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Google Colab Notebook

The exercises can be found in the Colab notebook:
https://colab.research.google.com/drive/1zVtxObz6W clIHkitCWFhxlscOgcW6tyW?usp=sharing

Download and use locally or
copy to Drive (requires Google account):
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https://colab.research.google.com/drive/1zVtxObz6W_cIHkitCWFhxIscOqcW6tyW?usp=sharing

Exercise 1: Signal Trace Analysis

Count common peaks in two time traces before individual peak in trace 1:

Transformer Ansatz:

Common peaks before individual peak: 2
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Exercise 1: Signal Trace Analysis

Implement necessary components of Transformer:

1. Embedding

2. Positional Encoding

3. Transformer Block

~ Non-Trainable (Example)
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100002 /4

(or any other
fixed set of
vectors)

0: vector dimension
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Input
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tf.keras.layers.MultiHeadAttention(

num_heads,

key_dim,

value_dim=None,
dropout=0.8,
use_bias=True,
output_shape=None,
attention_axes=None,
kernel_initializer="'glorot_uniform’
bias_initializer='zeros',
kernel_regularizer=None,
bias_regularizer=None,
activity_regularizer=None,
kernel_constraint=None,
bias_constraint=None,
**kwargs

Call arguments

query
value

key

29.11.2022

niklas.langner@rwth-aachen.de



Exercise 2: Image Classification with Vision Transformer

Vision Transformer
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Exercise 2: Image Classification with Vision Transformer

Implement necessary components of Vision Transformer:
Patch Projection

2. Positional Encoding
3. Architecture
MLP
4. (Bonus: Class Token) Head
‘ Transformer Encoder
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Exercise 3: Perceiver

Increasing trace length in Exercise 1 leads to VRAM
problems using traditional transformer

— Try efficient Transformer

Charformer
(Tay et al,, 2021)
- TokenLearner
Perceiver (Ryoo et al, 2021)
(Jaegle et al,, 2021)
Transformer-XL Nystromformer

(Dai et al., 2019)

Transformer
(Zhu et al., 2021)

(Wang et al., 2020b)

Kernels

Synthesizer
(Tay et al., 2020a)

Random Feature Attention
(Peng et al., 2021)

Linear

Transformer
(Katharopoulos et al., 2020)

(Parmar et al., 2018)

Fixed/Factorized/
Random Patterns

Blockwise Transformer
(Qiuetal,2019)

Image Transformer

CC-Net GShard ’
(Huang et al., 2018) (Lepikhin et al,, 2020) (Coriasteli2ois)
Sparse Transformer Sparse (Duflif'\zﬂm
(Child et al., 2019) Swltch
Transformer Product Key
Axial Transformer erocel PP, LAE oLy

(Xiong et al., 2019)

Recurrence Memory / Memory
D | Compressed
Compressive ownsamp Ing (Liu etal., 2018)
Transformer/  get Transformer
R, (Lee etal, 2019)
; Clusterformer
T ROU;lng (Wang et al., 2020)
A ransrormer
T Fur;,nel P%Eaugeg‘;ogz)er (Roy et al,, 2020) Reformer
ranstormer " (Kitaev et al., 2020)
Performer ‘ !
(Choromanski et al, 2020) (Dalletialii2020) -
ETC Big Bird
L Rank T f (Ainslie et al., 2020) (Zaheer et al., 2020)
ow-Rran ransrormer \ )
(Winata et al,, 2020) Longformer Swin )
(Beltagy etal, 2020)  Transformer Sinkh Clustered Attention
k (Liu et al,, 2020) inknhorn (Vyas etal, 2020)
Linformer Low Ran / Long Short Transforme

(Tay et al., 2020b)

Adaptive
Sparse
Transformer

(Ho et al,, 2019) (Lample et al., 2019)

Scaling Transformer

(Jaszczur et al., 2021)

Many different implementations:

Model / Paper Complexity
Memory Compressed (Liu et al., 2018) O(N?)
Image Transformer (Parmar et al., 2018) O(N.m)
Set Transformer (Lee et al., 2019) O(kN)
Transformer-XL (Dai et al., 2019) O(N?)
Sparse Transformer (Child et al., 2019) O(NVN)
Reformer (Kitaev et al., 2020) O(Nlog N)

Routing Transformer (Roy et al., 2020)
Axial Transformer (Ho et al., 2019)

O(Ny/N)
O(NVN)

Compressive Transformer (Rae et al., 2020) O(N?)
Sinkhorn Transformer (Tay et al., 2020b) O(B?)
Longformer (Beltagy et al., 2020) O(n(k+m))
ETC (Ainslie et al., 2020) O(N; + NNy)
Synthesizer (Tay et al., 2020a) O(N?)
Performer (Choromanski et al., 2020a) O(N)
Funnel Transformer (Dai et al., 2020) O(N?)
Linformer (Wang et al., 2020c) O(N)
Linear Transformers (Katharopoulos et al., 2020) O(N)
Big Bird (Zaheer et al., 2020) O(N)
Random Feature Attention (Peng et al., 2021) O(N)
Long Short Transformers (Zhu et al., 2021) O(kN)
Poolingformer (Zhang et al., 2021) O(N)
Nystromformer (Xiong et al., 2021b) O(kN)
|Perceiver (Jaegle et al., 2021) O(EN)|
Clusterformer (Wang et al., 2020b) O(Nlog N)
Luna (Ma et al., 2021) O(kN)
TokenLearner (Ryoo et al., 2021) O(k?)
Adaptive Sparse Transformer (Correia et al., 2019) O(N?)
Product Key Memory (Lample et al., 2019) O(N?)
Switch Transformer (Fedus et al., 2021) O(N?)
ST-MoE (Zoph et al., 2022) O(N?)
GShard (Lepikhin et al., 2020) O(N?)
Scaling Transformers (Jaszczur et al., 2021) O(N?)
GLaM (Du et al., 2021) O(N?)
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https://arxiv.org/pdf/2009.06732.pdf

Exercise 3: Perceiver

Easy to implement example of efficient transformer, intended as general-purpose architecture
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Task: Find suited dimensionality of latent array
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