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11.2.2 ZHE
[ 11-1]

ARG W

library IEEE;
use IEEE.atd logic 1164.all;
use IEEE.std logic unsigned.all:;
entity ALU V is
port{ a, b in std logic wvector(lS downto 0):;
sel in 3td logic vector (32 downto 0} ;
cC out std logic wvector (15 downto 0));
end ALU V;
architecture rtl of ALUO V is
constant alupass std logic wvector (3 downto 0) = "0000™;
constant andOp std logic vector (2 downto 0) = m0001";
constant orOp gtd logic wvector (2 downto 0) = "0010™:
constant notiOp std logic wvector (3 downto 0) = L™
constant orip std logic vector (3 downto 0) =-"0100™;
constant plus gtd logic wvector (3 downto 0) = "0101™:
constant alusub std logic wvector (3 downto 0) = R R
constant inc std logic vector (3 downto 0) s 0 I B il
constant dec std logic wvector (3 downto 0) = "1000™;
constant Zero std logic wvector (3 downto 0) = "1001"™;
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11.2.2 ZHE

begin
process{a, b, sel} begin
case sel is
when alupass => c <= a ; —— Bz HriE ERLLD
when andOp => c <= a and b ; — BESEE
when orOp =» CcC <= a or b ; ——1Fig ke {E
when xorQOp => cC <= a xor b ; ——ﬁiﬁﬁﬁﬁﬁéf’ﬁ
when notOp => ¢ <= not a : — Bl ¥ 1{E
when plus => c <= a + b ; —E A e {E
when alusub =>»> c <= a - b ; — B A mEE{F
when inc => c <= a + "0000000000000001" : —Hh01¥e{E
when dec => c <= a - "0000000000000001" ; ——Wi1iR{E
when zero => c <= "0000000000000000" ; — R F0
when others => ¢ <= "0000000000000000"™ ;

end case;end process;

end rtl:
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11.2.3 HBEs

[ 11-2]

library IEEE;

use IEEE.std logic 1164.all;
ugse IEEE.std logic arith.all:;
ugse IEEE.std logic unsigned.all;
entity comp is
port{ a, D:
sel in std logic wvector
compout out std logic):

end comp;

architecture rtl of comp

ARG W

in 3td logic wvector (15 downto 0):

[ 2 downto O )

is
constant eq : 3td logic wvector (2 downto 0):= "000":
constant neq : std logic vector (2 downto 0):= "001"%;
constant gt std logic wector (2 downto 0):= "010";
constant gte std logic vector (2 downto 0):= "011%;
constant 1t std logic wector (2 downto 0):= "100";
constant lte std logic vector (2 downto 0} := "101%;
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11.2.3 HBEs

begin
process{a, b, =sel) begin
cagse sel is

when =g =» 1if a=b then compout<='1l"'; elsze

when neq =»> if a/=b then compout<='1l';: els=e

when gt =» if a»b then compout<='1l'; elze

when gte => if a>»>=b then compout<='1l'; elsze

when 1t =» if a<b then compout<='1l'; elsze

when lte =»> if a<=b then compout<='1l'; elze

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

end rtl;

L

ARG W

compout<="'0";
compout<="0";
compout<="'0";
compout<="0";
compout<="0";
compout<="'0";

end 3

end

end 3
end 1
end 1
end 3
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11.2.4 BEEAFERSHFHERETA

1. BAXFHFE
[ {7 11-3]
library IEEE:
use IEEE.std logic 1164.all;
entity REGlGA is
port( a : in std logic vector(l5 downto 0):
el ¢ dn std Pogic:
g = out std_laqic_vectar{lE downto 0));
end REGleA;
architecture BHV of REGleA is
begin
process (clk,a) begin
i1f rising edge(clk) then g <=a ; end if;
end process;
end BHV;
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11.2.4 BEEAFERSHFHERETA
, [ 11-4]

library IEEE;

use IEEE.std logic 1164.al11;

use IEEE.std logic unsigned.all;

entity REGT 1is

porti{ a : in std legic wector ( 15 downto O ):
clk, RST, en : in std logic;

B = et Std_loqic_vectort 15 downto 0O ));

end REGT;

architecture rtl of REGT is

signal vl : std logic vector ( 15 downto 0 });
begin

process(clk, a,RST) begin

IF RST="1" THEN vl <= "0000000000000000"™;

ELSIF rising edge(clk) THEN vl <= a; END IF;

end process;

process(en, vl) begin

if en = "1"'" then g<=vl ; else q <= "ZZZEZZZZZZZZZZEE"™ ; end if;
end process;

end rtl;



11.2 KX9016E M4 RS X 1T

11.2.4 BEEAFERSHFHERETA

1. BAXFHFE
[ 11-51
LIBRARY TEEE;
USE IEEE.std logic 1164.ALL;
USE IEEE.std logic unsigned. ALL;
ENTITY REG A IS
PORT ( Est,.clk, lead - IN std logic:
D : IN std logic wector (15 downto 0);
0 > OUT std_loqic_vector (15 downto 0} };

END REG A;
ARCHITECTURE Behavioral OF REG A IS
BEGIN

PROCESS (clk,rst ) BEGIN

IF rst='1l"' THEN g<=(0OTHERS=>"'0"} ;
ELSIF rising edge (CLK) THEN
IF load='1l" THEN qg<=d; FEND IF:
END IF;
END PROCESS;
END Behavioral;
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11.2.4 BEEAFERSHFHERETA

2. FHARMES
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11.2.4 BEEAFERSHFHERETA
[ 11-6]

library IEEE;

2. FHARMES

ARG W

use IEEE.std logic 1l64.all;

use IEEE.std logic unsigned.all;

entity REG ARB is
port( data in
zel
s -
end REG ARSB;

architecture rtl of

type € ram is array

signal ramdata
signal temp data
begin

process(clk, sel)

if rising edge(clk)

end if;
end process;

process(sel)

std logic vector(ld downto

in std logic_wvector{(2

begin

aj;

downto 0); clk in std logic;

out std logic wvector(ld dewnte 0));

REG ARS is
(0 €0 7) of

t ram;

std logic wvector(l> downte 0);
0);

std leogic_wvecteor(ld downto

begin
then ramdata (conv integer (sel) )<=data;

temp data<=ramdata (conv_integer(sel)) ;

end process;
q «= temp data ;
end rtl;
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[ {7 11-7]
library IEEE;
use TEEE.gtd logic 1164.all;
use IEEE.std logic arith.all;
entity S5FI4 is
port { & = imn gtd logic wector (1% downto 0);
gel : im satd logic wector (2 downto O);
¥ = out std legic wector (15 downto O)):

end SFT4;
architecture rtl of 5FT4 is
congtant shftpass : std _logic wvector (2 downto Q) = ™000";
constant gftl : satd_logic_wector (2 downto Q) = "001%;
constant gftr : std logic_wector (2 downto O) = "0107;
conatant rotl : std logic wector (2 downte O) := "011";
conatant rotr : 3td logic wector (2 downte 0) := "1007;
begin

processfa, 3el) begin
case 3el is

when shftpass => ¥ <= a ; - ER
when sftl =» v <= a{l4 downtoc 0) & '0' ; -——FIE
when sftr =» v <= '0' & a(l5 downto 1) : --5i&
when rotl => v <= a({l4 downte 0) & a(l5) : ——EIFLIE
when rotr => v <= a{0) & a(l5 downte 1) ; -——FFFHIE
when others => vy <= "0000000000000000™

end case:
end process;
end rtl;
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11.3.1 5=

B {EEY RER{ERT H BIZ X
Opcode SRC PST
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s B BIER{EST
Opcode | e DST

k2

1
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s (B H HIER 1AL
0 0 1 0 0 0 0
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11.3.2 152 #R1ERG

= 11-1 KX9016 fizfa S R EIhgESR
0 i % Th fiE B PG i % I fE
00000 NOP ek 4 o111 IN A Bl AR S
00001 LD AR B B A% 10000 IMPLTI | /TR 3] LR Sieht
00010 STA A A AR MAF AR 10001 IMPGT | KTHER
00011 MOV TE 77 Trad () L s Bt 10010 ouT HlEwiife &
00100 LDR TR 6 AN 10011 MTAD 16 frdeik B
00101 JMPI e 3 b Sr R SR E pY Mk 10100 MULT 16 {3 #Eik
00110 IMPGTI | KT E B ¥oant 10101 IMP P s E
00111 INC I 1 JS e A A7 4% 10110 IMPEQ | T
01000 DEC W | S TRE 9 AR 10111 IMPEQL | 5T a¥Ee 3] Bl Ml
01001 AND 9 A 2k ) B 11000 DIV 32 {rbe
01010 OR P 77 AR ) el £ 11001 IMPLTE | ATFSFres
01011 XOR P A 7 2% () R 1 11010 SHL iR
01100 NOT Wik 1oll SHR ESpLit k22
01101 ADD MR mIE 11100 ROTR A4
0110 SUB PO R AR RIS BT 11101 ROTL TR A i
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; B B
B % 258 = B{EH T . . ThHEHAR
{2 &I
2001H 00100 EEHKX HXX 001 i
ILDE Rl1- 0023H 2 a7 BN#r 0025H & R
0025H 0000 0000 0010 0101
2002H 00100 EMMKXE KEX 010 . .
LDR R2. 0047H 5 2 37 BNET 0047H E B2
0047TH 0000 0000 01000111
2006H Q0100 KEXEX KX 110 . N
LDE ER6: 0036H Z a1 BN #r 0036H & RB6
0036H Q000 0000 00110110
M R1i5EH RAM
LD R3» [R1] 030BH 1 00001 KEKKK 001 011 s
77 i B o EENEE R3
B RIMAETFA
STA [EZ]: E3 101AH 1 Qo010 KEKKK 011 010 s _
R23E7FE RAM 857
300EH 00110 xxxxx { 001 110 E RI=E6: MEEE
IMPGTI  [0000] 2
Oo00H Q000 0000 0000 0000 H 4t [0000H]
INC Rl 3801H 1 00111 KKKKX KKK 010 Rl1+1—=ERl1
INC ER2 3802H 1 00111 KEKKK KKK 010 R2+1—+R2
2800H 00101 HEHXX XXX XXX @yt g IR s .
IMPI[0006] 2
0006H 0000 0000 00000110 ¥ [o it 0006H
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11.3.3 C4mIEF it SL

= 113 7 E£ES1LHREFTA

At .25+ B % TheeiHAR

gEETE ;Efii LDE R1.0032H ¥ 37 EN#Y 003 2H EESFTrEE R

EEE:E ;ETIE LDE R2.0011H 15 77 EN#0 0011 H B 277528 B2

0004H 620AH ADD R1: R2: R3 BIFTFSE R AR BIMEENGE B3
0005H 12819H MOV R1l: R3 BIFFEE R HAATEARL

0006H 3802H INC R2 RI+1-+R2

000TH 101AH STA [R2]. R3 ¥ R3 BIFBIEA R2 ISSEMULAT RAM B
0008H 0Z0BH LD R3: [R1] 5 R1 $85E R RAM & mHIEIEE B3
0009H 0000H NOP EiEAE
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11.3.3 C4mIEF it SL

= 114 FhEsETnREcE RAM_16.mif BIRE

WIDTH=186; 03 : 0011; 0B : 0000; 13 : 0000;
DEPTH= 236; 04 ! BR0A; oc 0000, 0000 | Lo
ADDERESS RADIX=HEX; 03 : 1819; 0D : 0000; 41 : 0000;
DATA RADIX=HEX; 06 : 3802; 0E : 0000; 42 : 0000;
CONTENT BEGIN 07 : 101A; 0F : 0000; 43 ! AGCT;
00 : 2001; 08 : 080B; 10 : 0000; | ...

01 t 0032; 0o : 0000; 11 ¢ 0000; 4F : 0000;
02 : 2002; 0A @ 0000:; 12 1 1524 END;
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11.3.4 KX9016v13H] 2 ¥t
[ 5 11-8]

library IEEE;

use IEEE.std logic 1164.all; —= LT BN 0 AN e S e R R AL

entity CONTRLA is ——XEBH clock FFETA) sTED
port{ clock : in std logic; reset : in std logic; —— AN E iz
instrReg : in std logic wvector (15 downto 0); ——?E”%%ﬁ%ﬁ{fﬁ%ﬁ)\
compout : in std logic; -- RS R A
progCntrWr : out std logic; —-FEFEE A INEL T, BE L B EHEE
progCntrRd : out std logic; —-TE AR L 2 Ba =S o niTiEs
addrRegWr : out std logic; --HlEFFE AT AR, BFE T2 Bl
addrRegRd : out std logic; ——iﬂiﬁ%ﬁ%ﬁ)\ﬁ;ﬁﬁ.ﬁ:
outRegWr : out std logic; —-HiF TS T REEUEE A, BE T2 FH
outRegRd : out std logic; — s P ETERE R A BekniF, BIITH =35

shiftSel : out std logic vector (2 downto 0); —-F2{s2SThERiAiE
alusSel : out std_logic:_vec:tor { 3 downto 0 }; ——ALD ﬁ]ﬁﬁjﬂ%
compSel : out std logic wvector(2 downto 0); SN [ i E

opRegRd : out std leogic; --T{FEF Fedifdimit
opReghz : out std_logic: --SEMBAVHATIERFE, BR™1HX
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instrWr : out std_legic; --BEEUERITHAIEST TS BF T2 H
regSel : out std logic vector(2 downto 0); 2 Ay 2
regRd : out std_logic;  --FiresfEdIEEHY 2R =5 niHTH
regWr : out std logics -5 FRR TS AT T, BE 2 aw
rw : out std_ll:::qi-::; ——rw=1, Rﬂdgﬁ,'ﬁ, rw=0, F@Mﬁﬁ,‘ﬁ
vma : out std logic); —-TFhE2E ram BB 2 S et =5 a1 E |
end CONTELA;

architecture rtl of CONTRLA is

constant shftpass: STD LOGIC VECTOR(Z2 DOWNTO 0)

"000"; ——FE{uESEHIA

constant alupass : STD LOGIC VECTOR(3 DOWNTOC 0) := "DDDD";——PLUEE
constant zero : STD LOGIC VECTOR(3 DOWNTO 0) := "1001"; —Firewa 0
constant inc : STD LOGIC VECTOR(3 DOWNTO 0} := "l'_'llll";——j]l] 1
constant plus : STD LOGIC VECTOR(3 DOWNTO 0) := "0101";——iFE—FEHnE

type state is (resetl, resetZ, reset3, execute, nop, load, store,
load2, load3, lcocadd4, store2, store3, stored, incPc, incPc2, incPc3,
loadIiZ2, loadl3, loadI4,loadI5, loadIé, inc2, inc3, incd,movel, moveZ,
add?,add3,addd) ; —- RS AREIN = EINE R ER ST EE.
signal current state, next state : state; ——E}{Iﬂﬁ%ﬂ{ﬂﬁ ﬁEE’
begin+
COM: process ( current state, instrReg, compout) begin ——éﬂﬁ“]ﬁ'%ﬁ
progCntrWr<='0"'; progCntrRd<="'0"; addrRegWr<='0"'; addrRegRd<="0";
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outRegWr<='0"'; cutRegRd<='0"; shiftSel<=shftpass; aluSel<=alupass;
opRegRd<='0"'; opRegWr<='0'; 1instrWr<='0'; regSel<="000";
regRd<="'0"; regWr<='0"; rw<="'0"; vma<="'0";
case current state is
when resetl=> aluSel<=zerc; shiftSel<=shftpass;
outRegWr<="'1'; next state<=resetl;
when resetZ2=> coutReqgRd<='1"'"; progCntrWr<='1"';
addrRegWr<='1"'; next state<=reset3;
when reset3=> wvma<="1l"'; rw<='0"'; instrWr<='1l'; next state<=execute;

when execute=>

case instrReg(l5 downto 11) is —— ﬁ?ﬁ%iﬂ%ﬂﬁﬁ'«iﬁﬂi
when "00000" => next state <= incPc;-- NOP ?E“’%“
when "00001" => next state <= loadZ; —-- LD ?E’%‘

when "00010" => next state <= storel;— STR?E‘%‘
when "00100"™ => progcecntrRd <= '1'; alusel <= inc ;
shiftsel <= shftpass; next state<=loadIlZ; ——LDR?E"%

when "00111" => next state <= inc2; —— INC ?E’%‘

when "01101" => next state <= add2; --8I0— 0 2o gom
when "00011" = next state <= movel; —— MOVE ?E“%‘“

when others =>next state <= incPc; S = o]l

end case;
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when loadZ=> regSel<=instrReqg(5 downto 3); regRd<='1"';
addrregWr<='1'; next state<=load3;
when load3=> vma<='1'; rw<='0'; regSel«<=instrReg(Z downto 0);
regWr<='1"; next state<=incPc;
WHEN add? => regSel<=instrReg(5 downto 3) ; ——TEIFEFF25fE7AY R
regRd<='1"; —— T Rl Frastimift A 22
next state<=add3; opRegWr<='1" =R A TESiFes. Itk 4 2B E—1
--STEP e A%
WHEN add3 => regSel<=instrReg(2 downto 0) ; ——TEIFE{FasfE7R) r2
regRd<='1" ;alusel<=plus;——1iT R2 Firem Rt A B2k, RRTEEFE AT fEINE
shiftsel<=shftpass; outRegWr<='1"' ;——‘IIE ATU ﬁﬂjﬁl@%%ﬁ%, ﬁﬁﬂf—i—’ﬁﬂﬁ
AL A e
next state<=add4; ——lttﬁ—f;fﬁj]ﬂ%%ﬁﬁ)"\egﬁa It s ﬁE—’T‘ STEP H}Tf-rl:l:'ﬁ,ﬁ,lz
WHEN add4 => regSel<="011"; —-%i2&F {788 R
outRegRd<='1"; regWr<='1'; - AL EFFEMEEEA B8k, FUHETRRA
-~ T{F&F1F=5R3
next state<= incPc:; - INEEREER, Ba AME eo il 1 ERERIRS
whenmovel =>regSel<=instrReqg(Sdownto 3) ; regRd<="'1"; alusel <=alupass;
shiftsel<=shftpass; cutregWr<="'1"'; next state<=moveZ;
when moveZ =» regSel<=instrReg(Z downto 0); ocutRegRd<="1";

regWr<="1"'; next state<=incPc;
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when

when

when

when

when

when

when

when

when

when

when

when

store2 =» regSel <= instrReg(2 downto 0); regRd <= '1"';
addrregWr <= '1'; next state <= store3;+

store3 => regSel <= instrReqg(5 downto 3); regRd <= '1"';
rw <= '1'; next state <= incPc;

loadIZ => progcntrBRd <= '1'; alusel<=inc; shiftsel<=shftpass;

outregWr <= '1'; next state<=loadI3;

loadI3 => outregRd <= '1'; next state<=loadI4;

loadI4 => outregRd <= '1'; progcntrWr<='1"'; addrregWr<="1";
next state <= loadI5:

loadI5 => vma <= "1"; rw <= "0'; next state <= loadIé6:+

loadIé => vma <= "1"'; rw <= '0'; reqgSel<=instrReq (2 downto 0) ;
regWr <= '1'; next state <= incPc;

incZ => regSel<=instrReqg(2 downto 0); regRd<='l"'; alusel<=inc;
shiftsel<=shftpass; ocutregWr<='1l'; next state<=inc3;

inc3 =» outregRd <= '1'; next state <= inc4;

inc4 =» outregRd <= '1'; regsel <= instrReqg(2 downto 0);

regWr <= '1'; next state <= incPc:;
incPc => progcntrRd<='1"; alusel<=inc; shiftsel<=shftpass;
outregWr<='1"'; next state<=incPcZ;
incPc2 =» outregRd<='1'; progcntrWr <= '1'; addrregWr<="1";

next state <= incPc3;
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when incPc3 => outregRd<="'0'; vma<="1"; rw<='0"'; instrWr<='1l"';
next state<=execute;
when others => next state <= incPc;
end case;
end process;
REG: process (clock, reset) begin ——E{fr%_iﬁﬁi
if reset = '1' then current state <= resetl ;
elsif rising edge(clock) then current state<=next state ; end if;
end process;
end rtl;
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