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2 Flexible Embedded Systems!?

EAS Group

Increasing Number 

of Systems

Bigger Infrastructures

More Services

Performance Demands

Industry / Consumer

Quickly changing 

Requirements

More Features

Improved Algorithms

New Legislation

Updates & Fixes

Replace existing

Devices

Sometimes difficult.

Time consuming.

Expensive.

Wasteful.

Change and Reuse

flexible HW & SW

Easier.

Faster.

Cheaper.

Sustainable.

Is it really “easier”?    What are the challenges?

What is possible? Where are the limits?

A

B

?

Add new devices!

When to stop?

Change the software!

What if HW is the limit? ?
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3 Challenges in Flexible Embedded Systems Design…

EAS Group

Electronics

MCU / CPU

System Software

Application Software
➔ Dynamic Composition

of Software Modules

➔Verification & Portability

for new and changing Architectures

➔ASIC/FPGA Designs

➔ Partial Reconfiguration

➔ Electronics Generation

➔ Dynamic Power Analysis

Projects

Teaching / Education
➔ RTOS Design

➔ MCU Design
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FazyRV: A scalable RISC-V core4

M. Kissich, M. Baunach: “FazyRV: Closing the Gap between 32-Bit and Bit-Serial RISC-V Cores with a Scalable Implementation” (CF 2024)

M. Kissich, M. Baunach: “Formal Property Verification for Early Discovery of Functional Flaws in Digital Designs: A Designer's Guide” (DSD 2023)
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Yet another RISC-V core?

Closes the Gap between 32-Bit and Bit-Serial.

➔ Goal: Area vs. Performance trading

➔ ISA: RV32I user specification compliant
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FazyRV: A scalable RISC-V core5

Yet another RISC-V core?

Closes the Gap between 32-Bit and Bit-Serial.

➔ Goal: Area vs. Performance trading

➔ ISA: RV32I user specification compliant

➔ Scalability: 1, 2, 4, or 8-bit data path width

➔Abstraction: No hand optimization at gate level

➔Variants: “MIN” ⊂ “INT” ⊂ “CSR” 

single-port vs. dual-port RAM

BRAM vs. LUT RAM

M. Kissich, M. Baunach: “FazyRV: Closing the Gap between 32-Bit and Bit-Serial RISC-V Cores with a Scalable Implementation” (CF 2024)

M. Kissich, M. Baunach: “Formal Property Verification for Early Discovery of Functional Flaws in Digital Designs: A Designer's Guide” (DSD 2023)

mailto:baunach@tugraz.at


Marcel Baunach (baunach@tugraz.at) / EAS Group Hardware/Software for Flexible RISC-V based Systems World RISC-V Days 2026, Graz

FazyRV: A scalable RISC-V core6

M. Kissich, M. Baunach: “FazyRV: Closing the Gap between 32-Bit and Bit-Serial RISC-V Cores with a Scalable Implementation” (CF 2024)
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➔ ISA: RV32I user specification compliant

➔ Scalability: 1, 2, 4, or 8-bit data path width

➔Abstraction: No hand optimization at gate level
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FazyRV: A scalable RISC-V core7

M. Kissich, M. Baunach: “FazyRV: Closing the Gap between 32-Bit and Bit-Serial RISC-V Cores with a Scalable Implementation” (CF 2024)

M. Kissich, M. Baunach: “Formal Property Verification for Early Discovery of Functional Flaws in Digital Designs: A Designer's Guide” (DSD 2023)

https://iti.tugraz.at/FazyRV

Yet another RISC-V core?

Closes the Gap between 32-Bit and Bit-Serial.

➔ Goal: Area vs. Performance trading

➔ ISA: RV32I user specification compliant

➔ Scalability: 1, 2, 4, or 8-bit data path width

➔Abstraction: No hand optimization at gate level

➔Variants: “MIN” ⊂ “INT” ⊂ “CSR” 

single-port vs. dual-port RAM

BRAM vs. LUT RAM

➔ Tools: Open Source Software only

➔ FazyRV: Open Source License!
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moreMCU: Partial Reconfiguration at Runtime8

T. Scheipel, F. Angermair, M. Baunach: „moreMCU: A Runtime-reconfigurable RISC-V Platform for Sustainable Embedded System” (DSD 2022)

moreMC

Yet another RISC-V core?

Allows logic modifications at runtime.

➔ Goal: Application specific Logic

➔ ISA: Extensible (Base: RV32I)

➔ Peripherals: Extensible
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moreMCU: Partial Reconfiguration at Runtime9

T. Scheipel, F. Angermair, M. Baunach: „moreMCU: A Runtime-reconfigurable RISC-V Platform for Sustainable Embedded System” (DSD 2022)

Yet another RISC-V core?

Allows logic modifications at runtime.

➔ Goal: Application specific Logic

➔ ISA: Extensible (Base: RV32I)

➔ Peripherals: Extensible

➔ Reconfiguration:

Managed by OS (Profiling in HW/SW)

Bitstream loading in HW (in parallel to SW exec)

moreMC
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moreMCU: Partial Reconfiguration at Runtime10

T. Scheipel, F. Angermair, M. Baunach: „moreMCU: A Runtime-reconfigurable RISC-V Platform for Sustainable Embedded System” (DSD 2022)

Yet another RISC-V core?

Allows logic modifications at runtime.

➔ Goal: Application specific Logic

➔ ISA: Extensible (Base: RV32I)

➔ Peripherals: Extensible

➔ Reconfiguration:

Managed by OS (Profiling in HW/SW)

Bitstream loading in HW (in parallel to SW exec)

➔ Overhead for new instructions

Emulated: ~83 cycles

Native: 0 cycles

moreMC

Execute new 

native instruction
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moreMCU: Partial Reconfiguration at Runtime12

T. Scheipel, M. Ogris, M. Baunach: “You Shall Not Stall: Achieving RISC-V On-Demand Runtime-Reconfiguration using SCAIE-V” (DSD 2025)

moreMC
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moreMCU as ASIC: Greyhound13

L. Moser, M. Kissich, T. Scheipel, M. Baunach: “Greyhound: A Reconfigurable and Extensible RISC-V SoC and eFPGA on IHP SG13G2” (AUSTROCHIP 2025)
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Challenge:

Hardware changes, requirements change.

Software must adapt and stay 

functional & correct.

14 CoEvolve: Co-Evolution of HW & SW

V. Manjunath, J. P. Puerta, T. Scheipel, M. Baunach: “MiKB-RAG: A Microarchitecture Knowledge Base Framework for Embedded Software Development” (SAC 2026)

Idea:

Implement an automated porting/adaptation 

workflow that supports developers through 

AI & FM.

Reference Source 

Code

Requirements,

Standards, 

Regulations

Reference

Hardware

Documentation

New

Hardware

Documentation

New

Requirements,

Regulations

New

Source Code

Formal Models,

Test Cases

1.   Understand

2.   Generate

3.   Verify

4.   Deliver
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SmartOS: Kernel Verification and Portability15

V. Manjunath, M. Baunach: “A Framework for Static Analysis and Verification of Low-Level RTOS Code” (AEiC 2024)

R. Martins Gomes, B. Aichernig, M. Baunach: „A Framework for Embedded Software Portability and Verification: from Formal Models to Low-level Code” (SoSym Journal 2024)

System Software for Flexible Hardware?

Formal Methods for Porting and Verification.

➔ Goal: Transit to new Architectures

Exploit new Features of 

reconfigurable Architectures

➔ Formal Models (Event-B, Dafny, LEAN)

Verification

Code Generation

Event-B LLVM-IR

ASM
RISC-V/MSP430/Aurix/…
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SmartOS: Compositional Application Software16

L. Batista Ribeiro, F. Lorber, U. Nyman, K. G. Larsen, M. Baunach: „A Modeling Concept for Formal Verification of OS-Based Compositional Software“ (FASE 2023)

L. Batista Ribeiro, D. Nagarajan, V. Manjunath, T. Ali-Ahmad, M. Baunach: „Verifying Liveness and Real-Time of OS-Based Embedded Software” (DSD 2022)

Modular Application Software?

Formal Methods for Integration Checks.

➔ Goal: Partial Updates at Runtime.

Guarantee correct Operation.

➔ Independent Formal 

OS & Application Model (Uppaal)

Application ModelApplication Code

OS Model
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Teaching & Education17

Yet another RISC-V core?

Teach students how to build 

their own CPU

➔ Language: SystemVerilog

➔ ISA: RV32I

➔Method: Implement logic & 

synthesize for an FPGA

T. Scheipel, D. Beikircher, F. Riedl: “Microcontroller Design, Lab: HaDes-V Instruction Guide” (DOI: 10.3217/nytm4-grv34)

M. Kissich, K. Weinbauer, M. Baunach: “Improving Embedded Software Development Courses: A Student Attentive Data-Driven Approach” (ECSEE 2025)

License

Yet another RTOS?

Teach students how to build 

their own OS Kernel

➔ Language: C / ASM

➔ Target: MPS430 / RISC-V (from 2027)

➔Method: Implement & analyze for 

correctness, timing, etc.

OER
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18 Flexible Embedded Systems!? 

A Summary…
Replace existing

Devices

Sometimes difficult.

Time consuming.

Expensive.

Wasteful.

Change and Reuse

flexible HW & SW

Easier.

Faster.

(Cheaper?)

Sustainable.

It can be done!

• Requires HW/SW Co-Evolution

(instead of Co-Design)

• New concepts required at all system levels:

Electronics (engergy, flexibility), Logic (manufacturing, complexity), 

System Software (portability), Applications (composition)

• Reconfigurable hardware still resource demanding:

Energy, space, cost, …

• Rigorous methods required for 

proving correctness of modifications

• Tooling & Education to support HW/SW engineering

• Experts & AI required!

moreMC

Thank you!
?

Is it really “easier”?    What are the challenges?

What is possible? Where are the limits? ?
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