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8. X Ei% B GENERIC

KB SHORM T IR m LR B E B S8 i, W — A Sk 2 BA EFHER AR
ok S FF (14 [T AR L U] b P S ) 0T g S B 1 ELAAE(E 7T LA GENERIC 24§ 1m] SE AR5 3%

9. & PROCESS

PEREJE VHDL H AR i P07 800, VHDL 7 A9 405 B, Br AT /9 45 V8 30 v] LAk 2 fi
W E AR,

10. E LIBRARY

g gk IR MR RS . BTG & LT ME LR E B E E X,
PER DI REZE AL TH8AE R G h 9 H 5%, PR b A7 i e b O BCHE o P28 38 TP 1R 1Y R i T L A
IR DU T

3.2 VHDL B4 =#h A & ##1R K&
VHDL A 45 F i F oo MR it oo, Hp F908 1 oG350k ENTITY A1

{1 PACKAGE, R 2% Bt 2 4548 ACHITECTURE #{3{& PACKAGE BODY., &%
BT A0 R A E RV R ICH e Ry . JFE NS E RV R IC IR R OL RS .

3.2.1 K
DI DOk — P8 vE PR AN P AT S R wn i 3-1 FroR . o abed S PO Bl fiA
ﬁﬁJﬁySl\SO %i&iﬁﬁ*%gﬂ%’x%%tﬂgﬁo —{ g mux
LT X O A SEAR R R AN i |
d
ENTITY mux IS X
PORT ( a, b, ¢, d : IN BIT; s1
s0, sl : IN BIT; — 50
x : OUT BIT);
END mux; Bl 3-1 POk — %
Jerh VHDL B 9 56 S 40 J k5 #eor . Xl ENTITY & LTS

IS FrBA & SR AR IT 4R s END bR B SCRHEAR 25 50 PORT F£on T G ik o 015 515 85
IN Fom i 55 0 WG5S OUT Fom i HE 5 19 7 m ki b 55 BIT %R i
PGS W5 5 2B 7 28R (0 1 BEFPIUED o SEARHE AR F /NS 1 mux 2T E & Y58
R AR abc.d.s0. sl x SR I E X FE 5 25K
S A f vt 11 1) (AL s 1SS 2O AL 48 DU, gk 3-1 i,
F 31 ZAEmOER

it 1R 1 i
IN B HRE A s 1A SE AR
ouT BHE FRE A S AR 3 i
INOUT X Il o ZSCHE AT LA s 3 A/ S 1
BUFFER &N AR R R N L S A R YR

PR P T DL S A8 38 A 458 S5 AR 24 PR IS F S 101 15 0, 0 4 WO 28 3 11155 355 19 5 1) LA
RAR SR, B2 SRR R A 83 MR R 2 AT S B ER R B RGE R X AP R AR 7. 1
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TAT A0 S AR 3R 2 Br AT B2 2T A SR REAE 2R, ZE e 3 Al B SCRE T IS B 2 HE B . e
KB W iEA] GENERIC, &3 % H 3k 8 v 0 Sk 55 ), ek b o8l , LA K 52
WSEETHBER . EAR EitRE X —A %80, IF B HAL 1236 2 SRl R 58

R/(18

GENERIC(w: INTEGER: = 16);
PORT(abus: OUT BIT_VECTOR(w — 1 DOWNTO 0));

TP A T

PORT(abus: OUT BIT VECTOR(15 DOWNTO 0));

EEULI . XA I 5 T — N 5 abus. 5505 10 L {5 5 2888 BIT
VECTOR., BIT_VECTOR & %% &t , 0] LA P A ol — 4504, B Al i B — (7 #5 J& BIT 2%
AL TT R AN EON TR HEF W 455 RN A E . (15 DOWNTO 0) R EdcR N80
16 L, e ZHF M 15 3 05 T a2 BIT_VECTORCO to 15), WAL ZTC EZHEFE M 0 3] 15,

3.2.2 HMK

UM IR T SRR SEAR TN RE AL TS SR AT O i AR IR . 3T VHDL #i A
BUF R GE A RS TR] B KA - (LR = A [l XU ) 45 R 1A £ 38 22 35 7 i 1T 4 28 1 %%
e 6 4 A SR 3D

L. HHE T iR XU (2 BR1E FRAT B A IR U

ARCHITECTURE dataflow OF mux IS
SIGNAL select : INTEGER;

BEGIN
select <= 0 WHEN sO = 'O'AND s1 = 'O'ELSE
1 WHEN sO = '1'AND s1 = '0O'ELSE
2 WHEN sO = 'O'AND s1 = 'l1'ELSE
3;

x <= a AFTER 0.5 NS WHEN select = 0 ELSE
b AFTER 0.5 NS WHEN select = 1 ELSE
c AFTER 0.5 NS WHEN select = 2 ELSE
d AFTER 0.5 NS;
END dataflow;

Horp 5G] ARCHITECTURE #5 B 45 A4 (44 38 19 JF Uiy i 25 W 1R 19 24 728 dataflow,
H P UCHE By 524K K mux, JCHETR ARCHITECTURE F1 BEGIN 22 [a] J& 45 £ 4 v i { JH i)
Fo A HMAEA ., LB, AT —4 select {55, 3 H HAF 5 26 #8 INTEGER.
T2k IH . VHDL Zs B KB E T A EH & 55 G0 R AR i, 75 W AR B U0 28 5 28
Bl £ ARCHITECTURE J5 1 55—/~ BEGIN 2 J5 — B 2| &4 il END 2 [6] & 31715 4],
RV B A A AT AT » RIS A A5 11 S S I TG DG 5 AR Uk A DX B 1 A T L R A )
IR o i1 AN B W T A AT R T g

FARE S A

select <= 0 WHEN sO = 'O'AND s1 = 'O'ELSE

1 WHEN sO = '1'AND s1 = 'O'ELSE

2 WHEN sO = '0'AND s1 = '1'ELSE
3;
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Foe<="REMGETRME, XHEAES select PEATMRIE . HARBETHE N 0.1.2.3 1Y
Fh. M(E5 s0.s1 BLOO B}, select (50 0; 24 s0.s1 HL 10 B ,select (5 0 1; 24 s0.s1 HL
01 B, select f55 4 25 HAWE ML, select 1558 3 G F WAL 1E 7] (19 3 2 WA S LG5 I
HIB AR AT .

P ORXE 5 x W WRAE o 2 2 LAY B A% O v RO select 155 I HUETE 0 45 15 5 (A
AR Z I AE TGS x BWRAE IFAS 2 57 B & A6 1 L TR 77 218 )5 &I 0. 5ns A K2

XA 5 A5 5 WA 5 A0 2 I T AT 8 ) 2 3 2 1 TRl Bk BhUA T B9, JHG A 5 e T DL B )
AW DIRE . (AR AR - WUE 2 T 0H0E R TIE RS A M fE 5, i R A {5 = 20
A A NE S RESEOE . OB E 2 E S M 0 81 83 M 1 3] 0 — kA2,
g 2 UERAE A 5 A M 15 5 b 2 — A5 5 A 22k A5 5 W A B IE 00T, & R
{IERZERCIEE T

SEA A T B AR I AT R ) S8 AR IR B A B AR B B L L A A I S R R
i) Ji A% 388 2 IRV B 2 26 5 9 SRR AR AL 8 T O . T SR R VHDL Hh 45 5, 1 s X
FORAT AR S A5 5 e W D 1 S5 M A o 22 55 A5 5 R T8 1) b SR B 2 R AT AT Y . iy
)~ 4518 . AR b s A R IR AT IR A

2. ML HEIR R GTEHGIL, B IRIEB R M ERIEIT)

SER AL R 2 A 00 A BE L H R A oo S L IE #E . b ZE S5 H 1A BEGIN Z
il 75 B T RR T R B B 2 1 = A S8 (COMPONENT) L 43 5l 24 andgate . inverter,
orgate, IMiX = MICARN %A JE T A CH VHDL 588 #iiR , WA Ll andgate.inverter,
orgate iy £ I S AN S A X 1V 19 285 4 1

ARCHITECTURE netlist OF mux IS

COMPONENT andgate
PORT(a, b, ¢ : INBIT; x : OUT BIT);
END COMPONENT,;
COMPONENT inverter
PORT(inl : IN BIT; x : OUT BIT);
END COMPONENT;
COMPONENT orgate
PORT(a, b, ¢, d : IN BIT; x : OUT BIT);
END COMPONENT;
SIGNAL sO inv, sl inv, x1, x2, x3, x4 : BIT,;
BEGIN
Ul : inverter PORT MAP(s0, s0_inv);
U2 : inverter PORT MAP(sl, sl inv);
U3 : andgate PORT MAP(a, sO_inv, sl _inv, x1);
U4 : andgate PORT MAP(
U5 : andgate PORT MAP(c, sO_inv, sl, x3);
U6 : andgate PORT MAP(d, s0O, sl, x4);
U7 : orgate PORT MAP(b =>x2, a =>x1, d =>x4, ¢ =>x3, X =>X);
END netlist;

JLAF R YA A RS SN T

COMPONENT JCf45 1S
PORT (3 1 44 %)
END COMPONENT;

b, s0, sl inv, x2);
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TERHE BB A 09 T0UZ 3 348 v, 3% = A oA i 8 TR 422 0C 3 02 DT Rl 4k 1 ) S B AY
Tl AL A A X

B4k4 - JUPE4 PORT MAP ([ % H 4 = >] LG H 4, ),

TEAF F, i Ul ; inverter(s0,s0_inv) 3 8 I8 T inverter, 78 mux B T2
BT P FRAE Ulinverter 1Y inl 7ETRZ hiE 4892 sO 75, x TETZ h & 1Y 2 sO_inv
{55 . X BT s 11 2% 05 A Yk DG T G 356 002 15 1 v i) 3% 22 o 11 44 19 7 SRR AR o7 3 ik
S, Elrh U1-U6 #f 2 R X RO 77 3. BT, i 1A A6 B 00 250 ™ 4% 5 o0 14 75 B iy
SEA AR ] AT R U7 )RR v 11 4% S 32, BV A 3 B A R 5 = > A 3R 4 e Of
KR AREES W I, AR GE S B sh I . £F5 =>4 30 2 o F 0 i o
F1 4% A7 320 0 2 TT AR AP T 5 % 2 (0 0 11 44 BUA 5 44 o I 3 1 R 1% J2 i 11 44 110 SR I G
F . v 1 44 B IR A B AT DL A L an, Bl U7, Se R i R e 1 b Y SR ¢
FJRHR R R a BOCHROC R . X5 o A WY b o U AN TR] . T 5 A Al A X
D7 Y P 2 3 4z IR AN 1] 3-2 F

a AR PR
b
c
U3
a x1
b x
d c
andgate
U4 u7
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b x 52 b x X
Ul ¢ U5 +19
s0_in a
s0 it o _Inv andgate . X3 orgate
L c
inverter andgate
2 0
sl_inv
5l inlx =
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a
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c
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Pl 32 4R 1 BN B R 4 I
3. ITARRRXE (B FRIERF#IE XK, EEH PROCESS &4

ARCHITECTURE sequential OF mux IS
BEGIN
PROCESS(a, b, ¢, d, s0, s1)
VARIABLE sel : INTEGER;
BEGIN
IF sO = '0'and s1 = 'O' THEN
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sel : = 0;
ELSIF sO = '1'AND sl = 'O' THEN
sel : = 1;
ELSIF sO = 'O'AND s1 = 'O' THEN
sel : = 2;
ELSE
sel : = 3;
END IF;
CASE sel IS
WHEN 0 =>
X <= a;
WHEN 1 =>
x <= b;
WHEN 2 =>
x<= ¢y
WHEN OTHERS = >
x <= d;
END CASE;

END PROCESS;
END sequential;

17 04538 KA R Fl PROCESS 15 5] L R B B4R 147 M ThBe . i PROCESS ¢
A JE AR R R BURE S R A YR G SR 2L M ES A R AE S
M0 1 EE 1] 0 AR, BERR A BT FRAE BERR B WS s 2, iR BUR(E 5 R
IS S ER A F, ERR A SPAT, IRAE R H R, R PROCESS G in] 3|
BEGIN 2 [a] 2 7 B X, 1] DL B o rp (i A 28 L il R B T — A sel AR i, AR 7R i
TR T HERR L U AR R OR AR . HERE R A9 BEGIN 4515 %] END PROCESS 2 [1] J&
EFR T A0 A L 3K 22 (8] 9 1 R R M R T ), B4 R R B S S U AT . AR
i T IF 4549184 Fl CASE i547] . CASE B4R §i sel 28 & M E L B A R 19 70 L AT . e
WMASH sel 1,0 CASE i) 84T x <= b,

3.2.3 BE

BT T G168 [A]— A~ 4 26 1 a6 45 8% S, A7 = b AN [ i 38 XUAR O 45 4 0K . 0 T TG 8 0
A BETEE AT DL B 5T 58 A RS S A A, 53 A T T R A T LT 5 R A rh 3 O [ Y
Tt

CONFIGURATION muxconl OF mux IS
FOR netlist
FOR U1, U2 :
inverter 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 FOR;
END muxconl;

AP E R B ES Y, X2 mux ECE TR FRVE muxconl, Xt T &1
2R mux, SRR netlist; 10X T 25 # K netlist H 8 41146 19 P A inverter 288 U1,
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U2, WORK J&E I 524 myinv, Z58 7KK versionl MBS ; X T 45K netlist
H L B PO andgate 288 U3, U4, U5, U6, ffi H WORK & H1 19 5244 24 myand ., 45 #4) 14
g versionl PRI s X T 25K netlist g BI1L 1Y orgate 257 U7, HH WORK FErp
(S Ry myor, Z5 KK versionl BT . WAL T 2T 3 504K mux W25 R 1A, U L7
B ARECE N R E A AT AR A . A E N SR mux B S ANECE R W
B T2 SEAR mux, fff A5 #8K dataflow,

CONFIGURATION muxcon2 OF mux IS
FOR dataflow
END FOR;

END muxcon2;

H g T UL )T T D AT LA O e S B A s A A% S ) LA A5 A AR
PN T A5 AN [ G031 R AT 205 e A [ XURS B9 BT 41 3

3.3 HIEHR

X402 VHDL B ith it fr & fhiz B 58ENXT % . VHDL i H 895088 X %
FEEAMF . Fiwm A RS,

3.3.1 BS

1 (CONSTANT) 2 IR MG e BB R ABUE ., BRE = SHEARFHII6E
LEEMA2ZH A SRS VADL it S5 2 e, Bamit. ¥ e2ml2a T4
B [ R BUE . F A B T AR B AN BB S A ST IR (E . W A AR SR A AT L) R
brfE o 2 A A HASRE R SO R R sl A B A, R = R 7S A% RN R .

CONSTANT ‘¥ 1 44 : H & B 2R/ © = (i

il

CONSTANT PI: REAL: = 3.14;
CONSTANT bus_width: INTEGER: = 16;
CONSTANT led: STD LOGIC_ VECTOR(7 DOWNTO 0): = "10101010";

B A FH BB AR 0 7 BT RE L 7 VHDL B2 5 AS 8] 7 B 7 B A & 1 R
WA—HE, VHDL F2 7 LU B FE 7 A7 BT R 47 3 2 0 75 B

(D B R R &L 5 HZ R PR VHDL #2748 v] LU Z = .

(2) SR B3 1) generic 1 /) R BH AR B L D022 S A A 445 4 44 1T DA RS B

(3) ZEFARTS W 0 o, D022 45 KA 445 PN 1) i A 338 ) 46 R DAl P8

(4) FEFE 7R 5 oK E0Th 75 B R o, D0 BRE A L N R

RS 3-1 FIACAS 3-2 TEAHUEHT 18 2 9 B 5 40 A9 B

(88 3-1] @Ry,

PACKAGE mylib IS
CONSTANT bus_length: INTEGER: = 8;
END mylib;
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R 3-1 & —AN B VHDL R 3CHF, & 75 ] T — A H B H &t bus_length, & 19
H 8.
(8 3-2] FaEHFT,
LIBRARY IEEE; —-— ieee ERY 5] H

USE IEEE. STD_LOGIC_1164. ALL;
USE IEEE. STD_LOGIC_UNSIGNED. ALL;

LIBRARY mylib; —— A& L mylib (95 H
USE mylib.all;
ENTITY counter IS —— SE{R B

GENERIC( ——KEMEEEE XL

period: STD LOGIC VECTOR(bus length— 1 DOWNTO 0) :="01100100";
);
PORT(clk: IN STD LOGIC;
reset_n: IN STD_LOGIC;
cntout: OUT STD LOGIC VECTOR(bus length— 1 DOWNTO 0));
END counter;
ARCHITECTURE behave OF counter IS
CONSTANT addone: STD LOGIC VECTOR(bus_ length— 1 DOWNTO 0): = "00010100";
SIGNAL cnt: STD LOGIC VECTOR(bus length— 1 DOWNTO 0): = "00000000";
BEGIN
PROCESS(clk, reset n)
BEGIN
IF reset n= '0O' THEN
cntout <= "00000000";
ELSIF clk'EVENT AND clk = '1' THEN
cntout <= cnt;
END IF;
END PROCESS;
PROCESS(clk, reset n)
CONSTANT addtwo: STD LOGIC VECTOR(bus_ length— 1 DOWNTO 0): = "00101000";
BEGIN
IF reset_n= "0'THEN
cnt <= "00000000";
ELSIF clk'EVENT AND clk = '1' THEN

IF cnt > period THEN —= M EER K TR EUE IR, TR R E
cnt <= "00000000";

ELSIF cnt > addtwo THEN —— Wi KT addtwo B R AE N 4 113K
cnt < =cnt + "00000100";

ELSIF cnt > addone THEN —— M3 8% KT addone BF 2088 7E 0 2 %%
cnt <= cnt+ "00000010";

ELSE —— FwWH B RN 1 T4k
cnt <= cnt + "00000001";

END IF;

END IF;

END PROCESS;
END behave;

QRS 3-2 0 5] R e A S P 288 Jim P L 45 ) A P T Rt A 7 T DU > VHDL 25 P AN [R] 19
(BRI, b B B L B VHDL B2 PR Al LA SE iR 2R
P R WY A i 7R BT B DU VHDL B2 AT DL 5 454 0K 7 B v 7 B A o
TEZES K R AT LA 5 7R RE e 8 7 R0 pR 450 b s B i o i, U HLRE TR AL AR A T
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3.3.2 TE

AR (VARTABLE) W& F R A7t 48 2 B s 28 8 0 850 L (B 5% 1 R 6] 19 2, o] DL i
X A e TG A Fe AR A i B . AR e 1 7 AR R T .

VARIABLE 45 5 4%« KU4E 2670 . = With{E,

i 4n .

VARIABLE cnt: INTEGER: =0;
VARIABLE temp: BIT: ='0";
VARIABLE flag: STD_LOGIC_VECTOR(7 DOWNTO O);

Horp W) BB T R Y, A8 B (R0 B (B A 7 LR AE T, 28 G b B — i 2 W S R R )
GEMH . AT LAEAT AR W VHDL 885 7 2 E R 72 77 F ek 28, i HL AR B HAE A W08
R R AR L R R S T L

AR A WS g AT DLOG A2 s A R R o el R R A AR e A TR AR Ak Y B s
ek, 2 B B AN T SR I X — s S5 E S A, AR AT

A = RIKK;

1 4

cnt: =10;
temp: ="'1";

P T8 A TR 2 BV ERE 1 R0 ot o 2 i T (oI s ) S s 2 Sl 3 A 30

temp: =10 after 10ns; —AEiE )

A R H AR HE R R e AR B b, B 3-2 B R ARRY 3-3 SR A AR B
S,

(K58 3-31 ARt HWE)T .

LIBRARY IEEE;
USE IEEE. STD_LOGIC_1164. ALL;
USE IEEE. STD LOGIC_UNSIGNED. ALL;
ENTITY counter IS
GENERIC(
period: STD _LOGIC_VECTOR(7 DOWNTO 0): ="01100100"
)i
PORT(clk: IN STD_LOGIC;
reset_n: IN STD_LOGIC;
cntout: OUT STD LOGIC VECTOR(7 DOWNTO 0));
END counter;
ARCHITECTURE behave OF counter IS

CONSTANT addone: STD LOGIC VECTOR(7 DOWNTO 0): = "00010100"
BEGIN
PROCESS(clk, reset n)

CONSTANT addtwo: STD LOGIC VECTOR(7 DOWNTO 0): = "00101000"

VARIABLE cnt: STD LOGIC_VECTOR(7 DOWNTO 0): = "00000000"
BEGIN

IF reset_n= 'O'THEN
cnt: ="00000000";
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cntout <= "00000000";
ELSIF clk'EVENT AND clk = '1' THEN
cntout <= cnt;
IF cnt > period THEN
cnt: ="00000000";
ELSIF cnt > addtwo THEN
cnt: =cnt+"00000100";
ELSIF cnt > addone THEN
cnt: =cnt+ "00000010";
ELSE
cnt: =cnt+ "00000001";
END IF;
END IF;
END PROCESS;
END behave;

Y T8 o HUA e 75 W% f 0 F B2 T A, B DAAS e AR AR RS 3-2 FE D3 Ab — > i2F B X
entout FEATIAE 117 H BETE [F] — #F R 47 K AA

2002 Mt VHDL #5 #f 3 4p L A8 o, Jh 548 5 v DUAE AR L 1R )7 R B 2 A0 A 1) 4l
A DATE 25 0 A SRR PP A e A Y A S S ) e SR o S A BT S AE S
AL AR BA AT S AR BB P . ACRS 3-4 A4 1 AR B g4l I 5 ik

[KAE 3-4] L w s HRT.

LIBRARY IEEE;
USE IEEE. STD LOGIC 1164. ALL,
USE IEEE. STD LOGIC UNSIGNED. ALL;
ENTITY sharevar IS
PORT(clk:IN STD LOGIC;
sel: IN STD_LOGIC,
dout: OUT STD_LOGIC_VECTOR(7 DOWNTO 0));
END sharevar;
ARCHITECTURE behave OF sharevar IS
CONSTANT dcon: STD_LOGIC_VECTOR(7 DOWNTO 0): = "10101010";
RGP 0 7 ] o 7 B — A 355 B ot
SHARED VARIABLE cnt: STD _LOGIC_VECTOR(7 DOWNTO 0): = "00000000";
BEGIN
PROCESS(clk) == TE MR oo AR s HEAT N 1 AR
BEGIN
IF clk'EVENT AND clk = '1'THEN
cnt: =cnt+ "00000001";
END IF;
END PROCESS;
PROCESS(sel) == TE IO — A~ AR XS Sl 22 A AT
BEGIN
IF sel = '1'THEN
dout < = cnt;
ELSE
dout < = dcon;
END IF;
END PROCESS;
END behave;
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3.3.3 5

547 (SIGNAL) J& VHDL E R #3815 5 1) — A F LR . A5 5 BE AT LU fl
W Z A2 s L mT DA IR — R BB A A7 o . T AR B D 2B, 78 VHDL .55 2 H
A ZBIER BN G, A TS B MR AR S T T e . (RS A A .

SIGNAL {55 4 : B4 H: = WIlafA;

filan .

SIGNAL temp: STD_LOGIC;
SIGNAL cnt: STD LOGIC VECTOR(7 DOWNTO 0);
SIGNAL data_bus: STD_LOGIC_VECTOR(7 DOWNTO 0): = "00000000";

Horb 55 7 B b 9 00 (D mTE AY 1 L A5 5 B9 B0 4 (5 R Fe O LR AR A L 25 5 1
— RN ARSI B AT LU SR B IR S L A AR A {ER R AT A
R TR R eR B R B e A AR R A A R R TR £ 5 R 5 %R )Y ) VHDL
J¥ RS T L o R Bt R R . A S A R I RS B S BR T AT
T PR A S » A 5 7 S5 44 1A P A S IR A5 55— FE R

fr 5 7 WA AT LA AR 5 2R AT W 4R A DA A5 5 2. (R 5 R A A% S F

<= Rk

i .

temp<="1";
cnt <=cnt + "00000001";
data_bus < ="00001000";

A, T VHDL i 5 2 iR 8 B R R P B0 IR 5 D AR 5 T {8 o ) A5 30 3Rk A A 26
BLLIHE (55 B — B AR A — BOW 5 BB AT R R4 . (55 00 I (B #8455 72 A ) T
HEAERR THAERF AR — RSN E S RE S “<=" B WME R =" M55 WEA — A EHS
Ao T A R AT S e A BN A £ 5 TR R DA B 4% B A (A D I A i A
oAl BAE SRR | 3R T R BRI A D W T R L AR 3-5 A 4 T RS T Ik

(R 3-51 (55 R

LIBRARY IEEE;
USE IEEE. STD_LOGIC_1164. ALL,;
USE IEEE. STD_LOGIC_UNSIGNED. ALL;
ENTITY usesignal IS
PORT(clk: IN STD LOGIC;
sel: IN STD_LOGIC;
dcon: IN STD LOGIC_VECTOR(7 DOWNTO 0);
dout: OUT STD_LOGIC_VECTOR(7 DOWNTO 0);
cntout: OUT STD LOGIC_VECTOR(7 DOWNTO 0));
END usesignal;
ARCHITECTURE bebave OF usesignal IS
—— SR IR B R S S ent
SIGNAL cnt: STD_LOGIC_VECTOR(7 DOWNTO 0): = "00000000";
BEGIN
PROCESS (clk) —— fES R h ]
BEGIN
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IF clk'EVENT AND clk = '1'THEN
cnt <= cnt+"00000001";

END IF;
END PROCESS;

cntout < = cnt; —— {5 S e s AR AME
PROCESS(sel, dcon, cnt)
BEGIN

IF sel = '1' THEN
dout < = cnt;
ELSE
dout <= dcon;
END IF;
END PROCESS;
END behave;

ARG 3-5 v S A P B 43 1) i 11 44 T T A AR VA R B SIGNAL H Sk R T
FEE S BN fF S X L " EVENT 255 B2 —, ERRES WHEZ A F M4
(EVENTD) & 4, G 545 30 48 & 28 R 1, & WGR W, {55 & VHDL 1 — KR,
VHDL SZHFUUT G5 B ik sig N — (55« y—BFRME ., HAaT 4 5508 Pk 82 FF
PREMES  nTH T IE %A S v 0 & S URE 5 R AR T PR .

* sig'DELAYED() — &5 2 il — A 2K A5 sig MFEWE S, LA sig (55 HA

t IF [R] 14 42E B

+ sig'STABLE(D ZE R RAIH — 1 BOOLEAN KR5S A SR sig fERT ] ¢ Y
BAT R R A M 25 5k 3 A A R

e sig'QUIET (1) S5 IEBIE — A4 BOOLEAN KAL) {55, a2k sig 7ERF ) ¢ P91
B A/ AP (TRANSACTION) % A5 W 25 5%k 20, 75 00 A 4%

* sig' TRANSACTION—Y sig A /=3 4t 3 (TRANSACTION) % A= B, 0] i
A EE Y BIT KB5S kA B,

o sig' EVENT — R sig 43 554 & A W S5 10 B, &5 WA R .

o sig' ACTIVE——U 3 sig £7 F 44/ F WAL B (TRANSACTION) % A= ) 45 5 ok ., 75
A

* sig'LAST EVENT

* sig'LAST_ACTIVE

* sig'LAST VALUE

55 8 T 2 B

¢ clk'EVENT AND clk="1"— 4155 clk FFHFERRTIE.

¢ clk'EVENT AND clk="0"— A4 {55 clk FREHTHIRR k.

3.3.4 3¥

) 44 A 1) — A BOE X G2 sORSCHE X G 03 0 v R e bR LA L X XA AR LA B 4R A 2
T R e B XS R A L il 44 B R BRAS =S R
ALIAS 4 & F« il 4 84 28 10 1S B x4 ;

sig B Jo — U PR A A Y I ) ) B
sig B — R F A/ F I0AE 3] K A= (Y I 1] 1] B
sig B Jr — YR AR A AR
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Xt 59l 44 9 S22 e T

VARIABLE addr: STD LOGIC_VECTOR(7 DOWNTO 0);
VARIABLE data: STD LOGIC VECTOR(15 DOWNTO 0);
ALTAS myaddr STD LOGIC VECTOR(7 DOWNTO 0) IS addr; —-— B —~%4% nyaddr 3§ [f] addr
ALIAS udata: STD_LOGIC_VECTOR(7 DOWNTO 0) IS data(15 DOWNTO 8);
—— 7 ] — 5] & udata $5 7] data 5 8 fif
ALIAS ldata: STD LOGIC VECTOR(7 DOWNTO 0) IS data(7 DOWNTO 0); —— j5BH—/N31144 1data $ 0] data fif 8 /i
myaddr: = "01001101"; —— 414 T %} addr W{E

udata: = "11110000"; —— 14 FXI data [ 8 {ii Mt (A
ldata: = "00001111"; —— 124 F Xt data AYAK 8 {3 K (E

3.3.5 2. TEMESHLE®

DN LB R W A 2 T L P A E E B, A GND 8 VCC % 05 15 5 I 4d
T2 A B R G /e D B B S R (s A U TSR A7 o 4%

MAT M7 B VHDL 586 E& A AES X T BB WA ER A ERR

77 A AG BARTE 5 155 1 X/ B o BN, £5 45 7T DL B SE i A8 B UOR BB s AR
REATE S Joy 70 1) £ AR T A DU T A D A Bl 1] 9 £ R i . A8 B B2 B A I LR — A

TE L B B4 B A% i A0 11 T 1 30 5 A 5 15 B ok s

INEEA T X L (4 B Fi 6 S5 A0 AR 5 — MBS 7 4R A2 0 B 1 S5 A0 L (AR I 2 LR LM
SRV A A KA. B, AR SRR R A R BT RE S AT AR, X
e TR B A RE S 45 52 R X — T B M, T VHDL 34 28 9 A B2 & 178 3 52 Wt it
17 1) ZE 45

H A VHDL 5 H.38 fu P48 i fE 5% B IR E . (R 76 S Pris b, VHDL 284 4 JF A
Sy S (E B A, ORI IIER FPGA/CPLD i K78 LS , I A Be i 17 S5 w0 i
R BUE . P X I3 07 B U, 15 8 1 W0 06 (B 7R 25 45 I I8 S B i LI

55 MA e VHDL P ERENFE, EEXAE .

(D) [ZEWEE/DEA delta HERF; 1725 5 R %A .

(2) {55 BR MR EANG VF ZAH 5 B an D5 LA 8 s miAs i HAT YA .

(3) RN 5 S0, i X 7 e AN R

(D AFFAT LSRR 2 RS s 0 B e SCE TR SaT I GE AR 5 pRAN

(5) f5 5 AR F % 2 O S 158 L B AT T 8 AR A7 25 1k (0 B0 (8 Fn o 2% 7 oGk L A5
SHETCAE R S OO . AR AR RE R BT SR X N O R R R R 1 R )2
BT LR TR

AR AR E R UL, B 2 (R R JE (5 S 5 R I Y SR X T AR e AU
fe B i vl ) 3% 8% T 5% 0

3.4 #HBERE
U R R U7 7 0 T B AE 2 — , VHDL SO 58 2 8 i B 4 b 5 1R

YRR R BT T g AEE 4T VHDL 87 & 2 S i fF . Z B LFK VHDL i 6 7
AR BT IR 5 e D Dy — B 26 2t e 1 7 B R B X 2 B REE AT B4R L RV T
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BHn 2 VB X S BRE R AN R A . VHDL 3285 59 FHRCE 26 % 32 54 U2k .

(1) #5E (Scalar) : b R A5 HA — AT A BAR B BUE K/, FEAHE
Koz A AR Y HR A NI i A

(2) 4 (Composite) : & A 2SR E4E 2 b1 A R 2 AL 1 o8 R B 28R B AN [ 2 7
702 Ge A AT,

(3) fFHU(Access) : £ U2 R (I X o S ARG G2 (0 77 B, A 45 R R IF 8 .

(4) 3 (File) « SCHHRAEXT — FR 5148 2 28 BB 19 32 30 5N RSO i 46 e AR 5
ANEFFVIE .

VHDL i 5 i £ 25 8 S s I an i 3-3 B

types
Scalar Access File Composite Protected
types types types types types
Discrete Floating- Physical Array Record
types point types types types types
Integer Enumeration ‘ REAL ‘ ’ TIME ‘ STRING

types types

BOOLEAN_VECTOR ‘

1

INTEGER —‘ SEVERITY_ LEVEL ‘ BIT VECTOR

BOOLEAN

=
=
m
(®)
)
o
Z
7
>
C
w

INTEGER_VECTOR ‘

BIT —{ FILE_OPEN_KIND‘ REAL VECTOR

[ 3-3  VHDL 580352 8 5 1K

:
i

3.4.1 tr2

P i R B R A R/NZ A3 1 R RERAERT AT USR5 i B0 X 52 . A i ST 4K
P HARALFE . %A (INTEGER) 3L R (REAL) (B AL (Physical) (%% %! (Enumeration) , #4%%
R A5 F 45 (CHARACTER) (A7 (BIT) A1 A Z8 B (BOOLEAN) 25, 4 30 1 % F (1) 4 I ]
B (Time) . X HAUAZH VHDL 1 LBk A4 18 35 43 B8 28 780, i OC T8 RN S A3 KK A
TE =2 :PIULR

1. ¥Es

) B () R 0 B 1 R BT HIH R R LI R S L B R R 2 — i
RARTZEE W, BT RN AR B Fe b, BT R BRI A BT M T i AL G 7R R
A STANDARD #8774 H 1 0 4 B AU 2 B (8] TIME #0408 288 . TIME #0408 28 A 7
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STANDARD & F 2 LT .

TYPE TIME IS RANGE 0 TO 2147483647

UNITS
fs; —— KAV VHDL 1 ) d5 /)N s ] LA
ps = 1000 fs; -— i F
ns= 1000 ps; -— g F>
us = 1000 ns; —— BoRs
ms = 1000 us; -— ZF
sec = 1000 ms; —— b
min= 60 sec; -
hr = 60 min; —— B}

END UNITS;

2, HHEB

MO RE ST —Fh A P OB R 28 8 T2 8 B T A T R ARSI ok, —
KA FR B FETC R B A Z R 00T ] LUA 38 & VHDL B2 FF gl 24 . P i

RO AL BRI AT A AT, Mo B B2 B R

TYPE traclight IS (green, yellow, red);
TYPE op IS (add, sub, mul, div, mod);
TYPE logic IS('0','1','z', 'x');

AR 0 B4 2 A — B A B e R AR KN A . A2 BUE A R /) 2l i
Y BT P T A 8 1) 5 2 30 AR (BB /N T A S A, G BT A T Y op A28 Y add < sub <
mul < div < mod, VHDL i & L By # % 25 8 STD _ULOGIC, CHARACTER, BIT,
BOOLEAN.SEVERITY LEVEL.FILE OPEN_KIND #l FILE OPEN_STATUS, Hth,

FILE_OPEN_KIND #1 FILE_OPEN_STATUS A-RBE R K,
1164 )7 4358 XY std_ulogic &4 LA T B F4F4E

TYPE STD ULOGIC IS('U', -- R#MLKRE

X', i N

o', —— 3R 0

1, —— iR 1

'z, -

W', —= 5RM

', -— 550

'H', -—— 551

T —— TRRE

STANDARD F&JF 452 X BIT 248 LA B MRS A E L.

TYPE BIT IS ('0','1'); B4 &'l B4 Z'0"

STANDARD #4105 L BOOLEAN 298 DL R i M8 6 8 5 L.

TYPE BOOLEAN IS (FALSE, TRUE); —— %4 J& FALSE, i 2 & TRUE

STANDARD #2405 L SEVERITY_LEVEL J245 LA T M2 28 8 & X
TYPE SEVERITY LEVEL IS (NOTE, WARNING, ERROR, FATILURE); —— H 4 /|\zlj(7‘.§

3. mEXBNEN

VHDL byt B BR 7 AH BB 8 AT — 2 AR I 9 J P ok 88 Jm P - 0 1 b 2R A
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ML fiE. VHDL SZHFA TUE SURPEATT CoAURPR 2R, x AURZR B — M H . s AR —

NMERFRE BN ES) .
 'LEFT ——tKAIMNE MU R AN B
« t'RIGHT — ¢ BRI W fe )5 — B el e A il 1918
o t'LOW ——t By F /NI 5
o t'HIGH —t BBy KAYMHE ;
* t'ASCENDING — iR « ZERI W (E 2 b8 1Y, W4 TRUE, 028 FALSE;
o t'IMAGE(x) —i& [\l ¢ J5RY x (B B 4 I 10 7 45 3 5
* t'VALUE(s) —RFIFFFEH s LRI ¢ R
« t'POS(x) —t RKAIP x AES,0 HE -1
* t'VAL(n) —tZRABIPAIE R n BI{H;
¢ t'SUCC(x) ——t BAIPME S x 0 ES K 1 ARHE;
* t'PRED(x) —t RAIP{E S x A E S/ 1R
o t'LEFTOF(x) —t KA e x (430 B 1
+ t'RIGHTOF (%) ——t RBPTE x A IE.

I AR AT 2 51 U A T 1 R 4

TYPE length IS RANGE 0 TO 2147483647

UNITS

nm; —— gk
um = 1000 nm; —— K
mm= 1000 um ; -— XK
m=1000 mm ; —= 7
km= 1000 m ; —— Tk
END UNITS ;

TYPE tractled IS (red, green, yellow) ;
TYPE smallnum RANGE 255 DOWNTO O;
length'LEFT = 0 nm;

length'RIGHT = 2147483647 nm;
length'LOW = 0 nm;

length'HIGH = 2147483647 nm;
length'ASCENDING = TRUE;
length'IMAGE(2 um) = "2000 nm";
length'VALUE("1 un") = 1000 nm;
tractled'LEFT = red;
tractled'RIGHT = yellow,;
tractled'LOW = red;
tractled'HIGH = yellow,;
tractled'ASCENDING = TRUE ;
tractled'IMAGE(green) = "green" ;
tractled'VALUE("yelloe") = yellow;
smallnum'LEFT = 255 ;
smallnum'RIGHT = O ;

smallnum'LOW = 0 ;

smallnum'HIGH = 255 ;
smallnum'ASCENDING = FALSE;
smallnum'IMAGE(100) = "100";
smallnum'VALUE("15") = 15;
tractled'POS(green) = 1;
tractled'VAL(2) = yellow;
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tractled'SUCC(green) =
tractled'PRED(green) = red;

tractled'LEFTOF (green) = red;
tractled'RIGHTOF (green) = yellow;

3.4.2 S8R

HEARBE MR R ZMBERMA G, —FRBR A SRR ARRAY .
ZRPBIE I I H AR IE KM RECORD, AR BN R KM 30 2K KK H AT 4
I5e] Sk o

A AR T 52 AN — Rl 2ok — AL B AT A R B R e RS — R R —
BN GBS . VHDL 3045 — e 504l — e ddl . — 4B e — AR5 Fhr,
TR ARG T AR, VHDL ORI A AR 4 R 51 8 2 1 43 O 2 A v B AR
YRR .

Ly PR AE E S B e A T B R B P AR E U SN T

TYPE %{ 40 #4 IS ARRAY (H(ZIVuf) OF Fdfizeny;

ZEBIINE

TYPE data IS ARRAY(7 DOWNTO 0) OF BIT;
TYPE bus IS ARRAY(0 TO 7) OF BIT;

yellow;

LY PR AT 2 B0 F
SIGNAL datain: data; —= P — data ALK B {55 datain, B 8 i
SIGNAL addr bus: bus; —— BB — bus BAHZE A {55 addr_bus, B & 8 fif

DOWNTO 5 TO —#F T B 258, - DOWNTO 3R (5040 A2 W & 5| TR T
FHRRE FAAME, H TO R B A B RS FTARE R T AR RS FhrE. 260 .

TYPE data IS ARRAY(7 DOWNTO 0) OF BIT;

TYPE bus IS ARRAY(O0 TO 7) OF BIT;

SIGNAL datain: data: = "11110000"; —— 75 Bl — " data Z(41 A {5 5 datain, T4 8 [

SIGNAL addr bus: bus: = "1111000"; —— 75 B — bus 341K f9{5 5 addr_bus, &4 8 i

——datain(7) = '1',datain(0) = '0';

——addr_bus(7) = '0', addr_bus(0) = '1';

HEHEAT VHDL 7 I & b, e R i 2ok, B 2 st 48 — (4 DOWNTO 3%
TO, MAR AT LB IF N — 3t AR T4 = VHDL 2 )% 09 0T 3% 5 5 k.

A 2 SRR B AE 8 U BB SR T A 48 8 B R B T bR B9 B T e <> R AR B, e L
kT .

TYPE %{2H #4 IS ARRAY(Z 5| T Fr T 254 RANGE <>) OF % #52#Y ;

ZEENE

TYPE data IS ARRAY (INTEGER <>) OF BIT;
TYPE bus IS ARRAY (INTEGER<>) OF BIT;

LSRR 2 T

—= P — data B KR (F 5 datain 7 Z N B BARMIE B AR KM, B0 E 8 1
SIGNAL datain: data(7 DOWNTO 0);
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—= A U= bus ALK A N5 5 addr_bus I 75 Z 00 L B A I8 B 40K &40, RS 8
SIGNAL addr bus: bus(0 TO 7);

WHBAE L R B 284 . STRING 2 P/ LERERBIT_VECTOR & BIT AY4E
4 STD_LOGIC_VECTOR & STD_LOGIC W44 . TS BITF.

TYPE STRING IS ARRAY (POSITIVE RANGE <>) OF CHARACTER;

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

TYPE STD LOGIC VECTOR IS ARRAY (NARURAL RANGE <>) OF STD LOGIC;
== DL R RGBSR o e M B 2R 2T AL R e 2R A

== JH b B 2 AL S U] R UE S R ks R

SIGNAL str: STRING(1 TO 12): ="I love FPGA!";

SIGNAL data: BIT VECTOR(7 DOWNTO 0);

SIGNAL address: BIT VECTOR(7 DOWNTO 0) ;

YRR A R R — OGS B — DA i B, L SR BIINT

—— XA EAFR G

TYPE readdata IS ARRAY (NATURAL RANGE <>, NATURAL <>) OF BIT;

—— X AT AR

TYPE writedata IS ARRAY(7 DOWNTO 0) OF BIT VECTOR(7 DOWNTO 0);

== S AR U A — 0 SR B S A I — A R R T RS 2 R
SIGNAL rdata: readdata(7 DOWNTO 0,7 DOWNTO 0);

== AR T SR B S A B — A R AN R A A R
SIGNAL wdata: writedata;

VHDL H 821 1 Js PR3 T 8 0 R MR 5 P ARE G B . VHDL 3285 R BiUE X
JEPEINT Ca AR B A X SAF O AR i 0 fUR B AR5

e a'LEFT(n) n FEXHRE| FRE B P R AT AE ;
e a'RIGHT(n) n ZEBH RG] T bl Bl e A 18
 2a'LOW(n) n B RG] AR [ /N

» a'HIGH(n) n AR ZR G| T e R KA

* a'RANGE(n)—n 454 K5 FARjuH;

s a'REVERSE_RANGE (n)——5 JF 3K n 4E¥2H 19 J7 1) #1310 FAH B2 09 5020 10 35 1 5

* a'LENGTH(n) n AR R 51 F bR AR

* a'ASCENDING(n)—— 2R n 4E80H R 51 F ARGy 747 W28 TRUE, 028 FALSE,

3.4.3 FBEBIEIR

H1 T VHDL 25 T BT R 5 YA 5 B0 28 8 00 B0 X 2 e 47 38 AL B i %
BRI R A4, STD_LOGIC_ARITH 2 5 X T 24 Bs A 5 40 sk 50, 51 B
AT LLAE VHDL #2 5 i ] STD_LOGIC_ARITH $2& 4t % %5 2 %% 45 ok %5 52 90 504 26 A0 1Y
4, STD_LOGIC_ARITH At A5 B s 50 I F

FUNCTION CONV_INTEGER

(arg: INTEGER) RETURN INTEGER;
FUNCTION CONV_INTEGER(arg: UNSIGNED) RETURN INTEGER;
FUNCTION CONV_INTEGER(arg: SIGNED) RETURN INTEGER;
FUNCTION CONV_INTEGER(arg: STD _ULOGIC) RETURN INTEGER;
FUNCTION CONV_UNSIGNED(arg: INTEGER; size: INTEGER) RETURN UNSIGNED;
FUNCTION CONV_UNSIGNED(arg: UNSIGNED; size: INTEGER) RETURN UNSIGNED;
FUNCTION CONV_UNSIGNED(arg: SIGNED; size: INTEGER) RETURN UNSIGNED;
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FUNCTION CONV_UNSIGNED(arg: STD_ULOGIC; size: INTEGER) RETURN UNSIGNED;
FUNCTION CONV_SIGNED(arg: INTEGER; size: INTEGER) RETURN SIGNED;
FUNCTION CONV_SIGNED(arg: UNSIGNED; size: INTEGER) RETURN SIGNED;
FUNCTION CONV_SIGNED(arg: SIGNED; size: INTEGER) RETURN SIGNED;
FUNCTION CONV_SIGNED(arg: STD ULOGIC; size: INTEGER) RETURN SIGNED;
FUNCTION CONV_STD LOGIC_VECTOR(arg: INTEGER; size: INTEGER)
RETURN STD_LOGIC_VECTOR;
FUNCTION CONV_STD LOGIC_VECTOR(arg: UNSIGNED; size:INTEGER)
RETURN STD_LOGIC_VECTOR;
FUNCTION CONV_STD LOGIC_VECTOR(arg: SIGNED; size: INTEGER)
RETURN STD_LOGIC_VECTOR;
FUNCTION CONV_STD LOGIC_VECTOR(arg: STD ULOGIC; size: INTEGER)
RETURN STD_LOGIC_VECTOR;

STD_LOGIC_1164 @l fe LAy SR EL et T

FUNCTION TO_BIT (s:STD_ULOGIC; xmap: BIT: = '0') RETURN BIT;

FUNCTION TO BITVECTOR(s:STD LOGIC VECTOR;xmap: BIT: = '0') RETURN BIT VECTOR;
FUNCTION TO BITVECTOR(s:STD ULOGIC_VECTOR; xmap: BIT: = '0') RETURN BIT VECTOR;
FUNCTION TO_STDULOGIC (b:BIT ) RETURN STD_ULOGIC;

FUNCTION TO_STDLOGICVECTOR (b: BIT VECTOR ) RETURN STD_LOGIC_VECTOR;
FUNCTION TO STDLOGICVECTOR (s:STD ULOGIC VECTOR) RETURN STD LOGIC_ VECTOR;
FUNCTIoN TO_STDULOGICVECTOR(b:BIT VECTOR )RETURN STD_ULOGIC_VECTOR;
FUNCTION TO_STDULOGICVECTOR(s:STD LOGIC VECTOR ) RETURN STD ULOGIC_VECTOR;

A5 3-6 A8 T 2SR e pR KAy VHDL F2 1%
[RAE 3-6) pRECE: 0 Y .
—— JE B

LIBRARY IEEE;
USE IEEE.STD LOGIC 1164. ALL;
USE IFEE. STD LOGIC ARITH. ALL;
USE IEEE. STD LOGIC_UNSIGNED. ALL;
ENTITY typeconv IS
PORT(clk: IN STD LOGIC;
reset_n: IN STD_LOGIC;
dout: OUT STD_LOGIC_VECTOR(7 DOWNTO 0));
END typeconv;
ARCHITECTURE behave OF typeconv IS
SIGNAL cnt: INTEGER RANGE 0 TO 255;
BEGIN
PROCESS(clk, reset n)
BEGIN
IF reset_n="'0'THEN
—— i 28 R J pR %%, 48 INTEGER 2 B #4354 STD LOGIC_VECTOR
dout <= CONV_STD LOGIC VECTOR(O,8);
ELSIF clk'EVENT AND clk = '1' THEN
—— I FH 2SR P pR B, 418 INTEGER 2 B %% 3% > STD LOGIC VECTOR
dout <= CONV_STD LOGIC_VECTOR(cnt,8);
END IF;
END PROCESS;
END bebave;

4 FER

3.4
TRBER BRI — AT AN T 5 R R AT — S O R A B
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R AR A — T4 XA U8 L —AF AR L] X Be 5 X g kA7
B, FRABMIEARME T .

SUBTYPE FJS K1 44 IS %¥% 35 RANGE <Z 5 it >,

2B anF .

== B L —AF KB snallnun, B2 BB 74, BUE G E N 0~255
SUBTYPE smallnum IS INTEGER RANGE 0 TO 255;

—— JHF 27 smallnum 5 B — AR &, XA ent (9 HUE 8 B L& 0~255
VARIABLE cnt: smallnum: =0;

3.5 TR

3.5.1 {ESWE

5 WAL A G 5 4 T R A7 45 5 Yk £ 7 o 75 400

1. 15 S mE

AR 5 WAEL e A6 A 2F AR v L i 1 451 P A A5 5 RO T B SR M5 5 A, 5 i A 4%
A5 5 WA N 3 515 5 AL

SAHE T A TE A

reg : PROCESS (clk) IS
BEGIN
IF RISING EDGE(clk) THEN
gq<= (OTHERS => '0') WHEN reset ELSE d;
END IF;
END PROCESS reg;

T R AR P T PR AE T WRAELTE RO 2 TR XA G 45 .

IF reset THEN

g<= (OTHERS => '0');
ELSE

q<=d;
END IF;

PP 5 WA 4] .
U SRAE — A~ Al e P15 5 MR T ) 25 S B — D BRI R 4 I

WITH d_sel SELECT
g <= source0 WHEN "00",
sourcel WHEN "01",
source2 WHEN "10",
source3 WHEN "11",
sourced4 WHEN OTHERS,

Ea I T HEAY case 155 REFRL

CASE d_sel IS
WHEN "00" =>
q <= source0;
WHEN "01"
q <= sourcel;
WHEN "10
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q <= sourcez2;
WHEN "11"
q <= source3;
WHEN OTHERS
q <= source4;
END CASE;

R A5 5 T I A 2 e R L 300 50 i T VR {1 10 T A A 32 A 5 oA el ) g TR 1 Y
WURAE SR AFAE 2 0505 5 MR AR T 1), D) 50 2 15 5 T 400 A2 A 2 R 235 O I [] Bk 4 {7 . o
TAE R T A 22 45 R 1R A 6T [R] — AN A5 5 T AE L 0 {5 5 9 7 19 (B2 A s — A% T 1 )
ORI . T SR S5 A R TR 2 AR L A O 25 A R 2 R I 45 T .

[ %3 3-7]1

LIBRARY IEEE;
USE IEEE. STD_LOGIC 1164.ALL;
ENTITY mux4 IS
PORT (10, il, i2, i3, a, b : IN STD_LOGIC; q:OUT STD_LOGIC) ;
END mux4,
ARCHITECTURE body mux4 OF mux4 IS
SIGNAL muxval : INTEGER RANGE 7 DOWNTO O;
BEGIN
PROCESS(i0, i1, i2, i3, a,b)
BEGIN
muxval <=0;
IF (a="'1") THEN muxval < = muxval + 1; END IF;
IF (b="'1") THEN muxval < = muxval + 2; END IF;
CASE muxval IS
WHEN 0 => g< = 10;
WHEN 1 => g<=il;
WHEN 2 => g<= i2;
WHEN 3 => q< = i3;
WHEN OTHERS = > NULL;
END CASE,
END PROCESS;
END body mux4;

(K5 3-8]

LIBRARY IEEE;
USE IEEE. STD_LOGIC 1164.ALL;
ENTITY mux4 IS
PORT (i0, il, i2, i3, a, b : IN STD_LOGIC; q:out STD_LOGIC) ;
END mux4;
ARCHITECTURE body mux4 OF mux4 IS
BEGIN
PROCESS( 0, i1, 12, i3,a,b)
VARIABLE muxval : INTEGER RANGE 7 DOWNTO O;
BEGIN
muxval: =0;
IF (a=""1") THEN muxval: = muxval + 1; END IF;
IF (b="'1") THEN muxval: = muxval + 2; END IF;
CASE muxval IS
WHEN 0 => g<=10;
WHEN 1 =>g<=1l;
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WHEN 2 => q<=1i2;
WHEN 3 => q<=1i3;
WHEN OTHERS = > NULL;
END CASE;
END PROCESS;
END body mux4;

RS 3-7 55 muxval ZESEFE T I T = RIB(EERAE , B = AN I . muxval <=0,
muxval <=muxval+1 Fl muxvalv <=muxval+2; {HR ¥ 3FF2 o {5 5 0 0 E 200, 554>
WL 6 1 BB 55 5 muval #07K AT A 4 B0 57  SUA LR B0 muscval <— muscval +2
A muxval BEARFRIT R, SR, BT A5 453 00 muxval 45 28K 153 B4 o] i 2
AT EAME . BIiE A muxval <=0 I R 5E AR . T LA muxval 1542 AR HME . BT LAGER,
PR 37 BT B AL 2 0B b 0 Co i b R4 5 T BN A5 550 25 300 B8 o B
T S mucval B — A0 095 5, 5 AEHE AR (0 CASE 186 1 56 o i 1
U7 mmuscval B 83 B P A B OGRS L 34 o4 T

B 3-4  AURYS 3-7 MR R TAER

fORS 3-8 WA —HE T . Rl B okt muxval € SO 78 S AR A2 4 TPy WAL L L 4 A7 K
e (RO, 1 S AT T 1B A muxval: =0 Cmuxval B Z0 4% 5580 MO 6 9 A 1F 18 41 o 1Y
muxval #REEMR BN E WIME . D5 —J7 . 24 IF B A AR AR B a5l b A5ET 1
I, f T muxval B 2785 — AR ELTA R v i SR A A B (EL B OO 1 BT LURME PIAS TF i
A R TR 5 B 10 25 108 A L AELRRORS R RE A 4 5 MU P L . AR ARRD 3-8 2 —
AEEAL A R ENTWALA TR 3-5 RIER B i .

| Name: _ Value: ’ll]J‘l]ns 2C0‘0ns 300.0ns dEDllJns SlIILDns ﬂ]J.AElns 7lIl,_Dns EIJAEII
=13 0 |
=12 0

- | o MU UL T TR T U T |

=0 1

@ | D3 3 X 1 X 2 X 0

@o | o [TUUIUIT LT U UL 1 |

B 3-5 AU 3-8 By IEAH T 1E ¥
2. H1ITESHE
FRR I ATA5 5 WA 248 R A TE S R b i {5 5 IR AE . TR RE A A7 7 187 505 5 IR L R 1
5 WRE ERE S W S FE AL . B T AR AR AR R AT IR A I R 25 S
TRAE DU AT T 2Z TRD 2 IEAT BRAT 0 o RIET J2 7E 235 0 K 45 S0 19 B () (] B (1) FL 2 dn Rk )
—MMF S #HAT ZUOHATIE W VHDL JEWEE AR iy, BN A &4 TR i AT
TR U A B, A5 0 R e s R
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TESSF R T B — A 5 W B PR A5 5 19— RBR 3l L 55545 30 0945 5 BOARVE SR Sl U5,
5 WA T A WA B T — AR B A% . tedan,
ARCHITECTURE test OF test IS
BEGIN
a <= b AFTER 10 ns;

a <= c AFTER 10 ns;
END test;

T AT a A PV, BV Bl T UK 3R R SR Sl TR oy ) A 8 ek AE B AR
5 b FES oo W TTES A T AETEPIIR RS /] — M5 5 a B IFATIRAA , PRI AH 22 T X0 795 4~ Bk
SIS S X RN RV T BT I WAL B

PR, FE AR 3-9 BF X FE S o Y TAAE 4 ARSI X 8RR R,
VT B A A 5 e A B, AN SR AR AS A0S 3-10, F — A 45 PH M S IR B R ) R 0B 15 5
q FS T 2 — ARSI AT D5 2 {5 S D b A 3L 5T FLRE % 52 90 E A 09 A SRR e

[K# 3-9])

LIBRARY IEEE;
USE IEEE. STD LOGIC 1164.ALL;
ENTITY mux IS
PORT (i0, il, i2, i3, a, b: IN STD_LOGIC;
q : OUT STD_LOGIC);

END mux;

ARCHITECTURE bad OF mux IS

BEGIN
g<= i0 WHENa = '0'AND b = 'O'ELSE '0';
g<= il WHENa = '1'ANDb = 'O'ELSE '0';
g<= i2 WHENa = '0'ANDDb = '1'ELSE '0';
g<= i3 WHENa = 'l'ANDb = 'l'ELSE '0';

END bad;

(K55 3-10]

ARCHITECTURE better OF mux IS

BEGIN

g<= i0 WHENa = 'O'AND b = 'O'ELSE

il WHENa = '1'AND b = '0O'ELSE
i2 WHENa = '0'AND b = '1'ELSE
i3 WHENa = '1'AND b = 'l1'ELSE
'X'; —— unknown

END better;

3.5.2 A

f£ VHDL ", 56 AT g AR W Fh 208 T80 %) B B 5 M A0 Wof R0 A2 5 38 B, T 20 A Bof o
A, B2 A 6 H A% R i E 1 delta FERT,

1. B4 INERTIAL Delay

LI H, - F B 3 S B A TG R AR B 10, pR T o0 A AT AR A L BEL AR AT L [ A
EE (L I o AL 7% W37 30 5 S SR S ) R ] 3K A B TR R AR AE Toe . A A (A 4E
R A (0 I 0] i R (B AT B A AR D O3 L L T e 1 B — 0 m B DRI R AR 15 2 A 1)
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(INERTIAL Delay) . 51 ZE B B 45 4 /N B A K o oAS 2 51 & 5 14 i A8 4 . 3 8 (5
5 TR R DA 198 SE B AL A S 2 0 M A B, B DG B 9R] INERTIAL 2R .

N 3-6 P/ 09 28 wh 2, HCABCPE 38 BF s 18] 9 20ns . 76 10ns B 200565 A5 5 M 0 Z8 B 1, 0
T K S 807 3ons B Z0 5 R AL, BT AR5 A 7E 20ns BFZIM 1 285 0, 0] i) 3L
15 30AE d0ns B 2040 & ARG i T AR IE B S 20ns, B R AE 30ns 19 AR LR %
A HAG AL TR AT AT 5B 0 AR A b S B0 AR 30ns AR FRARARAS 25 & B i
BB R A 2 i A5 5 7E Aons PR Mk AL 76 S 0 0 L B AR SR B AR 5 1 bk o o R
5 2 A5 AR AR SRR A A S 1 K it A /N R 44 1 15 P AE B B R 20ns, AH
PR AN A S g T

JERF=20ns
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2. et

et AT B CTRANSPORT Delay) AL ] FH > G250 5 A7 I B A5 2w [ A 38 ABL % 4, i 15 G
REL AT S5 0] 107, 2 48 AN A5 B0 A K o 22 4 B0 L AR s A k. BRAR A AL R X R AR
P 1) LR S B S A 3 BT A I A N AR Ak, R T R B S R (R ) v R R TR, A% g
FIE I 4 ] 2 TRANSPORT, A BEZ I

ATHER LA s S 491, 0 SR 8 H S I L ] 68 1l A% i A2 1), 42 B ][RI AT SR 8 20ms , DU 4 Af5
FWI A BAEAT AR 2 B B 3-7 rhgs R E S B AR AR A, A% i AE IS 2 0
B AR /N A A A K o TR 2K A S R A ] AR AR R B I AE i g . T S B A A A
TEAFEAE TXAE (1 100 o DL aht 35k o 228 B AT 1) 658 20 A8 S ANASCAE P8 S RSB B I 58 5 S B
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HA 500ps JiE I )2 5 2 s B F B

transmission_line : PROCESS (line_in) IS
BEGIN

line_out <= TRANSPORT line_in AFTER 500 ps;
END PROCESS transmission line;

3. delta {/ B ZE B

£ VHDL fii EFMZR G an b A — D EOABY B A S0 &, B R — 15 /M,
PR Ry & SEBT SRR E 5. B2 VHDL i F 4% 1 5 /N o3 B ] IF S AR 3R 48 14 552 B Ay 158 Pk 1
BHE &L . 76 VHDL 827 i) o, iR A i B AE i) 19 28 Y 5 58 i o, gl 8k 5 BROA R 17
XA [E A FE O ZERT

BPRfiR o ALY, TS SEIE A VHDL {5 B . 5 B G 1 B B, B A B AR 2
PAT— VK BB AR Bl 4 R L SR 5 ool JB T 42 4 b 52 8 22 A O LT 0L B R0V B A S T
(B AN 2T B R AT O 0k . B0 LRI AL P A B B . A5 5 B B BN AR AT
BB, dEFEH G S0 E S AT IRAE AR A 5 MBI A 2 S B & 2R A5 5 IR AE 1 ) AR
JEAE 5 I IRAE 1T 4] (Schedules) » i3 S8 & 11 K] ¥ 75 22 45 21 i 8 4 BRAT 58, POk 4 ke 1) A fig
FOEWE . Wk U0 BT 58 AR R 0 3 AR 55 R B Be . SR TAE AR 5 S B B, 11
EHTEZAE T L F P . AR E S W Z S5 A S & 24 BDA M 0 3 1 i3
T B0 A8 Ak T 25 850 AH N A R BT A R — A I 20 A R AT B B it fF S
HRIE AR AT S T AR 4, S8 S VHDL 5 BLUE 9 25l . T 76 {5 5 38 By B, 4R mT LA
P fitp 12 I 1] 58 B 45 A5 5 R I B (H2 i T EDA T H AR FEAEMIL RS 5%
T T AL 2R B8 A% O AR it B0 2 R P A A DAY B, B3« R 2 JL B R )7 $hUA T 02
Fie FEOWUF AT 18 o a0 A5 5 T % 1% 1] 0 RO s s 25 & 3, 25 A5 5 1 TR {1 o i HE 5 02
i HE 38 0 H 6 104 3 B2 01 206 i 1 T AL 1) LG R 4% A 5 e L %) 08 ) IO e 2 3 50 I8 1) 4%
W ELTE AN [ 5 3 5 A (B B 2 5 S0 B D RE AN R . R BN E S R W 2
O HE 58 B T2 AT 5 5B A B 1) 58 W] DB Al A A 1> O SE B, RS & S B 2 2 TR 55 /N
A T A CREA R TR 2O F 5 WE N K IE8E B R 2 To55 /My,

L, & ZERF S AR T 05 B GFED IE# . i T 807 B b & 41 G %5 5 2 IR 1T
(9 20 T LB ATAE 5 WA 9 4 0 () B SCORIE B A5 2132 45 ) 8 1F o 1) 05 FL I

3.5.3 #iE

R (PROCESS) JE i ik R GiAT 4 M i B B IR AT IR ) 2 — B AR B2 IR A7 il i, 24
PEFE AR IFAT AT Y AR E R AR I P 8 A ALY . & T DASE BLAE & F B P A7 A
L AT LA S B I P 22 B FL B A AT O A 0

PERE I HURAS 59 R BT E - BURAE 5 . BURE 5 B A AL TR A AR A IRAT
Un 2R R AR BURAR 5 9 R B (R 5 IR AR K R T AN SRAT 5 (EUR W R R U 5 81 3R
BAE S Wy DL WATT 85400 kAR U 5 5 R i g .

RTEHURAF S IR 5] UF L5 5, 24 MU . R R R S & 2 4 )
RE o DU #8445 A 120 9 A 5 sl 2 A0 9 A BHURRAS 5 9 3 CBR AR A R IR 5 D 5 W 2R i A J2
S 72 B RE HL B — D 5 M55 R BRI B0 (5 5 9 A BURAE S8R aT LA T 5
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WER AR S 7 2 4 D RE A 2 215 5 G S I 80 15 5 5 3 225 5 9 AU 5
b3,
R PR B ) AT AR R S — AR AR AR Y L 2 T
PROCESS( clk)
VARIABLE temp: INTEGER RANGE 0 TO 127: =0; —— PR S 7R B AR A B
BEGIN

IF clk'EVENT AND clk = 'l1' THEN
temp: =temp+1;

N

dout < = temp;
END IF;
END PROCESS;

FRHS 3-11 4 48 1 2% b BERR A9 1 1 J7 3%
(RS 3-111  BERR IR RE T .

LIBRARY IEEE; -— FEm5IH
USE IEEE. STD LOGIC_1164. ALL,
USE IEEE. STD LOGIC_UNSIGNED. ALL;
ENTITY useprocess IS —— SE{RS
PORT(clk: IN STD_LOGIC;
da: IN STD LOGIC_VECTOR(7 DOWNTO 0);
db: IN STD_LOGIC_VECTOR(7 DOWNTO 0);
rst: IN STD LOGIC;
dand: OUT STD_LOGIC_ VECTOR(7 DOWNTO 0);
isequal: OUT STD_LOGIC,
isless: OUT STD_LOGIC,;
cntout: OUT STD LOGIC_ VECTOR(7 DOWNTO 0));
END useprocess;
ARCHITECTURE behave OF useprocess IS
BEGIN
-— did GBI HURAE S I R U AF I LA RIERE S
andout: PROCESS(da, db)
BEGIN
dand <= da AND db;
END PROCESS andout;
—— 4l [F) 20 5 I P 2 A I RE - BURE S 51 3R L ZE B N fE S BT RT
PROCESS(clk)
BEGIN
IF clk'EVENT AND clk = '1' THEN
IF da= db THEN
isequal<= '1';
ELSE
isequal <= '0';
END IF;
END IF;
END PROCESS;
—— BeA USR5 5 3R - A ] WATT i ) ok 4 R AR )R
PROCESS
BEGIN
IF da < db THEN

gl
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isless<= '1';
ELSE
isless<= '0';
END IF;
—— WALT # 4] #5 i E FR 19 U 20 ; UNTIL 55000 1, )R 3tk 2
WAIT UNTIL (clk'EVENT AND clk= '1');
END PROCESS;
—— A SRS I 2 A D RE  BURME S P 3R B B S S A B 2D
PROCESS(clk, rst)
—— HERRE B ER A B — AN ent
VARIABLE cnt: STD LOGIC VECTOR(7 DOWNTO 0): = "00000000";
BEGIN
—= SR SRR S
IF rst= 'l'THEN
cntout <= "00000000";
cnt: ="00000000";
-— G R AR
ELSIF clk'EVENT AND clk = '1' THEN
cnt: =cnt+ "00000001";
cntout <= cnt;
END IF;
END PROCESS;
END behave;

C[I

3.5.4 WAITiE9

WATT wHA) 3% 1135 AT DL 45 afF R 0+ A8 7 CeR BRI B3 By T AT ok #2 . B
155 Y R Bl A R K AT I £ 1 o] DU R T = AP R 2R WATLT 38R R HLE

1. WAIT ON signal [ ,signal ]

R WAIT ON J5 i {5 59K h =D —DME5 6 H 05 W E s A7iZ2 WAIT i54) 5
e R] . FriE A R BHEE S AN 0 B 1 28 fesl A 1 2] 0 284k,

T WATT A7) 2 e 2F 2 25 O 22 0, 80 A AT A 0 R T i s ) R
Rk, BARHRAEEHURGS R HEESHERGE S WAIT ON FHES. Z
JT LB WATT ON i /a) i £ #F 72 o5 0 s g2 i 178 0 2 8% 00 4 A i i A7 i B #0 2 pPAT —
W T R R LGS o S AL, A WATT ON G7E RS R Z /. Rl i, 24
reset B clock (G5 M EDH A RAFMFBRA SHREIAT, #BRPWEAFSZ

s A,
PROCESS
BEGIN

IF (reset = '1') THEN
g<= '0';

ELSIF clock’EVENT AND clock = 'l1'THEN
q<= d;

END IF;

WAIT ON reset, clock;
END PROCESS;
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SFROR
PROCESS (reset, clock)
BEGIN
IF (reset = '1') THEN
g<="'0";
ELSIF clock’EVENT AND clock = '1' THEN
qg<=d;
END IF;

END PROCESS;

FHAN, WAIT ON A LRSS A RN ERGES R kI TP 8 1425
e A BURE S N a i E 2 W2 )5 BRI UEIES N b,

PROCESS
BEGIN
WAIT ON a; —— 1.
WAIT ON b; —— 2.

END PROCESS;

2. WAIT UNTIL boolean_expression

R WAIT UNTIL J5 I 9 i /8 2350 TRUE, WS st WAIT J5# i a) . T
10 F i, B clock (550 1, HA FF, Wl clock 8l —A BT, A 47 WAIT
Je AR DR e R AR Y e — A B R B A I RERY D il s

PROCESS
BEGIN
WAIT UNTIL clock = '1'AND clock'EVENT,;
IF (reset = '1') THEN

q<='0";
ELSE
g<=d;
END IF;

END PROCESS;

3. WAIT FOR time_expression

PR RN Y BTG SR B T GRECRIE L) B 4F WAILT FOR i i i [ 3 ik =X i
FLAE 1 s T, 224 i () 435 SRR, DU RS st WATT J5 i i 38 40 . He 4 R i 4] 278 B 10ns,
ZIE kS AT WAIT Z 5 HiE4) .

WAIT FOR 10 ns;

3.5.5 RKES

TE K7 HL I TR 8 R SRR 22 A PR A R R R A R BIUR SR BB
5 BOREA I 2 R B O B R IR S B O T R 2 AR IR L. [ RE L 7E VHDL
o QR AE SR R oh A AR Z2 A BBl [ I 25 [] — S5 5 JF A7 AR, JUAR 25 T35 5015 5 R R
. MR EBT R WA S 0 AT AR B
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TWH 5 5 2w G5 Y RIE . (0 e Wi {5 5 #E 47 b PR, 55 20 i = 2R .
P W 2SR e A 5 A e W R R, G e R SO L AR B T 2 A IR Sl TR IR B[R] — {5
B R AR B SR A B S B AR 3R 3K, TR E 5 2R AL e SR e S A
P55 A P A 7 ik
TED 8 LAY ek % S8 )5 75 W — A D (5 5 76 AH B 09 15 5 75 B e R 5 G e DB
S A FH %) ke W o B
LAY S G R
(K55 3-12]
PACKAGE fourpack IS
TYPE fourval IS (X, L, H, Z);
TYPE fourvalvector IS ARRAY(natural RANGE <>) OF fourval;
FUNCTION resolve( s: fourvalvector) RETURN fourval; —— e K7 pR %5 BH
SUBTYPE resfour IS resolve fourval; —— Yotk Ay

END fourpack;
PACKAGE BODY fourpack IS

FUNCTION resolve( s: fourvalvector) RETURN fourval IS  —— HeWiR$ikE X
VARIABLE result : fourval : = Z;
BEGIN

FOR i IN s’RANGE LOOP
CASE result IS
WHEN Z =>
CASE s(1i) IS
WHEN H =>
result :
WHEN L, =>
result :
WHEN X =>
result :
WHEN OTHERS = >
NULL;
END CASE;
WHEN L =>
CASE s(1i) IS
WHEN H =>
result : = X;
WHEN X =>
result : = X;
WHEN OTHERS =>
NULL;
END CASE;
WHEN H =>
CASE s(1i) IS
WHEN L, =>
result : = X;
WHEN X =>
result : = X;
WHEN OTHERS =>
NULL;
END CASE;
WHEN X =>

result : = X;

1]
\.’I!

’
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END CASE;
END LOOP;
RETURN result;
END resolve;
END fourpack;
USE WORK. fourpack. ALL;
ENTITY mux2 IS
PORT( i1, 12, a : IN fourval;
q : OUT fourval);
END mux2;
ARCHITECTURE different OF mux2 IS
COMPONENT and2
PORT( a, b : IN fourval;
c : OUT fourval);
END COMPONENT;
COMPONENT inv
PORT( a : IN fourval;
b : OUT fourval);
END COMPONENT;
SIGNAL nota : fourval,
—— resolved signal
SIGNAL intq : resolve fourval : = X; —— kWi fES
BEGIN
Ul: inv PORT MAP(a, nota);
U2: and2 PORT MAP(il, a, intq);
U3: and2 PORT MAP(i2, nota, intq);
g <= intqg;
END different;

wa UL AU 3-12 B0 A B b i U g R B A A B ] L o SR 98 A TR A
B, U T P AN RS . AR T intq 2 — SR IBEE L OB R IR S g8 U2 F1 U3 R
11y BT 224 T[] 5 B A5 5 intq . PR OGRS 8 ] 2 BT bR B resolve SE#EAT PR, TR 5
nota WA 2R IR W5 5, o B R UL g a9 .

TEQ: & LAWK 8 AR5 75— AME S i 728,

A 3-12 v, W] LKA 5 75 BT 23800 T O L RO A T

SIGNAL intq : resolve fourval : = X;

A DL e

SIGNAL intq : resfour : = X;

VHDL 7 Z ffi [l #9254 IEEE STD_LOGIC_1164 R 4E2: % STD_LOGIC, H
SR A 2 EH YW R, P T A R Y SR A AL STD_ULOGIC, Hoag UK

TYPE STD ULOGIC is ('U', 'X', '0', '1', 'Z', 'W', 'L', 'H', '=");

JIEX R A 1) 288 STD_ULOGIC_VECTOR 5 LUF .

TYPE STD ULOGIC_VECTOR IS ARRAY ( NATURAL RANGE <> ) OF STD_ULOGIC;

XS I S T S 2 AR N P T R BRI S AR A 7R D AL, e BT o RO e 7
FRAMFEIIM R

FUNCTION resolved ( s : STD ULOGIC VECTOR ) RETURN STD ULOGIC;
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SUBTYPE STD_LOGIC IS resolved STD_ULOGIC;
SUBTYPE STD_LOGIC_VECTOR (resolved) STD ULOGIC_VECTOR;

TE Ry A0 75 B Hh R T ke o R [ I R AR e ST DR T R R L ARSI

TYPE stdlogic_table IS ARRAY (STD ULOGIC, STD ULOGIC) OF STD ULOGIC;
CONSTANT resolution_table : stdlogic_table : =

(('v, v, v, ', 'u,ouY, U, U, 0, - Y
('U', XY, OK, KK, K, K, K, X)), - X!
('u', 'x', '0', 'X', '0', '0', '0', '0', 'X'), —= '0'
('u', XX, 1Y, M1, M1, M1, 1, XY), - T
('u, 'xv, o', "1, 'z, W, 'L, B, OX'), —- 2
('u', XY, 00, 'Y, W, W, W, W, X)), —— R
('u, 'xv, o', "1, 'L, W, 'L, W, 'X'), —— 'L
('u', 'x', 0, "1, CHY, W, W, 'H', 'X'), —— 'H
(U, XY, OKY, K, K, K, K, K, X)) -

FUNCTION resolved ( s : STD_ULOGIC VECTOR ) RETURN STD ULOGIC IS
VARIABLE result : STD ULOGIC : = 'Z'; —— ZRIAMIHEIGSIRE
BEGIN
IF s'LENGTH = 1 THEN
RETURN s(s'LOW) ;
ELSE
FOR 1 IN s'RANGE LOOP
result : = resolution table(result, s(1i));
END LOOP;
END IF;
RETURN result;
END FUNCTION resolved;

TE DR IWT 720 e W pR 85034 © 8 BH RN /2 SCRY JEal E L mT DU P b 2R ROk E A,
B0 H A B 43 27 F B 9 STD_LOGIC #1 STD_LOGIC_VECTOR,

3.6 FERF

VHDL /7 F (Subprogram) £ §% i¢ 7 (PROCEDURE) Al p§ £{ (FUNCTION) , i
Pt — RINE R B A 1 BRI AR 2 T — S P Sr B o) 5 T R 80000 o 3 B3 AR L A
T ST BT s SRR R T R O AR B R A A A

VHDL ¥ 7 5 HABF A8 5 R 7 b iy A2 5 09 0 B 2 ALY . B BE S8 A R0 5¢
BCE A MR AR, R A O SN R R R R ] B S R Y BT i 1 AT
H. TRF LI VHDL B2 5 0 = A AR B DE 17 SO, RIZE R 7 0 L 45 4 14 fn iF 7 v
S, T HATERR P e SRR T A AT AR AN [ B B i R L BT DL — SR 0K
PP ER P42, VHDL FR# )y B AW EH MR AR AF 2 HAN FRF . HX
SE TR I S B A Rl IR S R B R R TR Y . R 89 9 43 R U 9 R AT
R B AE S vh 8 RN AE S5 A8 R R
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3.6.1 Tig

o R p A R R AR A R, SR AN R T Y e R RT LA ST AE AR A .
TR A0 A i AR sl 2 Al A e SO R b g SCRE R, T AE R P b e e SO B . il
FASETRINE 3 E NV R O N E%H{nv FEH A X 4, JfF H G EE I INL, OUT M
INOUT & SCiX Se S50 T AR, RIS B AT ). 2R A 48 e 5=, I BRIA S INL X
T IN 28 B2 W 8G X T OUT 240 MIERRAS &, o #8298 ] a7 UFE i 72 v, AT A
e, A TE R . S R DL S G O R R R U — A ST 11
A EPAT,

i1 PROCEDURE #y#& =

PROCEDURE #f 244 (S5 ) - AT
PROCEDURE #f 244 (S 4 #£) IS B UR N
RLE g

BEGIN

It e 1 7

END PROCEDURE 11 & 44
T AE SRR E S R R i R A TR S0 3 R A R R A AR R

ARCHITECTURE rtl OF control processor IS
TYPE func_code IS (add, subtract);
SIGNAL opl, op2, dest : INTEGER;
SIGNAL Z flag : BOOLEAN;

SIGNAL func : func_code;

BEGIN
alu : PROCESS IS
PROCEDURE do_arith op IS
VARIABLE result : INTEGER;
BEGIN
CASE func IS
WHEN add =>
result : = opl + op2;
WHEN subtract =>
result : = opl — op2;
END CASE;
dest <= result AFTER T, ;
Z _flag<= result = 0 AFTER T,,;
END PROCEDURE do_arith op;
BEGIN

do_arith op;
END PROCESS alu;

END ARCHITECTURE rtl;

ZHGE R A TG S5 3R B AE 250 1A 1 7 BT 3 E LT — il B p(slas2,vall),
Horr,s1.s2 8 AR 5 vall by i A K 8008 20, 3547 V8T A9 3 72 0 T & AR 7R S5 4 R b,
THIR

call proc : p ( sl1, s2, vall );
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SRR — AR X EIRE AT s sL R R, RV SRR i 78 2 B i i AT .
T Z R 2, A5 INLVINOUT BEASCHK I (5 5 S 804 S POMCE R i BURE R

call proc : PROCESS IS
BEGIN
p ( s1, s2, vall );
WAIT ON sl1, s2;
END PROCESS call_proc

3.6.2 HH

FRE I, PRESCE SOV FR PR 43 2H B, BRIV RSO R PRSI

PRI ERCE 2 R PR L S BGRR[0 5080 218 A = 43 2 W An SRR BT SR pR R
ZBUNAR T EAENE , € LREE R LT 1. PREH S 80502 F ok U A A /Y 5 DI AS
DL RS SET7 17, S BT LR F 5 80F B AR R i, S 304 % U7E ¢ i i)
CONSTANT 5 SIGNAL ZJ5 . MR BA R85 Ul B 0 2 8w 8oA o £, ek 800 1 iy
=M RETURN SR8 E R . QR 22 — A C 4 il 47 19 eREOT A FR P A0, oR 80T A0 200 T 7 2
J A 150 8 43 o 1 RSOV R TR R L A LR P . o BSOS T LA 5 A A i R T
Y 43 2R AT 28 S, ULt B AN 75 22 8 SC R AR . R EIOUE P AT DA 7R 2R R L A AT DL 7R 25 AR
e W HES RS D LS 3 R A R R IR — &
AT,
PRESUE SCIY — ek =X
FUNCTION bR %44 (£ %138 ) RETURN £ 4 2K Y —— R4
FUNCTION PR % 44 (5 %3¢ ) RETURN £ 5 25 1S —— pRKik
[ LB 43 ]
BEGIN

5 i )
END FUNCTION pK %% 44
BRI SE L2 451
FUNCTION limit ( value, min, max : INTEGER ) RETURN INTEGER IS
BEGIN
IF value > max THEN
RETURN max;
ELSIF value < min THEN
RETURN min;
ELSE
RETURN value;

END IF;
END FUNCTION limit;

BRI JH 2 451

new_temperature : limit ( current temperature+ increment, 10, 100 );

old motor speed + scale factor * limit ( error, —10, +10);

new_motor speed :

TE 45 K U v 3 P e K2t B

FUNCTION bv_add ( bvl, bv2 : IN BIT VECTOR ) RETURN BIT_VECTOR IS
BEGIN
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END FUNCTION bv_add;

gt b i E T MG S

SIGNAL sourcel, source2, sum : BIT VECTOR(O TO 31);

SER R 5E BOIFAT I H R B TR AT AT

adder : sum <= bv_add(sourcel, source2) AFTER T delay adder;

3.6.3 RY/IEEHR

SR L B 5 bR/ a4 3 R B R BRI/ o R T S8 B R L 1T S ) 3R R B
MIXT S . VHDL FSRVFEr %A [R) B 25 70 /) A8 [7) 35 1 LA [R) /4 22 7w 44 pR 8/t 72 . BRI 44
PRIER /3 R AT AT AS (] A 25080 25 80 o oS H0E 2R, DLl e SOy R/ o B8 Bk o 1 48 R 4/
SRR AT DL ORTE R R I AN 23 3 TR VE 5 58 5 R TR oR &S, 1 oR 8/ o AR 1 2 B0 X
N B R e g AR R DL = < SR B A 44 0 U RR s AT A

T A 0 0 3R PR AL max 19 SCFIIE R

[ % 3-13]

LIBRARY IEEE
USE IEEE. STD LOGIC 1164.ALL;
PACKAGE packexp IS
FUNCTION max(a,b: IN STD LOGIC VECTOR)
RETURN STD_LOGIC_VECTOR ;

FUNCTION max(a,b: IN BIT VECTOR) —— & X PR E
RETURN BIT VECTOR ;
FUNCTION max( a,b : N INTEGER ) ——E X REH
RETURN INTEGER ;
END;
PACKAGE BODY packexp IS
FUNCTION max( a,b : IN STD LOGIC VECTOR) —— & X pREUA
RETURN STD LOGIC_VECTOR IS
BEGIN
IF a > b THEN RETURN a; ELSE RETURN b; END IF;
END FUNCTION max; —— 45 FUNCTION % 4]
FUNCTION max ( a,b : IN INTEGER) —— & X PREUIA
RETURN INTEGER IS
BEGIN
IF a > b THEN RETURN a; ELSE RETURN b; END IF;
END FUNCTION max; —— %453 FUNCTION i)

FUNCTION max ( a,b : IN BIT VECTOR)
RETURN BIT VECTOR IS
BEGIN
IF a > b THEN RETURN a; ELSE RETURN b; END IF;
END FUNCTION max;
END; —— 45T PACKAGE BODY i /]

LIBRARY IEEE ; == DA 2 78 H 5 28 R AN max YFR
USE IEEE. STD LOGIC_1164.ALL ;

USE WORK. packexp. ALL

ENTITY axamp IS
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PORT(al, bl : IN STD_LOGIC_VECTOR(3 DOWNTO 0);
a2,b2 : IN BIT_VECTOR(4 DOWNTO 0);
a3,b3 : IN INTEGER RANGE 0 TO 15;
cl : OUT STD_LOGIC_ VECTOR(3 DOWNTO 0);
c2 : OUT BIT_VECTOR(4 DOWNTO 0);
c3 : OUT INTEGER RANGE 0 TO 15);
END;
ARCHITECTURE bhv OF axamp IS
BEGIN
cl <= max (al,bl); —— X%} PR %I max (a,b : IN STD_LOGLC_VECTOR) [¥) ¥4 F
c2 <= max (a2,b2); —— %J PR %I max (a,b : IN B1T_ VECTOR) {3 FH
c3 <= max (a3,b3); —— % A% max (a,b : IN INTEGER) [ % FH
END;

3.7 wirEMGEERS

JE— Mt — ek VHDL U B8 & 4%« BOR R E S e B S0 TR P Y
SE SCICAET IR B i e CAF — 28 n] 2 s b g VHDL AU . B2 ¥ 51 1 % 8t T
DU T % 89 VHDL AURS

J2E 1 P A

LIBRARY J 4 ;
USE JE 4 . FE i RE 7 40 B2 P A b 1 30 5

i .

LIBRARY IEEE;
USE IEEE. STD_LOGIC_1164. ALL;

Hrr  TEEE J& 44, & VHDL 53 v fiff A8 d 8 19 i 22— o AL 38 — S8 85090 28 0 1)
SRA R EAE . TEEE FEA LU JLAS 8 A B4 .

(1) STD_LOGIC 1164 FEE X T STD_LOGIC fil STD_ULOGIC fy%#is 4,

(2) STD_LOGIC_SIGNED JE % X T4 SIGNED % 4i5 2 A1 5 1 iR 55 .

(3) STD_LOGIC_UNSIGNED FEE T 5 UNSIGNED {45 25 5 AH 3¢ (14 bR 4K

(4) STD_LOGIC_ARITH JFEE LT —SE A [R] A TR 22 18] FH B 55 40 1% pR VB

4 IEEE & 434% MATH_REAL . NUMERIC_BIT.NUMERIC_STD % # %4, 2
FRARZH, 2H ATARYE LR ZE T3 . BR T IEEE Ak, WA H F W 6 A 5 o 5
STD . TYE % WORK JE, WORK JEZ&IF# A & & X W, 17 br ffE 2 STD iy
STANDARD F2FMHHLE T X F BIT.BOOLEAN,CHARACTER,INTEGER % f 5 il
PRCE ST, R L F- RA4> VHDL & 38 7 #0224 . VHDL #4532 STD 1 T4 F2
WORK ZERIAFT . STD FEA WORK FERR & 7E 54> VHDL #2772 v 7 2 R
51 AT LU R STD JFE I WORK JE ) VHDL 8%, A1 24F Frf 89 VHDL BE3HRE /i i
HOER NG R @ A . VHDL B 24 /i TR SCPF e Bir e 9 07 B BN A TAEE WORK,

LIBRARY STD, WORK;
USE STD. STANDARD. ALL;

B TR R AN P AT AT RO R R . P A PACKAGE &% LA
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WIFA F IR

F P B e g A B DR LA B pR R R B R R R RS AT
B TENED BRI TR E AN s, Hh X EAVNES 22 RES.
A3 75 WY e RS B 0T T 2 0 ST L AR AT LY . X TS S S R RN F L
THA T SRR R S, AT T bR BRI ek A AR, DA A
ARSI RR ST B #2 . P, R B D0 B pR AR A R s X T A S i,
RIS BB 00 2 AR 5 B4 0 T DU AT DAAE Sk B RS B T X G A T
PRAERERT B4 R oE i, A WIS F .

PACKAGE FriH IS

(A7 W] )

END [ PACKAGE ] [#%iH 1 ;

A3 AR AL A W R BRSO, A A b i R WU T T %A B SE AR SR AN AT
(9. FT A E AL 7S WY e R B R BSOS R DA R S B R A Y L R AR AR R s A
PRSI, I 2SR B S B A 5 54 7 B v o 4 — B0 eRBCE RN AR Y R B DA B
THURF AN o T A0 SR A A R B A A B R BSORIT G R D R S B IR 1 8 L 0 AT DA W R A
BRI 2 Ah o A0 FE A vl AT DL BRI A 2R AL 2 A L R eR S o AR H X S R IR AR
AL DL 3E E e AR S AL TS B BT R YRR BORT i R T R I E . R B R OR L AR A F A
L RARAUES . GERMELDT .

PACKAGE BODY #RiH IS

{ A F MW )

END [ PACKAGE BODY ] [ #RiH] ;

T SR ) — A S E SORP L X S — A BIT_VECTOR 288 1A 75 5 53 8ia T
i, Horbg LT 6T BIT_VECTOR 2B 14 1755 BB 500 — R 5 R 5L,

(K55 3-14]

PACKAGE bit vector signed arithmetic IS —— fuj5 i
FUNCTION " + " ( bvl, bv2 : BIT VECTOR ) —
RETURN BIT VECTOR;
FUNCTION " — " ( by : BIT VECTOR )
RETURN BIT VECTOR; —— AP R X
FUNCTION " * " ( bvl, bv2 : BIT VECTOR )
RETURN BIT VECTOR;

END PACKAGE bit vector signed arithmetic;
PACKAGE BODY bit_vector signed arithmetic IS —— fu{f
FUNCTION " + " ( bvl, bv2 : BIT VECTOR )
RETURN BIT VECTOR IS

FUNCTION " - " ( bv : BIT_VECTOR )
RETURN BIT_VECTOR IS ...

FUNCTION mult_unsigned ( bvl, bv2 : BIT_VECTOR )
RETURN BIT_VECTOR IS

BEGIN

END FUNCTION mult unsigned;
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FUNCTION " * " ( bvl, bv2 : bit_vector )
RETURN BIT VECTOR IS
BEGIN
IF NOT bvl (bv1l'LEFT) AND NOT bv2(bv2'LEFT) THEN
RETURN mult unsigned(bvl, bv2);
ELSIF NOT bvl(bvl'LEFT) AND bv2(bv2'LEFT) THEN
RETURN — mult unsigned(bvl, —bv2);
ELSIF bv1(bvl'LEFT) AND NOT bv2(bv2'LEFT) THEN
RETURN — mult unsigned( — bvl, bv2);
ELSE
RETURN mult unsigned( — bvl, —bv2);
END IF;
END FUNCTION " * ";

END PACKAGE BODY bit_vector_ signed_arithmetic;
AURD 3-15 FARAS 3-16 W= W A AE SCAL A St 24 Ry S2 491
(K55 3-15]

PACKAGE my pack IS —— f 7 i
TYPE nineval IS (Z0, Z1, ZX, RO, Rl, RX, FO, F1, FX);
TYPE nvector2 IS ARRAY(0 TO 1) OF nineval;
TYPE fourstate IS (X, L, H, Z);
FUNCTION convertdstate(a : fourstate)
RETURN nineval;
FUNCTION convert9val(a : nineval)
RETURN fourstate;
END my_pack;
PACKAGE body my pack IS —— fy{f
FUNCTION convert4dstate(a : fourstate)
RETURN nineval IS

BEGIN

CASE a IS
WHEN X =>
RETURN FX;
WHEN L = >
RETURN FO;
WHEN H =>
RETURN F1;
WHEN Z = >
RETURN ZX;

END CASE;

END convertdstate;
FUNCTION convert9val(a : nineval)
RETURN fourstate IS
BEGIN
CASE a IS
WHEN Z0 =>
RETURN Z,
WHEN Z1 =>
RETURN Z;
WHEN ZX =>
RETURN Z,
WHEN RO =>
RETURN L;
WHEN R1 =>

T

& A AT AR
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RETURN H;
WHEN RX =>
RETURN X,
WHEN FO =>
RETURN L,
WHEN F1 =>
RETURN H;
WHEN FX =>
RETURN X;
END CASE;
END convert9val;
END my_pack;

USE WORK. my_pack. ALL;
ENTITY trans2 IS
PORT( a, b : INOUT nvector2;
enable : IN nineval);
END trans2;
ARCHITECTURE struct OF trans2 IS
COMPONENT trans
PORT( x1, x2 : INOUT fourstate;
en : IN fourstate);
END COMPONENT;
BEGIN
Ul : trans PORT MAP(
convertdstate(xl) => convert9val(a(0)),
convertdstate(x2) => convert9val(b(0)),
en => convert9val(enable) );
U2 : trans PORT MAP(
convertdstate(xl) => convert9val(a(l)),
convertdstate(x2) => convert9val(b(1l)),
en => convert9val(enable) );
END struct;

[R5 3-16)

PACKAGE my_std IS
TYPE fourval IS (X, L, H, Z);
TYPE fourvalue IS ('X', '0', '1', 'Z');
TYPE fvector4d IS ARRAY(O 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;
q : OUT fvectord);
FUNCTION convertdval(S :
RETURN fourvalue IS

fourval)

BEGIN
CASE S IS
WHEN X =>
RETURN 'X';
WHEN L =>
RETURN '0';
WHEN H =>

RETURN '1';
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WHEN Z =>
RETURN 'Z';
END CASE;

END convertdval;
FUNCTION convertd4value(S : fourvalue)
RETURN fourval IS
BEGIN
CASE S IS
WHEN 'X' =>
RETURN X,
WHEN '0' =>
RETURN L,
WHEN '1' =>
RETURN H;
WHEN 'Z' =>
RETURN Z;
END CASE;
END convertdvalue;
END reg;
ARCHITECTURE structure OF reg IS
COMPONENT dff
PORT(d, clk, clr : IN fourvalue;
q : OUT fourvalue);
END COMPONENT;
BEGIN

Q
e}
B
<
[}
[a]
[ng
[I>S
<
[
)
o
[0}
Q R

END structure;



