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e [nthe 70’ and later on, laboratory activities were based on the
construction and testing of circuit using TTL ICs on a
solderless breadboard.

» Most of the laboratory time was used for the construction of
the circuit, often critical because of faulty components and bad
electrical contacts.

* Required familiarity with lab instrumentation
e Design and implementation technologies are now obsolete
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Faster and easier “construction” of the circuit
Time In lab spent in a more productive way
Possibility of remotization of the laboratory activities

But: no physical implementation, no real
measurements possible
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Digital systems toda

and Hardware
the core of a digital

b3

LT EE 4% R%% 0 S R (Ew |

470 E -- ROM read cperation -
471 [E  process({ nROM CS_i, nREAD i )

472 |  Dbegin

473 B if (nROM CS_i = '0') and (nREAD i = '0") then

474 i— DO_ROM i <= ROM Bytes(to_integer(unsigned(Addr_i(14 downto 0))));
475 B else DO_ROM i <= "11111111";

476 end if;

477 end process;

478

479

480 -- RAM read/write operations

481 @B process (CLK_i, nRAM CS_i, nREAD i, nWRITE_i)

482 begin

483 if (nRAM CS_i = '0') and

484 (nREAD i = '0') and (nWRITE i = 'l') then

485 DO_RAM i <= RAM Bytes(tc_integer(unsigned(Addr_i(14 downto 0))));
486 else

487 DO _RAM i <= "00000000%;

if (CLK i'event and (CLK i = '1")) then
if (nRAM CS i = '0"') and (nWRITE_ i = '0') then

=
3
Tl [ == [ =Tl

RAM Bytes(to_integer(unsigned(Addr i(14 downto 0)))) <= DO CPU i; @
491 end if;
492 end if;
493 end if;
494 end process;
495
]
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FPGA and digital desig¢

s are based on FPGASs,
elements (LUT) with

D Logicblock | Interconncction switches * 1
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[ 10 block |
(a) General structure of an FPGA e
e L 7
| O —\
|
(b) Pin grid array (PGA) package (bottom view) x2 i

' (c) Storage cell contents in the LUT
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FPGA and c

ections among the blocks are defined by
RAM. They can be configured to
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 The complexity of today’s digital systems is putting new
demands on education.

A growing number of teachers introduce HDL, FPGA and
professional EDA tools in basic, introductory courses.

e Such approach has many advantages but it may hide from
learners important basic issues.
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EDA tools are made for professionals, not for beginners.

Introductory design education can still take advantage from
the traditional approach based on logic symbols and
schematics.

But some familiarity with HDL and FPGA techniques is a
necessary target of a digital design course, even an
Introductory one.

We strive to achieve continuity between the traditional
approach and the new design techniques.

DITEN - University of Genoa — ltaly
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Dy Deeds’

= Oigital Electroriics Eaucation and Design Suite

Deeds Is developed at DITEN (ex 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

0 Finite state machine design

0 Embedded microcomputer interfacing and programming
0 FPGA programming (exporting projects to EDA tools)

DITEN - University of Genoa — Italy



pedagogical approach to teaching and
lesign: building a solid understanding of the
gital design.
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e d-DcS Digital Circuit Simulator
* d-FsM Finite State Machine Simulator “=Ei
 d-McE Microcomputer Emulator

2950 pS
%256
J0111H: JP_MAINLOOP

e The three simulators are fully integrated

» |t is possible to design and simulate digital systems W|th
standard logic, finite state machines and microcomputers

It allows the understanding of the interaction among the
hardware and software components of embedded systems

Deeds Projects can be exported in VHDL

@ DITEN - University of Genoa — Italy 13



Deeds: the learning mé

‘ Firefox ¥ |

% Deeds Home Page

kil

mine analysis of a JK P fin-flop

DITEN - University of Genoa —

(- > ‘E www.esng.dibe.unige.it/deeds/ yirdh -2]- Google ,0] a @ b | i
| UNIGE |_ AulaWeb | | Deeds | | Musica | Jazz | | PPJE - repertorio | Mojo || Meteo | | Utilities | | Speleo *§ Google [[] Linkedin [E3 My Facebook » [E3 Segnalibri
Topics »
D g 3 Chapter (click on a topic title to open it in the Deeds Assistant)
igital
1 Introduction to digital electronics Download
Efecmm;cs Introduction to the Deeds Digital Circuit Simulator 00010...
E sis of simple logi es 00020...
ducation & index 2 Multiplexers and Demultiplexers Download
| D sis of a multiplexer (2 to 1 00030...
esign Analysis of a denmultiplexer (1 to 2) 00040...
S Analysis of a simplified shared-line communication channel 00050...
uite
3 Applications of Boolean Algebra Download
Analysis of a multi-level logic network 00060...
|
0 Design of a pro; le logic gate 00070... |
@ Last News Synthesis of a boolean function 00080...
@ Whatls Deeds? Functional analysis of a two-level combinational network 00090...
@ The Environment
@ Screen Shots sis and design of multiplexer-based combinational networks 00100...
@ Learning Materials
@ Authors 4 | Arithmetic circuits Download
@ Version Notes Design of a sign converter 00110...
@ Downloads
@ Documents Analysis and synthesis of a two-bit adder 00120...
5 Delays and Hazards
Analysis and elimination of static hazards
6 Flip-Flops and Registers
sis of a Set-Reset Flip-
University of Genoa Timi is of a SR-Latch Flip-fl
Timing analysis of a D-PET flip-flop




$, Deeds - Exercises (by topic) - Mozilla Firefg
File Modifica

Wisualizza Cronologia Segnalibri  Strumenti 2

c X Q ,_Tﬂ. @ (_;’http:/fmmm.esng.dihe.unige.itldeedsll.earnin{:f -

AR T\
S e~

G-

Google

$, DEEDS Laboratory Session - Mozilla Firefox
Eile Modifica VMisualizza Cronologia Segnalibri  Strumenti ?

8 Introduction to Finite State Machines

Re- g a synchronous counter as Finite State IMad .

C( ‘_? e X 0D Gﬂ- @ ( B ‘ http fowas.esng.dibe.unige.it/deec 77 | [ Google P |
Reverse-engineering a synchronous sequential circuit .

Design of a synchronous mod-5 up/down counter o ction it a S tat e ia chanes T
Design of a simple serial line receiver Re-thinking a synchronous counter as Finite State Machine (FSM) &

9 Design of finite state machines This project requires the Deeds simulator installed on your PC. You can download Deeds here.

The following network is a Synchronous Up/Down Binary Counter. Click on the figure to open it in

the d-DcS:
_l_ - _L_
:jc;. ] ‘D_‘:— :jc;. ] \D_,_D_F :jc;- Q

K & Qp—o L—K & Qp—o K & Qp—o

Design of a timing sequence generator
Design and synthesis of a 3-bit up-counter for signed

&

Design of a serial data processor

Design of FSM-based digital systems
Design of a serial line receiver

Design of a senal-programmable pulse generator
Design of a programmable square-wave generator

Micro-computer systems: introduction to

Introduction to the Deeds Micro Computer Emulator

TC_down

) D—1]

The input Down sets the direction of the count (up ='0', down ='1"). The output TC_Up (Terminal
Count, 'Up'direction) is activated to "1" when the up count reaches the maximum number; instead,
the output TC_Down (Terminal Count, ‘Down' direction) is activated when the dow» count

Analysis and tracing of a simple assembly program

Analysis and tracing of a simple anthmetic program

Analysis and tracing of a simple de-cryptographic prog

Accessing tables in RAM memory

Completato

reaches zero. Verify such behaviour with the timing simulator ﬂ

Completato



Deeds: the d-DcS Dig

File Edit View Tools imulation Qptions Help
DEE& < i 2eqQ|w ¢E @B [oF|E T >az
BEE R 00D D GRS ER B0 & &K

| Asynchronous Serial Receiver |

| RX Baud Rate Generator
High
RX MSF By , ) DMCS8
| Controller e[ Ps{ | |Po Microcomputer
LINE_IN —
— (Data Processor)
lD RX Control :8% it Key
‘— TCELDE|

L eks— | = L&y |ocaecoes

Cs
> aTTF %
CHP) - Received data
—|\|> : 1

Sy
Q3 D_IN

—
Ck Res

out

|

2 = ’ Test Output:
e cioule :

WA 78543210 WB 76543210 Fabut Data to be trasmitted

PRI T 1T

RX Interrupt
Logic

Iser interface is

The choice of digital
components is based on
their logical function,

not on commercial lines

e Two simulation modes
are available:
a) Interactive Animation » The d-DcS can export in VHDL projects, including Finite
b) Timing diagram State Machines and the Microcomputer

ﬁ DITEN - University of Genoa — Italy
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¢ In the interactive animation £ Digital Circuit Simulator - [ex00220_1.pbs]

m Od e th e Simulator File Edit Yiew Tools Circuit Simulation Deeds Options Help
DS H& ®Q

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)

@ DITEN - University of Genoa — Italy 17



Deeds:

ECR=RIE

[ RESET

RX_CK
LINE_IN
© RX Control
State
—TCB
LDB
CKS
CKP
BUSY
@® D_IN

® Key

[ | Seq: "FourPackets"

<k @ Data Proce...

200043 I

[ 4-Dcs - Simutation Timing Disgram NI
@B FHINI R >
I RE ¢ K< HI>»ML|QAQARA B RO
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0111H: JP_MAINLOOP

e onant

=) I8

1

| 9 (15 (T3] Y0700 V(G770 {7000 Y670
alb  Jc e WWa i i
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D_ouT
Test Output:

X

Data to be trasmitted

—

 Timing diagram
simulation is the most
common tool to check
circuits’ functionality,
as in professional tools

- » Clock and input signals

can be easily edited

* Input sequences can be
saved with the circuit
file: this feature is
useful for educational
applications

1| » Analysis utilities

complete the timing
diagram, i.e. the
horizontal magnifier
(visible here), used to
enlarge details while
observing overall
simulation results.

DITEN - University of Genoa — Italy 18



* Finite state machines

File Edit View Simulation Window Help

ne D&%

P

Q]

r ] I B
&4 Finite State Machine Simulator - [Lab_11_2_sol Moore.fsm] L@E‘ﬁj

(=]

(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

 AFSM can also be
exported in
behavioral VHDL
language, to reuse it
in professional
design tools

§8 ASM State Chart

LNA

LNE

CKo

CK1

Ck2

STATE

gcooio gooil goioo

o110 gigo1

=| & Timing Diagram o [+@

g1101

@

Ad: (129, 10)
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Deeds: the d-FsM to VHD

-- State Register
REG: process( Ck, Reset )
begin
if (Reset = '0') then
State <= state_w;
elsif rising edge(Ck) then
State <= Next_State;
end if;
end process;

-- Outputs Combinational Logic
OUTPUTS: process( State, GO, TC )
"""""""""""""""""""""""""""""""""""" begin

. -- Set output defaults:

LCN <= '0';
LDS <= '0';
CKS <= '0';
END <= '0';
-- 5et output as function of current state and input:
CASE State IS
when state_b =>
LCN <= '1';
LDS <= '1';
when state_d =>
CEKS <= '1':
when state_f =>
CKS <= '1';
when state_h =>
CKS <= '1';
when state_m =>
CKS <= '1';
when state_o =>
CKS <= '1';
when state_s =>
END <= 'l';
when OTHERS =>
LCN <= '0';
LDS <= '0';
CKS <= '0';

END <=




DMC8 Short Guide C=IEORl X

Arithmetic (16 bits) | CPU Control | Jump | Subprogram Call and Return | Shift and Rotate | Bit | Input/Output | Alfabetical Order | Numerical Order | ASCI code ||}

The d-McE micro-computer  [ff , ontro | .
{ DMC8 Miciocomputer Architecture | DMCB Processor Architecture | DMCS Input Port | DMCS Output Port | Load (8 bits) | Load (16 bits) | Arithmetic/Logic (8 bits) |

emulator is based on an 8-
bits microprocessor, RAM
and ROM and a simple

~

DMCS8 Microcomputer Architecture

parallel input/output port —
system W, b
It interfaces the external g Er St L e
world through four input and A e n-5'°°" _ _ _ _
L(\)(;J(; outputdpzra'l[llet: ports Comtraitoge| | _mics S b 5 c ™

res_S and data | USSes are I CPU ROM || RAM [ [input Input Input Input
not available outside, but Reset ™ sor| | _saws| | sais] (7" aa] |0 | [P ig] [ 1D
port control signals are 5 1| i gt ol |l | | K |
available to extend the ports Int > < Address|[|[Bus__|[ || ] i 4
Clock, Reset and Interrupt a0 I 0 2 |
signal are available < Data | Bus g

< = C:\;;mnl BusV : ] : _ : “ : _:>

Output Output Output Output
Port OA Port OB Port oc Port oD
Y wh wB wC wbD

RsOut CkOut intA  Sync OA; o 0B o 0C; 4 OD;,
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Deeds: the CPU

Adithmetic (16 bits) | CPU Control | Jump | Subprogram Call and Retum | Shift and Rotate | Bt | Input/Output | Alfsbetical Order | Numerical Order | ASCII code |
DMC8 Micracomputes Architecture | DMCE Processor Architecture | DMCB Input Port | DMC8 Output Part | Load (8 bits) | Load (16 bits) | Arithmetic/Logic (8 bits) ||

DMCS Processor Architecture

Internal Data Bus

Acc. @ Flags @

A | F

Y

1X

Iy
16

U ——

el

[ Internal Address Bus 16

16

\/7
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Micro Computer Emulator - [Ex01068_1_sol.mc8]
File Edit Project Croul=tiorn Options View Help

==

Board Editor I Debugger I

DS {2 | Q(ala|B

; Reset and Interrupt links

0000h

ORG ;Reset
. JP START

ORG  0038h ;Interrupt
. JP INTERRUPT

s==
; Main Program
;==

wlbd] (58

ORG
LD

* |MAINLOOP: LD

OR

0100h
5P,0FFFFh

A, (DISABLE)
A

;Init. Stack Pointer

;Initialization: variables, ports, interrupt

. CALL CLRLEDS

o LD (VALUE) ,A& ;init received value

L] LD (DISABLE) ,A

= IN A, (RXDATA) ;reset RX Interrupt Secquencer
L] EI ;enable CPU Interrupts

First pass.
Second pass

Assewbling file "Ex01068_l_sol.mc8"

-> Code assembled and loaded with success!

Line: 1 Col: 1

CAPS

INS MNUM

DITEN - University of




Deeds: the d-

File Edit Project

Emulation Options View Help

Board | Editor Debugger |

v = oowm

Step  Animate Run  Fause

|
H
Owver

o | Clookers Lon
Animation Speed U Patiat: [ 2771 1

Reset

Int

— Registers
B 7 o
A 00OQUOLO

Bix T 0 IFF

[ Fooxox00o | o

B oooQouoo0

[0 | 00000000 [e |

D 20Quuod0

Hoovoooood

C
[z | Evovogooo [6 |
L

Bir 15

[or | 20000000 [r |
L I

IX 20000000 00000000 [0000 |

d with the

IY 20000000 00000000 |0000

ind

SP 90000900909 9900002Q0Q IFFFB |PC|I:I:I.21:| v”

— Memory

addr(+o|+1|+2|+a|+a|+s|+6|+7 |+a|+o |+alsa|+c]nlizl+E]| -

8000/10 00 00 00 00 F4 F4
8010 F4 F4 F4 F4 F4 F4 F4
8020|F4 |F4 |F4 |F4 |F4 |[F4 |F4
8030|F4 |F4 |[F4 |F4 |F4 |[F4 F4
8040 F1 F1 |F1 |F1 Fl Fl1 |F1

8050 |F1 |F1 |F1 |F1 |Fl |F1 |F1
anen ™ T T T T e

Fq
Fq
Fq
Fq
Fl

F1
w1

F4q F4 |F4 |F4
F4 |F4 |F4 F4
F4 |F4 |F4 |F4
F4q F4 |F4 |F4
F1|Fl1|Fl|Fl

F1|F1|Fl|F1
LR eI S

7FEQ |FF |FF |FF |FF |FF |FF |FF |FF |FF |FF |FF |FF |FF |FF |FF |FF
7FF0|FF |FF |FF |FF |FF |FF |FF |FF |FF |FF |FF |FF |FF |FF |[FF |FF

F4q |F4 |F4 |F4
F4 |F4 |F4 F4
F4 |F4 |F4 |F4
F4q F4 |F4 |F4
F1|F1|Fl|Fl

F1|Fl1|Fl|F1
LTS

g <[l
struction is executed e e
jainst a preventive control of | w | ; — - ol e [
eligibility of aII_the contour 0 I3 0000000 e | 021 IC00000000 [ ||| [o1zs cs RET
parameters (valid program ©1 IB00000000 [ | 09 ID 90000000 [ || || R e S LRy
counter va'lu_e’ Valld memory —ouT 0130 CD36e01 CALL TX_TO ;the TX »
ggﬁ{gﬁ?é Vaéiqdrggr::%r;jydress = 5“3 97)9)9)9)9)9)9);) IFJ — (;“C ;)9)9)9)9)9)9.’;) IF| 0133 |F1 EXIT POP AF ;restore
: Vall , 0134 FB EI ;re-enabl
1 1 01 OB owoooo®oo 031 OD oo 0w w00 0135 C9 RET ;return t
attempt to write outside of =] Joo] || ase o e czetam 1
RAM space, and so on) “Info 0137 (cs pusH 8¢
° User can Setup one or more 012Dh] User Break-Point encountered 0138 3A0080 LD A, (TX_TIME) ;Bit Time
breakpoints, useful to halt the e Toaoom o i oA
execution in order to verify 013F C2A601 JP  NZ,EXIT_TX |jexit TX _

intermediate results

maam aman

<lad

- -

. mmm————

Address = 7FEEh

| cAPS [ INS | NUM |

DITEN - University of Genoa — Italy




The micro-computer as d-EC

13 Digital Circuit Simulator - [Ex01068_1_sol. pbs]

> USer program

File Edt View Tools Circut Simulation Options Help

DER& |+ 20 Q] |w ¢&E(C (&0 T > N

B8R BE &R

BE R DD BE0 R
; |

-

s [

bk SiPos

Q7

b

3

TTTTTTTT

InIEerr_upt © 76543210 1D 76543210
ogic & Ic I 0 I Syne 08
D Pr Q@ l%l ?_
: Low P 3 Data P %——'
s a0 ata Frocessor
1 SIGNAL - ¢ Qe g L (OMC Mcrocomputer) P|ocfa—
: m T D-pet g [2eurrent instruction> ] g —
: Low =] =
. —&J| 1B wD |08
1| 00011010 =
- t — | owes M=
! 3 (cpu)| | Control Logic 9
2 —
ilale Slocli——
5 ROM RAM &
g 32kB 32k8 vl
RESET % r_A-j Firmware: "Ex01068_1_sol.meB" weloa
“l il
Iﬂl‘ | Reset o ImASs
———int |—| oA | [_l os | CkOut [—8

&

Data Processor |

It}

wA 76543210 wB 76543210 Rsow

?

E=

3

Ll

&‘I

Demultiplexers

A4

.
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sters,
e
ring
n of a digital
that embeds one
ore micro-computer

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

1]

F Processor I
|

D a ato D1068 ol. pb L]
File Edit View Tools Circuit Simulation Options Help
pata Processor [Ex01068_1_sol.mcE B C|%|fo i Tl | M
B 7 o . [DMQEB]1 o IFF |ﬂ“:][?3l*?.
A 0vooooow [T | Foux0x000 | @ = a
B 00000000 [F | C 00000000 [F | 1
SRR LOESE D 00000000 [T | E 0vooooon [o | a7 o
manlrolnlahd H 29oovoow [o | L ovooooon [0 |
Bir 15 7 o
OOCOFFEF FF FYl I¥ 00000000 woo0o0on [ |
00DO FF FF FF F
00EQ FF FF FF FH IY 00000000 00000000 I“Wﬁ |
O0F0 FF FF FE FH gp Q0000000 00000000 [ | PC [o1aC v’ ! 8 99997979
e 5 T 76543210 © 76543210
0110 Logic l c | o | Smepe =
0120 _ i = 5
[ D PFr@ 0 ob——
0130 J_ ol 1 ) —
0140 : Low = = 3l Data Processor oolB——
0150 | SIGNAL = ' Qo Fd > (DMC2 Mcrocomputer) Ly §_
! D-pet g [013Ch: RR_C | ) —
1) ) o] JEJ = =
i |coo11010 = =q B wb [oa
: . DMCS
F" (cpu)| | Control Logic q 1
Data Processor [Ex01068_1_sol.mc8] 2 )| E—
3 5 3 S——
Instruction Step ¥ | Executable Object Code (DMCE) g’A<> G - °°°g—
Addr [0p Code |Label |Tstruction |conment A g 32kB 32kB g
0134 3C | INC A sinfact. .. [ Ej Firmware: "Ex01068_1_sol.mc3" we e
0135 3D ‘LooP DEC A J& -~
0136 CA4501 3P 2z,DECODED i s > G
0133 37 SCF 3 L dm [0 | 9% | coule
e S g wéa 76543210 wga 76543210 RsOuw

0140 CELB E

0142 C33501 LOOP _ ‘
M1AC DO MTCATT™ A O B L dnl‘
| 2]
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Deeds, as support to traditional teaching, has been extensively
used In our Institution by thousands of students of the first and
second year of all the information engineering curricula.

This practice has been very successful, as demonstrated over
the years by the evaluation procedures.

Several colleagues from European universities have adopted
Deeds In their teaching.

Deeds is available free of charge to all interested parties

DITEN - University of Genoa — Italy
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* Asynchronous Serial Receiver |

| RX Baud Rate Generator |
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e The Deeds “FPGA extension” combines the pedagogical value
and existing material of Deeds with the innovation represented by
the FPGA

o It allows students to compile a project into an FPGA chip starting
from Deeds, leaving in the background the operations performed
by the FPGA-specific development software.

e Our purpose is not to simplify FPGA programming via high-level
synthesis languages, but to allow a direct implementation on FPGA
of Deeds projects

@ DITEN - University of Genoa - Italy 30



The “FPGA exter

1 on FPGA may be composed of:
guential components from Deeds library;
nes;

pcomputers.
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 The FPGA extension module has been integrated with the
d-DcS tool, where two new commands are available:

— The “Export in VHDL” command converts into VHDL
conversion the digital system currently opened in the Deeds
schematic editor

— The “Test on FPGA” configures VHDL conversion for a
particular FPGA development board, generating all the specific
“Project Files”
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 All library components, FSM and Microcomputers are
exported in behavioral VHDL code.

e The top level schematic is compiled in structural VHDL.

e The VHDL code produced is quite general, not specific for
a particular FPGA implementation.

« At the end of the conversion, the VHDL files are presented
to the user through a dedicated dialog window
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“Export in VHDL" con

R¥Xcontrol. vhd TxControl.vhd | Components.vhd

DMC8.vhd | Data_Processor.vhd Rix_Micro_Tx_Test_02.vhd
LIBRARY ieee; -~
USE ieee.std_logic_1164.ALL;

USE ieee.numeric std.all; DI

ENTITY Rx Micro_Tx Test_ 02 IS
PORT (

inRESET: std_logic;

iDP_CK: IN std_legic;
iTX_CK: IN std_legic;
iLINE_IN: IN std_legic;
iKey: IN std_logic_vector( 7 downto 0 );
iRX_CK: IN std_legic;

oLINE_OUT: std_logic;
oBUSY: OUT std_logic;

oD_OUT: OUT std_logic_vector( 7 downto 0 );
oD_IN: OUT std_logic_vector( 7 downto 0 )

)i
END Rx_Micro_Tx_Test_02;

< |

Messages:

|ar|ty can export, edit

(Info) | --- "Compconents.vhd" file saved (a backup copy has been created). -
C nd re-use the generated (Info) | === "DMC8.vhd" file saved (a backup copy has been created).

(Info) |--- "Data_Processor.vhd"” file saved (a backup copy has been created). @

(Info) |=== "Rx_Micro_Tx_Test_0Z.vhd" file saved (a backup copy has been created). .

code in a professional
design tool of their choice

< | m ]

|% Project Folder. [D:\Donze Paper W20 12REV012Fgrel [ ome | v |

VHDL Subfolder: | D:\Donzie\Paper\A2012\REV2012\Figure \R
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The “Test on FPGA”™ command specializes the VHDL conversion for a
particular FPGA development board.

Selecting a particular FPGA board, the user selects also the specific
FPGA professional tool to be used.

The VHDL code conversion is executed with the same criteria described
for the “Export in VHDL” command, but the top level VHDL code is
generated according to the particular FPGA board features and
connections.

The conversion process generates not only the VHDL files from the
current project, but also all the “Project Files” needed by the FPGA
professional tool.
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At the end of the conversion, all the Projects and VHDL files are ready to
be opened directly in the specific FPGA professional tool

By default, the students interaction with the FPGA tool can be reduced to a
minimum: beginners students need only to compile the project and then
download it to the FPGA board

Advanced students, instead, can start from here to experiment the
possibilities offered by the FPGA tool, and practicing with changes in
VHDL code, adding functionalities, etc.

All the “Test on FPGA” command operations are defined by the students
using the “Test On FPGA Expert Window”
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e The user interact with all

the “Test on FPGA”
processes by means of

this multi-page window

» The first page contains
the “Expert” that allows
to define all the needed

parameters
e Here the user can:

— Target the conversionto a

— Make all the associations

&

particular FPGA board

between the input and
output of the schematic
and the FPGA board
devices and resources.

st on P68 e Ve e =
“‘(“”";." FPGA Board / Brand Deeds Project Folder [D'\Dﬁnzie\Paper\AZD'\2\F(EV201 2\Figure’
(S} [Atera Comporation "DE2” (Quartus® 1l Software) _-] FPGA Project Subfolder: [ D:\Donzie\Paper\A2012\REV2012\Figure\Rx_Micio_Tx_Test_02_AlteraDE2 =1
foputs ID“{D“M DE2 board - Altera Corporation / TerAsic B o ORI}
B8 ResET
On Board Input Devices: On Board Output Devices:
@ Clock of ["Data Processor")
@I = Switch: | ——— =1 || LEDRed  |—
e PushButton: [ —— | [———— | || LED(Gieen)  [——
B UNE_IN el =
@ Key OnBoard Clock Resources: ~~|[|[|  Deplapbes | -]
RX_CK = Clock Generator Frequency: [ 200Kz ] ||| Displey (DualHex) | omemes |
Clock M Enabled by: | Sw[17] ["__] —
- = Clock Pulses: [ITZI0EN Led:[ LEDR[1
[ Asynchronous Serial Rece " ||| " A=
On Board In/Out Con

Altera 90mm
FPGA with 3

g|T111111111111
al C

Select an Input/Dutput Element... RN

Board Assignments | Project Files

%

Assignment Summary | [ Generate Prorect | ‘ Close |
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The user selects one of the available
FPGA boards: the choice is associated
to the specific FPGA professional tool

The board photo is displayed in the
same window, to allow device
highlighting of user associations

In the present release of Deeds
(v.1.60), we started with the support
of the following board models: DE1,
DE?2 and DE2-115 by Terasic, based
on Altera Corporation chips

The FPGA extension has been
already designed to extend support,
from the next major release of Deeds,
also to Xilinx boards and devices

&

'Test On FPGA (Project: "Rx_Micro_Tx_Test_02.pbs") I

Deeds Project Fc
_~| FPGA Project Su

A LIRS
A FPGA Board / Brand:
FPGA ]AItetaCorporalion "DE2" (Quartus® Il Software)

........ = e T T 1 I T ———
Inputs | cAlteia Cor oratlon L;JE1 ?ualtus® Il Soltware

@ IRE Allela Corporallon 'DE2-115" [Qualtus® Il Software]

g On Board Input
@ Clock of ("Data Processor"')

0 Switch:
TX_CK

T = Push Buttor
LINE_IN
& Key On Board Clock
F==T T =
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Inputs l Outputs |

¥ IRESET
@J Clock of ["Data Processor')
[ %_cx
LINE_IN
J Key
RX_CK
RX MSF G ., * .-
Controller ':’i'.L_ LD3 PO
e o T8
| o — 1
= | [ SIITE
N
P —
T | |5 T
< I:\t (3 1
':'—E'; >ch 3
= Chb—a RX Interrug
Opet Logic
F [ E
£ m 13
Select an Input/Output Element... Q Q

Board &ssignments | Project Files |

* The user selects each Input or Output

termination included in the Deeds
schematic with the aim of to associate it to
a on-board device or resource

The selection can be done in two ways:
selecting the signal in the Input or Output
lists, or with a click on the schematic

When an Input or Output component of the
Deeds schematic has been selected, on the
opposed part of the window the compatible
board devices became available and
selectable (see next slide)
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» For each Input or Output component
of the Deeds schematic, the
compatible board devices became
selectable

* In this example, a Clock Resource has
been selected, on the board, assigning
to it a frequency of 200KHz

e The graphical highlighting of the
objects visible in the board image will
help in this process

» Typical available devices are:
switches, push buttons, LEDs, hex
displays, and on-board connectors

Undo/Redo commands are provided

&

DE2 board - Altera Corporation / TerAsic

@t.

On Board Input Devices:

Switch: [ ———— =]
Push Button;: | - Bl =

On Board Output Devices:

On Board Clock Resources:

=) Clock Generator Frequency: | 200 KHz - I
Enabled by:| sSw[17] - |

Clock Pulses:| Key[03] ~| Led:| LEDR[17] ~|

Slow Clock Mode

On Board In/0ut Connectors:

Exp. Header 0: | ——memreeeeeee e |

Exp. Header 1: | ———emee oo |
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* The VHDL converter provides automatically for additional components to scale
down clock freguencies, starting from the on-board native clock oscillators

» For a clock resource, we can optionally set the Slow Clock Mode. When set, this
option allows to slow down the clock, at run time, simply by turning on a switch

On Board Clock Resources:

* In this example, an on-board
clock resource of 200 KHz has
been set

=) Clock Generator Frequency: | 200 KHz

Slow Clock Mode Enabled by: | Sw[17] I -

Clock Pulses:l Key[03] _vJ Led:[ LEDR[ _v_l

» Also the Slow Clock Mode has
been set, defining:

— Sw[17] as “enabling switch”
=T — LedR[17] as clock Led

et ‘ @Ef_____,._ ERAR — Key[03] button as clock Pulser.
SEEEE NSRS« Ifenabled by Sw[17], pushing

.l | the button Key[03] will generate

manually one clock pulse
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 The VHDL converter provides automatically for additional components to
debug program execution, if the Step by Step Mode has been preset

* The Step by Step Mode is activated, at run time, simply by turning on a switch

S e * In this example, a clock of 10
= Clock Generator Frequency: S lly sradd -

e A M_Hz has been set for the

Instuction Step:| Key[9d =] LeckTEDRTi8] <] microcomputer
R TR @I - The Step by Step Mode has
- " s el been set, defining:

— Sw[16] as “enabling switch”

— LedR[16] as clock Led

— Key[02] button as instruction

|||||||

mnmm

W Stepper
11 L 181NN E ﬂu T ' _ i« If enabled by Sw[16], pressing
1Ll 4:, ge slsPERERRY  the push button Key[02], it will

execute the next instruction
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e |f an alphanumerical display is
available on the FPGA board, it
can be used for microcomputer
debugging

* When the Step by Step Mode is
activated, the debugger will
update the processor status on
the display, after the execution
of each instruction

» The display has only two rows:
pages are continuously rotated
to show all registers contents.

PC=0105 A=3B
BC=28003 DE=0003
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 Test On FPGA (Project: “Rx_Micro_T:

P FPGA Board / Brand:

Deeds Project Folder: | D:\Donzie\Paper\&.2012\REV201 2\Figure\

i

SRk | Altera Corporation "DE2" (Quartus® Il Software)

Ricontiolvhd | [B T«Cortiolvhd | B Componertsvhd| [ DMC8vhd| B Data Processorvhd B Ry Micro_Tx Test 02.vhd |

| FPGA Project Subfolder: | D:\Donzie\Paper\4201 2REV201 2\Figure\Rx_Micro, gl

ENTITY Rx Micro Tx Test_02 IS
PORT (

iCLOCK_SO0MHz: IN std_legic;

--> DIN_NZ

- > Clocks:

-=> "Clk_Data_ Processor"™ Clock: 10 MHz (Sw[l16], LEDR([1€], Key[02] for

==> "iTX CK" Clock: 500 KHz
-=> "iRX CK" Clock: 200 KHz (Sw([17], LEDR[17], Key[03] for Slow Clecck
- > Inputs:
inRESET: IN std_leogic; -=> PIN_G2&é, Push Button: Key([00] Low (if pressed)
iLINE_IN: IN std_legic; --> PIN_N25, Switch: Sw[00]
iKey 07: IN std_legic; ==> PIN_Bl3, Switch: Sw[08]
iKey 06: IN std_legic; --> PIN_C13, Switch: Sw[07]
iKey_ 05: IN std_logic; ==> PIN_AC13, Switch: Sw[0€]
iKey 04: IN std_legic; -=> PIN_AD13, Switch: Sw[05]
iKey 03: IN std_logic; ==> PIN_AFl4, Switch: Sw[04]
iKey 02: IN std_legic; ==> PIN_AF14, Switch: Sw(03)
iKey 01: IN std_leogic; -=> PIN_P25, Switch: Sw[02]
iKey_ 00: std_legic; ==> PIN_N26, Switch: Sw[01]

oLINE_OUT:
oBUSY:

OUT std_logic;
OUT std_legic;

--> PIN_AEZZ,

--> PIN_YiE,

Green Led: LEDG([00]
Green Led: LEDG[07]

<

m

-~

(

Messages:

{Info)

4

Board Assignments  Project Files

(Info) All files saved! VHDL conversion ended (22:43:47, 13/06/2012)

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

%

ﬁe;:agei\ﬁli?naow

Modify Assignment

Test On FPGA

* The generated VHDL code
IS specialized for the selected
board, and compliant to the
user-defined associations

e The top level Entity
definition is more complex
that the one generated by the
“Export VHDL” command

o |t declares unused inputs and
outputs of the board, or
modifies those inputs or
outputs that require some
adaptation because not
Immediately available
(i.e. decoded hex displays).
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Deeds Project Folder: | D:\DonzieYPaper'8.2012\REV2012\Figure',

3 FPGA Project Subfolder: [ D:\Donzie\Paper\t.2012\REV201 2\Figure\Rx_Mir EI

ENTITY Rx _Micro

PORT(

)_Tx_Test_01 IS

iCLOCK_SO0MHz: IN std legic; -

=> Clocks:

Ok FRGA Board: | Altera Corporation DE2" (Quartus® II Software)

— jFF’GA Deeds Project: | Rx_Micro_Tx_Test_01, in: | D:\Donzie\Paper\A20 12\REV2012\Figure\

(Info) All

\l) All project files saved, VHDL and project files construction ended!

FPGA Project: | Rx_Micro_Tx_Test_01. in: | D:\Donzie\Paper\A20 12\REV2012Figure \Rx_Micro_Tx _Tes

ﬁ

Launch Quartus® II Software

(Info) **++

=
|

e The VHDL generator is in
charge of building also the
Project Files needed by the
FPGA specific software.

» All the associations between
the schematic and the board
devices are coded in the
Project Files, defining all
FPGA pins and board
connections

* The user is prompted to
launch the FPGA specific
software (Altera Quartus 11,
In the example aside)
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Using the FP

Fie Edt

View Project Assignments Processng Tools Window Hep &

DEEHG & % B® © o  [RxMooTxTest 0L

Y s B8 G

waq | @ RXcontrol.vhd

»,
iy
] \ 4 Rx_Mcro_Tx_Tew B8

| « The user has launched the
FPGA specific software

we RXcontrol.vhd e . A o B
== DEEDS (Digital Electronics Education and 'gn Suite)
b F) )
o DMC8.vhd -~ Copyright(c)2002-2012 DIBE, University of Ge:
i Data_Processor.vhd

pe Fhrvrranans oD ==® 4 | (Altera Quartus 1, in this
wio TxControl.vhd ‘ -~ VHDL Code generated on (26/06/2012, 10:30:36
e Componeniaod T ver 2.c000 ey g zom o 2
oy
s Web Site: http://www.esng.dibe.unige.it/deeds .
B oo T s  All the VHDL files are
ready to be compiled (1)

== Code compiled for: "DEZ Board" by Altera Corporation
—- Chip FPGA: Altera Cyclone(r) II EP2C35F€72Cé&
—- Proprietary EDA Tool: Quartus(r) II (Ver > 11.0)

B
WM OWON OB 0N

B - me et
[ 98 x|
=) e ]
- = * The user needs only to

LIBRARY ieee;
USE ieee.std_logic_1164.ALL;
USE ieee.numeric_std.all;

e
" &

Flow: |Complation

4 P Compile Design
4 P Analysis & Synthesis £

EIENTITY Rx_Micro_Tx_Test_01 IS
E PORT(

activate compilation (2)
and, finally, to download
the project binaries into
c the FPGA board (3),
ready to be tested

! \ Processing /\_Extra Info J\ Info_J\ Warning /\_Griticsl Warning J/\_Error_J\_Suppressed J\_Fisa J
_Memge. t & Location:

) edit Settings iCLOCK_SOMHz: IN std logic; --> PIN_N2
BB view Report I | =] --> "iTX CK" Clock: S00 KiHz
-—> "iRX CK" Clock: 200 KHz
P Analysis & Elaboratior = >
. 2 Partition Merge inRESET: IN std_logic; --> PIN_G26, Push Button: Key[00] Low (if pressed)
4 E3 Nethist H Clk_Data_Processor: IN std_logie;
AiLINE_IN: IN std_ 1 ==> PIN_NZS,
Q RTL viewer iKey 07: N s gic; --> PIN_B13,
iKey 06: IN std_logic; --> PIN_C13,

Switch: Sw([00]
Switch: Sw([08]
Switch: Sw([07]

egic;

lni Coli VHDL File
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e The user, after the
download of the
programming files into
the FPGA, is ready to
test the functionality of

&' the project

¥’ e« The FPGA board has

" become the system that

the user has designed!
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e On December 2010 we started the experimentation in the lab sessions. The
laboratory had been equipped with 25 workstations, composed by a PC with
Altera’s Quartus® Il and a DE2 board. Each station hosted two students.

* Preliminary experiments before the release of the FPGA extension were based
on the development of a FSM, exported by Deeds as a VHDL file. Two lab
sessions were executed by approximately 250 students (2 hours X 2 sessions X
250 students = 1000 lab hours total).

* In the following academic year (2011-12), using the beta version of the FPGA
extension, we ran two lab sessions, consisting in FSM design assignments,
executed by approximately 200 students (1200 lab hours total).
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* In May 2012, release 1.60 allowed to download in the FPGA also the DMCS8
processor. \We exploited this feature by adding a new lab with a simple
embedded system.

 In the current academic year 2012-13, using the release 1.71 (with a new
component library), three lab experiments have been executed by 90 students.

 In the second semester we plan to deliver three new labs using the DMCS as
embedded processor.
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The technical aspects of the labs were almost flawless: no problems with
the compilation of the files and the operation of the DE2 boards.

Students learned the operating procedures much quicker than we
expected and were generally able to perform successfully the
experiments.

The most visible result of the labs was the very high level of acceptance
by students.

The number of lab attendees has increased noticeably and their interest
has definitely been stronger than with the existing simulation-based labs.
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* The FPGA extension opens to Deeds the possibility to
export and test project on FPGA boards

o Familiarity with FPGA and the professional FPGA software
IS not required.

* The FPGA extension focuses students’ attention on the
essential steps of the design: they can see the result of their
work immediately, starting from the first laboratory sessions
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* FPGA extension provides a new life to the large amount of
simulation-based Deeds learning materials, by re-targeting
them toward FPGA.

 FPGA extension ensures continuity between the classic,
schematic entry based education and the new approach with
HDL and FPGA.

« All Deeds projects (in English and Italian) are available at:
 http://www.esng.dibe.unige.it/deeds/LearningMaterials

* FPGA projects are indexed here:
o http://www.esng.dibe.unige.it/deeds/FPGA
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We thank Altera Corporation
for the generous donation of the
DE2 development boards that
have made possible an
extensive experimentation in
the lab.

“The Deeds of Gallant Knights”
This image from a picture of G. David, XVI Century
Paris, Musee de ' Armee
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