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Deeds learning environment:  a panoramic view
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Learning digital design today

• The enormous and growing complexity of today’s digital 
systems is putting new demands on education. 

• EDA techniques are the core of a digital system 
development process, while traditional design and 
prototyping have lost their roles.  

• EDA techniques are finding their way in engineering 
education.

• Professional EDA tools are available at very favourable 
conditions for educational institutions, and successfully used 
in engineering courses.
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Starting from zero: how?

• A growing number of teachers introduce Hardware 
Description Languages and EDA tools in basic, introductory 
courses.

• Beginner students do not possess the skills and the frame of 
mind of the professional designers, whom the EDA tools are 
made for. 

• We suspect that the use of professional tools and Hardware 
Description Languages in introductory courses may hide 
from learners important basic issues.

• Nevertheless, to achieve some familiarity with EDA 
techniques is a necessary target of a digital design course, 
even an introductory one.
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• The design and simulation suite that we developed, Deeds, 
represents our answer to the question: how?

• Deeds embodies our pedagogical approach to teaching and 
learning  digital design “from zero to one”

• Our target is to prepare students to the use of current and 
future EDA tools by building a solid understanding of the 
principle of digital design. 

• This means to guide a learner, with no previous knowledge, 
typically in a one year long course, to achieve the foundation 
for designing embedded systems. 

Learning the basics: “from zero to one”



Deeds:   Digital Electronics Education and Design SuiteDeeds:   Digital Electronics Education and Design Suite

• Deeds is developed at DIBE, University of Genoa
• The suite is composed by three simulators and a wide 

collection of associated learning material to learn-by-doing 
and practice with:
o Combinational and sequential logic networks
o Finite state machine design
o Embedded microcomputer interfacing and programming
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• d-DcS Digital Circuit Simulator
• d-FsM Finite State Machine Simulator
• d-McE Microcomputer Board Emulator 

Deeds: the simulation tools

• The three simulators are fully integrated
• It is possible to design and simulate digital systems composed

by standard logic, finite state machines and microcomputers
• It is therefore possible to understand the interaction among the 

hardware and software components of embedded systems
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Deeds: the learning materials

• A laboratory session based on 
Deeds appears as web pages 
with text and figures

• Many of the schematics and 
visual objects are connected to 
the editing and simulation 
tools of Deeds 

• The web pages guide the 
learner in executing the 
assignment
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Deeds:  projects’ list by topic
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Deeds:  project assignment
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• The d-DcS is a digital 
circuit simulator 
specifically developed with 
educational needs in mind

• The d-DcS has been 
designed to be easy to use, 
while maintaining quasi-
professional features

• The user interface is 
intuitive 

• The choice of digital 
components is based on 
their logical function, not 
on commercial lines

• Two simulation mode are 
available:
a) Interactive Animation
b) Timing diagram

Deeds:  the d-DcS Digital Circuit Simulator
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• In the interactive animation 
mode the simulator 
processes input commands 
and displays output values

• The input components, on 
the left of the figure, are a  
clock and a logical level 
generator

• The level generator is 
represented as a switch, 
toggled by a mouse click

• The clock can be activated 
edge by edge or continously

• Output components display 
the values of the selected 
nodes (four in the figure)

Deeds:  the d-DcS Interactive Animation
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Deeds:  the d-DcS Timing Diagram
• Timing diagram 

simulation is the most 
common tool to check 
circuits’ functionality

• d-DcS Simulation 
features are similar to 
those of  professional 
tools

• Clock and input signals 
can be easily edited

• Several input sequences 
can be saved with the 
circuit file. 

• Saved sequences are 
useful for testing 
purposes and, in 
general, for educational 
applications
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• Finite state 
machines (FSM) 
are designed with 
ASM charts

• Algorithms can be 
functionally tested 
(with a timing 
diagram), without 
circuit syntesis

• A FSM produced 
with the d-FsM tool 
can be used as a 
component by the 
d-DcS

• A FSM can also be 
exported in VHDL
language, to allow 
reusing it in 
professional design 
tools

Deeds:  the d-FsM Simulator
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• A FSM can also be exported in VHDL
language, to allow reusing it in professional 
design tools

Deeds:  the d-FsM to VHDL encoder
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• The d-McE micro-computer 
emulator is based on an 8-
bits microprocessor, RAM 
and ROM and a simple 
parallel input/output port 
system

• It interfaces the external 
world through four input and 
four output parallel ports 

• Address and data busses are 
not available outside, but 
port control signals are 
available to extend the ports

• Clock, Reset and Interrupt 
signal are available

Deeds:  the d-McE C emulator
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• The 8-bit micro-processor is 
the DMC8

• DMC8 emulates a simplified 
version of the well-known 
Z80-CPU

• The use of a “state of the art” 
CPU is not compatible with 
our pedagogical targets

Deeds:  the CPU architecture
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• The micro-computer emulator
allows to edit assembly code 
with syntax highlighting

• Assembling, linking and loading 
operation are transparent to the 
user

Deeds:  the d-McE code editor
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• The micro-computer emulator
allows to debug the program 
step-by-step or in animation 
mode 

• The interactive visual 
debugger shows memory, 
registers and ports contents

• The tool allows a full control 
of the microcomputer, 
including I/O operations

Deeds:  the d-McE debugger
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• The micro-computer is a component 
of the library of the d-DcS

• A digital circuit, embedding one or 
more micro-computers, can be 
simulated by the d-DcS

• The embedded micro-computer can 
be programmed with the d-McE tool.

The micro-computer as d-DcS component
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• The functionality of the 
d-McE debugger is 
available in the d-DcS

• Memory, CPU registers, 
port status can be 
monitored during 
simulation of a digital 
system that embeds one 
or more micro-computer 

• Through the debugger 
windows we can  analyse 
the program logic while 
testing the hardware 
behaviour

The micro-computer in the d-DcS



Deeds in practice at University of Genoa

• Deeds, as support to traditional teaching, has been extensively used in our 
institution by thousands of students of the first and second year of the information 
engineering curricula. This practice has been very successful, as demonstrated 
over the years by the evaluation procedures. 

• As tool for Project Based Learning - only courses, Deeds has been used in 
conjunction with the NetPro (Network Based Project Learning), a European project 
of the Leonardo DaVinci programme, for both local and international courses.

• Students’ and teachers’ feedback has been very encouraging. Several colleagues 
from European universities have adopted Deeds in their teaching.
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Not long time ago… a breadboard of a serial transmitter!
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• Our largest experience has taken place using Deeds in a blended learning 
environment, where traditional lectures coexist with a problem-based 
laboratory.

• The laboratory is delivered, at the same time, in a PC classroom, with 
tutorial assistance, or in distant mode, through Internet.

• Students can access the laboratory from home.
• In both cases the  delivery is supported by a Learning Management System 

(NetPro at the beginning, then Moodle)

Blended learning with Deeds



Moodle Learning Management System (LMS)

• The integration of Deeds
material with a Learning 
Management System 
(LMS) provides added 
value for teachers and 
students alike. 

• Teachers can keep track of 
students’ activity, provide 
news and guidance, have 
access to the project 
deliverables and, 
generally, take advantage 
of the LMS features to 
manage the course. 
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Moodle Learning Management System (LMS)

• Deeds Learning Material
is delivered through  the 
LMS that supports 
laboratory activity;

• Students get a large amount 
of flexibility in the 
execution of the projects, 
that may be local or 
remote, exchange 
information with their 
peers and get help by the 
teachers through the 
discussion forums.
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Students’ Project  Report

• ”Templates” that facilitate the 
preparation of the laboratory 
report  are provided with each 
laboratory session

• Students find on the report 
template: truth tables & maps 
ready to be filled, space to paste 
circuit schematics, ASM 
diagrams, timing diagrams, 
comments and so on

• Reports are uploaded on the 
Learning Management System
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Deeds is a resource for teachers

• Deeds is not a commercial product, it is free for academic 
institution

• Extensive learning material available in English
• Teachers can developed new project assignments with any 

web page editor
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• Deeds project assignments have been shared among
European schools (within the European Union
LeonardoDaVinci NetPro project)

• Sharing projects among teachers is very cost-effective, 
promotes cooperation and homogeneisation of courses and 
programs, encourages students exchange (Erasmus)

• Project assignments have been translated in other
languages, last of which is Turkish

Deeds is a shared resource for teachers



Deeds on Turkish web pages…
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Deeds on Turkish web pages…
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Deeds on Turkish web pages…
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Deeds  Learning Material  in Turkish: partial view
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Deeds  Learning Material : an example 



Deeds to introduce Embedded System Design

• Let’s assume that students have familiarised themelves with analysis 
and design of systems based on standard logic circuits, finite state 
machines and a microcomputer.

• The knowledge and skills gained in the previous phases are 
necessary to understand and design embedded systems in a bottom-
up approach.

• We believe that the task of introducing embedded systems can be 
made easier by starting with the analysis of a pedagogically-oriented 
implementation.

• On the following slides, we present an exercise where students are 
facing a mixed work of analysis of the hardware structure and 
design of the microcomputer controlling software.
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Embedded System: a project assignment
• The system is a 

Asynchronous Serial Data 
Receiver  – Transmitter.

• The receiver and the 
transmitter are 
implemented by 
hardware.

• The micro-computer 
buffers and encrypts data.

• The system hardware is 
given; the software must 
be written.

• The target is to 
understand  dynamics and 
interactions among 
modules of an interrupt-
driven system.

36



The asynchronous serial receiver
• The assignment 

explains the 
operation of the 
serial receiver

• The receiver system 
is built around a 
sequencer 
controlling a counter 
and a shift register

• The schematic must 
be opened with the 
d-DcS simulator

• Students should 
understand the 
behaviour of the 
system
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The serial receiver controller
• The assignment 

provides the ASM 
chart of the state 
machine controlling 
the receiver 

• The algorithm can be 
opened in the d-FsM 
simulator

• The analysis of the 
algorithm is essential 
to understand the 
system timing

• The d-DcS simulator
is used to complete 
the analysis of the 
receiver module
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The asynchronous serial transmitter
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• The text details the 
operation of the 
transmitter module

• The transmitter is 
sequenced by a state 
machine controller

• Students will use 
Deeds to study the 
system as in the case 
of the receiver



The serial transmitter controller
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• Also for the transmitter, the 
text provides the ASM chart 
of the controlling  state 
machine

• The analysis of the 
transmitter module is 
carried out with the d-FsM 
simulator and  d-DcS 
simulator



The complete system
• The whole system is 

presented as schematic, 
divided into logical 
blocks.

• The embedded micro-
computer (MC) links the 
receiver and trasmitter 
modules (RX and TX) 
and controls data flow.

• The interrupt logic 
block  (IL) is a key 
element of the project
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The receiver interrupt controller
• The text explains the 

purpose and 
operation of the 
receiver interrupt 
logic.

• The understanding of 
the interrupt 
controller logic  
behavior is essential 
for developing the 
micro-computer 
program

42



The transmitter interrupt controller
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• The text continues 
with the explanation 
of the operation of the 
transmitter interrupt 
logic.

• This circuit is more 
complex than the 
previous one.

• The student learns 
how to deal with a 
programmable 
interrupt controller.

• A full understanding 
of the interrupt 
operation could be 
difficult at this stage.



Programming the embedded processor (1)
• The system analysis is over.
• Next stage is the writing of the 

embedded processor code.
• Assembly language 

programming allows a full 
understanding and control of the 
system.

• At this stage, starting from 
scratch could be very difficult 
for the majority of students.

• We support the learner by 
providing a commented trace of 
the program.

• A few “critical” sequences of 
instructions are provided in the 
trace.
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Programming the embedded processor (2)
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• The finished program, coded 
following the given trace, 
must be compiled and loaded 
into the micro-computer  
memory.

• The completed system is now 
ready for testing.



The complete embedded system under test
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Testing the system: timing diagram analysis

47

• The timing diagram analysis, in relation with CPU state and code execution 
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• In the next major release:
• Support for BUSes

– Components with “multiwire” pins
– Classical wire-bus connections

• Data path components 
– Adders, comparators, barrel shifter

• RAM and ROM memories

Deeds: work in progress… (1)
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• In the next major release:

– “Inertial” propagation time simulation

Deeds: work in progress… (2)
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“The Deeds of Gallant Knights”
This image from a picture of G. David, XVI Century

Paris, Musèe de l'Armèe

Thank you for your attention!Thank you for your attention!


