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dbb \
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TO T1 T2 T3 T4 T5 T6

address a [X_ al [ i X operand \ X ar2

Register T . \
(ACC2) ; : - 3( result

amx { PC | X MAR
dbb  \ !

H H ‘
MDR ! § 5 X data

4.38

4.38 a
a PC a mux PC
T1 IR T2
PC
a+1l T3 MAR
a mux MAR MAR T5
MDR T5

T6 result ACC2
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T2 T3 T4 T5 T T6

| X a2
[
(ACC2) \ | X result
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N A —
Y v
MDR P dis | X daa
4.39
4.39
a a PC a mux PC
T1 IR T2
dis PC a+1l T3 MDR
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1X T5
MDR T5 T6

result ACC?2
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TO t 1 12 t 13 P14 t1s 1

e | | NI/ |
oy /1 —
data opcode \ I { daa ) ' '

address a / ;)< atl ' X operand L I>< atl '
[ A | ' |

PC a \ X a1 | \ ; ;

1 I \ 1 ) 1

MAR \  operand \ , ,
\ I —

IR X opcode : :

Register !

(ACC2) ; ; X result |
amwe ¢ pc T X MAR | X PC
dob N |

i i v | i
MOR a a X | a
4.40
4.40
a PC a mux PC
T1 IR T2
MAR a mux MAR
T4 MDR
T4 T5 result ACC2
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4.2.8

4.2.7
4.7 CPU
441
4.7
PC=PC+1 PC 1
PC _, address PC
MAR - address MAR
IX+MDR -, address IX MDR
mem - IR IR
mem - MDR IR
mem - MAR MAR
mem - PC PC
reg - mem
MDR _ reg MDR
ALU_ ACC2 ALU ACC2
MDR MDR ALU
~ALU
reg
ALU _ reg ALU
reg_ ALU ALU
CF-10 CF “1 “0”
Flag set CF “1’ “0”
satisfied
HALT
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A A A A y
TO T1 T2 T3 T4 T5 T6
HALT HALT
imm mem - MDR MDR -reg
PC -, address
_ mem - MAR
LoD ab PC=PC+1 MAR - address address -~ mem
. mem - MDR ddhess . mem mem- MDR MDR -reg
IX IX-+MDR - address -
reg-i MAR _address | address — mem mem — MDR MDR . reg
mem - MAR
a | pc_, address PC - address MAR - address address — mem
ST mem - IR reg—mem
. PC=PC+1 PC=PC+1 mem - MDR address - mem
IX IX-+MDR - address -
reg-i MAR - address address — mem reg—mem
MOV reg -~ALU ALU -reg
SCF.RCF CF-1,0 Flag set
BR1 PC - address mem- PC
BR2 satisfied PC=PC+1
mem - MDR
AND imm MDR ALU_ACC2
OR reg -~ALU
PC —. address
NOT mem - MAR
ab PC=PC+1 MAR  address address — mem mem- MDR
MDR ALU-ACC2
. mem - MDR -ALU
) iX IX+MDR _ address| ~ 20dress —mem e
SUC ]
reg MAR address | address — mem mem - MDR ALU - ACC2
imm - ab -
IX - reg_ 1 -
441
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4.2.9

4.42

CPU

PC_, address
PC=PC+1 |*®

ifi PC_, address
HALT PC_, addresy | satisfied CF.1,0 PC=PC+1 MAR _, address
A v i l\
mem . PC | | PC=PC+1||ALU - reg | | Flagset | | MeM-MDR mem . MAR mem _, MDR
mem_MDR 1 | MAR_, address | |IX+MDR - address
< 4 MDR -ALU \
) e v
address . mem
mem -, MDR
mem_, MDR v
MDR S ALU reg- mem
reg
MDR _reg
ALU_ACC2
v ¢ !
4.42
IR
HDL
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start =0
start=1
idle read

A 4
A

LD
HALT || BR1 BR2 MOV SCF RCF ST (LSO)
OP
y A\ 4 A A 4 Y \ 4
BR1 1 ||BR22 MOV2 || SCF2 RCF2 imm ab iX
ala Y \ 4 \ 4
i A\ 4
ads mem
mem_reg reg_mem
A /
ALU reg
\ 4 \ v
443
4.43 HALT idle
start
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43 HDL

4.3.1
HDL HDL
ALU ALU
1 ALU
ALU 4.44 4.8 4.9
4.7 4.9

contl 2 test

IR ACCl ACC2 IX MDR PC MAR

S LI

contl
cont2 3

tet ALU- multiplexer

4 b1

outl out2 test 0
[7:01 I::>
[2:0] el

444 ALU

76



48 ALU

ir IR
accl ACC1
acc2 ACC2
i X IX
mdr MDR
pc PC
mar MAR
contl outl
cont2 out2
test test o
outl ALU
out?2 ALU
test_ o
49
contl,2 test
ACC1 000 IR 000
ACC2 001 ACC1 001
IX 010 ACC2 010
MAR 011
IX 011
MDR 100
MDR 100
GND 101
PC 101
MAR 110
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2 ALU
ALU 4.45 4.10 411

4.9 411
alu_cont

au_inl au_in2

{1

N/

ALU

u au_out2

alu outl

[7:01 I::>
[3:0l .:{>
[2:0] e—

alu_CONt mny

cary in——

445 ALU
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410 ALU

au inl ALU

au in2 ALU

alu_cont

carry_in

au outl ALU

alu_out2

411
alu_cont

AND 000
OR 001
XOR 010
COMP 011
ADD 100
ADC 101
SUB 110
SUC 111
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4.46 412 4.13
4.12 4.13
flag_ s a mux PC MAR
muxl mux2 pc s mar_s

P auc
m—p oL MUX_C1
g 3lU_MUX_C2

ir > — irc
— accl ¢
——» acc2 C

flag — mdr_c

:{> control —— mdr_s
—> iX_C
ck — —> [pc.C
> cs
—— mar_c
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— flag_c
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stat —

[7:0]

a_mux
dbb

— > memr
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> memw
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412 ALU

ir IR

flag Fag

ck

reset

Start

au c ALU

au mux_cl ALU

au mux_c2 ALU

ir c IR LOW
accl ¢ ACC1 LOW
acc2 ¢ ACC2 LOW
mdr_c MDR LOW
IX_C IX LOW
pc c PC LOW
pc s PC

mar_c MAR LOW
mar_s MAR ALU
flag_c Fag LOW
flag_s Flag

a mux

dbb

memr

memw
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pc_s

1] 0”

4.13 PC MAR
flag_s a_mux
00 PC 00
SCF 01 01
MAR
RCF 10
10
11
MDR+IX
11
pC_S mar_s
data bus 0 ALU bus 0
PC 1 data bus 1
13 1’! 1
PC PC mar_s
AL U 13 1”
MAR
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4.14

4.47 4.14

i

mar mdr iXx

sy

ads mode — ADDREESS
[7:01 |::> addreess_out
[1:0] &

4.47
4.14

pc PC

mar MAR

mdr MDR

IX IX

ads mode

address_out
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5 PC

PC 4.48 4.15
4,15
pc_data in
ck — — pc_en
PC sl
re&t —> 4— pC_

pc_data out
70 §>

448 PC
415 PC
pc_data in
pc_en
pc_sel PC
pc_data out PC
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6 MAR
MAR 4.49 4.16
4.16
mar_data in mar_alu_in
ck N ¢ mar_en
MAR
ot I l mar_sel
mar_data_out
70 :>
449 MAR
416 MAR
mar_alu in ALU
mar_data in
mar_en
mar_sel ALU
mar_data_out MAR
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7 Flag

Flag 4.50 4.17
4.17
ck —»p
reset —>

——» flag_out_ cf
flag_in_cf —p

flag in zf ——p| HaQ —» flag out Zf

flag_in_vf — ——» flag_out_vf
flag_in nf —» — flag_out_nf
flag en —p
1101 flag sel —
—>
450 Hag
417 Hag
flag_en
flag_sel ALU
flag_in cf
flag_in_zf
flag_in_vf
flag_in_nf
flag_out_cf
flag_out_zf
flag_out_vf
flag_out_nf
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418 flag =

flag_sel
ALU 00
CF 01
CF 10
11
IR ACC1 ACC2 MDR
4.51 4.19
4.18 ACCl1 ACC2 MDR
VHDL

ir data in accl data in acc2_data in
iX_data in mdr_data in

y

reset —> IR ACCl1 ACC2 IX MDR

accl en
acc2_en
iX_en

ir_data out accl data out acc2 data out

iX_data out mdr_data out
70l §>

451
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4.19

ir en accl en acc2 en
iXx_en mdr_en

ir data in accl data in ALU
acc2_data in ix_data in
mdr_data in

ir_data out accl data out
acc2 data out ix_data out

mdr_data out
4.3.2 VHDL
1 ALU 2 ALU
4 5 PC 6 MAR 7 Flag
8 IR
VHDL
1 ALU

-- ALU MILTI PLEXER
library ieee;
use ieee.std |logic_1164.all;
entity ALU nux is
port (

ir o: in std_logic_vector(7 dowto 0);
accl o: in std_logic_vector(7 downto 0);

acc2_o: in std_logic_vector(7 downto 0);

ix_0: in std_logic_vector(7 dowto 0);

mdr_o: in std_logic_vector(7 dowto 0);

pc_o: in std_logic_vector(7 dowto 0);

mar_o: in std_logic_vector(7 dowto 0);
contl : in std_ logic_vector(2 downto 0);

cont2 : in std_logic_vector(2 downto 0);
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alu nux_ol : out std_|ogic_vector(7 dowto 0);
alu_nux_o2 : out std_|ogic_vector(7 dowto 0);
test_sel : in std_|logic_vector(2 dowto 0);
test_o: out std_logic_vector(7 downto 0)
)
end ALU mux;
architecture BEHAVI OR of ALU nux is
begi n
process(contl, cont2,test_sel,ir_o,accl_o,acc2_o,ix_o, mdr_o,
pc_o, mar _o)
begi n
case contl is
when "000" => alu _nmux_ol <= accl _o;
when "001" => alu _nmux_ol <= acc2_o;
when "010" => alu nmux_o0l <= ix_o0;
when "011" => alu _nmux_ol <= nar_o;
when "100" => alu nmux_ol <= ndr_o;
when "101" => alu_nmux_ol <= "00000000";
when others => alu mux_0l <= " XXXXXXXX"
end case;
end process;
process(contl, cont2,test_sel,ir_o,accl _o,acc2_o,ix_o, mdr_o,
pc_o, mar _o)
begi n
case cont2 is
when  "000" => alu _nmux_o02 <= accl o;
when "001" => alu _nmux_o02 <= acc2_o;
when  "010" => alu_mux_02 <= iXx_0;
when "011" => alu_mux_02 <= nar_o;
when  "100" => alu_mux_02 <= ndr_o;
when  "101" => alu_nmux_o2 <= "00000000";
when ot hers
=> al u_mux_02 <= " XXXXXXX" ;
end case;
end process;

process (contl,cont2,test_sel,ir_o,accl _o,acc2 o,ix_o, mdr_o,
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pc_o, mar _o)
begi n
case test _sel is
when "000" => test 0 <= ir_o;
when "001" => test o <= accl o;
when "010" => test o0 <= acc2 o;
when "011" => test 0 <= ix_o0;
when "100" => test o <= mdr_o;
when "101" => test_0 <= pc_o;
when "110" => test o0 <= mar_o;
when ot hers
=> test_0 <= " XXOXXXX";
end case;
end process;
end BEHAVI OR;

2 ALU

-- ALU

library ieee;

use ieee.std |logic_1164.all;

use ieee.std_| ogi c_unsigned. al |

entity ALUis

port (alu_inl :in std_|ogic_vector(7 dowto 0);

alu_in2 :in std_|l ogic_vector(7 dowto 0);
alu_cont :in std_|ogic_vector(2 dowto 0);

alu cin: in std_logic;

alu_out :out std_|ogic_vector(7 dowto 0);
cf : out std_l ogic;
zf . out std_l ogic;
vf . out std_l ogic;

nf : out std_logic
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end ALU,
architecture BEHAVIOR of ALU is
signal tnp : std_|l ogic_vector(8 dowto 0);
begi n
alu out <= tnmp(7 downto 0);
process(al u_cont,alu_inl,alu_in2,alu_cin,alu_out)
begi n
case alu cont is
--AND
when "000" =>
tnp <= ("0 & alu_inl) AND('0" & alu_in2) ;
vf <='0";
-- R
when "001" =>
tnp <= ("0 &alu_.inl) R ('0 &alu_in2) ;
vf <='0";
-- XOR
when "010" =>
tnp <= ("0 & alu_inl) XOR ("0 & alu_in2)
vf <='0";
-- Cow
when "011" =>
tmp <= ("0 &alu_.inl) - (‘"0 & alu_.in2);
if tnp(8) ="'1" then

nf <= '1';
el se
nf <="'0";
end if;
-- ADD

when "100" =>
tmp <= ('0" &alu_inl) + ("0 &alu_.in2);
if tnmp(8) ="'1" then

vi <= "'1";
el se

vi <='0";
end if;
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-- ADC
when "101" =>
tmp<=('0" &alu_inl) +('0" & alu_in2) + ("00000000" & al u_cin);
if tnp(8) ="'1" then

cf <=1 ;
el se
cf <='0";
end if;
-- SUB

when "110" =>
tnp <= ("0 &alu_.inl) - (‘"0 & alu_.in2);

if tnp(8) ="'1" then
vi <= "1";
el se
vi <= "'0";
end if;
-- SuC

when ot hers =>

tmp<=('0" &alu_inl) - ("0 & alu_in2) -("00000000" & alu_cin);
if tnp(8) ="'1" then

cf <='1";
el se
cf <="'0';
end if;
end case;

end process;
-- all zero

process(al u_cont,alu_inl,alu_in2, al u_out)

begi n

if tnmp = "000000000" then
zf <= "'1";

el se
zf <="'0";

end if;

end process;

end BEHAVI OR,
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-- CONTROL

library ieee;

use ieee.std |l ogic_1164.all;

entity CONT is

port (
ck: in std_|logic;
reset: in std_|logic;
start: in std_| ogic;
opcode: in std_logic_vector(3 downto 0);
ads_node: in std_| ogic_vector(3 dowto 0);
cf,zf,vf,nf: in std_|logic;
alu_c: out std_logic_vector(2 downto 0);
alu_nmux_cl: out std_logic_vector(2 downto 0);
alu_nmux_c2: out std_logic_vector(2 downto 0);
ir_c: out std_|logic;
accl _c: out std_l ogic;
acc2_c: out std_l ogic;
ix_c: out std_|logic;
pc_c: out std_logic;
pc_s: out std_logic;
mar_c: out std_logic;
mar_s: out std_logic;
mdr_c: out std_logic;
ads_nux: out std_|ogic_vector(1l dowto 0);
dbb_c: out std_logic;
flag_c: out std_logic;
flag_s: out std_logic_vector(l downto 0);
ment: out std_|logic;
memv. out std_|ogic
)

end CONT;

architecture RTL of CONT is

type state is (idle,read,dec, HALT, BR1, BR1_1, BR2, BR2_2, MOV, SRCF, LSO,
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MOV2, SRCF2, i mm ab, i x, ads_nemreg_i,
ALU reg, memreg, reg_nmem
);
signal current_state, next_state : state;
begi n
process(ck, reset)
begi n
if(reset ='0") then
current _state <= idle;

el sif(ck'event and ck = "'1') then
current_state <= next_state;
end if;

end process;
process(ck, reset, opcode, ads_node, start, current_state)
begi n
case current_state is

when idle =>
if(start = "'0")then
next state <= read;
el se
next state <= idle;
end if;
when read => next _state <= dec;

when dec =>

if (opcode = "0000") then -- halt
next state <= HALT ;
el si f (opcode = "0001") then -- |l oad

if (ads_node(1 downto 0) = "11" )then

next _state <= reg_i;

el se
next state <= LSO
end if;
el si f (opcode = "0010") then -- store

if (ads_node(1 downto 0) = "11" )then

next _state <= reg_i;
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el sif (ads_node(1l downto 0) = "00")then
next state <= idle;
el se
next state <= LSO
end if;
el si f (opcode = "0101") then -- nove
next state <= MV,
el si f (opcode = "0011") then -- set carry flag
next state <= SRCF;
el sif (opcode = "0100") then -- reset carry flag
next state <= SRCF;
el si f (opcode = "0110") then -- branch
if (ads_node = "0000")then -- (always)
next state <= BRI,
el sif (ads_node = "1000")then --(on carry)
if (cf ="1")then
next state <= BRZ;
el se
next state <= BRi,
end if;
el sif (ads_node = "0100")then -- (on zero flag)
if (zf ="'1")then
next state <= BRz;
el se
next state <= BRi,
end if;
el sif (ads_node = "0010")then -- (on overflow fl ag)
if (vf ="1")then
next state <= BRZ;
el se
next state <= BRi,
end if;
el sif (ads_node = "0001")then -- (on negative flag)
if (nf ="1")then
next state <= BRZ;

el se
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next state <= BRi,
end if;
end if;
el si f (opcode = "0111") then
if (ads_node(1 downto 0)
next_state <= reg_i;
el se
next state <= LSO
end if;
el si f (opcode = "1000") then
if (ads_node(1 downto 0)
next_state <= reg_i;
el se
next state <= LSO
end if;
el si f (opcode = "1001") then
if (ads_node(1 downto 0)
next _state <= reg_i;
el se
next state <= LSO
end if;
el si f (opcode = "1010") then
if (ads_node(1 downto 0)
next_state <= reg_i;
el se
next state <= LSO
end if;
el sif (opcode = "1011") then
if (ads_node(1 downto 0)
next_state <= reg_i;
el se
next state <= LSO
end if;
el si f (opcode = "1100") then
if (ads_node(1 downto 0)

next _state <= reg_i;
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el se
next state <= LSO
end if;
el si f (opcode = "1101") then
i f (ads_node(1 downto 0) = "11
next_state <= reg_i;
el se
next state <= LSO
end if;
el si f (opcode = "1110") then
i f (ads_node(1 downto 0) = "11
next_state <= reg_i;
el se
next state <= LSO
end if;
el se
next state <= idle;
end if;
when BR1L => next _state <= BRL_1;
when BR2 => next_state <= BR2_2;
when BR1L 1 => next state <= read;
when BR2 2 => next _state <= read;
when MOV => next_state <= MOVZ;
when MOV2 => next state <= read;
when SRCF => next state <= SRCF2;
when SRCF2 => next state <= read;
when HALT => next state <= idle;
when LSO =>
if (ads_node(1l downto 0 ) = "00")
next state <= inmm

el sif (ads_node(1 downto 0) = "01"
next state <= ab
el sif (ads_node(1 downto 0) = "10"

next state <= ix;
end if;

when i mm => next_state <= al u_reg;
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when alu_reg => next_state <= read;

when ab => next _state <= ads_nem
when ix => next _state <= ads_nem
when ads nem =>
if (opcode = "0010")then
next _state <= reg_nem
el se
next _state <= nemreg;
end if;
when memreg => next_state <= alu_reg;
when alu_reg => next_state <= read;
when reg_i => next_state <= ads_nem
when reg_nem => next _state <= read;
when others => next_state <= idle;
end case;

end process;

process(current_state)

-- menr, menw, ndr_c

begi n

if (current_state = read)then

menmr <= '0"; nenw<="'1; mir ¢c <="'1";
elsif(current_state = LSOt hen

menmr <= '0"; nenw<="1; mdr c <="'0";
el sif(current_state = BRL)then

menmr <= '0"; nenw<="'1; mir ¢c <="'1";

elsif (current_state

i f (opcode = "0010")then
menr <= "'1'; menw <= '0";
el se
menmr <= "'0";nmenw <= "1";
end if;
el se
menr <= '1'; menw <= '1';
end if;

end process;
process(current_state)

begi n

ads_nenjt hen

mdr ¢ <="'1";
mdr_c <='0";
mr ¢ <="'1";
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if (current_state = read )then

ir c<="'0";
el se
ir c<="'1;
end if;
end process;
process(current_state) -- accl _c,acc2 c,ix_c,pc_c, nar_c
begi n
if(current_state = idle)then

accl c<="'1"; acc2_c<="1";ix c<="'1; pc_c<="'1; mar_c <="'
elsif (current_state = read)then

accl c<='1"; acc2_ c<="1";ix c<="1; pc_c<="'0"; mar_c <="'

elsif (current_state = imm)then
i f(opcode = "0010")then
accl c<="'1";acc2_ c<="'1; ix_c<="'1"; pc_c<='1l; mar_c<="

el sif (opcode = "0001")then
if (ads_node(3 downto 2) = "00")then
accl c<='0"; acc2_ c<="1l;ix_c<="1; pc_c<="1"; mar_c<=
el sif (ads_node(3 downto 2) = "01")then
accl c<='1"; acc2_ c<="'0";ix_c<="1"; pc_c<="1"; mar_c<=
el sif (ads_node(3 downto 2) = "10")then
accl c<="'1'";acc2_c<="1"; ix c<='0"; pc_c<="1"; mar_c<=
el se
accl c<='1"; acc2_c<="'1";ix c<="'1"; pc_c<='1l"; mar_c<=
end if;
el se
accl c<='1"; acc2 c<="'0";ix c<="1"; pc_c<="'1"; mar_c<=
end if;
elsif (current_state = memreg )then
i f(opcode = "0010")t hen
accl c<="'1"; acc2_c<="'1";ix_c<='1"; pc_c<="'1"; mar_c <=
el si f (opcode = "0001")then
if (ads_node(3 downto 2) = "00")then
accl c<='0"; acc2_c<="1;ix c<="1"; pc_c<="'1"; mar_c <=
elsif (ads_node(3 downto 2) = "01")then

accl c<="1"; acc2_ c<='0";ix c<="1"; pc_c<="'1"; mar_c <=
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el sif (ads_node(3 downto 2) = "10")then
accl c<="1"; acc2_ c<="1";ix c<='0"; pc_c<="'1"; mar_c <=
el se
accl c<='1"; acc2_c<="'1";ix_c<="'1"; pc_c<='1l"; mar_c <=
end if;
el se
accl c<='1"; acc2 c<='0";ix c<="1"; pc_c<="'1l"; mar_c<=
end if;
elsif (current_state = LSO )then
i f(ads_node(1 downto 0) = "01")then

accl c<="'1l;acc2_c<="1; ix c<="1"; pc_c<='0"; mar_c <=
el se

accl c<="'1l;acc2_c<="1; ix c<="1"; pc_c<='0"; mar_c <=
end if;

elsif (current_state = BRl )then
accl c<="1"; acc2_ c<="1;ix c<="1"; pc_c<='0"; mar_c <=
elsif (current_state = BR2 )then
accl c<="1"; acc2_ c<="1;ix c<="1"; pc_c<='0"; mar_c <=
elsif (current_state = MOV)then
if (ads_node(1 downto 0) = "00")then
accl c<='0"; acc2 c<="1";ix c<="1; pc_c<="1; mar_c <="'
el sif (ads_node(1l downto 0) = "01")then
accl c<='1"; acc2. c<='0";ix c<="1; pcc<="1; mar_c <="'

el sif (ads_node(1l downto 0) = "10")then
accl c<="'1;acc2 c<="1; ixc<='0; pc_c<="1; mar_c <="'
el sif (ads_node(1l downto 0) = "11")then

accl c<="1"; acc2_ c<="1";ix c<="'1; pc_c<="'1; mar_c <="'
el se
accl c <="'1";acc2_c<="'1"; ix_c<="1; pc_c<="'1; mar_c <="'
end if;
el se
accl c<="'1"; acc2_c<="'1;ix c<="'1"; pc_c<="'1; mar_c <="'
end if;
end process;
process (current_state) -- pc_s

begi n
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if (current_state =
pc_s <="'1";
elsif(current_state

pc_s <= '1';

elsif (current_state

pc_s <= "'1";
el se

pc_s <= "'0";
end if;

end process;

process(current_state)

begi n
if(current_state =
mar_s <= '1';

elsif(current_state

mar s <= '1";
el se

mar s <='0";
end if;

end process;

process(current_state)

begi n
if (current_state =
ads_nmux <= "01";
elsif(current_state
ads_mux <= "01";
elsif(current_state
ads_nux <= "10";
elsif(current_state
ads_nux <= "00";
elsif(current_state
ads_mux <= "00";
elsif(current_state
ads_nux <= "00";

end if;

read )then

LSO )t hen

BR2 )then

mar_s

LSOt hen

ab) t hen

-- address_mux

ab) t hen

reg_i)then

i X)then

ALU reg) then

reg_men) then

idle) then
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end process;
process(current_state) -- dbb_c
begi n

if (current_state = ads_nenjthen

i f(opcode = "0010")t hen

dbb_c <= "'1';
el se

dbb_c <= '0";
end if;

elsif(current_state = reg_nen)t hen
i f(opcode = "0010")t hen
dbb_c <= "1";
el se
dbb_c <= '0";
end if;
el se
dbb_c <= '0';
end if;
end process;
process(current_state) -- flag_c,flag_s
begi n
if(current_state = SRCF)then
i f(opcode = "0011")then
flag s <= "01";
flag c <= '0';
el si f (opcode = "0100")t hen
flag s <= "10";
flag c <= '0';
el se
flag c <= "'1';
end if;
elsif (current_state = nemreg)then
if (opcode > "0110")then

flag_ s <= "00";
flag c <= '0';
el se
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flag_s <= "00";
flag c <= "1';
end if;
elsif (current_state = imjthen
if (opcode > "0110")then
flag s <= "00";
flag c <= '0';
el se
flag s <= "00";
flag c <= "1';
end if;
el se

flag_ s <= "00";

flag c <= "'1';
end if;
end process;
process (current_state) -- alu_ mux_cl,c2,alu c
begi n
i f(opcode = "0001")then -- | oad

alu rmux_cl <= "101";
alu rmux_c2 <= "100";
alu ¢ <= "001";
el si f (opcode = "0010")t hen -- st
i f(ads_node(3 downto 2) = "00") then
alu mux_cl <= "101";
alu rmux_c2 <= "000";

alu_c <= "001";

el sif(ads_node(3 downto 2) = "01") then
alu mux_cl <= "101";
alu rmux_c2 <= "001";
alu c <= "001";

el sif(ads_node(3 downto 2) = "10") then
alu mux_cl <= "101";
alu mux_c2 <= "010";
alu c <= "001";

el sif(ads_node(3 downto 2) = "11") then
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alu mux_cl <= "101";
alu mux_c2 <= "011";
alu c <= "001";

end if;

el si f (opcode = "0101")t hen

i f(ads_node(3 downto 2) ="
alu mux_cl <= "101";
alu mux_c2 <= "000"
alu c <= "001";

el si f (ads_node(3 downto 2)
alu mux_cl <= "101";
alu mux_c2 <= "001";
alu c <= "001";

el si f (ads_node(3 downto 2)
alu mux_cl <= "101";
alu mux_c2 <= "010"
alu c <= "001";

el si f (ads_node(3 downto 2)
alu mux_cl <= "101";
alu mux_c2 <= "011";
alu c <= "001";

end if;

el si f (opcode = "0111")t hen

i f(ads_node(3 downto 2) ="
alu mux_cl <= "000"
alu mux_c2 <= "100"
alu _c <= "000"

el si f (ads_node(3 downto 2)
alu mux_cl <= "001";
alu mux_c2 <= "100"
alu _c <= "000"

el si f (ads_node(3 downto 2)
alu mux_cl <= "010"
alu mux_c2 <= "100"
alu_c <= "000"

el si f (ads_node(3 downto 2)

00") then

"01") then

"10") then

"11") then

00") then

"01") then

"10") then

"11") then
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alu mux_cl <= "011";
alu mux_c2 <= "100"
alu _c <= "000"

end if;

el si f (opcode = "1000")t hen

i f(ads_node(3 downto 2) ="
alu mux_c1l <= "000"
alu mux_c2 <= "100"
alu c <= "001";

el si f (ads_node(3 downto 2)
alu mux_cl <= "001";
alu mux_c2 <= "100"
alu c <= "001";

el si f (ads_node(3 downto 2)
alu mux_cl <= "010"
alu mux_c2 <= "100"
alu c <= "001";

el si f (ads_node(3 downto 2)
alu mux_cl <= "011";
alu mux_c2 <= "100"
alu c <= "001";

end if;

el si f (opcode = "1001")t hen

i f(ads_node(3 downto 2) ="
alu mux_cl <= "000"
alu mux_c2 <= "100"
alu c <= "010"

el si f (ads_node(3 downto 2)
alu mux_cl <= "001";
alu mux_c2 <= "100"
alu c <= "010"

el si f (ads_node(3 downto 2)
alu mux_cl <= "010"
alu mux_c2 <= "100"
alu c <= "010"

el si f (ads_node(3 downto 2)

00") then

"01") then

"10") then

"11") then

-- Xxor
00") then

"01") then

"10") then

"11") then

105



alu mux_cl <= "011";
alu mux_c2 <= "100"
alu c <= "010"

end if;

el si f (opcode = "1010")t hen

i f(ads_node(3 downto 2) ="
alu mux_c1l <= "000"
alu mux_c2 <= "100"
alu c <= "011";

el si f (ads_node(3 downto 2)
alu mux_cl <= "001";
alu mux_c2 <= "100"
alu c <= "011";

el si f (ads_node(3 downto 2)
alu mux_cl <= "010"
alu mux_c2 <= "100"
alu c <= "011";

el si f (ads_node(3 downto 2)
alu mux_cl <= "011";
alu mux_c2 <= "100"
alu c <= "011";

end if;

el si f (opcode = "1011")t hen

i f(ads_node(3 downto 2) ="
alu mux_cl <= "000"
alu mux_c2 <= "100"
alu c <= "100"

el si f (ads_node(3 downto 2)
alu mux_cl <= "001";
alu mux_c2 <= "100"
alu c <= "100"

el si f (ads_node(3 downto 2)
alu mux_cl <= "010"
alu mux_c2 <= "100"
alu c <= "100"

el si f (ads_node(3 downto 2)

00") then

"01") then

"10") then

"11") then

00") then

"01") then

"10") then

"11") then
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alu mux_cl <= "011";
alu mux_c2 <= "100"
alu c <= "100"

end if;

el si f (opcode = "1100")t hen

i f(ads_node(3 downto 2) ="
alu mux_c1l <= "000"
alu mux_c2 <= "100"
alu c <= "101";

el si f (ads_node(3 downto 2)
alu mux_cl <= "001";
alu mux_c2 <= "100"
alu c <= "101";

el si f (ads_node(3 downto 2)
alu mux_cl <= "010"
alu mux_c2 <= "100"
alu c <= "101";

el si f (ads_node(3 downto 2)
alu mux_cl <= "011";
alu mux_c2 <= "100"
alu c <= "101";

end if;

el si f (opcode = "1101")t hen

i f(ads_node(3 downto 2) ="
alu mux_cl <= "000"
alu mux_c2 <= "100"
alu c <= "110";

el si f (ads_node(3 downto 2)
alu mux_cl <= "001";
alu mux_c2 <= "100"
alu c <= "110";

el si f (ads_node(3 downto 2)
alu mux_cl <= "010"
alu mux_c2 <= "100"
alu c <= "110"

el si f (ads_node(3 downto 2)

00") then

"01") then

"10") then

"11") then

00") then

"01") then

"10") then

"11") then
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alu mux_cl <= "011";
alu mux_c2 <= "100"
alu c <= "110";
end if;
el si f (opcode = "1110")t hen
i f(ads_node(3 downto 2) ="
alu mux_c1l <= "000"
alu mux_c2 <= "100"
alu c <= "111";
el si f (ads_node(3 downto 2)
alu mux_cl <= "001";
alu mux_c2 <= "100"
alu c <= "111";
el si f (ads_node(3 downto 2)
alu mux_cl <= "010"
alu mux_c2 <= "100"
alu c <= "111";
el si f (ads_node(3 downto 2)
alu mux_cl <= "011";
alu mux_c2 <= "100"
alu c <= "111";
end if;
el se
alu mux_cl <= "XXX';
alu mux_c2 <= "XXX';
alu c <= "XXX*;
end if;
end process;
end RTL;

-- suc
00") then

"01") then

"10") then

"11") then

108



-- address
library ieee;
use ieee.std |l ogic_1164.all;
use ieee.std_| ogi c_unsigned. al |
entity ADDRESS is
port (
ads_node: in std_|ogic_vector(1l dowto 0);
pc: in std_|ogic_vector(7 dowto 0);
mar: in std_|ogic_vector(7 downto 0);
mdr: in std_|ogic_vector(7 dowto 0);
iXx: in std_|logic_vector(7 dowto 0);
address_out: out std_logic_vector(7 downto 0)
)
end ADDRESS,
architecture BEHAVI OR of ADDRESS is
begi n
process(ads_node, pc, mar, ndr, i x)
begi n
if (ads_node = "00")then
address_out <= pc;
el si f (ads_node = "10")t hen
address_out <= mdr + ix;
el sif(ads_node = "01")t hen
address_out <= nar;
el se
address_out <= " XXXXXX" ;
end if;
end process;
end BEHAVI OR,
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5 PC

-- pc
library ieee;
use ieee.std |l ogic_1164.all;
use ieee.std_| ogi c_unsigned. al |
entity PCis
port (
ck: in std_|logic;
reset: in std_|logic;
pc_en: in std_|logic;
pc_sel: in std_logic;
pc_data_in: in std_|ogic_vector(7 dowto 0);
pc_data out: buffer std_|ogic_vector(7 downto 0)
)
end PC
architecture RTL of PCis
signal tnp : std_|l ogic_vector(7 dowto 0);
begi n
tnp <= pc_data_out + 1;
process(ck, reset)
begi n
if ( reset ='0")then
pc_data_out <= "00000000";
el se
if ( ck'event and ck = "1')then
if ( pc_en ="'0")then
if (pc_sel ="'0")then
pc_data_out <= pc_data_in
el se
pc_data out <= tnp;
end if;
end if;
end if;
end if;

end process;
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end RTL;

6 MAR

-- MAR
library ieee ;
use ieee.std |l ogic_1164.all;
entity MR is
port (
ck: in std_|logic;
reset: in std_|logic;
mar_sel: in std_logic;
mar_en: in std_logic;
mar_data_in: in std_|logic_vector(7 dowto 0);
mar_alu_in: in std_|ogic_vector(7 dowto 0);
mar_data_out: out std_logic_vector(7 downto 0)
)
end MAR
architecture RTL of MAR i s
begi n
process(ck, reset)
begi n
if ( reset ='0")then
mar _data _out <= "00000000";
el se
if ( ck'event and ck = "1')then
if ( mar_en = '0")then
if (mar_sel = "'0")then
mar _data out <= mar_alu_ in;
el se
mar _data out <= mar _data in
end if;
end if;
end if;
end if;
end process;
end RTL;
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7 Flag

-- flag
library ieee;
use ieee.std |l ogic_1164.all;
entity FLAGis
port (
ck: in std_|logic;
reset: in std_|logic;
flag_en: in std_|logic;
flag_sel: in std_|logic_vector(l downto 0);
flag_in_cf: in std_logic;
flag_in_zf: in std_logic;
flag_in_vf: in std_logic;
flag_in_nf: in std_logic;
flag _out_cf: out std_l ogic;
flag _out_zf: out std_l ogic;
flag _out _vf: out std_l ogic;
flag out_nf: out std_|ogic
)
end FLAG
architecture RTL of FLAGis
begi n
process(ck, reset)
begi n
if (reset = '0")then
flag_out _cf <="'0";
flag _out _zf <="'0";
flag _out_vf <='0";
flag_out_nf <="'0";
el se
if (ck'event and ck = '1')then
if (flag_sel = "00")then
if (flag_en ='0") then
flag out_cf <= flag_in_cf;

flag out_zf <= flag_in_zf;
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flag out _vf <= flag_in_vf;

flag out_nf <= flag_in_nf;

end if;
elsif (flag_sel = "01")then
flag_out _cf <="1";
elsif (flag_sel = "10")then
flag_out _cf <="'0";
end if;
end if;
end if;
end process;
end RTL;
8
-- i
library ieee;

use ieee.std |logic_1164.all;
entity IRis
port (
ck: in std_|logic;
reset: in std_|logic;
ir_en: in std_logic;
ir data_in: in std_|logic_vector(7 dowto 0);
ir _data_out: out std_|ogic_vector(7 downto 0)
)
end IR
architecture RTL of IR is
begi n
process(ck, reset)
begi n
if ( reset ="'0")then
ir_data out <= "00000000";
el se
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if ( ck'event and ck = "1')then
if (ir_en ="0")then
ir data out <= ir_data_in;
end if;
end if;
end if;
end process;
end RTL;

-- K OPU

library ieee;

use ieee.std |l ogic_1164.all;

use ieee.std_| ogi c_unsigned. al |

entity k CPU is

port (
ck: in std_|logic;
reset: in std_|logic;
start: in std_| ogic;
test_cont: in std_|ogic;
test _sel: in std_|ogic_vector(2 dowto 0);
data_in: in std_|ogic_vector(7 dowto 0);
dbb_cont: out std_|l ogic;
data _out: out std_|ogic_vector(7 downto 0);
address_bus: out std_|ogic_vector(7 downto 0);
ment: out std_|logic;
memv. out std_logic
)
end k_CPU;
architecture arch of k CPU is

conponent ALU nux

port (
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)

ir o: in std_logic_vector(7 dowto 0);
accl o: in std_logic_vector(7 downto 0);
acc2_o: in std_logic_vector(7 downto 0);

ix_0: in std_logic_vector(7 dowto 0);

mdr_o: in std_logic_vector(7 dowto 0);

pc_o: in std_logic_vector(7 dowto 0);

mar_o: in std_logic_vector(7 dowto 0);

contl : in std_ logic_vector(2 downto 0);

cont2 : in std_logic_vector(2 downto 0);
alu_nux_ol : out std_|ogic_vector(7 dowto 0);
alu_nux_o2 : out std_|ogic_vector(7 dowto 0);
test_sel : in std_|logic_vector(2 dowto 0);

test_o: out std_logic_vector(7 downto 0)

end conponent ;

conponent ALU

port (alu_inl :in std_|logic_vector(7 dowto 0);

);

alu_in2 :in std_|l ogic_vector(7 dowto 0);
alu_cont :in std_|ogic_vector(2 dowto 0);
alu cin: in std_logic;

alu_out :out std_|ogic_vector(7 dowto 0);
cf . out std_l ogic;

zf . out std_l ogic;

vf : out std_|l ogic;

nf : out std_logic

end conponent ;

conponent CONT
port (

ck: in std_|logic;

reset: in std_|logic;

start: in std_logic;

opcode: in std_logic_vector(3 downto 0);
ads_node: in std_| ogic_vector(3 dowto 0);
cf,zf,vf,nf: in std_logic_vector(3 downto 0);

alu_c: out std_logic_vector(2 downto 0);
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alu_nmux_cl: out std_logic_vector(2 dowto 0);
alu_nmux_c2: out std_logic_vector(2 downto 0);
ir_c: out std_|logic;
accl c: out std_l ogic;
acc2_c: out std_l ogic;
ix_c: out std_|logic;
pc_c: out std_|logic;
pc_s: out std_logic;
mar_c: out std_logic;
mar_s: out std_logic;
nmdr_c: out std_logic;
ads_nux: out std_|ogic_vector(1l dowto 0);
dbb_c: out std_logic;
flag_c: out std_logic;
flag_s: out std_logic_vector(1l downto 0);
nment: out std_logic;
memv. out std_logic
)
end conponent ;
conponent IR
port (
ck: in std_|logic;
reset: in std_|logic;
ir_en: in std_logic;
ir data_in: in std_|logic_vector(7 dowto 0);
ir _data out: out std_|ogic_vector(7 downto 0)
);
end conponent ;
component accl
port (
ck: in std_|logic;
reset: in std_|logic;
accl_en: in std_l ogic;
accl data in: in std_|logic_vector(7 downto 0);
accl data out: out std_|logic_vector(7 downto 0)

)
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end conponent;
conponent acc?2
port (
ck: in std_|logic;
reset: in std_|logic;
acc2_en: in std_l ogic;
acc2_data in: in std_|logic_vector(7 downto 0);
acc2_data out: out std_logic_vector(7 downto 0)
);
end conponent ;
conponent i x
port (
ck: in std_|logic;
reset: in std_|logic;
ix_en: in std_|ogic;
ix_data_in: in std_|ogic_vector(7 dowto 0);
i x_data_out: out std_|ogic_vector(7 downto 0)
);
end conponent ;
conponent mndr
port (
ck: in std_|logic;
reset: in std_|logic;
nmdr_en: in std_logic;
nmdr_data_in: in std_|logic_vector(7 dowto 0);
nmdr_data_out: out std_|ogic_vector(7 downto 0)
);
end conponent ;
conponent PC
port (
ck: in std_|logic;
reset: in std_|logic;
pc_en: in std_|logic;
pc_sel: in std_logic;
pc_data_in: in std_|ogic_vector(7 dowto 0);

pc_data out: buffer std_|ogic_vector(7 dowto 0)
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);

end conponent;

conmponent MAR

port (

ck: in std_|logic;
reset: in std_|logic;
mar_sel: in std_logic;
mar_en: in std_logic;
mar_data_in: in std_|logic_vector(7 dowto 0);
mar_alu_in: in std_|ogic_vector(7 dowto 0);
mar_data_out: out std_logic_vector(7 downto 0)
);

end conponent ;

conponent ADDRESS

port (

ads_node: in std_|ogic_vector(1l dowto 0);
pc: in std_|ogic_vector(7 dowto 0);
mar: in std_|ogic_vector(7 dowto 0);
mdr: in std_|ogic_vector(7 dowto 0);
iXx: in std_|ogic_vector(7 dowto 0);
address_out: out std_logic_vector(7 downto 0)
);

end conponent ;

conponent MJX
port (
data_sel: in std_l ogic;
test _output: in std_|logic_vector(7 downto 0);
alu output: in std_logic_vector(7 dowto 0);
data out: out std_|ogic_vector(7 downto 0)
);
end conponent ;
conponent FLAG
port (
ck: in std_|logic;

reset: in std_|logic;
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flag_en: in std_|logic;

flag_sel: in std_|logic_vector(l downto 0);

flag_in_cf: in std_logic;

flag_in_zf: in std_logic;

flag_in_vf: in std_logic;

flag_in_nf: in std_logic;

flag _out_cf: out std_l ogic;

flag out_zf: out std_logic

flag _out _vf: out std_l ogic;

flag out_nf: out std_|ogic

);
end conponent ;
signal ir_out,accl out,acc2 out,ix_out, ndr_out,

pc_out, mar_out : std_logic_vector (7 downto 0);

signal alu_bus : std_logic_vector(7 dowto 0);
signal alu_inl,alu_in2 : std_logic_vector(7 downto 0);
signal alu_c: std_|ogic_vector(2 dowto 0);
signal alu_nux_cl: std_logic_vector(2 downto 0);
signal alu_nux_c2: std_|logic_vector(2 downto 0);
signal ir_c: std_logic;
signal accl _c: std_l ogic;
signal acc2_c: std_l ogic;
signal ix_c: std_logic;
signal pc_c: std_logic;
signal pc_s: std_logic;
signal mar_c: std_l ogic;
signal mar_s: std_l ogic;
signal mdr_c: std_l ogic;
signal ads_mux: std_| ogic_vector(1l dowto 0);
signal flag_c: std_l ogic;
signal flag_s: std_logic_vector(1l dowto 0);
signal test_output: std_|ogic_vector (7 downto 0);
signal cf_o,zf_o,vf_o,nf_o: std_logic;

signal cf _i,zf _i,vf_i,nf_i: std_logic;

begi n
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UL : ALU nmux port map (ir_out,accl out,acc2_out,ix_out,
ndr _out, pc_out, mar_out,
alu nmux_cl, al u_nmux_c2,
alu_inl, alu_in2,
test sel,
test _output);
U2 : ALU port map (alu_inl,alu_in2,alu_c,cf_o,
al u_bus,
cf _i,zf_i,vf_i,nf_i);
U3 : CONT port map (ck,reset,start,
ir_out(7 downto 4),ir_out(3 downto 0),
cf _o,zf o,vf_o,nf o,
alu c,alu nmux_cl, al u nux_c2,
ir_c,accl_c,acc2_c,ix_c,pc_c,pc_s, mar_c, nmar_s,
mdr _c, ads_nux, dbb_cont, fl ag_c, fl ag_s,
menr, nenw ) ;
IR port map (ck,reset,ir_c,data in,ir_out);
ACCLl port map (ck,reset,accl_c, al u_bus, accl out);
ACC2 port map (ck,reset,acc2_c, al u_bus, acc2_out);
I X port map (ck,reset,ix_c,alu_bus,ix_out);
MDR port map (ck,reset,mdr_c,data_in, mdr_out);
PC port map (ck,reset,pc_c,pc_s,data_in, pc_out);

0 : MAR port map (ck,reset,mar_s, mar_c,data _in,al u_bus, mar_out);

EE6685S656FE

1 : ADDRESS port map (ads_rmux, pc_out, mar_out,
mdr _out, i x_out, addr ess_bus);
Ul2 : MJIX port nmap (test_cont,test _output,al u_bus, data out);
Ul3 : FLAG port map(ck,reset, flag c,flag_s,
cf _i,zf _i,vf_i,nf_i,
cf_o,zf _o,vf_o,nf_0);

end arch;
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