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=~ func (from Control Unit}

—0000 -> AND OUT_ALU =(OP1 AND OP2)

- 0001 -> XOR (EOR) OUT_aALU =(0P1 XOR OP2)

— 0010 > 5UB OUT_ALU =(CP! - OP2)

- 0011 -> RSB OUT_ALU =(0OP2-0OP1)

--0100 -> ADD OUT_ALU = (OP1 + OF2}

--0101-> ADC OUT_ALU = (OP1 + OP2 + CARRY)
-0110-> SBC OUT_ALU = (OP1 - OP2 + CARRY - 1}
-0111->RSC QUT_ALU =(OP2 - OP1 + CARRY - 1)
- 1000 -> TST SAME AND BUT NOT WRITE RESULT
- 1001 -> TEQ SAME EOR BUT NOT WRITE RESULT
- 1010 -> CMP SAME SUB BUT NOT WRITE RESULT
--1011 ->» CMN SAME ADD BUT NOT WRITE RESULT
-- 1100 -> ORR OUT_ALU = (OP1 OR OP2)

- 1101 > MOV OUT_ALU=0P2

-- 1110 -> BIC OUT_ALU = OP1 AND (NOT OP2)
-=1111 -> MVN OUT_ALU=NOT OP2

--alu_inl from Register File

--alu_in2 from  Shifter or Booth's Multiplier
-- sh_flag from Shifter (carry flag of Shifter)
--alu_out -> result that finish do that operation
--cflag > carry flag from alu

- vflag -> over flag from alu that control unit must use in to AND with old vflag

library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_arith.all;

use [EEE.std_logic_unsigned.all;

Entity alu is
port(reset . ¢ in std_logic; -
clk : in std_logic;
rclk :in std_logic;
set_fg 1 in std_logic;

sh_flag : in std_logic;



end alu;

alu_rd :in std_logic;

alu_inl :in std_logic_vector(31 downto 0);
alu_in2 :in std_logic_vector(31 downto 0);
alu_md :in std_logic_vector(3 downto 0);
cond ‘ rinstd_logic_vector(3 downto 0);
cond_ok : out std_logic;

carrv_f s out std_logic;

psw rout std_logic_vector(3 downto 0);
atu_out sout std_logic_vector(31 downto 0});

architecture rtl_alu of alu is

begin

signal inl,result : std_logic_vector(31 downto 0};

signal over_f,cflag,vflag,cin,ok_cond,neg,carry,over,zero : std_logic;
signal func : std_logic_vector(3 downto 0);

signal ze : std_logic_vector(31 downto 0) := (others =>'0");

signal extra : std_logic;

signal cf,vf,cary : std_logic;

— Read ALU mode and ALU inputl into buffer (bus change always so must keep)
- Read in falling edge of clk (falling clk = rising rclk)
READ_INPUT:
Process (rclk)
begin
ifrising_edge(rclk) then
func <= alu_md;
cin <= carmry;
ifalu_rd ="'1"then
inl <=alu_inl;
cnd if;
end if; _
end process READ_INPUT;
-~ ALU work
DO_ALU:

process (inl,alu_in2,func,cin)
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variable res : std_logic_vector(32 downio 0);
variable carry : std_logic;
begin
cf <='0;
vi<='0",
case func is

when "0000" | "1000" =>
-~ AND | TST
res(31 downto 0) := inl and alu_in2;

extra <='0";

when "0001" [ "1001" =>
- XOR (EOR) | TEQ
extra <='0"

res(31 downto 0) = inl xor alu_in2;

when "0010" | "0110" | "1010" =>
-~ SUB |SBC | CMP
extra<="'l";
carry := cin or (not func(2));
res = (0" & inl) + ('I" & not alu_in2) + carry;
cf <=res(32);
vf<=(in1(31) xor alu_in2(31)) and (in2(31) xor res(31));

when "0100" | "0101" [ "1011" =>
— ADD | ADC | CMN
extra <="'l";
carry := (func(2) and func(0)) and cin;
res =('0' & in1) + (0’ & alu_in2) + carry;
of <=res(32);

vf <= (not (in1(31) xor alu_in2(31)}) and {in1(31) xor res(31)};

when "1100" =>
- 0ORR

extra <=0



res(31 downto 0} := inl or alu_in2;

when "0011" | "0111" =>
~ RSB |RSC
cxtra <="'1";
carry ;= cin or (not func(2));
res = ('0" & alu_in2) + ('1' & not inl) + carry;
cf <= res(32);

vf<=(in1(31) xor alu_in2(31)) and (alu_in2(31) xor res(31)):

when "110]" =>
- MOV
extra <= '(}'";

res(31 downto 0) ;= alu_in2;

when "1110" =>
-~ BIC
extra <='(0';

res(31 downto 0) := in] and (not atu_in2);

when others =>
-~ MVN
extra <='(;
res(31 downto 0) := not alu_in2;
end case;
alu_out. <=res(31 downto 0);

result  <=res(31 downto 0);

end process DO_ALU;

== Check Condition for set cond_ok signal
CHECK_COND;

Process (cond,carry,zero,neg,over)

case cond is
when "0000" =>ok_cond <= zcro;

when "0001" => ok_cond <= not zero;
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when "0010" =>ok_cond <= carry;
when "0011" =>ok_cond <= not carry;
when "0100" => ok_cond <= neg;
when "0101" =>0ok_cond <= not neg;
when "0110" =>0k_cond <=over;
when "0111" => ok_cond <= not over;
when "1000" =>
if {carry ='1' and zero = '0") then
ok_cond <='{";
clse
ok_cond <="0';
end if;
when "1001" =>
if (carry = '0' and zero ="'1") then
ok_cond <="1",
-€lse
ok_cond <='0";
end if;
when "1010" =>
if ((neg ='1' and over ="1") or (neg ='0" and over ="'0")} then
-ok_cond <="1";
else
ok_cond <='0";
end if}
when "1011" =>
if ((neg ="'1" and over='0") or {neg = '0' and over ="'1") then
ok_cond <=1
else ‘
ok_cond <="'0";
end if}
when "1100" =>
if ((zero ='0") and ({neg ='1' and over ="1") or {neg = '0' and over = '0")) then
ok_cond <="1"%
else
ok_cond <="'0";

end if;



when "110]" =>
if ((zero ="1"} or ((neg ="1" and over ='0") or (neg ="'0" and over ='1")))
ok _cond <="'1";
else
ok_cond <='0";
end if}
when "1110" =>
ok_cond <="1%
when others => ok_cond <="0;
end case;
end process CHECK_COND;
cond ok <= ok_cond,
cflag <= cf when extra ='1"'else sh_flag;
vflag <= vf when extra ='1'else over _f;
-- Set Cond_ok and Flag signal
SET_FLAG:
Process (reset,clk)
begin

if (reset ='0") then

neg <=0}
carry <='0;
cary <=0}

over <='(J;
Zeto <=0
elsif rising_edge(clk) then
if (set_fg ='1'} then
neg <= result(31);
carry <= cflag;
cary <=cflag;
over <= vflag;
if result = ze then
zero <="I%
clse
zero <='(J;
end if;

end if;
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end ift
end process SET_FLAG;
carry f <= carry;
over f <=over;
psw <= neg & zero & cary & over;

end rtl_alu;
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library IEEE;

use [EEE.std_logic_1164.all;

Entity datamem is

Port - {(clk tinstd_logic;
rclk sinstd_logic;
mem_rd tin std_logic;
noByte tin std_logic_vector(l downto 0);
data_wr :in std_logic_vector(31 downto 0};
nBW instd_logic;
data_ot :outstd_logic_vector(31 downto 0);
instruc tout std_logic_vector(31 downto 0};
mdat sin std_logic_vector(31 downto 0);
dat :out std_logic_vector(31 downto 0));

end datamem;

Architecture rtl_datamem of datamem is

begin

signal tmp,temp,tmpdat : std_togic_vector(31 downto 0);

== Get input in falling edge of clk (falling cik = rising rclk)
GETINPUT:

Process (rclk)

begin
if rising_edge(rclk) then
if mem_rd ="'1" then
tmp <= data_wr;
end if;
end if;
end process GETINPUT;

- Store instruction must store word aligned address
SELECT_DATA_STORE:
Process (nBW,m‘ip)
begin
if nBW ="'0' then
tmpdat <= tmp;

clse
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tmpdat <= tmp(7 downto 0) & mp({7 downto 0) & tmp(7 downto §) & mp{7 downto 0);
end if}

end process SELECT_DATA_STORE;

-- Load instruction can load both not word aligned or word aligned address
ARRANGE_DATA_LOAD:

Process (nBW,noByte,mdat)

variable t : std_logic_veztor(31 downto 0);

begin
if (nBW ='0') then - word
case noByte is
when "00" => 1 ;= mdat;
when "01" => t 1= mdar(7 downto 0} & mdat(31 downto 8);
when "10" =>1t := mdat(15 downto 0} & mdat(31 downto 16);
when others => t '= mdat(23 downto 0) & mdat{31 downto 24);
end case;
else
case noByte is
when "00" => t(7 downto ¢) ;= mdat(7 downto 0);
when "01" => t(7 downto 0) := mdat(15 downto 8);
when "10" => t(7 downto 0) ;= mdat(23 downto 16);
when others => (7 dowtto 0) := mdat{31 downto 24);
end case;
(31 downio 8) := (others =>'0");
end if}
temp <=t;

end process ARRANGE_DATA_LOAD;
SEND_AND_RECEIVE:

Process (clk)

begin
if rising_edge(clk) then
dat  <=mmpdat;
. instruc <= mdat; .
data_ot <= temp;
end if}

end Process SEND_AND_RECEIVE;

end rtl_datamem;



library IEEE;

use IEEE.std_logic_1164.all;

use IEEE.std_logic_arith.all;

use IEEE.std_logic_unsigned.all;

Entity mar is

Port {reset
rclk
mar_in
mar_rd
mreq
seq
alu_use
not_inc
maddr
pc
st_de

end mar;

Architecture rtl_mar of mar is
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+in std_logic;

:in std_logic;

tin std_logic_vector(31 downto 0);
: in std_logic;

. in std_logic;

tin std_logic;

: in std_logic;

:instd_logic;
outstd_logic_vector(31 downto 0};
:out std_logic_vector(29 downto 0);

: out std_logic);

signal tpc,tmar : std_logic_vector(31 downto 0),

begin

-~ Calculate address in falling clk (falling clk = rising rclk)

ADDRESS:

process(reset,rclk)

variable to,_ mar : std_logic vector(31 downto 0);

begin
if (reset ='0") then
tmar
tpc
. st de
elsif rising_edge(rclk) then

st_de

<= (others =>'0);
<= (others => '0');

<= lol;

<=|1n;

if mar_rd = '1" then

to_mar := mar_in;



end if;

if mreq="0' then
if seq="1"then
if (not_inc = '1") then - Load and Store multiple

tmar <= tmar+ "100";

if (alu_use = 'I') then ~ instruction follow from store instruction

if (not_inc = '0") then

else
tmar <= tpc;
tpe <=tpc +"100";
end if;
else
tmar <= mar_in;
end if:
elsif (not_inc ='0") then
tmar <= tpc;
tpc
else
tmar <= to_mar;,
end if;
end if}
end if;
end if}
end process ADDRESS;

maddr <= tmar;
pc <= tpc{31 downto 2);

end rtl_mar;

tpe <= mar_in + "100";

<= tpc + "100";
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library [EEE;

use [EEE.std_logic_1164.all;

use IEEE.std_logic_unsigned.all;
use IEEE.std_logic_arith.atl;

entity reg_file is

port(rf_inl  :in std_logic_vector(3 downto 0);
rf_in2 :in std_logic_vector(3 downto 0};
rf_des tin std_logic_vector(3 downto 0);
if_dataw :instd_logic_vector(31 downto 0);
clk s in std_logic;
of_write :in std_logic;
of_dinl  :outstd logic_vector(31 downto 0);
if din2  :outswd_logic_vector(31 downto 0));

end reg_file;

architecture regf of reg_file is
type dat32 is array {15 downto 0) of std_logic_vector(31 downto 0);
signal regs : dat32;
begin
tf_din] <= regs(CONV_INTEGER(rf _in1)); .
rf_dinZ <= regs(CONV_INTEGER(:f in2));

WRITE_REG:
process(clk)
begin
if rising_edge{ctk) then
(if rf_write ="'1' then
regs(CONV_INTEGER(tf_des)) <=rf_dataw;
end if;
end if}
end process WRITE_REG;

cnd regf;



library [EEE;

use IEEE.std_logic_1164.all;

use [EEE.std_logic_arith.all;

use [EEE.std_logic_unsigned.all;

Entity shifter is
port(sh_inl tin std_logic_vector{7 downto 0);

sh_in2 :in std_logic_vector(31 downto 0);
sh_in3 :in std_logic_vector(12 downto 0);
sh_md :in std_logic_vector(t downto 0);
op_regs :in std_logic_vector(1 downto 0);
relk tin std_ogic;
sh_rd tin std_logic;
carry_f :in std_logic;
sh_flag : out std_logic;
shift_out: out std_logic_vector(31 downto 0));

end shifter;

architecture rtl_shifter of shifter is

begin

signal idx : natural range 0 to 31;

signal dshift :std_logic_vector(95 downto 0);

signal zero,ovf,eq32 : std_logic;

signal in2,din,result :std_logic_vector(31 downto 0);

signal inl,idx_vec :std_logic_vector(7 downto 0);
signal regs,func.  : std_logic_vector(1 downto 0);

signalin3 : std_logic_vector(12 downto 0):

din(31 downto §) <= (others=>'0") when regs = "10" else in2(31 downto 8);

din(7 downto 0) .<=in3(7 downto 0) when regs = "10" else in2(7 downto 0);

dshift(95 downto 64) <= din(31 downto 0) when func ="11" clse (others=>'0");
dshift{63 downto 32) <= din(31 downto 0);
dshift{31 downto () <= (others=>'0");
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idx_vec <=
ovf <=
eq32 <=
zero <=
idx <=

INPUT_SHIFT:

Process (rclk)

begin

inl when regs = "00" else "000" & in3(12 downto 8);

'1' when idx_vec > "00011111" else '0";
'1' when idx_vec = "00100000" eise '0;
'1' when idx_vec = "00000000" else '0;

conv_integer(idx_vec(4 downto 0));

if rising_edge(rclk) then

end if;

func <=sh_md;
regs <= op_regs;
in3 <=sh_in3;

if (sh_rd="1"} then
inl <= sh_inl;

in2 <=sh_in2;

end if;

end process INPUT_SHIFT;

SHIFT_PROC:

process(idx,dshift,func,ovi)

begin

foriin0to 31 loop

case func is

when "00" => - Logical shift left

if ovf="0' then

result(i) <= dshift(32-idx+i);

¢clse

result(i) <='0";

end if;

when "01" => -- Logical shift right

if ovf="0" then

result(i} <= dshift(32+idx-+i);

elsc
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result(i) <='0";
end if}
when "10" => -- Arithmetic shift right
if ovf="1' then
result(i) <= dshift{63);

else
ifi <32-idx then
result(i) <= dshift(32+idx+i);
clse
result(i) <= dshifi(63);
end if;
end if;

when others =>
result(i) <= dshift(32-+idx+i);
end case;
end loop;

end process SHIFT_PROC;

shift_out <= result(31 downto 0);

FLAG_PROC:
process(dshift(63 downto 32),carry_f,func,ovf,eq32,idx,zero)
begin
if zero = ' then
sh_flag <= carry_f;
else
case funcis
. when "00" =>
if ovi="'0' then
sh_flag <= dshift(64-idx);
elsif eq32 ='1' then
sh_flag <= dshift(32); .
elsc
sh_flag <='0";
end if;

when "01" =2
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if ovf="0" then
sh_flag <= dshift(3 1 +idx);
elsif eq32 ='1" then
sh_flag <= dshift(63);
else
sh_flag <="0,
end if;
when "10" =>
if ovf="0' then

sh_flag <= dshift(3 1 +idx};

else
sh_flag <= dshift(63);
end if}
when others =

sh_flag <= dshifi(63-+idx);
end case;
end if;
end process FLAG_PROC;

end rtl_shifter;



library [EEE;
use IEEE.std_logic_1164.all;
use [EEE.std_logic_arith.all;

use IEEE.std_logic_unsigned.all;

Entity ctl is

Port {reset :in std_logic;
clk :in std_logic;
rclk : in std_logic;
instruc vin std_logic_vector(31 downto 0);
done :in std_logic;
cond_ok tin std_logic;
st_de : in std_logic;
—=--==- Control Data flow to Bus -==-==---~
mem_ot : out std_logic;
mar_rd tout std_logic;
forwl :out std_logic;
forw2 :out std_logic;
pel : out std_logic;
pe2 »out std_logic;
regl : out std_logic;
reg2 :out std_logic;
use_of : out std_logic;

--—-- Control each Entity read Operand -----

alu_pc : out std_logic;
pe_rg . out std_logic;
alu_rd :out std_logic;
shrd Tout std_logic;
mem_rd :out std_logic;

---~- Control Function of each Entity ----~

rf_write : out std_logic;
f_inl out std_logic_vector(3 downto 0);
rf_in2 cout std_logic_vector{3 downto 0);

rf_des s out std_logic_vector(3 downto 0);
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alu_md :out std_tlogic_vector(3 downto 0);
cond :out std_logic_vector(3 downto 0);
set_fg : out std_logic;

sh_md : out std_logic_vector(1 downto 0};
op_regs out std_logic_vcctor(-l downto 0);
sh_out : out std_logic;

start :outstd logic;

not_inc :out std_logic;

alu_use : out std_logic;,

fr_ctl :out std_logic_vector(25 downto 0);
sh_in3 :out std_logic_vector(12 downto 0};
nENQUT s out std_logic;
lock »outstd_logic;
nRW  :outstd_logic;
nBW  :outstd logic;

mreg :out std_logic;

seq :out std_logic);

end ctl;

architecture ril_ctl of ctl is

-=------ Decode Process

signal reg_no,inst

:std_logic_vector(4 downto 0);

-------- Execute Process

signal temp_rf,dest : std_logic_vector(3 downto 0);
signal pt_inx,shf,nByte,work,inc,link : std_logic;
signal wr_back,fg_set,not_wr : std_logic;

signal topl,top2  :std_logic_vector(3 downto 0);

signal cycle : std_logic_vector{4 downto 0);
signal riidest_rf  : std_logic_vector(3 downto 0);
signal tp_inst :std_logic_vector(31 downto 0);

signal pc_reg,not_get,wr_regs,wr_mem,meg,sc : std_logic;

signal bypass,Byte,from_tp,can_de,out_mem,new_adr,use_off : std_logic;

Others

signal fin_mul : std_logic;

signal fwl,fw2,rgl,rg2,p1,p2 : std_logic;
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- signal fyes : std_logic; -- use to tell in 2nd cycle of decode not do forwarding
- signal D_ir : std_logic_vector(31 downto 0);

- signal nd : std_logic;

begin
mreq <= meq;
seq <= se;
nRW <=wr_mem and clk;
nENOUT <= wr_mem,
nBW <= Byte;
f_write <= Wr_regs;
start <= work;
fin_mul <= done when inst = "10001" else '0';
Pc_rg <= p¢_reg;
use_of <= use_off;
--cstate = N have ir <= instruction 'coz last cycle of Store inst, is N then
=--(mreq,se = 00) new inst. must start with N cycle not S cycle so last exec. of Store
- must set not_get ="0" and from_tp="1'
-------------- SIGNAL FROM EXECUTE PROCESS, --m-r-m--=rrsmnesusas
-- not_get get new instruction or not
-- frem_tp get new instruction from tp_inst or memory
-~ VARIABLE CONTROL
-- not_d¢ next cycle will can decode new instruction or not{Must decide with can_de and
-- fin_mul that send from Execute process.
- up incretrient or substraction
----------------- SIGNAL CONTROL
-- mar_rd 'I" when must use address from Reg (Post Index) by keep it in temp
- and use it in next cycle.
- mem_rd . 'I"when must send value to memory (swap or store)
--sh_rd ‘1" when must usc shifter
- alu_rd 1" when must use alu
--use_off '1' when must use offset value to branch how from base (Another will not send

value into Bus.)



--shf exec, that inst. not have shift. use only data processing exec.
== not_wr exec, that inst. is about compare that not write result to register

- pt_inx exec. that is post indexing :
i

-- Decode in falling clk (falling clk = rising rclk)

DECODE _I:

process(reset,rclk.st_dc)
variable count ¢ std_logic_vector(4 downto 0);

variable ir :std_logic_vector(3] downto 0);
variable list : std_logic_vector(15 downto 0);
variable off_reg: std_logic_vector(11 downto 0);
variable temp,tp_md : std_logic_vector(3 downto 0);

variable tp_byte,mul_acc,ioffset,!d_st,up,not_de : std_logic;
variable opl,op2 : std_logic_vector(3 downto 0);

begin

if (reset ='0" or st_de ="'0") then

not de =10
ioffset :='0";
up =04

mul_acc =04

Id_st =0

tp_byte ='0%

count  ="00000";
temp = "0000";
tp_md :="1101";

ir = (others => '0');

‘off_reg :=(others =>'0");

list = (others =>'0";
opt ="11i1"
op2 = 1111

work <='"
ptinx <='0"
shf <=0
nByte <=0

link <=0
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not_wr <='04
wr_back <="'0,
fg_set <='0%
inc <='0";
dest <= "0000";
temp_rf <= "0000";
reg no <="00000";
inst <="11111"
alurd <='l%
shrd <="1%
mem_rd <=0
mar_rd <="0';
sh_in3  <=(others =>>'0");
fr_ctl <= (others =>'0');
cond <="]1110";
alumd <="1101";
sh_md <="00";
op_regs <="01";
use_off <='0,
alu_pc <='0}

elsif rising_edge(rclk} then

if (not_get="'0" then
if (from_tp = '0°) then
ir := instruc;
else
ir:=tp_inst;
end if;
cnd if;
if (cond_ok ='0") then
not_de :='0"
end if;
shf <="'0";
if {can_de =='1" or not_de ='0" or fin_mul ="'1") then
cond  <=ir(31 downto 28);

casc ir{27 downto 26) is
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when "00" =>

use_off <="'0",
if {({ic(4) and ir(7)) ='0") or ir(25) ="'1") then
e Data Processing --—-==~-=------

work <='0
tp_md :=ir(24 downto 21);
inst <='0' & ir(24 downto 21);
fg_set <=in20),
sh rd  <='1%
mem_rd <='0";
mar_td <='0";
dest <=ir(15 downto [2);
alu_md <=ir(24 downto 21};
if ir(24 downto 23) = *10" then
— TST,TEQ,CMP,CMN
not_wr <='1"
else
not_wr <='0";
end if;
if (ir(25) ='0") then
----— Register Operand «—--—-—------
sh_md <= ir(6 downto 5);
temp_rf<= ir(19 downto 16);
op2 = ir(3 downto 0);
if (ir(4) = '1") then
- shift amount from register
op_regs <= "00";
sh_rd «<=']"
opl =ir(1] downto 8); -~ amount shift
shf <='1"
not de :='1%
alu_rd  <="0,
else
- shift amount is imm. value
opl =ir(19 downto 16);

Op_rcgs <= ||0] u;
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sh_in3(12 downto 8) <= ir(11 downto 7);
not_ de :='0%

alurd <='l}

end if;
else
----- Immediate Operand -==-=+s==-s-=
sh_in3 <=ir(11 downto 8) & '0' & ir(7 downto 0};
op_regs <="10";
sh_md <="11";
opl = ir(19 downto 16);
alu rd <='I";
if ir(15 downto 12) ="1111" then
not_de :="1"
else
not_de :="0";
end if;
end if}
else '
not_de :='I%

if (ir{24) ='0") then

mrummmmerearmmenie— Multiply -eresvescenmemmeneeaon
opl = ir(3 downto 0);
op2 :=ir{11 downto 8);
inst <="10001";
dest <=1ir{19 downto 16);
fg_set <=ir(20);
wotk = <="'lY4

calurd <='0
sh_rd  <='04
mem_rd <='0";
mar_rd <='0"
sh_md <="00"; -
op_regs <="01",
sh_in3(12 downto 8) <= "00000";
if (if(21)="1" then

temp_rf <=ir(15 downto 12);



mul_acc :="'1";

else
mul_acc ="'04
end if;
else
mwemesuso————-—— Data Swap ------m-memmeeveco—-

work  <='0}
nByte <=ir(22);
fg set <='0Y
dest <=11(15 downto 12);
temp_rf <= ir(3 downto 0);
inst <="10110";
alu md <="1101";
op_regs <="01";
sh_md <="00";
shord <='1%
alu_rd <='l4
mem_rd <='0";
mar_rd <='0"
op2 =ir(19 downto 16);
sh_in3(12 downto 8) <= "00000";

end if;

end if}

when "Q1" =>
~—mwmmemmeemmeaeeea- Single Data Transfer --------—
work <='0
not_ de :="1" .
up =ir(23);
foffsct = ir(25);
off reg :=ir(11 downto 0);
tp_byte =ir(22);
wr_back <=ir(21};

temp_rf <= ir(19 downto 16);
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— Set operand that post-index and pre-index difference..
-- 1d_st set when want it to check offset
if {ir(24) = "0') then

- post indexing

pt_inx <='1";

op_regs <="01";

sh_md <="00";

sh_in3(12 downto 8)<= "00000";

nByte <=ir(22);

use_off <="0",

if (ir(20) = '0"} then

-- Store
op2 =1r(15 downto 12);
opl = ir(19 downto 16};

mem_rd <='l"%
mar_rd <=']";

alu_rd <='0";

sh_rd <=0,
else
op2 =1r(19 downto 16);
mem_rd <='0,
alurd <='l"
sh.rd <='1%
mar rd <='0";
alu_md <="1101%,
end if}
else
- pre indexing
Idst  ="1"

ptinx <='04

opl :=ir(19 downto 16);

mem_rd <='0"

mar_rd <='0

if (up ='0") then
aly_md <="0010";

clse



end if;
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alu_md <="0100"
end if;

if (ir(20) ='1") then

else
end if;
when "10" => )
not_de
fg set
work
if (ir(25) = '0") then
m=--===s=sevu-———-- Block Data Transfer —--—-------

-~ Load
inst <="10010";

dest <=ir(15 downto 12);

-~ Stote
inst <="10011";

temp  :=ir(15 downto 12);

= lll;
<= 000;

— .
<='0"

-- use sh_in3{4 downto 0) for calculate distance

list :=ir(15 downto 0);
opl =ir(19 downto 16);
wr_back <=ir(21);
temp_rf <= ir(19 downto 16};
pt_inx _ <=not{ir(24));
usc_off <="0
shord <=0
mem_rd <='0%
alu_d  <='1";
inc <=ir(23);
count  :="00000"; .
foriin 0to 15 loop

if (list(i) ="'1") then

count := count + "1";

end if}



end loop;
reg_no <= count;
if (ir(23) ="0" then
-- Decrement
alu_md <="0010";
mar_rd <='0%
op_regs <="10";
sh_md <="00";
sh_in3(12 downto 5) <= "00010000";
if (ir(24) ='0') then
-- Post Index

sh_in3{(4 downto ) <= count - "1";

else
-- Pre Index
sh_in3{4 downto 0) <= count;
cnd if;
else
-- Increment

alu_md <="0100";
if (ir(24) = '0'} then
-- Post Index
mar_rd <='1}
clse
-- Pre Index
mar_rd <='0';
sh; in3(12 downto 0} <= "0001000000001";
op_regs  <="10";

sh_md <="00";

end if;
end if;
if (ir(20) ='1") then
-- Load -
inst <="10100";
clse

-- Store

inst <="10101";
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end if:

when others =>

----------------------- Not First Decode

if (ingt = "10010" or inst = "10011") then

-- 2nd Decode of Load-Store

else

work
sh_rd
alu_rd
mar_rd
mem_rd

use_off

inst

Id_st
pt_inx

opl

end if;

link <= ir(24);
inst <="10000",
op_regs <="01";
sh_md <="00";
alu_md <="0100";
op! ="1111";
use_off <="'1%;

alu rd <='1Y
sh_rd <="14
mar_rd <='0";
mem_rd <='0%

frctl  <=ir(23 downto () & "00";

alu_pe <=ir(24);

<='g"
<=0
<=0,
<='Q"
<='04
<=10";

<="I11111"

if (pt_inx ='1") then

= III;
<= IOP;

= temp_rf,

mar_rd <='Q"
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mem_rd <='0";
if (up ='0") then

alu_md <="0010";

else
alu_md <="0100";
end if;
else
nByte <=tp_byte;
use_off <='04
if (inst="10011") then
op2 = temp,;
mem_rd <="l";
“mar_rd <='0",
alu_rd <='04
sh_rd <='0"
else
alu_rd <='0%
sh_rd <='0;
end if;
end if}

elsif (inst="10100" or inst = "10101"} then
-- Load or Store Multiple
if (cycle = "00000") then

sh_in3(12 downto 5) <="00010000";
sh_in3{4 downto 0) <= ¢ount;
op_regs <="10";

sh_md <="00";

alu_rd <="04
sh_td <='0}
mar_rd <='0
end if;
foriin O to 15 loop
if (list(i} ="1") then
temp ;= CONV_STD_LOGIC_VECTOR(,4);
reg_no<=reg no-"1"

list(i) :="0";



121

exit;

end if}

end loop;

if {inst = "10100")} then -- Load
dest <= temp;
mem_rd <='Q;

else -- Store
op2 = temp;
mem_rd <='1%

end if}

else
use_off <=0
if (inst ="10110"} then
== Swap inst. must call reg_file to send value to store to mem.
if (cycle = "00010") then

op2 = temp_rf;
mem_rd <="1"
alu rd <='0,
sh.rd  <='0
mar_rd  <='0%

end if;

elsif shf="1" then
== Data Processing that shift amount is reg. so must call reg_file
== to send value to alu..(2 operand use for shifter)
shf <='l"
alu_rd <='lY
sh_rd” <='04

alu_md <=tp_md;

opl = temp_rf]
elsif (inst = "10001") then
R -- Multiply .
work <='0";

if (nul_acc ='1") then
-- Multiply Accumulate that add result with register value.

alu_md <="0100";



122

alu_rd <="1%
opl = temp_rf;
else
= Multiply not Accumulate 5o alu only move resuit to alu_out
alumd <="1101%
end if;
else
== not decode new instruction and no instruction that must call reg_file more that one time
alu_rd <='0%
shrd <='04
mar_rd <='0%
mem_rd <='0%
end if}
endif}
end if}

-~ bypass tell to send signal to bypass value to shifter and teil alu to move
-- bypass set only when not have to decode new instruction.
if (bypass ='1'} then

sh_md  <="00";

op_regs <="01";

alu_md <="1101";

shrd <="1%

alurd <=0

mar_rd <='0;

mem_rd <='0";

use_off <= "0%

sh_in3{12 downto 8) <= "00000";
end if;

~ 1d_st tell that use below only load/store instruction
- set offset value can use both pre-indexing and post-indexing
if (Id_st="1") then

ld_st =04

shord  <='1%

alu_rd <="14



if (ioffset ='0") then
-- offset is imm. value
use_off <="1";
fr_ctl(25 downto 12) <= (others => '¢");

fr_cti{11 downto 0) <= off_reg;

op_regs <="01";
si_md <="00"
else
- offset is register
use_off <="0;
sh_md <=off _reg(6 downto 5);
op2 = off_reg(3 downio 0);
op_regs <="01";
sh_in3(12 downto 8) <= off_reg(11 downto 7);
end if;
end if;
end if;
f_inl  <=opl;
if in2 <=op2;
top!1 <=opl;
top2 <=op2;
end process DECODE_1;

=- forw1 send output from alu when is forwarding or reg. value is address
--regl send reg. value into bus when RO-R14 is operand

—pcl send pc value into bus when R15 is operand

SET SIGNAL_BUSI:
Process (topl,dest_rf,new_adr,wr_regs)
variable nforw : std_logic;

begin

ifwr_regs="1"then
iftopl = dest_rf'then

nforw :="'0";
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else
nforw :="'1";
end if;
else
nforw :='1%
end if;

if (topl ="1111" and new_adr = '0') then

fw) <='0}
rgl <=0}
pl <= |l |;

elsif (nforw = '0' ornew_adr="1") then

fwl <="11%

rgl <='0"

pl <='04
else

fwl  <="0%

rgl <="'l"

pl <=0
end if}

end process SET_SIGNAL_BUS!;

CHECKING_BUS1:
Process (reset,clk)
begin
if reset ="0" then
forwl <='04
reg! <=0,
pcl <='l";

elsif rising_edge(clk) then

forwl <= fwl;
. regl <=rgl; .
pel <=pl;

end if;
end process CHECKING_BUSI;
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--forw2 send output from alu when is forwarding or reg. value is address
—reg2 sendreg. value into bus when R0-R14 is operand
=pc2  send pc value into bus when R15 is operand

== mem_ot send data that read from memory into bus when is Loading

SET_SIGNAL_BUS2:

Process (top2,dcst_rf,use__off,out_mem,wr_regs)
variable nforw : std_logic;

begin
if wr_regs ="1" then

if top2 = dest_rf then

nforw :='0';
else
nforw :='1"
end if;
else
nforw i="'1";
end if;

if (use_off or out_mem) ="1' then

fw2 <='0";
rg2 <='0"
p2 (= lol;

else

if top2="1111" then

fw2 <='0"
rg2 <=1,
p2 <='l;

elsif nforw = '0' then

fw2 <='l%

rg2 <='0";

2 <=0
else

fw2 <="05

rg? <=""%

p2 <=0



end if;

end if}

end process SET_SIGNAL _BUS2;

CHECKING_BUS2:

Process (reset,cli)

begin

if reset ="0" then

forw2 <='0,
reg <=0
pc2 <='1"

mem_ot <='0;

elsif rising_edge(clk) then

end ift

forwl <= fw2;
reg2 <=rg2;
pc2 <=p2;

mem_ot <= out_mem;

end process CHECKING_BUS32;

-- inst value is

==mmmeme—e-—--- §IGNAL FROM DECQODE PROCESS
-=link
-- dest

--wr_regs

mmemmmmemmneene SIGNAL CONTROL

"00000" - "01111" Data Processing

"10000"
"10001"
*10010"
"10011"
"10100"
"10101"
"10110"

Branch and Branch with Link
Muitiply and Multiply Accumulate
Load

Store

Load Multiple

Store Multiple

Swap

sct from Decode process tell Branch with Link instruction Exec.

destination register to keep output

"I tell to write Register (and with ph)
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=~ bypass Decode. tell to send signal control to tell alu,shifter pass value

- it use only instruction Load or Swap..

- not_inc Mar. to not increment pc
-- alu_use Mar. to use alu_out to mar..(N must use 2 sig, S use only not_inc)
EXECUTEI:

process (reset,rclk)
variable cyc : std_logic_vector(4 downto 0);
variable check,chk : std_logic;

begin

if {reset = '0" then

chk =0
check ='0"
cyc = "00000";

not_inc  <='0";
alu_use <='0%
pc_reg  <='0;
not_get <='0";
wr_regs <=0}

wr_mem <='0%;
meq <='0%
se <='l"
can_de <='0';

lock <='0';

bypass <=0
Byic <='0"
set_fg = <='04
from_tp <='0;

dest_rf <="1111"
tf <="0000";
tp_inst <= {others =>"'();
i sh_out <='0
out_mem<="'0";
new_adr <="(;
elsif rising_cdge(rctk) then

if (cond_ok ="1") then
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if {inst{4) ="'0") then
———-w--ww— Data Processing -=-===-~=----
Byte <='0';

wr_mem <='0',

lock <="0,
bypass <='(',
from_tp <='0%

dest_rf <= dest;
sh_out <='04
out_mem<="0";
if shf ='0' then
-~ No shift
set_fg <= fg_set;
not_get <='0";
if {cyc= "00000") then
alu_use <='I";
not_inc <=0,
can_de <='0',
meq <='04
if dest="1111" then
se <='0

new_adr <="'1";

else

new_adr <="'0";

5€ <='l"

cyc ="11111";
end if}

wr_regs <= ('1"xor not_wr);
elsif (cyc= "00001") then
new_adr <='0%
wr_regs <='0;
meq <='0"
sc <='1"
can_de <='I"
set_fg <='0";

elsif (cyc="00010") then
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can_de <='0;
cyc ="11111";
end if;
else
-- have shift
if (cyc= "00000") then

wr_tegs <='0';

set_ fg <="0
meq <='l"
se <='(;

if (dest="1111") then
not_get <='0%
can_de <='0%
clse
not_get <=l
can_de <='l%
end if}
elsif (cyc= "00001") then
set fg <= fg_set;
alu_use <='1"%
meq <=0
wr_regs <= ('1' xor not_wr);
if (dest="1111") then
se <='0";
not_inc <='1";
new_adr <='l";
else
new_adr <= ;.0‘;
not_ing <='0";
se <='l"%
not_get <='0
can_de <=0
cyc ="11111";
end if}
elsif (cyc= "00010") then

new_adr <='(;
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wr_tegs <='0f;
not_inc <='04
meq <='0";
se <1,
can_de <='l";
elsif {cyc="00011") then

can_de <='0%

cyc ="
end if;
end if;
clse
case inst(2 downto 0) is
when "000" =>
-—=——=- Branch -----------
Byte <=0
set fg<='0";

wI_mem <='0';
not_get <='0';
from_tp <='0%
lock <="(;
bypass <='0%
dest_rf <=dest;
sh_out <='04
out_mem <= '()';
if {cyc= "00000") then
-~ Branch with Link must keep pc into R14
alu_use <='l";
not_inc <=0
meq <='0";
s¢ <='(";
can_de <='0";
wr_regs <='0';
new_adr <='1";
elsif (cyc="00001") then
pc_reg <=link;

wr_regs <= link;
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new_adr <='0";
meq <='0';
se <='l"
can_de <='l"
elsif {cyc= "00010") then
pc_reg <='0,
wr_regs <='0"
meq <='0";
se <='lY

can_de <="0,

cye =1L
end if;
when "00]" =>
---------- Multiply (not perfectly) ---—-----
Byte <=0

wr_mem<="0";

bypass <='0";
lock <=0
from_tp <='0";

dest_tf <= dest;
not_inc <='0";
out_mem<="0';
new_adr <='0";

if {cyc= "00000") then
set fg <='0"
wr_regs <='0";
meq <='l";
sc <=0
can_de <='0"
not_get <='l";
sh_out <='0%

else

if {fin_pmul ='1"} then
sh_out <="1";
meq <='0";

sc <=|l|;
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not_inc <='0"
not_get <='(;
wr_regs <='l";
set_fg <=fg_set;
cyc ="11111"
end if;
end if;
when "010" =

Load

set_fg <='0;
wr_mem <='0';
lock <=0,

sh_out <='0,

if (cye= "00000") then
Byte <='(J;
bypass <='l';
wr_regs <='0J};
not_get <='l"
meq <="'0";
se <='0
can_de <='0%
alu_use <='l%
not_inc <='l";
new_adr <='l";

elsif (cyc= "00001") then
new_adr <=0

Byte <= nByte;

bypass <='0
meq <='l;
se <='04

out_mem<="l";
if (wr_back ="1") then
wr_regs <='l";

dest_rf <= temp_rf;



end if;

if (dest /="1111") then

end if;

elsif (cyc= "00010") then

if (dest="1111") then

clse

end if;

elsif (cye="00011") then

clsif (cyc= "00100") then

end if;

when "011" =>

Byte

meq

tp_inst <= instruc;

can_de <='l";

<= IOI;

= lol;

not_ine <='0',
wr_regs <='14
dest_rf <=dest;

out_mem<="0";

se <='0

new_adr <='l";

not_get <='04
from_tp <='1";
se <='l%
can_de <='0";

cye =111

new_adr <='0",
wr_regs <='0,
meq <=0
s8¢ <='l%
not_get <='(
from_tp <='0

can_de <=1

can_de <='0';

cyc ="11111";

Store
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set_fg <='0%
lock <='0',
bypass <='0",

sh_out <='0";

if {cyc="00000"} then
Byte <="0;
wr_tegs <="'0';
not_get <='l}
wr_mem <="'0;
meq <=0
se <='0}
not_inc <='1%
can_de <='l";
alu_usc <= notpt_inx;
new_adr <= not pt_inx;
elsif (cyc= "00001") then
new_adr <='0};
Byte <=nByte;
ip_inst <= instruc;
not_get <='0"
from_tp <="'11;
wr_mem<= ‘1%
can_de <='07
not_inc <='0
alu_use <='0%
cyc ="11111"
if (wr_back ="'1") then
wr_tegs <='l";

dest_tf <=temp_rf;

" end if;
end if;
when "100" =>
---------- Load Multiplc ----

sct_fg  <='0%
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Byte <='0%
wr_mem <= 'Q';
lock <='0"
rf <= gest;
sh_ out <='0%
if (check ='1") then
-- do this cycles when last register is PC
if (cyc="00000") then
new_adr <='0';
wr_regs <="0"
mcq <='0";
se <='1,
not_get <='0";
from_tp <='0";

can_de <='l%;

else
can_de <='0';
cyc ="TIT11Y
cheek = "0

end if;

elsif (cyc = "00000") then
new_adr <="'1";
bypass <='l",
wr_regs <="0%
not_get <='1";
meq <='0";
sc <='0';
can_de <='04
not_inc <='l"
alu_usc <= not (pt_inx and inc);

elsif (cyc= "00001"} then

out_mem <="'l";
new_adr <='0';
tp_inst <= instruc;

if (wr_back ='1") then

wr_regs <='I";




dest_rf <=temp_rf;
end if;
if (reg_no = "00000") then
bypass <="'0";
meq <=']"
s¢ <='0",
if (dest /= *1111") then

can_de <='l%

end if;
chi ="1";
else
meq <="0;
se <='1%
end if;

elsif {reg_no = "00000") then

bypass <='0";

if (chic = '0") then
meq <='l"
se <='0";
dest_tf <=rf;
wr_regs <='l;

if (dest /="1111"} then
can_de <='l}

end if}

else
cyc ="
out_mem <='0;
meq <=0
not_inc <='0';
dest_rf <=rf;
wr_regs <="'1"

. if (dest="1111") then

new_adr <='1";
se <='0"

alu_use <='I";
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when "10]" =>

Store Multiple ---

else

end if;

end if;

else

end if}

check ='1%

not_get <='0,
from_tp <="1,
se <='l";

can_de <='0,

chk ;= not chk;

wr_tegs <="1",

dest_rf <=rf}

set_fg <='0%
Byte <='0,
bypass <='0";
lock <='0';

sh_our <='0,

if {cyc = "00000™) then

new_adr <=']";
meq <="'Q";
5¢ <='0%
not_get <='l}
wr_regs <='0%
wr_mem <='{);

can_de <='0Y%

alu_use <= not (pt_inx and inc);’

not_inc <='l"

elsif (cyc = "00001") then

new_adr <='0";

if (wr_back ="1") then

end if;

dest_rf <= temp_rf;

wr_regs <="'1"
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when "110" =>

Swap

if (eyc = "00000") then
new_ade <='1";

wr_mem <= '{;

Byte <=0
bypass - <=']";
lock <=0

not_get <='l%
fron_tp <="0"
wr_regs <=0}
meq <="'0"
sC <=0
can_dc <='0';
alu_use <='1}

not_inc <='1%

cise

end if;

tp_inst <= instruc;
wI_mem <="]",

se <=5

wr_regs <="0";

dest_cf<="1111";

if (reg_no = "00001") then

can_de <="]";

elsif (reg_no = "00000") then

end if;

se <='{
can_de <='0";
not_get <='0%
from_tp <="'1";
not_inc <='0";
alu_use <='0%

cyc ="11111",

set_fg <='0}

sh_out <='0Y%
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elsif {(cyc="00001") then
Byte <= nByte;
tp_inst <= jnstruc;
lock <='l";
bypass <='0;
out_mem<="'1";
elsif (cyc= "00010") then
out_mem<="0"
new_adr <='0';
meq <='t"
se <=0,
can_de <='l";
elsif {cyc="00011") then
lock <='0"
not_get <='0"
from_tp <='l";
wr_regs <="'l%
dest rf <= dest;
wr_mem <='1%
meq <=0,
se <=1
can_de <='0"}

not_inc <='0";

cye =111,
end if}
when others =>
Byte <=10";
set_fg <="0",
meq <='0%
se <=14

not_inc <='0%
wr_tegs <='0";
wr_mem <= "0
not_get <="'0";
from_tp <='0",

can_de <='
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lock <='0
bypass <='0";

sh_out <='0

end case;
end if;
if (inst /="11111") then
cyc:=cyc+"1";
end if}
clse
Byte <= 'O
set_ fg <='0%
megq <='0",
se <='1"
not_inc <='0";
wr_regs <='0,
wr_mem <= '0';
not_get <="'0;
from_tp <="0%
can_de <='04
lock <='0";
bypass <='0";
sh out <='0%
end if;
end if}
cycle <= cyc;
end process EXECUTEL];

_WRITE_REGISTER:
process (pc_reg,dest_rf)
begin
if (pc_reg ='1") then
f_des <="1110";
clse
rf_des  <=dest_rf;
cnd if;
cnd process WRITE_REGISTER;

end rtl_ctl;




use [EEE.std_logic_1164.all;
use iece.std_logic_arith.all;
use iece.std_logic_unsigned,all;

use work.p_mem.all;

Entity memory is

-- gencric parameters

-- port list
pori{rw :in std_logic;
bw tin std_logic;
addr :in std_logic_vector{3! downto 0);

mdata :inout std_logic_vector{31 downto 0));

end memory;

architecture rtl_mem of memory is

signal mem : mem_table ;= mem_constant;

alias byte0 : std_logic_vector(7 downto 0} is mdata(7 downto 0);
alias byte! : std_logic_vector(7 downto 0} is mdata(15 downto 8);
alias byte2 : std_logic_vector(7 downto 0) is mdata(23 downto 16);
alias byte3 : std_logic_vector(7 downto 0) is mdata(31 downto 24);

alias nb : std_logic_vector(1 downto 0) is addr(1 downto 0};

begin
-- concurrent statements
MANAGE:
Process (bw,rw,addr)}
variable post : integer;
begin
post := ((conv_integer(addr))}/4)*4;
if rw ="1" then -- Read Memory
if bw ="1" then -- Bytc
casc nb is
when "D0"  => byte0 <= mem(post),

when "01" => byte] <= mem(post+1);
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when "10" => byte2 <= mem{post+2);

when others => byte3 <= mem{post+3);

end case;

else -- word

mdata <= mem(post+3) & mem(post+2) & mem{post+]) & mem(post);

end if} - if (bw="1")

else
mdata <= (others =>"'Z');
end if;
end process MANAGE;

end rtl_mem;
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-- ARM begin work in falling edge clk
library [EEE;
use [EEE.std_logic_1164.all;

Entity ARM is
port(clk tinstd_logic;
reset tin std_logic;
mdata :inout std_logic_vector(31 downto 0);
addr out std_logic_vector(31 downto D);

reg_out :outstd_logic_vector(31 downto 0);

reg_rw : out std_logic;
lock rout std_logic;
RW Touestd_logic;
BwW :out std_logic;
oc :out std_logic;
mreq : out std_logic;
seq : out std_logic;
psw :out std_logic_vector(3 downto 0)};

end ARM;

Architecture rti_ARM of ARM is
component OSC4 - 500K onchip escillator
Port {(FEM : out std_logic );

End component;

component ctl

port(reset s in std_logic;
clic : in std_logic;
relk :in std_logic;
instruc :instd_logic_vector(31 downto 0);
done :in std_logic;
cond_ok tin std_logic;
st_de :in std_logic;
mem_ot : out std_logic;
mar_rd rout std_logic;

forw] : out std_logic;



forw2
pcl
pc2
regl
reg2
use_of
alu_pc
pe_tg
aiu_rd
sh_rd
mem_rd
rf_write
tf_inl
rf_in2
rf_des
alu_md
cond
set_fg
sh_md
op_tegs
sh_out
start
not_inc
alu_use
fr_ctl
sh_in3
lock
aRW
nBW
nENOUT
mreq

seq

cnd component;

component alu

port(reset

:outstd_logic;

s out std_logic;

: out std_logic;

: out std_logic;

s out std_logic;

: out std_logic;

: out std_logic;

:outstd_logic;

:out std_logic;

: out std_logic;

: out std_Jogic;

:out std_logic;

:out std_logic_vector(3 downto 0);
: out std_logic_vector(3 downto 0);
:out std_logic_vector(3 downto 0);
rout std_logic_vector(3 downto 0);
: out std_logic_vector(3 downto 0);
: out std_logic;

: out std_logic_vector(1 downto 0);
:out std_logic_vector(]l downto 0);
: out std_logic;

: out std_logic;

:out std_logic;

:out std_logic;

: out std_logic_vector(25 downto 0);
:out std_logic_vector(12 downto 0);
: out std_logic;

:out std_logic;

s out std_logic;

rout std_logic;

»out std_logic;

:out std_logic);

: in std_logic;
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clk

relk
set_fg
sh_flag
alu_rd
alu_inl
alu_in2
alu md
cond
cond_ok
carry_f
psw
alu_out

end component;

component datamem
port(ctk
relk
mem_rd
noByte
data_wr
nBW
data_ot
instruc
dat
mdat

end component;

component mar
port(reset
rclk
mar_in,
mar_rd
mreq

5€q

alu_usc
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rinstd_logic;

:in std_logic;

T in std_logic;

rin std_logic;

:in std_logic;

:in std_logic_vector(31 downto 0);
:in std_logic_vector(31 downto 0};
:in std_logic_vector(3 downto 0);
tin std_logic_vector(3 downto 0);
: out std_logic;

: out std_logic;

rout std_logic_vector(3 downto 0);

tout sed_logic_vector{31 downto 0));

: in std_logic;

:in std_logic;

:in std_logic;

tin std_logic_vector(l downto 0);

: in std_logic_vector(31 downto 0);
:in std_logic;

rout std_logic_vector(31 downto 0);
: out std_logic_vector(31 downto 0);
: out std_logic_vector(31 downto 0);

:in std_logic_vector(31 downto 0));

:in std_logic;
:in std_logic;
:in std_logic_vector(31 downto 0);
:in std_logic;
:in std_logic;
*in std_logic;

s in std_logic;



not_inc
maddr
pc
st_de

¢nd component;

component mul
port{clk
rclk
start
mul_in}
mul_in2
done
mul_out

¢nd component;

component shifter

port(sh_in1
sh_in2
sh_in3
sh_md
op_regs
rclk
sh_rd
carry_f
sh_flag
shift_out

end component;

component reg_file
port(rf_inl
if_in2
rf_des
rf_dataw
tf_write

clk

: in std_logic;
:out std_logic_vector(31 downto 0);
routstd_logic_vector(29 downto 0);

: out std_logic);

: in std_logic;

:in std_logic;

:in std_logic;
:instd_logic_vector(31 downto 0};
rin std_logic_vector(31 downto 0};
. out std_logic;

: out std_logic_vector(3] downto 0}));

:in std_logic_vector(7 downto 0);
:in std_logic_vector(31 downto 0);
tin std_logic_vector(12 downto 0),
:in std_fogic_vector(1 downto 0);
:in std_logic_vector(l downto §);
:in std_logic;

tin std_logic;

:in std_logic;
:out std_logic;

: out std_logic_vector(31 downto 0});

tin std_logic_vector(3 downto 0);
tin std_logic_vector(3 downto 0);
:in std_logic_vector(3 downto 0);
rinstd_logic_vector(31 downto 0);
:instd_logic;

rin std_logie;
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begin

f_dinl : out std_togic_vector(31 downto Q);
rf_din2 s out std_logic_vector(31 downto 0));
end component;
signal iclk : std_logic; -- 500K onchip oscillator
signal clk : std_logic; - 500K. onchip oscillator .
signal rclk: std_logic; -- inverse 500K onchip ascillator

signal done,cond_ok,mem_ot,mar_rd,forw1,forw2 : std_logic;

signal pel,pe2,regl reg2,use_of,alu_pc,alu_rd,sh_rd,mem_rd,pc_rg: std_lbgic;
signal set_fg,sh_out,start,not_inc,alu_use,nRW,nBW,nENOUT : sid_logic:
signal alu_md,cond : std_logic_vector(3 downto 0);

signal sh_md,op_regs : std_logic_vector(l downto 0);

signal bus],bus2,instruc ; std_logic_vector(31 downto 0);

signal 2lu_in2,alu_out : std_logie_vector(31 downto 0);

signal sh_flag,carry_f: std_logic;

signal sh_in3 : std_logic_vector(12 downto );

signal maddr : std_logic_vector(31 downto 0};

signal data_ot : std_logic_vector(31 downto 0);

signal shift_out,mul_out : std_logic_vector(31 downto G};

signal meq,se : std_logic;

signal dat : std_logic_vector(31 downto 0);

signal fr_ctl: std_logic_vector(25 downto G);

signal pc : std_logic_vector(29 downto 0);

signal temp : std_logic_vector{31 downto 0);

signal rf_din),rf_din2,rf_dasaw : std_logic_vector(31 downto 0);

signal rf_in1,rf_in2,ef_des : std_logic_vector(3 downto 0);

signal rf_write : std_logic;

signal st_de : std_logic;

-- concurrent statements

RW<=nRW;

BW<=nBW,;

addr <= maddr; _

busl <= alu_out when forw! ='1' clsc (others =>'Z");
bus! <= {pc & "00") when pcl ='1" else (others =>'Z7);
busl <= rf_dinl when regl =1 else (others =>'Z7);

bus2 <= data_ot when mem_ot ='1" elsc (others => Z'};
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bus2 <= alu_out when forw2 ='1" else (others =>"'Z");

bus2 <= (pc & "00") when pc2 =*!' else (others =>'Z");

bus2 <= rf_din2 when reg2 ='1' else (others =>'Z");

bus2(25 downto 0) <= fr_ctl when use_of="1" else (others =>"Z'};
bus2(31 downto 26) <= (others => fr_ctl(25)) when use_of ='1" else (others =>'Z');
oe<=nENGUT;

alu_in2 <= mul_out when sh_out ="'1" else shift_out;

mreq<= meq;

seq<=sc;

mdata<= dat when nENQUT ='1' else (others => 'Z);

reg_out <= rf_dataw;

reg_rw <=rf_write;

-- alu_pc => enable D-FF to keep value maddr for write to Register in next cycle
- that is Return~addrees of Branch
--pc_rg => select value to rf_dataw (Address (Branch only) or Alu output)
KEEP_MADDR:
Process (clk)
begin
if rising_edge(clk) then
if alu_pc ="1'then
temp <= maddr;
end if;
end if;
end process KEEP_ MADDR;
rf_dataw <= temp when pc_rg = '1' else alu_out;
- CLOCK INSIDE FFGA
-- UOSC4: OSC4 poﬁ map (F8M=>ICLK); -- 500K onchip oscillator

clk <=iclkand'l'; -- 500K onchip oscillator

rclk <= iclk xor '1"; - inverse 500K onchip oscillator

use_control:ctl port map(reset == rcset,
clk =>clk,
rctk => rclk,

instruc => instruc, -- data from memory



done => done,
cond_ok => cond_ck,
st_de =>st_de,
mem_ot =>mem_of,

mar_rd =>mar_rd,

forwl => forwl,
forw2  =>forw2,
pel =>pel,
pe2 =>pc2,
regl =>regl,
reg2 =>reg2,

use_of =>use_of,
alu_ pc  =>alu_pc,
pcrg  =>pecrg,
alu_rd =>alu_rd,
sh_rd  =>sh_rd,
mem_td => mem_rd,
of_write => rf_write,
rfinl  =>rf_inl,
rf_in2  =>rf_in2,
rf_des  =>rf des,
alu_md =>alu_md,
cond =>cond,
set_fg  =>ser_fg,
sh_md =>sh_md,
op_regs =>op_regs,
sh_out =>sh_out,
start == sltart,
not_inc =>not_inc,
alu_use =>alu_use,
fr_ctl =>fr_ctl,
sh_in3 =>sh_in3,

lock => lock,

nENOUT =>nENOUT,

nRW  =>nRW,
nBW  =>nBW,
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mreq =>meq,
seq => se);
use_alu:alu port map(reset => reset,
clk => clk,
rclk => rcli,
set fg => set_fg,
sh_flag=> sh_flag,
alu_rd => alu_rd,
alu_inl => busl,
alu_in2 => alu_in2,
alu_md => alu_md,
cond = cond,
cond_ok => cond_ok,
carry_f=> carry _f,
psw => psw,
alu_out => alu_out);
use_datamem:datamem port map{clk ~ => clk,
relk =>rclk,

mem_rd =>mem_rd,

noByte => maddr(1 downto 0),
data_wr => bus2,

nBW = nBW,

data_ot => data_at,

instruc => instruc,

dat =>dat,

mdat => mdata);
use_fmar:mar port map{reset => reset,

relk => rclk,

mar_in = busl, -
mar_rd =>mar_rd,

mreq =>meq,

seq =>sC,

alu_use =>aly_use,



use_mul:mul port map(clk => cik,

not_inc =>not _inc,

maddr  => maddr,

pc =>pe,
st_de => st_de);
relk => rclk,
start => start,

mul_inl => busl,
mul_in2 => busZ,

done =>done,

mul_out => mul_out);

use_shift:shifter port map(sh_inl => bus1(7 downto 0),

use_rfireg_file port map(rf_inl =>rf _inl,

end ril_ARM;

sh_in2 => bus2,
sh_in3 =>sh_in3,
sh_md =>sh_md,
Op_regs => op_regs,
rclk = relk,
sh_rd =>sh_rd,
carry_f => caory_f,
sh_flag =>sh_flag,

shift_out => shift_out);

rf_in2 =>rf_in2,

of_des =>rf_des,

tf_dataw =>rf dataw,

rf_write => rf_write,
clk =>clk,

tf_dinl =>¢f dinl,
of din2 =>rf _din2);
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Rule ; Execute ALU

If ExecuteOK and ALUlInstr(Instr) then
If Satisfies(Status, CondCode(Instr)) then

If WriteResult(Instr) then

Contents{DesReg) = ALU( ALUop(Instr), Aop, Bop, Carry(Status))

Endif
If SetCondCode{Instr) then

Status := UpdateStatus( Status, ALUop{Instr}, Aop, Bop, ShifiCarryOp)

Endif
Endif

Specification :

Rule & : ExecuteOK and ALUInstr(Instr)
Rule b : Satisfies(Status, CondCode(Instr))
Rule ¢ : WriteResult(Instr)

Rute d: SetCondCode(Instr)

UNUM S MAAUNTTY :

3U# 1 Finite State Machine (FSM) v83faidnyazifsinisveamiisinnsuazaisng

0130514 : 15 1TIIANUNITRINUYES VHDL A8a1e8nusen1s R sl

m3nfiL 1 waniamsunu Tugafisenuuudie VHEDL 11q FSM veantirofinunzassne
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Ac ExcuteOK and ALUInstr(Instr) 148% WriteResult{Instr) Not accept

Acd’ ExcuteOK and ALUInstr(Instr) {402 WriteResult(Instr) U8z | Not accept
SetCondCode(Instr)

Ad ExcuteOK and ALUInstr(Instr) 1182 SetCondCode{Instr) Not accept
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Rule : Register_file
If rf_write and Content(DesReg) then
Content(Desop) = Content(DesReg)
elsif rf_read then
Aop = Content(AcpR.eg)
Bop = Content{BopReg)
End if;

Rule a: of_write

Rule b ; Content(DesReg)
Rulec: tf_read

UNUAIUTAAULYTY :
.\'b
c
write

read

707 2 Finite State Machine (FSM) ¥03ndnyasidoansvesdaanes
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Awbnvse | msvhiau Haf 18
ab Rf write and Content(DesReg) Accept
c Rf read Accept

agunainle

wuh Tugafissnuuudlunivl VHDL veemiawimani lufidoRanara ¥ Finiee State
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Rule ; Single Load

If SingleLoadInstr(Executelnstr) then
If ExecuteMode

Il

first-step and Satisfies(Status, CondCode(executelnstr) then

AddrReg := MemaAddr

i

ExecuteMode := load-read-memory
Bop := offset
elsif ExecuteMode = load-read-memory then
if ByteTransferInstr{Executelnstr) then

Dataln := PadWord(Memory(AddrReg))

else Dataln := MemoryWord(AddrReg)
end if

if WriteBack(Executelnstr) then

Contents(BaseOp(Excutelnstr)) :== ALU (“+",Acp,Bop,0)
End if

ExecuteMode := load-write-register
eisif ExcuteMode := load-write-register
Contents(DesReg) := Dataln

.. ExecuteMode := first-step
End if

End if
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Rule a : SingleLoadInstr(Executeinstr)

Rule b : ExecuteMode = first-step and Satisfies(Status, CondCode
{executelnstr))

Rule ¢ : ExecuteMode = load-read-memory

Rule d : ByteTransferinste(Executelnstr)

Rule € : Datain ;= MemoryWord(AddrReg)

Rule f: WriteBack(Executelnstr)

Rule g : ExcuteMode := load-write-register

LNYRAUMARLUYTY :

first-step

write-register
U7 3 Finite State Machine (FSM) voeaidnyaizfidosmiveamhuifiudoyaaditames

¥
A15A318 : 1IN IITOUNUNTHIIUYEY VHDL 281080452 N5 Riuseil
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A1319% 3 kampmsLnu Tugafiosnuyd s VHDL i91g FSM 10amituTnan

Musnvse | My wanla

abcdfg SingleLoadInstr{ExecuteInstr) {02 ExecuteMode=first-step | Accept
and  Satisfies(Status, CondCode(Executelnstr)) g
ExecuteMode=lcad-register-memory 182 ByteTransferInstr
(Executelnstr)  HQY WriteBack(Executelnstr) 8%

ExecuteMode=load-write-register

abcefg SingleLoadinstr(Executelnsir) 1182 ExecuteMode=first-step | Accept
and  Satisfies(Status, CondCode(Executelnstr))  Uag
ExecuteMode=load-register-memory {102 ByteTransferinstr

(Executelnstr) 482 Dataln := PadWord(Memory(AddrReg))

1o ExecuteMode=load-write-register

agunaila
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Rule : Single Store
If SingleInstr{Executelnstr) then

If ExecuteMode = first-step ‘and Satisfies(Status, CondCode(Executelnstr)) then
MemAddr := AddrReg
DataOut := Contents(DesReg)
ExecuteMode = Store
Bop = offset

elsif ExecuteMode = store then

. if ByteTransferInstr{Executelnstr) then
Memory(AddrReg) := DataOut

clse AssignWord(AddrReg,DataCut)
end if
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if WriteBack(ExcuteInstr) then
Contents(Baseop(Executelnstr)) := ALU (*+", AOP,BOP,0)
end if
ExecuteMode := first-step
end if
end if

ecificati
Rule a : SingleStorelnstr(Executelnstr)
Rule b : ExecuteMode = first-step and Satisfies(Status,CondCode
(Executelnstr)))
Rule ¢ : ExecuteMode = store
Rule d : ByteTransferInstr(Executelnstr)
Rule e : AssignWord{AddrReg,DataQut)
Rule f: WriteBack(Executelnstr)

UNUS I ARALL YU

first-step

write_back

3171 4 Finite State Machine (FSM) vosqadnyaziidpanisvaamizufudoyaaamizsanui

N15 314 ¢ 151 TOURUATTHIITUAEY VHDL A0 upnuse nsyauaeil
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P37 4 wavinmaunulugaiioonuuudie VEDL g FSM veanuaeifius

mesnusr | M HaR14
Abedf SingleStorelnstr(Executelnstr) 1182 ExecuteMode = first- Accept
.step and Satisfies(Status,CondCode(Executelnstr))) Haz
ExccuteMode = store 1182 ByteTransferInstr(Executelnstr)
1192 WriteBack(Executelnstr)
Abcef SingleStorelnstr(Executelnstr) a2 ExecuteMode = first-step | Accept

and Satisfies(Status,CondCode(Executelnstr))) laz
ExecuteMode = store @Y AssignWord(AddrReg,DataOut)

WriteBack(Executelnstr)
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