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1987412 H 10 H, |EEE 45 #E 1k 41 21 & Ay IEEE #x 1 1)
VHDL, & NIEEE 1076 - 1987h5#E(1Zx#fE /& M 198348 H 3 1]
THELZFFHIFRIVHDL 7.2f0R KA. X5 VHDL
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(3) VHDLIE S mUE T & kgt . VHDLix Tl R 4t
5, WmE 5 T Z2HRMER, B2, 5KZEHDLES A
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it
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(1) SZAREntity 555 55N . B SERE LT A R t, 4
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ENTITY rsFF IS
PORT (set, reset:IN BIT,;
Q, QB:BUFFER BIT);

END rsFF;
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2
b
EE: fEVHDLIEE, R ISR S 2 e &
VIR IGHY S AU o
LIBRARY IEEE;
USE IEEE.STD.LOGIC.1164.ALL;

X H, IEEEZJE 4, STD.LOGIC.1164 2 IEEEZE J i) — 4 i,
A7 _EIX M AER), TR TE B G (S AR & R A4 sl vl A
ff HHSTD.LOGIC.1164 ¢ XM E PR R M & Mk £ 1. 7E
& 2-3f I VHDLARAS A, SEBETRIENTITY A& SEAARE A 1 73k, B
A FE P L STD.LOGIC.1164 3¢ % 1 5 11 O Bl in] 5 2 P 2R 11
EATEHH RS R x, UMETFRIE, #a1S. PORT. IN. BIT
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0, (2) ARCHITECTURE £& % | X . o 7/EVHDLH A7 rsFF E
o G 8533 S NP D VA W oy (L7 N AL LS PP npivAT
P 5 IR A SEAR AT A o R Y rsFF 2k i ] 1) &5 K4 445 (1)
VHDLACAS LN T s
ARCHITECTURE netlist OF rsFF IS

COMPONENT nand?2
PORT (A, B:IN BIT,;
C:OUT BIT);
END COMPONENT;
BEGIN
Ul:nand2
PORT MAP (set, QB, Q);
U2:nand?2
PORT MAP (reset, Q, QB);
END netlist;
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PRI BT R IC N S I D RE R IR =Pk . AT Wb, &
17 2L 0 2 Al 3R R 25 R 3R A9 v S I 2 45 ) 7 20 1)
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ARCHITECTURE behave OF rsFF IS
BEGIN
Q<=NOT(QB AND set) AFTER 2ns;
QB<=NOT (Q AND reset) AFTER 2ns;
END behave;
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ARCHITECTURE sequential OF rsFF IS
BEGIN
PROCESS (set, reset)
BEGIN
IFset=" 1" ANDreset=' 0’ THEN
Q<=' 0" AFTER 2ns;
QOB<="' 1" AFTER 4ns;
ELSIFset=" 0’ ANDreset=" 1" THEN
Q<=' 1" AFTER 4ns;
QB<="' 0’ AFTER 2ns;
ELSIFset=" 0" AND reset=" 0’ THEN
Q<='1" AFTER 2ns;
QOB<=" 1" AFTER 2ns;
END IF;
END PROCESS;
END sequential,

e —
e ad -

—T

= §
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2.1.4 VHDLIH & &
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AT A IR e DL B X S ] @, VITALER A XFVHDLIE 5 A
SATY R, MR AR T AN OE AL (VITAL - Timing,
VITAL Primitive), ib$HE4E 70 Shge FGE i @ i 75 19 1 27
£ . VITAL-Timing & 5ASICH. It H I 04T G ) & PPl
TN, W, BHAERE. Cadence AW [KISDF Chrfk ) SE st
%20 N HHUER] TVITALTRHE T 5 Verilog HDLAH 24 1405 Hb &
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1) Wi s Ak

- FT TR

library |IEEE;

use |IEEE.std logic 1164.all;

- - SEARTH IR

entity Half adder is --VHDLAKXZ KNG

port (

X: In STD_LOGIC;
Y: In STD _LOGIC;
SUM:out STD LOGIC;
CARRY:out STD LOGIC

);
end Half adder;

= §
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2) Sk AR T IR
architecture Half adder of Half adderis
begin
process (X, Y)
begin
SUM<=x xor y after b5ns;
CARRY<=X and Y after 5ns;
end process;
end Half adder;
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3) it AR

= §

(1) B A (in)o A AR A T VF RO It H AMAT ) SEAR N 1EAT

EEEMH TR E A (A 2 AL ) A ) 12 s
DA

(2) % (out) . Far AR AN Ao VRO Ui DA DY VR ) S A B
Mg . EFEEH T Y. WBsAAGRH T x5,
A XA PP Bt AN BE B AE SEAR Y RT3

(3) ZZ(buffer). ZEP A= o H T INEE i, A RVFE
R[] it 1 A5

(4) Xl (inout) e XX AME S, Bt I 2iE o XL [n)
P, PSSR o] DLV N B H O SR . R a2 Al A 1

F - P 32 S 1t
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OIS X S & TS ien i
4) i -1 287
(1) Ak A (Boolean). Afi /RZEAY Al HUE “True” 5k “False”
(2) f7(Bit). A7 ATHUE“0”E*“1™.

(3) fi %% = (Bit_Vector) . A7 2% & H 1EEE JFE W Y #r 1 4
Numeric_Bit 3 £F . %12 78 5 @ I 35 A 6 3 28 1 N Bit 2k
A, A SEStd_Logicesiy,

(4) #EZ(Integer). FEE ] HAEMEIA R Fa £ Bl £, W
HF 10155,

(5) AFArvEZ 5 (Std_ulogic) FltsvEZ #5(Std_logic). AFHRUE
WA bR EZ 8 HIEEE_ Std_logic 11642 FF, M i%fea
135 H 75 24T Library fuse s A -

21

= §



OREXS X XT3 v
(5] 2] —AEN v SRR — ke — H B R IR U h
library IEEE;
use IEEE.std logic 1164.all;

entity twotol is
generic(m: TIME:=1ns);

port (
do: In Dit;
dl: in bit;
sel: In Dit;
q: out Dit
);

end twotol;

&4
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architecture twotol of twotol is
signal tmp:bit;
begin
Cale: process (dO, d1, sel)
variable tmpl, tmp2, tmp3:bit;
begin
tmpl : =d0 and sel;
tmp2 : =d1 and (not sel);
tmp3 : =tmpl or tmp2;
tmp<=tmp3;
q<=tmp after m;
end process;
end twotol;

e

= §
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2
it

(] 31 FFEISem a4 s . VHDLAT LU O 3

AR A A 38 B K B RS R Bl B v — SR IR R B . 9l an, AT A
A FHEAT )2 0 g AR A 38— an ¥ 2-6 B 7s H 4 6
A Uo. Temp_sum
B s AB

Ul:

N s

Carry_in Temp_carry_ 2
) )
Temp carry_ 1 arry_ou
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entity Full_adder is

port (
A:in Bit;
B: in Bit;
Carry_in: in Bit;
AB: out Bift;
Carry_out: out Bit );

end Full adder;

architecture  Structure of Full adderis
- - ETCIFIII I 5155 ol ]

signal Temp_sum: Bit;

= §
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signal Temp_carry 1: Bit;

signal Temp_carry_2: Bit;

- Ju U
component Half _adder

port (

X:in Bit;

Y:in Bit;

Sum: out BIt;

Carry: out Bit);
end component;
component Or_gate

port (
Inl: Bit:
In2: Bit;

E4a
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Outl: out Bit);
end component;

- JufEBIAL
begin

UO: Half _adder port map (X => A, Y => B, Sum => Temp-sum, Carry =>
Temp _carry 1);

Ul: Half _adder port map (X =>Temp_sum, Y => Carry_in, Sum => AB,
Carry => Temp_Carry 2);

U2: Or_gate port map(Inl => Temp_carry 1, In2 =>Temp_carry 2, Outl
=> Carry_out);

end structure;

&4



(J8=F noikig s

VAT
1+ =

(1) Inl: in Bit; In2: in Bit; 7] 5 EIn1:Bit, In2: Bit;, K Ainsg
A INORES

= §

(2) ““=- -7 NIERATAR RS, AR5 I PR B RN 2

(3) Hi““component ... end component; "3 B fK— B A Jo 44
IHTER), 45 T iZooth i ahag SO, B8 e ga T — ootk
FRIAEAR o

(4) H1*- -component instantiation statements” i B it) 4 7644491
B RJE 7y B PRE T Ul B HP B S 11 BRER 21 S B o4 Y
g 1, R AR SR 28] 3L S H B2




(J8=F noikig s
1. SE4A i BH

SRR SR B TR AR AT 5, e I AN TR AR L AA D)
HE,  SERHIE— OG5 8k i I, SRR / farth
s R G BIAISGE . SR BT I — RO U -

entity SZAA4 is
"genericCRE ) ;]
Cport(i 1K); ]
declarationsii Wi 1); ]
begin

SERE RO ]

end [ SEAAA ]

»
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P B«

(1) SEARARITAT I 1 4% 40 B4 B (BN AR T ) e 1%
TP RMERE TR A Ll “a” 8z, “A”R[“Z7, BT 0”7
29, LDLATRIZ™ -7 FREWE -DFRHTRLAET
B, WHEAEAEERS, Hida — DA U R,
PRIZA FRVFARE

(2) [ 1 Ryt or S rrig .

(3) XVHDLIM T, N/PNE—WFEMZ, AIX5.
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(4) SEARBEEH UL entity SZAA 4 isTRLS,
W, B A S AR R

entity E IS
end;

PRt ZAh,  HARAGIE Ny Al IR

2 end [SE4R% ] 4h
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(5) 2XJe (generic)h f) Lo A ¥ T R) 2/, 45 %€ H
INEEPOE 2. B, ARFEREU Y] B RS R Em K
FE. B MATAC DA R A A IR N 0] 55 2 8. R TEA) I —
B 00N
generic ( [ =] #F%: Lin] KB [ =WIGE] ;...);
B, AE 3k — H 2% I I8 P 1 generic(m : time ¢ [KG-
*3]=1ns)¥a & T i MR N ZERm{E N Ins. X 2i:

entity AndGate is

generic(N:NatUral : =2);

port(inputs: in Bit_vector(1 to N); --2KREZHNME T K&
(Bit_Vector)inputs/] K /&

result: out Bit);
end AndGate;

= §
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(6) i 1 (port) VLT e it 52 P 2 Sh b e L o4k MLz T
T 4R BRSO RIE N 7 1, R S el 2

port(iim 144 {, ml144}: [ ] FRALFF [bus] [:=4]
gefe ] {o oA w4} Lorm ] 7R85 [bus] [:=
WIGE1E ] })

Horr, Jym T MBS A 5 7 2 dm A e 2, 3%
A5 7M. in, out, inout, buffer, linkage. inE {55 A i
U RIS R outRonE 5 B S5 f A 23w 15 inout3Ros
2 2 XA )5 bufferid B 1 7] Dl B 45, HL&85 Ak s
] DUR &5 15 5 linkage 13 B %56 1 TG Fe € J7 m), W]
DL AR 7 1] A 5 4%
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= §

(7) % B 1E 1] (declaration) 7] DL A $5 subprogram ¢ B «
subprogram’ X (E¢Frsubprogramfg&) . typeii . subtypeii
HH. constantiiiBH. signaliiiBH. filetiBH. aliasiiifH. attribute

PiBH. attributei® X . useiEfij. disconnection@ X .

Mo SR N BT IS 5 F 8, Zele R A e it
TS, X SO i T A2 w] L
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2. &tk
45 R AR 2 X SEAR T e i) B AR R IR, 0 20 PR AT SEAR S5 THT
WH, ISR o A REXT A AR T gm P, W R S A T S
ek, AN S MR N, B g P o &5 A AR () — R 45 M) i
AR
Architecture £ {A 44 of LKA is
[ Ut ER]; ]
begin
[ AT AL EETEA] ;]
end [ 4itiE4 ]

= §
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LR

(1) SRR AARRRE Z MR IME— 44K, of Jm SRR I 5K
PR RN T AR Y. ) 2 W — A 24K . isHIR &5 R 45 1)
I 45 o SRR AR I fii 45 ) 5 AR 44 1) i 44 A0 AH ]
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(2) UiBIIE AN AR T S ARG Rl B AN, ik
Al LA 5 G 4 34 B (component) AT ZH B 4 B (L FR OB
configuration) i #J . VLHITE A T X &5 MR N I NS 5 &

= §

B BRI B AT e X, B E SCBOR G R A4 N B AT

B ARAERT 38— Hi i Y il 3R -
architecture connect of mux s
signal tmp: BIT,
- 0f NG S tmpREAT E X
- f5 T OMm LR R, NAE S ARSI L]
- e R WEBERE I E 5,  Wosea AR 2207 1m Ul W
begin

end connect;
e CEp—

.
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(3) 4&-T-beginAlend [R] () FF47 b R TE A (RP #4535 A1) 22 IF &
AT BI) T 98 08 2 W v SEAR (BB AT A A Eh 1 o e A 4E
blocki&f). processi&fiy. procedureifi HiEf). assertis .
assignmentif . generatei® ). component instanceiff .

HRXHBTE ARG W AE G LW h 4R s g, —
Y6 — FL IR P I RERE TR R A R

cale: process (dO, d1, sel)

variable tmpl, tmp2, tmp3: BIT;
begin

end process;

= §



(W E=F adkigimos E
(4) —ASEARUE B AT LG Y. = Z2 AN R B g iAo BG40
A1 AR (7] 10 P 54T A B A AN [R] R B, R B PR i o S AR
a] DLUEAA A A B SEAR U B AN Rl g5 A4 . BBl — AN 2a E 1Y
SEARTE v LAY 22 A Bt SRR =2, Tk S8 1 v SEAR IR 46 A 4
ANF o NI X B, — AN SEAR U BHARER T — 4l i A [ 1)
VU SIS (a8 i N i (0“5 B 717 R i N g 14 ““ B AR T 17755 o

FTEAVHDLRERE = X W T [F] — SEAR I S5 R AR AN seVF [ 44
4T Y. AN [R] SEAR 1) S i A4 mT LR 44
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= §

2.2.2 H(Package). AcE (Configuration)F1EE(Library)
1. A&

FESEAAR Ui B AT g A 445 v Ul B O B 28 8 . M AR P A
SUOSAH N () 5 R AR ml L, AN ge gl e ek SR i . b 138
it —A nl g 2 Aot SR IL =R R . M TR U,
VHDL4EE | fl(package).

WHPRZ HE BRGS0 . HEUE X B, o
fEiEf) . BREUE IR E X5 Bt A Al g PRI vt i
G, WREG T A RIK.




(W E=F adkigimos E
5 Ui package declaration) fi1f0 44 (package body) P 547 .
AU B — OB U

packagefy 4 is

{ BiAHER]); )

end [H4] ;

AR — A T 22 -

package bodyfil.44 is

{ UiHHER]; }

end [H14] ;




(J8=F noikig s

= §

iHH .
(1) A0 35 P FIAR N A2 1 44 FR A 20— 3
(2) 21 B A 1 1 B R ) v B

subprogram it B . type i BH . subtypeiii B . constant it BH .
signal e BH . fileliiBH. aliasiiBH. attributeiiiFH. attribute g X .
usei ] disconnectionsE 3, Bl & T AN TR RSN, B2
vt B A R U B ) IGO0 AH A . A A i 1 U B R A A) Bl R
subprogramie X . typevi . subtypeii . constantii B . file i
. aliasti Bl useifia),
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VHDL ' [fjsubprogram(-¥-#£ 57 )8t 5 — B vk HHL s v 1)
TR SRR, FREPEEIERE (procedure) Fpg %L
(function), 75l HFRE P U BHA FRE PR (FREF e X B
S e PTCAHIRAEAR N R SEARUE B . SRR, R AT AL AR
RS E AR

WA TR e CBPE SRR, 45 s B A, e R
A FAK 3 S i R E ) e 1) TR 1) CRIRR H0E 30 M
IR . XA I TF R AP A A2, =3 B B0 B e o A R 22
B, NSRRI A OSTE R AT 1, 1A ] DA B8 2 126
Lo H R AT e

= §



WH=% Buud29A0L 3
(3) T o A TR R B R AR
VHDLIGAEG I, AN A ut B e W, i e iid B A i N 254
SR P IR R AT LA 24 4R A4 30 P use ) A" 4R 3 b T
H) o AL BT A G )

package Logic is

type Three level logicis(" 0’ , " 1", " z');
function invert (input: Three_level logic)return Three level logic;

end logic;

package body Logic is

function invert(input:Three_level logic)return Three level logic is




OFES R &1 vz

begin
case inputis when ' 0" =>return ' 1’ ;
when’ 1’ =>return’ 0’
when’ z' =>return’ z’ ;
end case;
end invert;

end Logic;

£ §
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£ §

e B, BRI, s =47 2 i Hinvert
Ui S8 B R, BR AT R B E X, 4 T R
110 A WA R U (RIS — B al L. BrEL, fid
AR AE S AL, meEASE RS TP A
Al WL
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(4) 7E— et sk in_buse 7 A (FESEAR UL 2 |), 7T LA
R R RN A I

use IEEE.STD_LOGIC_1164. all;
all % 7~ K IEEEE T ) STD _LOGIC 116441 i Fr 3 i B
ey W M,
use Logic.Three level logic;
Lok P B g X LogicH 125 Three_level logicky #H N
BT SEAR ] I

(5) W LLRAE A B, A an S A U B BE A A
T UL WA R R AR IR AE 1Y 28 (deferred
constant), FrLL, RS L EAFAE T S

e

= §
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2. L&

= §

VLA AT DM C B8 R o8 A v vh 1 SEAAR MBI ST (78 BR
W) IEFEAR IR A FIAT A NG5 B SRR o AT LA SEARIY,

A DUA A BC &R AR PN [ I S5 k44, DUEREAT T e HeAs 2

BAETEREM Stk . (EbREVHDLY, FCE FFA R0,

A

ARG Ik 72 R b o 12 B A 2R R R 45 R AAAE DR SEAR IR &5
Fe (B2, fHIBCE R AIUE SER Sy T vt —Fh B -——

TR UL B I FEE AR
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M B A A — OB -
configuration Jit. & 44 of SE4A 4 is
[ Bc & ISy :  useTAJEK attribute 32 X; |
LiEAJ s ]
end [FCE 4] ;

=1}
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LT AR A AL, CEE 4 1
AP BT BN — SR S

--; an architecture of a microprocessor:

architecture Structure_View of Processor is
--: componentiji 17 15 f1]
Component ALU port(...) end component;
Component MUX port(...) end component;
begin
--; componentfi 4t 15 ] -
Al: ALU portmap (..);

M1: MUX port map(..);

M2: MUX port map(...);

S4a

T
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end Structure View;

-- a configuration of the microprocessor;
Library TTL.Work;
configuration V4 27 87 of processor is
use Work. All,
for Structure_View
--2H Jé i W
for Al: ALU
use configuration TTL. SN74LS181;
end for;
for M1, M2: MUX
use entity Multiplex4(Behavior);
end for;
end for;
end V4 27 87;

e ad -

T .

&4
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Hor

configuration V4 27 87 of Processor

end V4 27 87,

IS

&4



OFEES R ST kv
J& TG & T A0 2, A SE A Processor i $E T &5 A Ak
Structure_View(Hi& fijfor Structure View .. ); 45f44& Structure
Viewf¥ 25 H T Je/FALU. MUXIFRRRR, 1 VA 45 AT AR 512
JL AT N B4 R s, By BLBC B A R oo I B
(Component Configuration), #1:

For Al: ALU

use configuration TTL. SN74LS181;
end for;
A TCHEALUIE BEFRUEFETTL A A TC & SN74LS181;
for M1, M2: MUX

use entity  Multiplex4(Behavior);

end for;

= §
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Koot MUX(M1. M2)4 221 ZEWORKH [ 512 A& Multiplex4
N HE MY ) g5 /s 4k Behavior L, Aot B B ARKAT MBS M) .
FARL TR B s )T T g5 iR, FRA . 1,
P JFOK IR 8 R AR PR B S5 40 8 n — 5 «

for M1, M2: MUX useentity Multiplex4(Behavior);

5 ¢ configuration \/4_27_87 4t 41265 54 ) ) F1 0701 SUHA )
ALBH ) — B RS2

for JCHHB 7R 5. JCFE4 use R X4
HAr ) 6 52 A) L& R ANIC B configuration Bl SE A& entity
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ZH 258 00 3t A2 B oA s 1 A R TR (ML, M2
MUX)4H 2& 2] SERMultiplexd S HAR R (1) 45 #2) 44 (Behavior) 5% 2
AP FEAH B o KR, BB TSR (LU B) o 2 T )
SEARIE RS T &5 fik, JoiFECE sl 4l 38 UK ok 5 S A Sk
S HLAH Y. R 45 R A0 R K

= §



(J8=F noikig s

3.

e At R B NEE S, EAMC A PEN Lk, 4
PR, BFECE . PR PEudl B, J&E oo & vl DU 9% 35 1Y)
VHDL%i#4. VHDLHH MR G, BIEATTMAE G, A
TCEFESARUI . BULIHRAECE, BT EARR S R A
FEATTR [R]— FErp B SEAS T S A A IL T, A FHuse 1~1) 4
REdE i n] Ik

= §
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(1) FERIFHSS. EVHDLIE 5 WAL I B RS0 EUH G A

= §

5 Ff: IEEEZE. STDJ/E. ASICE. HH e X EFEFWORKZE .,

|EEE £ 1yl £ %5 — 48 |EEEN 0] [ bnE 44, W
STD_LOGIC_1164; STDJF/2& VHDLIMFr#ESE . HPAEmm
STANDARD {4, /& VHDL ) ¥ #E B &, W1 € X T Boolean .
Characters £ 258, ASICEAABEE 58] —— X W ) 5K
s H P B B evk 75 225 1 38 AL AR Fn s A& 45 ] LI
e, & XM € XE; WORKIEZEIAT TAEE, &%
THE P IR 1) VHDLE &) AN I AE Aa] Ut B I, #00 A7 TR AE
WORKJEHS, flan, M2 A X Ed et fm i< AshmA
PIWORKJEH,
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(2) FERfEH . BTN 5 2FEKR TWORKES, Hy 4
RPEAEAT H a2 E Ui, FHEE 5] Clibrary) X5 A [A] 72
i) 22 o B P L . library 5 156 BH RS A ECCE BE T R G B B R
M, HBIBEAA: library 4, BEE R use A FEH R
A BT a] W, 4

library IEEE;

Use IEEE. STD LOGIC 1164. all :

W2y, XFFE-—ERAFRNET, L Huse 7 hJf& Bt
(A WA, TS AN EE AR EE T, W20 1) N _Luse 1
FRPEAEAT N K AT HAE

= §
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(3) FERIEHE

3

o PEVER)HIAE TG

5

S B I

|~

DR E TS S ARG B k. B — AN R B A

CL L HUSARI,  JETE R N AE R SER TR AR P S .

library IEEE:  -- FE{# 4500
use IEEE. STD LOGIC 1164. all;

entity andl is

end andl;

architecture rtl

of andl is

(IRIOE

E4a
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configuration s1 of andl is

end sl1;

library |EEE; -- JBE{# FH i M
use |EEE. STD LOGIC 1164. all;
entity orl iIs

end orl;
configuration s2 of orl is

end s2;

=1}
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2.2.3 Bk SEf)

DL E T g A B A, A T 5E I VHDLE
SRET N B GRS Gr s SEAR+EE AR, FFREC A DAAH R R B Y5
(. FE. BE).

KM VHDLE S HHATMA st iy, KA E B Nt 7
%, BRI, SR SR GHEF A BT,
M BL v — A /NS AL B 2 mp o 9], ] 22 U W VHD LR P ) %
AREG

&4
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JE P /NI AL BEAS ,  H AT RS R A P i
A B N ki, BB A B R Rk ik, RIS 2
Bt A 2R S0 (AN 1Al 2R 28 mp) & s — AN TR AR e, X v F
VHDLFE 7 H 1 — AN vh SE4A (entity mp), SR 5 % — € W FrfE
(WDIRE) Kz R G A T, 2 WK 2-7.

&4
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mMcCu

= §

miu alu bsu rfu

— bcu -

K 2 -7 AbFRERT 6

e — ;Z‘—’ == _,:‘— . ne e =

S - — — P TR ~ s
e e S —— e o =
ey = 56“».‘ - el
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R 2-1 JEEAR BRI FITh RE U A

alu AR BT
beu | MZEH ¥
bsu | FEEELMATT
meu | EHHT

miu | RSB
rfu H AT

= §
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fEE 2-7 1, ALEEZSmpIZDIREH A 6 TR mcu.
miu. alu. bsu. rfu. bcu(HEIHRENE 2-1). XL THHe
N SEAR mpr AN oo e, H &R 4R i component il B
BRI oA ) 44 N VAT U A -

-- TOP LEVEL;

-- Package declarations

library I|EEE;

use |EEE.STD_LOGIC 1164. all;

use |EEE.STD _LOGIC 1164 EXTENSION. all;
library WORK;

use WORK.mp_package.all;

- --; entity declaration of mp

= §



(J8=F noikig s

entity mp Is
generic (...);
port(...);
begin

end mp;

--; an architecture of mp;

architecture

component
component
component
component
component
component

e R—

struct view of mp is
mcu port (...); endcomponent;
alu port(...); end component;
bcu port(...); end component;
bsu port(...); endcomponent;
miu  port(...); end component;

———

rfu  port(...); end component;

e — e

= §
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begin
I--1:  mcu port map(...);
1--2: alu port map(...);
1--3: bcu port map(...);
1--4: bsu port map(...);
1--5: miu port map(...);
1--6: rfu port map(...);
end struct_view;
-- a configuration of map;
configuration of V_5 300of mp is
use WORK .all;
for struct_view
for 1--1: mcu use entity work.mcu;
end for;

= §
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for 1--2: alu use entity work.alu;

end for:;

for 1--3: bcuuseentity work.bcu;

end for;

for 1--4: bsuuseentity work.bsu;

end for;

for 1--5: miu useentity work.miu;

end for;

for 1--6: rfu use entity work.rfu;
end for;
end for;

end V_5 30;

£ §
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= §

FEFEP R, SEARmpXT AL BEES AR5 | I EAT T30, &5
Fog A JUSOT Ach 3L 2 P S5 &l ) SR BLOQ B3R 8EAT T Hihid

(1) A6 &5 F A1) Ul B 0, A% FH oo A Ul B 8 g (o
component mcu port (..); end component; )fiHiR T IR
FR(meu) Fg I (2 280 1) .

(2) fEGRRTER)E 5, HoeHe4eER](1- -1: meu
port map(..); )HFIClEbRT . TCHERFRIN N R THIA,
zey e i O 5 SR ) um . SERRE 5 DA & ootk 18] 19 3%
PR R
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(3) H Configurationi& ©J (4l configuration V_5 30 of mp
is ..end V_5_30; )Ei—SBA RN MPRE 2N SE oo A A4 2
[PIRF i SRS BV R R,  MTITAEIX AN B v SEAR 78 i T i AL PR 45 1)
WEBE Tl e Hd 1 iz A0 FE 25 1) S i A0 25> 75 (] R AH
HRZAR, HNL T —/> VHDLIFIMEHESE

(4) PriBas b e A HF 8 S, 2fe S BT B A X Y
PIEN SR, EATESA TR e AT gtk . 1XH
XF 5N PR VHD L T B Z RS IR — 2% it

= §
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&4

(5) B THE AT LAY UL IMESe, U447 1% R 4
R RSB O AN, s AL F 2, FSURRE R
it

BCRE 1 E T AT RGO, FPAL R e R
A AT O IR, AR TR R IR G A A
1 i

VHDL & — Mgt a . BE™ErE S . A T ERiEH
HiRXMELE s Tk, B FREA R, AR T
L2 B VRRE B, KR m, warmaaitie 7
VHDLFE 7 1 FEAHE LA v o S P 284l B, F i e VHDL
VB AR SE A i

a&, =
— e 4
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23VHDLES

VR B R B BRAERT

2.3.1 SR A E ) 1

1{E.

VHDLH B B8 R 77 7Fra . AL K

PP SR . 2 RN BE IR AN, MR8 E
SUNGE (e CR DESPIS W DA KR

e G B APTHRE

N

L.

&4
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1. HF

VHDLAH 1% n] DL 32k s, el DU .\,

TNBERIBCRE R
(1) FREHISC s N -
TRERE = [ ] (R4
BRc=Eey { L lg ] He )
F=E [+ ] B B8

£ §
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= Ao K G gl 1E1 K = AN N 71 5 D O e v i 1 A W O
EIFEA s, 38 Eer el PLnE 107, BA BT
T2 MFESK,  BES5REZ A RFESK. §
an, DL TP EEETER:

257 - -3k

0 - - A

12 4 6A -- -CE T 1246a

0.09 - B S
4.1E-4 -- T BEE R
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(2) APk,  Hoe Xgalan k-
DAL RIS (80 =08 B8 TR sy [ R TR m 4] #9530
B =g
R RS =7 Y { [ FRIZ] ¥R )
PREAC =T |
P REUTARR T (407 ~“97) 4, BEFE“AT~“F”
RN ToNBEREI T BN EAIR) . FIRE,  AEUIRR NI

i R e O . SR ME K2, Stk
16, FEHORHSHCA L AUT il BIRFOR . R 2] 7

&4
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2
dib
- BEEOC,  AE 2640 TR R] DL R AN R R R B R N
2#1111 1110# 8#376# 16H#HFE# 016HOFE#

- - 224(00EOH) )+ /S 1l FR B R

16 HEHEL

- - DIEROR N R

2#1.1111 -1111#E4 (55 T+ 131 %31.9375)
16 #0.FH#EOQ (5511t %70.9375)




(U323 aa8da il
2. FRF FREE. L EBMYEE
L FE . AR HASCHEG R, BASASCIHE
M 5| SHEER TR/, Wej”. —PHASCHFEFFHX G55
K755 e 4 (] LU 2SR 745 5, an““CDMA” . A7 5 & H
FRERANZAIES, ALl ok d . )Gk ekt Nk 2R
Ny WL 2748 F AT B s ) Ky

2
it

B” 101010111100" - - 37 R R L2748
X" ABC” - - oNBERIAL RN S 2748
Q" 5274" - - J\IEHINT B R s ) E L 2748

TAT TR NP A, ERETRT AT X
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W PR ) A TR B — AN 38l Ao b — AN B AT
M. .

1.7ps -- 1.7ps
15kohm - 15k Q

seflH, psAtkohmiyAERBE Y, e e X H AT .

=¥}
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2.3.2 B ZR MR

VHDL 9 Hc# f G AL 45 {7 5 (signal) . 22 i (variable) . 4
(constant) F1 3 (file) PUSK, Forr, SO —S8L 1R AR 2L
B, ‘UAReEEE R RN, O] DIAE A 220
TR ES, SR T E e Hik, XS
B A bR 730N, B SRR Z R X A

(1) AR THEER I, X=BN%E5 — e R YEX %A
XN Bl an, A5 -5 0 N AR vk A i S — SR i e gk, AR

AR A7 HL s b I H R, AR B S5 AR 6 N Ok R AN K H
%, WHAURE AL E R
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(2) ZZEAME 5 X AAE TR ENMES LRI, F5
FRIAE U A ] HESEE I

(3) =Rt % i) & XA B i & W& 2-2,

2
it

R 2-2 =P RS XM &

X1 5 25 5 x X WE IR A IS
B5 e R architecture, package. entity
T RURERE | process. function. procedure
H Wi RE LA B ]
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1. XF % Ui A
XN RAF R, 2R e vl ge BUE MR .
constant. variable. signal =ZEXJ% Ut — B E -

constant W &4 K: HlRM [ 1 =3RiIAE ]
variable 2R AN [ P =R&AE]

signal {5 5443k HulRM [{55390)] [ @ =3Rik
] ;

= §
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Uil WEALE, RELERANGESTELE, Wil DIRM
LU, PRRITRIZ AR IRRT . 0 = RIBA7NHH A&

w5 TIRYME. W5 5 BURAEAE & B gk T, HE 48—
H A AN B AR

(55 2K5 2 busel, register P Fh2 RS, ZRTIEDT, X5
I A7~ a1

constant Vcc: real . =5.00;

%

variable X, y: Integer Range 0 to 255 . =10;

signal ground: Bit: =" 0’ ;
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2. R AE 5 HIX 5l

(1) PBLE XANA o A5 2 FL - H O PN P8 A1) 328 2 1)
%y AR EECH ST N R

(2) WER5AFH. fF5BEH“<="f5@s1<=

= §

S2), AEMER“: ="FF5 (0 temp3 @ =templ + temp2 ; ).

(3) EM AR IR, Hika)—Bgiddr, HAESLR]
WK T, 5 5 E R UG, A 715 5 B EAE — B
[ )50 . Bl S1<=S2 after 10ns; S2[{){HZ: L 10ns 1) 4L i}
Ja A BARNASL, 1A ZEI AR s E & ASVER, 40 temp3 -
=templ + temp2 after 10ns, EIFVEMI,
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4) FoeeFE, fTHTIATERR @S, T+

architecture. package. entity Ut Bl EE 2y AR 2 S0,

e T-process. function. procedure Z 1.

M EHLE AR, HREME S TLL

X AR A H

KRR EADS N )P B AN

E4a
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2.3.3 kR

VHDL & it T 2 Ppobs v ) Ze $ 28 28, 34 STD FE 1Y)
Standardt.H. 4k, MNAEAH Pt A, eIl B E
SRR

VHDL R DU, b= (Scalar Types). E&
2K (Composite Types). 7B 7Y (Access Types). A5
(File Types). PRI ME, AT 45 HR =R
RN, FHERMME GRMA BRI, nfLiE R T H
A RAEZ AL

= §
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1. bR
b B R ¥ HAE B AE — 4R B R B/NHES 1 ek 2

A, FREE o B (H) B (Integer) . ¥ AL () AY (Float). 3 ()24
A (Physical). () M452E % (Enumeration). (1) (F)MAsRHY,
(PSR ZARF i R @ s TR, vl DM 2EE
T PAE R oS — MR E IR W A . — (R MAS SR Y P

= §

AR AR B € SCHY, XL Dy e T B AN - B A T E

PRSI R A TR, B X L0
1L 2 R AT freset. (MK
5 XU

type H #5814 is UL, JLE, ).




OFEES R LET S K

Ve X e A B S R AR TR . B,
FI AT B 5 XA s 2R

type Switch level is (" 0" , " 1", " x');

XA, VHDLTIE X (P )M a8 28 8445 . Character,  Bit,
Boolean, Severity level(f512554%), H T s REEA001 TAE
RZ&: NOTE, WARNING, ERROR, FALLURE). X675
SR Standard B A .

= §
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= §

(2) ZE(EER)BIFNF ST, VHDLE S (ESR) B R
R 5 FRATT— M B A ) SO SE G AH ) . AEVHDL A 2 i
B IR B T S -(281-1) ~ (281-1) 5 i 5 () S H T T O -
(1.0X10%8 )~(1.0X10%).,

VHDLA IR ] LA g SCRE(CEER) BRI j(CR) AL, el
L AR AR . H e (R Y Bl sl CR) L — M
e e

Type PR is [REHR IR 4 2 10 [ ;
Horr, 23Ry 7 “rangeils 51 to/downtoild A2 Kok .
wn, 8 X—ANH TS T s i L BEE 0~9 2L




(J8=F noikig s

Type digit

IS

Integer

range 0 to 9

X —NH AR -10% ~ 10400 sz % .

type current

IS

real

range -1E4

to 1EA4;

=1}



OFES R TS Ry 3

(3) MBI, — AN B A i B N o SR A P S

47 W (E) R AT — AN R . — NS A R

ANIRE AT o BEN IR AT A — R e IS AR A7 . 54,
E /N4 Distance 4 B (1) 28 2 .

type Distance i1s range0to 1 E16

units

- - B AT

A; angstromiz
- - KRBT

nm = 10A,

um = 1000nm;
mm = 1000um;




(W 2=3% 2o 8k 230L
cm = 10mm;
m = 1000mm;
km = 1000m;
end units;
Distance¥) H w1l BHAIZ &, s

X: Distance;
X: =b5A+ 13um-50nm;

 _E PRI LR, PR E) SR U — R e
type AR 4 is Yo [F
units
FEAR AT
RN
end units;

A

&4



viBH: W =R e s o -(281-1)~(232-1), HaAne &
1, MR BAA T o IRPIPAT & — 38 e DL FL A B vy

VHDLTE X T ERMTIME, Jit{EStandard .57 ;

Type Time is range -(2**31-1)to (2 * * 31-1)

units

fs; - JEARAL, W 1015 s
ps=1000fs;  -- JZ#p 1012 s
ns=1000 ps;  -- ghFp 109 s
us=1000ns; - TP 106 s
ms =1000us; -- ZF 103 s
sec =1000 ms; -- b

min = 60 sec; -- 71
hr = 60 min; - JNER)
end units;

TERGTENT, IR R H T HR (S 5 &1
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2. BARAY

= §

HAA RN HAT W] 3 BOE N BRI . S5 2R A P A
5 \

B AC K . B 2K (Array Types) & [7—28 B BI04, Tiic
xR (Record Types)EANFIZRBII e 0 A —H . BRI}

26 1E 25 1) (WMRAMATROM) I B BBLAR A R0, 11110 S 8 20 6 He 40 A

A2 SF AR AT 2L

(1) Zd2RAE . BAE SRR B e &4 I
g 28, mrl Ble 4R, C4Enk2 4E . A
7 X — OB AGE:

type U254 is array (N ARV

) of JRE P RALA;

Jdb
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= §

WAH: N ARYE B PR e D A e M S Rk Ko, U

type My _word iIs array (integer O to 31) of Bit;
PG B hnE L— 32 K. X,  Sere X

type instruction is (ADD, SUB, |INC, SRL, SRF, CDA,
LDB, XFR);

O, 75 SOSCAL R RRE T

M

dH

type insflag is array (instruction ADD to SRF) of Integer;

VHDL 1 il & X I #4128 B 2 5 5f string A1 47 2K &=
bit_vector. ‘B I#EAAESTDZER] Standardfy,
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(2) R AN RSB EE X BT HA AN [F] S8 Y
K12t — Mk PRI B JCR ARV ) o #m) i
Ui, IR RIS R AN [ S A B AL 4% A 23 7E — /S 1 T i
g e MOl 3 SRB ) — B A0 -

type ZHE25 1444 is record
LR BRSRI A,
LR BRI,

end record:;

&4
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i n:
type bank is record - - & X —bankid 5k
r0: Integer;

Inst: Instruction:

end record,
KA -
signal r_bank: bank; - - & X —"bankZEA 5 S r_bank
signal result: Integer;
result<<=r_bank.r0; - - R ol sk 1

= §
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=¥}

2.3.4 BEBAERT

VHDL ¥ it F R A e it T 23 DEAERF . X EEERERT
e XN 425 BREEFT., PHIEES., RRBELT. T
BERT . e AR B S I HES I VHD LERAE FF R 2-
3 7R,




(J22% 5o 82% %23 VHDLKBMAER

TR i

P EFF A B E Zh

AND w5

OR Z R EY
BIRZH AT NAND i R o

NOR kS

XOR 2R R

= %5

s rET
REERE [ 1;

<= MNFET

-t KF&ET
BERZHR +. — .
EREEF & HEH

+. — E. f1

* 2
FRENE f;

REM TS

* % k1
BRIEHEF ABS B 28 3% {8
BERZEFF NOT R 5

=L
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=1}

VHDLH%ME %El’f‘”)( ﬁﬁzﬁﬂm@i W E A,

signal temp_b: Dbit vector(3 downto 0);
signal en: bit: =1;
- - &FFAentHIE AL R E 11117 T temp  -b:

temp b : =en&en&en&en;
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2.4 VHDLZ # R H5iR 5 =

WIF TR 1 A A 1A A A AN ] 8L ' 1 AT T E AN IE 3 1)
HE.  AHNHL, VHDLEE X B GE Ttk 73 AT A b M
WA . AT AR IR 3 NN .

(1) SRR NI RANE . AT iR X RGeS
IR, GRS X R G T e T IO L TR AH DG AR i
e RSP NICR b, SR . BEEAK.

= §
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= §

(2) TERIANFE. AT N FATE A SRR TR, SR
IR AT 1) ToA AL TR 1)

(3) AR A7 hHd ) R T RS R R T
VR BB A0 7 2, T 465 3 2K 34T 5 J2 0 0 419 i
W BRI SR XL, AT SR

NS VHDLIWAT N B E— N . 2T 45fhd
A (9 45 component iF A1) A1 oA AL 1B A)), B TH A TSR
i, XA
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&4

2.4.1 )Pk vEA)

M AT 18 ) e ILAE BERE processEl 12 7 program T,
HFx LR R &k, 74 b 3 ) (Sequential
Statement)f5 UL~ JLFH:  waitiEf). W5 (assert)iit). A5 S IH/E
wr). AREEER . AR, ifER). caselrf). THINER]
(loop). nextifif). exitiffl. returnifa). nulliffal, — ity

P11 72 -
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entity SRFF is
port(s, r: inbit; q, qBar: out Dit);
end SRFF;

architecture behavior of SRFF is

begin
process
variable Last_state: bit :
begin
- - NN AT 1E )

assert not (s=" " andr="1")
report” Bothsandrequal to1”
severity Error

if s=" 0" and r=' 0" then
Last State . =Last State;

elsif s=" 0" and r=" 1" then

Last-State . ="

—_ I .

= §
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else
Last State : =’ 1’ ;
end if
q <= Last_State after 2ns;
gBar <=not q;
Waiton r,s;
end process;

end SRFF;

&4
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1. waitizfy]

REREAE T HAAT B PASIRGS (B B0 HIA2 A 32 waitih
rjE . A DU Arwaitih f) Lo E AN R 4618

wait; TGRS fF;

wait on {5 543K, AfE T ARPE 55 KRN, HE
LA R IRAS, B

wait until £, M ar iy, 3R A1 TR IO ;
wait forff [a) 25 =0 BIRIRR e, B 18] 2 U4 B

& _LIRIRSHA 25 (AT N I8 RE 7, wait on r, s 75 5,

sHERE N A EAAL AR A HERE AT

— e —
e ad i

—T

= §
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2. W5 iEA]

W A R RO, USRI 2R T AHL I,
WAL R G 21 TARIRAS A 4y 8 S B k5 B BrsiEa) i —

OB g

assert 5514
[ reportfi 15 2 ]

[ severity&5 2k |

£ §
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&4

CLE

(1) HPATasserti iy, Lo SAFAT AW, an R
MNE, W ATassert LU g i) — M iEn]s  WERSGA R, WIER
INRGHAE, WA AR mA AN, B, fF
RS & 48 AT A TR P, &fFnot(s=" 1" andr="1")
MNE, B sHIrAER G 1B, REAHE, Bhidassertifn);
2, 25, BIsHIrfE B ey, I ATassertiff,
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F3
it

(2) report/q BRI 2 RTFE SHIFRTEH, H T U IR
A, e R K. B, 7R RS A A AT 4 il IA
report“Both s and r equal to 17" B HH HIL T RSHlUA #% 1R rfl s [A] L
N LHIEE R .

(3) severity )5 B T4 e e AR K0 . VHDLY 0k 4
AN FAILLURE. ERROR. WARNING. NOTE. #7ERS
fil & as AT MR, BiRg ] NMERROR, fifles#%il
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3. {5 S REEH]
i S W EE R — B O

H I 58 <= fi 5 ERIE
i

(1) A& WlE i A H TR A 145 o 2 3k AU E IR T A2l
15 = &, iy B <=7 (5 o m SR BN FE M 1% — 2L, 4

a<:b;
2) 55 EREX P IR, RSl %k 2,

g<= Last_state after 2ns;

E4a
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4. B EWMAETER]

AR B AE TR ) I BBk
HAs g o =Rk,

R

(1) B AR IR LA T 220 1) H A2 =
PRI ) SR AL DA ZBURH [

(2) AR IEAX UL E. 957/

Last state - =’ 0’ .

HAA

£ §
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5. ifiEH]

ifiE A IS AR = VR S E = .

it AF then
i Ab PR
elsif £5/F then
Ny Aeh P E: )
[ elselit 7 Ak FH 5
endif;

HARW] 1Al LLZ 25 RS R 48 FE 77 o

=¥}
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6. caseiffij

casein )5 iftB ) IhRESRL, H TR TE € 1 A HAT A5
Wit f], {Heasei&ty i ml stk bt ifiEa)o%. caseitt)f)—f T
e
case KIA T\ is
when &R IE (1 => P AL BETEA)
when &5 02 => I Ab H#TE )

end case;




WE=F aaduiTmos
Hrr,  when FRi& ] LIA 4R
whenfd =>JIi /7 Ab B 1E £ ;
when i |18 {5 i |= > i 7 kb B A
when others => JIi /5 kb B 1E £,

whenf{Etoft = > i P b BTER); - Ron/E— g BUE LR

AT A T
B, RSAdA & AP BIFE R AT LS D8 -
Case s&ris
when 00 => Last _state . =Last -state;
when 01=> Last state : =0;
when others => Last_state : =1;

-end-case+

g

1

= §
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7. T5¥iEAR]

loopiE 1) PRI B
(1) [Fr5: 1 for A= in G loop
P Ak F )

end loop [#5%5] ;

i, XL~ AT BInig 5 :
sum . =0;
assume: for1in 1to 9 loop
sum . =sum + 1;

end loop assume;

E4a
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(2) [Fr%5: 1 while 44 loop
G Ak B
end [#r5] ;
wilan, ) a5
sum . =0;
1. =1;
assume: while (1< 10 )loop
sum . =sum + 1;
1. =i +1;

end loop assume;

=¥}
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&4

8. nulli&a]

NUllTE R 2 —Fp 1 AL E 1) 23 A B4 .

9'/(‘_‘6

HEMF$ATER), Wi B 5 A Mreturnifi ). exith]
nextiE: A ARAN AR A A ) i TR 5 2R, X HANEAEIR
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2.4.2 3 RHRTEH

I & $iiiR 15 A (Concurrent Statement) FH TR 81 R 4891 &
TAERIERME.  VHDLR & 13 & ik 18 1) 3 FETE 1) (process)
R HHER. IFRESBEE. JFABE1ER. JT
Wi f]. A2RiESR)  (generate).  FiEfiy(block)

&4
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1. FHFEEA]

BEFE1E A 52 VHD L s il i 18 R G0 RAT N s S AR TR R
BEFETE AR O 2 52 2.

H— AN
[#r'5: 1 process [ (BU(E 5K) ]
[ R B W6 0 |
begin
{7 A B ) }

~a\

end process [#r5 ] ;




OIS X S & TS ien i
LR
(1) BUfE R RER M55 xAELRN,  WREPURR
P
(2) HEFE GBS H Tt 2 2R 8. R P
LU, fL$5: subprogramiii B . subprogram4k. typeiit B .

subtype Ui B . constantii B . variabletii B . filelid B . aliasii B
attribute i i . attribute® X . useiffy.

HEFRIE A) () 7 1] DL LRSS i & #e FE e, HorPProcess
(set, reset) 1 11 ““set” Fl““reset” J& BUBAE 5 2K H T PN BURNE 5
YRG5 R T B3 AME T AR I SRR O .

2
it
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2. PLiEh]

Puif g nl H TRk mal i g,  HAg O
| #r5:] block

B

Ui TR ]

begin

{ - RAFRTEA] }
end block [ #55 ]

=1}
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LR

(1) B FHE 5 B BSR Jm 2 80 € X, il Hport

i), port mapiEfiy. genericiEf)Flgeneric mapiE f) KL .

(2) UiIHTE AR Z5 R AR TR ), 3
2 HXS BN LA .

- BB P B

(3) BB R T LA A Jay il X DY

E4a
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Bl —Acpuits B, b I, 8 kepu it thalufiregiib
Hido FEPRETIAT A9 5 blockiE f) K fiik:

architecture cpu blk of cpu Is
signal ibus, dbus: Bit vector(31 downto 0);
begin
alu: block
signal qgbus: Bit vector(31 downto 0);
begin
- - IR AL TR
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end block alu;
reg: block
signal gbus: Bit_vector(31 downto 0);
begin
- - IR AL HETER]
end block reg;
end cpu_blk;

ERL: PR R SRR A s K X2, BRFER ) 2
HFRACEER],  BERERTE AT P A T )

= §
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3. F KA T MEER]
HRAG AR TE A I — RIE AN -
H H{E 5 1 < =8UsdE 7 mRiIE
o WA VE A ERERE AN B AE S AR TR E I, AR IF

KRBT AEAE; FEBERE NI, 1E AP AT BB XA
7E. 1.

architecture behave of a varis

begin
out<<=a(i); - -Jf K15 5 WRAH1E A

end behave;

&4



W E=¥% ok Tmns
FT

architecture behave of a varis
begin

process(a, 1);

begin
out<=a(i); - - NP5 T ETER)

end process;

end behave;
A

AT W, A 5 WETE ) S — A A s o e A BEFE
o ARG T WAETE A)aE n] LLor IR B 20 2 HE 5 e v T
A A 5 E TR ) .

&4
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&4

(1) A5 S IRAETE A 1 — B 2

H B 5 E<=3KiA101 whens&c /4 1 else
k3202 whengeff 2 else
#1323 wheng 1 3 else
ik 3n;

RonAwhen i §5 %€ 2 PE A2, IPRE AR W 208 ACHIE AR
ANHME SR AWAR N — P REA W& wilan, AH
A 5 WU TE BORANIE — A DY e — 3 4 LIS -
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entity mux4 is

port( 10, 11,12, 13, a, b:

end mux4;

Architecture rtl of mux4 is

signal sel:

STD LOGIC VECTOR(L

when
when
when
when

begin
sel<=bé&a;
q<<=1i0

11

12

13
end rtl;

FE I i 75 W1
— - -

sel=*00""
sel=*“01"’
sel="“10""

sel =*“11"";

in STD LOGIC;

else
else
else

q: out STD_LOGIC);

downto 0);

A U R

s - T e
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£ §

(2) GRS PEAE S ETE A 5 AT T ) I RERE SR

W 235 B A 5 WAE TS 7] 5 i 9 case il A I REFE S . HIE
N

with KA = select
H Bf5 5 & <= &A1 when 244 1;
%2 when& 44 2;
1% 3n whenZsfFn;




OFEES R LET S K 3

B, AR ST S AR E A ] DL B 5 A
TEAAE
with sel select

q<<= i0 when*“00" ;

il when“01” :
i2 when“10" ;
i3  when“11” :
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4. HERE R
SR E S P2 R IR G A L, A GE

gy

T A R TG — 2R B iR . L R IR 8 M 3IAH 25 1 4
¥
entity Invert 8 1s
port (
Inputs: Bit_vector (1to 8);
Outputs: out Bit_vector (1to0 8) );
end Invert 8;

&4
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architecture Invert 8 of Invert 8 is
component Inverter
port (I1: Bit;
O1l:out BIt);
end component;
begin
G: for | in 1to 8 generate
Inv: Inverter port map (Inputs(l), Outputs (1));
end generate;

end Invert_8;

= §
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£ §

IR = AT i BRI T SRR R A B, CBORE R
—ANSE B F Inputs(l) 5 7oA U B A 5958 — A Ja i 111158 V7 R
2, MH 56 A S2Br I Outputs(l) 558 AN aBim H O1 4w BE
Ko WHRIUS T IR B, SR A iy 44 WL

Inv: Inverter portmap (11 => Inputs(l), O1 => Outputs(l));
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2.5 Active-VHDL _EHLHE

2.5.1 Active-VHDL 1235 Bz
1. ARG E

Active-VHDL It 75 B A 5544 AN =1, Pentium Bl _EPCHL,
/0 32 MBI, REUiaqT 8 Al fEWindows 98/NT/2000 #
ERGF, I RGATHE 160 MBIEA AR,  WNAEK/PNATRE
SR 547 B B A R A7 B ], HFRATT A 2R, A
7 B 2 ) @

&4



(J8=F noikig s

2. ZHIWIR

(1) LM F#Active VHDL 3.3 #5217,

(2) JEHZBAT G, 1k Hrmain.exe XA I 4 A % i jackpot
19995 H4f 4%

=1}
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(3) “AE5C T, WA SO R PR A DB SO BB e TR T A«
After installation of Active VHDL 3.3,

copy license.dat into Dat subdirectory of Active VHDL,;
e.g.C:\Program Files\Aldec\Active VHDL\Dat
copy RMCL.dII into BIN subdirectory of Active VHDL,;
e.g. C:\Program Files\Aldec\Active VHDL\BIN
Horp, SR LA R, Biltn
d:\ Program Files\Aldec\Active VHDL\Dat
(4) I EFT E 85, B TiafT Active-VHDL.
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2.5.2 EDIT PlusZ 34§ F

1. A2 ZAFHEDIT Plus

EDIT Plus:&ZhRess K SCARgwdaas, 1] LU PR il b 460H |
i, SCRFRA A AR, R RNER. WE AU,
HA WA BINEAR ThRe, nl LUEIZE A shHeR: 855 H b i SCARE I
FIEDIT Plus M4 e 9+ . Hah, S —1HP HTML
deiE ot , W FE CICH. Perl. Java ZEiE4) (R OCE R = BOR,
b 7 A AR B B oRHTMLARZE 4N, N kA 5581 HTMLA!
CSS & ie. wiba4diE IE W EasT EDIT Plus & 0+, ik
fas ] DL 4 T 2 AR AT TR X 0L o B AR O A o e Y T S R R )
5, X THTML. ASP. JavaScript. VBScript. Perl. Java.
CICHEiES, "HBERCYUIEHERE R, WablHE X
%éﬁ%%&f%o

.

= §

il
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2. BHIDIR

(1) M_E FEEDIT Plus.
(2) NEIFRIMEDIT Plus.
(3) wHEIFITME

(4) AJ Bladnd T 23 i SCHRE R fal AR R

IV ALEDIT Plus.

£ §
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2.5.3 Bk Active-VHDL & R 3R 3

1. INIHActive-VHD L 1) 3C 82k 7

FT - Active-VHDL ) SCAE S ., 125 B AP “New” iy 2 B §F
T Active-VHDL ) 3L A A . 1 1H# % Active-VHD LA 9% XC
PRI AT B S5

= §

(1) VHDL Source. %I AVHDLYE A, Hy fE4 h.vhd.

(2) Waveform. ZIUAFEIE A, FEH T-Active  VHDL
TEHAT I B2 5 WoR &5 5 M B4R 1L .

R BITMTEZEAGERBEIE X, Hy EAY
J1.wiv,

(3) List. &SI 3Cr, JIT B BB
b,

s
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(4)Basic Script. 1% T 7.Basic Script3 {4, fEActive-
VHDLH ¥ £ H Active-VHDL 4wE /)%, nfLUHT — &RV ER
rIEEE, EEH TR,

(5) Text Document. %A SCAHRY, FEH TS L

ML TH IR U B SCA
(6) £ B 3L A
(7) et 3

HP 44 4. bmp.
LY g 44k adfal.pdf,  #33U{ H .adf.

(8) Mk R 3. HA 44 0 .asc.

(9) State Disgram . i% WA IR & %% 4 & SC A, 7E Active-

e

VHDLY, EZHTHRRESYL(Esm)1ix it

= §
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= §

2. Z4Comment BlockflUncomment Block ) B %

Comment BlockH -3 4§ Flrak i& () SCAR AR i e . 1%
RIBTRE ST, RGP REAE N A2 2 1) — 5800 2 A\ 2 i 5cds
FEAT o FEASFIWR—3 20 Hh b A5 O & 2 FH T VHDL I
Ry =Y AT HTTETR i | I A ¥ = =

Uncomment Block H -3 24 Hif B 126 1€ 0073 R SCA BH ) v
2 i U [0 ey B % Y £ B3 1554 8
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3. ZOOM%& I ) F v

LEP VAT, A IniE I n] BORLfE, A dOutid i n] 4y
N1 %, H RS RN RIS E . ,@aFuuﬁilﬁiﬂ DL
&ﬁ/MTEﬁ}%D&ﬁ/M?@DKd\n@ ) z /fZIKXJb /E('}F/}F/
IR 6

=¥}
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4. Refreshiy 4 i) F =

i Refreshair 2 0] il T,

SR AN YA SR

&4
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5. Design3i i) F 2=

(1) Add files to Design. %I H F7E a0 & vH I — 2
B s, Bk, T LLEFEVHDLYE SO, PSR
HESCAE, DL 22 SCAE N 22w e vk Hh 1 S0 2 A

(2) Compile all. %I 14w P& 24 0 v A S0

(3) B A E A o] LU R — 4~ il 14 (testbench) ST £,
i A B2 W B TR . B Tk k¢ Designi
FfR)“Setting” iy 2 K “Top  level Selection” &34, Kl
SRS E T TR

= §
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6. 1 F SR B 1 Al

(1) Initialize simulation. ZIEDH T4, 8—Lef5 &
TR B AEEE, RFUAT 0 H,

N— p— —

(2) BT 4. MM TisiT i B . %<0 Run. Run
until. Run for=F}. Runfiy &M TEiH, HFEAMTHEE R
M ibs Run untilde & H T M Skig 4707 B 21 25— 45 7€ 1 I 1] A5
Run for e M Y g7 505 Ak B I ] b R S2as 47 1) i Ta]

&4
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2.5.4 Active-VHDL H
PR W

(1) 3T IF B vk SO (0 n vl 3 vF B4 .

SSER IR R Wi

Open DesignfliClose Designfii 4.
(2) VR#E T H P Viewsg B &N H B,
(3) W I P Ee e vt SR AR

(4) G BEFI G

(5) 15 FH ““Setting™ iy
(6) WIS o

(7) Run({/i &)

(8) B i a1 M I

— A

H_lm

Zh & New

‘Htestbench 4+ 10 /=,

Design.

= §
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2.5.5 JREHAE T I VHD LB E =

VHDL 7] PLAR A R A 24 9038 32 A S0 A5 5 10 9 R 1
5, BUME SRR R =R LE#EHAVHDLIE S ks, X

AR S I S AR A o<

Blan, XFFEnds . e inEE T

W 2-4 Fros (AN S — ).

A % Em] B

E4a



&4

% 2-4 U R & &

st (6] t/ns . , -
0 5 O 0

50 0 : 1
100 5 1 0
150 0 1 1
200 1 G :
250 ] : 1
300 " 1 |




R

& TU#DL

OEES R LE TS

Cin

B} 8] t/ns

300
400
450
200
200
600
650

700
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2.5.6 Active-VHDL A A ZEHE B 34 i fE

(1) WrtBmgsmt, Bt a4y (Design Browser) Un&] 2-8
BT/ o

(2) 7E““Design™ ¢ HLI0 ML “Compile all” a3 &1, XFTrE
W AT . S E, VI N A 1 R — N S R
AR I —A+, Ko r=A 0,

(3) mithiErp P nds M NS <+, RKFTHHE
IR

= §

(4) HEpr iz 70, R 2-9 Fros s =G 5.




(J8=F o kxig s

Design Browser

—
—

e

Top—Lewvel selection

w

=
@ hdd Hew File

----- {r‘ 1% library

----- component 1. WHD

21 Files /& Stru..., aRes.../

% 2-8 it

1A

mn]

Ay

&4
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Aotive—VHDL (half adder) - component_1. VHD

File Edit Search WYiew Design Simulation Tools Help

Besign Browser = -

|a half adder tb (tb_archi j

ID-ZH 29 |@Es0 O & €S8 e im =

»ox

@ Add Few File
E| compenent_1. VHD

D TestE E’fx ¥iew Source

[ B @ | o | == 2] S aalesvan

- ¥: in Bit ; ;|

¥: in Eit :

{“ half E.-"'ﬁ Set as Top~Lewel Swm : out Bit :
Generate Test Bench. .. Carry : out Bit | :
1f adder :
Copy Declaration -
15 —— The architecture body
16 architecture Behavioral description of Half adder is
17 hegin
15 process
19 begin
20 FJum <= X mor ¥ after 5 n= ;
21 Carry <= X and ¥ after 5 ns :
ZZ wait on X , ¥ ;
23 end process ;
24 end Behawvioral description:

=l half_adder!..., = half_adder ..., & waveform2...  E component... /

1 Design: 22:29, zooi¥F3zA:zoH -
f Design: Cpening design "oc:iimy designsh\half adderi\half adder.adf"
{% ELEREAD: Elaboration process.
I ELEREAD: Elsbhoration timwme 0.0 [=].
(| T | |EN =
2 Files /ZFStru. i Res.. | r_, B Console /Y4 Find 2 Compilation ; ® Simulation

& 2-9 Ao PR

=¥}
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(5) £ F:“Generate Test Bench...”Ti H, ¥ HIianE 2-10 fr
N RO TR AE

Te=t Bench Generator Wizard

* to generate a test bench. The wizard will
: generate appropriate source files and a

Entity:

Architecture:
IEEh&Viurﬁl_descriptiun ;I

{* Single Process

Te=t Bench Type:
|V|r" WAVES Baszed

¢ E—#FE) | TF—F W > HliH & &

& 2-10 MR FE v A= BT TR HE

- ———
= Jﬂk-ﬁfag;;:ﬁ%;—»

=¥}
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(6) FIIEFEZE P LM I ME ) SEAR TN EE A, BLR
HERIZRAL,

= §

(7) Wit 2Pl PN BORIE B TR HEAT IS N

XTI R E N SO G ARA R &, A PAE e ““Test vectors from
file” T, AR JGIEFE R LLNF I AR R &1 S0, 505 3 3)
FEAE AR &

(8) i F—27 44, B H IR PR IENE, RN HAT
Ak

(9) Fpdr se i i, ¥ B 3h AR it 35 v (testbench-for-
half-adder).




% =% @0 8RB TIRDL E
(10) FIHFi%3CHF, e --add your stimulus here...”f
o Bk E IR, 2L 2-11. Bilhn, s T LU

Artive-VHDL (half adder] - “TestBench‘Half adder TE. vhd
File Edit Search W¥Wiew Dezigzn Simulation Toolz Help

Ir;.;;;l_ff- dr-;r-','t-;':(-:]:' jh.*j H - =& I = O ”@@% o (il < G I (3¢ J@ g {3" > Bl P [100n: E 4 I

»ox
v Add New File HJ{JEIE’?‘Q‘HI::;’:I ;l ﬁﬁl!']/‘%ﬁ%
component_1. VHD
B a TestBench L= ;I
E| U Half adder_TE. vhd S0 —— Add wyour stimulus here
H half adder_tb||||51 x<='0","1"after Z0O0Ons,'0'after 400ns,'1l'after
¢ [BY [TESTEENCH FOR Half adder| 450ns, '0'after 500ns,'1'after 550ns, 'O after
% Half adder TE_runt:||||53 c00ns, '1'after &650ns,'0'after YOOns:
-l half_adder library ! y<='0','1'after 100ns,'0'after 2Z00ns,'1l'after
55 i00n=s, '0'after 450ns,'1'after S550ns,'0'after
56 £650ns;
57
58 end TE_ARCHITECTURE:
59
60 configuration TESTBENCH FOR _Half adder of half adder_th is
61 for TE_ARCHITECTURE
62 for UUT : Half adder
63 use entity work.Half adder (Behavioral description);
64 end for:;
65 end for: _lj
4 | | 3
=lhalf_adderl. ., E half_adder . /% waveform2... ;= companent. ../
‘1o pesign: zz:41, zooiSFiHzoH -
"l‘ Design: Cpening design "oci'wmy designs)half adderihalf adder.adf”
% ELEREAD: Elskhoration process.
1 ELEREAD: Elsboraticon tiwme 0.0 [3].
2 Files /& Stru...; iRes.../ -‘ B Console /G Find 2 Compilation ; ®  Simulation |

&l 2-11 >

e —
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- - Add your stimulus here ...
x<=" 0" ," 1’ after 200ns, " 0’ after 400ns, " 1’ after
450ns, " 0’ after 500ns, " 1’ after 550ns, ' 0’ after
600ns, " 1’ after 650ns, " 0" after 700ns;
y<=" 0" ,’ 1" after 100ns,’ 0’ after 200ns, " 1’ after
300ns, " Q' after 450ns, " 1’ after 550ns, " 0’ after
650ns;

WA s, WIEBEhn—f) B Al
c inck=" 0" ,’ 1’ after 50ns,” 0’ after 100ns, ' 1’ after
150ns, " 0" after 200ns, " 1’ after 250ns,” 0’ after
300ns, " 1’ after 350ns, " 0’ after 550ns;

= §



OFES ¥ LS T kv o
(11) HE: W€ A aTEAT BB SEAAA] A i H 2GS s i)

“Setas Top level”’Jii.

e LI, A1 E BTk gsadder BT i 0
NG S . v EAEafter 14 Jim [ H IS [A] J& 4o 0 ik a), A
VF HH DI TR AF TR) A /N3 107 Th B TR)4E B 45 O

E4a
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2.5.7 g KB 7t

(1) WSS . fHFH“Compile all”#r A 5, WS gL
Bl , el DA T EAE F““New Waveform”ay4%, il
mpE 2-12 piosi)<“Add Signals”4#z4l, HILnE 2-13 Ao
“Add Signals”XFiEHE, FEShift g, FRAR S G
TR %A “Ctrl B R — I I 5 o
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Active-VHOL (half adder) - WaveformT
File Edit Search ¥iew Design Simulation Wawveform Tools

Help

sRa-2=1 EICRIC=IF YA fen-"

GO S T e e

Mo simulation

Df:E-fE'["l Erede ]:_Tew Waveform I <

|a half_adder_tb (tb_architect: j

o=

[ oo o Qe @ @ @ o Y4 | =1 | o3 .sjfs%:

7o

@ Add Hew File

- & Half adder. YHD
D TestBench

Efill Half adder litwary

Hame #

Value |5 1

20 o 40 o BO o BO 1|_:l] 1200 0 140 0 B0 10 200

n=

l

[ Add Signals ]

-
[]«le]»

e

M libra..., & half... ;[ listl B wav... Swav.., Swav.. Swav.. Swav.. Swav.  Swav. |

Design: Opening design "Cih My Designsﬁhalf_adderihalf_adder.adf”

ELEREAD: Elaboration process.
ELEREAD: Elsbhoration time 0.0 [=].

[
|

3 Files /#¥Struc... gReso..

shsole

L™
B Console [y

Find &3 Cornpilation ; ® Simulation [/

Creates new waweform

|

i

%] 2-12 “Add Signals” %4l
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add S1gnals=

/!

4 object(s]

=l Tk Root

TE T | Half adder
% line G5l
% line 54

E std. standard

@ icee std logic 1184

Add

Cancel

=¥}
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(2) F“run”mr 2 Ja WL R 2-14 Fros.

hotive—¥HOL (half adder) - Waweforml *
File Edit Search V¥iew Design Simulation Waweform Tools Help

D-2H &9 [0 BDw o0 H &

N e e U =N =) T

Blasign Browsar —— Pn X
Iahalf_adder_tb (tb_ar chitect JJ 4 E‘g‘? q-,.‘ h Q& [:;ﬂJ‘@l a2, Cl‘“‘.m i ﬁﬁ‘:mm: ‘,ﬁ o? ‘/‘%ﬁ %
= {F Root : half_adder_th Hame # Value [S.[ 400 « 410 420 430 . 440 . 450 . 4B0 . 470 . 480 . 430 . SOERg oo ns
IE T © Half adder
— nr F
B 1ine_ 5t Carry 0 | -
£ line_ 54 S 1 ]
@ =td standard oy 0 —l |
E 1eee. std logic 1164 oy 0 |
=
A000 pz 505
a00

Kl Lo »lalol»

2] Files $FStruc. /L

@ library man..., = half_adder... ;& waveform! |

4 I_‘! O 0e

If‘ﬂ LILLILLE] o= e UTTTRITALTUTT o HTTTATALTUTT

E4a

K 2-14 N B e 7
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(3) 7B R . R AITECY 500 nsitf, XA
y=0, sum=1, carry=0; i5][a] & 505 nsk}, xF1y=0, sum=0 carry=0;
5 [8) 24 550 nshf, xAly4> 41, sum=0, carry=0; I5f[a] & 555 ns
N,  xFly4= 41, sum=0, carry=1.

=1}
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bhHD

7%

2.6 i VHDL B S MR ZEH

2.6.1 PR FEHEFI1E A

W R Gl Sl A5 5 KWK, AEARRAGE S
ol N EAR R SR . B, FEmAEE G
1= Az R AR e AT 7 L B S AL N T 120 3K

56 Uk A A2 R U E T AE L e (MUT,  Module
Under Test) [FFEA, XSRS e b 5 B EE e W AH b e, IF
T AU A TA] A AR TR 22 5 o IXPPEGE Tk VR PR O A, LR
FRAnP 2-15 Fizso
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- ‘ﬁs&i:’“

2 §



(W 223 ad 8433730l

= §

2.6.2 5 Unn B F B o888 VHD L E ] Ut BH

1. SR EA]

BEREVE F) L A IFAT R AR, MRERE T A)AS B e ST Fplh—
IHAEHEN B R IE SAT P ) o BERETE R A94R8 000 T

PROCESS [ (Buxfs=%) 1 LIS ]
CULBHIX )

BEGIN
(-85
END PROCESS
G 55 Sl PSS ) 2L

)

SR S U S B R T

FriEf) LS K EWAITIE ]
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FER: & BURE 5 R IEERE )N A e VE 2 B

WAITER], MASHEEYE 52 HERERRN IR/ DER—
ANWAITEA],

AN G HBURAE 5 R P EREE ) AT LB AE & — D JCBRE A
ERCFUIATE], R e — MERPAT TR R G, XMt
FER R — MBI GHAT . BEREH U HAT R, BRI 2
WAITE RSO0, B B o5 1R Rk
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&4

2 WAITiE A

BEFEAE T HASAT B A AE FIEPIMUIRAS L — 2 AT EK
. HFIRS A 2SR E A PSS, SR AT 21,
BHURFBCEEES,  IFBCE I PR AT IR 46 1F

1)WAIT FORiEf]
WAIT FOREH) I 5E 8 5% 2N
WAIT FOR 8] £ 1A s

WAIT FORE )& 0 ER B A2 I A 3R A T, MR T 2%
R R, HRTE € WSERFR A 2R, JEREE G PUT
WAIT FORE )R 5 4k 1] .
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2) WAITEA]

WAITEA] 2 R EA], ST &AE NHIT—RIIASH
UG TR RETER], 7 LUBWAITIE ) B TR R &)

R

23

MEAE S0 IRAT B i R IWAITEE R, HERE

BEAN TG BRI SRR 2
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2.6.3 BRI 4w 5 7~
F TENHRHES, FRAITIAE LA 2-16 FrosidERZD E AL
rIDEAF 28 M, HIVHDLZ'E — ik e i e, H
VHDLIE & iR iR [F 2 DB 28 4 T
library VISUALLIB;

use VISUALLIB.VER2VHDL.all ;
use VISUALLIB.VER2VHDL-MATH.all ;

entity DFF Is
port (

= §
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Q: out wire;
QN: out wire;

D: In wire;

CP:in wire;
CLR:In wire
);

end DFF;

architecture DFF of DFF is
signal O _int: wire;

begin

process (CP, CLR)

=1}
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begin
if (CLR="0" ) then
O int<=" 0’ ;
elsif (CP’ event AND CP=’ 1" )then
O _int<=D;
endif ;
end process;
Q <=0 _int;
QN <=not (O_int);

end:

— AR

= §
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qCLR
QN
D
Q
CP

K 2-16 dE[F 22 B AL DB

=¥}
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JEF2D EAL KD a2 A BAL M A ImCLR . ETH ik
FIDfk A& %% . CLR=" 0" W, H-Qumim Hi 4z umia & <07
CLRYMFRIE M N ¥CLR= " 1" I, HALEREP ETHS bk
PP E S B N i D e A 2 Y

R 4E LA AR R D A7 D A 28 IVHDLAR IR, A1k 1t
WE 2-17 Fros B8 e (CPE HA 10 ns) i i 21 DFF ) % A\
g, 0O ZZDFFRY % H OB R A e HAZ B 2 S 1 .
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=¥}

CP

CLR

%] 2-17 Bhik F(CP1E 5 10 B 12410 ns)
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T4 B HVHDLIE S %6 FiRy R Hhib

process

begin
CP<=" 0 ;
walit for 5000 ps;
CP<='"1";

wait for 5000 ps;
end process;
--1X/>process L PR TEFA AT P AL IN 815 5 CP
process
begin
CLR<=" 0" ; //TEST CLR
D<="10";

E4a
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wait for 12500 ps;

D<="1";
wait for 10000 ps;
CLR<="1';
wait for 15000 ps;
D<='0';
walit for 15000 ps;
D<="'1":
wait for 15000 ps;
CLR<='" 0" ; --TEST CLR
wait ; --JCBREERE, EKHIbprocess LT — K.

end process ;

£ §
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S4a

SR

N4 B AESUMMIT Visual HDL F X DFFf#)4) 7
A N 7 R TEST.VHD:

library VISUALLIB;
use VISUALLIB.VER2VHDL.all ;

use VISUALLIB.VER2VHDL _MATH.all ;

entity test is
end test;

architecture test of test iIs




W E=¥% ok Tmns

component

port (

DFF

Q:out wire: =’
QN: out wire : =

D:in wire . =

/

Z

CP: in wire : =’
CLR: in wire : =’

);

end component;

signal
signal
signal
signal
signal

E—
= g

Q: wire;
QN: wire;
D: wire;
CP: wire;

/.
b}

z'
7

/ -

/

=¥}
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begin
unit: DFF
port map(Q,
QN,
D,
CP,
CLR);
-- DL b S DFFY i F
process
begin
CP<=" 0" ;
wait for 5000 ps;
CP<="1";
wait for 5000 ps;
end process;

£ §
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Process
begin
CLR<="0';
D <= / O/ ’
wait for 12500 ps;
D <= / 1/ ’
wait for 10000 ps;
CLR<=" 1" ;
walit for 15000 ps;
D <= / O/ ,
wait for 15000 ps;
D <= / 1/ ,
wait for 15000 ps;
CLR<="'0' ;
wait;
end process;
end_;

— A

E4a
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[ Graphical Wave - mamba:test. dffsti
Delete | Namesl List | Searchl Cause | Locator | Acquire
| =
O cPr  wire g LI | L S AL L%
0 LR wie _--- -------- -
I

Oa  wre _--- -- A .

o e [ O D

D dec D b o] 10 14 20 20 a0 25 ] 345 Al fala] G G5 T Fa il

N IRTIOE *
Start |0 Scale |5
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= §

2.7 BAZHE B IVHDLSZ R,

2.7.1 HE@HE BT
1 ZH N a7 HL B

(1) HEAZETH: 51 1(AND). [ 1(OR). H3EIT(NAND).
s AETJ(NOR) RIS BY '] (XOR) o XL JHE 2 i) LA 41 & HL MG,
AR T RERIR AR DI REAR . il lr, 3N Sk ] HL R 1)
WHERIRA N : y=aebh,




W

»5 nl 1t > 22 D,

F 2 (5) Active NVHDLFR G 19— \ sk | 195D
library |IEEE;
use IEEE.std logic 1164.all ;
entity XOR2 Is
port (
A:in STD LOGIC;
B:in STD_LOGIC,;
Z.out STD_LOGIC);
end XOR2;
architecture XOR2 of XOR2 is
begin
process (a, b)
begin
Z<=Axor B;
end process;
end *XORZ;

— AR
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(3) B ATl 1 HE WK 2-19 Fros.

Aetive-VHOL CX aveform. awf *
File Edit Search ¥iew Design Simulation Waweform Tools Help

,@@%.WQ%IQI@@@IPH !WE«]‘TEE:qEI Mo simulation ‘

D-E2H | =
Basign Browser — - -
IExorZ(xorZJ d“c%E‘ﬂW‘WQLm‘@laqlﬂﬂ\mﬁjzmmt‘M'1‘/‘%%%‘
D Ewent Lists Hame |‘|"alue |Stimulator | VB T e vo20 0 25 0 30 0 3 oo 40 4 45 o 8O0 4 BS o BOD . BE o TO ns
D Logs :
E‘a Waweforms A 1 Clock —l——l——l—,—_
Lo HE srefWaveform. awf o | 1 Clock | | l—
oz i - —
=
T 20n .
201 {50

Ed
1] |

il library man. 2 xor2vhd | 2 waveform awf ]

Design: Opening design "C:y My Designs' ZORZY EORZ . adf™
ELEREAD: Elashoration process.
ELEREAD: Elaboration time 0.0 [=].

>

BTN X -

2] Files ; ¥ 5Stru..., Res ./ B Console gy Find & Compilation ) ™ Simulation |

Keady

@2m~%A%EWTW &%

T [ fove
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M 2-18 HHalE H AR T IERE 0, Z TR
W TEIERT, PrLAZEL0 nsh, AL BEIAEH <17, NZ%H
o0 fffE 30 nshf, AHIAH “17, BHAN“0”,
M ZE o 17,
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2. =-)\i¥h a8

(1) EEARENBEFMN, =/ UFEE 2 (74LS138) 4
RN CSAETTTL AN AR A RN B AR TR R
SR I VHDLE 75k f 8 F g 5 A v, @5 w2154k
WA, TR R T
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(2) Active VHDL F 45 1) —- )\ A5 YA A -
library IEEE;
use IEEE.std logic_1164.all ;

entity e _decode is
port (
Inputs: in STD_LOGIC_VECTOR (0 to 2);
enables: in  STD LOGIC_VECTOR (0 to 2);
outputs: out STD LOGIC _VECTOR (7 downto 0)
);

end e _decode;

E4a
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Architecture e decode of e decode is

constant enabled:std_logic_vector(0to 2) : =" 100" ;
constant y0:std_logic_vector(7 downto 0) : =" 00000001" ;
constant y1:std_logic_vector(7 downto 0) : =" 00000010" ;
constant y2:std_logic_vector(7 downto 0) : =" 00000100" ;
constant y3:std _logic_vector(7 downto 0) : =" 00001000" ;
constant y4:std_logic_vector(7 downto 0) : =" 00010000" ;
constant y5:std_logic_vector(7 downto 0) : =" 00100000" ;
constant y6:std_logic_vector(7 downto 0) : =" 01000000" ;

&4



(W 223 ad 8433730l

constant y7:std_logic_vector(7 downto 0) . =" 10000000" ;
constant zero:std logic vector(0 to 2): =" 000" ;
constant one:std_logic vector(0 to 2): =" 001" ;
constant two:std _logic_vector(0 to 2): =" 010" ;
constant three:std logic_vector(0 to 2): =" 011" ;
constant four:std logic_vector(0 to 2): =" 100" ;

constant five:std logic_vector(0 to 2): =" 101" ;
constant six:std_logic_vector(0 to 2): =" 110" ;
constant seven:std logic_vector(0 to 2): =" 111" ;

begin
process(inputs, enables)
begin

&4
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If enables=enabled then
case Inputsis
when zero =>outputs<=y0;
when one =>outputs<=yl,
when two =>outputs<=y2;
when three=>outputs<=y3;
when four =>outputs<=y4;
when five =>outputs<=y5;
when six =>outputs<=yo6;
when seven=>outputs<=y7;
when others=>null;
end case,
end If;
end process;
end e_decode;

S —
— A

= §
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(3) Active VHDL N4w'5 1) =_J\ A 28 M3 FEHEYRACAL .

library IEEE;
use IEEE.std logic _1164.all ;

__Add your library and packages declaration here ...

entity e decode tb is

end e _decode tb;

architecture TB_ARCHITECTURE of e decode tb is

&4
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___Component declaration of the tested unit
component e decode
port(
Inputs: in std_logic_vector(0 to 2);
enables: in std_logic_vector(0 to 2);
outputs: out std_logic_vector(7 downto 0));

end component;

_ Stimulus signals _ signals mapped to the input

and inout ports of tested entity

signal inputs: std _logic _vector(0to 2);

= §
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signal enables: std_logic_vector(0 to 2),
Observed signals _ signals mapped to the output ports of tested entity

signal outputs: std_logic_vector(7 downto 0);
__Add your code here ...
begin

__Unit Under Test port map
UUT:e _decode
port map
(inputs => inputs,
enables => enables,
outputs => outputs);

— Sp———
— AR
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enables<=" 000" , " 100" after 10ns;
inputs<=" 000" , " 001" after 50 ns, " 100" after 100ns,

" 010" after 150ns,

7 101" after 200ns, " 111" after 250ns, ” 011" after 300ns,
7 110" after 350ns;

end TB_ARCHITECTURE;

configuration TESTBENCH_ FOR_e decode of e decode tbis
for TB_ARCHITECTURE

for UUT: e decode

= §
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e

-a.—

use entity work.e decode(e decode);
end for;
end for;

end TESTBENCH _FOR_e decode;

= §
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hotive-VHIL (tri_eight] -

File Edit Search W¥Wiew Design Simulation Waweform Tools Help

“D'iﬂn‘ﬁ ol ’@@% .‘Iﬁ@ﬁﬂt (3¢ @@@JP #l » [100ns E «I"TEI:E u;:l Mo zimulation ‘

Elesicqny

Box
ITESTBEHCH_I.I “3} el 2 [ o e AR W W - TR B R TR PR
(] Event Lis: |Hame |Value |s| ¢« 20 4 40 1 B0 . 80 4 100 . 120 o 140 . 180 1 180 1\ PFmmmas] ¢ 240 1 260 . 250 ¢ 300 o 320 o G40 o 380 . 330 ns
D Log= - -
Ea WavaForms roinputz 5 (U 1 4 2 5 X? )(3 XB

LB areta ogutputs 20 ¢ = 70 (if} 20 &0 TR a0

50 nE—H
50 nE—H

F—50n 200
150
| |

@il library man..., Ele_decode.vhd, Ele_decode _t...; 5 waveform.awf /[ Ee_decode_t...; =] standard.vhd ; 2 stdlogic.vhd |

Design: Opening design "C:\My Designsitri eightitri eight.adf" :I
ELERELD: Elsboration process.
ELEREAD: Elaboration tiwe 0.1 [3].

: [

Eoncolcl e

2 =
EE A e B Console /%4 Find &3 Compilation ;, ® Simulation /
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255 A R A FEAETE ) -

enables<=" 000" , " 100" after 10 ns; inputs<=" 000" ,

"7 001" after 50 ns, ” 100" after

7 101" after 200 ns, ” 111" after
" 110" after 350 ns;

100 ns, ” 010" after 150 ns,

250 ns, ” 011" after 300 ns,

= §
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F3
it

LE A TS BRI, inputsin A 4K Yk J& <07 (000,
TR 17, <47, =27, “57, “77. “3”f1“6”., Himh
outputstZ —_JUIFER A KM . “00000001”".  ““000000107”,
““000100000””. ““00000100”’. “00100000”. *“10000000” .
““00001000™ . ““010000000™ . H: 7 [& 2-18 H1 X W 11 H
“017(y0).  ““027(yl). “10”’(y4). “04”(y2). “20”(y7)-
“807(y3). “08”’(y3). “407(y6).

VERE:  outputs i H“01”(yO)if, 10 nsiZEiR .
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2.7.2 B P B B T

PR AT A R . bWk . R,
FIT A ik R i (B35 A7 4 ) IR IS AR e A — AR I b 2k b i P
FH, 4% 1) 35 i A o (25 A 2 ) I I B AN — 2 e EAR BB EE 1Y
FRGEAHFIFPGA.  CPLDZ -, W FH I fid 2% 4 DAt &
o HERA Al R B T JK)ER AT HH D K 2844 1 .
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1. Dfil % 75
(1) Dt A YA ;
library |EEE;

use IEEE.std logic 1164.all

entity e dff is

port (
d: in BIT,;
clk: in BIT,;
g. out BIT);
end e dff;
architecture e _dff of e dffis

begin

e ——

&4
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process (clk, d)

begin
if clk’ event and
q<=d;
end Iif;
end process;
end e dff;

clk=" 1’

then

£ §
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= §

(2) DAt s Mt B HE YR ACHD -
entity e dff th is
end e dff tb;
architecture TB _ARCHITECTURE of e dff tbis
___ Component declaration of the tested unit
component e dff
port(
d: InBIT,
clk: in BIT;
g: out BIT);
end component;
Stimulus signals _ signals mapped to the input and inout ports of tested

entity
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signal d: BIT,;

signal clk: BIT;
Observed signals _ signals mapped to the output ports of tested entity

?
it

signal q: BIT;
__Add your code here ...

begin
_Unit Under Test port map
UUT:.e _dff

port map
(d=>d,
clk => clk,
q=>0q);
clk<=" 0" ," 1" after 50 ns;
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d<=" 0’ ,’ 1’ after 50ns, 0’
150 ns, " 0’ after 200 ns;

Add your stimulus here ...

end TB_ARCHITECTURE;

after 100 ns, ' 1’ after

configuration TESTBENCH_ FOR_e dff ofe dff tb is

for TB_ARCHITECTURE
for UUT: e dff
use entity work.e dff(e_dff);
end for;
end for;
end TESTBENCH_FOR e dff;

= §
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(1) TSR FE T

library IEEE;

use |IEEE.std logic 1164.all
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entity counter8 is
port (
CLK:in STD_LOGIC;
RESET: in STD _LOGIC;
CE, LOAD, DIR:in STD LOGIC;
DIN: in INTEGER range 0 to 255;
COUNT: out INTEGER range 0 to 255);

end counter8:

= §

architecture counter8 _arch of counter8 is

begin

process (CLK, RESET)

_auxiliary variable COUNTER declaration

__the output port ” COUNT"” cannot appear on the right side of assignment

___statements

=
-

e
.
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variable COUNTER: INTEGER range 0 to 255;
begin
if RESET=’ 1’ then
COUNTER : =0;
elsif CLK=' 1’ and CLK’ event
if LOAD=' 1’ then
COUNTER : =DIN;

else
if CE=' 1’ then
if DIR=" 1’ then
if COUNTER =255 then
COUNTER : =0:
else
COUNTER :

then

= §



(W 2=3% 2o 8k 230L
end If;
else
if COUNTER =0 then
COUNTER : =255;

else
COUNTER : =COUNTER_1;
end If;
end if;
end If;
end if;
end If;
COUNT <= COUNTER;
end process;
end counter8 arch;

—T
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(2) MR FEAEY R 7 -

library IEEE;

use IEEE.std logic _1164. all;

use IEEE.STD LOGIC TEXTIO. all;

use STD.TEXTIO. all ;

entity  testbench is

end testbench;

architecture testbench_arch of testbench Is
file  RESULTS: TEXT open WRITE_MODE is
component counter8

port (
CLK:in STD_ LOGIC;
RESET:in STD LOGIC,;

1

results.txt” :

= §
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CE, LOAD, DIR:in STD_LOGIC;

DIN: In INTEGER range 0 to 255;

COUNT: out INTEGER range 0 to 255);
end component;
shared variable end sim: BOOLEAN . = false;
signal CLK, RESET, CE, LOAD, DIR: STD_LOGIC;
signal DIN: INTEGER range 0 to 255;
signal COUNT: INTEGER range 0 to 255;

procedure WRITE_RESULTS (
CLK : STD_LOGIC;
RESET . STD_LOGIC;

= §
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CE : STD_LOGIC;
LOAD : STD_LOGIC,;
DIR . STD_LOGIC,;
DIN : INTEGER;
COUNT  :INTEGER
) IS
variable V_OUT: LINE;
begin

write time

write(\V _OUT, now, right, 16, ps);
__write inputs

write(V_OUT, CLK, right, 2);
write(V_OUT, RESET, right, 2);

write(V_OUT, CE, right, 2);

= =7

&4



(J8=F noikig s

write(V_OUT, LOAD, right, 2);
write(V_OUT, DIR, right, 2);
write(V_OUT, DIN, right, 257);
__write outputs

write(V_OUT, COUNT, right, 257);
writeline(RESULTS, V_OUT);

end WRITE_RESULTS;
begin
UUT: COUNTERS
portmap (
CLK => CLK,
RESET => RESET,

e R—

= = e = -
e —_— R e . e . =S e

—
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CE => CE,
LOAD => LOAD,
DIR => DIR,
DIN => DIN,
COUNT => COUNT);
CLK_IN: process
begin
If end_sim = false then
CLK<="'" 0’ ;
wait for 15 ns;
CLK<=" 1" ;:
wait for 15 ns;

£ §
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else

walit;

end If;

end process;

STIMULUS: process

begin
RESET <=' 1’ ;
CE <=' 1" :
DIR <='"1";
DIN <= 250;
LOAD <=' 0’ :
wait for 15 ns;

-- count enable

-- count up
-- Input value
-- doesn’ t load input value

E4a
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RESET <=' 0’ ;
wait for 1 us;

CE <=' 0 : --don’ tcount

walit for 200 ns;
CE <='1";

wait for 200 ns;
DIR <='0";

wait for 500 ns;
LOAD<=" 1’ ;
wait for 60 ns;
LOAD <='0' ;
wait for 500 ns;

£ §
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DIN <=60;
DIR <=" 1’ ;
LOAD<="' 1" :
wait for 60 ns;
LOAD<="' 0’ :
wait for 1 us;
CE <='"0';
wait for 500 ns;
CE <=' 1" ;
wait for 500 ns;
end _sim : =true;
wait;
end process;
WRITE_TO _FILE: WRITE
DIR, DIN, COUNT);
End testbench_arch;

- e w'
e ad -

T .

_RESULTS(CLK, RESET, CE, LOAD,
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3. BALFF 728

FERMAL P 25 AR B ARZ 5y, AL A e e A
I AL A A7 A U ABAL T AT LR 2l ) A A AL, T

Dl A fleo RIS 8 A AL 7T A7 4 T VHDL Y57

2T

library |EEE;

use IEEE.STD LOGIC_1164.all

use IEEE.STD LOGIC ARITH.all

use |EEE.STD LOGIC UNSIGNED.all;

entity Shift8 is

— T
2

= §
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port (
CP .in STD_LOGIC; -- Clock
DIN :in STD_LOGIC; -- I/P Signal
DIR .in STD_LOGIC,; -- Shift Control
OP cout STD LOGIC -- Shift Result
);
end Shift8;

architecture shifter of Shift8 is

signal Q:STD_LOGIC_VECTOR(7 DOWNTO 0); --Shift Register
begin
process (CP)
begin
if CP’ eventand CP=" 1’ then

= §
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IFDIR="0' then --8fi/if
Q(0) <= DIN;
for 1 inl1to7 loop
Q(l) <= Q(I-1);
end loop ;
else - -8B
Q(7) <= DIN;
for 1 in 7 downto 1 loop
Q(I_1) <= Q(l);
end loop ;
end If;
end if;
end process;
OP <= Q(7)whenDIR =" 0’ else -- A7 i
Q(0);

end shifter;

2
i
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(2) EXAZGRM ., @bl bopthr, aJRRGA UFIRES .
AT RS Bgmtd A, iz X— T AT B S AR &
FURSRANA.

package traffic_package is
type color is (green, vyellow, red); -- FZ$ZEAIE X HIM
type statc is (highway light _green, highway light yellow,

farmroad_light_green, farmroad light yellow);

end Traffic_Package;

FE:  StateRME X T ARG NMRES. JLIEZRIA
BRAT MeER, FL=%1:; &2, FL=%¢, HL=Z, FUATH
PR E AT AT A B PR ES

—T
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RGP AN PO B B AT REF S
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use work.traffic_package.all
entity traffic_light_controller

generic (long_time :

IS

time;

port (car_on _farmroad: iIn

highway_light:

farmroad_light:

end Traffic_light_controller

short_time:

boolean:
out Color;

out Color:

Time);

&4
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(4) SRk . Wngprik, 1S 25 A s A% FRRIR AR FL
R, WK 2-5, HILAT LIS Al AT 4 AT M fiiid

?
it

R 2-5 ATEAT FEHI BN H HR

TN
" S hig}ﬁiayﬂiight farmiﬁoadﬂjlight (time out /R L SR AR
B - bR < Y S 35 B [6] )
_on_{farmroad =1
highway _light _ e highway _light _yell
ighway_light_green |green red 57 vige_ows. Tomg =1 ighway_light_yellow
highway _light_yellow |yellow red time_out_short =1  |farmroad.light_green
. car_on_farmroad =0 )
farmroad_light_green [red green ; farmroad_light _yellow
or time_out_long =1
farmroad -light_yellow |red vellow time_out_short =1 highway_light_green
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N THE — D FIRES N ARFF 2 KN TA], RGe il  —
AT 7 (LG i R b s fa — D ERR) o SRk AN — R
&, MMNFER PG TAE, 21 long_timeAl short
_timeltf, KBUCIRE.  FTLARRE 3 M55 0 s A
N,  EANIEE AR a4 4 start_timer,  time_out

_long, time_out_short,
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3% 2-5 ML EopAfr,  n] LAAS BIACTE AT f il 4 AT A -
architecture behavior of Traffic_light_controller s
signal present _state:state . =highway light green;
-- present_state H TR AF R GG HT T AL PIRAS, IR h:
-- highway _light_green;
signal time _out_long: boolean . =false;
signal time_out_short: boolean : =false;
signal start _timer: boolean : =false;
begin
control_process:  -- R bR
process (car_on_farmroad, time_out_long, time_out_short)

= §
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begin

case present state s
when highway light _green =>
If car on _farmroad and time out long then
start timer : = not start_timer;
present_state <= highway_light_yellow;
end If;
when highway_light_yellow =>
If time out short then
start timer : = not start_timer;
present_state <= farmroad_light_green;
end if;
when farmroad_light green =>

= §
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If not car_on_farmroad or time_out_long then
start_timer . =not start_timer;

present_state <= farmroad_light_yellow;
end if;
when farmroad _light _yellow =>

If time_out_short then
start_timer : =not start_timer;

present state <= highway _light _green;

end If;

end case;
end process;

= §
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highway _light_set:

with present state select
highway light <= green when highway_ligh_green;
yellow when highway_light_yellow;
red when farmroad light_green or
farmroad_light_yellow;
farmroad_light_set:
with present_state select
farmroad_light <= green when farmroad_ligh_green;
yellow when farmload_light yellow;
red when highway light_green or
highway light_yellow;

= §
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S EES
timer_process:
process (start_timer)
begin
time_out_long <= false, true after long_time;

-~ JeRHBEINAS =,  JHAERE S s el

time_out_short <= false, true after short_time;
end process;
end behavior;

E4a
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VERE: FHARREJTETT U AR, R ET
TIVER VT AT AT $23 ) as R AR G

(1) AP C44: e traffic_con.vhd

package traffic_package is

type color is(green, yellow, red); --nemurical type defines colors

type state is(highway _light_green, highway _light_yellow,
farmroad_light_green, farmroad_light_yellow);

end traffic_package;

use work.traffic_package.all ;

entity e traffic_conis

generic (long_time:time . =80ns;

short_time:time : =40ns);

= §
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port (
car_on_farmroad: in BOOLEAN;
highway _light: out color;

farmroad_light: out color

);

end e traffic_con;

architecture e traffic conof e traffic con Is
signal present_state:state . =highway light_green;
signal time_out_long:boolean : =false;
signal time_out_short:boolean : =false;
signal start_timer:boolean : =false;

= §
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begin
control_process:
process(car_on_farmroad, time_out_long, time_out_short)
begin
case present state is
when highway light_green=>
If car_on farmroad and time_out_long then
start_timer<=not start_timer;
present_state<=highway light_yellow;
endif ;
when highway light_yellow =>
If time_out_short then
start_timer<=not start_timer;
present_state<=farmroad_light_green;
_si_lld if

=

= §
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when farmroad_light_green=>
If not car_on_farmroad or time_out_long then

start_timer<=not start_timer,
present_state<=farmroad_light_yellow;

end If;
when farmroad_light_yellow=>
If time_out_short then
start_timer<=not start_timer,
present_state<=highway light_green;
end If;
end case;
end process;
--select signal tocontrol all state

highway_light_set:

o E—

.
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with present state select

= §

highway _light<=green when highway _light_green,
yellow when highway light yellow,
red when farmroad_light_green | farmroad_light_yellow;
farmroad_light_set:
with  present_state select
farmroad_light<=green when farmroad_light_green,
yellow when farmroad_light_yellow,
red when highway_light _green | highway light_yellow;

--timer:
timer_process:
process(start_timer)
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begin
time_out_long<=false, true after long_time;
time_out_short<=false, true after short_time;
end process;

-- <<enter your statements here>>

end e_traffic_con;

=¥}
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(2) A2 AT MRFEHE A4 e_traffic_con_th.vhd

use work.traffic_package.all;

--Add your library and packages declaration here ...

entity e traffic con tb is
-- Generic declarations of the tested unit
generic(
long_time: time : =80.0 ns;
short_time: time : =40.0 ns);

end e _traffic_con_tb;

= §
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architecture tb_architecture of e traffic_con tb

-- Component declaration of the tested unit
component e_traffic_con
generic(

long_time: time . =80.0 ns;

short_time: time : =40.0 ns);

port(

car_on_farmroad: in  boolean;

highway _light: out color;

farmroad_light: out color);

end component;

e e R——
—

LQ",

IS
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-- Stimulus signals _ signals mapped to the input and inout ports of
tested entity

signal car_on_farmroad: boolean;
-- Observed signals- signals mapped to the output ports of tested entity
signal highway light: color;
signal farmroad_light: color;
-- Add your code here ...
begin
-- Unit Under Test port map
UUT: e_traffic_con
port map

(car_on_farmroad => car_on_farmroad,

= §
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highway _light => highway _light,
farmroad_light => farmroad_light);
-- Add your stimulus here ...
car_on_farmroad<=false, true after 50ns, false after 300ns,
true after 400ns,
false after 600ns;

end tb_architecture;

configuration TESTBENCH_FOR_e traffic_con of e traffic_con tbis
for tb_architecture

= §
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el

for UUT: e_traffic_con

use entity  work.e_traffic_con(e_traffic_con);

end for:
end for;
end TESTBENCH FOR e traffic

A ] AR FEAE SO PR A 225 Jiross

IR EE T E 226 Fros,

con,

ATHAT PE 4%

i
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feotive-VHDL (traffie_con) — “TestBenchhe traffic con TE. vhd *

File Edit Search ¥iew Design Simulation Toels Help

D-SH |29 [0 DA0 M0 %S| [rm s =« === 60w
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g\ hdd Hew File 49 =]
: . e_traffic_con. YHI 50 —— Add wour stimulus here

ol e_traffic_con (e_trafil||l51 car_on farmroad<=false,trus after 50ns,false after 300ns,true
Ela TestBench 52 false after 600ns;

@ e_traffic_con TB_runte||||53

PR 54
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