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[#16-11 CPU_LIB.VHD
library IEEE;

use IEEE.std logic_1164.all;

use IEEE.std _logic_arith.all;

package cpu_lib is

type t_shift is (shftpass, shl, shr, rotl, rotr);
subtype t_alu is unsigned(3 downto 0);

(#% T 5)



constant alupass : unsigned(3 downto 0) :=""0000"";

constant andOp : unsigned(3 downto 0) :=""0001"";

constant orOp : unsigned(3 downto 0) :="0010"",;

constant notOp : unsigned(3 downto 0) :="0011"";

constant xorOp : unsigned(3 downto 0) :="'0100"";

constant plus : unsigned(3 downto 0) :=""0101"";

constant alusub : unsigned(3 downto 0) :="'0110";

constant inc : unsigned(3 downto 0) :=""0111"";

constant dec : unsigned(3 downto 0) :=""1000";

constant zero : unsigned(3 downto 0) :=""1001";

type t_comp is (eq, neq, gt, gte, It, Ite);

subtype t_reg is std_logic_vector(2 downto 0);

type state is (resetl, reset2, reset3, reset4, reset5,reset6, execute, nop, load, store,
move,

load?2, load3, load4, store2, store3,store4, move2, move3, move4,incPc, incPc2,

IncPc3, incPc4, incPc5, incPc6, loadPc,loadPc2,loadPc3, loadPc4, bgtl2, bgtl3,

bgtl4, bgtl5, bgtl6, bgtl7,bgtl8, bgtl9,bgtl10, bral2, bral3, bral4, bral5, bral6,

loadl2,loadl3, loadl4, loadl5, loadl6,inc2, inc3, inc4);

subtype bitl6 is std_logic_vector(15 downto 0);

end cpu_lib;



[%16-2] top.vhd
library IEEE;
use IEEE.std logic_1164.all;
use work.cpu_lib.all;
entity top is
end top;
architecture behave of top is
component mem
port (addr : in bitl6; sel,rw :instd logic; ready : out std logic;
data : inout bitl6);
end component;
component cpu
port(clock, reset, ready : in std_logic; addr : out bitl6;
rw, vma : out std_logic; data : inout bitl6);
end component;
signal addr, data : bitl6 ; signal vma, rw, ready : std_logic;
signal clock, reset : std_logic :="'0";
begin
clock <= not clock after 50 ns ; reset <="1", '0" after 100 ns;
m1 : mem port map (addr, vma, rw, ready, data);
ul : cpu port map(clock, reset, ready, addr, rw, vma,data);
end behave;
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[%16-3] alu.vhd
library IEEE;
use IEEE.std _logic_1164.all;
use IEEE.std_logic_unsigned.all;
use work.cpu_lib.all;
entity alu is
port( a, b : in bitl6; sel : in t_alu; ¢ : out bitl6);
end alu;
architecture rtl of alu is
begin
aluproc: process(a, b, sel)
begin
case sel is
when alupass=> c<=a after 1 ns; when andOp => c<=a and b after 1 ns;
when orOp => c<=a or b after 1 ns; when xorOp => c<= a xor b after 1 ns;
when notOp => c<= not a after 1 ns; when plus => c<=a + b after 1 ns;
when alusub => c<=a - b after 1 ns;
when inc => c<=a + ""0000000000000001"" after 1 ns;
when dec => c<=a - ""0000000000000001"" after 1 ns;
when zero => c¢<= ""0000000000000000"" after 1 ns;
when others => ¢<= ""0000000000000000"" after 1 ns;
end case;end process;
end rtl;
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[#i6-41 COMP.VHD
library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_arith.all;
use IEEE.std_logic_unsigned.all;
use work.cpu_lib.all;
entity comp is
port(a, b :inbitl6; sel:int comp; compout : out std_logic);
end comp;
architecture rtl of comp is
begin
compproc: process(a, b, sel)
begin
case sel is
when eq => if a = b then compout <="1" after 1 ns ;
else compout <="0" after 1 ns; end if ;
when neq => if a /= b then compout <="1" after 1 ns;
else compout <="0" after 1 ns ; end if;
when gt => if a > b then compout <="1" after 1 ns;
else compout <="0" after 1 ns ; end if;
when gte => if a >= b then compout <= "1'after 1 ns;
else compout <="'0" after 1 ns; end if;
when It => if a < b then compout <="'1" after 1 ns ;
else compout <="0" after 1 ns; end if;
when Ite => if a <= b then compout <="1"after 1 ns ;
else compout <="'0" after 1 ns; end if;
end case ;
end process;
end rtl;
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[ %16-5] control.vhd
library IEEE;
use IEEE.std logic _1164.all;
use work.cpu_lib.all;
entity control is
port( clock, reset, ready, compout:in std logic; instrReg : in bitl6;
progCntrWr, progCntrRd , addrRegWr, addrRegRd, outRegWr,
outRegRd : out std_logic;
shiftSel : out t_shift; aluSel : out t alu; compSel : out t comp;
opRegRd, opRegWr, instrWr, regRd, regWr , rw, vma: outstd logic;
regSel : out t reg);
end control;
architecture rtl of control is
signal current_state, next_state : state;
begin
nxtstateproc: process( current_state, instrReg, compout,ready)
begin
progCntrwWr <="0"; progCntrRd <="0"; addrRegWr <="0"; outRegWr <="0";
outRegRd <= "0"; shiftSel <= shftpass; aluSel <= alupass; compSel <= eq;
opRegRd <="0"; opRegWr <="0"; instrWr <="0"; regSel <="'000"";
regRd <="0"; regWr <="0"; rw <="'0"; vma <="0";
case current_state is
when resetl=> aluSel<=zero after 1 ns; shiftSel<=shftpass; next state<=reset?2;
=> <= : <= : <="'1":
when reset2 => aluSel<=zero; shiftSel<=shftpass; outRegWr<="1"; (ETFH)



next state<=reset3;

when reset3 => outRegRd<="1"; next_state<=reset4;

when reset4 => outRegRd<="1"; addrRegRd<='1"; progCntrWr<="1";
addrRegWr<='1"; next_state<=reset5;

when resetb => vma<='1"; rw <="'0"; next_state <= reset6;

when reset6 => vma<="1"; rw<="0";

if ready ='1" then instrWr<="1"; next_state<=execute;

else next_state <= reset6; end if;

when execute => case instrReg(15 downto 11) is

when ""00000"" => next_state <= incPc ;-- nop

when  "00001"™ => regSel<=instrReg(5 downto 3); regRd<='1";

next_state<=load2;

when ""00010"" => regSel<=instrReg(2 downto 0); regRd<="1";
next_state<=store2;-- store

when ""00011" => regSel<=instrReg(5 downto 3); regRd<="1"; aluSel<=alupass;
shiftSel<=shftpass; next state<=move2;

when ""00100"" => progcntrRd<="1"; alusel<=inc; shiftsel<=shftpass;
next_state<=loadl2;

when "*00101" => progcntrRd<="1"; alusel<=inc; shiftsel<=shftpass;
next_state<=bral?2;

when 00110 => regSel<=instrReg(5 downto 3); regRd<="1";
next_state<=bgtl2;--BranchGTImm

when "'00111" => regSel<=instrReg(2 downto 0); regRd<="1"; alusel<=inc;
shiftsel<=shftpass; next_state<=inc2; (FZETPm)
when others =>next state <= incPc:



alupass;

end case;

when load2 => regSel <= instrReg(5 downto 3); regRd <= "1";

addrregWr <= "1"; next_state <= load3;

when load3 => vma <="1"; rw <="0"; next_state <= load4;

when load4 =>vma <="1"; rw <= "'0"; regSel <= instrReg(2 downto 0);
regWr <="1"; next_state <= incPc;

when store2 => regSel <= instrReg(2 downto 0); regRd <="1";
addrregWr <= "1"; next_state <= store3;

when store3 => regSel <= instrReg(5 downto 3); regRd <="1";

next_state <= store4,

when store4 => regSel <= instrReg(5 downto 3); regRd <="1"; vma <= "1";
rw <="1"; next_state <= IncPc;

when move2 => regSel <= instrReg(5 downto 3); regRd <= 'l1";aluSel <=

shiftsel <= shftpass; outRegWr <="1"; next_state <= move3;

when move3 => outRegRd <= "1"; next_state <= move4;

when move4 =>outRegRd <="1";

regSel <= instrReg(2 downto 0); regWr <="1"; next_state <= incPc;
when loadl2 => progcntrRd <= "1"; alusel <= inc; shiftsel <= shftpass;
outregWr <= "1"; next_state <= loadl3;

when loadl3 => outregRd <= "1"; next_state <= loadl4;

when loadl4 => outregRd <= "1"; progcntrWr<="1"; addrregWr<="'1";
next_state<=loadl5;

when loadl5 =>vma <="1"; rw <="0"; next_state <= load|®6; (FZETPm)
when loadl6 =>vma <="1": rw <="0":



If ready ="'1" then regSel <= instrReg(2 downto 0);

regWr <="1"; next_state <= incPc;

else next_state <= loadl6; end if;

when bral2 => progcntrRd <= '1"; alusel <= inc; shiftsel <= shftpass;
outregWr <="1"; next_state <= brals3;

when bral3 => outregRd <= "1"; next_state <= bral4;

when bral4 => outregRd<="1"; progcntrWr<="1"; addrregWr<="1";
next_state<=bral5;

when bral5 => vma<="1"; rw<='0"; next_state <= bral6;

when bral6 =>vma <="1"; rw <="0";

If ready ="'1" then progcntrWr <="'1"; next_state <= loadPc;

else next_state <= bral6; end if;

when bgtl2 => regSel <= instrReg(5 downto 3); regRd <="1";
opRegWr <="1"; next_state <= bgtl3;

when bgtl3 => opRegRd <= "1"; regSel <= instrReg(2 downto 0);
regRd <="1"; compsel <= gt; next_state <= bgtl4;

when bgtl4 => opRegRd <="1" after 1 ns;

regSel <= instrReg(2 downto 0); regRd <="1"; compsel <= gt;

If compout = '1' then next_state <= bgtl5;

else next_state <= incPc; end If;

when bgtl5 => progcntrRd<="1"; alusel<=inc; shiftSel<=shftpass;
next_state<=bgtl6;

when bgtl6 => progcntrRd <= "1"; alusel <= inc; shiftsel <= shftpass;
outregWr <="1"; next_state <= bgtl7; (FZETPm)



when bgtl7 => outregRd <= "1"; next_state <= bgtl8;

when bgtl8 =>outregRd <= "1";

progcntrWr <="1"; addrregWr <="1"; next_state <= bgtl9;

when bgtl9 =>vma <="1"; rw <="0"; next_state <= bgtl10;

when bgtl10 =>vma<="1"; rw <="0";

If ready ='1" then progcntrWr <="'1"; next_state <= loadPc;

else next_state <= bgtl10; end if;

when inc2 => regSel <= instrReg(2 downto 0); regRd <="1"; alusel <=inc;
shiftsel <= shftpass; outregWr <= "1"; next_state <=inc3;

when inc3 => outregRd <="1"; next_state <= inc4,

when inc4 => outregRd <="1"; regsel <= instrReg(2 downto 0);

regWr <="1"; next_state <= incPc;

when loadPc => progcntrRd <="1"; next_state <= loadPc2;

when loadPc2 => progcentrRd <= '1"; addrRegWr <="1"; next_state <= loadPc3;
when loadPc3 =>vma <="'1"; rw <="0"; next_state <= loadPc4;

when loadPc4 =>vma <="1"; rw <="0";

If ready ='1" then instrWr <= "1"; next_state <= execute;

else next_state <= loadPc4; end if;

when incPc => progentrRd<="1"; alusel<=inc; shiftsel<=shftpass;
next_state<=incPc2;

when incPc2 => progcntrRd <= "1"; alusel <= inc; shiftsel <= shftpass;
outregWr <="1"; next_state <= incPc3;

when incPc3 => outregRd <= "1"; next_state <= incPc4,

when incPc4 => outregRd<="1"; progcntrWr<="1"; (FZETPm)



addrregWr<="1"; next_state<=incPc5;

when incPc5 => vma <="1"; rw <="0"; next_state <= incPc6;
when incPc6 =>vma <="1"; rw <="0";

If ready = '1' then instrWr <="1"; next_state <= execute;
else next_state <= incPc6; end if;

when others => next_state <= incPc;

end case;

end process;

controlffProc:process(clock, reset)

begin

If reset ='1' then current_state <= resetl after 1 ns;

elsif clock'event and clock ="'1"

then current_state <= next_state after 1 ns; end if;

end process;

end rtl;
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1. HF1FEREG

[%16-6] reg.vhd

library IEEE;

use IEEE.std logic 1164.all;

use work.cpu_ lib.all;

entity reg is

port( a - 1In bitle; clk - 1n std logic; g : out bitle);
end reg;

architecture rtl of reg 1s

begin

regproc: process

begin

wait until clk® event and clk = "1%;
q <= a after 1 ns;

end process;

end rtl;



[ %16-7] regarray.vhd

library IEEE;

use IEEE.std logic 1164.all;

use IEEE.std logic unsigned.all;

use work.cpu lib.all;

entity regarray 1s

port( data : in bitl6; sel : In t reg; en, clk - 1n std logic;
q : out bitle);

end regarray;

architecture rtl of regarray 1is

type t ram is array (0 to 7) of bitl6;

signal temp data : bitl6;

begin

process(clk,sel)

variable ramdata : t_ram;

begin

iIT clk"event and clk = "1" then ramdata(conv_integer(sel)) := data;
end 1f;

temp _data <= ramdata(conv_integer(sel)) after 1 ns;
end process;

process(en, temp data)

begin

iIf en = "1° then g <= temp_data after 1 ns;

else q <="72z277777777777777" after 1 ns; end if;

end process;

end rtl;
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6.2.5 BALEFF e SHIFT

[ 1516-8] sheft.VHD
library IEEE;

use IEEE.std logic 1164._all;

use IEEE.std logic arith.all;

use work.cpu_ lib.all;

entity shift is

port ( a : In bitl6; sel - In t shift ; y :© out bitl6);

end shift;

architecture rtl of shift 1s
begin

shftproc: process(a, sel)
begin

case sel 1s

when shftpass =>y <= a after 1 ns;

when sftl =>y <= a(14 downto 0) & "0" after 1 ns;
when sftr =>y <= "0" & a(15 downto 1) after 1 ns;
when rotl =>y <= a(14 downto 0) & a(l1l5) after 1 ns;
when rotr =>y <= a(0) & a(l1l5 downto 1) after 1 ns;
when others =>y <= "0000000000000000" after 1 ns;
end case;

end process;

end rtl;
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[ %16-9] triReg.vhd
library IEEE;
use IEEE.std _logic_1164.all;
use IEEE.std_logic_unsigned.all;
use work.cpu_lib.all;
entity trireg is
port(a: in bitl6; en, clk:instd logic; q : out bitl6);
end trireg;
architecture rtl of trireg is
signal val : bitl6;

begin

triregdata: process

begin

wait until clk'event and clk ="1";
val <= a;

end process;

trireg3st: process(en, val)

begin

if en ='1" then g <= val after 1 ns;

elsifen ='0"then q <="ZZZ27Z72727777777777"" after 1 ns;

else g <= ""XXXXXXXXXXXXXXXX™ after 1 ns; -- exemplar_translate_on
end if;

end process;

end rtl;
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