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The Learning Materials

Learning digital electronics: this is the target of the Deeds environment. Deeds is conceived as a common
resource for all introductive courses in digital electronics. Deeds learning material has been developed
keeping in mind this target. The learning material that we produced has been tested in various pilot courses,
and it is centred on different technical subjects, in the format of exercises and lab assignments, to be
delivered at different student levels. In Fig. 1, the main page of the learning material is displayed, opened in
the main browser of the Deeds.

An exercise or a lab assignment based on Deeds appears as a set of HTML pages with text and figures. The
page aspect and layout are similar to ‘normal’ web pages. But figures, visual objects and hyperlinks are
“actives”, because they are connected to the editing and simulation tools of Deeds. For example, let's
suppose that an exercise presents a certain digital circuit, visualising its schematics in a picture. When the
user clicks on the picture, Deeds launches the corresponding simulator, opening that schematic: then,
simulator will allow to “animate” the circuit, i.e. to explore its functionality interactively.

The target of traditional exercises is to help understanding theory, applying it to simple cases and providing a
feedback to the teacher through the delivery of the solutions. The role of the developed Deeds learning
material is to allow students to check the correctness of the solutions obtained manually and to provide
graphical tools for editing solutions, until they are satisfied with their work and can deliver their reports
through the network.

% b=y = [Ladds L= n]':.':[ej'i'r.!!_:-]. d \;.sj a1

File Run Tools Options Help
2 i) 1ete]t
1

B a2 o | « @ @

v i
f *i Home Open Back  Fonward Stop  Refresh | Assistant d-Dc5  d-MsF dMcE

R e ) ey R ; sy M W s
Dicfe] Electienics Ecucetivn aneid?esicn Suile

LS

\ﬂ“" j' ee )i
.—:,—'{é _l— -L:] er I._-;,:li :_:_.1 '-rl. .':'| :_ \ v

»
ETPRO

2 S

Deeds Learning Materials

We plan to insert here more learning matenals, such as lectures and laboratory sessions. You are
encouraged to contribute to the Deeds community! Please contact us!

Allleszons and exercises available here have been designed fo be apened inthe Deeds browsers, as

M' inferactive sessions. You can open it dlso in another browser as well, but yvou will lose the interactive
features. ¥ou can download the last version of Deeds here

Deeds Learning Materials

Fig. 1: The header of the Deeds Learning Materials page, in the Deeds web site (DIBE, University of Genoa, Italy).
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The Deeds learning material are based also on a different approach to the structure of the exercises. In fact,
with the simulators, students may be tempted to skip manual analysis. Exercises, therefore, has been
targeted more to the real understanding of the issues than to the execution of repetitive tasks.

Students use Deeds to download the assignments from a web page. A Deeds assignment consists of a
functional description and a set of specification of the system that students must design. The approach is
meant to replicate the features of a professional environment, within the guidelines suggested by the
educational purposes. Project development phases are guided by help and instructions supplied through the
Assistant Browser. In Fig. 2 you see the general index of the learning material developed at our site (ESNG,
DIBE, University of Genoa, Italy).

The address of the main page of the site is: http://esng.dibe.unige.it/Netpro/Deeds, and it is necessary to
click on the “Learning Materials” link, on the left of the page.
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Fig. 2: A particular of the index of the Deeds Learning Materials, in the Deeds web site
(DIBE, University of Genoa, Italy).

In the general index some links are provided. The first link visible in Fig. 2 (“Deeds Exercises”) points to a
page that contains all the interactive material, under the form of Deeds exercises, classified by topics (see

Fig. 3).

The other links refer to the specific NetPro pilot courses, organized at DIBE (Department of Biophysical and
Electronic Engineering, University of Genoa).

In Fig. 4 you can see, as an example, a view of the page related to the course “Electronic System Design 1
(IN-TL-BM)", targeted to students of the first year of information and electronics engineering.
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Fig. 3: This page contains all the Deeds learning materials, organized as single exercises and classified by topics
(DIBE, University of Genoa, Italy).

The material is classified by topic. Each exercise is available in two ways.

The hyperlinks highlighted on the left point directly to each Deeds exercise, to use them ‘on line’. This is the
preferred mode, when students works in a institution laboratory, constantly connected to the global network.

The links evidenced with a number, on the right, instead, point to zipped files, suitable to be downloaded
from home or another location where the connection to the network is realized by a modem. In this case, the
student downloads the file, then un-compresses locally it and, finally, opens the respective ‘Index’ page in
the Deeds.
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Fig. 4: The page related to the course “Electronic System Design 1 (IN-TL-BM)”, targeted to
students of the first year of information and electronics engineering
(DIBE, University of Genoa, Italy).

In this page (Fig. 4), the material is ordered by laboratory assignment. Each assignment includes links to the
exercises that the student must solve, and another link, used to download a “report template”, alias a format
of the file used to write the solutions and deliver them to the teacher, through the network.

As in the previous page, the material is available in two ways: the first to use it ‘on line’ (links on the left), and
the second to download it from distance.

When the student click on a link (chosen among those on the left), the Deeds activates the secondary
browser: the “Assistant”.
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Fig. 5: The Assistant opened aside of the main browser, showing a page with a problem assignment.

The “Assistant” browser has characteristics similar to those of the main browser, but it is specialized to
assist students, side by side, in their work (Fig. 5). This is the browser used to open lessons, exercises
and laboratory assignments.

In the following, some example about the usage of the learning material is proposed.



Example 1: interaction between Deeds browsers and d-DcS

In Fig. 6, a list of assignments is opened in the Deeds main browser. Suppose that the student has to attend
the assignment # 2.1: “Analysis of a demultiplexer (1 to 2)”, from the “Electronic System Design 1” NetPro

pilot course.
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2.1 Analysiz of a muliplexer (2 to 1) 00030,
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2.3 Analysis of a simplified shared-line communication channel 000s0....

3 Amnalysis, synthesis and simulation of combinational networks
(a) . . Dowaload
2004.03.15

Assigrnments: Eeport

3.1 Analysis of a multi-lewel logic network 0o0es0...

3.2 Design of a programmable logic sate ooo70...

3.3 ZSwynthesis of a boolean function 000=E0....

4 Analysis, synthesis and siinulation of combinational networks . . = [
Electronic Syskem Design 1 (IMF) - Laborat

Fig. 6: A list of laboratory assignments, opened in the Deeds main browser.

Than, he or she clicks on the link, and the assignment will open in the Assistant (see Fig. 7).
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using the Deeds Digital Circuit Siralator (d-De8). Click on the figure to open in the
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Abc
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Cnce completed the schematic, you'll be ready to start the functional simulation

IBI of the networl, and then the timing sunulation Iil In thiz case, the input
waveforms should be defined in order to distinguish easily the selected output from

the non-selected one. B

Fig. 7: The specific laboratory assignment, opened in the Assistant browser.

The assignment asks the user to verify the behavior of the 1->2 demultiplexer represented in the figure,
using the Deeds Digital Circuit Simulator ). The text suggests to click on the figure to open in the d-DcS a
trace of the network's schematic, and then to complete it.

In this example, you see that it is necessary only a simple click on the figure to activate the simulator and to
download from the web site a ‘template’ of the solution. This approach aims to simplify user operation,
avoiding to spend time in no useful and distracting tasks.
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The user will see the Digital Circuit Simulator, and the file downloaded in it, as in Fig. 8.
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Fig. 8: The Digital Circuit Simulator, opened by a click on the web page. The circuit
template has been automatically downloaded from the courseware site.

The assignment suggests now to complete the drawing, and also to activate a few useful simulator
commands directly from the web page, with a simple click.

Once completed the schematic, also the simulation can be started, directly from the Deeds web page. In Fig.
9 you can see the results expected from the student work.
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Fig. 9: The timing simulation of the circuit, once completed by the student.
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Now is the time for the student to compile and deliver a good report. In the Deeds assignment page, a link is
prepared to download and edit a report template file (Fig. 10).
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3.2 Design of a programmable logic gate 00070,
3.3 Zynthesis of a boolean fnction o080,
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Electronic System Design 1 (IMF) - Laborat

Fig. 10: The student can download the report template to speed up its compilation and delivering.

This has been previewed to uniform the report styles, making easier the teacher task, especially when the
number of student is valuable. But the availability of a report template is very useful also to the student,
because it saves a lot of time, speeding up the student work and leaving more time to concentrate on the

arguments to learn.
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This is the report template for this laboratory assignment (Fig. 11).
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Fig. 11: The report template for this laboratory assignment assignment.
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Example 2: interaction between Deeds browsers and d-FsM

As in the example applied to the Deeds with the d-DcS, in Fig. 12, a list of laboratory assignments is opened

in the Deeds main browser, from the “Electronic System Design 1" NetPro pilot course.

- [B]x]

B los il - [EeciremicEsystenTEsTE N NI TN i) B ol DTS eSS S|
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o -
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7.2 Eeverse-engsineening a synchronous sequential circwt noasn...
8 Design of simple finite state machines Devenload
200404 06 Assignments: Eeport
8.1 Design of a synchronous mod-5 upddewn counter 00270,
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9 Design of finite state machines Dovwnioad
2004.05.03 Assignments: Eeport
9.1 Design of a timing sequence generator nozsn...
9.2 Design of a senal data processor noz00..
10 Design of a serial-programmable pulse generator Deavenload
2004.05.10 Assignments: Eeport o)
filz: 11D\ DeedsProject)WebSitel NetPro\Deedsi LearningMaterials\LMI00240_Re_Thinking_Sync_Cow Electronic System Design 1 (IMF) - Labc :

Fig. 12: A list of laboratory assignments, with use of d-FsM, opened in the Deeds main browser.

The student executes the assignment # 8.1: “Design of a synchronous mod-5 up/down counter”. As in the

example related to the d-DcS, with a click of the user on the link, the specific assignment will be opened in

the Assistant (Fig. 13a and 13b).
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a0z 70

Dezign a synchronous mod-5 up/dovwn counter, using the Finite
State Machine Sumulator (d-FsMI). The counter should generate
cyclically the sequence from 000" to "100', when cennting up, or
from "100 to '000°, when counting dowrn.

Sl —

CHj

EN = 4 Reset
DIR =+ Up/Down Counter
¥ ¥ ¥
QC QB 0A
Az you see i the Hgure: 0

s The counter has a clock CK, and generates three cutputs: QC
(M5B, OB and QA (LSE)

« The count operation 13 synchronous wath the clock CE

o The mput EN, if equal to '1°, enables the count {on every clock
positive edge); when it is '0° the counter does not respond the
clock and the output remains unchanged.

» The mnput DIR defines the count direction {'0' = dowm, '1'=
up).

« The !Reset, when activated, resets aspachronously all the
count cutpuats.

Fig. 13a: The specific laboratory assignment, opened in the Assistant browser (first page).

The assignment asks the user to design a synchronous mod-5 up/down counter, using the Finite State
Machine Simulator.

In the laboratory assignment (Fig. 13a) is explained that the counter should generate a humerical sequence
on the outputs QC, QB and QA, depending from the line input EN and DIR. The counter is synchronous with
the clock CK and it is initialized by an asynchronous Reset input. In particular, the input DIR defines the

count direction (up or down), and the input EN enables the count operation, that will take place on every
clock positive edge.
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In Fig. 13b, the assignment continues with a suggestion: to download an ASM diagram template, to be
guided toward the solution. If the student use this option, he or she could concentrate better on the
argument, instead of build from scratch the solution, bothering with the simulator details and spending time in
less useful and distracting tasks. The option is not mandatory, however, and the student can freely activate
the simulator without using the template.

. MEEiEtanTe (MBS b oratony SesEion | J J a]
Tou can use the A5 diagram template prowided, where vou'll find
the state variables XY and Z already defined, as well as the
outputs QC, QOB and QA and the inputs DIE. and EN. In the
tetnplate, the codes of five states have been also defined. At the
reset, the counter should start from zero. For this reason, the 'a’
state 15 the "Reset’ state (1.e. the 'starting’ state of the FSM, at the
activation of the asynchronous 'Reset). In the template, as it iz

converdent i the present case, the state codes have been assigned

equal to the outputs values X =3C, ¥ = QB and Z = Q4),

Sesisianl —

Wertfy, using the tirning simulation Iﬂl the correct sequence of
the output values and the state codes.

Once you have fiished the FEM design, vou can import it i the d-
DS az a component. You can use the d-DeS schematic template
provided, and complete it wath the FSM component. Eepeat the

simulation of the counter with the d-DeS timing simulator Iil

Fig. 13b: The specific laboratory assignment, opened in the Assistant browser (second page).

To download the template, it is necessary only a simple click on the link in the text. The d-FsM will be
activated, and the file downloaded from the web site, automatically. In Fig. 14 you see the suggested
template, as downloaded in the simulator.

e tatesachinesm atorey exo 0wy 0 ItEnEm| e AsMs tateisiant]] \_J\_Ja
%4 File Edit View Smulation Window Desds Help - 8 X
beEd& %P R =moolw M

a4 (111, 22)

Fig. 14: The downloaded ASM diagram, template of the solution.

In the template, as the text of the assignment explains, the student will find some important definition already
set: the state variables X,Y,Z, the outputs QC, QB, QA and the inputs DIR and EN. The necessary five state
blocks are already drawn.
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In Fig. 15a,b,c are displayed the pre-defined properties, as they appear in the Input/Output dialog windows,
that the user activates with the tool bar command 78,

[urdur [t [urdur
|"1I3Ut] Dulpull State WARS ] f Input ] Output Sla
MEF WEF
[RERY —|oir ac MeEw — DR aC—— [RET
,7 —EN @B ,7 —EN OB ,7
bR “ oc e %
EN 4 [P} 4 Y ¢
¥ s ¥ 2 v —J
e
& |CK TReset i |c:|< TResel s ﬁﬁﬂ
State Register
ok Cancel Ok Cancel oK Cancel

Fig. 15a,b,c: The three pages of the Input/Output dialog window, used to define inputs, outputs and state variables .

Note that the specification requires that the 'a’ state will be the 'Reset' state, i.e. the 'starting' state of the
component at the activation of the asynchronous 'Reset. Also this characteristic has been pre-defined in the
template, as the ‘a’ state appears in the drawing with a little diamond placed on it.

Actually, all the states properties have been pre-defined in the template. The user can modify this properties
opening the Property Window. This can be left aside to the editor, during the operations (to open it, press the

tool bar button P ). In Fig. 16 you see the Property Window, as it appears when the user select the ‘a’ state
block (with a mouse click on it).

&
G
hel & % P @& oo ol |w|
ool oln =
“ @ " 1@
| E3
State Block
I Mame: |5 Active Dutputs:
| s = uE
A (182, 500 Code: HE

IrrT as

v State at Reset activation

Fig. 16: The property window, displaying the properties of the ‘a’ state.

For a state block, the user can set or change the symbolic name (‘a’ in the present case), the state code
(‘000’, here), and the active outputs (none, in the example). The check box on the left imposes this one as
‘Reset State’.

The user is asked to complete the ASM diagram and, using the timing simulation integrated in the d-FsM, to

verify the correct sequence of output values and state codes. The user will start drawing, adding path lines
and diamonds, as required by the requested functionality.
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In Fig. 17 you see the Property Window, as it appears when the user select a condition block. The user can
change the orientation of the diamond connections and the condition, chosen among the input variables
(‘DIR’ in this example).

o X

(B3]

=]
=
ID
[=1
I~
=
=]
Y
ID
B
=1
=)
[T

Condition Black

|:_| | 1
a4: (128, 37)  |Modified

Fig. 17: The property window, displaying the properties of a condition block.

Once the student have finished the design, the next step required is to verify the behaviour of the counter
with the timing simulator of the d-FsM itself (Fig. 18).

B Finirs Jriis e i iy = [ab 0 S e fllfi] J\_ﬂﬂ‘
File Edit Wiew Simulation Window Deeds Help
b e Yo P ]88

-1B]x)

Tlinlag DEidrai

S D
LU L L L L

Ad: (114, 4)

Fig. 18: The finished ASM diagram, and its timing simulation, in the d-FsM.
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When the user clicks on the ‘Clock’ button, the internal simulator evaluates next state and outputs (according
to the current input values) and displays the results on the time diagram.

At the same time, in the editor window, the corresponding new state is highlighted (with a coloured frame
around it, see Fig. 18). This is an important feature, because a major difficulty, for a beginner, is to
understand the correspondence between states and events time sequence.

Finally, when the behaviour of the component satisfies all the required specifications, the component could
be imported in the d-DcS (see the assignment, Fig. 13b). Also in this case, a simple d-DcS schematic
template is provided, to speed up the operations; it can be easy downloaded and opened in the d-DcS with a
click on the hyperlink in the text. Once completed the schematic, the simulation of the counter could be
repeated in the d-DcS timing simulator (Fig. 19).

[ W& ® g M | Do |
DR
|
oc
& Lab_018_ez_01_ful 0
DIk Qc
1 =]
O s Ei 08
0
04
0
Clock .
|_DF<‘3 e kel i dDcS - e EEram R NEN eVl S at e ey J‘JES1
== 0 QR E EE >
0 1000
é i =
= ] Clack i
[ Lab_08 e | (Y000 Yoo Yorr Yoro Yoo Woro Yo Yioo ¥
[ DIR e
= 000
[ EN
oo
{# o8
4 oa
_ B
LR TR T ) |

4 nS/pixel

Fig. 19: The finished d-DcS schematic, and the timing simulation of the component, in the d-DcS.

As in the example related to the d-DcS, at this point the student will compile and deliver a report about its
work. As already seen, in the assignments page, a link is set to download a report template file (Fig. 20).
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- AETEe [EEE romESyELETTVESTENE BTN R o Tt oS essTon sy J J ﬂ‘
File Fun Tools Options Help
e o o <« 9 Qo W @
Home Open Back Stop  Refresh | Aszsistant d-Dc5  dMsF d-McE
e E
Analysis of sequential networks as finite state Do
v o witload
-5 machines
o 20040419
3 Assigniments: Eeport
7.1 Ee-thinking a synchrenous counter as Fimte State IWachine 00240
o
7.2 EBeverse-engineenng a synchronous secuentigiiag-cuit Q0250...
§ Design of simple finite state machines Download
2004.04.26 Assignimeants: Report
8.1 Desion of a synchroneous mod-5 up/down counter 0270
8.2 Desion of a simple senal ine recerver o0z2E0
9 Design of finite state machines Dowenload
2004.05.02 Assignimeants: Report
9.1 Desion of a tming sequence generator Q0ze0.
9.2 Desion of a senal data processor Q0300...
=
Electronic Systerm Design 1 (INF) - La

Fig. 20: Also in this case, the student will download the report template to speed up its compilation and delivering.

In Fig. 21 is displayed the report template prepared for this laboratory assignment, downloaded and ready to

be edited.

ARN=N" BERE = Ny

'EIJ G el e DM EroS o AV o)

! Flle Modifica Misuaslizza  Inserisci  Formato  Strumenti Tabella  Finestra

?l;il F 4| - =& | 9| G Lettura ﬁ

- BIx]

T

Tikolo + Casella: » Arial

- e
:= J|E |~
Hes

E-l-l-|-2-|-3-|-4-|-5-|-5-|-?

-1 -|[e]c s | =[]
g g

RN

—1
el t1z I?’—\BD

Design of

Deliverable n. 8

Simple Finite State Machines

(ESD1 IMNF, 2003/2004 — Laboratory Session #8)

Group # nn -<Name and Surname 1> -<Name and Surname 2>

| Assignment 8.1: Design of a synchronous mod-5 up/down counter

1yd-FsM ASM Diagram
...paste here the ASM Diagram...

2) 4 FsM Timing diagram

3)d.DeS Schematic

..paste schematic...

4)4-Dc§ Timing diagram

paste here the timing diagram .

paste here the timing diagram. .

BEER:IE

iDisegnov L | Forme+ SN w

Do doElE S-Z-A-S= g

Inglese

Fig. 21: The report template for this laboratory assignment.
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Example 3: interaction between Deeds browsers and d-McE

In Fig. 22 a list of laboratory assignments is opened in the Deeds main browser. The student has to attend

the assignment # 4.1: “Asynchronous serial communication” (from the course on microcomputer: “Electronic

System Design 2" NetPro pilot course).

W Lz - [Eleeiyapgie S sty Magid 2 L= ey @ O25310 00 | J Lﬂ ﬂ*
File Run Tools Options  Help
= £ 5 B At
N D |« @ <& g
: Horme Open Back Stop  Refresh | Agsistant  d-DeS d-hdcE
4]
| 2 String handling in assembly Downioad |
“ .
| o003.12.16 | Assigument: Report
3 2.1 Ztring handing in assembly 01040,
3 Simulation of digital networks Download
2004 1223 | Assignment: Report
3.1 Micro-computer simulation of a Eegister/Counter 01050,
4 Serial communication Deownload 1
20040113 | Assignment: Report
4.1 Asynchronous seral conmunication D10an. .
3 Parallel intexfacing and interrupt handling Dewnload
20040120 | Assignment: Report | |
5.1 Intreduction to parallel mterfacing and interrupt handling o107, g
Electronic Swstem Design 2 (EO) - Lal:_

Fig. 22: A list of laboratory assignments, opened in the Deeds main browser.

With a click on the link, the assignment will open in the Assistant (see Fig. 23a and 23b).
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= REsitanie [LEEDS Lallassiro s J=5510 1 | h_J .__J QJl
i ;‘..‘ e )

i V| Back Menu

Deeds Asynclhronous serial communication 01080

A microprocessor-based system recetves ASCII chars from an asynchronous senal ine,
crvptographs and re-tvansmats them mnto another asynchronous seral line, Only parallel ports
are available in the system hardware, so it will be necessary to wiite a program that implements
de-serialisation and re-serialisation of the serial sighals.

The standard format used here for assnchronous senal communication is specified as follows:

1. One start bat (tugh),
2. 8 data batz, b7..bo (b7 ahead),
3. One stop bit (ow),
4. Bitfrate of 100 bits per second.

-
=
o
[E

JStal‘t b7 | b6 | b5 | b4 | b3 | b2 | b1 | bO |Stop

¥

Let's suppose to connect the mput senal ine SERTIV to the bit 0 of the parallel mput port
INPORT (address=33h), and the output sertal line SEROUT to the bat O of the parallel output
|port OUTPORT {address=25h).

The cryptographic operation 15 done sinply by encoding the byte to be transmitted with the
| tollowring formula:

Byte (tobe transmitted) = ASCIL Char (received) ZXOR Byte (ransmitied before)

At beginting. use the valie of 00000000h as the one “transmitted before™

Fig. 23a: The specific laboratory assignment, opened in the Assistant browser (first part).

In this assignment (Fig. 23a), we require to the student to write a program to receive and retransmit serial
asynchronous information, using the parallel ports available in the d-McE. The program should take in
charge the operation of de-serializing and serializing data. Also a simple cryptographic method is applied to
data before retransmitting it.

In the assignment is described the format of the serial data packet (standard 8 bit asynchronous serial
communication, without parity control). That protocol previews one start bit at ‘1’, eight data bits b7..b0 (b7
ahead), one stop bit at ‘0'. It is defined a low bit rate (100 bits per second), with the aim to let the user
concentrate on the basic tasks, without bothering too attention to timing problems.

The text continues suggesting to connect the input and output serial lines to specific bits of the available
input and output ports (INPORT and OUTPORT).

The simple cryptographic operation requires that the program remember the previous transmitted byte and
combine it in a byte-wise EXOR operation with the currently received one.
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_ —
%‘ Assistant o EENSH aboratory Session| g.j u.."j @

Back tenu

i -!_.5'_ ¥
i

Sclution guidelines

Sl —

To capture the start bat, the recetver samples SERIN wath a period of 1/16 of the bat time (625
T3

‘When the line goes high, the receiver continues to sample SERTIN at the same rate. If the lne i3
sampled hagh for 8 tunes continuously, the recetver declares “recogmised” the start bt and
assumes to be at the middle of the kit time. On the contrary, the recerver re-starts operations,
looking again for the next valid start bat.

It the receiver recognises the start bat, it wall contimue sampling the line, but only once every hit
tine {10 m3), starting from the maddle of the recognised start bit, acquinng the following 8 data
bits (b7..b0), and the stop bit.

If the stop bit iz wrong, the data bits are ignored and the system re-starts, waiting again for a new
start bt

If'the stop bit is correct, the crvptograplic operation takes place, and the resulting byte will
be senally transmitted, according to the defined standard, onto the SEROUT line.

The program should start on activation of the system hardware RESET. Click here to load a trace
of a posable solution.

Suggestions

For the sake of simplicity, suppose that it 12 not passible to receive data when transmitting,

&g suggested i the solution trace, dinde the assembly code m reusable subprograms, and suppose | —
avallable two delay subroutines named BITTIME (10 m3) and TIMELG (625 u=).

Fig. 23b: The specific laboratory assignment, opened in the Assistant browser (second part).

The theme continue with the guidelines for a possible solution, as the student, at the moment of this
laboratory session, faces this kind of problems for the first time (Fig. 23b).

The Deeds let to get a trace of the solution, with a simple click on the specific link. It will be automatically

downloaded and opened in the source code editor of the d-McE (Fig. 24). As usual, this approach let the
user simplify the operations necessary to start with the ‘true’ work.
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ErosCompaiersEmnian tememes]

File Edit Project Eoulation Deeds  Ophions  Wiew  Help

Board Editar | Debuggerl
D& 2R |§ | oa| @
| d:l:l ,l l@ ex0l060_1 tem.mecs |

= D4 e e =]
BDeedSPrDject ; Asynchronous Serial Communication
(= Deeds T I Nk L= 35 i/
= HTHL s duthors: <namel>, <hnamei>-
(= Circuits ;
‘ SERIN EQU sinput parallel port
SEROUT EQU Vi soutput parallel port
|MCB Files (*mcs) |
ORG  0000h ;'collegamento' al RE3ET hardware
Code.mcd =
Code__.mcd 2 AL
e ORE  010Ch
ESAME_06_02_2004.m
START: <£iniz. STACE POINTER:
CALL TINIT
LOoE: CALL <receiwer subprograms
CALL <encription subprogram-
CALL <transmitter subprograms-
JF LOoOp
e iR IR Eanigy s s s Lk
INIT: Zclear wariables and output port>- @|
| cors | ms | wm | -

Fig. 24: The Micro Computer Emulator, opened by a click on the web page. The editor
shows the trace of the solution, automatically downloaded from the courseware site.

Note the icon visible on top of the editor page: '@ In this case the symbol indicates that the file has been

downloaded from the web. When the user will save it on the local disk, this little icon will change in =
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The user can take advantage from the help system, that documents the architectural aspects of the DMC8

microprocessor, and its instruction set (see Fig. 25, 26, 27).

= DM GBS HoriGIHE

Subpragram Call and Return

[B]x]

| Shift and Rotate | Bit | Irput/Output | Alfabetical Order ] Murnerical Order ] ASCl code |

OMCE Processor Archifecture )| Load (8bits] | Load (16bits) | Avithmetic/Logic (8 bits) | Arithmetic (16 bits] | CPU Contiol | Jump |

DMCS Processor Architecture

Internal Data Bus

<

=

25

Acc. @ Flags @
LA [ F
8 8
Temp. Reg.)

Registers
m s | ¢ |
: T ° o [« |
= L [ |
[] M 8
]

+1 L -
4 dp 1)

PC IX

SP IY

[ ] 16 @ 16

F
16 16
b4 ¥ b

Internal Address Bus

Fig. 25: The DMCS8 “architecture”, as shown by the help-system.

S UL Silort Gujds Ji=E3
Subprogram Call and Return | Shift and Rotate | Bit ] ical Order ] Mumerical Order ] ASCH code |
DMCE Processar Architecture | Load(Bbits] | Load (16 bits) [ Arifiietic/Logie TET ™ Athmetic (16bits) | CPUContial | Jump |
Arithmetic / Logic Instructions (8 bits)

Mremanic Symbolic Flags Opcode He:x Bytes M Clock Comments
Operation S Z HPWN C 76543 210 Cycles Cycles
ADD A, r B dar 0L e o 10000 r 1 1 4 t Req
ooo B
ADD A, n B fan L e 11 000110 2 2 7 o ¢
o e e oo o
ADD A. (HL} & 8+ (HL) 5 T 10000110 1 2 7 01 E
100 H
ADD A, (IX+d) A <8+ (K +d) RN N 1Mo1m oD 3 s 19 10 L
10000110 1M1 4
« d =
ADD A, IV +d) & <2+ (Y +d) Tl 11111101 |FD 3 5 19
10000110
« d =
ADC A, s A=A+ s+ CY L 3 N O oa1 = iz any of
rn, CHLY,
SUB s Aebos R L AT 010 (l+ed), (1+dd),
az shown for the
SBCA, s AeA.s-CY f o e o1 ADD instruction.
AND s A A AND 5 £t 1 P00 100 =
The underlined hits
ORs & =8 ORS B f O8RS no replace the
underlined hits in the
XOR s & — A HOR 5 frfoF 0D 101 A
CPs Ao FroroY o1t 11
C r Fer+ Pt otov oo 00 r 100 1 1 4
INC (HL) (HL) < (HLY +1 [ S S A 00110 100 1 3 1
HE (IX + d) M+ d) FE G oM O 11011101 |DD 3 6 23
o+ di+1 00110100
« d =
HE (1Y + d) I+ d) = FoE GV O 11111101 |FD 3 6 23

Fig. 26: An example of the ‘on line’ instruction set documentation: the Arithmetic and Logic instructions.
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(= IMGB SToriGnide =30
DMCE Processor Architecture ] Load [8 bitg] ] Load [16 bits] ] Arithmetic/Logic [ bitg] | Arithrnetic: [16 bitg] ] CPU Contral ] Jump |
Subprogram Call and Return Bit | Input/Dutput | Alfabetical Order ] Mumerical Order ] ASCI code |
Shift and Rotate Instructions
Mremonic Symhbalic Flags Opcode Hex Biytes | Clock Comments

Operation S Z HPVWHM C 7E 543 210 Cycles Cycles
RLCA ..[ ?‘—D:I L o o= inE g 00000111 a7 1 1 4
2
RLA T —0 0 01 00010111 17 1 11 4
B
RRCA C?—’D 1, . 1] ot 0o oo 114 aF 1 1 4
2
RRA o || 0 01 00011 111 1F 1 1 4
2
RLC T cadr—=gd |t t 0 P O 11 001 011 CH 2 |2 g t Reg
¥ 00000 r 000 B
RLE (HL) coiF=g@ t t 0 POt 1Mootold cB |2 4 15 oo
oo o
THD 00000110 i
RLC {IX + d) .f;r._D:l S A S U 1101 1 oo 4 B 23 100 H
H+dl 11 001 014 CB 101 L
e s 1M1 A
00000110
RLC {IV + d) EadT=ga|t T 0 P O T 11111101 FO 4 6 23 |
L] 11001 011 CH i |
“— d —
00000110
RL m Crjef—a+ I T 0P D F oo m iz any of r, (HL),
™ (I+dd, (I¥+d), @z
shaowen for the
HRE m Cl’ o RO o5 o RL Cinstruction.
RFEm T—o+[Cr 3 = = o1 Instruction format
™ and States are the
SLAm “F=mwot t 0P O F 100 s
m
Replace 000 with

Fig. 27: Another example of the ‘on line’ instruction set documentation: the Shift and Rotate instructions.

Once completed the assembly coding of the program, the student will compile it. If no syntax error has been

found, the verification of the program functionality can start (Fig. 28).
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Board ]Edimr Debugger

II = Clock Cicles: 85 Lazt: E
Fauze Animation Speed IL Farial: 85| M| Reset Int
REGISTERS MEMORY
Bt T ] Bt 7 0 IFF i
2 sevseEes [ R e e Addr.|+D [+1 |+2 |43 |+a |+5 |46 [+7 [+ [+a [+a [+e [+c [+ [+x (D
0000 C2 00 0L FF FF FF FF FF FF FF FF FF FF FF |FF 1|
B soonawas | C apoagsas | 0o0lo FF FF FF FF FF FF FF FF FF |[FF FF FF FF FF |FF 1
D ososneos |m E sonoooas [wo 00z0 |[FF FF FF FF FF FF FF FF FF |[FF FF |[FF FF FF FF I
| ! 5SS e [ |77 [ |
H oo o) o) o) o) |¥| Warning, I*g g P oo
o — F FF FF FF I
IX gpooooon oo Unknown Ij0 &ddress: 35h (53d). oy Py oy oy
—— e | Instruction execution aborted, and execution paused.
1Y gpooovow o Please, check the specified I/ port address: it doesn't match with the board setup! F FF FF FF I
SP oo erh v ey £ ey
| /0 Ports i
1N Addr |Dp Code|Label |Istruction Comment _j
289929990 229929990 Chz40l  LOOP CALL BECEPTION .
P P ChES0L CALL ENCRIFTION =
o 0 00 0 00 e 00 0 o o 0 00 0 00 o 0 0 o
ChEEDL CALL TRANSMISSIO!
auT Cz0801 IO LOOP

SE0Q INIT LD A 00H
21looo0 LI HL, 0O0H
110000 LD DE,00H
olooon LD BEC,00H

5

1001 O 4 o) o) 20 o) o) o0 00 ) oo 1021 O 0 o) 20 o) o) o) o oo

ol OBoosoesasn 010Desesnsoem

CAPS INS LI

Fig. 28: The program under test in the interactive debugger of the d-McE: a Warning has be sent to the user.

In Fig. 28 the program is ‘Animated’ by the student, i.e. it is automatically executed step by step, at a ‘human
readable’ speed. The speed is controlled by the cursor visible on the tool bar (“Animation Speed”).

In this example, a typical warning message is generated by the debugger. In a real case, if a port hardware
address is not correctly instanced in the program code, unpredictable events could result. By the learner
point of view, it could be very difficult realize what really happens in the system.

The d-McE debugger, instead, has been designed to track many common mistakes, reporting them to the
student before then unwanted results could complicate the understanding of the wrong behaviour of the
program.

In the present case (Fig. 28), the processor should execute the OUT instruction at address 011Dh. But the
address instanced by the instruction is 35h, while no port has been set to respond to this address. So, the
student has two possibilities: to return to the editor and change the source code, adapting it to the board
setup, or to change the board setup.
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To change the board setup, for instance, it is possible to activate (with a right-click on the port pane) the
“I/0 Ports Address Decoding” dialog window (Fig. 29).

IELN O SN K el Y E o ) a‘
Input Part Address: Addreszes in:
IA|E IB o IC |0z ID o3 * Hex ( Dec
Output Port Address:
04 |00 OB | 0C o= OD |0z oK Cancel

Fig. 29: Port addresses can be modified in the “I/O Ports Address Decoding” dialog window.

Another possibility, that resembles the real case, is to switch the current d-McE “page” and visualize the
physical board, as seen in Fig. 74. Now it is possible to toggle, with a mouse click, the address ‘dip-switches’
that define the hardware address decoding (Fig. 30).

IA, IB, IC and ID are the addresses of the four parallel input ports available on board; OA, OB, OC and OD
are those of the four output ports.

Fig. 30: Port addresses can be modified by a mouse click on the simulated ‘on board’ dip switches.

When finished, the student had to compile and deliver a report. A template file for the report is available in
the assignment page (see Fig. 31).

l%’ DeedsoEectromcsysiemilesign 2o EQ) liaboralonySessions]| Lj Lj a‘
File Run Tools Options Help
4 0 « 9 o @ o
Horme Open Back Stop  Refresh | Assistant dDeS  dMsF d-McE
| 2 String handling in assembly Download
L2 .
E 2003.12.16 Assigniment: Eeport
3 2.1 String handling in assembly 01040...
3 Simulation of digital networks Dovnload
20041223 Assigniment: Eeport
3.1 Micro-computer simulation of a Eegster/Counter 01050,
4 Serial communication Devenioad

2004.01,13 | Asmgnment:

4.1 Asynchronous senal commumcation

S Parallel interfacing and intertupt handling Dovenload
500401 20 | Assignment: Report
5.1 Introduction to parallel mterfacing and mterrupt handling 01070,

Electronic System Design 2 (EQ) - Lak

Fig. 31: The student can download the report template to speed up its compilation and delivering.
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In this case, the template presents only a header that permit to uniform all the report styles, making easier

the teacher task (Fig. 32).

&) PSSR ES TR T e T EES el rofid Ee sl earses JJE

File Maodfica Visudlizza Inserisci  Formato  Strumenti  Tabe 2 g8
X

o 7 \ﬂ \ELI _l\j /..-\' Cerca ::'\? Preferiti
Indirizza @httl:ll,ll,IIWWW.ESI'Il;I.ditlE.LII'IiI;lED Yai | Collegamenti > @ -
v Mostra~ | ¥} 93 3 - 8- A ¥ | 3| H

i Commenti Final

3] b

Deliverable n. 4
(ESD2 [ED, 2003-2004] — Laboratory Session #4)

Asynchronous serial communication

Group # nn - <Name and Surname 1> - <Name and
Surname 2>

Assignment 4.1: Asynchronous serial communication

... Cut and Paste from the d-WcE editor, add conunents ifneeded. ..

H O »||:|||

|3

E.EI ::—-%ﬁll;l, il

&) Area sconosciuta

Fig. 32: The simple template provided on the web page, that the student can download.

In the next figure, an example of complete report is displayed (Fig. 33).
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File Modfica ‘isualizza  Inserisci  Formato  Strumenti Tabel ™ -?
= : @& /h p M o
Q Indietro J @ @ - Cerca WPI’EFEFIU

Indirizzo |@ http:Hnetprn.evtek.ﬁfpdclfpc Wai Collegamenti ** .@ =
: Commentifinali = Mostra~ | #3 @3 v - ad - ]2+ 3| EE

e O eV e R EY i Gy CenT TR i AT Oy

b

| Asgignment 4.1: Asynchronous serial communication | @|
SERIN EQU - 23k
SEROUT EQU - 35k
ORG  0000h
Ip 0100k
ORG 0100k
START: LD SP, 00000
CALL IMNIT
LOOP: CALL RECEPFTION

CALL ENCRIPTION
CALL TRAMSMISSION
Ip Loop

INIT: LD A, DOk
LD HL, 00k
LD DE, 00k
LD» EC, 0O0h
0T (SERDUT), A
RET

EITTIME: NOP  ;Delay =qual to a 'bit time'
RET

TIMEl&: NOP ;Delay equal to a §'bit time' F 16}
RET

BECEPTION: IN A, (SERIN)
CALL TIMELG
AND 00000001
Ip Z, RECEPTION
L E, &
CTELSTAET: IN A, (SERIN)
CALL TIMElG
AND 0000000l

= B

Area sconosciuka

« o »

?@I

Fig. 33: A partial view of a ‘final’ student report.
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