Yyeotaon Pneplakwyv
ZUOTNHUATWV

Tuqua Wnelakwyv ZuoTtnratwy,
Mavenmompuo MNMelonmovvnoou
Oavog NManadnuntpiov



AxoAovBLokd KuKAwUaTo

> AKoAouBl1aKa KUKAwUATA
O O etodol e€apTwvTal armo TIC TPEXOVOEC KAl Arto TIG
TTPONYOUMEVEC EL0OO0UC
O AmoOnkevon kataotaonc (state) : pua agaipeon tou
LOTOPIKOU TWV ELCOOWV

> 2uvNnbwg, EAEYXETAL QITO VA TTEPLOOIKO OT)a POAOYLOU
(clock)
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Zyedlaomn akoAovOLAKWV KUKAWUATWVY

> MavoaAwTEC

> Flip-flop, kataxwpnteg

> Metpnteg

> Kataxwpnteg oAloOnong

> MnXaVeEQ TEMEPATUEVWY KATACTACEWV
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entity latch is
port (D, LE : in bit; — D Q—
Q : out bit);

end entity latch;

architecture beh of Tatch is LEl
begin

L — | | |
. o [T UL U
p: process (D,LE) | | | |
begin Ql | |
if LE = '1' then | | L
Q <= Dj;
end if;
end process;
end architecture beh;
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Mavéaiwteg otnv VHDL

> H oupmepupopd uavoaAwong omelAETAL cuVNOWC o€
gq)a}\ualmux block : process (se1 al, bl, a2, b2) 1is
begin
if sel = '0' then
z1l <= al; z2 <= bl;
else
z1l <= az2; = b2;
end if;
end process mux_block;

o OI TIMEC NPENElI va anoBnKeUTOUV
= yia To z2 oTav 1o sel = "1’
= via 1o z3 oTav T0 sel = '0’
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MovTeAOTIO MO KATOYXWPNTWV OTNV
VHD

> H neprypagn evog kataxwpnt oty VHDL yivetat povo
LLE TN Xpnon dlepyaotiag (process)

> Aev opiletat doun TS VHDL mou va avtiotowidetal oto
UALKO OQV KATAXWPENTNS

> Yrniapyxouv rtoAAol TPOTToL yia va rteptypalpelg m
ouUTEPLPOPA evOg Kataxwpnt ot VHDL (simulation
model)

> Aev elval OAEC Ol TIEPLYPAWPES OUVOEDUEQ
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entity dff 1is
port ( clk, d : 1in bit;

D

> clk

Q

q : out bit);
end entity;
architecture bef of dff is clk |
begin |
D| |
process (c1k) i
begin Q
if clk’event and clk = ‘1’ then
q <= d;
end if;

end process;

end architecture;
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process (c1k) AkponupodoTtnTa D flip-

begin flop aTnv avodikn
if clk’event and clk = ‘1’ HeTapaon
q <= (rising edge-triggered )
end if; —
end process; rising_edge(c1k)
process (clo AxjiomupoBSTITTa D
| e ﬂi _ﬂo oT VKanGlK’
if clk’event and clk = ‘0’ then = o™ i
e
4 ] (falling edge-triggered )
end if; —
end process; falling_edge(cTk)
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ck |
—ID Q}— | | | |
| | | | |
—ICE CEL | |
—b> clk p| [~ } | B
| | | | |
Q| | |
| \

 J

process (clk)
begin
if clk’event and clk = ‘1’ then
if ce = ‘1’ then
q <= d;
end if;
end if;
end process;
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1 2 3 4 6 7 8
5 clk | I I I I I I I I
_cE Q reset fﬁ | R : I T I :
—{ reset CEL LI — I R I
—b clk o S N U o NN O
NEHIE o VN, (N A
process (clk, reset) is
begin .
if reset = ‘1’ then IDfPP'HOP HE
q <= ‘0’; aocuyxpovn €10000
elsif clk’event and clk = ‘1’ then ndeviopou
IFinjd_l then (asynchronous reset)
end if; ’
end if;

end process;
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6 7 8
—D Qf— clk | |
—1CE reset | I 1 |
—{ reset CE ! I S
—I> clk ! ! | |
¢ D | I | L._._
| —
process (clk) 1is
begin .
if clk’event and clk = ‘1’ then [)fhp-ﬂop HE
if reset = ‘1’ then ouUyXpovn €i00d0
q <= ‘0’; KuNOEvIoUOU
el S1q1=<C=e by 1" then (synchronous reset)
end if;
end if;

end process;
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Tt KUKAwpa povtelorotei o VHDL kwdikag;

process (clk)
begin
if clk’event and clk = ‘1’ then
gl <= a and b;
g2 <= c or d;
end 1if;
end process;
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Yyedlaon akoAovOLaKNG AOYLIKNG

> Ti kKUKAwpa povtehomotel o VHDL kwdikag;
> [Mwg urtoAoyiletal n ouxvoTnTa Asltoupylag Tou
KUKAWMOATOC META TN ouvOeoN;
process (cTk)

begin
1f clk’event and clk = ‘1’ then
ql <= a;
g2 <= b;
g3 <= gl and g2;
end if;

end process;
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Tt KUKAwPa povtelorotelt o VHDL kwdikag;

entity dreg8 is
port ( clk : in bit;

d : in bit_vector(7 downto 0);
q : out bit_vector(7 downto 0));
end entity;
architecture bef of dreg8 is
begin
process (clk)
begin
if clk’event and clk = ‘1’ then
q <= d;
end if;

end process;
end architecture;
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Tu dlaopd €xouv oL TapPaAKATW KWOLIKEG;

process (clk, reset)
begin
if reset = ‘1’ then
q <= (others => ‘0’);
elsif clk’event and clk = ‘1’ then
q <= d;
end if;
end process;

process (clk, reset)
begin
if reset = ‘1’ then
g <= “000011117;
elsif clk’event and clk = ‘1’ then
q <= d;
end if;
sxesia €nd process; 10TARIO Mehonovvicou 4-15



ABpolote pa akohouBia TPOONUACHEVWY ApLOUWYV
O ’'Evag veog aplBpog pbavel otav data_en =1
O Mnobeviote To aBpolopa e ocvyxpovo reset

Tibrary ieee;
use ieee.std_logic_1164.all, ieee.numeric_std.all;

entity accumulator is
port ( clk, reset, data_en : in std_logic;
data_in : in signed(15 downto 0);
data_out : out signed(19 downto 0) );
end entity accumulator;
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architecture rtl of accumulator 1is
signal sum, new_sum : signed(19 downto 0);
begin
new_sum <= sum + resize(data_in, sum'length);
reg: process (clk) 1is
begin
if rising_edge(clk) then
if reset = '1' then
sum <= (others => '0');
elsif data_en = '1' then
sum <= nhew_sum;
end if;
end 1if;
end process reg;

data_out <= sum;
end architecture rtl;
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Tibrary ieee;
use ieee.std_logic_1164.all, ieee.numeric_std.all;

entity counter4 1is
port (clk, reset :
count

end entity;

in std_logic;
: out unsigned(3 downto 0);

architecture bef of counter4 is
signal counter : unsigned(3 downto 0);
begin
count <= counter;
process (clk, reset)
begin
if reset = ‘1’ then
counter <= (others => '0');
elsif clk’event and clk = ‘1’
if counter = 15 then

then

counter <= (others => '0');
else
counter <= counter + 1;
end if;
end if;

end process;
2X: end architecture;

4-bit ouyxpovog
duadIKOC HETPNTNG
UE aocuyxpovn
undevion

(4-bit binary
synchronous counter
with asynchronous
reset)
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[Tapadeiypata oxediaonc UeTpnTWV

> YAormomote Toug akoAouBoug TUTTOUG LETPNTWV:
O BCD petpnteg
O HE oUYXPOVN €l0000 UNdEVIONG
O M€ €lo0d0 emitpePng
O ME TTAPAAANAT POPTWON

> YAormnowmote dlapeteg ouxvotntag (frequency divider) pe
TN XPNON HETPNTWV

>xediaon Wneiakwv ZuoTnUATwV - Tunua Wnoelakwyv Zuotnuatwy - MNaveniotriio MNeAonovvhioou 4-19
. R GBS



Kataxwpntrng oAlobnong twv 8-bit pe acvyxpovn eicodo undeviong
(8-bit shift register with asynchronous reset input)
entity sreg8 1is
port (clk, reset: in bit;
sin : in bit;
dout : out bit_vector(7 downto 0));
end entity;

architecture bef of sreg8 is
signal shift_reg : bit_vector(7 downto 0);
begin

dout <= shift_reg;
process (clk, reset)

end process;

end architecture;
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YAormoinon KeE TUNuata mvakwy (array slices)

process (clk, reset)
begin

1f reset = '1' then
shift_reg <= (others => '0');

elsif clk'event and clk = '"1' then
shift_reg(7 downto 1) <= shift_reg(6 downto 0);
shift_reg(0) <= sin;

end 1if;

end process;
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YAorolnon He cuvEVWOoN TIVAKwV (concatenation)

process (clk, reset)
begin

if reset = '1' then
shift_reg <= (others => '0');

elsif clk'event and clk = '1' then
shift_reg <= shift_reg(6 downto 0) & sin;

end if;

end process;
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YAomoinon e Bpoxo for (for loop)

process (clk, reset)
begin

if reset = '1' then
shift_reg <= (others => '0');

elsif clk'event and clk = '1' then
for i in 7 downto 1 Tloop

shift_reg(i) <= shift_reg(i-1);

end loop;
shift_reg(0) <= sin;

end if;

end process;
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[Tapadetyuata oxedbiaong
KATAXWPNTWV 0ALoONOoNC

> YAormomote Tou¢ akoAouBoug TUTTOUC KATAXWPNTWYV
oAloBnonc:
O HE oUYXPOVN €l0000 UNdEVIONG
O M€ €loodo enitpePng
O ME TTAPAAANAT POPTWON
O e grmhoyn apotepng & de€lac oAiobnong
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Mnyaviolog Stoxétevonc (pipeline)

> 2 uvoAkn kaBuotepnon = Delayl + Delay2 + Delay3
> Alaotnpa HeTalu deSOUEVWY > 2 UVOAIKN KaBuoTtepnom

combin- combin- combin-
d_in ational ational ational d_out
circuit 1 circuit 2 circuit 3

combin- 5 combin- combin- 5 d ¢
ational Q ational ational Q -ou

circuit 1 J’””‘ circuit 2 F“”‘ circuit 3 |7>C”‘
clk . .

> [Meplodog poloyou = max(Delay1, Delay2, Delay3)
> 2 UVOALKT KaBuotepnon = 3 X neEPLod0g poAoyLoU
> Alaotnpa petau dedopevwy = 1 neplodog poAoylou
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[Mapaderypo Stoxetevong

> YTTOAOYLOHOG TOU MECOU OPOU TPLWV POWV OEQOUEVWV
> Nea dedopeva og KaBe akun Tou POAOYLOU

Tibrary ieee;
use ieee.std_logic_1164.all;

entity average_pipeline 1is

port ( clk : in std_logic;
a, b, c : in integer;
avg : out 1integer);

end entity average_pipeline;
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architecture rtl of average_pipeline is

signal a_plus_b, sum, sum_div_3 : integer;
signal saved_a_plus_b,
saved_c, saved_sum : integer;
begin
a_plus_b <= a + b;
regl : process (clk) 1is
begin
if rising_edge(clk) then
saved_a_plus_b <= a_plus_b;
saved_c <= c;
end if;
end process regl;
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sum <= saved_a_plus_b + saved_c;

reg2 : process (clk) 1is
begin
if rising_edge(clk) then
saved_sum <= sum;
end if;
end process reg2;

sum_div_3 <= saved_sum/3;

reg3 : process (clk) 1is
begin
if rising_edge(clk) then
avg <= sum_div_3;
end if;
end process reg3;

end architecture average_pipeline;
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Awadpolec AedolEvwy kal ‘EAeyyoc

> Ta Pneplaka ocuotrnuata EKTEAoUV aKoAOUOILEC
AELTOUPYLWYV OE KWOLKOTTONUEVA OEOOMEVA

> Awadpoun Asdouevwy (Datapath)
O uvluaoTIKA KUKAWUATA Yla TIC AELTOUPYIES
O Kataxwpnteg yla TNV artoBnKeUom TwV EVOLAUECWYV
QITOTEAEOUATWY

> Tunuea EA€yyxou (Control): akohouBia eAEyxou

O [lMapayet onuata eAeyyou (control signals)
B EruAeyel T Aettoupyleg mou Ba ekTteEAECTOLV
B Evepyorolel TOUg KATAXWPNTECG OTIC CWOTEC OTLYMES

O Xpnoluormolet onuata kataotaonc (status signals) amo ) dtadpoun
dedopeEvwV
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[Mapadetyuo: Miyadikog
[ToAAQTIA0C LG TN G

> Kapteolavn poper), otabepr) UrTodLaOTOAN
O Tteleoteol 4 bit riptv, 12 peta ™ duadikn urmod.
O armoteleoua: 8 bit riptv, 24 peta ™ duadikn vrtod.

> Me gupaon ot Helwon TG enwpavelag (area)
a=a, + g b=b, + Jb
p — ab — pr + Jp| — (arbr _aibi) + j(arbi T aibr)

O 4 noAAanAaoclaocpoi, 1 npooBeon, 1 agaipeon

= AkoAouBiakn eKTEAEON XPNOILOMOIWVTAC
1 noAAanAaociaoTn, 1 aBpoioTn/agaipetn
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a_r 0 D Q D Qf—pr
a i — CE CE
a_sel X 1 clk + — clk
b_r—o
b_i —! D Q D Ql— p.i
b_sel CE CE
ppl_ce
pp2_ce *—p clk *—p clk
sub
p_r_ce
p_i_ce
clk o
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Tibrary ieee; use ieee.std_logic_1164.all1, ieee.fixed_pkg.all;

entity multiplier is
port ( clk, reset : in std_logic;
input_rdy : in std_logic;
a_r, a_i, b_r, b_i : in sfixed(3 downto -12);
p_r, p_i : out sfixed(7 downto -24) );
end entity multiplier;

architecture rtl of multiplier is

signal a_sel, b_sel, ppl_ce, pp2_ce,

sub, p_r_ce, p_i_ce : std_logic; -- control signals
signal a_operand, b_operand : sfixed(3 downto -12);
signal pp, ppl, pp2, sum : sfixed(7 downto -24);

begin

Zxediaon Wnoeiakwv ZuoTnUatwyv - TuRua Wneiakwv ZuoTnuaTtwy - MNavenioThpio MNeAonovvhoou
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a_operand <= a_r when a_sel = '0' else a_i; -- mux

b_operand <= b_r when b_sel = '0' else b_i; -- mux

pp <= a_operand * b_operand; -- multiplier

ppl_reg : process (clk) is -- partial product register 1
begin

if rising_edge(clk) then
if ppl_ce = '1l' then
ppl <= pp;
end 1if;
end 1if;
end process ppl_reg;

pp2_reg : process (clk) is -- partial product register 2
begin
if rising_edge(clk) then
if pp2_ce = '1' then
pp2 <= pp;
end if;
end if;
end process pp2_reg;
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sum <= ppl + pp2 when sub = '0' else ppl - pp2; -- add/sub

p_r_reg : process (clk) is -- result real-part register
begin
if rising_edge(clk) then
if p_r_ce = '1' then
p_r <= sum;
end if;
end if;
end process p_r_reg;

p_i_reg : process (clk) is -- result imag-part register
begin
if rising_edge(clk) then
if p_i_ce = '"1' then
p_1 <= sum;
end if;
end if;
end process p_i_reg;

) -- control circuit
end architecture rtl;
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AxoAovBila EA£yyov tou
[ToAAaTTAa oL o T

> [MpwTtn vAomoinon
ar*br—ppl.reg
a_i*b_i— pp2_reg

ppl - pp2 — p_r_reg
ar*b_i—ppl reg
a_i*b.r— pp2 reg

ppl +pp2 — p_i_reg

> Amo@eUyel TN SLEVEEN TWV ITOPWV

> Alapket 6 KUKAOUC pOAOYLOU

oA owbdE

>xediaon Wneiakwv ZuoTnUATwV - Tunua Wnoelakwyv Zuotnuatwy - MNaveniotriio MNeAonovvhioou 4-35



AxoAovBila EA£yyov tou
[ToAAaTTAa oL o T

> BeATwMEVN UAOTTOINOM
1. ar*br—ppl.reg
2. a.i*b_i—pp2_reg
3. ppl-pp2 —p.r.reg
ar*b_i—ppl reg
4. ai*b.r— pp2_reg
5. ppl+pp2 —p_ireg
> 2UYXWVEVEL TA PHATA OTTOU OEV UTTAPXEL OLEVEEN TWV
TTIOPWV
> Alapkel 5 KUKAOUC poAoyLou
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INata EAcyyxovu tov IloAAamAaoclaot)

BrAua a_sel b_sel | ppl_ce | pp2_ce sub p_r ce| p_i_ce
1 0 0 1 0 - 0 0
2 1 1 0 1 - 0 0
3 0 1 1 0 1 1 0
= 1 0 0 1 - 0 0
5 - - 0 0 0 0 1
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Mnyxaveg Ilemepacpevwv Kataotaocewv

> XpnOoomolouvTal yla va UAOTTOL|o0UV TNV akoAouBila
eNEYXOU

> Mia FSM (Finite-State Machine) opiletat amo
OUVOAO EL0OOWV: X

oUVoAo €Eodwv: I

OUVOAO KATAOTAOEWV: S

APXLIKN KATAOoTAOoN: Sy € S

ouvapmnon petafaong: 6: S x> — S
ouvapmon €€000V: W:SXYX > T Aw:S—> T

O O0OO0O0OO0O0
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H FSM oto YAkO

> FSM turnou Mealy: w: S x> — T
> FSM tumouv Moore: w: S — I

D Q TPEXoUoa KATAoTAOT) A?YI KA
ETOUEVNG |—
cdk — clk
AoyIKn .
, . — £Zo0o0l
eicodol & ———| egodou S

\
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llULIJULUCLy HUL 1 7171

‘EAcyyoc [ToAAaTAaoLa0TY)

>uvapTnon PeTapaong

, : " current | input_ next_
> E/Ila Karac'ﬂ'acm' ava fnua | | state rdy state
> Zexwplot) katdotaon adpdvelag (idle);
O Avapével £éwc étou input_rdy = '1' stepl 0 step1l
O ‘Emetta, mpoxwpdet ota Pripata 1, 2, ...
O AMA auto omataAdet Evav KUKAO! step1l 1 step2
> Xpnowporolel to frpa 1 we katdotaon adpavs g, 0o B step3
O EmavahapBavel to fripa 1 av input_rdy='1" P P
o , , )
’Al(l(pODETlK’Gl TIPOXWPAEL OTO Prua 2 step3 B step4
> Suvaptnon €£68ou
O Moore 1} Mealy; step4 - step5
step5 - stepl
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Kwodikotmoinon Kataotaocewv

> Kwodlkormolwouvtal oTo duadlko
O N kataotaoslg: xpetalovtal TOUAAXLOTOV rlogzNW bit
> H KWOKOTTIOMMUEVT TLUT) XPNOLOTTIOLEITAL OTA KUKAWHATA
yla TIG OUVOPTNOELC LeTaBaong Kat E€0dou
O 1 Kwdlkoroinom ennpeadlel TNV TOAUTTAOKOTINTA TOU KUKAWMATOG
> Etval SUokoAo va Bpebel BEATIOTN KWOLIKOTTOMON
O Tta epyaleta CAD prmopouv va kavouv autn tn OOUAELd KaAQ
> Yuxva xpnotuormnoteitat to 000...0 ya Tnv Kataotaon
adpAVELaG
O unodevidel ToV KATAXWPNTI) OTNV KATAOTAOT AOPAVELAG
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FSM otnv VHDL

> XPNOLUOTIOLOUE £vayV TUTTO ArapiBpnomng yla Ti¢ TUULEG
TWV KATAOTACEWV
O apnpnuUEVo, ETOL ATTOPEVUYOULE va Tipodlaypalpoupe tTnv
KwOLKOoTolnom

type multiplier_state is (stepl, step2, step3, step4, step5);
signal current_state, next_state : multiplier_state;
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state_reg : process (clk, reset) 1is next_state_logic : process

begin (current_state, input_rdy) 1is
if reset = '1' then begin
current_state <= stepl; case current_state 1is
elsif rising_edge(clk) then when stepl =>
current_state <= next_state; if input_rdy = '0' then
end if; next_state <= stepl;
end process state_reg; else
next_state <= step?;
end if;

when step2 =>

next_state <= step3;
when step3 =>

next_state <= step4;
when step4 =>

next_state <= step5;
when step5 =>

next_state <= stepl;

end case;
end process next_state_logic;
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—

output_logic : process (current_state) is
begin
case current_state is
when stepl =>
a_sel <= '0'; b_sel <= '0'; ppl_ce <= '1'; pp2_ce <= '0';
sub <= '0'; p_r_ce <= '0'; p_i_ce <= '0';
when step2 =>
a_sel <= '"1'; b_sel <= "1"; ppl_ce <= '0'; pp2_ce <= '1"';
sub <= '0'; p_r_ce <= '0'; p_i_ce <= '0';
when step3 =>
a_sel <= '0'; b_sel <= "1"; ppl_ce <= '1'; pp2_ce <= '0';
sub <= '1"; p_r_ce <= '1'; p_i_ce <= '0';
when step4 =>
a_sel <= '"1'; b_sel <= '0"; ppl_ce <= '0'; pp2_ce <= '1";
sub <= '0'; p_r_ce <= '0'; p_i_ce <= '0';
when step5 =>
a_sel <= '0'; b_sel <= '0'; ppl_ce <= '0'; pp2_ce <= '0';
sub <= '0'; p_r_ce <= '0'; p_i_ce <= "1"';
end case;
end process output_logic;
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Awdypapua EA€yyov tou
[ToAAaTTAa oL o T

> Eloodoc: input_rdy

> E&odot:
O a_sel,b_sel, ppl_ce, pp2_ce,sub,p r_ce,p_i_ce

step]l W 1 step?2
0 o,o,1,o,-,o,y 1,1,0,1,-,0,0
step5 step4 step3
-,-,0,0,0,0,1 1,0,0,1,-,0,0 0,1,1,0,1,1,0
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EmaAn0evon AkoAovBLakwy
KukAwuatwyv

> To DUV propel va xpelaotel ToAAOUG KUKAOUG Yla va
TTAPAYEL TNV €000

> O eAeykmg xpetaletal va
O OUYXPOVIOTEL LE TN YEVVNTPLA OOKLUNG
O etaoalioel otL ol €€odot Tou DUV gupavidovtal tn owotn oTLyun
O etaopalioel otL ol e€odol Tou DUV elval cwoTteg

.
»
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entity multiplier_testbench is
end entity multiplier_testbench;

library ieee; use ieee.std_logic_1164.all,
ieee.fixed_pkg.all, ieee.math_complex.all;

architecture verify of multiplier_testbench 1is

constant t_c : time := 50 ns;

signal clk, reset : std_logic;

signal input_rdy : std_logic;

signal a_r, a_i, b_r, b_i

signal p_r, p_i

signal a, b : complex;

begin
duv : entity work.multiplier(rtl)
port map ( clk, reset, input_rdy,

a_r, a_i, b_r, b_i,
p_r, p_1 );

: sfixed(3 downto -12);
: sfixed(7 downto -24);

clk_gen : process is

begin
wait for t_c / 2; clk <=
wait for t_c / 2; clk <=

end process clk_gen;

reset <= '1', '0' after 2 *

lll;
‘0';

t_C

ns;

>xediaon Wneiakwv ZuoTnUATwV - Tunua Wnoelakwyv Zuotnuatwy - MNaveniotriio MNeAonovvhioou
T EEOOOEOEBRBRERERRRREBR

4-47



apply_test_cases : process is
begin
wait until falling_edge(clk) and reset = '0’';
a <= cmpIx(0.0, 0.0); b <= cmplx(1.0, 2.0); 1input_rdy <= '1"';
wait until falling_edge(clk); input_rdy <= '0';
for i in 1 to 5 Toop
wait until falling_edge(clk);
end loop;
a <= cmpIx(1.0, 1.0); b <= cmpl1x(1.0, 1.0); 1input_rdy <= '1"';
wait until falling_edge(clk); input_rdy <= '0';
for i in 1 to 6 Toop
wait until falling_edge(clk);
end loop;
-- further test cases ...
wait;
end process apply_test_cases;
a_r <= to_sfixed(a.re, a_r'left, a_r'right);
a_i <= to_sfixed(a.im, a_i'left, a_i'right);
b_r <= to_sfixed(b.re, b_r'left, b_r'right);
b_i <= to_sfixed(b.im, b_i'left, b_i'right);
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MovtéAdo Aokiung IToAAamAaciaom

check_outputs : process is
variable p : complex;

begin
wait until rising_edge(clk) and input_rdy = '1';
p :=a * b;

for i in 1 to 5 loop
wait until falling_edge(cl1k);
end Tloop;
assert abs (to_real(p_r) - p.re) < 2.0%**(-12)
and abs (to_real(p_i) - p.im) < 2.0**(-12);
end process check_outputs;

end architecture verify;
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entity moore_machine is
port (reset : in bit;
clk : in bit;
Inl : in bit;
outl : out bit_vector(3 downto 0));
end entity moore_machine;

architecture beh of moore_machine is

type state type is (s0,s1,s2,s3);
signal current_state : state _type;
signal next_state : state type;

KwOIKOTToiNON KATAOTACEWV

begin . .
J Auo onuara TuTtrou state type

end architecture;
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YAotoinon otnv VHDL

> YAormoinon ¢ pnxavng Moore pe 3 dlepyaoclec:
O Mia akohouBlakn diepyaoia (pl) mou mepLypaPEL TOUG
KATAXWPNTEC,
O Mia ocuvduaoTikn dlepyaoia (p2) Tou TEPLYPAPEL TIG LETABAOTELG
KATAOTATEWYV Kal
O Mia ouvéuaarum ﬁlepyaota p%)i’r’féb"ﬁ'é’pwpacpst TLG F,EQSQUQ

i p2 , Reglster -p3
Inputs CLK ; :
—> T i Outputs
. | LOGIC peim——isi- i | OG|C i

next state
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ApxikoTtroinon

........................................... avr
: if (reset ='1") then EHFIX 1

current_state <= s0; :

..................................

-----------------------------------------------------

icurrent_state <= next_state;

end if; ANQYH

KAtdoTaong

p3: processg(current_state) : H £5000¢
begin

end process;

------------------------------

_ aTro TNV
case current_state Is

when s0 => outl <= "0000;

when s1 => outl <="1001"

when s2 => outl <= "1100";

when s3 => outl <="1111";
end case;

end process;

Zxediaon Wnoeiakwv ZuoTnUatwyv - TuRua Wneiakwv ZuoTnuaTtwy - MNavenioThpio MNeAonovvhoou
T EEOOOEOEBRBRERERRRREBR

TTapouoa
ardortaon

begin
:next_state <= current_state; :
case current_state is gg;nx ,
when sO => euvn
latches

if in1="1"then
next_state <= sl,
end if;

Je M EEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEN,
.

: e€oprdral povo iwhen s3 =>

if in1 ='0"then

L LT
end case;
EmiAoyn
end process; ETTOUEVINC
KATaoTaoNGg
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[Mapaderypa: Mnyaviy Mealy

others/0000

> 1/1001 others/1001
0/0000 0/1100
0thers/1111> others/1100
Outputs

> J CLK Register

—

LOGIC sl

next state
Reset T

current state
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pl: process (reset,clk)

begin

if (reset ='1") then
current_state <= s0;

elsif clk'event and clk ='1' then
current_state <= next_state;

end if;
end process;

------------------------------

p3: process j{current_state,inl)
begln e ssssssssssEEssEEEssEEEEEEEEs g
case current_state is

outl <= "0000";

when sO =>
iIf in1="1"then
else
end if;

end process;

H £€odo¢
ecaptaral ato
TNV TTapouca
outl <= "1001":KOTAOTACN KOl
TNV €i0000

p2: process (current_state,inl)
begin

next_state <= current_state;

case current_state is

when sO =>
if in1="1"then
next_state <= sl
end if;
when s3 =>
If iIn1 ='0'then
next_state <= s0;
end if;
end case;

end process;
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KwdlkoToinon Kataotacewy

> O KATAOTACELG AVAITAPLOTWVTAL QITO Evav TUT[O anapidunong
O ta epyaleia oUVOEONC EKHETAAAEVOVTAL TOV TUTTO AmapiOpunonc ya
artoO0TIKOTEPN BEATIOTOTTOMON

> Ta epyaleia ouvOeoNC unocrnpi{ouv SLAPOPETIKES LOPYPES

KWOLKOTTIOINONC TWV KATAOTACEWV:
O binary, onehot, gray

> O xpHotnc uropel va kaBoploel TNV KWSIKOTTOINoN TWV KATAOTACEWV.
TUY..
constant sO: std_ulogic_vector(1 downto 0) :="00";
constant s1: std_ulogic_vector(1 downto 0) :="01";
constant s2: std_ulogic_vector(1 downto O) :="10";
constant s3: std_ulogic_vector(1 downto O) :="11";
signal cur_state, next_state : std_ulogic_ vector(1 downto O);

> I‘Ipouuare ™ XPNOM TWV TUTTWV amapiOpunong
O rnapéxel oto epyaleio ouvescmc MEYAAUTEPY EUXEPELA OTN

BeAtioTomoinon g UNXaving
O ONAWOTE TNV APXIKN KATAOTAON TNG UNXAVAG OTNV aplotepn Beon tou

TUTIOU artapiBunong
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[Mapaderyo

> 2 xeOLAO0TE VA KUKAWUA TTOU AVLIXVEUVEL 0L CUYKEKPLULEVN
akoAouBia Ynwiwv (urtoypapn)
O€ A osplakn elcodo dedopevwy
O va UAOTTOLEL TO SLAYPOAUA KATAOTACEWV
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[Mapaderypa Asttovpylag (1)

A B
D C
........ 1| > b
> C o—
> C
CLK
CLK - ! —
A i i . I
Tpd | | |
B 7 7 7 |
. Tg i | | =
C N N NN |
—— e |
Ts Th Ts Th

Tpd:
. flip-flop setup time
. flip-flop hold time

. gate delay

Ts
Th
Tg

WYnoeiakn Zxediaon (WZ005) - TuAua Wneiakwyv Zuotnudtwy - MavemoTtiuio MNeAotrovvrioou

propagation delay
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[Mapaderypa Acttovpylag (2)

> C o—

A B
D C1
........ 1_
........ 1
> C o—
CLK
CLK — L
A — | , , |
Tpd | i i
- - 7 Z |
| Tg i | | |
C1 NN BN\
TQ:i o . N :
c2 @ N\ N
D // |

/ >

Tpd:

Ts
Th
Tg

propagation delay
. flip-flop setup time
. flip-flop hold time

. gate delay

ATTpoodI6pIoTN KaTdoTaon Tou FF

Wnoiakn ZQ&QS@%J@U %ﬁH’ﬂB qm(gIGKw-(l%UOTH-JhTwV MavemoTruio MNMeAotrovvrioou
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[Mapaderyua Avaivong

A+l =Ax+Bx

A(t+1) = A() x() + B X0)
: B

~

B+ =A'x

CLK

—

+ B sl

Wnoiakn Zxediaon (LPZOO5){>§r1pa Wnoeiakwyv ZuoTnudaTtwy - MNMavetmoThuio NeAoTtrovvrioou

=(4+B
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[Tivakag kataotaoswyv (state table)

AR+ =Ax+Bx
NMapoUoa ETropevn Etodo
Karaotaon | Eiocodog KardaoTaon S
4+ 8 A B X A B y

)

k + = O O O O

0
0
0
1
0
1
0
1

0
0
0
0
0
0

O O - +» O O
b O - O = O B+ O




[Tivakoac kataotaocewy (state table)

A@+l)=Ax+Bx

B+ =4’x Napouoa Eépevn ‘EfoBoc
Kardotaon Kartdotaon
x=0 x=1| x=0 x=1
AB AB AB y y
00 00 01 0 0
‘ 01 00 11 1 0
10 00 10 1 0
11 00 10 1 0

AIQQOPETIKI HOPEPN TOU TTiVOKA KATAOTAOEWYV



Aldypoaa kataotaoswy (State diagram)

A+ =Ax+Bx

B+l =A'x

Mapouoca Etréuevn
Kardotaon | Kardortaon

Xx=0 x=1|x=0

AB AB  AB y
00 00 01 0
01 00 11 1
10 00 10 1
11 00 10 1
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