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[ 11-1]
libkrary IEEE:
usze IEEE.std logic lled.all;
uze IEEE.std logic wmsigned. all;
ertity ALT WV is
port{ a, b - in std logic _wector (15 dowmto 0 ;
el : in std logic_wector (2 dowmto 0);
c o out std logic wector(lS dowmto 00);

end AL W;

architecture rtl of AL ¥ i=s
constant alwpass @ std logic wector (3 dowmto 03 o= "0000";
constant andlp @ std logic wector(d dowmto 03 -= "0001";
copstant orlp @ std logic wector (2 dowmto 0) o= "0010";
constant notlp @ std logic wecbor (3 dowmto 0) o= "OO11";
copnstant xorlp @ std logic wecbor(3 dowmto 0) o= "0OLOO";
copstant plus @ std logic wector (2 dowmto 0 -= "0O101";
canstant alusub @ std logic_wector(d dowto 03 -= "0110";
canstant inc @ std logic wector(3 dommto 0) -= "0111";
capstant dec @ std logic wector(3 dowmmto 0) -= "1000";
capstant zero @ std logic wector (2 downto O -= "1001";

begin

processia, b, sel) begin
case =sel is

when alupass == ¢ == a ; -- BENEHIEALT
when andlp =+ c <= a and b ; -- FES5HF
whern orlp == o 4= aor b ; --IFELHE

when xorlp =+ ¢ <= a xor b ; ——FEFAINE
when notlp == c <= not a ;  —-B B4

when plus == c<=a + h ; -5 A miME

whernn alusuh =+ o <= a - b ; - FigaE

when inc == £ <= a + "000000000000000L" ; —-fN1¥kfE
when dec == £ <= a - "000000000000000L" ; ——ifk ¥k
whern zero => o <= "0000000000000000" -4 o
when others == ¢ == "0000000000000000" ; —
erd case;end process;

end rtl;
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[ 11-2]
library IEEE:
use IEEE.std logic_lled.all;
uze IEEE.std_logic_arith.all:
use IEEE.std logic unsigned.all;
entity comp is

port{ a, bi in std logic_wector(l5> dowmto 0);
gel ¢ in std logic wector [ 2 doimto 0 )

compout @ out 3td logic):
end comp;
architecture rtl of comp is

Conatant efq: gtd logic wector
constant ned: std logic wector
constant gt: std_logic_wector
constant gte: std logic wector
Conatant lt: ztd logic_ wector

constant lte: std logic wector
begin
procezs(a, h, =sel)] begin

case sel 1is

when eq == if a=b then compout<='l'; else compout<='0"
when neq => if as=b then compout<='l'; elsecompout='0"
when ot =>= if a >=b then compout<='1l'; elseconpout<='0";

=
[z
=
(2
=
2

dowmto
downto
downto
dotmmto
dowmto
downto

O):=

0):
aj:
0i:
aj:
a):

ToooT;
TooLT;
ToloT;
o117
rioot;
1oLt

when gte == if a==bh then compouts='l'; elsecompout='0"

when 1t => if a<b then compout='1l"';

elze compout='0";

when lte => if a«<=b then compout<='l'; elsecompout<='0"

when others == compout<='0"
end case;
end process;

ernd rtl;

L

L

end
end
end
end
end
end

if;
if;
if;
if;
if;
if;
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[ 11-3]

likrary IEEE;
usze IEEE. std logic 1164.all;
porti{ a : in std logiec wector {15 downto 0} ; 2lk : in std logiec;
o ! out std_lngic_vectnr(lS downta 0317 ;

begin
process(zlk,a) kegin
if rising edgeiclk) then g <= a ; end if;
end process;

end BHY;
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[#11-4]

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

use IEEE. std logic unsigned.all;

entity REGT 1=

port{ a : in std logic wvector ( 153 downto 0O J;
2lk, R8T, en : in std logiec;

g : out std_lugic_vectnr{ 15 downto 0O 31);

end REGT;

architecture rtl of REGT is

signal vl : std logiec wector ( 15 downto O );
hegin

proces={clk, a,R3T) begin

IF R3T="1" THEN <1 == "0000O0O0OQOOQOOOOOO0O0';
EL3IF rising edgei{clk) THEN vl <= a; END IF;
end process;

procezza{en, wvl) hegin

RSB

1if en = 1" then g==wvl ; else q <= "EZEZZZEZZEZEZEZZZZEZEZ" ; end if;

end process;

end rtl;
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[#)11-5]

LTERARY TEEE;
UZE IEEE. std logic 1164.ALL;
UZE IEEE. std logic unsigned. ALL;
ENTITY RE= A I3
FORT { rst,clk, load: IN std logic;

RSB

d: IN std_lngic_vectnr (15 downto 0);

gq: OUT std_lngic_vectnr (15 downto 0) };

END REG A;
ARCHITECTURE Eehawvioral OF REz A I3
EE=THN
PROCESS (clk, rst ) EEGIHN
IF rst="1' THEN g<=(OTHER3=>'0");
EL3IF rising edge(CLE) THEN
IF load='1" THEN g<=d; END IF;
END IF;
END PROCESS;
END Eehawvioral;
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library IEEE;
use IEEE. std logic 1164.all;
use IEEE. std logic unsigned.all;
entity REG ARS is
port( data : in std logic vector{l5 downto 0);
sel : in std logic wvectori(Z downto 0);
zlk : in std logic; o : out std logic vector(ld downto 0));
end REGZ ARSD;
architecture rtl of REG ARE 1is
type £ ram is array (0 to 7) of std logic wvector(l3 downto 0);

signal ramdata : £ ram;
signal temp data : std logic wvector(ld downto 0);
hegin

process({olk, sel) begin
if rising edgeiclk) then ramdata(conv integer(sel))<=data; end if;
end process;
processi{=el) begin
temp_data{=ramdata{cnnv_integer{sel}) ; end process;
q <= temp data ;
end rtl;
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L7 11-71
likrary IEEE;
use IEEE.std logic 1164.all;
use IEEE.std logic arith.all;
entity SFT4 is

RSB

port [ = in =td logic wvector (13 downto 0);
gel in =td logic wvector (2 downto 0);
v : out std logic wvector (15 downto 0));
end SFT4;
architecture rtl of IFTL is
constant shftpass std logic wvector (£ downto O0) := "0O00";
constant =ftl : std logic wvector (2 downto O0) := "0O1";
constant aftr std logic wvector [2 downto 0} := "010";
conatant rotl std logic wector (2 downto 0} := "011";
constant rotr std logic wvector (2 downto 0) := "100";
begin
process(a, sel) begin
case z2el i=
when shftpass => v <= a ; —-HiEEA

when sftl = v <= alld downto 0) & '0' ;
when sftr = v <= '0' & a(ld downto 1) ;
when rotl => v <= alld downto 0) & a(ld)
when rotr = v <= all) & a(l5 downto 1) ;
when others => v <= "O0O0ODOOOOOOQOOCOOO™ ;

end case;
end process;
end rtl;

e

--HhfE

; --1EIREfE
--BIhRTE
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[ 11-8]
library IEEE; '
use IEEE.std logic 1164.all;--EUFRII0HIFEIAINETES BRMEF TN, LI EFTHE
entity CONTRLA is --1IXER clock ¥ EEFH sTER
port{ <lock @ in std logic; reset @ in std logic; — BT EPFO B
instrRey : in std logic vector(l3 downto D},——?E%ﬁ#ﬁﬁ%’[ﬁﬁ%ﬁ]ﬂ
compout @ in std logiec; - - bk Eret Eimi o
progCntrir : out std logic; --BF TR g e, 5 v B BTG AR
progCntrRd : out std logic; --EFFFHRNER Y E B8 =R it
addrRegWr : out std logie; --HiHb A REIr B R, HE 2 B
addrRegRd : out std logic; - -t HEFFIhE A B A
outRegir : out std logic; —--Ri T FILIT DEBIES A, HE vz B
outRegRd : out std logic; R T FE R B ek, BT H=3=(T

shiftdel : out std logic wvector(Z downto 0); - - EEThEEILTE
alufel : out std logic wector ( 3 downto O ); -—--ALU ThEEIETE
compdel : out std 1 ol o wvector (£ downto 0); -- ttﬁﬁlﬂﬁﬁiﬁ?%

opReghd : out std logic; -- TIEF TR mIT
opRegir : out std logie; -- e R miTEi A TEHF . EF 1 BW
instrWr : out std logiec; -- DERENE mITH A 8T . HR 2 BW

reg3el : out std_lngi-:_vectnr (2 downtao O] ; ——%ﬁﬁﬁﬁ”ﬁ?&

regRd : out std logic; —-FHFEMEIBIER Y E B8 =R AT iEs
regilr : out std logic; -- D& EEE IS A T RS, HFE 2 B
rw : out std logic; ——rw=1, BAM B MIF; rw=0, RaMiEMDIF;

vima : out std logie); - -FFi BF ran EHE R ﬁgéﬁzﬁﬁﬁﬁlq:ﬁﬁlj;

end CONTRLA; %ﬁjﬁﬁ



architecture rtl of CONTRLA 1=

constant shftpass: STD LOGIC VECTOR (2 DOWNTO 0) := "000"; --#5{(wEEH@
constant alupass : 87D LOGIC VECTOR (3 DOWNTO 0O) := "0000";--arnu EHil
constant  zero : STD_LOGIC VECTOR(3 DOWNTO 0} := "1001";--HiFisms
constant ine STD LOGIC WECTOR(I DOWHNTO 0) := "Dlll";——ﬂﬂl

wm constant plus : STD_LOGIC VECTOR(3 DOWNTOO0) := "0l01"; - F—T-FHEins

type state 1z {resetl, reseti, resetld, execute, nop, load, store,
| loadZ, load3, loadd4, storeZ, storeld, stored, incPe, 1ncPeZ, 1ncPel,
loadIZ,loadIZ, loadId, loadIS, loadI&, incZ, ince3, incd, movel, moveZ,
add?,add3,addd); -- EFREEHPEN=EINEIRIERREEETLR.
signal current state, next state : state; ——Eﬁifﬂ?ﬁiﬁﬂ%ﬁt?&%?ﬁﬁi
begin
COM: process( current state, instrReg, compout) hegin ——sH-E5 R
progCntrWr<="0%; progCntrRd=<="0"7; addrReqWr<="0"7; addrRegRd<=70"7;
outRegqWr<="0"; outRegRd=<="07; shiftSel<=shftpass; aluSel<=alupass;
opRegRd=<="0"; opRegWr<="07; instrWr==T0"; reglel<="000";
regRd<="0"; regWr<="0"; rw<="07; sma<=T0";
case current state is
when resetl=> alulSel<=zero; shiftdel<=shftpass;
outRegWr<="1"; next state<=resetli;
when resetZ=> outRegRd<="17; progCntrWer=<="1";
addrRegWr<="1"; next state<=reset3;
when reset3=> vma<="1"; rw<="0"; 1nstrWr<="1"; next state<=execute;
when execute=>
case instrReg(l5 downto 11) is —- T RAFERA 5= abE
when "O0000" => next state <= incPo; —- NDP?E%*
when "O0001" =% next state <= loadiZ; -- LDTE@*

ML



when "00010" => next state <= stored;-- STA?E"%“

when "00100" => progentrRd <= "17; alusel <= inc ;

shiftsel <= shftpass; next state<=loadIZ; --LDR TE"’%‘
when "00111" => next state <= incZ; -- INC ¥5-4
when "01101" => next state <= add?; ——iﬂéjln—*’i‘*mi% ADD ?E’%ﬁﬁ
when "00011" => next state <= mowvel; -- MOVE ?E"’%‘
when others =>next state <= incPo; ——% B }!]l] 1

end case;
when loadZ=> reg@el<=instrReg (5 downto 3); regRd<="1"7;
addrregWr=="17; next state<=load3i;
when load3=> wvma<="1"; rw<="0"; regfel<=instrReqg(Z downto 0] ;
FegWr<="1"7; next_state-i:incPc;
WHEN add? => regSel<=instrxPeq(’ dowmto 3); - - TR TR AR Rl
reghd='1"; - - MIF R1 FirariE g ek,
next state<=add3; opRegWr<='1' s =5 LR A TIEF Fe8. 4k 2 S — srer BUPT AL
WHEN add3 => regSel<=instrReq(? downto 0); --IEIEFFIFMEIK B2
reghd<='1"'; alusel<=plus; —- iF nz FEFTEH B, FERE aou fEINE;
shiftsel<=shftpa=ss; outRegWr<='1' ;——ﬁ anu it EORE 35 R EETESL A R FTaE
next_state{=add4; ——JJZIZ.HT*HIHH%% ﬁ%iﬁﬂﬂﬁo JH:. a ;JJL:_E_”T‘ BTEF Hﬂi?q’%ﬁ'ﬁo
WHEN add4 => regSel<='011"; --iEIEEFHFRENM R,
outPegPhd<="'1"'; regWr<='1" ,——ﬁi#ﬁ&%ﬁﬁ%ﬁﬁﬁﬂ%%: flﬁﬁhﬁﬁﬁhﬂl{ﬁ%#ﬁ E 3.
next stat e<= incPc; ——ﬂﬂf"fﬁ%’fﬁ%ﬁ: %Eg.}k’ﬁa B :-!]H 1 }'%’fjﬁﬁi])ﬂiﬁo

when movel =» regf8el<=instrReg (5 downto 3); regRd=="1"; alusel == alupass;

shiftzsel«<=shftpass; outregWr<=T1"; next state<=movei;

ML

when moveZ => regf8el«<=instrReg(Z downto 0); outRegRd<="1";



when

when

when

when

when

when

when

when

when

when

storel

loadIZ

loadI?3
loadI4d

loadI5
loadIs

==

addrregWr <= "1"; next state <= =zstoreld;
regfel <= instrReg(5 downto 3); reghd == "1°%;
rw <= T17; next state == incPo;
progentrRd <= "17; alusel<=inc; shiftsel<=szshftpass;
outreglr == "17; next state<=loadI3;
outreghd <= T17; next state<=loadI4;
outreghd <= "1'; progentrWr<="1"; addrregWr<="1"7;
next state <= loadIi;
via == "17; rw <= '07; next state <= loadIg;
wma <= T17; rw <= T07; regdel<=instrReg(Z downto 0);

regWr <= "17; next state == incPo;

incE =r regdel<=instrReg (2 downto 0); regRd<="1"; alusel<=inc;

shiftzsel<=shftpass; outregWr<="1"; next state<=inc3;

incd =» outregRd <= "17; next state €= incéd;

incd =» putreghRd <= T17; regsel <= instrReqg{Z downto 0);

1heP e

regiir <= "17; next state <= incPe;

=r progontrRd<="1"; alusel<=inc; shiftsel<=zhftpa=ss;

outregWr<="1"7; next_stateﬁ=incPcE;

i NI
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when i1ncePcoZ == outregRd<="1"; progentriWr <= "17; addrregWr<=71"7;
next state <= incPcld;

when i1ncePe3 == outregRd<="07; wvma<="1"; rw=<="0"; instrWr<=T1";
next state<=execute;

when others = next state <= incPe;

end case;

end process;

REZ: processi{clock, reset) begin ——HTFEE
i1f reset = "1'" then current state == resetl ;
elsif rising edgei{clock) then current state<=next state ; end if;

end process;

end rtl;

3. CPUE#1E
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