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SIGNAL
SIGNAL
SIGNAL
SIGNAL
SIGNAL

® Q4 Q0 T o

®za <= b(5);
@k(0) <= aj;
@c <= d(5);
@®d(0) <= c;
@: <= c;
@®v <= 4;

@c <= b;
@®c <= 4d;

[>A s paill Hipus Sldaall g g3

BIT: dsola
! 6jliaJl
BIT VECTOR(7 DOWNTO 0); alie]
STD LOGIC;
STD LOGIC VECTOR(7 DOWNTO 0); 2 lleall o o 2L et L 4

INTEGER RANGE 0 TO 255; }
Jelatll e @bl Ll Aomiio

-- legal (same scalar type: BIT)

-- legal (same scalar type: BIT)

-—- legal (same scalar type: STD LOGIC)

-- legal (same scalar type: STD LOGIC)

-- 1llegal (type mismatch: BIT x STD LOGIC)

-— 1llegal (type mismatch: BIT VECTOR x

-—- STD LOGIC VECTOR)

-- 1llegal (type mismatch: INTEGER x BIT VECTOR)

-- illegal (type mismatch: INTEGER x

-— STD_LOGIC VECTOR)
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a_q% addeiad | Jd (oo Wyall Sldaall ¢ gl

6)liadl

#1951 b (y0 Aalizee ¢ lail o et oSy ®

ipuseiud | Jid oo Ayae (integer) memio Sldonapgs 1
TYPE integer IS RANGE -2147483647 TO +2147483647;
~- This is indeed the pre-defined type INTEGER.

TYPE natural IS RANGE 0 TO +2147483647;
~- This is indeed the pre-defined type NATURAL.

TYPE my integer IS RANGE -32 TO 32; (——

-- A user-defined subset of integers.

TYPE student grade IS RANGE 0 TO 100; _

-- A user-defined subset of integers or naturals.
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dzols aeiud | Jid (e adpall Sldaall ¢ gl
TYPE bit IS ('0', '1'); 6)li_all

—— This is indeed the pre-defined type BIT
spddeiad| L8 (po e i Dildana pgi L2

TYPE my logic IS ('0', '1', 'Z2');

-- A user-defined subset of std logic.

TYPE bit vector IS ARRAY (NATURAL RANGE <>) OF BIT;

—— This is indeed the pre-defined type BIT VECTOR.

—— RANGE <> 1is used to indicate that the range is unconstrained.
—-— NATURAL RANGE <>, on the other hand, indicates that the only
—-— restriction is that the range must fall within the NATURAL
—-— range.

TYPE state IS (idle, forward, backward, stop);

-— An enumerated data type, typical of finite state machines.

TYPE color IS (red, green, blue, white);

-— Another enumerated data type.
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daoLs adiad] B (e 2dpall ldaall g lgil

6)liadl
tpddeiud ] L8 (e dyaa (floating point) deile dlold Sildanapgs .3
TYPE input_level IS range -10.0 to +10.0;

TYPE propability IS range 0.0 to 1.0;

TYPE time IS range implementation defined :{"M‘ 8 (po Byaa Slind Sldaregoi 4
units

fs; TYPE |ength IS range O to 19 TYPE resistance IS range O to 1f9
ps=1000fs; Ui units
ns=1000ps; um;-- primary unit:micron ohm;
us=1000ns; e t0um; kohm=10000hm;
ms=1000us; g/ 200mm; Mohm=1000kohm;
sec= 1000 ms; inch=25400um; end units resistances;
min= 60sec; foot=12inch;
hr= 60min; end units length;

“end units;
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Arrays &ldgdall .5
ADXTD dadl Gyl nigdsan copis 9l 2D andl A505 o1 1D cadl 20l 0955 (0 (Slang labaall Gy (s (b0 pazd (0 Sldgasall 430

(01 00 0] ol[1][o][o][o]  VHDL 2 @ ,S1oll Casos! guasy S ciligisall ausiui®
[0 1 00 0] (1 00 1 0] [1][o][o][1][o]
(1100 1] ][] [o][o] 1]
(b) (c) (d)

(a) scalar, (b) 1D, (c) 1Dx1D, and (d) 2D data arrays

1S gl Je ddganll iy paul aladl S

TYPE type name IS ARRAY (specification) OF data type;

;I 8,La) iyl oy poill 1 piseid S

SIGHAL signal name: type name [::= initial wvalue]:
— — — sl
TYPE row IS ARRAY (7 DOWNTO 0) OF STD LOGIC; -- 1D array -
TYPE matrix IS ARRAY (0 TO 3) OF row; -- 1Dx1D array
SIGNAL x: matrix; --— 1Dx1D signal
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------- PACKAQE! = = o oo o o e - . . 5
LIBRARY ieee; gﬁ em‘ ‘J.jﬁ O.A 43).’.1‘ QLM‘ t‘j—i‘
USE ieee.std logic 1164.all; s
---------------------------- Arrays &ldgdall .5
PACKAGE my data_types IS <{EmE
TYPE ([vector array| IS ARRAY (NATURAL RANGE <>) OF -
STD LOGIC VECTOR(7 DOWNTO 0);

END my data types;

e dall Jdia

------- Main codeé: =====m=mcecccce— e —————

LIBRARY ieee; Al Lgaial Gus dy20 llaas £ o5 azgs ¥ iyl Lyly LeS®
USE ieee.std logic 1164.all;

USE work.my data types.all; -- user-defined package « Lgame S e Bylall dblie caspai ] Glo¥l (any § 7 i u8°

"""""""""""""" e zoaddl (po s M8 GLST) (e 7 g & (TYPE) Cisyad oof Lo
ENTITY mux IS e - ° DA LS

PORT (inp: IN|VECTOR ARRAY| (0 TO 3); Leuddl 40 OsSS(package) dols Ao (rass wliaall (e podl lia

ver )i
END mux; @"Uﬂ"‘dﬁ

https://manara.edu.sy/


https://manara.edu.sy/

A
dola

Sladaall o165 cny 38190 Ui Jnd ll3g 39uall (any ao type ildaall g1 38190 Subtype ildaall £43¢

Subtype &ldaall ¢4

SUBTYPE my_logic IS STD LOGIC RANGE 'O0' TO 'Z';
—— Recall that STD LOGIC=('X','0','1','Z','W','L',"H'," '—"). ]
—— Therefore, my logic=('0',"'1l"','Z"'). —_—
SUBTYPE my color IS color RANGE red TO blue;
—— Since color=(red, green, blue, white), then
—— my color=(red, green, blue).
SUBTYPE small_integer IS INTEGER RANGE —-32 TO 32;
—— A subtype of INTEGER.
SUBTYPE my logic IS STD LOGIC RANGE '0O' TO '1°';
SIGNAL a: BIT; szﬂdsﬁﬁi
SIGNAL b: STD LOGIC; - -

— MbUdbizmwﬂ‘
SIGNAL c: my logic; B

b <= a;
b <= c;

—— illegal (type mismatch: BIT wversus STD LOGIC)

—-— legal

(same "base" type: STD_ LOGIC)
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ot 39 disill dulee

VHDL @il oilyleadl (o e gamme LS e .1

Doyt Alae (o S (31 Laun 23520 Bajo (yors aillagll (o Aegazma slesial .2

Lojdl ol Lwlad cldaall & ds Jl i olbdaall 0 Wl 3°
TYPE long IS INTEGER RANGE -100 TO 100; 5= o s ot dl e 5 ¢
TYPE short IS INTEGER RANGE -10 TO 10; zoge oo LS Gldoall Lgmty yalue JSdy a5a5 ieee 4aSlly std_logic 1164
SIGNAL x : short: . Sl

SIGNAL y : long;

y <= 2%x + 5; -- error, type mismatch

y <= long(2*x + 5); -- OK, result converted into type long
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. ALS wyleeeM\ 5 std_logic 1164 Zojll (yass Jsgmill Caillsg (po Ac gama VHDL 2a) zys®
integer g5l ] std_logic of signed of unsigned of integer ¢33l (o p salyLdl Zaydsgll lia Js=i :Conv_integer(p) .1
L5 b Jshay unsigned g1 I std_logic of signed of unsigned i integer ¢sidl (ya p Aslyldl 2aylsgll I Jsz=5: Conv_unsigned (p,b) .2
Als b Jshay signed g5l ] std_logic of signed of unsigned of integer g52Jl (o p salyLl 2aydsgll i Js=3: Conv_signed (p,b) .3

std_logic_vector ggll J] std_logic of signed i unsigned i integer gl (o p Aal)Ldl 2o dsgll Iia Je=i : Conv_std_logic_vector (p,b) .4

LIBRARY ieee; Alsb Jﬁ"“‘
USE ieee.std logic 11ed4.all;
USE ieee.std logic arith.all; saliad

SIGHAL a: IN UNSIGHED (7 DOWHTO 0);
SIGHAL b: IN UNSIGHRED (7 DOWHTO 0);
SIGHAL y: OUT STD LOGIC VECTOR (7 DOWNTO 0);

¥ <= CONV_STD LOGIC VECTOR ((a+b), 8);
-- Legal operation: a+bh is converted from UNSIGHED to an
—— 8-bit STD LOGIC VECTOR wvalue, then assigned to .
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dsols Sldaall ¢ 1930 C Jrgomll
ool )
e Solution 1: in/out=SIGHED ---------- - Solution 2: out=INTEGER -----------
! LIBRARY ieee; 2 LIERARY ieee; a (30
e sum (4:0)
3 USE ieee.std logic 116d.all; 3 USE ieee.std logic 1164.all; b G:0)
4 USE ieee.std logic arith.all; 4 USE ieee.std logic arith.all;
e e e e e R
& ENTITY adderl IS 6B ENTITY adder? IS
1 PORT { &, b : IN SIGNED (3 DOWNTO 0); 7 PORT { a, b ¢+ IN SIGNED (3 DOWNTO 0);
: sum : OUT SIGHED (4 DOWNTO 0)); 4 =) sum: OUT INTEGER RANGE -16 TO 15);
9 END adderl; 9 END adder?;
e S ——
11 ARCHITECTURE adderl OF adderl IS 11 ARCHITECTURE adder? OF adder? IS
12 BEGIN 12 BEGIN
13 sum <= a + by 13 sum <= CONV_INTEGER(a + b); <umm
14 END adderl; 14 END adder2;
D 15 s e e o e e e e e e e
12
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