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Yriaypdonon tng StdleEng

B XUVTEEX®WY Kol AKOAOVBLOKAS KWK

AvdBeon ce METABAHTH (VARIABLE) kow XHMA
(SIGNAL)

Awapopég uetagd VARIABLE kar SIGNAL

AxoAovBiakdg koddSikag: AIEPTAYXIA (PROCESS)

EvtoAn ypovicuotv WAIT ko gUyypova KUKA®UOTO

Aouéc emhoyng: IF kaw CASE-WHEN

Mouég etavdinyng: LOOP, oyxnuoato FOR ko WHILE,
evtoléc NEXT, EXIT

Yuvteéywv kodikac: evtodéc WHEN-ELSE, WITH-SELECT
Tagadeiyuota oyedocuol KUKAOWAT®Y: araBuntic
Yneiov, KOTOX®ENTAG, TTOAVTTAERTNG, TELGTAONS
ATTOUOVOTAG, 0BEOLGTES, aLBUNTIKA-Aoyki wovdda (ALU)
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AvdBeon ce VARIABLE

m H avdBeon ce VARIABLE avtikaBiotd tnv Té€)ouca Tun
e ue wa véa Twn n otmoia meocdiopitetal aTd wa
aQLBunTikin €k@Eacn

B XUvtogn wog avdbeong:
identifier := expression;

m [Topadelyuata:

ix := ’a’;
a := 1.0;
y := "0000";

(il O uetofAntéc dev elvon opatés €5 amd wa PROCESS.
"Exovuv tomukn euPéiera uéga e PROCESS, FUNCTION, 1
PROCEDURE
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Avdbeon e SIGNAL

m To XHMATA (SIGNALS) mpoG@€pouv eTKOWV®VIOL LETOEY SLOLPORETIKWV
PROCESS ko guiymdturtov cuctatikdyv (COMPONENT instances)

"Eva SIGNAL uttopel va avatedel e wao VARIABLE kou to avticTpogo
YVvtagn wog avdbeong: identifier <= expression;
m ITopddetyua: emikowvovio petagd dvo atywdturiov COMPONENT:

entity compare is
port (A,B: in BIT; C: out BIT);
end compare;

architecture structure of compare is
component my_xor

port (x,y: in BIT; z: out BIT);
end component;
component my_not

port (x: in BIT; z: out BIT);
end component;
signal i: BIT;
begin
U®: my_xor port map (x => A, y
Ul: my_not port map (x => i, z
end structural;
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YHMA (SIGNAL) #vavtiit METABAHTHY. (VARIABLE)

m Xuyxvd eivon SUGKOAN N eTTAOYA OVAUEGT GE €VOl OVTIKEILEVO TVITOV
SIGNAL ko cg éva tomov VARIABLE

B Baown Siagpopd eivor 6Tt n astédoon twiig oe wioo VARIABLE etvan
Gueon, evd yuo éva SIGNAL avtd cupfaiver uetd tnv oAokAQwon
ektéleong tng avitictoyng diepyoaciog

SIGNAL VARIABLE
Aztédoon Tung <= =
Xonowodtnta AvaTtoQleTd KUKAOUATIKEG Sla- | AvaItaQletd  ToTikn  ITAngo-
Guvdéaelg @opia
Eupérera Mmoget va efvar KaBoAkn Tomwn (Stepyacio, cuvdgtnon
n Stadikacia)
ZouIteQLpoed H evnuépwon dev elvar dueon | Aueon evnuépmon
Ge OKOAOVOLOKG KOSIKA
Xorion PACKAGE, ENTITY, ARCHI- | PROCESS, FUNCTION, PRO-
TECTURE CEDURE
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YUvOUOGTIKI KAl AKOAOVOLOKNA AOYIKI

B OzueMddelg TEOTTOL 0EYAVMGONGS TWV WPROLAKDV KUKAOUATOV:
ouvvduvacTikin (combinational) kal akoAOVOLOKA AOYIKNA
(sequential)

B XuvdvacTiki Aoykn: n £€£060¢ TOU KUKAMUATOS €£0QTATAL
OITTOKAELGTIKA OTTO TIS TEEXOVGES ELGOBOUG

B AkoAovOlakn Aoyikn: n €£060¢ TOU KUKADUATOS €E0QTATOL
Ot TG TEEYOVGES ELGAGB0VE KOl ThV TEEXOVGO KATAGTOCN

1nput = Combinational [ output
Logic
input mep|{ Combinational ey output
Logic present next
state Storage state
Elements
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YUVTEEXWV KoL OKOAOVOLOKOS KOOKOG

m Xtnv VHDL o k®d8wkag elvan agtdé tn @von touv wopdAAAL eKTEAOVUEVOS
(GUVTEEXWV)

m H VHDL Swabétel TToOyQauUUATIOTIKES SOUES Yol TV TTEQLYQOAQN
OKOAOVOLOKOV KMOSKA, TTROKEWEVOU TV e£AG@AMGN TG SLaSoIKAG
ekTENEONS EVTOAWV dTav avtd elvor emBuuntd

B Axoloubiakog kddwkas otny VHDL: uéco ge PROCESS, FUNCTION,
PROCEDURE

B XuvTeéxnv kodikag: avdfeon oe SIGNAL, vitoAoylopds €kQEAONS Ue
xonon teleatdv kot avdbeon ge SIGNAL, eviomi WHEN, evtoAi
WITH/SELECT, evtoAt GENERATE (yia tnv GENERATE mrepuagdtepa
GTn EUVTOEN TTOQOUETOIKMOV TTEQLYQAPOV’)

m Mia Siepyacio agtoteAel TUiRLa GUVTEEXOVTOS KWK (Uia Siepyacio

extedelTon TTaRdAnAa oe oxéon pe Tuxdv dAdeg Siepyaoieg)
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AxoAoVOLOKOSC KOSIKOG

B O axolovbokde kOdikag atny VHDL cuvtdooeton evtdg
wag PROCESS, n ouugteQlepod tng oTtolag TTROGOUOLHVETOL
Brina wEog Prito (EVTOANR TTROS EVTOAN)

B XTtov (810 ¥E6VO TIROGOUOIMGNG, ETILTEETTETOL VA elval
evepyee (active) mepuoadtepes amd uio PROCESS. ‘Etel n
PROCESS agtotedel doukd AlBo yia tnv avdstugn
GUVTQREYOVTOG ROSIKA

m Aouéc eAéyyxou: evioléc IF kaw CASE

B Aouég emtavdinyng: evtodés FOR kow WHILE

m EvtoAéc NEXT kow EXIT yio Tov ecwTepkd €Aeyyo e Ui
Sount erovdAnyng

B Méca oe ula PROCESS yiopouvv va yencuoitoinfovv
VITOTTEOYQAULATAL
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AIEPTAXIA (PROCESS)

m H PROCESS mpocpépet tn duvatdtnta oyediacuov
OKOAOVOLAKOV KMOBIKO, XENGULOTIOLWVTAS TEXVIKES QITO TOV
Sradikaotikd sreoyeauunaticud (ANSI C, Pascal)

m XUvtagn wag PROCESS:

[process_label:]

process [(sensitivity list)]
subprogram_declaration or subprogram_body
type_declaration
subtype_declaration
constant_declaration
variable_declaration
file_declaration
alias_declaration
attribute_declaration
attribute_specification
use_clause

begin
sequential_statements

end process [process_label];
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[Mapadeiypata cuvtagng wog PROCESS

m ITopddewyuo 1: Metatgomn fabuodv Kedoiov oe Dagevdut (un
OLVVBEGLLOG KOBIKAG)

CtoF: process
variable c, f, g: real;
begin
c := 0.0;
while (c < 40.0) loop
f:= 1.8 * c + 32.0;
c :=c¢c + 2.0;
end loop;
wait for 1 ns;
end process CtoF;

m [TopdSewyua 2: 2-to-1 multiplexer (GuvBEGILOG KOSIKOC)

process(sel, a, b)
begin
if (sel = ’1’) then
outp <= b;
else
outp <= a;
end if;
end process;
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Alcta evancgOnclog (sensitivity list)

m H AMoto evawcbnoiag amotedel katdloyo e1068wv kar SIGNAL yio
uetapoArés Twv omoiwv uta PROCESS vmtoypeovtanl va avauével

i Ye wa AloTta evousneiag Sndwvovtar OAEX ot efgodol 11 griuata Tou
Treémtel va Swafactovv gtny PROCESS

m ITopddeyua 1:

process (a, b)
begin
if (a /= b) then
cond <= '1’;
else
cond <= '0’;
end if;
end process;

IMadderyua 2: Peeite To AdBog

process (a)
begin
if (a = ’1’) then
temp <= not (temp);
end if;
end process;
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Evaitebncia emumtédouv (level-sensitivity) ko
akpogTvEodotnon (edge triggering)

m Ot petofoAés Twv onudtmv Tov SnAdvovtal oe uio AloTto evaebnciog
KOL Ol OTTO{EC EVEQYOTTOLOVV TOV VITOAOYIGUS UETAPANTHOV Kol GnUdTOV G
uia PROCESS efvar 8V0 tTmev:

B MetofoAn emiatédou (yio crnpata emiteeyng i evepyottoincng kol Sedouéva)

B Avepyduevn 1 kateQyouevn okl (yio Gripata oAoylov)

B MavSaAwTAS (UeTaBOoAR eTTtéSou) s H ékppaon clk’EVENT eivon
process (en, a) TRUE 6tav €xer guufel
begin uetaporn 0 —» 11 1 — 0) gto
if (en = ’1’) then ,
temp <= a; onya clk
end if;

=

Ta ogiouéva gpyadeia
gUvleong, To GRUATO EKTOS TOU
clk pgtopovv va TrapaielpBovv
agtd wa Alota evoucinaiog

end process;

B Zuyxeoviouds g TTEOS aveEyOuevn arun

process (clk, a)
begin
if (clk = ’'1’ and clk’EVENT) then
temp <= a;
end if;
end process;
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EvtoAan WAIT

m H evroin WAIT mpoc@épetl tn duvatdtnto evepyoTtoinong twv
vrtoloyioudv oe wae PROCESS ce e€dptnon ue tn pactnoidtnta
KAITOLOV N KATTOLWV GnUdTmv

m ‘Otav yoncwottoteitow n WAIT, Sev ylvetan yonon Alctog evarcOnalog

m Tpeig toTtol tng WAIT: WAIT ON, WAIT UNTIL kow WAIT FOR

m Xuvtagn tng WAIT:

wait [on signal_name {, signal_name}]
[until conditional_expression]
[for time_expression];

m Tapadelypata

B AvacTéMel Ty ekTédeon uéyol va cuufel aAlayrin 6to cnua a n gto b

[ wait on a, b;

B AvactéMel v ektédeon uéxol va ikavorronfel n cuvBrkn x > 10

[ wait until x > 10;

B AvactéMel Ty ektédeon yua xeovikd didotnpo 10 ns

( wait for 10 ns;
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EvtoA€c yia tnv emmiBoAn Guyxeovicuol Ge GUYXQova
KUKAWULOTOL

m Xta GUYXQOVO KUKADUOTO Ol UTTOAOYIGUOL VEOV TW®V (KoL ETTOUEVIG
KOTAGTOONGS) TTROYLATOTTOLOUVTOL (L€ T UETABOML TOU GRUATOS QOAOYLOU

m EvoAdoaxtikol tedmol emiPoing cuyyeovicuoy ctnv VHDL:

B Me dnAwon tov clk otn AMota evoucOnaciog
if (clk’EVENT and clk=’1’) n if (clk’EVENT and clk='0’)
yio JETIKI KO AQVITIKIL OKpoTTVEOddTNGN, avTiGToL o

B Me yprion evioMic WAIT ywels dnlwon tov clk gtn AMota
gvalctnciog
wait on (clk’EVENT and clk="1’) nwait on (clk’EVENT and
clk="0")
vl JETIKIA KOL OQVITIKA OKULOTTVEOSOTRGN, AVTIGTOLY O

B Me xonion twv Teorkabopieuévav cuvaTticewv RISING_EDGE kot
FALLING_EDGE
if rising_edge(clk) n if falling_edge(clk)
yior JETIKA KOL OQVITIKA OKULOTTVEOSOTRGN, AVTIGTOLY O
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Aouég eléyxov e akoAovOlakd kwdika: evtoAn IF (1)

m H evtoAn IF agrotedel tn degeMawdn Soun yia tnv ektédeon
K®OSIKO VTTO GuVOnKn

il "Exelr tnv (6o onpactodoyio addd SiapopeTiki GUVTOEn aTd
Tnv if thg ANSI C

m XVvtagn tng IF:

if condition then
sequence_of_statements
[elsif condition then
sequence_of_statements]
[else
sequence of statements]
end if;
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Aouég eléyxov e akoAovOlakd kwdika: evtoAn IF (2)

m Ymdpyouv teels tomrol tng evioAng IF: if ...then, if
...then ...elsexkm if ...then ...elsif
m [Topadeiynata

if ... then if ... then if ... then

sl; sl; sl;
s2; s2; s2;
e . s3;

sn; sm; elsif ... then
end if; else s4;
sn; s5;

e elsif ... then
sk; s6;
end if; else
- J s7;
sn;

end if;
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Aouég eléyxov e akoAovOiakd kwdika: evtol CASE

@

m H evtoAi CASE agtotedel ula xonoun evtoAn yio tnv
JreQuyeapn Sopwv artokmdikogroinong (decoding) uéco ce
TUARATO 0KOAOVOLOKOU KOSIKA

m H yevikii govtagn tng CASE:

case expression is
when choices => sequence_of_statements

end case;

(e

Me Ttic dnAdwceic WHEN yivetor wpocdloQieuos tung,

UELOVOUEVOV TWAV 1 TTEQLOXAC TV YLa TS oTtoieg déAovue
va greayuatostonfovv or SnAmcels Tou devtepou UEAOUG

when
when
when
when

value => sl; s2; ... sn;

valuel | value2 | ... | valuen => sl; s2; ... sn;
valuel to value2 =>

others =>
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Aouég eléyxov e akoAovOiakd kwdika: evtol CASE

@)

m ‘Otav dev 9éAovue vo. vAoTtonBel kdTTOLOL EVTOAN,
yenoogtolovue tn AEEn-kAedi NULL 6Ttwe yio stopddetyua:
when others => NULL;

B ATtAS mropddeyua evtoirig CASE:

CASE control IS

WHEN "00" => x <= a;
y <= b;
WHEN "01" => x <= b;
y <= ¢

WHEN "10" => NULL;
WHEN others => x <= "0000";
y <= "ZZZZ";
end CASE;
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[Topddetyuo TTEQLYQAPNS KUKAMUATOS: ATtaduntnig
wneiov ue €£08o oe 006vn emtd Tunudtwv (1)

B Aekadikdg agraiuntig evog yneiov (uetpd 0 — 9) kot
UETATEETEL TOUS SLASIKA KSIKOTTOINUEVOUS SERASUKOVS
(BCD: Binary Coded Decimal) e popen katdAAnin yo
agtelkdvion ge 086vn errtd Tunudtov (SSD: Seven Segment
Display)

m To kUkAwpa dtacuvdéetar ue thv 08dvn wg egng: abedefy,
ue To To chuavtikd bit (MSB) va tpoodotel To Tunua a
kot to LSB to tunpa g. H vrodiactoAn x Sev
yencipooteltol

entity bcdcounter is
port (
clk, reset: in std_logic;
digit: out std_logic_vector (6 downto 0)

DH
end bcdcounter;
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[Topdderypa TeQLYEOEPNGS KUKADUATOGS: ATTaQlOUnTig
yneiov ue €£080 ge 006vn emtd TUNUATOV (2)

architecture rtl of bcdcounter is
begin
process (clk, reset)
variable temp : integer range 0 to 10;

begin

if (reset = ’1’) then
temp := 0;

elsif (clk’EVENT and clk='1’) then
temp := temp + 1;
if (temp = 10) then

temp := 0;

end if;

end if;

case temp is

when 0 => digit <= "1111110";
when 1 => digit <= "0110000";
when 2 => digit <= "1101101";
when 3 => digit <= "1111001";
when 4 => digit <= "0110011";
when 5 => digit <= "1011011";
when 6 => digit <= "1011111";
when 7 => digit <= "1110000";
when 8 => digit <= "1111111";
when 9 => digit <= "1111011";

when others => NULL;
end case;
end process;
end rtl;
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[Topddetyuo TTEQLYQAPNS KUKAMUATOS: ATtaduntnig
yneiov pe €£0do e 006vn emtd TUNUATOV (3)

Avdypauuo xeovieuol Yo, To KUKA®UO Tou agtaliunti ywngeiou

5@nS

clk [ VS e Y Y VN [ N I Y D Y S
reset \
digit(6:0) [IE ¥ 30 L) L] X 33 X 5B K SF 70
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Aouég emtavdinyng: eviodi LOOP

m H evtoAn LOOP mpoceépel €vav foMkd TATO yio Tnv
JTEQLYQOLPN ETTOVAANTTTIKOV KUKA®UATIKOV 01DV

m H yevikn govtagn tng LOOP:

[loop_label:]

[iteration_scheme] loop
sequence_of_statements

end loop [loop_label];

m To oynua emavdinyng (iteration scheme) ustopel va etvon
titov WHILE 1 tdmov FOR:
while condition
for identifier in discrete_range

m H axoAovBia tov evtoddv mov mepkAeieton oe wia LOOP
Ya extedectel MHAEN 1 7TeQLGGOTEQES POQES
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Ta oxynuata emtavdainyng FOR kot WHILE

B ITopddeyuo VITOAOYIGUOU TETEAYDV®V OKEQOIWV

ITeprypapn ue FOR ITeptypapn ue WHILE
FOR i IN 1 to 10 LOOP i=1;
i_squared := i * i; WHILE (i<11) LOOP
END LOOP; i_squared := i * i;
i:=1 + 1;

END LOOP;

iz H evtoMi LOOP emitpémeton uévo uéca ce PROCESS

== H yetapintn Seiktn i efvon mwookaBopiouévn kor dev
yoerdcetan va dndwbel ue VARIABLE
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Aouég emavainyng: H evtoAn NEXT

m H evtoAi NEXT ypncwogtoteiton yio tnv sodieiwn
prnudtmv Tou Pedyxov

B XUvtagn tng NEXT:
next [loop_label] [when condition];

B Xt0 Toeddetyua mov akoAovbel n evtodn NEXT mooralel
Tnv ;apdienpn wag emwavdinyng 6tav i = skip

FOR i IN ® to 15 LOOP
NEXT WHEN i = skip;
...

END LOOP;

il Xprion mapduora ue thv continue gtnv ANSI C
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H evtoan EXIT

m H evtoAi EXIT yponociwotrotelton yio Tov TTOMEO TEQUATIGULO
e ekTélecng tov Peodxov

m XUvtagn tne EXIT:

exit [loop_label] [when condition];

m X710 mopddetyua Tou akoAovBel n evtoli EXIT smookaiel
wao opLeTKA €£080 aTd Tov Beoxo. H exktédeon tou Ppdyov
oAokAnpavetal dtav n i tov diavicuatog data yivel
SLaoeTIKN ATTd Undev

FOR i IN 31 DOWNTO ® LOOP
CASE data(i) IS

WHEN 0’ => count := count + 1;
WHEN OTHERS => EXIT;
END CASE;
END LOOP;

i) Xpnon maduola ue tnv break gtnv ANSI C
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ATIAG akoAovBlakd kKukAduata: Katoywentrig evog bit

m Ilepuypapn D-type flip-flop Ttov 1-bit

library IEEE;
use IEEE.std_logic_1164.all;

B Iynpatikd Sidyeauua

entity dreg is d » » q

port (
clk,d : in std_logic;
q : out std_logic);
end dreg;

architecture rtl of dreg is
begin
process (clk, d) Clk
begin
if (clk’event and clk = ’1’) then
q <= d;
end if;
end process;
end rtl;

—-

B Audypouuo XQoviorol ToU KUKADUATOS

56ns
ak [ /L L
d |

g — 1 |
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Kataywentig ye aciyypovn kol GUyyeovn Irovomoed

(reset)
Agvyypeovn emavapopd YUyxeovn emavapod
library IEEE; ..
use IEEE.std_logic_1164.all; process (clk, rst, d)
begin
entity dreg is if (clk’event and clk = ’1’) then
port ( if (rst = ’1’) then
clk : in std_logic; temp <= '0’;
rst : in std_logic; else
d : in std_logic; temp <= d;
q : out std_logic end if;
); end if;
end dreg; end process;
q <= temp;
architecture rtl of dreg is end rtl;
signal temp : std_logic;
begin 4 4
process (clk, rst, d) zxnum:mo SL(WQOLEWVOL
begin
if (rst = ’1’) then d q
temp <= '0’;
elsif (clk’event and clk = ’1’) then rst
temp <= d;
end if;
end process;
q <= temp;
end rtl;
clk
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Kataywentng ue emitoeywn @déptwong (load enable)

Me emitpeywn @dpTwang Tynuotikd Sidyeayol

library IEEE;
use IEEE.std_logic_1164.all;

entity dreg is d —— - _-..q
port ( rst
clk, d, rst : in std_logic; en
en : in std_logic;
q : out std_logic -
DH
end dreg;

Ol

architecture rtl of dreg is
signal temp: std_logic;
begin
process (clk, rst, d)
if (clk’event and clk = ’1’) then
if (rst = ’1’) then
temp <= '0’;
else
if (en = ’1’) then
temp <= d;
end if;
end if;
end if;
end process;
q <= temp;
end rtl;
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Aouécg cuvteéxovtos kwdka: Evtoan WHEN/ELSE

m H evtoMi WHEN (0 aAiwg WHEN/ELSE) aigtoteAel ula
GUVTEEXOVGA EVTOANL n oTtolal €xel éva GToxo (target)
ETAEYOVTOC OTTO TTEQLGGATERES ATTO Ul ERPEACGELS

m XUvtagn tne WHEN:

target <= {expression when condition else} expression;

m [TopdSeyua

outp <= "000" WHEN (inp="0’ OR reset='1’) ELSE
"001" WHEN (ctl="1’) ELSE
"910";
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Aouég cuvtpExovtos kwdika: Evrtomn WITH/SELECT

m H evromi WITH/SELECT stpoc@épel tn duvatdtnta
ETMAEKTIKAG avdbeong e éva GToyo (target) emAéyovTag
0T TEQLGGOTEQPES ATIO Uio ERPRATELS

B XVvtagn tng WITH/SELECT:

WITH expression SELECT
target <= {expression WHEN choices,} expression;

m ITopddeyua

WITH control SELECT
output <= reset WHEN "000",
set WHEN "111",
UNAFFECTED WHEN others;
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ATAG cuvivAGTIKA KUkA®UaTo: [ToAvTAékTng 2-ce-1 (1)

m Ylomoinon 1-bit moAvmAékTn 2-Ge-1 = gt Sudyeopua
ue evtoAn if-then-else

a

library IEEE;
use IEEE.std_logic_1164.all; Y

entity mux2tol is
port (
sel,a,b : in std_logic;
y : out std_logic

)i se|

end mux2tol;

architecture arch_if of mux2tol is B Atdypouuo XQoviorol ToU KUKADUATOS
begin
process (sel, a, b)

begin 5ens
if (sel = ’0’) then ol

y <= a; - e O i B
elsif (sel ’1’) then y ————
y <= b;
else
y <= 'Z7;
end if;
end process;
end arch_if;
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ATAG cuvdvacTikd kKukAduato: [ToAvTTAERTNG 2-0e-1

@)

B YAowmoinon tng mux2tol ue evioAn case

architecture arch_case of mux2tol is
begin
process (sel, a, b)
begin
case sel is
when ’0’ => vy <= a;
when ’'1’ =>y <= b;
when others => y <= 'Z’;
end case;
end process;
end arch_case;

B YMomoinon tng mux2tol ye evtoAn with-select

architecture arch_withsel of mux2tol is
begin
with sel select
y <= a when ’0’,
b when 1,
’Z’ when others;
end arch_withsel;
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ATIAG GuVELAGTIKA KUKRADRaTO: TELoTAONG AITOULOVOTAG

m Ztov TooTadi astogovwti n £€€080¢ wgovTan ue tnv £lgodo dtav To crua
eqtiToeyng elvar en = "0’ aAMadS n £€£080g odnyeltar Ge KaTdGTAGN VPRARG
avtigtacng (high impedance state) Adym Tng un odnyncng tng

library IEEE;
use IEEE.std_logic_1164.all;

entity tristate is

port (
input : in std_logic_vector(7 downto 0);
en : in std_logic;
output : out std_logic_vector (7 downto 0)
H

end tristate;

architecture rtl of tristate is
begin

output <= input when (en = ’0’) else (others => ’Z’);
end rtl;

B Audypouuo XQoviorol ToU KUKADUATOS

50nS

input(7:@) [AL X 83 Y BF Y DE ) AD AL ¥ 85 )
en 1‘ \:
output(7:0) (A1} DE AL —
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ABQOLGTES aTTEOGNUMV KO TTQOGNUAGUEV®DV (2's

complement) akeaiwv (1)

m IIepypapn ywo asrpdonuoug albuois

library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_unsigned.all;

entity adder is
port (
a,b : in std_logic_vector (7 downto 0);
sum : out std_logic_vector(7 downto 0)
H
end adder;

architecture rtl of adder is

signal temp : std_logic_vector(8 downto 0);
begin

temp <= (0’ & a) + (0’ & b);

sum <= temp (7 downto 0);
end rtl;

® Adypauua xeoviGuov

50nS
a(7:0) [AL (@D W FF_ N 12 X Al
b(7:0) [BF (mm ) o1 W23 W BF

sum(7:@) [B0 {00 01 o0 (35 ) 60O

minln
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ABQOLGTES aTTEOGNUMV KO TTQOGNUAGUEV®DV (2's
complement) akeatiwv (2)

m [a Ty dBgoton TTEOGNUAGUEVOV (CUUTTANQ®OUO-WS-TIQOG-2) ATTOLTE(TAL N
€TMEKTAON TEOGNUOV (sign extension) Tou evildpecov aTToTeAéGUATOS

m ITeQuypapn yio wpoonuacuévoug alduoig

signal temp : std_logic_vector(8 downto 0);
begin

temp <= (a(7) & a) + (b(7) & b);

sum <= temp (7 downto 0);
end rtl;

B Awdypauua xeoviouoy

5@nS

a(7:0) [AL X OO WFF W 1z W AL
b(7:0) [BF J_ OO0 } 01 W 23 W BF W
sum(7:0) [ B0} OO0  } 01 Aoom ) 3% WBD W
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ApBuntikn-Aoyiki povdada (ALU) (1)

Yynuatikd Sidyeauua wrogs ALU yua évav vitobetikd 8-bit

ETEEEQYATTI

a (7:0)
b (7:0)

cin

sel (3:0)

Mux y (7:0)

Logic
— Unit
1| Arithmetic
— .
Unit

sel (3)
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ApBuntikn-Aoyikii povddsa (ALU) (2)

m ITpodaypapés wag ALU yia évav vrtobetikd 8-bit emetepyactit

B Pemeptdplo evioAwv

Opcode | Koducom. [ TIpdgn [ Aeitovgyla
ABuntiki povddo
MOVA 0000 y <= a MeTa@od Tov a
INCA 0001 y<=a+1 Avgnon katd 1 tov a
DECA 0010 y<=a-1 Melwon katd 1 Tov a
MOVB 0011 y<=Db MeTapoed tou b
INCB 0100 y<=b+1 Avgnon kotd 1 touv b
DECB 0101 y<=b -1 Meiwon katd 1 tov b
ADD 0110 y<=a+b ABpowon Twv a,b
ADC 0111 y <= a+ b + cin ABpolon Twv a,b ue kEATOVUEVO
Aoykn povdda
NOTA 1000 y <= not a AvtuieTpoen tov a
NOTB 1001 y <= not b AvtigTeo@i Tou b
AND 1010 y<=aand b Aoy wpden AND
IOR 1011 y<=aorb Aoywn wpdgn OR
NAND 1100 y <= a nand b Aoywrt rpden NAND
NOR 1101 y <= anor b Aoywn mwpden NOR
XOR 1110 y <= a xor b Aoy wpden XOR
XNOR 111 y <= a xnor b Aoywn wpden XNOR
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ApBuntikn-Aoyikin povdada (ALU): Kodwag (3)

library IEEE;
use IEEE.std_logic_1164.all;
use IEEE.std_logic_unsigned.all;

entity alu is
port (
a,b : in std_logic_vector(7 downto 0);
cin : in std_logic;
sel : in std_logic_vector (3 downto 0);
y : out std_logic_vector(7 downto 0)
DH
end alu;

architecture dataflow of alu is

signal arith: std_logic_vector(7 downto 0);
signal logic: std_logic_vector(7 downto 0);
begin

with sel(2 downto 0) select
arith <= a when "000",
a+1 when "001",
a-1 when "010",
b when "011",
b+1 when "100",
b-1 when "101",
a+b when "110",
a+b+cin when "111";
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with sel(2 downto 0) select

logic <= not a when "000",
not b when "001",
a and b when "010",
a or b when "011",
a nand b when "100",
a nor b when "101",
a xor b when "110",
a xnor b when "111";

with sel(3) select
y <= arith when ’0’,
logic when others;
end dataflow;
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ApBuntikn-Aoyiki povdada (ALU) (4)

Avdypapyo yeoviepov yio thy ALU
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