The Dual Form of Neural Networks Revisited

Connecting Test Time Predictions to
Training Patterns via Spotlights of Attention
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Motivating example

- Language model trained e.g. on Wikipedia articles
- Let it do predictions on a new article

Ironclad warship *

From Wikipedia, the free encyclopedia
Egm

“Ironclad" and "Broadside ironclad" redirect here. For other uses, see Ironclad (disambiguation)

For pre-modern armored ships, see Pre-industrial armoured ships. I I
Anironclad is a steam-propelled warship protected by iron or steel armor plates, constructed from 1859 to the early 1890s. The ironclad was .
developed as a result of the vulnerability of wooden warships to explosive or incendiary shells. The first ironclad battleship, Gloire, was launched f

y o u p re e r [
L] t L]

by the French Navy in November 1859 - narrowly pre-empting the British Royal Navy.[!] After the first clashes of ironclads (both with wooden
ships and with one another) took place in 1862 during the American Civil War, it became clear that the ironclad had replaced the unarmored ship
of the line as the most powerful warship afloat. Ironclad gunboats came to be very successful in the American Civil War.12]

Ironclads were designed for several roles, including as high seas battleships, long-range cruisers, and coastal defense ships. Rapid development
of warship design in the late 19th century the ironclad from a wooden-hulled vessel that carried sails to supplement its steam

engines into the steel-buil, turreted battleships and cruisers familiar in the 20th century. This change was pushed forward by the development of
heavier naval guns, more sophisticated steam engines, and advances in metallurgy which made steel shipbuilding possible.

The quick pace of change meant that many ships were obsolete almost as soon as they were finished, and that naval tactics were in a state of “The frst batlle between ironclads: CSS Virginia &
flux. Many ironclads were built to make use of the ram, the torpedo, or sometimes both (as in the case with smaller ships and later torpedo (lef) vs. USS Monitor, in the March 1862 Battle of
boats), which a number of naval designers considered the important weapons of naval combat. There is no clear end to the ironclad period, but Hampton Roads

towards the end of the 1890s the term ironclad dropped out of use. New ships were increasingly constructed to a standard pattern and

Can we tell which training sentences/articles are helping its predictions?



Duality: Linear Layer vs. Attention Layer

Following two systems are equivalent

Key/Value-Attention Layer
Store: K = (kq,...,kr) € RInxT
V = (vq,...,vp) € RdouxT
Compute: input © € R%

Sa(x) = Attention( K,V , x)

NB: Unnormalised dot attention
Attention(K,V,q) = VKTq
vs. standard attention: Vsoftmax(KTq)
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Application to Linear Layers Trained by GD

Forward computation: W
y p— 4 4

Backward computation (gradient descent) to update W: outer product
Wt+1 — Wt — nt(VyL)t X It
€¢

for some error function L learning rate 7)¢ atstep t € N



Application to Linear Layers Trained by GD

Forward computation: W
y p— 4 4

Backward computation (gradient descent) to update W: outer product
Wt+1 — Wt — nt(VyL)t X It

€¢
for some error function L learning rate 7)¢ atstep t € N
T
Trained weight matrix W = W, + Z e QT
t=1
We can directly apply the duality from the previous slide!




Duality (Corollary)

Linear layer trained by Key/Value/Attention memory
gradient descent storing entire training experience

5 E = (eq,....,er) € R ouxT
Store: W:Wo+Zet®:ct (€1,.... er)
t=1 X = (331, ...,ZBT) c Rdi“XT

Compute:
S1 (33) = W So(x) = Wy + Attention(X, E, )

Matrix-version of Perceptron/Kernel Machine Duality (Aizerman et al. 1964)



Consequences/Remarks

Conceptual Remarks

e Nothing is forgotten (but it is still equivalent to a fixed storage linear layer)
e Good retrieval mechanism (capacity to selectively remember) is crucial for
exploiting the memory (cf. softmax attention in Transformer)

o Etc...



Consequences/Remarks

Conceptual Remarks

e Nothing is forgotten (but it is still equivalent to a fixed storage linear layer)
e Good retrieval mechanism (capacity to selectively remember) is crucial for
exploiting the memory (cf. softmax attention in Transformer)

o Etc...

Practical Consequences

e With the dual form, we can visualise the attention from test examples
(query) to training patterns (keys).



Continual Learning Experiments

e Phase 1: Train on MNIST
— Test accuracy of 97% on MNIST

e Phrase 2: Train on Fashion-MNIST
— Test accuracy of 85% on Fashion-MNIST, 45% on MNIST

But nothing is forgotten, right?

What happens exactly?

(d) MNIST, 1

(b) F-MNIST, 3 (dress)

10



MNIST then F-MNIST: Attention Interference...

Example MNIST class-1 image misclassified as class 3

N\ ™ N\ N\ x10° /N
1.00 1 = MNIST FashionMNIST 81 U s u
0.75 1 O 61 - - 6 1 | |
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(a) layer-0 (b) layer-1 (c) layer-2

x-axis: classes (separately for MNIST and F-MNIST)
y-axis: sum of attention scores per class

(d) MNIST, 1 (e) F-MNIST, 3 (dress) (b) F-MNIST, 3 (dress)

MNIST class 1 F-MNIST class 3
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Language Modelling

oncadavaiip (warship)

From Wikipedia, the free encyclopedia

“Ironclad" and "Broadside ironclad" redirect here. For other uses, see lronclad (disambiguation).
For pre-modern armored ships, see Pre-industrial armoured ships.
Aniironclad s a steam-propelled warship protected by iron or steel armor plates, constructed from 1859 to the early 1890s. The ironclad was
developed as a result of the vulnerability of wooden warships to explosive or incendiary shells. The first ironclad battleship, Gloire, was launched
by the French Navy in November 1859 - narrowly pre-empting the British Royal Navy.[ After the first clashes of ironclads (both with wooden
ships and with one another) took place in 1862 during the American Civil War, it became clear that the ironclad had replaced the unarmored ship
of the line as the most powerful warship afloat. Ironclad gunboats came to be very successful in the American Civil War.1?!

Ironclads were designed for several roles, including as high seas battleships, long-range cruisers, and coastal defense ships. Rapid development
of warship design in the late 19th century the ironclad from a wooden-hulled vessel that carried sails to supplement its steam
engines into the steel-built, turreted battleships and cruisers familiar in the 20th century. This change was pushed forward by the development of
heavier naval guns, more sophisticated steam engines, and advances in metallurgy which made steel shipbuilding possible.

The quick pace of change meant that many ships were obsolete almost as soon as they were finished, and that naval tactics were in a state of
flux. Many ironclads were built to make use of the ram, the torpedo, or sometimes both (s in the case with smaller ships and later torpedo
boats), which a number of naval designers considered the important weapons of naval combat. There is no clear end to the ironclad period, but
towards the end of the 1890s the term ironclad dropped out of use. New ships were increasingly constructed to a standard pattern and

Test ,

The first battle between ironclads: CSS Virginia
(left) vs. USS Monitor, in the March 1862 Battle of
Hampton Roads
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the ironclad from a wooden-hulled vessel that carried sails to supplement its steam
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engines into the steel-built, turreted battleships and cruisers familiar in the 20th century. This change was pushed forward by the development of

heavier naval guns, more sophisticated steam engines, and advances in metallurgy which made steel shipbuilding possible.

The first battle between ironclads: CSS Virginia
(left vs. USS Monitor, in the March 1862 Batlle of
Hampton Roads

The quick pace of change meant that many ships were obsolete almost as soon as they were finished, and that naval tactics were in a state of
flux. Many ironclads were built to make use of the ram, the torpedo, or sometimes both (s in the case with smaller ships and later torpedo
boats), which a number of naval designers considered the important weapons of naval combat. There is no clear end to the ironclad period, but
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Test ,

&
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Vasco da Gama was an fronciad of the Portuguese Navy bult i the 18705 by the Thames Iron Works in London. Ordered fo strengthen the
in 1878. She served as the flagship of the.
Shewas 1901 and 1903. Her crew was.

Portuguese ironclad Vasco da Gama

From wikpedia,the free encyclopedia

detenses of e of Lisbon,
Poriuguese fieet for the majoriy of her I
involved in revolts in 1913 and 1914; during the latter event, they bombarded Lisbon and killed around one hundred people. Long-since obsolete.

by the 19305, Vasco da Gama was finally sold for scrapping in 1935,

Contents [ride]
1 Design

=~ (warship)

4 References

Vasco da Gama ai the opering of the Kaiser Wihelm
Canalin 1395

Design [eat] History

Train

. The bartieship
10ctober 1914, just

SMS Markgraf
From Wikpeda he free encyckpecsa

1on June 1913,
stoar at a 10p speed o 21 knots (39 kmh; 24 mph). Markgral was named in honor of the foyal famil of Baden. The name Markgratis  rank of

German nobity and is equivalent o the Englsh Margrave, or Marguess.
‘Along with her three sisterships, Konig, Grosser Kurfirst, and Kronprinz, Markpraftook partin most of the fleet actons during the war, incuding
i in the German ne

the Bate of Jutiand on 31 May and 1 June 1916. At Jusand,
e

Briish Grand Fieet; hits and her
nlate 1017.
operation.
After Germany's defeat in the war and the signing of the Armistice in November 1918, Markgraf and most of the capial shps of the High Seas
educed Bulder  AG weser, remen

Rear Laiddown  November 1911
Reuter, odered Unike most of the Launched 4 1913
Scutied ships, Markgral was never raised fo scrapping: the wreck i sull siting on the botiom of the bay. ‘Commissioned 1 October 1914
Fate Scutted 21 June 1919 n Guster

(warship)

the final version of the Treay o Versailles. On 21 June 1919,

Italian cruiser Aretusa
From Wikiedia,th fee encyclopedia

For other ships with the same name, see ltalian ship Aretusa.
Aretusa was a torpedo cruiser of the Partenope class buil for the ltalian Regia Marina (Royal Navy) in the 1880s. Laid down in June 1889 at the
Cantlere navale fratelli Orlando shipyard, she was launched in March 1891 and was commissioned in September 1892. Her main armament were
her six torpedo tubes, which were supported by a battery of ten small-caliber guns. Arefusa spent most of her career in the main Italian fleet,
where she was primarily occupied with training exercises. At the start of the Italo-Turkish War in September 1911, she was assigned to the Red
‘Sea Squadron in ltalian Eritrea. She bombarded Ottoman positions in the Arabian Peninsula and took part in a blockade of the coast. Worn ot by
the end of the war in October 1912, Arefusa was sold for scrap that December and broken up.

Contents [nide]
1 Design
2 Service history

2.1 lalo-Turkish War

3 Footnotes
31 Notes retisa n 1895
3.2 Citations History

aly

4 References

5 External links Name Aretusa

Namesake  Arethusa

(warship) s
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“Ironclad” and "Broadside ironclad” redirect here. For other uses, see Ironclad (disambiguation). Tt o
For pre-modern armored ships, see Pre-industrial armoured ships.
Aniironclad is a steam-propelled warship protected by iron or steel armor plates, constructed from 1859 to the early 1890s. The ironclad was
developed as a result of the vulnerability of wooden warships to explosive or incendiary shells. The first ironclad battleship, Gloire, was launched
by the French Navy in November 1859 - narrowly pre-empting the British Royal Navy.[ZJ After the first clashes of ironclads (both with wooden SMS Markgraf *

ships and with one another) took place in 1862 during the American Civil War, it became clear that the ironclad had replaced the unarmored ship

From Wikpeda he free encyckpecsa
of the line as the most powerful warship afloat. Ironclad gunboats came to be very successful in the American Civil War.1?!

‘SMS Markgraf® was the third battieship of the four-ship Kenig cias. She served in the Imperial German Navy during World War |. The batteship | s

Ironclads were designed for several roles, including as high seas battleships, long-range cruisers, and coastal defense ships. Rapid development e et e e e ot e e *l >

of warship design in the late 19th century the ironclad from a wooden-hulled vessel that carried sails to supplement its steam steam a1 top speed of 21 knots (39 knih; 24 mph). Markgra was named n honor o the royal fay o Baden. The name Markgyats  rank of

engi - - | 4
heav

v Query (Ironclad warship) | ... Her principal role was for combat in the English Channel and other European ... =

boat:

towa

Top-1 (Portuguese ironclad) Her sailing rig also was removed . Her main battery guns were replaced with new ...
Top-2 (SMS Markgraf) ... between the two funnels . Her secondary armament consisted of fourteen 15 cm ...
Top-3 (Italian cruiser Aretusa) | single mounts . Her primary offensive weapon was her five 450 mm.

Negative (Nina Simone) | ... written especially for the singer . Her first hit song in America was her rendition ...

y ‘Cantere navaie rateil riando SNIpYaI, Sne Was laUncned in March L1 and Was CommISsIoned I Sepiemper L5z, Her main amamen were
her six torpedo tubes, which were supported by a battery of ten small-caliber guns. Arefusa spent most of her career In the main ltalian fieet,
where she was primarily occupied with training exercises. At the start of the ltalo-Turkish War in September 1911, she was assigned to the Red

Nina Simone ] ‘Sea Squadron in Italian Eritrea. She bombarded Ottoman positions in the Arabian Peninsula and took part in a blackade of the coast. Worn out by

- the end of the war in October 1912, Aretusa was Sold for scrap that December and broken up.
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Thank you for your
attention.

O https://qgithub.com/robertcsordas/linear layer as attention

Hope to see you at the poster!


https://github.com/robertcsordas/linear_layer_as_attention

