Laboratorio 5: Disefio Digital

UNIVERSIDAD NACIONAL MAYOR DE SAN MARCOS
FACULTAD DE ING. ELECTRONICA EAP 19.1

DISENO DIGITAL
LABORATORIO NUMERO 5

EL MICROPROCESADOR

Teniend o como base el ejemplo del libro que es el siguiente:
Un uP con un bus de datos y direcciones de 8 bits

Y con las siguientes 8 instrucciones:

INSTRUCCION OPCODE

Ld a,xx 000 :Carga a contenido de xx

Ld xx,a 001 :Carga en xx contenido de a
And a,xx 010 :Cargaen a, cont. de xx And a
Add a,xx o1 :Carga en a, cont. xx + a

Sub a,xx 100 :Carga en a, cont. De xx - a
Jz xx 101  :Salta a xx si a='0’

Jmp XX 100 :Saltaaxx

Nop 111 :No realiza operacién

Cuyo diagrama de estados es el siguiente

Rst —/ Inicial !

Mop

Y cuyo codigo en VHDL es:
I'i brary | EEE;
use | EEE. STD_LOG C_1164. ALL;
use | EEE. STD LOG C_ARI TH. ALL;
use | EEE. STD_LOG C_UNSI GNED. ALL;
entity procesador is
Port (clk,rst:in std_|ogic;
r_w out std_| ogic;
dir:out std_logic_vector(7 downto 0);
dat:inout std_logic_vector(7 downto 0));
end procesador;
architecture descripcion of procesador is
type estado is (inicial,busqueda, ej ec, | dxxa, | daxx, anda, adda, suba) ;
signal a, pc,carga_a, carga_pc:std_l ogic_vector(7 downto 0);
signal rdat_in,dat_in,dat_out:std_|l ogic_vector(7 downto O0);
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si gnal rwaux:std_| ogic;

signal presente: estado:= inicial
begi n

fsm

Process(cl k, rst)

begi n

if rst="1"then

presente <= inicial

elsif clk="1"and cl k' event then

case presente is
when inicial =>

presente <= busqueda ;

when busqueda =>

if dat_in (2 downto O )= "111" then presente <= busqueda
el se presente <= ejec
end if ;

when ejec =>

case rdat_in (2 downto 0) is
when " 000" =>pr esent e<=| daxx;
when " 001" =>pr esent e<=| dxxa
when "010" =>pr esent e<=anda

when "011" =>pr esent e<=adda

when " 100" =>pr esent e<=suba

when ot her s=>pr esent e<=busqueda,;

end case ;
when ot hers=> present e<= busqueda
end case;
end if;
end process fsm
sal i da:
Process(presente, pc,a,rdat_in,dat_in)
begi n

case presente is
when inicial =>

carga_pc<="00000000"; --pc a O
carga_a<="00000000"; --acumulador a O
dir<=pc; --Direccion a O

rwaux<= "1";
when busqueda =>

carga_pc<=pc+"00000001"; --incrementa pc
carga_a<=a; --acunulador a 0
dir<=pc; --Direccion a O

rwaux<="'1";
when ej ec=>
case rdat_in (2 downto 0) is
when "101"=>--j z
di r <=pc
if a = "00000000" then carga_pc<= dat_in; --salta si A=0
el se carga_pc<= pc + "00000001";
end if;
rwaux<="1"
carga_a<=a;
when "110" => --jnp
di r <=pc
carga_pc<=dat _in; -- salta sienpre
rwaux<= "'1";
carga_a <=a
when others => - -por defecto para el resto
rwaux<="'1";
dir <=pc ;
car ga_pc<=pc
carga_a <=a ;
end case
when | daxx =>
rwaux<= "'1";
carga_a<=dat _in
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carga_pc<=pc + "00000001"
dir <=rdat_in ;
when | dxxa =>
rwaux<= "'0";
carga_a<=a ;
carga_pc<=pc + "00000001"
dir <=rdat_in ;
when anda =>
rwaux<= "'1";
carga_a<=a and dat_in ;
carga_pc<=pc + "00000001"
dir <=rdat_in ;
when adda =>
rwaux<= "'1";
carga_a<=a + dat_in ;
carga_pc<=pc + "00000001"
dir <=rdat_in ;
when suba =>
rwaux<= ‘'1';
carga_a<=a - dat_in ;
carga_pc<=pc + "00000001"
dir <=rdat_in ;
end case;
end process salida;

regi stro_de_entrada:
process(cl k, rst)
begi n

if rst ='1" then rdat_in <= "00000000";

elsif clk="1" and cl k' event then rdat_in<= dat_in;

end if;

end process registro_de_entrada;

regs_con_car ga:
process(cl k, rst)
begi n
if rst ="1' then
a<= "00000000";
pc<= "00000000";

elsif clk="1" and cl k' event then

a<= carga_a ;

pc<=carga_pc;

end if;

end process regs_con_carga;

r_W<= rwaux; ---para |l eer salida

--triestado de salida:

dat _i n<= dat;

dat _out <=a;

dat <=dat _out when rwaux ='0'
end descri pcion;

y teniendo esto realizar:

CUESTIONARIO
1.-Hacer un archivo de test_beanch donde:

Se guarde en las direcciones

91H - 01
92H - 02
93H - 03
94H - 04

el se "Z727272727777",
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Para hacer el archivo en Test_beanch voy a crear el programa donde sus opcodes

son:
00: Jmp 06

02: db 01
03: db 02
04: db 03
05: db 04
06: Ldaxx 02
08: Ldxxa 91
10: Ldaxx 03
12: Ldxxa 92
14: Ldaxx 04
16: Ldxxa 93
18: Ldaxx 05
20: Ldxxa 94

00000110
00000110
00000001
00000010
00000011
00000100
00000000
00000010
00000001
10010001
00000000
00000011
00000001
10010010
00000000
00000100
00000001
10010011
00000000
00000101
00000001
10010100

y el codigo completo en test Beanch es:

LI BRARY i eee;

USE i eee.std_l ogic_1164. ALL;
USE i eee. nuneric_std. ALL;
ENTI TY testbench IS

END t est bench;

ARCHI TECTURE behavi or OF test bench | S

BEG N

* k%

th :

COVPONENT pr ocesador

PORT(
clk : INstd_|logic;
rst : INstd_logic;
dat : I NOUT std_| ogic_vector(7 downto 0);

r_w: QOUT std_logic;
dir : OUT std_l ogic_vector(7 downto 0)

END COVPONENT;

SIGNAL clk : std_logic:="0";

SIGNAL rst std_Il ogi c;

SIGNAL r_w : std_|logic;

SI GNAL dir std_l ogic_vector (7 downto 0);
SI GNAL dat std_l ogi c_vector (7 downto 0);

uut: procesador PORT MAP(
clk => clk,

rst => rst,
r_w=>r_w,
dir =>dir,
dat => dat

)

Test Bench - User Defined Section ***
cl k<=not clk after 50 ns;

rst<="1","0" After 70 ns;

PROCESS (Dir)

BEG N
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case dir is
when "00000000" =>dat <="00000110";-- 00 JMP
when "00000001"=>dat <="00000110";-- 01 06
when "00000010"=>dat <="00000001";-- 02 01
when "00000011"=>dat <="00000010";-- 03 02
when "00000100" =>dat <="00000010";-- 04 03
when "00000101"=>dat <="00000100";-- 05 04
when "00000110"=>dat <="00000000";-- 06 Ldaxx
when "00000111"=>dat <="00000010";-- 07 02
when "00001000" =>dat <="00000001";-- 08 Ldxxa
when "00001001"=>dat <="10010001";-- 09 91
when "00001010"=>dat <="00000000";-- 10 Ldaxx
when "00001011"=>dat <="00000011";-- 11 03
when "00001100" =>dat <="00000001";-- 12 Ldxxa
when "00001101"=>dat <="10010010";-- 13 92
when "00001110"=>dat <="00000000";-- 14 Ldaxx
when "00001111"=>dat <="00000100";-- 15 04
when "00010000" =>dat <="00000001";-- 16 Ldxxa
When "00010001"=>dat <="10010011";-- 17 93
when "00010010" =>dat <="00000000";-- 18 Ldaxx
when "00010011"=>dat <="00000101";-- 19 05
when "00010100" =>dat <="00000001"; -- 20 Ldxxa
when "00010101" =>dat <="10010100";-- 21 94
when ot hers=>dat<="11111111";
end case
-- wait; -- will wait forever
END PROCESS
*** End Test Bench - User Defined Section ***

END;

Los resultados fueron:

G 3 e e T e T e Y e T e Y T e Y e e T o
r rat

Fooow [
r dir |00 (N (TS (T (<IN (nF= T (1< T = A (- (1= (I (wi (1 I O (1
r dat |00000T10 {0000 Yooio f00000007 {°1 | 1 (o000 fooi1 §00007) ez 3 2 [
= presente|inicial] Jeec T Teiec  fldaxs | Teiec  fldsma | Teiec  JIdaws | Teiec  Jldexa
™ rwaux L T
F dat_out |T i 12

Il clk Ay Y Yy I Y I Y s A Y [y Y Iy B Y Iy A
r~ rst

Il _w

™ dir [32_ J0E JOF 104 aa il 133 nz 3 i05 4 IS ! e 7 il
™ dat | ( I 3 ¥ 93 @ 3 [ I a4 1 84 @ 4 [N

I~ presente [Idesa | feiec  fidaws | Jeiec  Yidwsa | Jeiec  Yidaws | felec  {idexa {busqueda

I~ neaus

 dat_owt |2 ]

2.- Incrementar Mas instrucciones de este procesador:

Sol:

He incrementado 4 instrucciones:
INSTRUCCION OPCODE
Or a,xx 1000 :Carga en a, cont. de xx Or a
Xor a,xx 1001 :Carga en a, cont. de xx Xor a
Not a 1010 :Cargaen a, Not a
Inca 1011 :Cargaena,a+tl
Dec a 1100 :Cargaena,a-1
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Y la nueva codificacion es:

l'i brary | EEE;

use | EEE. STD_LOG C_1164. ALL;

use | EEE. STD_LOG C_ARI TH. ALL;

use | EEE. STD_LOG C_UNSI GNED. ALL;

entity procmas is

Port (clk,rst:in std_|ogic;

r_wout std_Il ogic;
dir:out std_logic_vector(7 downto 0);
dat:inout std_logic_vector(7 downto 0));

end procnas;

architecture descripcion of procnas is

type estado is

(inicial,busqueda, ej ec, | dxxa, | daxx, anda, adda, suba, or a, xor a, nota, i nca, deca) ;

signal a, pc, carga_a, carga_pc:std_Il ogi c_vector(7 downto 0);
signal rdat_in,dat_in,dat_out:std_logic_vector(7 downto 0);
signal rwaux:std_| ogic;

signal presente: estado:= inicial;
begi n

fsm Process(clk,rst)

begi n

if rst="1"then

presente <= inicial;

elsif clk="1"and cl k' event then

case presente is

when inicial => presente <= busqueda ;

when busqueda => if dat_in (2 downto 0 )= "111" then presente <= busqueda ;

el se presente <= gjec;
end if ;
when ejec => case rdat_in (3 downto 0) is

when "0000"=>pr esent e<=| daxx;
when "0001"=>pr esent e<=| dxxa;
when "0010"=>pr esent e<=anda;
when "0011"=>present e<=adda;
when "0100" =>pr esent e<=suba;
when "1000" =>pr esent e<=or a;
when "1001" =>present e<=xor a;
when "1010" =>pr esent e<=not a;
when "1011"=>present e<=i nca;
when "1100" =>pr esent e<=deca,;
when ot her s=>pr esent e<=busqueda,;

end case ;
when ot hers=> present e<= busqueda ;
end case;
end if;
end process fsm
sal i da:
Process(presente, pc,a,rdat_in,dat_in)
begi n
case presente is
when inicial => car ga_pc<="00000000"; --pc a O
carga_a<="00000000"; --acumul ador
dir<=pc; --Direccion a O
rwaux<="1";
when busqueda => car ga_pc<=pc+"00000001"; --increnmenta pc
carga_a<=a; --acunulador a 0
dir<=pc; --Direccion a O
rwaux<='1";
when ej ec=> case rdat_in (2 downto 0) is
when "101"=>--j z
di r <=pc;

if a = "00000000" then carga_pc<= dat_in; --salta si

el se carga_pc<= pc + "00000001";
end if;
rwaux<='1";
carga_a<=a,
when "110" => --jnp
di r <=pc;
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carga_pc<=dat _in; --
rwaux<= "1";
carga_a <=a ;

when ot hers =>
rwaux<= "1";
dir <=pc ;
car ga_pc<=pc ;

carga_a <=a ;

- -por defecto para el

salta sienpre

resto

end case;
when | daxx => rwaux<= "'1'";
carga_a<=dat _in ;
carga_pc<=pc + "00000001" ;
dir <=rdat_in ;
when | dxxa => rwaux<="'0'
carga_a<=a ;
carga_pc<=pc + "00000001" ;
dir <=rdat_in ;
when anda => rwaux<= '1";
carga_a<=a and dat_in ;
carga_pc<=pc + "00000001" ;
dir <=rdat_in ;
when adda => rwaux<="'1";
carga_a<=a + dat_in ;
carga_pc<=pc + "00000001"
dir <=rdat_in ;
when suba => rwaux<="'1";
carga_a<=a - dat_in ;
carga_pc<=pc + "00000001"
dir <=rdat_in ;
when ora => rwaux<="'1";
carga_a<=a or dat_in ;
carga_pc<=pc + "00000001" ;
dir <=rdat_in ;
when xora => rwaux<= '1";
carga_a<=a xor dat_in ;
carga_pc<=pc + "00000001" ;
dir <=rdat_in ;
when nota => rwaux<="'1";

carga_a<=not a

when inca =>

rwaux<= "'1";

carga_a<=a + "00000001"
rwaux<= "'1"';

carga_a<=a -

when deca =>
"00000001" ;
end case;

end process salida;

regi stro_de_entrada:

process(cl k, rst)

rdat _i n<= dat _in;

begi n
if rst ='1" then rdat_in <= "00000000";
elsif clk="1" and clk'event then
end if;

end process registro_de_entrada;
regs_con_carga:
process(clk, rst)

begi n
if rst =21' then
a<= "00000000";
pc<= "00000000";

elsif clk="1" and cl k' event then
a<= carga_a ;

pc<=carga_pc;

end if;
end process regs_con_carga;
r_W<= rwaux; ---para |l eer salida

--triestado de salida:
dat _i n<= dat;
dat _out <=a;
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dat
end

Y para su simulacién usamos el siguiten case en el process:

if

io 5: Disefio Digital

<=dat _out when rwaux ='0
descri pcion

(r_w="1") then

el se "Z7727277777";

case dir is
when "00000000"=>dat <="00000110";-- 00 JMP
when "00000001"=>dat <="00001010";-- 01 10
when " 00000010"=>dat <="00000000"; -- 02
when "00000011"=>dat <="00000101";-- 03
when "00000100"=>dat <="10101000";-- 04
when "00000101"=>dat <="01010110";-- 05
when "00000110"=>dat <="00111100";-- 06
when "00000111"=>dat <="00000000";-- 07
when "00001000"=>dat <="00000111"; -- 08
when "00001001"=>dat <="00000000";-- 09
when "00001010"=>dat <="00000000";-- 10 Ldaxx
when "00001011"=>dat <="00000011";-- 11 03
when "00001100"=>dat <="00000011";-- 12 Add
when "00001101"=>dat <="00000100";-- 13 04
when "00001110"=>dat <="00001000"; -- 14 Ora
when "00001111"=>dat <="00000101";-- 15 05
when "00010000"=>dat <="00001001";-- 16 Xor
When "00010001"=>dat <="00000110";-- 17 06
when "00010010"=>dat <="00001010";-- 18 Not A
when "00010011"=>dat <="00001011";-- 19 IncA
when "00010100"=>dat <="00000011";-- 20 Add
when "00010101"=>dat <="00001000";-- 21 08
when "00010110"=>dat <="00001100";-- 22 DecA
when "00010111"=>dat <="00000110";-- 23 Jnp
when "00011000"=>dat <="00000000";-- 24 00
when ot hers=>dat<="11111111";
end case
end if;
Y los resultados de la simulacion son:
F ok | [ | [ |
oot |
F rw
dr 1O . i 0 i A
dat  |OOWOOTIO JJMP —w a AT o0 = 10 jonononn0____jooionnil v Jneiomog o
P opesente  [Gi Jbuzgueda Jelec Jbuszgueda {elec Sl
a Q0000000
carga_a [00000000 000007 01
ook I l I | | L
ot
F ow
dir 3 12 ] 3 iE} 5 i
dat f0000071 07 100da001T] > 00000100 =4 10707000 To0a0T 000 > 100000101=§ 01010110
F presente [ldass Jbuzqueda Jelec __wladda 1G:)Jbusaueda Jelec w0l
a Qaoaooog 100000101 00oooToT 7 y0ToTiod RIGIGRI]
carga_a |/D000OTOT NN ARARNNAR!
roclhk ||
Forst
Fow
dir 15 5 il 7 b3 il ]
dat pOEIAIED] JOG0T007 > JO00000110=6 00711100 IDEIUQLm_Dr_) 100007011
F preserte  |ejecioa fbusqueds Telec _elora fbusqueda Jelec _ainota
a 1oioiiod I ENREEER] I REAREEE] 111000077 000011
carga_a 1111111 111000011 100711100
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ook [ [
ot
Foiw
dir 19 | 20 121 2] 1=
dat oonaTofT > 000anoiT .t 100007000 =8 J000001711 i
™ presente |nota Thusgqueda Teiec __wlinca \\ Tbuzqueda Tejec _wadda Tt
a 11000011 J00717100 Q0111100 Fo0T11107 aot11101 i
cargs_a [OOTIT100 IRRRIL] {01000 00
rock I | | | I | I
Forst !—-'
o salfo a 00— | REPITE BUCLE
di B = I 23y 124 0 i
dat jooamTo0s 00GOOTTO ) TAAP (00000000 = 00 00000710 jo00010
I presente |5dda Jbusqueds | __wjdeca Thusqueda | Tbusqueda Tejec
a 101000700 101000011
carga_a 0000700 107000071

3.- Afadir al up 2 registros de trabajo R1,R2 de 8 bits c/u las operaciones pueden
ser solo entre el acumulador y los registros R1,R2

Mov A, X

Mov X,A

Mov AY

Agregamos otra funcion mas : la funcion de opcode XX1101 y de variables:XX
Cuando:XX=(D5)(D4)
XX=00=> Mov a,R2
XX=01=> Mov R2,a
XX=10=> Mov a,R1
XX=11=>Mov Rl,a
Para eso aumento:
En mis tipos de estado uno nuevo: mov
Y en mi arquitectura: otro caso:
when mov => rwaux<= "1%;
case dat_in (5 downto4) is
when "00"=>carga_a<=R2;
when "01"=>R2<=carga_a;
when "10"=>carga_a<=R1,
when "11"=>R1<=carga_a;
when others=>a<=a;
end case;
Creamos el programa:
Ld a,20 --Cargamos a a el contenido de 20 =[20]="11111111"
Mov R2,a --Movemos este dato al R2
Ld a,21 --Cargamos en a el contenido de 21=[21]=“11111111"
Add a,22 -- Le sumamos [22]="11111111" =>a="11111110"
Mov Rl,a -- Movemos el resultado en R1
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El Case Dir que usare en el archivo de Test Beanch seria:

case dir is
when "00000000"=>dat<="00000000"; -- 00 Ldaxx
when "00000001"=>dat<="00010100"; --0120
when "00000010"=>dat<="00011101"; --02 Mov R2,a
when "00000011"=>dat<="00000000"; -- 03 Ldaxx
when "00000100"=>dat<="00010101"; --04 21
when "00000101"=>dat<="00000011"; -- 05 Adda
when "00000110"=>dat<="00010110"; --06 22
when "00000111"=>dat<="00111101"; --07 Mov R1,a
when others=>dat<="11111111";
end case;
Los Resultados fueron:
Fock [ 1 [ I [ | |
ot
Foow 0 i 20 2 3
Fodi 00000000 0000000 00010100 [ooooooio 00000071
Fdat | OOACO000 R00T 0700 1111111 [o00¥ 1010 [o0noooon
F o oo 5
F o2 00000000, - IENNNNEALL
F i/ Q0000000 111111 [SREEEENN .
F presente busqueda Jejec T —mldas Jbusqueda lejec: s oy
F copia_dat_in [ UUOULUUU 100000000 Jodn 'EIZD'I
| [ | | [ | I | | L
ot
Foiw
Fdir Q000001 100000100 J00010701 1000007101 100000110 100010110 100000711
Fodat 00000000 J0a0T0101 I EREERNE 100000071 100070110 [l iR 00111101
F [N NN [NNA] 53]
F o2 IREEREER] ",
F t/a IEEARER] T > e
' miesents buzqueda  [sfec Tidam fbusgqueda Telec fadda fbusqueda
I copia_dat_in [A007 1107 100000000 100000071
F ook [
Fo
Foiw
Fdr 0ooaaiia j0oo1ai1a 00000111 00007 aao
Fodat [ EI] 11111 1007171 1111111
F o 00oaaa00 __Q_ 117110 »
F o2 11111111 il
F i/ 11111111 11111110 Moweraa R1
F prezente ejeC ladda Ibuzqueda lejec Trnoy Tbuzqueda
F copia_dat_in [J0000000 100000071 10117101
= §
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