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What is VELS?

" VHDL E-Learning System

" Automatic task generation, assessment, feedback

" Communication via email

= QOpen source @ O GitHub

o %&1
Institute of

Computer Technology




Why VELS?

" Large classes (250 students/semester)

" Benefits for students:
* practice with adequate tasks
* frequent, instant feedback
* freedom of space, pace, study time scheduling

" Benefits for teachers:
* framework to develop, deploy tasks
* automatic assessment
* progress monitoring
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Key features
Task assignment

Q Request o
Task variant
<

Submission

" Uniform task system

" Parameterized tasks

>
Feedback

<

" New test for each submission

" Simulator interface

" Communication student < -- > VELS via email
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Autosub submission system & task system

|
I
. generator Task(s)
Mailbox @ .

generator

IMAP
templates,
scripts
SMTP
tester

" Multi-threaded python deamon

" Periodically fetches new emails
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Task request

templates
" language \: ,l, —»@desoription.pdf
—)email from user ':::D i—:» generator )@ entity.vhd|
—iequest 1asi YN : : —>| |behavior.vhdl

—————————

task parameters
8

UserTasks
table

" Request generates random variant of task

" Sent to user as email



Example task - Finite State Machine

Mealy FSM (Finite State Machine)

Your task is to program the behavior of an entity called "fsm”. This entity is declared in
the attached file "fsm.vhdl” and has the following properties:

e Input: CLK with type std logic

Input: RST with type std_logic

e Input: INPUT with type std logic_vector of length 2

Output: OUTPUT with type std logic vector of length 2

Output: STATE with type fsm state

CLR OUTPUT
RST

INPUT STATE

fsm

interface
——

block diagram

—

Do not change the file "fsm.vhdl”! d escrl ptl O n teXt

The "fsm” entity shall have the behavior of a deterministic MEALY finite state machine

with the following constraints:
e Behavior according to state diagram as seen in F‘igm‘vm The inp, Tansit to the

next state and the output in the next state is labelled on the edges.

Transitions with rising edge of the clock (port CLK, this is a square-wave clock
signal).

*

Synchronous design: all new outputs (port STATE and port OUTPUT) have to be
set with rising edges of the clock.

e The current state has to be output at the output port STATE.

At synchronous reset (port RST=1, rising edge of clock port CLK) the state machine
is set to an initial state: STATE= START, OUTPUT= 00

This behavior has to be programmed in the attached file " fsm_beh.vhdl™.

The type sm_state is declared in the attached "fsm_package.vhdl” file. The needed pack-
age to use this type is already imported in the attached "fsm_beh.vhdl” and " fsim.vhdl”.

_—

supporting figure

Figure 1: State diagram, the edges are labelled input / neat output




Task submission

slemail from user 1) & .

— lResult Task <N> ! > % behaviorvhdl 4)

Y

user task folder % entity.vhd| f_@
3) : :

% testbench.vhdl _Z

M 4

1) e
>: userid: e feedback / simulator 4feedbaok
, task nr! control interface /™~ hirol
query
2) email to user
task parameters — "| Failure Task <N>
Errors: .... 5)

UserTasks
table

email to user
Success Task <N>

:




VELS CONFIGURATION '“’

Institute of
Computer Technology

Whitelist | General Conhg |Special Messages

TaskNr| Task Start | Task Deadline Task Name‘
1 2018-09-18 16:00(2018-10-10 16:19 gates |
2 12018-09-18 16:00(2018-10-10 16:19 | demux |
3 2018-09-18 16:00[2018-10-15 16:19|counter |
4 2018-09-18 16:00[2018-10-17 16:19fsm_mealy |
5 2018-09-18 16:00(2018-10-17 16:19[ROM |
6 2018-09-18 16:00(2018-10-17 16:19RAM |
7 12018-09-18 16:00(2018-10-17 16:19 pwm |
8 2018-09-18 16:00[2018-10-17 16:19 [arithmetic |

" Web interface

" Configure tasks, whitelist

" Monitor progress

Task Statistics

Task Id Number Submissions|Number Successful Success Percentage

1 837

228

27%

2 636

188

29%

| Name ‘Vﬂlue
|nr7mailsifetched ‘2694
|nr_maﬂs_sent ‘28 78
[nr non registered 174

|nr7questionsireceived ‘ 16

|nristatusirequests

|45

Statistics Counters
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Task generator tool

VHDL Task Creator Wizard

Task name cache

Output directory /home/martinfautosub

>

Simulation Timeout (ins) 30

<

¥ Attach wavefile

Use task constraint script

Next >

User enitis +
Extra files =F
de
Description languages en -
en hd 4

Cancel

Inputs

clk : std_logic

en_read: std_logic

ﬂ

addr : std_logic_vector({{addr_size}}-1 dowr

Double click to change a created port

VHDL Task Creator Wizard

Configuration for entity cache

Qutputs

+ data : std_logic_vector({{data_len}}-1 down | +
ch_cm : std_logic

Signal Config
Signal name inp

Signal type std_logic_vector v

Length type Fixed *! Variable

Length Placeholder |{{data_len}}

Resulting definition

Cancel

inp : std_logic_vector({{data_len}}-1 downto 0)

oK

Allows to focus on:

» task description
« task variant generation
» testbench generation

M f'j scripts
| | generateTask.py

= generateTestBench.py
v static
=] cache_beh.vhdl

v Fj templates

- task_description

| | task.cfg

Igl tester.sh

| | task_description_template_de.tex
| | task_description_template_en.tex
|| cache_template.vhdl

| | testbench_template.vhdl

| | description.txt

|&| generator.sh

skeleton task




Deployment & Results (1/2)

" 3years, 2 courses/each winter semester

" Overall 1000 students

group 1 group2  group3  group4
4000 i i | o
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i | SRR B
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| I I 1
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Mandatory, continuous learning in the graduate course
,Digital Integrated Systems* (50 students)



Deployment & Results (2/2)

Students Submissions
Task nr. | Sum  Passed Rate Sum  Passed Rate
1 242 195 81 % 1215 317 26 %
2 242 185 | 76 % 905 326 | 36 %
3 242 188 78 % 623 294 47 %
4 242 176 73 % 1967 313 15 %
5 242 160 66 % 1318 240 18 %
6 242 84 35 % 1411 115 8 %
i 242 147 61 % 795 247 31 %
8 242 80 33 % 1805 141 7T %

Free practice in undergraduate course ,,Microcomputer*




Conclusions & take away

= 3years use, open source @ O GitHub
https://github.com/autosub-team/autosub

" Allows continuous, incremental learning
" Human teaching still needed

" Clear task specification & comprehensive feedback!

" Synthesis tool interface

" Moodle interface, bundle as Debian package



Questions?
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