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Attention = Dikkat
Self-Attention = Oz dikkat

Transformer = Dénusturucu
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Attention = Dikkat
Self-Attention = Oz dikkat

Transformer = Dbn[]§t[j rucuyu Bir gesit yapay sinir agi modeli (Vaswani vd. 2017).
Dogal dil isleme alaninda RNN (6rn. LSTM) modellerinin yerini aldi.
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Attention = Dikkat

) _ : Dondstarict modelinin en onemli modula.
Self-Attention = Oz dikkat gjr cesit yapay sinir agi katmani.

Transformer = DC')n[]§t[_] rucuyu Bir gesit yapay sinir agi modeli (Vaswani vd. 2017).
Dogal dil isleme alaninda RNN (6rn. LSTM) modellerinin yerini aldi.
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Vaswani, A., Shazeer, N., Parmar, N., Uszkoreit, J., Jones, L., Gomez, A. N., ... &
Polosukhin, I. Attention is all you need. In Advances in Neural
Information Processing (NeurlPS), 2017.
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Eylal 2024 itibariyle toplam alintilanma sayisi 138 binden fazla
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Peer-reviewed Publications Vs. Years Arxiv Publications Vs. Years Key Terms % Split over Years
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Fig. 1: Statistics on the number of times keywords such as BERT, Self-Attention, and Transformers appear in the titles of Peer-
reviewed and arXiv papers over the past few years (in Computer Vision and Machine Learning). The plots show consistent growth
in recent literature. This survey covers recent progress on Transformers in the computer vision domain.

[Khan vd. 2021]
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Number of papers where “transformer” appear in title, abstract or keywords;
limited to “Computer Science” field, in Scopus.
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Dilden dile otomatik ceviri - Donusturucu’den once

Diziden diziye (Sequence-to-sequence) kodlayici-kod ¢ozucu (encoder-decoder) mimariler
Sirali igleme (Sequential processing)

Softmax'

(D [Figur kaynagi hitps://smerity.com/articles/2016/google_nmt_arch.html]

EuroCC 2024 Semineri: Dikkat (Attention) ve Déndgtlirdcller (Transformers) - Emre Akbas


https://smerity.com/articles/2016/google_nmt_arch.html

Dilden dile otomatik ceviri - Donusturucu’den once

Diziden diziye (Sequence-to-sequence) kodlayici-kod ¢ozucu (encoder-decoder) mimariler M N
Sirali igleme (Sequential processing) Q,

Cikti dizisi —

Kodlayici model
Softmax!

™ O O

Girdi dizisi Kod ¢ozucu model
H

LSTM: Uzun, kisa-sureli hafiza aglari (Hochreiter ve Schmidhuber, 1997) [Cho vd., EMNLP2014]

(D [Figur kaynagi hitps://smerity.com/articles/2016/google_nmt_arch.html]
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Dilden dile otomatik ceviri - Donusturucu’den once

Diziden diziye (Sequence-to-sequence) kodlayici-kod ¢ozucu (encoder-decoder) mimariler
Sirali igleme (Sequential processing)
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(D [Figur kaynagi hitps://smerity.com/articles/2016/google_nmt_arch.html]
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Dilden dile otomatik ceviri - Donusturucu’den once

Diziden diziye (Sequence-to-sequence) kodlayici-kod ¢ozucu (encoder-decoder) mimariler
Sirali igleme (Sequential processing)

O yemek yemeyi seviyor .

Softmax'
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Dilden dile otomatik ceviri - Donusturucu’den once

Diziden diziye (Sequence-to-sequence) kodlayici-kod ¢ozucu (encoder-decoder) mimariler

Sirali igleme (Sequential processing)

O yemek yemeyi seviyor .

Softmax'

He Iloves to eat

Girdi dizisi uzadikga performans dusuyor.

Problemler: [LNI\]
1. S’deki kayipl sikistirma
(C—Z. Kaybolan veya patlayan gradyanlar
3. Uzun erimli etkilesimin zorlugu
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Dilden dile otomatik ceviri - “Dikkat” mekanizmasi
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Dilden dile otomatik ceviri - “Dikkat” mekanizmasi

O yemek yemeyi seviyor .
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Problem: Sirali isleme (Sequential Processing)

O yemek

Sirali islemeye olan bagimlihigi (yani LSTM’i) kaldirabilir miyiz?
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Problem: Sirali isleme (Sequential Processing)

! NULL O

Sirali islemeye olan bagimlihigi (yani LSTM’i) kaldirabilir miyiz?
(D EVET, “Oz Dikkat” kullanarak.
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Oz Dikkat (Self-attention)

“Dikkat”: cikti dizisindeki bir kellme girdi dizisindeki t kelimelere dikkat ediyor
(onlardan etkileniyor)

“Oz-dikkat”: dizideki bir kelime ayni dizideki diger tiim kelimelere dikkat
ediyor.
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Oz Dikkat (Self-attenti
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Oz Dikkat (Self-attention)

Yi ¥y Yy Y, "
1Y 1 yi=> wy(Wox))

j=1

Oz Dikkat Modiilt (katmant) }

—>

o e(fxx)

1 X A3 oo n ZL 1ekp( (X.,-_,XL,))

f(xi, x;) = (Wexi)' (Wix;)

Wq, W, W, ogrenilebilir matrisler
(Dq: query (sorgu), k: key (anahtar), v: value (deger)
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def attention(self, X_in:List[Tensor]):

# For every token transform previous layer's out

vence tengit: Oz Dikkat (Self-attention)

for i in range(g€

query[i] ®\X in[di]
key[i] * IX_in[i]

value[i] ¥ X_in[i]

# Compute output values, one at a time
for i in range(self.sequence_length):
this_query = query[i]
# how relevant is each input to this out?
for j in range(self.sequence_length):
relevance[j] = this_query * key[]]
# normalize relevance scores to sum to 1

relevance = scaled_softmax(relevance)

# compute a weighted sum of the values
out[i] = ©

for j in range(self.sequence_length):

out[i] += relevance[j] * value[]j] #W&swd St
https://gist.github.com/leopd/29786dd4a2a8ba801324b77fee7f4348

return out



Oz Dikkat (Self-attention)

e —
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Yy, = Z w; j (I.{,lx .])

=1
Wi = P Xj))
Y exp(f(xi, X))

f(xi,x;) = (Wex)" (Wix;)

_ Sorgu, anahtar ve deger vektorleri ayri ayri 3 matriste
toplanabilir: Q, K, V.

OzDikkat(Q, K, V) =k
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N LP

“Attention is all you need”, NeurlPS 2017
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“Non-local neural networks”, CVPR 2018
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Yerel olmayan (non-local) sinir aglari

Oz dikkat ile es zamanli: Wang vd. CVPR 2018: “Non-local neural networks”

Bilgisayar gorusu (video siniflandirma)

1 z TxHxWx1024
yi=m— > F(%i,%;)9(x;). @
C(x) - Ix1x1
TxHxWx512
x: girdi Oznitelik tensoru _ e
y: cikti 6znitelik tensori softmax i
f: iligki fonksiyonu (6grenilebilir) THWXTHW
g: gosterim (representation) hesaplayan, 6grenilebilir bir
fonksiyon
THWx512 512xTHW THWx5
4 &
f(Xz-, Xj) — Q(XZ) (f)(Xj). TxHxWx512 | TxHxWx512 TxHxWx512
0: 1x1x1 ¢: 1x1x1 g: 1x1x1

I TxHxWx1024
X
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Yerel olmayan ortalama (non-local means)

Buades, A., Coll, B., & Morel, J. M. (2005, June). A
non-local algorithm for image denoising. In 2005 IEEE
Computer Society Conference on Computer Vision
and Pattern Recognition (CVPR'2005) (Vol. 2, pp.
60-65). IEEE.

Given a discrete noisy image v = {v(i) | ¢ € I}, the
estimated value N L[v](7), for a pixel 7, is computed as a
weighted average of all the pixels in the image,

NL](i) =) w(i, j)v(j),
Jel

where the family of weights {w(i, j)}, depend on the si-
milarity between the pixels i and j, and satisfy the usual
conditions 0 < w(%,j) < land ). w(i,j) = 1.




Cok-baslh (multinead) 6z dikkat

Ve

MathuI \

f A
SOﬁ*MaX Bunlardan N tanesi ayni anda kullanilabilir.
Mask (opt.) Her birinin 6grenilebilir parametreleri farkli.
) N modulin ciktisi ug uca eklenir.
Scale
MatMul
T N
Q K V
ogrenilebilir parametreler:
w,w, w

1 adet 0z dikkat modulu

EuroCC 2024 Semineri: Dikkat (Attention) ve Déndgtlirdcller (Transformers) - Emre Akbas



Donusturucu
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Donusturucu

PE(pos,Qi) =

Sin(pos/ 100002i/dmodcl )

PE(pos 2i+1) = cos(pos/10000%"/ o)

. B
L il
|
20 w0 120
Depth

4 )
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Output
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Feed

Forward
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Feed Attention
Forward
— ]

T ) Nx

[Figlr https://kazemnejad.com/blog/transformer_architecture positional_encoding/] T
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https://kazemnejad.com/blog/transformer_architecture_positional_encoding/

Donusturicu - Deneysel Sonuclar

Jki farkh, buyuk ceviri veri kiimesinde,
onceki kodlayici-kod ¢6ztuct LSTM modellerine gore
- daha yuksek dogruluk sagladi,
- paralellestirmeye cok uygun oldugu icin egitim masrafini azaltti
(~10'da 1'e dlsurdu).
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Ozet - Oz dikkat

e Bir girdi dizisindeki tum elemanlarin aralarindaki mesafe ne olursa
olsun birbirleriyle etkilesebildigi bir katman.

e Bir elemanin oznitelik vektoru, dizideki diger tum elemanlar

tarafindan “6grenilebilir” bir sekilde etkileniyor.
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Ozet - Oz dikkat

N

“Numarami soyluyorum, yaz bir kagida.”

A\

“Bu yaz uzun bir tatil yapacagim.”
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Ozet - Oz dikkat

[Torralba vd. 2010]
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Ozet - DONUSstlrici

Icinde cok sayida 6z dikkat moduli/katmani bulunduran, girdi ve
ciktisina pozisyonel kodlama uygulayan sinir agi modeli.

Output
Probabilities

Unli dénastaract modelleri: BERT, GPT, ViT, ...

Add & Norm
Feed ]
Forward
4 l ~\ | Add & Norm |<s
—Giaueionn) Muti-Head |
Feed Attention
Forward ) Nx
N | Add & Norm
{ Add & Norm VEsked
Multi-Head Multi-Head
Attention Attention
t 4 At
\ J | e—
Positional Positional
Encod 4 ¢ i
ncoding Encoding
Input Output
Embedding Embedding

! I

Inputs Outputs
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BERT, GPT

Blyuk donusturict modelleri. Orjinal dénusturicuden temel farklari
ag hiperparametreleri ve Uzerinde egitildikleri gorevler.

BERT (Devlin vd. 2018):

e 110 milyon parametre. Sadece kodlayici tarafi kullaniyor.

e Sadece kelime degil cimleler icin de ayri bir gosterim kullaniyor.

e "Dil maskeleme” ve “cumle sirasi tahmin etme” gorevleri uzerinde
egitilmis. Sonra gozetmenli gorevler (supervised tasks) icin ince
ayar (fine-tune) yapiimis.

e 11 farkli dogal dil isleme gorevinde en iyi sonuclar.
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GPT

e GPT-2 (Radford vd. 2019), 1.5 milyar parametre. Sadece kod

¢Ozucu kismi kullaniyor

o “Siradaki kelimeyi tahmin et” gérevi Uzerinde egitilmis.
o Sonra gbzetmenli gorevler (supervised tasks) icin ince ayar (fine-tune) yapiimis.
o Bircok farkli dogal dil isleme gorevinde en iyi sonuclar.

e GPT-3 (Brown et al. 2020), 175 milyar parametre

o Soru yanitlama, makale yazma, metin 6zetleme, dilden dile ceviri, bilgisayar
programi uretme gibi gorevlerde basarili.
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Vision Transformer (Vil

‘AN IMAGE IS WORTH 16X16 WORDS: TRANSFORMERS FOR IMAGE RECOGNITION AT SCALE”,
Dosovitskiy vd. ICLE2021

Vision Transformer (ViT)

" MLP
Head
; Standart donusturicu

mimarisinin kodlayici
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Vision Transformer (ViT)

“AN IMAGE IS WORTH 16X16 WORDS: TRANSFORMERS FOR IMAGE RECOGNITION AT SCALE”,
Dosovitskiy vd. ICLR2021
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Vision Transformer (ViT)

e Sadece ImageNet veri kiimesi (1.3 milyon goruntu) Gzerinde
egitildiginde ResNet sonuclarinin gerisinde kaliyor.

e ImageNet-21k (14M goruntu) veya JFT (300M goruntu) uzerinde
egitilip daha kucuk veri kimelerinde (ImageNet, CIFAR100) ince
ayar yapildiginda en iyi en guncel sonuclari elde ediyor.
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Sadece goruntu siniflandirma probleminde degil bircok bilgisayar gorusu

probleminde transformer modelleri en iyi sonuclari aliyor.

coco-testdev veri kimesinde “nesne tespiti” (object detection) ve “6rnek bolutleme” (instance segmentation)

problemlerinde en iyi performansi veren yontemler. Kaynak: https://paperswithcode.com

DETRs with
Collaborative 1 EVA 555 80.0 36.3 58.0 724
1 Co-DETR 660 348 v Hybrid O @ 2022
Assignments
Training

Internimage:
Exploring 2  FD-SwinV2-G 554
Large-Scale

2 Internimage-H 654 2180 v e O = 2022
Foundation
Models with
Deformable

Convolutions 3 MaskFrozen-DETR 553 793 614 378 584 704

Towards All-in-

one Pre-training
M3l Pre-training x ~ VaMaimizing e 5 o0
(Internimage-H) Multi-modal

Musl 4 BET-3 548
Information

MoCaE: Mixture
of Calibrated
Experts
Significantly
Improves Object MasK DINO
Detecton) (SwinL, multi-scale)

]

4 MoCaE 65.1 X 2023

A Strong and

Focal-Stable-DINO Reproducible
5 648 817 715 486 67.6 78 689 +  ObjectDetector () -3 2023 ViT-Adapter-L

(Focal-Huge, no TTA) ith Only
ki 6  (HTC++BEITv2,0365,  54.5
Public Datasets
multi-scale)

DETRs with

Co-DETR Collaborative

6 (:v;m) 648 218 v Hybrid 0 9 2022 7 GLEE-Pro 545
Assignments

Training

EuroCC 2024 Semineri: Dikkat (Attention) ve Déndgtlirdcller (Transformers) - Emre Akbas

EVA: Exploring the Limits
of Masked Visual
Representation Learning
at Scale

Contrastive Learning
Rivals Masked Image
Modeling in Fine-tuning
via Feature Distillation

Mask Frozen-DETR: High
Quality Instance
Segmentation with One
GPU

Image as a Foreign
Language: BEIT
Pretraining for All Vision
and Vision-Language
Tasks

Mask DINO: Towards A
Unified Transformer-based
Framework for Object
Detection and
Segmentation

Vision Transformer
Adapter for Dense
Predictions

General Object Foundation
Model for Images and
Videos at Scale

)

]

&

&

2022

2022

2023

2022

2022

2022

2023




Ozet

Dikkat ve 0z dikkat mekanizmalarini tanidik. Nasil kullanildiklari ve
nasil gerceklendiklerine dair ornekler gérduk.

Oz dikkat moddullerini kullanan “dénustarici” sinir agi modelini
tanidik.

Bazi UnlU donusturicu modellere kisaca degindik.
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