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Ofsoftswitch 
1.2. 1.3

Genesis of SDN and OpenFlow Commercialization, Ecosystem Growth

Rise of SDN Adoption; NFV Emergence 

Maturity, Integration, Convergence of 
SDN/NFV/IBN, Emergence of P4 (“OF2.0”)

SDN in 5G, Edge Computing, 
and Cloud-Native Networking 

SDN Evolved: 
Automation, AI, 
and the Future 

SDN@6G 
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Experimental environments
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Testbeds, Emulators, Simulators?

https://mininet-wifi.github.io/book/ 

https://mininet-wifi.github.io/book/
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Mininet

How can we create more realistic network scenarios exploring the 
programmable capabilities of modern switch architectures?

Using P7! The P4 Programmable Patch Panel.

Experimental environments
Testbeds, Emulators, Simulators?



Open-Source Programmable HW Experimentation Toolbox

Outline of today’s talk



Software-Defined Inception

Concept and Research Toolbox
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Software-Defined Inception

Source of Inspiration

Source: https://www.imdb.com/title/tt1375666/ 

Source: M.C. Escher, “Relativity,” 1953

https://www.imdb.com/title/tt1375666/
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Software-Defined Inception
Inception Concept: Nesting, Recursion, Fractals, etc.

Source: https://blog.penjee.com/recursion-animated-gifs-cs/ 
Recursion — Image from AlgoDaily

https://blog.penjee.com/recursion-animated-gifs-cs/
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Software-Defined Networking

SDN Concept

Source: Software-Defined Networking: A Comprehensive Survey, Proceedings of the IEEE, 2014. https://doi.org/10.1109/JPROC.2014.2371999 

https://doi.org/10.1109/JPROC.2014.2371999
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Software-Defined Networking

15+ years of research SDN Research @ INTRIG/Unicamp

● SDN-IP Routing (RouteFlow)
● OpenFlow driver (i.e. libfluid ONF competition)
● Open Source switches (ofsoftswitch1.x)
● SDN for wireless (Mininet-WiFi)
● SDN for packet-optical convergence
● Fast-rerouting / Protection
● 5G network core functions
● ML-driven SDN control
● In-band Telemetry
● Heavy-Hitter detection
● 360 Video QoE estimation in P4
● Intent-based Networking (IBN)
● etc.Source: Software-Defined Networking: A Comprehensive Survey, 2015
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Software-Defined Inception

SDN 
(P4 / TNA HW)

Inception Concept 



Inception Concept: SDN becomes our rich testbed
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Software-Defined Inception

“Classic” Networking 
Research

&

Education

SDN/NFV Research
   Slicing Research

TSN Research
6G Research

SDN 
(P4 / TNA HW)
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Talk Overview

Generate

P4R
P7

Emulate

Network Traces

Generate
&&   

Inject

Emulated Network 
Topology

Input

PIPO-TG

P4/Tofino Emulation and Traffic Generation Toolbox 
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Background

Traditional Switch (Fixed-function switch)

Programming Protocol-independent Packet Processors

Source: Nick McKeown (Stanford.)
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Background

Programmable SwitchTraditional Switch

Programming Protocol-independent Packet Processors
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Background
Domain Specific Processors
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Background
Compile to multiple targets

Source: https://github.com/rkuo/P4/blob/master/p4workshop2015.md 

https://github.com/rkuo/P4/blob/master/p4workshop2015.md


Introduction to P7

Motivation, other available solutions, 
trade-offs
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High-fidelity Network Emulation
P7: P4 Programmable Patch Panel

Source: P7 SIGCOMM Demo, 2022



P7: P4 Programmable Patch Panel

P7 is a high-fidelity 100G traffic network 
emulation, including various link 
characteristics such as latency, jitter, 
packet loss, and bandwidth, as well as the 
option to customize network topologies.

Everything 
implemented in a 
single P4 switch

22



Link Emulation

Link Connectivity Intern Recirculation + internal Tag

Latency [ms] Internal timer + recirculation
TM + Pipelines recirculation

Jitter [ms] Hash to determine recirculation times
Lookup table with mathematical functions

Packet loss [%] Random function to determine packets discard probability
Realistic packet loss model

Bandwidth Rate limit TNA TM feature
Port configuration and shaping

This are the 
available link 
metrics and 
how were 
implemented

P4/TNA implementation approaches
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Limitation
● Switches are treated as a 

simple forwarding nodes 
without instantiate a 
custom P4 code

Solution
● Allocate a dedicated pipe 

for user-defined P4 code 
and incorporate it into 
each emulated nod
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Link Connectivity Intern Recirculation + internal Tag

Latency [ms] Internal timer + recirculation
TM + Pipelines recirculation

Jitter [ms] Hash to determine recirculation times
Lookup table with mathematical functions

Packet loss [%] Random function to determine packets discard probability
Realistic packet loss model

Bandwidth Rate limit TNA TM feature
Port configuration and shaping

Link Emulation
P4/TNA implementation approaches



P7 Multiple Pipelines Design 

We propose a solution where a dedicated 
pipe runs the P7 P4 code, and a separate 
pipe runs the user-defined P4 code

We send the packet in the P7 pipe (P0) 
to the pipe where the user-defined P4 
code is running (P1) using recirculation

25



P7 Architecture

The user defines the topology and sets a 
custom P4 code.
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P7 processes the data and generates the 
necessary files:

● P7 P4 code
● User P4 code
● Tables information
● Ports configuration

P7 Architecture

27



The user needs to compile both P4 codes

P7 Architecture
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Finally, the user can run the switch with 
both P4 codes and send the tables and 
ports configuration using the bfrt.

P7 Architecture
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Example of P7 topology
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Example of P7 topology
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How can we inject traffic in this topology to explore at 100Gb/s?



Example of P7 topology
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How can we inject traffic in this topology to explore at 100Gb/s?

Turning our own switch into a High-Performance parameterizable 
traffic generator: PIPO-TG
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Problem, Challenges, State-of-art
PIPO-TG: Programmable HW Traffic Generation

How inject this traffic 
into the network?

How we can reproduce 
traffic patterns?

Network Testing
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Network Testing

Software:
- Iperf
- TCP Replay
- TRex

How inject this traffic 
into the network?

How we can reproduce 
traffic patterns?

Problem, Challenges, State-of-art
PIPO-TG: Programmable HW Traffic Generation



35

Network Testing

Software:
- Iperf
- TCP Replay
- TRex
However…
- Performance
- Inaccuracy

How inject this traffic 
into the network?

How we can reproduce 
traffic patterns?

Problem, Challenges, State-of-art
PIPO-TG: Programmable HW Traffic Generation
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Network Testing

Software:
- Iperf
- TCP Replay
- TRex
However…
- Performance
- Inaccuracy

Hardware:
- FPGA-based
- ConnectX-5

How inject this traffic 
into the network?
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traffic patterns?

Problem, Challenges, State-of-art
PIPO-TG: Programmable HW Traffic Generation
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Network Testing

Software:
- Iperf
- TCP Replay
- TRex
However…
- Performance
- Inaccuracy

Hardware:
- FPGA-based
- ConnectX-5

However…
- Scalability and 
Cost
- Inflexibility

How inject this traffic 
into the network?

How we can reproduce 
traffic patterns?

Problem, Challenges, State-of-art
PIPO-TG: Programmable HW Traffic Generation
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Network Testing

Software:
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Network Testing

Software:
- Iperf
- TCP Replay
- TRex
However…
- Performance
- Inaccuracy

Hardware:
- FPGA-based
- ConnectX-5

However…
- Scalability and 
Cost
- Inflexibility

Limitations:
- Flexibility
- Server dependency
- not open-source
- limited traffic 
patterns

How inject this traffic 
into the network?

How we can reproduce 
traffic patterns?

Problem, Challenges, State-of-art
PIPO-TG: Programmable HW Traffic Generation
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Network Testing

Software:
- Iperf
- TCP Replay
- TRex
However…
- Performance
- Inaccuracy

Hardware:
- FPGA-based
- ConnectX-5

However…
- Scalability and 
Cost
- Inflexibility

Limitations:
- Flexibility
- Server dependency
- not open-source
- limited traffic 
patterns

How can we combine the hardware and software 
generation benefits?

How inject this traffic 
into the network?

How we can reproduce 
traffic patterns?
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PIPO-TG: Programmable HW Traffic Generation
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Network Testing

Software:
- Iperf
- TCP Replay
- TRex
However…
- Performance
- Inaccuracy

Hardware:
- FPGA-based
- ConnectX-5

However…
- Scalability and 
Cost
- Inflexibility

Limitations:
- Flexibility
- Server dependency
- not open-source
- limited traffic 
patterns

How can we combine the hardware and software 
generation benefits?

PIPO-TG: Parametrizable 
High-Performance Traffic Generator

How inject this traffic 
into the network?

How we can reproduce 
traffic patterns?

Problem, Challenges, State-of-art
PIPO-TG: Programmable HW Traffic Generation
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High-performance flexible traffic generation using a P4/Tofino Switch

PIPO-TG: Programmable HW Traffic Generation
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High-performance flexible traffic generation using a P4/Tofino Switch

PIPO-TG: Programmable HW Traffic Generation
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High-performance flexible traffic generation using a P4/Tofino Switch

PIPO-TG: Programmable HW Traffic Generation
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High-performance flexible traffic generation using a P4/Tofino Switch

PIPO-TG: Programmable HW Traffic Generation
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High-performance flexible traffic generation using a P4/Tofino Switch

PIPO-TG: Programmable HW Traffic Generation
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● Packet crafting;
● Throughput pattern definition;
● Common protocols;
● Custom protocols;
● Packet size definition and distribution;
● Workload Assay.
● User P4 code support

Main Features:

High-performance flexible traffic generation using a P4/Tofino Switch

PIPO-TG: Programmable HW Traffic Generation
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● Packet crafting;
● Throughput pattern definition;
● Common protocols;
● Custom protocols;
● Packet size definition and distribution;
● Workload Assay.
● User P4 code support

Main Features:

And if we need advanced features like TCP connections and 
reproduce real packet traces?

High-performance flexible traffic generation using a P4/Tofino Switch

PIPO-TG: Programmable HW Traffic Generation
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● Packet crafting;
● Throughput pattern definition;
● Common protocols;
● Custom protocols;
● Packet size definition and distribution;
● Workload Assay.
● User P4 code support

Main Features:

And if we need advanced features like TCP connections and 
reproduce real packet traces?

P4 Replay (P4R): our traffic generated designed to establish real 
TCP connections and reproduce PCAPs using the P4 switch

High-performance flexible traffic generation using a P4/Tofino Switch

PIPO-TG: Programmable HW Traffic Generation



P4 Replay (P4R)
Operation modes

Client Mode: P4R can reproduce PCAPs or establish TCP connections 
with a connected server.

Server Mode: P4R responds to TCP connections from connected clients.

Internal Mode: P4R can send packet traces or TCP connections to test 
an user P4 code running in parallel, in another pipeline. 50



P4 Replay (P4R)
P4R capabilities

PCAP 
Reproduction

51



PCAP 
Reproduction Throughput 

Reproduction

Original 
Reproduction

P4 Replay (P4R)
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P4R capabilities



PCAP 
Reproduction Throughput 

Reproduction

Original 
Reproduction

- High accuracy in inter-packet arrival times

P4 Replay (P4R)
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P4R capabilities

- High throughput, reproducing the PCAP in a 
repetition mode up to 100 Gbps per-port



PCAP 
Reproduction Throughput 

Reproduction

Original 
Reproduction

- High accuracy in inter-packet arrival times

Stateful 
Connections

P4 Replay (P4R)
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P4R capabilities

- High throughput, reproducing the PCAP in a 
repetition mode up to 100 Gbps per-port
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P4R capabilities

- High throughput, reproducing the PCAP in a 
repetition mode up to 100 Gbps per-port



PCAP 
Reproduction Throughput 

Reproduction

Original 
Reproduction

- High accuracy in inter-packet arrival times

Stateful 
Connections

100 Gbps

30 Gbps

30 Gbps

Single Port

P4 Replay (P4R)
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P4R capabilities

- High throughput, reproducing the PCAP in a 
repetition mode up to 100 Gbps per-port
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PCAP 
Reproduction Throughput 

Reproduction

Original 
Reproduction

- High accuracy in inter-packet arrival times

Stateful 
Connections

100 Gbps

30 Gbps

30 Gbps

Single Port
Multiple Ports

30 Gbps

30 Gbps

30 Gbps

30 Gbps

P4 Replay (P4R)

- High throughput, reproducing the PCAP in a 
repetition mode up to 100 Gbps per-port

P4R capabilities
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PCAP 
Reproduction Throughput 

Reproduction

Original 
Reproduction

- High accuracy in inter-packet arrival times

Stateful 
Connections

100 Gbps

30 Gbps

30 Gbps

Single Port
Multiple Ports

30 Gbps

30 Gbps

30 Gbps

30 Gbps

P4 Replay (P4R)

- High throughput, reproducing the PCAP in a 
repetition mode up to 100 Gbps per-port

P4R capabilities

Which packet traces can we reproduce?
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PCAP 
Reproduction Throughput 

Reproduction

Original 
Reproduction

- High accuracy in inter-packet arrival times

Stateful 
Connections

100 Gbps

30 Gbps

30 Gbps

Single Port
Multiple Ports

30 Gbps

30 Gbps

30 Gbps

30 Gbps

P4 Replay (P4R)

- High throughput, reproducing the PCAP in a 
repetition mode up to 100 Gbps per-port

P4R capabilities

We can generate our own realistic traces using Packet Mancer!

Which packet traces can we reproduce?



Use cases & Further Reading
(Selected) for 6G research
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Time-fidelity Traffic Generation
Work-in-progress
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Example of PIPO-TG use case
Reproducing TSN delays with PIPO-TG

<histogram>
<bin low="1500ns">3</bin>
<bin low="2000ns">13</bin>
<bin low="2500ns">20</bin>
<bin low="1000ns">0</bin>
</histogram>

62

Real delay measurements from EU SNS 
Deterministic6G project: 
(www.github.com/DETERMINISTIC6G/deterministic6g_data)



Example of P7 use case

6
3

Path-aware networking IN a Tofino BoX (PINT-BoX)



Example of P7 use case

UAV Edge P4 router Remote API

CoppeliaSim Tofino
/ P7

Python

Remote API functions (e.g., 
Collision avoidance 
algorithm)

64

In-network collision avoidance
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F. E. R. Cesen et al., "Harnessing P4 for 
In-Network Unmanned Aerial Vehicle 
Collision Avoidance," IEEE NetSoft 2025
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F. E. R. Cesen et al., "Towards Low Latency 
Industrial Robot Control in Programmable 
Data Planes," IEEE NetSoft 2020



Holographic-Type Communication (HTC) 

6
7

P7-based Experiment Testbed setup



Key points
○ Holographic video streaming QoE testbed
○ Support for Point Cloud directly in the HMD
○ Emulated topologies with P7

68
Customer
Premises

BS MEC   -   Access Cloud    -   PoP  DC 
Edge

Cloud DCs
Core

A. Teixeira et al. Assessing QoE in Edge-Delivered Holographic 
Streaming with a Programmable Hardware Testbed. 
In IEEE NetSoft’25 demos.
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Immersive Virtual Reality in HMD
Volumetric media streaming QoS / QoE

Assessing QoE in Edge-Delivered Holographic Streaming with a Programmable Hardware Testbed. In IEEE NetSoft’25 demos.
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Immersive Virtual Reality in HMD
Volumetric media streaming QoS / QoE

Edge Component

Volumetric 
Encoding

Volumetric Decoding

DRACO
MPEG V-PCC

P4-DPDK[?]

Assessing QoE in Edge-Delivered Holographic Streaming with a Programmable Hardware Testbed. In IEEE NetSoft’25 demos.
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HW setup
Volumetric media streaming QoS / QoE

TOFINO + P7 Meta Quest 3

Assessing QoE in Edge-Delivered Holographic Streaming with a Programmable Hardware Testbed. In IEEE NetSoft’25 demos.
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Immersive Virtual Reality in HMD
Volumetric media streaming QoS / QoE

Front Side Posterior

Assessing QoE in Edge-Delivered Holographic Streaming with a Programmable Hardware Testbed. In IEEE NetSoft’25 demos.



● NW2 (Internet of Robotic Things): LLMs 
to coordinate multi-agents for 
human-robot interaction.

● NW4 (Programmable Data Plane): 
Small Language Models (SLMs) in 
SmartNICs; Mininet Network Agentic AI 
emulator; Networking 4 LLMs.

● CL3 (Immersive Media): AI-assisted and 
AI-driven compression for 
holographic/volumetric media

● DC1 (Disaggregation and Edge 
Offloading): distribute ML workloads 
across HW (GPUs, DPUs, FPGAs)

● DC2 (WebAssembly Edge Offloading): 
3D object detection using the Cube 
R-CNN model; distributed multi-agent 
LLM execution.

● DC3 (Open RAN Intelligence):  Deep 
Learning (DL) mechanisms for intelligent 
decision-making 

● DC4 (LLM-enabled Control): Dynamic 
compute offloading of AI modules, 
focusing on LLM/VLM partitioning

● DM3 (Telecom FL): Improving the 
efficiency of Federated Learning (FL) in 
telecom scenarios

● AI1 (Audio Semantic Communication)
…
● NEXT (Emerging Research): LLMs for 

incident diagnosis: autonomous 
Kubernetes fault remediation

Scientific Achievements after Year 3 
(see RC3 report in Zenodo)



6G R&D Landscape

• The path (R&D&Standardization) toward 6G 
introduces profound uncertainty. 

• Moving beyond simple speed increases to 
fundamentally undefined protocol stack(s?).

• Protocol Stacks: Future headers are undefined.
• Programmable 6G Core: New abstractions e.g. 

semantic networking, intent-aware functions, ….
• Cognitive 6G Core: 

Shift to AI-native, NWDAF++ exploration
• Control: Real-time control loops, predictive 

mobility & slicing controllers, etc.



Challenges with Existing / Traditional Testbeds

• Inflexible 5G implementations
• Hard to test new headers
• Limited AI/telemetry integration
• Unrealistic workload support
• Restricted accessibility: 
- - Cost-related 
- - Knowledge-related 
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Network Slicing
Challenges & Hazards in Experimental Evaluation 

● Accuracy vs. Complexity
○ Simplified models in simulators lead to unrealistic performance 

expectations.
● Scalability

○ Emulating large-scale 5G networks is computationally intensive and 
challenging.

● Determinism and Repeatability
○ Variability in testbed conditions can result in inconsistent and unreliable 

results.
● Resource Isolation and Fairness

○ Ensuring fair and isolated resource allocation among slices is complex.
● Real-Time Constraints

○ High-fidelity emulating ultra-low latency and high reliability is difficult.
● Cost and Resource Limitations

○ High costs and resource demands restrict the scope of experiments.



Conclusions 
SDN tools in Research & Education
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Undergrad lab classes
● Mininet for IP/Ethernet practical activities
● P4 to learn the internals of a datapath device
● Mininet-WiFi for wireless experimentation

Open Source! Lab exercises available upon request!

Grad & Extension classes
● Multiple instances



Beyond supporting research needs, these 
tools can democratize 6G 
training/education.
• Educational Labs: Students use P7 to build 

and break networks without expensive HW.
• Open Ecosystem: All tools are open-source, 

fostering community contributions.
• Standardization: Allows validation of 

IETF/3GPP drafts before they mature.
• Early validation. Stress-testing NFs, 

AI-native Functions, APIs, etc.
• Reproducible results

Community & Impact



https://fapesp.br/cpe/home

Work-in-progress

● Improve performance:
○ We are currently limited by the capacity of the Tofino recirculation port (used to emulate latency, jitter and 

pipeline switching). We are studying the use of loopback ports and jumper cables to reduce the use of 
recirculation ports.

● Precise measurements and traditional INT support:
○ Currently, the P7 egress pipeline is not used for any function. Therefore, we studied the development of 

traffic monitoring strategies in this block, improving the measurements offered to the user, and also 
implementing INT monitoring natively.

● Packet Loss and Jitter models:
○ Instead of defining a fixed % of packet losses or a fixed jitter variation, we are looking to implement some 

packet loss and jitter models, as supported in Mininet.
● P7 for SmartNICs:

○ We are implementing support for network topology emulation also on SmartNICs (Bluefield 2). 
Next, we plan to integrate both solutions for a more complete emulation environment.

● Open RAN integration: 
○ Plans for application testing in Open RAN Brasil islands, other RNP testbeds?

● And more (incl. community / collaboration, etc):
○ Distributed AI workloads, Emulation of LEO, satellite / aerial networking conditions 79

Future Directions

https://fapesp.br/cpe/home


https://fapesp.br/cpe/home

I just put names and do slides :)

● July, 6-10
○ on-site @ NEXTONIC
○ remote INRIA / Damien Saucez

● W4 of October 
○ UAH (CNSM), 
○ Round++ of on-site lab activities 

(visit #2 to Elisa Rojas Telefonica, 
Nextonic, etc.)

●
● More

○ tbc
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Meet the real Tofino heroes!

● Fabricio Rodríguez
○ Was MSc & PhD @ UNICAMP
○ Now at Telefonica Research in Barcelona

● Francisco Vogt
○ Was MSc @ Unicamp
○ Was 1-year visiting researcher at UvA / EU 

SNS DESIRE 6G
○ Now in the last PhD stage (not yet in the 

market)
● Filipo Gabert Costa

○ Ongoing 6-month MSc visit @ UC3M 
(gracias Antonio!) 

○ Next. PhD start at Unicamp

https://fapesp.br/cpe/home


Uncertainty
• We cannot predict 6G protocols, so we must build experimental platforms that can adapt to 

anything.
6G Research  
• Needs: openness, flexibility, agility (time-to-test), fine granular time-sensitiviy @ 10s Gbps, 

Programmability
• P4 & Tofino + SmartNICs are key, accessible building blocks for hardware-accelerated, flexible, 

realistic experimentation.
Our Toolbox
• Ongoing open-source efforts (P7, PIPO-TG, P4R) provide the necessary fidelity to validate the 

"Unknown" of 6G starting with the lesser-known of 5G (e.g. uplink performance) and demanding 
apps (e.g. volumetric media).

Key Takeaways

Front



Gracias!
Thank you · Obrigado· Merci · Danke

Let's talk cooperation.
Questions, joint proposals, testbed federation, dataset co-design — 
all welcome.

Funded by FAPESP, Ericsson  ·  Powered by 15+ Brazilian universities, CNPq, CAPES, MCTI, 
Finep

Christian Esteve Rothenberg
Professor · FEEC / UNICAMP
PI · SMARTNESS 2030

Email chesteve@unicamp.br

Web smartness2030.tech

GitHub github.com/smartness2030 

Zenodo

Linkedin

zenodo.org/communities/smartness2030

linkedin.com/company/smartness2030

Instagram instagram.com/smartness2030.tech



Questions?
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• Co-Financed by the São Paulo Research Foundation (FAPESP).

• FAPESP is a solid and stable foundation, with budget of 1% of all state taxes 
collection (3.5 Billion SEK in 2021).

• ERC is FAPESP’s top program for collaborative research with Industries.

• ERC premise: the execution of internationally competitive research in accordance with 
global excellence benchmarks.

• There are currently more than 15 ERC in different technological areas, e.g., oil and 
gas, biotechnology, agribusiness, energy, artificial intelligence, etc.

• SMARTNESS is the first ERC in the Telecom area

https://fapesp.br/cpe/home

What is SMARTNESS 2030?
CPE: FAPESP Engineering Research Center (ERC)

https://fapesp.br/cpe  

https://fapesp.br/cpe/home
https://fapesp.br/cpe/


Founders

Ericsson, UNICAMP, 
USP and UFSCar.

Hub center at UNICAMP.

Long-term investment

10 years.

56 MBRL (~120 MSEK)
1:1:2 – Ericsson: FAPESP:  
UNICAMP.

50+ associated researchers
15+ university partners
120+ scholarships

 

 

Mission

Cutting-edge research 
in communication 
networks and advanced 
digital application 
services.

Towards 6G.

History/ Status

2018-20 – Work on the Proposal

Feb/ 2021 –  Prop. submission 

May / 2022 – FAPESP approval

Dec / 2022 – Kick-off ceremony 

April 2023 - Official start

 

 

SMARTNESS 2030
A networking-centric Engineering Research Center



Where is Smartness in the 6G E2E architecture?
Main scope
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Impact areas of the FAPESP Engineering Research Center (ERC)

About SMARTNESS (2023-2033)



● Academic Research Push: New research findings, ideas, trends, etc. from SMARTNESS pushed to Ericsson Research

● Ericsson Research Pull: New research contribution demands/opportunities from projects / standards brought to 
SMARTNESS 2030 to shape ongoing Research Strands and/or create new ones.

PULL

PUSH

● Technology Journeys
● Future Network Programs
● EU SNS JU Projects
● Standardization 
● Open Source
● Etc.

Beyond State-of-the-Art

PUSH/PULL modes of operation
“Technology Push & Market Pull” like workflows



Management
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Organization, Roles & Responsibilities



Scientific & Technology Advancements | Areas

❑ CEC: Customized Edge Computing
❑

CA: Cognitive Architectures
& Machine Intelligence

❑ FCD: Fluid Control & Data planes

❑ TRU: Trustworthiness

❑ SUS: Sustainability

STAs

https://smartness2030.tech/scientific-and-technological-advancements/


Research Strands (RS)
From Apps/Services to STAs (and vice versa)

Top-down

Bottom-up



NEWTON - In Edge Network Industrial automation
• Lead PI: Christian Rothenberg (Unicamp)
• ER Receiver: Gergely Pongracz and Gyanesh P.

C3LA - Cognitive Closed Control Loops Architecture for Edge IoV 
• Lead PI: Christian Rothenberg (Unicamp)
• ER Receiver: Gyanesh P. and Szilveszter N

DEMIST - Distributed Edge Computing Swarm Intelligence 
• Lead PI: Luiz Bittencourt (Unicamp)
• ER Receiver:  Mattias Wildeman and Björn Skubic

DisCoNet - Distributed Computer Networking
• Lead PI: Fabio Verdi (UFSCar)
• ER Receiver: Andrew Williams and Vinay Yadhav 

ADVENTURE - Adaptive and Secure Net. Applications over the 
Industrial Internet

• Lead PI: Daniel Batista (USP)
• ER Receiver: TBD

WPs ~18-24 month duration

Research Strands (RS) - Day 1
RS as organizational thrusts hosting WPs



Research Strands (RS) - Day 2
RS as organizational thrusts hosting WPs
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WP Portfolio


