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I. SU RA BGI NGON NGU VHDL

VHDL (Very high speed integrated circuit Hardware Description Language) 1a mdt trong cac
ngdn ngit mo td phan ciing dudc st dung rong rdi hién nay. VHDL 12 ngdn ngit md ti phin ciing
cho cdc vi mach tich hop c6 tdc dd cao, dugc phat trién ding cho chuong trinh VHSIC (Very High
Speed Integrated Circuit) clia bd quc phong My .

Muc dich ctia viéc nghién cttu va phat trién 13 tao ra mot ngdn ngit moé phdng phin ciing
chuidn va thdng nhit, cho phép thir nghiém cdc hé thong s& nhanh hon, hiéu qui hon, va nhanh
chéng dua cdc hé thdng d6 vao ing dung.

Thdng 7 nim 1983, ba cong ty Internetic, IBM, Texas Instruments bit dau nghién cttu. Sau
mot thdi gian, phién ban diu tién clia ngdn ngit VHDL dudc cong bd vao thdng 8 nim 1985.

Viao nim 1986, VHDL dugc cong nhian nhu mdt chuan IEEE. VHDL di qua nhiéu Iin ki€m
nghiém va chinh stta cho d&€n khi dugc cong nhan nhu mot chudn IEEE 1076 vio thing 12 nim
1987.

VHDL dudc nghién ctfu phdt tri€n nhim gidi quyét toc do phat tri€n, cdc thay ddi va xay
dung cdc hé thdng dién tf s6. Vi mot ngdn ngit phan ciing tdt thi viéc xay dung cdc hé thong dién
tr s6 c6 tinh linh hoat, phitic tap tré nén dé dang hon. Viéc mo td hé thdng s6 bing ngdn ngit cho
phép xem xét, ki€m tra toan’ho hoat dong clia hé thong trong mdt md hinh thong nha't.

Il. CAC THUAT NGU CUA V#pL

CAu triic cia mot chuong trinh VHDL nhu sau:

[-- Company:
-- Engineer:
-- Create Date: 07:52:37 09/26/2007
-- Design Name:
-- Module Name: mux - Behavioral
-- Project Name:
-- Target Devices:
Comment—>< -- Tool versions:
-- Description:

-- Dependencies:

-- Revision:
-- Revision 0.01 - File Created
-- Additional Comments:

e eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

package typedef IS
package SUBTYPE byte IS  bit_vector (7 downto 0);
END ;

Use clause — USE work.typedef.all

THir vign 1 rirorg B SiE pi

ELAlle EFET oHiE LAF
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~—— [ ENTITY data path IS

PORT (clk, rst, s_1: IN BOOLEAN;
. sO, s1: IN BIT;
Entity —»< do,d1,d2,d3:  IN  BYTE;
q: OUT BYTE);
L END data_path;
(ARCHITECTURE behavior OF data_path IS
SIGNAL reg, shft: BYTE;
SIGNAL sel: BIT_VECTOR (1 DOWNTO 0):
BEGIN

(PROCESS (CLK, RST)
BEGIN
IF rst THEN
Reg <= x ‘007
shft <= X ‘00’;
ELSIF clk and clk’'event THEN

i sel <= sl & sO;
Architecture—< CASE ool IS
WHEN b “00” => reg <= d0;
Process —— WHEN b “01” => reg <= d1,
statement WHEN b “10” => reg <= d2;
Sequential WHEN b “11” => reg <= d3;
Statement > END CASE;

IF s 1 THEN
shft <= shft (6 downto 0) & shft(7);
ELSE clk and clk'event THEN
shft <= reg;
L END4E;
(_END PROCESS;
q <= shft;
(END behavior;

Pé tim hiéu chuong trinh thi chiing ta cdn dinh nghia md¢ sd thuit ngit duge st dung trong
ngdn ngit VHDL.

Entity (thuc thé) tit ca cac thi€t k& déu dugc bi€u dién & dang cdc thuat ngit thuc thé (entity).
Mot thuc thé 132 mot khdi xAy dung co ban nhat trong thi€t k€. Mitc cao nhit clia thuc thé 13 mic
dinh. N&u thi€t k€ c6 thit bac thi mo td & mic cao nhit sé chita cdc mo td § mic thap hon nim bén
trong. Nhitng mo td § mifc thap hon nay sé chira cic thuc thé § mitc thap hon nita. Trong VHDL thi
thuc thé ding d€ khai bdo cdc cng input_output clia cdc thanh phan va tén clia né.

Architecture (kién triic) tit ci cic thuc thé c6 thé dugc mo phdng déu c6 mot md t3 kién triic.
Kién tric md ta hanh vi cla thuc thé. Mot thuc thé don c6 thé ¢6 nhiéu ki€n tric. Mot kién tric c6
thé md ta hanh vi (behavioral description) trong khi d6 mot ki€n tric khac c6 thé md ti ciu tric
(structural description).

Configuration (cdu hinh) phit bi€u cdu hinh dugc st dung d€ rang budc mot thé hién
(instance) thanh phan v6i mot cip “thuc thé - kié€n tric”. Mot cAu hinh c6 thé dugc khio sit giong
nhu mdt danh sdch cdc thanh phin ctia mot thi€t k€. Danh sdch cdc thanh phadn md td hanh vi @€
stt dung cho mdi thuc thé, giong nhu danh sich liét ké cdc phdn mo t3 si dung cho mdi thanh phin
trong thiét ké.

TR T R T Tl £l SO TR T Tl
THiE vign T rirong D SiE pham K
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Package (g6i) mot g6i 1a mot tip hop cdc loai dit liéu duge ding phd bién va cdc chuong
trinh con (subprogram) dugc sit dung trong thi€t k€. Xem package nhu 12 mot hop cong cu chita
nhiéu cong cu dudc ding d€ xdy dung cic thi€t k€.

Driver (ngubn kich) 1a ngudn kich ctia mot tin hiéu. Néu mot tin hiéu dugc kich bdi hai
ngudn, thi ¢4 hai ngudn déu & mic tich cuc, khi d6 ta xem tin hiéu c6 2 driver.

Bus (nhom tin hiéu) thuit ngt “bus” xem mot nhém cdc tin hi€u hoic mdt phuong phip
truyén thdng dic biét dugc st dung trong thi€t k& phan ciing. Trong VHDL, bus 12 loai tin hiéu dic
biét c6 nhiéu ngudn kich § trang thdi tit.

Attribute (thufc tinh) 1a dit liéu dudc gin cho cdc d6i twugng VHDL hoidc dif liéu da dinh
nghia tru6c lién quan dén cdc doi tugng VHDL. Vi du 1a kha ning kich dong clia mot mach dém
hodc nhiét do hoat ddng cuc dai ctia linh kién.

Generic 13 thuit ngit cia VHDL ding cho mot thdng sd, thong sd nay chuyén thong tin d&n
mot thyc thé. Thi du, né€u mot thyc thé 13 mot mo hinh cdng c6 tri hodn canh 1én va tri hodn canh
xudng, cdc gid tri cda cdc tri hodn 1én va xudng cé thé dudc chuyén vao trong thuc thé bing cic
dung generic.

Process (qud trinh)Gu4 trinh 12 modt don vi thuc thi cd bdn trong VHDL. T4t ¢4 cdc hoat dong
— dugc thuc hién trong mo phong cda mdt mod t4 VHDL — thi dugc chia ra thinh mot hodc nhiéu
qud trinh x 1y.

M. MO TA PHAN CUNG TRONS VHDL

C4c md td VHDL chita nhiéu don Vi thi€t k& s¢ cAp va nhi€u don vi thiét ké& thit cap.

e Don vi thi€t k& so cap 1a thuc thé(Entity) va géi (Package).
e Don vi thi€t k€ thit cAp 12 cAu hinh (Configuration) va than géi (Package Body).

Céc don vi thiét k& thit cAp thi ludn c¢6 mdi licw'hé v6i don vi thi€t k& sd cdp. Cac thu vién
chita nhi€u cdc don vi thi€t k& sd cip va thit cap.

1 ENTTY(THUC THE)

Entity ding dé khai bdo tén ctia thyc thé, cic port clia thuc thé va cac thong tin lién quan dén
thuc thé. T4t cd cdc thi€t k& duge xay dung diing mot hoic nhiéu thuc thé.

Vi du 2_1: Khai bdo don gidn vé thuc thé:
ENTITY mux IS
PORT (@, b,c,d: IN BIT;
SO, s1: IN BIT;
X: OuT BIT);
END mux,;

Tit khod ENTITY bdo cho bi€t bit ddu mot phat bi€u thyc thé.

Trong cdc md td dudc trinh bay trong toan bo tai liéu, cac tir khod cia ngdn ngit va céc loai
dit liéu dugc cung cip cho géi chudn (STANDARD) thi dudc trinh bay & dang chit hoa. Vi du:
trong vi du di trinh bay thi cdc tir khod 12 ENTITY, IS, PORT, IN, INOUT, ... Loai dif liéu chuin
1a BIT. Tén clia cdc ddi tugng do ngudi dung dinh nghia vi du nhu mux trong vi du trén 12 & dang
chit thudng.

T e T T T e T T T T
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Tén ca thuc thé 12 mux. Thuc thé c6 7 port trong ciu 1énh khai bio PORT — 6 port cho kiu
IN va 1 port cho kiéu OUT. 4 port dit liéu ngd vio (a, b, ¢, d) 12 dang BIT. Hai ngd vio lua chon
mach da hop (s0, s1) ciing thudc ki€u dit liéu BIT. Ngb ra ciing 13 BIT.

Thuc thé md td giao ti€p vdi thé gidi bén ngoai. Thuc thé chi dinh rd bao nhiéu port, huéng

tin hi€u cda port va loai di liéu cua port.

2. ARCHTECTLRE (KEN TRC)

Thuc thé md t3 giao ti€p véi md hinh VHDL.

Kién triic mo t chifc ning co ban ctia thuc thé va chita nhiéu phat bi€u mo phéng hanh vi
ctia thyc thé. Ki€n triic ludn ludn c6 lién quan dén thyc thé va cdc md td hanh vi cla thyc thé.

Mot kién triic ctia bd da hgp & trén c6 dang nhu sau:

ARCHITECTURE dataflow OF mux IS

SIGNAL select: INTEGER,;
BEGIN
Select<= 0 WHEN sO =‘0’ AND s1=‘0' ELSE
1 WHENsO=‘1"AND sl1='0' ELSE
2 WHEN,s0 =0’ AND s1=‘1"ELSE
3;
X <= a AFTER 0.5NS WHEN select = 0 ELSE
b AFTER 0.5 NS AWHEN select =1 ELSE

¢ AFTER 0.5 NS WHEN select =2 ELSE
d AFTER 0.5 NS ;
END dataflow:;

T khod ARCHITECTURE cho biét phét bicg nay md t4 ki€n tric cho mot thyc thé. Tén
ctia ki€n tric 12 dataflow. Kié&n triic clia thyc thé dang ‘duge mo ta dugc goi 13 mux.

Ly do cho két ndi giita thyc thé va kién tric 13 mot thitc thé c6 thé c6 nhiéu ki€n tric mo t3
hanh vi ctia thuc thé€. Vi du mot kién tric c6 thé 1a mot md td hinh vi va mot ki€n tric khdc ¢ thé
12 mo ta cau tric.

Ving ky ty nim giita tit khoa ARCHITECURE va tir khod BEGIN la noi khai bdo céc phan
tr va cdc tin hiéu logic cuc by d€ sau nay dung. Trong vi du trén bién tin hiéu select dudc khai bao
la tin hiéu cuc bo.

Viung chifa cdc phdt bi€u cla ki€n tric bt dau véi tir khod BEGIN. Tat cd cdc phdt bi€u
nim giita cdc ciu 1énh BEGIN va END dugc goi 12 cdc phat bi€u dong thdi bdi vi tA't cd cdc phat
biéu dugc thuc hién cing mdt lic.

a. Gan Cdc Tin Hiéu Pong Thai

Trong ngdn ngit 14p trinh thong thudng nhu C hoidc C++ thi mdi phat bi€u gan thyc hién mot
1an sau mot phat biéu gan khac va theo mot thd tv dugce chi dinh. Thi ty thuc hién duge xdc dinh
bdi thit tu clia cdc phat bi€u trong file chuong trinh ngudn.

Trong ki€n tric VHDL thi khong cé thit tu chi dinh nio cho cic phdt biéu gan. Thi tu thuc

hién dudc chi dinh ré bdi su kién x4y ra trén tin hiéu ma phat bi€u gan huéng dén.

Khio sit phdt bi€u gdn dau tién dugc trinh bay nhu sau:

TR T R T Tl £l SO TR T Tl
THiE vign T rirong D SiE pham K
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Select<= 0 WHEN sO = ‘0’ AND si1='0’ ELSE
1 WHEN sO = ‘1’ AND sl=‘0’ ELSE
2 WHEN s0 = ‘0’ AND si= ‘1’ ELSE
3;

Gan tin hiéu dugc thuc hién bing ki hiéu <=. Tin hiéu select s& dugc gdn gia tri dwa vao gid
tri cia s0 va s1. Phat bi€u gan nay dugc thuc hién bat ky lic nao khi mot hoic hai tin hiéu s0 va sl
c6 thay d6i.

Mot phdt biéu gan tin hiéu dugc xem 1 nhay véi cdc thay ddi trén bat ky tin hiéu nio nim
bén phai cla ki hiéu gidn <=. Phat bi€u gan tin hiéu ctia vi du trén thi nhay vdi s0 va s1. Phit biéu
gdn tin hiéu khéc trong kién tric dataflow nhay véi tin hiéu lya chon.

Chiing ta s& kh3o sat ciach hai phat biéu & trén hoat dong thyc su ra sao. Gid st riing chiing ta
c6 diéu kién 8n dinh khi s0 va s1 déu c6 gid tri 1a 0 va cédc tin hiéu hién hanh a, b, ¢ va d déu c6
gid tri 1a 0. Tin hiéu x sé& c6 gid tri 1a 0 vi né dugc gdn cho gid tri cia tin hi€u a.

Bay gid gid si: chiing ta tao ra mot sy kién thay ddi trén tin hiéu a tir gid tri 0 1én 1.

Khi sy kién tin hiéa'a xay ra thi phat bi€u gan ddu tién khong dugc thuc hién bdi vi phat biéu
nay khong nhay véi sy thayddi cla tin hiéu a vi tin hiéu a khong nim bén phai clia todn tif.

Ph4t bi€u gan thit 2 s€ dugc thuc hién bdi vi n6 nhay véi sy kién xay ra trén tin hiéu a. Khi
phdt bi€u gin thi 2 dugc thyc hida thi gid tri méi clia a sé dudc gan cho tin hiéu x. Ngo ra x by
gid s& thay d6i sang 1.

¢ 4 ~ 2 P \\:‘:'k. ., LN g <2 2, N A 2,

Ti€p theo chiing ta s& khdo sat truc h¥p khi tin hidu s0 thay di. Gia sit cho s0 va s1 déu &
mtic 0 va cdc port a, b, ¢ va d c6 gid tri theo thi tir 12 0, 1, 0 va 1. Cho tin hiéu SO thay ddi gi4 tri tir
Olén 1.

Phit bi€u gdn tin hiéu diu tién nhay vdi s0 nénho s& dude thyc hién.

Khi cdc phdt biéu ddng thdi thuc hién, viéc tinh\t%fér; i tri bi€u thifc s& dung gid tri hién
hanh cho tit cd cdc tin hiéu chita trong phat biéu.

Khi phat bi€u dau tién thuc hién sé tinh gia tri méi dé duoc gan cho select tir gid tri hién
hanh ciia bi€u thic tin hiéu nim bén phai cda ki hiéu gan <=. Viéc tinh todn gia tri bi€u thifc s&
diing gi4 tri hién hanh cho tit c3 cdc tin hiéu chia trong phdt biéu.

VG6i gia tri cia s0 bang 1 va s1 bing 0 thi tin hi€u select s& nhan gid tri méi 1a 1. Gid tri méGi
ctia tin hiéu select dudc xem nhu su kién xay ra trén tin hiéu select, 1am phat bi€u gan tht 2 ciing
dugc thyc hién theo. Phit bi€u gdn thit 2 sé& diing gid tri méi clia tin hiéu select d€ gin gid tri cla
port b cho ngd ra x va x sé thay ddi gid tri tir 0 1én 1.

b. Thgi gian tré

Viéc gdn tin hiéu cho tin hiéu x khong xdy ra ngay lap tifc. Mdi mot gid tri dugc gén cho tin
hiéu x déu chita phat biéu AFTER. Gi4 tri ciia x trong cic phdt bi€u gan § trén chi dudc nhan gid
tri sau khodng thdi gian 0,5 ns.

c. Dong bd lénh

Phit bi€u gin diu tién chi dugc thuc hién khi cdc su kién x3y ra & cdc port s0 va s1. Phat
biéu gan tin hi€u th 2 s€ khong thuc hién trir khi sy kién xady ra trén tin hi€u select hodc su kién
xay ra trén cdc tin hiéu a, b, c, d.
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Hai ph-éf biéu gdn tin hiéu trong ki€n tric behave hinh thinh md hinh hanh vi (behavioral
model), hoic ki€n tric cho thuc thé mux.

Kién triic dataflow thi khong c6 ciu triic.

3. CAC THETKE ¢ CAU TRUC (STRUCTURAL DESIGNS)

Mot cdch khac d€ viét thi€t k& mux 13 xay dung cdc thinh phan phu ma chiing thyc hién cic
hoat dong nhé hon clia mo6 hinh ddy dd. Vi md hinh don gidn nhit cda mach da hgp 4 ngd vao
nhu chiing ta di diing 12 md t3 & cAp d6 cong don gian.

Kién tric dudc trinh bay sau day 1a mo ta ciu tric cla thyc thé mux.

ARCHITECTURE netlist OF mux IS
COMPONENT andgate

PORT(a, b, c: IN BIT,; x: OUT BIT);
END COMPONENT;

COMPONENT inverter

PORT(inl1: IN BIT,; x: OUT BIT);
END COMPONENT;
COMPONENT orgate

PORT(a, b, c, &N BIT; x: OUT BIT);
END COMPONENT;

SIGNAL sO _inv, s1_1nv, x1, x2, x3, x4: BIT;
BEGIN

U1l: inverter (s0O, sO_inv);

u2: inverter (s1, s1_inv);

u3: andgate (a, sO_inv, s1_inv, x1);

4. andgate (b, sO, s1_inv, x2);

US: andgate (c, sO_inv, s1, x3);

U6: andgate (d, s0, s1, x4);

u7: orgate (x2 => b, x1 =>a, x4 =>d, x3 =>c¢, X == X);
END netlist;

M0 ta nay st dung mdt s6 cac thainh phan mic thap hon d€ mo hinh hod hanh vi clia thiét bi
mux. C6 mdt thanh phan cdng dio inverter, mot thinh phan cdng andgate, va mot thanh phin
orgate. Mot trong cdc thanh phian nay dudc khai bdo trong phan khai bdo ki€n triic — niim giita ciu
1énh kién tric viA BEGIN.

Mot s6 cdc tin hiéu dudce diing dé€ k&t ndi mot trong cdc thanh phian d€ thanh 1dp mo t3 ki€n
tric. Céc loai tin hiéu nay dudc khai bdo dung khai bio SIGNAL.

Viung chira phit bi€u kién tric dugc thi€t 1ap tai vi trf ngay sau titr khoa BEGIN. Trong vi du
ndy c6 mot sd phat bi€u cia cdc thanh phan. Cic thanh phin nay dugc dit tén 1a Ul+U7.

Phat bi€u Ul 1a phét bi€u cho cdng ddo. Phit biéu nay ndi port s0 vSi port ngd vao clia thinh
phin cdng ddo va tin hiéu s0_inv v6i port ngd ra clia thanh phian cdng dio.

K&t qué 1a port inl clia cdng ddo thi dugc ndi téi port sO clia thyc thé mux va port x clia cdng
ddo dudc ndi tdi tin hiéu cuc bo sO_inv. Trong phat bi€u nay thi cdc port dudc ndi tdi theo thi tu
ma chiing xut hién trong phat bi€u.

i T S o
L I VIEH .[i!l.:A'..-;_ a:'..; JIC P
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Chii y phat bidu thanh phan U7 — phat biu nay diing cdc ki hidu nhu sau:

u7: orgate (x2 => b, x1 => a, x4 =>d, X3 => ¢, X => X);

Phat bi€u nay két hop cdc tén dé tuong thich vdi cdc port. Vi du port x2 clia cong orgate thi
dudc noi téi port b cia thuc thé clia phat bi€u két hgp dau tién. Sy két hgp va thi ty ¢é thé khong
theo thd ty nhung khong nén thyc hién.

4. HOAT PONG TUAN TU (SEQUENTIAL BEHAVIOR)

C6 mot cach khac @€ md ta chifc ning cla thi€t bi mux trong ngdn ngit VHDL. Thuc ra ngdn
ngit VHDL c¢6 nhiéu céch trinh bay cho chifc ning vdi két qua tuong tw. Cach thit 3 € mo t3 chic
ning ciia mux la st dung phdt bi€u qud trinh (process) d€ mo t chic ning trinh bay theo thuit
todan. C4ch nay dudc dung cho kié€n tric sequential nhu sau:

ARCHITECTURE sequential OF mux IS
PROCESS (a, b, c, d, s0, s1)
VARIABLE sel: INTEGER;

BEGIN
IF sO=‘0"and s1 =‘0" THEN sel:=0;
ELSIF s0="1"and sl1=‘0" THEN sel:=1;
ELSIF s@='0and sl =1 THEN sel:i=2;
ELSE sel’=g3 ;
END IF;
CASE sel IS
WHEN 0 => X<=a;
WHEN 1=> X<=b;
WHEN 2 => X<=cC;
WHEN OTHERS =>x<=d;
END CASE;

END PROCESS;
END sequential;

Kién tric nay chi chira 1 phdt bi€u duy nhit dudc goi 13 phdt biu qua trinh (process). Pugc
bit diu véi hang c6 tir khos PROCESS va két thic v6i hang c6 tir khoda END PROCESS. Tit c3
cdc phat bi€u nim gitta hai hang trén dudc xem thanh phin cia phat bi€u qud trinh.

a. Cac phat biéu qua trinh

Phit bi€u qu4 trinh chita nhiéu thanh phan.

e Thanh phin thit nhat dudc goi 1a danh sdch cdc phan tif nhay.
e Thanh phan thit hai dugc goi 1a thanh phan khai bdo qud trinh.
e Thanh phan thit 3 1a cdc phdt biéu.

Trong vi du trén thi danh sdch liét ké cdc tin hiéu nim trong ddu ngoic sau tif khod
PROCESS dudc goi 1a danh sdch nhay. Danh sdch nay liét k& chinh xdc nhitng tin hi€¢u lam cho
phdt bi€u qu4 trinh dudc thyc hién. Trong vi du nay thi danh sich chita cdc tin hiéu 12 a, b, ¢, d, sO
va sl. Chi c6 nhitng su kién x3y ra trén céc tin hiéu nay lam cho phét bi€u qud trinh dugc thuc
hién.
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b. Vung khai bdo qua trinh

Phan khai bdo qud trinh 13 viing niim gifta: sau danh sich nhay va tir khoa BEGIN. Trong vi
du trén phan khai bao chira khai bdo bi€n cuc bd sel. Bi€n nay 1a bi€n cuc bd chi dugc diung dé
tinh todn gid tri dya vao port s0 va sl.

c. Thanh phén phat biéu qua trinh

Thanh phan phdt biu qué trinh bit diu véi tir khoa BEGIN va k&t thic vdi hing c6 tir khod
END PROCESS. T4t ca cdc phat bi€u nim trong viing qué trinh 13 nhitng phat bi€u tuan tu, Diéu
nay c6 nghia la phat bi€u nay dugc thuc hién xong thi ciu 1énh ti€p theo s& dugc thuc hién gidng
nhu mdt ngdn ngt 1ap trinh binh thudng. - tht tu cac phat bi€u trong ki€n tric (architecture)
thi khong cin vi ching thyc hién ddng thdi, tuy nhién trong qué trinh (process) thi cin phdi theo
thtt ty — thtt ty thyc hi€n trong qua trinh la thu ty cdc phat biéu.

d. Thuc hién qua trinh

Ching ta xem cdch hoat dong qud trinh bing cdch phan tich hoat dong ctia vi du sequential
trong ki€n triic theo tiing hang phat biéu. P& phli hop chiing ta gid st s0 thay ddi vé 0. B&i vi s0
nim trong danh sich nhay cla phdt bi€u qué trinh.

M&i phat biéu trong 4. trinh dudgc thuc hién theo trinh ty. Trong vi du trén, phat biéu if dugc
thuc hién dau tién va ti€p theola phat biéu case.

Kiém tra th nhdt xem s0 ¢ bing 0 hay khong. Phit biéu nay sé& khong thyc hién néu s0
bing 1 va sl bing 0. Phdt bi€u gan t{n hidu theo sau phat bi€u ki€m tra thi nhit sé khong dugc
thuc hién. Thay vao d6 phat bi€u k€& dirde thuc hién. Phdt bi€u nay ki€m tra ding trang thdi va

phdt bi€u gin theo sau Iénh ki€m tra s0 =1 vi’s] = 0 dugc thuc hién. Gi4 tri sel:=1.

e. Cac phat biéu tuan ty

Phat bi€u sé& thyc hién tuan ty. Khi mot phat bi€i ki€m tra thod diéu kién thi phat bi€u dugc
thuc hién thanh cong va cdc budc ki€m tra khic sé khéng dude thuc hién. Phat bi€u IF da thuc
hién xong va bay gid thi d€n phat biéu case s& dugc thyc hién,

Phat bi€u case sé& cin cif vao gid tri ciia bi€n sel di dugc tinh todn trudc d6 & cAu 1énh IF va
thuc hién ding phat biéu gin tuong ng vdi gid tri cia bi€n sel. Trong trudng hgp nay thi gia tri
ctia sel =1 nén ciu 1&€nh gan x<= b s€ dugc thyc hién.

Gia tri ctia port b s& dugc gdn cho port x va qué trinh thuc hién s& chAm dit b3i vi khong con

phat bi€u nao trong kién tric.

5. LUACHONKEN TR(C

Cho d&n bay gid 3 kién tric di dude ding d€ md td cho mdt thuc thé. Kién tric nio sé& dugc
ding dé€ xdy dung mo hinh cho thyc thé thi tuy thudc vao d6 chinh xdc mong mudn va néu thong
tin vé ciu tric dugc yéu cau.

Né&u mé hinh s& dudc diing dé€ diéu khién cong cu layout thi ki€n tric netlist 12 lya chon hdp
Iy.

Né&u md hinh ciu tric khdng dudc yéu cau vi nhiéu 1y do thi md hinh hiéu suit cao dugc s
dung. Mot trong 2 phuong phap con lai (ki€n triic dataflow va sequential) thi c6 thé dat hiéu suat
cao hon vé€ yéu cau khong gian bd nhé va tdc do thuc hién.
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Cach d€ Tya chon giita 2 phuong phdp nay c6 thé 1am ndy sinh mot ciu khdi vé kiéu lap
trinh. Ngudi xay dung mo hinh thich vi€t chuong trinh VHDL theo ki€u ddng thdi hay theo kiéu
trinh tu?

Néu ngudi xay dung md hinh mudn vi€t ma VHDL ki€u ddng thdi thi phdi chon ki€u kién
tric dataflow, ngugc lai thi chon ki€u kién tric sequential. Thudng thi ngudi xay dung md hinh
quen vdi ki€u 1ap trinh tuin ty nhung ki€u ddng thsi 13 nhitng cong cu manh dé viét cho cdc mo

hinh nhd hiéu suit cao.

6. CAC PHAT BEU CAU HINH

Mot thuc thé c6 thé c6 nhiéu hon mot kién tric nhung 1am thé nao d€ ngudi xdy dung mo
hinh chon kién triic nio dé st dung trong md phdng di cho. Phét bi€u cAu hinh sip x€&p cédc thuyét
minh thanh phin cho thuc th€. Véi kh3 ning manh clia cAu hinh ngudi xdy dyng mo hinh c6 thé
dudc lya chon diing xay dung md hinh cho thuc thé tai mdi cAp d6 trong thiét k&.

Chiing ta s& xem xét phat bi€u cau hinh diing ki€n tric liét ké clia thyc thé mux.

Vi du 2-2: Phét bi€u hinh nhu sau:

CONFIGURATION . muxconl OF mux IS

FOR  netlist
FOR U1, UZinverter USE ENTITY WORK.myinv (versionl);
END FOR;

FOR U3, U4, U5, U6 andgate USE ENTITY WORK.myand (versionl);
END FOR;

FOR U7: orgate USE ENTITY WORK.myor (versionl);
END FOR;

END muxconl;

Chitc ning cda phdt bi€u ciu hinh 13 dién t chink xdc ki€n tric nao diing cho mdi thanh
phin trong md hinh. Piéu nay x4y ra & ki€u hé théng c6 cipibic. Thuc thé c6 cip bac cao nhat
trong thiét k&€ can c6 kié€n tric d€ st dung cho cdc chi dinh ciing nhu bat ky thanh phin nio cin
dudc thuy&t minh trong thi€'t k€.

Bit ddu phat bi€u ciu hinh 14 tén cla cidu hinh muxconl cho thuc thé mux. St dung ki€n
tric netlist nhu 14 ki€n tric cho thuc thé cAp cao nhat d6 13 mux.

D3&i véi 2 thanh phin Ul va U2 clia c6ng ddo inverter dudc thuyé&t minh cho kién tric
netlist, st dung thuc thé myinv, ki€n tric version1 tir thu vién dugc goi 1a WORK.

D&i v6i cdc thanh phan U3 + U6 clia and andgate, ding thuc thé myand, kién triic versionl
tr thu vien WORK.

D&i v6i thanh phin U7 clia cdng orgate st dung thuc thé myor, kién tric versionl tir thu
vién WORK.

T4t c& cdc thuc thé bay gid déu c6 cic kién tric dugc chi dinh cho ching. Thuc thé mux cé
ki€n triic netlist va cdc thanh phan khic c6 ki€n tric dugc dit tén chi dinh versionl.

SUC MANH CUA CAU HINH
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Khi bién dich cic thuc thé, cdc kién tric va cdu hinh da chi dinh trude thi ¢ thé xay dung md
hinh c6 thé mo6 phéng. Nhung diéu gi sé x4y ra né€u khong muén md phdng & cip dd cong? Va néu
mudn diing ki€n tric BEHAVE thay th€. Siic manh ctia cAu hinh cho phép ban khong cin bién
dich lai toan bo thi€t k&€ ma chi cin bién dich lai cAu hinh mdi.

Vi du 2-3: Cho ciu hinh nhu sau:

CONFIGURATION  muxcon2 OF mux IS
FOR  dataflow

END FOR;

END muxcon2;

C4u hinh nay c¢6 tén 12 muxcon2 cho thyc thé mux. S& dung kié€n tric dataflow cho thuc thé
cAp cao nhit 12 mux. Khi bién dich ciu hinh nay thi ki€n tric dataflow dugc lua chon cho thuc thé
mux trong mo phdng.

C4u hinh nay khong can thi€t trong VHDL chuin nhung cung cip cho ngudi thi€t k& su ty do
dé chi dinh chinh x4c ki€n tric ndo sé& dugc ding cho thuc thé. Kié€n tric mic nhién dugc dung cho
thuc thé 1a ki€n tric sau cung dugc bién dich cho vao thu viéc lam vié€c.

7. TOMTAT

Trong phin nay da gidi‘thic¢u cd badn vé VHDL va cédch sit dung ngon ngit dé xay dung mo
hinh hanh vi clia thi€t bi va thi¢tk¢. Vi du thit nhat da trinh bay cdch xdy dung md hinh dataflow
don gidn trong VHDL dudc chi 1o Wi du thd 2 trinh bay ciach mot thi€t k& 16n c6 thé dugc thuc
hién tlr nhitng thi€t k€ nhd hon — trong.iruvdng hgp nay bd da hdp 4 ngd vao di dude xay dung
diing cdc cdng AND, OR, va INVERTER' ¥i du ndy cung cip tdng quan ciu tric ctia VHDL.

IV. GIGI THIEU VE MO HINH HANH VI

Phat bi€u gdn tin hiéu 1a dang co ban nhi't ci’md hinh hanh vi trong VHDL.

Vi du 2-4: Phat biéu gan tin hiéu nhu sau:

a<=b;

Phit bi€u nay dugc doc nhu sau: “a c6 gid tri cia b”. K&t qu4 clia phdt bi€u gdn nay 1a gid tri
hién tai cia b dudc gan cho tin hiéu a. Phat bi€u gdn nay dudc thyc hién bat ky lic nao tin hiéu b
thay d6i gi4 tri. Tin hiéu b niim trong danh sich nhay ctia ciu Iénh nay. BAt ky tin hiéu nio trong
danh sich nhay ctia phat biéu gdn tin hiéu thay ddi gid tri thi phat bi€u gin tin hiéu dugc thuc
hién.

Né&u két qua thuc hién c6 gia tri mdi khdc vé6i gid tri true d6 thi sau mot thdi gian tré thi tin
hiéu s& xuat hién tai tin hiéu dich.

Né&u két qua thyc hién c6 cling gia tri thi s& khong c6 thdi gian tré tin hiéu nhung sy chuyén
trang thdi vin dudc tao ra. Su chuyén trang thdi luon dugc tao ra khi mo hinh dugc danh gid nhung
chi nhitng tin hiéu c6 gi4 tri thay d8i mdi c6 sy kién tré.

Phit bi€u sau s& gidi thiéu vé phat bi€u gan tin hiéu sau mot thdi gian tré:

a<=b AFTER 10 ns;

N

Phat bi€u nay dugc doc 12 “a c6 gi4 tri clia b sau thdi gian tré 10 ns”
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~Ca hai phat bi€u déu 12 cdc phdt bi€u gén tin hiéu ddng thdi, va nhay véi su thay ddi gid tri
ctia tin hiéu b. Khi b thay d6i gi4 tri thi cdc phat bi€u gdn thyc hién va gid tri méi dudc gidn cho gid
tri ctia tin hi€u a.

Vi du 2-5: Phit bi€u gin tin hiéu déng thdi cho mo6 hinh cdng AND nhu sau:

ENTITY and2 IS
PORT (a, b: IN BIT;
C: OUT BIT);
END and2;
ARCHITECTURE and2_behav OF and2 IS
BEGIN

c <=aAND b AFTER 5 ns;

-

Hinh 2-1. Cdng A ¢b 2 ngb vdo.

Céng AND c6 2 ngd viea, b va mot ngd ra ¢ nhu hinh 2-1. Gid tri clia tin hiéu ¢ c6 thé dugc
g4n cho gi4 tri mdi khi mdt hoi¢’ed hai tin hiéu a va b thay d6i gia tri.

Don vi thi€t k& thuc thé m6 td<cic port clia cdng and2: c6 2 ngd vao a va b, mot ngd ra c.
Kién triic and2_behav cho thuc thé and2 chita mot phat bi€u gan tin hiéu déng thdi. Phat bi€u gin
nay nhay vdi ca 2 tin hiéu a va tin hiéu b.

Gi4 tri cia bi€u thic a and vdi b dudc tink todn trudc, k&t qua tinh todn dugc dua d€n ngd ra
3 [ . e N / - 2 N
sau khoang thdi gian tr€ S ns tu lic tinh todn xovr}g'.

Vi du 2-6: trinh bay phdt biéu gdn tin hiéu phi'c’tap hon nhiéu va minh hoa cho khdi niém
ddng thdi mot cdch chi tiét hon.

Hinh 2-2 trinh bay so db khdi ctia bo da hgp 4 ngd vao va’md hinh hanh vi cho mux nhu sau:

A
> B

vvyvy

1

Hinh 2-2. Ki hiéu cba mux c6 4 ngd vao.

LIBRARY IEEE;

USE IEEE.std_logic_1164.ALL;
ENTITY mux4 IS
PORT (10,11, 12,13, a, b: IN STD_LOGIC,;
g: OUT STD_LOGIC);
END mux4;
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ARCHITECTURE mux4 OF mux4 IS

SIGNAL sel: INTEGER;
BEGIN
WITH sel SELECT
q <= 10 AFTER 10ns WHEN O
11 AFTER 10ns WHEN 1
12 AFTER 10 ns WHEN 2
13 AFTER 10ns WHEN 3
X AFTER 10 ns WHEN OTHERS;
sel <= 0 WHEN a =‘0"AND b=‘0" ELSE
1 WHEN a =‘1"AND b=‘0" ELSE
2 WHEN a =‘0"AND b='1" ELSE
3 WHEN a =‘1"AND b='1" ELSE
4 ;
END mux4;

Thuc thé entity cho mo hinh nay c¢6 6 port ngd vao va 1 port ngd ra. 4 port ngd vao (10, I1, 12,
I3) tugng trung cho cdc tin hi¢u §& duge gan cho tin hi€u ngd ra q. Chi 1 trong cdc tin hiéu dugc
gdn cho tin hiéu ngd ra q dya vao K&t gua ctia 2 tin hiéu ngd vao khdc 1a a va b. Bdng sy that cho
bd da hgp dudc trinh bay nhu hinh 2-3.

Pé€ tng dung chifc ning d3 mo ta ¢ (réh, ching ta dung phat bi€u gdn tin hiéu diéu kién va
phdt bi€u gdn tin hiéu c6 lya chon.

Phat bi€u thit 2 trong vi du dudc goi 12 phat bi€u g4n tin hiéu c6 diéu kién. Phat bi€u nay gin
gid tri cho tin hiéu dich dua vao cdc diéu kién dudc daah gid cho mdi 1énh. Cédc diéu kién WHEN
dugc thyc hién mot 1an tai mot thdi diém theo thi tu tuan tLr cho dé&n khi gip di€u kién tuong thich.
Phdt biéu tht 2 gdn gid tri cho tin hiéu dich khi tuong i b {1eu kién, tin hi€u dich 1a sel. Tuy
thudc vao gid tri ctia a va b thi cdc gid tri tir 0 dén 4 s& dugc g ¢ho sel.

Né&u c6 nhiéu diéu kién clia mot phat bi€u tuong thich thi phit bi€u ddu tién ma né tuong
thich s& dudc thyc hién va cdc gid tri ciia phat bi€u tuong thich con lai s& bi bd qua.

_ dudc goi 1a gén tin hiéu c6 lya chon va lwa chon gitta s6 lugng cédc tuy chon
dé gan gia tri ding cho tin hiéu dich — trong vi du nay tin hiéu dich 1 q.

B A Q
0 0 10
0 1 |11
10 12
11 13

Hinh 2-3. Bang trang thai coa mux cé 4 ngd véo.
Biéu thiic (gi tri sel trong vi du nay) dugc danh gid va phat bi€u ma né tuong thich véi gid
tri ctia bi€u thifc dudc gdn gid tri cho tin hiéu dich. TAt cd cdc gid tri c6 thé c6 clia biéu thitc phdi
c6 su lua chon tuong thich trong cdch gdn tin hi€u da lya chon.
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M&i mot tin hiéu ngd vao c6 thé dugc gan cho ngd ra q — tuy thudc vao cic gid tri cda 2 ngd
vao a va b. N&u cdc gid tri clia a vd b khong xdc dinh thi gid tri sau cung ‘X’ (khong xdc dinh)
dudc gdn cho ngd ra q. Trong vi du nay, khi cdc ngd vao lua chon & gid tri khong xdc dinh thi ngd
ra dugc gan cho gia tri khong x4c dinh.

PRGDDiCuthtna: nh:y vGi cic tin hidu a va b. Bit ky lic nio khi a hodc b thay di gid tri,
phdt bi€u gan th hai dugc thuc hién va tin hiéu sel dudc cip nhat. Phat bi€u thi 1 nhay véi tin
hiéu sel. Khi tin hiéu sel thay ddi gid tri thi gan tin hiéu tin hiéu tht nha't dugc thuc hién.

Néu vi du nay dude xtt 1y bdi cong cu tdng hop, thi két qua ciu tric cdng dudc xay dung
giong nhu mot bd da hop 4 dudng sang 1 dudng. N&u thu vién tdng hdp chita bo da hgp 4 dudng
sang 1 dudng thi bd da hop nay c6 thé duge cAp phat dua vao sy phifc tap clia cong cu tdng hdp va

dit vao trong thi€t k€.

1 DELAY QUAN TINH VA DELAY TRUYEN

Trong VHDL c6 2 loai delay c6 thé diing cho m6 hinh hanh vi. Delay quén tinh thi dugc sit
dung phd bién, trong khi delay truyén dudc sit dung & nhitng noi ma md hinh delay day din dudc
yéu cau.

a. Delay quan finh:

Delay qudn tinh 12 mac whién trong VHDL. N&u khong c6 ki€u delay dugc chi dinh thi delay
qudn tinh dugc st dung. Delay quén tinh 1a delay mic nhién bdi vi trong hau hét cdc trudng hgp thi
né thuc hién giéng nhu thi€t bi thyc:

Gia tri cia delay qudn tinh bing v\?@elay trong thiét bi.

Né&u bat ky xung tin hiéu ¢6 chu ky vdi thdi gian clia tin hiéu ngidn hon thdi gian delay clia
thi€t bi thi gia tri tin hiéu ngd ra khong thay doi:

Néu thdi gian cia tin hiéu dudc duy tri 8 mot gid tri dic biét dai hon thdi gian delay cla thiét
bi thi delay quén tinh sé& dudc khic phuc va thiét bi sé thay ddi sang trang thdi mdi.

Hinh 2-4 12 mot vi du vé ki hiéu bd dém ri't don gidn ¢ 1 ngd vio A va modt ngd ra B, dang
s6ng dudc trinh bay cho tin hi€u ngd vao A va ngd ra B.

Tin hiéu A thay ddi tir ‘0’ sang ‘1’ tai mSc thdi gian 10ns va tir ‘1’ sang ‘0’ tai mdc thdi gian
20ns. V@i cac khodng thdi gian nay cho phép xdy dung mot xung hodc xung nhon c¢6 thsi gian nhd
hon 10ns. Cho bd dém c6 thdi gian tré 13 20ns.

Chuyén trang thdi tir ‘0’ sang ‘1’ trén tin hiéu A lam cho md hinh bd dém dugc thuc hién va
theo du ki€n thi gid tri ‘1’ xud't hién & ngd ra B tai moc thdi gian 30ns.

O mdc thoi gian 20ns, su kién ti€p theo trén tin hieu A x4y ra (tin hiéu a xung mdc ‘0°) thi
md hinh bd dém du ki€n mot sy kién mdi sé x4y ra trén ngd ra B c6 gid tri 0 tai moc thdi gian
40ns. Trong khi d6 su kién di dv ki€n & ngd ra B cho mdc thdi gian 30ns vin chua x4y ra. Su kién
méi dugc du dodn bdi md hinh bo dém xung dot v4Si su kién trude va trinh mé phdng uu tién cho su
kién c6 mdc thdi gian 30ns.

K&t qud cla viéc uu tién 1a xung bi nudt (mat). Ly do xung bi nudt 1a tuy thudc vao mod hinh
delay qudn tinh, sy kién thit nhat tai moc thdi gian 30ns chua c¢6 dd thdi gian d€ hoan thanh delay
quén tinh cua tin hiéu ngo ra.
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M6 hinh thdi gian delay qudn tinh thudng dugc st dung trong tit cd cdc trinh md phdng.
Trong hdu hét cdc trudng hgp md hinh delay quan tinh di chinh xdc cho cdc yéu ciu clia ngudi
thi€t k&. Mot trong nhitng 1y do cho viéc m& rong st dung thdi gian delay quén tinh 1a né ngin
chin thdi gian tri hodn clia xung xuyén qua thiét bi.

N
l/

Delay = 20 ns

A

A_I_I

0 10 20 30 40

Hinh 2-4. Dang séng co delay quan tinh cba bd dém.

b. Delay truyén iin hicu

Delay truyén tin hiéu khong phdi 13 delay mic nhién cia VHDL ma phdi dudc chi dinh.
Delay truyén tugng trung cho delay d4y din, bat ky xung nao dudc truyén dén ngd ra déu dugc
delay vdi mot gid tri delay theo chi dinhDelay truyén rit c6 ich dé xdy dung md hinh thiét bi c6
tré trén dudng diy, trén diy din clia bo mach;

Néu chiing ta xem mach dém da dugc trigh bay § hinh 2-4 nhung thay th€ cdc dang séng
delay qudn tinh biing cdc dang séng delay truyén thi ching ta c6 k&t qua nhu hinh 2-5. Cuing dang
séng clia ngd vao nhung dang séng ngd ra B thi hodw toin khic. Vi delay truyén thi cdc xung
nhon s& xuat hién nhung cdc su kién x&p theo thit tu trude’khi truyén di.

Tai moc thdi gian 10ns, mo6 hinh by dém dudgc thuc hiénva du ki€n mot sy kién ngd ra s€ 1én
mitc ‘1’ tai moc thdi gian 30ns. Tai mdc thdi gian 20ns md hinh bO dém bi kich va du dodn mot gid
tri m&i s& xudt hién & ngd ra tai moc thdi gian 40ns. Vi thuit todn delay truyén thi cdc sy kién
dugc dit theo thit tw. Sy kién cho mdc thdi gian 40ns dugc dit trong danh sdch cdc sy kién nim sau
su kién cia moc thdi gian 30ns. Xung khong bi nudt nhung dugc truyén nguyén ven sau thdi gian
delay cta thi€t bi.

N
l/

Delay =20 ns
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" Hinh 2-5. Dang séng ¢ delay truyén cta b dém.

c. Mo hinh Delay quan tinh

MO hinh ti€p theo trinh bay cdch vi€t mot md hinh delay quan tinh. Giéng nhu nhitng mo hinh
khdc ma ching ta di kh3o sit, delay mic nhién 13 delay quén tinh do dé khong cin thi€t phai chi

dinh kiéu delay 12 delay quén tinh:

LIBRARY IEEE;

USE |EEE.std_logic_1164.ALL;
ENTITY buf IS
PORT (@ N

END buf;

ARCHITECTURE buf
BEGIN

b <= aYAFTER 20 ns;

END buf;

STD_LOGIC;
b: OUT STD_LOGIC);

d. Mé hinh Delay truyén

Vi du cho md hinh delay truyén dirge trinh bay nhu sau:

LIBRARY IEEE;

USE IEEE.std_logic_1164.ALl

ENTITY delay_line
PORT (a: IN

END delay_line;

ARCHITECTURE delay_line

BEGIN

b <= TRANSPORT a AFTER 20ns;

END delay_line;

STD_LOGIC;
b: OUT STD_LOGIC);

delay line IS

Giong nhu md hinh delay quan tinh chi khdc 1a c6 thém tit khodA TRANSPORT trong 1énh
gan tin hiéu cho tin hiéu b. Khi tir khod nay ton tai, ki€u delay dudc ding trong phét bi€u la delay

truyén.

2. MO PHONG DELTA

M6 phéng delta dugc ding dé x€p thi tu cho nhiéu loai su kién trong m6 phéng thdi gian.
Dic biét cdc sy kién delay bing 0 phdi dudc x&p theo thi ty d€ tao ra cdc két qua thich hgp. Néu
cic sy kién delay zero khong theo thit ty hop 1y thi két qui cé thé khdc nhau giita cdc 1an mo
phdéng khic nhau. Mot vi du cho ki€u nay dugc trinh bay & hinh 2-6. Mach dién nay 12 mot phian

ctia sd d6 mach dong ho.

Ky thudt PLD v& ASIC
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Chuorg 2. Ngbn ngt 1Bp trinh VHDL SPKT — Nguyén Ph Phil

Mach dién gom c6 mot cdng ddo, mot céng NAND va mot cdng AND thiic ngd vao ddng hd
ctia thanh phan flip flop. C6ng NAND va c6ng AND dugc diing d€ gdc ngd vao xung clock dén flip
flop.

Chiing ta s& kh3o sdt hoat dong clia mach ding cd ciu delay delta va cd ciu khédc. Biing cdch
ki€m tra 2 cd ciu delay chiing ta s& hi€u r5 hon cich delay delta sip x&p cac su kién.

A

Clock

DFF

D Q p—F

E
CLK QB
D
C

Hinh 2<6. So sanh 2 cd cdu danh gia.

Pé dung delay delta thi tit ci cic thinh phan clia mach dién phai c6 delay zero theo chi
dinh. Delay cho ca 3 cdng dudc chi dinh I3 zero. (cic mach dién thuc t& thi khong c6 dic tinh nhu
thé).

Khi c6 canh xu6ng xdy ra trén tin hiéu A, ng0.ra clia cong ddo thay ddi ding thdi di€m 0.
Chiing ta gid st ring sy kién x4y ra tai moc thdi giansiOns. Tin hiéu ra B ctia c6ng ddo thay ddi
ngugc vdi gid tri mGi cia ngd vao.

Khi gi4 tri B thay d6i, c hai c6ng AND va NAND dugc'd:dnh gid lai. Trong vi du nay gid sk
ngd vao xung eloek la 1. N&u cdng NAND dudc ddnh gid trude thi gid tri m6i & ngd ra cong
NAND la “0’.

Khi c6ng AND dugc danh gid thi tin hiéu B ¢6 gid tri 1a ‘1’ va tin hiéu C ¢6 gid tri 1a ‘0’, do
d6 cong AND du dodn két qua mdila “0’.

Nhung diéu gi sé xdy ra néu céng AND ddnh gid trudc. O cdng AND s& c6 gid tri ‘1’ & tin
hiéu B va gia tri ‘1° & tin hiéu C (c6ng NAND chua d4nh gid). Ngo ra cdng AND c6 gi tri méi 1a
‘1°.

Bay git c6ng NAND méi dugc ddnh gid va gid tri mdi & ngd ra 1a ‘0. Sy thay d6i & ngd ra
NAND Iam cho c6ng AND ddnh gi4 lai 1an nita. Cdng AND c6 gid tri ctia B 1a ‘1° va gid tri m&i
ctia tin hiéu C 13 ‘0’. Ngo ra cdng AND bay gid s& c6 gid tri 1a ‘0’. Qud trinh ndy dudc tém tit nhu
hinh 2-7.

C4 hai tin hiéu d&€n ngd vao D. Tuy nhién khi céng AND dugc ddnh gid truSc thi c6 xung

canh lén v&i @6 rong delta xuat hién & ngd ra D. Canh 1&n nay c6 thé kich flip flop, tuy thudc vao
cach mo hinh flip flop dugc xay dung.

5 P P I T I S
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AND FIRST NAND FIRST
Evaluate inverter Evaluate inverter
B<=1 B<=1

Evaluate AND (C =1)  Evaluate NAND
D<=1 C<=0

Evaluate NAND Evaluate AND
C<=0 D<=0

Evaluate AND

D<=0

Hinh 2-7. So sanh 2 co cau danh gid.

Trong tAm ctia vin dé 12 n€u khong cé co cdu dong bod delta thi k&t qua ctia md phdng c6 thé
tuy thudc vao cdch cdc ciu tric dit liéu mdé phdng dudc xay dung. Vi du, khi bién dich mach dién
1an tht nhat thi c6 thé cdng AND dugc ddnh gid tru6e, n€u bién dich lai 1an nita thi c6 thé cong
NAND dugc ddnh gid triréc — cho ra két qua khong mong mudn, md phdng delta sé ngin chin
hanh vi nay xay ra.

Cung mdt mach dién diide ddnh gid ding co ciu delay delta VHDL sé d4nh gi4 nhu hinh 2-8.

i’ime Delta
10 ns (1) A<=0
Evaluate inverter

2) : B<«=1
“Evaluate AND
Evaluate NAND
3) D<=1
C<=0
Evaluate AND
4 D<=0
11 ns

Hinh 2-8. Co cau danh gia delay delta.

J diém thoi gian delta diu tién clia 10ns, tin hiéu A nhan gid tri ‘0’. Gi4 tri nay lam cho cdng
ddo dugc ddnh gid lai vdi gid tri mGi. Tin hiéu ngd ra c6ng ddo B c6 gid tri 12 ‘1°. Gid tri nay
khong truyén ngay 1ap tiic ma chd cho dén diém thdi gian delta thit 2.

Sau d6 trinh md phdng bit diu thuc hién di€m thdi gian delta thit 2. Tin hiéu B dugc cip nhat
gid tri 12 ‘1’ va cdng AND va cdng NAND dugc dinh gid lai. C4 hai cdng AND va NAND phai
chd cdc gid tri mdi & diém thdi gian delta thit 3.

Khi di€m thdi gian delta thit 3 x4y ra, tin hiéu D nhin gi4 tri 12 ‘1’ va tin hiéu C nhan gi4 tri
12 ‘0’. Do tin hiéu C ciing thiic c6ng AND, c6ng AND dudc ddnh gid lai va chd két qua ngd ra &
di€m thdi gian delta thit 4. Cudi ciing ngd ra D bing “0’.

Tém lai moé phdng delta 1a lugng thdi gian vo cling nhd dudc ding nhu mot co cAu ddng bod

khi cdc su kién delay zero xuat hién. Delay delta dugc dung khi delay zero dugc chi dinh va trinh
bay nhu sau:

Ky thit PLD vi ASC et it e 5" |
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) "a -<.= .b--aﬂftér'(.) Iis;

Mot trudng hgp khdc dung delay delta 1a khi delay zero dugc chi dinh.

Vi du 2-7: Phat biéu hinh nhu sau:

a<=b;

Trong c4 2 trudng hdp, tin hiéu b thay d8i gid tri tir 1 sy kién, tin hiéu a dugc gin tin hiéu sau
khodng thdi gian delay delta.

M6t mo6 hinh VHDL tudng duong ciia mach dién dugc trinh bay nhu hinh 2-6:

ENTITY reg IS

PORT (a, clock: IN BIT;
d: OuUT BIT);

END reg;

ARCHITECTURE test OF reg IS

SIGNAL b,c. BIT;
BEGIN
b <= NOT (a);
c <= NOT (clock.-AND b);
d <= cAND b;
END test;
3. DRVER

VHDL c6 mdt phuong phdp duy nhi't d€ x@ly cdc tin hiéu c6 nhiéu ngudn kich. C4c tin hiéu
c6 nhiéu ngudn kich rat hitu ich cho mé hinh bus dit lidu, bus hai chiéu, ... M6 hinh chinh xdc cédc
loai mach dién nay trong VHDL yéu cau phai biét tae khdi niém vé mach kich (thdc) tin hiéu.
M&i mot driver ciia VHDL xem nhu mdt tin hiéu gép phitrcho gia tri tong thé clia mot tin hiéu.

Mbt tin hiéu c¢é nhiéu ngudn kich s& c¢é nhiéu driver. Cde gi4 tri clia tit cd cdc driver dudc
phan tich cling nhau d€ tao ra gia tri duy nh4t cho tin hiéu nay.‘Phudng phdp phan tich tit cd cic
tin hiéu gép phan thanh mot gid tri duy nhit 13 thong qua ham phan tich. Mot haim phan tich 1a
ham do ngudi thi€t k& viét, s& dugc goi mdi khi mot driver clia tin hiéu thay d6i gid tri.

a. Tao driver:

Céc driver dugc tao ra bing cdc phat biéu tin hiéu. Mot phép gin tin hiéu ddng thdi bén
trong mot ki€n tric tao ra mot driver cho mot phép gan tin hiéu. Do d6 nhiéu phép gan tin hiéu sé&
tao ra nhiéu driver cho mot tin hiéu. Hay khao sit ki€n tric sau day

ARCHITECTURE test OF test IS

BEGIN
a <=b AFTER 10ns;
a <=¢ AFTER 10ns;
END test;

Tin hiéu a s& dugc kich tir hai ngudn b va ¢. Mdi phat bi€u gén tin hiéu ddng thdi sé tao ra
mot driver cho tin hiéu a.

Ph4t bi€u tht nhat tao ra mot driver chifa gia tri ctia tin hiéu b dugc tri hoan 10 ns.

BTG T aran o FTE o7 Br =
THir vien 1 riceng DI SiE phal
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~ Phat bi€u thit hai tao ra mot driver chda gid tri cia tin hiéu ¢ dugc tri hodn 10 ns.

Nhitng ngudi thi€t k& st dung VHDL khdng mudn tiy y thém vao cdc rang budc ngdn ngit
ddi v6i hanh vi cda tin hiéu. Khi tdng hop vi du & trén sé ndi tit b va ¢ vdi nhau.

b. Mé hinh nhiéu driver xau:

Ta hday khdo sat mdt mo hinh thoat nhin c6 vé ding nhung lai khong thuc hién chitc ning nhu
ngudi st dung du dinh. M6 hinh nay s dung mdt mach da hgp 4 dudng sang 1 dudng da thao luin:

USE IEEE.std_logic_1164.ALL;
ENTITY mux4 1S
PORT (0,11,i2,i3,a,b: IN STD_LOGIC,;
q: OUT STD_LOGIC);
END mux4;

ARCHITECTURE bad OF mux4 IS
BEGIN
q <= i0 WHENa=‘0 AND b='0" ELSE ‘0’
q <= i1 WHEN a="1"AND b ='0" ELSE ‘0’
q <= 2 WHEN@a='00 AND b ='1" ELSE ‘0’
q <= i3 WHEN a =#1"AND b =‘1" ELSE ‘0’
END bad;

MO0 hinh nay gdn: 0 cho ¢ khi abing ‘0’ va b bang ‘0;
il khi a bing ‘1’ V& b bing ‘0’; ...

Thoat nhin, m6 hinh ndy c6 vé hoat dong (Gng. Tuy nhién mdi phép gan cho tin hiéu g tao ra
mdt tin driver méi cho tin hiéu g. Bon driver cho tin‘hi¢u ¢ dugc tao ra trong mo6 hinh nay.

Mbi driver sé kich gid tri ciia mot trong cdc ngo vae 0, il, i2, i3 hodc ‘0. Gia tri dugc kich
phu thudc vao céc tin hi€u a va b.

Né&u a bing ‘0’ va b bing ‘0’, phdt bi€u gdn dau tién dat oid tri cda i0 va mot trong cic driver
clia ¢. Ba phdt bi€u gdn khac khong thda diéu kién va do vay sé kich gid tri ‘0’. Nhu vy, ba driver
s€ kich gid tri ‘0’ va mot driver s€ kich gid tri cia i0.

Céc ham phan tich di€én hinh khé ma du dodn k&t qua ngd ra ¢ mong mudn, nhung gid tri thuc
cia n6 chinh 1a i0. Cach t6t hon dé vi€t cho md hinh nay 1a chi xay dung mot mach driver (kich)
cho tin hi€u g nhu dudc trinh bay sau day

ARCHITECTURE better OF mux4 IS
BEGIN
q <= i0 WHEN a ='0' AND b =‘'0" ELSE
i1 WHEN a="'1"AND b ='0" ELSE
i2 WHEN a='0"AND b ='1" ELSE
i3 WHEN a='1"AND b ='1" ELSE

END better;

4,  GENERIC

= Tl
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~Generic 1a mot ¢d ciu tdng quat dudc ding d€ chuyén thong tin d&€n thyc thé. Thong tin dudc
chuyén dén thuc thé 1a mot trong céac ki€u dugec VHDL cho phép.

Generic ciing c6 thé dudc dung dé chuyén cic kiéu dit liéu bat ky do ngudi thi€t k& dinh
nghia bao gdm cédc thong tin nhu dién dung tii, dién trd, ... Cdc thong s& tdng hdp nhu dd rong
dudng dit liéu, 6 rong tin hiéu, ... c6 thé chuyén dudc dudi dang cic generic.

TAt ca dit liéu dudc chuyén d€n mot thuc thé 1a cdc thong tin rd rang. Cac gia tri dit liéu c6
lién quan dén instance dang dudc truyén dit liéu. G phudng phap nay, ngudi thi€t k& c¢6 thé truyén
céc gi4 tri khdc nhau dén c4c instance khdc nhau trong thié€t k€.

Dit liéu dugc truyén dén instance 13 dit liéu tinh. Sau khi md hinh dudc cho thém chi ti€t (lién
k&t vé6i trinh mo phdéng), dit liéu s& khong thay ddi trong thdi gian mo phdng. Céc generic khong
thé dugc gan thong tin cho cdc thanh phin chay chudng trinh md phdng. Thong tin chia trong cic
generic dugc chuyén dén instance thanh phan hoic mot khdi ¢ thé duge st dung d€ thay d6i cic
két qua trong md phdng, nhung cic két qua khong thé stra ddi cic generic.

Vi du 2-8: thyc thé cdng AND c6 3 generic két hop:
ARCHITECTURE load_dependent OF and2 IS

SIGNAL intérnal BIT;
BEGIN
internal <=a ANDD;
C <= Internal AFTER (rise + (load*2 ns)) Internal = ‘1" ELSE Internal

AFTER (rise + (load*3 ns));
END load_dependent;

Kién tric ndy khai bio mdt tin hiéu cuc borgoi 12 internal dé luu gid tri cla biéu thic a va b.
Céc gia tri tinh todn trudc dung cho nhiéu instance?ii mot phuong phép rat hiéu qua cho viéc xay
dung mo hinh.

Céc generic rise, fall va load chita céc gia tri @3 dudechuyén vao bdi phat bi€u clia instance
thanh phan. Ta hiay khdo sdt mot phan clia md hinh ma ndthé hién cdc thanh phin loai AND2
trong mot cau tric khac:

ENTITY test IS
GENERIC (rise, fall: TIME; load: INTEGER);
PORT (ina, inb, inc, ind:  IN STD_LOGIC;
Outl, out2: OUT STD_LOGIC);
END test;

ARCHITECTURE test_arch OF test IS
COMPONENT and2
GENERIC (rise, fall: TIME; load: INTEGER);
PORT(a, b: IN BIT; c: OUT BIT);
END COMPONENT;
BEGIN
U1l: and2 GENERIC MAP (10 ns, 12 ns, 3) PORT MAP (ina, inb, outl);
u2: and2 GENERIC MAP (9 ns, 11 ns, 5) PORT MAP (inc, ind, out2);
END test_arch;

Phat bi€u ki€n tric diu tién khai bdo cdc thinh phin s& dugc si dung trong mo hinh. Trong
vi du nay thanh phan AND2 dudc khai bo.

Thirvisn Trremes O Gr oo
THir vien 1 riceng DI SiE phal
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" Tiép theo, than clia phat bi€u kién tric chita hai phat bié€u thé hién thanh phan clia cdc thanh
phan U1 va U2. Port a clia thanh phan Ul dugc 4nh xa dén tin hiéu ina, port b dudc 4nh xa dén tin
hiéu inb va port ¢ dugc 4nh xa dén tin hiéu outl. Cling phuong phdp nhu vay thanh phan U2 dugc
anh xa dén cdc tin hiéu inc, ind v out2.

Generic rise clia thé hién Ul dudc 4nh xa dén 10ns, generic fall dugc 4nh xa dé€n 12ns va
generic load dugc 4nh xa d&€n 3. C4c generic ctia thanh phan U2 dudc 4nh xa dén cdc gid tri 9 ns,
11ns va gia tri 5.

Céc generic ciing c¢6 thé c6 gid tri mic dinh, cdc gid tri nay dugc ghi d& néu cédc gid tri thuc
t& dugc 4nh xa d€n cdc generic. Vi du ti€p theo trinh bay hai thé hién thanh phan loai AND2.

Trong thanh phan Ul, gid tri thyc t& dugc 4nh xa dén generic va cdc gid tri nay dugc ding dé
diéu khi€n hanh vi md phdng néu dugc chi dinh 18, ngugc lai s& phat sinh 15i.

LIBRARY IEEE;

USE IEEE.std_logic_1164.ALL,;
ENTITY test IS
GENERIC  (ris&; fall: TIME; load: INTEGER);
PORT (ina, inby inc, ind:  IN STD_LOGIC;
Outl, cutz; OUT STD_LOGIC);
END test;

ARCHITECTURE test_arch QF test IS

COMPONENT and2
GENERIC (rise, fall: TIMEZ%: 10 ns; load: INTEGER :=0);
PORT(a, b: IN BIT; c: OUT BIT);

END COMPONENT;

BEGIN

U1: and2 GENERIC MAP (10 ns, 12 ns, 3) PORTMAP (ina, inb, outl);

u2: and2 PORT MAP (inc, ind, out2);

END test_arch;

Nhu d3 nhin thdy, cdc generic ¢6 nhiéu cdch dung. Viéc st dung generic chi bi gigi han bgi
su sdng tao clia ngudi vi€t mo hinh.

5 CACPHAT BEUKHOI

C4c khai 14 cd cau tirng phan trong VHDL — cho phép ngudi thié€t k& cac khdi trong md hinh.
Vi du né€u ban thi€t k&€ CPU thi c6 thé chia ra thanh nhiéu khdi nhu kh&i ALU, khdi bank thanh ghi
va cdc khoi khéc.

M&i khdi c6 thé khai bdo cic tin hiéu cuc bd, ki€u dit liéu, hiing s8, ... Bit ky d6i tugng nao —
ma né c6 thé dugce khai bdo trong phan khai bdo ki€n triic — thi c¢6 thé dudc khai bdo trong phin
khai bdo khoi.

Vi du 2-9: dung céc phét biéu khdi:
LIBRARY IEEE;
USE IEEE.std_logic_1164.ALL;
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“package  bit32 IS
TYPE tw32 IS ARRAY (31 downto 0 ) OF std_logic;
END bit32;

LIBRARY IEEE;

USE IEEE.std_logic_1164.ALL,;
USE WORK.bit32.ALL,;
ENTITY cpu IS
PORT (clk, interrupt: IN STD_LOGIC,;
addr: ouT tw32;
data: INOUT tw32;);
END cpu;

ARCHITECTURE cpu_blk OF cpu IS

SIGNAL ibus, dbus:  tw32;
BEGIN
ALU: BLOCK
SIGNAL ghus: tw32;
BEGIN

END BLOCK ALU;

REGS: BLOCK
SIGNAL zbus: tw32;
BEGIN
REG1: BLOCK
SIGNAL gbus: tw3Z;
BEGIN

END BLOCK REG],

END BLOCK REGS,;
END  cpu_blk;

Thuc thé cpu c6 khai bao thyc thé ngoai cling trong mé hinh (md hinh cho vi du nay chua
hoan chinh). Thuc thé cpu khai bdo 4 port — diing cho giao ti€p mé hinh. Cic port clk va interrupt
12 cdc port ngd vao, addr 13 port ngd ra va data 13 port hai chiéu inout. T4t cd cdc port nay dugc
nhin thi'y § bat ky khdi ndo, dugc khai bdo trong ki€n tric cho thuc thé nay. Céc port ngd vao cé
thé doc va cic port ngd ra c6 thé dugc gan gid tri.

Céc tin hiéu ibus va dbus 12 céc tin hiéu cuc bd dugc khai bdo trong ki€n tric epu_blk. Céc
tin hiéu nay 1a cuc by ddi véi kién tric epu_blk va do dé cdc khdi bén ngoai khdng dugc truy xuat
céc tin hiéu nay.

Tuy nhién, bat ky khdi niim nao bén trong ki€n tric d6 déu c6 thé truy xuat cdc tin hiéu nay.
Céc khdi c6 cap mitc d6 thap thi ¢ thé truy xud't d€n cdc tin hiéu c6 cAp mitc dd cao hon, nhung
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“cdc khdi ¢6 cAp mirc d6 cao hon thi khong thé truy xudt d&€n cdc tin hiéu cuc bd ctia khdi cip thap
hon.

Tin hiéu gbus dudc khai bdo trong phan khai bdo khdi ctia khdi ALU. Tin hiéu nay 1a tin hiéu
cuc bd cho khdi ALU va cdc khdi bén ngoai khong thé truy xudt. T4t cd cdc phdt bi€u nim bén
trong khoi ALU c6 thé truy xuit gbus, nhung cdc phat bi€u bén ngoai khdi ALU thi khong thé
dung gbus.

Tuong tu, tin hiéu zbus cho khdi REGS. Khdi REG1 nim bén trong khdi REGS c6 thé truy
xuét tin hiéu zbus va tit ci cdc phdt biu khac trong khoi REGS ciing c6 thé truy xuit tin hiéu
zbus.

Trong phan khai bdo ctia khdi REG1 con khai bdo mot tin hiéu khdc goi 1a gbus. Tin hiéu
nay c6 cling tén vdi tin hiéu gbus dugc khai bdo trong khdi ALU — diéu nay c6 gy ra xung dot gi
khong ? béi véi chuong trinh chuong trinh bién dich thi hai tin hi€u nay 1a ddc 1ap. Hai tin hi€u nay
dugc khai bao trong hai viing khdc nhau va chi ¢6 hiéu luc cho ving dé.

Mot trudng hop khic 16ng vao nhau nhu sau:

BLK1: BLOCK
SIGNAL gbus: tw32;
BEGIN
BLK2: BLOCK
SIGNAL gbus: tw32;
BEGIN

2 3
X Gt

END BLOCK BLK2,

END BLOCK BLK1,

Trong vi du nay, tin hiéu gbus dugc khai bdo trong 2 khdi. Cau tric 10ng vao nhau trong mo
hinh ndy 12 mot khdi ¢6 chita mot khdi khdc.

Khoi BLK2 truy xudt 2 tin hiéu dudc goi la gbus: tin hiéu ¢bus thit nhi't khai bdo trong BLK2
va tin hiéu gbus thit 2 khai bdo trong BLK1. Khéi BLK1 1a cha ctia khdi BLK2. Tuy nhién, khdi
BLK2 xem tin hiéu gbus nim trong chinh né, nhung tin hiéu gbus ctia khdi BLK1 s& bi ghi dé bdi
khai b4o cling tén cda tin hiéu khdi BLK2.

Tin hiéu gbus tir BLK1 c6 thé dugc nhin thid'y bén trong khdi BLK2, néu tén cda tin hig¢u
gbus dugc b sung thém bing tén clia khdi. Cu thé cho vi du & trén, d€ truy xuat tin hiéu gbus tir
kh&i BLK1 thi dung BLK1.gbus.

Nhu d3 dé cip & trén, cdc khdi chifa cdc viing ciia mo hinh bén trong né. Nhung cdc khdi 12
duy nhat bdi vi mot khdi cé thé chita cic port va cic generic. Piéu nay cho phép ngudi thi€t k&
4nh xa lai cdc tin hiéu va cdc generic bén ngoai dén cdc tin hiéu va generic nim bén trong khoi.
Nhung tai sao ngudi thi€t k&€ mudn lam diéu nay.

Dung lugng cda cdc port va cdc generic trong modt khdi cho phép ngudi thi€t k& dung lai cdc
khdi da vi€t cho muc dich khéc trong thi€t k€ mdi.

Gi4 st ta mudn cdi tién thi€t k&€ CPU va can md rong thém chic ning cho khdi ALU, va ta
gid st ring mot ngudi thi€t k& khic c¢6 khdi ALU méi c6 thé thuc hién dude cdc chifc ning ma ta
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cin thi van dé chi con la hiéu chinh lai tén clia cdc port va cdc generic cho tuong thich véi khdi
mdi la xong. Phdi 4nh xa cdc tén cla tin hiéu va cdc thong s6 generic trong thiét k&€ dang cii ti€n
vdi cdc port va cdc generic di x4y dung ctia khdi ALU méi.

Vi du 2-10: minh hoa cho sy cdi tién:

package
TYPE
FUNCTIOB
FUNCTIOB

END

USE

LIBRARY
USE

ENTITY
PORT

END

math IS

tw32 IS ARRAY (31 downto 0) OF std_logic;
tw_add(a,b; tw32) RETURN tw32;

tw_sub(a,b; tw32) RETURN tw32;

math;

WORK.math.ALL;

IEEE;
IEEE.std_logic_1164.ALL;

cpu IS

(clk, interrupt: IN STD_LOGIC;
addt; ouT tw32;

cont : IN INTEGER,;
data: INOUT tw32);

cpu;

ARCHITECTURE cpu_blk OF cpu IS

SIGNAL ibus, dbus:  tw32;
BEGIN
ALU: BLOCK
PORT (abus, bbus: IN tw32;
D_out: OuUT tw32;
ctbus: IN INTEGER);

PORT MAP (abus => ibus, bbus => dbus, d_out => data, ctbus => cont);
SIGNAL gbus: tw32;

BEGIN
D out<= tw_add (abus, bbus) WHEN ctbus = 0 ELSE
tw_add (abus, bbus) WHEN ctbus = 1 ELSE
abus;
END BLOCK ALU,;

END  cpu_blk;

V& co bin md hinh nay giéng nhu mo6 hinh di trinh bay ngoai trit port va cdc phat bi€u anh
xa port trong phan khai bdo khdi ALU. Phdt bi€u port khai bdo s& lugng dugc dung cho khdi,
huéng clia port va loai dif liéu ctia port. Phat bi€u 4nh xa port s& d4nh xa port mdi véi cdc tin hiéu
hoic cdc port tdn tai bén ngoii khdi. Port abus dudc 4nh xa cho tin hiéu cuc bd ibus ctia ki€n tric
CPU_BLK, port bbus dugc dnh xa cho dbus. Cac port d_out va ctbus dugc dnh xa cho cac port bén

ngoai clia thyc thé.

74

B

THir vien 1 rircrig B Sic phian Ry thuat 1 :I

hittp 2www. th uvienSpkt e dii/Amn




- Chitorg 2. Ngbrivg Bp trmh ViDL SPKT — Nguyén Pnh Phii
' Anh xa c6 nghia 1a k&t ndi giita port va tin hiéu bén ngoai ching han nhu khi c6 mét sy thay
ddi gid tri trén mot tin hiéu ndi dén 1 port thi port sé thay ddi sang gia tri mdi. Néu sy thay d6i x4y
ra trong tin hiéu ibus thi gid tri méi cia ibus dugc truyén vao khdi ALU va port abus sé& cé gia tri
mdi. Tuong ty cho tit cd cdc port.

Cdc khéi cé bdo vé

Céc phdt bi€u khdi c6 khoi hanh vi 16ng vao bén trong dugc xem nhu nhitng khdi c6 bio vé.
Mot khéi ¢6 bdo vé chita mot bi€u thiic bdo vé — c6 thé cho phép va khong cho phép céc driver
bén trong khoi.

Biéu thiic bdo vé la biéu thiic dai s6 boolean: néu bdng true thi cdc driver bén trong khoi
duogc phép va néu bang false thi cdc driver bi cam.

Ching ta s€ khao st vi du 2-11:

Vi du 2-11: c6 khoi bdo vé
LIBRARY IEEE;

USE IEEE.std_logic_1164.ALL;
ENTITY latcR ¢, IS
PORT (d, clk: IN STD_LOGIC;
q, gb: OUT STD_LOGIC);
END latch;

ARCHITECTURE latch_guard "©F latch IS

BEGIN
Gl: BLOCK (ckk = ‘1)
BEGIN
q <= GUARDED d  AFTER 5ns;
gb <= GUARDED NOT (d) AFTER 7ns;

END BLOCK G1;
END latch_guard;

Mb hinh nay minh hoa c4ch thitc md hinh mach chét ¢6 thé dugc viét dung khdi c¢6 bdo vé.
Thuc thé khai bdo 4 port can thi€t cho mach chdt va chi c6 mot phat bi€u trong ki€n tric. Phit biéu
chinh 12 phat bi€u khdi c6 bdo vé.

Phat bi€u khdi c6 bdo vé gidng nhu phat biu khdi binh thudng, ngoai trit bi€u thic bdo vé
nim sau tif khos BLOCK. Biéu thiic bdo vé trong vé trong vi du nay 13 (clk="1’). Pay 1a biéu
thite luan 1y va trd vé k&t qua 1a true khi gid tri clia clk bing ‘1’ va s& c6 gi4 tri 1a false khi clk c6
gid tri khéc.

Khi biéu thiic bio vé 1a true thi tit ca driver ciia cic phat bi€u gin tin hiéu bdo vé dugc phép
hodc dudec md. Khi bi€u thitc bdo vé 1a false thi tAt ci cdc driver clia cdc phat bi€u gdn tin hiéu
bdo vé bi cAm hoic bi tit.

C6 2 phat bi€u gan tin hiéu bdo vé trong md hinh: phat bi€u thi nhat 1a gdn gid tri q va ciu
l1énh gan con lai 12 gdn gid tri gb. Phat bi€u gdn tin hiéu c6 bdo vé dugc nhin ra bing tir khod
GUARDED nim giita “<=" va thanh phan ctia biéu thifc.

hitp:/www.thuvienspkf.edu. va
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Khi port clk cua thuc thé ¢6 gid tri 1a ‘1’ thi biéu thic bdo vé c¢6 gid tri 1a true va khi gié tri
cia ngd vio d s& xudt hién & ngd ra q sau khodng thdi gian tré 7ns.

Khi port clk c6 gi4 tri 1a ‘0’ hodc bt ky gid tri ndo khac hdp 1& cla ki€u dit liéu thi ngd ra q
va gb chuyén sang tit va gid tri ngd ra cla tin hiéu dudc xdc dinh bdi gid tri dugc gdn cho mot gia
tri mic dinh bdi ham phan gidi. Khi clk khong biing ‘1’ thi cdc driver dugc xay dung cho cdc 1énh
g4n tin hiéu q va gb trong kién tric s& chuyén sang tit. Cac driver khong tham gia vao gid tri tdng
thé ctda tin hiéu.

Gdn tin hiéu c6 thé dugc bio vé bing cach dung tr khods GUARDED. Tin hiéu méi dugc
khai bdo hoan toan trong khdi khi khdi c6 bi€u thic bdo vé. Tin hiéu nay dudc goi 13 GUARD.
Gi4 tri ctia né 12 gia tri clia bi€u thifc bdo vé. Tin hidéu nay c6 thé dugc dung d€ cdc xit 1y khac x3y
ra.

Céc khdi rt tién 1gi d€ chia nhd thi€t k€& thanh cdc khdi nhé hon, cdc don vi d& quan 1y hon.
Chiing cho phép ngudi thi€t k€ sy mém déo d€ xay dung nhitng thi€t k& 16n tir nhitng khdi nhd hon
va cung ciAp phuong phdp thuin tién cho diéu khién céc driver ddi v4i tin hiéu.

6. TOMTAT
e Cidch gdn tin Hi¢u 12 dang co bdn nhi't clia mo hinh hanh vi.
e Phdt bi€u gdn tin hicu c6 thé dude Iya chon tuy vao diéu kién.
e Phatbiéu gdn tin hictico thé chita thdi gian tré.
e VHDL chta tri hodn tré (iuan tinh va tri hodn truyén.
e Cic diém thdi gian md phdng delta ding d€ cdc su kién hoat dong ding thdi gian.
e Cdc driver cho m6t tin hi€u dugc x8y dung bdi cac phat biéu gan tin hi€u.
e Generic dugc ding dé truyén dif liéu cho thuc thé.
e Céc phdt bi€u khdi cho phép xay dung nhdm frong cling mot thuc thé.
e Cic phat biéu khdi bio vé cho phép kha ning tit cic driver trong mot khoi.

V. XxU LY TUAN TU

0 phan trudc ching ta da khdo sit mo hinh hanh vi ding cdc phit bi€u déng thdi. Chiing ta
da thdo luan cdc phdt bi€u gdn ddng thdi cling nhu cdc phat bi€u khdi va thé hién thanh phan.

Trong phan nay chiing ta tip trung cho phat bi€u tuan ty. Cdc phat bi€u tuan tu 1a cdc phat
bi€u thuc hién ndi ti€p nhau.

1 pHATBEU

Trong mdt ki€n tric ctia mot thuc thé, ta't ca cac phat biéu 1a déng thdi. VAy thi cc phat bi€u
tudn ty tdn tai & dau trong VHDL ?

C6 mot phat bi€u dugce goi 12 phat bi€u qua trinh — chi chita cdc phdt bi€u tuan ty. Phat bi€u
qué trinh ciing chinh 13 phdt bi€u ddng thdi. Phat bi€u qud trinh ¢ thé tdn tai trong ki€n tric va
nhitng viing x4c dinh trong ki€n triic — noi chita cdc 1énh tuln tu.

Phit bi€u qud trinh c6 phin khai bdo va phin phét bi€u. Trong phin khai bdo thi cdc kiéu,
cdc bi€n, cdc hiing s6, cdc chuong trinh con, ..., ¢6 thé dugc khai bdo. Phan phat bi€u chi chia cic
phdt bi€u tuin ty. Cac phat bi€u tudn tu chia cdc phat bi€u CASE, phét biéu IF THEN ELSE,
phét biéu LOOP, ...
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" a. Danh sach nhay

Phat bi€u qu4 trinh c6 thé c6 mot danh sdch nhay 16 rang. Danh sdch nay dinh nghia cédc tin
hiéu ma ching 1am cho cdc phdt bi€u bén trong phat biéu qud trinh thyc hién khi c6 mot hoic
nhiéu phin t¥ trong danh sich thay d8i gid tri. Danh sdch nhay 13 danh sdch clia cdc tin hiéu ma
chiing s€ lam cho qud trinh thyc hi€n.

b. Vidu vé qua trinh

Chiing ta hiay quan sit vi du 2-12 clia phat bi€u qu4 trinh trong ki€n tric

Vidu 2-12:
LIBRARY IEEE;
USE IEEE.std_logic_1164.ALL;
ENTITY nand2 IS
PORT (a, b: IN STD_LOGIC;
C: OUT STD_LOGIC);
END nand2;

ARCHITECTURE nand2 OF nand2 IS

BEGIN
PROCESS (a,b)
VARIABLE temp : STD LOGIC;
BEGIN
temp = NOT (a ‘AND b);
IF (temp='1") THEN c<=temp AFTER 6 ns;
ELSIF (temp=‘0") THEN c<=temp AFTER 5ns;
ELSE c<=temp AFTER 6 Ns;
END IF;
END PROCESS;
END andz;

Trong vi du nay trinh bay cdch viét mo hinh cho mot cdng NAND don gidn c¢6 2 ngd vao
diing ph4t biéu tuan tu.

Phit biéu USE khai bdo g6i VHDL dé cung cip nhitng thong tin cAn thi€t cho phép xay dung
mo hinh cho c6ng NAND. Phit bi€u USE dudc diing d€ cho md hinh c6 thé dugc md phdng vdi
trinh md phéng VHDL ma khong cAn thém budc hiéu chinh nio.

Thuc thé khai bdo 3 port cho cdng nand2. Port a va port b 13 ngd vao va port ¢ 13 ngd ra. Tén
ctia ki€n triic cling tén véi thyc thé.

Kién tric chi chita mot phat bi€u, mot phat bi€u qué trinh ddng thdi.
Phan khai bdo qud trinh bit dau tai tir khod PROCESS va két thic tai tir khod BEGIN.

Phan phdt bi€u qud trinh bit dau tai tr khod BEGIN va k&t thic tai tir khoda END
PROCESS. Phin khai bdo qu4 trinh c6 hai ph4t bi€u tuan ty: mot phat bi€u gan bién:

temp = NOT (a AND b);

Thir vign Trirong BH Sir pham Ky thuat 1P.HW
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"Va mot phat bi€u IF THEN ELSE

IF (temp='1") THEN c<=temp AFTER 6 ns;
ELSIF (temp =‘0") THEN c<=temp AFTER 5 ns;
ELSE c<=temp AFTER 6 ns;

END IF;

Qua trinh chita danh sdch nhay rd rang v&i 2 tin hi€u chita bén trong:

PROCESS (a,b)

Qua trinh dang thyc hi€én (nhay) véi 2 tin hi€u a va b. Trong vi du nay, a va b 1a 2 port ngd
vio cida mo hinh. C4c port ngd vio xdy dung cic tin hiéu c6 thé duge dung nhu cdc ngd vio, cic
port ngd ra xay dung cdc tin hiéu c6 thé dugc diing nhu cdc ngd ra, cdc port inout xay dung cic tin
hiéu c6 thé dugc dung cho ci 2 vao — ra.

Khi port a hoic b thay d6i gi4 tri thi phdt bi€u bén trong qud trinh dudc thuc hién. Mdi phat
biéu dugc thuc hién theo thit ty ndi ti€p bit ddu véi phat bi€u trén cling ctia phat biéu qud trinh va
thuc hién tir trén xudng dudi. Sau khi tit cd cdc phat bi€u di dugc thuc hién mot 14n, qud trinh dgi
cho d&n khi c6 sy thay déi tin hiéu hoic port niim trong danh sich nhay.

2. GANBENKHAC VARGAN TINHEU

Phat bi€u thi nht trong plédt bi€u qué trinh 12 gdn bi€n — gdn gid tri cho bi€n temp. G phan
truSc chiing ta da thdo ludn vé ci¢h c4c tin hiéu nhan gid tri sau thdi gian tri hodn hoic sau thdi
gian tri hodn delta. Gan bi€n xdy ra wigay lap tic khi phat bi€u dudgc thuc hién. Vi du: trong mo
hinh nay, phdt bi€u thi nht phdi gan gid i cho bi€n temp d€ phat bi€u thit hai st dung. Gdn bi€n
khong c6 thdi gian tri hodn, xay ra ngay 14 .

Chiing ta s& khdo st hai vi du minh hoa dé phan biét cdc lénh gdn tin hié¢u va gdn bién. C3
hai vi du déu 12 md hinh ctia mach da hdp 4 duong sang 1 dudng. Ki hiéu va bang trang thdi nhu
hinh 2-9. Mot trong 4 ngd vao dudc truyén dén ngd ra tuy thudc vao gid tri cda A va B.

vvvy

1
B A Q
0 0 |[I0
0 1
1 0

1 1 13
Hinh 2-9. Ki hiéu mach da hdp va bdng trang thai.

M hinh thit nh4t 12 m6 hinh khong ding va md hinh thit hai 12 m6 hinh ding.

a. Vidu mé hinh mach da hdp khéng diung
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T

~ M5 hinh khéngdung clia bo da hgp c6 thi€u sét 1am cho md hinh hoat dong khong ding. Mo

hinh nay dudc trinh bay nhu sau:

LIBRARY IEEE;

USE IEEE.std_logic_1164.ALL;
ENTITY mux IS
PORT (0,11,i2,i3,a,b: IN STD_LOGIC,;
q: OUT STD_LOGIC);
END mux,;

ARCHITECTURE wrong OF mux IS

SIGNAL muxval: INTEGER,;
BEGIN
PROCESS (i0, i1, i2, i3, a, b)
BEGIN
muxval <= 0;
IF a=17) THEN muxval<= muxval + 1;
ENDJE;
IF @="1") THEN muxval<= muxval + 2;
END IF;
CASE muxval IS

WHEN 0 =='¢g <=10 AFTER 10 ns;
WHEN 1 =>g<= 1 AFTER 10 ns;
WHEN 2 =>q<=42 AFTER 10 ns;
WHEN 3 =>q<=I3AFTER 10 ns;
WHEN OTHERS => NU{L;
END CASE;
END PROCESS;
END  wrong;

Khi c6 1 trong cédc tin hiéu ngd viao nim trong danh sich nhay thay ddi gid tri thi ciac phat

bi€u tuln tv dugc thuc hién.

Phit bi€u qu4 trinh trong vi du nay chita 4 ph4t biéu tudn tu.

Phat bi€u thi nhat khdi tao tin hiéu cuc bd muxval véi gid tr1 ‘0’. C4c phit biéu tuin tu con

cdng gid tri cho tin hiéu tuy thudc vao cta cdc tin hi€u vao a va b.

Phit bi€u case cudi cling lwva chon mdt ngd vao dé truyén d&€n ngd ra tuy thudc vao gid tri

clia tin hiéu muxval. M6 hinh ndy c6 mdt thi€u s6t nghiém trong v6i phat bi€u: muxval <=0; 1am

cho gid tri 0 dugc sip x&p nhu mot sy kién ddi véi tin hiéu muxval. Thuc t€ thi gid tri 0 dugc sip
x&p trong mot sy kién cho thdi gian tré delta d€ md phdng bdi vi khong c6 thdi gian tri hoan.

Khi phét biéu thit 2:
IF @a=17) THEN muxval <= muxval + 1;
END IF;
Thir vien Trieong DH Sic pham Ky thuat TP.HM ]
Ky thidt PLD va ASIC http:/www.thuviensplkt.edu.va




N Eriong 2 NG g b bt DL SPKT — Nguydn Drh Ph
I dirdc thu'c 'hié'n,"gié tri clia tin hiéu muxval 1 gid tri dugc truyén & 1an cudi cung. Gid tri méi
dd sdp xép tit phdt biéu thit nhdt chua dvoc truyén dén. Trong thuc t€ thi khi nhiéu phép gin cho
tin hiéu x4y ra trong ciing phat bi€u qu4 trinh thi gi4 tri gdn sau cling 13 gi4 tri dudc truyén.

Tin hiéu muxval c6 gid tri vd nghia (khong xdc dinh) khi bit ddu qué trinh. Gid tri ciia
muxval khong thay doi cho dén khi cdc phdt biéu ndm trong qud trinh duoc thuc hién xong. Néu
tin hi€u b c6 gid trila ‘1’ thi sau do gia tri vo nghia dugc cong thém vébi 2.

Vi du ti€p theo s& chit ché hon. Sy khdc nhau gitta 2 md hinh ctia 2 vi du 12 khai bdo muxval
va phép gdn cho mulval. Trong mé hinh vi du trude, muxval 12 fin hi¢u va phdt bi¢u gdn tin hiéu
dugc dung @€ gan gid tri cho muxval. Trong mo6 hinh vi du nay thi muxval 13 bién va phép gdn
bién dugc dung dé€ gan gid tri cho muxval.

b. Vi du mé6 hinh mach da hop dong

Trong vi du nay thi mo6 hinh khong diing & trén dudc viét lai dé cho thdy cdch gidi quyét vin
dé clia mo6 hinh khong ding:

LIBRARY IEEE;

USE IEEE.std_logic_1164.ALL;
ENTITY mux S
PORT (10,1, 12,43,a, b: IN STD_LOGIC,;
q: OUT STD_LOGIC);
END mux,;

ARCHITECTURE better OF mux IS
BEGIN
PROCESS (i0, i1, i2, i3, a, b)
VARIABLE muxval : INTEGER,;

BEGIN
muxval := 0;
IF a=17) THEN muxval := muxval + 1;
END IF;
IF (b="1") THEN muxval := muxval + 2;
END IF;
CASE muxval IS
WHEN 0 =>q<=10 AFTER 10 ns;
WHEN 1 =>qg<=11 AFTER 10 ns;
WHEN 2 =>q<=12 AFTER 10 ns;
WHEN 3 =>q<=I13 AFTER 10 ns;
WHEN OTHERS => NULL;
END CASE;
END PROCESS;
END  better;

Khi phat biéu tht nha't muxval:=0; ducc thuc hién thi gid tri 0 dugc dit vao cho bié€n muxval
ngay lip tic. Gid tri khong dudc sip x&€p vi muxval trong vi du nay 1a bién, khong phai la tin hiéu.
Cdc bién tugng trung cho 6 nhé luu trit cuc by khdc véi tin hi¢u tuong trung cho két ndi mach
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dién bén trong. O nhé luu trit cuc bd dugc cip nhat ngay lap tic va gid tri mdi c6 thé duge ding
sau d6 trong mo hinh cho céc tinh todn sau do6.

Do bi&én muxval dugc khdi tao gid tri 0 ngay lap tifc nén hai phat bi€u gin trong qua trinh
dung gid tri 0 nhu gid tri khdi tao va cong véi cdc con sd thich hgp tuy thude vao tuy thudc vao gid
tri cia tin hiéu a va b. Cédc phét biu gdn nay ciing dudc thuc hién ngay 1ap tic va do dé khi phat
bi€u case dudc thuc hién thi bi€n muxval di chia gid tri ddng. Tir gid tri nay tin hiéu ngd vao
ding c6 thé dugc truyén d&€n ngd ra.

3 CACPHAT BEU TUAN TU

Céc phdt bi€u tuan tu nim bén trong phat bi€u qua trinh va nim trong cdc chudng trinh con.
Trong phan nay chiing ta sé khdo sdt cac phat bi€u tuan ty nim bén trong phat bi€u qu4 trinh.

Céac phat biéu tuin ty s€ dudc trinh bay la: IF, CASE, LOOP, EXIT, ASSERT, WAIT.
4. PHATBEUF
Phat bi€u IF cho phép chon mot trong cic ciu 1énh dé thuc hién. K&t qua trd vé cia ménh dé

diéu kién 12 gid tri ki€u BOOLEAN. Dva vao két qué trd vé cia ménh dé diéu kién d€ cho phép
mot I€nh c6 dudc thuc thi hay khong.

Cu phdp cia phat bi@gf(lrﬁ; ~hu sau

it condiii@n then sequential statements;
[elsif conditici then sequential statements;]
[else .. sequential statements;]
end if;

Vi du 2-13: cho phat biéu IF
IF (x<10) THENYa:= b;
END IF;

Phit biéu dudc bit diu biing tir khod IF. Theo sau'tii khod IF 1a ménh dé diéu kién (x < 10).
Diéu kién trd vé true khi x nhé hon 10, ngugc lai thi ¢6 gidtri false. Khi diéu kién 12 true thi phit
biéu giita THEN va END IF dugc thuc hién. Trong vi du nay'thi 1énh phdt biu gin (a:=b) dudgc
thuc hién bat ky Iic nao x nhd hon 10.

Vi du 2-14: cho phat bi€u IF THEN ELSE:
IF (day =sunday) THEN weekend := true;
ELSIF (day =saturday) THEN weekend :=true;
ELSE weekday := true;
END IF;

Trong vi du ndy c6 hai bi€n — weekend va weekday — dudc thiét 1ap gid tri tuy thudc vao
gid tri cla tin hiéu day. Bi€n weekend dugc thiét 1ap 1a true khi day biing Saturday hoic Sunday.
Ngudc lai bi€n weekday dudc thi€t 1ap 1 true.

Thuc hién phat bi€u IF bit diu ki€m tra xem bi€n day c6 bing v6i Sunday hay khong.

Néu két qua 1a true thi phat bi€u k& dugc thuc hién va diéu khi€n dugc chuyén t6i phat biu
nim sau tir khod END IF.
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Neugc lai didu khién duge chuyén tdi phin phat bi€u ELSIF va ki€m tra day c6 phii 12
Saturday hay khong. N&u bién day 12 Saturday thi phat biéu k& dudc thyc hién va diéu khién
dugc chuyén téi phat bi€u niim sau tir khod END IF.

Cu6i ciing néu day khong bing Sunday va Saturday thi phian phit bi€u ELSE dugc thuc
hién. Phat bi€u IF c6 thé c6 nhiéu phin phat bi€u ELSIF nhung chi ¢c6 duy nhat mot 1an phét bi€u
ELSE.

5. PHAT BEU CASE

Phat bi€u CASE dugc st dung khi gia tri cia bi€u thifc duy nhat c6 thé dudc dung d€ lya
chon mdt trong s& hoat dong. Ci phéap cho phit bi€u CASE nhu sau:
case expression is
when choices => sequential statements;
when choices => sequential statements;
-- branches are allowed
[ when others => sequential statements ];
end case;

K&t qua biéu thic ¥ s8 nguyén, hoic ki€u liét k& cia mang mot chiéu ching han nhu
bit_vector. Phat bi€u case ddnh gid bi€u thic va so sdnh gid tri cia biéu thifc véi mdi gid tri cia
céc lua chon. Ménh dé when t¥dng tng vdi lura chon triing hgp sé dugc thuc hién. Cdc nguyén tic
sau phai nhg:

e Khong c6 2 lya chon trungddp (Iya chon nay bao phu lya chon kia).
e Né&u phat bi€u lya chon “whensothers” khong hién dién thi tat cd gid tri c6 thé c6 clia
biéu thitc phdi bao phi hét bdi ci¢lira chon.

Phit bi€éu CASE chifa tir khod CASE theo sau, 13 biéu thiic va tit khoa IS. Bi€u thic c6 gid tri
tuong thich véi CHOICES niim trong phat biéu WHEN hoic tuong thich v6i phat bi€éu WHEN
OTHERS.

N&u biéu thitc twong thich véi phdn CHOICES cia ¢ic phat biéu WHEN choices => thi
sequence_of statement theo sau s& dudc thuc hién. Sau khi'¢ic phat biéu nay dudc thuc hién
xong thi di€u khién chuyén téi phat bi€u nim sau tit khod END CASE.

Vi du 2-15: phat bi€u case :
CASE instruction IS
WHEN load_accum =>accum <= data;
WHEN store_accum => data_out <= accum;
WHEN load|store => process_|0O (addr) ;
WHEN OTHERS => process_error (instruction);
END CASE;

Phit bi€u CASE thyc hién phat bi€u tuong ng tuy thudc vao gid tri ciia bi€u thitc ngd vio.
Né&u gid tri cia bi€u thitc 12 mot gid tri nim trong cdc gid tri dugc liét ké trong cic ménh dé
WHEN thi sau d6 phat bi€u theo sau ménh & WHEN dudc thyc hién. Ngudc lai thi phat biéu theo
sau ménh @& OTHERS dugc thuc hién.

Trong vi du nay khi gid tri ctia bi€u thic 1a load_accum thi phat bi€u gdn diu tién dugc thuc
hién. N&u gid tri cda biéu thic 12 load hoic store thi thi tuc process_IO dugc goi.

Y _ _‘ ,
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Néu gid tri ctia bidu thitc nim ngoai ddy Iva chon da cho thi sau d6 ménh dé OTHERS tuong
thich véi bi€u thiic va phat bi€u theo sau ménh d&é OTHERS dudc thuc hién. S& phat sinh 18i néu
khong c6 ménh d& OTHERS va cdc lya chon da cho khong bao trim gi4 tri c6 thé c6 clia bi€u
thic.

Vi du 2-16 véi bi€u thitc c6 k&t qua trd vé phic tap hon. Phat biéu CASE dung kiéu dit liéu
nay d€ Iya chon mdot trong cic phat biéu.

Vidu 2-16:
TYPE vectype IS ARRAY (0 TO 1) OF BIT;
VARIABLE bit_vector: vectype;

CASE bit_vector IS

WHEN *“00” => RETURN O;

WHEN *“01” => RETURN 1,

WHEN “10” => RETURN 2;

WHEN “11” => RETURN 3;
END CASE;

Vi du nay trinh bay m@&t phuong phdp chuyén ddi mot mang bit thinh mot s6 nguyén.
Khi hai bit ctia bi€n bit_ve¢ c6 gid tri ‘0’ thi lya chon “00” tuong thich va gi4 tri trd vé€ 13 0.
Khi hai bit clia bi€n bit_vec ¢ gis tri ‘1’ thi lya chon “11” tudng thich va gi4 tri trd vé 1a 3.

Phit bi€u CASE khong cin ménh d& OTHERS vi tit c4 céc gid tri clia bi€n bit_vec dudc liét
ké bdi cdc lya chon.

6. PHAT BEULOOP

Phit bi€u LOOP dugc st dung d€ 1ap lai chubi cdc 1énh tuan ty. Cd phdp cho phit biu
LOOP nhu sau:

[ loop_label :]iteration_scheme loop
sequential statements
[next [label] [when condition];
[exit [label] [when condition];
end loop [loop_label];

Phit bi€u next va exit 13 cdc phat bi€u tuan tu chi ¢ thé dudc sit dung bén trong vong lip.

e Phét bi€u next chdm dit phan con lai ctia vong lip hién tai va sau d6 sé lip lai vong
lip k€.

e Phit bi€u exit bd qua phan con lai clia phat bi€u, chAm dit hoan toan vong lip va
ti€p tuc vdi phat bi€u k& sau vong lip vi thoit.

C6 3 loai vong ldp:
e Vong lap loop co ban
e Vong lip while ... loop
e Vong lip for ... loop

a. Phat biéu vong Idp LOOP cg bén

Trireng BH Sir phamt Ky F
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Vong lip thuc hién lién tuc cho d&n khi bit gip phat bi€u exit hodc next. Ci phdp nhu sau:
[ Toop_label :] loop
sequential statements
[next [label] [when condition];
[exit [label] [when condition];
end loop [ loop_label];

Vong lip cd ban phai c6 it nhat mot phat bi€u wait. Vi du mot bo d€m 5 bit d&€m tir 0 dén 31.
Khi bd d&€m dat gia tri 31 thi bo d€m bit dau tran vé 0. Phit bi€u wait c6 chita trong chuong trinh
dé cho vong lip sé& thuc hién mdi khi xung clock thay ddi tir ‘0’ sang ‘1°.

Vi dy 2-17: st dung vong ldp co bdn cho mach d€m tr 0 d&n 31.

ENTITY count31 IS
PORT (CLK: IN STD_LOGIC;
Count: OUT INTEGER);
END count31,;

ARCHITECTURE behav_count OF count3l1 IS
BEGIN
P_COUNT: PROCESS
VARIABLE “intern_value : INTEGER :=0;
BEGIN
Count <= miern_value;
LOOP
WAIT UNTH. CLK =17
intern_valuet= (intern_value + 1) mod 32;
Count <= intervalue;
END LOOP;
END PROCESS P_COUNT;
END  behav_count;

b. Phat biéu vong lap While - LOOP

Vong lip while ... loop dinh gi4d diéu kién lip dang Boolean. Khi diéu kién 12 TRUE, vong
lip thuc hién, ngudc lai vong lip thuc hién lién tuc cho dén khi bat gip phat biéu exit hoic next.
Cu phép nhu sau:

[ loop_label :] while condition loop
sequential statements
[next [label] [when condition];
[exit [label] [when condition];
end loop[ loop_label ];

Piéu kién lip dudc ki€m tra truc mdi 1an 1ip k& ca 14n lip diu tién. N&u diu kién 12 false
thi vong lip chadm dit.

c. Phat biéu vong Idp FOR - LOOP:

Vong lip for loop diing gidn d6 lip s6 nguyén d€ xac dinh s6 1in lip. Ct phap nhu sau:
[ loop_label :] for identifier in range loop
sequential statements
[next [label] [when condition];
[exit [label] [when condition];

= - - e e -
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end Ibdp[ loop_label ];

Chi s6 1ip dudc khai bdo tw dong bdi chinh vong lip do dé khong can khai bdo riéng 1&. Gid
tri ctia chi s& chi c¢6 thé dugc doc bén trong vong lip va khong cé hiéu luc § ngoai vong lip.
Khong thé gan hoiic thay ddi gid tri ctia chi so 1ip. Chi s6 lip nay d6i ngugc véi vong lip while —
loop khi diéu kién ctia vong lip while-loop c6 chita bi€n va dugc hiéu chinh bén trong vong lip.

Diy s clia vong lip phai 12 mot diy s6 nguyén cé thé tinh todn dudc & mot trong cdc dang
sau, trong mdi dang thi integer_expression phai 1a mot sd nguyén:

o integer_expression to integer_expression
o integer_expression downto integer_expression

d. Phat biéu Next va Exit:

Phit bi€u next bé qua viéc thuc hién dé dén thuc hién vong lip k€& clia phat bi€u vong lip.
Cu phép nhu sau:
next [label] [when condition];

Tir khod when 1a tuy chon va s& dudc thuc hién phat bi€u k€& khi diéu kién ddnh gia 1 true.

Phat biéu exit bd qua phan con lai clia phat bi€u, chaAm didt hoan toan vong lip va tiép tuc
vdi phat bi€u k& sau khi vore lip bi thoat. Ci phdp nhu sau:
exit [label] [when Zcondition];

Tir khod when 13 tuy chon va €& dirge thuc hién phét bi€u k€ khi diéu kién ddnh gid 12 true.

Chii y: su khic nhau giita phat bic\inext va exit 13 phat bi€u exit chaAm dit vong lip.

Vi du 2-18: Minh hoa cho vong ldap next
PROCESS (A, B)
CONSTANT max_limit: INTEGER :=255;
BEGIN
FOR i IN O TO max_limit
LOOP
IF (done(i) = true) THEN next;
ELSE done(i) = true;
END IF;
q(i) <= a(i) and b(i);
END LOOP;
END PROCESS;

Phit bi€u qud trinh chita mot phat bi€u vong 1ip LOOP. Phét biéu LOOP 13 and cdc bit cia
ming a va mang b va dit k€t qud vao mang q. Mo td hanh vi ti€p tuc cho dén khi nao cd trong
mang done 12 false.

Néu gid tri ctia co done la true v6i chi s8 i thi phat bi€u next dugc thuc hién. Viéc thyc hién
ti€p tuc v6i phat bi€u dau tién clia vong lip va chi sd i bdy git ¢6 gid trila i+ 1.

Néu gid tri ciia co done la false thi phit bi€u next khong dugc thuc hién va viéc thyc hién
ti€p tuc vdi phat bi€u chita trong ménh dé ELSE cho phit biéu IF.
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Phat bi€u next cho phép ngudi thi€t k& khd niing ngitng viéc thuc hién cdc 1énh clia vong lip
va ti€p tuc v6i vong lip ti€p theo. C6 mot s& trudng hop khéc thi cAn thodt khéi vong lip thi kha
ning nay dudc thyc hién bdi phat bi€u EXIT.

Trong thdi gian thyc thi mot phat biéu LOOP, c6 thé ta cAn nhay ra khdi vong lip. Piéu nay
c6 thé x4y ra do mot 16i quan trong xuat hién trong thdi gian thuc thi md hinh hoic toan bd viéc xi
ly k&t thic sém.

Phat bi€u EXIT ctia VHDL cho phép ngudi thi€t k& thodt hoidc nhiy ra khdi mdt phat bi€u
LOOP hién dang thuc thi. Phat bi€u EXIT lam cho viéc thuc thi ditng & vi tri cia phat bi€u nay.
Viéc thyc thi sé ti€p tuc & phat bi€u theo sau phat bi€u LOOP.

Vi du 2-19: Minh hoa cho vong ldp exit
PROCESS (A)
CONSTANT int_a: INTEGER;

BEGIN
Int_a:=a,
FOR i IN O TO max_limit
LOOP

IF (int a<0) THEN exit;
ELSE {nt a:=int_a- 1);
g()'¢= 3.14 / REAL (int_a* i);
END IF;
END LOOP;
y<=4a
END PROCESS;

Bén trong phat biéu clia qud trinh nay, gii i cda inf_a ludn ludn dugc gid dinh 13 gid tri
duong 16n hon 0. N&u gid tri clia int_a Am hoidc batig 0 thi sinh ra 16i va viéc tinh todn s& khong
dugc hoan tit. Néu gid tri cda inf_a nhd hon hodc bing:0 thi phat bi€u IF 1a ding va phdt bi€u
EXIT sé& dugc thuc thi. Vong lip k&t thic ngay 14p tic va phit biéu k€ ti€p dudc thuc thi chinh 1a
phét biéu gan cho y sau phat bi€u LOOP.

Phat biéu EXIT c6 3 loai co ban. Loai thit nhit yéu cAu phat biéu EXIT khong c6 nhian vong
lip hoic WHEN condition. Néu cdc diéu kién nay ding, phat bi€u EXIT sé& hoat dong nhu sau:
phat bi€u EXIT chi thoat khéi phat bi€u LOOP hién tai. N&u phat bi€u EXIT & bén trong mot phat
bi€u LOOP va phit biéu LOOP nay dugc 1ng trong mdt phat bi€u LOOP khac, phit biéu EXIT
chi thoat khdi phdt bi€u LOOP bén trong. Viéc thuc thi vin duy tri trong phdt bi€éu LOOP bén
ngoai. Phat bi€u EXIT chi thodt khdi phat biéu LOOP gan nhat.

Vi du 2-20: Minh hoa
PROCESS (a)
BEGIN
First_loop: FORIiINOTO 100 LOOP
second_loop: FORjINO TO 10 LOOP

Exit second_loop;

Exit first_loop;
END LOOP;
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END LOOP;
END PROCESS:

Né&u phit bi€u c6 thém diéu kién WHEN thi phat biéu EXIT chi thodt khdi vong lip khi diéu
kién 12 TRUE. Ph4t bi€u k&€ dudc thyc hién tuy thudc vio diéu kién cda phat bi€u EXIT c6 nhin
chi dinh hay khong.

N&u nhin ciia vong lip dugc chi dinh thi phat bi€u k& dugc thyc hién thi chifa trong phat biéu
LOOP chi dinh bdi nhan vong lap.

Né&u khong c6 nhin thi phat bi€u k& dudc thuc hién thi nim & vong lip k&€ bén ngoai.

Vi du 2-21: cho phat biéu EXIT v6i diéu kién WHEN
Exit first loop WHEN (i < 10);

Phit bi€u nay két thic viéc thuc hién clia vong lip c¢6 nhin 1a first_loop khi biéu thic i <
10.

Phat bi€u EXIT cung cAp mot phuong phiap dé dang va nhanh chéng dé€ thodt khdi phit biéu
LOOP khi toan bd cong viéc xit 1y két thiic hodc mdt 16i hay cdnh bdo x3y ra.

7. PHAT BEU ASSERT

Phat bi€u ASSERT la phit bi€u rat hitu ich d€ bdo cdo chudi vin ban dén ngudi thiét k€.
Phat bi€u ASSERT kiém tra gid €ri ctia mot bi€u thic logic xem ding hay sai. N&u gid tri 12 ding,
phét bi€u nay khong 1am gi cd. Néu gid tri 1a sai, phat biéu ASSERT xuat mot chudi dang vin ban
dudgc chi dinh bdi ngudi sit dung d&€n ng&:xa chuin clia thi€t bi diu cudi.

Ngudi thi€t k& ciing c6 thé chi ra mifcdd nghiém trong dé xud't chudi dang vin ban. Theo
trinh ty ting din cia miic dd nghiém trong ta'¢g 4 mic: chi ¥, cdnh bdo, 15i va thit bai. Mitc do
nghiém trong cung cap cho ngudi thi€t k&€ kha nangphan loai thong diép thanh cac loai thich hgp.

Phat bi€u ASSERT dudc st dung chi y&u dé quan 1y khi vi€t md hinh, khdng c6 phan cing
nao dugc xay dung.

Cu phép:

assert_statement ::=
ASSERT condition

[REPORT expression];

T khéa ASSERT dudc theo bdi mot biéu thic cé gid tri logic dudc goi 1a mot didu kién
(condition). Piéu kién nay xdc dinh bi€u thitc dang vin bin dugc phép xuit ra hay khong bdi phat
biéu REPORT. N&u sai, bi€u thitc dang vin ban dugc xuit, con néu ding, biéu thic dang vin ban
khong dugc xuat.

Chiing ta khdo sdt vi du thuc t&€ cho phat bi€u ASSERT, vi du nay thyc hién viéc ki€m tra
thi€t 1ap dit liéu giirta hai tin hiéu diéu khién flip flop D. Hiu hét céc flip flop yéu cu dit liéu ngd
vio din phii & gia tri 6n dinh v6i mot khodng thdi gian x4c dinh trudc khi c6 canh xung clock xuat
hién. Thdi gian ndy dugc goi I1a thdi gian thi€t 1ap va ddm bdo ring dit liéu vao din s& dugc chot
vao bén trong flip flop. Vi du 2-22 vé phit bi€u ASSERT tao ra thong bdo 13i cho ngudi thi€t k&
bi€t n€u thdi gian thi€t 1ap khong dd hay bi vi pham.

Vidu 2-22:
PROCESS (clk, din)
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"VARIABLE last_d_change: TIME :=0 ns;

VARIABLE last_d value: STD_LOGIC :='X’;

VARIABLE last_clk _value: STD_LOGIC :='X;
BEGIN

IF (last_d_value /= din) THEN

last_d_change : = NOW,
last_d_value : = din;
END IF;
IF (last_clk_value /= clk) THEN
last_clk_value: = clk;
IF  (clk="'1) THEN
ASSERT (NOW - last_d_change >= 20ns)
REPORT *“setup violation”
SEVERITY WARNING;
END IF;
END IF;
END PROCESS;

Qud trinh dung 3 bictcuc bd dé ghi lai thdi gian va gi4 tri sau cling clia tin hiéu din ciing nhu
gi4 tri clia tin hiéu clk. Do lint4rit gia tri sau cling clia clk va din nén chiing ta c6 thé xdc dinh xem
tin hiéu c6 thay ddi gid tri hay khong.

Biing cich ghi lai thdi gian sail eling ma tin hiéu din thay ddi nén ching ta c¢6 thé do dugc
thoi gian hién tai so véi 1an chuyén tradyg thdi sau ciing clia din, tir d6 ching ta sé biét dugc thdi
gian thi€t 1ap c6 bi vi pham hay khong.

Bu6c tht nhat trong qué trinh 13 ki€m trixem tin hiéu din c6 thay d6i hay khong. Né&u c6
thay ddi thi thdi gian clia chuyén ddi dugc lvu laiding ham NOW. Ham nay trd vé thdi gian mo
phdng hién tai. Tuong tu, gid tri sau cling clia din ciing dudc luu trit cho viéc kiém tra sau nay.

Budc ti€p theo 1a ki€m tra xem tin hiéu clk c6 chuyén trang thdi hay khong. N&u bién
last_clk_value khong bing véi gia tri hién tai clia clk thi s&%d sy chuyén trang thdi xdy ra. Néu
tin hiéu clk 1a ‘1’ thi xem nhu da c6 canh 1én ctia xung clk.

Khi c6 canh 1én ctia xung clk thi ching ta cdn ki€m tra xem thdi gian thi€t 14p c6 bi vi pham
hay khong. N&u 1an chuyén sau cling clia tin hiéu d nhé hon 20 ns thi biéu thifc:

NOW —last_d_change

Tra vé gid tri nhd hon 20ns. Phat biéu ASSERT bi kich va gdi ra thong tin thdi gian thi€t 1ap
bi vi pham cdnh b4do d&€n ngudi thi€t k€.

Né&u Ian chuyén trang thdi sau cling trén tin hiéu d xdy ra dai hon 20 ns thi bi€u thifc trén sé&
trd vé k&t qué vdi gid tri 16n hon 20 ns va phat bi€u ASSERT khong bi kich.

8. PHAT BEUWAT

Phat biéu WAIT cung cip cho ngudi thi€t k& kha ning dirng tam thdi viéc thyc thi tudn tu clia

mot qua trinh hoic mdt chudng trinh con. C4c diéu kién dé ti€p tuc viéc thuc thi qud trinh hoic
chuong trinh con tam dirng c6 thé dudc thuc hién bing mot trong 3 cdch nhu sau:

e  WAIT ON (chd) cdc thay d6i tin hiéu.
e  WAIT UNTIL (chd cho d&n khi) mot biéu thic 1a diing.

i T S o
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e WAIT FOR (chd trong) mot khodng thdi gian cu thé.

Céc phat biéu WAIT c6 thé dugc st dung cho modt s6 muc dich khac nhau. Hién nay 1énh
WAIT dugc dung phS bién nhit 13 dung dé chi ra cdc ngd vao xung clock cho cdc cong cu tong

hdp. Phat bi€u WAIT chi dinh xung clock cho phat bi€u qui trinh dugc doc bdi cdc cong cu tong
hdp nhiim tao ra mach logic tuan tu ching han nhu cdc thanh ghi va cic flip flop.

Céc cong dung khdc 1a tri hodan viéc thyc thi qud trinh trong mot khodng thdi gian hodc hiéu
chinh danh sdch nhay ciia mot qua trinh.

Chiing ta kh3o s4t phdt bi€u qud trinh st dung phat bi€u WAIT dudc dung d€ tao mic logic
tuan tu:

PROCESS (clock, d)
BEGIN
WAIT UNTIL clock = ‘1" AND clock’EVENT;
q <=d;
END PROCESS;

Qud trinh nay dung d€ phat hién xung clock canh lén ciia flip flop. Thuoc tinh ’EVENT di
cling v6i xung clock 13 trée khi ngd vao xung clock c6 thay d6i. TS hgp cia 2 diéu kién 13 xung
clock c6 gid tri ‘1’ v xung clock cé thay ddi nén c6 thé xem nhu xung clock vira xuit hién xung
canh lén. K&t qua cla qud trinhsay 13 ddi hodc chd phat biéu WAIT cho d&n khi xui't hién xung
clock canh Ién va gi4 tri cia d duge gan cho ngo ra q.

Thém chifc ning reset ddng bo chawyi du trén nhu sau:

PROCESS (clock, d)
BEGIN
WAIT UNTIL clock =*1" AND cloek’'EVENT,;
IF (reset='1) THEN g <='07
ELSE g <=d;
END IF;
END PROCESS;

Trong vi du trén thi khi c6 xung clock thi tin hiéu reset dudc ki€m tra trudc: néu tin hiéu
reset tich cyc thi gédn gia tri ‘0’ cho ngd ra q, ngudc lai thi gén tin hiéu d.

Chtic ning reset khong ddong bd ciing dudc thyc hién nhu sau:

PROCESS (clock, d)
BEGIN
IF (reset='1) THEN g <='0;
ELSE clockEVENT AND clock =1’ THEN q <=d;
END IF;
WAIT ON reset, clock;
END PROCESS;

Qud trinh nay chita phat bi€éu WAIT ON sé& 1am cho qud trinh ngirng thyc hién cho dén khi c6
mot trong hai sy kién reset hoic xung clock thay ddi. Sau d6 phat bi€u IF dugc thuc hién va néu
tin hiéu reset 13 tich cuc thi flip flop bi reset bit ddng bo, ngugc lai xung clock dugc ki€m tra dé
phat hién canh 1&n va néu ding thi s& chuyén trang thai ngdé vao d cho ngé ra q.

T e T T T e T T T T
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Phat bi€u WAIT ciing ¢6 thé dugc st dung d€ diéu khién céc tin hiéu cia qud trinh hay
chudng trinh con nhay véi bat ky di€ém nao trong khi thuc hién chuong trinh.

Vidu 2-23:

PROCESS

BEGIN
WAIT ON a;
WAIT ON  b;

END PROCESS;

a. Phat biéu WAIT ON signal

Vi du vé phét bi€u nay di dudc trinh bay & trén, phat bi€u WAIT ON chi dinh mdt danh sach
mot hoic nhiéu tin hiéu ma phat bi€u WAIT sé& ddi chd sy thay ddi. N&u c6 tin hiéu nio thay ddi
thi viéc thuc hién s& dugc ti€p tuc v6i phat bi€u nim sau phat biéu WAIT.

Vidu 2-24:
WAIT ON a,b;

Khi mot trong hai it kién x4y ra cho a hoic b thi qud trinh s& ti€p tuc v6i phat bi€u ti€p theo
phat biéu WAIT.

b. Phat biéu WAITLINTIL expression

Ménh ¢& WAIT UNTIL boolean expression sé ngirng qud trinh thyc hién cho dé&n khi két
qua trd vé clia bi€u thic 1a true. Phit:bidu nay thi€t 14p mot danh sich nhay cic tin hiéu dugc
diing trong bi€u thitc. Khi bat ky tin hiéu'#:0 trong bi€u thifc thay ddi thi bi€u thitc duge danh gid.
Biéu thic trd vé k&t qua ki€u Boolean: khi k&t qua 13 true thi qua trinh thuc hién sé ti€p tuc véi
phat bi€u theo sau Iénh WAIT. Ngudc lai thi quassinh sé ti€p tuc ngirng.

Vidu 2-25:
WAIT UNTIL ((x*10) < 100);

Trong vi du nay thi khi x 16n hon hay biing 10 thi qui: rinh ti€p tuc nglrng va chi thyc hién
1énh ti€p theo khi x nhé hon 10.

c. Phat biu WAIT FOR time_expression

Ménh dé& WAIT FOR time_expression sé& ngling qué trinh thyc hién trong mot khodng thdi
gian dudc chi dinh bdi bi€u thirc thdi gian. Sau khi thdi gian dudc chi dinh trong bi€u thitc da hét
thi qué trinh ti€p tuc véi phat bi€u nim sau 1énh WAIT.

Vidu 2-26:
WAIT FOR 10 ns;
WAIT FOR (a* (b *c));

Phat bi€u thit nhat thi bi€u thifc chi don gidn 12 hiing so.

Phat bi€u thit hai thi bi€u thifc thdi gian 13 mot bi€u thitc phai dugc tinh todn trudc va trd vé
12 gid tri thdi gian. Sau khi gid tri nay dd dugc tinh todn thi phat bi€u WAIT s& dung gid tri thoi
gian nay lam thdi gian dgi.

d. Phat biéu WAIT véi nhiéu sy kién

Phat bi€u WAIT véi nhiéu diéu kién véi vi du 2-27 nhu sau:

- we 3 Py a—
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)
WAIT  ON nmi, interrupt UNTIL ((nmi = true) or (interrupt = true) ) FOR 5 usec;

Phit bi€u ndy dgi mot sy kién trén cdc tin hiéu nmi va interrupt va chi ti€p tuc n&u interrupt
hodic nmi 13 true hodc cho d€n hét thdi gian Sus. Chi khi mot hodc nhiéu diéu kién trén 13 true thi
qud trinh thyc hién mdi ti€p tuc. Hay xem vi du 2-28:

Vidu 2-28:
WAIT UNTIL (interrupt = true ) OR (old_clk =‘1’);

Phai chic chin c6 it nhdt mot gid tri trong bi€u thitc chita tin hiéu — diéu nay 13 cin thiét dé
ddm bao phat bi€u WAIT khong phii chd dgi mai.

N&u c2 hai interrupt va old_clk déu 1 bién thi phai bi€éu WAIT khong phii danh gid lai khi
hai bi€n nay thay ddi gi4 tri. Chi can 1 tin hiéu thay d6i s& 1am cho phat bi€u WAIT hoic cdc phit
biéu g4n tin hiéu dong thdi d4nh gid lai.

VI. CAC KIEU DI TUGNG TRONG VHDL

Céc d6i tugng ctia VHDL chita mot trong cdc ki€u sau:

e Signal: tuons trung cho cdc day din két ndi bén trong ding dé€ két ndi cic port clia
céc thanh phan Véi nhau.

e Variable: dugc dung“ahu modt 6 nhé cuc bd dé luu dir liéu tam thdi chi nhin thiy dugc
bén trong qud trinh.

e Constant: 1a khai bdo hing 5.

1 KHAIBAO TIN HEU (SIGNAL):

Kiéu tin hiéu dudc st dung d€ k&t ndi cac thuc thé lai véi nhau d€ tao ra mot module. Signal
12 phuong thic truyén cdc tin hiéu dong giita cdc thue thé véi nhau.

Ki€u signal dugc khai bdo nhu sau
SIGNAL signal_name: signal_type[:=initial_value];

Theo sau tir khod SIGNAL 13 mot hodc nhiéu tén tin hiéu. Vi mdi tén tin hiéu sé tao ra mot
signal mégi. Phan biét tén véi loai tin hiéu bing diu ‘:’. Loai tin hiéu chi dinh loai dit liéu cda
thong tin chita trong tin hiéu. Cudi cling thi tin hiéu c6 thé chita mot gid tri bit ddu (gid tri khéi
gdn) dé cho gi4 tri tin hiéu c6 thé dudc khdi dong.

Céc tin hiéu c6 thé dugc khai bdo trong phan khai bdo clia thuc thé, trong ki€n tric va trong
khai bdo géi. Céc tin hi€u trong khai bdo géi dugc xem nhu cac tin hi€u toan cuc.

Vi du 2-29: vé khai bdo tin hiéu nhu sau:
LIBRARY IEEE;

USE IEEE.std_logic_1164.ALL;
ENTITY mux IS
PORT (i0,i1,i2,i3,a,b: IN STD_LOGIC;
q: OUT STD_LOGIC);
END mux;
PACKAGE  sigdecl IS
TYPE bus_type IS ARRAY (0 to 7) OF std_logic;
THi vign Trrgng DH Sir phamt Ky thuat TEHM ]
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~ SIGNAL VCC: std_logic := ‘1’;
SIGNAL ground: std_logic :=‘0’;
FUNCTION magic_function (a: IN bus_type) RETURN bus_type;
END  sigdecl;

2 KHAIBAO BEN (VARIABLE)

Céc bi€n s6 dung trong VHDL khong tao ra bt ky phin citng nao, cdc bi€n luu trit gid tri tam
thdi cla cdc tin hiéu. Ki€u bi€n dugc khai bdo nhu sau:

VARIABLE variable_name : variable_type[:=value];

Theo sau tir khod variable 12 mot hoic nhi€u tén bi€n. Cdc tén bi€n cdch nhau bing diu *; .
MJi tén bi&n s& tao ra mot bién méi. Variable_type s& x4c dinh ki€u dif liéu cho bién.

Vi du 2-30:
LIBRARY IEEE;
USE IEEE.std_logic_1164.ALL,;
ENTITY ana5 IS
PORT (a, |,.c,d, e IN std_logic;
q: OUT std_logic);
END and>5;
ARCHITECTURE and5 O and5 IS
BEGIN
PROCESS (a, b, c, d, €)
VARIABLE state: ST LOGIC;
VARIABLE delay : times
BEGIN
state :=a AND b AND c AND d AND e¢;
IF state ='1’ THEN delay:=%uns;
ELSIF state =‘0° THEN delay := 3'1s
ELSE delay :=4 ns
END IF;
delay <= state AFTER delay;
END PROCESS;
END and5;

Vi du nay 1a ki€n tric cho cdng AND c6 5 ngd vao. Cé 2 bi€n dudc khai bdo 1a bién state va
bi€n delay, bién state dugc sit dung dé€ cit giit gid tri tam thdi cidc ngd vao cla cdng AND, delay
dugc st dung d€ luu gid tri thdi gian tré. C4 hai dif liéu nay khong thé 1a dif liéu tinh bdi vi gid tri
ctia chiing phu thudc vao gid tri ctia cdc ngd vao a, b, ¢, d, e. Céc tin hiéu c6 thé dudc dung dé luu
trir dit liéu nhung khong duge dung bdi vi cac ly do sau:

e Cidc bién thudng hiéu qua hon cho phép gin tin hiéu bdi vi né x4y ra ngay lap tic,
trong khi tin hi€u thi phai chd sdp x€p.
e Cic bié€n chi€m it bd nhé hon trong khi cdc tin hiéu cin nhiéu thong tin dé cho phép
sdp x&p va cdc thudc tinh tin hiéu.
e Dung tin hiéu phdi yéu cau phat bi€u WAIT d€ ddng bd phép gan tin hiéu cho mdi Ian
thuc hién khi st dung.
Thir vign Trarong DH Sir phai ]
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~ Khi bat 'k)‘}'tin hiéu a, b, ¢, d, hoic e thay d6i thi qua trinh thuc hién. Bi€n state dugc gan cho
ham AND clia tat cd cdc ngd vao. Budc ti€p theo thi dua vao gid tri cia bién state ma bién delay
dudc gan gid tri thdi gian tré. Dya vao gid tri thdi gian dd dugc gan cho bién delay, tin hiéu ngd ra
q s€ c6 gi4 tri clia bién state.

3, KHAIBAO HANG 05 :

Hiing s& gitt mot gid tri khong ddi trong qué trinh thiét k€. Hing s6 dugc khai bdo nhu sau

CONSTANT constant_name :type_name[:=value];

Céc tén hiing cdch nhau bing diu ‘;’. Cdc gid tri clia hiing 1a tuy ¥, ki€u hiing c6 quy dinh
giong kiéu tin hiéu.

Hiing c6 thé st dung trong toan thuc thé néu hiing dudc khai bdo trong khdi khai bao ciia
thuc thé, hodc ¢ thé dugc st dung trong toan package néu né dugc khai bdo trong doan khai bao
ctua package.

Vidu 2-31:
CONSTANT Pl : REAL :=3.1414;

VIIl. CAC KIEU DU LIEXPTRONG VHDL

TAt cd cdc d6i tugng da'trinh bay 1a tin hiéu, bi€n va hiing s6 c6 thé khai bdo ding cic ki€u
dit lidu. Ngon ngit VHDL chita rédt nhiéu ki€u dit liéu dung dé€ xdy dung cho cdc ddi tugng tir don
gidn dé&n phic tap.

D€ dinh nghia mot loai dif liéu mdithi phai khai bdo loai dit liéu. Khai bdo loai dif liéu dinh
nghia tén cda loai dit liéu va tAm vuc hay¢idi han cda dit liéu. C4c khai bdo dif liéu dugc phép
khai bdo trong phan khai bao g6i, phan khai bdo thuc thé, phan khai bdo ki€n tric, phin khai bdo
chuong trinh con va phan khai bdo qud trinh.

Hinh 2-10 trinh bay céc ki€u dif liéu c6 st dung tzong ngdn ngit VHDL. B6n loai dit liéu 16n
1a loai scalar, loai da hgp (composite), loai access va loaifile.

e Loai scalar chita cdc loai dif liéu don gidn nhu s6-¢hirc va s6 nguyén.

e Loai da hdp bao gdm mang va ban ghi.

e Loai access tuong duong vdi con trd trong cdc ngén ngit 14p trinh thdng thudng.

e Loai file cho ngudi thi€t k€ kh3 ning khai bdo d6i tuong file v6i cdc loai file dugc
dinh nghia bdi ngudi thi€t k€.

T e T T T e T T T T
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Composite

Hinky2-10. Gidn do cac loqi di liéu trong VHDL.
1 LOAI SCALAR

Loai dit liéu scalar bao gdm cie dit liéu nhu sau:
e Kiéu sd nguyén.
e Kiéu so thuc.
e Kiéu d€m, liét ké dugc.
e Kiéu dit lieu vat ly.

a. Kiéu sé nguyén INTEGER

e R ~ A (e s R ~ A 2 A~ 2 N 2 ~ 2 .
Ki€u s6 nguyén giong nhu ki€u s6 nguyén cla todn hoc.“TAt cd cdc ham todn hoc da xdc dinh
N A N A N . A z R 2 < R ~N3A N
nhu ham cdng, trir, nhan va chia déu c6 thé 4p dung cho ki€u di{icu nay.

Trong ngdn ngit VHDL khong c6 chi dinh gidi han s6 nguyén cuc dai nhung c6 chi dinh gi6i
han cuc ti€u cta s6 nguyén tr “-2,147, 483,647 dén 12,147,483,647”. GiSi han cuc ti€u dudgc chi
dinh bdi géi chuén chita trong thu vién chuén.

Céc vi du vé cdc gia tri s6 nguyén nhu sau:

Vidu 2-32:
ARCHITECTURE test OF test IS
BEGIN
PROCESS (X)
VARIABLE a: INTEGER;
VARIABLE b: int type;
BEGIN
a:.=1,; --ok1
a:.=-1; -0k 2
a:=1.0; -- error 3

END PROCESS

gy g . = e
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B

END test;

Hai phat bi€u thit 1 va 2 1a cdc phép gin sd nguyén. Phit bi€u thit 3 13 phép cho bién s&
nguyén 12 mot sd khdng phdi s6 nguyén, khi bién dich thi phat bi€u nay c6 thé sinh ra 16i. Bat ky
con s6 ndo c6 dadu chAm dudc xem 12 sd thuc.

b. Kiéu di liéu da dinh nghia
VHDL chtta nhiéu loai dif liéu da dugc dinh nghia, dic biét 13 cdc chuian IEEE 1076 va IEEE

1164. Pic biét hon nita ching han nhu dinh nghia cdc loai dit liéu c6 thé dudc tim thiy trong thu
vién va trong goi.

e G6i chudn standard (package standard) clia thu vién std: xdc dinh cdc kiéu dit liéu
BIT, BOOLEAN, INTEGER va REAL.

e Goi std_logic_1164 cta thu vién IEEE: dinh nghia cdc kiéu dit liéu STD_LOGIC va
STD_ULOGIC.

e Go6i std_logic_arith cta thu vién IEEE: dinh nghia cic ki€u dit liéu SIGNED va
STD_ULOGIC, ciing vdi nhiéu haim chuyén d6i dit liéu nhu conv_integer (p),
conv_unsigned(p,b), conv_signed(p,b) va conv_std_vector(p,b).

o GOoi std_logic. signed va std_logic_unsigned cua thu vién IEEE: chita cic ham cho
phép hoat dong vii cac dit licu STD_LOGIC_VECTOR dudgc thuc hién khi dir li€u
loai SIGNED hoicUNSIGNED.

Tat cd cdc dit liéu da dinh nghia (ndim trong cdc goi hodc thu vién § trén) dugc md td nhu
sau:

BIT (and BIT_VECTOR): c6 2 muclogicla ‘0’ va ‘1’.

Vi du 2-33: khai bdo céc tin hi€u dang BI't*ya BIT_VECTOR

SIGNAL x: BIT; -- x dudc khai bao 1a mdt tfizhiéu bit

SIGNAL y: BIT_VECTOR (3 DOWNTO 0); -- y.ka mdt vector 4 bit v4i bit bén trdi la MSB.
SIGNAL w: BIT_VECTOR (0 TO 7); -- w la mdt vector 8 bit vdi bit bén phai la MSB.

Dua vao cdc tin hi€u § trén thi cdc phat biéu gan sau la hap 1€:

x<="‘1% -- x dugc gan v6i gid trila 1.
Chii ki hiéu dau nhdy don chi dudc ding cho 1 bit don.
y<=“01117; --y dugc gan tin hi€u 4 bit c6 gia tri la “0111” véi bit MSB 1a bit ‘0’.

Chui y ki hiéu ddu nhdy kép dugc dung cho vector.

w <= “011100017; -- w dudc gdn tin hi€u 8 bit c6 gia tri 1a “01110001” v&i bit MSB 1a bit
‘1.

STD_LOGIC va STD_LOGIC_VECTOR: c6 8 gi4 tri logic dugc gidi thiéu trong chuin
IEEE 1164 chuén:

‘X’ c6 nghia la chua xdc dinh
‘0 c6 nghia 12 mitc thap

‘r c6 nghia la mic cao

VA trang thai tdng trd cao
‘W’ yé&u chua xdc dinh

‘v yé&u thap
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o ._.y,é-u_ =
¢ bat chap
Vi du 2-34: khai bdo céc tin hi€éu dang STD_LOGIC va STD_LOGIC_VECTOR
SIGNAL x: STD_LOGIC -- X dugc khai bdo 1a tin hiéu bit ki€u STD_LOGIC.

SIGNAL y: STD_LOGIC_VECTOR (3 DOWNTO 0):= “00017;
-- y dugc khai bdo 1a mot vector 4 bit vGi bit bén trai 1a MSB va gia tri khédi tao 1a “0001”.
Chii ¥ ki hiéu todn tif “:=” dugc dung dé thi€t 1ap gid tri khdi gdn.

STD_ULOGIC va STD_ULOGIC_VECTOR: ¢6 9 gid tri logic dugc gidi thiéu trong chuin
IEEE 1164 chuin la (‘U’, ‘X’, 0°, ‘1’, ‘Z’, “W’, ‘L’, ‘H’, *-9). Ki hiéu ‘U’ tugng trung cho
“unresolve” — khong quyét dodn.

e Kiéu BOOLEAN: c6 2 gi4 tri 1a TRUE va FALSE.

e Kiéu s6 nguyén INTEGER: 13 s nguyén 32 bit tir -2,147,483,657 d&n +2,147, 483,
647.

e Kiéu s6 nguyén duong NATURAL: tir 0 d&n +2,147, 483, 647.

e Kiéu s6 thiie REAL: tir -1.0E38 d&n +1.0E38. Khong dudc tdng hop.

e Kiéu cic co&gﬁj‘vﬁlt ly: dugc dung cho cdc dai lugng vat ly nhu théi gian, dién 4p, ...
diing cho mé phdag. Khong dugc tdng hdp.

e Kiéu SIGNED va |/&SIGNED: ki€u di liéu di dinh nghia trong ¢6i std_logic_arith
cta thu vién IEEE.

Vi du 2-35: vé cic 1énh gin bit, vector, cic ki€u hé thdng so:

x0 <=‘0’; -- ¢6 thé xem x {& bit, std_logic hoic std_ulogic c6 gi4 trila ‘0.

x1 <= “00011111"; - ¢6 thé xem 1a bigwector, std_logic_vector, std_ulogic, signed hodc
unsigned.

x2 <= “0001_1111"; -- dau gach cho phép d€ d&nhin.

x3 <=“1011117; -- tugng trung cho s6 nhi phin.€é gid tri thap phan 1a 47.

x4 <=B“1011117; -- tugng trung cho s6 nhi phan ¢ gid tri thap phan 1a 47.

x5 <= 0%577; -- tugng trung cho bat phan cé gid tri thap phan la 47.

x6 <= X“2F”; -- tugng trung cho sd thap luc phin c6 gid tri thip phan 1a 47.

n<= 1200"; -- 58 nguyén.

m<=1_200"; -- 58 nguyén cho phép tich ra d€ dé nhin.

IF ready THEN ... -- ready kiéu boolean dudgc thuc hién néu ready bing true.

y <= 1.2E-5; -- 56 thyc, nhung khong tdng hop.

q <=d AFTER 10 ns; -- vatly nhung khong téng hgp.

Vi du 2-36: vé c4c khai bdo hop 1& va khong hgp 1é véi cdc loai dit liéu khic nhau:
SIGNAL a: BIT;

SIGNAL b: BIT_VECTOR (7 DOWNTO 0);

SIGNAL c: STD_LOGIC;

SIGNAL d: STD_LOGIC_VECTOR (7 DOWNTO 0);

SIGNAL e: INTEGER RANGE 0 TO 255;

Tiz vign 1rieong DH S phian Ky et TP
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2 <= b(S), -- phép gdn bit thit 5 cia b cho a 1a hgp 1€ vi cung dit liéu BIT.

b(0) <=a; -- phép gdn a cho bit thit O ctia b 1a hgp 1€ vi cung dit liéu BIT.

c <=d(5); -- phép gdn bit thd 5 cia d cho ¢ 1a hgp 1&€ vi cung d# liéu
STD_LOGIC.

d(0) <=cC; -- phép gdn nay la hgp 1& vi ciing ki€u dit liéu STD_LOGIC.

a <=c; -- phép gin nay khong hdp 1& vi khic ki€u dit liéu BIT va
STD_LOGIC.

b <=d; -~ khong hgp 1& vi khic ki€u BIT_VECTOR va
STD_LOGIC_VECTOR.

€ <=b; -- khong hop 1é vi khic ki€u INTEGER va BIT_VECTOR.

€ <=d; -- khong hgp 1€ vi khéc ki€u INTEGER va STD_LOGIC_VECTOR.

c. Kiéu dU liéu do nguéi dung dinh nghia

VHDL cho phép ngudi dung dinh nghia cadc loai dit li€u riéng. Hai loai dt li¢u do ngudi dung
dinh nghia dugc trinh bay 13 ki€u s6 nguyén INTEGER va ki€u liét ké.

Kiéu dit liéu s6" nguyén do nguoi ding dinh nghia:

TYPE integer IS RANGE -2147483647 TO  2147483647;

TYPE natural IS RANGE 0 TO 2147483647,

TYPE my_integer IS RANGE -32 TO  32;

TYPE student_grade IS RANGE 0 TO  100;

TYPE color IS (red, green, blue:tyhite);

Kiéu dit li¢u ligt ké do nguoi ding dinh nghia:

TYPE bit IS (‘0’, ‘1’);

TYPE my_logicIS (‘0’, ‘1°, ‘Z’);

d. Kiéu di liéu SUBTYPE

SUBTYPE 1a ki€u dit liéu ép ki€u. Ly do chinh d€ dung kiéu subtype tot hon 1a do cdc phép
todn giita cac dit liéu khac nhau khong dugc phép thuc hién ma chiing chi cho phép thuc hién kiéu
dit subtype vdi cic ki€u dif liéu co ban khic.

Vi du 2-37: cho céc ki€u subtype cho cdc ki€u dit liéu di dinh nghia & trén:

SUBTYPE natural IS INTEGER RANGE 0 TO INTEGER’HIGH;

SUBTYPE my_logic IS STD_LOGIC RANGE ‘0’ TO ‘Z’;

-- Goi lai STD_LOGIC = (‘X’, ‘0’, ‘1°, ‘Z’, ‘W’, ‘L’, ‘H’, *-°) nhung my_logic = (‘0’, ‘1’,
‘7).

SUBTYPE my_color IS color RANGE red TO blue;

-- Goi lai color = (red, green, blue, white) nhung my_color = (red, green,blue).

SUBTYPE small_integer IS INTEGER RANGE -32 TO 32;

Vi du 2-38: vé céc phép todn hgp 1€ va khong hop 1& v6i cdc ki€u dit liéu va subtype:
SUBTYPE my_logic IS STD_LOGIC RANGE ‘0’ TO ‘I’;
SIGNAL a: BIT;

T v
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SIGNAL b: STD_LOGIC;
SIGNAL c: my_logic ;

b <=a; -- Khong hdp 1& vi khdc kiéu dit liéu BIT va STD_LOGIC.
b <=c; -- Hdp 1€ vi ciing dit liéu co ban STD_LOGIC.

e. Kiéu dU liedu mdng ARRAY
Array 13 tip hop cdc ddi tugng ciing mot ki€u dit liéu, c¢6 thé 12 mang 1 chiéu (1D), mang 2
chiéu (2D) hoic mang 1 chiéu x 1 chiéu (1D x 1D). C4c mang c6 thé cé nhi€u chiéu hon nita
nhung ching khong dudc tdng hgp. Hinh 2-11 minh hoa ciu tric cia mang dif liéu. Hinh (a) 12 gid
tri don (scalar), hinh (b) 12 mang 1 chiéu (1D), hinh (c) 12 mang cdc vector (1D x1D) va hinh (d) 12
mang scalar (2D).

(01000 ] o] [1][o][o]o]
0] [0 100 0] 1001 0| [1]]o][o][1][o]
~ (1 1oo01] ][ ][o][o][1]

(a) (b) . () (d)
Hinh,2-11. Cac kidu méang di lidu.
Cic loai dit liéu c6 thé tdng hgp dd-dinh nghia cho cdc kiéu mang & trén 12
e Ditliéu Scalar: BIT, STD_LOGIC, STD_ULOGIC va BOOLAEN.

e Cdc Vector: BIT_VECTOR, STb_LOGIC_VECTOR, STD_ULOGIC_VECTOR,
INTEGER, SIGNED va UNSIGNED.

Ci phdp chi dinh cho mot kiéu dif liéu mang mdi nh sau:

TYPE  type_name IS ARRAY (specification) « © i ta_type;

Dé st dung ki€u dit liéu mdng mdi nay thi khai bo tin higu nhu sau:

Trong cd phdp & trén tin hiéu SIGNAL dudc khai bdo. Tuy nhién ciing c¢6 thé 1a CONSTANT
hoic VARIABLE. Chi y tuy chon gié tri khdi gdn chi dugc diing cho mo phdng.

Vi dy 2-39: vé ming 1Dx1D:

Ching ta mudn xay dung mdt mang chita 4 vector, mdi vector chita 8 bit — diy 1a mdng
1Dx1D. Chiing ta goi mdi vector 13 mot hing va mot mang ddy di 14 mdt ma tran. Cdch khai bao

nhu sau:
TYPE row IS ARRAY (7 DONWTO 0) OF STD_LOGIC; -- 1D array
TYPE matrix IS ARRAY (0 TO 3) OF row; -- 1Dx1D array
SIGNAL x: matrix; -- 1Dx1D signal

Vi du vé khai bio mang ki€u khéc:
TYPE  matrix IS ARRAY (0 TO 3) OF STD_LOGIC_VECTOR(7 DOWNTO 0);
Vi du vé khéi gdn cho mang:

. := “00017; -- gdn cho mang 1D
THit vien I ritong D Sic phianl Ay iiat J L8 |
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( 0’ ‘O".‘O’ ‘17); -- gdn cho méang 1D
= (0, 1, ), (17, <1, f, f07); -- gdn cho mang 1Dx1D hoic 2D

Vi du 2-40: vé céc phép gan hgp 1é va khong hgp 1é clia mang:

Cho cdc mang dugc khai bdo nhu sau:

TYPE row IS ARRAY (7 DONWTO 0) OF STD_LOGIC; -- 1D array
TYPE arrayl IS ARRAY (0 TO 3) OF row; -- IDx1D array

TYPE  array2 IS ARRAY (0 TO 3) OF STD_LOGIC_VECTOR (7 DOWNTO 0); --
1Dx1D array

TYPE  array3 IS ARRAY (0 TO 3,7 DOWNTO 0) OF STD_LOGIC;-- 2D array
SIGNAL  x: row;

SIGNAL y: arrayl;

SIGNAL v: array?2;

SIGNAL w: array3;

Cdc phép gan bit nhissaqu:

x(0) <=y(1) (2); --‘gan bit thd 2 cta vector y1 cho x(0).
x(1) <=v(2) (1); --ganbitthd 1 cha vector v2 cho x(1).
x(2) <=w(2,1); --géanbitthi 1 cia vector w2 cho x(2).
y(1) (1) <=x(6);

y(2) (0) <=v(0) (0);

Cdc phép gdn vector nhu sau:

x <=y(0); -~ hop I& vi cung kiéu dir 11éu row.

x <=v(l); - khong hop 1é vi khong: twong thich ki€u dit liéu rowx
STD_LOGIC_VECTOR.

X <=w(2); -- khong hop 1& vi khong tuong thich ki€u dit liéu rowx
STD_LOGIC_VECTOR.

X <=w(2, 2 downto 0); -- khong hdp 1é vi khong tuong thich ki€u dit liéu.

v(0) <= w(2, 2 downto 0); -- khong hdp 1é vi khong tuong thich ki€u dit liéu.

v(0) <=w(2); -- khong hdp 1é vi khong tuong thich ki€u dit liéu.

y(1)<=v(@3); -- khong hdp 1é vi khong tuong thich ki€u dit liéu.

y(1) (7 downto 3) <= x(4 downto 0); -- hgp 1€ vi cung ki€u va kich thude dir lidu.

v(1) (7 downto 3) <= v(2) ( 4 downto 0); -- hdp 1& vi cing kiéu va kich thudc dit liéu.

w(l, 5 downto 1) <= v(2) ( 4 downto 0); -- khong hdp 1é vi khong cling kiéu.

f.  Kiéu di liéu méng port

Khong c6 céc ki€u dit liéu da dinh nghia nhiéu hon 1 chiéu. Tuy nhién trong chi dinh khai
bdo PORT ngd vao hoic ra clia mach dién nim trong entity, ching ta c6 thé chi dinh cdc port

THie vig =r_._'_w1"*’3:;-- tant Ki thuat TP.HM ]
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. gié’ﬁé nhy cac mang vector. Do kiéu khai bdo TYPE khong dugc phép khai bdo trong thuc thé
entity nén giai phap d€ khai bdo cic kiéu dif liéu do ngudi diing dinh nghia trong PACKAGE, sau
d6 c6 thé diing cho toan thi&t k&.

Vidu 2-41:
-- khai bdo goi package--
LIBRARY IEEE;
USE IEEE.std_logic_1164.ALL;
PACKAGE my_data_type IS

TYPE vector_array 1S ARRAY ( NATURAL RANGE <>) OF std_logic_vector (7
downto 0);

END my_data_type;
-- khai bdo dit li€u dung cho chuong trinh --
LIBRARY IEEE;

USE IEEE.std_logic_1164.ALL,;
USE WORK.my_data_type.ALL; -- g6i do ngudi dung dinh nghia
ENTITY muxig,|S
PORT (inp: 1N vector_array (0 to 3);
END mux;

g. Kiéu di liéu bang ghi recard

Record gidng nhu mang nhung chi khicla ching chita nhiéu d6i tugng dit liéu khac nhau.

Vi du 2-42: trinh bay nhu sau:

TYPE birthday IS RECORD
Day: INTEGER RANGE 1 to 31,
month: month_name;

END RECORD;

h. Kiéu d liéu SIGNED va UNSIGNED

La cdc di liéu da dinh nghia trong g6i std_logic_arith cta thu vién IEEE. Cd phdp khai bdo
nhu sau:

Vidu 2-43:
SIGNAL X: SIGNED (7 downto 0);
SIGNAL y: UNSIGNED (0to 3);

Gid tri clia s6 khong dau thi khong dugc nhé hon 0. Vi du “0101” tugng trung cho s6 thap
phan 5, “1101” tugng trung cho s& thap phan 13. N&u s& ¢é dau dugc sit dung thi c6 gid tri cd Am
va duong & dang bu 2. Vi du “0101” tugng trung cho s thap phan 5, con “1101” tugng trung cho
s6 thap phan -3.

DPé€ sit dung cdc ki€u dir liéu SIGNED va UNSIGNED thi géi std_logic_arith clia thu vién
IEEE phai dugc khai bdo.

Vi du 2-44: cic phép todn hdp 1& va khdng hop 1& véi cdc dit liéu c6 dadu va khong dau:
LIBRARY IEEE,;
USE IEEE.std_logic_1164.ALL;

Thic vien I ricgng D SiE pliant Ry ohidt 1 r.
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"USE  IEEE.std_logic_arith.ALL; -- g6i dif liéu khai bdo thém
SIGNAL a: IN SIGNED (7 downto 0);
SIGNAL b: IN SIGNED (7 downto 0);
SIGNAL x: OUT SIGNED (7 downto 0);
V<=a+b; -- hdp 1é vi cling kiéu dif liéu todn hoc.
w<=aANDbD; -- khong hgp 1€ vi khong tuong thich phép véi phép todn logic.

Vi du 2-45: cic phép todn hdp 1€ va khong hgp 1€ véi dit lieu STD_LOGIC_VECTOR:
LIBRARY IEEE;

USE IEEE.std_logic_1164.ALL;

SIGNAL a: IN STD_LOGIC_VECTOR (7 downto 0);
SIGNAL b: IN STD_LOGIC_VECTOR (7 downto 0);
SIGNAL x: QYT STD_LOGIC_VECTOR (7 downto 0);
V<=a+b; -- khong hgp 1é vi ki€u dit lidu logic.
w<=aANDbD; -- hop 1€ xi phép todn logic st dung kiéu logic.

2,

Mic du bi cAm & trén nhung €6 mot cdch rdt don gidn cho phép dit liéu ki€u
STD_LOGIC_VECTOR tham gia truc tiép¥vao cdc phép todn sd hoc. Thu vién IEEE cung cap 2
g61 dit lieu STD_LOGIC_SIGNED va STD_L&GIC_UNSIGNED cho phép cic phép todn trén cic
dit lieu STD_LOGIC_VECTOR c¢6 thé dugc thie hién giong nhu cdc dit liéu loai SIGNED va
UNSIGNED theo tht tu.

Vi du 2-46: cac phép todn v6i dir liéu STD_LOGIC VECTOR:
LIBRARY IEEE;

USE IEEE.std_logic_1164.ALL,;

USE IEEE.std_logic_unsigned.ALL;  -- khai bdo thém .
SIGNAL a: IN STD_LOGIC_VECTOR (7 downto 0);
SIGNAL b: IN STD_LOGIC_VECTOR (7 downto 0);
SIGNAL x: OUT STD_LOGIC_VECTOR (7 downto 0);
v<=a+b; --hgp 1€

w<=aANDbD; -- hgp 1€

i. Kiéu sd thuc REAL

Kiéu s6 thuc duge diing d€ khai bdo cdc d6i tugng sit dung s6 thuc. Gidi han cuc ti€u clia s6
thuc ciing dudc chi dinh bdi géi chuin trong thu vién chuin va nim trong khodng tir “-1.0E +38
dén +1.0E + 38”.

Vi du 2-47: vé céc gid tri s& thuc nhu sau:
ARCHITECTURE test OF test IS

e p—
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“SIGNAL a REAL
BEGIN
a<=1.0; --o0k 1
a<=1; -- error 2
a <=-1.0E10; --0k 3
a <= 1.5E-20; --ok 4
a<=5.3ns; --error5
END test;

Hang 1 trinh bay cdch gdn s6 thuc cho tin hiéu loai REAL. T4t ca cdc con s6 thuc déu c6 dau
chim d€ phan biét v6i s6 nguyén.

Hang thit 2 s& phét sinh 18i vi gdn s6 nguyén cho bién kiéu s6 thyc.
Hang thd 3 gdn mot sd thuc rat 16n va hang thi 4 gdn mot so thuc rat nhd.
Hang thit 5 s& phét sinh 18i vi khong thé gan thdi gian cho tin hiéu s6 thuc.
i.  Kiéu liét ké
Kiéu liét ké 12 mot cdng cu hd trg dic luc cho qud trinh thi€t k&€ bing ngdn ngit VHDL.

Ngudi thi€t k& cé the.ding cdc loai dit liéu liét ké dai dién chinh xdc cho cdc gid tri chinh
xdc dudc yéu cau cho phép taan chi dinh. TAt c3 cdc gia tri clia ki€u dit lidu liét ké do ngudi dung
dinh nghia. Céc gi4 tri ndy c6 tHé 13 tén hoic cdc hing s§ dic tinh don, vi du cho tén 14 x, abc, ...
hiing s6 dic tinh don1a ‘X, ‘1° va ‘0

Loai dif liéu liét ké cho hé thong ¢G4 gid tri md phdng nhu sau:

TYPE fourval IS (X, 0, ‘2,

Mot ting dung c6 dung kiéu liét ké 12 mintihoa cho tit cd cdc 1énh cda vi xit 1y. Vi du 2-48
ki€u liét ké cho mot vi xi¥ Iy don gidn nhu sau:

Vidu 2-48:
TYPE instruction IS (add, sub’lda, Idb, sta, stb, outa, xfr);

Va mo6 hinh cho hé thong vi xtt 1y:

PACKAGE instr 1S

TYPE instruction IS (add, sub, Ida, Idb, sta, stb, outa, xfr);
END instr;

USE work.instr.ALL;

ENTITY mp IS
PORT (instr: IN instruction;
addr: IN INTEGER,;
data: INOUT INTEGER);
END mp;

ARCHITECTURE mp OF mp IS
BEGIN
PROCESS (instr)
TYPE regtype IS ARRAY (0 to 255 ) OF INTEGER;
VARIABLE a, b: INTEGER,;
VARIABLE reg: regtype;
BEGIN

THir vien I riromg D Sic phant hy otaat 1T E.0
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" CASE instr IS

WHEN Ida => a:= data; -- load a accumulator
WHEN Idb => b:= data; -- load b accumulator
WHEN add => a=a+b; -- add accumulator
WHEN sub => a=a-b; -- subtract accumulator
WHEN sta => reg(addr) := b; -- put b accu in reg array
WHEN out => data<=a; -- output a accumulator
WHEN xfr => a=b; -- transfer b to a
END CASE;
END PROCESS ;

END  mp;

Mo hinh nhan mot chudi Iénh (instr), mot dia chi (addr) va mot chudi dir lieu (data). Dua
vio gid tri cla instr dugc liét ké ma 1énh tuong ¥ng dugc thyc hién. Phit bi€u CASE dudc diung
dé lva chon lénh d€ thyc hién. Phat bi€u dugc thyc hién va sau d6 qua trinh sé ddi cho dén lénh
k€.

2 KEUVATLY:

Kiéu vat ly dudc sit dung d€ mo ti cac dai lugng vat Iy nhu: khodng cdch, dong dién, thdi
gian ... Vi du 2-49 vé ki¢udir liéu vat Iy vé dong dién nhu sau:

Vidu 2-49:
TYPE current IS RANGE 0 TO 1000000000;
UNITS
na, -- nano amgs
ua =1000 na; -- micro amps
ma = 1000 ua; -- miliamps
a =1000 ma; --amps
END  UNITS;

Viéc xdc dinh ki€u dif liéu dudc bit ddu vdi cau lénkkhai bdo tén kiéu va viing ctia kiéu (0
to 1000000000), cac khai bao dugc thuc hién trong doan UNITS. Trong vi du trén don vi chinh cia
UNITS 14 na. Sau khi don vi chinh ctia UNITS dugc khai bdo cacdon thé khic sé dudc x4c dinh.

Kiéu vat Iy da dudc dinh nghia: trong VHDL c¢6 ki€u vat 1y da dugc dinh nghia 14 thdi gian
nhu sau:

TYPE TIME IS <implementation defined>;

UNITS
fs; -- femtosecond
ps = 1000 fs;  -- picosecond
ns = 1000 ps;  -- nanosecond
us =1000 ns; -- microsecond
ms = 1000 ns; -- milisecond
sec = 1000 ms; -- second
min = 60 sec; -- minute
hr = 60 min; -- hour

END UNITS;

3, CAC THUOC TiNH:
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VHDL hd trg 5 loai thudc tinh. Céc thudc tinh dd dinh nghia ludn dugc 4p dung ti€p dau ngit
nhu tén cda tin hiéu, tén clia bi€n hoic ki€u. Céc thudc tinh dugc ding d€ trd vé nhiéu loai thong
tin khdc nhau nhu tin hiéu, bi€n hoic ki€u. C4c thong tin chita ddu phdy (°) theo sau 13 tén cia

thudc tinh.

a. Thudc tinh tin hiéu

Béng sau diy liét ké cdc thudc tinh cda tin hiéu:

Thudc tinh
signal_name’event

signal_name’active
signal_name’transaction
signal_name’last_event
signal_name’last_aéfi\)e
signal_name’last_value
signal_name’delayed(T)

signal_name’stable(T)

signal_name’quiet(T)

Chic nang
Tra vé gi4 tri Boolean 13 True né€u c6 sy kién trén tin hiéu
x4y ra, nguoc lai thi trd vé gid tri false.

Tra vé gi4 tri Boolean 1a True néu c6 tich cuc (gdn) trén tin
hiéu x4y ra, ngugc lai thi trd vé gi4 tri false.

Tra vé tin hiéu ki€u “bit” 14t trang thdi (0 sang 1 hodc 1 sang
0) mdi 1an c¢6 chuyén trang thdi trén tin hiéu.

Tra vé gid tri khodng thdi gian tir khi x4y ra sy kién sau cling
trén tin hiéu.

Tra vé gid tri khodng thdi gian tir khi xdy ra mic tich cuc

~trén tin hi€u.

| Cung cAp gi4 tri cla tin hiéu trudc khi sy kién sau cing xay

rarén tin hiéu.

Cung Gap tin hiéu tré di T 1an so v6i tin hiéu gdc. T 1a tuy
chon, md¢phién T = 0.

Tra vé gid triBoolean, 1a true n€u khdng c6 su kién x4y ra
trén tin hiéu trong khodng thdi gian T, ngugc lai thi trd vé

gia tri false. T la toy/chon, mdc nhién T = 0.

Tra vé gia tri Boolean; I frue n€u khong c6 sy thay ddi xay
ra trén tin hiéu trong khodug,thdi gian T, ngudc lai la false. T
1a tuy chon va méc nhién T =0.

Bang 2-1. Thudc tinh tin hiéu.

Vi du 2-50: vé céc thudc tinh:

if (CLOCK’event and CLOCK= *1") then ...

Biéu thifc nay ki€m tra sy xuat hién clia xung clock canh 1én. D€ tim khodng thdi gian tir khi
c6 xung clock canh l€n sau cuing thi dung thudc tinh sau:

CLOCK’last_event

b. Thudc tinh dU liéu scalar

Mot vai thudc tinh ki€u dit liéu scalar dugc hd trg nhu bing sau:

Thudc tinh
scalar_type’left

scalar_type’right

Gid tri

Tra vé gid tri ddu tién hoidc gid tri tAn cling bén trdi cla
kiéu dir liéu scalar trong ki€u di dinh nghia.

Tra vé gi4 tri sau cling hodc gi4 tri tin cling bén phai clia
ki€u dit liéu scalar trong ki€u di dinh nghia.
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scalar_type’low Tra vé gi4 tri thAp nhat cla ki€u dif liéu scalar trong ki€u
da dinh nghia.

scalar_type’high Tra vé gid tri cao nhat ctia kiéu dit liéu scalar trong kiéu
da dinh nghia
‘ scalar_type’ascending ‘ La true néu T 1a diy ting ngudc lai thi false.

\ scalar_type’value(s)

Tra vé gi4 tri clia T dudc tugng trung bdi s (string value).

Bang 2-2. Thudc tinh dU liéu scalar.

Vidu 2-51: vé cic thudc tinh:

Type conductance is range 1E-6to 1E3
Units mho;

End units conductance;

Type my_index is range 3 to 15;

Type my_levels is (low, high, dontcare, highZ);

conductance’right trd vé 1E3
conductance’high & 1E3
conductance’low e 1E-6
my_index’left G, 3
my_levels’left < low
my_levels’low % low
my_levels high 4 highz
my_levels’value(dontcare) +, “dontcare”

c. Thudc tinh mang

Bing cich diing cdc thudc tinh mang s& trd vé gid tei chi s6 tuong ng véi diy clia mang.

Céc thudc tinh dugce xay dung nhu sau:

Thudc tinh ' Tra vé N

MATRIX’left(N) Chi s6 phan t¥ tin cling bén trdi

MATRIX right(N) Chi s& phan t tin cling bén phai

MATRIXhigh(N) Gidi han trén

MATRIX’low(N) Giéi han dudi

MATRIX length(N) S& lugng céc phan ti

MATRIX’range(N) Diy

MATRIX’ reverse_range(N) Diy bdo vé

MATRIX ascending(N) Tra vé gid tri true né€u chi sd theo th ty ting, ngudc
lai thi bing false.

Bang 2-3. Thudc tinh mdng.

Con s6 N niim trong d&u ngoic dugc xem nhu chiéu ciia mang. Dol voi mang 1 chieu thi cd
. Céc vi du vé thudc tinh méng

nhu sau:
Vi du 2-52: vé céc thudc tinh:
Type myarr8x4 is range (8 downto 1, 0 to 3) of boolean;
Thic vien 1rirorng DH Sir pham Ky tieat 1 E.HW |
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Type myarrl is range (-2 to 4) of integer;

MYARRI1’left trd vé: -2
MYARR1’right 4

MY ARR1’high 4
MYARR1’reverse_range 4 downto -2
MY ARR8x4’left(1) 8

MY ARR8x4’left(2) 0

MY ARR8x4’right(2) 3

MY ARR8x4’high(1) 8

MY ARR8x4’low(1) 1

MY ARR8x4’ascending(1) False

VIll. CAC TOAN TU c@.2AN TRONG VHDL

VHDL h6 trg 7 loai todn.t¥ khdc nhau dé xt 1y céc tin hiéu, bi€n va hiing s&. Cic loai toan ti
dugc liét ké nhu sau:

Thi ty  Loai

1 Todn logic and | or nand | nor | xor | xnor
2 Todn t& quan hé ¢ /= < <= > >=

3 Toén tit dich : sil srl | sla sra | rol | ror
4 Todn tir s6 hoc + = &

5 Todn t khong xdc dinh | + | -

6 Toén ti nhan chia * / m ﬁlod rem

7 Todn tf hén hgp x| abs | not

Bang 2-4. Tat cd cac toan td.

Thit ty wu tién cao nhit cho todn tif thit 7, ti€p theo 1a thit 6 va thap nhat 13 todn tf tha 1. Trur
trudng hop dau ngoic duge sit dung thi todn tif ¢ thit ty vu tién cao nhit s& dugc thyc hién trudc.
Néu céc todn tif cing thi¥ ty vu tién thi cdc todn tir s& dudc thuc hién tir trdi sang phdi cta bi€u
thic.

Vi du 2-53: Cho cdc dit liéu nhu sau: X (=°010"), Y(=10"), and Z (=10101") déu thudc
kiéu std_ulogic_vectors.

not X & Y xor Z rol 1
thi s€ tuong duong véi ((not X) & Y) xor (Zrol 1) =((101) & 10) xor (01011) =(10110) xor
(01011)=11101.

1 CACTOANTU LOGIC:

Todn ti logic (And, Or, Nand, Nor, Xor va Xnor) dugc dung cho cdc loai dir liéu “bit”,

“boolean”, “std_logic”, “std_ulogic” va cdc vector. C4c todn tir nay dudc dung dé x4c dinh bi€u
thiic logic Boolean hoic thuc hién cdc phép todn bit v6i bit trén mot mang bit. K&t quéd clung ki€u
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dit liéu nhu cic tic td (Bit hoic Boolean). Céc todn ti nay c6 thé dugc dp dung cho cdc tin hiéu,
cdc bi€n va cdc hing s6.

Chi y: céc todn tif nand va nor khong thé k&t hgp. Phai st dung ddu ngoic d€ chia cdc todn
t nand va nor d€ khong phat sinh 15i khi bién dich:

X nand Y nand Z sé& phat sinh 16i va phdi viét nhu sau (X nand Y) nand Z.

2. CAC TOAN T QUAN HE:

Todn tif quan hé ki€m tra cdc gid tri quan hé ctia 2 loai dif liéu scalar va cho k&t qué 1a ki€u
Boolean true hodc false.

Todn tit Mo ta Kiéu toan tir Kiéu két qua
= Bing Bat ky Boolean
/= Khong bing Batky Boolean
< Nhé hon Kiéu scalar hoic mang rdirac | Boolean
<= Nhé hon hodc bing | Kiéu scalar hoic ming rdi rac | Boolean
> Lén.hon Kiéu scalar hoic mang r&irac | Boolean
>= Lél‘]mf‘ldn hodc bing | Kiéu scalar hoic mang r&i rac | Boolean

Bang 2-5. Cac toan ti quan hé.
Todn tif quan hé ki€m tra cfc gi4 tri quan hé ciia 2 loai dif liéu scalar va cho k&t qua 12 kiéu
Boolean true hoic false.
Chii y: ki hiéu “<=" (nhd hon haybing) gidng nhu ki hiéu ctia phép gan gi4 tri cho tin hiéu.

Vi du 2-54: vé céc thudc tinh:

Variable STS: boolean;

Constant A integer:= 24;

Constant B_count: integer:= 32;

Constant C integer:= 14;

STS <= (A < B_count); -- gén gia tri “true” cho STS
STS <= ((A >= B_count) or (A>C)); -- gén gid tri “true” cho STS
STS <= (std_logic(‘1’,’0’,”1")<std_logic(‘0’,’1°,°17)); -- gén gia tri “false” cho STS

Type new_std_logic is (‘0°, ‘17, “Z’, *-’);

Variable Al : new_std_logic := ‘173
Variable A2 : new_std_logic := ‘Z’;
STS <= (Al < A2); -- gén gid tri “true” cho STS vi ‘1’ ndm bén trdi cia ‘Z’

3. CAC TOAN S8 HOG:

Todn t s6 hoc dugc dung d€ thuc hién cdc phép toin cdng va trif trén cic tic t& clia bat ki
ki€u dif liéu ndo. Todn ti & dudc diing d€ ndi hai vector tao thanh 1 vector dai hon. P& dung cic
todn tif s6 hoc thi phdi khai bdo cdc thu vién std_logic_unsigned.all hodic std_logic_arith package
vao thu vién std_logic_1164 package.

Toan td Mo ta T4c té bén trai T4c té6 bén phai K&t qua

Trires
FLELATT .
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+ Phép cong | Ki€u so Giong tic t6 bén trdi | Cung ki€u
- Phép trir Ki€u s& Giong tdc to bén trdi | Cung kiéu
& No6i dai Ki€u mang hodc phan ti | Giong tac t6 bén trdi | Cung ki€u mang

Bang 2-6. Cac toan i sé hoc.

Vi du 2-55: cho cac tin hiéu

signal MYBUS :std_logic_vector (15 downto 0);

signal STATUS :std_logic_vector (2 downto 0);

signal RW, CS1, CS2 :std_logic;

signal MDATA :std_logic_vector (0 to 9);

Thuc hién: MYBUS <= STATUS & RW & CS1 & SC2 & MDATA;

MYARRAY (15 downto 0) <= “1111_1111" & MDATA (2 to 9);
NEWWORD <= “VHDL” & “93”;

4. CACTOANTU BHDAL

Todn tif “+” va “-” dude.ding d€ chi dinh d4u cda dif liéu s6

Todntd¥ Mbétd o Kifudilitutdcts | Kifu di licu két qua
+ S6 duong | Bat ky dif liéu sd nao | Cung ki€u
. S6 Am Bét ky.dit liéu sd nao | Cung kiéu

Bang 2-7. Cac.toan 1 c6 ddu.

3 i T T = e (et
I HIf Vgl I Frifong BH Sir phiam Ky 1
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ki€u ddu chAm dong.

5. CAC TOAN TU NHAN CHA:

Todn tif nhan dudc duing d€ thuc hién cdc ham toan hoc trén cic ki€u dit liéu s6 nguyén hoic

Téc Mb ta Ki€u dif liéu tt trai Kiéu dit liéu tt phai Kiéu KQ

to
ki€u integer va DCD Cung kiéu Cung kiéu

* Nhan ki€u vat ly Ki€u s6 nguyén hoic thuc Cung kiéu tt trdi
ki€u s& nguyén hoic thuc Kiéu vatly Cung ki€u tt

phai

/ Chia S6 nguyén hodc ddu chim S6 nguyén hodc ddu chim Cung kiéu
dong dong
Kiéu vatly S6 nguyén hoic s thuc Cung ki€u tt trdi
Kiéu vatly Cung ki€u S6 nguyén

mod Chia Ki€u s6 nguyén Cung ki€u

nguyén
rem Remainder K@usé nguyén Cung kiéu

8ana 2-8. Cac toan tU nhan chia.

Vidu 2-56: cho cac tin hiéu
11 rem 4 két qud bing 3

(-11) rem 4 k&t qud bing -3
9mod 4 két qué bing 1
7 mod (-4) k&t qua bing —1 (7 — 4*2 =-1};

6. CACTOANTU DICH:

Todn ti thyc hién dich chuyén tirng bit hodc xoay tirng bitirén dif liéu mang 1 chiéu clia cic
phﬁn t ki€u dit liéu bit hoic std_logic hodc Boolean.

Todn t& = M0 ta Kiéu dit liéu téc to
sll Dich sang trdi — 1ip ddy biing cdc bit 0. (Shift | Mang 1 chiéu vé6i cdc phan tif mang kiéu bit
left logical) hodc Boolean; Right: integer
srl Dich sang phdi — lip diy bing c4c bit 0. Gidng nhu trén
(Shift right logical)
sla Dich sang trdi 1ip ddy biing bit tdin cing bén | Gidng nhu trén
phai. (Shift left arithmetic)
sra Dich sang phdi lip day bing bit tin cling bén | Gidng nhu trén
trdi. (Shift right arithmetic)
rol Xoay vong tron sang trdi (Rotate left Giong nhu trén
circular)
ror Xoay vong tron sang phai (Rotate right Gidng nhu trén
circular)
Bdng 2-9. Cac toan tU dich.
Ky thuat PLD Vé ASIC Y ..I_-...:.: 'I-I- t W "":T ...-'.-....’:.:. .} ]
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Todn ti nim bén trai todn t& va s6 1an dich nim bén phai todn t& — xem vi du 2-57:

Vidu 2-57: Cho variable NUM1 :bit_vector := “100101107;

Thuc hién NUMI1 srl 2;

K&t qua NUMI1 = “00100101".

Khi s6 1an dich 12 s& 4m thi hoat dong dich x4y ra theo chiéu ngudc lai, dich trdi sé trd thanh
dich phai.

Vidu 2-58: Cho variable NUM1 :bit_vector := “100101107;
NUMI srl -2 & tuwdng duong véi NUMI sll 2 va cho két qua 1a “01011000”.

Vi du 2-59: Cho variable A: bit_vector := “101001”;

Assll 2 results in “100100”
Asrl 2 results in “001010”~
A sla 2 results in “100111”
A sra 2 resultsin “111010~
Arol 2 resulis in “100110~
A ror 2 results in “011010~

7. CAC TOAN HON HOF.

Todn ti hdn hop gdm todn tiriri fuyét ddi va todn tif s6 mii c6 thé 4p dung cho cac ki€u dir
liéu s6. Todn tif not s& cho cung gia tri‘nhing ngudce dau.

Todntd Mo ta Dt liéu K& trai | D@ liéu bén phai | D@ liéu két qua

ok Ham mi S6 nguyén‘ N S6 nguyén Giong dit liéu bén trdi
Dduchim (S8 nguyén Giong dit liéu bén trdi

abs Ham tri tuyét doi | Kiéu s6 ‘ Ciing kiu

not Ham pht dinh Kiéu bit hoic Boolean - Cung kiéu

Bdng 2-10. Cac todan tU hén_hqp.

IX. CHUONG TRINH CON VA GOI
1 CHJONG TRINH CON:

Chuong trinh con bao gdm céc thd tuc va cdc ham. Thi tuc c6 thé trd vé& nhiéu hon 1 d6i s0,
con ham thi chi trd vé 1 ddi s8. Trong mdt ham thi tit ci cdc thong s6 déu 1a thdong s6 ngd vao,
trong thd tuc c6 thé 1a thong s6 ngd vao, thong sd ngd ra va c6 thé 1a so vao ra.

C6 hai ki€u cho ham va thi tuc: thd va haim ddng thdi, thi tuc va ham tuidn ty. Him va thd
tuc dong thdi chi ton tai nim bén ngoai phat bi€u qué trinh hoic mdt chuong trinh con; ham va thii
tuc tudn ty chi ton tai trong phat bi€u qua trinh hoic trong 1 chuong trinh con khdc.

T4t cd cdc phat bi€u nim bén trong mot chuong trinh con 13 tudn ty. C4c phat bi€u gidng

nhau ton tai trong mdt phat bi€u qué trinh thi c6 thé dugc diing trong mot chuong trinh con bao
gdm c4 phat biéu WAIT.

i Y i BTy
Ps 93 = A0 04 1l 14 1 ek | 4 2
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~a. Ham - FUNCTION:
Vi du 2-60 12 mdt ham, ham nay nhin vio mdt mang cé ki€u STD_LOGIC va trd vé mot gid
tri s6 nguyén. Gid tri s6 nguyén nay bi€u dién gid tri s6 hoc clia ti't ci cdc bit dudc xi 1y dudi dang
s nhi phan:

Vi du 2-60: cich vi€t ham

LIBRARY IEEE;

USE IEEE.std_logic_1164.ALL,;
PACKAGE num_type IS

TYPE log8 IS ARRAY (0 TO 7) OF std_logic; --line 1
END num_type;

USE work.num_type.ALL;

ENTITY convert IS
PORT (11: IN log8; -- line 2
Ol: ouT INTEGER); --line 3
END coryert;

ARCHITECTURE behave OF convert IS

FUNCTION vector_to_int(S:log8) --line 4
RETURN INTEGER is --line 5
VARIABLE result: INTEGER =0 --line 6
BEGIN

Fori IN 0TO 7 LOQGP - line 7
result :=result * 2, --line 8
IF S() =77 THEN --line 9
result :=result + 1 -- line 10
END IF ;
END LOOP;
RETURN result ; = line 11

END vector_to_int;

BEGIN
01 <= vector_to_int (I11);

END behave;

Dong 1 khai b4o ki€u mang dudc sit dung cho toan bd chuong trinh.

Céc dong 2 va 3 khai bdo cdc port ngd vao, ngd ra clia thuc thé convert va cdc ki€u dit lidu.

Cé4c dong tir 4 d€n 11 mo6 t4 modt ham duge khai bdo trong mién khai bdo cda ki€n triic
behave. Biing cdch khai bdo ham trong mién khai bdo clia ki€n tric, hAm nay s& dudc st dung bat
ky mién nao cta ki€n tric.

Céc dong 4 va 5 khai bdo tén clia ham, cdc ddi s6 cia ham va ki€u ma ham trd vé.

G dong 6 mot bién cuc bd clia ham duge khai bio. Cdc ham c¢6 cic mién khai bdo rit giong
vdi cdc phdt bi€u qua trinh. C4c bi€n, cdc hiing va cdc ki€u c6 thé dugce khai bdo nhung tin hiéu thi
khong.

R T T o o S S P
1 HIE vien 1 rieone D SIC PO By BRI

i HiniaE TEHN
Ky thit PLD va ASIC http:/www. thuvienspkt. ediivi :I




SPKT — Nguyén Ph Phil

Critong 2 Nabrivgr 1ap tivir L

Ciac dong tir 7 dén 10 khai bdo mot phat bi€u vong lip cho mdi gid tri trong mang. Gidi thuat
co ban clia ham nay 1a dich va cong v6i mdi vi tri bit trong mang. Pau tién k&t qua dudc dich (tdc
12 nhan 2) va ti€p theo 1a vi tri bit 1a 1 thi gid tri 1 dudc cdng vao két qua.

O cusi phat bi€u vong lip, bién result sé chita gid tri nguyén clia mang dudc chuyén vao. Gid
tri cia ham dudc chuyén ngudce vé thong qua phat bi€éu RETURN. Trong vi du trén thi phat biéu
RETURN dudgc trinh bay ¢ dong 11.

Cudi cung, dong 12 trinh bay cdch thitc mdt ham dudc goi. Tén clia hAm dugc theo sau bdi
cdc ddi s6 clia ham & trong hai ngodc don. Him sé& ludn ludn trd vé mot gid tri, do vay qud trinh
goi, phat bi€u ddng thdi, ... phdi c6 mot vi tri d€ ham c6 thé trd vé gid tri nay. Trong vi du nay, ngd
ra ciia ham dugc gan cho mot port ngo ra.

C4c thong s ctia ham 1a dit liéu nhap. Khdng c6 phép gdn nao dudc thyc hién cho bat ky
thong s6 ndo clia ham. Trong vi du trén cdc thong s6 thudc loai hing s6 do khong c6 loai rd rang
dudc chi dinh va mic dinh 13 hiing. C4c ddi s6 dugc xt 1y nhu thé chiing 13 cdc hiing dudc khai bio
trong mién khai bdo ctia ham.

Loai thong s& ctia ham c6 thé 1a thong s6 tin hiéu. V&i mot thong sd tin hiéu, cdc thudce tinh
cia tin hiéu dudgc chuyén vao trong him va sin sang dudc si dung. Ngoai 1& ddi vdi phat biéu
thudc tinh ‘STABLE, ‘QUIET, ‘TRANSACTION, va ‘DELAYED s€ tao ra cac tin hi€u dic biét.

Mot vi du 2-61 cho thdy m@t ham chita cdc thong sd tin hiéu nhu sau:

Vidu 2-61:
LIBRARY IEEE;
USE IEEE.std_logic_ 1164 Al ;
ENTITY dff IS
PORT (d, clk: IN tgflogic;
q: ouT std_Yagic);
FUNCTION resing_edge (SINGAL S : std_logic) --line 1
RETURN BOOLEAN IS -- line 2
BEGIN
IF (S'EVENT) AND (S=1") AND --line 3
(S'LAST_VALUE =‘0") THEN --line 4
RETURN TRUE; --line 5
ELSE RETURN FALSE; --line 6
END IF;
END resing_edge;
END dff;
ARCHITECTURE behave OF dff IS
BEGIN
PROCESS (CLK)
BEGIN
IF rising_edge(clk) THEN --line 7
g <= d; -- line 8
Thir vign 1oty DH Sir phant Ky O ]

112

hittp 2www. th uvienSpkt e dii/Amn




~-Critorg 2. Ngbrivgt Bp trmh ViDL SPKT — Nguyén Pnh Phii

END IF;
END PROCESS;
END behave;

Vi du ndy cung cAp phuong phap phat hién canh Ién cho md hinh flip flop D. Him khai bdo
trong phin khai bao thyc thé va do vay c6 thé sit dung cho bat ky kién triic nao cia thuc thé nay.

Cé4c dong 1 va 2 cho thiy khai bdo haim. Chi c6 mot thong s6 (S) cho ham va thdng s6 nay
thudc loai tin hiéu.

Cidc dong 3 va 4 1a mdt phdt bi€u IF, phat biéu nay xdc dinh c6 phai tin hiéu vira thay ddi hay
khong, c6 phdi gi4 tri hién tai 1a ‘1> hay khong va c6 phai gid tri trude d6 1a ‘0° hay khong. N€u tat
ca cac diéu kién nay la ding, phat bi€u IF sé trd vé& gid tri ding (true), c6 nghia 12 mot canh ting
da dugc phat hién trén tin hiéu. N&u mot diéu kién nao dé trong cdc diéu kién nay khong ding,
gid tri dugc trd vé sé 1a sai (false), nhur dugc trinh bay & dong 6.

Dong 7 goi ham st dung tin hiéu dugc tao ra bdi port clk ciia thuc thé dff. N&u c6 mdt canh
ting trén tin hiéu clk, gid tri cia d dugc chuyén dé&n ngé ra g.

Cong dung phd bi€n nha't clia ham 13 trd vé mot gid tri trong mot biéu thic, tuy nhién con c6
hai cong dung nita c6 sdn trong VHDL. Cong dung diu tién 12 ham chuyén ddi (conversion
function) va cong dung thit hai'l2 ham phan tich (resolution function). C4c ham chuyén d6i dugc st
dung dé€ chuyén ddi tir ki€u nay§ang ki€u khac. Cac ham phan tich dudc sit dung dé phan tich viéc
tranh chip bus trén mdt tin hiéu c6'nhiéu ngudn kich (multiply-driven signal).

b. Ham chuyén dai:

Céc ham chuyén d6i dudc st dung déchuyén ddi mot d6i tugng c6 ki€u nay thanh d6i tugng
c6 ki€u khdc. Cdc ham chuyén ddi dudc st duig trong cdc phat bi€u thé hién thanh phan dé cho
phép viéc 4nh xa cdc tin hiéu va port c6 cdc ki€ khic nhau. Loai tinh hudng nay thudng phat sinh
khi mot ngudi thi€t k&€ mudn st dung mot thuc thé r'mot thiét k& khic.

Gi4 dinh ring ngudi thi€t k& A dang st dung ki€u d¥li¢u c6 4 gid tri nhu sau:

TYPE fourval IS (X, L, H, 2);

Ngudi thi€t k&€ B dang st dung ki€u dit lidu ciing chia 4 gid tri nhung cdc dinh danh gi4 tri lai
khac, nhu dudc trinh bay sau day

TYPE fourvalue IS (‘X’, ‘0’, ‘1’, ‘Z");

C4 hai ki€u nay déu c6 thé dugc st dung dé bi€u dién cic trang thdi cia mot hé thdng gid tri
4-trang thdi cho mdt md hinh cia VHDL. N€u ngudi thi€t k€ A mudn st dung modt md hinh tir
ngudi thi€t k€ B, nhung ngudi thi€t k€ B di st dung cdc gid tri tir kiéu fuorvalue 1am cic port giao
dién cia mo6 hinh, ngudi thi€t k&€ A khong thé sit dung md hinh nay ma khong chuyén d6i kiéu cia
cdc port thanh cic gia tri dugc sit dung bdi ngudi thi€t k& B. Van dé nay cé thé gidi quyét dudc
thong qua viéc st dung cdc ham chuyén doi.

Trudc tién ta hiy vi€t ham chuyén ddi gi4 tri giita hai hé thong.
Cdc gid tri tit hé thong thit nhét biéu dién cdc trang thdi phdn biét:
X — gid tri chua biét.

L — gia tri logic O.

H — gia tri logic 1.

Y T O T ol & T
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Z- gid tri tong 6 cao.
Cdc gid tri tit hé thong thit hai biéu dién cdc trang thdi:
‘X’ — gid tri chua biét.
‘0’ — gia tri logic 0.
‘1’ — gid tri logic 1.

‘7’ — gid tri tong trd cao.

T mo ta trén cia hai hé thdng gi4 tri ta c6 mot vi du vé haim chuyén ddi nhu sau:

Vidu 2-62:

FUNCTION convert4val (S : fourval) RETURN fourvalue IS

BEGIN

CASE SIS
WHEN X=> RETURN ‘X
WEEN L => RETURN ‘O’
WHEN H=> RETURN ‘1’
WHEN#Z => RETURN ‘Z’;

END CASE ;

END convert4val;

N N ~ A A ., . z A ~ N A A .z . z o R s
Ham nay s& nhan mot gia tri ¢6 kigu fourval va tra vé mot gia tri co ki€u fourvalue. Vi du sau

day cho thdy ndi ma ham c6 thé dugc st dung:

fourvalue IS

Vidu 2-63:
PACKAGE my_std IS
TYPE fourval IS (X,L,H, 2);
TYPE fourvalue IS (X', ‘L, ‘H', ‘2 ;
TYPE fvector4 IS ARRAY (0 TO 3) OF fourval;
END my_std;
USE WORK.my_std.ALL,;
ENTITY reg IS
PORT (a IN fvector4;
clr: IN fourval;
clk: IN fourval;
g OuUT fvectord);
FUNCTION convert4dval (S : fourval) RETURN
BEGIN
CASE SIS

WHEN X => RETURN ‘X’
WHEN L => RETURN ‘07

J. |!'I-'
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WHEN H =>
WHEN Z =>
END CASE ;
END convert4val;

FUNCTION convert4value (S

RETURN
RETURN

511;
lZl;

: fourvalue) RETURN fourval IS

BEGIN
CASE SIS
WHEN ‘X’ => RETURN X;
WHEN ‘0’ => RETURN O;
WHEN ‘1’ => RETURN 1;
WHEN ‘Z' => RETURN Z;
END CASE ;
END convert4value;
END reg;
ARCHITECTURE structure OF reg IS
COMPONENT aff
PORT (d, clk, clr . IN fourvalue;
g: OuUl fourvalue;);

END COMPONENT;

BEGIN

Ul: dff PORT MAP ( convertdval{a(0)),
convert4dval(clk);
convert4val(clr),
convertdvalue(q) => ¢(0));

U2: dff PORT MAP ( convertdval(a(l)),
convert4val(clk),
convert4val(clr),
convertdvalue(q) => q(1));

U3: dff PORT MAP ( convertdval(a(2)),
convert4val(clk),
convert4val(clr),
convertdvalue(q) => q(2));

U4: dff PORT MAP ( convertdval(a(3)),
convert4val(clk),
convert4val(clr),

convertdvalue(q) => q(3));

END structure;

e T T F e PO e e TP e
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Vi du nay 12 mot thanh ghi 4 bit dugc xay dung bing cic flip flop. Ki€u dugc st dung trong
khai b4o thuc thé cho thanh ghi 13 mot vector ki€u fourval. Tuy nhién céc flip flop dugc thé hién c6
céc port c6 ki€u fourvalue. Mot 161 khdng tuong thich kiéu sé& dudc tao ra néu cic port ciia thuc thé
thanh ghi dudc 4nh xa truc ti€p d&n cdc port thanh phin. Do vdy mot ham chuyén d6i dugc can
dén @€ chuyén ddi hai hé thong gia tri.

Né&u céc port déu & ché dd IN thi chi mdt chuyén ddi dugc cAn dén d€ 4nh xa tir ki€u cia
thuc thé chia dé€n ki€u cda thuc thé dudce chia. Trong vi du nay, néu cic port déu & ché d6 ngd
vao thi chi cé ham convertdvalue dugc yéu cau.

Né&u thanh phan ciing ¢6 cdc port ngd ra, cic gid tri ngd ra clia thuc thé dugc chita can dugc
chuyén ddi trd vé ki€u cida thuc thé chia. Trong vi du nay port q cia thanh phan dff 1a mot port
ngd ra. Ki€u cla cdc gid tri ngd ra. Kiéu clia cdc gia tri ngd ra sé& 12 fourvalue. Céac gid tri ndy
khong thé dugc dnh xa dé€n cdc port ki€u fourval. Him convertdvalue s& chuyén ddi tir ki€u
fourvalue thanh ki€u fourval. Ap dung ham nay trén cdc port ngd ra s& cho phép 4nh xa port xdy
ra.

C6 4 thé hién thath phan st dung cdc ham chuyén d6i nay: cdc thanh phan tir Ul d&n U4.
Luu ¥ riing cdc port ngd vag.sit dung ham chuyén d6i convertdval trong khi cdc port ngd ra sit dung
ham chuyén ddi convertdvalue:

Diing dang k&t hgp dit nay cdia 4nh xa cho thé hién thanh phan U1 nhu sau:

Ul: dff PORT MAP ( d == convertdval(a(0)),
clk =="gonvert4val(clk),
clr => convertdval(clk),
convertdvatue(p) => p(0));

Céc ham chuyén d6i gidi phong ngudi thi€t ké khoi viéc tao ra nhiéu tin hiéu hodc bién tam
thdi d€ thé hién viéc chuyén d6i. Vi du 2-64 trinh baymot phuong phdp khic dé thuc hién cic
ham chuyén ddi:

Vi du 2-64:
Templ <= convert4val(a(0));
Temp2 <= convert4val(clk));
Temp3 <= convert4val(clr);

Ul: dff PORT MAP (d =>templ,

clk => temp2,
clr =>temp3,
g => temp4);,

q(0) <= convertdvalue(temp4);

Phuong phdp nay dai dong, yéu cau mot bi€n tam trung gian cho mdi port clia thinh phin
dudc dnh xa. Phuong phép it dugc lya chon.

Né&u mot port § ché dd INOUT, cdc ham chuyén d6i khong thé thyc hién dudc v6i ky hiéu vi
tri. Cdc port phdi st dung k&t hop dit tén do hai ham chuyén ddi phdi dudc k&t hdp véi port

5 st
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“INOUT. MSE ':hg'r.ﬁ-ﬁc'ﬁl.iyén ddi s& dugc sit dung cho phan ngé vao cia port INOUT va mot ham
khdc sé& dugc st dung cho phian ngé ra cla port nhap/xuit.

Trong vi du sau diy, linh kién truyén hai chiéu dudc chita trong thuc thé c6 tén 1a trans2:

IS

END my_pack;

Vi du 2-64:

PACKAGE my_pack
TYPE nineval IS
TYPE nvector2 IS
TYPE fourstate IS

(20, 21, ZzX, RO, R1, RX, FO, F1, FX) ;
ARRAY (0 TO 1) OF (nineval) ;
(X, L, H, Z);

FUNCTION convert4state (a : fourstate) RETURN nineval;
FUNCTION convert9val(a : nineval) RETURN fourstate;

IS

PACKAGE body my_pack
FUNCTION convert4state (a : fourstate)
BEGIN
CASE a IS

WHEN X => RETURN

WHEN L => RETURN

WHEN H=> RETURN

WHEN Z => RETURN

RETURN nineval IS;

FX;
FO;
F1;
ZX;

END CASE ;
END convert4state;

BEGIN
CASE a

FUNCTION convert9val (a : nifeval) RETURN fourstate

IS

WHEN Z0 =>
WHEN Z1 =>
WHEN ZX =>
WHEN RO =>
WHEN R1 =>
WHEN RX =>
WHEN FO =>
WHEN F1 =>
WHEN FX =>
END CASE ;
END convert9val;
END my_pack;

RETURN
RETURN
RETURN
RETURN
RETURN
RETURN
RETURN
RETURN
RETURN

AN N

CxT

xXx

USE

WORK.my_pack.ALL;

ENTITY
PORT

END

ARCHITECTURE
COMPONENT

PORT

trans2
(a, b:
enable:

trans2;

trans
(x1, x2:
En:

IS
INOUT
IN

INOUT
ouT

nvectorz,;
nineval);

struct OF trans2 IS

fourstate;
fourstate);

END COMPONENT;
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BEGIN
Ul: trans PORT MAP ( convert4state(x1) => convert9val(a(0)) ,
( convert4state(x2) => convert9val(b(0)) ,
en => convert9val(enable));

U2: trans PORT MAP ( convert4state(x1) => convert4state(a(l)) ,
( convert4state(x2) => convert4state(b(1)) ,
en => convert9val(enable));

END struct;

MOi thanh phan 12 mot linh kién truyén hai chi€u c6 tén 1a trans. Linh kién trans chita 3 port:
cdc port xI va x2 1a cdc port vao-ra con port en 1a port ngd vao. Khi port en c6 gid tri H thi xI dudc
chuyén d&n x2 va khi port en c6 gia tri L, x2 dudc chuyén dén x1.

Céc thanh phan frans st dung ki€u fourstate 1am ki€u clia cdc port trong khi thuc thé chita sit
dung ki€u nineval. Cic ham chuyén d6i dugc yéu ciu d€ cho phép thé hién clia cdc thanh phan
trans trong ki€n triic struct cla thyc thé trans2.

Phat bi€u thé hién.thanh phian diu tién cho thanh phan trans c6 nhan 1a Ul trinh bay cich
thitc ma cdc ham chuyén’ddi duge st dung cho cdc port vio-ra. Anh xa port ddu tién sé& dnh xa
port xI dé&n a(0). Port a(0) ¢ ki€ nineval do d6 tin hiéu dugc tao bsi port nay c6 ki€u nineval.

Khi tin hiéu ndy dugc anhxa dé&n port xI cla thanh phan trans, tin hiéu nay phai dugc
chuyén d6i thanh fourstate. Him chiiyén ddi convert9val phai dugc goi d€ hoan tit viéc chuyén
ddi. Khi dit liéu dugc chuyén ra dén port xI d6i véi phan xuit clia port vao-ra, hAim chuyén d6i
convertdstate phai dugc goi.

Khi xI thay d6i, hAm convertdstate duoc goi d€ chuyén ddi gid tri fourstate thanh gid tri
nineval tru6c khi dugc chuyén dén thuc thé chifdurans2. Nguoc lai khi port a(0) thay ddi, ham
convert9val dudc goi d€ chuyén ddi gid tri nineval thinh gia tri fourstate, gia tri nay c6 thé dudc sit
dung bén trong mo6 hinh strans.

Céc ham chuyén ddi dudc sit dung d€ chuyén ddi mot gid tri cia mot ki€u nay thanh mot gia
tri ctia ki€u khdc. Cdc ham nay co thé dugc goi mot cach rd rang nhu 12 mdt phan cla viéc thuc thi
hoic khong rd rang tit mot 4nh xa trong mot thé hién thanh phan.

c. Ham phan fich:

Ham phan tich dugc st dung d€ trd vé gid tri clia mdt tin hiéu khi tin hiéu dudc kich bdi
nhiéu driver. S& khong hdp 1& trong VHDL khi c6 mot tin hiéu v6i nhi€u driver ma khong c6 ham
phan tich gdn cho tin hiéu d6. Mot ham phan tich dudc goi mdi khi mdt driver ciia tin hiéu c6 mot
su kién xdy ra. Him phan tich sé& dugc thuc thi va sé& trd vé mot gid tri duy nhat trong tit cd cdc gid
tri cla cdc driver; gid tri nay s€ la gid tri mGi cta tin hiéu.

Trong céc trinh md phéng di€n hinh, cic ham phin tich dugc cai dit sin hoic c6 dinh. Véi
VHDL ngudi thi€t k€ ¢6 kha ning dinh nghia bat k¥ loai ham phan tich nao mong muén, wired-or,
wired-and, gid tri trung binh tin hiéu, ...

Mot ham phan tich ¢6 mdt ngd vao d6i s& duy nhat va trd vé mot gid tri duy nhat. Pdi s6 ngd
vao duy nhat ndy bao gdbm mdt dii ring budc cdc gid tri clia driver clia tin hiéu ma ham phin tich
dudc gan. N&u tin hiéu c6 hai driver, dii khong rang budc s& c6 hai phan ti; n€u tin hiéu c6 ba
driver, ddi khong rang budc sé& c6 ba phan ti¥. Him phin tich s& xem xét cdc gid tri clia tit ci cdc
driver va trd vé mot gid tri duy nhat goi 1a gi4 tri phin tich (resolved value) cdia tin hiéu.

...... #+1s - i 1 & .
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Ta hiay khao sat mot ham phan tich d&i véi kiéu fourval da dugc st dung trong cac vi du ham
chuyén ddi. Khai bao ki€u cho fourval nhu sau:

TYPE fourval IS (X, L, H, 2);

4 gia tri phan biét dudc khai bio bi€u dién tit ci cdc gid tri c6 thé c6 ma tin hiéu c6 thé
chita. Gid tri L bi€u dién logic 0, gid tri H logic 1, gid tri Z bi€u dién diéu kién tdng trg cao, gia tri
X bi€u dién diéu kién chua biét, trong d6 gia tri c6 thé bi€u dién logic 0 hoic logic 1 (nghia 1a tiy
dinh) nhung ta khong chic 1a gid tri ndo. Cdc diéu kién nay c6 thé xay ra khi hai driver dang kich
mot tin hi€u — mdt driver kich véi logic H va driver kia kich véi logic L.

Liét ké vao theo thtt tw dd manh, v6i y€u nhat & trén cing, cdc gid tri nay nhu sau.
Z — y&u nhat — H, L va X c6 thé ghi de.

H, L — trung binh — chi ¢6 X c¢6 thé ghi de.

X — manh nhit — khong bi ghi de.

Bing cich st dung thong tin ndy, mot bang gia tri ¢ hai ngd vao c6 thé dugc phat trién nhu
dudc trinh bay & bang dudi.

Bdng 2-11 cho gid ttingd ra ¢ 2 ngd vao

: 7 L H X
2%z L [ |x
L o L [x |x
H |0/ x [H [x
X |x % [x [x

Bang 2-11.

Béang gia tri ndy diing cho cédc gid tri hai ngd vaoita c6 thé md rong nhiéu ngd vao hon bing
cdch 4p dung lién ti€p bang niy cho hai gid tri 8 mot thdi'diém. Piéu nay c6 thé thyc hién dudc do
bing nay c6 tinh giao hodn va két hop.

Mot L va mot Z hodc mdt Z va mdt L sé& cung cho két qua.
Mot (L, Z) véi H sé cho két qud giéng nhu mot (H, Z) véi mot L.

C4c nguyén tic nay rat quan trong do thif ty cdc gi4 tri cla driver bén trong ddi s& ngd vao
ctia ham phan tich 1a khong dinh trudc theo quan diém cta ngudi thiét k&. B4t ky phu thudc nao
trén thit ty déu c6 thé gay ra két qua khong dinh trudc tir ham phan tich.

Biing cdch st dung tit ci cdc thong tin ndy, mdt ngudi thi€t k& c6 thé vi€t mot ham phan tich
cho ki€u nay. Him phén tich s& duy tri dd manh cao nh4t trong chitng muc thdy dudc va so sianh
gid tri nay véi gid tri méi, mot phin tif duy nhat § mot thsi diém cho dén khi tit cd cac gia tri déu
da dugc st dung hét. Gidi thuit ndy s& trd vé gid tri c6 do manh cao nhat. Dugi diy 12 mot vi du
cho mdt ham phan tich nhu vay.

Vi du 2-65:
PACKAGE  fourpack IS
TYPE fourval IS X, L, H, 2);
TYPE fourval_vector IS ARRAY (nineval RANGE <>) OF fourval;
FUNCTION resolve (s : fourval_vector) RETURN fourval,
g D tps s uvienspic ey va 11|
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“END  fourpack.

PACKAGE BODY fourpack IS
FUNCTION resolve (s : fourval_vector) RETURN fourval IS
VARIABLE result : fourval := Z;

BEGIN
FOR i IN s’RANGE LOOP
CASE result IS
WHEN Z =>
CASE s(i) IS
WHEN H => result := H;
WHEN L => result ;= L;
WHEN X => result := X;
WHEN OTHERS => NULL;
END CASE ;

WHEN L =>
CASE s(i) IS
WHEN H => result := X;
WHEN X => result ;= X;
WHEN OTHERS => NULL;
END CASE ;

WHEN H.=>
CASE s(i) IS
WHERLL => result := X;
WHEN-X.=> result := X;
WHEN OTHERS => NULL;
END CASE ;

WHEN X => result ;= X;
END CASE ;
END LOOP ;
RETURN result ;

END resolve ;
END fourpack ;

e ~ ~ N N A A N A 2 R A . N N A
Do6i s6 ngd vao la mot mang khong rang budc cé ki€u nén cta driver 1a fourval. Him phan
2 ~ 2 ~, 2 .z . 2 . e N A ~ A .z . A N,
tich sé& khédo sdt tat cd cdc gid tri cua cdc driver dugc chuyén vao doi s6 s, mot gid tri & mot thoi
- R A A .z . ~ 7 e R e . N, N .z . 2 *A
di€m, roi tra vé gia tri duy nhat c6 ki€u fourval dé dugc dinh thdi nhu 1a gid tri cda tin hiéu.

Bién result dudc khéi dong bing gid tri Z cho trudng hdp khong cé driver nao ddi véi tin
hiéu. Trong trudng hgp nay vong ldp s& khdng bao gid dugc thuc thi va gid tri cia result dugc tra
vé s& 1a gi4 tri khdi dong. DAy ciing 12 mot y hay néu ta khdi dong gid tri clia result bing gid tri
y&u nha't cia hé thong gid tri d€ cho phép ghi dé bdi cdc gia tri manh hon.

Né&u c6 mot driver dugc ti€n hanh, vong 1ip sé& dugc thuc thi mot 1an cho mdi gid tri clia
driver dugc chuyén vao doi sd s. Mdi gid tri clia driver dudc so sdnh véi gia tri hién tai dugc luu
trong bién result. N&u gid tri m§i manh hon theo qui luat da dudc néu & trén, gid tri cla result sé
dugc cap nhit bing gia tri mdi.
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Thi tuc c6 thé c6 nhiéu thong sd ngd vao, ra va vao-ra. Goi thl tuc dudc xem nhu mot phat
bi€u riéng, ham thudng ton tai nhu mot phan ciia bi€u thitc. Trong hau hét cic trudng hop st dung
thd tuc chi khi ¢6 nhiéu hon 1 gi4 tri dugc trd vé.

Thii tuc ¢6 nhitng quy dinh vé ct phdp gidng nhu ham. Phan khai bdo thii tuc bit dau véi tir
khod PROCEDURE, ti€p theo 1a tén cda thi tuc va sau d6 12 danh sdch cdc doi so.

Trong tht tuc, c6 nhiéu ddi s6 cé thé & kiéu IN, OUT
hodc INOUT, trong ham thi tit c4 cdc ddi sd & ki€u IN.

Vi du 2-66 vé cédch st dung thii tuc:

Vidu 2-66:

USE LIBRARY |EEE;
USE IEEE.std_logic_1164.ALL;
PROCEDURE vector_to_int (z : IN std_logic_vector;
x_flag: OUT BOOLEAN, q : INOUT INTEGER) IS
BEGIN
Q:=0;
X dlag ;= false;
FOR.| IN Z’RANGE LOOP
Qi=q*2;
IF2() =1 THEN q:=q+1;
ELSIE z()) /=F0 THEN x_flag := true;
END IF;
END LOOP ;

END vector _to_int ;

Hanh vi cla thi tuc 12 chuyén ddi ddi songd vao z tif mang kiéu sd nguyén. Tuy nhién néu
mang ngd vao cé gid tri chua x4c dinh thi gia 1180 nguyén khong thé dugc tao ra tif mang. Khi
diéu kién nay x4y ra thi ddi s6 x_flag dugc thi€t 1ap §/gid tri true d€ x4c dinh gi4 tri s nguyén ngd
ra 12 khong xdc dinh. Thi tuc dugc yéu cau dé diéu khiésn hanh vi ndy bdi vi ¢6 nhiéu két qua trd
vé. Chiing ta hiy kiém tra k&t qua tir thi tuc v6i mang gid ti'ngd vao nhu sau:

‘0’ 60’ ‘17 ‘1’

Budc thit nhat thii tuc sé& khdi dong cdc gid tri ngd ra véi cdc diéu kién da biét, trong trudng
hgp d6i s6 ngd vao dai bing 0 dugc truyén vao. Poi s6 ngd ra x_flag dugce khdi tao & trang thai
false va ti€p tuc § trang thdi false cho dén khi chitng minh trang thai ngudc lai.

Phat biéu vong lip xuyén qua vector ngd vao z va ti€p tuc cong mdi gid tri clia vector cho
dé&n khi tat cd cdc gid tri dd dugc cong.

N&u gi4 tri 12 ‘1’ thi sau d6 né dudc cdng vao két qua. N&u gid tri 1a ‘0’ thi khdng cong.

Né&u bat ky gid tri ndo dugc tim thdy trong vector thi k&t qud x_flag dudc thi€t 1ap 1a true x4c
dinh ring diéu kién chua bi€t da dugc tim thdy & mot trong cdc ngd vao. (Chd y thong s6 q da
dugc dinh nghia nhu thong s6 vao-ra, di€u nay 1a cAn thi€t bdi vi gid tri dugc doc trong thi tuc).

Thii tuc khéong c6 thong sé

Vi du 2-67 trinh bay mdt thi tuc ¢6 1 ddi sd vao-ra thudc dang ban ghi. Bdn ghi chita mot
mang 8 s& nguyén ciing vé6i trudng s6 dugc diing dé luu gid tri trung binh clia tit cd cdc s6 nguyén.
Thi tuc tinh todn gid tri trung binh cla cdc gid tri s6 nguyén, ghi gid tri trung binh trong ving
trudng trung binh ctia bdn ghi va trd vé v6i ban ghi di cAp nhat:

Thir vign 1 ricorg DH Sir phram Ky thaat 1 P.H
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Vidu 2-67:
PACKAGE intpack IS
TYPE bus_stat_vec IS  ARRAY (0TO7) OF INTEGER;
TYPE bus_stat t IS
RECORD

bus_val: bus_stat vec;
average val: INTEGER,;
END RECORD;

PROCEDURE bus_average (x: INOUT bus_stat _t);
END intpack;

PACKAGE BODY intpack IS
PROCEDURE bus_average (x : INOUT bus_stat t) IS
VARIABLE total : INTEGER :=0;
BEGIN
FOR iIN 0OTO7 LOORP total :=total + x.bus_val(i);
END LOORP ;
x.average _val :=total /8 ;
END bus-average ;
END intpack ;

PROCESS (mem_update)
VARIABLE bus_statistics : bus_stat t;
BEGIN
bus_statistics.bus_val := {50, 40, 30, 35, 45, 55, 65, 85);
bus_average(bus_statistics);
average <= bus_statistics.average val,
END PROCESS;

Phat biu diu tién 1a gin bién. Phat bi€u thit hai' Ja goi thl tuc bus_average d€ thuc hién tinh
toan gid tri trung binh. PE bit diu, d6i s6 cho thi tuc busiaverage 12 mot gid tri ngd vao nhung sau
khi thd tuc thyc hién xong thi d6i s6 trd thanh gid tri ngé 4 — c6 thé dugc st dung bén trong cho
viéc goi x Iy. Gi4 tri ngd ra tif thli tuc dudc gan cho tin hiéu ngd ra nim & hang cudi cung clia qué
trinh.

2. GOt

Muc dich quan c¢d bin cia géi 1a géi gon cic phan tif c¢6 thé dung chung, bao gdbm hai hay
nhiéu don vi thi€t k€. G6i 1a mién luu trit chung dugc st dung dé luu trit dit liéu ding chung giita
mot s& thuc thé. Viéc khai bdo dit liéu bén trong mot géi cho phép dit liéu dugc tham chi€u bdi cic
thuc thé khic.

Mot géi gdm c6 hai phan: phan khai bdo géi va phan thin clia géi. Khai bdo géi dinh nghia
giao dién cho géi v6i cling phuong phdp ma mot thyc thé dinh nghia giao dién cho mot mo hinh.
Than cda géi chi ra hanh vi thyc su clia géi theo cling phuong phap ma phét bi€u ki€n tric thuc
hién doi véi mdt mo hinh.

a. Khai bao goi:

Phan khai bdo géi c6 thé chita cdc khai bdo sau:

— Khai bdo chuong trinh con.

. , g o
— Khai bado ki€u, ki€u con.
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— . Kﬁai bdo hiing, hiing tri hodn (deferred constant).

— Khai béo tin hi€u, tao ra mot tin hi€u toan cuc.

— Khai bdo tap tin.

— Khai bdo bi danh (tén khac).

— Khai bdo thanh phan.

— Khai bdo thudc tinh, thudc tinh do ngudi st dung dinh nghia.

— Pic ta thudc tinh.

— Dic ta khong két noi.

— Ménh dé USE.

TAt cd cdc muc dugc khai bdo trong phan khai bdo géi dugc nhin tha'y & ba't ky don vi thi€t k&
nao st dung géi nay bing ménh dé USE. Giao dién clia mot géi chita bat ky chuong trinh con nio
hoic cdc hiing tri hodn dugc khai bdo trong phan khai bdo géi. Cdc khai bdo chuong trinh con va
hiing tri hodn phdi c6 mdt thin chuong trinh con tuong (ng va gid tri hiing tri hodn tuong ¥ng trong
than cla goi.

Hiing tri hodan: Cdc hing. tri hodn la cdc hiing c6 tén va ki€u dugc khai bdo trong phan khai
bdo g6i nhung c6 gid tri thuc swdude chi dinh trong phan than clia géi. Vi du 2-68 vé hing tri hodn
trong khai bdo géi nhu sau:

Vi du 2-68:
PACKAGE tpack IS
CONSTANT timing_mode: t_mode;
END tpack;

Vi du trén trinh bay mot hing tri hodn cé tén“la timing_mode dugc dinh nghia c6 kiéu
t_mode. Gia tri thuc sy ctia hiing nay sé& dugc chi ra khi thin¢lia géi dugce dich.

b. Khai bao chuong trinh con:

Mot muc khdc tao thanh giao di€én cho géi la khai bdo chudng trinh con. Khai bdo chuong
trinh con cho phép ngudi thi€t k&€ chi dinh giao dién clia mdt chuong trinh con tdch biét khdi than
chuong trinh con. Chtic ning nay cho phép bat ky ngudi thi€t k&€ nao st dung chuong trinh con dé
bit dau hoic ti€p tuc viéc thi€t k&, trong khi d6 dic ti giao dién clia cdc chuong trinh con dugc
trinh bay chi ti€t. Chifc ning nay ciing cung cap cho nha thi€t k& than cdc chuong trinh con sy tu do
thay ddi cdac hoat ddng bén trong clia cdc chudng trinh con ma khong dnh hudng dén bat ky thiét
k& nao st dung chuong trinh con d6. Vi du 2-69 khai bdo chuong trinh con nhu sau:

Vidu 2-69:
PACKAGE cluspack IS
TYPE nineval IS (20, 21, ZX, RO, R1, RX, FO, F1, FX);

TYPE t_cluster IS ARRAY (0 TO 15) OF nineval;
TYPE t_clus_vec IS ARRAY (natural range <>) OF t_cluster;

FUNCTION resolve cluster (s: t clus_ vec) RETURN t_cluster;
SUSTYPE t wclus IS resolve_cluster t_cluster;

CONSTANT undriven: t_wclus;

END  cluspack;
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Khai bdo chudng trinh con cho resolve_cluster chi dinh tén clia chudng trinh con, cic ddi s6
ba't ky clia chudng trinh con, cdc ki€u va céc loai clia cdc ddi s6 va trd vé ki€u néu chuong trinh
con 12 mot ham. Khai bdo nay c6 thé dugc sit dung d€ bién dich bat ky md hinh nio dy dinh si
dung chuong trinh con ma chua ¢6 than chudng trinh con thuc sy dugc chi dinh. Than chuong trinh
con phéi hién hitu trude khi trinh mé phdéng dugc xay dung.

Thén ctia géi: Muc dich chinh cta than ctia g6i 1a dinh nghia cdc gid tri cho cdc hidng tri hodn
va chi dinh cdc thin chuong trinh con cho bat ky khai bdo chuong trinh con nao tir khai bdo goéi.
Tuy nhién thin géi ciing c6 thé chita cdc khai bdo sau:

— Khai bdo chuong trinh con.

— Thén chuong trinh con.

— Khai bédo kiéu, ki€u con.

— Khai bdo hiing, khai bdo nay dién vao gi4 tri ciia hiing tri hodn.
— Khai bdo tap tin.

— Khai bdo bi danh.

— Ménh dé USE.

TAat cd cdc khai bdo trofng than clia géi — ngoai trir khai bdo hiing ma ching chi dinh gi4 tri
cda hiing tri hodn va khai bdo than chuong trinh con — 14 cuc bd d6i vdi than cia géi. Ching ta hiy
khdo sdt than clia géi cho khai bao ¢6i 3 dugce dé cap & phan trudce.

Vidu 2-70:
PACKAGE BODY cluspack IS
CONSTANT undriven: t_wclus:=
(ZX, ZX, ZX, ZX,
ZX, ZX, ZX, ZX,
ZX, ZX, ZX, ZX,
ZX, ZX, ZX, ZX,);

FUNCTION resolve cluster (s: t clus_vec) RETURN t cluster IS
VARIABLE result : t_cluster;
VARIABLE  driver_count : integer;

BEGIN
IF SLENGTH=0 THEN RETURN undriven;
END IF,;
FOR i IN S'/RANGE LOOP

IF S(i) /= undriven THEN driver_count := driver_count + 1;
IF driver_count=1 THEN result := s(i);
ELSE result := undriven;
ASSERT FALSE
REPORT “multiple drivers detected”
SEVERITY ERROR;
END IF;
END IF;
END LOOP ;
RETURN result;
END resolve_cluster ;
END cluspack;
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» Chu&ﬁg 2-Ngdringx 12p DL 1 C

~ Phét biéu than cda g6i tuong ty nhu khai bdo goéi ngoai trtr tit khéa BODY theo sau
PACKAGE. Tuy nhién céc ndi dung ciia hai don vi thi€t k&€ nay rat khdc nhau. Than géi cho vi du
ndy chi chita hai muc: gid tri hiing tri hodn cta hiing tri hodn undriven va thin chuong trinh con
clia chuong trinh con resolve_cluster. Ta hdy luu y dén cdch thiic ma dic td gid tri hiing tri hodn
tuong thich vé6i khai bdo hiing tri hodn trong khai bdo g6i va than chudng trinh con tudng thich véi
khai bdo chuong trinh con trong khai bdo g6i. Than chuong trinh con phéi tuong thich chinh xac vé6i
khai bdo chuong trinh con vé sd thong s&, ki€u clia cdc thong s6 va kiéu trd vé.

Than cda géi ciing c6 thé chita cdc khai bdo cuc bd chi dugc sit dung bén trong than ciia gbi
dé€ x4y dung cic than chudng trinh con khidc hoic cdc gid tri hing tri hodn. Cdc khai bdo nay
khong dugc nhin thay tif bén ngoai thin clia gbi nhung cé thé ri't cé ich bén trong than géi. Vi du

2-71 vé mdt géi hoan chinh st dung tinh chi't niy nhu sau:

Vidu 2-71:
LIBRARY IEEE;
USE IEEE.std_logic_1164.ALL;

PACKAGE math IS

TYPE stl6 IS ARRAY (0 TO 15) OF std_logic;
FUNCTION add(a, b: IN st16) RETURN stl16;
FUNCTION subfa, b : IN st16) RETURN stl6;
END math;

PACKAGE BODY matfr|S
FUNCTION vect_to_int (s{ »st16) RETURN INTEGER IS
VARIABLE result: INTEGER:=0;
BEGIN

FOR i IN 0OTO7 LOOP
result ;= result * 2;
IF S(i) =1’ THEN result :=result +1,;
END IF;

END LOOP ;

RETURN result;
END vect_to_int;

FUNCTION in_to_stl16 (s: INTEGER) RETURN stl6 IS
VARIABLE  result: stl16;
VARIABLE  digit: INTEGER := 2**15;
VARIABLE local : INTEGER,;
BEGIN
Local:=s;
FOR i IN 15 DOWNTO O LOOP
IF local/digit >= 1 THEN result(i) := ‘1’;
Local:= Local - digit;
ELSE result(i) :=‘0’;
END IF;
digit := digit /2;
END LOOP ;
RETURN result;
END in_to_stl16;

FUNCTION add (a,b: INstl6) RETURN stl16 1S
VARIABLE result: INTEGER,;
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BEGIN
Result := vect_to_int(a) + vect_to_int(b) ;
RETURN int_to_st16 (result);

END add;
FUNCTION sub (a,b: INstl6) RETURN stl6 1S
VARIABLE result : INTEGER;
BEGIN
Result := vect_to_int(a) - vect_to_int(b) ;
RETURN int_to_st16 (result);

END sub;
END math;

Khai bdo géi & trén 12 mot khai bdo ki€u st16 va hai ham add va sub hoat dong theo ki€u néu
trén. Than goéi c6 chira than cac ham cho cdc khai bao ham add va sub va ciing chita hai ham chi
dugc st dung trong than ctia géi d6 1a cdc ham nay la inf_to_stl16 va vec_to_int. Cic ham nay
khong dugc thdy tlir bén ngoai than cia g6i. PE 1am cho cdc ham nay c6é thé nhin thiy dudc, mot
khai bdo ham cin phai thém vao phin khai bdo g6i cho mdi ham.

Céc ham vec_to_int i int_to_st16 phai dugc khai bdo truéc ham add d€ dich chuong trinh

cho diing. T4t cd cdc ham phaidugce khai bdo trude khi ching dudc sit dung.

CAU HOI ON TAP VA BAI TAR,
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Cdu 2-1. Hay phan biét sy khdc nhawgiita bi€n va tin hiéu?

Cédu 2-2. Hay phan biét sy khdc nhau giﬁ’ khai bdo BIT va STD_LOGIC ?

Cédu 2-3. Hay phan biét sy khdc nhau gilr khai bio BIT va BIT_VECTOR?

Cdu 2-4. Hay phan biét sy khdc nhau giit khai baeBIT va STD_LOGIC ?
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