OCHOBHbIE KOHCTPYKLUWN A3blKA
VHDL



[TporpammHbie 6510km VHDL

BHelirHee mpenacraBienue (entity):

[TopT (BXOmHO¥)
BHyTpeHHAA [Mopr (BBIXOAHOIH)

Mopr apxXnTeKTypa
(AByHanpas/IeHHbIN) (architecture)




bnok Entity

Entity - o6bsiBneHre Mmomynsi. OTUChIBaeT BHEIIHUM MHTepdelic

MOZYT. ; . mode — HanpaBneHne NopTOB:
entity entity_name 18§ . .
port ( -in - BXOOQHOW (OaHHbIe NOCTynatoT B
port_names: mode data_type; onok n3 BHE)
port_names: mode data_type; -out— BbIXOOHOW (OaHHbIE NnoCTynarT
n3 6noka BO BHe)
port_names: mode data_type  _nout— gByHANpaBneHHbI NOPT

) §

endl swtity mans; (OaHHble MOoryT naTn B 06e CTOPOHbI)

entity_name — ums 6/10Ka, IT0 KOTOPOMY OH OYZIeT TOCTYTIEeH U3 BHE
port_names — UMeHa IOPTOB
data_type — THII JaHHBIX, IEpeIaBAEMBIX IO MTOPTY



bnok Architecture

Architecture — apxuTekTypa Mmoaysi. OMMchIBaeT BHYTPEHHIOO peaTHu3alluIo.
B03MOXXHO HECKOJIBKO peaTn3aliiii OAHOTO U TOTO YK€ MOJYJIS.

architecture arch_name of entity_name 1is arch_name — UM p€a/in3alinui
fleclarations; MO,ZLY]IH.

begilcl)ncurrent statement; entity_nflme — UMs1 MOZYJIA,
concurrent statement; KOTOprI/I peaJII/IBYQTCH
comeurTent. wravemsns; declarations - 06bsiBIeHHE

end ' a;”cl.l_name : MmepeMeHHbIX 1 CUT'HAJIOB

concurrent statement — BeIpa)kKeHHsI, KOTOPbIe PeaIM3YI0T PYHKIIMOHATBHOCTD
6/10Ka



[TogknoyeHne BHELLUHUX
ONBNMOTEK N NAaKETOB

[loakntoyeHne bubnmoTeku:
LIBRARY library_name;
library_name — nmga nogkntoyaemomn onbnmoTtekm

[logkntovyeHne nakeToB U3 OUdBNUoOTEKN:

USE library_name.packet _name.(identifier | character_literal
| operator_symbol | ALL);

packet_name — M4 naketa n3 oumbnmoTtekun library _name.
[locnegHun ngeHTnduKaTop onpeaenaeT YTo UMEHHO

Ha[0 NOOKNIYMTbL U3 NakeTa (MaeHTUdguKaTop ALL
yKa3blBaeT, YTO BCe).



onemMeHTbl 93blka VHD

KommeHTapum . HaunHatrotcs ¢ --

NoeHTudukatopbl. my_signal, My_Signal — ogHo 1 ToXe. HeTy pasHuubl mexay
pernctpom Oyks. MOXHO ncrnonb3oBaTh U LM@pPbI B Ha3aHUSX: my_signall,
my_SIGnal03...

3apesepBUpoBaHHbIE CrioBa. BblgensarTca gpyrum LBETOM
Uncna: npnucBoeHne 3Ha4YeHnn curHanam Tmna integer

signal a: integer;

a<=5,0, 89E7;

[MpncBoeHne 3Ha4YeHnn curHanam Tmna std_logic_vector:

signal vec: std_logic_vector (7 downto 0);

vec <= “11110111"; -- B ABOUYHOM doopmaTe

vec <= X"F7”; (nnbo 16#F7#)-- B 16-0M popmare
Ob6bEeKTbI:

-- signal

constant BUS_WIDTH: 1integer
constant BUS_BYTES: integer

323

— variabl
variable BUS_WIDTH / 8;

-- constant



lcnonb3oBaHUe signal B
Architecture

ARCHITECTURE <Identifier> OF<Entity_identifier>IS
SIGNAL clk: bit;
BEGIN

Concurrent Statements
END ARCHITECTURE;

CTpyKkTypa onucaHma curHana: Object_name: <Type> := <Value>;
Object_name: M4

<Type>: TN
<Value>: MHMUManm3npyuliee sHa4yeHune



lcnonb3oBaHue signal B
Architecture

Popmar: Z <= A; (A Ha3blearom Opaueepom Z)

<signal_name> <= <expression>;
NMpumep:

i — S I

o

=
D_

ga<= rort;
gb <= qga and not(g xor h);

@b




OCHOBHbIE KOHCTPYKL K
A3blka VHDL

CwurHan Tuna OUT He MOXKeT ObITb
NPUCBOEH APYroMy CUrHany

library ieee;
use ieee.std_logic_1164. all;
entity mode_demo 1is
@ port(
a, b: in std_logic;
X, y: out std_logic);
end mode_demo;
architecture wrong_arch of mode_demo is
begin
x <= a and b;
y <= not x;
end wrong_arch;

VHDL's interpretation

/ of signal flow

=

Heobxoanmo ncnonb3oBaTb
MNPOMEXYTOYHbIN CUrHarn

architecture ok_arch of mode_demo is
signal ab: std_logic;

begin
ab <= a and b;
x <= ab;

y <= not ab;
end ok_arch ;



[lpumep 3agaHnA
apPXUTEKTYpPHI
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| OR4._GATE

ARCHITECTURE arch_or4 _gate OF or4_gate IS
BEGIN

X<=aorborcord;
END arch_ord_gate;



lcnonb3oBaHMe curHanos
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ENTITY ord4_gate IS
PORT (
ABCD ~IN BIT;
X, tmp_out - OUT BIT

),
END or4_gate;

ARCHITECTURE arch_or4_gate OF ord4_gate IS

SIGNAL tmp: BIT;

BEGIN
tmp <= aorb;
X <= tmp orcord;
tmp_out <= tmp;

END arch_or4d_gate;



Tunbl gaHHbLIX VHDL

Integer: oT (-23!-1) pno (23!-1). NpepncTaBnaeTcs Kak 32-X OUTHbIN
MacCuB

Bollean : (true, false)
Bit : (‘0’, ‘1’)
Bit_vector — MmaccuB 3Ha4YeHUN TUNa Bit

B nakete std_logic_1164 onpeaeneHbl 4OMNONHUTESNbHbIE TUMbI
Std_logiC: (lul’ lxl’ lo)’ lll’ lzl' lwl' ILI' (HI' (_))
3Ha4YeHna onga cmHTeaa:
* ‘0, ‘1’ — TOXe YTO 1 B TUNEe bit — 0ObIKHOBEHHbIE ‘0’ 1 ‘1’
e ‘7' — COCTOSAHME C BbICOKUM MMNeOgaHCOM
3Ha4YeHus anga mogerimnpoBaHuUA:
* ‘L, ‘H' — cnabbin ‘0’, cnabas ‘1’ (nmeeTtcs B BUAy cnabbiv TOK)
« ‘X, ‘W’ — HensBecTHoe, crnaboe HeEM3BECTHOE
* ‘U — HenHununanm3npoBaHHoE
e ‘“/ —HeBaXXHOe 3Ha4YeHune

std logic_vector — maccuB 3Ha4yeHue Tuna std_logic



3agaHne amanasoHa

RANGE—-3agaeT anana3oH U3MeHEHUA MHOEKCOB B MAaCCUBE
[lnanas3oH MoXeT ObITb 3a4aH:
*—BBO3pacTatloLLen nocnengosaTenbHOCTHU (ascending)
RANGE left_bound TO right_bound
*—B yObIBatoLLeN NnocnegoBaTeribHOCTU (descending).
RANGE /eft bound DOWNTO right_bound



OOnHaAKOBO UM HET?

BEGIN
tmp <= aorb;
X <= tmp or c or d;
tmp_out <= tmp:;

END arch_or4_gate;

BEGIN
X <= tmp or c or d;
tmp_out <= tmp;
tmp <= aorb;

END arch_ord_gate;



OnepaTopbl VHDL

operator description data type data type data type
of operand a of operand b of result

a ** b exponentiation integer integer integer

abs a absolute value integer integer

not a negation boolean. bit, boolean, bit,
bit_vector bit_vector

a *b multiplication integer integer integer

a./'b division

a mod b  modulo

a rem b  remainder

+ a identity integer integer

- a negation

a+b addition integer integer integer

a-b subtraction

a&b concatenation 1-D array, 1-D array. 1-D array
element element




OnepaTopbl VHDL

a sll b shift left logical bit_vector integer bit_vector
a srl b shift right logical
a sla b shift left arithmetic
a srl b shift right arithmetic
a rol b rotate left
arorb rotate right
a=b equal to any same as a boolean
a/=b not equal to
a<hb less than scalar or 1-D array  same as a boolean
a<=b less than or equal to
a>b greater than
a>>b greater than or equal to
and b and boolean. bit, same as a boolean. bit.
or b or bit_vector bit_vector

O A

Xor b Xor
nand b nand
nor b nor
xnor b  xnor




[IpyopunTETLI ONEpPaTOPOB

Mpuopute | Onpepartopsbl
T
Mpumep:a+b>cora<d

Bbiwe ** abs, not
*, /, mod, rem Ckobkm:a+b+c+d VS a+ (b+(c+d))
+, - (YHapHble)

[na onepatopoB and 1 or He0b6Xxo0AMMO
HaNPsIMY'o yka3blBaTb NMOPSAOK MX
sll, srl, sla, sra, rol, ror BbINOMHEHMS, T.K. B VHDL

&, +, - (OGUHapHbIE)

=I /=I <I <=I >I >=

Hwuxe and, or, nand, nor, xor, xnor

OHWN NMEKOT OANHAKOBLIN MPUOPUTET (B OTNnYMe oT byneson anredpsl).
(a and b) or (c and d)



ApPUPMETNYECKUUN COBMWT sla,
sra

sla - caBur BIieBO. sra - COBUI BMpaBo.
MIIIOIIIOIOIIIIL_]: caBur Ha | paspan [:_l:(‘)|0|1‘1[0|110]ﬂ casur Ha 1 paspsn
11011|010[l]l]m cABMT Ha 2 paspsizia E—T})lOlO]l]l]O]llM c/iBUT Ha 2 pa3psaa
Pa3amHoxaeTtcs mnaglumn Pa3mMHOaeTcs cTapLimm

&R Ekbie coeurn pacecmatprsaem caMBeR88rensHo no kHure

Omépatop koHkaTeHauun &

O6beauHaeT oTaeribHble OUThI B Peanusauymnsa on-pa apngmeTnyeckoro casura c
MacCUB U LUNHY NOMOLLbIO OMN-pa KOHKaTeHauuu

signal a,b: std_logic; signal a, y: std_logic_vector (7 downto 0);

signal c: std_logic_vector(1 downto 0); BnpaBo: y <=a(7) & a(7 downto 1); -- 1 pa3psg
c<=a &b; y <= a(7)&a(7)&a(7 downto 2); --2

BNeBo: y<=a(6 downto 0) & a(0); -- 1 pa3pag
y <= a(5 downto 0)&a(0)&a(0); -- 2



[lpcBoeHmne 3Ha4YeHUS
MacCcuBy

signal a: std_logic vector (7 downto 0);

a <= “10100000";

[To3nuymoHHasa npuesaska:
a<=(1/0710,'0,'0,°0,’0’);

[TpnBA3Ka No UMEHMN:
a<=(7=>1,6=>0,0=>0,1=>0,5=>1,4=>0,3=>"0,

2 =>0")

unn: a<=(7|5=>1,6141312|1|0=>0’);

C MICNOMb30BaHMEM KITHOYEBOrO crnosa others
a<=(7|5=>1, others =>‘0’);

[TpncBOEHME HYNEBOIrO 3HAYEHUS:
a <= (others => ‘0’);



[TpeobpaszoBaHMe TUMNOB

[MakeT std_logic_1164

— to_bitvector — npeobpasoBaHue 13 std_logic_vector B
bit_vector

— to_stdlogicvector — npeobpa3oBaHme 13 bit_vector B
std logic_vector

— to_bit — npeobpasoBaHue 13 std_logic B bit.

[MakeTbl std_logic_arith 1 std_logic_unsigned (n1nbo
std logic_signed)
— conv_integer — npeobpa3oBaHue 13 std_logic_vector B integer

— conv_std_logic_vector — npeobpa3oBaHue U3 integer B
std_logic_vector. [lepBbit aprymeHT — camMmo 4YnCIio, BTOPOU —
LLUMPUHA BbIXOAHOW LUUHBI.



Cxema onpeaeneHus
YETHOCTMU

a(2) a(1) a0 even 8(2)_0—D'—
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even = a0’a1’a2’ + a0a1a2’ + a0’a1a2’ + a0’a1a2



Cxema onpeaeneHuns
YETHOCTMU

library ieee;
use ieee.std_logic_1164. all;

bR

entity even_detector is
port(
a: im std_logic_vector (2 downto 0);
even: out std_logic);
end even_detector;

architecture sop_arch of even_detector 1is
signal pl, p2, p3, p4 : std_logic;
begin
even <= (pl or p2) or (p3 or p4)
pl <= (not a(2)) and (not a(1)) and (not a(0))
p2 <= (not a(2)) and a(l1) and a(0)
p3 <= a(2) and (mnot a(l)) and a(0)
p4 <= a(2) and a(1) and (not a(0))
end sop_arch ;



Cxema onpeneneHmns YeTHOCTMW.
CTPYKTYpPHOE onncaHue

unit 1
a(0) I sig
xor2 of d
a(1) 12 unit 2 unit 3
i1 sig2
xor2 ol i1 notl of
a(2) i2

— even

o even = aO’allaZI + a0a1a2, + aO’alaZI + aO,alaZ



wXeMd OolpeleliiernnA
yeTHOCTU. CTPYKTYypHOE

architecture str_arch of even_detector is
component xor2
port(
i1, i2: in std_logic;
ol: out std_logic);
end component;
component notl
port (
il: in std_logic;
ol: out std_logic);
end component;
signal sigl,sig2: std_logic;

begin
unitl: xor2
port map (i1 => a(0), i2 => a(l), ol => sigl);
unit2 @ =oT2
port map (i1l => a(2), i2 => sigl, ol => sig2);
unit3: notl
port map (il => sig2, ol => even);
end str_arch;



wXeMd OolpeleliiernnA
yeTHOCTU. CTPYKTYypHOE

library ieee;
use ieee.std_logic_1164.all;
entity xor2 is
port (
i1, 12 in ‘std._logiec;
ol: out std_logic);
end xor2;

architecture beh_arch of xor2 is
begin

ol <= i1 xor 1i2;
end beh_arch;

library ieee;
use ieee.std_logic_1164.all;
entity notl is
port(
il: in std_logic;
ol: out std_logic);
end notil;
architecture beh_arch of notl is
begin
ol <= not il;
end beh_arch;



[lpakTukKa

[Tonmycymmarop: JJIEMEHT CyMMaTopa:

;[ 0S5

JEESS S
D-




A3 B3 Az B2 A1 B1 Ao Bo
I A
1-bit 1-bit 1-bit 1-bit
<—| Full (< Full < Full <~ Full <—
C4 | Adder | €3 | Adder| €2 | Adder| €1 | Adder | €0
' ' ' '
S3 S2 S1 So

3ajaHue: HanKUcaTh CyMMATOP, U300pAKEHHBIN Ha cxeMe. B utore go/mKHO
obITh TpU daiina: half adder.vhd (monycymmarop), full_adder_1.vhd (sanement
CyMMaropa, mocTpoeHHbi Ha ocHoBe half_adder.vhd) u comb_o2_adder.vhd
(8-u 6GUTHBIN cyMMaTOp). Y KOMIIOHEHTA BEPXHETO YPOBHSI TO/DKHBI OBITH
cjleyrolyie CUTHa bl B UHTep(deCHOMN YacTH:

switch_in
leds out

:in STD_LOGIC_VECTOR (7 downto o);
:out STD_LOGIC_VECTOR (7 downto o)



MopenunpoBaHue.
[1obaBneHne anemMmeHTa

-- Instantiate the Unit Under Test (UUT)
uut: comb 02 _adder PORT MAP (
switch_in => switch in,

leds_out => leds_out

);



MopaennpoBaHue npouecc
3aJaHnNA CUrHanos

switch_in <=B &A;
-- Stimulus process

stim_proc: process
begin
A <="0000";
B <="0000";
wait for 100 ns;
A <="0001";
B <="0100";
wait for 100 ns;
wait;
end process;



MopaennpoBaHue

3aaaHue: HanucaTtb testbench
(adder_1_tb.vhd) gnga 8-mun buTHOIrO
cymmaropa



Peanunsaumna cymmartopa
Ha nnate Atlys

Co3ganTe NpoeKkT Ansd peannsaumm
cymMmaTopa: BXobl K nepekntoyarensm, a
BbIXOAbl — K Anogam.

[ns nogknioveHna notpebyetca ucf pann, B
KOTOPOM YKa3aHO K KakKMM HOXXKaMm
HeobxoaMMO NOAKMOYUTL JIMHUN OaHHbIX.



Bxoabl

# onBoard switch

NET "switch_in<0>" LOC = "A10";
NET "switch _in<1>" LOC ="D14";
NET "switch _in<2>" LOC ="C14";
NET "switch_in<3>" LOC = "P15";
NET "switch_in<4>" LOC = "P12";
NET "switch _in<5>" LOC = "R5";
NET "switch _in<6>" LOC ="T5";
NET "switch _in<7>" LOC = "E4";



Bbixoabl

# onBoard leds_outs

NET "leds _out<0>" LOC ="U18";
NET "leds out<1>" LOC = "M14";
NET "leds out<2>" LOC = "N14";
NET "leds out<3>" LOC = "L14";
NET "leds_out<4>" LOC = "M13";
NET "leds out<5>" LOC = "D4";
NET "leds_out<6>" LOC = "P16";
NET "leds out<7>" LOC="N12";



For generate

gl: foriin O to 3 generate

begin
b: full_adder_1 port map |
a => A(i),
b => B(i),
c_in => C(i),
S => S(i),
c_out => C(i+1)

);
end generate g1,
3aaHue: HAaMmMCcaTh 4-X OUTHBIH cymmarop (comb_gen_adder.vhd) ucrnonbsys

KOHCTPYKLIMIO for generate 1o aHasioruu ¢ comb_o2_adder.vhd.
[TpoTecTupoBaTh ero c moMoIblo testbench’a u ompo6oBaTh Ha xesnese.



