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Outline

© Structure

© Motivation
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Grading

@ 40% Project
@ 30% Presentation

@ 30% Participation
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Presentation

@ Students are expected to present a paper

@ Paper list in this presentation

@ Send email to me with two bold and (two not-bold preferences OR
own paper ideas not yet included but could fit) until Thursday 23:59.

@ staniek@cl.uni-heidelberg.de

@ No lecture next week

@ First two presenters (in 2 weeks) get a fixed slot in this seminar, need
to decide today (easy papers)
o xLSTM and RWKY are the first two papers.
o Next two presenters (in 3 weeks) can also be fixed today.
o RetNet and S4

Following week (with normal registration): Mamba, Mamba2
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Further Schedule, Tentative

Mamba, Mamba?2
Hyena, RoFormer
Titans, Atlas
Performer, Linforer...
Rest: TBD

Michael Staniek (Department of Computatiorls Attention all you need? The Search for a N October 13, 2025 5/18



Grading

https://www.uni-heidelberg.de/md/neuphil/gs/sprache02/
hinweise/kriterienraster_referate.pdf

Very important: Engaging the audience, not only looking at the
computer/flash cards

No mistakes in the presentation (typos, formulas)

Good overview about paper and if available, criticism
Good english skills (Niveau B2)
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Participation

o Either: Presenters prepare 2 questions that everyone has to answer
per mail

@ Or: Students ask questions related to papers

e Grading: All questions asked/answered and participation during
lectures/discussion
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Project

@ As usual, do a project at the end of the semester
@ You can start now if you already have ideas

@ Submission: Code+Short Report+Declaration of
Authorship/Independend Work (german)

@ Deadline: 31.03.2026 23:59:59:99999999999
e Grading: Implementation (Code submission) + Short Report

o If two people want to do a project together: Github/Gitlab usage
from the beginning (no push at the end as "initial commit”, thats
only allowed for solo projects)
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Grading

@ 40% Project
@ 30% Presentation

@ 30% Participation
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Motivation

o Transformers revolutionized NLP — first introduced in “Attention is
All You Need” (Vaswani et al., 2017).

@ Enabled parallel training, deep architectures, and superior results
across tasks.

o However:

o Inference remains inefficient — no hidden state summarizing previous
context.
o Context windows are finite and expensive to scale.

@ — The community is actively searching for new architectures
beyond Transformers.
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Core Challenges

Training Efficiency Inference Efficiency
o Parallelization via attention. @ Autoregressive decoding =
e Long sequences: quadratic cost sequential.
O(n?). @ No persistent hidden state.
@ Memory limits in large context @ KV cache helps, but scales
training. linearly with context.
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The Search for a New Architecture

Memory &
Recurrence

RWKYV, Ret-
Net, xLSTM

Transformer ]

T

State Space
Models (SSMs)

S4, Mamba,
Mamba2
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Memory-Enhanced & Recurrence-Based Models

RWKYV [14]
RetNet [19]
xLSTM [1]
TTT-MLP [18]
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Memory-Enhanced & Recurrence-Based Models

RWKYV [14]
RetNet [19]
xLSTM [1]
TTT-MLP [18]

Key Idea

Reintroduce recurrence and statefulness — efficient inference and
persistent memory.
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State Space Models (SSMs)

Goal: Efficient long-sequence modeling with linear time complexity.

e S4 [11]
e Mamba [10]
e Mamba-2 [9]

Advantages:
e Linear scaling (O(n)).
o Captures long-term dependencies (maybe?)

o Great potential for efficient inference.
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Hybrid and Alternative Architectures

Hyena [15]
Titans [4]
Atlas [2]
Miras [3]

Mixing multiple paradigms: attention, recurrence, retrieval, and structure.
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Sparse & Efficient Attention Models

RoFormer [17]

Performer [6]

Linformer [22]

Reformer [12]
Longformer [5]

FNet [13]

Linear Transformers [21]
Synthesizer [20]

Flash Attention [8]

Flash Attention 2 [7]

Gated Linear Attention [23]
BigBird [24]

Compressive Transformers [16]

Goal: Retain Transformer-like behavior with reduced O(n?) bottleneck.
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Other ideas

@ Switch Transformer
o Diffusion-LM
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Questions?
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