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A sequéncia de Fibonacci



A sequéncia de Fibonacci [MatslsFun.com()]

Fo=0,Fh=1,F,=Fs1+ Fpo
0,1,1,2, 3,5,8, 13, 21, 34, 55, ...

13x13

21x21




Leonardo Pisano Bogollo

e Fibonacci era seu apelido, que significa “Filho de Bonacci”.

e Seu nome verdadeiro era Leonardo Pisano Bogollo, e ele viveu entre 1170 e
1250 na ltalia.

e Além de ser famoso pela sequéncia de Fibonacci, ele ajudou a espalhar os
numerais hindu-ardbicos (como nossos nimeros atuais 0, 1, 2, 3, 4, 5, 6, 7, 8, 9)
pela Europa no lugar dos numerais romanos (I, I, Ill, IV, V, etc).

e O Dia de Fibonacci é 23 de novembro, pois possui os digitos "1, 1, 2, 3" que
fazem parte da sequéncia.



Hardware é essencialmente espacial



Uma solucao possivel
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module fibonacci(
input clk,
output [31:0] fibo);

integer a = 0, b = 1;

always@(posedge clk)

begin
a <= b;
b <= a + b;
end

assign fibo = a;
endmodule



Um problema paralelizavel

gray = (R x 0.299) + (G x 0.587) + (B x 0.114)

1 module gray(

2 input [23:0] i_rgb,

3 output [23:0] o_rgb);

4 wire [9:0] rgb;

5 assign rgb = (i_rgb[23:16] + (i_rgb[15:8]<<1) + i_rgb[7:0])>>2;
6 assign o_rgb = {rgb[7:0], rgb[7:0], rgb[7:0]};

7 endmodule

i
:

https://github.com/menotti/convert_grayscale


https://github.com/menotti/convert_grayscale

Software é essencialmente temporal
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Processador: hardware de propdésito geral

e Mdquina com instrucdes genéricas (légicas, aritméticas, etc.);

Programa escrito em linguagem de alto nivel,

Compilador traduz para a linguagem da maquina;

Sistema operacional carrega programa na memdria;

Processador busca uma instrucao de cada vez e executa.



Geracao de um executavel nativo [Borin(2021)]

int main() int func(int a)

return func (10); return a*113;

Compiler ie.g. gcc) Compiler ie.g. gce)
main: func:

1i a0, 10 1i al, 113

jal func mul a0, a0, al

ret ret

Assembler (e.g. as) Assembler (e.g. as)

01010101 01010101
10001001 10001001

Linker (e.g. 1d)

01010101
10001001

High-level language program
(C, C++, Java, Pascal, ...)
(text file)

Assembly language program
(text file)

Machine language program
(object file - binary)

Machine language program
(executable file - binary)



O ciclo de vida de um programa

Programa em C
foo.c

Compilador

Programa em Assembly
foo.s

Assembler

Objeto (Modulo de Tinguagem de maquina) Biblioteca (Modulo de linguagem de maquina)
foo.o lib.o

Linker

Executavel (Programa em linguagem de maquina)
a.out

Loader

AR

b

Memoria 9



Sequéncia de Fibonacci

1 int fibo(int n) {
2 int x = 0;
3 int y = 1;
4 int z;
5 for (int i=0; i<n; i++) {
6 Z = Xx;
7 X =X +7Yy;

def fibo(n): 8

x, y =0, 1; 9

VAZD
}
for i in range(n): 10 return y;
X, y=9Y, Xx+7y; 11}
return x

Gl W N =

ou...
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Sequéncia de Fibonacci

1 int fibo(int n) {
2 int x = 0;
3 int y = 1;
4 int z;
5 for (int i=0; i<n; i++) {
6 Z = Xx;
7 X =X +7Yy;

def fibo(n): 8

x, y =0, 1; 9

VAZD
}
for i in range(n): 10 return y;
X, y=9Y, Xx+7y; 11}
return x

Gl W N =

ou...

int fibo_rec(int n) {
if (n < 3)
return n-1;

=W N =

else
return fibo_rec(n-1) + fibo_rec(n-2);

(<
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©® = compiler Explorer

4 b C Q

='C R
=+ EXPLORER

OMPILE

Python source #1 X

A~

1
2
3
4
5

B save/load + Add new... ¥

def fibo(n):
X,y =0, 1;
for i in range(n):
X, ¥y =¥, Xty
return x

x +

& godbolt.org

vV Vim

Python

o x

@A

[ sponsors jntel. PC-lint 4775

Python 3.8 (Editor #1, Compiler #1) Python X

Python 3.8 v @ Compiler options...

A~ @output..~ YFiter..~ B Libraries

1 1 0 LOAD_CONST

2 2 LOAD_CONST

3 4 MAKE_FUNCTION

4 6 STORE_NAME

5 8 LOAD_CONST

6 10 RETURN_VALUE
7
8

+ Add new... > * Add tool

0
1
0
0
2

(<code object £ibo at 0x560bc._ E
('£ibo') E

(£ibo)
(None)

Disassembly of <code object fibo at 0x560bc0f27620, file "example.py”, 1

9 2 0 LOAD_CONST
10 2 UNPACK_SEQUENCE
11 4 STORE_FAST
12 6 STORE_FAST
13
14 3 8 LOAD_GLOBAL
15 10 LOAD_FAST
16 12 CALL_FUNCTION
17 14 GET_ITER
18 >> 16 FOR_ITER
19 18 STORE_FAST
20
21 4 20 LOAD_FAST
22 22 LOAD_FAST
23 24 LOAD_FAST
24 26 BINARY ADD
25 28 ROT_TWO
26 30 STORE FAST

C' B oOutput (0/0) Python3.8 § - cached (12758)

1

2
1
2

o o

=

(0, 1))

(x)
)

(range)
(n)
(to 36)
)
)

()
¥)

(x)
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® © ® = compiler Explorer x 4+

4 b C [ & godbolt.org
=t COMPILER

=+ EXPLORER

Csource #1 X

A~ BSavelload +Addnew..> ¥ Vim

1
2
3
4
5|
6
7
8
9
10
1

int fibo(int n) {

for (int i=0; i<n; i++) {
z = x;
x=x+7y;
Y =z

}

return x;

@A

sponsors jnkel. PC-lint £77A

O X | ARM gec 8.2 (linux) (Editor #1, Compiler #1) C X

n ARMgcc82(inu) v @ ‘ [Compiler options...
I A~ @output..~ YFilter..v BLibraries +Addnew..~ o Addtool..~

9 str r3, [fp, #-12]

10, mov 3, #0

11 str r3, [fp, #-16]

12 b L2

13 .13:

14 ldr r3, [fp, #-8]
o str 3, [fp, #-20]

16 ldr r2, [fp, #-8]

17 ldr r3, [fp, #-12]

18 add €3, r2, r3

19 str r3, [fp, #-8]

20 ldr r3, [fp, #-20]

21 str r3, [fp, #-12]

22 ldr r3, [fp, #-16]

23 add r3, 3, #1

24 str 3, [fp, #-16]

25 .12:

26 ldr r2, [fp, #-16]

27 ldr r3, [fp, #-24]

28 cmp r2, 3

29 blt L3

30 ldr r3, [fp, #-8]

31 mov x0, r3

32 add sp, fp, #0

33 ldr fp, [spl, #4

34 bx ir

C B output (0/0) ARM gcc linux) § - 2109ms (46128)
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® © ® = compiler Explorer x 4+

4 b C A & godbolt.org P A
=, EXPLORER sponsars intel PCllint A5
Csource #1 X O X | ARM gec 8.2 (linux) (Editor #1, Compiler #1) C X
A~ BSave/load +Addnew..> WV Vim © - ARMgcc82(inu) v @ ‘ -02
1 ine fibolint n) U A~ Gouput. Yriter.~ Blibraries +Addnew..~ o Addtool..”
2 int x 0; |
3 int y = 1; 1 fibo:
4 int z; 2 subs ip, r0, #0
5 for (int i=0; i<n; i++) { 3 ble .14
6 z = x; 4 mov. r3, #0
7 X =x+y; 5 mov rl, #1
9 } 7 .L3:
10 return x; 8 add r3, r3, #1
n g 9 cmp ip, r3
10 add r0, r2, rl
11 mov rl, r2
12 bxeq 1r
13 mov r2, ro
14 b .13
15 WLd:
16 mov 0, #0
17 bx 1r

C B output (0/0) ARM gcc




Processador - uP1’ (8 bits) [Hamblen and Furman(2001)]

| PC —— MAR Memoaria
—>|_IRwpcode) | IRGadress) [— Instrucéo
Instrucéo
Instrucéo
>/ MBR ;
Dados
| ACC | Dados
¢ Dados
\ + / uP1’ .
| Processador
14




Conjunto de instrucées (ISA) do uP1’ - 8 bits - 4 instrucdes - 2 formatos

e Formato M e Formato J
e Enderego: 0x1111 enderego.D e Endereco: 0xO_enderego_I

[4]3]2]1]0] bits [[7]6]5]4]3]2]1]0]bits |

0 | endereco D | ndo usada

endereco D | ndo usada
endereco D | ndo usada
endereco D | STORE
endereco D | LOAD
endereco D | ADD
endereco D | ndo usada

5
0
0
1
1 :
. 1| enderego | (+7 bits) | JUMP
0
1
1

O O O O O O O OV
= = = = O O O OO

H O R O = O —

endereco D | ndo usada

15



Organizacao de memdéria do uPl’

e Instrucdes e N3o usada
endereco palavras enderego palavras
0 000OO O O0OTUDO 1 0 000 0 0O
: 270 — 2% =112
27 — 128 111 01 1 11
0 1 1 1 1 1 11 e Dados
endereco palavras
111 1 0 0 0 O
24 =16

16



Processador - uP1’

[ PC MAR Memoria
_)l IR(opcode) I IR(address) InStrU 950
Instrugéo
Instrucéo
MBR :
l Dados
[ ACC | Dados
i Dados
+ uP1’
[ Processador

Experimente ele aqui!

TR W N =

~N >

240
241
242
243

41
52
33
42
31
43
32
80

FF
00
01
00

0100
0101
0011
0100
0011
0100
0011
1000

1111
0000
0000
0000

0001
0010
0011
0010
0001
0011
0010
0000

1111
0000
0001
0000

LOAD
ADD
STORE
LOAD
STORE
LOAD
STORE
JUMP

O W QP Wwaawr>=

// Dados
// A
// B
// C

17


https://www.edaplayground.com/x/sNSX
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Outros processadores didaticos

5
O Reset ® Zero Reg/Mem M Next M Step ®RunAll  ms/cycle 1000 Opcode Mnemonic Info
Load data from RAM
o0 Lon Lamea
Accumulator (REG A).
VALUE 1AS COMPUTER Add Accumulator to
0001 ADD data from RAM address.
- Subtract data from RAM
PC 0010  SUB address from the
Accumulator
o (s Input / Output P
oo
o (aooomonm | MU T ke opemion
H | Sample Program (1 +2)
ver [T ADDR  DATA Info
H 0000 0000 1010 LDA 1010
; 0001 00011011 ADD 1011
J . 0010 1110 0000 our
IR A I B 10011 1111 0000 HLT
H Logic and arithmetic 1010 00000001  DATA:1
H circuits 1011 00000010 DATA:2
IBR 00000 H Control I DEBUG:
H State: 1 PC: 00 OPCODE: 0 LDA REGA: 00 REGB: 00
RAM: 00 ¢6 00 00 00 00 00 00 00 00 00 00 00 00 00 00
MAR 0 s
CYCLE:
e SAP-1
o |AS
~ e Instrucodes
e Instrucdes
e Simulador e Simulador
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https://www.ic.unicamp.br/~edson/disciplinas/mc404/2019-2s/ab/anexos/IAS-refcard.pdf
https://www.ic.unicamp.br/~edson/disciplinas/mc404/2019-2s/ab/IAS-sim/index.html
https://github.com/ellisgl/sap-1-v2-mojo
https://ellisgl.github.io/SAP-1-CPU/

Para saber mais...

e How does a computer do recursion from a hardware standpoint?

e Tail recursion in Hardware

e Recursion in Hardware: Applicability and Implementation Strategies
e Recursive functional hardware descriptions using CA\aSH

e Mapping recursive functions to reconfigurable hardware

19


https://www.quora.com/How-does-a-computer-do-recursion-from-a-hardware-standpoint
https://www.dei.isep.ipp.pt/~paf/papers/DCIS2010-final.pdf
https://ieeexplore.ieee.org/document/5291492
https://essay.utwente.nl/68804/
https://www.unsworks.unsw.edu.au/permalink/f/a5fmj0/unsworks_859
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