/23
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https://huggingface.co/docs/transformers/v4.25.1/en/model_doc/bert#transformers.BertForNextSentencePrediction
https://huggingface.co/docs/transformers/v4.25.1/en/model_doc/bert#transformers.BertForNextSentencePrediction

Beispiel |: BERT

from transformers import BertTokenizer, BertForNextSentencePrediction
import torch

tokenizer = BertTokenizer.from pretrained("bert-base-uncased”
model = BertForNextSentencePrediction.from pretrained("bert-base-uncased"

prompt = "In Italy, pizza served in formal settings, such as at a restaurant, is presented unsliced.”
next _sentence = "The sky i1s blue due to the shorter wavelength of blue light."

encoding = tokenizer(prompt, next sentence, return tensors="pt"
print(list(encoding.keys

[ "input ids', 'token type ids', 'attention mask']

outputs = model(**encoding, labels=torch.LongTensor(|1
print(outputs. logits

print( "random sentence" 1f outputs.logits|/ 0, 0 outputs.logits 0, 1| else "next sentence"

https://huggingface.co/docs/transformers/v4.25.1/en/model_doc/ Magnus Bender | WiSe 2022/23
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Beispiel |: BERT

from transformers import BertTokenizer, BertForNextSentencePrediction
import torch

tokenizer = BertTokenizer.from pretrained("bert-base-uncased”
model = BertForNextSentencePrediction.from pretrained("bert-base-uncased"

prompt = "In Italy, pizza served in formal settings, such as at a restaurant, is presented unsliced.”
next _sentence = "The sky i1s blue due to the shorter wavelength of blue light."

encoding = tokenizer(prompt, next sentence, return tensors="pt"
print(list(encoding.keys

[ "input ids', 'token type ids', 'attention mask']

outputs = model(**encoding, labels=torch.LongTensor(|1
print(outputs. logits

tensor([[-3.0729, 5.9056]], grad fn=<AddmmBackward0>)

print( "random sentence" 1f outputs.logits|/ 0, 0 outputs.logits 0, 1| else "next sentence"

https://huggingface.co/docs/transformers/v4.25.1/en/model_doc/ Magnus Bender | WiSe 2022/23
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Beispiel |: BERT

from transformers import BertTokenizer, BertForNextSentencePrediction
import torch

tokenizer = BertTokenizer.from pretrained("bert-base-uncased”
model = BertForNextSentencePrediction.from pretrained("bert-base-uncased"

prompt = "In Italy, pizza served in formal settings, such as at a restaurant, is presented unsliced.”
next _sentence = "The sky i1s blue due to the shorter wavelength of blue light."

encoding = tokenizer(prompt, next sentence, return tensors="pt"
print(list(encoding.keys

[ "input ids', 'token type ids', 'attention mask']

outputs = model(**encoding, labels=torch.LongTensor(|1
print(outputs. logits

tensor([[-3.0729, 5.9056]], grad fn=<AddmmBackward0>)
print( "random sentence" 1f outputs.logits|/ 0, 0 outputs.logits 0, 1| else "next sentence"
random sentence

https://huggingface.co/docs/transformers/v4.25.1/en/model_doc/ Magnus Bender | WiSe 2022/23
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https://huggingface.co/docs/transformers/v4.25.1/en/model_doc/bert#transformers.BertForNextSentencePrediction
https://huggingface.co/docs/transformers/v4.25.1/en/model_doc/bert#transformers.BertForNextSentencePrediction

Beispiel Il: BERT

from transformers import BertTokenizer, BertForNextSentencePrediction
import torch

tokenizer = BertTokenizer.from pretrained("bert-base-uncased”
model = BertForNextSentencePrediction.from pretrained("bert-base-uncased"

prompt = "In Italy, pizza served in formal settings, such as at a restaurant, is presented unsliced.”
next_sentence = "Thus, one might need a knive to cut the food."

encoding = tokenizer(prompt, next sentence, return tensors="pt"
print(list(encoding.keys

[ "input ids', 'token type ids', 'attention mask']

outputs = model(**encoding, labels=torch.LongTensor(|1
print(outputs. logits

print( "random sentence" 1f outputs.logits|/ 0, 0 outputs.logits 0, 1| else "next sentence"

https://huggingface.co/docs/transformers/v4.25.1/en/model_doc/ Magnus Bender | WiSe 2022/23
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Beispiel Il: BERT

from transformers import BertTokenizer, BertForNextSentencePrediction
import torch

tokenizer = BertTokenizer.from pretrained("bert-base-uncased”
model = BertForNextSentencePrediction.from pretrained("bert-base-uncased"

prompt = "In Italy, pizza served in formal settings, such as at a restaurant, is presented unsliced.”
next_sentence = "Thus, one might need a knive to cut the food."

encoding = tokenizer(prompt, next sentence, return tensors="pt"
print(list(encoding.keys

[ "input ids', 'token type ids', 'attention mask']

outputs = model(**encoding, labels=torch.LongTensor(|1
print(outputs. logits

tensor([[ 5.7260, -5.1682]], grad fn=<AddmmBackward0>)

print( "random sentence" 1f outputs.logits|/ 0, 0 outputs.logits 0, 1| else "next sentence"

https://huggingface.co/docs/transformers/v4.25.1/en/model_doc/ Magnus Bender | WiSe 2022/23
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https://huggingface.co/docs/transformers/v4.25.1/en/model_doc/bert#transformers.BertForNextSentencePrediction

Beispiel Il: BERT

from transformers import BertTokenizer, BertForNextSentencePrediction
import torch

tokenizer = BertTokenizer.from pretrained("bert-base-uncased”
model = BertForNextSentencePrediction.from pretrained("bert-base-uncased"

prompt = "In Italy, pizza served in formal settings, such as at a restaurant, is presented unsliced.”
next_sentence = "Thus, one might need a knive to cut the food."

encoding = tokenizer(prompt, next sentence, return tensors="pt"
print(list(encoding.keys

[ "input ids', 'token type ids', 'attention mask']

outputs = model(**encoding, labels=torch.LongTensor(|1
print(outputs. logits

tensor([[ 5.7260, -5.1682]], grad fn=<AddmmBackward0>)
print( "random sentence" 1f outputs.logits|/ 0, 0 outputs.logits 0, 1| else "next sentence"
next sentence

https://huggingface.co/docs/transformers/v4.25.1/en/model_doc/ Magnus Bender | WiSe 2022/23
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Beispiel Il: BERT

from transformers import BertTokenizer, BertForNextSentencePrediction
import torch

tokenizer = BertTokenizer.from pretrained("bert-base-uncased")
model = BertForNextSentencePrediction.from pretrained("bert-base-uncased")

prompt = "In Italy, pizza served in formal settings, such as at a restaurant, is presented unsliced.”
next _sentence = "Thus, one might need a knive to cut the food."

encoding = tokenizer(prompt, next_sentence, return_tensors="pt")
print(list(encoding.keys()))

[ "input_1ds', 'token type ids', 'attention _mask']
outputs = model(**encoding, labels=torc

print(outputs. logits) |
tensor([[ 5.7260, -5.1682]], grad fn=<AddmmBackward0>)

print( "random sentence" 1f outputs.logits|[0, 0] < outputs.logits/ 0, 1| else "next sentence")
next sentence

https://huggingface.co/docs/transformers/v4.25.1/en/model_doc/ Magnus Bender | WiSe 2022/23
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BERT Fine-Tuning

BERT fur ,unseren”
Anwendungsfall
nutzen.
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o BERT Fine-Tuning

from sklearn.datasets import fetch 20newsgroups

class NewsgroupsData(torch.utils.data.Dataset
def init (self, tokenizer, train=True, reduce size=True
self.tokenizer = tokenizer
self.X, self.y = fetch 20newsgroups
remove=| "headers", "footers", "quotes”
subset="train" 1f train else "test", return X y=True

BERT fur,unseren”
if reduce_size Anwendungsfall
self.X, self.y = self.X :50/|, self.y| :50
nutzen.

def __getitem__(self, index

item - self.tokenizer(self.X[index|, truncation=True, padding="max length"
item| 'labels’ self.y index

return i1tem

def  len self

return len(self.X

Magnus Bender | WiSe 2022/23
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o BERT Fine-Tunin

from sklearn.datasets import fetch_20newsgroups

class NewsgroupsData(torch.utils.data.Dataset):
def __init_ (self, tokenizer, train=True, reduce size=True):
self.tokenizer = tokenizer
self.X, self.y = fetch 20newsgroups/(
remove=| "headers"”, "footers", "quotes"|,
subset="train" 1f train else "test", return X y=True

BERT fir,unseren”

)

1T reduce_size:
self.X, self.y = self.X :50|, self.y| :50]

Anwendungsfall

nutzen.

def _ getitem_ (self, index):
item = self.tokenizer(self.X index |, truncation=True, padding="max length")
item| 'labels' | = self.y| index
return item

def len_ (self):
return len(self.X)
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BERT Fine-Tuning

import numpy as np
from sklearn.metrics import accuracy_score

def get accuracy(eval result
logits, labels = eval result
predicts = np.argmax(logits, axis=-1
return { "accuracy" : accuracy score(labels, predicts

from transformers import
Trainer, TrainingArguments
BertTokenizer, BertForSequenceClassification

model = BertForSequenceClassification.from pretrained("bert-base-uncased", num labels=20
tokenizer = BertTokenizer.from pretrained("bert-base-uncased”

Y Magnus Bender | WiSe 2022/23
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BERT Fine-Tuning

import numpy as np
from sklearn.metrics import accuracy score

def get_accuracy(eval result):
logits, labels = eval result

predicts = np.argmax(logits, axis=-1)
return { "accuracy" : accuracy_score(labels, predicts) }

from transformers import (

Trainer, TrainingArguments,
BertTokenizer, BertForSequenceClassification
)

model = BertForSequenceClassification.from pretrained("bert-base-uncased”, num labels=20)

tokenizer = BertTokenizer.from_pretrained("bert-base-uncased") -

Magnus Bender | WiSe 2022/23
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BERT Fine-Tuning

trainer = Trainer
model=model
args=TrainingArguments
output dir="test tratiner”
overwrite output dir=True

train dataset=NewsgroupsData(tokenizer, train=True
eval dataset=NewsgroupsData(tokenizer, train=False
compute metrics=get accuracy

trainer.train
trainer.evaluate

Iy Magnus Bender | WiSe 2022/23
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BERT Fine-Tuning

trainer = Trainer
model=model
args=TrainingArguments
output dir="test tratiner”
overwrite output dir=True

train dataset=NewsgroupsData(tokenizer, train=True
eval dataset=NewsgroupsData(tokenizer, train=False

compute metrics=get accuracy

trainer.train
trainer.evaluate

trainer.save model("./my-model"”
BertForSequenceClassification.from pretrained("./my-model"

Magnus Bender | WiSe 2022/23
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BERT Fine-Tuning

trainer = Trainer(
model=model.
args=TrainingArguments(
output dir="test tratiner",
overwrite output dir=True

) s

train_dataset=NewsgroupsData(tokenizer, train=True),
eval_dataset=NewsgroupsData(tokenizer, train=False),

compute metrics=get accuracy

)

trainer.train()

trainer.evaluate( ) -

BertForSequenceClassification.from _pretrained("./my-model")

Magnus Bender | WiSe 2022/23
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Chat GPT

e Fine-Tuning von GPT 3.5
e Zusatzlich
« Uberwachtes Lernen

» Reinforcement Learning
(Feedback)

https://chat.openai.com/chat Magnus Bender | WiSe 2022/23
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https://chat.openai.com/chat

Chat GPT

Describe how Chat GPT works.

ChatGPT is a variant of GPT (Generative Pre-trained Transformer), a

e Fine-Tuning von GPT 3.5

transformer-based language model developed by OpenAl. It is trained on a
large dataset of internet text in order to generate human-like text. The
model uses a transformer architecture, which allows it to effectively

e Zusatzlich

process and understand the context of the input text.

. When given an input prompt, the model generates a response by
® U be rwa C hteS Le rn e n predicting the next word in the sequence, based on the input and the
previous words in the sequence. The model can also be fine-tuned on a
specific task, such as question answering or language translation, by

training on a smaller dataset for that task.

» Reinforcement Learning
(Feed ba C k) In short, ChatGPT is a language model that generates human-like text by

understanding the context of the input and predicting the next word in the

sequence, it can also be fine-tuned for specific tasks.

: https://chat.openai.com/chat Magnus Bender | WiSe 2022/23
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https://chat.openai.com/chat

( h a t ( What are the differences to GPT?
| |

D
ChatGPT is a variant of GPT, but there are a few key differences between

the two models.

1. Training data: ChatGPT is specifically trained on conversational data,

® Fl n e-TU n | n g VO n G PT 3 .5 C such as dialogues and chat logs, whereas GPT is trained on a broader
B range of internet text. This makes ChatGPT better suited for generating
£ responses in a conversational context.
® Z U Satzl ic h 4 2. Fine-tuning: ChatGPT is fine-tuned on conversational tasks, such as
Pl question answering and dialogue generation, whereas GPT is fine-
y tuned on a wide range of language tasks such as language translation,
** summarization and text generation.
® b Pl
U e rwa C hteS Le rn e n 3. Model size: ChatGPT is a smaller model than GPT, it has fewer
Pl
parameters and therefore requires less computational power to run.
S|

4. Output: ChatGPT is trained to generate human-like text specifically for

® Rei nfO rce m e nt Lea rn i n g " chatbot applications, it can be fine-tuned to understand and generate
In text that is specific to a certain conversational topic (e.g. customer
(Feed ba C k) ul service, technical support, e-commerce) while GPT is more general and
St can be fine-tuned to generate text on a wide range of topics.

In summary, ChatGPT is a smaller, more specialized version of GPT, which

™ Is specifically designed for conversational tasks and fine-tuned on

, conversational data.
https://chat.openai.com/chat 22/23
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Inhaltsubersicht

1. Programmiersprache Python

a) EinfUhrung, Erste Schritte P
b) Grundlagen

c) Fortgeschritten

INTEX

@ git >
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Inhaltsubersicht

1. Programmiersprache Python

a) EinfUhrung, Erste Schritte P
b) Grundlagen

c) Fortgeschritten

2. Auszeichnungssprachen
a) LaTeX, Markdown LAIIEX

@ git >

A Magnus Bender | WiSe 2022/23
2 Rl S UNIVERSITAT ZU LUBECK

S INSTITUT FOR INFORATIONSS YsTeME - Werkzeuge fur das wissenschaftliche Arbeiten



Inhaltsubersicht

Programmiersprache Python

a) EinfUhrung, Erste Schritte F
b) Grundlagen

c) Fortgeschritten

Auszeichnungssprachen
a) LaTleX, Markdown EIIFX

Benutzeroberflachen und

Entwicklungsumgebungen

a) Jupyter Notebooks lokal und in der
Cloud (Google Colab)

© git

| aad
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1. Programmiersprache Python

a) EinfUhrung, Erste Schritte F
b) Grundlagen

c) Fortgeschritten

2. Auszeichnungssprachen
a) LaTeX, Markdown EIIFX

3. Benutzeroberflachen und

Entwicklungsumgebungen

a) Jupyter Notebooks lokal und in der
Cloud (Google Colab)

4. Versionsverwaltung o o o
Q} glt v

a) Git, GitHub
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Inhaltsubersicht

1. Programmiersprache Python

a) EinfUhrung, Erste Schritte F
b) Grundlagen

5. Wissenschaftliches Rechnen

a) NumPy, SciPy

c) Fortgeschritten

2. Auszeichnungssprachen
a) LaTeX, Markdown EIIFX

3. Benutzeroberflachen und

Entwicklungsumgebungen

a) Jupyter Notebooks lokal und in der
Cloud (Google Colab)

4. Versionsverwaltung o o o
Q} glt v

a) Git, GitHub
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Inhaltsubersicht

1. Programmiersprache Python

a) EinfUhrung, Erste Schritte P
b) Grundlagen

5. Wissenschaftliches Rechnen

a) NumPy, SciPy

6. Datenverarbeitung und -visualisierung

c) For hritten
) tgeschritte a) Pandas, matplotlib, NLTK

2. Auszeichnungssprachen
a) LaTeX, Markdown E{IEX

3. Benutzeroberflachen und

Entwicklungsumgebungen

.&wm

a) Jupyter Notebooks lokal und in der
Cloud (Google Colab)

4. Versionsverwaltung o o o
Q} glt v

a) Git, GitHub
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Inhaltsubersicht

1. Programmiersprache Python

a) EinfUhrung, Erste Schritte P
b) Grundlagen

5. Wissenschaftliches Rechnen

a) NumPy, SciPy

6. Datenverarbeitung und -visualisierung

c) For hritten
) Fortgeschritte a) Pandas, matplotlib, NLTK

2. Auszeichnungssprachen , , -
TA 7. Machine Learning (scikit-learn)
a) LaTeX, Markdown FIFX

3 a) Grundlegende Ansatze (Datensatze,
3. Benutzeroberflachen und Auswertuna) . 2

Entwicklungsumgebungen

. b) Einfache Verfahren (Clustering, ...)
a) Jupyter Notebooks lokal und in der

Cloud (Google Colab)

4. Versionsverwaltung o o o
Q} glt v

a) Git, GitHub
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Inhaltsubersicht

1. Programmiersprache Python

a) EinfUhrung, Erste Schritte P
b) Grundlagen

5. Wissenschaftliches Rechnen

a) NumPy, SciPy

6. Datenverarbeitung und -visualisierung

c) Fortgeschritten a) Pandas, matplotlib, NLTK

2. Ausze|chnungsspracheri§‘ 7. Machine Learning (scikit-learn)
a) LaTeX, Markdown I TRX

a) Grundlegende Ansatze (Datensatze,
3. Benutzeroberflachen und

Auswertung) Cecvint
Entwicklungsumgebungen .

a) Jupyter Notebooks lokal und in der |
Cloud (Google Colab) 8. Deeplearning

4. Versionsverwaltung a) TensorFlow, PyTorch, HuggingFace

N o
) araows @ SIE Transformers -

b) Einfache Verfahren (Clustering, ...)
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Zusammenfassung

. Deep Learning
1.Perzeptron
2.Mehrschichtige Netzwerke
IV. Transformer Sprachmodelle
1.ldee

2.BERT & GPT mit Python
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Zusammenfassung

ll. Deep Learning
1.Perzeptron
2.Mehrschichtige Netzwerke
IV. Transformer Sprachmodelle
1.ldee

2.BERT & GPT mit Python
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Zusammenfassung

ll. Deep Learning
1.Perzeptron
2.Mehrschichtige Netzwerke

IV. Transformer Sprachmodelle
Word2Vec (7b) und

1.l1dee RegEx (3a) waren noch
verfugbar.
2.BERT & GPT mit Python
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