
Edwin Yaqub, RapidMiner Research

Cross-modular Applications of AI and ML in 

B5G networks

27 May 2020



Presentation Layout

• Introduction to (EU-H2020) project ARIADNE

- Vision

- Use Cases

• Artificial Intelligence (AI)/Machine Learning (ML) Application Areas

- AI/ML Landscape and Disciplines

- Predictive Analytics, Prescriptive Analytics and Predictive Optimizations

• Approaching AI and ML

• Cross-Modular Concerns

• Standardization Initiatives

• RapidMiner Data Science Platform

- Automated ML

- Management and Orchestration Tools

2



Introduction to Project ARIADNE 
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Introduction to ARIADNE project

• Vision

Artificial Intelligence Aided D-band Network for 5G Long Term Evolution is a H2020 5G PPP project which 

aims to bring together a novel high frequency radio architecture, an advanced wireless connectivity 

based on reconfigurable metasurfaces, and an enhanced network management supported by AI to 

establish a new type of intelligent communications system beyond 5G.
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RoadMap: Vision to Objectives and Actions
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Use Cases

• Use case 1: Outdoor backhaul/fronthaul networks of fixed topology

- Scenario 1: Long-range LOS rooftop point-to-point backhauling.

- Scenario 2: Street-level point-to-point and point-to-multipoint backhauling/fronthauling.

• Use case 2: Advanced NLOS connectivity based on metasurfaces

- Scenario 1: Indoor advanced NLOS connectivity based on metasurfaces

- Scenario 2: Data kiosk

• Use case 3: Adhoc connectivity in moving network topology

- Scenario 1: Dynamic front/backhaul connectivity for mobile 5G access nodes and repeaters

- Scenario 2: V2V and V2X connectivity
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AI/ML Application Areas
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AI/ML Application Areas

• Where can we apply AI/ML?

- Channel modeling 

▪ Estimating parameters of the channels

▪ Profiling adverse effect of weather on channels

- Beamforming (assigning beams to users) and ray tracing (follow a mobile node)

- Modeling behavior of RIS (Reconfigurable Intelligent Surface) that uses Metasurface.

- Network optimization

▪ Resource allocation or Route finding/scheduling using performance criteria (e.g. energy saving, reliability)

▪ Placement of radio network components (e.g. to maximize signal strength at key operational areas)

▪ Performing offline and online optimizations (for dynamic cases)

▪ Optimizing with and without RIS (for indoor beamforming cases).
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AI/ML Landscape
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Artificial Intelligence

Machine Learning

Deep 

Learning

Data Science

Covers the practical application 

of advanced analytics, statistics, 

machine learning, and the 

necessary data preparation in a 

business context.

Data Science
incl. Data Prep

Artificial Intelligence

Any technique which enables 

computers to mimic human 

behavior.

Machine Learning

Subset of AI techniques 

which use statistical methods 

to enable machines to 

improve with experiences.

Deep Learning

Subset of ML which make the 

computation of multi-layer neural 

networks feasible.



AI/ML Disciplines

13

Descriptive

Analytics

Diagnostic

Predictive

Prescriptive

OBSERVE
What happened

EXPLAIN
Why did it happen

ANTICIPATE
What will happen

ACT
Derive Insights and Operationalize

Value



AI/ML Application Areas (revisited)

• Predictive Analytics

- Forecasting

▪ Demand for connections or data transmission rates at different time periods

▪ Demand for energy consumption in the network

- Predicting

▪ Bottlenecks at different nodes and congestion in the network

▪ Properties of a link: blockages, reliability, failure rate, service degradation (e.g., in terms of packet loss, 

effective radius, etc.)

▪ Estimated parameters of a multi-path channel.

▪ Attenuation level in signal quality due to weather affects.

▪ Machine failures before they happen, to proactively prevent failure and save repair costs.

▪ Movement (e.g. direction, angle) of user or mobile node

- Detecting

▪ Anomalous traffic flows
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AI/ML Application Areas (revisited)

• Prescriptive Analytics

- What-If Analysis to derive insights 

▪ Interact with a predictive model to understand behavior of complex systems (such as a RIS or Metasurface)

▪ Exploit predictive model by optimizing predictions for desired outcomes by injecting business constraints

▪ Get optimal inputs (generate recipe)

• Predictive Optimizations

- Resource allocation / Route scheduling

▪ Include predictions from ML models within fitness function to get superior solutions

▪ Include RIS as part of network

- Dynamic environments: Real-time planning and optimization

▪ Stochastic and non-stochastic variants.
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Approaching AI and ML

(Informal Tips and Standard Method)
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Approaching AI and ML

• Informal tips on how to identify AI/ML problems

- Problems that have not been solved so far in the literature

- Attempt to solve problems that are currently solved inefficiently

- Objective: Solve problems efficiently and smartly 

• Formal methodology to describe and solve analytics problems, especially in 

inter-disciplinary teams

- CRISP-DM: CRoss-Industry Standard Process for Data Mining

- https://en.wikipedia.org/wiki/Cross-industry_standard_process_for_data_mining

https://en.wikipedia.org/wiki/Cross-industry_standard_process_for_data_mining


CRoss-Industry Standard Process for Data Mining

• CRISP-DM is a standardized approach to tackle data mining (analytics) problems

- Leading method used by data mining industry

- A conceptual and cyclic method independent of data or tools
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• Relationship between steps can be iterative

• Start with Business Understanding

• Normal to go back to Business Understanding 

before Deployment

• Experience from Deployment triggers revisions

• Subsequent solutions improve last ones.



Cross-Modular 

Concerns
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AI/ML Operationalization

• Management and Orchestration aspects of AI/ML models to be considered from start

- Where will the models be trained, updated, deployed, and monitored?
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Network topology with nodes at:

• Core (more resources to train, update and 

apply AI/ML models)

• Edge (limited resources locally)

• Cloud (store data, train, update or apply 

AI/ML models)
Cloud could be used for 

data storage, training 

and application of ML 

models – based on 

scenario requirements



AI/ML Operationalization

• Deployment aspects of AI / ML models to be considered from start
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Non-functional Properties:

• Prediction / Prescription to be 

applied very fast at access 

point or at Microcontroller on 

chip to keep latencies very low

• 2^96 possible combinations 

to turn unit-cells ON or OFF 

(without pruning)

• Decisions to be made in 

microseconds



From Classical to AI/ML based Optimization (1)
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Find/Schedule Best Routes from A to B given constraints

A

B
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From Classical to AI/ML based Optimization (1)
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From Classical to AI/ML based Optimization (1)
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Historical Problem 

Scenarios and their 

Best Solutions

Can we train AI/ML to 

efficiently find smart 

schedules by learning 

patterns from past data?

A

B

archive

From Classical to AI/ML based Optimization (1)



From Classical to AI/ML based Optimization (2)

26

Allocate tasks to machines over time and reduce power price
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From Classical to AI/ML based Optimization (2)
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From Classical to AI/ML based Optimization (2)
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Historical Problem 

Scenarios and their 

Best Solutions

Again: Can we train AI/ML to 

efficiently and smartly allocate 

resources by learning patterns 

from past data?

archive

From Classical to AI/ML based Optimization (2)



Further R&D Activities in ARIADNE

• Investigating

- Deep Neural Networks and Auto Encoders

- Reinforcement Learning

- Deep Q Learning

- RNN, Feedforward neural networks, 

- GANS (synthetic data generation close to real systems but anonymous)
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Standardization Initiatives
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Standardization Initiatives to the Rescue!

• Standardization initiatives (ETSI, ENI, ITU-T) provide frame of reference

- Focus Group on Machine Learning for Future Networks including 5G

- “Architectural framework for machine learning in future networks including IMT-2020”

▪ https://www.itu.int/rec/T-REC-Y.3172/en

- Highlights challenges and requirements and architectural components. Guides towards standard 

methods to integrate ML functionalities in future networks!

- Key Ideas

▪ Pipeline-based ML functions, ideally with declarative specifications

▪ Support data retrieval and storage from various sources and sinks and ability to plugin support of more sources/sinks

▪ ML functionalities to be addressed across multiple network layers/levels, standard methods to train and update models

▪ Loose coupling of ML functions with network functions

▪ Placement of ML functions at the core, edge or cloud

▪ Orchestration of ML functions, including deployment and scaling to keep latencies low

▪ Deployment time monitoring of ML models and seamless upgrades (blue-green or primary-secondary deployments)
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https://www.itu.int/rec/T-REC-Y.3172/en


RapidMiner Data Science Platform
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RapidMiner Data Science Platform

• RapidMiner Studio: Pipeline based approach with orchestration ecosystem around!

- Visual building blocks to create AI/ML pipelines (coding-optional, highly modular)

- Deploy pipelines as webservices in distributed and scalable execution units at Core, Edge or Cloud
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RapidMiner Data Science Platform
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RapidMiner Data Science Platform
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Inclusive, Extensible and Pluggable Approach

• Integrate code from popular languages/frameworks/libraries or programs

• Process can be deployed as REST Webservice for integration with components
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Automated Machine Learning
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Automated Machine Learning

• AutoModel – RapidMiner Tool that democratizes ML

- Interdisciplinary teams need enablement and guided tooling to attempt AI/ML

- AutoModel quickly generates correct ML models and lets you evaluate them in dashboard

- No Black-Boxing: Export pipelines or models to Design perspective and tweak it yourself

- Lets have a short walk-through over few steps to show how easy it is!
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Management and Orchestration Tools
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RapidMiner Server

Collaborate + Compute + Deploy + Maintain

Process Execution Engine

Process Scheduler

Data and Process 

Repository

User/Group Access 

Rights management

Web App Portal
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RapidMiner Studio
Visual Workflow Designer

Process Execution Engine

Workflow Designer

RapidMiner Market Place
Industry, Application & ML Extensions

RapidMiner Market Place
RapidMiner Extensions for Specific Industries, Applications, ML Features, etc.

RapidMiner Radoop
Compile + Execute in Hadoop & Spark

RapidMiner Platform: Distributed AI-ready

Real-Time Scoring Agents
(Light-Weight Server Processes to Apply 

ML with Low Latency & High Throughput)



Central Node

RapidMiner Server 9.X Architecture

RapidMiner 
Studio

Webservices, 
webapps

Third-Party 
application

Run/schedule process

Queue 1 (can be allocated to user
groups)

Queue 2

Job Agent

Job Container

Process 1

Job Container

Process 2

Spawn VM 
& run job

Pull 
job

Worker Node 1

RapidMiner 
Server UI

Job Agent

Job Container

Process n

Worker Node 2
Job Agent
(optional)

Job Container

Process z

Queue 3 (local)

Execution Engine

Job Service

Scheduler

Triggers



Real-Time Scoring Agents

1) Low memory footprint server processes designed 

for high throughput low latency (fast scoring) 

scenarios. 

2) Enable real-time online scoring from web portals, 

phone apps, or desktop applications. 

3) Manage deployment of scoring processes as 

webservices with JSON input/output format

4) Horizontally scalable as docker containers
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Learning Resources about RapidMiner
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RapidMiner Academy: https://academy.rapidminer.com

Online Documentation: https://docs.rapidminer.com

Online Community: https://community.rapidminer.com

https://academy.rapidminer.com/
https://docs.rapidminer.com/studio
https://community.rapidminer.com/


More Applications and Use Cases
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Risk Management

Manufacturing

Marketing

TargetingSegmentation

Cross- & Upsell

Mail E-Mail Online Ad

Package Optimization

Product Tailoring

Website Optimization

Click Route Analysis

Localization / Selection Optimization

Visit Optimization

Police Care Sales

Lead Identification

Human Resources

Recommender

Risks

Credit Worthiness

Fraud

Bot Detection

Money Laundry

Churn
Cart abandonmentCollege dropout

Spam Detection

Financial Risks

Compliance

Direct Churn
Customer Retention

Credit card fraud

Demand Forecasting
Price Optimization

Retail

Replenishment Prediction

Staff Optimization

IT Forecast 
(Cloud Services)

EnergyPredictive Packaging

Supply Chain Optimization

Traffic

Predictive Maintenance

IT

Recipe Optimization

Yield Optimization

Early Rejects

Quality assurance

Root Cause

Process Parameter Forecast
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