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Abstract

Teaching computer architecture is challenging due to its abstract concepts and complexity. Visual learning
tools help reinforce key ideas but often lack flexibility for direct architectural modifications. This work presents
an enhanced visual simulation approach using Logisim Evolution, allowing students to implement and debug
single-cycle and pipelined RISC-V processors. New programmable components enable students to modify
functionality dynamically, improving comprehension. The methodology has been successfully integrated into
computer architecture courses, demonstrating effectiveness in laboratory assignments and exams. The results
indicate that interactive visual tools significantly enhance learning outcomes for students and teaching efficiency
for instructors.

Introduction
Learning computer architecture is a challenging en-
deavour due to its abstract and complex nature. Tra-
ditional teaching methods often struggle to convey
the intricate interactions between hardware compo-
nents and instruction execution. Visual learning tools
play a crucial role in reinforcing these concepts by
providing intuitive representations of processor opera-
tions. However, existing visual simulators offer limited
flexibility, as they are primarily configuration-driven,
restricting students’ ability to implement and modify
architectural components.

Objective
The aim of this work is to select and adapt a visual
digital simulator that allows students to implement
both single-cycle and pipelined RISC-V processors [1,
2]. This approach enables students to construct parts
of the architecture, diagnose issues, and debug their
designs, fostering a deeper understanding of computer
architecture.

Selected Simulator and
Enhancements

Logisim Evolution was chosen as the simulation plat-
form due to its feature set and portability, being im-
plemented in Java [3]. However, some enhancements
were necessary to support the desired learning out-
comes. Additional components such as the ALU and
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register file were introduced. More significantly, a new
programmable family of components was developed.
These components are defined like standard Logisim
components, with inputs, outputs, and behaviour spec-
ified in Java. However, in this case, students can mod-
ify the behaviour dynamically. By clicking on "Edit
Contents," a code editor appears, allowing students to
write code to implement the functionality of complex
components without requiring detailed knowledge of
digital electronics.

Course Integration and
Laboratory Assignments

These enhancements have been used as the building
blocks for the lab assignments currently employed in
two computer architecture courses for computer sci-
ence and telecommunications students. The goal of
these lab assignments is to help students better under-
stand how processors work by having them implement
parts of their functionality. The assignments covert
two processor architectures: single-cycle and pipeline.

Single-cycle Processor

Students are provided with a schematic containing
the clock, program counter, and instruction memory.
Their task is to integrate various processor components
to enable execution of basic instructions such as add,
sub, and, or, lw, sw, and beq. The final design is
shown in Figure 1. Additionally, they must implement
new instructions, such as a load with an accumulator,
which adds the memory value to the current register
contents.
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Figure 1: Single-cycle RiscV Processor in Logisim Evolution

Pipelined Processor
Students receive a pre-built pipelined RISC-V proces-
sor and a program exhibiting data hazards. Initially,
they must manually insert nop instructions to ensure
correct execution. The challenge then progresses to
reducing the number of inserted nop instructions. This
involves:

• Advancing branch execution to the ID stage by
adding a comparator.

• Implementing a forwarding unit, requiring stu-
dents to integrate multiplexers and modify the
forwarding logic.

• Adding a hazard detection unit to handle load
dependencies.

Certain components, such as the forwarding unit, are
editable, allowing students to program their behaviour
directly within Logisim Evolution.

Results and Experience
These laboratory assignments have been used success-
fully in classrooms for several years. Since they were
initially designed for MIPS and later adapted to ARM,
the transition to RISC-V has been smooth. The in-
teractive nature of the simulator even allows for exam
exercises where students must identify implementa-
tion errors or explain specific processor behaviours.
The RiscV versions of the assignments have been well
received by students, who appreciate the hands-on
experience and the ability to modify the processor
components. Each assignment is designed to be com-
pleted in approximately four hours. This is the first
year that the RISC-V version of the assignments has

been used with a class of 70 students, divided into
groups of 20 maximum.

Conclusion
The experience demonstrates that interactive learn-
ing tools significantly enhance both student compre-
hension and instructor effectiveness. The ability to
modify and debug processor components provides valu-
able hands-on experience, reinforcing key concepts in
computer architecture.
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