Chwong II: Ngon ngir mo ta phan
cirng VHDL

1. Gi¢i thiéu vé VHDL

VHDL viét tat cta VHSIC HDL (Very-high-speed-intergrated-circuit
Hardware Description Language) hay ngén ngitr mé ta phan cirng cho cac mach
tich hgp téc dd cao.Lich st phat trién cta VHDL trai qua cdc moc chinh nhu
sau:

1981: Phat trién bdi B6 Qudc phong My nham tao ra mdt cong cu thiét
k& phan cing tién dung cé khad ndng doc 1ap véi cong nghé va gidm thiéu thoi
gian ciing nhu chi phi cho thiét ké

1983-1985: Bugc phat trién thanh mét ngdn ngit chinh théng béi 3 cong
ty Intermetrics, IBM and TI.

1986: Chuyén giao toan bd ban quyén cho Vién Ky thuat Dién va Dién tlr
(IEEE).

1987: Cong bd thanh mot chudn ngdn ngit IEEE-1076 1987.
1994: Céng bé chuan VHDL IEEE-1076 1993.
2000: Cong bd chudn VHDL IEEE-1076 2000.
2002: Cong bd chudn VHDL IEEE-1076 2002

2007: cdng bd chudn ngdn ngit Giao dién &rng dung theo thd tuc VHDL
IEEE-1076¢ 2007

2009: Céng b6 chudn VHDL IEEE-1076 2002

VHDL ra doi trén yéu cau cua bai todn thiét ké phan cing luc by gio,
nho st dung ngdn nglt ndy ma thoi gian thiét ké clia san pham ban dan giam di
dang ké, dong thoi vai gidm thiéu chi phi cho qué trinh nay do dac tinh doc 1ap
vdi cdng nghé, véi cac cong cu md phong va khad ning tai s&r dung cac khdi don
|&. Cac wu diém chinh cdia VHDL cé thé liét ké ra la:



- Tinh c6ng céng: VHDL 1a ngbn ngli duoc chudn hda chinh thirc cla IEEE do d6
duwoc sy hd tro cla nhiéu nha sdn xuat thiét bi cling nhuw nhiéu nha cung cap
cong cu thiét k€ moé phong hé théng, hau nhu tat cad cic cong cu thiét ké cla
cac hang phan mém lén nhé déu hd tro bién dich VHDL.

- Bugc hé tro bdi nhiéu cdng nghé: VHDL cé thé sit dung md td nhiéu loai vi
mach khac nhau trén nhirng cong nghé khac nhau twr cac thw vién roi rac, CPLD,
FPGA, t&i thu vién céng chuin cho thiét k& ASIC.

- Tinh déc Idp vdi céng nghé: VHDL hoan toan déc lap vdi cong nghé ché tao
phan cirng. Mot mo ta hé théng chirc ndng dung VHDL thiét ké & mirc thanh
ghi truyén tai RTL c6 thé duoc téng hop thanh cdc mach trén cic cong nghé
ban dan khac nhau. N6i mot cach khac khi mot cong nghé phan cltng mdi ra
doi né cé thé duoc ap dung ngay cho cac hé théng da thiét ké bang cach téng
hop cac thiét ké dé trén thu vién phan cirng mai.

- Khd ndng mé td mad réng: VHDL cho phép md ta hoat déng clia phan cirng tw
murc thanh ghi truyén tai cho dén mic céng. Hiéu mot cach khac VHDL cé mét
ciu trdc mo ta phan cling chat ché cé thé sir dung & 1dp mo ta chirc nang ciing
nhu md ta cong (netlist) trén mét thu vién cdng nghé cu thé nao doé.

- Kha ndng trao déi két qud, tdi st dung: Viéc VHDL dugc chudn hda giup cho
viéc trao d6i cac thiét ké gitta cac nha thiét ké doc 1ap trd nén hét sirc dé dang.
Ban thiét ké VHDL duwoc mé phong va kiém tra cé thé duoc téi si dung trong
cac thiét ké khac ma khong phai ldp lai cdc qud trinh trén. Gidng nhuw phéan
mém thi cdc mé ta HDL cling cé mét cdng ddng ma ngudn md& cung cép, trao
d6i mién phi cac thiét ké chuan cé thé &ng dung & nhiéu hé théng khac nhau.

2. C4u truc cia chwong trinh mé ta bang VHDL

Pé théng nhat ta quy wdc dung thuat nglr “module VHDL” chi t&i khéi
m3 ngudn cla mot mo ta thiét ké thiét ké logic ddc 1ap. Cau tric tong thé cua
mot module VHDL gébm ba phan, phan khai bdo thw vién, phan mé ta thyc thé
va phan mo ta kién truc.
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Khai bao thw vién
LIBRARY declaration

M6 ta thuc thé
ENTITY Declaration

Mo ta kién trac
ARCHITECTURE

Hanh vi Lubng di liéu Céu truc
Behavioral DataFlow Structure

Hinh 2.1: CAu tric cda mot thiét ké VHDL

2.1. Khai bao thw vién

Khai bdo thu vién phai duwoc dat dau tién trong moi module VHDL, lwu y
rang néu ta s dung mot file d€ chira nhieu module khac nhau thi méi mot
module déu phai yéu ciu c6 khai bdo thu vién dau tién, néu khéng khi bién
dich s& phat sinh ra 16i.

Vi du vé khai bdo thu vién

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

use IEEE.STD LOGIC ARITH.ALL;
use IEEE.STD LOGIC UNSIGNED.ALL;

Khai bdo thuw vién bat dau bang tir khoéa Library Tén thu vién (chd y 13
VHDL khéng phan biét chit hoa chit thwdng). Sau do trén tirng dong ké tiép sé
khai bao cac goi thu vién con ma thiét k& s& sir dung, moi dong phai két thuc

w.n

bang dau “;

Tuong ty nhu d6i vdi cadc ngdn ngit 1ap trinh khac, ngudi thiét ké cé thé
khai bdo s dung cac thu vién chudn hodc thu vién ngudi dung.Thu vién IEEE
gém nhiéu géi thu vién con khac nhau trong dé dang chi y cé cac thu vién
sau:.
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- GOi IEEE.std logic 1164 cung cdp cac kiéu dir liéu std_ulogic,
std_logic, std_ulogic_vector, std_logic_vector, cdc ham logic and, or,
not, nor, xor.. cdc ham chuyén d&i gitta cac kiéu dir liéu trén.
std logic, std ulogic ho trg kidu logic v&i 9 mirc gid tri (xem 4.2)

- GO&i STD.TEXTIO.all chita cdc ham vao ra READ/WRITE dé doc ghi
dir liéu tw FILE, STD_INPUT, STD_OUTPUT.

- GOi IEEE.std logic arith.all dinh nghia cac kiéu dit liéu s6
nguyén SIGNED, UNSIGNED, INTEGER, cung cap cac ham sé hoc bao

VAN BN E Y/ ”n u

goém “+”, “-”, ,“/”, so sanh “<”, “>”, “<=" “>=" cac ham dich trai,
dich phai SHL, SHR, cdc ham chuyén déi tir ki€u vector sang cdc kiéu
s6 nguyén va nguoc lai.

- GOi IEEE.math real.all; IEEE.math complex.all; cung cap
cac ham lam viéc vdi s6 thuc va sé phirc nhu SIN, COS, SQRT... ham
lam tron, CIEL, FLOOR, ham tao s& ngau nhién SRAND, UNIFORM... ca
nhiéu cac ham tinh todn sé thuc khéc.

- GOi IEEE.numeric std.all; va IEEE.numeric bit.all cung
cip cac ham tinh todn va bién déi véi cac dir liéu ki€u s6 co dau,
khéng dau, chudi bit va chudi dit liéu kiu std logic.

Cu thé va chi tiét hon vé cac thu vién chuln cta IEEE cé thé tham
khdo thém trong tai liéu cba I|EEE (VHDL Standard Language
reference), hodc cdc nguén tham khdo khac trén Internet.

2.2. M6 ta thwc thé

Khai bao thuyc thé (entity) la khai bdo vé mat cau tric cdc cdng vao ra
(port), cac tham sé tinh dung chung (generic) cia mdt module VHDL.
entity identifier is
generic (generic variable declarations);

port (input and output variable declarations);
end entity identifier ;

Trong do

- identifier latén cia module.

- khai bdo generic la khai bdo cac tham sé tinh cda thuc thé, khai bao
nay rat hay st dung cho nhitng module c6 nhitng tham sé thay doi
kiu nhu nhu d6 réng kénh, kich thwdc 6 nhd, tham sé bé dém... vi
du ching ta cé thé thiét ké bd céng cho cac hang tir cé dd dai bit thay
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ddi, s6 bit dwoc thé hién 1a hang sé trong khai bao generic (xem vi du
duéi day)

- Khai bdo cong vao ra: liét ké tat ca cdc cong vao ra cia module, Cac
cong cé thé hiéu 1a cac kénh dit liéu ddng cha module dé phan biét
V@i cac tham s6 trong khai bdo generic. kiéu cla céc cong cé thé Ia:

- in: céng vao,

- out: cdngra,

- inout vao ra hai chiéu.

- buffer: cong dém cé thé st dung nhu tin hiéu bén trong va output.

- linkage: C6 thé la bat ky cac cdng nao ké trén

Vi du cho khai bdo thuc thé nhu sau:
entity adder is

generic ( N : natural := 32);

port (A : in bit vector (N-1 downto 0);
B : in bit vector (N-1 downto 0);
cin : in bit;
Sum : out bit vector (N-1 downto 0);

Cout : out bit );
end entity adder ;

Doan ma3 trén khai bdo mot thuc thé cho module cdng hai s6, trong khai
bdo trén N la tham s6 tinh generic chi d6 dai bit cda cac hang tl, gia tri ngam
dinh N = 32, viéc khai bao gid tri ngam dinh la khong bat budc. Khi module nay
duoc st dung trong module khac thi cé thé thay déi gid tri cia N dé thu duoc
thiét ké theo mong mudn. Vé cac cong vao ra, module cong hai s6 nguyén cé 3
cong vao A, B N-bit 13 cdc hang t&r va céng cin |13 bit nhé tir bén ngoai. Hai cdng
ra la Sum N-bit 13 t6ng va bit nhé ra Cout.

Khai bao thuc thé cé thé chira chi minh khai bdo cong nhu sau:

entity full Adder is
port (
X, Y, Cin : in bit;
Cout, Sum : out bit
) ;
end full adder ;

Khai bdo thuc thé khong chira ca khai bdo generic 1an khai bdo port
van duwoc xem 1a hop 1&, vi du nhitng khai bdo thyc thé st dung dé mo phong
kiém tra thiét k& thudng duoc khai bdo nhu sau:

entity TestBench is
end TestBench;
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Vi du vé cdng dang buffer va inout: Cong buffer dwoc dung khi tin hiéu
duwoc sitr dung nhw dau ra dong thoi nhu mét tin hiéu bén trong cia module,
dién hinh nhu trong cdc mach day lam viéc déng bd. Xét vi du sau vé bd cdng
tich Ity 4-bit don gian sau (accumulator):

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

use IEEE.STD LOGIC unsigned.ALL;
use IEEE.STD LOGIC arith.ALL;

entity accumulator is

port (
data : in std logic_vector (3 downto 0);
nRST : in std logic;
CLK : in std _logic;
acc : buffer std logic vector (3 downto 0)

) ;
end accumulator;

architecture behavioral of accumulator is

begin
ac : process (CLK)
begin
if CLK = 'l' and CLK'event then
if nRST = '1' then
acc <= "0000";
else
acc <= acc + data;
end if;
end if;

end process ac;
end behavioral;

B6 cong tich Ity sau moi xung nhip CLK s& cdng gia tri hién cé lwu trong
acc V@i gia tri & dau vao data, tin hiéu nrsT dung dé thiét 1ap lai gia tri bang 0
cho acc. Nhw vy acc ddng vai trd nhu thanh ghi két qua d3au ra cling nhu gia
tri trung gian duoc khai bdo dudi dang buffer. Trén thyc té thay vi dung cdng
buffer thuwdng sir dung mot tin hiéu trung gian, khi d6é céng acc cé thé khai béo
nhuw céng ra binh thudng, cach sl dung nhu vay s& tranh duwoc mot s6 16i co
thé phét sinh khi tdng hop thiét ké do khai bdo buffer gay ra.

Vi du sau day la md t3d VHDL cla mot khéi dém ba trang thai 8-bit, s
dung khai bdo c6ng INOUT. Cong ba trang thai duoc diéu khién bai tin hiéu oE,
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khi OE bang 0 gia tri clia cong |a trang thai tré khang cao “zzzzzzzz”, khi OE

bang 1 thi céng két n6i dau vao inp vdi outp.

LIBRARY ieee;

USE ieee.std logic 1164.ALL;

ENTITY bidir IS

PORT (
bidir inout STD_LOGIC_VECTOR (7 DOWNTO O) ;
oe, clk in STD LOGIC;
inp in STD_LOGIC_VECTOR (7 DOWNTO O) ;
outp out STD_LOGIC_VECTOR (7 DOWNTO 0)
) ;
END bidir;

ARCHITECTURE maxpld OF bidir IS

SIGNAL a STD LOGIC VECTOR (7 DOWNTO O);
SIGNAL Db STD LOGIC VECTOR (7 DOWNTO 0);
BEGIN
PROCESS (clk)
BEGIN
IF clk = '"1l' AND clk'EVENT THEN
a <= inp;
outp <= b;
END IF;
END PROCESS;
PROCESS (oe, bidir)
BEGIN
IF( oe = '0') THEN
bidir <= "ZZZZ7Z72727";
b <= bidir;
ELSE
bidir <= a;
b <= bidir;
END IF;

END PROCESS;
END maxpld;

* Trong thanh phén cua khai bdo thuc thé ngoadi khai bdo céng va khai bdo generic

con ¢d thé cé hai thanh phdn khdc la khai bdo kiéu di¥ liéu, thw vién ngudi dung chung,

chuong trinh con... Va phén phdt biéu chung chi chira cdc phdt biéu déng théi. Cdc thanh

phén ndy néu cé sé cé tdc dung déi vdi tat cd cdc kién tric cda thuc thé. Chi tiét hon vé cdc

thanh phén khai bdo ndy cé thé xem trong IEEE VHDL Standard Language reference (2002

Edition).
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2.2. Mo ta Kkién trac

Mo ta kién trdc (ARCHITECTURE) |a phan md ta chinh cda mdt module
VHDL, néu nhu mé ta entity chi mang tinh chat khai bdo vé giao dién cua
module thi mé ta kién trdc chira néi dung vé chirc nang cda module. Cau tric

cla md ta kién tric téng quat nhu sau:
architecture identifier of entity name is
[ declarations]
begin
[ statements ]
end identifier ;

Trong do

- identifier la tén goi cha kién trac, thong thuong dé phan biét cac
ki€u md ta thudng dung cac tén behavioral cho md td hanh vi, dataflow cho
mo ta luéng dit liéu, structure cho mé ta cau tric tuy vay cd thé sir dung mét
tén goi hop 1& bat ky nao khiac.

- [declarations] cé thé cé hodc khdong chira cic khai bdo cho phép
nhu sau:

Khai bdo va mé ta chuong trinh con (subprogram)

Khai bdo kiéu di¥ liéu con (subtype)

Khai bdo tin hiéu (signal), hang s (constant), file

Khai bdo module con (component)

-[statements] phat biéu trong khdi {begin end process;} chira

cac phat biéu dong thoi (concurrent statements) hodc cdc khdi process chira
cac phat biéu tuan tu (sequential statements).

Cé ba dang mé ta ciu tric co ban la mé ta hanh vi (behavioral), mo ta
ludng dir liéu (dataflow) va md ta cau tric (structure). Trén thuc té trong mé ta
kién trdc cda nhirng module phirc tap thi sir dung két hop cd ba dang mé ta
nay. P& tim hiéu vé ba dang md ta kién tric ta sé& lay vi du vé module
full adder c6 khai bdo entity nhu sau

entity full adder is

port ( A : in std_logic;
B : in std_logic;
cin : in std _logic;
Sum : out std_logic;

Cout : out std_logic);
end entity full adder;
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2.2.1 Mo ta hanh vi

DGi vdi thyc thé full adder nhu trén kién tric hanh vi (behavioral)
duoc viét nhu sau

architecture behavioral of full adder is

begin
add: process (A,B,Cin)
begin
if (a ='0'" and b='0'" and Cin = '0') then
S <= '0";
Cout <='0";
elsif (a ='1l' and b='0' and Cin = '0') or
(a ='0'" and b='1l'" and Cin = '0') or
(a ='0' and b='0' and Cin = '1l') then
S <= '1';
Cout <='0";
elsif (a ='1l' and b='1' and Cin = '0') or
(a ='"1'" and b='0'" and Cin = '1"'") or
(a ='0'" and b='1l' and Cin = '1l') then
S <= '0";
Cout <= "'1"';
elsif (a ='1'" and b='1'" and Cin = '1l') then
S <= '"1";
Cout <= '1"';
end if;

end process add;
end behavioral;

M6 ta hanh vi gan giéng nhu mo ta bang 10 cach thirc tinh toan két qua
dau ra dua vao cdc gia trj dau vao. Toan bd mé td hanh vi phai duoc dat trong
mc}t khoi {process (signal list) end process;} y nghTa cta khéi néy la no
tao mot qua trinh dé “theo ddi” su thay d6i cla tat ca cac tin hiéu cd trong
danh sach tin hiéu (signal 1ist), khi cé bat ky mot sy thay ddi gid tri nao
cla tin hiéu trong danh sach thi né sé thuc hién qua trinh tinh toan ra két qua
tuwong ng & dau ra. Chinh vi vay trong dé rat hay sir dung cac phat biéu tuan
tv nhu if, case, hay cac vong lap.

Viéc mo ta bang hanh vi khdng thé hién rd dwoc cach thirc ciu tao cla vi
mach nhu cdc dang mé ta khac va tuy theo nhitng cach viét khac nhau thi cé
thé thu dwoc nhirng két qua tdng hop khac nhau.

Trong cadc mach ddy déng b, khdi lam viéc déng bd thudng duoc mé ta
bang hanh vi, vi du nhu trong doan ma sau mé ta thanh ghi sau:
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process (clk)
begin
if clk'event and clk='1l' then
Data reg <= Data in;
end if;
end process;
2.2.1 M6 ta luong dir liéu
M6 ta ludng di¥ liéu (dataflow)la dang mé ta twong d6i ngan gon va rat
hay dwoc s& dung khi mé ta cdc module mach té hop. Cac phat biéu trong khdi
begin end la cdc phat biéu déng thdi (concurrent statements) nghia la khéng
phu thudc thoi gian thuc hién cdia nhau, néi moét cach khac khéng cé thir ty wu
tién trong viéc sap x&p cac phat biéu nay dirng trudc hay dirng sau trong doan
ma mo ta. Vi du cho module full adder thi mo ta ludng dit liéu nhu sau:

architecture dataflow of full adder is

begin
sum <= (a xor b) xor Cin;
Cout <= (a and b) or (Cin and (a xor Db));

end dataflow;

2.2.1 Mo ta ciu truc

Mo ta cau truc (structure) |a mo ta st dung cac mo ta cé san dudi dang
module con (component). Dang md ta nay cho két qua sat vdi két qua tong hop
nhat. Chang quan sat nhu & mo ta ludng di liéu nhu & trén cé thé thay co thé
dung hai cong XOR, mot céng OR va 2 céng AND dé thuc hién thiét ké nhu sau:

A
B Cout
[ 1) Sum
Cin

Hinh 2.2: So d6 logic cua full_adder

Trudce khi viét mo ta cho full adder can phai viét mo ta cho cac phan tlr
céng AND, OR, XOR nhu sau

———————————— 2 input AND gate --—————-——-
library IEEE;
use IEEE.STD LOGIC 1164.ALL;
entity AND2 is
port (
inl, in2 : in std_logic;
outl : out std_logic
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end ANDZ;
architecture model conc of AND2 is
begin

outl <= inl and in2;
end model conc;
library IEEE;
use IEEE.STD LOGIC 1164.ALL;
———————————— 2 input OR gate —-—————-—-——-
entity OR2 is

port (
inl, in2 : in std_logic;
outl : out std_logic
) ;

end OR2;

architecture model conc2Z2 of AND2Z is
begin
outl <= inl or in2;
end model conc2;
———————————— 2 input XOR gate ---------
library IEEE;
use IEEE.STD LOGIC 1164.ALL;
entity XOR2 1is
port (
inl, in2 : in std_logic;
outl : out std_logic);
end XOR2;
architecture model conc2 of XORZ is
begin
outl <= inl xor in2;
end model conc2;

Sau khi da c6 cac cong trén cé thé thyc hién viét mé ta cho full adder nhuw
sau

architecture structure of full adder is
signal tl, t2, t3: std logic;

component AND2
port (
inl, in2 : in std_logic;
outl : out std _logic
) ;
end component;
component OR2
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port (
inl, in2 : in std_logic;
outl : out std logic);
end component;
component XOR2
port (
inl, in2 : in std_logic;
outl : out std logic
) ;

end component;

begin
ul : XOR2 port map (a, b, tl)

u2 : XOR2 port map (tl, Cin, Sum)
u3 : AND2 port map (tl, Cin, t2)
u4 : AND2 port map (a, b, t3)

u5 : OR2 port map (t3, t2, Cout);

end structure;

Nhw vy md ta ciu tric tuy khd dai nhung [a md td cu thé vé ciu truc
mach, wu diém cta phwong phap nay la khi téng hop trén thu vién céng sé cho
ra két quad dung vdiy tudng thiét ké nhat. Vi mo ta full_adder nhu trén thi
gan nhu 99% trinh tdng hop dua ra so d6 logic s& dung 2 cong XOR, hai cong
AND va 1 céng OR. Mat khdc mé ta ciu tric cho phép gép nhiéu md ta con vao
mot module 1&n ma van gitr dwoc ciu trdc ma rd rang va khoa hoc. Nhuoc
diém la khdng thé hién rd rang chirc ndng cda mach nhw hai md ta & cic phan
trén.

O vi du trén cé st dung khai bao cai d3t module con, chi tiét vé khai bao
nay xem trong muc 7.5.

2.3 Khai bao cau hinh

Mot thuc thé cd thé ¢ rat nhiéu kién tric khac nhau. Bén cach d6 cau
trdc cdia ngdn ngt VHDL cho phép st dung cdc module theo kiéu 16ng ghép, vi
vay ddi vai mot thuc thé bat ky cdn cé thém cdc mo ta dé quy dinh viéc st
dung céc kién triuc khac nhau. Khai bdo cdu hinh (Configuration declaration)
duoc st dung dé chi ra kién tric nao s& duoc st dung trong thiét ké.

Cach th&r nhat dé sir dung khai bdo ciu hinh I3 st dung truc tiép khai
bdo ciu hinh bang cach tao mot doan ma ciu hinh ddc 1ap khong thudc mot
thuc thé hay kién tric nao theo ciu truc:
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configuration identifier of entity name is
[declarations]
[block configuration]

end configuration identifier;

Vi du sau tao ciu hinh cé tén add32_test config cho thuc thé
add32_test, cdu hinh nay quy dinh cho kién tric cé tén circuits cla thuc thé
add32_test, khi cai dat cdc module con cé tén add32 sl dung kién tric twong
&rng 18 WORK.add32(circuits), véi moi module con add4c clha thyc thé add32
thi s& dung kién tric WORK.add4c(circuit), ti€p do la quy dinh moi module con
c6 tén fadd trong thuc thé add4c st dung kién tric cé tén WORK.fadd(circuits).

configuration add32 test config of add32 test is
for circuits -- of add32 test
for all: add32
use entity WORK.add32 (circuits);
for circuits -- of add32
for all: addic
use entity WORK.add4c (circuits);
for circuits -- of add4c
for all: fadd
use entity WORK.fadd(circuits);
end for;
end for;
end for;
end for;
end for;
end for;
end configuration add32 test config;

Cap lénh co ban cta khai bdo ciu hinh la cdp lénh for.. use .. end for;
c6 tac dung quy dinh cach thirc s&r dung cac kién trdc khac nhau &ng vai cac
khdi khac nhau trong thiét ké. Ban than configuration cling cé thé dugc st
dung nhu déi tuong cta Iénh use, vi du:

configuration adder behav of adder4 is

for structure
for all: full adder
use entity work.full adder (behavioral);
end for;

end for;
end configuration;

V&i mét thue thé cé thé khai bao nhiéu cau hinh khac nhau tuy theo muc
dich s& dung. Sau khi duoc khai bdo nhu trén va bién dich thi s& xuat hién
thém trong thu vién cdc ciu hinh twong &ng cla thuc thé. Cac cau hinh khac
nhau xac dinh cac kién tric khic nhau cla thuc thé va cé thé duwgc mé phong
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ddc 1ap. Néi mot cach khac cau hinh la mét ddi twong cd cap dd cu thé cao hon

SO VOi

ki€n truc.

Céach thirc th& hai dé quy dinh viéc s&r dung kién tric Ia dung truc tiép

cap lénh for.. use .. end for; nhu minh hoa dudi day, cach thirc nay cho
phép khai bdo ciu hinh truc tiép bén trong mot kién tric cu thé:

work.

work.

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

use IEEE.STD LOGIC ARITH.ALL;
use IEEE.STD LOGIC UNSIGNED.ALL;
library work;

use work.all;

entity adder4 is

port (
A : in std_logic_vector (3 downto 0);
B : in std_logic_vector (3 downto 0);
CI : in std logic;

SUM : out std logic_vector (3 downto 0);
CO : out std logic
) ;
end adder4;
architecture structure of adder4 is
signal C: std _logic_vector (2 downto 0);
-- declaration of component full adder
component full adder

port (
A : in std_logic;
B : in std_logic;
Cin : in std_logic;
S : out std logic;

Cout : out std logic
) ;

end component;

for u0: full adder use entity

full adder (behavioral);

for ul: full adder use entity work.full adder (dataflow);
for u2: full adder use entity work.full adder (structure);
for u3: full adder use entity

full adder (behavioral);

begin
-— design of 4-bit adder
uO0: full adder
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port map (A => A(0), B => B(0), Cin => CI, S
=>Sum (0), Cout => C(0));
ul: full adder
port map (A => A(l), B => B(l), Cin => C(0), S
=>Sum (1), Cout => C(1));
uZ: full adder
port map (A => A(2), B => B(2), Cin => C(1), S
=>Sum(2), Cout => C(2));
u3d: full adder
port map (A => A(3), B => B(3), Cin => C(2), S
=>Sum (3), Cout => CO);
end structure;

O vi du trén mot bo cdng 4 bit dwoc xay dwng tir 4 khéi full_adder nhung
v@i cac kién trac khac nhau. Khéi dau tién dung kién tric hanh vi (behavioral),
khéi the hai 1a kién trac kiéu ludng di liéu (dataflow), khéi thd 3 1a kién tric
kiéu cdu truc (structure), va khdi cudi cung |a kién trac kiéu hanh vi.

3. Chwong trinh con va goi

3.1. Thi tuc

Chuwong trinh con (subprogram) la cdc doan ma dung dé md ta mot thuat
toan, phép todn dung dé xt ly, bién d6i, hay tinh todn dir liéu. C6 hai dang
chuong trinh con la thd tuc (procedure) va ham (function).

Thu tuc thuong dung dé thuc hién modt tdc vu nhu bién d6i, x&r ly hay
kiém tra di liéu, hodc céc tac vu hé théng nhu doc ghi file, truy xuat két qua ra
man hinh. Khai bdo cda thd tuc nhu sau:

procedure identifier [ (formal parameter list)] is
[declarations]

begin
sequential statement (s)

end procedure identifier;

vi du:

procedure print header ;

procedure build ( A : in constant integer;
B : inout signal bit vector;
C : out variable real;
D file);

Trong d6 formal parameter 1list chta danh sdch cac bién, tin hiéu,
hang s6, hay di¥ liéu kiu FILE, kiéu ngam dinh 1a bién. Cac ddi twong trong
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danh sach nay trir dang file cé thé duoc khai bdo Ia dang vao (in), ra (out), hay
hai chiéu (inout), kiéu ngam dinh 13 in. Xét vi du day du dudi day:

library IEEE;
use IEEE.STD LOGIC 1164.ALL;
use STD.TEXTIO.all;
entity compare is
port (
resl, resZ2 : in bit_vector (3 downto 0)
) ;
end compare;
architecture behavioral of compare is
procedure print to file(
vall, valZ : in bit vector (3 downto 0);
FILE fout : text)
is
use STD.TEXTIO.all;
variable str: line;

begin
WRITE (str, string' ("vall = "));
WRITE (str, vall);
WRITE (str, string' (" wval2 = "));

WRITE (str, val2);
if vall = val2?2 then

WRITE (str, string' ("™ OK"));
elif

WRITE (str, string' (" TEST FAILED"));
end if;

WRITELINE (fout, str);
WRITELINE (output, str);
end procedure print to file;

FILE file output : text open WRITE MODE is
"test log.txt";
—-— start here
begin
proc_compare: print to file(resl, res2, file output);
end behavioral;

Trong vi du trén chuwong trinh con dung dé so sanh va ghi két qua so
sanh cla hai gid tri két qud resl, res2 vao trong file vdn ban cd tén
"test_log.txt". Phan khai bdo cda ham duwoc dat trong phan khai bdo cta kién
trdc nhung néu ham duoc goi truce tiép trong kién tric nhu & trén thi khai bao
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nay cé thé bo di. Than chwong trinh con dugc viét tryc tiép trong phan khai
bdo cua kién tric va duoc goi truc tiép cdp begin end behavioral.

3.2. Ham

Ham (function) thudng dung dé tinh todn két qua cho mét t6 hop dau
vao. Khai bdo ctia ham cé cd phap nhu sau:

function identifier [(formal parameter list)] return
a_type;
vi du

function random return float ;
function is even ( A : integer) return boolean ;

Danh sich bién cla ham ciling duoc cdch nhau bdi dau “;” nhwng diém
khac la trong danh sach nay khéng cé chi rd dang vao/ra cla bién ma ngam
dinh tat ca 1a dau vao. Kiéu dir liéu dau ra cha ham duwoc quy dinh sau tir khda
return. Cach thirc s dung ham ciing twong tu nhu trong cac ngon ngit lap
trinh bac cao khac. Xét moét vi du day du dudi day:

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

entity function example is

end function example;

architecture behavioral of function example is
type bv4 is array (3 downto 0) of std logic;

function mask (mask, vall : in bv4) return bvi4;
signal vectorl : bv4 := "0011";
signal maskl : bv4d = "0111";
signal vector2 : bv4;
function mask (mask, vall : in bv4) return bv4 is
variable temp : bvi4;
begin
temp (0) mask (0) and wvall (0);
temp (1) = mask(l) and vall(1l);
temp (2) = mask(2) or wvall(2);
temp (3) := mask(3) or wvall(3);

return temp;
end function mask;
-- start here
begin
masking: vector?2 <= mask(vectorl, maskl);
end behavioral;
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Vi du trén minh hoa cho viéc s&t dung ham dé thuc hién phép tinh mat
na (mask) dac biét trong dé hai bit thadp cla giad tri dau vao duogc thuc hién
phép logic OR va&i gia tri mask con hai bit cao thi thyc hién mask binh thudng
v3i phép logic AND. Phan khai bdo cia ham duoc dat trong phan khai bao cua
kién tric, néu ham duoc goi truc ti€p trong kién tric nhu & trén thi khai bdo
nay cé thé bd di. Phan than cda ham dugc viét trong phan khai bdo cia kién
trdc trwdc cdp begin end behavioral. Khi goi ham trong phan than cda kién
trdc thi gid tri trd vé cha ham phai duoc gan cho mét tin hiéu, & vi du trén I3
vector2.

3.3. Goi

G6i (package) 1a tap hop cac kiu dir liéu, hang s6, bién, cac chuong
trinh con va ham dung chung trong thiét ké. Mét cach don gidn goi la mot cap
thap hon cha thu vién, mét thu vién ciu thanh tir nhiéu géi khdc nhau. Ngoai
cac gbi chuan cla cac thu vién chudn nhu trinh bay & 2.1, ngdén ngit VHDL cho
phép nguodi dung tao ra cac goi riéng tuy theo muc dich s&r dung. Mét géi bao
gdbm khai bdo gdi va phan than cda goéi. Khai bao gdi cé cau tric nhu sau:

package identifier is

[ declarations]
end package identifier ;

Phan khai bdo chi chira cac khai bdo vé kiéu dir liéu, bién dung chung,
hang va khai bdo ctia ham hay thi tuc néu cé.

Phan than gdi cé cl phap nhu sau:

package body identifier is
[ declarations]
end package body identifier ;

Phan than goi chira cdc mé ta chi tiét cda ham hay thi tuc néu cé. Vi du
day di mot goi cé chira hai chwong trinh con nhu & cac vi du & 3.2 va 3.2 nhu
sau:

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

use STD.TEXTIO.all;

package package example is
type bv4 is array (3 downto 0) of std logic;
function mask (mask, wvall : in bv4) return bvi4;
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procedure print to file(vall, val2 : in bit vector (3
downto 0); FILE fout :text);
end package package example;

package body package example is

function mask (mask, wvall : in bv4) return bvi4;
signal vectorl : bv4 := "0011";
signal maskl : bv4d := "0111";
signal vector2 : bv4;
function mask (mask, wvall : in bv4) return bv4 is
variable temp : bv4;
begin
temp (0) := mask(0) and vall (0);
temp (1) := mask(l) and vall(l);
temp (2) := mask(2) or wvall(2);
temp (3) := mask(3) or wvall(3);

return temp;
end function mask;
procedure print to file(
vall, valZ : in bit vector (3 downto 0);
FILE fout : text)
is
use STD.TEXTIO.all;
variable str: line;
begin
WRITE (str, string' ("vall = "));
WRITE (str, vall);
WRITE (str, string' (" wval2 = "));
WRITE (str, val2);
if vall = val?2 then

WRITE (str, string' ("™ OK"));
elif

WRITE (str, string' (" TEST FAILED"));
end if;

WRITELINE (fout, str);
WRITELINE (output, str);
end procedure print to file;

end package body package example;

Pé sir dung gdi nay trong céc thiét ké thi phai khai bao thu vién va géi st
dung twong ty nhu trong cac géi chuan & phan khai bdo thu vién. Vi theo ngdm
dinh cac géi nay duoc bién dich vao thu vién cé tén la work nén khai bdo nhv
sau:
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library IEEE;

use IEEE.STD LOGIC 1164.ALL;
use STD.TEXTIO.all;

library work;

use work.package example.all;

entity pck example is

port (
resl, resZ : in bit_vector (3 downto 0)
) ;

end pck example;

architecture behavioral of pck example is

signal vector2 : bv4;

signal vectorl : bv4 := "0011l";

signal maskl : bv4d = "0111";

FILE file output : text open WRITE MODE is
"test log.txt";

begin

proc compare: print to file(resl, res2, file output);
masking : vector2 <= mask (vectorl, maskl);

end behavioral;

4. Poi twong dir liéu, Kiéu dir liéu
4.1. Poi twong dir liéu

Trong VHDL c6 phan biét 3 loai déi twong dit liéu 1a bién, hang va tin
hiéu. Cac d6i twong duoc khai bdo theo cu phap

Object type identifier : type [:= initial value];

Trong d6 object_type cd thé |a Variable, Constant hay Signal.
4.1.1. Hang

Hang (Constant) 1a nhitng d6i tuwgng di¥ liéu dung khdi tao dé chira cac
gia tri xac dinh trong qua trinh thyc hién. Hang cé thé dugc khai bdo trong cac
gdi, thue thé, kién truc, chwong trinh con, cac khéi va qua trinh.
Cu phép

constant identifier : type [range value] := value;

Viduy;
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