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Al methods are undergoing a revolution due to increased computational

power, training data, method development, and more efficient
Implementations.

Al systems are tools.

Foundation models.

Large Language Models (LLM), Action Models (LAM), etc.
Reasoning capabilities (test-time compute).

Al regulation.

Renaissance of open development.
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DEEP LEARNING SOFTWARE

*TensorFlow & Keras: Comprehensive libraries for research & production.
*PyTorch: Dynamic, researcher-friendly framework.

Core Frameworks:

| ntero p e rab | I |ty & Stan d ard S: *ONNX (Open Neural Network Exchange): Standardizes model formats for cross-framework compatibility.

*HuggingFace: Central hub for NLP and expanding domains, offering pre-trained models and easy-to-use libraries.

Com mun Ity & M Odel H u bS *TensorFlow Hub / PyTorch Hub: Repositories for model sharing.

*AWS: Amazon SageMaker & AWS Al Services for end-to-end training, tuning, and deployment.
*Google Cloud Al & Microsoft Azure ML: Alternative managed platforms.
*API providers (OpenAl, Anthropic, ...)

Cloud & Managed Platforms:

Open source frameworks and

specialized tools
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Al Marketplace

Technical Aspects

Data Privacy

Economic Aspects

Network Effects

Regulatory Aspects

Price Determination

Marketplace and
Data Regulation

Disintermediation

Robustness

Al Regulation

Information
Asymmetry

Auditability

Liability

Regulatory
Evolution

EMERGING Al ECOSYSTEM: OUR EARLY WORK

Other Data

Owners

Payment Training Data or Updates

for Federated Learning

Al Model,

Audit Report Al Model

«

Al Customer/

Al

Data Owner Marketplace

Al Developer

=
>

Al Requirements, Training
and Validation Data,

Payment

Al Requirements,
Training Data or Updates,
Payment

Audit Report Al Model

Al Auditor

A. Kumar, B. Finley, T. Braud, S. Tarkoma and P. Hui, "Sketching an Al Marketplace: Tech, Economic, and Regulatory Aspects,"” in

IEEE Access, vol. 9, pp. 13761-13774, 2021

Vlasis Koutsos, Dimitrios Papadopoulos, Dimitris Chatzopoulos, Sasu Tarkoma, Pan Hui: Agora: A Privacy-Aware Data Marketplace.

IEEE Trans. Dependable Secur. Comput. 19(6): 3728-3740 (2022)
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Overview of the LLM

software stack

Al applications

Embedding model
OpenAl, HuggingFace,

A 4

Vector database
Pinecone, pgvector, ...

Orchestration: chains and

Plugins

agents
Optimization and state
management Prompt management
LangChain, Llamalndex,
GPTs, ... LLM Cache
LLMOps
LLM APIs
Explainability /
s 1 | 1 validation
rivate
| | Ms QRS API Brokering

Foundation models and fine-tuned models




% Al CAN CONTROL TASKS

Task Model Task Task result
planning selection execution composition

Planning of
how to use
digital tools

Use of Creation of
digital tools digital tools

HuggingGPT: Solving Al Tasks with ChatGPT and its Friends in HuggingFace. https://huggingface.co/papers/2303.17580
Large Language Models as Tool Makers. https://arxiv.org/pdf/2305.17126.pdf
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https://huggingface.co/papers/2303.17580
https://arxiv.org/pdf/2305.17126.pdf
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%_ THE SHIFT FROM MODELS TO COMPOUND
Al SYSTEMS: AGENTIC SOFTWARE

* Increasingly many new Al results are from compound systems
(https://bair.berkeley.edu/blog/2024/02/18/compound-ai-systems/)

« Agentic software: Autonomous software entities that perform tasks, make decisions, and
Interact with environments or users.

« Multi-agent Systems

« Language Model-Based Agent Frameworks:

« LangChain: Facilitates the development of LLM-powered agents and applications by chaining
reasoning steps and integrating external tools.

« AutoGPT: An open-source solution that leverages LLMs to autonomously perform multi-step
tasks with minimal human input.

« Many other developments

HELSINGIN YLIOPISTO
HELSINGFORS UNIVERSITET
UNIVERSITY OF HELSINKI 24/02/2025


https://bair.berkeley.edu/blog/2024/02/18/compound-ai-systems/

goals/tasks

actions/ - N
%ﬁm Aedback

Environment
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Functions

Memory

=

Short-term Long-term

Tools Planning

Conventional 0 0
Reflection

ﬂ Chain-of-thoughts

' ' m ” m Subgoal composition

Core LLM Self-critics

Kokkonen, H., Lovén, L., Motlagh, N. H., Kumar, A., Partala, J.,
Nguyen, T, ... & Riekki, J. (2022). Autonomy and intelligence in the
computing continuum: Challenges, enablers, and future directions for
orchestration. arXiv preprint arXiv:2205.01423.
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Al RESHAPES TODAY'S
DEVELOPMENT WORKFLOWS

LM selection and

Acquiring and cleaning its evolution

data for adaptation and

validation Resource greediness

Fine-tuning, RAG, prompt
engineering,...

Ops

LM as a seamless part of
End-user experience

Technical integration

Dealing with changes in

lying LM l
Non-deterministic and constantly underlying LM models

changing behavior in testing and
monitoring. Dealing with
hallucinations

12

ML Engineering / Jukka K Nurminen 29/1/2025



% FUTURE OF SOFTWARE DEVELOPMENT

e Scenario 1: Traditional Software Development Operations.

« Humans own all roles, and tools and development environments provide automation.

Scenario 2: Al in loop.

« Humans control Al, but Al is beginning to manage larger and more complex work areas. Al is used to automate selected
parts of manual and repetitive tasks such as code generation, documentation, testing, and deployment.

Scenario 3: Al assumes role(s).

» Al systems assume selected roles. For example, Al is used to manage the process, design, implementation, testing,
delivery, and maintenance. Humans focus on the most complex tasks and control the entire operation, responsible for
overseeing that it is working correctly, and producing high-quality results.

Scenario 4: Human-in-the-loop.

« Al manages development operations in various roles. Humans oversee and control the process, but their role is focused
on overwatches such as operational control, problem solving, quality assurance, and security. Al roles are responsible
for automating most or all the other tasks in the development lifecycle.

New ethical and intellectual property challenges.

Jaakko J. Sauvola, Sasu Tarkoma, Mika Klemettinen, Jukka Riekki, David S. Doermann:
Future of software development with generative Al. Autom. Softw. Eng. 31(1): 26 (2024)
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Centralized cloud for Al Edge Intelligence
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Edge Intelligence: Empowering Intelligence to the Edge of Network. D Xu, T Li, Y Li, X Su, S Tarkoma, T Jiang, J Crowcroft, P Hui
Proceedings of the IEEE 109 (11), 1778-1837.



A Taxonom
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We demonstrate split learning and inference pipelines on device,

cloudlet and cloud with a vision based use case (CIFAR-10).

If the fog hardware can be fully utilized, it will improve the
throughput of heavy workloads.

basestation Edge servers
{tay) 10T devices .
=y "
% I_g_T_ f@ Cloud servers

Parameters from intermediate server

Cell phones

O
Data
@ upload ~—
+ Postprocessing (1=3)] -
¥R heaidsets download D @ %} 19T — @j
|

IoT

+— Postprocessing from end server
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FOG COMPUTING FOR DEEP LEARNING
WITH PIPELINES

* Fog is a hierarchical network

structure.

* Resources in fog can be pooled with

pipelines.

* Sparse: Stream Processing

Architecture for Resource-Subtle
Environments?

*https://github.com/AnteronGitHub/sparse

Antero Vainio’s PhD dissertation topic 17
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Conceptual Overview

LLMs and GPTs in 6G: A Holistic Multi-
layered Architectural Perspective

Taxonomy and State-of-the-art

Architectural Foundations for Intelligent
Evolution: From 5G to Al Interconnect

mLLMs and GPTs in 6G:

The 6G Al Interconnect Framework

HELSINGIN YLIOPISTO

Practical Applications

Semantic Publish/Subscribe and
Intent-based Messaging

Section 7
LLMs as Controller

EECUCURAN || Ms as Network Tool Builder
and APIs Broker

Training Foundation LLMs for
Mobile Networks Applications

LLMs Configuration and
Interoperability

LLMs for Code Generation

LARGE LANGUAGE
MODELS IN THE 6G-
ENABLED COMPUTING
CONTINUUM:

A WHIT_E PAPER.

6&‘. ea hV|S|ons No. 14
uary 2025 '

HELSINGFORS UNIVERSITET https://oulurepo.oulu.fi/bitstream/handle/10024/53842/nbnfioulu-202501211268.pdf
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Al TRANSFORMATION AT THE UNIVERSITY OF
HELSINKI: TEACHING AND RESEARCH

e Structured training: webinars, seminars
« University pedagogy classes

—

O « Guidelines for teachers, researchers,
l"/—_ and students
Increasing « Testing possibilities
Al Literacy at UH Al guild at Digihub

« Al focus group in Teachers’ Academy

« Al-themed MOOCs OOO Q
= . CurreChat Al interface: equitabl
. Top Al research 'R urre a Interrace. eqguitapbie
« Collaboration Impact on Al product S fpr =l :
nationally and society development * Al experiments, Al assistants
internationally * Award-winning Serendip.fi Al-
e Virtual Al powered learning adventure

 Copilot With Commercial Data
Protection (GPT4-chat and Dall-E)

laboratories
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Virtual labs — transforming research with Al

Al to accelerate the scientific process to meet global challenges

e Amalgamate scientific research
and R&D in industry with Al
assistance

e Seamless operation of

physical and virtual Al ot T B “W
measurements N Close Al-assistance Al-assistant in drug design
CO||ab0ratI0n Wlth Al . co-operative - tools&methods
) i : b engineering -
e Technologies generalize g =
across SCienceS and . co-operative : 5 new virtual : field-specific
i S Alassisiant = laboratories <! tools & methods :
laboratories ‘ '

Al-assisted toolbox virtual laboratories field-specific tools

(%]
©
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<

Finland’ table | t ts i Klami A, Damoulas T, Engkvist O, Rinke P, Kaski S. Virtual laboratories:
Inland s notable Investments In transforming research with Al Data-Centric Engineering. 2024.

computing infrastructure doi:10.1017/dce.2024.15

e Spearhead: EuroHPC supercomputer LUMI — fastest in Europe and fifth globally



AgentFormer aims to incrementally introduce Al
capabilities for an organization

4 AgentFormer A

Using LLM to

QUES“UHS ’ Orchestration indexing Agent 1,2, 3. ganerate the _.' AI‘ISWEI‘S, Chal‘ts, chat
Chunkirg answer
Crawling embeddings Tecl 1, 2, 3.
P Y _//)
L Iy ] 1 | [ I ]

The organisation's ' | LLM's & Organisation’s

own data ET! LTJ own cloud partners.
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» Rise of Al ecosystems and
marketplaces - agentic software

« Developing Al methods are having
profound impact for software

« Open Source is having profound
impact addressing global gaps in
knowledge and skills

« Automation increases, risks in use
of Al increase

« Data and data knowledge plays a
crucial part in developing
reasoning Als
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