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2e0laoy) Y TOAOYLOTIUWY
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>xediaon akoAoubBlakwyv
KUKAWHATwV oTnv VHDL

MixaAng Wapdkng

Anolovbrana nuudwpoto

O AkoAouB1akd KUKAwUaTa

= O1 £€E0d0I eEapTWVTAl ANO TIC TPEXOUOEC KAl ano
TIG NPONYOUHEVEC £10000UG
= AnoBnkeuon kardorTaonc (state) : pia agaipeon
TOU 1I0TOPIKOU TWV 1000wV
O 2uvnOwc, eAEyXeTal anod €va NePIodIKO
onua poAoyiou (clock)
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2e0looT] anOAOLOLNWY HVUAWUATWY

0 MavoaAwTEC

o Flip-flop, kataxwpnTeg

O MeTpnTEG

o KataxwpnTeg oAiobnong

O MnNXaveg NENEPACHEVWV KATAOTACEWY
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Movtého pavtarwt (latch)

entity latch is
port (D, LE : in bit; —D Q—
Q : out bit);
end entity latch; —LE
architecture beh of latch is
begin
p: process (D,LE)
begin
if LE = '"1' then
Q <= D;
end if;

end process;

end architecture beh;

>xediaon YNoAoyIoTIK®V ZuoTnuaTwy 4-4




TuAua NAnpo@opikng - NavenioTnpio Meipaiwg 2xediaon YTTOAOYIOTIKWY ZUCTNUATWY

Moavdarwteg oty VHDL

O H ocupnepipopd pavdaAwong oQeiAeTal
ouvnOwc o oPpaipal

mux_block : process (sel, al, bl, a2, b2) is
begin
if sel = '0' then
z1l <= al; z2 <= bl;

else _— Ooon!
z1 <= az2; z3 <= b2; ©a énpene va givai
end if; 72 <= ...

end process mux_block;

o OI TINEC NpéEnel va anoBbnkeuTouv
® yia TO z2 OTav TO sel = '1'
= yia 10 z3 oTav To sel = '0'
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Movteromoinon natorywentwy oty VHDL

o H nepiypa®n evog kataxwpnth otnv VHDL
yiveTal povo pe Tn xpnon diepyaaciac
(process)

o Agv opiletal dopn Tng VHDL nou va
avTioTolXi(eTal 0TO UAIKO oAV KATaXwpnTng

O Ynapyouv noAAoi Tponol yia va
NEPIYPAYEIC TN CUMNEPIPOPA EVOG
kataxwpntn otn VHDL (simulation model)

O A&ev €ival OAEG ol NEPIYPAPEC OUVOEDIUEC
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Movtero nataywen (D tlip-tlop)

entity dff is —D Q—
port ( clk, d : in bit;
q : out bit); —p clk
end entity;
architecture bef of dff is clk I__l__J__l__I__L__r__L__
begin o ‘ | | ‘

process (cl1k) ‘ ‘ |

begin o LI

2xediaon YTTOAOYIOTIKWY ZUCTNPATWY

if clk’event and clk = ‘1’ then
q <= d;
end if;
end process;

end architecture;

>xediaon YNoAoyIoTIKOV SUoTNHATWOV 4-7

Avodnn no naBodunn axpn Tov EOAOYLOL

process (c1k) AkponupodoTtnTa D flip-
begin . flop oTnv avodikn

if c1k’event and c1k = ‘ii;then METABaon

q <=t (rising edge-triggered )
end if; \\“‘——————~\\
end process; rising_edge(c1k)
process (c1k) AkponupodotnTa D flip-
begin - flop oTnv kabodikn

if (c1k’event and clk = ‘Qflthen HETaBaon

q <=y (falling edge-triggered )
end if; \\"““‘——-\\

end process; falling_edge(c1k)
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D-FF pe enttpedn (clock enable)

3 T By I oy T
—D QF— .
—|cE el | g

—>> clk D | |

a1 —

process (cl1k)
begin
if clk’event and clk = ‘1’ then
if ce = ‘1’ then
q <= d;
end if;
end if;
end process;
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D-FF pe elcodo pndeviopoo (reset)

1 2 3 4 5 8

B Q— reset | | U |

—|CE = e \
— reset CEL 1 | 1 | 1 1 m
—pclk YT e HE ) N s e N
POy LN s e VA 0 I R o W N
1 | S——F—+1 \ \ \
process (clk, reset) is
begin .
if reset = ‘1’ then D fll|p-flop HE
q <= ‘0’; aocuyxpovn €icodo
elsif clk’event and clk = ‘1’ then | undeviouou
1che =d‘1’ then (asynchronous reset)
<= d;
end if;
end if;
end process;
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D-FF pe elcodo pndeviopoo (reset)

—D Qf— clk
— CE reset |
—reset cel
—p> clk

process (cl1k) is
begin .
if clk’event and clk = ‘1’ then D_ﬂ'p'ﬂ0p HE
if reset = ‘1’ then ouyxpovn €icodo
q <= ‘0"; MNdEvVIoUOU
e151qf<ied=. 1" then (synchronous reset)
end 1if; '
end if;
end process;
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2yedloor) anoAoLOLnNG AoYNg

O TI KUKAwpa povTeAlonolei o VHDL kwdikag;

process (clk)
begin
if clk’event and clk = ‘1’ then
gl <= a and b;
g2 <= c or d;
end if;
end process;
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2xediaon YTTOAOYIOTIKWY ZUCTNPATWY

2yedloor) anohovbianmng Aoyung

O TI KUKAwpa povTeAlonolei o VHDL kwdikag;

o Mwc unoAoyileTal n ouxvoTnTa AsIToupyiag
TOU KUKAWMATOC UETA TN ouvOeon;

process (clk)
begin
if clk’event and clk =
gl <= a;
g2 <= b;
g3 <= gl and qg2;
end if;
end process;

‘l’

then

Sxediaon YNoAoyIoTIK®V ZUCTNHATWV

2yedloor) anohovlianng Aoyung

O TI KUKAwpa povTeAlonolei o VHDL kwdikag;

entity dreg8 is

end process;
end architecture;

port ( clk : 1in bit;
d : in bit_vector(7 downto 0);
q : out bit_vector(7 downto 0));
end entity;
architecture bef of dreg8 is
begin
process (cl1k)
begin
if clk’event and clk = ‘1’ then
q <= d;
end 1if;

Sxediaon YNoAoyIoTIK®V ZUCTNHATWY
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2yedloor) anohovbianmng Aoyung

o Ti1 diagopd €xOuUV Ol NAPAKATW KWOIKEC;

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

process (clk, reset)
begin
if reset = ‘1’ then
q <= “00001111”;
elsif clk’event and clk = ‘1’ then
q <= d;
end 1if;

-, end process;

[Topaderypo: 20660EELTNG

O ABpoioTe pia akoAoubia NPOCNUACHEVWY apIBP®V
= 'Evag véog apiBuog gpBavel o6tav data_en = 1
= MndevioTe To dBpoioua pe olyxpovo reset

Tibrary ieee;
use ieee.std_logic_1164.al1, 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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[Topaderypo: 20660EELTNG

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

end architecture rtl;
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Metpnreg (counters)

Tlibrary ieee;
use jeee.std_logic_1164.al11, ieee.numeric_std.all;

entity counter4 is 4-bit ouyxpovog
port (clk, reset : in std_logic; 6UC|6IK6Q usTpr]Tr']q
count : out unsigned(3 downto 0); '
end entity; gned ) HE G'O'UYXpovr]
pnodgvion
architecture bef of counter4 is . .
signal counter : unsigned(3 downto 0); (4-bit binary
begin synchronous counter
count <= counter; .
process (clk, reset) with asynchronous
begin reset)

if reset = ‘1’ then
counter <= (others => '0');
elsif clk’event and clk = ‘1’ then
if counter = 15 then
counter <= (others => '0');
else
counter <= counter + 1;
end if;
end if;
end process;
end architecture; 4-18
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[Toapadelypoto oyedinong HETENTWY

O YAONOINOTE TOUG akOAouboug TUNOUG
HETPNTWV:
m BCD peTpnTEG
m JE gUYXpoVvn €i0000 PNdEvIoNG
m JE €i0000 ENITPEWNG
m JE NAPAAANAN QOpPTWON

O YAONOINOTE JIAIPETEC oUXVOTNTAG
(frequency divider) ye Tn Xpnon HETPNTWV
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Kataywpenteg ohobnong (shift registers)

O KataxwpnTtng oAicbnong Twv 8-bit ye acuyxpovn €icodo
uNdEviong (8-bit shift register with asynchronous reset input)

entity sreg8 is
port (clk, reset: in bit;
sin : 1in 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;

1end architecture;
ZXEdibrorr T -
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2yedlaor natoywentwy oAlatnong (1)

o YAonoinon Pe TUAMATa nivakwyv (array slices)

process (clk, reset)
begin

if reset = '1l' 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 if;

end process;
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2e0looT) nATAYWENTWY OAlotnong (2)

O YAonoinon PeE ouvevwon nivakwyv (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;

>xediaon YNoAoyIoTIKOV SUOTNHATWOV 4-22
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2edlooT 1Aty wENTWY OAlatnong (3)

o YAonoinon pe 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 loop

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

end Toop;
shift_reg(0) <= sin;

end if;

end process;
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[Topadetypoto oyedionong
NATUYWOENTWY OAlotnong

O YAONOINOTE TOUG akOAouboug TUNOUG
KaTaxwpnTwv oAiodnonc:
= ring counter
m JE UYXpoVvn €i0000 PNdEvIoNG
= JE €i0000 €NITPEWNG
m JE NAPAAANAN QOPTWON
m YE eniAoyn apioTepnc & de&lag oAioBnong
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Mnyaviopog dtoyetevorg (pipeline)

O ZuvoAlkn kaBuoTepnon = Delayl + Delay2 + Delay3
O AlGoTnua YETA&U OedOUEVWY > ZUVOAIKN KabuoTepnon

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

combin- combin- combin-
ational ational ational

circuit 1 ( clk circuit 2 ( clk circuit 3 ( clk
clk ¢ ¢

o MNepiodoc poAoyiou = max(Delayl, Delay2, Delay3)
O ZUVOAIKN kaBuoTepnon = 3 X nepiodog poAoyiou
o AlaoTnua YeTa&u dedopevwy = 1 nepiodog poAoyiou

d_in

— d_out

o
o
o
o
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[Topddetypo Stoyetevong

O YNoAOYIOPOG TOU HECOU OPOU TPIWV POWV
0eOOUEVWV
o0 Nea dedopeva os KGBe akun Tou poAoyiou

Tibrary ieee;
use ieee.std_logic_1164.al1;

entity average_pipeline 1is

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

end entity average_pipeline;
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[Topdodetypo Stoyetevong (ouv.)

architecture rtl1 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 (c1k) is
begin
if rising_edge(clk) then
saved_a_plus_b <= a_plus_b;
saved_c <= c;
end if;
end process regl;

Sxediaon YNoAoyIoTIK®V ZUCTNHATWYV

[Topdodetypo Stoyetevong (ouv.)

sum <= saved_a_plus_b + saved_c;

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

: process (clk) is

sum_div_3 <= saved_sum/3;

reg3
begin
if rising_edge(cTk) then
avg <= sum_div_3;
end if;
end process reg3;

end architecture average_pipeline;

: process (clk) is

Sxediaon YNoAoyIoTIK®V ZUCTNHATWYV
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Aradpopeg Aedopevwy not Eleyyog

O Ta yn@laka cuoTnuaTa ekTeAoUV akoAouBieg
AEITOUpYIWV 0 Kwdlkonoinueva dedopeva

o Aiadpoun Agdouevwyv (Datapath)
= JuvdUuaoTIKA KUKAWMATA YIa TIG AEITOUPYIEG
= KaTtaxwpnTEG yia TNV anobnkeuon TwV evOIAUECWY
anoTeAeopdTwv
O Tunua EAgeyyxou (Control): akoAouBia eAeyxou
= Mapayel onuara eAeyxou (control signals)
EniA&yel TIc AsiIToupyieg nou Ba ekTeAeoTOUV
Evepyonolgi TOUG KATAXWPNTEG OTIC OWOTEG OTIYHEG
= Xpnolyonolei onuara karaoraonc (status signals) ano Tn
d1adpopr) dedouEvVV
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[Topaderypo: Mryadinog Iolanhaotootng

o KapTeaiavn popepn, otabepr) unodiacToAn
= TeAeoTEol: 4 bit npiv, 12 pera n duadikn unod.
= anoTtéAeopa: 8 bit npiv, 24 pera Tn duadikr) unod.

O Me epgaon oTn heimon TG enipavelag (area)

a=a,+ ja, b=b_ + jb,

p:ab: pr +]pz :(arbr _aibi)+j(arbi +aibr)

O 4 noAAanAaociaopoi, 1 npocBeon, 1 apaipeon

= AKOAOUBIOKI EKTEAECN XPNOILMONOIMVTAG
1 noAAanAaoiaoTn, 1 aBpoioTr)/apaipeTn

Sxediaon YNoAoyIoTIK®V ZUCTNHATWY 4-30
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Artadpopn Aedopevewy

CE

ar D
ai CE
a_sel X clk
b_r EII
b_i D
b_sel CE
ppl_ce
pp2_ce clk
sub
p_r_ce
p_i_ce
clk

Sxediaon YNoAoyIoTIK®V ZUCTNHATWYV
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Muyadinog Torranhaoiaotng oty VHDL

entity multiplier is

end entity multiplier;

port ( clk, reset : in std_logic;
input_rdy : in std_Tlogic;
a_r, a_i, b_r, b_i : in sfixed(3 downto -12);

p_r, p_i : out sfixed(7 downto -24) );

library ieee; use ieee.std_logic_1164.al11, ieee.fixed_pkg.all;

begin

architecture rtl of multiplier is

signal a_sel, b_sel, ppl_ce, pp2_ce,

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

std_Tlogic; -- control signals
sfixed(3 downto -12);

Sxediaon YNoAoyIoTIK®V ZUCTNHATWYV
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Muyadinog [orkanhaoiaotng oty VHDL

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 = '1' then
ppl <= pp;
end if;
end if;
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;

Sxediaon YNoAoyIoTIK®V ZUCTNHATWYV 4-33

Muyadinog Torranhaoiaotng oty VHDL

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 = '1l' 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 = '1l' then
p_i <= sum;
end if;
end if;
end process p_i_reg;
-- control circuit

end architecture rtil;

>xediaon YNoAoyIoTIKOV SUOTNHATWOV 4-34
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Axolouvbioe EAgyyou touv [TolMamiaotaot

o MpwTn uAonoinon

1. a_r*b_r— ppl_reg

2. a_i*b_i— pp2_reg

3. ppl -pp2 — p_r_reg

4. a_r*b_i— ppl_reg

5. a_i*b_r— pp2_reg

6. ppl + pp2 — p_i_reg
O Ano@euyel TN OIEVEEN TwV NOPWV
O Alapkei 6 KUKAOUG poAoyiou

Sxediaon YNoAoyIoTIK®V ZUCTNHATWV 4-35

Axolouvbioe EAeyyou touv [TohMamiaotaom

O BeATiopEVN uAonoinon
1. a_r*b_r— ppl_reg
2. a_i*b_i— pp2_reg

3. ppl -pp2 — p_r_reg
a_r*b_i— ppl_reg

4. a_i*b_r— pp2_reg
5. ppl + pp2 — p_i_reg

O JuyXwveuel Ta BrApaTa oénou dev unapxel
OIEVEEN TWV NOPWV

O Alapkei 5 kUKAoug poAoyiou
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2nuotoe EAgyyou touv ITohMamAaotaotn

Brua 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
4 1 0 0 1 - 0 0
5 - - 0 0 0 0 1
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Mnyaveg Ienepaopevwy Kataotdoswy

o XpnolgonoiouvTal yid va UAOMNoIRCoouV TNV
akoAouBia eAEyxou

o Mia FSM (Finite-State Machine) opileTal ano
oUVOAO €1000wV: X

ouvoAo €E00wv: I

oUvoAo KaTaoTaoewv: S

apxIKn KaTtaoraon: s, € S

ouvaptnon Jetrapaong: 0: S x ¥ — S

ouvapTtnon €€6dou: W: S X X ->TAw: S —»T

Sxediaon YNoAoyIoTIK®V ZUCTNHATWY 4-38
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H FSM ot0o YAuro

L D Q TPEXOUOO KATAOTOON A(?lerﬁ J
ETIOHEVNC
reset —{ reset KOTAOTOONG
clk — clk
Aoyikn ,
icodol ___| eeevou [ €godor
Movo yia FSM
TUnou Mealy

o FSM TtUnou Mealy: w: S x 2 —»T
o FSM Ttunou Moore: w: S — T

Sxediaon YNoAoyIoTIK®V ZUCTNHATWV 4-39

[Topddetypa FSM :
‘Eleyyog IToMamhaotaot

o Mia katdoraon ava Bripa Zuvaprnon petapaong

O ZexwploTn katdoTaon adpaveiag current | input_ | next_
(idle); _state rdy state
® AVapEvEl EWG o-rf)u input_'rdy =1 stepl 0 stepl

= 'EneiTa, npoxwpael ota BAuara 1, 2,
stepl 1 step2

= AAAG auTO onaTaAdsl €vav KUKAo!

o Xpnoigonolei To BrApa 1 wg step2 - step3
kaTaoTaon adpaveiag
= EnavaAapBavel To BApa 1 eav step3 ~ step4
input_rdy='1" step4 - step5
= AIa@OpEeTIKA NpoXwpdgl aTo Bnua 2
O Zuvdaprnon €£06dou step5 - stepl

= Moore 1 Mealy;

>xediaon YNoAoyIoTIK®V ZuoTnuaTwy 4-40




TuAua NAnpo@opikng - NavenioTnpio Meipaiwg 2xediaon YTTOAOYIOTIKWY ZUCTNUATWY

Kwdwomnoinon Kataotdoewy

o KwdikonolouvTal oto duadiko
= N kaTaoTaosig: xpeiafovral TouhaxioTov [log,N| bit
O H kwdikonoinuevn TINA XpNoIYoNoIEiTal aTa
KUKAWMATA yia TIG OUVapTAOEIG JHeETABaong Kal
e€000U
= N kwdikonoinaon ennpeadlel TNV NOAUNAOKOTNTA TOU
KUKAWMATOG

o Eival dUuokoAo va BpeBei BEATIOTN KwdIkoMnoinon
= Ta epyaAegia CAD pnopoUv va Kavouv auTr Tn douAeld KaAa
O Zuxva xpnoidonoisital To 000...0 yia Tnv
kataoTtaon adpaveiag
= undevilel Tov KATAXWPNTN OTNV Kataotacon adpdaveiag
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FSM otv VHDL

o XpnolgonoloUWe €vav TUMo anapibpynong yia Tig
TIMEG TWV KATAOTACEWV

= apnpnHévo, £Tol ano@eUyoupe va Npodiaypayoupus TNV
Kwdikonoinon

type multiplier_state is (stepl, step2, step3, step4, step5);
signal current_state, next_state : multiplier_state;
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EAeyyog IloMamiaoiaoty oty VHDL

state_reg : process (clk, reset) is next_state_logic : process
begin (current_state, input_rdy) is
if reset = '1l' then begin
current_state <= stepl; case current_state is
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 <= step2;
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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EAeyyog IToMamiaoiaoty oty VHDL

/

output_Togic : 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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Avayoappo EAgyyou tov TTolMamiaotaoty

o Eicodoc: input_rdy
o 'E€odol:
= a_sel, b_sel, ppl_ce, pp2_ce, sub, p_r_ce, p_i_ce

step3
0 0,1,1,0,1,1,0
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EnainOevon Axolovbranmv Kurkopdtwy

MovTého Bokipng >xediaon uno

EnaArBeuon

o To DUV unopei va xpeiaoTei noAAoUG KUKAOUG yia
va napayel Tnv €€000

o O eAeykTAG xpelaleTal va
m QUYXPOVIOTEI JE TN YEVVATPIA JOKIUAG

= gEao@akioel OTI o1 £€€0doI Tou DUV gu@avidovTal Tn
oWaTN OTIVHA

= gEao@alioel OTI ol £€€0dol Tou DUV gival owoTEG
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Movtero Aonpng [HolMamhaoiaot

entity multiplier_testbench is
end entity multiplier_testbench;

library ieee; use ieee.std_logic_1164.al1,
ieee.fixed_pkg.all, ieee.math_complex.all;

architecture verify of multiplier_testbench is

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 : sfixed(3 downto -12);

signal p_r, p_i : sfixed(7 downto -24);

signal a, b : complex;

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

a_r, a_i, b_r, b_i, wait for t_c / 2; clk <= '1";
p_r, p_i ); wait for t_c / 2; clk <= ‘0';

end process clk_gen;

reset <= '1',

'0' after 2 * t_c ns;
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1 | |
Movtero Aonpng [HolMamhaoioaom
apply_test_cases : process is
begin
wait until falling_edge(clk) and reset = '0';
a <= cmp1x(0.0, 0.0); b <= cmp1x(1.0, 2.0); input_rdy <= '1';
wait until falling_edge(clk); input_rdy <= '0';
for i in 1 to 5 loop
wait until falling_edge(clk);
end Toop;
a <= cmpIx(1.0, 1.0); b <= cmpIx(1.0, 1.0); input_rdy <= '1'";
wait until falling_edge(clk); input_rdy <= '0';
for i in 1 to 6 loop
wait until falling_edge(cl1k);
end Toop;
-- 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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Movtero Aonpng [HolMamhaoiaot

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 Toop;
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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[Topdderypor: Mnyoavn Moore

entity moore_machine is
port (reset : in bit;
clk : in bit;
in1 :in bit;
out1 : 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;

KwdikoTroinon KaTaoTdoewy

begin Auo onpara TUTTOU State_type

end architecture;
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Ylornoinorn oty VHDL

o YAonoinon Tng unxavng Moore pe 3 diepyaoiec:

= Mia akoAouBiakn diepyaaia (pl) nou NepiypdQel Toug
KATaxwpnTeg,

= Mia ouvduaaoTikn diepyacia (p2) nou neplypagpel Tig
METABACEIC KATAOTAOEWY Kal

= Mia ouvduaoTikn diepyaaia (p3) nou neplypdagel TIC EE0600UC

;..F;.é........................g g p1 Regisiter g..F;.é ........................
Inputs i CLK
— e i Outputs
| LOGIC |—- g | OGIC [mmmmp
next state H B
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Ylornoinorn oty VHDL (ouv.)

p1: process (reset,clk) A , p2: process (current_state,in1)
begin PXIKOTIOMGN | hegin
b Hnxaviig
:if (reset="1") then i next_state <= current_state;
case current_state is Ma my i
when s0 => lomor?puyr]
if in1 =1’ then atches
KATAOTAG next_state <= s1;
s end if;
p3: process: (current_state) H €¢o §og | ee————— .
beqi e : eEapTaTal Jovo iwhen s3 => :
gin : R
. amo TV i ifin1 ="0"then :
case current_state is Tapoloa next_state <= s0:
when s0 => out1 <= "000Q¢gr¢graon Y oendif H
when 31 = Ouﬂ <= 111001 u; eria..éa.s.g: ......................... )
when s2 => out1 <="1100"; _ EmAoyn
when s3 => out1 <= "1111"; end process; ETTOREVNG
end case; KaTdoTaong
s end process; 4-52
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[Mopaderypa: Mnyovn Mealy

others/0000

0/0000
others/1111

Inputs

1/1001

current state

next state

Reset

others/1001

0/1100

others/1100

Outputs
Register
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Ylornoinorn oty VHDL

p1: 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: processi(current_state,in1)
begin - ’
case current_state is -
when s0 => sﬁapmml’
ifin1 ='1"then TNV TAPOY
else TNV €icod0

out1 <= "0000";
end if;

H €€0d0g

OTTO
oa
Kal

p2: process (current_state,in1)
begin
next_state <= current_state;

case current_state is

when s0 =>
ifin1 ='1' then
next_state <= s1;
end if;
when s3 =>
ifin1 ='0' then
next_state <= s0;
end if;
end case;

end process;

end process;

M
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Kwdwomnoinon nataotacewy

o Ol KaTaoTAoEIC avanaplioTwvTal and €vav Tuno anapibunong
= Ta gpyaAeia oUvBeong ekpeTaAAelovTal Tov TUNO anapibunong yia
anoooTIKOTEPN BEATIOTONOINGN
o Ta epyaleia olvBeong unooTnpilouv SIAPOPETIKEC HOPPEC
KwWOIKOMNOINGNG TWV KATAOTACEWV:
= binary, onehot, gray
o O xprRoTnG pnopei va kabopioel TNV Kwdikonoinon Twv
KaTaoTacswv. n.x.:
constant s0: std_ulogic_vector(1 downto 0) :="00";
constant s1: std_ulogic_vector(1 downto 0) :="01";
constant s2: std_ulogic_vector(1 downto 0) :="10";
constant s3: std_ulogic_vector(1 downto 0) :="11";
signal cur_state, next_state : std_ulogic_vector(1 downto 0);
o MpoTIHATe TN XprNon Twv TUNWV anapiéunong
= napéxel oTo epyaleio ouvBeong HeyaAUTEPN €UXEPEIA OTN
BeATiOTOMOINGN TNG HNXAVAG
= ONAWOTE TNV ap)gkr'] KATAoTaon TNG MNXAvng oTnv aploTepn B€aon
Tou TUMNOU anapiBunaong
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[Topdderypa

O 2xedIa0TE €va KUKAWMPA NouU avixVveuel pia
OUYKEKPINEVN akoAoubBia ynpiwv
(unoypa®n)
o€ Jia osipiakn €i0000 OedOUEVWV
= va uAonolei To d1dypapda KaTaoTACEWY

Sxediaon YNoAoyIoTIK®V ZUCTNHATWY 4-56




