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» VHDLY S Hdote &

= VHOLE S Hdote &

= VHDLAT {2 Gl =01 01 CH

= VHOLA S AEHE Lf
OHCY.

= 2IEHE (literal) &
s 204 2HAS =&
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HOL =8 Jl=

L =
HD b

18

_|

= 3t
?_é. X

<

[0
(0)al
1
0x
0
\

reserved word)
identifier)
(literal)

« =4 (comment)

= AKX (operator)

= H(type)

= Ol
Al EH

 —/

» ClE

/\/-\

L
o1
o1
=)

=
—/
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VHOLS =& 14 4

» ME JisE A ME

« &3 = X (graphic code)

ISO/IEC 8859-1: 1987, Information Processing — 8—bit Single—Byte
Coded Graphic Character Sets —— Part 1: Latin Alphabet No. 1.

= O KO EXHformat effector)

0K

A
m
=
CD

5 vertical tab)

= 5_( carriage return)
=9 ZXHline feed)
22X 2 SXHform feed)
&

ale




E N

Elole|g]8
E|lU|lée|ul9

DEL

C
%

G
%

y
5

.’I

|0
Iy
IR

< (=

T E|0|a|6]6

ol

ws ° (Al p]ala]o

©

p

Z|j]

AlQ|a|q

0(a|P
2|B|R|b|r
91 |Y]i

1

(|8 H|Xh]|x

)

#13|C|S|c{s

$4]p[T]d][t
& [6[Flviflv

%|5|EqU|e|u

SP

S

x|

00/01/02|03|04/05|06/07/08 09 10(__1",1'"?'12" 13{14|15

bs

03

ojo|o/o|00
olalo|1/01
ojof1/0|02
o[1|0/0|04
o(1|0/1/05
o[1|1/0|06
o|1(11/07
1/0]0{0|08
10/0[1/09

b, |bz|ba|bq
o|o|1|1

110[1/0/10 &

Vi
SHY | U
%
o

®

5P
$
Yo
&

DLE
DC1
DG2
DC3
ETB
CAN
EM
SUB
ESC
FC
GS
RS
Us
6/73
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M| 1|m|J}

K|IC|k|<
NUL

SOH

STX

ETX

EOT | DC4
ENQ | NAK
ACK | SYN
BEL

BS

HT

LF

FF

CR

S0

S

<L\
?
2|3/4|5|6]7]/8|/9[Aa/B|C|D|E|F

2

3

4

5

6

10

11

12

13

14

15
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/

Raow |

+

1

0

0

1u1)/11
1)1 0 &S
111115

12/0/01;
1 10\1'13

bs

bg

by

| MO =At=




VHOLS =& -4 24

» = = A AE
a)  Uppercase letters

......

IDNOOGOOOGUUUTYP

b) Digits
0123456789
¢) Special characters
"F&()F - fiie=>]
d)  The space characters
7173
= X M O AN
VH | Ftd Ra
s 24X 24 AE
|
e) Lowercase letters
abcdefghijklmnopqrstuvwxyzBadaaddeceédééiiiidinood
doeundiypy
f)  Other special characters

1$% @2\ {} ~|¢£€¥ § O «—-B °+ 23 T, Loy 14172 314 (, X = - (soft hyphen)
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IH
O

<

0

K0
OH
[ |

XtH(format effector), 2t

[
—
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HIOf

_I_BH

AN =l
=]

Ir
o
=

g e
o

Xt(space),

(End of line) 2

X (identifier)

=
« 2| E{ & (literal)

=
el AFE

A
A,
=

2| ! (separator)

s 0204 (reserved word)

« 2 0{(delimiter)
=« =4 (comment)

L

+

-

20

AW

U
DH

-

<0
700

0l
A

ol

ol

otLt Ol &2 Zel0It HEE0 AFESEO

ui0

._._|
O

I9)

010

o
RN
Rr
Hr
A
ot
<k
il
<0
i00
ol
X0

A

10/73




=N, ? M O A0 E=2
d o o 4O — 7T
5 . .
» 2= (delimiter)
- S& 2XE 018510 ENYSS MNRUE 28 248
=clotld H=0ole FE
- PEOY BR
=& #E W (compound delimiter)
. B D200 EF Y 015
EF OI& EF 0l8 EF OI&
& Ampersand - Hypen, minus sign > Greater-than sign
' Apostrophe, tick : Dot, point, period : Grave accent
( Left parenthesis / Slash, divide, solidus | Vertical line(bar)
) Right parenthesis : Colon [ Left square bracket
* Asterisk, multiply ; Semicolon ] Right square bracket
+ Plus sign < Less-than sign ? Question mark
: Comma = Equals sign @ Commencial at
11/73
2201
—
5 . .
= =0 (delimiter)
- 28 22012 BEF L 0IE
EF 018 EF 018
=> Arrow ** Double star, exponentiation
= Variable assignment /= Inequality, not equal
>= Greater than or equal <= Less than or equal, signal assignment
<> Box ?? Condition conversion
?= Matching equality ?/= Matching inequality
?7< Matching less than 7<= Matching less than or equal
7> Matching greater than ?7>= Matching greater than or equal
<< Double less than >> Double greater than

12/73




g =8 7Y 240 £

s 0l 204 (reserved word)

= = 115JH(2008 H&E 2l &)

[ | EH _":_Il' __I"‘_'_O| UA(:)

« LHE 2012 A8 HZ AIESotH CHE
« DY Al sKIotD [AAHOF &

13/73

b 01124011 1076-2008 Hi &

abs access after alias all and architecture
array assert assume assume_guarantee attribute begin
block body buffer bus case component  configuration
constant context cover default disconnect downto else
elsif end entity exit fairness file for
force function generate generic group guarded if
impure in inertial inout is label library
linkage literal loop map mod nand new
next nor not null of on open
or others out package parameter port postponed
procedure process property protected pure range record
register reject release rem report restrict_guarantee
restrict return rol ror select sequence severity
signal shared sla sl sra srl strong
subtype then to transport type unaffected units
until use variable vmode vprop vunit wait
when while with xnor xor

14/73




= A N O A0 B2
oo Ad 42 =5
s A (identifier)
s EH XD BEole 28 X2 0|8=
O218l X 015
NS B 018 5
S22 o0|2Z= MYHET AEHO LS (AMENHS HH 220 26HA
LY
» MENHS EF
Jle Al'¥ 0 (basic identifier)
& X A5 (O (extended identifier)
15/73
N == O_I
/] =
. AE0{9 BNF 22 7=

identifier ::= basic_identifier | extended_identifier

basic_identifier ::=
letter { [ underline ] letter_or_digit }

letter_or_digit ::= letter | digit
letter ::= upper_case_letter | lower_case_|letter

extended_identifier ::=\ graphic_character { graphic_character } \

16/73




-
= M8 N2 O
« SAAAO
COUNT, A, DCT, FrameCount
X9, ADD1, Pentium4, P4C1
RST_n Frame_Count, ADD_A_B
« 22 HOE 0
carry_out : €=0] Mg Ul = £ 83
ADD_A B:2=0| HOIH S = &= S S
OCT_: Y2=0| 0K =2 = S 3
s S AYEHO O
« AAAO
ELSE\, \ 200%\, \ADD__A_B\, \DCT_\, \ 74LS32\
17/73
= X __I_l/\-l O AN E=2
0 o o L — o TT
= | E{ & (literal)
[ |
constant HTOTAL_WIDTH : integer := 512

constant MAX _BIN : string := B"1111 1111 1111
constant MAX_HEX : BIT_VECTOR := X"FFF"

type VOLTAGE_RANGE is range -15.0 to 15.0

« ClEE
512
B"1111_1111_1111

X"FFF"
-15.0
15.0
18/73




=
i SN PH QA0 2

= c|E{ & (literal)

» clHE2 EF

decimal literal

abstract literal

based literal

literal character literal

real literal

string literal

bit string literal

19/73

integer literal

cIH <

s =4 2|8 & (abstract literal)

o
- 80 Qg 22

0

S 2lEe E(integer literal)

Olet =&

%= 2l e & (decimal literal)
2l B & (based literal)

|
Rl
™o [
N =g
0

o
q
Ut
10
Fl
U

[ |
okl
My 02

b
HO

0
Rl
2
o
1[0
2l

me
4n MY

20/73




:_LEIE%*

» AT 2/HEO BNF Mo

decimal_literal ::= integer [ . integer ] [ exponent ]
integer ::= digit { [ underline ] digit }
exponent ::= E [ + ] integer | E — integer

- AFS 2IEEO O
:
15, 0, 1E6, 123_456_789
= 2" 2HE2 O
15.0, 0.0, 1.2e+6, 3.141_.592, 1.234E-15
- AT 2IEHEO ALE O

constant HALF _PERIOD : time :=5.0E3 ns ;

21/73

ialE%

« M= 2HES BNF E2

based_literal ::= base # based_integer [ . based_integer ] # [ exponent ]
base ::= integer

based_integer ::= extended_digit { [ underline ] extended_digit }
extended_digit ::= digit | letter

exponent ::= E [ + ] integer | E - integer

s 28 = ~ 168 ALO|2] &= HE s
= M= 2leHE 2 O

2HENTII_11104, 2#1 1111211112111 #ETH

= 168 cleHE 2 O
16#FE#, 16%F FF#E+2
22/73




s =X 2l &€ (character literal)2l BNF &2

character_literal ::="'graphic_character'

« FHC A= s H AOI0] otLES] = A8 = = US
|
= = A 2IEHE 2] U
» 2 A0 O
a’, ‘A, @ 1
« 22 F2= 0
“a”, ‘ab’
23/73
al E -
« =AE 2l (string literal)2l BNF &2
string_literal ::="{graphic_character}"
S =2 MOl 22 =2 T&8€=A=0l =
I LHTOH =2 PEB = df g5 SO s
°

g otLte
.
« S E0/A0 R FER&2Z F e 24E=s HE
n = AHE 2IEHE 2 0
« 2", " T = B% 20[J112 2AE
. “imagefolder/samplelmage.txt

24/73




ialag

= HEZ 2|6 &(bit string literal)2l BNF &2

bit_string_literal ::=[ integer ] base_specifier "[bit_value]"
bit_value ::= graphic_character { [ underline ] graphic_character }
base_specifier ::=B|O | X|UB|UO|UX|SB|SO|SX|D

= SO (s E AIO|Q 2= 92 HEY 2|lg6e M-
s =2 Us EAE

0~9, A~F, ‘U, X', 0", ‘17, “Z, ‘W', ‘U, ‘H, =" (HA=2X 2= gls
= Integer : HIEZ2 20| B E M Its

base specifier
B:Ol&=, O:8&=% X:16&=
U @ std_ulogic, S : std_logic, D : &&= HI|E LtEHHH

25/73

)

alE =

= HIEEZ 2IHE2 O

bit string literal length equivalent value
B™ 0 empty bit string
B"1111 1111" 8 "11111111"
X"FF" 8 B"1111 1111"
o"77" 6 B"111 111"
xX"77" 8 B"0111 0111"
B"XXXX_10HL" 8 XXX X10HL"
X"F-" 8 B"1111 ----"
12X"F-" 12 B"0000 1111 ----*
12SX"XXA0" 12 B"XXXX_ 1010 _0000"

n 22 EA2 == HIEEL 20|22t 22




. VHDL DEO JIsAd=2 SN Il &
VHDL ng 2= 2 AEE 29 M 20l A= Jis
=AOl 2
H 2| =M (delimited comment)
SHE A
. T OHo &S BI0IE -7 0|8
o 2ol LHUHIA —— D13 Ol U2 Jls= =422 2A
Z=A YR - IS & PA
« o= =4 L0 O At A2 =t
£= X1 B (vertical tab), £ £ S(carriage return)
9 2XHline feed), Xl 2 2 XHform feed)

2773

29| 2=

[x2 */ LIRS BE J|s= FH2Z 2t

1

t10 S Al

o

OII

2§ FAM 2o —- J|5T OIEIIXZ RAIR

SHE FAT DIRIINZ LSO 82 J15 A Jts

SX B, = RSSE AFRIFSEIH VHDL HADI0F RAIE
=& AFE 0

---- The first two hyphens start the comment.
end; -- End of process

r_image := 255; /* Comments /* do not nest */
B2 =M IS EHL| O

28/73
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= X} ?/\—I O ANl E=2
g o o L —| J 7T
= VHOL 22& 0
S <= A xor B; -- calculate sum of two input
s & A48 R4 25 0
« AHOl, P20, T4, 020 A0 SHEXE 22/01
S:AEN
<=: 320
A:A&EN
xor : Ol <t
B:AZEN
;=0
—— calcu- @ =4
29/73
A A Xt operator)
s A& XHoperator) gt?
« T3 Al (expression)tll AFEEH A9l gt2 286l 2%
« AL E5
82 SHAZ 7, 6 =FJF =2 AHAKIF HA HAHE
22 24 =20l oAM= 2 ERH QLEE =AZ Hbt
operator class operators precedence
condition ?7? low
logical and | or | nand | nor | xor | xnor
relational =|/=|<|<=|>|>=|?2=|2=|?<|?<=|?> | ?>=
shift sll| srl|sla|sra]rol|ror
adding +|-]&
sign +|-
multiplying *|/| mod | rem
miscellaneous ** | abs | not high

30/73




A A X operator)

F

s 224 A condition operator)
s CtSE A A X unary operator)
« |[EEE Standard 1076-2008 HAEZH F=It= HALA}

m A HMLCS HO

function "??" (anonymous: BIT) return BOOLEAN;

= Dit &= boolean &2 2 BHsElgle 2%
‘1’0l A2 TRUEZ 2/
‘0’0l Z FALSEZ 2|d

31/73

:_L 4 A XE(operator)

=c| A 4HXHlogical operator)
= Dit, boolean &0l CHoll Al & A0l A Of(standard THI| XI)
= Nand, nor HA&LXIDEF H0I 2 e Z2SIFER
s =c| HAXICS A9

A B Aand B A B AorB A B AxorB
T T T T T T T T F
T F F T F T T F T
F T F F T T F T T
F F F F F F F F F
A B Anand B A B AnorB A B AxnorB
T T F T T F T T T
T F T T F F T F F
F T T F T F F T F
F F T F F T F F T

32/73




=c| A& X Hlogical operator)

n =2 AL AFE (O
signal a, b, c, b1, b2, b3, b4, b5, b6, b7, b8 : boolean;

==

bS5<=anandbnandc; -- §iidE Rotl= S
b6<=anorbnorc; -- fHE Re&ot= 8%
b7<=aandborc; --0lld{E REol= =R

- HAUNO HRE
bl<=aandbandcandd;
b2<=aorborc;

b3 <=a xor b xor ¢ xor d;
b4 <=a xnor b xnor c;

b5 <= (a nand b) nand c;

b7 <=aand (borc);

33/73

A A XH operator)

s 2HH AL XH(relational operator)

» = LHMNS s2d HF 3=

s ZHH A LEAE
S OIAAXICS 22 HE H| W& = boolean 2t 2lE
« A8 2H AL XHmatching relational operator)
S UIHAXS] 2tHE et = UAHAXL 22 92 2|8
|EEE Standard 1076-2008 H& 2 EH =t
relational operator operators
relational =|I=|<|<=|>|>=]

matching relational = U=|?<| <= | > | P>=

34/73




2 A LA

— -

= X O
ZtH HALXIOG Dl A
L J il l_I- —
Operator Operation Operand type Result type
= Equality Any type, otherthana | BOOLEAN
file type or a pro-
tected type
j= Inequality Any type. otherthana | BOOLEAN
file type ora pro- 7= Matching BIT or Same type
tected type equality STD ULOGIC
< Ordering Any scalar type or BOOLEAN Any one-dimensional | The element
— discrete array type array type whose ele- | type
- ment type is BIT or
S STD_ULOGIC
- 2= Matching BIT or Same type
inequality STD ULOGIC
Any one-dimensional | The element
array type whose ele- | type
ment type is BIT or
STD_ULOGIC
2 Matching BIT or Same type
e ordering STD ULOGIC
2=
P>=
35/73

perator

o |2
z
>_|

> | T
O

—_
| = ™ AHXF(shift operator)

it, boolean &2 XIS HHE O CHOHA SHALOl E 2

ol A B-Y 2D A0 DO = S |
el H+ 220 S+ R0 = 80| 8t&
IS AR Dl "o
[ R W W — =)
Operator | Operation Left operand type Right operand type | Result type
sll Shift left Any one-dimensional array type whose | INTEGER Same as left
logical element type 1s BIT or BOOLEAN
stl Shiftright | Any one-dimensional array type whose | INTEGER Same as left
logical element type 1s BIT or BOOLEAN
sla Shuft left Any one-dimenstonal array type whose | INTEGER Same as left
arithmetic element type 1s BIT or BOOLEAN
sra Shift right Any one-dimensional array type whose | INTEGER Same as left
arithmetic element type 1s BIT or BOOLEAN
rol Rotate left | Any one-dimensional array type whose | INTEGER Same as left
logical element type 1s BIT or BOOLEAN
ror Rotateright | Any one dimensional array type whose | INTEGER Same as left
logical element type 1s BIT or BOOLEAN

36/73




i X2l Ol o AFR}

s A2 Ol ¢&H
= Sll : shift left logical

4 AL K}O| = &

MY QEZMS 1Y 249 LEFT &4

= Srl : shift right logical

'|ADI-D|»:1 |:]HO:|C> QEEOE Ol%

— /M —

He 2 Z0= g @42 LEFT =430 &

= Sla : shift left arithmetic

H420I3 HYS AS02 018

= - T

2+
BA

o g4

Mg 2EZN UE HIE &0l BF=aid &S

= Sra : shift right arithmetic

I—IADI»EH»:!. HH%:I% EEEOE O|E

T BA - O — /| —

Mg 220 A BHE gt0l Er=ai A &

37/73

| 24
=

piR

i Xtel Ol o AFR}

s A2| Ol &
= ol : rotate left logical

I-IJ\DI»D}E!. HHO#O EZEoz Ol%

— /1 —

/\I-I|.__| EII-

Mg 2Z0 U g0l LEZESZ LS

= ror : rotate right logical

MNAQIDI2 Y92 QE2Z02 0O|=

— /1 —

g 2EZN UE g0 2F2= HYH

38/73




Atel Ol=s &

AFTY

—
Atel OIS &4k O
operation result remark
“01100011”sll1  ™11000110" Ol QEZ BIT'LEFT gt2! ‘0’ 0 & &
“01100011”sl12  "10001100" <2 =& =28 gt=
“01100011”srl 1 "00110001" HHE 2| &IZ0fl BIT'LEFT gtel ‘0’ 0| &= &
“01100011” srl 3 "00001100" <2 =&= 38 Bt=
“01100011” srl -2 "10001100" “01100011”sll2 H At S SH g2 &
“01100011”slal  "11000111" HHESl REZX &gt '1'0| 2 &E
“01100011”sra2  "00011000" HHZE Sl &% & gt 0’0l Bt=oilM 2= &
“01100011”rol 1 "11000110" GHHEZE S| RAZF 2 gt '0°0| LEX 20 =&
“01100011”ror 2  "11011000" HHE Sl LEZE 2 gt 1’0l HE0HA X 200
“01100011” ror 0  "01100011" 3l Si2
39/73
oA A XHoperator)
S & A 4R (adding operator)
b, - BRI A AL S
» & HHESE AZ EEotH 2 g s 44
|
| S—
d AL s 2
Operator | Operation Left operand type Right operand type Result type
+ Addition Any numenc type Same type Same type
- Subtraction Any numenc type Sate type Same type

&

Concatenation

Any one-dimensional
array type

Same array type

Same afray type

Any one-dimensional
array type

The element type

Same array fvpe

The element type

Any one-dimensional
afray fype

Same array fype

The element type

The element type

Any ane-dimensional
artay type

40/73




operation result

“0110” & “1001”
‘0’ & “1001”
“0110” & ‘1’

0& ‘1
‘0’ & “1001” & “1°

"01101001"
"01001"
"01101"

01"
"010011"

41/73

NINIEINp)

= X0

O O —

Operator

Operation Operand type Result type

_I_

Identity Any numerie type Same type

Negation Any numeric type

Same type

42/73

A XHadding operator)




F 3 HALEAH(sign operator
« 25 GIAT} A PR
» P GUIELD R4 =0t =2 Us2 HekksS Us
= B2 25 &I = &= 8lS
S ALK« /
K= HAEERE ¢ xx
gt HAXL : abs
» 25 HAXALE O
A/+B -- An illegal expression.
A**-B -- An illegal expression.
A/(+B) -- A legal expression.
A** (-B) -- A legal expression.
43/73
o4 At XFH(operator)
» S AL multiplying operator)
ok, /0 SN0 HO|Qt 22 &
= mod: =&, =20 oA &2
= rem: =g, Sc|E0l Hol A 2=
[ XS Ol HO
Operator Operation Left operand type Right operand type Result type
Multiplication | Any integer type Same type Same type
Any floating-point type | Same type Same type
Division Any integer type Same type Same type
Any floating-point type | Same type Same type
mod Modulus Any integer type Same type Same type
rem Remainder Any integer type Same type Same type

44/73




s A= ALK mode EC
= mod HA&AtE S22l H= NOI CHoll Ofelel Al0| A&l
A =B*N + (A mod B)

(A mod B)2 gt
(A mod B)2| HHtS BatL

= — AQ 25 BSl 235
A B A/B Arem B A mod B
5 3 1 2 2
(-5) 3 -1 -2 1
(-5) (-3) 1 -2 -2
5 (-3) -1 2 -1
5ns 3ns 1 2ns 2ns
(-5 ns) 3ns -1 -2 ns 1ns
1ns 300 ps 3 100 ps 100 ps
11 4 3 3
11 (-4) -2 3 -1

(-11) (-4) 2 3 <

46/73




:_L 4 A XF(operator)

s J|EF AAEXH(miscellaneous operator)
s *x . K| z= HAFXH exponentiating operator)

Nas AAS oA L O, X422 (exponent)tl=s HAS0 2
X480 242 (s X28IF U4 [§O gto] =4
= abs @ EHgt HALA}

=
Chet AR =X 0l CHoll A &2

not A
F

SIS

47173

S (type)

= VHOLOII Al 2¢ Xl (object)&t?
- ST S(type)Z JIXIBA O Hofl THA Holg £
g

H 2| LH 2| Zt(value)E JtAl= & X

AtZ4=(constant) : =J|12tS HHAGIS A Ol 20| HIR Xl %22
AlS(signal) : OB AAHL20M dHEH AlS BHIAES 0|2
H=(variable) : ZTZ2AIA 8AHL20A S0 BHE HIEE2S 0|2
o (file) : IHY SEHC HIOIEHE Xlole 22 A2

« HHUSE2 401X 2D SO otLof ¢t

48/73
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S (type)

2l (object)2l A2

= 2202 2 Al A OIS, Al S
ALOI A 2IaHOF &

-—

g5 3o 320 U=

A 2H

—_ -/

el g8s =

B oT1T = o T —
et Object name type
class
constant BUS_WIDTH :integer := §;
constant FALL TIME :TIME :=20ns;
signal HACTIVE . bit;
signal SUM - integer range 0 to 255;
variable L - line;
variable data_bus : bit_vector(3 downto 0);
file IN_TXT : text open read_mode is "filein.txt™;
file OUT_IMG : char_file open write_mode is "f.omp";

49/73

20 ns
'0'or'1
0~255

Pointer g
"0000" ~ "1111"
filein.txt
f.omp

S (type)

JH '_| |

-

S (type)

Scalar Type

Enumeration Type

— Discrete Type

Type

Composite Type

Integer Type

Physical Type

— Numeric Type

Floating-point Type

Access Type

File Type

Protected Type

Array Type

50/73

Record Type




S (type)

& A2 BNF &2

o

type_declaration ::=

type identifier is type_ definition ;
type_definition ::=

scalar_type_definition

| composite_type definition

| access_type_definition

| file_type_definition

| protected type_definition

& A2 (f

type SYNC_WIDHT is range 0 to 1023;

51/73

2 (type)

s A2 C2tS (scalar type)

A HE (enumaration type)
M 2=&(integer type)
=2l & (physical type)
S A 4HE (floating—point type)
- DS ALRUHES 2O =HE FE 4+ US
s 2HH AL X H(relational operator)E 0|28 A
s

52/73




A 22t (scalar type)

= ZHES BNF &2

enumeration_type_definition ::=

( enumeration_literal { , enumeration_literal } )
enumeration_literal ::= identifier | character_literal

s SHE AN AI2E AENH X CIHE S € 2l
B & (enumeration literal) 0|2t &

[

—

= 2HE &H2 O

type BIT is (0', '1):;
type MULTI_LEVEL_LOGIC is (LOW, WEAK, HIGH):

53/73

i A2t 2t (scalar type)

» 8582 BNF H2
integer_type_definition ::= range_constraint

range_constraint ::= range range_info
range_info ::=

range_attribute_name | simple_expression direction simple_expression
direction ::= to | downto

s Simple_expressiongi= Z UMY EF 0] &
= directiontl &H =2 22 AJ|IJF A EE
« I8 H019 of

T
o
i

type BIT_INDEX is range 7 downto 0; -- # &0t Xl 28
type CONVERTED_CB is range -512 to 511; -- AtE & &
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i A2t 2t (scalar type)

» =c|&2 BNF 2

physical type definition ::=
range_constraint
units
primary_unit_declaration
{ secondary unit_declaration }
end units [ physical_type_simple_name ]

primary_unit_declaration ::= identifier ;
secondary_unit_declaration ::= identifier = physical literal ;
physical_literal ::= [ abstract_literal ] unit_name

= AlZH Hel, &8, =2 22 =clEd2 HE0l AIS
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A 22t (scalar type)

» =C/E JH2 O

type SIMULATION_TIME is range 0 to 1E+8
units
fs;
ps= 1000 fs;
ns= 1000 ps;
us= 1000 ns;
ms= 1000 us;
end units SIMULATION_TIME ;
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A 22t (scalar type)

SEALFBO BNF Ho

B TS T oo —

floating_type_definition ::= range_constraint
range_constraint ::= range range_info
range_info ::=
range_attribute_name | simple_expression direction simple_expression
direction ::=to | downto
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s simple_expressiongt=2 20 EFA O AF4=2L0]0{0F &
= directionl SH &2 gt AJIIJF AIEE HOF &
s SSAaEYE 8AHO
type LVTTL_VOLTAGE is range 0.0 to 3.6;
type FILTER_RANGE is range 255.0 downto -255.0;
57/73
S (type)
n 2Y (composite type)
[ |
. =2aso =2
HH 2 & (array type) : St A28 22
dIZES(record type) : A2 U2 A28 2SS A= s
« 2 e e f|AEZ2 012 A= 2HHe 2= L
ElH
s SO YR FAZ2 JIE = gl ™
oY & (file type)
2 S & (protected type)




S &td (composite type)
s HHE S 2| BNF &2

array_type_definition ::=

unbounded_array_definition | constrained_array_definition
constrained_array_definition ::=

array index_constraint of element_subtype_indication
index_constraint ::= ( discrete_range {, discrete_range } )
discrete_range ::= discrete_subtype_indication | range_info
unbounded_array_definition ::=

array ( index_subtype_definition {, index_subtype_definition } )

of element_subtype_indication

index_subtype_definition ::=type_mark range <>
type_mark ::=type_name | subtype _name
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EQZ (Compc38|te type)

= NSt BHE & (constrained array) & 12| O

type DATA WORD is array (7 downto 0) of BIT;

type TWO_DIM_WORD is array (0 to 7, 0 to 255) of STD_LOGIC,;
subtype MemRange is integer range 0 to 255;

type StdLogicRange is array (MemRange) of std_logic;

s 28t BHE & (unconstrained array) & 12| 0

type MEM is array (INTEGER range <>) of STD_LOGIC,;
type MEM_MODULE is array (INTEGER range <>) of DATA_WORD;
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S &td (composite type)
s HZESEO BNF 2

record type definition ::=
record
element_declaration
{ element_declaration }
end record [ record type simple name ]

element_declaration ::=

identifier_list : element_subtype_definition ;
identifier_list ::= identifier {, identifier }
element_subtype_definition ::= subtype_indication

s CHHOU A struct 8H} 22 A&
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S &td (composite type)

=
n 2" A2 (O

—

type DATE is
record
DAY : INTEGER range 1 to 31,
MONTH : MONTH_NAME;
YEAR : INTEGER range 0 to 4000;
end record,;
type OVERLAY is
record
ALPHA: std_logic_vector(5 downto 0);

end record;

RED, GREEN, BLUE : std_logic_vector(7 downto 0);
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2 (type)

(-]
&2 (access type)
« S| (allocator) 2 A5 MASH HAE & 251D

ot ELZ AIE

=
stct)| (allocator)
|
= new l2FHE 0|20t X E &Y
Jzte X

M S Al 2429 E(type)D X
MH O 0|22 MO FX %2
= deallocate T2 Al HE 0|=0ol0 A E Bt
s HEZ2 =2 &dI|0AM =2
EHX MAd2Ooz (HEZ At

00
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allocator ::=
new subtype_indication | new qualified_expression

subtype_indication ::=type_mark [ constraint ]
type_mark ::=type_name | subtype _name
qualified_expression ::=type_mark ' ( expression ) | type_mark ' aggregate

- %I-CI-DlOl Al.ﬁ?._ O:”

new BIT_VECTOR,;
new BIT VECTOR'("00110110"); -- qualified expression

new STRING (1 to 10);

64/73




&2 (access type)

s 8Z2E0 BNF &2

access_type definition ::= access subtype_indication

subtype indication ::= type_mark [ constraint ]
type_mark ::=type_name | subtype name

» §2E2 AIS

L O —

s 2SO B2 ABHIOIAE SHHOWA 2HA A
AMAE TS @EOZ AFZ206HAH &
s O3S e =20 A Jils
AMS2 8 2D}
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M A& ( )
M2 (access type

 E2Y A2 0

type ADDRESS is access MEMORY;

type IN_BUFFER is array (0 to 31) of BIT_VECTOR(7 downto 0);
type BUFFER_PTR is access IN_ BUFFER ;

BH L o

« §2E AIE O

P
-

variable IB_PTR : BUFFER_PTR;

P
-

IB_PTR :=new IN_BUFFER ;

= |IB_LPTR Bi+== IN_BUFFERE

XMNIOASE A O]
[ T AA
new OIZHE OISl A M= 28Xl

=2
=
=

el

rr
HEl
o
m
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N 1S
=

0Q!

(access type)

» 28 AME2 2 A 0

process(a)
type memory is array (3 downto 0) of bit_vector(7 downto 0);
type MEMORY _PTR is access memory ;

variable PTR1: MEMORY_PTR; -- 8 2& H =0t 44

O O

_

begin

0g

PTR1 := new memory; -- 24Xl & & H2& A&
for i in 3 downto O loop
for j in 7 downto O loop
PTR1 (i) (j) ;=0
end loop;
end loop;

end process;
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M 23 (access type)

process(a)
type memory is array (3 downto 0) of bit_vector(7 downto 0);
variable mem: memory; -- Wl st SHHUH A HE22 HH

begin

for i in 3 downto O loop
for j in 7 downto O loop
mem (i) (j) :="'0'
end loop;
end loop;
end process;
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S (type)

A (file type)

s I

ol 5 o] BNF X 9|

E ZAH W2 e

USS [H2I] SIoH AL

file_type_definition ::= file of type_mark
type_mark ::= type_name | subtype name

s type_mark @ IO ZST U= 2o S LIEHH
2550 2 22 AA2 2SO 2 2 9=
HHE &0 8 3 LI MBS 0]0{0F &
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[Tig==

 IHIES

A2 O

S (file type)

type num_file is file of natural;

type text is file of STRING; -- TEXTIO I 2| Xl 0] &2l &
type char_file is file of character;

o| =
M O
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S (type)

s £ S S (protected type)
- EXN202 0/201F YW YOS 012f MO T2AIA
27 [l oY Yo SHAMO Al=2= BHGH)| F ol
AN AIE
= |EEE Standard 1076-2008 H&EEH == &
s B8 AN B EMEZ 0|2HA
SE8 Mol 0|3 B2 5tL10 Ba3 =1 I 90 &
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2 S (protected type)

» 2SSO BNF &2
protected type definition ::=
protected type declaration | protected type body

protected type declaration ::=

protected

protected type declarative part

end protected [ protected type_simple _name ]
protected type declarative part ::=

{ protected_type_ declarative item }
protected type declarative item ::=

subprogram_declaration | subprogram_instantiation_declaration

| attribute_specification | use_clause
7273




2 S (protected type)

s 2539 BNF HO(H )

protected type body ::=
protected body
protected type body declarative part
end protected body [ protected type simple name ]
protected type body declarative part ::=
{ protected type body declarative item }
protected type body declarative item ::=
type_declaration | subprogram_body | package declaration
| package_body | subprogram_declaration | subtype declaration
| constant_declaration | variable declaration | file_declaration
| alias_declaration | attribute_declaration | attribute specification
| use_clause | group_template declaration | group_declaration
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