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Introducao

* Avanco dos semicondutores;

» Diferentes tecnologias;

 Possibilidade de um teste real.




Objetivos

* Portar a M++ para um FPGA

Carregar programas;

Ler entradas e produzir saidas;

Possibilidade de extensao da arquitetura,

Material de ensino.




Fundamentacao Teorica

 Verilog;

e Quartus;

 ModelSIM.




Verilog - Modulos

module <module name> (<module terminal 1ist>);
<module internals>

endmodule




Verilog — Entradas e Saidas

module ram_decode

(
en,
addr,
data

)

input en;

input [3:0] addr;

output [7:0] data;




Verilog - wire

module and_gate

C
nl,
in2,
outl

),

input inl, inZ;

output outl,

wire and_temp;

assign and_temp = inl & in2;
assign outl = and_temp;

endmodule
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Verilog - reg

module and_gate

C .
1nl,
in2,
outl

),

input inl, in2;
output outl,
reg outl;

a1wag5 @ (inl or in2)
agin

outl = inl & in2;

end

endmodule
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Verilog - Delay

al 'I.'i'-ElES
eqgin

#0 clk = 'clk;
and




Verilog - initial

initial
begin
data = & b0O0O0000D00;
end




Verilog - always

always
egin
clk = ~clk;
end

a1wag5 @ {(varl)
egin
out = wvarl;
and

aWwaEE @ (posedge varl)
agin
out = wvarl;
end

a1wag5 @ {(varl or wvar2)
eqgin
out = varl & wvar?;

end




Verilog — Sintaxe Variavel

<tipo> [<tamanho>] <nome:;

reg [7:0] wvarl;




Verilog — Sintaxe Array

<Cipo> [<tamanho_vetor>] <nome> [<tamanho_array>];

reg [7:0] varl [0:15];
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1 moduTe mpp_tb ();

2

3 reg clk;

1 reg [7:0] in;

5

6 wire 0] out;

7 wire [41:0] out_signals;

8 wire [15:0] in_program_addr;

10 reg [7:0] instruction;

11

12 reg program_cs;

13

14 mpp ml

15 B [4

16 .clk (clk),

17 .instruction (instruction), =
18 .out_signals (out_signals), 1
19 .program_addr (in_program_addr),
20 .in (iny,

21 .out (out)

22 bH

23 ]

24 initial

25 B begin

26 clk 1°b0;

27 in = 8'b00010100;

28

29 #6000

30

31 $finish;

32 end

33 =

34 always

33 B egin

36 #10 clk = !clk;

37 end

38

39 a1wa¥s @ (out_signals)
40 B egin
41 program_cs = ~out_signals[1];
42 end
43
44 a1wa[\j/s @ (program_cs)
45 B egin
46 | if (grogramcs == 1"b0)
47 B eqgin
48 B casev‘(in_pmgram_addr‘-)
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o X =
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ModelSIM

‘Eile Edit View Compile Simulate Add Source Tools Layout Bookmarks Window Help i
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M ModelSim - INTEL FPGA STA

Bt [ o HEIDEBES WO
Y E I F - R || ayout m:’ |J ColumnLayout
& a4 L

o %-a-2a-3

___, C:fdev/FPGA/mpp/mpp_th.v (fmpp_tb) - Default =l x|
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.program addr (in_program addr),

.in {in),
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T

initial
begin

w
=]

4

32 end

34 always
35 H begin

36 #10 clk = lclkr
31 end

m

39 always @ (out_signals)

40 =] begin

41 program cs = ~out_signals[l]:
42 end

44 always @ (program cs)

45 = begin

48 if (program cs == 1'b0)

47 begin

48 = case (in_program_addr)

: instruction =
: instruction =
: imstruction =
: instruction =
: instruction =

§-] Transcript l Wave l‘l Objects Ji Processes lm Library l BE Memory List l sim | mpp_tb.v

MNow: 6 nz Delta: 0 sim:/mpp_th/#INITIAL#24 Ln: 23 Col: 0 READ . . r//
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ModelSIM

Bt dmes 5F| w0 HELEEBES WO
*+at 2.8 2| ot v H Columnlayout [211Columns
e e
G &
P P
# mpp_th

# End time: 22:20:30 on Dec 01,2018, Elapsed time: 0:00:00
# Errors: 0, Warnings: 0

=l ]

)

# vaim -t 1ps -L altera ver -L lpm ver -L sgate ver -L altera mf ver -L altera lnsim ver -L cyclonev wver -L cyclonev hsai wver -L cyclonev pcie hip wer -L rtl
_work -L work -voptargs="+acc" mpp_tb
# vsim -t lpas -L altera_ver -L lpm ver -L sgate_wver -L altera_mf wver -L altera_lnsim ver -L cyclonev_wer -L cycleonev_hsai_ver -L cyclonev_pcie_hip ver -L rtl
work -L work -voptargs=""+acc"" mpp_tb

Start time: 22:20:31 on Dec 01,2018 @

Loading work.mpp_th

Loading work.mpp

Loading work.ctrl module

Loading work.ram decode

Loading work.ram control_a

Loading work.ram control_b

Loading work.program addreaser

Loading work.inc_dec counter

Loading work.ram_storage

Loading work.reg_bank

Loading work.accumulator

Loading work.alu

add wave *

view structure

.main_pane.structure.interior.cs.body.struct

view signals

.main_pane.objects.interior.cs.body.tree

run -all
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1

# Break in Module mpp_tbk at

add dataflow aim:/mpp_th/ml/*
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I
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VSIM 33> |
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ModelSIM
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Trabalhos Correlatos

« FPGA IMPLEMENTATION OF AN 8-BIT SIMPLE
PROCESSOR;

« AVERY SIMPLE 8-BIT RISC PROCESSOR FOR
FPGA,

« DESIGN OF A GENERAL PURPOSE 8-BIT RISC
PROCESSOR FOR COMPUTER ARCHITECTURE
LEARNING.




FPGA IMPLEMENTATION OF AN 8-BIT
SIMPLE PROCESSOR
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Fonte: Ayeh et al., (2008).




A VERY SIMPLE 8-BIT RISC
PROCESSOR FOR FPGA

g [Educational] - IDEuval - H:/FPGAwWorld2006/RISCin al/Demo_FPG orid2: ' _|I:I|ﬂ
Fle Edit Process Actions Help

DNeE $BRRBY /e | ©DEHP £ 00w

x0007; inc 114 - Intemal Registers s,
0x0003: adc r15, 1D RO| 255-«FF | 255-kFF RB | J , L
0x0004: moyv (224), r14 ./
R1 5- - (xFF R9 R
0x0005: mov [++], r15 1 | 25-05F  255.-0F Address
0x0006: pop r2 R2| 255-FF | 255-O«FF  RID Stack
0x00D7:; reti A3 - R11 . 0
0x0008: mov 10, 0 <Main> | 255-0F | 255-0F F
0x0009: mov rl,1 RA| 255-:FF | 255-BFF  RI2 | < ;
0x000A: mov r14,0 :Data\
0xD00B: mov r15, 0 R5| 255-0«FF | 255-G«FF | RI3 o
0000C: el R6 [ 2s5-0F | 255-GF  RI4 | utte,
0x000D: mov 3, 0 = c
0x000E: mov rd, 16 R7| 255-nFF || 255-kFF (RIS | » =
- Id -
0x000F: mov r2,[r3] <StrCpy> 2 B &
. as || oo
0x0010: mov (rd), r2 - a8 [[om S
—Emcassa Saie £ Souce Code { Halo /
(Tessages Y Data Memory Y Ports Y Instruction Set Y Corig
Opening file "HFPGAword 2006/RISCuval/Demo_FPGAword 2006 asm’. ﬂ v 5 C Z
Trying to connect with the emulator ... I ; I § X I X
Connected and synchronized 3 PC W
Processing 'H/FPGAwond2006/RISCuval/Demo_FPGAwordd2006 asm’” ... Sp I[:'—
RISCuval Macro-Assembler v3.01
Assembler finished ok (Program = 24 words; Data = 0 bytes; Ports = 226 bytes) CLK | il
Physical processor on Resst state hd gl

Yy U
Fonte: PABLO et al., (2016). FURB
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DESIGN OF A GENERAL PURPOSE 8-BIT
RISC PROCESSOR FOR COMPUTER
ARCHITECTURE LEARNING
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Fonte: Zalava et al., (2015).




Arquitetura Atual

e M++;
« CPU hipotética;




Arguitetura Atual
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Fonte: Borges (2003).
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Requisitos Funcionais

RF1 - armazenar programa em memaria interna;
RF2 - ler programa armazenado em memoria interna;

RF3 - ler entradas acionadas pelo usuario;

RF4 - acionar saidas conforme processamento do
programa.




Requisitos Nao Funcionais

RNF1 - ser programado na linguagem de descricao de
hardware Verilog no ambiente de programacao Intel
Quartus Prime;

RNF2 - ter a funcionalidade testada e comprovada com
0 software de simulacao ModelSim*-Intel® FPGA
edition;

RNF3 - ser implementado em um kit de desenvolvimento
da Altera, com um FPGA da familia Cyclone V;

RNF4 - funcionar em um clock superior a 10KHz.




Especificacao

Microprocessador M++
Barrar_gepto_dg Dados
e e o 00 108 110 12

kb 1000000000
147] 163[ 11
Ativar Macrolnstrugao

Buffer 8bit
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TTTTTTTT
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Modulo de Controle

Bus de Dados
BTEBE4321
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ULA

Barramento Barramento
T ) I I [
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ULA - Interno

ULA 8 operagdes - 8bit

OperandoA  Operando B
0 76543210 76543210

>0 BT812345 9101123141518
[

i

LR

Jont Subtator s =128 And 8bit Or 8bit Xor 8bit Not 8bit % e
s s s s s Increment

a i 43 2 1 7 432 1 7 5 s 4 2 1 7 4 3 2 1 o
T

T T T T T T
$g s Sy s By et By e 51 s
82 8 MPX 81 52 8 MPX 81 2 8 MPX 81 52 8 MPX 31 828
5 5 s s

Seleciona Operagio
)
‘- Eo9se
12652

)
£1 Enable

=
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Enderecador da Memaoria do

Programa

Selecdo Data
e,

Médulo de enderegcamento de Meméria 16 bits

Data In

1718192021222304

7f patdn [of

=g
PCHBus

Reset ‘ [
=g
7. InputA— .0 7. Npute .0 7. InputA .0 7. Inpute .C
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T
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=0 e pC pyre | SxpC | e
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2% 27 @3
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Oo0O0000a
R
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LIRS
1 ]
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Banco de Registradores

Banco de registradores
. Input
12345678
[CAGICICIGI,
* L} * LJ * LJ
*a * *
L
| | 11 | | 11 | | |1 ] 1 | |
T.. Inputs .. 0 T.. Inputs .. 0 T.. Inputs .. 0 T.. Inputs .. 0
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Enderecador da Memaéria RAM

Barramento

I?I III [ 11 I:I
o Inputs .Y —JRzc=

—|carg= DP|R Resat [ _H' 'SP ineDec
Buffer 8bit 7. Output .
7. Outputz .0 "I'I"l
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Call Stack

i = i ™
File Help Eile Help
[ @ = [ @ E

|£‘u:|u:|ress | Caontents - |I-‘-.-:Iu:|ress | Contents -
$00FS 0o $00F3 0o

$00F3 0o t00F3 0o

$00FA, 0o FO00FA, 0o

$00FE 0o $00FE 0

$00FC 0E $00FC 0E

$00FD 0o 18 $00FD 0o il
$00FE OF LM $00FE oo N
$00FF 0o i $00FF 0o S

" Binary f* Hexadecmal

lToop:
CALL 5SUBROT,;
JMP LOOP;

SUBROT:

Az
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Implementacao - Modulo M++

ctril_module cm

.clk {clk),
Jinstruction {instruction),
.ctrl_signals {ctri_signals),
. sp_car (sp_car)

)
program_addresser pa

.ctril_signals (program_signals),

.reset (reset),

.in {bus),

Lout_Tlow (program_low) ,
> .out_high {program_high)

reg_?ank rb

.5e] {reg_bank_sel),

. &n {ctrl_signals[22]),

. load (ctril_signals[21]),

.reset  (reset),

.in {bus),
; . out (reg_bank_out)
accumulator acc
. &n (ctrl_signals[24]),
. load (ctril_signals[22]),
.reset  (reset),
.in (bus},
. out {acc_out),
; .buffer (acc_buffer)
alu al
.5e] {(alu_sel),
. &n (ctr1_51§ﬂa15[26]},
. 'in_g Ea_lcc_gu;ferg , r/
Lin_ alu_buffer),
‘flagc Glufo), .'\. =
.flag_z (alu_fz),
. {alu_out) FURB
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Modulo M++

a1wag5 @ (%)
egin
if (out_signals[0] == 1'bl)
begin
bus = instruction;
end
else if (storage_cs == 1'bl)
begin
bus = storage_data_out;
end
else if (ctril_signals[2] == 1'bl)
begin
bus = program_high;
end
else if (ctril_signals[3] == 1'bl)
begin
bus = program_Tow;
end
else if (ctri_signals[22] == 1"bl)
begin
#5
bus = reg_bank_out;
end
else if (ctri_signals[24] == 1"bl)
begin
#5
bus = acc_out;
end
else if (ctri_signals[26] == 1"bl)
begin
#5
bus = alu_out;
end
e15ebﬁfI(ctrW_5igna15[l?] — 1"'hl)
egin /’
end FURB
UNIVERSIDADE DE BLUMENAU




Modulo de Controle

a1wag5 @ (posedge ctri_a_datal[Z])
egin
decode_address[0]
decode_address[1]
decode_address[2]

instruction[0];
instruction[l];
instruction[2];

ctrl_signals[14] = instruction[2]; // REGOD
ctri_signals[15] = instruction[4]; // REGL
ctril_signals[1l] = instruction[5]; // uULAD
ctril_signals[12] = instruction[&]; // uLal
ctri_signals[12] = instruction[7]; // uULAZ

end

V=
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Modulo de Controle

a1wag5 @ (posedge clk)
egin
/4 Instruction buffer reset.
it {(ctrl_a_data[0] == 1 bl)

begin
ctri_addr = 8" b0O0O000000;
end
else
begin
ctrl_addr <= decode_req;
end

end




Modulo de Controle

always @ {(decode_data or ctrl_addr)
egin
#5
if (ctril_a_datal[4] == 1'b0)
begin
decode_reqg = incr_result;
end
else
begin
decode_req = decode_data;
end
end




Modulo de Controle

nor wul (pclh_condition, ctril_a_datal[l], ctril_a_datal[Z]);

a1wag5 @ (ctrl_a_data or ctri_b_data)
egin
/4 4th address decoder signal.
decode_address[2] = ctrl_a_datal[5];

// control signals.

ctrl_signals[0] ctrl_a_datals
ctrl_signals[1] ctril_a_datal7?
ctrl_signals[Z] ctrl_a_datal[s
ctri_signals[3] ctrl_a_datal[92

1; // roMmrd
1:; // ROMcCs
1: // pcHbus
1: // pcLbus

S/ PCHcar

if (ctrl_a_data[l0] == 1°'bl & pclh_condition
begin

ctri_signals[4]

1"hb1)
1'bl;

end
else
begin
ctri_signals[4]

1'bi;
end

S/ PCLcar

if (ctrl_a_data[ll] == 1'bl & pclh_condition
begin

ctri_signals[5]

1"hb1)
1'bl;

and
else
begin

ctri_signals[5] 1'bi;

end
'/ Reception of all other signals hidden.
#5 // signals that have to wait to avoid race condition.

ctri_signals[&6] = ctril_a_data[l2]; // selDataPcC

=
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ULA

a1wags @ (™)
egin
if (en == 1'bl)
begin (sel)
case (se

"b000: out
"b001: out
"b010: out
"b011: out

W W W

"b100: out
"b101: out
"b110: out
"b111: out
endcase
end
else
begin
out = 8' bzzzzzzzz;
end

W www

end

in_a
in_a
in_a
in_a

-0 | +

in_a A
'in_b;
in_b;

in_b +

in_b;
in_b;
in_b;
in_b;

in_b;

o
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Enderecador da Memoria do
Programa

Iy Assigns.
assign incr_result = incr_input + 1;
S Always.
a1wags @ (ctri_signals)
eqin
// selection (SelpataPC).
if (ctril_signals[0] == 1'b0)
begin
mid_low[0] = incr_result[0];
mid_low[1l] = incr_result[1];
mid_low[2] = incr_result[2];
mid_low[2] = incr_result[2];
mid_low[4] = incr_result[4];
mid_low[5] = incr_result[5];
mid_low[6] = incr_result[a];
mid_low[7] = incr_result[7];
mid_high[0] = incr_result[&];
mid_high[1l] = incr_result[9];
mid_high[2] = incr_result[10];
mid_high[Z] = incr_result[11];
mid_high[4] = incr_result[12];
mid_high[5] = incr_result[13];
mid_high[e] = incr_result[14];
mid_high[7] = incr_result[15];
end
else
begin
mid_low[0] = in[0];
mid_low[1] = in[1];
mid_low[2] = in[2];
mid_low[Z] = in[3];
mid_Tlow[4] = in[4];
mid_low[5] = in[5];
mid_low[6] = in[&];
mid_low[7] = in[7];
mid_high[0] = in[0];
mid_high[1] = in[1];
mid_high[2] = in[2];
mid_high[3] = in[3];
[4] = 41;
[5] = in[5]; I.r/
[6] = 1; lll-;‘c:::ll
7] - nl7] FURB
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Enderecador da Memoria do

rama

Prog

a1wag5 @ (ctri_signals)
egin
S Clock L (PCLcar).
if (ctrl_signals[z] ==
begin
out_low = mid_

incr_input
incr_input
incr_input
incr_input

incr_input
incr_input
incr_input
incr_input

end
prev_pcl_state = ctr]

J/ Clock H (PCHcar).
if (ctrl_signals[l] =

begin
out_Tow = mi

incr_input
incr_input
incr_input
incr_input
incr_input
incr_input
incr_input
incr_input

and

prev_pch_state = ctr]
end

= 1"hl & prev_pcl_state == 1 b0}
Tow;

out_Tlow
out_Tlow
out_Tlow
out_Tlow

out_Tlow
out_Tlow
out_Tlow
out_Tlow

_signals[2];

1°bl & prev_pch_state == 1'b0)

_Tow;

I mn
]
=
+
o
-
L]

_signals[1];
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Banco de Registradores

reg [7:0] regs [0:3];

integer 1;
initial
begin
out = 8 b0000000O0;
for (i =0; 1 <4; 1 =1 + 1)
begin _
regs[i] = & b0000O00O0O;
end

end




Banco de Registradores

a1wag5 @ {sel or en or load or reset)
agin

it (en == 1°bl)
begin
out = regs[sel];
end
it (load == 1'b1)
begin
regs[sel] = in;
end
if {(reset == 1'hbl)
begin
for (i =0; 1 «<4; 1 =1+ 1)
begin
regs[i] = &' b00000O0O0;
and
end

end

V=
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Enderecador da Memadria RAM

initial
begin
out = 8" b00000000;
end

a1wag5 @ (posedge set)
egin

if {(reset == 1'bl)
begin
out = 8 b0000000O0;
end
else if {(ctrl == 1'h0)
begin
out = out + 1;
end
else if (ctrl == 1'bl)
begin
out = out - 1;
end

end




Enderecador da Memoria RAM

a1wag5 @ (ctrl_signals)
egin

storage_rw = ctril_signals[20]; // rRamrd
// DIR buffer.
if (ctri_signals[7] == 1'bl)
begin
dir_sp_buffer = bus;
end
// sel sp MUX.
if (ctrl_signals[10] == 1'b0)
begin
storage_addr = dir_sp_buffer;
end
else
begin
g storage_addr = storage_signals;
en

if (ctrl_signals[l6] == 1'bl)
begin
out == bus;

end
#5
storage_cs = ctril_signals[1l&]; // RaMcs
#10 ./
storage_cs = 0; // RAMCS w r
arnd _— /
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Memorias ROM

module ram_decode

en,
addr,
data
3
input en;

input [2:0] addr;
output [7:0] data;
reg [7:0] data;

initial
begin
data = & 'b0000000O0;
end

a1wags @ (addr)
egin

if (en

begin (addr)

case (addr

1'b0)

endcase
end
end

endmodule

"b0OO0O:
"b0O00L:
"b0O010:
"bOO11:

"b0100:
"b0101:
"b0110:
"bO111:

"b1000:
"b10O01:
"b1010:
"b1011:

"b1100:
"b1101:
"bl110:
"b1111:

data
data
data
data

data
data
data
data

data
data
data
data

data
data
data
data

nnnn
[ilwalosleil

[eilwaleilesl

(el lusl

£ Co 0o 0

'bO0O00O0011;
"b00001000;
'bO0001101;
'b00010100;

'b0O0011001;
"b0O0011110;
"b00100101;
'b00101010;

'b00101100;
'b00110001;
"b00110110;
'b00111101;

"b01000110;
'b01010000;
"b01011001;
"b01101100;

Az
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Memorias ROM

a1wag5 @ (program_cs)
egin
if (EFDQF&M_ES == 1"h0)
egin
case (in_program_addr)
"hoo00: Instruction = "hi7;
"hoo0l: dinstruction = "hC0;
"hoo02: dinstruction = "h55;
"hOO03: dinstruction = "hi7;
"hooo4: dinstruction = "hil;
"hOO05: instruction = "h&6;
"hDO06: instruction = "h07;
"hOOO7: instruction = "hi6;
"hOOO08: instruction = "h00;
"ho009: dinstruction = "hOE;
"ho00A: instruction = "hi7;
"hOO0OB: instruction = "hi3;
"hoOOC: instruction = "h00;
"ho00D: instruction = "h00;
"hOOOE: instruction = "hi4;
"hOOOF: instruction = "hi7;
"ho010: dinstruction = "hi7;
endcase
end
end
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Bloco de Estimulo

module mpp_th (J);

reg clk;
reg [7:0] in;

wire [7:0] out;

wire [4:0] out_signals;

wire [15:0] in_program_addr;
reg [7:0] instruction;

req program_cs;

mpp ml
.Clk (clk),
instruction {(instruction),
.out_signals (out_signals),
.program_addr (in_program_addr),
Lin {(in),
) . out {out)
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Bloco de Estimulo

initial
begin
clk = 1 b0;
in = 8 b00010100;

#0000

$finish;
end




Bloco de Estimulo

a1wag5
egin

#10 clk = 'clk;

end

a1wag5 @ (out_signals)
egin
program_cs = ~out_signals[1];
end

a1wag5 @ (program_cs)
egin
if (Erﬂgram_ES == 1"h0)
egin
case (in_ prngram_addr}

"hOODD: Instruction = "hi7;
"hooO1: instruction = "hco;
"hOODZ2: instruction = "h35;
"hOOD3: instruction = "hi7;
"hooo4: instruction = 'hCL;
"hOO05: instruction = "h&o;
"hOOD6: instruction = "hi7;
"hOOD7: instruction = "hoe&;
"hOO08: instruction = "hoo;
"hO009: instruction = "hOE;
"hoOOA: instruction = "ho7;

"hOODE: instruction = 'hDE,
"hOODC : instruction = "hoo;
"hOOOD: instruction = "hoo;
"hOODE: instruction = "ho4;
"hOOOF: instruction = "hi7;
"hOO10: instruction = "ho7;

ond endcase :!r((/—_
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Operacionalidade da
Implementacao

Toop:

MOV 55,A:
MOV 66 ,B:
ADD B,A:
MOV A,B:
MOV A,OUTL:
CALL MOVE;
JMP LOOP;

MOVE :
RET:




Operacionalidade da
Implementacgao
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File Edit View Compile Simulate Add Wave Tgols Layout Bookmarks Window Help

B-s@-8 1RO || xox m

ol E®N T F

HEN]

>

Gl dme (EF[ oo ELENEN G B T

! <% ‘!‘ "t‘-? Igl Layout |Sigmlate 1‘ H ColumnLayout |71 ﬂ H -l R - 5]
LI INCENE B

CECYRT

M Wave - Default

L]

-4 mpp_th/mfcm/ctl_signsls
4 jmpp_thfm1fcm/fcs

o e [ |

B-* /mpp_th/m1ijcm/decode_addr... |3

B-* jmpp_tb/m1/cm/decode_reg
- jmpp_thjm1/am/ctrl_addr
4. jmpp_thjm1fcm/pch_condition
B-*  jmpp_thjm1fcm/decode_data
B /mpp_th/m1/cm/ctr_a_data
B4 fmpp_th/m1fcm/cirl_b_data
B fmpp_tbjmifamfincr_result
£ jmpp_thjm1fpajreset
£ jmpp_th/m1/pa/ctrl_signals
£ jmpp_thjmifpafin
£-“.. fmpp_tbjm1/pajout_low
B jmpp_thjm1/pa/out_high

T

N N N £ N N S S S S O -
D:):):):):):):):):):):):):):):):):):)I):):):):):):):):):):):):):):):):):):r
S D S N (1 A G S A N IS S N 63 (N S D A N S 7

]Z:)mﬂﬂﬂ:ﬁmﬂ:ﬁ:ﬂﬂ:ﬁmﬂﬂ:ﬁ:@:ﬁ:ﬂ:)
o000 | Y eooo 9 L [ Yoeoo [ [ [ Joeoo [ [ ¥ Jooe0 | ]
i N D D A N G S A N N I N N G 13 A 1 AN N A A 1 N N G

SC):)C)Z:):)C):C):)
@ 3 G5 Jo7 [ Yoo | [ Y[ Jeo [ | &
e [ 0

4. jmpp_th/m1/pa/prev_pd_state
#. Jmpp_th/m1/pa/prev_pch_state

B4 fmpp_tbjmzfpajmid_low
B4 Jmpp_tbjm1/pajmid_high

IE Cursor 1

1136 ps

| K [

e

{4 Transcript JM Wave J‘l Objects llﬁ Processes lﬂ]l Library l B Memory List JE sim J L mpp_tb.v

MNow: 6ns Delta: 0

fmpp_tb/m1jreset 4psto 768 ps

UNIVERSIDADE DE BLUMENAU




Comparacao Correlatos

correlatos | AYEHet | PABLO et | ZALAVA M++

al., (2008) | al., (2016) et al., FPGA
caracteristicas (2015)
fabricante Xilinx Xilinx Xilinx Altera
tecnologia FPGA FPGA FPGA FPGA
numero de mstrucoes 4 29 29 14
arquitetura Propria Harvard Harvard Harvard
set de instrugdes Proprio RISC RISC Proprio
frequéncia ~95MHz | ~40MHz | Naio inf. 90MHz
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Resultados e Discussoes

* 90MHz tedricos;
« 129 elementos logicos (<1%);
 Arquitetura funciona corretamente.




Conclusoes

* Objetivos atendidos;

* Importante para a area,;

* Prova real da arquitetura;
* Limitacoes.




Extensoes

e M+++:
 RISC;

« Otimizacao;
« Barramento de 16 bits;
* Melhorias no codigo;

* Open Source;
 Documentacao;
* Interface externa.
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