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library IEEE;
uze IEEE.=td logic lled. all;
usze IEEE.=td logic wmsigned. all;
ertity ALT W is
portf a, b  in =td logic_wector (15 dowmto 0);
el : in std logic_wector (3 dommto 0);
c o out std logic wector(ld dommto 0));

end ALT W;

architecture rtl of ALT W iz
constart alupass ¢ std logic_wector (3 dowmto 0) = "0000%;
constart andlp @ std logic wector(Z dowmto 0) = "0001";
constard orlp © std logic wector (3 dowmto 0) = "0010%;
constard notlp © std logic wector(Z dowmdto 0) = "0011";
constard xorlp [ std logic wector(Z dowmto 0) = "0l00";
constart plus @ std logic_wector (3 dowmdto 0) = "0101%;
constart alusub @ std logic wector(2 dowmto 0) -= "0110";
constard inc @ std logic wector(? dowmto 0) = "0O111"%;
constard dec @ std logic wector(? dowmto 0) = "1000"%;
constard zero [ std logic wector (3 dowmdto 0) = "1001%;

begin

processia, b, =el) begin
case sel is

whernn alupass == o == a ; -- BEMEHIBALT
when anddp == c <= a andb ; -- BRE5MFE
whery orOp == o <= aor b ; -FEAME

when xorlp == o <= a xor b ; - FEEMMFE
when notOp == c <= not a ;  —-B E4RIF

whery plus == c<=a+t+bhb; —--5 A MIstE

when alusuh == o <=a - b ; -8 AT

when inc == o <= & + "0000000000000001" ; ——fnl#dfE
when dec == o <= a - "000000000000000L1" ; ——igk 14k
when mero == o <= "0000000000000000" ——$d Fo
when others =+ ¢ <= "0000000000000000" ; -
end case;end process;

ernd rtl;
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library IEEE:

use IEEE.std logic 1164.all;
use IEEE.std logic arith.all:

use IEEE.std logic unsigned.all;
entity comp 1=

porti a, b:

sel : in std logic wector

Compout
end comp;

in std logic wector (15 downto 0O):

out std logic)

architecture rtl of comp is

constant
constant
constant
constant
constant
constant

begin

processia, b,

case sel is
when eq ==
when nedq =>
when gt ==
when gte =
when 1t ==
when lte =x

when others => compout<='0"

end case;
end process;
end rtl:

ec:
nedq:
oL :
gre:
1t:
lte:

if a&=b then compout<='1"':;
if &/=h then compout<='1"';
if a »b then compout<='1"':
if a&»=b then compout<='1"':
if a<b then compout<='1"':;
if a<=b then compout<='1"':

std logic wector
std logic wector
std logic wector
std logic wvector
std logic wector

std logic wector

=el] begin

L3

downto
downto
downto
downto
downto
downto

[ 2 downto 0O ) ;

o) s
oy s
o) s
oy s
o) s
oy s

"Ooon;
daiELE
"O10";
FELE
"100";
"101";

else compout<='0";
elsecompout<='0";
else compout<='0";
elsecompout<='0";
else compout<='0";
elsecompout<='0";

el
el

if:
if:
if:
if:
if:
if:
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library IEEE;
use IEEE. std logic 1164.all;

porti{ a : in std logic wector (15 downto 0); clk : in std logie<;
q : out std_lngic_vectnr{lS downto 0317 ;

L CREGTEA i
begin i E
process(clk,a) bhegin E—'ai15'3] al15.0] —f

. . , = clk :

1f rising_ edge(clk) then g == a ; end 1f; : :
end process; Emﬂ ;

end EHV;

B 9.6 EEFEFE
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library IEEE;

use IEEE. std logic 1164.all;

use IEEE. std logic unsigned.all;

entity REGT 1=

port{ a : in std logic wector ( 15 downto 0 J;

<lk,R3T, en : in std logiec; j”'”..“.”...HEﬁfT
g : out std_lngic_vectnr{ 15 dowmnto 0 3); :—[q[iﬁ_ﬂ] a[5.0] |_
end REGT; j H-—%
architecture rtl of REGT is ; tlk —
signal vl : std logie wector ( 15 downto O ); ; Rm-_ﬁ
begin '
insts

processiclk, a,Ra3T) hbhegin (A .
IF R3T="1" THEN +1 == "00000O00O000000000'"; E 0.7 &= TR S5
EL3IF rising edgeiclk) THEN vl <= a; END IF;

end process;

processien, vl) begin

1if en = "1" then g<=vl ; elsze q == "ZEZEZEZZZZZZEZZZZZZ" ; end 1f;

end process;

end rtl;
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LTBRARY TEEE; ..................... 1.1-;,11?

USE IEEE. std logic 1164,ALL; !

USE IEEE.std logic unsigned. ALL; | 4115.0] L

ENTITY RE= A T3 lo3d i

FORT { rst,clk, load: IN std logic; _ e |

d: IN =std logic wvector (13 downto 0); ;—mqﬂiﬂ[ rsl 5
g: OUT Std_lugic_vectnr (15 downto O0) 3; ; —

END REG A; e AL

ARCHITECTURE Eehawvioral OF RE= A T3 E 0.z ﬁ}tll]ﬁ

PROCEZS (clk,rst ) BEGTIN ﬁﬁa%%ﬁﬁ

IF rst='1"' THEN qg<=(OTHERS=>"0");
EL23IF rising edge{CLE) THEN
IF load="1" THEN g<=d; END IF;
END IF:
END PROCEIS;
END Eechawvioral;
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lihrary IEEE;
use IEEE. std logic 11a64.all;
use IEEE. std logic unsigned.all;
entity REG ARE is
port{ data : in std logic wector({l3 downto 0);
sel : in std logic wvector(Z downto 0);

<lk : in std logic; o : out std logic vector(l5 downto 0));

end REG ARB;

architecture rtl of REG ARE 1is

type £t ram iz array (0 to 7) of std_lngic_vectnr{lS downto 0);

signal ramdata : £ ram;

signal temp data : std logie vector(l5 downto 0);
hegin

procesa{clk,=2el) hegin

if rising edgei{clk) then ramdata({conv integerisel))<=data; end if;

end process;
proceszs(=sel) begin
temp_data{=ramdata{cnnv_integer(seljj ; end process;
q <= temp data ;
end rtl;
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library IEEE;
use IEEE.std logic 1l64.all;
use IEEE.std logic arith.all;
entity IFT4 is
port [ & : in std logic wvector (13 downto 0);

sel : in std logic wector [Z2 downto 0);

v : out std logic wvector [13 downto O0));

gnd SFT4;
architecture rtl of 3FT4 is

constant shftpass @ std logic wvector (2 downto 0} := "000%;
constant sftl : std logic wvector (2 downto 0} := "00O1";
constant sftr : std logic wvector (2 downto 0} := "010%;
conatant rotl : std logic wector (£ downto 0 = "O11";
constant rotr : std logic wvector (2 downto 0} := "100%;
begin
process(a, sel) begin
case sel is
when shftpass => &= a ; - HriEEIR
when sftl == yv<= alld4 downteo O0) & '0O' ; - I fE
when sftr == y<= '0' & a(ld downto 1) ; --Hf%
when rotl == yv<= alld downto O0) & a(l3) ; - BT EFE
when rotr == yv<= all) & a(l5 downto 1) ; —— BT GTE

when others =>  y<= "OOO00OOOOOOOOQQOoOO™ ;
end case;
end process;

end rtl;
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library IEEE;

use IEEE.std logic 1164.all; — LA T BRI F N ADE S S E IR FTE L. LA LETR

entity CONTRLA iz ——IZEH] clockrfEPH sTEP

port( clock : in std logic; reset : in std logic; ——E“_I'%':FWEEE

instrReg : in std logic wvector (15 downto 0); -F5S T eaie EIRHELA
comwpout @ in std logic; - -bh ¥R sE R A
progintrWr @ out =std logic; - S Feaan FNEnT BEF r1 I tHiGa
progintrRd : out std logic; - A e iEm R B =S T
addrReghr : oukt std logic; —— U EFae T B AR SRR, BT T2 AR
addrRegRd : out std logic; ——ﬂﬂﬂt%ﬁ%ﬁﬁﬂé&ﬁﬂ:
outRegWr : out std logic; --EidE e T EEIES A, BR8N
outRegRd : out =std logic; - -RibF e dtEE A s . BT H =&

shift3el : out std logic wvector [ downto 0); --FE{u SR ThEEIESR
aluSel : out std logic wvector [ 3 downto 0O ); - - AT UTDREIAEE
compSel @ out std logic wvector (2 downto 0); - -bhErERTh R AR

opRegRd : out =td logic; --THEEFamEn T

opReglr : out std logic; --BEHE T A TIF S res. BE T18/M
instrWr : out std logic; --ESIERTANESYET T BT 12 B
reg3el : out std logic wector (2 downto 0); — BT aabE 7| 1A

regRd : out std logic; --EriraarEr SR 2 B A = T
reglWr : out std logic; —-E& TEdEn TS A Firambesl, BF 2 A
rw : out std logic; ——rw=1, RAMSRIF; w0, RAMIEMIT;

vma : out std logic); —— {7 2E rAMETIERIN 2 EE EE?F?E?&#E%‘J,

end CONTERLA;

architecture rtl of CONTRLA is

constant shftpass: STD LOGIC VECTOR(Z DOWNTO O "ooor; --fElvaREIR
constant alupass : STD LOGIC VECTOR(3 DOWNTO 0) := "0000";--aLuEA

constant  zero : STD LOGIC VECTOR(3 DOWNTO 0) := "1001"; -HFaana =



constant inz : 3TD LOGIC VECTOR(3 DOWNTO 0) := "O0111";--f0 1
constant  plus : STD_LOGIC VECTOR(3 DOWNTO0) := 01017 -—&FE—MEEniE
type state is (resetl, resetid, reset3, execute, nop, load, store,
loadZ, loadi, loadd, storeZ, storeld, stored4, incPco, incPci, incPco3,
loadId,loadI3, loadId,loadIS, loadIf, incd, incd, incd, mowvel  mowel,
add?,add3,addd); -- FERSHLAEN="ENERFENRSEETE.
signal curr ent state, next state : state; ——E}{fmﬁﬁﬂtﬁﬁﬁﬁi
begin
COM: process( current state, instrReqg, compout) begin -—-2AE1HE
progintrWr<='0"'; progCntrRd<='0"'; addrRegWr<='0"'; addrRegkhd-='0";
outRegWr<="'0"'; outRegRd<='0"'; shiftSel<=shftpass; aluSel<—alupass;
opRegRd<="'0"'; opRegWr<='0"'; instrWr<='0'; reg3el<="000";
regRd«<='0"; regWr<='0"; rw<—="'0"'; vma<="'0";
case current state is
when resetl=> alulel<=zero; shiftiel<=shftpass;
oubRegWr<='1"'; next state<=reseti;
when reseti=> outRegRd<='1l'; progCntrWe<='1";
addrReglWr<="'1'; next state<=resets3;
when reseti=> vma<='l'; rw<='0'; instrWr<='l'; next state<~execute;

Wwhen execute=2

case instrReg(lS downto 11) is o =0 Fi = il B el =
when "00000" => next state <= incPFeo;-- NOF F545%
when "00001" =» next state <= loadi; -- LD g%

when "00010% => next state <= stored;-- S TA FEa

when "00100" = progenkrBRd <= '1'; alusel <= inc ;
shiftsel <= shftpass; next state=loadli; --LDER 5%

when "00111" =» next state <= incd; -- NG g%

when "01101" => next state <= add2; - —-h0iE ApD eS0T

when "00011" =» next state <= movel; -- MOV E FE5




when others =>next state <= incPo; ¥ pcid 1
end case;
when loadi=> regSel<—instrPReg (5 downto 3); regRd<='1"';
addrregiWr-="'1"'; next state<=load3;
when load3i=> wvma<='1'; rw<='0"'; reglel<=instrReg(Z downto 0);
regc<='1"'; next state<=incPc;
WHEH add? => regSel<—instrReqg(5 downto 3); --1EEFrearrAlf r1;
regRd<='1'; -- 3T Rl B iraga/ it A Sk,
next state<=add3; opRegiWr<='1' ;-1 ARG A T ER FaR. IE 4 2FE—-1- = TEP BRIPSERY
WHEN add? => regSel<=instrReq(2 downto 0); —--1GHEFFEEIRR2
reqRd<='1'; alusel<=plus; --7TIT RI FFeeaEit A B, EIFEE v fEINGE:
gshiftsel<=shftpass; outRegWr<="'1" ;——fﬁ AL D E R EE. EIFHEEER A RIS e
next state<=add4; —-lkEHEINsE R A B2k, I 5 FE—1 sTER HiP=Fhk.
WHEH addd => regSel=="011"; -—1&EFFaRETIH rI:
outRegRd<='1'; regWr<='1" ,——f“ﬁ.lﬁﬁﬁiﬂjﬁﬁﬁgﬁﬂﬁﬁﬁﬂﬁﬁs E s A TES Fas Fi.
next state<= incPo; --INiEketrER,. e AR ro il 1 EIEREE.
when movel => regSel<=instrBReqg (5 downto 3); reghRd<="'1"'; alusel <= alupass;
shiftsel<=shftpass; outregWr<='1l'; next state<=movei;
when moved => regiel<=instrReg(Z downto 0); outRegRd-='1"';

regWe<='1"'; next state<=incPc;

when stored => reglel <= instrReg(Z downto 0); regRd <= '1';
addrregWr <= 'l'; next state <= =storei;

when storeld = reglel <= instrReg(5 downto 3); reghRd <= '1';
rw <= 'l1'; next state <= incPc;

when loadIZ => progontrRd <= '1'; alusel<=inc; shiftsel<=shftpass;
outregWr <= '1'; next state<=loadI3;

when loadIs => cutreghd <= 'l'; next state<loadId;

when loadI4 = cuktreghRd <= '1'; progoentrWr-='1l'; addrregWr-—='1"';
next state <= loadI5;



when loadId => via < '1'; rw <= '0'; next state <= loadIb;
when loadIés = vima <= '1'; rwm <= '0'; regiel<=instrReqg(Z downto O0);
regWr <= 'l'; next state <= incPec;
when incd => reglel<=instrReq (i downto 0); regRd<='1l'; alusel<=inc;
shiftsel<=shftpass; outregWr<='1l'; next state<=inc3;
when inci => outreghRd <= 'l'; next state <= incd;
when incd => outregRd <= '1'; regsel <= instrReg(d downto 0);
regWr <= 'l'; next state <= incPc;
when incPe =3 progentrRd<='1'; alusel<=inc; shiftsel<=shftpass;
outregWr<="'1"'; next state<=incPci;
when incPed =3 oubregRd<='1l'; progentrWr <= '1l'; addrregWr<='1";
next state <= incPc3;
when incPoc3d => oukbregRd<='0"; wvmwa<='1l'; rw="'0"'; instrWr<='1l"';
next stated=execute;
when others => next state <= incPo;

end case;

end process;
REF: process(clock, reset) bhegin i} e bt =
if reset = 'l' then current state <= resetl ;
elsif rising edge (clock) then current state<=next state ; end if;
end process;
end rtl;
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