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SRS R, SRR R ML RBERIN A, RIFH S DR E B R,
SEHA RGN R . A RMBIRET A BOT, HERRERIEE, MR
Bk iR AR A LB ik,

(2) SRR 2408

TEMARORE PR B, B B R R AR E, EHNTH LREKAINE
TR R A T R (KA B, AT S R MBIV o SRATBIATIRAL B 281 B
7 (AL T S AT BE A RO R K R i, 3 % RGE OB 2) i v DA KA h iR s 3L,
AT 2B R b AL T F SEREA PR B (R, AP S PRI T A TG 28 P R A R 2B
Pl 1 5 VT AR

(3) FERGREE B 00T AT O SOR A

A G0 RSB Ty b, 7 TOR U SRR FUAT 7 5 WG AR AR SRR 8L LU A
GEEAT, TR EEAT O SURARA (0% — O RACT LA . BHEAMARUR B, A1
AR RS DA MIUR A BT SR, RGEBEMAZLE N BB S A B 5
W B, UE SRR B o RGBT A DU TR R, LB, R
Gl AETER B, AR RS RO R, AR AR,

(4) BRSO

(PGSR BT Ty Vot FRGEUEAT BEH I IR GE AT TR BEAF Bk S 1%

S 1O R PR S SRR P DA T AR AR G AR P I A4 BRI 1L i)
W R X Fee SCH R RV 5 REE MM X T/ RGE, XM B 22

UL TR, U, WRRGEER, B LR I, AR R P T AT
LTk LT AL b ik Wt B R B ORI AR R T B
PNIEN I
AR B T D T L4, R H AR TR B R ()
B (U, BEATHESIALEAR . AU L BRI R R, IR B T TR G
KT A H AR IR . R B RPBEAHHR I 5 (BB LB Bk 2%
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1.2 FUFEAR VA 5 MR F B B DT

— R, 7R B R SRV SEH LAY BT BOR(CAD) B 20 #4280 4EARA MBI T
HRRNT. T, ATURCUR VSRR SEBREVBIBR (KA Lk, LUG A 818 S T i1
BRI B T B R ST ZEREFTE R TR, A RELE B T Tango Al
I ORCAD. “EATIIA L BRANE 7 i e T RIEDRIBRAG L T 2380 T Fshib. L, i
TS, SCUSRA I FE LR, R CAT B AR A R e .

BT A AL S L BR ASIO) M FF R B, O T 3R FF R IR, M CA &
R Tk AR P DB R T A ), % ASIC BFBIRIZE = SRARTE R T FI T4 1 F (KR
PR E & o FE P IR F Pk (1 A 0 1 I B 5 F K (f) VHDL i & (VHSIC Hardware
Description Language). Verilog % & FF & [f Verilog-HDL A& H A& AT TR PR
UDL/IEH .

FEREEGRE 5, AU AT LU REA L B R DDA SRR BRI KRR N o
& b e T Rl T A R AR R B . i, A T R BB B SR
1-3)Ff 2%, i VHDL i o5 il ) i —JEFE 2 1-3()F .

40
N ENTITY mux IS
sel END ENTITY mux;

ARCHITECTURE connect OF mux IS

—

END ARCHITECTURE connect;

@
ENTITY mux 1S
PORT(d0d1,selIN BIT;
qOUT BIT);
END ENTITY mux;
ARCHITECTURE connect OF mux IS
BEGIN
calc:PROCESS(d0,d1,seD) IS
VARIABLE tmpl, tmp2,tmp3:BIT;
BEGIN
tmp1:=d0 AND sel;
tmp2:=d1 AND (NOT sel);
tmp3:~ tmp1 OR tmp2;
qe=tmp3;
END PROCESS cale;
END ARCHITECTURE connect;
®
W13 kAR MR 1 VHDL T A
(a) —i% - HARRITLERE: (b) ik IR VHDL i SHiE



F 1% BT FAEFIRIHA -5

B RR T 5 G ROR KT8 A R R ARSI h R AAT RSO
AR
FIF HDL i & Bk RGREAFI 7%, AR EA LR ILME R
(1) RAIH 1% F(Top Down)i1 it 77 ik
Frl A LR FHB I REAREOSEERER, H LS FRESREOEAE
AL, BIGSERRGBAEMARLT . EFRH HDL MBEEBIET Ik, BobE s R
Bt A EE T REAE AT
B BRRAT AR FHEAT HHE, S LR A RGRCERRI R .
i, X RGEHATAT A M B )RR RE B AIEEIT B, B3 RGAT A RR
iR R BB PAEAE R . 7EAT M RN BOF R FUIE % RIS Br i B AE AL A 4
FrHERLE, HIRE LR REMEH RILTHLRRE A B R LRI B R,
R LLASEHIH R oo, S888 nfel fil VHDL 3 & BT b 7 SRR 1 T AR
[511-1] VHDL ¥ 7 LT 4 Jr sk 7k il o s 0 THefe e
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY counter IS
PORT(
clk:IN STD_LOGIC;
rs:IN STD_LOGIC;
count_out:O0UT STD_LOGIC_VECTOR(2 DOWNTO 0));
END ENTITY counter;
ARCHITECTURE behav OF counter IS
SIGNAL next_count:STD_LOGIC_VECTOR(2 DOWNTO 0);

BEGIN
count_proc:PROCESS(rs, clk) IS
BEGIN
1F rs='0' THEN

next_count<="000";
ELSIF(cIkEVENT AND clk='1YTHEN
CASE next_count IS
WHEN "000"  => next_count <="001";
WHEN "001"  => next_count <="011";
WHEN "
WHEN "
WHEN "
WHEN "100"  => next_count <="000";
WHEN OTHERS => next_count <="XXX";
END CASE;
END IF;
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count_out <=next_count AFTER 10ns;
END PROCESS count_proc;
END ARCHITECTURE behav;
B 1-1 LU, 4B VHDL ¥ SRR AE T AUEREESEA L it S1
1P BB O R BORA AL PP R R . XSRS LR S8 TARBURL R . 2%
BRI DR, BT R R E R . MRS RS R, R
FEAS TEHICARII, KR R RATEMIN T
HTRKR RIL FAMAR. X —BUA N S B RS OUREURRME). WAt
R, AT TR R 1 2R e R R P SL R SRR G, R R B U BRSO
b PRSI . AR EIREOF (0 ARSI, AURAT h A R AR VHDL R
5% RTL HRAHEAN VHDL 55, WRst, RERMA RIL FRAHE, ARESih
FREMBRRIAR, A HTEEG A, SR, XA LT RRa RA R A,
YRR MR A THIE .
U6 1-21 G0 1-1 4707 BRI BA8 ) RTL ik
LIBRARY IEEE;
USE IEEE.STD_LDGIC_1164.ALL;
USE WORK.NEW.ALL;
ENTITY counter IS
PORT(clk, rs: IN STD_LOGIC;
ql, 42, q3: OUT STD_LOGIC);
END ENTITY counter;
ARCHITECTURE rtl OF counter IS
CCOMPONENT dff 1S
PORT(  d,rs,clk: IN STD_LOGIC;
q: OUT STD_LOGIC);
END COMPONENT dff;
COMPONENT djk 1S
PORT( j, k. s, clk: N STD_LOGIC;
q: OUT STD_LOGIC);
END COMPONENT djk;
COMPONENT and2 1S
PORT( a,b: N STD_LOGIC;
¢ OUT STD_LOGIC);
END COMPONENT and2;
COMPONENT nor2 IS
PORT( a.b: N STD_LOGIC;
¢ OUT STD_LOGIC);
END COMPONENT nor2;
SIGNAL jinkin,gl_out,q2_out,g3_out:STD_LOGIC;
BEGIN
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ul:nor2
PORT MAP(q3_out,g2_out,jin);
u2:and2
PORT MAP(q3_out,q2.0ut.kin);
u3:dik
PORT MAP(jin kin,rs,clk,q1_out);
ud:dff
PORT MAP(ql _out,rs,clk,g2_out);
uS:dff
PORT MAP(q2_out,rs,clk,q3_out);
ql<=ql_out;
q2<=q2_out;
q3<=q3_out;
END ARCHITECTURE rtl;
FEEBIT, IK ik 8%, D AR 8. STIMEAET 1# C7EE WORK NEW.ALL H5E X T,
IXHUAT LR RS . %0 R TR T Z MR R . S 1-1 AL, #
1-2 ST 9 pR B KR
LEARAT A 7 AR M FF S b RTL 7 R MFLF I, SREEA SN T i i
A THOVEM B AIERE, XA e S AR RTL 77 SRR AR o
FEFERRGS RTL HRMHRRFUS, SRR TAN RTL 77 R R P AT
I, WAEAR B, WA RS RS THREITSRET .
BERRRERGG . S RAREGA TR RTL J7 AR 055 i
SEABH TR SO (TN ). IR, ISR, AT B R A AR LR AR 5
7 R AR, PG 0 B T TR R et ARIE RSk
i T ARG SRR . MR B G G T R AT OIS, R A
KR R YIBIE R, ARG BB HAEA
SR IRIE = ANB RIS Z R ERBAT R, 0

AR 7] FHAME SRR, R ARG
AR TAE

T RS
RTLA T E

G A

B TG T IR R, E R
BRI, T LU PR R SR R
AR 2 F AT ASIC 5 1 TR LIS
T, Ml ASIC R 3 A R4 R R
FPGACH T4 F21 IME S CPLD (A A, 4R
FEFE L R
RGN, B R
A TRBLEE, AR SR N 8 A R
g, L0 TR 3 A RRIR SR RS A
W FUTE 1% F B RO 14 TR, g a f 14 N R LR




-8 VHDL 3845 F 55 FE /LR

W EE R R AR, ST R B TR B I O TR
b, B AR AT 0T SO, PR R TR R BLAR SR TR AT LR M, AT T
UL K2 6 R B 1 B TR0 . R HDL R W R SRR A O B AR
Ze
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(4) WRAIE T BEOH B 0 B RERE

20 RIRAGGE ORI L B B ANt , AR R B4 7 B rh 5 1 i L B 1 A
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P, AU T T A B A A A2 13~ 172,
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LS . T HDL il MR A PRSI R B At M RVERED
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2. SCHIRZSHLE 8RR BB IR
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224 HERREEREEGESDTE

SRR, MR P TR AR SR AR LR IR ), R S P RS
Bk ST S e

SR B AR B AR A LR LASE R

(1) RYRENML.

Q) BRI S ROREH A At NFREARRE D, RS LR =S H, LUE]
LU 5 b R P

(3) #fii KR M

1. REREHE

R R AR B, TR LR R RS AR, RS L
WA A TASRAS, AR EhIESy, —ASRAHA MRS, BB AR R AL
W TR, Bk, b T A SRR R SR A P, R X SR AT AR XS
JUT R REATRIAr . AMARRSL B AARA AL AT B SO — MR, XA AR A
AR, N, 4 R Rk SRR B e — B

4 RIS BI S OR E E 2-7 R, F IR L AR A R R A

(1) REHLORE—S0:

(2) BNFHRPAH—S1:

(3) HideH'5 R ACC Hl—S2:

@) #mB/AR 1 fi—S3.

S0~S3 405 T 4 RIFLBTEHIN 4 AEAMBLRA . WA 2-7 AL, W
2 4 RLREAS PR A 10 AN S0~89), WA ATTHiH .

TEB R RS, R T LA BIME LML, HERIKR. TUZR—MRE
AR TP LR o RS A48 A PR R A EDR A

2. BMERANES RIRSHBEN

W 227 LI E], 4 S0 EEAORAR, START= “0” % START= “1” I, R
SO HBE S1. F I AIBTRERCA T R “17 (M= “17)e WRH “17 b2 2N
45S2: WK 07 (M= “0” H.K=“0"), WI{ESI A FHK=“17 ALM=“0", W
B S3. 0 S2LRA N, HRBAL4 (K= “0"), WS S1ARA: WRCBY 4 K(K=
7y, MRS E S3IRA. S3RAM T MIRE AR SO R

3. BWESWESHH L

[ SORAHBE SURE, & IEHTREAIRAE AN R N4 ACC, Ul D HNSE
il Load. STRATRER RS S3RE, W A RIS S she h STRASR
A 2 RAHE M BRER R INBHN 5 Add. 1 S2RAHBE S1 ARA&F M A
USRS R S she 1 S2RAHEHE R S3 R4 8 A BB AR she 1S3
IRAEFRB A S0 RE il Done MeifgsdORAL o MU LiIoRGA, BATTLLEIL 4
[ R A 2R A5 PR 2 2-4 AP 217 iR, B K Moo IE R 407
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F2-4 4 FEBOEBRS R

AR A LHPRAR
S0
st
s2
s3

B2-17 4 LR OB HIRA R
FEMRR P FRE B R B A5 RA M 1K), SR AR B R R AR
R BUAX--SHERR R0 TREEE.

225 REMEFEREHEIELR ;&

RZR I CIRA 5 ) AL G R I PR A B R v Db T PR HSR VB o5 AT SRS,
FRORA R R R SR AVLE(ASM). B AAHFZRL U F AP K.

1. HRA RS ITRED

AR B h BATT AT LA B RGA LA R RMPRE, I b B PR
AT . Blan, P 2-18(a) 2 T RAMPREE.

EURGIH 3 AR FERPRE S0 S1. 82, W LU 2 A7 “#HIMERR .

50— 00:

S1—01:

s2—11.

2. BRHESHBE

F 2-18() BT 7R (KR A B R K AR R AGR S DR B (KRS, L Za, Zb. Zc
X HRA SO, S1 F1 S2 #i5E(Moore %), ififiih Z1 A1 Z2 #eh SARA R 3E IR i
(Mealy ),

FRYESOLREHU A, Hith Za, Zb, Zc NARETERAHED, W1 S0/Za. S1/Zb.
S2/Zc: Z1. 72 BR5 MACRAM A KA, B EMAE X X, Bk Z1. Z2 MR HAE
KebriE o
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218 HHFREOREHRHERENE
(@) R&EM: (b) LR

3. HRZSSRALIR T E ) HE R AL

FRIR A B B AR 7, CRASFPRAAERGIE, SNSRI X, RAHH IR
FRFEH, TR AINER R . BER M ARV ECERAAE T, KB e A A PR LR
FRVELEPINEHE RORIR 4 3 Lo KRR SE R TR P B SRS LB 2 #e, WP 2-18(b)
JiRe

PR RS, CRAE A RERRE S, HREAOTYIONEE BN, T
[RECRS'S SN

[f12-1) ATk mm s S E mE 249
. HRARKHIRAR, Kl dmAm

(1) XBATRAUATHRES

[ 2-19 314 4 RZ SO. S1. S2. 83, W2
{7 3 BT S

S0——00:

S1—01;

$2—10;

$3—11.

(2) HsEtii.

1 2-19 P sh, EHEHIAE START
RURASALR S, T A AR L HERE - 76 P 2-19 7,
TU47E SO KA Fo #IAMH START % “17, A &K

[ 2-19 AT LB EH S RELA

AORAEERS, SO RARE SURA, Hifith sh= “17. FEHERE T, HEHMBK,
WA F Mk, 1% SO, [FARRATILN K% A START A ffif, JLAIHAL sh P34k

AR €17
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(3) i H AT i A AR AL

MR EIRUA, AT AT U AT A B RIS R AL I 2-19 TR,

[(B12-2]1 4 frFREEHIBORERWE 2-17 P, NREBHATUFER, BL
DK ALRAHLE, I N A AF AR OR .

() X IAREBAT IS o

4 P REISFEHI B SAT 4 DR S0~83, EHEM BLREHRISH 00~ 11, WA 2 47
TEHIBORE R

AR 2-17 ATLIF #), SO RBEADRA. 2 START b “17 I, RGRAKHBH SI1,
It Load £i55, M RBMMERN ACC. T MRAFTMAERE. WHE M= “17 @)
TEHURALA “17), W Add 575, BEAT BINSSFBREOINEIRE, HBERE S2;
TR M= “0”, W sh 55, 56 ACC A8 | fir, JXF K H#ATKE. 76 S1. S2RETF,
TR K=1(RURE —KBALEH), TR
AN S3; MR K=0, WEBEE S1RE. 7£S3R
AT, Done {5 S(FEHf HEREME, EF—1 [sor ]
I Bk P ER S, RAEIFE S0, —4> 4 A1 % N
TR R AL R <S>

(2) HE . Lowd

& 2-20 i AR KB AU Y, R eix
it A AT AR ROR . Ak R B B
A

Sh——HB A HIfFE S

Add—— I HIE 5

Done——#5 RbREN 55

Load——/N#% ACC {5 % .

(3) Wt 4 PrF A RIS R AL

HRIEE 2-17 K LHEMAUR, HATaI U@L 4
fir e A ISR HLE anE 2-20 i 220 4 Rk B IS RR SN

226 CifEniEERRHEN SR

FEBA BT RGO R B L R M BCF R ), R SLIRAT R R B
Bk TR REBCAERIN BRI, B B T LURIRECA R B, ] C I ETRP
FESEHLTATIT. AR SRR IE I, I A% C i 5 BFFHlR M R REAL I
Wil WREAILIL C H SRS, R BRARKNSTREIE, Bagtar L
B R RGN X R A AT, R AT L AR TP T A
TR BT R TF-BL C il 5 RPN 5 BRI LR, M2 NSEVARR B st IR 55 2
BRSNS FTEEL DS BE] .
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[#12-3]1 A CiEEEF.
#include  <stdio.h>
int sample (int foo)
(
int  bar
bar=0;
while  (bar<foo)
bar=bar+1;
return (bar);
)
TS, C ST SR WFFAH . 4 ARG . TEXTRR Pl
AT SRS RCARAS I BT LAAR AR
() WRFFEER. CiBSRIFh, IUFELE MY AT BUALEE — R, B — UBUF B
FEP RS BE RGN TARE .
(2) SH3EGHo TESY SCHH PR FRAE R A A ROAT PUNT, SR PRI, fis 2 auENGili)
3. HEFFOAMS R RGCREOMAN, TR R AR KR, NI R AR
3) LK. (RFRREF LUAH A RO A, A RIE R R R R q
RN, AL, CRERERE, XS AR
[612-41  C i 5 FUF MR EME 2-21@)FTR . MU E S AT LR 2], AR FF T
LIAHE 3 AR IR SOEFREHIZ AT, TR Eek R S1. R HRE
S2. % C W FAFIRAEME 2-210)F17R.

k)

@ ()
221 124 C i FFT A AR
(a) HIRLHE; (b) R
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Hob, REMAFSUWR:
fooFlay——foo {ELIIHibr& i
M——EER B A
retFlag——bar (i i bR &

MHEAE 2-21 BRATATHRE EHHRITAR

AHLAE, W 222 iR,

(51 2-51  Hl switch i#Aftik CPU Dhfg

AT

#include <stdio.h>

ft1 Ci&

#define  MEMSIZE 34
#define  sid_logic char

#define LOAD_ACC 0

#define  STORE_ACC

#define CLR_ACC 2 P 222 §2-4 C ¥ HRFMEILRENE
#define  INC_ACC 3

#define  CMP_ACC

#define  JUMP_EQ

#define  JUMP_NEQ 6

#define JUMP_ALWAYS 7

#define  WAIT_TIME 8

#define SEC_BUFFER 32

#define MIN_BUFFER 3

it ROMIMEMSIZE] = {

/#00%/ CLR_ACC,

/*01%  STORE_ACC, SEC_BUFFER,
%03%  STORE_ACC, MIN_BUFFER,
#05%/  WAIT_TIME.

/%06*/ LORD_ACC. SEC_BUFFER,
/#08*  INC_ACC,

/¥09*/ CMP_ACC, 60,

*11%  JUMP_EQ. 17,

/*13%  STORE_ACC, SEC_BUFFER,

1*15%/  JUMP_ALWAYS, 5,

/*17*/  CLR_ACC,
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/*18*/  STORE_ACC, SEC_BUFFER,
/*¥20*/  LORD_ACC, MIN_BUFFER,
/%22*/ INC_ACC,

/*23*/  CMP_ACC,
/%25*/  JUMP_NEQ,

/*27*  CLR_ACC,
/%28*/  STORE_ACC, SEC_BUFFER,
1%¥30%/ JUMP_ALWAYS, 5,

b

void

CPU(void)

int PC;
int ACC:

std-logic  Flag;
int Opcode;

it Operand;

PC=0:
while(1) {
Opcode=ROM [PCI;
PC=PC+1;
switch (Opecode) {
case LOAD_ACC:
Operand=ROM [PC];
ACC=ROM [Operand];
PC=PC+1:
break:
case  STORE_ACC
Operand=ROM [PC};
ROM[Operand]=ACC;
PC=PC+1;
break:
case CLR_ACC:
ACC=0;
break:
case  INC_ACC:
ACC=ACC+;
break:
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.27,

case CMP_ACC:

case

i
printf(

I*gete
i
void  main(void)
{
CPU():
)

Operand=ROM [PC};
if (Acc==Operand)
Flag="1"
else
Flay
PC=PC+1
break;
JUMP_EQ
Operand = ROM [PC};

case  JUMP_NEQ:
Operand =ROM[PC};
if (Flag=="0)
PC=Operand;
else
PC=PC+1;
break:
case  JUMP_ALWAYS:
PC=ROMIPC];
break:
WAIT_TIME:  {

long unsigned int  timer;

for(timer=0; timer<1000000;timer++)

printf("");

}
break;

"%02d'%02d ¥ tPC=%03d,

Acc=%03d,

}

1 B4R

——

Flag=%c ¥r",

ROM [MIN_BUFFER], ROM[SEC_BUFFER], PC, ACC, Flag)}:

har() ; */
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Ll R U OUR — A CPU AT MRS, b TETREERE, BRATEFFR
IF Al Goto EAIKES, FFMF:

50:  PC =0

Sl:  Opcode =MEM [PCJ;

sz PC =PC+1

$3:  if (Opcode==LOAD_ACC) goto S4; else goto S8;
S4:  Operand =MEM [PCJ:

§5:  ACC =MEM(Operand);

s6:  PC =PC+

S7:  gotoSI;

$8:  if (Opcode==STORE_ACC) ~ goto §9; else goto S13;
S9:  Operand =MEM [PC]:

$10:  MEM(Operand) =ACC;

Sil: PC =PC+1;

S12: goto SI;

S13:  if (Opcode==CLR_ACC) goto S14; else goto S16;
Sl4: ACC =0

S15: goto SI;

S16:  if (Opcoda == INC_ACC) goto S17;  else goto S19;
S17: ACC =ACC+;

S18: gotoSI:

S19:  if (Opcode ==CMP_ACC) 2010 520; else goto S27;
$20: Operand =MEM [PC]:

S$21:  if (ACC == Operand ) g0t0S22; clse goto S24;
$22: Flag =17

$23: goto S25;

524: Flag =0;

5250 PC =PC+1;

$26: goto SI:

$27:  if (Opcode == JUMP_EQ) goto S28; clse goto $34;
S28:  Operand =MEM [PC]:

$29: if (Flag=="1"); goto S30; else  goto S32;

s30: PC =Operand;

$31: goto SI;

$32: PC * =PC+1;

$33: gotoSI;

$34; if (Opcode == JUMP_NEQ)  goto $35; ~else goto S41;
$35: Operand  =MEM [PCJ:

$36: if (Flay 0 goto $37;  else goto S39;
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$37: PC =Operand;
$38: goto SI;

$39: PC=PC+I;

540: goto SI;

S41: if (Opcode == JUMP_ALWAYS) goto $42; ~ else goto s44;
S42: PC =MEM [PC];

543: gotoSI;

S44: if (Opcode == WAIT_TIME)  goto S45; clse goto sl;
S45: timer =0;

S46:  if (timer<1000000) 010 S47;  else goto s1;
S47: timer =timer+1;

548: goto S46;

FUF IF 1 Goto IBRIMSIIF LG, ATTHIMAR S MAREL, SFFHRIN 49 MRA
SO~S48. HUtw Ll HPRAE, MERBUFER, WRFRSEM. B, SOREZFTF
- AMRE TR SIHBRCREHB R, BRI LEMEE). BRI FEa, WRA
AR F R . T IF FI Goto )24 'S (AR FF BT X RLIIRZS B 1 2-23 s

19 2-23  Ji] IF 0 Goto ifi 1S () F2 F T I AR A5 Pl
J TR, B 223 AT S14~S43 AR, AR ATIHAT YOI, BE T AR 5
HuH A N 2k

B B

SRAAL B A AR B A A ] 2 LA TR 2 A2

W8 R ROk R A g 9L I 4 = A ook oy Bk A2 L

Ft O AT 30 B — K, K@ s e B R,
KAV HBFEL? M EEAMTATRE?

THARRAE? EH k0 R A — K EH I
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26 WARA B E T H 2.3 0+ F 0 AT 4 5

27 SERANEASMEERF AW 5 R ERRENEERARML?

28 EERANLE HI LA B R At AR A SR AT 47 B EHMES
AL XR?

29 WHEERRERT KK ERANEELE AL TSR

210 B8R THTRENE AR EMIERSHE. 8 ETHHHBHRMEL
Bk 2-1 .

k21 8 UAHHBNAER

WA E WO
Reset En clk up/down Q
0 X X X +00000000”
1 0 X X A%
1 1 0 —1 1 g L R
1 1 0 —1 0 PHERR | R1E

201 RE T H 23+ 0B T R R R AHLE.
212 CEERAFFNZMERSHELTRAE SREAMHLAMEXR?
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%3 E VHDL EEEFHERLEH

—A %4 VHDL #% 2 4248 % €4 % 4k (Entity) . # i 4K (Architecture) . #¢ &
(Configuration). €% &-(Package)#v & (Library) £ 34>, #Tv9489 £ 7T 4 7] % i% 64 Bk it £
oo FARF FAERAE R G T AE 5, MR THRE R LA HRe L MITH, G
RO AAEIOTRIA R FOBB R KR TFARAF, REATFTREFARMNE LT
RIAR R FRRA, EAKCEGHFH TR, Hidh, CEOPRE. AThA
PAAKE ASIC &H BlEMRB, ARFARFAHRRALE, KEHst Lk VHDL

it ey L RM BN —F w23,

3.1 VHDL &5 &34 8150 R M

JiTilf VHDL i 5 8 it )3 4 8578 (Design Entity),
AL VHDL i F(f— M ARk, AN AR
HG, AT LUE A5 1(AND Gate), EA— A%
IR LR —AMMAL B B8t R Y. (H2, TERM
PHHF A, ERERNBF RS, HERHAR
B, B AT B 35 i B3 (Entity Declaration)#1#)3%
{A(Architecture Body) B4 HIpk. WIRTATIR, SLikis
IO HLE T RV T L i L S RS I,
i P 3 43 5 ST e T B B AR i R R AE (T
e B3 1R T AR MR RITH T AR
VHDL i, HFE 3-1 ATLUEH, SABR —ik—
BEAMESUBIAE SL, MRE A T i — 281
A AIZ KR
¥ T A B Ak o 9 o 50 3K 30 40 1) 1
HBEHE .
311 ki
{Ef
ENTITY 9464 1S

[ 2505 1.
[ 9 0

AR B R IG I SRR AR AT W F 4

ENTITY mux IS
GENERIC(m:TIME:=1ns);
PORT(dO, d1,sel: IN BIT;
q: OUT BIT);
END ENTITY mux;
ARCHITECTURE connect OF mux IS
SIGNAL tmp: BIT;
BEGIN
cale: PROCESS(d0, d1, sel) IS
VARIABLE tmpl, tmp2, tmp3: BIT;
BEGIN
tmpl:=d0 AND sel;
tmp2:=d1 AND (NOT sel);
tmp3:=tmp] OR tmp2;
tmp<=tmp3;
q<=tmp AFTER Ins;
END PROCESS cale;
END ARCHITECTURE connect;

B3 ANREAR R TTIRI R
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END ENTITY $:4k4:

A T SR BB LL“ENTITY S646% IS” FF4AZ% “END ENTITY SKE4”
s, Fltn, 7EE 3-1 M “ENTITY mux IS” FF#4, % “END ENTITY mux” 4. X4
KEZRFRLA B IROAESS, BRI EREXE RS, RAATSORA MRS
NEERREEIT RS S, MR ARTAR. %L, # VHDL fiF, KE®
INE S BRM, RMK Sy X ROUURA T B A MR T E .

1. ERSHIRA

K BB Y AU DR 8, A TEE S Bl
TIME: =1ns). AR T MM m OF08 Uns. PEEA):

tmpl: =d0 AND sel AFTER m:
£ 0 A sel BAMARGEEHEE, £ 1ns EBA%E mpl. EXAMITFH, GENERIC
FIFARESYCh tmpl E—AERME.

2. RO

B 11 R A SR () B AN R D R, B AT DAL XA S S 4
B BORA, DUREIA. ST RIOHE . SRR TRRm

PORTGH N4, HiA4): 7l HiRARA:

3-1 #1ff) GENERIC (m:

W& WO%): Tl BOREEL):

1) ko%

W12 SRICTAEAN IS I 2R, AN SR ST B AR RN
FRfr %o G, B 3-1hsE5IHA do. dl. sels q.

2) HUFE

S 117 1 SR SCAMER  BIROA 5 7 F) ENE Rt . Blsn, B 3-1 RIR dO. dl
sel WIS IM, T 7 BB “IN” SRULH. it q W 51, FAJ7 BB “ouT”
ESLE

FURA “IN” BATT GBI 1, 3LE S B DA SR, T4 1 P (KA
SARAEAN R s AR, LR “OUT” JEAT 5 I LB I3 AT AR A
ey, A AT I N ) R R S

535k, “INOUT” Fil A W% LR XUAIAY, ATLUIA, Bl LUt “BUFFER” FILL
B AT LU £, FLZERIRE PP R T R (5 5 . SRR A K
HAy X 3-1 e

%31 wOAIRA

Ji s X & X
IN A
ouT 4 HH CH A A S RETHAE )
INOUT poi0]
BUFFER 41 (R385 U V9 3 0T TG

i OUT RRUFMH AT S, il BUFFER JUSYFRIR— M5
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#3-1hf) “OUT” F1 “BUFFER” #§7] LAsE Ui ths 0, (BREMZ EEHXAm,
I 3-2 iR

(a) (b)
I 32 OUT A BUFFER X 5
(a) OUT: (b) BUFFER

{EE 3-2(), BUFBRIOMIIMIE BN “OUT”, MrEb)F, BiAF 2% M st n
2y “BUFFER”. MEtha] LA S, WA MBS AILAE S, I BAR I8 (0 00
AWk “BUFFER”, TIANRERBHN “OUT”.

P8 3-2(0) B 24— M E A “BUFFER” BLHIMIH IR O, S53CEEREN 5 — MR 14
{3 L ¥ fi] “BUFFER” ¥tHi. *F “OUT”, WIEAXHHMENR.

3) #AEXA

16 VHDL &4 10 FBERARR, (HRIEEHAMB P BB BIT A
BIT_VECTOR.

2435 LB BIT BRI, 00 LS SRR ATRER “17 3R 07, &, X
BUG 17 F €07 RARZEHE. FTEL, BIT MUERARALSHEIRARY, HRHERAERHA
SEHREC “1” A0 07 )it 23 BB Y BIT_VECTOR (AN, 235 L EX
AR — A UL A, B, S MR BRI DR 8 ML BRRE, BAR
R 1 4 S350 L1 (K00 20 ] AR 593 BIT_VECTOR. Mk RO 8 fr — stz
T .

(51311 BoeREm s 0.
PORT(dO, dl, sel: IN BIT;
q: OUT BIT;
bus: OUT BIT_VECTOR(7 DOWNTO 0));

%It do. d1. sel. q #ilAE BIT 32!, ifii bus /& BIT_VECTOR %%, (7 DOWNTO
0)#&7Ri% bus 3 (12— 8 {73 1, 1H B7~B0 3t 8 Ui, FLREKEN 8 L.

TE K4 VHDL it & FLF T, BRI SR S AT AR

[63-2]  VHDL iff &5 B P RO KR AN R B P45«
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY mux IS
PORT (d0,d1,sel: IN STD_LOGIC;
q: OUT STD_LOGIC;
bus: OUT STD_LOGIC_VECTOR(7 DOWNTO 0));
END ENTITY mux;
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%#eh BIT 2% fi] STD_LOGIC 8, ifii bus A STD_LOGIC_VECTOR(7 DOWNTO 0)
B, LR BB RA SRR R SEASMIN. 7E VHDL ¥ E MR ANE, EA M
Sy, GUIMEERRAME T BB, SR C I 0 include U HF . IXFHBCESR S
THRMERIZ—. {HE7EM STD_LOGIC 1 STD_LOGIC_VECTOR it Hilt, 7534458 LL i
ARG R TR BANE ), LMEZEXT VHDL i SRR RN, AREEMaESh T
HHARSA M 5E X

1 93 K 3 11 LR s v A LA R AGA S, il

u2: and2 PORT MAP(a=>nsel, b=>dl, c=>ab);
e, as b 5117 (RN ¢ REIMM: nsel. dl Al ab RAF S EEMAN DL, B
SO RE RS S ik, (R, 193 BURRFNHLEA TR, BHSar bR — ANt
ik Him:
MI: mux PORT MAP(sel=>TO_MVL(code),
d0=>TO_MVL(bus(0)), d1=>TO_MVL(bus(1)),
TO_BIT(2)=>ctrl);
A B T R SR ORI 0 sel. dO. dl. X HLMR 0 e BEIA X sel=>TO_MVL
(code)«d0=>TO_MVL(bus(0))%% . S5 |-, i FRAY LA A sel fLN K] i % TO_MVL(code)
SRl e ik

31.2 fititk

Fads R — N SEAHET BT R R A, B BRI T A R OTHAT L e
PR IR R . WAL, T B BRI Rk T e HE R LA AR R
TEHORRN L 9 R AT LU 3 FOT BT HIE , BT b MR A B 8 e O BOE B R
A 17 BRI ORI R SR R G LR BR) . IR IR A 7 A BLZE S
Rt b, MHE KGR R HE.

Hh TR R SR ST SRR, Rt SERRAE KRR R, e
SR JE A A IR AT G P A S B TR, AT L) R A Y T

AR R ARG R R R
ARCHITECTURE Mifitf#% OF k% IS
[ Sl ) Il s, W8, BORA, BRBFME S
BEGIN
By S EHORE
END ARCHITECTURE #iif54;
/¥ 4k M “ ARCHITECTURE M4k % OF 3464 1S” JF4i, & “END
ARCHITECTURE HJi#A#%” 5o, FEXHIEAIH %W AR I Ak 3.

1. HEEEREGE

Pt () B Rt AR R 4, B MO AR IOME %K. OF i THSRBRIN S 4R 44
LW T IR AR BT X R0 RSk ) IS SRET AR fir 4«
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FIE R AR ol LU b4 B 4o (HRTER ZHOCRM PR, B IEHE R
3327 ioral(17 ) dataflow(¥E ) E 4. WRTE, X 344
FRshs L 3 RS RR T A SRR, U SR SR A Oy AR R H s R
RIS S LR 2 I — K. XAEES B VHDL 5P AR T %
Bk & R A AT Ko B0, MRS 7 kR ok — Bk, A T -l
TR AR AT LUSRE 4«

ARCHITECTURE structural OF mux IS

2. EXiER

% XiEH)AL T ARCHITECTURE il BEGIN 2 i, il ¥ stk AT E A5 . &
B BAmF AR R BT E Lo il

ARCHITECTURE behav OF mux IS
SIGNAL nes1:BIT;

BEGIN
END ARCHITECTURE behav:

5 s SCRUG L1 BEB (i 00— FF, A5 5 RO RN B . S R I
5, SORAT A A7 5 1A R B

3. FiTRAEEIER

JHATALEE )4k 1 il 5] BEGIN A1 END 2 [A), X&bifihy By siibih T Mast kAT 4 &

(61831 ik B ARk

ENTITY mux IS
PORT (d0. d1: IN BIT:
sel: IN BIT:
q: OUTBIT):
END ENTITY mux:
ARCHITECTURE dataflow OF mux IS
BEGIN
q<=(d0 AND sel)OR(NOT sel AND d1);
END ARCHITECTURE dataflow:

R B R v b A P AR A, Sk LR T - IIBRE R M RIE ). iE
WML T e APEIOAT . AR RS A T RAT AU, R R B R
A R A T LA A2 LR R, R <= FORMERRERIDIN RS, 1)
BB ST LRI q Fil

LERIRE AR D R R T OFTIATIN. GO R BL, A BT AN LU S (KB R
A AT T o
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3.2 VHDL i 5 WiE AN T4t fiid

FEMABK B BE h, A e B M RO BLEOR AR R AR R R T . Akt

FL BV A SRR oL 40 B TR LB ST N R AT R B KRR . XA
KRR RTUUR LA T4, BRI HLBIR ST LA SR M . VHDL i E R LAA LL

F 3 AR T SR -

e BLOCK #HAJ45#4:

e PROCESS ifit)4i#;

o SUBPROGRAM i #]%i#H.

R ik 3 F TR B

3.2.1 BLOCK iffygititiid

1. BLOCK & fIRILH)
SRH] BLOCK 5 f) ik R 8 e e 1) B S A% U F
Py 2EN
BLOCK
BEGIN

END BLOCK Ht4i#4::
[§13-4)  WSSRH BLOCK i fudfehiiik — i sk, AAM VHDL S # T AHS
.
ENTITY mux IS
PORT(d0, d1, sel: IN BIT;
q: OUT BIT);
END ENTITY mux;
ARCHITECTURE connect OF mux IS
SIGNAL tmpl, tmp2, tmp3: BIT,
BEGIN
cale:
BLOCK
BEGIN
tmpl<=d0 AND sel;
tmp2<=d1 AND (NOT sel);
tmp3<=tmp] OR tmp2;
q<=tmp3;
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END BLOCK cale;
END ARCHITECTURE connect;
LA F R AT BLOCK 3R, iBs4sa Jet Bl Ll /LA BLOCK $t
Ak
2. BLOCK SR#nFRIBEMXER
NATIHE RV SEAL A A ) O T AR O\ FR BRI, AR AR M Y el S EE [ 4
BRI FEIRE, HATMARSERS . FFE/E VHDL 55 P B ARG, B Ao
A o SR P, O RIRE AT LA £ BLOCK $R#4 8, 8 — > BLOCK $R3$ M — 7K 7 R FL A o
ISR o J5UEE PR (0 53 ) 56 R VEIDL ¥ 75 F2 /b i) BLOCK 43 A3 P A S R —— S B o
A ARSI 3-3 FiR.

e —

BLOCKI1 BLOCK2

ENTITY separate IS

ARCHITECTURE

BLOCKI:
BLOCK

BLOCK2:
4{ BLOCK

BLOCK3:
BLOCK

BLOCK4:
BLOCK

BLOCK3 BLOCK4

L
[ 3-3 BLOCK I T BRI X R

FER 3-3 (R ACLA KIS B, SRS AR 4 AT RERAE 7P 3-3 (R4 VHDL
S BB R, SRR Rl 4 A BLOCK AURIAL, EN15 51 R
ST IR EE

CEIICE G S AN, SRRSO - LR PRI, A T
BUKALZH. [ABE, 78 VHDL i &1 RA] BLOCK i &%, A, JisOR BRI
RS AL -

3. BLOCK Higffy &1t

FERTRRFHEAT 5 LM, BLOCK 5 )P T (K 4N ) Rl LUOFATHATIN, e A5
WU Ao Ko 1 VHDL i & e o7 LAEATHAT (K018 AR 4 3 & i A (Concurrent Statement). %4
R, LERIRE AR S R A R R Y. 75 VHDL ¥ 3 AR 78 H BN AT (118 4,
X R TR A
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4. T3t BLOCK(Guarded BLOCK)

100 3-3 4 BLOCK #H41, AXIUREKHHIXE PRI LML R FFREBR, IXRIBUT
BB EEX R, WATHTR, 7ERGTFA BLOCK ARSI & M HBAT . B2, 7ESE
BRI, AR BN, B4 —Fh A E A S0 2, BLOCK iBA)A4 AT L
BAT; MELEARMLR, % BLOCK BRI A HENAT. XatR T BLOCK, ‘BRI
BLOCK #7424l

[$513-51 BLZEM BLOCK 4 skHiid — MIAE 3§ (04 M0 - X BIAE 32— D R 3%,
A ARG dv BRI ik SR g AURABSIHE gb. RBTAK, RA clk
H(Ck="1), Wit q 7 qb 4 2B d MR EITI RS, seit, T BLOCK
VR BT B8 45 HI0 VHDL B S RF W LB Sl

ENTITY latch IS
PORT(d,clk: IN BIT;
q,gb: OUT BIT);
END ENTITY latch;
ARCHITECTURE latch_guard OF latch IS
BEGIN
Gl:
BLOCK(clk="1")
BEGIN
q<=GUARDED d AFTER 5ns;
qb<=GUARDED NOT(d) AFTER 7ns;
END BLOCK G1;
END ARCHITECTURE latch_guard;
tn LRARFERT R, P BLOCK W AJIAR e
BLOCK [ Bafi/R#&isR]

4 [RATR Rk A BB 3-5 o clk="1"F DR, % BLOCK HHBRSIHAT: 4 IR
£k AP, % BLOCK i HH A BT

#F BLOCK e (AN 5 3% A0 #5547 1) L6837 GUARDED, X &WIHA 1A
A RFER NI, XA A BT .

PUERERRY, Hik - FBUERM TR, M0 ok My “17 N, BAAMRE
KRNI, d MRS Sns ERLUS A q S, JF BT d SEGEIUR, £ 7 ns Ja M
qb B . ML clk (A “0” B, d UiE] q. gb St 5 R IE A BT, g A
qb SRR HHRFEEUR, B d 5 (AT SO .

3.2.2 PROCESS iftyghitiiliig

1. PROCESS i&f81%H
SRl PROCESS i f ik riu i 4 1) 55 e sl 1«
[#EF24]): PROCESS(fii %) 1, fii%5 2, =9I
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BEGIN

END PROCESS:
FRAATLIF, A LA%4 0. PROCESS i)\ PROCESS FF4fi, % END PROCESS %
o AT PROCESS i A, A # T/M7 5. IXLE(5 S fH1E PROCESS 45HI 1M
GEE T LN
[13-6]1 il PROCESS it 4 ik AR FFIn T -
ENTITY mux IS
PORT(dO, d1, sel: IN BIT;
q: OUT BIT);
END ENTITY mux;
ARCHITECTURE connect OF mux IS
BEGIN
cale: PROCESS(d0, d1, sel) IS
VARIABLE tmpl, tmp2, tmp3: BIT;
BEGIN
tmpl:=d0 AND sel;
tmp2:=d1 AND (NOT sel);
tmp3:=tmp] OR tmp2;
g<=tmp3 ;
END PROCESS cale;
END ARCHITECTURE connect;
AR tunpl. tmp2 Bl tmp3 RZEUERRHE MR, SRR, EIIHAGEE
HERPAER, VERER A .
2. PROCESS Hi&fI RINfF 1%
7E VHDL 1, 15 BLOCK i) —F¢, H—ANTyaedor ) ik ee st il LA -4
PROCESS i1 #kHiik. 5 BLOCK A ARFIIR, ERGVIA, PROCESS 4t
(A R B BT — & — 4 T F 3T, 1 A% BLOCK Hh (93 AT el LUFAT AT o 1X— i
AEFEHL LT C 15 5 A0 Pascal il &5 B AL SE 4 HEM. FEJRTIE 28], ¢ VHDL i
th, SXFNITFAT A E ) R 7E PROCESS H1 SUBPROGRAM 45 i o
3. PROCESS RIRBZ)
{5 PROCESS )i A U AT AN BULAMT 4 it JX86(5 5 it2 PROCESS MU ST
%, {EHSINEYE “PROCESS” JFTHifty4% 5 1. 14, PROCESS(d0, dlI, selif iy, do.
dl. sel #2459 R, #F VHDL &, 155 ROHEURE . X SHRm MRAERK
(e “0” A8 “17 B E “17 4 “0” )#SHH 5)i% PROCESS #f). —~HJ33), PROCESS
AR LB R B A RAT . S AN E R AT SE BN, BRI BT A
PROCESS 41, %45 FWELMIM. XH, H4E PROCESS € MF L &K,
i% PROCESS ) AT
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4. PROCESS MRIF ik

7E45) 3-6 TR 1 JH PROCESS SikgHid i1y~ BRIQFRRE Y, MR BB L7 2E —
PROCESS .l 75 5k Bi (AR /P 8L b, [l — MRk op o) LU 2 AR AEAE, T L%
PROCESS Z [ a] LA AT, —HATHRSHAT. FHLLE 3-4 60— Bl
ENTITY pros_com IS
PORT(event_a: IN BIT);

HFA END ENTITY pros_com;
E@;’C:} ARCHITECTURE catch_ball OF pros_com IS
[ SIGNAL to_a, to_b: BIT:=0;

L5 ) BEGIN
A:

PROCESS(event_a, to_a)
BEGIN

IF (event_aEVENT AND event_a='1)OR (to_aEVENT AND to_a="THEN
to_be="1" AFTER 20ns,

to_a<="l" to_b<="1" 0" AFTER 30ns;

END IF;

END PROCESS A;

B

PROCESS(to_b)IS
BEGIN
IF(to_bEVENT AND to_b="1'THEN
to_a<="1' AFTER 10ns,
‘0" AFTER 20ns;
END IF;
END PROCESS B;
END ARCHITECTURE catch_ball;

13-4 SRR
WP 3-4 ZEKEE TR, 18 MR AE AT R A R B A JEFALERAS RSk
AT A B RSP BN, BRGS0 b= w0_b & B HRMMAGT, X
B MUK to_b AL L to_b="1' B, B HFEHURAN. AR, BIRACSATREREH T —
A A BRI B, RS SR o_a="T to_a & A BRMMAG S, X AR
RF o_a AL to_a='t" I, A BFRMRED. WILARIE TAE, AL A SRR B WARIHT
Ml TAE.

3.2.3 SUBPROGRAM iff)sskiliit

7 7 E2FE(SUBPROGRAM), #7151 F2 3 1 LU f i AL FR 4 LR IR ERR P 1082
Py, 0 SORIIUE RS S O TRRFFRER A . R o LURSURR, ARy
(0, TR TN M G ST AL, BT ARG TRUT R L, P I 32 AT
Sk, BRI TRIT W IO GO AR RS, T RFIRIILLG A4 et i, e R MEEAR
R




B 3% VHDLATRFGRELZHN 4.

1F VHDL 7R /517 A2
o i F(Procedure)
o Hi%(Function)
Hob, “ubfe” HILERGES PO FRIFAYS: B8 SILEREE P RS Y.
1. Ii2iER
1) 4235 4) 09454
1E VHDL i 57, REALiE A5 4 2 -
PROCEDURE &4 Z¥ 1: 242; IS
Do k) ) (EREE )
BEGIN
DAk B4 ;- G R iE+)
END PROCEDURE i ¥24;:
i PROCEDURE #5#y71, ZH0TLURSIA, el LU . RS, MR IEmA .
W S EAN S KBRS RS N . Bitn, 76 VHDL EE W, Hr R Hoh 50
FEFAT LA AR AR
U6 3-70  FHIE R 4ok 5 DU 0% e o 8
PROCEDURE vector_to_int
( zIN STD_LOGIC_VECTOR;
x_flag: OUT BOOLEAN;
q: INOUT INTEGER) IS
BEGIN
q:=0;
x_flag:=FALSE;
FOR i IN 7RANGE LOOP
q=q*2;
1F(z(i)=1) THEN

q=q+l:
ELSIF(z(i)/=0) THEN
X_flag:=TRUE:
END IF
END LOOP;
END PROCEDURE vector_to_int;
I BTG, AL x_flag=TRUE. Wl G960 RIK, AN Aef 20 R0 H e s Rl o

S AR R A A AR N SRR 4 DL 30U 1 RS LN E PN
il S ATR R, WA R, R A e ARk, U A R
BRI SAE T, WA LA e 2 HON SR AL
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[513-8]  fEdFRhE XS R A MR RS,
PROCEDURE shift(
din: IN STD_LOGIC_VECTOR;
SIGNAL dout: OUT STD_LOGIC_VECTOR);

END PROCEDURE shift;
2) LALLM PB4 HNA
W O3 %], PROCESS 4 #)'h iR A RIBFHATH), IBATELRREEH A B2
WUF BTG . R 7E VAR R S M AL B AR A SR REERIEAR
&, B A EE FRUTIURGH P miES), PATHR, K NEERE K “ouT”
A “INOUT” PisE X MAERBEES .
2. EHER
1) i 4 ey
7€ VHDL ¥ &1, EBGEAN BT F:
FUNCTION ¥4 (BH 1 542 )
RETURN ¥(EXMY IS
[ iR s
BEGIN
[ WG 4 BB 4 ):
RETURN [iE[FI%E R4 ]:
END FUNCTION [ %4 1:
€ VHDL & &', FUNCTION #1155 WIIBT T S HE A SBERBAE ).
B AR5 5 2 B T I “INY RTLL45ME . FUNCTION [ A B4 DUEI A
sMeh, WURRATREIESE, WIFE FUNCTION ifih) P4 BAL 5L .
i3 & AP A FUNCTION i A1) (072 Fr b 41 e 7 A2 £ (Package) 1o
[13-9] 4ud4Hf FUNCTION AN .
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
PACKAGE bpac IS
FUNCTION max(a: STD_LOGIC_VECTOR;
b: STD_LOGIC_VECTOR)
RETURN STD_LOGIC_VECTOR;
END PACKAGE bpac;
PACKAGE BODY bpac IS
FUNCTION max(a: STD_LOGIC_VECTOR;
b: STD_LOGIC_VECTOR)RETURN STD_LOGIC_VECTOR 1S
VARIABLE tmp: STD_LOGIC_VECTOR(2'RANGE);
BEGIN
IF (a>b) THEN
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tmp:=a;
ELSE
tmp:=b;
END IF;
RETURN tmp;
END FUNCTION max;
END PACKAGE BODY bpac;
2) FECHM RLER LS
1E VHDL i35 +0, s s &) o] LAYE R A ) h EL R
[$3-101 JH FUNCTION it ik SR RY th AR T
LIBRARY IEEE;
LIBRARY WORK;
USE IEEE.STD_LOGIC_1164.ALL;
'USE WORK .bpac.ALL;
ENTITY peakdetect IS
PORT ( data: IN STD_LOGIC_VECTOR(5 DOWNTO 0);
clk, set: IN STD_LOGIC;
dataout: OUT STD_LOGIC_VECTOR(5 DOWNTO 0));
END ENTITY peakdetect;
ARCHITECTURE rtl OF peakdetect IS
SIGNAL peak: STD_LOGIC_VECTOR(5 DOWNTO 0);
BEGIN
dataout<=peak;
PROCESS(clk) IS
BEGIN
IF(cIkEVENT AND clk="l") THEN
IF(set="1") THEN
peak<=data;
ELSE
peak<=MAX(data, peak);
END IF;
END IF;
END PROCESS:
END ARCHITECTURE rtl;
15 F3EFF, peak<=MAX(data, peak)#f i/l FUNCTION (fjifit. GG S
% a A1 b 73X B data F1 peak FTEFAL. BRELIAIEIAI tp B T peak. 75 MAX(a, b)Efi%
{5 b, SRIFHE tmp AT LURFA5 5 08 8 b, 7R AP HIR T45 4 peak.
FHEAAUR T TR AL e B A REE DT k. S T e S A R e R R
HR, XTI A SEAE A, D BTG EESRERAXENRR, WL
AN B HOL S 70 S F A 4 & (Package) 1T JL AN AR A L HETE 2 U T B — A TR
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(Library). 47 XA A RMPEMEM N AR 1E 3.3 T4l (R, WESRIIR, RRAFR
A LS R ¥ B A AL & AR R

33 BEA. ERRE

B T SRR 2 4h, A, PR R VHDL ¥R 58k 3 AN AT A& BT
AT TC
3.3.1 %

F (Library) S 2090 PEIG AR IR, EAIRAEA & X St X Mk ORI
HE Lo

FERITHAESML T UNIX S5 40 0E R4 i H sk, BERAEOR (0% - 78 VHDL ¥ 3,
I PR3 ) A R BCAE B BT SR T, B

LIBRARY %

SRE, B C P (0 AR T LU b OB . T L, R A AR T
S AT LI O G L (B4 . 1 VHDL 5T LMEE B AR, (HRFER
PEZ ARSI, AN EARES .

1. EERGRREE

Wi VHDL i 5 7 AE P K BT LAJA4N 2 5 B IEEE JE. STD J. Tl ASIC ()
P il SRR WORK J .

1) IEEE &

£ 1EEE e f7 A “STD_LOGIC_1164” A4, B & IEEE iE A AT bRit tLoE
. BUYEATEEA ), W SYNOPSYS 7l iR gt -#efwfle{t “STD_LOGIC_ARITH”.
“STD_LOGIC_UNSIGNED”.

2) STD &

STD Jiéfé VHDL (RFRHERE, fEPEA7I8CH 4% “STANDARD” RELSEty. i Fei
VHDL HAFHERR R, (L H ot # W5 i1 “ STANDARD” H (K808 AT LA b L -
STD Fie it 447 4% “TEXTIO” ALY, fEAE “TEXTIO” GLMEr iy BaRRT, R
SR RS 4, SR A T LA P R . Bl

LIBRARY STD:
USE STD.TEXTIO.ALL:

AL TE BRI A«

3) @) ASIC #9 /4

76 VHDL 7, b 7T 10580, %2 ) a4 LTI ASIC K241, LEEPE DA
W] APRSH.  T T ASIC (I, X PEREAT SR S

4) WORK 4

WORK [ BUATA L. SOV BTk VHDL AT LM B, A7
WORK JEt1, 7R 14 I G o UEATAE AT 5193
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5) M PR SE :
R B 5 ORI R I AR SRR SE, taT LIV ARAE e SUR— M,
IR P PE, AR R TEAE TR [RIRE3E 2 SR AP
2. EmfEA
1) A6yite
ARSI 5 PEER WORK FEAN STD FEZ 4t He 3 PR M FH A0S & SEHEAT 089,
W ANEAR “LIBRARY 4", RN AP, 55b, EBGYIB-& S 2D
AU LR A DI E SRS RS XRE AN R
USE LIBRARY_name.package_name.ITEM.name
FEL, BT P I 8 S B R P AR B R X PR REAT B o
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL:

bR, fEi% VHDL i 527 45 IEEE Frf STD_LOGIC_1164 {335 A IFT 4
TH . XBIH 4K ALL, FoREA I FTA T E A,
2) BHLEE S 694 ML E
PEUAHTE QI M T T — A SE AR BEI T AR, BIEPTR IO AR, OB M1k, A
YRR LA A LU SR, 8 4 S 6 R 11 50 B ) I S A SE AR B T B RO AT R ST
5.
[B13-111  JFEEMABRAMESZ.
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY andl IS

} PEAE R

END ENTITY andl;
ARCHTECTURE rtl of and1 1S

END ARCHTECTURE rtl;
CONFIGURATION sl OF andl 1S

END CONFIGURATION sl;

LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;

} )
ENTITY orl IS
CONFIGURATION s2 OF orl IS

END CONFIGURATION s2;
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332 ks

{144 (Package) WK C i3 1) include #4)—#%, FIR$4% 5| VHDL i & 57
BB S X WHCE X BORFKE. FOMEA. BB XRE NS, BR A
AHENR R, WRESHTTI—AER. EERAKEANTLA USE B/,
it

USE IEEE.STD_LOGIC_1164.ALL;
%) FRAE VHDL R2FF B Al 4 STD_LOGIC_1164 [R/SE& e T A 2 X Bt

HT5
WAL T
PACKAGE 144 IS
[RELI IR

END PACKAGE ffki##: IS
PACKAGE BODY H##&4 IS
[smiEm )
END PACKAGE BODY ffftfr 4: a4k
M BRI LR IR HRIE (Header) HALSE A 44 . WAL A Ph(Package Body)
R ANTHEI. R, AT LU B R AR R, — R A BRI S BT I
4K, TS A AL &R .
[f13-12]  AESREMuEa k.
LIBRARY STD;
USE STD.STD_LOGIC.ALL;
PACKAGE math IS
TYPE twl6 IS ARRAY(0 TO 15)OF T_WLOGIC;
FUNCTION add(a, b: IN tw16) RETURN tw16; } AR
FUNCTION sub(a, b: IN tw16) RETURN tw16;
END PACKAGE math;
PACKAGE BODY math IS
FUNCTION vect_to_int (s: tw16)
RETURN INTEGER IS
VARIABLE result INTEGER:=0;
BEGIN PorReets
FOR i IN 0 TO 15 LOOP
result:=result*2:
IF s(i)='1' THEN
result:=result+1;
END IF;
END LOOP;
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RETURN result;

END FUNCTION vect_to_int;
FUNCTION int_to_tw16(s: INTEGER)
RETURN twl6 IS

VARIABLE result: tw16;
VARIABLE digit: INTEGER:=2**15;
VARIABLE local: INTEGER;
BEGIN

local:=s;

FORiIN0TO 15 LOOP

IF local/digit >=1 THEN

result(i):=1;

local:=]
ELSE
result(i):=0;
END IF;
digit:=digiv2;
END LOOP
RETURN result;
END FUNCTION int_to_tw16;
FUNCTION add(a, b: IN tw16)
RETURN tw16 IS
VARIABLE result: INTEGER;
BEGIN
result:=vect_to_int(a)+vect_to_int(b);
RETURN int_to_tw16(resul):
END FUNCTION add;
FUNCTION sub(a, b: IN tw16)
RETURN w6 IS
VARIABLE result:INTEGER;
BEGIN

result:=vect_to_int(a)—vect_to_int(b);

local-digit;

RETURN int_to_tw16(result);
END FUNCTION sub;
END PACKAGE BODY math;

Bl 3-12 M RALA RS FRER QA P AR, ERMAPRET, & T HAh
HTRRN BRI R BT, TR A A L A R 5 12 o 0 O ) O O

fiio IXPESY IFHEIR I AR s 2 bR BN T BE TG B4

48 SR T 7 AR, L

AR AT XA FORRAT 70 G 75 A AL bR B B, AT ] LA T 4R 1R 0 40
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IS Red.
At th AT LUV AL A PRAT T, X R 7E A bR o th Ao VG IR R AR

AR AR
(613131 @A — DA RE B .
LIBRARY IEEE;
USE IEEE STD_LOGIC_1164.ALL:
PACKAGE upac 1S

CONSTANT k: INTEGER:=4;

TYPE instruction IS(add, sub, adc, inc, srf, slf);

SUBTYPE cpu_bus IS STD_LOGIC_VECTOR(k-1 DOWNTO 0);

END PACKAGE upac;

PR A P L SO AR AR s X T CPU IR 23X M AUAN cpu_bus

Sy 4 RNt T R E O X, LSRR LU 2 E 3 E] WORK
JEh, BB Z YA AT R SR

USE WORK .upac.inctruction;

3.33 HALH

i T (Configuration) i A i it 22 52 2 W) HOAE B2 6 R LK S 1 5 45 M0 2 T (R ERR R R
1 0y LR TSR A i f) R RS ) ORI O, A0 IS BB (R SRR R . ZE 417 5T
W ANSEARIN,  ar DUR PR R RS R, AT Y R LG K LA AR BUYERE IR FE M
Fadteth, B, SR A TRV A . R RGP K B A TR R A
SRS, YRR A AR SR, A I AE AR AR
(. JF LA % (ISR D, A8 7 BRAE B2 e (1 05 B8 ik T L) P R 822 6 S BN Y
B AR AR AR

34 ) ) B A 435 A SR

CONFIGURATION FLE#4 OF $tk% 1S

it h) it :

END CONFIGURATION fi¢ #44:
e P AR AR N 0, JCRERIE AT A, A LA T RAT B
[13-141 e fa SR iR A A B A SR H

CONFIGURATION 4 OF sfk# IS

FOR MERCHIIE 4

END FOR;

END CONFIGURATION FiC 44+

SR T2 AR BR(BLOCK) R JG /H(COMPONENTS) i) # i 4 « EHEE%‘:J'P
DU AT SRR R 4 LAt A BT o SRR T R0 T AR SE 2 FOB
fomE, 1
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LIBRARY IEEI
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY counter IS

PORT(load. clear, clk: IN STD_LOGIC:
data_in: IN INTEGER;

data_out: OUT INTEGER):

END ENTITY counter;

ARCHITECTURE count_255 OF counter IS
BEGIN

PROCESS(clk) 1S
VARIABLE count: INTEGER:
BEGIN

IF clear="1' THEN

count:=0;
ELSIF load='l' THEN
count:=data_in;
ELSIF(cIKEVENT) AND (clk="1') AND (cILAST_VALUE=0') THEN
IF(count=255) THEN
count:=0;
ELSE
count:=count+1;
END IF;
END IF;
data_out<=count;
END PROCESS;
END ARCHITECTURE count_255;
ARCHITECTURE count_64K OF counter IS
BEGIN
PROCESS(cIk)IS
VARIABLE count: INTEGE
BEGIN
IF (clear="1") THEN
count:=0;
ELSIF load:
count:=data_in;
ELSIF(IKEVENT) AND (cl
IF(count=65535) THEN

' THEN

') AND (cIk'LAST_VALUE='0') THEN

count:=0;
ELSE
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count:=count+1;
END IF;
END IF;
data_out<=count;
END PROCESS;
END ARCHITECTURE count_64K;
CONFIGURATION small_count OF counter IS
FOR count_255
END FOR;
END CONFIGURATION small_count;
CONFIGURATION big_count OF counter IS
FOR count_64K
END FOR;
END big_count;

Lofl 314 1, —ABES AT LM R R B ATRE. FEEROL, ik
SN, RS, R AR RR R B85 0 M B 9 BRI A R A BT,
S AR SR INTEGER RSB URRTHr . SRR AT LA R S B U0 S
gl 8 FrHECAR R 16 F1 VM), LAELERE 1L 75 {E e AT 47 3L

R AR AN A G R E S

[53-15)  #it A THADUEH R, SRR E W 3-5 B, E
1 ST R AR T mmz;n

[ 3-5  CHA DY R
AR =HN ST LB R
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.all;
ENTITY inv IS
PORT( a: IN STD_LOGIC;
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b: OUT STD_LOGIC);

END ENTITY inv;
ARCHITECTURE behave OF inv IS
BEGIN

b<=NOT(a) AFTER 5ns;
END ARCHITECTURE behave;
CONFIGURATION inveon OF inv IS

FOR behave

END FOR;
END CONFIGURATION inveon;
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.all;
ENTITY and3 IS
PORT(al a2,23: IN STD_LOGIC;

o1: OUT STD_LOGIC);

END ENTITY and3;
ARCHITECTURE behave OF and3 IS
BEGIN

ol<=al AND a2 AND a3 AFTER 5ns;
END ARCHITECTURE behave;
CONFIGURATION and3con OF and3 IS

FOR behave

END FOR;
END CONFIGURATION and3con;

T A2 S AT 88 A 5 A T TR R R 2% B AR S SE 4, 46/ 7 COMPONENT 55 )1
PORT MAP() i A1) (i P/ i 40 ) 35 SUH 77 TRISE 151 k) o
(513161  HIRIFRIA AR .
LIBRARY IEEE:
USE IEEE.STD_LOGIC_1164.all;
ENTITY decode IS
PORT(  aben: IN STD_LOGIC;
40,q1,92,g3: OUT STD_LOGIC);
END ENTITY decode;
ARCHITECTURE structural OF decode 1S
COMPONENT inv IS
PORT(a: IN STD_LOGIC;
b: OUT STD_LOGIC):

END COMPONENT inv;
COMPONENT and3 IS
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PORT(al a2.a3: IN STD_LOGIC;
ol: OUT STD_LOGIC);
END COMPONENT and3;
SIGNAL nota,notb: STD_LOGIC;
BEGIN
11:inv
PORT MAP(a,nota);
12:inv
PORT MAP(b,notb);
Al:and3
PORT MAP(nota.en,notb.q0);
A2:and3
PORT MAP(acn,notb,q1);
A3: and3
PORT MAP(nota.en,b,q2);
Ad: and3
PORT MAP(a,enb,q3);
END ARCHITECTURE structural;
HAR LR AT SRS T G R, LUR PR B GTRIIOIE, T BURI AR 2 K
PERE K RSB R PRI 28 (R B o
(13171 (RZKREREFRE.
CCONFIGURATION decode_llcon OF decode IS
FOR structural
FOR 11: inv USE CONFIGURATION WORK inveon;
END FOR;
END FOR;
FOR 12: inv USE CONFIGURATIOR WORK .invcon;
END FOR;
FOR ALL: and3 USE CONFIGURATION WORK and3con;
END FOR;
END CONFIGURATION decode_llcon;
(513181 stk MR RINRCE .
CONFIGURATION decode_eacon OF decode IS
FOR structural
FOR I1: inv USE ENTITY WORK inv(behave);
END FOR;
FOR OTHERS: inv USE ENTITY WORK inv(behave);
END FOR;
FOR Al: and3 USE ENTITY WORK and3(behave);
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END FOR;
FOR OTHERS: and3 USE ENTITY WORK and3(behave);
END FOR:
END FOR;
END CONFIGURATION decode_eacon;
FAfi] 3-14~ 4] 3-18 JERC T SR NI ILAMEL T, BB IE A A SR 2 AL 55 4
X RN ERECE, KA ARG DR 8 M.

B B

3.1 VHDLEZ Rt EALTHMILE MR BB MR EHBR

32 WP <G TAG, WU B TEEA5HR 5% 16 VHDLEE X
AP AT B TEB S ZFM ALK K.

33 —AME#RATEA LA BLOCK iE41? 5I\ BLOCK £48 £ & H MR 1+ 42

34 #MiEHA A BLOCK BA AT AKTR? ¥ — AR BLOCK & 4 R # #7,
A 3L R T AL DU — AN AR A AR

35 #BRGBHEERMTL? DRABAHNGRE, P Ak 0 £H 17,
SH-BHEEREE 17 X 07, THE-ARE 17 KX 00 BE—K, HEZ
AT LR ?

3.6 HAWY, #BFEEANUFEE TR RREABREBNAR, TR
#2532 K40

37 ABREAHATHLGE? RFESRRERELN?

38 EHEAA T 4HE? HBTHSHR EHE X

39 EhWLHNMMK? & VHDL ETHE NAHLRE? HRAREREANA
HE?

310 —MLESEHHAHSAK? CESKTHEETL AR

311 72 VHDLEE PREMN T EH RN A? SFARAZ.

3.2 7E VHDL i5 & o 0 26 3 402 77 DU 4 4 0 ey R R 1 02
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$£4 5 VHDL BEMEIREE 5EHRET

FodbE BARIE S —#F, VHDL 83 LA S APEE KA, Aat K § MMl R 6L
R—sth, {2 KRR A, 4o VHDL &3 TAwAF A TELHIAR, X—sast
CHIET P AMACE G, A A ke Sk S iz E,

4.1 VHDL EF &K I2

25 VHDL 5 &, JURATLUR £ —AME RO S 3FK A & 4R (Object). ZAA 1 SIAHRLLT
4 F: {5 (Signal). A& Hk(Variable). % %(Constant). CH(File). 7 LT LB R, X 4
BT AEA SE RS S B, 55 R R AR BB e e — SRR
o, wHO AR R A, MR, RN AR, BH UL
R R . 4 KRB RIS & I 4-1 .
%41 VHDLIEEF 4 XEGKMEXINRRSHE

BRI & X WA
' fE SRR ARCHITECTURE, PACKAGE, ENTITY
. SRR, R
5 h PROCESS, FUNCTION, PROCEDURE
HH WHOE AR LR £ T AT AEAE
it SO AR ARCHITECTURE, PACKAGE, ENTITY
411 B

i $(Constant) J& AN . FERH RO, HURXERE AR T AN RE L,
SRR T A TEAT V00 M0 00 T A et o R RO et U
R

il
CONSTANT VCC: REAL:=5.0:
CONSTANT DALY: TIME:=100ns:
CONSTANT FBUS: BIT_VECTOR:="0101":
WA HBOR GRS, Ll VCC BN 5.0 V., IRATEFTATY) VHDL it 7
D VOC M E R 5.0 V. S AR AT BI04 A RIBRE, o LUERAAAR
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FRIRORAT. 535k, BOTRA (SR SO B AR B Biln,
CONSTANT VCC: REAL:="0101";
TR R BB B AR HERIN

412 Ah

£ 93 Bt A5 hk(Variable) S48 T — Al £42 )5 51 (935 548 ik (Shared Variable), {H4]
EHENAA . B, JUABERRIAT I FF AR R 2P AR R SR . LUS F5 P R R Tk 3 ]
A RO i A .
1. HETE
A CARAGSNERMEEXAL: F5TURLRE, REEMEASCE L,
HSALERIHEAR A BT AT 7 #8 T LUE R AR R, SURBZEUERE . PR P s 5E SR
. RIS R AN, WA AR 3 ME S RATT.
A, SRR R o A7 I A SRR T R b I 4 R LA B AT Ha A i, 1R
e, FE 93 WA UE X T ICEAR R, SRR E B R
SHARED VARIABLE & 4: FX8 4 [ =H#ifi]:
il
ARCHITECTURE sample OF tests IS
SHARED VARIABLE notclk: STD_LOGIC;
SIGNAL clk: STD_LOGIC;
BEGIN
pl: PROCESS(clk) IS
BEGIN
IF(clk 'EVENT AND clk="l') THEN

notclk:
END IF;
END PROCESS pl;
p2: PROCESS(clk) IS
BEGIN
IF(cIKEVENT AND clk=10) THEN
notelk:=1";
END IF;
END PROCESS p2;
END ARCHITECTURE sample;
pl BEARAEM B LT LA IR notelk B “0”, ifif p2 MEFRZER #F F BEHYHE notelk B
2517, AL notelk F1 clk 6AE I %0 HAE IE LA « SES 38 RERAEEREN R0 e
AR ERE IS, AE A5 F T LARE . ERE, WRTRTIR, IR, BROAL
AIFBIEREPIT N IPA N, 27 BRI SR




-56- VHDL {35435 F 5% FB M BRI

2. GEER
A B R AR AE IR ). GBI A RE A A A, RN R TEY
FUSFR A, SRR S AR, BT U (0 SUR LA AT, A R R P
2. AR R T R (R A S
VARIABLE 244 : ¥R A augft=Rik s
fign:
VARIABLE x, y: INTEGER;
VARIABLE count: INTEGER RANGE 0 TO 255:=10:
A R ERR AU AR A M AE I . 100, tmpl. tmp2. tmp3 ¥R REAST, A
2 A I (0 7 A B2
tmp3: =tmpl+tmp2 AFTER 10 ns;

41.3 15%

£33 (Signal) B 1L T LB P SR RE R ORI . EEBR T A B LB 7 IR BT LASE, L
EHEFULT AR ATAN “H07 BB (S EHEEA. BREMEET .
155 WA A A R T

SIGNAL {55 % #IEHRM ARKIF=E&iLR

it
SIGNAL sys_clk: BIT:
SIGNAL ground: B

HRF, SRR “<=” RN, TR G RRER T =" &, mif
RPN AT LU INEERT . B0, s1Rs2 #RAE S, H 2 MFHE 10ns FER LU A BARN
sl IS S AR ) Al

sl<=s2 AFTER 10ns;
fE AR b, ) DU AT UERR 2 A LA

ok, 75 VHDL R B e S MR AT 7 S Bt e 4
i FEIN T (1R AT 4

693 B b ET R SRR, BARWIASBOR i A A O . B

a<=NULL;
PAT A, a AT AU AR

414 fEBRASRERAMK

17 FAAAARBUBA AR, SR AR, 7R3 R R, X
i) - FRAT, UL ED B T R, (EBUT KRR, AR L SH
RO, B RIREAT R =", FTS AN “<=” A, A BT AR
SRR, K AT, DY EREORIG o TR ERAER
AT AR, D, SEBRACN SRR AR AL T 4 FF AT I o
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Wk 4-1 FiR, 5% C A D (AR E(A+B)F(C+BYHKf H PROCESS 4 i it #F2
BES AL By CHH. WREBATH, S ST RS RIET, S ARREE] WAIT 54
WHRRPATE R, WRERATE R SRR AT, M 42 BiR, AT H#HATHIL
T EAARN AL ERA R [ T HEAT .

PROCESS(A, B, O)IS
BEGIN

CmA+Bs Ikt& [N Im L

D<=C+B: | I I l |

T+ +28 T
END PROCESS; AT 4 THA TR iy
T+
1AFEIR
DR AL abE
B4 {5 SN Ve 42 BERRE )BT b A8

(B1411  LURRMAERE M. %, BT
JASDRAT . KRk, (LA R RS A L
1rocte, BAEERER] WAIT WAJIN, ZUEFITES
ST A FAE R AT .

P1: PROCESS(A,B,C,D) IS
BEGIN
D<=A:

A R RRE I i
AT AR, iR RT AT R
Ho GRS REBIAT, AR

X<=B+D:
D<=C;
Y<=B+D;
END PROCESS PI:
4k
X<=B+C;
Y<=B+C:
P2: PROCESS(A. B, O)IS
VARIABLE D:STD_LOGIC_VECTOR(3 DOWNTO 0);
BEGIN
D:=A;
X<=B+D;
D:=C:
Y<=B+D;
END PROCESS P2;



-58- VHDL 134785 5% F 2 /e BT

4
X<=B+A;
Y<=B+C;

LE 4-1 (35 ANHERRdT, D PRI A, AT UARA C . JRAF D AsEf
AAAE, JEAON C i, ZEMH] EAT A A MIFERT, (ESE, AEARAR i T AREATARER, Bk
GO A R ] O GEER . D IR C, XA X A1 Y (A% B+C.

FEB] 4-1 U3 AR, D AR, EHUT “Di=A: 7 EHILUR, A IEEBIRS: D,
BBl X 9 B+A. MG AT “D:i=Cs ", MIifE Y 2 B+Co MIXEATLIA Y, £S5 A
WA AT A A AELAE o B AN, TR B (8 — RS W S AT (8. I AL
A RIGLAE FAANTERAE LRI .

415 3k

{F VHDL i &5 gt T Hise i XIS A —SCAH /At (24 6 (TEXTIO), 75
% TEXTIO 05 i SOA SR AT /5 O BRI 4. I SO SCHHAR. ASCIL #3C
PF, HOAR SCRTRRSRARFRA B2 10 75 B W5 (VHDL 5 30 SCAER SR EAE TR AR, (ELRE AL
R — R . TEXTIO HATE SCHFHTACEE, —4T h— 7R, JFCEE. AT
1. THABIEXRER
SCAER AL SIS S R
TYPE %M 4 ISFILEOF XA FHRM4:
il
TYPE index IS RANGE 0 TO 15;
TYPE int_ftype IS FILE OF index;
2. XHREE
TEXTIO MR THTFF S0 SHSCIE . MSCHF/ S — 4T I R R 41 301 45 AR
G
FILE_OPEN(fF44, "SMBSCF4", SRS R
FILE_CLOSE(ff4)
READ
WRITE
ENDFILECff41)
TEXTIO A S 7T 5 B A Tib i
READLINE(H 4728 &, #4748 50
WRITELINE(H (AT 26 R, 17226
TEXTIO Wi il 1-4b T 3 A% SO 1 B 2T T LA BEHT o B XY Line (AT AL /5 3
SR, line (9Z5H & TEXTIO S SCPFHHEAT HAF ()3 AL, il ST i
SRR, W AT R JPEEIRE line BURFRINLT, 1M i P4 BOAT AL B
JUPRN T 94 058 9 TErh iRk
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42 VHDL &5 %R

WETHTIA, fE VHDL # F9 R, TWHREE R, Kk, VHDL 4
TERIRRERBRARL. S, SRR B @, AT LU B SRR R
VA IR R R A TS S R B, NI R R U SR T s
FB.

LA, VHDL i 55 HOSOR R 52 SR 2474, AN 282 22 1) 0 S8 A s A
AN, i LB AERRE AR, KA ARG BN . IXFE, 5 T $ZRi#H VHDL %
FWER, W URAF AR SRR

4.2 bREERIBERAAY

ARAERHEE KR 10 B, W 42 R,
F4-2 FORRIBIRAR

oW KR " X
f224 H8032 i, —2 147 483 6472 147 483 647
S PP —1.OE+38~+1.0E+38
. BH 0 R 1
fr R P dt
Akt B R BB I
T ASCIL 75
B ) WA 47 fs. ps. ms. ps. ms. sec. min. hr
BB NOTE, WARNING, ERROR, FAILURE
HAREL IERH BRI TREAR: KTEToMBE: E¥E%K: KT omENH
T FRRA

¥ T X 5 S 2 A i S

1. #X(Integer)

WK B PR E SN 76 VHDL v, R RIRTEF N -2 147 483 647~
2147483647, BI-2"-1)~@"-1). THRERL A EHCEMECRREOR T E0E
b, BRI VHDL A MEERNE Y, ERDRAERE ) D I BOR AL TR

IH# 7o
+136, +12456, —457
S RERHAE R 7 RGP T R — R TR ADR RN, (B REECRREE M

Fbt, BARRHEARUAT U R, TR TE R, T AT AR, ATRUR
SRR RIS RARRAT B, HT, AT CAD | R BT M T L eh 3 e AT TR
W SRVERTATAE S RUGAT 5 (R R A TS AR a8 51
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L0 T RGO AR R AT LU 0 £ S R A 1R R TR, I RAE
R R MRS FRE .

2. %H(Real)

PEMHAT SEVE DRt S, 1 0 BT SRR ST B, 6 R P S MDY WS 5
SOMH 2 ST TE 4 — 1. OE+38~+1.0E+38. SE¥CH IE SO, BE I —5@ BA /NN Bl

~1.0, +2.5, —1.0E+38

AR LR R, AT U SRR B, BOE | BEEEOR 1, TSR
FoRMN 1.0, BIANEIOGLR R, (ORI RR AR .

3. fi(Bit)

EBCE RS, (5 S LR AR R AR R TR0 B 1 ¢
S B ] R AR, SRR LA O R, T A0 (LR AR BT
fr AT it T LA R, il

BIT' (1)

RSO T DT KA F R e . BLR AR IR T A AR KR, AR T LU
HeR RO TR B

4. fik&(Bit_Vector)

4% B 03 YT T OB, DN SRR T RS, Bl

B"001 101 010"——9 {i ~BEHIRL 5

X"A FO FC'——20 LA /NHE I s

0"3701"——12 fir B s

X" i .

LRI, fr & RERTTNG By X O Ry A
SRIB SR (E, {ELUR VHDL BT 24

5. #i/R&(Boolean)

A R R R A “E R 7. BAAUREE TR, HER
m%w-&ﬁﬁﬁ%ﬁly&%%ﬂﬁ%*tﬁnﬁﬁﬁﬁkégﬂnwwyEMUHW
A PRI, AL A AN AR B TRUE s 47 FALSE.

AN AR B TR PR AR R IR . A 5 s AR e X
AR, IS ATE O TL R LS SR GO AT A . B S BRI G
FALSE.

6. ZF1¥(Character)

?ﬁm&—wwm%w,mmxm¢ﬁ%Mﬁm$ﬂ%ﬁ@x,mw,v&mmF
VHDL A /N A, LR PR R S TR A Feit. g, BA
[T PR AL a~z PIHE N RE 0~9 AT A BB AR
BREAE, WS, @, %%, fHi7r STANDARD 4t 7 filE X% 128 4~ ASCIL # - FKA,
%%HWWHM&M%mO?MTW%&JM%&]ﬂM&%WW%«%%%mﬁMIm
FREAE, W5

CHARACTER' (‘1)

JURE. A % O R B R
.




B 4E VHDL BT ORBARSTHRES -61.

7. FHFE(String)
TFAF B SRR AN TS, BN FA R RSBl Bl
"integer range"

TR TR R A .

8. EfiE)(Time)

INFIRLAE — AP B R o 58 HE A0 I I S R A A BRI R BB 4, T LA i ot
DLz 1 E DR R IRLE . Bl 55 sec. 2min %, 7E4A STANDARD H45H
T BGE X, HHATH fs. ps. ns. ps. ms. secy min. hro I I E)KCH 451 <

20 ps, 100 ns, 3 sec

ERGA R, IR A, e LLRORGT S B, T (AR R G T
RYIBATIEL
9. $HIRZ4R (Severity Level)
HRE YR IIMIR DR AL RZEMARE, I 4 B NOTEGER). WARNING(& ).
ERROR(Hi##). FAILURECKIO), £ RZE05 KSR, ol LUHIX 4 FisRA SRR RS 417
ARG GXHE Ay DA R AR A GBI T #7400 R T ARG L, JHRIE REIIA FAR AR
AT et 3K e

10. XAFEFEHEM(Natural, BARK). EEH(Positive)

IXPZBER R T2, Natural 285048 SUAEEUT 0 F1 O LL LAY IE4EL, Positive SLAY
R

Fi 10 P 2R VHDL 3555 D ARHEMSOR AR, fEgmfm el LARLBES . sk
JUAERIX 10 FCASMOBAEAAL, W AEAT H i . K2 % CAD | # e & hxd
FREEBEEATRAT TR, BB RO, X I .

1 1 VHDL ifi )i THRYE T, BIULTECiRUE AR D, 0 SR B R AR i 4 p 2
ADTE], AT AN S A R W 2 A7 N0 S TR SR X () oy, o 2 S50 39 A\ 8
BRI R o 24 R I 0 58 T30 R A T B B ) 51 a0

INTEGER RANGE 100 DOWNTO |

BIT VECTOR (3 DOWNTO 0)

REAL RANGE 2.0 TO 30.0
X DOWNTO &758 FI, TO %R ETt.
A § - BCD Rt Lhasas, A2 s b ) 5t i 11 6B AT LU S

ENTITY bed_compare IS

PORT (a, b: ININTEGER RANGE 0 TO 9:=0;

¢: OUT BOOLEAN);
END ENTITY bed_compare;

422 JIyE Ut B

AL RGRIG AMFUE: alBLER D B OOk SCEIR KA.
H o E I

VHDL iff
SCHHR KA
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TYPE $UIM4 {, HRIMA) Bl e 3
#F VHDL 6 11 R AE ZE R 5 B0 FH P 52 S MR KA R B S 4 2L
TYPE ¥4 (» MRARL):
SR e AT (0 SO AR s SR R PGS B S BT REAT 1) B s
R AT B AR R
W i E SRR W LA
o H2S(Enumerated)2s %!
o #¥(Integer) LA
o SHi(Real). ¥ £¥K(Floating)Z%!;
o H(Array) KR
o FEHU(Access)HAL:
o A (File)X AL
o itk (Recode) R
o I (Time) K RICHIE KAL)
AP LR SR SR AR B
1. AR
ZEEERE D, PO NEIRARA “17 B “0” RERN, HEAELEZHKXR
o, DEBFAERAER, £ VHDL EET, TUAMSERAEHT. b, £F
T R FARARB AT, TS “000” KEHIR, “001” KEH—. X
TR TE. i, TBLE X “week” IMEURAAL.
TYPE week IS(sun, mon, tue, wed, thu, fri, sat);
fh1 bk s AT, LR AR F TR AT DU e SRAREE, IXECAIAE “0107
FREWTEME T, SRS .
B2 IO ) 5 SR R F
TYPE ¥EIAA IS oK, LHK, =)
S H R SO R KR R AR 2, Bl mTE R & ¢ STD_LOGIC” i
“STD_LOGIC_1164” r#i#7 ASHARE Yo 140
TYPE STD_LOGIC IS
cu, XL 0, T Zh WS L HY )
2. BEHBMTHAR
WHOLRIAE VHDL i 5 b OAPAE, XHLFT U0 R P SRR, SRR BT BUA
SRR AT B, TE B SRR, A AR 0~9 MR R
P AN RO SR B, BT LS
TYPE digit IS INTEGER RANGE 0 TO 9;
[FIEE, SRR, Bl
TYPE current IS REAL RANGE —1E4 TO 1E4;
T L 4 L MR O 7 i SR R Sk
TYPE ¥R 4 1S iRl XLy RIIH:
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3. HeBRR
B AR BRI S IE RPN — B0 BER AR BT LR 41,
T Ll AR Y.
BAlsE X BERKRA W K-
TYPE ¥4 IS ARRAY TG OF FMHEARRI4,
I LI R X — TR A e, U P OB R . il
TYPE word IS ARRAY (1 TO 8) OF STD_LOGIC;
F5 0 X TG AR DS e MR R, U 5 SR B R o e 2
4. it
TYPE word IS ARRAY (INTEGER 1 TO 8) OF STD_LOGIC;
TYPE instruction IS (ADD, SUB. INC, SRL, SRF, LDA, LDB, XFR);
SUBTYPE digit IS INTEGER 0 TO 9;
TYPE insflag IS ARRAY (instruction ADD TO SRF) OF digit;
BOHTE B2 X &% ROM. RAM ERGRA D Ef] . “STD_LOGIC_VECTOR” /&
THABIEAR, /%A “STD_LOGIC_1164” 5 X:
TYPE STD_LOGIC_VECTOR IS ARRAY
(NATURAL RANGE<>) OF STD_LOGIC;
IXBEIH e “RANGE<>” 5, XE—MRAUHRMNEMA. EXHERT, JH
s S B R . -
SIGNAL aaa: STD_LOGIC_VECTOR (3 DOWNTO 0);
5 R HORIRL AR KA o, 29 JE R B 0 R A e, 9 R — A e O PR 2 A i
BHORHE .
LAEBAFEH BN U LSRR, TS ERATEERBEEY, R T
A R SR B O S Bl
TYPE memarray IS ARRAY (0TO 5, 7 DOWNTO 0) OF STD_LOGIC;
CONSTANT romdata: memarray :=
(o, 0 "0 0 0 0 0

10,

S )
SIGNAL data_bit:STD_LOGIC;

data_bit<=romdata (3, 7);

[R5 60 et 41 M Wl FE 3 AEDR A .
AEARNRIMLELI %305 e A T B (KL AL AN SR L BIAR o 76 LITR (0, itk
B, BFEAMEH AR GENRO, 6), LURBUFRO, 5). 0, 4)s = (0, 0). A,
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FEGEE A AR, 7). WEHAAE SRR S LG,

4. BESE (YIBARR)
FERI 1A () R SR B R AR el i, SLATE R
TYPE ¥(#E#M4 1S Jull:
UNITS #4854,
08
END UNITS;
foign:
TYPE time IS RANGE -1E18 TO 1E18:
UNITS
fs;
ps=1000 fs;
ns=1000 ps;
Ws=1000 ns;
ms=1000 ps;

sec=1000 ms;

min=60 sec;
hr=60 min;
END UNITS;

0).

A HAAR “fs7, 1000 f “ps”, BUKHE. MIEZWEAT PR X

SR, XA, B At AT LT E X e
5. iZR%EH

SR )RR ARG A, T SRR I (0 MR A SO % AU

SRR ET A U SRBAR A5 S
TYPE #(#E%%!4 IS RECORD
JCES: BRKMAY:
TEHEL: BHRERAL

END RECORD:
JIRRE S ¢S LI T 3 ¢ Ll E AL I LB
TYPE bank IS RECORD
addr0: STD_LOGIC_VECTOR (7 DOWNTO 0);
addrl: STD_LOGIC_VECTOR (7 DOWNTO 0);
10: INTEGER;
inst: instruction;
END RECORD:
SIGNAL addbusl, addbus2: STD_LOGIC_VECTOR (31 DOWNTO 0);
SIGNAL result: INTEGER;
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SIGNAL alu_code: instruction;
SIGNAL r_bank: bank :=("00000000", "00000000", 0, add);
addbus|<=r_bank.addrl;
r_bank.inst- code;
Fid i SCS! B A DRSO T (0K 52 A A T I R S SRR A Y
ST B, SRR EGE T RG .

42.3 Iy U TR

FH s SUIR T SRR P 6 50 SO S0 2K T8 A — s R A T G P — e 14 4
HAL, PRI AFOI R B BRI 45 TR e At -

SUBTYPE {14 IS kA4,

i, 7 “STD_LOGIC_VECTOR” :fli LB BBy F2n T :
SUBTYPE iobus IS STD_LOGIC_VECTOR (7 DOWNTO 0);
SUBTYPE digit IS INTEGER RANGE 0 TO 9;

FATRY AT LU S5 B A s Y R R A, 0 v A sE A RUSUROR R AL [ 8 Bl
SUBTYPE abus IS STD_LOGIC_VECTOR (7 DOWNTO 0);
SIGNAL aio: STD_LOGIC_VECTOR (7 DOWNTO 0);
SIGNAL bio: STD_LOGIC_VECTOR (15 DOWNTO 0);
SIGNAL cio: abvs;
aio<=cio; II:Hifk

A, AT AT A SR S I BRI o AR KO 2 R TR ALE
WA TRE X, il USE Infuedi g i h .
424 BiRRRIEHR

#F VHDL 5351, 3008 KR 5 SURAR 247k 11, AR R AL B R A EREAT IS SR
PRI . b T SEBLF# AR, LU BN BB IAT AR S, XL
KA . 78 4o G0 W VHDL 6 5 (i arieft. #ilin, 7€ “STD_LOGIC_1164”.
“STD_LOGIC_ARITH". “STD_LOGIC_UNSIGNED” {584 324t T 3 4-3 Jionitiik
ERTIA bR B

#4-3 BUREBTIREH

LS Y fE
« STD_LOGIC_1164 {8 fy
TO STDLOGICVECTOR(A) 4 BIT_VECTOR % #t 4 STD_LOGIC_VECTOR
TO_BITVECTOR(A) th STD_LOGIC_VECTOR %t 4 BIT_VECTOR
TO_STDLOGIC(A) iti BIT &4 STD LOGIC

TO_BIT(A) i STD_LOGIC Z&#:hk BIT
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“x
WM % h f

+ STD_LOGIC_ARITH 3£

CONV_STD_LOGIC_VECTOR(A, {7{) tH INTEGER. UNSIGNED. SIGNED 7 #t i

STD _LOGIC_VECTOR

CONV_INTEGER(A) # UNSIGNED. SIGNED 28 #: % INTEGER
* STD_LOGIC_UNSIGNED 44

CONV_INTEGER(A) i STD_LOGIC_VECTOR %#t/# INTEGER

[#14-2] 1 “STD_LOGIC_VECTOR” Z&#u “INTEGER” 134
LIBRARY IEEE;

USE IEEE.STD_LOGIC_1164.ALL;

USE IEEE.STD_LOGIC_UNSIGNED.ALL;

ENTITY add5 IS

PORT (num:IN STD_LOGIC_VECTOR (2 DOWNTO 0);

)

END ENTITY adds;

ARCHITECTURE rtl OF add5 IS

SIGNAL in_num:INTEGER RANGE 0 TO 5;

BEGIN
in_num<=CONV_INTEGER (num); --(%#:3)

END ARCHITECTURE rtl;
$e4h, 1 “BIT_VECTOR” %4 #ei “ STD_LOGIC_VECTOR” A% Jif#. fAA

“STD_LOGIC_VECTOR” i R ~#b#I%, WA “BIT_VECTOR” [Ifiky — 3%
LIgh, AT RSB\ I% . AU, “BIT_VECTOR” da] LU “_” oMM
{fr. Filiifg)LANEFR T “BIT_VECTOR” Al “STD_LOGIC_VECTOR” (R

SIGNALa: BIT_VECTOR (11 DOWNTO 0):

SIGNALb: STD_LOGIC_VECTOR (11 DOWNTO 0):

a<=X"A8"; - NHEHIME AR TR AR

b<=X"A8"; iEHA, TANHHIEA AR TR

b<=TO_STDLOGICVECTOR (X"AF7");

b<=TO_STDLOGICVECTOR (0"5177"); J\if |44

b<=TO_STDLOGICVECTOR (B"1010_1111_0111")

425 BIRIIGRE

76 VHDL iff 55, AN ol LU IR ST 1L F SRR — RO I Bl
foitm:
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SIGNAL a: STD_LOGIC_VECTOR (7 DOWNTO 0);
a<="01101010";
BEAR L FICCR, ATLANTE “01101010” AR % Hi (String), A 247 K & (Bit_Vector),
ifi /2 “STD_LOGIC_VECTOR". {H, iR ithkitgst. fitm:
CASE(a& b &) IS
‘WHEN "001"=>Y<="01111111";
‘WHEN "010"=>Y<="10111111";

END CASE;
TEEBIT, a&b&e MIHERARMBAME, WA RAERMR. LIXFHL T REX
BARHEAT R BB OX AT C B FPHRGITR). BOmAR e r 7 SRR AT L
“HRAL”. Pl
a<=STD_LOGIC_VECTOR' ("01101010");
SUBTYPE STD3BIT IS STD_LOGIC_VECTOR (0 TO 2);
CASE STD3BIT (a & b & ) IS
WHEN "000"=>Y<="
WHEN "001"=:

END CASE;
AR R IR E )7 5 MR R B AR BRI, X — RN S R R

4.2.6 |EEE 3 “STD_LOGIC” #1 “STD_LOGIC_VECTOR”

7E R EIER RN G, HIFE] VHDL MARESERKR “BIT”, € -MZEAEK
ECpsith i&%ﬁ#ﬂxﬂi e/ “0” A1 “170 i T RBURAAFEAREREX, BEA
T S98h, B FEAAFLE G BLRE  DH It AR F R AR X0 i 2505 14 2.« A ik, TEEE
£ 1993 4EHI5E th T Hi i bRHEEEE STD1164), #44 “STD_LOGIC” R aT LI A 1 F 9
AR -

U—HIh
'0'—0:
T—1s

‘Z— b

] E‘THdﬂ
“STD_LOGIC” F1 “STD_LOGIC_VECTOR” f& IEEE #iffilii (FRAEMEHE A, b
JEAE VHDL V5N A INM SR, PR e ) s 20 H sk SRR 2R b o
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GARTIBRI, TEFT o A P B A R4S AL S R BB
43 VHDL &5 [Wia FH 5

75 VHDL 503t 4 KHRAER, 0ol LL4) 91317 1 48 12 B (Logical) . K REH
(Relational). A& §(Arithmetic)F1 ) #1& $(Concatenation). HAEERMIEL, BHRIERIDT
BAERRT SRR, FLERAE BN R SRR AR R T SR (R AU 8 54h, 85Tk
Ve ARSI, PIUEHHE SR NOT ZEFTA A D AR e Gt . R 4-4 I T &
AR K

£ 44 BEFNRER

QT SEH BRI RT AR AR i
1% AND pd ]
OR AR
NAND 5
NOR gHaAE
XOR RS
BHEES A SLL BEREY
SRL BRAY
SLA HARER
SRA HARLE
ROL BRI AR
ROR B4R
= 5
= REE
< MY
KRBT S T
<= MFET
>= KT%F
+ n
I e JFEIZSIET - w
& R
+ iE
[IEN ket K n T
— T )
" / L5
FeRIE T MoD T
REM A
** fiik:d
ABS R i
51 NOT R
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4.3.1 ERISHFF

7C VHDL 5 51 87 filr, ZHHEHAFIATLL R 6 Fh:
NOT—HU

AND—1;

OR——;

NAND— 5l

NOR—akdF;

XOR— 5.

15 93 RPN T 6 B BB H
SLL—2# /i 8

SRL—IZ# 4 B+

SLA—ARAH:

SRA—H AL B

ROL—— 4 fH A H

ROR——ZHHFH 4 B«

12 FE S S A LU “ STD_LOGIC ” A1 “ BIT 7 % f) 3% # B ¥ 4% .
“STD_LOGIC_VECTOR” W RIKAH R A /R BV R AT B HHEST . MAIER, BHRHM
JERMANATIL, A RARAA 5 (K Bl KR SR AT T

B ANFADEERA L B REAN, 1 C EEPEHY B ARANRERIT
RS, Mi7E VHDL i &b, AATRA IR ZEM. i, 76 FBIh, wdmstdmiEs,
T2 TS E R B R IR

X<=(a AND b) OR (NOT ¢ AND d);
BIRWATEISE, IR A BHHRL AP A AT “AND”, “OR”. “XOR” ity FHz 511,
WMARBIEFHIWIFAEA L2 PBOSHEMKCE. B, 5L LUAIEN. Fim:
a<=b AND ¢ AND d AND &;
a<=b OR c OR d OR ¢;
a<=b XOR ¢ XOR d XOR e;
a<=((b NAND ¢) NAND d) NAND e; (:%ZIEHHT)
a<=(b AND ¢) OR (d AND e); (ZEHES)
BRSSP, NOT MRS .

432 FARERF

VHDL i 5 A7 LA R 10 R SEARZ SR -
+—
—— ks
Fe:
—:

*
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MOD—K#E;

REM—I(A:

+——IECJtiz s

———1( TCEH):

*——i R

ABS— AN

FESARIBE D, — OB IBRAERE . PO AT IE TSR R S8 YR ).
TR AR (R P MOt FT LA AR RO K, (N R AR (SRR, SR BRI BRAE
o U A RSO SR, R LB SRR S SO R, SLAE R — ML AL
APER R B DA A — 2 A B AT A AN MR . SRR (R 3R A B U IR — B4
KAMIRR . AN B0IE T () 2 SR T LR AT RO RSB, T A R A O 8
BT BRSO SR, A RSO AT LU S50

S b, RSB ILIE GBI ARIS SR LU 47, =7 T TEMURATRK
W, (S SEAE SRFEATIESE, R HIRAE A RIKIBSLAF <7 0, NAFHINTE. W
AT 16 RO, HAMESETHBLBL 2000 1. M THREHES “ /7.
“MOD”. “REM”, SEHUMAERCH 2 TR S, B U ar e AT AERY .

24§ “STD_LOGIC_VECTOR” AT “+” (W) “~” (WIEFIRT, FPHILKIRAESA
AR KRR, MAF=AEEER. Hh, 7 BHRRILNAL ARG KM E
AR R KA, [RIRF th & LA

433 XRFRIBHH

VHDL i 514 LA R 6 Fik RBH A
=—%F:

>=——KNT%T.

K RIS A AT PR A SRR M, AR I 0 K RO S X LI B A ) B A
A RFRER, b, S8 <= AR%S <= WLLERITE ARG, EkRE
75 W) AT 48 Fl T8 BC(INTEGER) . S¢$((REAL). fi£(STD_LOGIC) % M2 K M LL R i1 K B
(STD_LOGIC_VECTORYSSUAIA M % RIE . LEMAT X RISHINT, Jidi il A
I DA, (UK A, SR BT . TR % RS S AR
for 2 B AT OB, U R M A IR TP S, 1 2 B A SR BT AT LRI . AEAT
KRR T, FUREHS 1 2 A0 I LEARe S SR e RAB ST AE R, B, X 3 LA 4 47
(437 SR BEREAT LA

SIGNALa: STD LOGIC VECTOR (3 DOWNTO 0);
SIGNALb: STD_LOGIC_VECTOR (2 DOWNTO 0):
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a<="1010"; 10
7

IF (a>b) THEN

ELSE

END IF;

LBih, a A 10, b ER 7, a ML b K. HE, @TRRRRMES A
ELAEY, U BEIR R R, a (FIKEGREN “07, 1T b IIARIBIN “17, BISLEHESER b Lt
a Ko IXREI A R AR R AT A bR E 5L

AT AR BT X RIEH, WK S “ STD_LOGIC_UNSIGNED ” i %t
“STD_LOGIC_VECTOR” X RBHAHE T 5 3, AT LUEMMMAT X RISH . -
E&muwziﬁ;wawéifﬂifﬂﬁﬁA B8R, ﬂtﬁﬁ/é&ﬁﬂTUW!@&i&ﬁéﬁ?tﬁ

434 FFEISTAF

HEEHAF “&” A TRIER. Bltn, # 4 MIAFBBHR “&” ERERRTLL
IR AT 4 ROKHERRL R A PIAS 4 RS PR B A “ &7 T B0k T LUK
R 8 AL KRR, ) 4-3 ?ﬁ;‘éfﬁﬂ]%ﬁtﬁﬁ‘ﬁﬁ*%

o o
b0) ———
b1) 7
b(2) —————

e
b(3)

() ————————————————— ¥4
ay ¥(5)
L — )
@) —m8m8 ¥
P43 S RS St
4311, en J& bO)~b)M VAT, 1M y(0)~y(T)PAELEM F XA

y(0)=b(0) y(1)=b(1)
y(2)=b(2) y(3)=b(3)
y(#)=a(0) y(S)=a(l)

y(6)=a(2) y(N=a(3)
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VHDL iR IE T 5% FB LI

SRR R I B IS LA AT MR A S A R

o

tmp_b<=b AND (en&en&en&en):

y<=a&tmp_b;
AR b 0 4 GLL5 R en BEATIEFRAE] A 4 fLRLR R, B

Foi 4 RIRLRE a B4 KRS b BYGEROT BN 8 (AR & y Hrill.
R (TR AT PR BRI 1, K3 BB AR BRI S BTl Bl

1,

tmp_b<=(en, en, en, en);
SR EANE F TR R 3. R AR TV R AR«
a<=(a, tmp_b);

AR BIER, Bl E— MERATRRIT

tmp_b<=(3=>en, 2=>en, l=>en, O=>en);

tmp_b<=(3 DOWNTO 0=>en);

FESRE AL BIARNT, HRTLUR “OTHERS” KUtHl:

tmp_b<=(OTHERS=>en);

PER RS AT “OTHERS” FURMTEIRIT . 35 b R IMIER bQMIESFTS
“0”, JCERLIMIERET 530 en, A RE KA A

4.1
42
4.3
44
4.5

4.6
4.7
438

tmp_b<=(2=>0', OTHERS=>en);
B B

VHDL & & # 3 XEARE K. KEOESHERAESRMA LY
155 fok A R AP G AT E ALY
£ VHDL 55 AR X AARLE? AP T EE X REATILL?
A =S BB count12_out T BBORMR, M B EAFRATEN?
T AR 3R ¢ 5 X AR AER T EA?
SIGNALatmp: STD_LOGIC_VECTOR(7 DOWNTO 0);
SIGNALbtmp: STD_LOGIC_VECTOR(0 TO 7);
SIGNALcint: INTEGER;
SIGNALdtmp: STD_LOGIC_VECTOR(15 DOWNTO 0);
atmp<=cint;
atmp<=btmp;
btmp<=dtmp;
L BERAHE AR S EAMED, S HERHBERNS .
FETH 4S5 AT LI cint AN aunp, KLE A # ik E K
%MWM % D, #% STD_LOGIC. STD_ULOGIC. STD_LOGIC_VECTOR.

STD_ULOGIC_VECTOR Z F# % %. Tol#fFRE EH?
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SIGNALa: STD_LOGIC;

SIGNALb: STD_ULOGIC;

SIGNALabus: STD_LOGIC_VECTOR(7 DOWNTO 0);
SIGNALbbus: STD_ULOGIC_VECTOR(7 DOWNTO 0);

a<=b;

abus<=bbus;
49 BIT % & 4 fr STD_LOGIC ¥ & $# 4 # 1 4 B 5|7
410 VHDL EEHMLXEEZH? £ NRARPHSHEHAH DL EHE
M #ATEH?
T INKBAREERK?
a<=NOT b AND ¢ OR d;
a<=(NOT b AND c)OR d;
a<= NOT b AND(c OR d);
411 FEEHHATFHLEE? TANHEEHREEH?
SIGNAL  a: STD,LbGIC;
SIGNAL eb: STD_LOGIC;
SIGNAL b: STD_LOGIC_VECTOR(3 DOWNTO 0);
SIGNAL d: STD_LOGIC_VECTOR(7 DOWNTO 0);
b<=a&a&eb&eb;
d<=b&eb&eb&ebdeb;



<74 VHDL {35475 F 5 5% P2 M BR

$5F VHDLEEMIEAREALTR

EH L FF ORI, A4 RATAM 3 A RRRAE ik 0 Xt ATk, BPATH
ik K, FH BRI AR T XAk 7 X, & 3 A 7 KARF 69 A
St R G IATAT A A et ik, A SATHOLT. KA Aitit 7 Xe) VHDL #3242
BTG, MAMAITAMALY VHDL B2 RAXRKSRATEAH A, FH#L
TABATEH 44, ATATTIE 34 KRR Rty 4 ik o5 XM — A4,

5.1 i AARmAT R HR 7T R

HraRER R B TAT Rk T R, X — A E AR R BT S, LA I T

s, R FISRATUA S ] VHDL i 35 A (B i Bk B AT R R BE . A IR

AT R R, A D A A BRI T (R, A — AURIIEI, AT R TR

SEXRGHOE R R, TR SRR b A A7 B A R A Oy SN S MR O R e (EAT

SRR 7 R BOFLFE KRR FAGE S K FOB BIPEIERT | A 5 R LAEAT 40

A RN AT B 4 10 VHDL A, oKL, SRAIT A iU VHDL & 5 /7
E B RGECH MO0 (TS R TARREL 7 5T

7 VHDL i & T7fE 2 4 1 A FHBR RGUAT A i), &A1 VHDL i 5 011 46

BIR U RGO HEATAT DR RN . IXSEE R S R TR

51.1 RAIEMW
AN VHDL i 35 PEATAT il i g Al o 0

a<=b;
SRR a 7980 b IO, MIEAA M, BUTH S b MEDRRARIE S a .
TV b AN, BB AEARBEIAT . FTLL b RN MR,
AR fds S IR U
fii it <=t FE ik
filtn:
z<=a NOR (b NAND c);
AP 3 MR 2y by co CIRIE MR LR LR 0BEAL, AN )RR RAT o
LA R B 1) ARG R
a<=b AFTER 5 ns;



%58 VHDLIETHEGER L X .75.

ZHAURR: 6 b RAEFMENL S ns URABRAENES a.

AFAE, —A THAESG TR TEAAEN, ERMAGRREZLLS, 50T 5
7 B B LB A3 O B AL I TR, B ANSE RS 5 s 517 AR tH Rt AT L
FRAT S ] AN A R o

(BI5-11  FRATHERS I 1E) (AR N T A R iR 5 T T IR S R 4
ENTITY and2 IS
PORT (a,b:IN BIT;
c:OUT BIT); il
END ENTITY and2; 'é
ARCHITECTURE and2_behav OF and2 IS
BEGIN
c<=a AND b AFTER 5ns;
END ARCHITECTURE and2_behav;
I T2 AN FIAT Yotk 5 Ak DU - e B i 1)
Fo VU RIS R 0B 5-1 TR BS1 P
[ 5-2]  #iRPU%— L ) VHDL % 5% .
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
USE IEEE.STD_LOGIC_UNSIGNED.ALL;
ENTITY mux4 IS
PORT (i0,i1,i2,i3,a,b:IN STD_LOGIC;
4:0UT STD_LOGIC);
END ENTITY mux4;
ARCHITECTURE behav OF mux4 IS
SIGNAL sel:INTEGER;
BEGIN
‘WITH sel SELECT
q<=i0 AFTER 10ns WHEN 0,
il AFTER 10ns WHEN 1,
i2 AFTER 10ns WHEN 2,
i3 AFTER 10ns WHEN 3,
X' AFTER 10ns WHEN OTHERS;
sel<=0 WHEN a='0' AND b='0' ELSE
1 WHEN a='l' AND b='0" ELSE
2 WHEN a='0' AND b="l"' ELSE
3 WHEN a='l' AND b="1' ELSE
4
END ARCHITECTURE behav;
CEVE B AR AR T AT 6 ANHIS TURT 1 AN . a R b RIS PR S KA

[

|

D — Fa B

I
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L. fEER R, a /b A 4 FHUE 0~3. a A1 b MEUEKHE i0~i3 P s —MRA
S RS LA PUE B AR g A, RO RN 5-1 FR.
51 MiE—mERER

b a q
0 0 i0
0 [ il
1 0 i2
1 1 i3

TE) 52 T BIANEA): B MERRERER, B MERRAAER, RBME
REARANKRER, R, 14 WHEN ST E R LR, R
NEA AN SR sel i A q.

B AMEAATR, RS o HIBRR S sel B ATT(, JRERM S AR
R i0~i3. X' i MK R 1 q #ith. TEEWNOL R, q WA 0~i3
2, EARER S R X .

BAEORATI, MR a A b I ERARE, # 0~4 BRGS0 sel. EFFOLT,
AR sel BN 0~3, ARIEH B FAAA 40

SR AN B DB/ RBUBAS S i, A58 AN A, a AT b RBUBME S, M a M b AL
fT—AMEA AR, ZE BT . B NE IR SBUREY sel, HE sel HAHNE
B AERRAIIT. iR, RRXBAERR AT LUPRIATI . XK
PATHOMES, KEEm bt B,

5.1.2 HErfiEH)

76 VHDL i 5 PAFE PRI A WEPEGE R FIAGARAERT . IXPADIE M T T° VHDL
R AT Stk )

1. tRIEER

76 VHDL ¥ 1, ARPEGEIN RGN, BIZET AP SRS BB, R n g g
SRR, KA K% SO AEAT 0 07 T 2 R BB A Y -

FEMPERERI R, RGBS A AT 55 SR A AL AT BRI TR (R GE RS, I BUIE I
RV F D R A BB A IOENE, BRI AERT . BEERER A — A E RS L W AR
YR BN S AR T RGBS O ML RN, ST A IR AL
WP 52 Bk, A AT, SUHIPEREM BN 20 ns, 441 TRERIOAI S a A A
10 ns FOIKPPAT 0, SURULI b MR ODERFIGILP B R 0T %5
20 ns (097 1B, O AEILSCBLIE R ROTINE, MAGT SRR e BT 20 ns,

JUTHi A S RO TR AT, P, RECF B (U BE A Bk T B FU 0 SURE A
[siEba AR, CEAON AT SN AP I I B o

b<=a AFTER 20ns;

BLPEGERS B AT 07 SO AT R L, TR SR A DR B, S (R R A

EES
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2. fEiEet

1E VHDL #&, fEHaEm A R, AR R I . Ao T4
RLIEN | LR HERT R ASIC {54 b (AR AERT .

R 5-2 FEORIAT )RR IR PE SR I AR AE R R AR, AR 20T LU B 53 R
HBIEEE R B 5-3 BRSO LB R, AT RBERIT T, 2545 10 ns (ki
JEAINRE, 2620 ns fEUHIERT LR, ZEMIHIRAA2E 10 ns PORKSRBEIE . kR, Wit
TRF5 5 BRIE IR IS 04, 44 58 2 BB SR IB N BTG, TS5 480\ B (K AR
il

b<=a AFTER 20ns: b<=TRANSPORT a AFTER 20ns;
a | - a
, b o E
0 10 20 30 40 50 60 70 $ons 0 10 20 30 40 50 60 70 80ms
Fs5-2 HAERERD R P53 fLAREER )

ATt R AN G A an 1

b<=TRANSPORT a AFTER 20ns;

Wity “TRANSPORT” J2 %1 Il F UL WAL 8 M (R T 782 i)

1593 B, A S AR nT iR S K SERE BR R, 7EAT S B Kk R b REJECT K i
BkRhBESE . ot

doutl<=a AND b AFTER 5ns;
dout2 <=REJECT 3ns INERTIAL a AND b

[ FFh, “REJECT 3 ns” kb 5818 B 3 ns.
5.1.3 ZUGhAHIEE

{ VHDL i &b, G0 ARSI el LS AT S RN ARSI, Y 24 9
ATHIIN, TERTRE R AR AR A A0, AT S B0 — N RN 3 . IR AE MR AR
PR 2T 2 AN T RSB A AR I, A7 22 tH B 2 AN R0 88 1 L 3 1 2 )
Fef LR LI, HIBRNXAESL, 2 9KEN BRI R AL 7 AR

ARCHITECTURE sample OF sample IS
BEGIN

a<=b AFTER 5ns;

a<=d AFTER 5ns;
END ARCHITECTURE sample;

76 L& sample IZ5HITT, 75 a AN SRSDUE b A1 d 9880, B AR SIANE
R RIE - ANIRE) 2 A dh LRI S a0 B - FBMBIE MRS, I
flih b, £ 5 ns EMPYRENLT S as SEAMEAIRIER AIRBHE, IS d. 265 ns EMY
SRENGT S ae TEXFMRTEL R, A5 a IRGDREGR TN RE B8 3 b R d, IBALGTS a 3




.78 VHDL iR 15T 5K P W BRI

IR T X FPEARAE OB 26T o R B 5 . b T ARk SRS 28 I S -
IMEB IS EAT IR, eSS STD_LOGIC_1164 % | 1 X T — il 3 ph s BT
B, FOWHIRERE T, FARE R, RIS RSB RN ) ME SR,
R SU 8 —AMEL K R K
[6153] {44 STD_LOGIC_1164 i3k T Al s ik BiiA ity B 4 AL T o
PACKAGE STD_LOGIC_1164 IS

TYPE STD_ULOGIC IS (U,X, 0,1, Z, W)L’ :
TYPE STD_ULOGIC_VECTOR IS ARRAY (NATURAL RANGE<>)

OF STD_ULOGIC;--#| PR BB 1]

FUNCTION resolved(s:STD_ULOGIC_VECTOR) RETURN STD_ULOGIC;
SUBTYPE STD_LOGIC IS resolved STD_ULOGIC;— TR MR ]

TYPE STD_LOGIC_VECTOR IS ARRAY(NATURAL RANGE<>) OF STD_LOGIC;

END PACKAGE STD_LOGIC_1164;
PACKAGE BODY STD_LOGIC_1164 IS

CONSTANT resolution_table:STDLOGIC_TABLE:=(
-u X 0 1 Z W L H - [

(U, u, 'u,oUL UL Uy UL U ), -Ul
o, X, xX,OK, X, X, X, X)), -IX1
(U, X, X, o0, 0,0, X', -0l
[CUD U GRS LA CRR W 0% X)), -1l
U, X, o0, 1oz, WL L HY X, -zt
cu,oX, 0, T, WL WL W WY X)Wl
(U, X, o0, T L WL L WY Xy, Ll
cu, X, 0, 1, H, W L CHLOX), H
(U, X, X, X, X, X, XX XY -

)
FUNCTION resolved (5:STD_ULOGIC_VECTOR) RETURN STD_ULOGIC IS H3 il ¥ 445
VARIABLE result:STD_ULOGIC:=Z';-- #iBHLARZ
BEGIN
IF (SLENGTH=1) THEN RETURN s(s LOW);
ELSE
FOR i IN SRANGE LOOP
result:=resolution_table(results(i));
END LOOP;
END IF;
RETURN result;
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END FUNCTION resolved;

END PACKAGE STD_LOGIC_1164;
A1 53 PR T HIRAE, LRGBS 2 IR B RN, AT KR
Bt
FUNCTION resolved (s:STD_ULOGIC_VECTOR) RETURN STD_ULOGIC;
Lt egrh, s RATRE, HAKEMR 2 WM HIE S5,
filtn:

s ATHCO, T, 'X)
sl: =resolved(s); --s1 4 STD_ULOGIC

RPN 173 MBS, JMBEDHIN €07, “17 A “X”. sl RIX3 A
SR RS S, MAEIXAER T, sl PR T AR ? 1 A i 3
resolved(s)fF EIKRIGMEN K “X”, ALK s1 MREMA “X”. # s=(0, 'Z, 'Z), ¥
1 resolved(s) A FHERIFME “0”, HBAULRE s1 MPRARIN “0”. JXPE, 5 3 ook Bt T
UL IE 34 2 90 5 2840 tH N (045 547 8 -

5.1.4 GENERIC i4)

GENERIC ) H il TR FZ K Z 5 B ki #in, fE5#LR$09 1, GENERIC
AT AL R B . B MR AC LUK B8RO RE I I 1] S S 8 AR 3 . B R BT R
WERREBCRRI LS, Iy B RAEEE, WA SRS, Bk, ZEEER
TAT Jodtiid 5

/1] GENERIC 15455 T 38 H RS @Atk . #ildn, BHGR —MA S T4T R, =
NG TTRE R R R, R d FERRMMRRR LT SRR, AR
ASHEMIH BT PSS EOR AR — B, BRI R A RO E A,
H IR IR S TR R h S S BOR A E M, FEA B
LRGN, U] GENERIC #AUR A5 52 SEAIMGI, B St &R 4 5110005 71

HOBELGG.
[#15-41 R/f GENERIC &I —AN5Lhi.
ENTITY and2 IS

GENERIC (rise, fall:TIME);
PORT (ab: IN BIT:

¢ OUT BIT)
END ENTITY and2:
ARCHITECTURE behav OF and2 IS
SIGNAL internal:BIT;
BEGIN
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internal<=a AND b;
c<=internal AFTER (rise) WHEN internal="1' ELSE
internal AFTER (fall);
END ARCHITECTURE behav;
B 5.4 AT TN G105, MR — AN 5-4 FURIA L, BAR
W 54 S ST EFA FRIN AR, {14/ GENERIC F1 GENERIC
MAP A RS A AT 1 NS 4R N IAE, LA A R BRI B .

uo

ina
inb

inc
ind

5-4 3N THIAG TR B
[515-5)  FUTHI 54 A HA T TBKRE 54 RSB VHDL 5
ENTITY sample IS
GENERIC (rise, fall: TIME);
PORT (ina,inb,inc,ind:IN BIT;
q:OUT BIT);
END ENTITY sample;
ARCHITECTURE behav OF sample 1S
COMPONENT and2 IS
GENERIC (rise.fall: TIME);
PORT (a,b:IN BIT;
c:OUT BIT);
END COMPONENT and2;
SIGNAL UO_c,Ul_c:BIT
BEGIN
U0:and2 GENERIC MAP (5ns, 5ns)
PORT MAP (ina,inb,U0_c);
Ul:and2 GENERIC MAP (8ns, 10ns)
PORT MAP (inc,ind,Ul_c);
U2:and2 GENERIC MAP (9ns, 11ns)
PORT MAP (U0_c,Ul_c.q);
END ARCHITECTURE behav;
{149 5-5 7T LA B, GENERIC MAP i ffizhfie s : 7EAEM R4 and2 SRS F,
OPAEAE U0 U, U2 =110 EFH TR R RER AR 6, U0 19 EFFRTE ) 5 ns,
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Ul [ LTS 8 ns, U2 19 ETHINIA G 9ns: UO B9 FRERSE 4 5Sns, UL 1 FRER ),
10ns, U2 ({9 BRI 11 nso ik o i o 48 280 vT LA 56 il i SRR e b 1R 2R

SeAh, MATICE VR BT PR R IAT ik U558, W GUARDED BLOCK 4%,
VHDL #5772 B MR T F T SRR S R B R i 5, R AR ERA TR
PR, GEAE R R R MAT A AT R R ¥

5.2 MG A AL B (RTL) R 75 20

S0 WETE, RAAT R HiETT A VHDL 1 SRR AT R AT MR R
(R0, MANRERHAT B 8 E A o FIAT Ak 77 Ui VHDL # SHF A7 %05 0 RTL ik 5
KA BTG & RS, RTL Rk 7 204 AL ST T AT i A 5 & (R iid g e
TEHSEATF R, B4t RTL A 5 sUR O M ik 77 50

5.2.1 RTL i Ji Rids sl

RTL $ifiid 7 AL~ F W iU 47 47 B AR 0 . 1528 i R, 7R RTL
ik An, BERH VHDL A B JERRIBING BLANHE SR A BToR. fF RTL
HR TR, SR A A7 BRI — XN PUEA, SR A B Z IR L g -

[$15-6)  Fififk 5.1 ¥i0PUsk— ¥R M RTL Hiidk 45U #) VHDL ¥ 5 b )5
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL:
USE IEEE.STD_LOGIC_UNSIGEND.ALL;
ENTITY mux4 IS
PORT (input:IN STD_LOGIC_VECTOR (3 DOWNTO 0);
sel:IN STD_LOGIC_VECTOR (1 DOWNTO 0);
y:OUT STD_LOGIC);
END ENTITY mux4;
ARCHITECTURE rtl OF mux4 IS
BEGIN
y<=input(0) WHEN sel ELSE
input(1) WHEN sel: ELSE
input(2) WHEN sel="10" ELSE

input(3); input() ¢
END ARCHITECTURE rtl; JLLUES y
191 5-6 F SR AT DU - o 1) 2 AT i g 4 5 £ i1l
RTL ik £ 4« sel

RIS A 3 LB g, ks i
PP 5-5 e T P SRR AR ) () VR A i 55 ik
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[6157]  Fighigsidi RTL ik Jr K.
LIBRARY IEEE;
USE [EEE.STD_LOGIC_1164.ALL;
USE [EEE.STD_LOGIC_UNSIGEND.ALL;
ENTITY mux2 IS
PORT (input:IN STD_LOGIC_VECTOR (1 DOWNTO 0);
selIN STD_LOGIC:
y:0UT STD_LOGIC);
END ENTITY mux2;
ARCHITECTURE rtl OF mux2 IS
BEGIN
y<=input(0) WHEN sel="1' ELSE
input(1);
END ARCHITECTURE rtl;
[615-81 RABAE——x$ iy RTL ik /.
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
USE IEEE.STD_LOGIC_UNSIGEND.ALL
ENTITY mux2 1S
PORT (in0,in1.scl:IN STD_LOGIC;
y:OUT STD_LOGIC);

END ENTITY mux2;
ARCHITECTURE rtl OF mux2 IS
SIGNAL tmpl tmp2,tmp3:STD_LOGIC;
BEGIN

tmpl<=in0 AND sel;

tmp2<=inl AND (NOT sel);

tmp3<=tmpl OR tmp2;

y<=tmp3;
END ARCHITECTURE rtl;

B 5-7 Ak BB NI, WA RLH T W B AT, R
AR PR AR T BUEAT IE B ORER: 1 TH1 5-8, RFRA BB AT it
JLERERIRIG, PSR TR ik, SUE TR T IR, R VHDL i ST IE
Wik, BTl MFRRECR MR LR, NGB 57 (SRR AR RTL
ik RIFT o

Bl CAD BEARMIANE, A IE 2 SR oDt AT i 77 R AT AR 4
RN — 2, 2 KK CAD HRIAKTY.
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522 M RTL #iid)i XpIERMINE
1. “X” RISHTEIR

TEHATH RTL Bk ZExd Fr vk R AT (RS, 7ER B a LU A L8
XLRE NG RHATH . 2T LVERAT KR, REHIEG B PEE “X” ik
i, EAT LMEAG RTL (BRI B B A B A — B 4 2R

BT X7 OREMERE, SR ERAHEE SREMEE, SRAZHE GRS RE
Mg R . AR RTL IR RN, BEEEHREAFNIRUMITPR
RAVFHILH .

Bl 5-9 & —A AHBNBRIE RTL #3824 sel=1 Bf, JHH y b “07 %4 sel=0 i,
I y 170 IRIEIXE sel (FPREH “X7, HAR “X” R “17, §FFHIT ELSE
I, AEEHL 17, XA X7 AREMMAT - BALBBE B, E R A0 B R IER.

[$15-91  —fiff \ 8 1F 1 RTL g,

PROCESS (sel) IS
BEGIN
IF(sel='1)THEN
y<=0;
ELSE
y<='1%
END IF;
END PROCESS;
[5)5-101 4% 5-9 MHHBEIGUF .
PROCESS (sel)IS
BEGIN
IF (sel="0)THEN
y<="1
ELSE
y<=0";
END IF;
END PROCESS;
[REY sel=X' I, L0 y FOKESR “07. H THILIXMAEIRMLR, EH 5-9 +
KT y<='X" i 0:
PROCESS (sel)IS
BEGIN
IF (sel="1THEN
y<=05
ELSEIF(sel="0'YTHEN

y<=15
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ELSE
y<="X"
END IF;
END PROCESS;

LT ELSE JALLAT, #F sel BT i1 a7 REER G ARAE T HIHRINAR, 4 sel=X I, UM
Wy RS “X7, AL MBIR ARG R, FEBRGAN, ELSE JURZH BN, XH
RTL {7 S5 SR A 5 A (A S4TSR — R

TE R B R CANEOR R O, FUS S I B R & IR PR 270 240U SR I
{50 RSB, A A HI X7 RE ML, T IRUEE S K EH TAE,
FHURA “27 NI, W 56 B, R S-6 1, FEAETIREAE, A 27 R
ANy X ARAS TGS FEE6 S EN (RIEAEXUR SR B “Z7 IRER, JURAH 07,
IEHEEUE R “17

Pl 5-6 1) 4 e L B AR L BRI AE A

2. #F7FE RTL #iRRIBREY
th RTL Hi& 7R 0B 4 g b, SOk, %927 30 B0 B 15 RTL B 150
JEBUR. (R, A P88 RTL MR ARALREIN, iR B .
(1) BEIEAE ANIRR A e A A7 28 R . RTL M 76— DRERE H g —
AAAFES . A0 5-11 IBREXS I A A BREAT R AR S VRN
U651 AR IR A7 (e P A A A7 RS H A SE B o
PROCESS (clk1.clk2)
BEGIN
IF (clk1' EVENT AND clk1="1") THEN
y<=a
END IF;
IF (cIk2' EVENT AND clk2="1') THEN
7<=b;
END IF;
END PROCESS:
(2) #E LA IF A0k ELSE Bi. {ER] IF AR A A7 4 DR, 281K ELSE
T, ) 5-12 BRI RE RN A% A Y -
[f15-121 #1441 IF it A0 P () ELSE Jis4i.
PROCESS (clk)IS
BEGIN
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IF (cIKEVENT AND clk='1)THEN
y<=a;
ELSE AR
y<=b;
END IF;
END PROCESS;
(3) P AF AR AN S A AFBRRA D, DB, Wb 5-13
Fi7re
[616-131 47 B filid b AN S
PROCESS (clk)IS
VARIABLE tmp:STD_LOGIC;
BEGIN
IF (clk EVENT AND clk="1') THEN
tmp:=a;
ENDIF;
y<=tmp;
END PROCESS;
3. REXMIEREE SRR
TEBLE “ 57 B sl PR, WBE NI LR IHATICR M, AR R A
PR R (FUE, (EVF BRI IR D, AR, AL S AR
RIRBEMR i, 1M A7 2545 5 FLATIR R R, 7EXFASB R, A TEZEESUE,
UL I BRI b o e SR AR, L S LA
PRtk . B 57 FioRitg sk ol LUT] A ERAE, 0 5-14 B, tRT LURA £t
TR, i 5-15 fiac.

a dout

cout

457 LUERRIRK %
[(515-141  Jil AUERRGARE 5-7 Prsif 2.
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL:
ENTITY ex! IS
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PORT (a,b,c,zin,yin:IN STD_LOGIC;
dout,eout,fout,gout:OUT STD_LOGIC);
END ENTITY exl;

ARCHITECTURE rtl OF ex1 IS
BEGIN

PROCESS (a,b,c,zin,yin)IS

BEGIN

IF (:

dout<='1";

' AND b='0") THEN

eout<=zin;

fout<="0";

gout<=0

fout<='1";

gout<=0';
END IF:
END PROCESS:
END ARCHITECTURE rtl;
(15151 HIZAUEFHIRE 5-7 PRt g
LIBRARY IEEE:
USE IEEE.STD_LOGIC_1164.ALL:
ENTITY ex2 IS
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PORT (a,b,c,zin,yin:IN STD_LOGIC;
dout,eout,fout,gout:OUT STD_LOGIC);
END ENTITY ex2;

ARCHITECTURE rtl OF ex2 IS
BEGIN

PROCESS (a,zin,yin)IS

BEGIN

IF (a='1') THEN

1

dout<=
eout<=zin;
ELSE
dout<="0';
eout<=yin;
END IF;
END PROCESS;
PROCESS (b)IS
BEGIN
IF (b="1") THEN
L&

fout<='
ELSE

fout<=0";
END IF;
END PROCESS;
PROCESS (a,b.0)IS
BEGIN
IF (a='1' AND b='1' AND c='1') THEN
gout<="1";
ELSE
gout<="0";
END IF;
END PROCESS;
END ARCHITECTURE rtl;
1 EIUAM T a BUF H, 7ER) RTL SRR, AU ShliR #1008 1E # gk AT 2 4
O, LR HATRAEROPERS, RS RTL SR — e KRR AR 2 o

5.3 MEERE LR T

Pt R R R, SR TE BRI B b, R R B R 2
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(R, S P TE T B  TORM R A S AR R R R T TE . AR
7 AR BB AR, O o LUK AT I R T T B B b B, BE
B4 T AND [ 1. OR ['JAI XOR [THIHY, i AND [1, OR [ 1Al XOR [Tt
HOATBURIN G0 G, M4, JHIXSEIL 8L ALGAND () ENTITY. OR ) ENTITY
Il XOR () ENTITY)Z83E 23R T LU e 1 BE b L ) ENTITY o S A% ik LA AF
I, FLARCED 5 e R P T BN AR, PR R Ay R B A
BT AR BETE AT

5.3.1 HIREMAGRIIAII AL AHER:

S R ) S5-8 R, HIAE K AR SRAE KR P ) 5-16 BT
(61 5-16) &ttty ik ik
ik bl 3
ENTITY mux2 IS
PORT (d0, d1, sel:IN BIT;
g:OUT BIT):
END ENTITY mux2;
ARCHITECTURE struct OF mux2 IS
COMPONENT and2 IS K58 i iBHRE
PORT (a, b: IN BIT;
c: OUT BIT);
END COMPONENT;
COMPONENT or2 IS
PORT (a, b:IN BIT;
c:OUT BIT);
END COMPONENT;
COMPONENT inv IS
PORT (a:IN BIT;
¢:OUT BIT);
END COMPONENT;
SIGNAL aa,ab,nsel:BIT;
BEGIN
ul:inv  PORT MAP (sel,nsel);
u2:and2 PORT MAP (nscl.d1.ab):
u3:and2 PORT MAP (d0,sel.aa);
ud:or2  PORT MAP (aa,ab,q);
END ARCHITECTURE struct;
I 5-16 er UG, 75 % FEERIOAGRE P T COMPONENT i (UfeHl T ik
A 6 A AR (TEIX i AND, OR. NOT [ L), #Akgiti #5611 JTI PORT MAPQ
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VA A BRI 35 111 45 BT BEH (0 4 BEBR(ZEIC M uls w2, w3y w3 UBCRARR, TR
SCHREIAAE 55 LRRBT B ISR R IR B X R
TR Ktk 7y TR B IEAT 2 R SR 8L B, SER G5 P A
A, WO TR TG ASIC B AL, & %I ASIC Ml X T4 Ok
BRI AN T ALSG, XK 3 A2 MR R T LU 3 ANE R Gk Aik «
1. ASIC R&EHIfHIR
BB R ASIC LB KA S 2 1 510 B0 TR ) 3 b A i e R L)
B2 ASIC iftrs ik ) 5-17 Fios.
(615171 ASIC & HHlik 9t
asicl: BLOCK
PORT (...);
COMPONENT and2 IS

END COMPONENT and2;
COMPONENT or2 IS

END COMPONENT or2;
COMPONENT inv IS

END COMPONENT inv;

SIGNAL ...;

FOR ul:and2 USE ENTITY WORK .and2;

FOR u2:0r2 USE ENTITY WORK.or2;
BEGIN

ul:and2 PORT MAP(...);

u2:0r2 PORT MAP (...);

END BLOCK asicl;
asicn:BLOCK

END BLOCK asicn;
(i1 5-17 10 & 0 Fir ASIC )7 (SR T4k ANl ASIC )7 AN ) AN BoRig
R ARMIG ) BRI TR B Ko AT IX5E ASIC 507 BEA T 445 A i vl LAAS S LRI
ASIC Mo AR AT SR it S A IS ASIC 57, M I AT EI AT
2. EHRREER
BERMRCEBAE A7 T IR ASIC 8 Rk«
[5)5-181  SRIHASHIHIA Jy skl 4 AR () I A e
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ENTITY printed_board1 IS

PORT (...);

END ENTITY printed_board1;

ARCHITECTURE board! OF printed_board1 IS

signal ...; HhER 1
BEGIN

asic1:BLOCK

END BLOCK asicl;

asicS:
END BLOCK asic5;

END ARCHITECTURE boardl;

ENTITY printed_boardm IS
PORT (...);
ENI IT] 3
END ENTITY printed_boardm; TR m
ARCHITECTURE boardm OF printed_boardm IS

END ARCHITECTURE boardm;
0 5-18 SR T m SRR R — U RS ASIC IS ALK, DIBERX R
. RSB T R AR 0 R LB (N S H R
3. RGREHHER
B A G m SRR R, TR R, WA E TR AR
Bei - A AT G 0 TR RO . LR, REREHER S BIat 5-19 Pk
[515-19]  RELLE MR
ENTITY system IS
PORT (...);

END ENTITY system;
ARCHITECTURE struct OF system IS
COMPONENT printed_board1 1S
PORT (...):

END COMPONENT printed_board1;
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COMPONENT printed_boardm IS

PORT (...);

END COMPONENT printed_boardm;

FOR B_l:printed_board1 USE ENTITY WORK .printed_board1;

FOR B_m:printed_boardm USE ENTITY WORK printed_boardm;
SIGNAL ...

BEGIN

B_1:printed_boardl -- #{FH 1

PORT MAP (...);

B_m:printed_boardm - {4 m
PORT MAP(...);
END ARCHITECTURE struct;
HI L = G Rl T LSBT M B R GE 44 BB R, XIS B T D L
i v SRAR KA Ty

5.3.2 COMPONENT if4)

TEMIE A S5 KA T, COMPONENT i Al RFEA R T A). G FITEE T M
ek BT P (G 2 AN B AR SRR BUR . Biltn, 7EHI 5-16 (1) K ARG HR Y
i T 3 A COMPONENT &4, 435151 F1 T BURLHY 3 Fhi THIBE IR . 1K 3 A ] Lt
FEFE LA FEAEFT S 210X 3 F0 ] gk, S ] COMPONENT A3 AT 7
A R P AR e AT 5 ORI - COMPONENT i ) (¥ 4 A 45 5 A X

COMPONENT Jift4 IS
GENERIC #H;--Z#5iW]
PORT it H; -3 11 L)

END COMPONENT Ji{f:4;

COMPONENT %41 1] A7 ARCHITECTURE. PACKAGE & BLOCK (f] it B 43 1 i
fil. 7 COMPONENT I END COMPONENT [ 5] LU i T2 L8 i¥) GENERIC % )1
FH-F-5% 11 589 (F) PORT 6]

GENERIC % FI- T4 e nf A S 5 AN sRIRAE, 110 PORT WA 1 B8 e i 4
N S A
5.3.3 COMPONENT_INSTANT if4y

COMPONENT_INSTANT #if4& i HafL ik v AR el e D — AN HEA R A) o IKIEFUHEIL

G RS A S5 W A 2 U B P R . Bl ZEBI 5-16 A THRAG T as
be ¢ AN M S WO S5-8 1h 5T u2 1 nsel. d1 Al ab = FSEREARIONT . B 5-8 1Ry
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B0 2 TR £ 0 56 AR 3o A A T I 5K FROR SCBLIE PRy . COMPONENT
INSTANT i A )45 55 Al B
ki 45001 4 PORT MAP (i 45

)

it
u2:and2 PORT MAP (nsel d1,ab);

FRS A INTESCIE S IR I, (R A B R S A e . R SR
5 1475 5 'i‘J‘sM JEPE7 5 H PORT MAP (MU X RIK R L. WSk WiFh: &b
VAR S TR R L PR N T

1. 1ﬁiﬂ9e§f77,t

JE AL EGE, R AR F R TR D RS S ISR AL E AL PORT MAP(O
R SRR S B R - N B, AN TR R e X
LU

PORT (a, b:IN BIT;
¢: OUT BIT);
FERETH IS 51T w2 (O F St R A R s
u2:and2 PORT MAP (nsel, d1. ab);
AL, 7EE 5-8 7h, u2 (1 nsel XH1V a, d1 xR b, ab XFAY .
2. AFRMRSITE
BB ARRBOR, RS LA 1 bR B B 1 335 L1 BRI T B R 5 5
%o Bt
u2:and2 PORT MAP (a=>nselb=>d1,c=>ab);
BT TEL F o S0 1 1K A ) A o
HERZUORAT, 45 Ha A o] LU 1 RTL g, 27 LA K AL RTL R0 R ik
Jike

> I

S PR AR R ERA T AHE? RAT AT R RE N
VHDL i & £ /F 2 & M 7T #7245 67

S2 A RBMERT R FE 52 B THREER Y Sns, WKF
1 R EAF AT 2

53 A4 E S AR Y resolved(s)? # ¥ — 45 & A 3 MR SER, R
Bl A1 20, u&lﬂ]ﬁ*’»ﬁ5I&F)’t;%9‘74k*‘ﬂ;sz’z

5.4 At RTL #3 FAMR A AN EERSERL? B RTL 3 7 X
P4 S oy AR R AT DL

5.5 7E RTL 7 K44 %f%ﬁ&”ﬁ&ﬁ'ﬁw\rﬂiﬂ’

5.6 fhoRApE e H R T K2 LI Ry EEENRBEN?
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%6 % VHDLESHWEEHAEA

A VHDL 3% 3 46 R G HHAT A B, J538 & PATIRE 3 470, TTolo A
(Sequential)4# /- 3% & Ao 3+ £ (Concurrent)4# £ #& 8] . 4|4, #4275 4) (Process Statement)® —
AFEAEG . = ABIKA TR AN BALE R AL, 42354 2 HF K IATe.
128, EBRAERHFIAE D LA HAES ., LAit, REFBHRAE LETF—4
8] —AE IMATH). Bldo, IF 8. LOOP % & 40 B T LN FIRES, RikiE
A K38 &) BT VA E A W4 B ek IR AT A RN AT A

6.1 TR ER]

NP4l ik i ) B PR ERR B TR s R SCHERR B R TR IR S0 I
A i fY I B B R GAT AT L L S RSSO ) D g
BAEA AR JBHHAST, TSR BIREE, FRIFIMAS . WFRR R R Y
W R, L ARG LT I ABIT IR . 4 VHDL i 5, AR L
LU R LA

o WAIT ifi1y;

o Wiiiinn;

AR
o AR
o IFifify:
CASE iff1):

.
. s
® NEXT ifif);

e EXIT ififi);

o R

o NULL ifify).

NULLCE) AR S RL T Rl A SR A, (LR &l DU SRk TR A3 R A
A RS G A B A PR SR A AR S £ VA
.

6.1.1  WAIT if4y

BERAEGTTOEAT I AL - FIRPTRR A Z o AT sl . UERORA AL A2 1
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AR, ST RSN, RBEER, FR R BT WAIT 6
AT 4 FORROZAE: IS BHIE. AL DU A, LI
faT LA, AR

WAIT ——JCBR AR

WAIT ON —— U S R
WAIT UNTIL —— AL

WAIT FOR —— T A ]

1. WAIT ON i&4l

WAIT ON i)y e B 5 Ul F
WAITON 5% [, 551

WAIT ON 4 FHBRE MR — A REAME S pim:
WAITON a, b:

RN TS S a B b RAEEh. a®HE Db oh g —AME S RE LR,
SRR, TIAKSEHT WAIT ON i) R4k 4). WAILT ON o] LLFF AR )ik
FROHAT, JLAERIEE S S A — M HN L.

(#1611 WAIT ON AJ LA A SRRt A

PROCESS(a, b) IS PROCESS
BEGIN BEGIN
y<=a AND b; y<=a AND b;
END PROCESS; WAIT ON a,b;
END PROCESS;

Bl 6-1 PR Rk 552, SUZ WAIT ON f1 PROCESS R T R
S BB AR B, 764 WAIT ON iR R, frivastisuz L]
WAIT ON ifi4)fiflis 6T WAIT ON i fufyifet, Husf BN AE RS
PROCESS Ji BRI 11 st . 75 BEPE R0 2, 4014 PROCESS i CATBUSS 5 I B0, I
S e RS ] WAIT ON ifih). filtn, #)6-2 R AR L.

[16-2]1 PROCESS ifify 47 HUB i 75 L BEWI IR 5E o
PROCESS(a, b) IS
BEGIN
y<=a AND b;
WAITON a, by --§fiigifit)
END PROCESS;
2. WAIT UNTIL i&8)
WAIT UNTIL i A 56§ 455 6 5t
WAIT UNTIL #ik

WAIT UNTIL i) ) i BRI 2 A R 4 HRAT RS R R, HEIR
ISR A “E L, SERRA R A )

e A R R ARG R TR LR AR A R
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o, SEBIARIA AT KV RV G RAERA IR Pl — A <307 i, WEERRE
BEFRA, HEHAT T MEN. filn.
WAIT UNTIL ((x*10) <100);
XA D, A5 x BEKTRET 10 B, SHRHITSZEE IR Yx
/1 10 B, BEFE AR B, AREEAT WAIT iER) G 4kiE .
3. WAIT FOR i&f]
WAIT FOR ifi i) e 8 13 S i 3t F
WAIT FOR I ] #ik s
WAIT FOR i&H)Ja R AR MRER . L FRRAT R ZE R, e
(R REI A B, BEFR FEIFAAHUAT WAIT FOR & A) 5 4B A, #iltn:
WAIT FOR 20ns;
WAIT FOR (a*(b+¢))s
15 LGRS AR, MERGE R AR 20 ns,  HERBAT BIZE AR S
£§20ns. —H 20 ns W12, BEFHHAT WAIT FOR a5 4G Al
TE LS AN, FOR JRIH &AM EZIAR, a*(b+o) 2. WAIT FOR if
AYLE AR AR B A AT RIS, TSGR ] (R A B A R S A I )
#ltn, a=2, b=50ns, c=70ns, JS4 WAIT FOR(a*(b+c)iXAMEAIK A 240 ns. a2 i,
it A1) WAIT FOR 240 ns 2511
4. BEME WAIT EA
TERTTH CAUANY 3 4> WAIT i), SRMFARRE -, BARESHE, AR
ARt BN, bR 1, WAIT A8 a] LLR B A6 2 A SR %01
il
WAIT ON nmi, interrupt UNTIL((nmi=TRUE) OR (interrupt=TRUE)) FOR 5ys:
FRE AR E LT 3 ANl
(1) 455 1t nmi A1 interrupt PEFT—AN 47— YOHT AL
(2) 1554 nmi 2 interrput AT AN “FL™
(3) EIEH DR 5 pse
LU Lk 3 AR A REANFAHL, WM EREE), MEERIT WAIT iR
JAkifEf) .
R, (EB RN, RAXWEEDNAE M SR Bl
WAIT UNTIL (interrupt=TRUE) OR (old_clk="1");
L% 5 A1 interrupt il old_clk SRR, TR B, IR A RSP B
ATFOBOE, % R 2ot 2K AT ARSI S8 L, 7SR AR rh AR iR i
AT LSRN, R, A A RE RIS A A, ARSI R A
BEfE I an. A RER AR, SUH S AR A R s R B Al s i - OB I
AibaT.
5. BE%ERF
FEFEAEAERCRE RO Bl TRV IR IR D, AR G TS 0 SR A1 7E 92 B AT I
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Tﬁnﬁut SRR, AR BRI RS UM A, LAR IR
VA A G AR A (R, A OR AT v, USRS S A, TS
’hﬁ%ik‘ﬁ’-lﬁ?an
[(5)6-31 EINERIRE.
ARCHITECTURE wait_example OF wait_example IS
SIGNAL sendB, sendA: STD_LOGIC;
BEGIN
sendA<="0";
A: PROCESS
BEGIN
'WAIT UNTIL sendB='"1";
sendA<="1'AFTER 10ns;
'WAIT UNTIL sendB="0';
sendA<="0"' AFTER 10ns;
END PROCESS A;
B: PROCESS
BEGIN
WAIT UNTIL sendA="0";
sendB<='0' AFTER 10ns;
'WAIT UNTIL sendA="1";
sendB<='1' AFTER 10ns;
END PROCESS B;
END ARCHITECTURE wait_example;
1Bl 63, —MHEENAE AR, JXW"J&%"J&IV@" 3
sendB AT FEIEARATAT JA, (R E AT LA A%“y?"nn kb
FRBHIOBARA, BB ITRE S R, .
FEATEEAI B, BT R S BT K HERRE H FE SUA S IAT 5 2
AR, (EAEIh, R A TEOTSUS B AUAS), TERIT B PR b
WAIT UNTIL sendB="1";
SRS, #ERE B [EEAER
WAIT UNTIL sendA="1";
B R R A DUG RS 7R S — 42 i) WAIT UNTIL sendA=0' L. JKREBG M
eI R —4EA) R sendA<=0 E1E B AN SEAEA AL T SRR
] AR R A 0T Ao L), B UERE R FHATH €07 AAA sendB, 1M i R 7E B AR
(5 AR Lo At PEANERERLAL TAR H AR RRRA, PR RS AR T
PR AR % R (0 A T 0 T AT . IR N RARR A A —ANil
AT, AR ARL T LA SRV R R AT, AN 5 T A SEBUR A T A BERR AT
B A TTARLE ) F BT NGB, (5 FRVEFUJR T T BUIN- -4 ASSERT(RT il

MRS, EIATE) R R
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() 6-4) AT SR TR R o

ARCHITECTURE wait_timeout OF wait_example IS

SIGNAL sendA, sendB: STD_LOGIC:
BEGIN

A:PROCESS

BEGIN

WAIT UNTIL (sendB='1") FOR 1ys;
ASSERT (sendB="1")

REPORT “sendB timed out at"1' "
SEVERITY ERROR;
sendA<='l'"AFTER 10ns;

‘WAIT UNTIL (sendB='0") FOR 1ps;
ASSERT (sendB="0")

REPORT "sendB timed out at 0" "
SEVERITY ERROR;

sendA<='0' AFTER 10ns;

END PROCESS A:
B: PROCESS
BEGIN

WAIT UNTIL (send,
ASSERT (sendA="0")

REPORT "sendA timed out at ‘0" "
SEVERITY ERROR;

sendB<='0' AFTER 10ns;

WAIT UNTIL (sendA='1') FOR Ips;
ASSERT (sendA="1")

REPORT "sendA timed out at'1' "
SEVERITY ERROR;

sendB<='l' AFTER 10ns;

END PROCESS B;

END ARCHITECTURE wait_timeout;

='0) FOR lps;

T 6-4 1, AEASFREANEIRIE R | ps B, W RAERRE G AR AF I )L

T 1ps, WSS -4 ASSERT ifif). ASSERT #fJff)

AW B RReE

NGRR3R A DY T R R R T B S

6.1.2 Wit

LI
O LRI T L. ASSERT M) M-B 5 Rl F -

ASSERT)ifi f) V45T FRRFR 50, WP I A-BL TR, LAy S0 B
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ASSERT #4{F[REPORT f#ittifii &I[SEVERITY #5il];

AT ASSERT ¥, ShEt AebREATHIR . WARAAER 207, Wi FHRAT 5 — A
W)y AR IR, S ARG AR R (5] . 7E REPORT Ji3 BRI &
WFEFB S, W RREHRIEE, SeFRRANGS " iEfk. SEVERITY
e TR S 1 IR () ¢ ) . 26 VHDL i 3o, R TR 43 4 D 45): FAILURE,
ERROR. WARNING. NOTE.

filtn, 7E61 6-4 A MR R3S RFE AU HIER K ASSERT A0 F

ASSERT (sendB="1")
REPORT "sendB timed out at'1' "
SEVERITY ERROR;

W EAI SRS S sendB="1"s WIAHAT BN AR, {75 B sendB='0', WL
B ZAE R AL, A4l REPORT JRERMISCT & . S0 H W B0 T BN 4R
SEVERITY J ¥R HE 5 1% VR A B3 SEHHBF3 ) ERROR . ASSERT i A1) A R/ (1
TURIH R R T AR

6.1.3 faSAIL

(AR ILLE S 4 B T VER, X RISt
RS RAERI B E AL

H i) 5 3t Ak

B AR B S RRAR AR F AL B S R, sl

a<=b;

SRR S b 00 S AT T H AT S R 2. WERRAIRIIAR, RAE AN
9 owem” FIK RN T TR “<=” &80, BIEFAMNARRAERR, MER
FORSCRIA SURIB . A5k, AN S BIALT S BRI KON 2 —#iy .

6.1.4 AT

AR KBS R T
EIES Esutivg
R AR R D 1 R R FGA N AR, (LR PR AR ST
H (A fik (A R METE AN ELA T . AL RIS AT LR R S R AT
AR RER SRR S AR AL Bl

WO, A SR 2 A M, BT R
IHW AR 93 BRI T JESEAeht, SESeas inl /4RI A
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6.1.5 IFiEh)

IF 40 SRR BT 1 10 2 1 SR s BT OB S ) 00, U BRI H AT A L R 3
AR
1. IFiFRFES
FHAET TSI IF A0 B S F
IF %{F THEN
T AL R E A
ENDIF;
MERFRAT I IF AN, 3SR IF SRR AR A AR, IS4 AL,
W TF 5 A BT A 3 B A0 B O RHAT s 0 SRR AL, AR Bk IF )T &
B AL BRI A, T T PAT IF AR AR ). R B ARSI .
[ 6-51 IF a2 HR S,
IF (a='1") THEN
c<=h;
END IF;
% IF AR IR AN I e B 6-5 th, a RITFEEHIE 5 B b REAS S it
¢ RIS AIITHEEIE S a 1 W, MG R b ERIEIR R R B T
SR oo WA B, ¢ (195 b AR MBI, % a1 B, c<=b IBAIRPIAT, ¢
AR ISEAL, AN S B b R AR A% .
R HR 2B S5 9 Ll AR D AR 85
[#16-6] D kM VHDL i 5 ik
LIBRARY IEEE;
USE IEEE. STD_LOGIC_1164.ALL;
ENTITY dff IS
PORT (clk, d: IN STD_LOGIC;
q: OUT STD_LOGIC);
END ENTITY dff;
ARCHITECTURE rtl OF dff IS
BEGIN
PROCESS(clk) IS
BEGIN
IF(clk' EVENT AND clk='l') THEN

qe=d;
END IF;
END PROCESS;
END ARCHITECTURE rtl;
1061 6-6 1T, TF WEAORIARA SR I s 45 ik AR, TLIER S clk='1'e SURTERAS
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I q S S d RN I MRS AN, q A FFIOR (ML

2. IF B E R iR

Y IF i A AR iR I i A K

IF %A} THEN
BT AL
ELSE
T 4R R
ENDIF;

FECH I TE AR, 4 IR 5 A FTRR A I & P10 LI, #40UT THEN 1 ELSE 2 [)
S OB AL B 24 TF W RFTESE (R AE AN AL, F§ 34T ELSE A1 END IF Z i)
SR (B AR A R, A MO B 4 AN R PR AT I B 42

SRR (1) SR B AR LR S R T TR

(#1671 “EE WSRO a Al b, UEFREEEING A sel, ML ¢ i, IF if
AR AT A (R R
ARCHITECTURE rtl OF mux2 IS
BEGIN
PROCESS (a, b, sel) IS
BEGIN
IF (sel="1') THEN
c<ma
ELSE
c<=b;
END IF;
END PROCESS:
END ARCHITECTURE rtl;
3. IF BRI EEFITH
IF il A1 22 SE PR P 1) SURR IF it fu iz, IS5k X e
IF %I THEN
MG b
ELSIF %} THEN
ML 4 S

ELSIF 4 THEN
MUY AL ER )
ELSE
I AEER
END IF;
QA & BRI TR D, W T AR, MR R R

=
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PAT LA R BRI FALFR T A SRBT AT BERE R A A RO AL, WIRAT ELSE I END IF
218 (O N AL B V) o
A () g TR B R R e — .
[f16-8] DUk —RIHRIE.
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164. ALL;
ENTITY mux4 IS
PORT(input: IN STD_LOGIC_VECTOR (3 DOWNTO 0);
sel: IN STD_LOGIC_VECTOR (1 DOWNTO 0);
y: OUT STD_LOGIC);
END ENTITY mux4;
ARCHITECTURE rtl OF mux4 IS
BEGIN
PROCESS(input, sel) IS
BEGIN
1F(sel="00") THEN
y<=input(0);
ELSIF(sel="01") THEN
y<=input(1);
ELSIF(sel="10") THEN
y<=input(2);
ELSE
y<=input(3);
END IF;
END PROCESS:
END ARCHITECTURE rtl;
IF AT LU PR S B, G DUT LU s . A 2895 FLRE mT LAREAT 41
BRI
TSR, IF i A0 S0 i L R A K B, B €307 (TRUE)EL “f&” (FALSE).
[KIEAE IF ﬁ}ﬁ’ﬂ%&ﬂ Bk A LU AE IR ? ﬁ’é&f’ﬁ(« = < >y <=0 >=) RIS TR
AL &k

i

6.1.6 CASE ifffy

CASE iff f HI K 4l S, PRI R, MR FE R FEShE Rt hz
AT HR TR WA KA DI E, (I CASE MU Al bELL IF A ZRG L, BT
1 13247 A o 4 L A A 5 44 fi‘liﬂ"/*;?w CASE ity 155 4% A F

CASE ®ik IS
WHEN 44 ik S=> MU 4k B 41
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END CASE;
I-i& CASE 1B A ity 4 - 28 X oT LA B F 4 FOR R & R B 2
WHEN {ii=>[/F4b B i 4);
WHEN {HIE 1l =>4 B i
WHEN i TO fii=>MiFy4b £ f;
WHEN OTHERS=>/i{/F 4 215 41);
4 CASE A1 IS 2 ] ity 2k 30 MBI A2 16 2 1 4 P s I FEFPRIAAT I B
B S => P (A AL B A o AeE RSN AT LR — M, TR SAME ) “3R”
FF, AT LR AN e R R BT (KR
[16-9)  44fhBeil I b 3 (I CASE I sihil.
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY mux4 IS
PORT(a,b,i0,i1,i2,i3: IN STD_LOGIC;
q: OUT STD_LOGIC);
END ENTITY mux4;
ARCHITECTURE mux4_behave OF mux4 IS
SIGNAL sel: INTEGER RANGE 0 TO 3;
BEGIN
B: PROCESS(a,b,i0,i1,i2,i3) IS
BEGIN
sel<="0";
IF(a='1") THEN
sel<=sel+1;
END IF;
IF(b="1") THEN
sel<=sel+2;
END IF;
CASE sel IS
'WHEN 0=>q<=i0;
WHEN 1 H
WHEN 2=>q<=i2;
WHEN 3=>q<=i3;
END CASE;
END PROCESS;
END ARCHITECTURE mux4_behave;
1 6-9 2], WL FEIRINT R HEE ORI LU IR 6y, SERTLAA] CASE ). fRREA]
BRI . RETE TF WA, SEACRRRGR AR A A, WURAHEAL, WIAAETF
ANFAts 15 CASE Wi, AT IINUF S, B RIFTAERN . Bk, ¢E WHEN Ut
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B, RTEJSTH WHEN Sh # A, IBATEEE LRERN. HRE, R
BEESAER] . S5h, RO RIAK A B — SR, RS2 3k 3 B
HHUHE, IAfEEE L RARRN.
[%16-101 #47 WHEN OTHERS Jif) =- /i3 48 (94T A ik 71 o
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY decode_3to8 IS
PORT(a,b,c,G1,G2A,G2B: IN STD_LOGIC;
y: OUT STD_LOGIC_VECTOR(7 DOWNTO 0));
END ENTITY decode_3to8;
ARCHITECTURE rtl OF decode_3to8 IS
SIGNAL indata: STD_LOGIC_VECTOR(2 DOWNTO 0);
BEGIN
indata<=c & b & a;
PROCESS(indata,G1,G2A,G2B) IS
BEGIN
IF(G1="1' AND G2A='0' AND G2B="0") THEN
CASE indata IS
'WHEN "
WHEN "
WHEN "
WHEN "
WHEN "
WHEN "
WHEN
WHEN "111"=>y<="01111111";
WHEN OTHERS=>y<="XXXXXXXX";
END CASE;
ELSE
y<="L1111111";
END IF;
END PROCESS;
END ARCHITECTURE rtl;
FE 6-10 1, indata JEREUEAR, KR THUEN €07 AN 17 ZAh, B TR
“X7 4z R CU”, AT U B R A AT (AL, #F CASE R AN AT
T AT REIRAAAET A H Ok, W7E AR TS N WHEN OTHERS 3, A€t y it (17
HERAME. % WHEN JERRIOMAR, (RHARRR, Al LRSS <17 fkfik. #im,
#i 6-10 ' WHEN OTHERS Tt AT LA 5 1
WHEN "UZX"I"ZXU"I"UUZ"l++I"UUU"=> y<="XXXXXXXX";
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FHAT “U”. “Z7. “X7 SFRRERHBIZR R ARREE . HRFTA X E =\ B
TR IR B, I, WHEN J5 07 LU OTHERS #55R ST 4 ] fERIINAE
[FRE, AR NSNS R GRS, 25 CASE iff), W
¢F WHEN ol BUH “TO” R&m —MIEINGEHE . glan, st R g smy
1~9, WA FRK WHEN 1 TO 9 =>".
PR, WHEN JEERIY “=>" FF5AREARISSRERT, BT AU
SRR BT VA K KRR
TEMATAL B U B, AR R EEREIT, BIAESERRIE T AR IN AR GiE I
A MR A5, 7ERDT W D AEEAT AW, AT DUEIXSEIRAT A <17 B 07, M
AR BRI
Fifi /431 CASE 6 AR AR XA S I (R4 R
(816111 610 & A=\, K=\, il
AN, TR - TR R . LB I DD RERA L T
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY encodey IS
PORT(input: IN STD_LOGIC_VECTOR (7 DOWNTO 0);
y: OUT STD_LOGIC_VECTOR (2 DOWNTO 0));
END ENTITY encoder;
ARCHITECTURE rtl OF encoder IS
BEGIN
PROCESS(input) IS
BEGIN
CASE input 1S
WHEN "01111111"=>y<="111";
WHEN "10111111"=>y<="110";
WHEN "11011111"=>y<="101";
WHEN "11101111"=>y<="100";
WHEN "11110111"=>y<="011";
WHEN "11111011"=>y<="010";
WHEN "11111101"=>y<="001";
WHEN "11111110"=>y<="000";
‘WHEN OTHERS=>y<="XXX";
END CASE:
END PROCESS;
END ARCHITECTURE rtl;
1 6-11 ) WHEN OTHERS ifi )R1# 6-10 '11f¥) WHEN OTHERS ¥/ P fiJii 40
“x? RNy, AURIEE SURA REM. B 6-10 oft, FEIEFABL . HEA REAREN
000 5 111 #54¢. CASE i) OTHERS 2 A&k T, MILEMER T A A1 2
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AFIEW. B 6-11 1, EIAMFTHRAIF R CASE ilih)f) OTHERS Z AT#F %51 k. #i
n, HFE—TE A F R LB AN ERB AN LA L €07 BE, y SRR X7 (THER €07,
WATHER “17 )0 WFIBERLRARE, ALK LE R AT AR I, 84 88T LUK K RAL
SBARAERI B JEO7 FURHI R T OARESE R X7 i, MR DU A R I T A IER
N
WS CASE i iiid AT AL L “0” (R s, FHEENTEr e R0 y St
it OTHERS (5 %
WHEN OTHERS=>y<="111";
IRATER LB SO, 2 L BRIV A K K8
11 H § VHDL 5 (RbRHE T i B AT BEXT AT R T AL FR 107730 DLSE it 2 i)
PRI 6-1 Fiase £, BRAT “—7 FH5 (AU TR0, ik R Bhsd “— ML
FCATAT AR “17, AT LU “0”. AnSRAUA] CASE WAk ifid iR e i i, W20
Sy
WHEN "XXXXXXX0"=>y<="111";
WHEN "XXXXXX01"=>y<="110";

&

61 HARFBRORMER
oA f
by b b b, by by b,

Sl=|=|o|c|~|~
—lel-|e|=|o|-

—|=|=|=]|=]=]=|c|z

0

— — — 0 1
— - 0 1 1
1 1

1 1

=] ==]=]e

1
1
1
1
1
1

SR, S PERHIR 4 VHDL 5  TOABLE ok, PUEAS BRI Rk 0 ).«
JJtHWU’H IF iAW 0 ittt A SE 2 o th 25 1) Sy
[ 6-121  Ji] IF i AORR AL SE Bt 25 1K) e

LIBRARY IEEE;

USE IEEE.STD_LOGIC_1164 ALL;

ENTITY priorityencoder IS

PORT(input: IN STD_LOGIC_VECTOR (7 DOWNTO 0);

y: OUT STD_LOGIC_VECTOR (2 DOWNTO 0));

END ENTITY priorityencoder;

ARCHITECTURE rtl OF priorityencoder IS

BEGIN

PROCESS(input) IS
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BEGIN

IF(input(0)="0) THEN
y<="111"

ELSIF(input(1)='0) THEN
y<="

ELSIF(input(2)='0) THEN
y<="101";

ELSIF(input(3)= '0) THEN
y<="100";

ELSIF(input(4)= '0) THEN

y<="
ELSIF(mpul(S)— '0") THEN

ELSIF(input(6)='0") THEN
y<="001";
ELSE
y<="000";
END IF;
END PROCESS;
END ARCHITECTURE rtl;
ZEM 6-12 1, IF iEAIESEHIS inputOVREH “0”, RIFKIUFHIHI T £, WHLR
l’?'P ¥ 553405 input(6) 7N “0”, WA JFHIF input(5)E T K “07, XA ELHIHIE] input(0)
A 07, SRR T 0 R R, T LR A R B RS
,uiklﬂzzT FE. ) 6-12 R SRR (R BB R TERGAY, & IE MR T R SRR G 2
[Thfig: i input(6) £ input(0) MEATHIH B R BRI, EARREIE ARS8 ()
yyfie, SCSBEIEH OCB%.
ST CASE it e, WHEN i AUaT LUBHEIWOY T RBCTF &R R 16 IR i, 6
(54 P DT FE R A B (KB M DD R AR . & R A D)L
R ZEE T 2 CASE VAR (118 4 L [FIREAB T LU TF 18 URHRIA i,
11 6-8 Fi| 1F it A0 i 19 VU3 — LB A 6-9 FiY CASE M AU RIIR (KD — Pl B o
A IEEE (E/EAHMEEIUHA R VHDL ¥ & ARE AT AN AHEER ALK,
SR 5 % TSR (12 8 L 2 55 42 T L) CASE 1B A RAT b o

6.1.7 LOOP ifif)

LOOP ifi i) 5t & s i ln‘mﬁmﬁfj BE, AR RERELT A RO ER, FRERIRIK
HOZIARSTIEFE )./ VHDL . LOOP ifi+iJ 4 F SR AL H 38 4 Bk AR AT -

LOOP iff fJffy 455 X ﬂmku

1. FOR EHEE

X Fir LOOP it (-5 5 4 sl
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[#5% ] : FOR ffisf%& Rt IN ##EH LoOP
U A B D
END LOOP [4£%] ;
LOOP 1] 1 (R R 28 B AELYE S5 DRI ER T #0fs A AR Ak, TIN5 R AR L 3
IR REAER PR AR PRI RS L
ASUM: FOR i IN 1 TO 9 LOOP
sums=i+sum; --sum HHH{HN 0
END LOOP ASUM;
rEEplh, | RAARAER, EWRME 1,2, -, 9, L9 AME. BERB, sum=itsum
FERVARER S 9 Ko HRTRT 1~9 BEHEAT Bt 5.
(16131 Fifiif 8 (T A HAK ARk Y VHDL i 7

LIBRARY IEEE;

USE IEEE.STD_LOGIC_1164.ALL;

ENTITY parity_check IS

PORT(a: IN STD_LOGIC_VECTOR(7 DOWNTO 0);

y: OUT STD_LOGIC);

END ENTITY parity_check;

ARCHITECTURE rtl OF parity_check IS

BEGIN

PROCESS(a) IS

VARIABLE tmp: STD_LOGIC;

BEGIN

R

tmp:='0';
FOR i IN 0 TO 7 LOOP
tmp:=tmp XOR a(i);
END LOOP;
y<=tmp;
END PROCESS;
END ARCHITECTURE rtl;
e 6-13 A LUF LA SE B
(1) tmp AL, SAETENERR NI, b AN R
(2) FOR-LOOP i) i) i T 7EAS 51 BRI R M h 45 Ri e» elt— MIEE IL
METEITA, CR - AEECER . (5SRO B R .
(3) S tmp AR G AR AL, R E A S, RS R AR, W
CURHE Y R . A28 6-13 1, tmp (OATIEILAR 5 y iy 13RS
2. WHILE &
X LOOP it ity 1554 L K-
[#%%] : WHILE 4f{f LOOP
MG B )5
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ENDLOOP [#57%] ;
151% LOOP A, WR4AEN “B07, WIREATARER: WBAtEn 7, WILRITA .
Bt

sum:=0;
sbed: WHILE (i<10) LOOP

ii=itl;
END LOOP sbed;
{%491 F1 FOR-LOOP i A RBIMIAT & REML, #BAREXE 1~~9 (R 50R BNARIE S, . I
KU T i<10 (A PR R4 AR, TARFRFEbI 28 i i (KT 5 iemive | RIS
L6 6-14) 4505 6-13 1]ty 8 £ AF (BB WK (1T J Ji] WHILE %&£y LOOP ifi ik
il

LIBRARY IEEE;

USE IEEE.STD_LOGIC_1164.ALL;

ENTITY parity_check IS

PORT(a: IN STD_LOGIC_VECTOR(7 DOWNTO 0);
y: OUT STD_LOGIC);

END ENTITY  parity_check:

ARCHITECTURE behav OF parity_check 1S

BEGIN

PROCESS(a) IS

VARIABLE tmp: STD_LOGIC;

BEGIN

tmp:= 05

i:=0;
WHILE (i<8) LOOP
tmp:=tmp XOR a(i);
i=idl;
END LOOP;
ye=tmp;
END PROCESS;
END ARCHITECTURE behav;
4R FOR-LOOP I WHILE-LOOP i )il LI AGIAT I it ety (AL MO ACRT)
WHILE-LOOP i# A KAt 47 RTL Hiik .

6.1.8 NEXT ifify
75 LOOP #ifrl, NEXT il il kil AUKIRER, JCHBEHe st K
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NEXT [##3] [WHEN %fF];
NEXT i AT IR 1 AKIEAR, Mo A R i 0%, NEXT FERIO “FR5 " %
U N — s, it “WHEN %47 W& Y] NEXT i AT 4. iR NEXT
WARHIEL “B5%5 ", A “WHEN 0F7, B4 S BT S48 sk <7 B A 411 sk 11
AU, I LOOP i KGRI E RN T K085, BIEEAT R kikAt.
[#16-151 NEXT i) rfil,
PROCESS(a,b) IS
CONSTANT max_limit: INTEGER:=255;
BEGIN
FOR i IN 0 TO max_limit LOOP
IF (done(i)=TRUE) THEN
NEXT:
ELSE
done(i):=TRUE;
END IF;
q(i)<=a(i) AND b(i);
END LOOP;
END PROCESS;
i LOOP AR, % NEXT iEAINARA “4x'S” Al “WHEN 4fF”. ltn, 4
> LOOP iR £ MR-l 1
L1: WHILE i<10 LOOP
L2: WHILE j<20 LOOP

NEXT L1 WHEN i=j;

END LOOP L2;
END LOOPLI;
FEEBID, Yisj M, NEXT BT, FPR A TEABRL, iR M N —RAMEHR
THGIAT o
tHIER T, NEXT i fysibs AT LOOP i 4w SRR F i 1.
6.1.9 EXIT ity

EXIT ittt LOOP ifityrh (M RER it fy. 55 NEXT A ARRIKE, ST
EXIT i 4 AR A, i LOOP iffrhigkih, 45 LOOP i ity E W #47. EXIT
R LT E N

EXIT [#5%5] [WHEN %ff]:

I EXIT BB A B “bit” A “WHEN 4c087, WIRRRE ST $i% 5 A0 30 4 i

M LOOP i fyrhighilt, SiHAAMORAE, SKEAAT LOOP i) 4kt h) .
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[#516-16]1 EXIT it
PROCESS(a) IS
VARIABLE int_a: INTEGER;
BEGIN
int_a:=a;
FOR i IN 0 TO max_limit LOOP
IF(int_a<=0) THEN
EXIT;
ELSE
int_a:=int_a-1;
q(i)<=3.1416/REAL(a*i);
END IF;
END LOOP;
y<=q;
END PROCESS;

ZE%BI, inta BEARAKT 0 M EBHE. IR int_a REEN AEEE, JUEERUR
SRA, ERARAEH . WREB, int_a NTRET OM, IFEA#HER “IU” {i, EXIT
EAEEIAT, LOOP IEAHTER, FFFH M FHIT LOOP R4 INIA.

EXIT A A4 3 MEAMBERR. $ FHBEHNIR EXIT BRRH “MREHRT”
SR “WHEN &E7, 244k “ 217, 04T EXIT AR, FRIFH 0 FIUFHAT: 4T EXIT,
TP LA 2 TR (19 LOOP i A iR i . Wik EXIT BT A WIRIF LOOP 4
i, BDi% LOOP HiAJ K {EAT {7 36% — 4> LOOP i, HAMAT EXIT, FEFF{XIRH ki)
W, TiVRBTESMEER I LOOP it

5 S L EXIT #4055 LOOP i AINIFRE . JERY, $4T EXIT ity R
PR FT S AR

B AAER AL EXIT AR “WHEN £ #, SRERITEIZEAN, 1
AT “ I (OB R, A B 3R LOOP i), SR, A EXIT R 2
TR, ERAT T B R AR B, W F— & BERATIE R AR
B R R ek B, TS BT TR R R IRAME 5.

EXIT i) AR AR b ). SRRFF A ELRY AR ORAR, EhE
L AL RIER T

6.2 FFRIAER

4 VHDL i &5 1 g #AT F R AL i #4182 (PROCESS)iti HERE SN
(Concurrent Signal Assignment)ififij. #{1{ii 5 {tA(Conditional Signal Assignment)i&f). &
FR{5 940\ (Selective Signal Assignment)ifi i), J& it F ¥ il (Concurrent Procedure Call)iff)
FIEBLOCK) . e B 27 B S 0 505 AR VF 2 BA S 1, B LAEXS
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FRYHATH RN, X RGP (K TCAFAE s SR EU IR R IR TAEN . JFRIERIRE
FORFBRIERIE RAT IR IR HR AT LR GHITER, AT LURAT PR FEIFRIE
AP EORRIA AR . FHAG - FERIFRIERIEA .

6.2.1 RtEH

HERR4)(PROCESS) 7 I A KRB, JHERD LU AR T 2. ¥
FEARE - ARG, 5 MUk 24 PROCESS Al LIRM I &iE1T. M
Bk, PROCESS #if/¢ VHDL i & th R B RIGE I RAT M i B AT A).

PROCESS #HAJ A5 K BA 0 F LA A

(1) EALLG eI RIZAT, I BRI R SRS 4 o B L5 5

(2) ARG DI B AIHD R HOTF BAT (9

(3) AHBHR, TERBRA D BARE A B BURE S RERELE—A WAIT
)

(4) HERR 2 A3 15 R AB I A 5 A RSB .

JE TS B — O R BRSO LR RN TR, SN0 UR R TR

4,

6.2.2 JERIESRAED

16 5.0 Wb QIR TANE UM RERAR K RS, XBERANGEA, JFHEL Rk
557 i, EERAN TR SERRIFRE. RAERIE S RN E Q)T LR A
A, B ERIBUF I A ARAERIOFRAS 5 RN TS R0) t 7T ULE M f i AR
ZAMER, MR R EER . AR TRANEA) LR LR AR
o ol

ARCHITECTURE behav OF a_var IS
BEGIN
output<=ai);
END ARCHITECTURE behav;
AL T

ARCHITECTURE behav OF a_var IS
BEGIN
PROCESS(a(i)) IS
BEGIN

output<=a(i);
END PROCESS;
END ARCHITECTURE behav;

A AN EC R L MRS “<=” FAME SR EAE TR, A
AR IR, BRI TSRS ‘<=7 LCilfi Y. AWIERE i f iR kA
{F PROCESS i f{ s gt 7 HUsfii 5 i, L)t a A1 i 1 PROCESS i AJIH D)
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BETTAN, (5B R ELTE MRS S MR OB S B a P EAERTMEUB
BREAFOBL, BELEE—DBR0EE, ERERRRY, RABOREIIT, §
A A output 75 5 LA -

1 LT RAGRTT AL, IR S AN AR AR e A L R SR A .

JERET RN AIZE BN ZIFREAT, ERAE T %ML 85 RO
it

a<=b+c;
d<=e*f;

B AEAE T MR, BT ANE LA T A RARIAT . FESER
ARG, SRR R M T TR . BIES —MEIRME BRI
F R ARNIEAD, TEDTECN ], KPR IR AT, TS0 AL T SRR R RS
N B RS AR TAE

IR AT AN A AT LA STINTE 28 . Tididt . BRLA%. LU R&FIZ AR DR A o
Bk, AN “<=” (RADLR DUHSEAREH LN, AT LR HHE RN, BT
LRI R4 ROk R

6.2.3 FIHESIRAIEW

S BANE AR I R BR B, S A LR RS R R A F6A XL
AN S &, HAEE#HRWT:
H ifi 5 k<=2 1 WHEN %14 1 ELSE
ik 2 WHEN %/t 2 ELSE
%k 3WHEN %#ff 3 ELSE

ELSE
FiER n;
A ik T T ARERAT ) “WHEN” Brfii (050, Rl it ik A
BTN B S S 0 SRR AL A, WEDAIB R A FTHRE A AT R
FR AT LREA . 16 LR IR 0 AT AN Azl AR B s

5t
(516171 FIFI&IEAE SN AHIRINI L 4 L.

ENTITY mux4 IS
PORT(i0,i1,i2.i3,a, b: IN STD_LOGIC;
q: OUT STD_LOGIC);
END ENTITY mux4;
ARCHITECTURE rtl OF mux4 IS
SIGNAL sel: STD_LOGIC_VECTOR(1 DOWNTO 0):
BEGIN
sel<=b & a;
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q<=i0 WHEN sel="00" ELSE

il WHEN sel="1
i2 WHEN sel
i3 WHEN sel="11" ELSE
X
END ARCHITECTURE rtl;

FeAFESANEA) 5 03R IF AR IR Z ARAE T+ J5 3 S REAEERE I 30 B (B e
MVRMUFER), i Y IF AR, KOS SARNERS ) ELSE & @ 84K, IF ik
WRTEA, AL AT, 535h, 4 IR ERARRIKE, KIS SRNEARRETIRE, B
dh, IR A S RN L, RaE R R . R S RN E QTR
e I AR LB IR LA L BT, R A B SR B AR IR s AR, AT
- MeBeh EE R ORBE, RS AERRE ) IF iR CASE E M THARS
AMERIRAAE AN B

6.2.4 EPHESIUAILGS

PSRN T CASE 4, EXtRIERBATINR, AFERBUEARFR,
FAEARE AN H 065 5. R S RAERN B SR F:
WITH #%ik:{ SELECT
H 455 <=1k 1 WHEN 441 1
ik 2 WHEN 44 2

Fik X n WHEN 4f% n;
[ 6-181 DUk -ris e FHLIEFRAT 5 (RN A T IR ORI 201 F -
LIBRARY IEEE;
USE IEEE.STD_LDGIC_1164.ALL;
ENTITY mux IS
PORT(i0,i1,i2,i3,a,b: IN STD_LOGIC;
q: OUT STD_LOGIC);
END ENTITY mux;
ARCHITECTURE behav OF mux IS
SIGNAL sel: INTEGER;
BEGIN
WITH sel SELECT
g<=i0 WHEN 0,
il WHEN 1,
i2 WHEN 2,
i3 WHEN 3,
'X' WHEN OTHERS;
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sel<=0 WHEN a='0' AND b="0' ELSE
1| WHEN a='1' AND b="0' ELSE
2 WHEN a='0' AND b="I"' ELSE
3 WHEN a='I' AND b="1" ELSE
4;
END ARCHITECTURE behav;

1 6-18 R HTERRAT S AN OARYE sel (K 4TI R RMGERIEAR 0, i1, i2, i3 RFIRNSL
AR TAS . PR B RN IEEAAME R . HBE RN THIW seD KRR, &
AR AR BIAT. HILAT I, RS R RN, TTUTERESN KB CASE AR
fZhe.

[616-19) Pyt —rigk M CASE iAIFT MR MARF LT
LIBRARY IEEE;
USE [EEE.STD_LOGIC_1164.ALL;
ENTITY mux4 IS
PORT(input: IN STD_LOGIC_VECTOR(1 DOWNTO 0);
i0,i1,i2,i3: IN STD_LOGIC;
g: STD_LOGIC);
END ENTITY mux4;
ARCHITECTURE rtl OF mux4 IS
BEGIN
PROCESS(input) IS
BEGIN
CASE input IS
WHEN "00"=>q<=i0;
WHEN "01"=>q<=il;
WHEN "10"=>q<=i2;
WHEN "11"=>q<=i3;
WHEN OTHERS=>¢<=X;
END CASE;
END PROCESS;
END ARCHITECTURE rtl;
XM 6-18 FIf5] 6-19 WILIF 5, BigThfen e HHN, BRI T kA
XA
6.25 IFAadRMMIE
S i FR PR 5 BT B IR R A, R R T LAYEMERR 2 ST IR R
o ATXRERRI R R T A A 3.2 WD TR, 3K L OUR AT I RTE R LA ol A
B,
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(1) FRIARR AR AN ERRIE R, 2 E AT AT LIS 5
) HRLFERAERRTA IN. OUT B INOUT 24, EAINFI T 24 J5 B HE
kish
(3) JFAC AR A AT LAY 2 AN IR, (L e [ (40 200 ik e R o T 2 S A e 23 8
il
FERIIE P KT I AL R A P AU SE
ARCHITECTURE -+
BEGIN
Vector_to_int (z, x_flag,q);

END ARCHITECTURE;
LI Vector_to_int I S it BRI FI A S 2 AT HOBIFE Bt 02 28 R 3kt i
Bqs x_flag ARENRL, AFREAA I ARG HRIK, Ah 7 MR RRD.
IR AR A A SRR bR AN R R S . 3.2 WHTE, I ARMAE
AT LA BLERERRE AU, SRR M AR R HEAT IR, e RR NIRRT e,
AW HRETE RN BT, 0 R AR v AR T AR R R e
BRI, FOABE A T e R I B R e
ARCHITECTURE -+
BEGIN
PROCESS (z, ) IS
BEGIN

Vector_to_int(z,x_flag,q);

END PROCESS;
END ARCHITECTURE - ;
RS A (R 9 A I AR A 4 th el AR A S U R I AR T A B R B, B BB
i SR z EAHAE Vector_to_int IEAIMBIRED, IFHITZ . PITHERHKHE VLS x_flag Al q
th, HIREAA TR LT B R T LA A R
H5b, ALK A, AR A HAR RO R A R A R, R
P HARR AR E T2, B, R 3 — i R (AR B AR AT e b i — A
(SRR AR, TIXAME S B REA LN LR RRD. BU, WREHMES
FERAEIRER AR AP, HRAEBUAT AR K AR A b R A T AN ERAE, MUIXHEY
£ SRS LA R . [RAE S S R R A AU I AR A M R DM, R
ALY I RS A

6.2.6 ity

16 3.2 Wi S48 4, SREBLOCK)EALE — MR, EATR SN~ RANEN R
KGR, T HLIGE AR IR AR PIT ST LK. HE T BLOCK R, X #H
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P44 F BLOCK i )10 555Kt BLOCK i AJK B H R T
+75: BLOCK
Besk
(A
BEGIN
OF Rk B A )
END BLOCK #3544
o, Mok T T4 (KW B B M 5E X i L GENERIC i), GENERIC_MAP
{41, PORT i)l PORT_MAP ¥ AJkszil. “ B0 f) 7 SHIEEAR I SUTE AR, 128
SRR BT S0 AL B . ] B IR E A LA R LR
(1) USE THJ:
(2) TRUFHI MR
(3) HKABL:
(@) HHB
) S
(6) JGlFsidl.
BLOCK if 13 1l T Ht ik i i e ik «
[516-20]  WHAEF A CPU &)Y, LR R, BBUXA CPU R ALU Bl
1 REGS(AAE 28 M AL . ALU BEHURI REGS BEBRIT A5 B #i4A BLOCK AR
b AR AVREHAT Y T CPU H 5B B8 o (7 5028 B (REGS B8 3l 8 N FBR REGL, REG2, -+,
REGS HIp). 7ERASRAA SIS . MO, RSO UM AR AR LU i
g, tonr LAZESe B RPN
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL:
PACKAGE BIT_32 IS
TYPE tw32 IS ARRAY(31 DOWNTO 0) OF STD_LOGIC:
END PACKAGE BIT_32;
USE IEEE.STD_LOGIC_1164.ALL;
USE WORK.BIT32.ALL;
ENTITY CPU IS
PORT(clk. interrupt: IN STD_LOGIC;
addr: OUT tw32; data: INOUT tw32);
END ENTITY CPU;
ARCHITECTURE cpu_blk OF cpu IS
SIGNAL ibus, dbus: tw32;
BEGIN
ALU: BLOCK
SIGNAL gbus: tw32;
BEGIN
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—ALU 17 Xy it )

END BLOCK ALU;

REGS8: BLOCK

SIGNAL zbus: tw32;

BEGIN

REG1:BLOCK

SIGNAL gbus: tw32;

BEGIN

~REG1 17 Ay Hiids fi

END BLOCK REGI;

M REGS 17 b i ity

END BLOCK REGS;

END ARCHITECTURE cpu_blk;

TEB 6-20 1, CPU M4BT 4 Mui D AE S5 EIAEE D . 3L, clk. interrupt RIS
addr 2413 10 ; data RXUAEG . i%S AR KRR 1T BLOCK XX E5(5 S0 2
GEHARY, 4#0RTLA7E BLOCK WA .

{55 ibus 1 dbus EAGIEE cpu_blk HifRIEAE SR, € IAETERIIE A cpu_blk PR,
FERIEAR cpu_blk ZANRAEMAT. UERAE cpu_blk MXE1AR, KLib7EW- -4 BLOCK Hh
XS R AT LMEAI. 556, T BLOCK HUR AT BURAE(, I Z BLOCK Brfig
A8 HISMZ BLOCK HUFr Bt M 45 45, ifi4h2 BLOCK BREIAGESS £ Fil W 22 BLOCK Bref it
VLI o

B, B 6-20 (¥ gbus 555 S ALU B B0, Mk, A& ALU SRR T
FiAT ALU B i a8 UERT gbus 55, (HR7E ALU SZAMUAGRET %G S, W
REG8 Bt ANAEMEF] qbus 155« i, zbus {75 /& REG8 BUFT UM 5 #f5 5 ik, REG1
PRI AEE REGS Sl ik 25, Tl REGL BT ME T zbus £ 5

1 REG1 B 5 BT b 47— MFROh qbus M55, %4555 BLOCK Berl it it ¥
M6 RA RIS T, AP S A SRR ? $s b, SiF 82 XA
AT AR B SXAEEL BB GILIN, RS SIRIEH . PIGTS 0 HIE & HINBE
B DA AR, (LR A DA B R Ay 2 B, AT LURREAH, e RATAT
[F{7 5 44 145 F Ak 5, BEAS gbus SLfEAT T f) BLOCK SIX b i .

SeAh, AT RN ZTE A SR

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

--BLK?2 ifify
END BLOCK BLK2:

ik
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--BLKI ifify]
END BLOCK BLKI;
T LRSI, 7 qbus ZEFIANERP AR T B0, MR BRI, KPR IREEX R,
AL A, BIYESERAE— F BLK2 BORA 5 qbus IIBRIE. SE—RhRAIM IR L
BLK2 ittt BLK2 AT SLHA (KRS 5 0k qbus MEATAURRAE: 8 TARRRIMIBRAE
BLK2 (i AUt BLK1 5T 58 B0 8455 5 f gbus AT HO#ME( T BLK1 &8 BLK2,
PSR 2 A VRI). LT, BLK1 BT UMK 5 0T LA BLK2 SR IS
e, WMRATAHIR, WATBAERS S 4 TR IR & Fii 4. Bim, 7EARGIH BLKI B
gbus fﬂwu BLK1_gbus K&
T, PR A A AR AR AL . KA R R A R,
R S BT VR HT, WA REARAE I M gbus (55 .

VL1 R 5 e A 4 S LT R A L (R, BRI T, T
{44 PORT il GENERIC 4], xRt Ao Bvh# b SX AV A MR N B 5 5 22t f i
RIS IR T LUK RN B (015 5 Al A b BRI 9 3

PORT #il GENERIC 51 ({13 Rk fts SO VF7E—/ANHE 09 it o BSEAE BLOCK k. B
W, fE I CPU R, I RHES E ALU 84 HZheE, WAt — M ALU K
B, (B ILSERBFTE SEThAS. 7EBTH CPU Bibh, PORT 41 GENERIC 4 550K
A%, BB, ¢EHechRA] PORT A1 GENERIC MUt o] LUBURI dox A . At t,
26 BIERS b, ZERGER BT S 4SS, AT LA — NN ALU 85, it
6-21 firRe

[fl6-211 15 - AHHB RS BLOCK Borti

PACKAGE math 1S

TYPE tw32 IS ARRAY(31 DOWNTO 0) OF STD_LOGIC;

FUNCTION tw_add(a,b: tw32)

RETURN tw32;

FUNCTION tw_sub(a,b:tw32)

RETURN tw32;

END math;

USE WORK.math. ALL;

USE IEEE.STD_LOGIC_1164.ALL;

ENTITY cpu IS

PORT(clK, interrupt: IN STD_LOGIC;
add: OUT tw32; comt:IN INTEGER;
data: INOUT tw32);

END ENTITY cpu;

ARCHITECTURE cpu_blk OF cpu IS

SIGNAL ibus.dbus:tw32;

BEGIN

ALU: BLOCK
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PORT(abus,bbus: IN tw32;
d_out: OUT tw32;
ctbus: IN INTEGER);

PORT MAP(abus=>ibus,bl dbus,d_out=>data, )
SIGNAL gbus:tw32;
BEGIN

d_out<=tw_add(abus,bbus) WHEN ctbus=0 ELSE
tw_sub(abus,bbus) WHEN ctbus=1 ELSE

abus;

END BLOCK ALU;

END ARCHITECTURE cpu_blk;

B 6-21 AT LU, BR TS R LB E R 2 4h, ALU (K5 B 3 41 Rl T 11 o
PRI R 3 1T B T 3 SR ], SRR T B A S gt
FOBRGT T A BT K3 1 B BLOCK HeAME s 1. Bltn, A rhi T abus $Em4)
FI cpu_blk FI3E 1k 4 88 (1 )5 #4545 ibuss 3 11 bbus # B ] dbus: 311 d_out Al ctbus 4
RS S S i o

WS SR T 3 UMM S 2 (R, R B L A SR R AR, dBURM
AR A B I RIX R R AETE ibus L, WU ibus L H B AR 3T (B0 K B 1% 1% 1) ALU
Hel, A4S abus i A RIFT MM . 4K, JUEABUR KR M 0 R At .

6.3 JLEERFI CRE I ]

/£ VHDL ¥ 510, B T T fA S RO R R ERIZ 5, A SR, & B
S FUARIARE A VREE 08 A T AR AR K A A1 BB

6.3.1  frARLIATER A BRI

¥E VHDL #5355 7 RERVING F AR BT ORI, 3% n 7 7 10 1) 58 W AR 5 461
th Ol LA RS, FEFTA IEA S RS PR AL, SANGFRATLL, il
ARG AL, R, A7 RIRRR LB, B oS SR R 1 R RO B S | SR
SKHF A . XK FREFVNS FRER AT X B #l4n, £F STD_LOGIC 1 STD_LOGIC_
VECTOR fRAASEA X' I 7E
SIGNAL a: STD_LOGIC;
SIGNAL b: STD_LOGIC_VECTOR(3 DOWNTO 0);
a<=X; <X N R
be="XXXX"; <X NG R R R
{i VHDL iff 5 P EHI4 7 (00, fii s 4, 9k, Miike . BRA%, (&
i 44 I R S R
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(1) % (R i i 97 1R ST B
(2) BEMERIEAE BT S0 R, JOFA
(3) THEEMM 1Y, E4 FIBIS AR #5.

-
SIGNAL a_bus:STD_LOGIC_VECTOR(7 DOWNTO 0);
SIGNAL 302 bus: - - BF TR KN4 TR
SIGNALb_@bus: -+ - @ S ANHEAE A SRR TR, JEHERNG

SIGNAL a_bus: AR REATE, MURHARIG
SIGNALb_bus_: -+ GAREE AU, HUZHTRE
B3 gk 5, VHDL L?%:,E’Ji%ﬁ’-ﬁ?kif%‘lf“vtt af LAY T4 S5 R A HEATVERE
TR« F R IFRR, ISR (A, BATIHEE R . R SCT BAAARE Y VHDL (i
T LAEEE, (HRAT R T TR,

6.3.2 ATTRIBUTE(RHE) ik 5 i)

VHDL iff & A1 LBl e, ATV TN, B B Ry . e
SRR PR LR A RUR T (S 2% . ATTRIBUTE 40l BUATIR i & 4 T 3RAS
Sl R BRA B Bl

TYPE number IS INTEGER RANGE 9 DOWNTO 0;

W NOSOR R, IR YA AT AT A B ORI M

Bt SEALAE] number (B, A8 0] DUT] R A7 GHGUE i 04 51

ir=number' HIGH; --i=9

0 AR 5 number (38 /ME,  FIRET LURDAT T b 28 REBUEE 79 21

ir=number' LOW; --i=0

L SURPE R ) AT LU BB ARIOAT KA shiie KRR

i ST PEARAT AR LR

(1) i

() R

[ORGEES

(@) BAmHKAA:

(5) BARIX N

(6) JH/T s LR

I % KA PE (R BRI B0

1. REXREYE

ST R A B, Yook BRI KA. B, T DDA B
J L SRR BRI . (ERCHR I g T LA A F 3 A TR

(1) BB R R

(2) BAP R

(3) i
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1) —ARAAE o Al Bt
— B BT LU R 4 R
(1) T' LEFT—— 4 B 5 3 1 < 3] iy 2 3 0 6

(2) T' RIGHT——7 S| 04 A1 X 8 ¥y S A7 S ) i o
(3) T' HIGH—— 7S H A ol 72 [0 (K g i

(4) T' LOW—19 S| o A ol 124X 1) f¥) R i £ o
S T B 1) 575 A A

BRI

B T LOW H1, T A%, TRE REBRRTRMEHR, §F5 <7 RRAEF KN
JET, RS T RURBDRIEYEYG, AT RE4 s LOW,

LEFT /R $0 sl R 10 i a2, S RRAsRIX A AN . i,
X I Zc3iih 0, I 433 H 9:

TYPE number IS 0 To 9;

SR, RIGHT FoR B Ko TR Al 43, R AR A A C A

HIGH FoR i s TR B s, a2k K A (i LOW Fn$i ek
TR EICH, ERARX A ME ML, BRI, TS i PR R

i := number' LEFT; --i=0
i := numberRIGHT; - i=9
i := number'HIGH; --i=9

i := number’LOW; —i=0
R R, AR PSR R R 5 W X 1) (K K AR ) o 0, 1800 number
SEERE, A4 i BNALR AR
[16-22)  Jil DOWNTO &R 11X 6] o
PROCESS(a) IS
TYPE bit_range 1S ARRAY(31 DOWNTO 0) OF BIT;
VARIABLE left_range,right_range, uprange lowange:INTEGER;

BEGIN

left_range:=bit_range'LEFT: {35131
right_range:=bit_rangeRIGHT; 151 0
uprange:=bit_range' HIGH: 14531

-0

M 6-22 P AT LA, AT P T LA SUAS ) 6 1 BRI 5 B ISR
X[ TO byt X, M4 b>a, UG LEFT @ LM Ul 5% 1 LOW IMPERIfE: i,
1 YO K I 19T (b DOWNTO a)dcsi S, 4 b>a, BER 'LEFT J&HEMIL S HIGH Ji
(EHEATIR Y

BARYEADGE I FECFH, i FLE ) SATATAR S AL

[616-231  HITHA AR W1

ARCHITECTURE timel OF time 1S
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TYPE tim 1S(sec,min,hous,daymoth,year);
SUBTYPE reverse_tim IS tim RANGE month DOWNTO min;
SIGNAL tim1.tim2,tim3,tim4,tim5,tim6,tim7,tim8: TIME;

BEGIN

tim1 <=tim'LEFT; - sec
tim2<=timRIGHT; 4% year
tim3<=tim' HIGH; 13 %] year
(imd<=tim’LOW; {35 sec

timS<=reverse_tim'LEFT; -3 %) min
tim6<=reversc_timRIGHT; --#4 %] month
tim7<=reverse_tim'HIGH; --f3%] month
tim8<=reverse_timLOW;  --f3 %] min
END timel;

LE0 6-23 11, 45 tim] A tim2 AR sec 1 year, S5 REIX 1A (I ZE iR A i 1«
X AR SR B BIIE . HU2, TSI HIGH 1 LOW R MERAG SIHE
MR OB RIENE? SCBR L, XK HIGH A1 'LOW FURIKBEIR KA B F SN
e TR SO B, IO T S0 5 A B AR s TR A R B R
e, 70 UL e B A RO SR BT S S TR IR . A, ZEB] 6-23 1 sec
WGBS h 0, BRSBTS 8, Y, min MORZEFSO0 1, hous (K1 2,
SXRE, RS KNSR S HIGH: 855 /MRS 'LOW.

{54 timS ] tim8 AN reverse_tim FXUR ML . %K (K15 A/l DOWNTO
SMELS . BehS, S TE HIGH A 'RIGHT 4 814§ AR —MEEER TO RULHIXIH
W, B R CUR AN ), SEEDRRTE T 1A A (R B S 7. 7Ef 6-23 hyoxt
reverse_tim KKK B, month AIRL T AT min (RELEFS o

2) IR BAL ALK

BSR4, B)LENGTH. {E4 i SAIRR, M 19 2 A
S KRR, e T T bR R 2 4 bR R X A M. 1] 6-24 A2 A
TR 2T i e

[ 6-24) SR EOATIR E RN Sl
PROCESS(a) IS
TYPE bitd IS ARRAY (0 TO 3) of BIT:
TYPE bit_strange IS ARRAY(10 TO 20) OF BIT;
VARIABLE lenl len2: INTEGER:
BEGIN
len1:=bit4'LENGTH; ~lenl=4
len2:=bit_strange’LENGTH; —-len2=11
END PROCESS:

ZEt 6-24 11, len] AR ELAL bitd UCEEANEG len2 AN HLAL bit_strange {(iPW
KL
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R PE IRt ] DU RO BRI IR, ] 6-25 iR
[ 6-250  HALK BRI A7 H 5451 =

PACKAGE p_dval IS
TYPE t_dval IS(X', 0, "1, Z);
TYPE t_dvalx1 IS ARRAY(t_4val'LOW TO t_4val'HIGH) OF t_dval;
TYPE t_4valx2 IS ARRAY (t_4valLOW TO t_4val'HIGH) OF t_dvalx1;
TYPE t_dvalmd IS ARRAY(1_4val'LOW TO t_4val'HIGH,t_4val'LOW TO t_dval'HIGH) OF t_4val;
CONSTANT andsd:t_dvalx2:=

X -77
CONSTANT andmd: t_4valmd:=
(X', XX
0, X0
X1
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X', A
X -7z
END PACKAGE p_dval;
45| 6-25 11[f) andsd F1 andmd B M E A AUE L AR Caval FERUBURIG <157 A
fEEF. B H andsd mﬁﬂlﬁ’lﬁf'ﬂ*/ﬁmﬁm “57 fofi. 5B A andmd JH
SRR ETR I . 7 andsd P, “X7 F1“X7 <57 8 “X7, “XT 407 AL
07, “X7OFC17 A 5T R CXT, “X7 R “Z M5 R “XT STERE
WP <57 ((RER .
R IAEH P LENGTH I T e R 5, 54 sl LGB 6-26 Ak pTiE:
(651 6-261 KA B AR S =
PROCESS(a) IS
VARIABLE len1 len2,len3,lend: INTEGER;

BEGIN

lenl:=t_dvalxI'LENGTH; -4
len2:=t_4valx2’LENGTH; 135 4
len3:=t_dvalmd'LENGTH(1); f3E 4
lend:=t_4valmd'LENGTH(2); - f4E 4
END PROCESS;

A 626 111, tdvalx] & AMELE 4 ACHEREAL B Cdval KRR
'LOW il 'HIGH Ja Pk ], UL Cavalx] (OIRBEATNDh 40 IR, len2 A 5] 4. IKAL
Bl ¢ valx2 [0S JE AELALUC % ¢ dvalx] 1 °LOW #] HIGH, 3545 4 A0#( MEAL L

AHE I ICH)

{EA len3 Al lend (14 % 43041 (_dvalmd [¥) 'LENGTH [ PEt. 1 S4B 21
X[, BEEEER EAN X HUR PE R, 75t 'LENGTH JaliRAREX [, bl 6-26 '
¥ 'LENGTH(1)F 'LENGTH(2)» W HEARAG I3, T2 bk LENGTH fSII0K L 1
DX i g 4 A

3) SREYBAE K

Bel S AT P 'STRUCTURE Al 'BEHAVIOR. XM PE] 1 B(BLOCK) It
Stk MR A E PR R A R A B RO i RRATRR S B
R AT MR 4 U 10 FLEE BORIRERE P b A 471 COMPONENT i), 84 ST
'BEHAVIOR ¥ 5] “TRUE” (7 K W SRAEHORE i k11 - 47 COMPONENT i Ay
JERR, M54 It 'STRUCTURE #4448 “TRUE” M1 &

[#6-271 Bt Bfi bl

LIBRARY liEEE.

USE IEEE.STD_LOGIC_1164. ALL;

ENTITY shifter IS

PORT(clk, left: IN STD_LOGIC;
right: OUT STD_LOGIC);
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END ENTITY shifter;
ARCHITECTURE structural OF shifter 1S
COMPONENT dff IS
PORT(d,clk: IN STD_LOGIC;

q: OUT STD_LOGIC):
END COMPONENT dff;
SIGNAL i1,i2,i3: STD_LOGIC:
BEGIN
ul:dff PORT MAP(d=>left,clk=>clk,q=>il);
u2:dff PORT MAP(d=>i1,clk=>clk,g=>i2);
u3:dff PORT MAP(d=>i2,clk=>clk,q=>i3);
ud:dff PORT MAP(d=>i3 clk=>clk,q=>right);
checktime: PROCESS(cIk) IS

VARIABLE last_time: time:=time'LEFT;
BEGIN

ASSERT(NOW-last_time=20ns)

REPORT "spike on clock”

SEVERITY WARNING;

last_time:=now;

END PROCESS checktime;

END ARCHITECTURE structural;

FEB) 627 111, BRI A7 BB 4 A D AR A HEA GBI . EX T shifter 8
ks, AT A PR clk BRI IER checktime. J7EXHIX R
H it fAHi i i ' 'BEHAVIOR A1 'STRUCTURE, it ] LA S0 KTk 1445 6.

structural BEHAVIOR - 1E R
structural STRUCTURE - “ar

i PR &, 9265 s dk 'BEHAVIOR Al'STRUCTURE FISRHUE AT 6 ¥ Bty
S P 8 R Ay R (A8 BRI R A7 A 3R 7 R P iet ST DNGE

PR T Y34k, 91 6-27 thi¥) checktime JEMEANHERE . PFBEANHERE, WLLIX
Ak, WA, WA I AN ), A IR R s it
ET TR T TR R LSRR . i checktime MR GHAAAI A, A

JHJPE 'STRUCTURE 4 EI04 B RE “ 807, i “fj” 7

iWiE#TERL, 78 93 W'l 'BEHAVIOR Fl 'STRUCTURE FF{mtE Cglig, Hitn T
ASCENDING .'IMAGE(X)- ' VALUE(X) 2 ASCENDING. s DRIVING. s DRIVING_VALUE
¢INSTANCE_NAME. e'PATH_NAME. X ["iX28Jg Pkt it a4, 25y 93 RRARAEA X
Pkt

2. EHERE

PR BRI, AR LR BB R, LB A A ST SRR R KAl
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S L, K R P LU S S B (B POSCO)N B SERIARE — MBI
AR x), R BCR FRFAA B)— AR R (23 ] T AT RERA S O LB,
AT AR B R INAR, T AR F P R AME.
K IRPEA LU R 3 F:
(1) BERRR R H
(2) BAURYERE:
3) fF5 Mtk
1) $38£ R EM R
R T R o T DS B A MR R R S R . B, 4 BRI
B, IR LT B SR YR T LA B B B, 55 PR 8 S 5 T LA
FRALA ) 22 AR AT ABE
S B AT R R AT AN Sy, ATLMBBIBUT 6 FhUR kRS
(1) "POS)——FBFIHIA x fH I FIF 5«
(2) 'VAL()— SRS x f0H:
(3) 'SUCC)——FIHMA x {HH T ML
(4) 'PRED()——FEIHIA x LI — s
(5) 'LEFTOF(x)——3 SIABEHI x (/231014
(6) RIGHTOF(x)——1H BB x fiIAT LMo
M AT R o SR PR A AR S SR B T (R B e B
[fl6-28] KFE pA. V. ohm $HREHI L.
PACKAGE ohms_law IS
TYPE current IS RANGE 0 TO 1000000
UNITS
HA;
mA=1000 pA;
A=1000 mA;
END UNITS;
TYPE voltage IS RANGE 0 TO 1000000
UNITS
nv;
mV=1000pV;
V=1000mV;
END UNITS;
TYPE resistance IS RANGE 0 TO 1000000
UNITS

ohm;

kohm=10000hm;
mohm=1000kohm;
END UNITS;



B 6% VHDLETHEIEWEEY -127-

END PACKAGE ohms_law;
USE work.ohms_law.ALL;
ENTITY calc_resistance 1S
PORT(i: IN current; e: IN voltage;
r: OUT resistance);
END ENTITY calc_resistance;
ARCHITECTURE behav OF calc_resistance IS
BEGIN
ohm_proc: PROCESS(i,e) IS
VARIABLE convi,conve,int_r: INTEGER;

BEGIN
conviz=current'pos(i); LA B Y LR
conve:=voltage'pos(e); - LABAR S (i el PR A
int_r:=conve/convi; - ARKIR S 2007 ) L BELGET

r<=resistance'VAL(int_r);
END PROCESS ohm_proc;
END ARCHITECTURE behav;

A ohms_law SEXT 3 FERAMEIE, B current(FLIfL). voltage(HELIE)AI
resistance(HLB) o 1] 6-28 K145 FH 2 K5 M FB A Y () J8 44 0 i 8 B (conve, convi—~int_r), Ti/F
I R S B AR () M Gint_r— 1) o ISR SR P B (K L A T LU o, e SRR 7
BT HER R RAT T B E SOE R . M | A e TR AR AR,
ohm_proc HFEHLME B, ARIEH I AL S G) R IR () V5745 BT ¥ P (8

HERRIN S — 4 A N A ) M BLFF 5 I T2 B convie BN, M FRMLAE A
10 pA, FBAMFZEE convi II{E A 10,

SRR 5 AR AR AR L) IR B PSP 28 6L conves UK HEA AT RNV,
PRI, RS IR A 3

HEFRIN S = 40V A T ST 46 5L conve 1 convi (AR, BRI A intr U . I%H
Bl 5 LA B G B AR, (H int_r ASRADERREAR, BRI AR BRI
HEAT IR R R LR, XA R P K S KB

JEFR OGS DY 4%V 4G A 0 OB, BRI bk VAL HAIEFS int_r Sk
FH Bk 48 R (L BHLAEL

AR T kY 'POS A1VAL (A ik, Rl FF2$4I L8 — IR #E 'SUCC. 'PRED.
'RIGHTOF Al 'LEFTOF.

[6516-291 A1/t time ML Az T WA RHR
PACKAGE t_time IS
TYPE time 1S( sec, min, hous, day, month, year);

TYPE reverse_time IS time RANGE year DOWNTO sec:
END PACKAGE t_time:
FUA R (69 4 ANk ol LU 2] tme (AR S 500 K-
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time'SUCC(hous)
time'PRED(day)
reverse_time'SUCC(hous)
reverse_time'PRED(day) 1585 month;
time'RIGHTOF (hous)——7#} ¥ day;
time'LEFTOF(day)—i# 1 hous;
reverse_time'RIGHTOF(hous) #43 min;
reverse_time'LEFTOF(day)——1% ¥/ month.
1 LR A, AT R, AR
"SUCC(x)="RIGHTOF(x);
‘PRED(x)= 'LEFTOF(x).
XTI R, 5 RS AR, FE AR AL
'SUCC(x)= "LEFTOF(x);
"PRED(x)= 'RIGHTOF(x).
EEER R, 24— MBS KRR KRG %38 4 I 'SUCC A1 'PRED B,
e s
yi=sec;
x:=time'PRED(y);
ARG R T IRIBATHAR < 1R A FERCS B time o, SN sec, time'PRED(y)
FERARLELL sec B/MIM, DB T EH.
2) B b
P AL e T A B R B ) A SO A T AT SR, U
B IR B R Pk ek BOT 4 LUE 4 B
o 'LEFT(n)—5I%51% 4 n (X ANARM RS . X5 n 67 LR SR
B B A ALK o 24 n BRI, AR D I AT R AT«
o 'RIGHT(n)——fF|% 315 4 n (X 47 55 o

143 day;
145 hous;
#45 min;

o "HIGH)——# 5% 5154 n (B ] # i O B 55
o 'LOW(n)— %5154 n (RIX B RIESGRE S .

T 5 B R R A, FE MK ) RS IR X AE FE AT AR R N R o
ERMIK I, TR FRR:
o 'LEFT=LOW, ¥4l LEFT=$(4lLOW.
o 'RIGHT=HIGHT, %4l RIGHT=#4l HIGHT.
BRI I, AEAEQF XA
o 'LEFT=HIGHT.
o 'RIGHT=LOW.
[#16-301  HRBHLAFRE S 261
PACKAGE p_ram IS
TYPE ram_data IS ARRAY (0 TO 511) OF INTEGER;
CONSTANT x_val: INTEGER:=-1;
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CONSTANT 7_val: INTEGER
END PACKAGE p_ram;
USE WORK.p_ram.ALL;
USE IEEE.STD_LOGIC_1164.ALL:
ENTITY ram IS
PORT(data_in: IN INTEGER:

addr: IN INTEGER;

data: OUT INTEGER;

¢s: IN STD_LOGIC;
r_wb: IN STD_LOGIC);

END ENTITY ram;
ARCHITECTURE behave_ram OF ram 1S
BEGIN
main_proc: PROCESS(cs,addr.r_wb) IS
VARIABLE ram_datal: ram_data;
VARIABLE ram_init: Boolean:=FALSE;
BEGIN
IF NOT(ram_init) THEN
FOR i IN ram_datal'LOW TO ram_datal'HIGH LOOP

ram_datal (i)
END LOOP;

ENDIF;
IF(cs='X')OR (r_wb='X") THEN
data<=x_val;
ELSIF(cs='0') THEN
data<=7_val;
ELSIF(r_wb='1') THEN
IF (addr=x_val) OR (addr=z_val) THEN
data<=x_val;
ELSE
data<=ram_data](addr);
END IF;
ELSE
IF(addr=x_val) OR (addr=z_val) THEN
ASSERT FALSE REPORT
"WRITING TO UNKNOWN ADDRESS"
SEVERITY ERROR;

data<=x_val;
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ELSE
ram_datal (addr):=data_in;
data<=ram_datal(addr);

END IF;

END IF;

END PROCESS main_proc;

END ARCHITECTURE behave_ram;

51 6-30 R AR AN/ RBIIBEHLEMERS . X RAM A7 512 DHEMOROC, md
PRI GAT AR AR ] R IES o5, 5 FREGE _wb.

WRFAL S 4 IF 1A, KK RAM (% eI “0” {8, Ai/REk ram_init /i
Kf5% RAM & CHAIAK. WF ram_init % “fR”7, WEH RAM KREAIHL: mR
ram_init & “IL7, XY RAM TR

FEHERE B UCHATIN, A8 hE ram_init KR M8 R, DK IR BABBIT. IR HA N
¥ LOOP ¥ iR 0 5 /N THAT RN AL, AP e OB PE 'LOW Al 'HIGH s il 4]
WAL D] o

AR EAD LT, AT RAM FUCEBAI ML, JFH ram_init B <307
YA B ram_init 4 <307, wTBEILRRIT RO RAM AT AL

BRI R TR RAM AU/ S TfE, FER A RS A 1 R 1R I
[(5X1:8

3) 155 Atk S ik

1 R BUT RA B S AT R B, 3SR AR, AR — K%
BIAELE I T BRI, 55T B 055

S IRk UL R 5 A

o SEVENT—HIR A ST AN/ TR N SR E T A4 R BORs iRl A
ARGk AR .

o SACTIVE——HHL7E 24— A 2 /NI B (1B 9 175 R 2E T 0%, B4 B EOHEIR
Jol A “ L7 AR B ARl AR

o SLAST_EVENT—— %@tk e $ORinl AN, B ST SRS
PR L IF R 1] o

o SLAST_VALUE——iZ i ¥k BCRHE ] AMIL, 0TG5 5 — IR LLi o i .

o SLAST_ACTIVE—— %Pk $ORIAN AN, B ST - RS SIBAE R 1]

(1) J&FEEVENT FI'LAST VALUE. J&{E'EVENT 3l FH -5 i 60455 5 (Rt e
AT LUK AR R AT A T MR, BARAT R R R .

(16311 AT EVENT & H! D ik s ebfikal LA ik sk i o

LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY dff IS
PORT(d,clk:IN STD_LOGIC;
4: OUT STD_LOGIC);
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END ENTITY dff;

ARCHITECTURE dff OF dff IS

BEGIN

PROCESS(clk) IS

BEGIN

IF(clk="1") AND (clk EVENT) THEN
q<=d;

END IF;

END PROCESS;

END ARCHITECTURE dff;

TEG 6-31 Wtk 1 D AR B0 TAFISUEE, 24 D Al 28 AR BBk P i B FHITRIRRT, 3L
D MG M AR B X B Q. b TR R kb ) LT, SR 2 T R EVENT.
EFHE IR AR B A SRR, BIRT ek ok B AT T 17 s, i B A kP RIR
MRS 17 BT,

TE LR, WRBEURIETH “07, BABELIERN. (R, MBRERNHEFZ X"
(REIRZ), T4 LBIRE R BN I T LTHA, SRR SE RN, K T8
G tH BRI SRR, B 4T 8 P LAST_VALUE. 1X ¥ LB ff) IF i34 RT LUE N F %5«

IF(clk="1") AND (clkEVENT) AND (clk'LAST_VALUE='0") THEN
q<=d;
END IF;

BRI I B P TEE R “17 P2 AT —E b F “0” R,

{EAER MR, (e LHI BRI & gt EVENT JEARRBHK . Bz
oA ANMBUBGE SR clk, R B 4 1 RABURAE S R AR AL, SAERIATEVENT
PR B0, (HR, WA MRS S, B4 EVENT SREM Me
FRAEBREBFER .

(2) Jé¥ 'LAST_EVENT. Fil/gtk LAST EVENT I3 EIf5 4 L& MR A DORITS
bR, R P A I ), A ARSI )L CREFI AR REREE . T
RO S I [ RV AR I 8] (R~ B B 6-1 s

e N

S~ |

~

R R SEHED
{61 EO ARSI
M 6-1 tPifafs s clk o AT RFTH I R A0S %0, gL R AR (R UE SRR A
{3565 7E H ST IR] P R R AR (R RN ALK PEA (R AIF A5 2 W 1T 11) — BUDLSE (K R FF I 3]
WER SIS S AR AR . WXk 7 3 AT LU £8 D AR 2% 1E 9 TAR.
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[#16-32] Rl /2R f LAST_EVENT Ja % &t 37 i ]34T K 2 9491«
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL ;
ENTITY dff IS
‘GENERIC(setup_time,hold_time: TIME);
PORT(dclk: IN STD_LOGIC;
q: OUT STD_LOGIC);
BEGIN
setup_check: PROCESS(clk) IS
BEGIN
IF(clk='1") AND (cIk'EVENT) THEN
ASSERT(d'LAST_EVENT>=setup_time)
REPORT "SETUP VIOLATION"
SEVERITY ERROR;
END IF;
END PROCESS setup_check;
END ENTITY dff;
ARCHITECTURE dff_behav OF dff IS
dff_process: PROCESS(clk) IS
BEGIN
IF(clk="1") AND (cIk EVENT) THEN
q<=d;
END IF;
END PROCESS dff_process;
END ARCHITECTURE dff_behav;
i 6-32 FTLAFE, E LI R AR N YRR, R S dff R
o, RSN T DU dff MR REBR o RS, 7S R R A T AR RS AT (1)
FiAT Rt 3k i A IERM .
5% clk R b, HREAAT IKZ LIRS 4 oIk (f) 1 FHHY, ASSERT %)
AEWAT, HoOr A ST A TR A
ASSERT i AK5 Ky 15 AM A D 10 S0 1) 75 AT 0% T MU (ARSI I,
ALAST_EVENT #HE[] AN d (IE AL DK FIBLTECCIK - THelk J1 A
A F R I ) SR B I S TR (KR S ], 8 R
(3) J&tE 'ACTIVE I 'LAST_ACTIVE. J&¥}: 'ACTIVE M'LAST ACTIVE {ifsi*; & /L4
el R IR A . 24 ANR R AN SR N L LRSS R, R Sl
RPT, AT S5 R R . LR (B 45 ACTIVE T M fEAR [, JX ¥ "ACTIVE
R A 07 . BRI A 7 (4. Y LAST_ACTIVE HH&[ ~AN )
M, KA R S TINS5 2 e A A A SR 0 0 40 20 ) I D By« 3K
PN PE 15 EVENT F1'LAST_EVENT $AtATI6 N (0 AR 32 A 17 A ) ik
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3. ESEREM

S AR PEIT TR A PR R A5 5 XRS5 5 A2 LUBT I A R 5 45 Db S i
TR, BER B, FEIX RIS S A T AT AT AR FIRAE SR
BN A BT H e BRI A 2005 B FIARFIIRE, AT Al LUH FAT6T -8
s, WRMABURG S REDIHRENES.

fii SRIBYEALUT 4 i

© S'DELAYED|(time)|——iZ LK 2 ANEM 15, 05 5 280 5 s YEAT i)
{55, BILUSYEIT IR S A S5, S80S i 8] ik ST Al 5 1R e 1) S ) 17
THAIEIRE S o

® S'STABLE[(time)l——iZJ@ Pk AT g 37 AM/R(G 5, E4ES A B i) ik =X BT B 1)
TN, A SEMSRARESE, MR fa “I0” g

o S'QUIET((time)]——iZ AL I (& 3L — R A 5, TERES P9 (K0 a1 20T 358 9 1 g
W, #FBEESBATRAE KRRV IR, WL E) “ I mghR.

® STRANSACTION——i%/J@ Pk T LUt 2 —A> BIT KAUN{ES, 2@tk BTiniffs 5 &4
RIS S, R RS

FEERML, LG SRR T PR T, WG R 22 4 R
REE.

(1) J&tE 'DELAYED. )& DELAYED w[@r -AFilifs s e A . kBl RH:
(RIThfik, oy LU 14i% SRR 15 AU (Transport delay)RSEBL. P& RNFIMIE, J&# Bk
TN G A3 R U P g AR b, 1T FLAE AT AR IR S R A S BT s
EUAIERL T AL .

FIiKA —~ F Itk 'DELAYED 7E3:b5 H b 8] 7. fESr ASIC 28fHBURIRT, 4
TR BN | B B B HUOGE R RS, S 6-2 BTk,

aied inta and2

>
o

14 6-2 ASIC 48 (Fy 0 B AT SERT 454
SR ANMRAMEN . (BTG, SO A WY SRR IR A A
S0 I AV 050 A0 AT 0 0 R AR B A BN O i 2 A AR A IR i R
(Confingurations)*H | GENERIC 74 2E M 4 -

[#16-331 A UIF 6-2 1 and2 HEAT RA M SRBLE L

LIBRARY IEEE;

USE IEEE.STD_LOGIC_1164.ALL:

ENTITY and2 IS

GENERIC(a_ipdb_ipd.c_opd:TIME):

PORT(a, b: IN STD_LOGIC:

¢ OUT STD_LOGIC);
END ENTITY and2;
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ARCHITECTURE int_signals OF and2 IS
SIGNAL inta,intb: STD LOGIC;

BEGIN

inta<=TRANSPORT a AFTER a_ipd;
intb<=TRANSPORT b AFTER b_ipd;
c<=inta AND intb AFTER ¢_opd;

END ARCHITECTURE int_signals;
ARCHITECTURE attr OF and2 IS
BEGIN

c<=a'DELAYED(a_ipd) AND b'DELAYED (b_ipd) AFTER c_opd:
END ARCHITECTURE attr;

ZEB) 6-33 SR A BRI R R B 7 R B (5 S MBI K I o 38— R OT R AMEIL
IR, ERE XE AP SRR RS, AP S <57 DURSEN
TP o) T 5T AR A B8 08 30 4E I HSE . 58 — Ay i A= 5 M A% 'DELAYED,
S a BT b 2RI C X EERTRT 1] a_ipd A b_ipd FTAERS, SER S BN SA <57
J5 4% c_opd FEIRIN [ T4 T4 3R 1 co

ZEAS ] 'DELAYED Js PR, 00077 508 (0 R B i) S R iz S, sk
[ A O ns.

J&¥E 'DELAYED i& al il T {RFfk 1o

ZE W (0 FE45  C i T LB [l F R FFI 1], JF FL2S 7R & 'LAST_EVENT
SeER LI R A O T B T SEBURFEIN T (0K, AT IS 9 clk £ 5,
) 6-34 Fi7R o

[416-341  {H1 cli £ 5 SRR FEI ()R
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY dff IS
GENERIC(setup_time,hold_time: TIME);
PORT(d, clk: IN STD_LOGIC;
q: OUT STD_LOGIC):

B ) ZE IR

=

BEGIN

setup_check: PROCESS(clk)IS

BEGIN

1F(clk="1"y AND (cIkEVENT) THEN
ASSERT(d'LAST_EVENT<=setup_time)
REPORT"setup violation"

SEVERITY ERROR:

END IF;

END PROCESS setup_check:

hold_check: PROCESS(clk'DELAYED(hold_time))
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BEGIN
IF (clk'DELAYED(hold_time)='1") AND(cIk'DELAYED(hold_time) 'EVENT) THEN
ASSERT(d'LAST_EVENT=0 ns) OR d 'LAST_EVENT<hold_time)
REPORT "hold violation"
SEVERITY ERROR;
END IF;
END PROCESS hold_check;
END ENTITY dff;
ARCHITECTURE dff_behave OF dff IS
BEGIN
dff_process: PROCESS(clk) IS
BEGIN
IF(clk="1") AND (clk'EVENT) THEN
q<=d;
END IF;
END PROCESS dff_process;
END ARCHITECTURE dff_behave;
LEB 6-34 1, clk AN IRIEAACHS fih A ARAFIN TR TRIA 1Y, clic SR S4B 1A T
LR R TSR NG B o 0 SRR A S R SR GRS R R A R T O, W
J'LAST_EVENT HFE[] MET ERARFEIS TR . W RBIRALT T S HEM 1 clk 5
Sl RS, HAH dLAST_EVENT iZIRIf2 0 ns. SR FIEFRIE L, &R IERIK,
WA R AL L,
(2) JAE 'STABLE. J&¥: STABLE AR (553 KA BT, Blew bl — AR
SE R Tl B B 75 R TR I R A U B B R U . BB IR A
AL, L A R
[#16-351 R/ —AEfil I8t 'STABLE (17
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164. ALL:
ENTITY pulse_gen IS
PROT (a: IN STD_LOGIC:
b: OUT STD_LOGIC);
END ENTITY pulse_gen:
ARCHITECTURE pulse_gen OF pulse_gen IS
BEGIN
b<=a'STABLE(10ns);

END pulse_gen:

e 6-3 f VY a INBAKIERIS B0 R BV O be BCRIBEIE BT, AKX

fi a 0P RS 55 b I P s TR AR (T 0 Ak “f” ), It
FFALIF ) Y 10 nsGZA d M PERS 5 A (KR TR ) o {5555 a 76 10 ns £ 30 ns A0 4 I
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25, [ RiHLS 5 b #F 10 ns A1 30 ns &b#A47 10 ns (F{E A PR, 7E 55 ns 4681 60 ns &b
£ a A RS, 0, T BRI T 10ns, FEHAGS b A 55 ns &TFUE]
70 ns KELESR, HE RGBT

R YE STABLE J #5 %5 b (I (A4 356 Tk O ns SR RINUEHT, M2 465 a K&
SRR, HEAE S b EX R R FRE A A SERERCET, Al 6-4 BR.

INEE 6-4 tPATLLF B, 48 a RN, SISO b 20X RN 20 B 58
BEh A R k.

L L LT i
° : I—l :l_':
0 10 20 30 40 50 60 70 80 1A 1A
163 {E/'STABLE I ffyfi A/4 t BB X R I8 6-4 'STABLE JRHEI I % O ns I
A BT X R

Bk EVENT - -#f, el LUK s 50 ETHi, #iltn:
IF((clk’ EVENT)AND(clk='1)AND(cIkLAST_VALUE=0) THEN

END IF;
IF(NOT(cIK'STABLE) AND (clk='1") AND(cIk LAST_VALUE='0)) THEN
END IF;

PRI B TR WA LU ) BTk {EL, i BVENT W80 F, IR iERI7ENAT
ORI PR BRI A . K0 I 'STABLE BN MISMIAT S, XK
S SN, SN, AEREBT SR, A B A AR R ST T

(3) J&tE 'QUIET. J&tk 'QUIET K4 L 'STABLE ARIRTIRE, R, Mk QUIET tift
LB T O B TR CHAEBR SN . JRYE 'QUIET ¥ s —AMAURES S, BTN
AT, A AEIT B R T AT ER R RIS Il

[#16-36] Jmtt QUIET /3.
ARCHITECTURE test OF test IS
TYPE t_int IS (intl, int2, int3, int4, int5);
SIGNAL int, intsig1, intsig2, intsig3: t_int;
SIGNAL lock_out: BOOLEAN;
BEGIN
int]_ proc:PROCESS
BEGIN
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'WAIT ON triggerl; At S A £
WAIT UNTIL clk="1';
IF NOT(lock_out) THEN
intsigl<=intl;
END IF;
END PROCESS int_proc;
int2_proc: PROCESS
BEGIN

WAIT ON trigger2; A AR AR S
WAIT UNTIL clk="1';
IF NOT(lock_out) THEN
intsig2<=int2;
ENDIF;
END PROCESS int2_proc;
int3_proc: PROCESS
BEGIN

'WAIT ON trigger3; A AR AR
WAIT UNTIL clk="1';
IF NOT(lock_out) THEN
intsig3<=int3;
END IF;
END PROCESS int3_proc;
int<=intsig] WHEN NOT(intsig1'QUIET) ELSE
intsig2 WHEN NOT(intsig2 QUIET) ELSE
intsig3 WHEN NOT(intsig2’ QUIET) ELSE
int;

int_handle: PROCESS

BEGIN

'WAIT ON int TRANSACTION; IS
Lock_out<=TRUE;

WAIT FOR 10ns;

CASE int IS

WHEN intl=>

'WHEN int2=>

'WHEN int3=>
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'WHEN intd=>
‘WHEN int5=>

END CASE;
lock_out<=FALSE;

END PROCESS:

END ARCHITECTURE test;

1 6-36 Hiik T — N HARIERAPUE], ZHUH AL L R SMEHRT. 2R intl_proc
AR SE G rs, EFR int3_proc (IR JEZIAR. JIEWE —MIERRMARAL, AR P BTALEE T
MAERTS int b, JF FLARSE 0 b T Ak 2 745 U FRLAR ) R Tt AR

kR 3 ANUEFRALRL, X 3 MRS SRS hITAE S ine, T ELAE TR A AT LA
HEM TR . £S5 int AR SRS (resolved), RIMLANAE SCHZANYREH 2 A0 H
o G int B PR B S, IS4 B B T SRR AN e ke s RS . BRI,
FELRATIR SRR 5L B PURER AT Lk Jyik.

kd Hibeh, WIS intsigl. intsig2 A intsig3 45 A RERTIRA) . XA
AR SR AL G AR, EIT RSN #0075 RSO R 5 LI
'QUIET [HIRAIT i f e i AR B BB I8 A A S P AT R, XD
LI TR, L FMRATTEA) LA

5 4 (F LA S D AR A5 S B U AR TR0 . 2 intsigl s intsig2 B8 intsig3 K
AR, TR A AT S int B HDE . ISV S intsig2 RAEHARGRER),
4 intsig2' QUIET Mulul 7, NIRIPR AW EE Y, # 2 P AE S inte {7
S, W intsig2 A intsigd IR T AR, MIEIHRASIRATE fORBIEAT I, 2
WHEN 26 s0HIBI4E IR A M7, R ARSE 55 4% WHEN Rk AT 150,
BE T intsig2 AT, WHEN 26k BB 45 SRR A “ 307, UL imsig2 MATH
BT inte RE, ARIEZLI SR R AL A)Th WHEN #6075 YO F AR R S .

(4) JRYETRANSACTION. MBI 6-36 Hidnf LA #, 761 WAL FLAYUERE . K/ WAIT
i1 () Ja ¥ "TRANSACTION [ $¢H P IFALSE . 7 TRANSACTIN a7 AN Hedfi A
ﬂmr ermﬂ’lf;‘.%?&?k%/\ 1T 0" RAEBEN, A% BIT i

"“/IMH AR ARG 4 int R AEBUERR A B, T REE
n'm LYE A e & AR, IRBEAEAS S int bR AR,
ﬁnnnj WAIT 2% u&LH 45045 T TRANSACTION Al int TRANSACTION fift
AR, AR WATT 865, 1 Ak SR 0 0
4. HREADEEE
R T LU SR R A SRR E, T LA ) R
el e BRI PR R Ak il
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tBASE
A R LA R « ORI BT RAY, e U e R BT RAE A
[(516-371  HmKTKENERHI.
do_nothing: PROCESS(x) IS
TYPE color IS (red,blue,green,yellow,brown,black);
SUBTYPE color_gun IS color RANGE red TO green;
VARIABLE a: color;
BEGIN
a:=color_gun'BASERIGHT; --a=black
a:=color BASE'LEFT; --a=red
a:=color_gun'BASE'SUCC(green); --a=yellow
END PROCESS do_nothing;
1) 6-37 (3 -4t A8 it a YEATIRAE IR AH, color_gun'BASE #§3& [l color () #54
L, JER¥) 'RIGHT # color (¥ ¥5 4 black WF245 it a. bR 28 B a I EHEAR L color_gun
(fAHI, LA color (¥)fJii— /M black. [FFE, X{72E& a (I3 ~&W{EEH), HF color
1) red (¥R T &‘4! a.
#F VHDL 5 A — ] BN B AT IR A b, X sV R
5. i&ﬁ%lzﬂﬂ&lﬁ‘l‘i
5 VHDL 5 75 17 W9 RO DTl v, i R M (U] T 52 240 ) B R e
I LALE [ B e FRAR N 2 B R 51X o XA At =
o a@RANGE[(n)]-
o aREVERSE_RANGE[(n)].
JEYERANGE[(n) #1025 n (HATRINISE n AEAERX, ify 'REVERSE_
RANGE #f i [n] AN fwifs (F) e < [0
[$5]6-38]1 Ja#k 'RANGE FI'REVERSE fifi % ifi 0 i A X Ko
FUNCTION vector_to_int(vect: STD_LOGIC_VECTOR)
RETURN INTEGER IS
VARIABLE result: INTEGER:=0;
BEGIN
FOR i IN vect RANGE LOOP

result:=result*2:
IF Vect(i)='I THEN
result:=result+1:
END IF;
END LOOP:
RETURN result;
END FUNCTION vector_to_int:
1) 6-38 A AHRL O AL IR R e R BT D OO R DRSO\ B veet (R4
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HORHE . 7EI%RFR A, SAAREBIR TRATE RN, XA, R RANGE #nl
L SR 52 BN R (R X ]

Jig ¥t 'REVERSE_RANGE %Ll J* J# ' RANGE, 7 AN [ AL A A2 [ X 1] iy e P A S 151
ff. #iln, #5EERANGE RIHIX [ & 0 TO 15, #84{# A1 REVERSE_RANGE & [Hlff)[x.
)44 15 TO 0.

6. ARAEXHREYE

B 7 EHG/E VHDL i 2 i SURURPE LIS, B4 i B R . FM i X
JRYER S # R

ATTRIBUTE J@tt4:: il FRM 4
ATTRIBUTE Jatt# OF Hiz#i: Hizfer 1S 243

AR R PEREAT B UG, Bl LOR Bt R L 5. R ik, M

P RE. FRFEL U SRSIEAT R A . -
ATTRIBUTE max_area: REAL;
ATTRIBUTE max_area OF fifo: ENTITY IS 150.0;
ATTRIBUTE capacitance: cap:
ATTRIBUTE capacitance OF clk, reset: SIGNAL IS 20pF;

FHP A SURME R 07 B R R, R TR . FIP B2 U
£S5 1M VHDL S8 45 0 K ASIC (81 TR shaui b7 TR i Bam irid # .

6.3.3 GENERATE iff)

GENERATE i 1) [l k7 £ £ MR 114544, &4 FOR-GENERATE Al IF-GENERATE
PR R
Fi'5: FOR Zft IN AELLIX[T] GENERATE
<JFRAEF >
END GENERATE [#55 441]:
br'5: IF {1 GENERATE
<DFRAEFTEA]>:
END GENERATE [} %5 #]:

FOR-GENERATE il FOR-LOOP i#i#) [, { FOR-GENERATE 4 #th 51126 1 i Jf
AFVE A, R, (SR B ) AL B S IBUFRAT I, ORI R AT IXEE,
ZEHy R GEAE T EXIT i 400 NEXT i 6]

[F-GENERATE if f{E 41 “ B0 A SAT S5 K BRI A, WA FIRER JERACTEA -
5 R WA RN AL, %A5K T B4 ELSE I

LA R R YT 390 €5 S P A7l B SR A5 A7 B0 % 0 RS R SL i
n C i HWRRE, T I CRE AN, Rl N R D bR B R A7 2%
17

P 6-5 f& A1 4 A D il R A A0S AL A7 47 85 () [T HE RS
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165 4 U RA A 47 981 R AE )
[%516-391 #If] GENERATE ifi t) R4tk i% 4 (18 Ar A7 80— MEFFRisk .
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY shift IS
PORT(a,clk: IN STD_LOGIC;
b: OUT STD_LOGIC);
END ENTITY shift;
ARCHITECTURE gen_shift OF shift IS
COMPONENT dff IS
PORT(d,clk: IN STD_LOGIC;
q: OUT STD_LOGIC);
END COMPONENT dff;
SIGNAL z: STD_LOGIC_VECTOR(0 TO 4);
BEGIN
20)<=a;
gl: FOR i IN 0 TO 3 GENERATE
dffx: dff PORT MAP(z(i), clk. z(i+1));
END GENERATE;
be=z(4);
END ARCHITECTURE gen_shift;
Bl 6-39 2 4 FLREAL AFAFRRIOAT HHEIER, 1T a REEEAL AFAE ARSI, A b A
St 5T clk A I EPE A S o
EMIEAE gen_shift "P AT & IR UG SR AR —% GENERATE 1. {7 S
AR 2 S 1 a RIS 1) b 85K . GENERATE(FOR-GENERATE) i
AP 4 AN D R 3ol
{i: FOR-GENERATE ifi)'}1, FOR ftifF fIfil M3 ) ) FOR-LOOP fR1%, 2kt
i A BT S, i F GENERATE i fyrh 2 AR uf LA, il FL7E GENERATE ¥ 4] 4 i 2
ASHEAE I o
T UtW] GENERATE i Ay xi, X AAS A SRR 4 A3 47 AR AR s
B, AT S %
[#16-40] f B 4 PRS2 AT SRR IK) K451
ARCHITECTURE long_way_shift OF shift IS
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COMPONENT dff IS
PORT(d, clk: IN STD_LOGIC;

q: OUT STD_LOGIC):
END COMPONENT dff;
SIGNAL z: STD_LOGIC_VECTOR(0 TO 4);
BEGIN
2(0)<=a;
dff1: dff PORT MAP(z(0), clk. z(1));
dff2: dff PORT MAP(z(1), clk, z(2));
dff3: dff PORT MAP(z(2), clk, z(3)):
dffd: dff PORT MAP(z(3), clk, z(4)):
be=2(4);
END long_way_shift;

Fua) 6-39 AN 6-40 TTLAR £, Bi# MK BIULAE T, i # il —% FOR-GENERATE
VAT G # (0 4 4 PORT MAP #if), (FUFSEMESE, 1M L i FROEAEF6 R ) LA
IRAT A B R A7 2%«

W) 6-39 iy LA, R AT A7 ARG A AR L1 15455 T] FOR-GENERATE
ARSI, DU A (T ARGk . LR B, FOR-GENERATE i ) I flEAb R
U R, A, ERZHAER BRI G S A N S 1 L4 ) A A AT AR B
TR R . AR R R U B 15— HAIR J Tk, ol BURI IF-GENERATE
Vih). RIIIBL TR KCHE IR R 27 A7 38 S REEON Bk LL ) o

51 6-411 YeRS B 2 47 S MOMI N 5 a0 WS A by BEERE SR clk, SR
len 7, M4 %R A A5 A7 SRR LR I 1 <
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY shift IS
GENERIC(len: INTEGER);
PORT(a,clk: IN STD_LOGIC:
b: OUT STD_LOGIC);
END ENTITY shift;
ARCHITECTURE if_shift OF shift IS
COMPONENT dff IS
PORT(d,clk: IN STD_LOGIC:
q: OUT STD_LOGIC):
END COMPONENT dff;
SIGNAL 7: STD_LOGIC_VECTOR(1 TO (len-1));
BEGIN
gl: FOR i IN 0TO (len-1) GENERATE
IF i=0 GENERATE
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dffx: dff PORT MAP(a,clk,z(i+1));
END GENERATE;
IF i=(len- 1) GENERATE
dffx: PORT MAP (z(i), cIk, b);
END GENERATE;
IF(i/=0) AND (i/=(len- 1)) GENERATE
dffx: PORT MAP(z(i),clk,z(i+1));
END GENERATE;
END GENERATE;
END ARCHITECTURE if_hift;

1B 6-41 P T — TR EKENBLAAFES. len RBMFFRE, LEESH
Az (S, BN H GENERIC B 45630 .

E FOR-GENERATE i) 4i#3h1, IF-GENERATE i A) B 56 #F i=0 04 i=len-1, 3k
SR AN D R SRR A AR AT I R R BR T — S BIWERR R
PORT MAP i fR/Epk D il A 2% WIAUESE—4%, H4 POR MAP A H IR AN {557
a KAUK: WBLUEILST 4, B4 PORT MAP ARty 5 M b RIAY, XAESIA S
PEEA)JE, I PORT MAP i A3 of LA BAE K% (BT 25 #7228

[fl6-421 P pi2¢ MR A RMRA S B B ) .

PACKAGE gen_cond IS
TYPE t_checks IS(onn,off);
END gen_cond;
LIBRARY IEEE;
USE WORK .gen_cond. ALL;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY dff IS
GENERIC(timing_checks: t_checks;
setup,grise.qgfall gbrise, gbfall: TIME);
PORT(din,clk: IS STD_LOGIC;

q.gb: OUT STD_LOGIC);
END ENTITY dff;
ARCHITECTURE condition OF dff IS
BEGIN
G1: IF (timing_checks=on) GENERATE
ASSERT(din'LAST_EVENT>setup)
REPROT "SETUP VIOLATION"
SEVERITY ERROR:
END GENERATE;
PROCESS(clk) IS
VARIABLE int_gh: STD_LOGIC;
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BEGIN
IF(clk="1") AND (cl'EVENT) AND (clkLAST_VALUE='0") THEN
int_gb:=NOT din;
q<=din AFTER f_delay(din,qgrise.qfall);
gb<=int_qb AFTER f_delay(int_gb,qbrise.gbfall);

END IF;
END PROCESS;
END ARCHITECTURE condition;

14 6-42 1, D fi % 38 G4/l IF-GENERATE AR gL HAAY, JFAeoRfHIE &
TR MR A A, SRAEN on Y, AERIEARAER I RBRETER: HRE
5 off B, ARURMEER. XF AT LU EURARIFNL, EOTELEmIE S C iE
E 1 PASCAL V5 7)) 7 LB AR o

7 93 Ifirl, GENERATE A3 o] LU & 3 T BL9I R84y . -

Lable: IF (n_mode2=1) GENERATE
Imstance: COMPONENT_NAME PORT MAP(t1,t2):
END GENERATE;

5 BEE

6.1 WAITEAALAHEHR? BT URTERGE?
62 WA IFEARIT—AE-TREDE.
6.3 K/l CASEE it — M-t #4485,
64 CASE {54 %, 77+ % T 7 b7 & WHEN OTHERS i&4)? &t AW AT %
% WHEN OTHERS &4]?
65 FOR-LOOP i&41R /I Ff 4447 HHRERENHRM? REFEFRERF+
EX?
66 HEEHFEERNEAZFAL LR HBZ 0BG R BT ERE
K7
67 WHAAMRNEA RIS RNEARMRE-TAFGE.
68 X FI'EVENT Bk —f B4 clk EAMAKH DMEER — R A ck T
AR K K B
69 Fl GENERATE i& 440 it — A 47 0+ i OB 2 A BB B ).
6.10 7 VHDL &% % TEXTIO #yfE R 4?7 HLEBWERMA?
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F7E BEFRFHRSER

AR F G, LAF RS R AT A EHRRES, EAEORT o
it ZAZHRAL 45 5 O h — MR o) TAGRGTA R Aide, (28, FA XM
ABEABBHARGAK, ARATHAM RG22 E 2 MEREMA, # ECL. TTL.
CMOS. MOS % RF ¢ &ttt k. KL BMH2 M TR P L T—5a. HTHRK
B THGF, W0 ORI GR = SA Z S RMEMAM R GETRGF R RTS
EHRESHE LKA, Hob, HIROFALPRLT A4 REFLERIIALCRE.

F @A BEA AR AT AR AR AL ARG+ S AR A%

7.1 EBUERZ

AT RIGHATHIRATE A, —RA MRS, B8 17 (& I )R
07 (B B OBMRREMHFHRE. 55 RSN
I —#%2Z—. ¢ VHDL &5 h, i BIT HiE KRR AR ul
piARA. . b
TYPE BIT IS(0', '1);

BRI RORIERSR AMTSEN RS, AR o
IR AR RS, B, SR B Bt *]
Fe MR 0" M, UL “17% HEAN <17 B, o
SR 07, RN AR AR U EIRT 7 g
HRAEZ

JEBT rh R SEHLISURR (47 6 5P 220 T LA B MBS, TR B3 (i
98y, TEH AL b, WA BT SR SR AT IR, WSk
Mg, MR L S PR AR AR T . XTI RS,
R AR RGOR R AT, B AT €07 A 17 IR E RS
il (ER 7-1 b, W R B DO B BRI UL A —Hebi ) U2 BrdEsh, W)
UL [t “07, T U2 (KR “170 7E Ak LB T AR BT, KR
DO Hehisk FFREE “17 M2 “0” RURARE T, WERBHIT REERIE X7, X
AR A5 R R IROR A DRt AR AT A MO R S i A 0% O A e




<146 - VHDL it 3K 185 5 5K 5B M BBk

72 ZEBMEARSK

T ERAE RGP PR AN, ATRGRS], 7F SRR LA L
SR A WARmMACRA . IXFRATE VHDL 8 5 ull i 745 “X” R#R.
AREURA AT LA 17, RAT LA <07, (U i BRIALR <17 82 “0” RA
ER .t Z AR ARGORA, ol DRSO AR SOE )RR

TYPE threestate IS (X', '0', 'l');

AR T AR RIS T Zons R RIRAT . B, HARSREE AT LR 0~5V
ZIRRUE: % FAESL T, BATLARR “17 A1 07, TERE AL D, REREHRR
“17 B 07, HRAMRR AR E .

RGBT, SIA “X” WHTZEZ L. Bk, i “X7 A RRfES
IAIAERAE, FERGEA B FTAT 55 #BEA X7 {H, B0 IXAME AT LU BT (0 5
AREIILS . FERGTFAIE, RGN ME SRR, “X” . ESNTEAG
SAUMFILE ORGSR, B BB s, RS YIMRREIE X

CEATILRE = X7 (IS R R B R (B ATE S, R ATIITR A 2 Fh
ST, eSS, WP 7-1 R, e, et i ek
K UXe BB SR, X ATRER AR, Al e R R R .
R RS, 0 ELAS AT IE R A 7ERE 71 b, ARSI AME S 04K
SRAEIIE L, IS SL A A e i B B LI <07 RN 17 SR, JU
UM U] X7 (DR . A7 S 5 (IR BRI LR, 1 TR 2 DA IO R . 3
OB P I X RIIRA, SRS TIISRIE N Rl SRR S-3 AT

AR SR . EER I LT 9 FgHERE, Hob:

“07" ——FEHHT A
gtz TN

“L7 IR HHITI T

“H” EERL ST TR o

U A SR TSR 0 AR I 07 5 T B NI L i AR AR 2
[, . 0™ R 17, “L” R “H” I INBRTEST 5 (041N, AR AN < X7
AR G SR ISE A5 IR A SN O 0 S D e SR S AR A .
e L ARSI, AT 17 4 <o” A1 “H” NI R,
ASREE €07, HCERTIK IR SHE.

AT WL, AEHEAT AGEeR A SO, 4 U SR A R

73 VIEHHEHRSL

EH B KO B, B SRR A AR s 2

A8 A A SEHLR S
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BRiRA, EIEHLRG . R A B RGR = ARU R ST E R . AR
AN LU R e 22/ e 45 LT, 9 FLT LAy (9 40 S B HCHR R 2 B 00 e«
R JHATUBOT BT RS, SRRk AR, WESIAY Rk, BRI
“77 RE. XPERIERL T UAKAIRSE, 76 VHDL i P AT R Rk AR X 4
PR

TYPE fourstate IS(X', 0", 'l', 'Z));
“z7 RERZBEHEE - FMURE, 5 BOTTUEARR, ER T RAMANGR
W2 5, A A S, W 7-2 FRIK en
2 en diiky “O” ARACPIN, JEIRHINGG a ﬂ’]ﬁy’i{aﬂ—_ “O0” R
“17, U bﬂ]%%ﬁ[‘ﬁ#ﬁf@‘ en iy “17 (RSP,
g 'ﬂ"]?‘%\fﬁ’)ﬂhu Ha=“1"0{,

a

-

nr bh
f%liﬁv\,&: AN EIPN 373 fz/‘ln g
AU SR S L B 73 R AR AT S

UL 1) A S
M enl="I'R, UL (Kik

CEEREEES
IM"%Z Ul (B3N bin="1", U4 [fI%i A ain:
. I en2=0', W U4 fdifE <27 R n g
Wa’\‘éfﬁfr't 17 “Z7 mE 1T R 0T IIRIERER T 427,
Rk 17 B RIS L H R A

[ “17 ¥z
PR i 2R A

WA enl='0', en2="1", M4 U4 kst “0” B b, il Ul WHHT “2”
fithn G 1 IAIREAE (R A <07 R <27 15 LR B ARIRD, Bhat sk

R RN % I‘rmﬂ(izz-zf.nfm%mﬁz/f

IR %) ent Flen2 I <17, H1UT S
I AN R Ly T E T P AL S AT Al de
LR, PR R AR SN . fE R TR
I %ISRV A Bk -

J 71 BRI TSR TN AR AR ] (R IR A I SR IR LA S %3 ) 5-3 Tk
ke FOE S0 . R ATl L LIRFTEIASHG 3 R LA U S A B,
B AN “Z” AL 17, €07 R “Z” FHUE €07, <1 AN “0” A “X7.

g U44ﬁ i “0” W%Iﬁl
. b X" 1
&l J(L
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R71 RERSEXFEER

Yo
U2 R iy 0 ! X z
0 0 X X 0
1 X 1 X 1
X X X X X
z 0 1 X z

271 U T B AR A RIS B R R IR TR 8 o 447 B = R AR B
BN, Rk ERRAM I ARG EIE Y b LR, (MR ILR, SERG

PR B I T, AR A R IR R A B S B 0, %

PRAAE T AR MR, AT .
R, R ARG Ry o DAMAseaE

AT 2 [ [z[i]o
B, 7 4 SRR, A =

BIARE N “Z7, 4 NS B OGRS BIh <17 927 [y

1707, WAL R IREIR R <X, T X "

AR 7- 4 B, W74 perp gy, S TE RIS A

R R

TR T A LRI X
74 NWEBMHERS

PUAHL RS RE BN B HA TTL 80F0 TARRLFE. EUZ, BiAT MOS HoRM WA
L VUAS RGO A E H R MR G S BR T AR 7o 7E MOS i, “17 il “0”
HAT ARSI . 75 NMOS Hghd, “0” (IERAELL “17 i3 ¢ PMOS g, “17
QIREREE L “0” {3, %54b, 75 NMOS 1 PMOS i, 43 A1 st ¥ =80,
ARG, T AR BRI B ECA R, KRR T AR A0,

W T RSB ARG, AR TSR 2B ARG 3 FhaREA 3
FHBEAL. 3 FRAEA B AL “Z7, B “R” KSRIRAE “F7. 9 MR EIONNX
A 7-2 PR,

F72 NWSBUEXER

T
R 0 ! x
z 70 yal zX
R RO RI1 RX
FO F1 FX

£ VHDL iff 5 o1 FE e AR il U B R4
TYPE ninestate IS(Z0. Z1. ZX. RO. R1. RX. FO. F1. FX);
b s HPRAH &R R I RGORE
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Z0——PHSREEIKIZHE “0”

Z1— PR <17

ZX—— R B SRE B X7

RO——HIPH IR (1124 “0” ;

RI—— R4 “17 ;

RX: HPLRE B X7

FO——5RaRfE (R385 “0” ;

FI——SRIBAENZH “17 ;

FX— 3RS “X .

X, SRIREEM FO. F1. FX R =EEBME RGP HTIHBH “07, “17, “X” 3 FilREs,
P FALSURBAEIN T — SRR EPYSBMRE T HIHC RS “2” BIET &
FR3FCRE, “Z7 MERNIRERDRIETROR . XAE, Z0\ Z1. ZX 43 BN WA IR (012 4
B, 55 = AL BH SR8 (R AL NMOS f “17 i1 PMOS () “0” 1.

SRIRFETE 3 RISREERR D FOR BRI —NREE, EMNT

kel LR B SREE . B, 5V B P T DU FIORRoR,
AT LU FO kAR, BRI USRI, WS FOMROMXA
AT LA SRR T 2R NS A E . W 7-5 T,
7 B AE N — A SRR E T, I ATE B 53 35 B ) £ 2 L BEL SR B R B AR LY
Bitm, 5V RERREEZE DT Fl, QU A LR, B ATE LR
53— i BV AT 49 21 1 BEL SR E (A2 48 07 R1o i BELSRIE AL 3 FROmAE P59 1 —FISRSE. & TS
WM NMOS. PMOS. CMOS 28F(F)[") fLitk W7 JF I 7240 A1 vl 2 LTty fir it 451
i, B 7-6 B AT AEAE R SEB). Fh en=0 B, RN, {599 b kT IKENUE,
Atk T A BT INGE U2 (ENSR . JX 76 e B LIRS, IR A
) R RS 5 b WEAT IR A k. MRS b gtk TR, TR Z0 g2 21, ik
YT IR RIS s i PR “07 Rt “17.

Tl KA AT K NMOS F1 PMOS U i ABHERIE . ] 7-7 /s it~ NMOS
TS AT 88 L B A AR B AFALI 250 VIR V20 V2 A RAER SR NMOS
TFRBEME. VIR AFURBBE, SRR, R TR IR

FO —{—_3— RO

Voo
— Vi
outl
u2
"L =2
AF R BT inl
a iy <
ul Vs
Ve 7-6 i BELAS 1 L 47 il L i S 0 P 4 7-7  NMOS ffj Atk

W ind 017 PR, V2RI, 55 out] HEpE R ML (FO). BERYILAR VI
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S, S R BT, AT A RO LR FO. I inl I “0” PR, V2
ARG, JEEIR BT, B, VI SISO, B outl d1 VI BES),
FIREL 17 T, L RA AR RIR . TR RIRIE. X VI LA
A NG B . SRR, AN R 7-3 BT .

*7-3 RIEBMAEER

N inl Ayt outl
0 R1
1 FO
X FX

XT3, MAPATERIA inl K “X” B, it outl BE N “FX” fHNE? X LUAK
FEORERE: WRBA X7 R 07, WS R WEBAMN 17, WS
“FO”. MESNBLREE, MK “X7 {H, Wb X7 6, R AIREE EREE,
SR RN, B, TR “FX” RER “R17 F1CFO” (RIPSRNARHE

AERRA — R 7-8 Pisi NMOS FFCFfitel (it IERTTHI BT I G HOAAE
U2 R — AP35, Men b “17 B, 5% b A FXMEIE S ¢ ks Hen Xy “07
W, 55 KPR AN AT . KPP ATE T4 R U3 RIS o g AT,
HI% P ST L R 7-4 P

14 7-8 NMOS JFXFAEMI ] s

*7-4 FXRHRMER

[RECAS oW
0 i MR +Z SRAE
1 A=A

IFGEHHI= S REZHAIDTHEN
At A= AR+ N SRS

LSE
it (=X A A\ SR
VI X7 RS T R, EUARU RS BT T RADR BRI
kA, RERIFX IR A I 7-9 Fik. WS
LLGE, SN FO i, WA “Z17 fiT 1]
Pl “RO” i, R ARGRA, BATEFPRAL
A BT TR X7, AT TR AT ﬂ_%ﬁ_[ﬁ—_z‘—”’(
LFRAE? 7E U2 4 A “RX” i, MM e
S RX” (e L “RO" B “RI%, wigfmpg o TR RS
Hf.

RO——RX
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R “RX” 2 “RO”, U2 #5464t “Z17 fi: R “RX” 12 “R1”, 4 U2
et FO. (HRIE—BASIR T, %FE A AT REFUANR AT 2 3R 2 B R, B
TR UL 8, BEIRARAE R <X Bk ALEE

75 ToBBERS

i X7 ER, FELEATIEE Y AN U, XSS IRAER BT AR, 1R,
ERBZHNBLT, RECELERE, X RR T LR, # MG RERERE T
FIMGREERNAE, BN -ANSREE Ul XY, BUEREHAER A, Wk 75 s,

#R7-5 THERERSER

st 24 ° ! X
z 70 z1 zX
R RO R1 RX
F FO F1 FX
u uo ul Ux

U 25— MNRMIRE, STURRRRZ, WaTURRFME. F1§ “X” nLl&Rs
U7 EC0” A, U HIRERRH KT “X7 B SRR .

+ U ABM AR NRALE VHDL i 5 rh it 8 A8 e U F -

TYPE twelvestate IS (20, Z1, ZX, RO, Rl, RX, FO, FI, FX, U0, Ul, UX):

fiEr=/4: U SR sk Sl b 7-10 i, B
SARGEAP RSN FO AL, S A Z0. B
P a ] TTL T 2B a0, WIET 10
7 (SO VF) R R SR R SRIRIE Fo BLTEH R
[IEAIA FO 1) FX $ede, 4t anf 2 {ke ?

WURTFRIAT 1A A FO, WAL A Z20:

FERMTIFEATS FL WIERR FOo [, 4118 w

fih “X7 0, SCATEMER A (FO, Z0). ikl R[]

W AT LS E “07, AT v

SERERL BT AT DR Fy ol B Z. b T 03 FLden

W&, BEFOE L SRR UL 0 AL E, =

ARG vo, { ¢
+ ARGV AR R AL T TAE v u2 Fo-——Ux

RS, Bl R A R R A . 72« 5 1 o

['TK45% CMOS [# RS fili & 280, MR AALR  po—px v
HEATHIAG . RIAT R, i i 4
WATHIRE, KA A KA, PRIEAR
AR A AR T s 7-11 ke
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FERRANBIR, B S AB S SR AME S, R, BARERAL
R 2 BRE— A . AHE, FERTERIRARII) 4 o et LR b TR AR

JFEAN, T UL BTATIREDR SIE I, B U1 N {5 5 o (DR 2 FO, 1fi U2 JF
AN B AE Y, BRI UX.

A TR R BT ST 5 ¢ A WaEPTR, UL ANgA{% 5 o AR Fo, i U2
W ¢ N UX. SXBAMEREATHR, a8 RIS o MREERY FX. IXARAR
—AFAEMGR, (R ARIIER R AT 06T SR, R AT RO 45 R

e, FX AR A ERIE. SGHA =014 QMR FO I, ik U2 M2
BN 407 R 417, BEXREYE, 9 c LMEMRLENY FO.

AR A R AR RGN, HA R AR BRI ? KR,
AVIEAAR U AR B E (455 T LS BOL AT S RE, TIIUE S AN X T LS
AT R, AR I, k2 R AN RS RGEEAT A IR 1
IXARRTE 5.2 W FTHREIM X7 R

S T R LR, W AE B S AOR R GT SIRA AT, KR 7.6 WEAA
SRR .

76 WHASHBHEAS

VY FARARIE RS, MM S “Ii'[iﬁi}"’ 7 HERF R, IXPHER A
ZERRATI AT U B AT R BN 045 B O VPR R R R T BORFORR
BT, TR R R B, BAERAE A FO [R5 Akt M FO 3 Fo ok
oo, SCEH RV S ] AP 7-12 el LA L.

NEER, B Z0 B Z1 KN MR R ZX . RAALIREE AT LU 20, tRTLLE Z1,
PSR FHZ AR AT, B, WX, RXHFX 2R X

A T T DA 163 L (AR A (R B, T LA 1, KREFORBAUE R E R

LA BT IORA L WO, WIFI D, WSS FRSREE, S TR AR
EJ, SRR g PR BRI . SR 9 T T A7 AR5 LR B AE R A

AL D BB, CRORES R R, AR AT M —Ti
Tiskis, D RMAH DI . & STD_LOGIC f A PR AR PRSI K
PerR SO AE TR, L% "I?ﬂﬁ‘?‘tﬁﬂ%ﬂ%ﬂﬂe

PR I NS R R i

it PR — T B R £ ﬂ%

WA, WL ¢ O FO, T U2 (RmRTRTE, & T ARRIEN
X AR IR LG AR KR M SR IR R KRR AT EL
39 Dk 7R U2 ﬂ‘J!ﬁ‘.Mﬁ Y U2 BT TR €07, WG 4ERF Z1. AR,
WMETIEEA “17, W4 U2 HtiH b Fo.

CEXAIRA R, U2 (04 (e T FO~Z1 TIX k4R, b 7-12 Bk, AR
SEON FZX. - AR F RSB <07 MR B TR Z o <17 (¥R AL
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FZX R AHS i BB A R — M RRAERGRIIZH <07 18, S DRI
FEN Z (I 07 158 HRERIRALT R, IR SR A BB R S L 7 1
M.

RS R, UL #it 4 i FO, U2 it 5l Z1. FO IISREELL Z1 (K3, Mokl
IR FO. 7E5 5L, UL AL U2 #th 4y B FO, itk FO. XA,
YA R BRI AT IR, (55 o BPHTARIPIRA RN FO. IXRPAEFLIE R AT A
B, EHELEATERN X .

“RTARRIR” BISBRHERRTE T 8 kel AR T — MRS RORES (R BN J7 7K,
JEol RIEHAE AR . VAR RGERA 9 MERE, KA RN RE L
K. HEHEREMH

9+8+7+6+5+4+3+2+1=45
2 46 AMEAMPTTIRINE? B4 AT U, ERACEAR Al ReBIRILEN), Bl sk
AEALIIRA . XA RGN 46 MREM T .

T 46 MRAE, JLFR AT UFORITH (ZEPRE T o R, KE B A RAARE
FCRR BRI YA AR B o B R G SRR S PR R 1 T4, I 2 S AR Tl
ARA. B RGP ] 5 AR RIRN T 28R,

B ARG L FF AR K T L8R & TTL. CMOS. NMOS. ECL. TTLOC. {i TTL
TEHARD, B 17 I FL RoR, SBHHE €07 HI FO k. LB T ERARNEE
fHFRRIWNE 7-6 iR

#7-6 SETZRAMBBERT

B LEBAR TTL ECL NMOS CcMOS TTLOC
0 FO RO FO FO FO
1 F1 Fl RI Fl ZX
X FX RFX FRX FX FZX

FEATIN, MPEAIRL . CHARVAA TSR A S T WM 4. (e bpT
MM ARG, N KA RER LR WA A BT . X L
STD_LOGIC_1164 H5 S HZARIR A R G A Bl LA B0«

# PACKAGE STD_LOGIC_1164 1, AR PEE X«

TYPE STD_ULOGIC IS (U—#fiik &

X" SRR IE AR
0——HBRE O

I HRORE 1

‘L—59 R 0
H——$55RHE 1
=R )
ALk 9 ANRAD, BR <=7 bb, SUeRA MRS F AT IT A AR AL e A S, 2L
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$£8F HEAXBEMEEIT

AAT@ LFE b2t VHDL # 3 6935 8 . 5% AFIM VHDL & 32 o g ey A A7 ik
YT tmnsa, AT kA RAEMEA VHDL & 20 EH L ey AR S BAy ik, K
FOF R e RAER BB A6, A LRATH WA, kA Y ¥ 4#F VHDL
EE AR AE A I k.

8.1 AFZEEHt

AHTSAUR I ALE B A R TR EPERS. BRGR. =ATI
8.1.1 Tl T

[GEARENToR AP W NEECE S NN 0530 211 h % TPNECE SN WNIPE VN £ (O
IT. RANES. MBI RANEE . 3 A “57 T 3HIA AT 11 25N “mR7 T
F2EN “RE 11, ENTRABITA A A L
1. 28N “537 TRE
24N “HAE TR AN
y=-1(a/\b) :1y
LI 4 v P 0 P 8-1 Tk
FUF VHDL i 7k 2 08 “ 57 DI ERIBR, B M8 28A “SET N
ZEAE 7 IS .
[#18-11 JH VHDL ifi S ik 2 A “ 567 [ IasRsl -
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY nand2 IS
PORT (a, b: IN STD_LOGIC;
y: OUT STD_LOGIC);
END ENTITY nand2;
ARCHITEC‘TURE nand2_1 OF nand2 IS
BEGIN
y<=a NAND b;
END ARCHITECTURE nand2_1;
[f518-2] /il VHDL ifi &k 2 N < HAk” T Iisgontil -
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LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY nand2 IS
PORT (a, b: IN STD_LOGIC;

y: OUT STD_LOGIC);
END ENTITY nand2;
ARCHITECTURE nand2_2 OF nand2 IS
BEGIN
tl:
PROCESS (a, b)IS
VARIABLE comb:STD_LOGIC_VECTOR (1 DOWNTO 0);
BEGIN

comb:=a & b;

CASE comb 1S
WHEN "00"=>y:
WHEN "01"=>y:
WHEN "10"=>y<=
WHEN "11"=>y<=0;
WHEN OTHERS=>y<='X';

END CASE;
END PROCESS t1;
END ARCHITECTURE nand2_2;

M LT AT L, 0 8-1 IMHRE Yy, R T 2 A “ 5T T IRAT Wi
R, Rt 5 T 1 8-2 (AR LL 2 N “ SR TR RERE S, B
FUT 25N AR TR AR & s X R 2R

HUARIFRE I 2 BN <5 TR 2 S\ “ 553E” 117E VHDL i & 0 R
At azEst, FORRIIR AR TG FE b BRI I ) B ot o

LIBRARY STD;

USE STD.STD_LOGIC.ALL;
USE STD.STD_ttl.ALL;
ENTITY nand2 1

END ENTITY nand2;

X
LIBRARY STD;
USE STD.STD_LOGIC.ALL;
USE STD.STD_ttloc. ALL;
ENTITY nand2 1S

END nand2;
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ZES MBI TP BRI TTL () 2 S “ AR 1, RS MBI F o A
(R TTL B TF R 2 A < 5k 110 R FTAGR NSRS E T s AT .
B, RERFIEA DB AR R T ], AT A IBA .

2. 28N “IE” TR

24N “ERAE” ] B RIS RN

y=(aVb) a
o I 8-2 B, b
AT VHDL 38 SRk 2 M “sldR” TIREM me2 2MA “silk” iImik
B
[H18-31 i VHDL ifiw ik 2 A “ 3l TT0ssl .
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY nor2 1S
PORT (a, b:IN STD_LOGIC:
y:OUT STD_LOGIC);
END ENTITY nor2;
ARCHITECTURE nor2_1 OF nor2 IS
BEGIN
y<=a NOR b;
END ARCHITECTURE nor2_1;
[H18-4] Ji VHDL ik 2 A “oiik” TIsspl .
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY nor2 IS
PORT (a, b: IN STD_LOGIC;
y: OUT STD_LOGIC):
END ENTITY nor2;
ARCHITECTURE nor2_2 OF nor2 IS
BEGIN
2:
PROCESS (a, b)IS
VARIABLE comb:STD_LOGIC_VECTOR (1 DOWNTO 0);
BEGIN
comb:=a & b;
CASE comb IS
WHEN
WHEN
WHEN
WHEN
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‘WHEN OTHERS=>y<='
END CASE;
END PROCESS t2;
END ARCHITECTURE nor2_2;
3. RiE%
AN LB B A RIL AN
y=-a
Bk I 8-3 BTR.
VHDL i &%t AR 8 (1 ik 5] 8-5 Ff 8-6 Hiok.
[f518-5] VHDL ifi 5%t A B4k — .
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY inverter IS
PORT (a: IN STD_LOGIC;
y: OUT STD_LOGIC);
END ENTITY inverter;
ARCHITECTURE inverter_1 OF inverter IS
BEGIN
y<=NOT a;
END inverter_1;
[f518-6]1  VHDL iff 5% AR B (K&
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY inverter IS
PORT (a: IN STD_LOGIC;
y: OUT STD_LOGIC);
END ENTITY inverter;
ARCHITECTURE inverter_2 OF inverter IS
BEGIN
3:
PROCESS (a)IS
BEGIN

END ARCHITECTURE inverter_2;

A

F 83 [RA B
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4. 38RA 57 (TRH
3 A <51 ITRBZ AR gy
y==@AbAc) P
AL 84 Fi ME4 SN TR L

3EA “5AE7 TR 2 WA S TINERUET ST MRASIH, R VHDL

S5BEIEN, UHRRIEKEL y.
[#187) Ji VHDL ¥ &k 35N “ 57 [ THRBORE —.

LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY nand3 IS
PORT (a, b, c: IN STD_LOGIC;
y: OUT STD_LOGIC);

END ENTITY nand3;
ARCHITECTURE nand3_1 OF nand3 IS
BEGIN

y<=NOT (a AND b AND c);
END ARCHITECTURE nand3_1;

[#18-8] FI VHDL & HA 3 A “ 5" ITHEoRE .

LIBRARY IEEE;

USE IEEE.STD_LOGIC_1164.ALL;

ENTITY nand3 IS

PORT (a, b, c: IN STD_LOGIC;

y: OUT STD_LOGIC);

END ENTITY nand3;

ARCHITECTURE nand3_2 OF nand3 IS

BEGIN

:

PROCESS (a, b, ©)IS

VARIABLE comb:STD_LOGIC_VECTOR (2 DOWNTO 0);

BEGIN

comb:=a & b & ¢;
CASE comb IS

WHEN "000"=>y-
WHEN "001"=>y;
WHEN "010"=>y
WHEN "011"=>y;
WHEN "
WHEN "

SRR, RN D BIR REN AMASC. F, BRI DA as b B4, IE

AR a. by ¢ S MR, REEERER, BRARONES cMa b Hf, —ilg
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WHEN "110"=>y<="l";
WHEN "111"=>y<='0';
WHEN OTHERS=>y<='
END CASE;
END PROCESS;
END ARCHITECTURE nand3_2;
5. 2HiN “KI;” ITRHE
2HIN “RE TTRB BB RIER N
y=a®b *
BRI 8-5 FTR.
JH VHDL i ik 2 i\ a7 1T B s gl g 8-9
F] 8-10 B

[%18-91 ] VHDL if 5Hik 2 N “Sak” [ Trh#RE—.
LIBRARY IEEE;

USE IEEE.STD_LOGIC_1164.ALL;
ENTITY xor2 IS
PORT (a, b: IN STD_LOGIC;
y: OUT STD_LOGIC);

END ENTITY xor2;
ARCHITECTURE xor2_1 OF xor2 IS
BEGIN

y<=a XOR b;
END ARCHITECTURE xor2_1;

[518-101 Ji VHDL ifi &5k 2 A “ a0 [TsRe .
LIBRARY IEEE; N
USE IEEE.STD_LOGIC_1164.ALL;

ENTITY xor2 IS
PORT (a, b: IN STD_LOGIC;
y: OUT STD_LOGIC);
END ENTITY xor2;
ARCHITECTURE xor2_2 OF xor2 IS
BEGIN
15:
PROCESS (a, b)IS
VARIABLE comb:STD_LOGIC_VECTOR (1 DOWNTO 0);
BEGIN

B 8-5 24N “SE” ITHE

comb:=a & ¢;
CASE comb IS
WHEN "00"=>y<=0";
WHEN "01"=>y<="1";
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WHEN "10"=>y<="T";
WHEN "11"=>y<=0";
WHEN OTHERS=>y<='X';
END CASE;
END PROCESS:
END ARCHITECTURE x0r2_2;
L3 7 20 10 1T o B K % PR WP AN I JE 3k I VHDL 8 35 FFF kiR, SAT R R fiE AL 58
4 RN H90 EE R LU T VHDL #5351 BT4 I R BRI AL Lk, X BRRGRAR
NGB T KRR AR R, —BORBE, KR RRIRA BB X RPN
B, #WAEEFAE - H TH, BRATASRA VHDL W D FHR G E E RS, AR
IEAIR AT A, SRR B K R J7 K.

8.1.2 4. PRRDAT SRR

G VRS AR L PEAS AL A el PRI S0 3 FRIELATI
. B TRl BT AL e B B, 86 & >
PR A 3-8 P2 LR (74LS138).

HAREMTAL GEREG 8 A A T T | -
AR A 3N <R 1 TR, I R AR A %;
W, SUHRE, i EORHA BRI, AR [ s
BE, WA LHAEERE M. WRRA VEDL i b —| L ve

5 IR ThfERRT 3-8 VEEG AR UEITHEE, WIAMUZHE a
AR AR A, T LB AR

1. 3-8 1M

3-8 VRS8R A3 K —Fh /N LS AT 3 UERIAI IR s by c A8 AN
B yO~yTo XHHIA av by c (GUEFTIRR, AR EABLSE M yO~y7 (AN
AR AT AR, A ik S H .

3-8 PRI B LR AR 8-1 Fivse

%81 3-8iFMBMAMR

[ 8-6 3-8 FINARLE

JEBEAN HEBIHN P4
gl | g2a [ g | ¢ b a | y0 |yl [ y2 [ y3 [ va [y | 6 | y7
X 1 X | X X X 1 1 1 1 1 1 1 1
X [ x 1 X X X 1 1 1 1 1 1 1 1
o [ x [ x| x X X 1 1 1 1 1 1 1 1
| 0o [ o 0 0 0 0 1 1 1 1 i 1 1
| 0o [ o 0 ) 1 1 0 1 1 1 1 1 1
1 o [ o 0 1 ) 1 | 0 1 1 1 1 1
1 0 0 1 1 1 1 1 0 1 1 1 1
1 ) 1 0 0 | 1 1 1 [ 1 1 1
1 0o [ o 1 0 1 | 1 1 1 1[0 1 1
1 0o [ o 1 1 0 1 1 1 1 1 1 0 1
1 0 0 1 1 1 1 1 1 1 1 1 1 0
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3-8 PRI AEAT 3 ANIEEHMAGG g1+ g2a Fl g2b. SUHTE gl=1, g2a=0, g2b=0M, 3-8

VR A8 A HEAT IE B DRI, AW yO—y7 St b P
(518111 3-8 FA4a% ] VHDL if & fliid i F -
LIBRARY IEEE;

USE IEEE.STD_LOGIC_1164.ALL;
ENTITY decoder_3_to_8 IS
PORT (a, b, c, g1, g2a, g2b: IN STD_LOGIC;
y: OUT STD_LOGIC_VECTOR(7 DOWNTO 0));
END ENTITY decoder_3_to_8;
ARCHITECTURE rtl OF decoder_3_to_8 IS
SIGNAL indata:STD_LOGIC_VECTOR (2 DOWNTO 0);
BEGIN
indata<=c & b & a;
PROCESS (indata, g1, g2a, g2b)IS
BEGIN
IF (g1="1' AND g2a="0" AND g2b="0") THEN
CASE indata IS
'WHEN "000"
'WHEN "00
‘WHEN "0l y<="11111011";
WHEN "011"=>y<="11110111";
WHEN "10
WHEN "
‘WHEN "
‘WHEN "
‘WHEN OTHERS=>y<="XXXXXXXX";
END CASE;
ELSE
y<="11111111";
END IF;
END PROCESS:
END ARCHITECTURE rtl;
TEG] 8-11 71, y(ODR LA P yO, y(DXER y1, KIKAHE.
2. HhERHATBE
AR SR gRT 883 TR . B, 74LS148 2 8 M. 3 fL - REHIAY
R SRR B . I AN AR BT LU N 3 R -
YAh, IR JUANRAAT BN, A 46 L PR SE s e 1R A5 BRI X B0 — 3 A B o
Pl 8-7 REARSE LR LA S BB, e 41 8 M input(0)~input(7)F 3 £ 3l 4
yo~y2.
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input(0) ——
input(1) ——|

input(2) ——| —y0
input(3) —— k% —— vyl
input(4) —— HWBH — y2
input(5) ——|
input(6) ——
input(7) ——

87 ARSERHILH
AR SC R B AR IR 82 PR, Rb, “X7 FMMERIL, ERLR “0”, b
ALE “17. input(Q)FIPE S Sk, inpun(T)IPESES AR .
#8-2 HARRB/ORER

oA IR
input(7) | input(6) | input(5) | input(4) | input(3) | input(2) | input(l) input(0) y2 yl y0
X X X X X X X 0 1 1 1
X X X X X X 0 1 1 1 0
X X X X X 0 1 1 1 0 1
X X X X 0 1 1 1 1 0 0
X X X 0 1 1 1 1 0 1 1
X X 0 1 1 1 1 1 0 1 0
X 0 1 1 1 1 1 1 0 0 1
X 1 1 1 1 1 1 1 0 0 0

[518-12) i VHDL i & iR R sE R B R FF 4 F
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY priorityencoder IS
PORT (input: IN STD_LOGIC_VECTOR (7 DOWNTO 0);
y: OUT STD_LOGIC_VECTOR (2 DOWNTO 0));
END ENTITY priorityencoder;
ARCHITECTURE rtl OF priorityencoder IS
BEGIN
PROCESS (input)IS
BEGIN
1F(input(0)='0') THEN

i

y<="111"
ELSIF(input(1)=0') THEN

y<="110";
ELSIF(input(2)=0") THEN

y<="101";
ELSIF(input(3)="0") THEN
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y<="100";
ELSIF(input(4)='0') THEN
y<="011";
ELSIF(input(5)='0") THEN
y<="010";
ELSIF(input(6)="0") THEN
y<="001";
ELSE
y<="000";
END IF;
END PROCESS;
END ARCHITECTURE rl;
[K> VHDL i &t H iE R R AE BT, B AR GE AT A — 5TR A CASE 540k
ik, WORAT IFiEH). MUX
3. MiA—ikHEs inpul(0) ——
BRGNS, G BTN T 4 8 ey
S M. Nk EHEHE 4 MISWAN inpu(0)~  inpu®)—— Wig— —y
input(3) 2 M a B b BTSN y. % a. L
b MIARFCERAE S, #ATLME input(0)~input(3) A b
IS 5 54 y ST B, % a=b=“0"1 , input(0) .
By Bl B 8-8 TR, Mes M hE
Y — L B O ELAE R I 8-3 P
#£8-3 Mp—mBORER
HHERMA BN i
b a input(0) input(1) input(2) input(3) y
0 0 0 X X X 0
0 0 1 X X X 1
0 1 X 0 X X 0
0 1 X 1 X X 1
1 0 X X 0 X 0
1 0 X X 1 X 1
1 1 X X X 0 0
1 1 X X X 1 1

[18-13)1  Ji] VHDL i &5 Uik — B AT ik i #2740 1«

LIBRARY IEEE;

USE IEEE.STD_LOGIC_1164.ALL;

ENTITY mux4 IS

PORT (input:IN STD_LOGIC_VECTOR (3 DOWNTO 0);
a, b: IN STD_LOGIC;
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y: OUT STD_LOGIC);
END ENTITY mux4;
ARCHITECTURE rtl OF mux4 IS
SIGNAL sel:STD_LOGIC_VECTOR (1 DOWNTO 0);
BEGIN
sel<=b & a;
PROCESS (input, seD)IS
BEGIN
IF(sel="00") THEN
y<=input(0);
ELSIF(sel="01") THEN
y<=input(1);
ELSIF(sel="10") THEN
y<=input(2);
ELSE
y<=input(3);
END IF;
END PROCESS;
END ARCHITECTURE rtl;
15 813 H R DU — Vo FR 3R IF WEA0HEIR R0, FRFF R0 ELSE BUEN &R FRIAA, #
FE4F inputG)M y B, IXPRRR LB A4, 4R, AN ELSE B ALL, KB AZFY Y
sel A AT RE LA 5L, LA ——#Eik.

8.1.3 kAR RN

1. hiERR
IR A B RIS Z 4, A AT LU BN R AR H L, DAL F I SE LRI g
AR -

AN AT B R MR a B by — RORR R s, R RLROH R coo
LA AR K 8-4 FUR, JLRBRS WA 89 B,

F8-4 EmMBWRER a
A EUEoRY A
b a s co — °
0 0 0 0 x
0 1 1 0 [
1 0 1 0 b1
! ! 0 ! 89 kg
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(#8141 Jil VHDL i & fidF e i Fm T -

FHPIA 0 2807 U B — A 4028 . 4 hnag i) s
o 8-10 Hiz.

LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY half_adder IS
PORT (a, b: IN STD_LOGIC;
s, co: OUT STD_LOGIC);

END ENTITY half_adder;
ARCHITECTURE half1 OF half_adder IS
SIGNAL ¢, d:STD_LOGIC;
BEGIN

c<=a OR b;

d<=a NAND b;

co<=NOT d;

s<=c AND d;
END ARCHITECTURE half1;

T MR MRE, KA COMPONENT MM g 1o ma it mas b s
PORT MAP 5% 54 5 i ik 2 2% i F2F .
[#518-151 RF COMPONENT i)/l PORT MAP A #ik 4 N4 .

2.

LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY full_adder IS
PORT (a, b, cin: IN STD_LOGIC;
s, co: OUT STD_LOGIC);
END ENTITY full_adder;
ARCHITECTURE fulll OF full_adder IS
COMPONENT half_adder IS
PORT (a, b: IN STD_LOGIC;
s, co: OUT STD_LOGIC);
END COMPONENT;
SIGNAL u0_co, u0_s, ul_co:STD_LOGIC;
BEGIN
u0:half_adder PORT MAP (a, b, u0_s, u0_co);
ul:half_adder PORT MAP (u0_s, cin, s, ul_co);
co<=u0_co OR ul_co;
END ARCHITECTURE fulll;

KANER

RIS AR R PR AN 8 G0 I R AN LB FE S P 8-11 TR
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SRANRBE RN H a(0)~a(7), MBI bO)~

bTy. St aCTyF bR . KRB A, IR o o
G MBRREA A TTHARMERRT UM o o)
04 (LR FEHOA 631 X B R T RTL i 5 iR aW— s o)
A a(4) SRk b(4)
a(5) b(5)
[#18-16] I RTL iR #h 2. a(6) b(6)
LIBRARY IEEE; a(7) b7
USE IEEE.STD_LOGIC_1164.ALL; I 8-11 8 bR e B
USE IEEE.STD_LOGIC_UNSIGNED.ALL;
ENTITY hosuu IS
PORT (a: IN STD_LOGIC_VECTOR (7 DOWNTO 0);
b: OUT STD_LOGIC_VECTOR (7 DOWNTO 0));
END ENTITY hosuu;
ARCHITECTURE rtl OF hosuu IS
BEGIN
b<=NOT a+'1";
END ARCHITECTURE nl;
8.1.4 ZAMSHEEME

A T R R T LB R R SRR P 6 BV 2. e BB AR
PR, HITET, BT AT 4

[ IR 8-12 . B AMEARMANG din, MBI dout F1— A
3% eno % en="T"f, dout=din; % en=0'IY, dow="Z'(iBl). ZATIKILAFRINE 8-5 Fin.

%85 =HMAMER

BN TR Kl din

din en dout

dout

X 0 z e

0 1 0

1 1 1 812 AR

[f18-17] FI VHDL i & ik =& I

LIBRARY IEEE:;

USE IEEE.STD_LOGIC_1164.ALL;

ENTITY tri_gate IS

PORT (din, en: IN STD_LOGIC;
dout: OUT STD_LOGIC);

END ENTITY tri_gate:

ARCHITECTURE zas OF tri_gate IS
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BEGIN
tri_gate1:PROCESS (din, en)IS
BEGIN
IF (en="1") THEN
dout<=din;
ELSE
dout<="Z';
END IF;
END PROCESS;
END ARCHITECTURE zas;

1E55 3 s DM, — AT LA N SR HIE . 51 8-18 F16] 8-19 AR MR

[FJff) VHDL & )i i) = & 145k o
[f18-181 J VHDL Atk =41 104 #R Bl —.
ARCHITECTURE blk OF tri_gate IS
BEGIN
tri_gate2:BLOCK (en="1")
BEGIN
dout<=GUARDED din;
END BLOCK;
END ARCHITECTURE blk;

PRI PR RE VSRR R ZE 1T, PRBUE SR R R RIEI
SAFWAAR, BB E WAL ST KRR en=1 10 5 R 2R,
dout<=GUARDED din & AJ 4 & AT«

(18191 1| VHDL ifitdliid = & 1 (ki nf] —.
ARCHITECTURE nas OF tri_gate IS
BEGIN
tri_gate3: PROCESS (din, en)IS
BEGIN

CASEen IS
WHEN 'l'=>dout<=din;
WHEN OTHERS=>dout<="Z";
END CASE;
END PROCESS;
END ARCHITECTURE nas;

B, 2 en="1"R, dout Ml din M5 SRIE B, BFNUH “2” BIEWT dout. b
MW, dout N2 din (KIEW

2. BEBEENE

TESR U SERLIN 29K D 20 ST S BAER b 88, B R A = 4UR, A
SRR ik 4 2R3 A 2
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A 8 AL MR GE AR I 8-13 FTAR . 8 i
A A S e B

. BT SAT IR ENEE i, m ML O — dout(0)
en fH. oy )
A VHDL i 5 A 1 8 731 B RGP BBIERFF LB dins)— ﬁ;%é& —d::'ﬂ;
49l 8-20. i 8-21 Ffp 8-22 . dintt)—— grptg [ dou®
(18201 Jil VHDL i #i0 8 frimuets o | S
THERRRFEE . din(7) dout(7)
LIBRARY IEEE;

P 8-13 W[ B
USE IEEE.STD_LOGIC_1164.ALL;

ENTITY tri_buf8 IS
PORT (din: IN STD_LOGIC_VECTOR (7 DOWNTO0) ;
dout: OUT STD_LOGIC_VECTOR (7 DOWNTO 0) BUS;
en:IN STD_LOGIC);
END ENTITY tri_buf8;
ARCHITECTURE zas OF tri_buf8 IS
BEGIN
tri_buff: PROCESS (en, din)IS
BEGIN
IF (en='1") THEN
dout<=din;
ELSE
dout<="2Z22777Z7";
END IF
END PROCESS;
END ARCHITECTURE zas;
[B18-211 A VHDL if 5 Hik( 8 18 B LBk 8% N FF SLh =
ARCHITECTURE blk OF tri_buf8 IS
BEGIN
tri_buff:BLOCK (en="1")
BEGIN
dout<=GUARDED STD_LOGIC_VECTOR (din);
END BLOCK;
END ARC!{ITECTURE blk;
[518-22)  fil VHDL if & fiiA ) 8 43 ) B e S B8 00 RF 5L 61 =
ARCHITECTURE nas OF tri_buf8 IS
BEGIN
tri_buff:PROCESS (en, din)IS
BEGIN
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CASEen IS
WHEN 'I'=>dout<=din;
WHEN OTHERS=>dout <="Z2ZZZZZZ";
END CASE;
END PROCESS;
END ARCHITECTURE nas;
RS LR NER, ek 27 R FER, TURF LT EESA. 5o,
MHESBER “Z” B “0” B “1” RagmAA, ditn:
dout<="Z001ZZZZ";
IR ) RSOV (HREBIR M FGA RN, SIFRERTL. Hin:
dout(7)<="Z";
dout(6 DOWNTO 4)<="001";
dout(3 DOWNTO 0)<= "ZZZZ";
3. WEBLEE NS
X I ik £ G o 28 Y e 0 A R EAT RS AN G o 1 TR £ 00 7 8 R 8 £ L it R
P 8-14 Fr. EH, SRS e H A BRI R a 1 by — 7 EHI dr f1— 4
W%t en. L en=1 B, KU BLE AR ARYIEE, a F0b MBIA: 24 en=0 K, Wi E
LGP BPILE, MR dr=0, 4 a=b, WMF dr=1, W4 b=a. WA MLEPROILER D
% 8-6 FiuR.
#8-6 WaBZFENHRHRER

en dr g
0 0 a=b
0 1 b=a
1 X = 814 R RAGENS
[$18-231 il VHDL if 5 iR X0 i) 4 e G 88 L4 o
LIBRARY IEEE;

USE IEEE.STD_LOGIC_1164.ALL;

ENTITY tri_bigate IS

PORT (a, b: INOUT STD_LOGIC_VECTOR (7 DOWNTO 0);
en: IN STD_LOGIC;
dr: IN STD_LOGIC);

END ENTITY tri_bigate;

ARCHITECTURE rtl OF tri_bigate

SIGNAL aout, bout:STD_LOGIC_VECTOR (7 DOWNTO 0);

BEGIN

PROCESS (a, dr, en)IS

BEGIN

IF ((en="0) AND (dr="1")) THEN
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bout<=a;
ELSE
bout<="22ZZZZZZ";
END IF;
be=bout;
END PROCESS;
PROCESS (b, dr, en)IS
BEGIN
IF ((en=0') AND (dr=10)) THEN
aout<=b;
ELSE
aout<="2277227Z";
END IF;
a<=aout;
END PROCESS;
END ARCHITECTURE rtl;
MBI 8-23 HET LA t, X[ M B a8 AL = A T4 RS aout A1 bout #75
WA ERRR. TR TR a A1 b AR AT AR IR “0” A €17, KIHAE
K LA R

82 WP

A IR R LB B A QAR AP HOS. A A L B DA
SEULB - F IR S RIS RLAT S A o

8.2.1 WEMESRILNES

1. RESHEE
DT, AT R AR LA B S AT, T LB FLRAERS B (RIA
SRRE, SURAARAEBCE. Wi, BB SE R RN T R F AT R S5k
i Pt DI R ) SRORMEAT H R 1), SUHIR Iy X A PR
(1) R I T o ZEABL T, T BRSSO RUBAS 5, Sl
BU7E PROCESS i /F RIGHE 1, 140 PROCESS(clock _signal). I iy EI KA
A5 A 5% P B DA 1 A
(518241 UERRINBUBAT SR 5 5
PROCESS (clock_signal) IS
BEGIN
IF (clock_edge_condition) THEN

signal_out<=signal_in;
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JCEFi 6

END IF;
END PROCESS;
B 8-24 hIFEFF B, ZERRAER P55 clock_signal R AL S B, T FER kg
WIS A1 BN AL G A FLIE AT B 5 el 7 06 P2 105 ) o
(2) FIBEFE DY) WAIT ON A RF I B, ZEIXFPISOL T, SRR 7 BB R Bl
U, TR WAIT ON #GR 2 BEAR (AT o Ak UL, HERRIE %15 B 7E WAIT ON
Wh) b, RAEREE S SR B LU R, HRMNE A AT .
[ 8-251  FUEFLH AW AIT ON B A)SFFI S35
PROCESS
BEGIN
WAIT ON (clock_signal) UNTIL (clock_edge_condition);

signal_out<=signal_in;
e R

END PROCESS;
eSS FIRFRFIN
o Jit IF HEAL R WAIT ON iif), JEXTITEHANUEAT BTN, — @ SvEWIR Loty
ST MR TR G HY), R R AT
o HIHEE SRR BUBAE S I, FEURAT S R D AR B AL R S
S, BREERE S LSS, SO S AR AT LRI S R ISR R
© WAIT ON i U TCAF SRR P ok T 50 det

clk="1"
Je T o
(3) WHEMAHTIIRA. T RGRIN gL,
B R BRI FFRHY, X AT USRI g
SRR RERAAT . AR B, B S 10 o
M “0” B “17 24k, RN “17 B “0” AL, ok
FHIE T AT AU I 55 (1) LA R R RS IEVENT
@ Whpbikok b ARSI . ik ab b B cIKLAST_VALUE
AR 53 I (R iR S R 0 P 8-15 P Vel 8-15 bkl LTI B RO B
MBI AT LU £, R S IR €0, RN HA R R

JURYEA cIKLAST_VALUE=0': - FHHF Bk #%
KA T AGHE, 8T clk 'EVENT & FHIFLUR, MM <17, S EiE
K clk="l's IXHF, FoR LI BRI AT A

IF clk="1' AND clk'LAST_VAULE ='0' AND cIkEVENT
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@ IPEI R R R . B R R K EVENT
B R A R R 816 BiR. KRS
8-15 20, BN cIKLAST_VALUE='1'; BH8hE 5 477{H
W k=0 FREMEIRMIESH KEVENT. EHRR 2
TR B AATTE R

IF clk="0' AND clk'LAST_VALUE ='1' AND clk 'EVENT
AR LT LR F AR, IR i
bt 26 T L e R B T
IF clock_signal=current_value AND clock_signal' LAST_VALUE AND clock_signal EVENT
FESCEAS PR TS
IF clock_signal=clock_signalEVENT AND current_value

® FE STD_LOGIC BRI, SR “0” F1“1” LISk, EATBUR “2”, “X”
50 MR, BRES AN AT A IUE. 8RR AL, BIURT AL IEEE
PBRLEAE BI:

IR

IF vising_edge(cp) THEN

FREHY AT 384

IF falling_edge(cp) THEN

2. MABNFESMERSEL

2 BRI M R A B 5 B R . S S xR AL RS, 3T
B9 B AR RS S AR PRS0, R SR B ELAE S (O ity
PEDR, AT AR SR — B B, MR

NEEZ

267 VHDL ¥ 2 HAR, 55 A B TR UM b OB S R s X L IR
R DB AR, F A B TR RS R R RSB

1518261 AR MHAIH—

PROCESS (clock_signal)IS

BEGIN

IF (clock_edge_condition) THEN
IF (reset_condition) THEN

CIKLAST _VALUE="l"
P 8-16 I BBk T RSB AR B
SR RIE KR

signal_out<=reset_value;
ELSE

signal_out<=signal_in;
W)
END IF;

END IF;
END PROCESS;
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(518271 R REA A MHBLH .
PROCESS
BEGIN
WAIT ON (clock _signal) UNTIL (clock_edge._condition)
IF (reset_condition) THEN
signal_out<=reset_value;
ELSE

signal_out<=signal_in;
HERFER)

END IF;
END PROCESS;
2) #FRF AL
LRI AL RSB SO, FERRIT 5 R A 8 SEtEE AR 0 U 5 PRI
PSS, BRI BRI S HKRM IF SRR R4 BIS7E ELSIF BAiR N
PSR I%AE, JEint EVENT &, JERP AR ) 8-28 Fiir.
[ 8-28)  AA:RIPEATy RittR L.
PROCESS (mmlﬁsignul, clock_signal)IS
BEGIN
IF (reset_condition) THEN
signal_out<=reset_value;
ELSIF(clock_event AND clock_edge_condition) THEN

signal_out<=signal_in;
JCERFES

END IF;
END PROCESS;
I 8-28 HRT LA B, ARRIS AL RS 5 AR AR SRR SHEN 85 S
MW EEAT, i 8-28 h ELSIF JR AT HIAHE o
S5, VRN clock_event 4 T B L3847 ISRt AF R AL (R ER M. Wi, BUILEREH4E
PR R A TR R T BT, RPRKMRRAR T Rah. IR, BRI
AT, TR AR, T4 SR A KM A — BARF(ELSIF By 274
FUPAT, AN R TR

822 flAk
A B8 AR &, X AN H PR R LRI B o
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1. YitFsR

R AR AN STATRTEUE 77 2 LS 3 IR AT LI A7 28 5 E R ARRTE

1) DHAS

TERARR N D SUHES 0 B S WA 8-17 PR, BR—MERCEFHEKL D Ak
2, H- ARG d. IR ok A1 AN BOR IR g D SUFRINILIRD
R 87 Pim. MRS, D SR 05 U IER BRI R, WA d KBRS

HeR BV % q. F VHDL 5 EHiA D 817 3% (R /F 51 b 8-29 Fafl 8-30 B
% 87 D iFRMRER

BHEMA B AR A3 B i
d clk g
X 0 Ats
x 1 T

) i )

/817 D Bl

1 J[ 1
[$18-29] il VHDL i #iid D Bi77F 8 AR FFSLhl .

LIBRARY IEEE;

USE IEEE.STD_LOGIC_1164.ALL;

ENTITY dffl IS

PORT (clk, d: IN STD_LOGIC;

q: OUT STD_LOGIC);

END ENTITY dffl;

ARCHITECTURE rtl OF dff1 IS

BEGIN

PROCESS (clk)IS

BEGIN

IF (clk 'EVENT AND clk="1") THEN

q<=d;

END IF;

END PROCESS;

END ARCHITECTURE rtl;
[518-30) il VHDL ifi 7 ffiik D BUF 8% (KA 7 54—

LIBRARY IEEE;

USE IEEE.STD_LOGIC_1164.ALL;

ENTITY dffl IS

PORT (clk, d: IN STD_LOGIC;

q: OUT STD_LOGIC);
END ENTITY dffl;
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ARCHITECTURE rtl OF dff1 IS
BEGIN
PROCESS
BEGIN
'WAIT UNTIL clk 'EVENT AND clk="1";
g<=d;
END PROCESS;
END ARCHITECTURE rtl;
151 8-29 Fi| 8-30 J et 532 i AR AR AN 1R 7 i W e BT A B0 KR A AR TR 0
J¥o FFRHRN R LA AR, I RSEE P R AR, WK AR I Segh B AT
IF (clk 'EVENT AND clk="0")
2) R ¥ L1ieh D A S
) AL D BIFE 3K LB 1 5 I e 8-18 TR
BRI D BFFERNX AR E T~ RALMAS clr.
‘}ﬁ\;;r:‘()‘ﬂd o g UL BRI E S €07, olr IRHEM g o JER S D B
[18-31]  JHl VHDL ifi i5 #iids (1) JE [ 5 S AL D BIA7E 3% R sl F «
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY dff21S
PORT (clk, d, clr:IN STD_LOGIC;
q:OUT STD_LOGIC);
END ENTITY dff2;
ARCHITECTURE rtl OF dff2 IS
BEGIN
PROCESS (clk, cIn)IS
BEGIN
IF (clr="0") THEN
q<=05
ELSIF (clk 'EVENT AND clk="1") THEN
q<=d;
END IF;
END PROCESS; 4
END ARCHITECTURE rl; clk
3) #F ¥ A4/ B4 D HAS
A7) 25 52 R/ B D BT BS I BR 2F S I 8- 19 TR e 8-19 HRIRIAE SERL/RAL D HiAr i
B TRIAM dv clk A1 q %5, 47 cIr Bl pset R A7 &
e 4 clr="0' N R AT, A ) pset="0' i HAL, i g="1"5
[518-32) il VHDL ifi 5 Hi 011 25 82 R/ 8L A7 A% (KRR P S
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LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY dff3 IS
PORT (clk, d, clr, pset: IN STD_LOGIC;
q: OUT STD_LOGIC);
END ENTITY dff3;
ARCHITECTURE rtl OF dff3 IS
BEGIN ~
PROCESS (clk, pset, cInIS
BEGIN
IF (pset='0") THEN
q<="1"
ELSIF (clr="0') THEN
q<='0%
ELSIF (clk 'EVENT AND clk="1') THEN
q<=d;
END IF;
END PROCESS;
END ARCHITECTURE rtl;
B 8-32 PETLALE S, FAHORER BB, LKL, T sRAE.
IXHE, 2 pset=0 B, i clr Al clk RAFARE, q —EHHEHD “17.
4) AFL4ath D HAS o
[FISALH D B RN A 8-20 FTR.
SRR T AR R, MBS el A B (clr="1)
LU, FURTEA O Bhid o SR A REMAT AR ok
fE. B cr="1" LUG, 76 clk 1 EFHEERM, q W20 FHEAN D EEE
AR “0”.
AN, MEHGE LR th, AT S ISER I d SEERMA RS R . L,
ol I, LR d A AT S, 7E clk (0 EFHYBIRI, g @tk 0”7
(518331 Fil VHDL ifi & ik )25 SLAT D D788 9 FLFF Sl F -
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164. ALL;
ENTITY dff4 IS
PORT (clk, clr, d: IN STD_LOGIC;
q: OUT STD_LOGIC);
END ENTITY dff4;
ARCHITECTURE rtl OF dff4 IS
BEGIN
PROCESS (clk)IS
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BEGIN
IF (clk 'EVENT AND clk="1") THEN
IF (cIr="1") THEN
q<=0;
ELSE
q<=d;
END IF;
END IF;
END PROCESS;
END ARCHITECTURE rtl;
2. JK % 3%
WAL BN JK AR BN EE S WA 8-21 HiR. JK
fib R PO AIGH BOIHI psets EAIHIA clry FHIEA j F k. B
BESHIN clk, S5 IE R  FUR T HI qb. TK AR 2%
IR IR 8-8 PR, Reh, q0 RRFREARE, BHFRKER
RAIGRES, WKL “0” WIARRL “17, BRA “17 WA “07, 821 JK ks
#8-8 JKMEBHRER

TN N
pset clr clk j Kk a ab
0 1 X X X 1 0
1 0 X X X 0 1
0 0 X X X X X
1 1 J 0 1 0 1
! | I 1 ! st st
1 1 j 0 0 q NOT g0
1 1 }7 1 0 1 0
1 1 0 X X q0 NOT q0
[#18-341 Jil VHDL ifi 75 ik JK & 3% AL F Ll F
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY jkdff IS

PORT (pset, clr, clk, j, k:IN STD_LOGIC;
q. gb:OUT STD_LOGIC);

END ENTITY jkdff;

ARCHITECTURE rtl OF jkdff IS

SIGNAL g_s, gb_s: STD_LOGIC;
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BEGIN
PROCESS (pset, clr, clk, j, k)IS
BEGIN

ELSIF (clk 'EVENT AND clk="1") THEN
IF (7=0') AND (k="1') THEN
0%

gb_s<="1%
ELSIF (j='1') AND (k='0") THEN

ELSIF (j='1') AND (k='1") THEN
q_s<=NOTq_s;

END PROCESS:
END ARCHITECTURE rtl;

1) 8-34 PIKE R AR BAABRAERD I, L pset FOMSEHLL clr #. HERH, 2
pset=0' HL clr="0' B, q #5417, qb Hiih “07. EHREERAIK 8-8 FisMSHHARRA
iy, o TEGIKFMIS, B AT LASCS B 8-35 iR

[518-351 il 8-34 UG LU KR
ARCHITECTURE rtl OF jkdff IS
SIGNAL g_s, gb_s:STD_LOGIC;

BEGIN
PROCESS (pset, clr, clk, j, K)IS
BEGIN

IF (pset=10') AND (clr="1") THEN

ELSIF (pset='1") AND (clr='0") THEN

qus<=10;
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gb_s<="T;
ELSIF (clk 'EVENT AND clk="1") THEN
IF (j=0') AND (k='") THEN
q_s<=0"

ELSIF (j="1') AND (k="1") THEN
q_s<=NOT q_s;
gb_s<=NOT gb_s;
END IF;
END IF;
q<=q_s;
qb<=gb_s;
END PROCESS;
END ARCHITECTURE rtl;
TEBI 8-35 11, pset=0', clr='0' PGB RIS, MATEBELAN, LHHRERMK.

823 HAFA

AR AR D OAR SE BT, B A RERNBUAFS%. FEEEN
AL

1. BITHIA. BITRHBLHEFS

HATHIAN . BATHI B LA A7 2% 0 S R B ) 8-22 T B ELAT RSN AN S B
A3 a RBP4 cli) 5 — SR b B ITR A 8 RLIN B AT A A7 4%, FERTER
S WA F, ATRIBER G RB ). 1% 8 MBI A7 4% i 8 1 D A B8R

Vel 822 BATHIA. HBATHIN 8 (OBAIA %
[£18-36] FIM GENERATE i#4)1 D & 2514538 S5 i 9 8 A4S0 45 47 28 VHDL
L350
LIBRARY IEEE:
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY shift8 IS
PORT (a, clk: IN STD_LOGIC;
b: OUT STD_LOGIC):
END shifts;
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ARCHITECTURE sample OF shift8 IS
COMPONENT dff IS
PORT (d, clk: IN STD_LOGIC;
q: OUT STD_LOGIC);
END COMPONENT:
SIGNAL z:STD_LOGIC_VECTOR (0 TO 8);
BEGIN
2(0)<=a;
gl: FORiINOTO 7 GENERATE
dffx:dff PORT MAP (z(i), clk, z(i+1));
END GENERATE;
b<=2(8);
END ARCHITECTURE sample;
{9 8-36 T dff BT LRI T, AR GENERATE XRAB 3R A SR ATHE BRI 8
A D R .
[618-37) 8 R4 # HIRA A S RIERM AW T«
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY shift8 IS
PORT (a, clk: IN STD_LOGIC;
b: OUT STD_LOGIC);
END ENTITY shift8;
ARCHITECTURE rtl OF shift8 IS
SIGNAL dfo_1, dfo_2, dfo_3, dfo_4, dfo_5, dfo_6, dfo_7, dfo_8:STD_LOGIC;
BEGIN
PROCESS (clk)IS
BEGIN
IF (clk 'EVENT AND clk="1) THEN
dfo_l<=a;
dfo_2<=dfo_l;
dfo_3<=dfo_2;
dfo_4<=dfo_3:
dfo_5<=dfo_4;
dfo_6<=dfo_5;
dfo_7<=dfo_6;
dfo_8<=dfo_7;
be=dfo_8;
END IF;
END PROCESS:
END ARCHITECTURE rtl;
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TESR 4 Terh DERHEE] T RRATAE SACA M ), e I5Ri8: ST 7655
RNER), BN SRR A IR R AR, HBIRARGR, AL R
Ko Bk, B 8-37 IXPRRIA R IEHIIG. WFKHI 8-37 RIS S REMER, RAR
“<=" BURIRMTE “:=") WA ERFHTHRMRET N A 8 ML 7882 X ifis
FARE ORI AT B .

2. EIRBLIHFR

TEVEEERLIIZ SERAT TP 2 R SRERE AL, BT U RE M Bk E T, A 8 ArffEr
ZERB I AFAT BRI LB 75 5 AP 8-23 7K. L HLER A 8 NBEEMI A din(0)~din(7). BALFN
B R B enby MEMTSHIAG clk. B AIEUSHIBA G s(0)~s2). 8 frRmHH
3t dout(0)~dout(7). FHEFZEREHRAF 7R 2 B 1 ) 8-24 TR .

dout(0) dout(1) dout(2) dout(3) dout(4) dout(5) dout(6) dout(7)

s(0) 3 enb
s(1)
5(2) ek

din(0) din(1) din(2) din(3) din(4) din(5) din(6) din(7)

8-23 8 (TR BAT A 1788
se=3f1%H

mss[ [ T T T T T T Jus
P 8-24  fREF AR B (S R PR
4 enb=1 Itf, FR4EE s(O)~sQEMA KL B 7Em hikah 46 &, 55 A8 LA 14 8-24
SRR AR T 3 4%, 4 enb=0 I, din EL#HIH % dout.
23 TR 8 CLORER/CREIN A A7 8 (X HIEAT R I S A & CPAC T 9 A2
Bk
[$518-38] 7 CPAC 'I'iliFh Ac B ek U Rl 401 F -
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
USE IEEE.STD_LOGIC_ARITH.ALL;
USE IEEE.STD_LOGIC_UNSIGNED.ALL;
PACKAGE CPAC IS
FUNCTION shift(din:STD_LOGIC_VECTOR(7 DOWNTO 0);
enb:STD_LOGIC;
5:STD_LOGIC_VECTOR(2 DOWNTO 0))
RETURN STD_LOGIC_VECTOR;
END PACKAGE CPAC;
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PACKAGE BODY CPACIS
FUNCTION shift(din:STD_LOGIC_VECTOR(7 DOWNTO 0);
enb:STD_LOGIC;
5:STD_LOGIC_VECTOR(2 DOWNTO 0))
RETURN STD_LOGIC_VECTOR IS
VARIABLE dout_v:STD_LOGIC_VECTOR(7 DOWNTO 0);
VARIABLE sc:INTEGER RANGE 0 TO 7;
VARIABLE s1,s_s:STD_LOGIC_VECTOR(2 DOWNTO 0);

BEGIN

sl

-enb&enb&enb;
=s AND sl;
sc:=CONV_INTEGER(s_s);
CASE sc IS
'WHEN 0 =>
dout_v:=din;
'WHEN 1 => dout_v(7 DOWNTO 1):=din(6 DOWNTO 0);
dout_v(0):=din(7);
WHEN 2 => dout_v(7 DOWNm 2):=din(S DOWNTO 0);
dout_v(1 DOWNTO 0):=din(6 TO 7);
WHEN 3 => dout_v(7 DOWNTO 3):=din(4 DOWNTO 0);
dout_v(2 DOWNTO 0):=din(5 TO 7);
WHEN 4 => dout_v(7 DOWNTO 4):=din(3 DOWNTO 0);
dout_v(3 DOWNTO 0):=din(4 TO 7);
'WHEN 5 => dout_v(7 DOWNTO 5):=din(2 DOWNTO 0);
dout_v(4 DOWNTO 0):=din(3 TO 7);
WHEN 6 => dout_v(7 DOWNTO 6):=din(1 DOWNTO 0);
dout_v(5 DOWNTO 0):=din(2 TO 7);
WHEN 7 => dout_v(7):=din(0);
dout_v(6 DOWNTO 0):=din(1 TO 6);
'WHEN OTHERS => NULL;
END CASE;
RETURN dout_v;
END FUNCTION shift;
END PACKAGE BODY CPAC;
[518-391 Fifl CPAC sh{BFF /s s BOHIIA 8 RIAB3F LA AR INEF I T
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
USE IEEE.STD_LOGIC_ARITH.ALL;
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USE WORK.CPAC.ALL;
ENTITY bsr IS
PORT (din:IN STD_LOGIC_VECTOR (7 DOWNTO 0);
s:IN STD_LOGIC_VECTOR (2 DOWNTO 0);
clk.enb:IN STD_LOGIC;
dout:0UT STD_LOGIC_VECTOR (7 DOWNTO 0);
END ENTITY bsr;
ARCHITECTURE rtl OF bsr IS
SIGNAL dout_s:STD_LOGIC_VECTOR (7 DOWNTO 0);
BEGIN
PROCESS (clk) IS
BEGIN
IF rising_edge(clk) THEN

dout<=shift(din,enb,s);

END IF;
END PROCESS;
END ARCHITECTURE ril; w
3. BRTHN 8 WHTRUBLTES ]
GBALA AR TTL FH i 74166, 51 I f
i 8-25 FiR.
B &5 | 2 PR R DI RE T - a
a~h—8 RIFTHARH AN b
se—— S AT BRI A 4
q——HATHER R ¢
clk——F g 54 A3 s g L _q
fe——MHEifE 5 2813 b
s B BB i 825 B 8 RIFTRR
clr——# B i BRAER
HIUHRINE 8-9 Fir,
#8-9 HHTHMN 8 IITREBUFTERNAER
A PR i i
clr s/t fe clk a~h s qa_ | ab~qh qh=q
0 X X X X X o | o 0
1 X 0 0 X X Ao A
1 X 1 X X X e L&
1 0 0 J[ X a~h 3\ qa~qh
1 ! 0 ! x s LB
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JAZE 8-9 ATLATE F], I EHIAIG clr  “0” I, 8 (LA AE A ME A “0”, M
q it €07 fe REMEME LN, MEh 17 RO AR, BURE R BE S TR,
BAAAEROOREARR . Boh, WA LA A AR, JeR fe=0. MR
BRI ETHERBDR, WA AR REDASRAEZ. 1 BB ARSI
5 =1 BB RURA, 7EREMES EFHOREIT, MAB 0L, BATHAL se M55 H
B qa L, T q (REHRRBARTI N qg il 24 s1=0 RORFBORE, e sikab 1
THASIPER] F, SRR a~h (15 5 S BIB RL ¥ 474811 qa~gh.
[ 8-40]1 Jil VHDL ifi 5405 ik 74166 ) feMIFLA-40 F
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY sreg8parlwelr IS
PORT (clr, s, fe, clk, se, a, b, ¢, d, e, f, g, h: IN STD_LOGIC;
q: OUT STD_LOGIC);

END ENTITY sreg8parlwelr;
ARCHITECTURE behav OF sreg8parlwelr IS
SIGNAL tmpreg8:STD_LOGIC_VECTOR (7 DOWNTO 0);
BEGIN
PROCESS (clr, s, fe, cIk)IS
IF (clr=0') THEN
tmpregB<="00000000";
qe=tmpreg8(7);
ELSE (clk EVENT) AND (clk="1") AND (fe=10') THEN
IF (s1=0) THEN
tmpreg8(0)<=a; tmpreg8(1)<=b; tmpreg8(2)<=c:
tmpreg8(3)<=d; tmpreg8(4)<=c: tmpreg8(5)<=f:
tmpreg8(6)<=g; tmpreg8(7)<=h:
e=tmpreg8(7);
ELSIF (s1='1') THEN
FOR i IN tmpreg8 HIGH DOWNTO tmpreg8 LOW-+1 LOOP
tmpreg8(i)<=tmpreg8(i-1);
END LOOP;
impreg8(tmpreg8 LOW)<=sc:
q<=tmpreg8(7);
END IF;
ENDIF;
END PROCESS:
END ARCHITECTURE behay:

8.2.4 B
TR A RO P B R . LR NI R PR L, AR AT
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AR T TR LB KA
1. RFitE

PR R, ARAER BRGSOl BRI R H B B G AR AR A T

I R AR
1) A e+ S

AR 4 MR B ol B THEE, en WA TG BAR TR, ok b
IR P CGHE ROK OSSR, qas qb. g qd RiTBER I 4 G TR BATIR NG . %8

WHFER IR 8-10 PR

%810 HAVFRA+ZHBHRBORER

N Wt W
cIr en clk qd q ab qa
1 X X 0 0 0 0
0 0 X & T % %
0 ! I st 1

[618-41) A AVFIRIO+ —UEBIH S8 VHDL 18 SRR R W -

LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;

USE IEEE.STD_LOGIC_UNSIGNED.ALL:

ENTITY countl2en IS

PORT (clk, clr, en: IN STD_LOGIC;
qa. gb, e, gd: OUT STD_LOGIC);

END ENTITY countl2en;

ARCHITECTURE rtl OF countl2en IS

SIGNAL count_4:STD_LOGIC_VECTOR (3 DOWNTO 0);

BEGIN
qa<=count_4(0):
gb<=count_4(1);
ge<=count_4(2);
qd<=count_4(3);
PROCESS (clk, cInIS
BEGIN
IF (clr="1") THEN
count_d<="0000";

ELSIF (clk 'EVENT AND clk="1') THEN

IF (en="1") THEN
IF (count_4="1011" )THEN
count_4<="0000";
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ELSE
count_4<=count_4+'1"; :lt
END IF; -
ENDIF;
ENDIF; @
o
END PROCESS; a
END ARCHITECTURE rtl; o
R 0 R P £ 5 B 1P 8-26 BT R 826 5 AOVEUA | b R
2) T#HHE

FriHm 488, SRR BEEHIE SRR, Rk ER T, THBEs A U
AT 1 Rtk 1 B
ALY RO ME RS SN, BN updn 3. 25 updn="1" B, THEGERIEAT N 1 #R4E,
2 updn='0' i, THECBRBEATIR 1 BRAE. R 6 AL Tk AT T BRI LR N K 8-11 TR
%811 6 (I itHI AT EBNRER

PN wom %
clr updn clk qf qe qd qc ab qa
1 X X 0 0 0 0 0 0
0 | I} RN LB
0 0 Il U 1 B

[518-42]1  Jil VHDL i& 5 Fig i 6 47 3Gl el v e it e F
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
USE IEEE.STD_LOGIC_UNSIGNED.ALL;
ENTITY updncount64 IS
PORT (clk, clr. updn: STD_LOGIC;
qa, gb. qc. qd. e, gf: OUT STD_LOGIC);
END ENTITY updncount64;
ARCHITECTURE rtl OF updncount64 IS
SIGNAL count_6:STD_LOGIC_VECTOR (5 DOWNTO 0);

BEGIN
qa<=count_6(0);
gb<=count_6(1);

ge<=count_6(2);
qd<=count_6(3);
ge<=count_6(4);
qgf<=count_6(5);
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PROCESS (clr, clk) IS

BEGIN
IF (cIr="1") THEN
count_6<=(0OTHERS=>'0');
ELSIF (clkEVENT AND c¢lk='1') THEN ‘I‘i
IF (updn="1") THEN “:dn
count_6<=count_6+'1";
ELSE
count_6<=count_6-"1", Zl:
END IF; qc
END IF; ad
END PROCESS; ::
END ARCHITECTURE rtl;
R R Eh A 10 5| O P 8-27 % FI8:27 6 i AR i R

3) Al E
ARPTESL A 4 B IR o LA |08 B el LARIAE 1 4% BCD
PHEER, T2 R B R K AT LU R — AN AN RO . AN R
FF IR 2
AN S 1 5 | B B P 8-28 PR

clk
datain(0)
datain(1)
datain(2)
datain(3)

cin bed 1(0)

bed 1(1)

bed 1(2)

bedlwr bed 1(3)

bed 10 (0;

bedl0wr bed 10 &i

bed 10(2)

co

F48-28 7N bR as L
ANHEITE S (05 A L3 0 44 FR B DR B I
clk——Tf B A i s
bed Twr——3 55 4% il 3 5
bed 10wr——+4 5 F il ;

cin——HEAH A i :
co——JbAvE i i<

datain——HEH A, AT 4 KL datain(0)~ datain(3);
bedl—— il FE MR, 36 4 i HZR bed1(0)~bed1(3):
bed 10— ELff (i, 3547 3 444 bed10(0)~bed 10(2).
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N B BRI B, bedlwr AT bed10wr 15 datain BEET,  BUSKBLREA -]
SEC 0 GBI RE RO B B BT LS IR AR G T BRA o VERE, A2
A R BUE BRI, datain S0 NSRRI, BTN RRI 7 1 TR B s 92 2
ATHEAT

[18-43] Fl VHDL i & ik N+t b Has i s Fe
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
USE IEEE.STD_LOGIC_UNSIGNED.ALL;
ENTITY bed60count IS
PORT (clk, bed1wr, bed10wr, cin: STD_LOGIC;
co: OUT STD_LOGIC;
datain: IN STD_LOGIC_VECTOR (3 DOWNTO 0);
bedl: OUT STD_LOGIC_VECTOR (3 DOWNTO 0);
bed10: OUT STD_LOGIC_VECTOR (2 DOWNTO 0));
END ENTITY bed60count;
ARCHITECTURE rtl OF bed60count IS
SIGNAL bed1n:STD_LOGIC_VECTOR (3 DOWNTO 0);
SIGNAL bed10n:STD_LOGIC_VECTOR (2 DOWNTO 0);
BEGIN
bedl<=bedlIn;
bed10<=bed10n;
PROCESS (clk, bed1wn)IS
BEGIN
IF (bedlwr="1') THEN
bedln<=
ELSIF (clk 'EVENT AND clk="1") THEN
IF (cin="') THEN
IF (bedIn=9) THEN
bedin<="0000";
ELSE
bedin<=bedin+1;
END IF;
END IF;
END IF;
END PROCESS;
PROCESS (clk, bed10wn)IS,
BEGIN
1F (bed10wr="1") THEN
bed10n<=datain (2 DOWNTO 0);

tain;
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ELSIF (clk 'EVENT AND clk="1") THEN
IF (cin="1' AND bedin=9) THEN
IF (bed10n=5) THEN
bed10n<="000";
ELSE
bed10n<=bed10n+1;
END IF;
END IF;
END IF;
END PROCESS;
PROCESS (bed10n, bedln, cin)IS
BEGIN
IF (cin="1' AND bed1n=9 AND bcd10n=5) THEN
co<="1"
ELSE
co<=10';
END IF;
END PROCESS;
END ARCHITECTURE rtl;
1) 8-43 tf, 3 - AR, AR B AR, B =AU R AR
SEATHL co RIARIE. EERD, MR RLEE B R R
2. BHitHE
St X [ M EA I AT - €01 L R (N s A - I L R E R
X PURTEEAD R T A R
St VRS 5 R RS AR IR) Z AR T Bk b i3 77 5K, 5B o B Ak A T
CARI R Fh & FF 0 T 485 o (R, B Tl i e R AT Bt 2, DRI 4 v SO AR s
E SR HER N AT 2 £ 7 KRG, AT, BT R BRSO MR .
i VHDL i & 438 5240 508 55 3R R385 0588 (0 R 7] 2 &b 3 S BT 6 & 4t ik
A L, X R e 7 B RN R
[ 8-44]1 AN 8 MR B AL IR AT B BB AR F .
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY dffr IS
PORT (clk, clr, d: IN STD_LOGIC;
4, gb: OUT STD_LOGIC);
END ENTITY dffr;
ARCHITECTURE rtl OF dffr IS
SIGNAL g_in:STD_LOGIC;
BEGIN
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qb<=NOT q_in;
q<=q_in;
PROCESS (clk, cInIS
BEGIN
IF(clr="1") THEN
q_in<=0;
ELSIF (clk 'EVENT AND clk="1) THEN

q_in<=d;
END IF;
END PROCESS;
END ARCHITECTURE rtl;
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY rpleont IS
PORT (clk, clr: IN STD_LOGIC;
count: OUT STD_LOGIC_VECTOR (7 DOWNTO 0));
END ENTITY rplcont;
ARCHITECTURE rtl OF rplcont IS
SIGNAL count_in_bar:STD_LOGIC_VECTOR (8 DOWNTO 0);
COMPONENT dffr IS
PORT (clk, clr, d: IN STD_LOGIC;
q, gb: OUT STD_LOGIC);
END COMPONENT;
BEGIN
count_in_bar(0)<=clk;
genl:FOR i IN 0 TO 7 GENERATE
U: dfft PORT MAP
(clk=>count_in_bar(i), clr=>clr, d=>count_in_bar(i+1), g=>count(i), gb=>count_in_bar(i+1));
END GENERATE;
END ARCHITECTURE rtl;
8 {47 eV M AR A L LR PR 4 P 8-29 TR
count(2) count(3) count(4) count(5) count(6) count(7)

count(0)  count(l)

1 8-29 8 fUATHTHER LT
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83 ff fif &

AR BRI AAL T 43 0 FUSAE RS S IR HLAFRE 28, SN REA B, BRI
Hik LA E SR REwk, EN0E TS MRZAe, EH5TER SN & BRFELL
i, SRR L B

8.3.1 fEflids btk

1. FFiERMBIERR
168 R AFAE BT A, BBITSIUF HF . 84T T HIR K
B AFORHITHAE R SR . X RS RIBA (G M R AR AR . RIAR A
FEAERR T LU M EEDRRER, S RITRERA P —AJTH, BA P RTRF ST
TR ITRE S B XK, F N R R R A MR IR AT A B R I A
REANFAE A THTAFTR BT LU AR . B VHDL W8 A)FT5E R BURA TR Mg, 61
G0 R AY SR R A
TYPE memory IS ARRAY (INTEGER RANEG<>) OF INTEGER;
KR AT EFRRRORIORAL, o R AR AR SRR M A . B0
SUBTYPE word IS STD_LOGIC_VECTOR (k-1 DOWNTO 0);
TYPE memory IS ARRAY (0 TO 2**w-1) OF word;
KR AR BTN B, T RHR A R A BRI S . XL k RonAFiE
T HEIAIEL W BRI TR
2. TEfkEIMAL
75 VHDL i 35 #iik ROM i, ROM ()4 28 BE%/E () FURT #1562 3] ROM W, X atfE
PR BIAE G SR VIR . 77 88 IO MIGA AL BT S SO A, B T TEXTIO. Il
X ROM HEATHIZRAL K S5 2
AR
VARIABLE startup: BOOLEAN:=TRUE;
VARIABLE I: LINE;
VARIABLE j: INTEGER;
'VARIABLE rom: memory;
FILE romin: TEXT IS IN "rom24s10.in";
AR T«
1F startup THEN
FOR j IN rom 'RANGE LOOP
READLINE (romin, 1);
READ (1, rom (j));
END LOOP;
END IF;
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fcH, ROM MIGAILTE RGBT RBAT - PiEIH, E RAM 3240 i

oL F, A LURA LR RN A k.
8.3.2 ROMCSAFiN)
R 256x4 1] ROM 76k 25105 | B & 8-30

FiR. % ROM 4 8 {7 Hibk2: adr(0)~adr(7). 4 fr% &
FEALZ dout(O)—dout(3) % 2 RLSFFIIAA gt 1 BT
22. % gl=1, g2=1 B, Hi adr(0)~~adr(7)i& 14— ROM
T, B TEH K 4 AL 3R R dout(0)~doutB)frit,  aar(t) ——
73 0 dout(0)~dout3)¥ EHF R A . FWILHATUUA  aar)
VHDL i & 5 Hi#f ROM [HIAREF, il 845 k. e

[%18-451 Fil VHDL i& 5% ROM #tATHiik, — ad(®

256X 4
ROM

dout(0)

dout(3)

LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
USE IEEE.STD_LOGIC_UNSIGNED.ALL;
ENTITY rom24s10 IS
PORT (g1, g2: IN STD_LOGIC;
adr: IN STD_LOGIC_VECTOR (7 DOWNTO 0);
dout: OUT STD_LOGIC_VECTOR (3 DOWNTO 0));
END ENTITY rom24s10;
ARCHITECTURE behav OF rom24s10 1S
SUBTYPE word IS STD_LOGIC_VECTOR (3 DOWNTO 0);
TYPE memory IS ARRAY (0 TO 255) OF word;
SIGNAL adr_in:INTEGER RANGE 0 TO 255;
FILE romin:TEXTIS IN "rom24s10.in";
BEGIN
PROCESS (gl. g2. adn)lS
VARIBLE rom:memory;
VARIBLE startup:BOOLEAN:=TRUE:
VARIBLE L:LINE:
VARIBLE j:INTEGER;
IF startup THEN
FOR j IN rom RANGE LOOP
READLINE (romin, 1);
READ (1, rom()):
END LOOP;
startup:=FALSE:
ENDIF;
adr_in<=CONV_INTEGER (adr);

48-30 ROM ££fik 2% 95 | B
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IF (g1="1' AND g2='1") THEN
dout<=rom (adr_in);
ELSE
dout<="2777";
END IF;
END PROCESS;
END ARCHITECTURE behav;
11 8-45 11f) CONV_INTEGER()J2 — AL St e s S 50 R B 14 TEEE (RArnfE
Rt AT LR, X S A T %R R

8.3.3 RAM(BEHLIFNERS)
RAM H1 ROM {1 £ X I/E T ILHA LA A SBiARg, i BrEE. 5 LM iA

BRI R
A 8x8 LI SRAM (5| HE I W 8-31 B
din(0)
put) dout(0)
din(3) dout(1)
din(4) dout(2)
din(5) 8x8 dout(3)
din(6) SRAM dout(4)
din(7) dout(s)
wr dout(6)
rd dou(7)
adr(0)~adr(7)
s

14 8-31  SRAM )5 BIHER
4P 8-31 i, SRAM 4 8 %Mt 2k adr(0)~adr(7). 8 ZEHRHMAL din(0)~din(7).
8 4RI 2 dout(0)~dout(7). Yh4h, wr WEHEHIL, rd MR, os Ak,
Hes=1. wr i 5 HARASECETHDI, din EOFHE S A H adr FHREEK $I0: 2 es=1.
rd=0 I, H1 adr FiE $ G N AR dout IMEEREE Bt .
i1 VHDL ifi 35 ik 1) SRAM [{FEIT 5541 it 8-46 s«
[518-46]1 Fl VHDL ifi 531y SRAM (R 9: .
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
USE [EEE.STD_LOGIC_UNSIGNED.ALL;
ENTITY sram64 1S
‘GENERIC (k:INTEGER:=8;
w:INTEGER:=3);
PORT (wr, rd. cs:IN STD_LOGIC;
adr:IN STD_LOGIC_VECTOR (w-1 DOWNTO 0);
din:IN STD_LOGIC_VECTOR (k-1 DOWNTO 0);
dout:OUT STD_LOGIC_VECTOR (k-1 DOWNTO 0));
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END ENTITY sram64;
ARCHITECTURE behav OF sram64 IS
SUBTYPE word IS STD_LOGIC_VECTOR (k-1 DOWNTO 0);
TYPE memory IS ARRAY (0 TO 2**w-1) OF word;
SIGNAL adr_in:INTEGER RANGE 0 TO 2**w-1;
SIGNAL sram:memory;
SIGNAL din_change, wr_rise: TIME:=0 ps;
BEGIN
adr_in<=CONV_INTEGER (adr); 7 R BT R
PROCESS (wr)IS
BEGIN
IF(wr 'EVENT AND wr=') THEN
IF(es='l' AND wr='1") THEN
sram (adr_in)<=din AFTER 2 ns;
END IF;
END IF:;
wr_rise<=NOW; --wr [-JHiZlif ]
ASSERT (NOW-din_change>=800 ps)
REPORT "SETUP ERROR din(sram)”
SEVERITY WARNING; —din LR UK 7
END PROCESS;
PROCESS (rd, cs)IS
BEGIN
IF (rd="0' AND cs="1") THEN
dout<=sram(adr_in) AFTER 3 ns;
ELSE
dowt<="77277777" AFTER 4 ns;
END IF;
END PROCESS;
PROCESS (din)IS
BEGIN
din_change<=NOW;
ASSERT (NOW-wr_rise>=300 ps)
REPORT "HOLD ERROR din (sram)”
SEVERITY WARNING; --din {RFFKY 7
END PROCESS;
END ARCHITECTURE behav;
FE) 8-46 TN T A ALK A E AN DRI SRR TE R A . K ) AR 1 FOIN
Kot RAM SEMNERPTBH I, CNHAEEEREAT R AT ML RAM M
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8.3.4 FIFO(EiltsEihiHitk)

FIFO A5Gt s bk, MEh S anh 88, 0% HEURAF RS MRl RAM R 54 - BUH,
RRAFIT RAFIARR . B 8-32 AN 8x4 (1) FIFO )5 | BIHE E A S HAHE R .

pOUT
RD A% FULL

WR FIFO ()
CLK EMPTY

)

(@)
o 111
PIN—= s

DOUT

‘SELECT

EMPTY

1832 84 {3 FIFO ) | BHE PR L BEE P
(@) SIBUHERE: (b) JAFTHER]

[ 8-32 71, FIFO 45 4 & %A LL DIN. 4 %Mtk DOUT. 1 4#d¥iH4 RD.
1 4 SHHI4 WR. | SRHEIAL CLK & 2 RER 54, B SREULLATER S
H(EMPTY).

FIFO 1 6 MUIfEdRAli, SAVRAEMA. Til A WP IS RP). WHEH
IN_FULL. %545 IN_EMPTY FIi4& P2 H SELECT. 34— MFIBH FIFO. 7ER SHlikphiK)
FHEMERTF, % WR=0 H FULL=0 ¥, DIN [H¥(4i# N\ FIFO HERZ. ERHNSSL T
RP Fr 5t 1570 A 28 4 27T DOUT fofi il B4k |, JURYE RD=0 H EMPTY=0 Itf, RP
WA A BOETI IR W FIFO R —At, F—ANHcHy A E #2451 A AJF M DOUT i
Hio WER, EAEFIRE DOUT L#sA SRl iMiA% RAM I, U 7EEA
N AR, TR =8
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FIFO (47 a8 sSKbr A AR EAREEH, B WP I RP 43 SR /R EE S R IR
G, TEIXIE WP R IR SRS A cHE, & A WR FTUE S (WR=0), #AT
# DIN RSOSSN %Y IG: RP HE7R 002 i 00 0 otk SEAGE F— et 2
& A RD A5 (RD=0)f¢ RP=RP+1, IXitghal Lligth F—MHINEHET . RP A1 WP
Z Il 5 R AR 8-33 FivR.

FIFO 7ES2 7 LUG stAL T-HI444RA&, WP=0, RP=7, 1Lt FIFO 4 TR, Hl®E—
WENKIE TR 0 455 IC. RP Fl WP Z [ £ RP=WP-1. RP=WP RZ&N, FIFO }{
FHAT K GRIERSERIGRE . ME 8-33@PiR, EESE 7 MHIELURRSER
RP=WP=7, BLINFH5 i & 16 FIFO MR A . RP=WP-2RAN, HIE
Wik 28 FIFO 28 440K, Wk 8-33()FTR. HIE 8-33@Fl(c)a LUE H, #PRAFIZ0R
A0 RP R WP (542 B0, 8 RP=WP-1. {HR, REsrHrEnarsni, #maikE
WIZ FI—AMRERFE MK . £ RP=WP Iit, b5 - MER A MRS
(RP=WP-1); 7 RP=WP-2 I, tiFi— M Fm i ILEAN S RARP=WP-1). fit, BInS
FCEl TRl Rt A 0F SN

o
:
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LI
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[48-33 RP Rl WP ({1 XF
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[#)8-471 FIFO f) VHDL it
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY fifo IS
GENERIC (w:INTEGER:=8;
k:INTEGER:=4);
PORT (clk, reset, wr, rd:IN STD_LOGIC;
din:IN STD_LOGIC_VECTOR (k-1 DOWNTO 0);
dout:OUT STD_LOGIC_VECTOR (k-1 DOWNTO 0);
full, empty:OUT STD_LOGIC);
END ENTITY fifo;
ARCHITECTURE behav OF fifo IS
TYPE memory IS ARRAY (0 TO w-1) OF STD_LOGIC_VECTOR(k-1 DOWNTO 0);
SIGNAL ram:MEMORY;
SIGNAL wp, rp:INTEGER RANGE 0 TO w-1;
SIGNAL in_full, in_empty:STD_LOGIC;
BEGIN
full<=in_full;
empty<=in_empty;
dout<=ram(rp);
PROCESS (clk)IS
BEGIN
IF (clk 'EVENT AND clk='1") THEN
IF (wr='0' AND in_full='0") THEN
ram (wp)<=din;
END IF;
END IF;
END PROCESS: MRS
PROCESS (clk, reset)IS
BEGIN
IF (reset="1') THEN
wp<=0;
ELSIF (clk 'EVENT AND clk='1") THEN
IF (wr='0' AND in_full='0') THEN
IF (wp=w-1) THEN
wp<=0;
ELSE
wp<=wp+1:

END IF;
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END IF;
END IF;
END PROCESS; --wp R
PROCESS (clk, reset)IS
BEGIN
IF (reset=") THEN
pe=w-1;
ELSIF (clk 'EVENT AND clk='1') THEN
IF (rd="0' AND in_empty="0") THEN
IF (rp=w-1) THEN

p<=0;
ELSE
rp<=rp+l;
END IF;
END IF;
ENDIF;
END PROCESS; --rp W iidhiR
PROCESS (clk, reset)IS
BEGIN
IF (reset="1") THEN
in_empty<='1";
ELSIF (clk 'EVENT AND clk="1) THEN
IF ((rp=wp-2 OR (rp=w-1 AND wp=1)OR (1p=w-2 AND wp=0)) AND (rd=
AND wr='1')) THEN

in_empty<="T"

ELSIF(in_empt

" AND wr='0') THEN

in_empty<='0';
END IF;
END IF;
END PROCESS: —-empty bi LA
PROCESS (clk, reset)lS
BEGIN
IF (reset="1") THEN
in_full<=10';
ELSIF (clk 'EVENT AND clk=1)THEN
IF (p=wp AND wr='0' AND rd="1") THEN

in_fulle='
ELSIF (in_full="l' AND rd='0") THEN

in_full<="0";
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END IF;
END IF;

END PROCESS; --full bR P AR
END ARCHITECTURE behav;

1] 8-47 w1 3 SALNIE RN 4 AHATIE K T FIFO M TARJRER. 3 FARNHE IR T
i a2 (KR AR % 4T FIFO B th I %dE . 58— MNERRIE FIFO (B IE AR 3

AR S M A S R B B B B B E A MR R AR LR AR B A
¥ SBPU. FRERA FIFO () “287 “” dRak)i=rE.

85 B
8.1 Wkit—A2f=sHtmiEE.
82 Wikit—/ 218y BCD it 4 E.

83 FEHFIKBMRES HHBEL o ATLRI? WA ARG HBP AT
B R AT SRS RE.

84 F /O RIS 5w E 8-34 fT .
Y WR =0, CS='0'it, # DO~D7 # 8 {r# 5 N 41k B4%, PO~P7 it
DO~D7 #i##. 4RD=0, C

B, PO~P7 t 8 L ¥4 % 4 B A DO~D7 N, #t
NEBF A4S, RA VHDL % Ritigg o ek,

DO~D7——)

K—> po~P7

[8-34 KA O L5 B
85 A 8-46 & SRAM WyfT ik 36, WwRE MM RTL Hisk, WAEFRENL
HE?
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$9% HASBESS

AR VHDL # 2 i3t ikt 2 69 AN 25 R A ARG EMATT A4,
9.1 i H

FENITH L C AN 4] T VHDL 35 WAEAE Q) KA 7%, FIRE A% T ¥
£ A VHDL # & #il SOB s shl. 5 T RIEXSRIHR T IES, EHxIX
R HREAT O S0. HAT, % EOHEA SRR A B E RO T RBIITTR,
401 Synopsys % 7 ff] VHDL System Symulator. Model Technology % 7] SYNARIO VHDL
Simulator. VEDA Design Automation 22 7l {f] VULCAL % . i iX4e{f - TR, Bil& axf
BRI BT U7 2L, DA X R RN DO B RRR R BEN KRR
AR ESR, BTl UECRA VHDL il S AT SO AU AR R R, et
FRA MR LR

WP | EHLA, (R RGBT 3 AR AT RAATIC. RTL 44
FR VR REFTEE B H R RN, WX VHDL i F MR Rkt Ay
IR R LA L

9.1.1  PiEEAE R

RGO R RN SR IREN N, (EAN RS S R B R R AL
NIty 45 S DRI 0 SN L AR ARG AT 0 B T T, th R AT
(BB, YU R AT AT SR ke BRI ELHE Ak 1 TEXIO SUAF AR 51
WAL,

1. BFEERSER

BRI R, AL B B B VHDL R, R LR A
FUMTHIAAT . B AT 8-41 HF SSVE 1+ REGITHSBREEAT O L. 2 HEH 3
A, PR clry en Fl clk 3 MG, W 9-1 FiR.
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o |
test_clr
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3N 2 WA R I R . s R AT U R R . Bl
CCONSTANT clk_cycle:TIME:=20 ns;

PROCESS

BEGIN
test_clk<="1;
'WAIT FOR clk_cycle/2; PRSI0 20 ns (R B 5
test_clk<=10';
WAIT FOR clk_cycle/2;

END PROCESS;

PROCESS

BEGIN

WAIT FOR clk_cycle/4;
test_clr<="1";

WAIT FOR clk_cycle;
test_clr<=0";

WAIT FOR clk_cycle*10;
test_en<='"0';

WAIT FOR clk_cycle*3;

A SV

test_en<='1";
WAIT;
END PROCESS;
B — A I 20 ns HORTERBKIT test_clko FFUA, test_clk="", fRFF
10ns. #RJG, test_clk='0', FHEHF 10ns, A5 DRIGEN, RS e guda, W
SRR T BRI A A SGR BRI, FABIT IR S — KRR AR
FE5T, AR R 20 ns (1R BRkeD .
T B3 AR K 7 A W 1 S L RT3 PSSV 5 o Rl %
20 ns RIS, K{7 260 s i FHE test_en FCER “17), MTTAEHHRUEN LR K
SFHURA . R RS 4 A WAIT ), BRI R R T K, BEFRLE WAIT
B LA TR AR A
[H19-11  FURRA HIZmAMANE Y-
LIBRARY IEEE;
USE IEEE.STD_LOGIC 1164.ALL;
USE IEEE.STD LOGIC UNSIGNED.ALL;
ENTITY test_countl2en IS
END ENTITY test_countl2en;
ARCHITECTURE siml OF test_countl2en IS
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COMPONENT countl2en 1S

PORT (clk clr.en: IN STD_LOGIC;
qa.qb.ge,qd: OUT STD_LOGIC);

END COMPONENT countl 2en;

CONSTANT clk_cycle:TIME:=20 ns;

SIGNAL test_clk.test_clrtest_en:STD_LOGIC;

SIGNAL t_qa.t_gb.t_qc.t_qd:STD_LOGIC;

BEGIN

U0: countl2en PORT MAP (clk=>test_clk,clr=>test_clr,en=>test_en,qa=>t_qa,

gb=>1_gb,ge=>t_ge.qd=>t_qd);

PROCESS
BEGIN
test clk<='
WAIT FOR clk_cycle/2;
test_clk<=

WAIT FOR clk_cycle/2;
END PROCESS;
PROCESS
BEGIN

test clr<:

test_en<:
WAIT FOR clk_cycle/4;
test_clr<="1;

'WAIT FOR clk_cycle;

test clr<="0";
'WAIT FOR clk_cycle*10;

test_en<="0";
WAIT FOR clk_cycle*3;
test_en<="1";

WAIT;

END PROCESS;

END ARCHITECTURE siml;

R 9-1 (905 SURELIT: W] AR50 07 T8 7 Pl 9-2 T/« o
? 100 200 300 ns I

F

e AU U UL UL UL L

]

test

L

LA D 0 ©3 63 €3 &3 13 G5 €3 €5 SE L2 €D 60 £ €3 i)

~test_g
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2. % TEXTIO X#r=4% 5%
ERF BB R, SRR R A A5 T RS S VR AR A A e 4 S
SRR, AR AW TR R. R, A1 T 0 SR ST IT
BOTpE, B U KR E N B SR AT A7 F— AN SR TEXTIO Sy . ZE05 #OR, 4R
FER EREATE M, PR FHNMAGT S . B 9-3)RERIER 9-1 M I S5
KT TEXTIO 1 barin.
SR

18ns
28 ns
38ns
48 s
58ns
68 ns
T8 ns
88 ns
98 ns
108 ns
118 ns
128 0s
138 ns
148 ns
158 ns
168 ns
178 s

2 count
Wi

focuvoouusswunno—ocoo

498 ns. 0
(@) ®)
P4 9-3  TEXTIO 344 barin (330 #4520
(a) #AICAF barin: (b) #yth 4 barout
7E bar.in SCH P RATRE 2 (1 5E, B 1 60K clk, 5 2 G024 reset, . REATHARZ IWIE
IR 4 10 ns. GRAERRT ARG 10 ns BN ATHAER, JEMIEA MR -F IR clk. reset,
MBARRF=HE T EA A5 . 3X— 2RI AT TEXTIO 1 {f) READLINE A1 READ i fR %% 54 52

. it

FILE inv: TEXT IS IN "bar.in";
FILE outv: TEXT IS OUT "bar.out"
CONSTANT clk_cycle: TIME:=10 ns;
‘CONSTANT stb: TIME:=2 ns;

BEGIN

-~ Instantiate the Unit Under Test (UUT)
uut: cn8 PORT MAP(
clk => clkin,

reset => resetin,
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count => count

PROCESS

VARIABLE li,lo: LINE;

VARIABLE clk,reset: STD_LOGIC;

VARIABLE count_wr : std_logic_vector(3 downto 0);
BEGIN

READLINE(inv,li);

READ(liclk);

READ(lireset);

clkin<=clk;

resetin<=reset;

AIHEA T REM 10 ns M barin SCHFRIEA 1750, HEH L RAEIRY clkin. resetin
oS, R AEREE] T barin SCIHRARRBRG, 7R (K ORI RAT . SXFE
BT AR G R SRS S .

TR ETAR N 0 LV SO SR st 9-2 . (HELAE RS SCHE barout
53, e 9-30)His.

[619-2) R SUANAG 5 (f B AR SLRRIN S o
LIBRARY IEEE;
LIBRARY STD;
USE ieee.std_logic_1164.ALL;
USE ieee.std_logic_unsigned.all;
USE ieee.numeric_std.ALL;
USE IEEE.STD_LOGIC_TEXTIO.ALL;
USE STD.TEXTIO.ALL;

ENTITY simtop_vhd1 IS
END simtop_vhd1;

ARCHITECTURE behavior OF simtop_vhd1 IS

- Component Declaration for the Unit Under Test (UUT)
COMPONENT cn§
PORTI(clk : IN std_logicreset : IN std_logic;
count : OUT std_logic_vector(2 downto 0));
END COMPONENT;



Box BRS5IH/RE

~-Inputs
SIGNAL clkin : ~std_logic
SIGNAL resetin : std_logic

--Outputs
SIGNAL count :  std_logic_vector(2 downto 0);

FILE inv: TEXT IS IN "bar.in";

FILE outv: TEXT IS OUT "bar.out";
‘CONSTANT clk_cycle: TIME:=10 ns;
CONSTANT stb: TIME:=2 ns;

BEGIN

— Instantiate the Unit Under Test (UUT)
uut: cn8 PORT MAP(clk => clkinreset => resctin,

count => count);
PROCESS
VARIABLE lilo: LINE;
VARIABLE clk reset: STD_LOGIC;
VARIABLE count_wr : std_logic_vector(3 downto 0);

BEGIN
READLINE(invli);
READ(li.clk);
READ(li reset);
clkin<=clk;
resetin<=reset;
WAIT FOR clk_cycle-stb;
WRITE(lo,now, left,8);
count_wr := '0'&count;
HWRITE(lo,count_wr.right 4);
WRITELINE(outv.lo);
WAIT FOR stb;
if(ENDFILE(inv)) THEN
WAIT;
END IF;
END PROCESS:

END behavior;
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A AN T 5 NS TR R — AU s MR SR e 5 R A AR -1
FUNZIR AN, R B IF ). RERR AT A B b TTAR DR 5H
H A JEARF BUAR R (R R, (0 A R A e — . X LRI, HATAL
EDA THABHSCH 87 FRIN TEXTIO, AScBith U ISE AT T Rl

3. (FRURMMNGE

Sy R PR T G TR, ) A 0 SO R NS 1 5 I BT A
S RGA RN 53 X AT LSRG RAE T T AR, 14 MAX+Plus ITBEEL scf
SO A TSRS RGAEDT SURHLR R T SO %, IUFHREE NGB T 2 TR
i, PR EASR RN . HARR ALY IR A th /41 EDA TRINIS .

9.1.2 fHE A

BiECA BREELHD ) A SERD) 07 R R S . B AR L A I B8 F)IE
S HERE, UG S A A BN S BTSN, VHDL SRR R
FIRERR, TR AU R IIAT A AIHIRE, BRI R Z FIDERR R . B
Bb, FEALERT LIRS AN TR, XTI AN LEERANEALE, HEANERA AR AR I
B, S-AGEEEE, HEANa M b, Wik g Eh— MRS, A5
ANGITHIRR, HEBERME 9-4 Fik. Al VHDL & & kM x AR R E) 9-3
it
[419-3)] Fil VHDL i & HiRRF 9-4 [fyxd iR A bk o
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
ENTITY sample IS
PORT (a, b: IN STD_LOGIC;
q: OUT STD_LOGIC);
END ENTITY sample;
ARCHITECTURE behav OF sample 1S
SIGNAL ¢,d:STD_LOGIC;
BEGIN
¢<=NOT (a);
d<:NOT\(b AND ¢);
g<=c AND d;
END ARCHITECTURE behav;
LRI, 3 SRR G S AR, BRI KR, B
AL, R R AT K. BEBRGS b b <17 RO a S H A
fo, BIM “17 AERL “070 B Al SN BURR L a, B, EEARSIBIT K,
BEE R “07 AR <17 B . BELEAMSHEEE o Bk, EMAEAAH
FAEBAT K. IO T BRI RIE R, ISR PT, WERBUT, JUE
SR PR, RSSO, F IR RR RS .

94 —AULER A
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ZHABAEHAT, Wi T =1, =1, Fit, B PATHE KB, BT
O d=0. d i1 “17 B “0” HERRESRERIEAHRIT, HH d=0, =T,
o KB, HNHEE L q B H C0” & “17, Ml 417 A “0” AN EBEEL.
FWOHEAENIT, WETF b=, =1, Fikd=0". BT d M c PHBREE =45
AT, eI d='0) o= Bt g=0'. BME a KRB “17 48 07 Ak, q (MR Y
FA €07 WRAFEITESIY q s e 9-5 PR,

HE

—A—

S
‘ H
: I
® ®

B 9-5 PIFARRE LI g MY

i RIEIB AT &, TR, TR A - BUR AP E R R G A R, XY
REARVFIN. T SRS BUR A R, RAGIA - NE L8 0 RS,
A0 S RAAL TR TS ST Ko A 5 SR S BB A SER R HLH, BARIT &
Bl

FiR A GER LR RS AR R GE R S, 7E O AN BRI i ]
BI4LE VHDL & i ] B3N 1651070 s), TR A JERS ARG IX M.
AR, BIEINATRRAS A G A, R AN AR ST TR R N R . Nl
LA 9-4 SR A SEIE i ¢ — 8, HO SRR 9-6 B

Ons,
AR A | AR (HE AZERS

A SUTSIET RS
P96 R A ZERH 0 STLAR

W 9-6 Fizs, A TAAGG a (5534, R4 2 LU 75 2 AT 3 AT
AFERFIT) . 415 a (77522 0 ns, A5 q s BT IR 200 O ns+3 A o i
Mif s A S AN LR, BT SUABERA, ARRA A (R AT LLRBE Y, AT a
HAE 17 E C0” MBRAE, SLEIRERS S o A E “0” B 1T B, E6Y d
FEEAE 17 B €07 B, T q GERFEEAAE. W XEBERREOA N RATE
[l FE %) O ns 4bo FIA A EMUAURA T @ T AT ST, (R0 SBTE A
AR SR, i U MU T S R IR B DS, S A 7 ST R Bl
fEsed 8T .
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BTz, EMEBEREA T, Wl 9-3 1P 3 FANER, ﬁﬁﬁﬁﬁﬁ%}luLA
FORERT, IXEEREAR B T 07 20 6 TSI AN R At SR A Btk

9.1.3 HERFEYUHEE

T HHTIERI0T L, MOIURIF MBS R A RN k.

(1) ARSI . ] 9-1 £ AN R VFSR A0+ bR B (U B, (T ITIE
R R AR FLLY . XS A AR U7 SR L BBl 9-1 K test_clk
test_clr il test_en %, Bk, 7607 CUBLHIA 9 A oo LA BE 47 5030 1 (K0 k . g, 4 9-1
Rty kiR A

ENTITY test_countl2en IS
END ENTITY test_count|2en;

(2) FEFFR AL A A R B AR LR AR RO . R SR R TR A
WAL SR, N 07 SUR UAB B A A VE R, /5 VHDL # 5 , ASSERT
TR T TR SR BB R R4 WA BERR W

ASSERT % {-[REPORT i tH 17 &
[SEVERITY tﬁ%ﬁé&%d]

ASSERT BRI A0, (A AR M 20 . IR AR P AN AL, DU Hh) R RN
S, A LR VI LR AR . R B ROR R R . /E VHDL i
o1, 2914 % NOTE. WARNING. ERROR Fil FAILURE 3t 4 MU, i 260K h i
N BAERE P h i .

41 8-46 sramo64 [(OFRFE 11 ASSERT i85 A $eH £ LI LA T A 28 1 S 2

PROCESS (wr) IS
BEGIN
IF (W' EVENT AND wr='1') THEN
IF (cs='l'AND wr="1') THEN
sram (adr_in)<=din AFTER 2 ns;
END IF;
END IF;
wr_rise<=NOW; —ewr LTH )
ASSERT (NOW-din_change>=800 ps)
REPORT "SETUP ERROR din (sram) "
SEVERITY WARNING: —din B I fa)E AF
END PROCESS;

GBFLFR wr £ S G E BB (AR SRAM O 4 A i 500 5 A A7 ik
gEyn, BB 1A I TR A . IR R, NOW FOR BT
Ziewr EBEMIIED); din_change R % %45 i BLIK I %] . ASSERT AR AR
NOW-din_change>=800 pso W1 LKA FefF AT AL, 022 W) HOHR 2t I ) AR5 1 EPNGE- 4
SRR AT, REPORT Ji#AYLLH I 264 K “SETUP ERROR din(sram)” % H A2 sram $cfi
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SN TR SE I (] 85 1T 77 42 8% . SEVERITY J5 BRI AR 5] “WARING” (%45). &
A GAT LR X S E 2 SR R A ORI, LA O L B SRt I Bk
3) B HREFA RN, £ 3.3 FHO¥MNA9HAT CONFIGURATION
X -FEER MRS EREUIUEFRURR, T 5, e w S i%E
). Wit#E AT REBHEO RGNS, SERAREIE, Bk RRELH0REIEAT
Uist, ULRBHEMRELG M. XA T, REMLEIE A, X SRR AT L
HEA . i o] LU CONFIGRATION HA#HATHERS. B0, HIi%E M AT LUARRH) 9-1 1
siml fAHE A
CONFIGRATION cfg_test OF test_count12en IS
FOR sim1
END FOR;
END CONFIGRATION cfg_test;
FIRE, 7 FOI AT BEAD IS AT bR, AR 9-2 O sim2 Kk
‘CONFIGRATION cfg_test OF test_countl2en IS
FOR sim2
END FOR;
END CONFIGRATION cfg_test;

HIBERTA, 750 SURR R bl RO R 3 4 2 4 0 B SRR R (1

@) RRZHBZR BT IA AR RER . EWATE TR, REIORN h 3 M BALK:
AT HBATIL. RTL S5 FORT TR U7 3. A4 50 B (A0 BFR P BERIN B S ZR A& A
ANEl. X, BE AR

© FRRUII AT AR H O RRUE RGBT N R T IER, Fiixt &
SRR R BT EAATHR, PULRAT AR RPN B 5 & A A Rk,
JUR VHDL %55 P 18 ) REER R R R AT e R R . 7E B S I SR o] R A A SRR
AT, LMERR R T .

AN BT RS RGE R KR LAAh, SR R I R AR A B EAT A A BT
DA T U

@ RTL G b AT R RGN PR SR D R R R RS A
RTL K0P RTL 07 SUR N 7 AE07 FUBURTT &40 TR IM R, (EHAEERLT)
Pi3cZ iLiiv:

WRTHTA, %A ARE LS TR, 44 VHDL i 5 b il g R A et
FiIft1, i ATTRIBUTE. ## 1!3{(GUARDED)Iifi f) % (JLIA% 5 Ik AL B). 534k, 7
FLRE b A X A B AR VR 8, R B B K, Bo4ffE A STD_LOGIC 1
STD_LOGIC_VECTOR X P Fi ALk 2 Bl (R [ 24 T HAT AR [ #85K). 4 RTL 453
JRUEAHFR TR K E R, (R AR A S R S BN R R N KN AR 18, ) /] TRANSPORT
F AFTER i AJ7ERE b AL H R .

@ [TRAHIT. RTL BFALREE M SR A LR T T8 B. IR RTL #2/7HT
ZE@R I, AR )RR REAT A SO ? X 1 AT DL R LANER
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% -, 7E RTL (FECP MK B TR, HRRETEEM TR, EXMER FR
G T AR A A9 B EHMRAE . ROk, TTREM (9FELEE S0 RGP B AR R A
SN/ AR RARARE i

$o, EMITE 52 WHLAMISEE, 76 RTL HiR g “2” A “X” RPERPRASTERIE +
JEal LU RN, (URFFTE e TR, REARRMAREN, X7 HnEsn,
AR R AR . TED R S0P HBLX AR E R A VIR

RTL k2 oo B TUBR KL R, R SRR AT He e —BRUNEOL T
SN/ 3 B SE 4 7 STD_LOGIC A1 STD_LOGIC_VECTOR $## %2 .

92 & # &K &

PGB A, R B BUE VR REIR 1 30 5 BB R 5 K R R 11— Fol
Jiikia

B s TN, Tl Es S, RRH RIL KRR E MR
82, CMATEM T VHDL 65 8454 T HE %4 Cadence Design Systems 2 AH
Synergy. Synopsys 2\ 7 {fJ Design Compiler Family. Mentar Graphics 247 f) Autologic Il %+
JURR. A Y I B M R T U BT LA SRS R SR R, TR
GBI AR, AR E A T RS SGA A, REMEEEES TRI
{7 SRR BLBI T . R R A G AR SR
[ SRR A RIAT R AK AR

R GEA R IE 9-7 BN, BHELGG
PR SR04 RTL R I0FLF IR LR
(AL, HAE . ShAE. nIHE) . SR TR
TTL T £ MOS T4/, CMOS TLE%), i
1 TS H, RTL H38 (R FBSRAE T At
PR A, FEGRAREAM. TER. 115NE W97 LA R E
HEA T .

9.2.1 ANt

LE A B, PR R T SN R, — AT AR AR A, B
SCELR BT AR R. HRR S, SRAUR I LR A B SFeRT bk
s, TR ARG, SR REAHIRT R

1. ERAREMN

A P ) P ST SRR R e R — AN AR, R
xRk B AT MR L — . BROBEGE TH AV T LB NIRRT
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—HAfE T RN GA, (RO IR SRR RS RS TR BREAT
SUR &Rl Gef RN SE, R al el > e (A R R R STREAT, LR
F AT BB FEEET 1200 AT L.

2. REER R KM

) SO A 249 SR A5 A1 S i R O 3R 7 V2 S A s N A4 L K RSB IR ] 0 PR SE BN 0 3R %
Pk FRALRIRST, 0 Be Tt R B M AR RS . R R, B2
LiE TSR 2RI TB R EGA AR RITUH FARIOR I A R . —Fh Ja B (g i ]
SE I LR S A R 2 R

max_delay 1.7 data_out
IXFHHERRLE (5 data_out (KB RKERG RN T2k T 17 AN RALRT 1]

AT T FBE KA SO AT R ST, AT A AT R B, AR
FPREMEHTCIF I AERARARY, 4T AT R I M7, 4 S RS R I E A B8 SRR
AT, FHTA K EN R EA AR AL, W R AT LR T Z s,
FHMALTTH

922 JRYEHIE

A i T R s U R ERBE, A9 b R T LR 1 SRR SR BN e
Ei PNGERPEHUE N

1. fa#

AEAN S RS NUEBNRE Sy, B A 2R (N 6 S B s D
B, HAMABEE MEEI AR, B R SR T DUES, S R
FEoHN AR S78 2l

SRR 05 I e S, T SR R ST, il

set_load 6 xbus

PR S 5 S xbus oJHFE) 6 ML TS .

2. BE

G5 L S B L BRI KD, B SRUSR B AR K o VR TR B S
kfeE. Bl

set_drive 2 ybus

VR E T ybus A1 2 ANPERLBLI SR BN RS

3. BiARTE)

4R A LU FH i A 1 ST 88 R K £ I 75 455 R 4R 75 WAL L B Y SE B
BRI PE o (ERSSE Y MU AR ), DUEMEAT R (K SE I AT, X RO R AR T
WY B, RIS S e S BIRBNL, TR
TR SRS AL AR S T AE IS PR SR o X B R B SR T PR IR . R,
1 AR I T 7 1% PR 0K SEE BRI 1) AR 1 2ok P ) 4 L B O B R PR I
FERR Y], RS SRR B S YA R e b (1 R L A S N,
B4 PR R D 47 5 NN S04 Ll 0T i
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923 T.&W

HARBARS TS G, TERERE S TABENSBEER, WTE
PEALL T ASIC HUGHIBAIIAE, B0 %GR, SN FI H AE I R i
05 s BRI ST AR T Y A B, — A 2N T D2 F

LIBRARY (xyz) {
CELL (and2) {
area:5
pin (al,a2) {
direction:input;
capacitance:1;
}
pin (o) {
direction:output;
functon:"al*a2";
timing ()
intrinsic_rise:0.37;
intrinsic_fall:0.56;
rise_resistance:0.1234;
fall_resistance:0.4567;
related_pin: "al, a2";
)
}
}
}

GHIHE T AN AFR xyz T 2P NI, PRGN and2, EH 2 MRA
al Ala2, Ml ol. % and2 HITHITIRN 5 ARG, EA— RGN ABCBAE
I A REIREE AN . B o1 (R A LR MR BE A S
W AR . AR PFA o] RN al BT a2 MUBREE AR STAER IR al. a2 SIAF
ol HinHix ke AME K ER .

LHGE MR T ABAT A e W S AR BRI S — A ASIC HLITIKAE
. KR A U AE A L TR BRI T, i LIS L i S ONRBOE R
GE GRS AT, R, S TR R RS

BHE I =P A A R+ 51 A I+ 5| 22 G -+ A B R HE SE I
e

AT A I (R A Iy —— AT ] S TS 5

R E I Sl DR S AT 7 B I

B IE M ——f7 ST 2 AL, SR GBI A K

NGRS S —— e PR B ARUE BERTS R -
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LEPEEAE T A K0 T LSO TR SN B ORHE, ok T4t
RFR A AR RINAE R Lt

9.2.4 BHEEANEALE

RHZH G LI RTL RS 1430A
RSN 3 .
(1) # RTL i # s AE DR A 1 1 A Ik il ik
5T, 8T, AR, B,
@) PATRALTEE, AR A 2R i
Q) B AR T EER, RAMN T EEEMRL
BRIA JR R RSl S B 1 SR 4R ]
E3d 3 AP IRIGIATILFE I 9-8 ok
1. RTL #iR EIER AL A% R IR A0FE IR
M RTL i Fe 4 34 /R i 2 s B s £ T HORSERIN, o BEARSZ I ). 00k
AR R RIS, AR AR RS S TR, XA RAREWM.
B BN, # RTL #5538 (¥ IF. CASE. LOOP i) LU & £ 4445 SALAF
AP SRAFEOHESAh AR OER, AR, B bHid s 8
BAF A%
2. R IR
ARG FR A — A AR AR BB AL — MEA A R R AR . &Y
BEANRTN - EETH, ERAT RROFIEMMN. RAH— ROk i
ARAL ) A IR R e B I ARG IR (pla #30), ARG AALIX PR pla (RALEA), BEH
FCEANTURAETIA A R R EFEHE, W10
AR AL A R e i — b pla SIS RRAR B BT BEE, BRI MBS R A
SR ) AND(S) A OR(E)IMFA o AL Hel) B RS AR (A AR BB A
B GEPIT AL SR A R B A . B, ARPRAb A R ik 4 R
a=b AND ¢;
b=x OR (y AND 2);
c=q OR w;
it a B3 3 AN REEHE, Soh b A ¢ bR, TGO AE A b AR R b
e B, se A PR R AR AR R, TR SRR LR — M e R
a=(x OR (y AND 2)) AND (q OR w)
=x AND (g OR w) OR (y AND z) AND (q OR w)
=(x AND g) OR (x AND w) OR (y AND z AND q) OR (w AND y AND z)
X a (AR ER R 25 7 s s b AR, JLA R R 0BT
XA T AR R, AR A S . NRIRA, XM g R
w PSS IREE D . (U, SERR LI RB AR 45 KT LA T £ 4% 0038 4R 45 K 1 1
. JLGERE: WA SRS BRI ASRATER:, SRR T %67

mH RS

VHDL% % MRTLHAF Y

P LEES

1 9-8 LRI S B
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SO SR, TS RERS B SCTBERR K, B RSN, T LA I SBON B
ST TR AR KRR s, KRB A TR 2 2, — A& AND
BB R LR A AR, A A KRR R RS A R B A BT AR 2 4
A1 I (a AND b) OR (a AND bMBUR, —A° N fASauas 2N AR, 6l
1, 16 MRS AA 32768 AT, T 32 RLAA RSS20 AT RER, X
X AT Bt A R 5 AR A P 1

S, BT A LM B LR A G4 B E AR TR, B
B AL B AR 5 WOR T T AR, DUE SR RO A B, IR A — RN R R

R PR SR B I P L0 B 4 MR o g — PR, B S RP R LR A
R MER . WATHTA, VRO EN &R AER K, IR R PR AT A8 LR
AP R 1R

S BB B R SN B 2 TR R RN, AT BESE I S8, BT 4RIN
BOFEARSTE A, 2R BT

T, B A BRI T o AR R A B 7 B SR ) ik ) KRB
28, RERHR A G A I TR AR/ . RO SR BRI, RN
AN R 17 SRR s A E SR AR TS 4 i 1 4 SR PR A B BB, AN B
HHH. .

3. RS

[T oL R R PGt AL AR HSE . HERR T E 1 B B A 0 L
(g BT e . P R TP TR th 1) T RURV L E B AR I — R AR TR R A KR
W, TAFEAE EATE, (B7EE BRI B MR R . SRR R,
(R BB L NPT, SRR D, (REEE L.

s AR AL RO AR . TR PSR A SRR PR, K — MR
. PR LEH R LT S 20 A B T AR o

B B

01 FAGEEANESABILRFE? SHHS EDA TAFAY HEYREE LI
R REBNG L, MATRTH— X2

92 AP 82, WS My EAF(EHE D).

93 ATABIAGHA? AHEH 835 HENMHAHLE ¢ d. qfi.

04 HFEIHER. B4 clk BE MR EA R RE T UL QA M A
RN TR H AR R

05 fTHGHE. RTL (R TR KX 3 AR BA S Kty B oy e B AL EH?

96 fraREHLEE? BRGLNEESRATL?
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210 8 HFRAKHTRGITHHIS

10.1 B7 RO AT %

ERFRGEVAAIN, AMTHRIE RAE DD e B 2o LEi L R LR MR BR AR, 76
XA BEAE P D AR AR OE SRS RS ITAR I 4 T AT Bk, DB R
AATERE . IXRRTUAR (K 53 72 AL ) v B LA SR AR 22BRAN . PRItk A ZFE Pl B AE P B
WEATHRAL
10.1.1  HHRIRER LR

HERERAMATH, BOPARAR —EBSEMEH 2RSS, AT
i 4 H AT P S A R R L EAIAELE . BINTER 10-1@%, 2 DREMFUAT B+1 B85,
EIEF ST E 3 4 B+l MISHOUH. R, BHTRMLLUG SR EHEM 1 4 B+l
fRIE S R T LUSCBRE B 2 T e, B 10-1b)FT 7R

B 10-1 A S B AR 3
(@) FEMARER A ) RIERI et
Wi 10-1@Fi /R, KALIH VHDL i 5 FEFIT e R
ARCHITECTURE rtl of test IS
SIGNAL aReg, bReg, cReg: INTEGER RANGE 0 TO 1023:

BEGIN
PROCESS(clk) IS
BEGIN
IF(clk' EVENT AND clk="l') THEN
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CASE stateReg 1S
'WHEN SO=>
aReg<=bReg+1:
bReg<=bReg+1:
cReg<=aReg;
stateReg<=S1:
WHEN S1=>
aReg<=aReg:
bReg<=cReg:
cReg<=bReg+1:
stateReg<=S0:
END CASE:
END IF;
D PROCESS:
END ARCHITECTURE rtl
WP 10-1(0)FT5, ALIE ) VHDL i 5 R0 5 |
ARCHITECTURE rtl OF test IS

SIGNAL node: INTEGER RANGE 0 TO 1023:

BEGIN
node<=bReg+1:
PROCESS (clk) IS
BEGIN
IF (cIKEVENT AND
CASE stateReg IS
'WHEN S0=>
aReg<=node:
bReg<=node;

1) THEN

cReg<=aReg:

stateReg<=!
WHEN
aReg<=aReg:
bReg<=cReg:
cReg<=node:
stateReg<=50:
END CASE:
END IF:
END PROCESS:
END ARCHITECTURE ril:
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10.1.2 ERRUFISeE

FEBE LB IO 4 X I St ] LU BV IR sk K F fR .l 10-2@) PR, A
T HEAT node e= (bxa)+(bxe) (K1 ST, i B IZ ST 6 1 ) 2005 0 B A Pl 10-2(a) iy 2Pl
FiR. ASEBIZESE, HE 2 ANRIERA 1 AR . BRI KA R ok i
(RIESINRF, BRSEAEINI)S A ATRIAIZSE, B node < bx(a+c), HLEIHFEWME 10-2(a)
A E TR BEUETIRRG, SSBLZIEHIE | N RIERA 1 MIniES. BAR, XA
RIS T AL R .

& 10200y i T 55— RV SRR (#7770 515X node &= ((a+b)+e)+d) B A& N
node &= ((a+b)+(c+d)), IXPEHCATEIE F AR M Bk D, (a+b)F(c+d) AT LLBATHATIZ S,
TS T LR I8 R

node &= (bxa) + (bx) node ¢=bx(a+c)
b
node=—(5) — w_%
& ¢
.
(@)
node <= ((a+b) +(c+d))

node <= (((a+b) +c)+d)

=

P 102 s B AR 8
(@) Hi/h T REEHAG (b) $2i [ia S
3 SRR, A CAAESER R OIS S R SCRIS SRR, ny LU eh elis 51
5 g Y KA S ST o 3 R T AR 7 4 1 S IR 8 1 B 646 rL B 10
Hit.

10.1.3 HEELISHMsH

FENTE C2E32 5], TN TAERARAH Fetch. Decode %, 1 JE I 144 L il J@JX
SR AR LA KA, 1 Fetch BUEL 0, Decode WREL 145, 7132 53X b 48 A AR AXH bk on
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BT A IS S . e
x AND 1" =%
x AND 0 =0
x OR 'I' =T
x OR 0 =%
FESL T, EDA BPEG IR HSREMAT BV LALEE, JURBBRAET .

10.1.4  AHRLSFHERAAER

e, BES SIEHNEEAR, RERLETRNEY, WIS
AL — MR L. B, B 10-3 @R —MREWAMBIRRE, BhHEME
F 2 ek sk . %83 AxB 7E SORA FHATIES, OxD fE SIRE FH#ATEH, 24
Feid S8 1A F AT AR (8] A BEAT 0, PRI B ol LURD R — ik 2t DRALJS IR
i E 4 10-3(b)FTR

S0

St

(@) ®)
18103 1A 32 B St
(@) WACHTHIEIEAIE: (b) LA MM
ZEB 10-3 (o) ORI SO I S1MEATIERE, 7E SO M FILBHIA K A F1 B, 1F S1 M FRILH
A C A Ds SR FIRE i SO AT ST ATIESR, EBIRFIMLFER, LASKBLIEm 5T
RGBS, (EMATRRE AL LU, g B RILSR T
WP 10-3@)FiR, RACHTR T |
PROCESS (clk) IS
BEGIN
IF(clk' EVENT AND clk='1') THEN
CASE stateReg IS
'WHEN S0=>
aReg<=aReg*bReg:
bReg<=bReg:
cReg<=cReg:
stateReg<=S1:
‘WHEN S1=>
aReg<=aReg:
bReg<=cReg*dReg:
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cReg<=cReg:
stateReg<=S0;

END CASE:
END IF:
END PROCESS:
WE 10-3(0)FT71, ALK VHDL #5885 i ke
SIGNAL multin: INTEGER RANGE 0 TO 1023:
SIGNAL multin2: INTEGER RANGE 0 TO 1023;
SIGNAL multiout: INTEGER RANGE 0 TO 1023;

multin] <= aReg WHEN stateReg =S0 ELSE cReg;
multin2<=bReg WHEN stateReg=S0 ELSE dReg:
multout<=multinI*multin2;
PROCESS (clk) IS
BEGIN
IF(clk' EVENT AND clk="1') THEN
CASE stateReg 1S
WHEN S0=>
aReg<=multout;
bReg<=bReg:
cReg<=cReg;
dReg<=dReg:
stateReg<=S1:
WHEN Sl=>
aReg<=aReg;
bReg<=multout:
cReg<=cReg:
dReg<=dReg:
stateReg<=50:
END CASE;
END IF:
END PROCESS:

EHT R 2 NS S R (AR A8 ST B R L. U, AT MRS
SETARAE AT U - ANMEF BRI . B 10-4@ P N IERAT ARk AR,
PEHRAEF A+(= IXBYRAREER, 82k o] LUK % 8 0 Inids 8%, AL AR 20 B 72
FeLA—1o 48R, ZFFMIOITHRE: WP 10-4)Fi, WINERESFIFLI-1 5T
SCBER ik 2% N A
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A

S0
[

S1

50 A
s1 B
(@)

[ 10-4 A A )NS5 Bk 9 1
(@) RACHTITRIRLI: (b) PRAL M i
I 10-4(a)Fi 75, PALHTH VHDL i 5 R LR
SIGNAL aReg: INTEGER RANGE 512 TO 511:
SIGNAL bReg: INTEGER RANGE 512TO511;

BX(—1)

®)

PROCESS (clk) IS
BEGIN
1F(clk' EVENT AND clk='1') THEN
CASE stateReg IS
WHEN S0=>
aReg<=aReg+bReg:
bReg<=bReg:
stateReg<=S1;
WHEN
aReg<=aReg:
bReg<=aReg-bReg:
stateReg<=50;
END CASE:
END IF;
END PROCESS:

W 10-40)FT 5, AR VHDL 7R
SIGNAL addinl: INTEGER RANGE ~512TO511:
SIGNAL addin2: INTEGER RANGE -512TO 511
SIGNAL addin3: INTEGER RANGE -512TO 511

addinl<=aReg:
addin2<=bReg WHEN stateReg=S0 ELSE - (bReg;)
addout<=addin | +addin2;

PROCESS (clk) IS
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BEGIN
IF(clk' EVENT AND clk='1") THEN
CASE stateReg IS
WHEN S0=>
aReg<=addout;
bReg<=bReg;
stateReg<=S1;
WHEN S1=>
aReg<=aReg;
bReg<=addout;
stateReg<=S0;
END CASE:
END IF;
END PROCESS:

10.1.5  (RALM MR 3L TRIBARE Y

10.1.1~10.1.4 5 IRk i) 4 FARAL T 7T UBIBR B h (0 TT A e, BUAR ST iAo 20,
fHAE S b HAT B IS M ATBEA SRR R B AR IR R, L+ E
JUETTTTH T LB AR M, T84 Bk A GUR TR AT 0 BER LLRT SR e s (1 T0 A%
TIRENE? A FRTTE M. P26, JAF ASIC A1 FPGA T MM A ST (9% B oRsE, 1
RTVEE T e SRS (k. 535, TUAR I dLBR AR LU RER I, Lt T M
FRA, PR A e k. 3Lk, IR AERIfT 4P EDA S PF TR, BABLGAHE
PEAERLAF s . IR EDA 4K0HER G T SIM s & — 2022 5. (HR, JUBEAEA Lk
FrFHATRAL, KRR I0 Ao b s SRR RIS R AR SR K. G
YRR, BMMBER, AR E SRR, B, ZER SR AT A BR, %
UL EATIR C i SRIFUATIEAL, B TR R BT A RN, (R X T REA
SRUICHBR AN T BELLRF AL SAL &4 10040 32 (RS . X it
SHBBPE A AR BRI, IS4 B 18R

32 {3 x 100 x 6 [ 1A% = 19 200 |']
XL, R AR 6 AT T IS

RAGA A B LRCAL PR, BRI IR B 2 MNP, SR

B3 AT

32 % x 100 x 3 [ 1% = 9600 [
WK BRI 30 000 AT HLEE, WA AR ReTA T, UL SO ST 10 ST,
FEAH LB PRI ATIE O, 2R BETCARM A WA R T . Sh4h, 7ERE
P AR UEAT I RIS SR, (R AN BOA B TILAS, IS4
HRETLAT I . DK A7 IR TUAR T T 220k e B P = A R S
SBRTUA R BEvh A Bk o A ER L BEIT 6 75 AR S0, — MRS nT A LR B R 4
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OHER BELT BB BRTTA, BRETT LUK B G iR, i 14 o A R AR A T LA
F4: EDA #{1 £,

102 BFREW I TRE SR )

10.2.1  HRESRG LIERUEM )ik

A AFIZE RTL 5 LSO RE, DR RS LR

1. BMAGITEEEMEERRE

Pl ARG TAEAE, S ARG LMTR I R T A o RGEMI LB (R] AT AR g

TR ) = I x AT O e

AR, I AL S ), ACFEI R R 28R, AFRI ERIEELT (6
o TR e e KB FH I S, TRt T LA/ A TR 6], 3 LA A T 9
e 390 LA 5 b B R 7 TR HEAT 5 18

1) 16 Fss 2 KA

EMCF RGN, W B4R K HE (Critical Path) B T RGEM) TARAL. FrifG 7 iz, 2
1M RGN B TR G Hh 045 2 B4 o 7 L ) B K RO — A B A 1R K BEH 2R
SE RGN TAEEE. KRN VHDL i SRFHA ] 10-1 Bz,

[6110-1] RGeS iR b

SIGNAL aReg: INTEGER RANGE 0 TO (2**31-1);
SIGNAL bReg: INTEGER RANGE 0 TO (2**31-1);
SIGNAL cReg: INTEGER RANGE 0 TO (2**31-1);
TYPE STATENAME IS (S0, S1. §2):
SIGNAL stateReg: STATENAME:
BEGIN
PROCESS (clk) IS
BEGIN
IF(clk' EVENT AND clk="l") THEN
CASE stateReg IS
WHEN S0=>
aReg<=in0:

bReg<=inl:
cReg<=in2:
stateReg<=S1:

'WHEN S1=>
aReg<=aReg* (bReg*cReg): Wift#ie
bReg<=bReg:
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cReg<=cReg:
stateReg<=52:
WHEN S2=>
aReg<=aReg*2:
bReg<=bReg:
cReg<=cRegs
stateReg<=S0:
END CASE:
END IF;
END PROCESS:

MAZFFH I LAE Y, aReg<=aReg*(bReg*cReg) MM fRMkt, Bk, %RLM THE
LR ST AR M 1] BT

B IRV B8 (138 S 1) 75 100 ns, 7
PRSI TR GE RS 753 1 ns, WP LB RE 2 AN FRIE
BT (012 S AL BE I 1) B AR B/ T 200 ns. HEHE
Wi, IR AR T S MHz.

2) I1eRgZ A Eaf ot i 63 H 1

HFRAMEN TR BN . 1] rIvasgksEst
o 62 (6 () SE AT B 7 S5O LA T LB AR B T
FOE RS FIELR TP A A A A I o 1] HL e 2 [ ) 42
F B ) 21 P 10-5 73S 0

OR B, LR K BERT T RRIELE, 4
SRR S GE B B [ PR E P o SRS R GEAR R 1 10-5 o2 AR R
H TR AL, A4 SRR B E IR ()
;\gﬁm\mﬂu‘mﬂu}:\'T'E%’I‘?ﬂ((ﬂﬁﬁiﬁ%L)Xlézﬂiiﬁﬁﬁﬁfﬂ+J§ﬁi K X SE I i 1)
DAIS
{66 P12 B 00 JCAN 2 7T K FPGA A CPLD 8$EIRSERT, [FRE al LUH R A& A5
sEf= S TE A BUSOC BT AR I 6] 4+ S A > SR I 1 1]
K

75 ASIC R Jth, RMER TR TSI REAN T TRERS 2999 0.1~0.5 ns: FPGA TR H 14
S IEREEIRT 2 JLAS ns: LSTTL A58/ JIERTZ 0 10 ns; ASIC 45 )7 41544 1 ns ZEI 3
Y, SRR 0T | GHz. BRI, BOMR ASIC A5 IR T4 B LG — B B 8 19 2 11
J5iAl.

3) AYLR B 69 iF 45

76 EDA #0041 HA RGTLR O, KIS B3 FHRRGEM R, IFh BT
et RGFTE TAE MR . T8 AT IR RSB A TR, LU sk
Mok FHRIG TR, DRI 23 4T P A i 4ybi. B, MG VHDL 6 SRR
Wb, EDA BMHELe Rt 2 ANk 0B A R L R AR B 2, (URICBRIME S

|
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WAL LSRR A FILRLE 10-6).
fizi2 'WHENiE fUfifid

P 106 kR S Ak B e R A
R VHDL ifi 55 # T Hk i R«

node<=aReg*bReg WHEN stateReg=S0 ELSE

aReg+bReg;
PROCESS(clk) IS
BEGIN

IF(cIk'EVENT AND clk='1') THEN

CASE stateReg IS

WHEN S0=>
aReg<=node+cReg:
bReg<=node;
cReg<=cReg:
stateReg<=S1:

WHEN S1=>
aReg<=node*cReg;
bReg<=node;
cReg<=cReg:
stateReg<=S0;

END CASE;

END IF;
END PROCESS;

ek AR EDA B IA7 SUEBEDR . IXFE, EDA #K1FF RIS
PR BEA SER S, IR SR A TR R I R A

2. ERTLELRBTIEREMAE

7E RTL %% R 22 A B A 20 5 S 0030 B i DI 24 0 e 0 o R ot 24 P
LIS 2R 7T T A 5 KI5k S R B AR o X — AR BRI S 7E— it
o, 1 VHDL i & PR 1M, XS BRIE h EDA BARGER, Bk A SR




F10F BFLLHRFRRITIRT - 227 -

HATAT T BRI E SR GRS, WA ST TR B AT M A T %
[KtE, RTL R Bl 48 o R A R %8 K 4,
1) 4N R AKA
(1) SR TR 1AL N o /D SRR b1 Ab B A AR L BT A 5 ) i 8 b
SEATAEFR I AR E A 1 AL TR () T RS o
TEBETHIN A T s A B 1 R I TR 0, B PO M RR AR R T AR ISR, IX
PELLB DO, R 5 RS ke
7EB] 10-1 10, ARE S1 HHEAT 2 IRFRILIESE aReg*bReg*cReg, TR RAMINE R #i2.
B 10-2 FORIELF 1 Al AR E], REM SO—-S1-+S2, A1 aReg (S
aReg =2 xin0 x inl x in2
3 ASRE S BT RS, B ERUER T aReg A%, HHLIBHBMENN
BUATE A PHE, ks S1ARE D cReg MBS S2 RA&PIUAT, A4Sk K VHDL i
SR RA RN AE SO B 10-2 FiR .
[6110-21  wlsb s FRER AR K18 5481
PROCESS (clk) IS
BEGIN
IF(clk’' EVENT AND clk="1") THEN
CASE stateReg IS
WHEN S0=>
aReg<=in0;
bReg<=inl:
cReg<=in2;
stateReg<=S1:
‘WHEN S1>
aReg<=aReg*bReg:
bReg<= bReg:
cReg<=cReg:
stateReg<=S2:
'WHEN S2
aReg<=aReg*(cReg*2):
bReg<= bReg:
cReg<=cReg:
stateReg<=50;
END CASE:
END IF;
END PROCESS;
ZAEMUG, IS4 4l aReg<=aReg*(cReg*2). IR, 2 #MaT LUN AR 1 Rk
B, BRI, AEI L BRIADN, MoK T REMR AR ACHE, RE T R RLE
TAEIERER H . 4 10-1 2511 1 EDA X610 10-1 B 10-2 BEAT 40 BT ELER A, S e
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9155 M 16 BL bR, MR 10-1 Rl LG E), 6 10-1 PINFFAB8E, EIEE
AL BT AR IR
#10-1 AN IERHEHHR

# M 5 AT I I B PGB
XC4000XL. 35 MHz, 487 MfJE 39 MHz, 259 MG
FLEX10K 16.7 MHz, 592 .70 27.3 MHz, 315 ¥

() BIMPREBERAFAEEE B T BRI S LI FR R RS, R0 SR AL
FRAA I A ICIR AR R0 SOR 25 77 28 KOt AT LA SIS I S R K I L. B 107 238
BERA . GRS, B 10 7@RE - REMREE . RRERR, LRLEN
I S #20E A=AxBxCo BLZEFE SO A1 SLREZ M AR S0, JF AR LIE %
S % SOMRA K STRG, W 10-7(0) iR« SXAEAL LU s R ER K BERMAIIE T o %L,
RIRZS SAE R A AL E R R, R T A K A, R, R
ARASHAL A G5, 1E RS RS F, RGN TR Bl

A=AXBXC A=AX2
B=B+1 B=B
C=BXC c=c
& D &

(@ RGBRAR: b) WINREFIORER
[l 10-8 RN 748 . 45 RGBS, B 10-8) R RGFORICRERE. &
10-8(b) 245 U AR A P . (6% P SO RA RN T A CHAFE, IFH SO ARE T HyxC
BRI S1ORASRIEAT . IXFHE LG 1 RN SR ERIR BT A=AxBXC 20 A=AXC'x2.
AR, G R K LT E R, BB T RGN AR

A=AXBXC =AX2
B=A+1

®
P08 IR AERE . ARSI B RS
(a) RLEFARAR: (b) M85 HR A
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2) AN RHIE LR IRIRA

EWEh, AR SRS VLT R R AR R, TR RGNS, EHIE
ISR AR IE A R L, LR R RISHFTHR 044 . Ik 109 2
ARG S A% LKA BRI LU RS I . P 10-9(a) R FRIKIE T LNk iS S AR
(a+b)xexdxe 125 EHRAFE R : B 10-9(b) 2 sk e FeV£IE SEAR I (a+b)xexdxe 18 S HHE W .

@ b
@+b)xexdxe=—(X) C
(atb)XcxXdXe @ .
&),

@ ®)
P 109 el 5 3 4 L ) A TGP L4 4 R 400 EE 1 591
(@) MHESE Uns, FSEH S ns Wi T 0B
(b) MILIESE S ns, FIKIZH | ns W10 FHIBERIE
ARERIR, 0 i R RRR AR, BB — ARG o, R, e
FPBARE A S AN, TSR, SRR R R A TR
5, Bl A e A AN i 4 2R
3) RHBANEH B0k
TR BT T VAR B A2 S8 AR @ L, XTIE A RFIET
YRR AR IR R A 1. R R R B H R A A, A LR
AEFTREBL T, 0T LUK FISLRS RECHE M H . XA TARL AT 18t kAT
4) FIM % RN B s TAEE L
IESTRRAEAE AN R BESERN SR 2 AR EIRGERR, b s RUE
S AP A7 BRI . ISR A P 2 R e i v R A T A B S
[6110-31  FIH 2 & IR A K 2 i R G T4 L A0 SC 81 o
RAESHT VHDL iff SRR R
SIGNAL aReg: INTEGER RANGE 0 TO (2*16-1):
SIGNAL bReg: INTEGER RANGE 0TO (2#16-1):
TYPE STATENAME IS (S0 .S1):
SIGNAL stateReg : STATENAME:
PROCESS (cIk) IS
BEGIN
IF(clk' EVENT AND clk=") THEN
CASE stateReg 1S
WHEN S0=>
aReg<=aReg*bReg:
bReg<=bReg—1:
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stateReg<=S1:
‘WHEN S1=>
aReg<=aReg+1:
bReg<=bReg+2:
stateReg<=S0:
END CASE;
END IF;
END PROCESS:
I £ J I8k 4% )5 () VHDL ¥ S R F R W F
SIGNAL node : INTEGER RANGE 0 TO (2*16-1):
TYPE STATENAME IS (S0, Sadd, S1):
SIGNAL stateReg: STATENAME;
Node<=aReg*bReg:
PROCESS (clk) IS
BEGIN
1F(clk' EVENT AND clk="l') THEN
CASE stateReg IS
'WHEN S0=>
aReg<=aReg:
bReg<=bReg:
stateReg<=Sadd:
‘WHEN Sadd=>
aReg<=node:
bReg<=bReg1:
stateReg<=S1:
WHEN S1=>
aReg<=aReg+1:
bReg<=bReg+2:
stateReg<=S0:
END CASE:
END IF:
END PROCESS:
2E49 10-3 45T SO RA T, aReg*bReg 1T 1 4N B RIS, Bk, E
S0 A1 S1RAZ A —AF 4R Sadd. aReg*bReg £ SO IRETFUARRIEATIZH, £ Sadd
IRALEH, aReg*bReg (1A node JEAL, 1E S1 IRASTF U node {HIR T aReg, MRGTEH
RRHZS. th VHDL WA, node<=aReg*bReg ifi ff1 PROCESS i# IR IFRMATIN,
A Sadd IRAUE A T K FeILM ], Ji4E node<= aReg*bReg JZ% 5 PROCESS [l ). fi
¥ aReg*bReg 7 2 M, A4 ICFME SR AN KR B4R TR EE K, 3
T RGN T AR
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5) KD e RSB R LA 4G B kA

PR, AR LR, SEREE, EEE RSN E N Bk
BRI, b S B 4 L0 bt RO B8 R R TAR U . B 10-10 RD s R 15
LB B L BORSE B R B8 AR S . 1 10-10(a) T, FREEIG B 72 b BB (1 3 s B
K30 # 2 AFERAIG, W 10-100)FT5%, IR HHE S 2.

N
©, M

@ ®)
P 10-10 iRk /b A% 1A 59 Hh ORAR 6 R 46 L A 1 S 51
(a) RESHITIERNT S (b) FIFIILTERIL S0 B HH 5L
AT ST ARG e B A2 K BEORVP A RGE M0 A, fE RS HAEBL PR AT, 0
AT GIS . B, A A PSRBT R, AR A . R L,
TG BB G IR MR T, R BRI A E . A5, BHUERE
SR RSB i A BEAT T i b 5 BBl 7 A K RE 2 A

10.2.2 G/ AUB LSRRI REY Jiik

1. G REBRAURA AT K

Gt/ R A dec B Ay A S TE ROV I S R B

1) EFae Rt

AR EDA $Kf1 ik BIFTAL A BRI SRR, XA A2 RAFTEN . B, TEil
HEA+BXC)FIBXC)x2 Itf, (BxC)RAF, w/LUH AR S0

2) £FFAB

Y VHDL i 780 LB, 22 AT gl b 8 RO 55 R BERE, e mT figdt
5, O TUAR (R A A7 A K RO LB DA R RE, 55024 BB K M AP A2 3 S R At
AT 100 /A 32 REIRTOARGAER, TBAMTE 3200 Mk 3. P AIRIRBLE a7 51

AN BRI

3) HFELK
LA R, AU =
11 CMOS L1 7 Bl
T BRI I BACKH =

4) AL 220 IE) 5 I

WAE AR AT LA R A 1038 STa PR, 82088 JLA AR IF) I8 SR T4 1B L

2 A SRR, REIE RN FEA.
CIFE, A LR TR, A
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AIRAS P HEATAC T, I T LU S SRRy VA % AR R S ) L P — A FLBEEAT
Eopis:n

5) RALREEFRAKREF
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(1 ek e b B SR A P MRS P 10-11 R i A Ak SR SR 45 /1 L B RUSE
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P 10-11 S U AL FMUT R o B SR 3 o
(a) AT BB (b BEUCINUFIR MR
(2) it AT AR IR R 10-12 Sl AT AL HER AR/ b B AR (0 oAl
P B 10-12() R RBAT IS CLAT IO SR, B 10-12(0) RAEAT S ATAL IS U HARALFE o

B b
f3=4(a+b)

®
P 10-12 SRk AT A BRI LA RO A P
(a) ARAEEHT OEARA: (b) HEAT AT AT (R AL
P 10-12@IMIE H AN
fl=3a+b
f2=a+3b
f3=f1+1f2
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SERMIB LTS 2 AN Rer B A 3 A ik d%. AR BN 13 MATIES
f3=3a+b+a+3b=4a+db=4d(a+b)
ATERK 4a+b)iESE VB | AL BT 2 WAL IRAERN AT, W 10-12(0)FT5 . XFERE
KRGR/NT B R
(3) RS R IS5, S A I8 I IE 4 B T AR B e i 5. 91
1, (((a+1)+b)+2) AT LUF ((a+b)+3) KA. IXFERE AT LA 41 1 ANInikas
4) FIABEREPHCHER. EEIEMRE DR I R B AR RS R,
AR 1 A3, FIA 1 ASXEHEING RS S T —%EH, Nfikd ERNEH
[IEE: 8
2. ERTL & EHEREFENSE
DIRER BT REM—MREERIR, DFERE, REMFFa. TRIEAEREE.
1) %) .36 69 AR
B A, SRR . AR 4/ fL B R ) J7 xR DI RE AT S b R Lo
2) 4FiE Rk Ba9iE F L2
T2 R RGN VHDL i S BRI, €l S0~S3 WWAMREL .
S0<="1" WHEN stateReg="00" ELSE 0"
Sl1<='1"WHEN stateR«
S$2<="1' WHEN stateReg:
S$3<='l' WHEN stateReg="11" ELSE '0";

plus<=aReg+bReg:
minus<=aReg-bReg:
mult<=aReg*bReg:

nextA<=plus WHEN S0='1' ELSE
minus WHEN S1=1' ELSE
mult WHEN $2='1' ELSE
bReg:

PROCESS(clk) IS

BEGIN

IF(CIKEVENT and clk="1") THEN
IF(reset='1) THEN
aReg<=127;
bReg<=2:
stateReg<="00";

ELSE

aReg<=nextA;

bReg<=bReg+1;
CASE stateReg 1S
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WHEN "[0"=>stateReg<="11"
WHEN OTHERS=>stateReg<="00";
END CASE
END IF;
END IF;
END PROCESS;

AR, SOMHTIILES, S1BATHIKIEH, S2lfTRkial. GmBELEN,
SRR AL I 10-13 BT . PSS E IR TE T RORAS T, BT IS S B A
BT T . AHRSEET L SO KA F B MEEH R T, SURE FRIABMREH L ERT T
Mo S BB R 1 T AR M B R DR SR I 74 T DA LA B

Bk,
A
plus © i

‘minus

B
mult :: A
j=—B B
A
B

[10-13 KRG AL EAER
(1) RS ERIEE s T, b 1 MR ThEE, FUR A S iis S BT T
P, R 10-13 BEAT IS BUS BB LS I 10-14 7 5. P 10-14 1, fERAMZHARIE AL

FA A ST AT T ARSNGB €07, dultal s, SO R FAELE S
BRI PHE F AR TAE, SR FARILMRA LA

reset

P 10-14 149 10-13 £5505 (LA
[l 10-14 XFRE (¥ VHDL ifi BRI LN K
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LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
USE IEEE.STD_LOGIC_ARITH.ALL;

ENTITY hazard3 IS

PORTY(

reset IN STD_LOGIC;
clk :IN  STD_LOGIC;

R

plusOut :OUT INTEGER RANGE 0 to (2**8-1);
s3out :OUT STD_LOGIC;
)
END ENTITY hazard3;

ARCHITECTURE rtl OF hazard3 IS
FUNCTION INTAND(val:INTEGER;cond : :STD_LOGIC)
RETURN INTEGER IS
BEGIN
vec:=CONV_STD_LOGIC_VECTOR(val,8);
FOR i IN 0 TO 7 LOOP
vec (i ):=vec( i) AND cond;
END LOOP;
RETURN CONV_INTEGER(UNSIGNED(vec));
END FONCTION INTAND;

FUNCTION INTOR4(vall,val2,val3,val4:INTEGER)
RETURN INTEGER IS

VARIABLE vecl vec2,vec3,vec4:STD_LOGIC_VECTOR(7 DOWNTO 0);

BEGIN
vecl:=CONV_STD_LOGIC_VECTOR(vall 8);
vec2:=CONV_STD_LOGIC_VECTOR(val2,8);
vec3:=CONV_STD_LOGIC_VECTOR(val3,8);
vec4:=CONV_STD_LOGIC_VECTOR(val4.8);

RETURN CONV_INTEGER(UNSIGNED(vec1 or vec2 or vec3 or vecd));

END FONCTION INTOR4;

SIGNAL aReg :INTEGER RANGE 0 to (2**8-1)
- (HTHE)...
SIGNAL S$3:STD_LOGIC;

BEGIN
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S0 <='1' WHEN stateReg="00" ELSE '0';
S1 <='1' WHEN stateReg="01" ELSE '0';
S2 <='1' WHEN stateReg="11" ELSE '0;
S3 <='1' WHEN stateReg="10" ELSE '0';

aRegSt0 <= INTAND (aReg , S0);
aRegStl <= INTAND (aReg , S1);
aRegSt2 <= INTAND (aReg , S2);
aRegSt3 <= INTAND (bReg , S3);

bRegSt0 <= INTAND (bReg . S0);
bRegStl <= INTAND (bReg , S1);
bRegSt2 <= INTAND (bReg , S2);

plus <= aRegSt0 + bRegStO;
minus <= aRegStl ~bRegStl;
mult <= aRegSt2 *bRegSt2;

nextA <= INTOR4 (plus, minus, mult, aRegSt3);

PROCESS  (clk) IS
(R
END PROCESS;

plusOut <= plus:
(H)...

s3out <=S83;

END ARCHITECTURE  rtl;

(2) REATREAEBAR LI T4 FRREOR A . SRR I ity — AR A2 < 5117
(@ AN, S AT 0 MR AT i L YE ORI 0BT W DR, R T LARE
MEIIRE, TEPAFHOKER B, A58 7 2 O 0 A8 e A 000 SR 7 R, )
Lol R B . SRR BT IS0 RN SRR S AT
WA E RIS, TSR N IFERRCR . Bk, TR A SES HRLR .
A7 AN THEAE 10.2.3 TTER

(3) A7 BRI A S BRI R BB . R I BRI A A7 28 (i th (e A B
o, AT IERIA S kb2 TAE. 55, @B AIa s IRt W
AT AL RUEATE B, N RAR B, MR,

I I I R T (A AR PR T ik BIANYER 10-14 o, #ig5E
sedE BN 2 WEME: S UOR SRR 3O RA IR . SEAE




B 10E MFRLHRIERIRITIRT

BB E AT - K, ROAERHBMAR BB HF AR 6N
FEPATIBIAN, AHIBAR G LN 8. XREERD T, MRIFERREE T .

3) B EFRRGEFE

T AR 5L & BET R EMEN AR, g~ Eie dRng. ¥
o, EREE SRR O A, B T R RE, B, Rt 24
S ERHATIE B AR S R [ 10-15 R B A INIEAE BAT R . B, ik
At nodebout HLH-—ZiniiA#4it nodelout f)
HERSINT 1 £t W, SR AT AR R A B SRS R il 10 R R R 2
BOIEb . dist b, BT AR E KGR A, R A 2 e 4 T AR .

1 B BRI 0 5 4, e

P 10-15 3 1 ) R H i 3% 1) VHDL iff 35 g o o

nodel <= aReg +bReg:
node2<= cReg +nodel;
node3<= dReg +node2;
noded<= eReg +node3;
nodel1<= fReg +noded;
nextA <= gReg +nodel 1;

Name: s

- )
A rodetous 0f| -
A noss2ou(19.0] | -
& roseoutis 0]

a0 rodesou1s 0] | -
& nosesou(1s 0)| -
X0 nodesout)19. 0] | -
aa- -

14 10-15

S k> e e R T DR B B B A P 10-15 TS ) R B ik 2% Y 4 M S
WAL, SRS REON 6 ZkbRh 3 4%, MAHKE

HE IS 10-16 FR.

A B AT IR s

Nara 0m 100ns 15000 200
o o 1 B
& nodciou(19 01| - oo - wec K w08
S cotezou19 0] | - %00 oloce 3
A rodedoul1s 0} 2000 ___ouc KO0
45 nodsdon(1s 0 0000 =] GiEN
A rosesou(19 0l | - oo XK ome [ 50
2 rosesouis 0] | - o000 oo oA
wer o . wow e e -

I 10-16
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Bk, TEAT R T B INE BT S BRI A & AR
WA SRR W S0 KIS MDA s . RN R
£ 10.2.3 Tehitig.

P& 10-16 X% (/3B 0V B8 B2 () VHDL ¥ 5 R PP LA F

nodel<= aReg +bReg;
node2<= cReg +dReg;
node3<= eReg +fReg;
noded<= nodel +node2;
nodell<= node3 +gReg;
nextA <=node4+nodell;

4) fEHlEA

A REI R, T <5117 SRS TR T, A ICEEAR T AR RS G
Heb, (DRt AT LU SR SRE

10.2.3 RS BILIRR )ik

RGetr TARL AR AT AT B, SG R B I . o TS AR
{1 e B 5 AR MR B KB LA LR
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B 10-18 SRR BRI 354 5001 RS KR
(@) WRIEFHBAH: b) KR

FR = A5 R R it PSR ok L B A R4

1. TR E SRS

Ed SBURRAE MBI A RIEEFTHH S HLRAERM, B, M THRRASKSR, &
ARG F ARG RS BB PRI AR THE. PRGN E SRS A .

1) SHBRER G H

TEA AR DD L R LA R RS

(1) FEHIFFAE B AALR B IFE BT S o X TAPAERRElAR R 28, BRI FEHIL R T
¥, 4 DRAM [f) RAS. CAS. WE Rl & 8 () B /SO MBI H, #AREH HK
{55 B, 75 W 2 R A7 A B8 A AR AL 38 R T8 B o 594, Ak 2 1 ik 42 28 I s A
CPU AR DTS 5 FRFB AR A H R AE 5.

(2) MARFEECAI RIS 5. 2 CPU RIS 88 B B R 4T, SR SL/AR Ky I ] 45
AR . ARG I PR LA, WU S/ AR A TR S LA B S i dn
RS HRAT S, WA AR IXFER SRR, B, BTt 110 ns #37
IR (R A7 BT, 157 B 100 MHZ(R 124 10 ns), WS B ERIRA T J 34 10 ns
(R HRAE S, A e 287 R B SR

2) LHH R BASE o e

HERMOR (R DRGS0 I B AR E RS LT BEIK AR ()
ARG RGN )T P BN R BB A AN R s, AR AR R g . BIAER—
AN BRI B, R T ICEE A B O L, BNE AR R R KRB
i A L B 52 R AR (AR L A A

2. HRERIMRSE

W EBILR I iR, XS LASH T k.

(1) R 2 2 A7 3 A -

SRR S A AL R TR T P AT AR AR LR . ] 10-19 RERAET
LA R RIS b RS LBt AR RRR AT 1 A 3-8 RRLERAL
Fo 4 \UERITHEO% T, 7EICRERS AR G y(0) ~y(RE AW L 1 ARy 8h RS
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WL A 10-19 07 ECR T LR, 7RSSR (04 LR B T AN REAT (9 S BRIt
B ULHIL T WG, G Rk T i 22X 5 A AU D TR
FERIS, (CHRSRmRN MU, EEANE A AR, AR ERIR

Name: 5000ns  10ps 15ps 20ps 25ps 30ps  35ps 40ps

(1) reset

e UL UL UUUTUUUUUU AN ARy L
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ows [T L U i — —
Oly(4:
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B 10-19  SRAEF & A 7 28 L H IR S )
[ 10-19 X4\ VHDL iff 5 F2 7 o 1
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
USE IEEE.STD_LOGIC_ARITH.ALL;

ENTITY state_8 IS

PORT(
reset :IN STD_LOGIC;
clk :IN STD_LOGIC;
y :OUT STD_LOGIC_VECTOR(7 DOWNTO 0)

)
END ENTITY state_8;

ARCHITECTURE rtl OF state_8 1S
SIGNAL $0.51,52,83:STD_LOGIC;

SIGNAL stateReg:STD_LOGIC_VECTOR(2 DOWNTO 0);
BEGIN
'0' WHEN statereg="000" ELSE '1";
01" ELSE '1';

' WHEN statereg="
 WHEN statereg="010" ELSE '’;
 WHEN statereg="011" ELSE 1",
y(4)<='0' WHEN statereg="100" ELSE 'I';
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y(11)<='0' WHEN statereg="101" ELSE 1"
¥(6)<='0' WHEN statereg="110" ELSE'I';
y(7)<=0' WHEN statereg="111" ELSE 'I';

PROCESS(clk) IS
BEGIN
IF(cIKEVENT AND clk="1") THEN
IF(reset="1") THEN
stateReg<="000";
ELSE
CASE stateReg IS
WHEN "000"  => stateRej
WHEN "001"
WHEN "010"
WHEN "011"  => stateReg<="100";
WHEN "100"  => stateReg<="101";
WHEN "101"  => stateReg<="110";

WHEN "110"  => stateReg<="111";
WHEN OTHERS => stateReg<="000";
END CASE;
END IF;
ENDIF;
END PROCESS;
END ARCHITECTURE rtl;
THEFF . IR R 10-19 4 SRR (X SRR RS clk
e R R R, R EN B LSRR, BRI A R AR X
FIHIAL EDA SAIFGA ST, RAEMLE R A AR | AN AE2, T 7 T R
Rl e 4l
IR 4 A2 3% VHDL i Rk i
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
USE IEEE.STD_LOGIC_ARITH.ALL;

ENTITY state_8_11S

PORT(
reset :IN STD_LOGIC;
clk :IN STD_LOGIC;

y :OUT STD_LOGIC_VECTOR(7 DOWNTO 0)
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END ENTITY state_8_1;

ARCHITECTURE rtl OF state_8_1 1S
SIGNAL S0,51,52,83:STD_LOGIC;

SIGNAL stateReg:STD_LOGIC_VECTOR(2 DOWNTO 0);
BEGIN
PROCESS(clk) IS
BEGIN
IF(CIKEVENT AND clk="1) THEN

CASE stateReg IS
WHEN "000"  =>y<="11111110";
WHEN "001"  =>y<="11111101";
WHEN "010"  =>y<="11111011";

WHEN "011"  =>y<="11110111";
WHEN "100"  =>y<="11101111";
WHEN "101"  =>y<="11011111";
WHEN "110"  =>y<="10111111";
WHEN "111"  =>y<="01111111";
‘WHEN OTHERS ~ => y<="11111111";
END CASE;
END IF;
END PROCESS;

PROCESS(clk) IS
BEGIN
IF(CIKEVENT AND clk="1") THEN
IF(reset="1") THEN
stateReg<="000";
ELSE
CASE statcReg 1S
WHEN "000"  => stateReg<="001"
WHEN "001"  => stateReg<="010";
WHEN "010"  => stateReg<="011";
WHEN "011"  => stateReg<="100";

WHEN "100"  => stateReg<="101";
WHEN "101"  => stateReg<="110";
WHEN "110"  => stateReg<="111";
'WHEN OTHERS => stateReg<="000";
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END CASE;
END IF;
END IF;
END PROCESS;
END ARCHITECTURE  rtl;

P8 10-20 24t ddfi N & FI A5 A2 A5 BR H IR (KBl B 10-20 haf LUR ), 7ER
10-19 BT HBLIG H BB 4 & F A AF AR IR T o W AE R T LAREDR R H RS, 2R
AFAF 2% A (BT b L THIT BRI SRAY:, 75 12 2 A7 47 2% A S0 i N\ 3 &b F ARG RV
HRE, ANTEIT T B shA w2t 2.
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R, SRR K I 10-21(0)FTR, BERIIALTS b A S HIUE 4
(s, BIZRBRA R R A H RIS . 2R, W o Bl a@R b)FIN R, WE

AT e H RIS

(@) ®)

P 1021 HIA SRR LG SRR R IR TR0 S
(a) JEUREREE: (b) R B
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(3) ALA BRI A 1,

o TR, WURALG BRI E AT ST 1 SRR R AR, I ATE ARG TR
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B, BeERE N FRENA ZRE, FE RIS RDREVA R KR ST
BN, B 1022 2 8 MMREREHRIEE . B 10-22() 2 — BRI, A
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ARESRE AT

©
P 1023 RAGTIDUVIEE B 1 AR Iy ik
(a) WOIBEESEL 1 PR (b) MIVREME: (o) PMALFTIRER

Name: 5000 10ps 154 20us 25 30ps 3sus  40ps

1 reset
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1 10-24 I SRR B R BLR 1 9
2/ D k8 ULy U2 348554 clk/s (M iikah STB, % STB % clk 17+
AR, LA clkiS I AR, KA ERHL (AR <37, BIRTE
MEMAE ol FTHIYZ G B “1” HII% . [FIFE, WP R <17 A3 AT
# NOT STB 5l (5540 “ 57, MIfiaikr “0” HKN%.
&1 10-24 6F 15 (R INET T 5 STB ¥) VHDL i 55 #2000 K-
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
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USE IEEE.STD_LOGIC_ARITH.ALL;

ENTITY cnt8_decoll 1S
PORT(reset.clk,clk11:IN STD_LOGIC;
y_out:OUT STD_LOGIC_VECTOR(7 DOWNTO 0));
END ENTITY cnt8_decoll;

ARCHITECTURE rtl OF cnt§_decol1 IS
CCOMPONENT cnt8 IS
PORT(reset.clk:IN STD_LOGIC;
q:OUT STD_LOGIC_VECTOR(2 DOWNTO 0));
END COMPONENT cnt8;
CCOMPONENT dffl 1S
PORT(reset.clk.d&:IN STD_LOGIC;
.gb:OUT STD_LOGIC);
END COMPONENT dffl;

SIGNAL reset_s,resetl clk_s.clk111,g1,416,g2,q2b,stb,vec:STD_LOGIC;

SIGNAL g_s:STD_LOGIC_VECTOR(2 DOWNTO 0);

SIGNAL y_s,y:STD_LOGIC_VECTOR(7 DOWNTO 0);
BEGIN

resel_s<=reset;

clk_s<= clk:

y_out(0)<=y(0) OR stb;

y_out(1)<=y(1) OR stb;

y_out(2)<=y(2) OR stb;

y_out(3)<=y(3) OR stb;

y_out(4)<=y(4) OR stb;

y_out(11)<=y(11) OR stb;

y_out(6)<=y(6) OR stb;

y_out(7)<=y(7) OR stb;

PROCESS(clk_s) IS
BEGIN
CASE (q_9) IS
WHEN "000" =>y<="11111110";
WHEN "001" =>y<="11111101";
WHEN "010" =>y<="1111101
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‘WHEN " <="11110111";
‘WHEN " "11101111";
WHEN " "11011111";
WHEN "110" =>y<="10111111";
WHEN "111" =>y<="01111111";
WHEN OTHERS =>y<="11111111";
END CASE;
END PROCESS;
stb<=ql;
vee<="1';
resetl<=reset_s AND (q1 NAND q2);
u0:cnt8 PORT MAP(reset_s,clk_s,q_s);
ul:dffl PORT MAP(resetl clk_s,vee,gl,qlb);
u2:dffl PORT MAP(reset1 clk11,q1,g2,q2b);
END ARCHITECTURE rtl;
(5) 1EPERLBE PR ITTAR T
F A VERY N R AR, AT AR R A B P TR, AT B B R
BRME K. B 10-25 £RIMTTRINE “17 HRIRMEH, HRIAXN F=AB+AC.
XREEY, ¥ B=C= “1” I}, F=A+A. FLHIEFLEMAAATE R PR F=A A, B2
SRR 07 HIRBLZ . B 1025 R BB @Ak A h i TR BC, WA
F=AB+AC+BC. ¥ B=C=11, F=1, MiEx 7T “17 HRIRGE G k.

@ ®)
Ve 10-25  HUNTCARITINER “17 TR ALK E
(@) Pk 1 H R (b) MNTURIUEER “17 HER

10.2.4  AERIRBAS Skl

BT RIS AT P9 AN [ I e B ()& R 15 SRR T AR S, RER
A RS 210 R A5 5 P A R AR UE T 0K T A
HRSESHAE
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B 10-26 7, AERSHIALG 55 D MRS D i

i, IR clk b5 RGN BN . KRE, ERY BB LT am P Qe
HYFIRI R AR R B G S BE T D ARARN Q Mt
clk——{elk

Yo (M VHDL V3, FRBAE AR A NAL
T IF(clk EVENT  AND clk="1)i#ERIIK M. i B 1026 LA S A 560
SIGNAL req _sync _reg: STD_LOGIC:

PROCESS (clk reset_n) IS
BEGIN
IF( reset_n =0' )THEN
State_req <= WAIT_ACCESS:
ELSIF( clk' EVENT AND clk="1") THEN
req_sync_reg<=req: Al A
CASE state_req IS
WHEN WAIT_ACCESS=>
IF( req_sync_reg='1") THEN
State_req<= ENABLE_RAS:
END IF:

WHEN RAS_PRECHARGE=>
IF ( req_sync_reg="0' JTHEN
State_reg<= WAIT_ACCESS:
END IF:

END CASE:
END IF:
END PROCESS:
el RS RAS GJE req, ZARRIBIAIL IS4 req_syne_reg. fEfIHIHIEL
F o LRSS roq 1 A7 3 7 #BP req_sync_reg RAFAY, IXHFAESSEL TR k4
s mlEL.
2. FHFHMERERRRIEM
W 1026 B, b T ESBHEIERS R S, JEE
I )R A 1) AR () BB T G AR )

E clk _LIHHYRIRZ AT
R E . I RAEX BB

A AR R A, W2 Bt R A LR, A th B SR A PR
MR, ERRARON EREILR . IR R AL YR 1] ns. WX AR

AT, W ARG AR

TR e L, 4 TR IS A R R R A 1 1027 S A AR
LGRS, i, clk (R4 100 MHz, JURI 10 ns, ARG TE R i)
ZARAT M “0” B 17 AL, SR REIAI D MR AT o RAEWRERR.
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FCREEERTTLY 11 ns.

f——— 10 ns ——=
U —
BT sy L
a
1 nsh— L
DFFI
HWA
Ins—=| |—
DFF2
AN

P 10-27 e T R E R A S48

a BUASSZHER | ns MR (b £OIER D AR 3% DFFL (A . 55— B4 4 ns FER (e £)
Eh D Ak 2% DFF2 (I - BB B Al LU ), a sTi 8 TEARSE 5 2 (K 3 % fi5 5 4 DFF1
R EAT AW, KONTE 10 ns BAG, b SBETEAT 3 ns (ORSERTTE], o R — AN Al s 51
RAELF T HERs ¢ s T IUBERT K, 76 R NI ETHYBIK AT A 1 ns MIERE R 1],
SR T AT 2 ns IMTRGER X R, KTTSET DFF2 (MR, Hitk, J T
AL WAEILR A, TE R B A AL

PR S R ) + 414 v B RE I I T6] + fih A2 28 AR SN ) < i ) 34

0 3 A 8 T 432 240 e BUAE IO BN DB K, 824 T LA ) 215 K2 8 0 4
A D AR 8% SORET DAL TERE IR ) R AR, AR, XA R QAE R M
NS AER 2 AR

3. UMESRENTS

TR E BB T )2 3 B DA
BT RSN, AR R, R
WAEE, AU IR A, AR LU
AR it

(1) [lBME W e L MR B ™
JrreE g SR A I N R AR S kB
A AR AT LA )25 o 2%

(2) ARATI % VA MR AR R AR
o BRSO, (HRTE
ATA I 20 A AR B8 S AR IR B A S AT,
W AT A £ DR B BN 10-28 TR

[ 10-28 1, inp AAFFIBATS, 7E SO St .
W ALK B DFFA 95 A, AL LD
L5444 9% DFFB H:4% . BRI VHDL it efpe 11028 (TRITALUG ik
ik S A S R b

inpffy 44 SLEESOIN 1 i

inp

FRBHES
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SIGNAL a_reg: STD_LOGIC:
SIGNAL b_reg: STD_LOGIC:

PROCESS(clk) IS
BEGIN
IF( clk' EVENT AND clk ='1") THEN
CASE state_reg IS
‘WHEN S0 =>
1F(inp ='1")THEN
A_reg<='l"
ELSE
A_reg<=a_reg;
END IF;
B_reg<=b_reg;
WHEN
Si=>
A_reg<=a_reg;
B_reg<= inp:
iR inp A
END CASE;
END IF;
END PROCESS:
R LT A RO 5 AL S MR SR L. R, TR Fh e L
i A 2 the ] AT
3) 1k fﬁ]ﬁ?f‘“ AR S o RMAEFR 2 R Ge e RS 5 AT AL AT
i & XISZX‘J‘EWW—JM} ﬂTuTﬁ:ﬁiﬁJ)EEMﬁ!ﬁw}u B, Bl
Y‘fiﬁf | ILﬂﬂffﬁ o MR TRBORAS, KBRS, MR ERATRD.
4. HERBESRHIR TR A EE
St A IR S i R B LA ) R
(1) BN 2 I 2 o RIS RGN B 5 5 5 R — AL 19
s, A TR KRR, M2 e R AL IR AR, WA A RER
FERFLEMIOR, M UFORI “IRTF" MBI AEN, ERABIRR RS, P
N 2N
(2) A5V IR VQ S ST )RR I [ 75 B (6 VO S P S 1) AR B 1)
5 SR ol K A8 ) R S ORI )20, 1P 10-29 77
FEE BRI NS E) D AR 2800 D S tpd (REER I ] IR 5| E D Ak
BRI ERSR(CIAT tok PEERTINT, B0 At A SN IRCHT S 1405 1Y B2 SN TR OGRS ] 1y
R B SN ) = fish A 38 (K 22 SEIN ] + tpdmax — tekmin
ASHY AR EE ] = fi A 2R (FORFFI T + cckmax — tpdmin
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5P AR L 7] = il A 38 6 £ LY 1] + tpdmax — tekmin
S B PR I ) = Ao 4% BB B) (R ¥ 6] + tokmax — tpdmin

P 10-29 5T R ST R Al AV ER R 1]

FRM R, 5 0 T e ] S0 20 ) i 52 2 6 S S R R BRI ] A £
TR BEVH I R 765 2 PRI SKBR A L -

(3) WA SRR S MR E R E . RSP el DR RLRE, 1H i %
INIAEIRD ARG 5o BERE, RASAFAEA% IR LA ) 25 05555 4 b il N\ A 52 2% ) L4 3
AT AR E IR . 3 5A PRISR Ao LUX S R 2Rt A BRI 5, A
FEICVRB A ik el e A H RS

(@) SRR AR A S E B O o ERTET AR, MR AT e 54k
[ AR S BRI 1, PRRIX RO B S R RERRAE IR Z . DR, vk xR
GERLH 0 45 M SORAR DMSLAE SRR IR S, BRI AR S 0 e B R
GG AR DA ST, NHE A E TR AT, AR IR T Y
WAL KR

1025  PRHRZHAR ARSI

AR ABLIKIR S G0 0 0000 65 45 i TR AR HL P B A P B 2 A AR o ) U2
TR, SaTASRA AT RSB, RIS EE 1 RIS Y
SLEE, RN RTE O R AT R AN, TR B AR MRS R Ak
RO i R R E R k2 —.

1. RBERBHNBRESI RIS

ABF RGN B 2 MR ZASRAL, 70X RGATRA SR A S
SKECRAHUNR AT SRR G I .  AUCE R — SREHLIAR LN L AT gD,
IRARH, WARA SRR M RERL 2. [ 10-30 RARAHURA A IF sk, B,
FSMA Fil FSMB 75 [f]—MMERRE) F 3K TAE, SNV, i 2 SRANLS
I, AR ERAE, LR 10-30)F R, B 10-30() T 7k A 2 AR
AHLFSMAB, R4 %14 SAO - SBO. SAO + SBI. SAl « SBO. SAI - SB1. SA2 + SBO.
SA2 « SBl. IRAHBILMELRE: FEAHFRSHRITERE, HELZMALRE
SR, WMORATRGERE. Bl SA2 « SB1 A1 SA2 « SBO 2 AMRA T SA2 A, BT
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#kiEHE. %4h, SA2 - SBI A1 SAL « SB1 & SAO « SBO Al SAI « SBO S#fitnit. Wb
U Sk £k W fiE A A XU RS, il SAO - SB1 1 SAL - SBO, B2y SA0—SAIL 8k
SB1—-SBO #aAEix 2 MRER AR .

FSMA

FSMB

161030 ARAHURE A RISEH
(@) 3 MRAM FSMA; (b) 2 MRA FSMB; (¢) 6 ARA ) FSMAB
1] 10-30() i 2 AR AHLE AR R 2%, ISR A TR st 2 R AM 2. B 10-30()Fi(b)
SRS BIN B LR . AR, T RS 2 R AR R, T BRI
AREHLE I
2. BRI
BB RRAR A it )5 2K L PR AL 10-2 iR -
#1022 ABHRSHPAXNRELRS

ERCER] A LA e Lo it 1 g
N /MM\*;W - IbN IbN N2 N
EIEL PN i 2 3 ON X N h
I fie2 58 B0 ON i1 #h #*
. - , R RURA S H | B, AT | o
St RIS AT AR R T AT
AR SEI LMK i e
RPN A Rl finrfie A
EDA #{F 2ff AT LA — R B —fgares
FRS SRR A A A HrLL
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Beit & AT LR SRR T B PR A o SRtk SRR R AAEAE N, HAER SR AT
HERER 10-2 thEREHI M BB REEWE 10-31@). ()« (©) (DFIR.

000 000 00001
{ f
001 001 00010
{ f
010 o1l 00100
{ i
o1t 010 01000
f
100 110 10000
i 1
@ (®) ©

P 1031 SURYHOIR ARG 1L B R P

(@) s (b) HETS: () 8 “17 WED: (d) LB
3. EFRAHEAEEEM DT
1) w3agit K AAAR
T BRI BOE S, RS A A7 RE ) B BN T B i DB IR . P 10-32 %
ARAS LR TR (37 47 2% AT AR s R SRR K33 . 1) 10-32() M1 10-32( ML, A #4R
AN 4 (0HE, FEm | AL, BR, S AT R,

]
QA &
Q-
Q3
Q0.
Q1
Q2
Q3

Qt
Q
Q4

i
i

B
4
&
LY
#
4l
#
L
#
€A

Q0_I7

QA &

Q- @
Q3 #

S

ﬁf

g

9]

Q
2

Q

Q1

2R R

° R R

[oxEs I g

% 7
N Q3 oo o @
@ # #

() © @
P 10-32 RIS 2 47 2R iR A H S e

(a) 4 {UPERY: (b) 3LEEND: (o) 2ALPERY: (d) | ALEETY
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R IR AR A AR R RSB R AN, AR <17
Gt WL, WIS LUK ARG RIS 77 3

S, DU A7 Bk BER O IR AN ) B A O T AR, 1T FLAL A v B ) BUAE AR
SN, (AR MR 2. A D TIRE, AR AR, KA
ORI G 1R, (R, SRR SR,

2) B R HR

261024 PN AR IE 1 AL ROARA R E A AT TR e, KT
R E RIS, LB R MR . I, AR AR U AT PR
ATBMEA S ARG RS 0T B 1033 R4S THECR R HEY . BT
FTRAE t, R 3 /Al B B PR 3 At R S P, eI 1 a2

AN B
® 0060 0O
QFF0—— [
aml
Qi
QFF0 AND QFF1

141033 204088 I L Y

TR R L PR, JFE TR ER 07 A 17 I, PR AL
b AL i SRR Ffa, VEFDMKARE “17 48 “0” I, MR RLBR AR
K BSER Ok b, 54 M1 2 0 4 0 T LA BT o S B Bk, A B S
PR PR R Rk R
¥ FFafh “17 B “0” %L, FLFFb i “0” £ “17 LR
(NOT  qg, )AND  (NOT  qys,)
4 FFa fh “17 F) “0” Afk, FLEFb i “17 £ “0” RS
(NOT g, ) AND gy
4 FFad “0” B “17 AL, FLFFb i “0” 3] “17 ZHLH:
Qs AND (NOT  qpp,)
4 FFa i “0” F “17 28{k, [LFFo i “17 £ “0” Afunt:
Qe AND Qg
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Bldn, 75 011~ 111 ARt ILIE (0 AR T LA Qg 1 q e 11 PRI BSHRN, L

By e M Ao Qe M qpe o FTAFRRIERAIE R
AND g

FUFIZL AR 3 AR 2540 AT PR o] LA BUAR S R R, (LR IR R
BHBARN, WA TREILERIR.

3) kst ey AR

REF B DREF AR BB, S EM R . MR A48 1
BEFTHEE, ARASER BRI, 28R TR A

4) A=)

TRRAE A AERA n AL, IBATCREBON N 2° 4 TR R LA H—HRA,
AR R T RR A A o AR A A2 AL TR 5 XHORE . WIRERAEH T
P, RE AR LA BERHOE R RS, 4B MREVIER TR, HZHEIHRR
WARIET, KA AR ABIEA, (BRXH R .

IRl AR AR KRBT LR L R LR R B

(1) 7& CASE ifif" i} WHEN OTHERS i#). 7E CASE ififJ'}'/il WHEN OTHERS iff
Ay LUR S 95 47 3% AT A (R R SORA B RIEN IERORA . il

PROCESS(clk) IS
BEGIN
IF(clk’ EVENT AND clk="1') THEN
CASE state_reg IS

WHEN OTHERS=>
State_reg "00000000";

END CASE:
END IF:
END PROCESS:
76 B leh, SRA A B AR SCIRAS N, 75 8/ e B 5K DU At A\ e 4 52 17

ARA . A SCIRASBE L AR T 1 AR, AT Ly CWS(Critical — Wash_out
Sequence) Ky 1 AN
() MFABE AR . ERARA A AR, INBABE AT REICEIEIE R . B0, A B
8N i1 8 (¥ VHDL il 5 Rk an 1
SIGNAL state_reg: STD_LOGIC_VECTOR (2 DOWNTO 0 ):
POROCESS(cIK) IS
BEGIN
IF(clk' EVENT AND clk ='1') THEN
CASE state_reg IS
WHEN "000"=> state_reg<="001";

WHEN "001" => state_reg<="011";
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WHEN "011" => state_reg<="111";
WHEN "111" => state_reg<="110";
WHEN "110" => state_reg<="100":

WHEN “100” => state_reg<="000";

R R I B
'WHEN "010" => state_reg<="101";
'WHEN "101" => state_reg<="100";
'WHEN OTHERS=>state_reg<="XXX"3
END CASE:
END IF;
END PROCESS:

75 Lk CASE A 3126 T 3 R A s BEtH I, 3Eeh, “010” F1 “1017 RAIE
SUME. 4 AT R R X 2 AR RN, JRERch i K R A LR (R 3 5
il

53— Fh A B BB N £ 2083 B VHDL i 5 ki 1

SIGNAL state_reg: STD_LOGIC_VECTOR (4 DOWNTO 0 ):
POROCESS( clk ) IS
BEGIN
1F( clk’ EVENT AND clk ='1") THEN
CASE state_reg IS
‘WHEN "00000"=>
'WHEN "00001"=>
WHEN "00011"=>

WHEN "10000"=>
WHEN OTHERS =>
END CASE:
——nBBE, (CWS=N-2=3)
state_reg (4 DOWNTO 1) <= state_reg (3 DOWNTO 0);
state_reg (0) <= (state_reg (0)) AND
(NOT state_reg (1)) OR
(NOT state_reg (2)) OR
(NOT state_reg (3)) OR
(NOT state_reg (4)) OR
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OR ((NOT state_reg (1)) AND
(NOT state_reg (2)) AND
(NOT state_reg (3)) AND
(NOT state_reg (4))):

END IF:
END PROCESS:
VS T B AR T AT AR HPRES . ARFRY, B2 3 M ECWS=3),
2o v B H AN R RR A
ISR “ 17 HES), 474 EDA TRICFHXFEIAK .

B B

101 A28 FRAERTRA? RERGUATRBBR AT LTRE?

102 $FRGRAHEERY RATL?

103 #FRAGEEREHFHH? BRORAKREH EEAFATL?

104 WERBEAKEREREXH? EE 1034 FRlREE FEHHA—FZER

a=2
b=4
=5
a=a+b a=atc+d
—®--®—
1034 RE&EHE

105 RGBSR ERITH MY K14 FPGA & K fo ASIC % F #) R JEAE B 1
3L TOAEA B R R ENR S

106 7 RTL R LR &£ G EAHTILF %2

107 BT 7 4 o S MM Ao P A 3l 6 o £ T 07 AT Y
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F11F  JERMSEEES B HIRITE

AISC & A BA MK, AR TERZFRE, BNERLF ST EH ) ZHEA.
A AR A o b s R AL A A ) BRI A 4], A AT R MR SR AT R AH o
%1,

111 BEAHLBER S H s B R P RE 2R

1. 8%, o, BRSMIERER

SR MWK A IE 1 LA S RS, 2 B BERAUALESE 5 B, 5 2 B
BRI E ) LRI S Fb o ABLARER R bl T RIBE R I A A

FRAESE FIAGR ] FO R 5 4R A K S AR IR, AR [ FRAL O e 0 B ) 3.5
B, AR 15 RP, SR R R 3.5 8.

RV ARK IR EREEN Y 2.5 2, @ILREDY 15 B, R EIm
25,

2. =R ER

PEACHLYEH I AT =Rk HE: 5 2h8hy 10 2MEh. 15 9080

3. LREMEMIEEE

VIS R AR, SR I 15 4h4h. M, ol ELUE PGB R N EFE
P, NV UG W B RATARERA R . I R ATRUS . AAR
(BRI SISl V8727 SUR LS

4. BMEEH

PRURLL R R A B BRI, R

5. HEAERIARE

PLHREI RIS KT 0.1 B

Sy WALPEAHLAEVR Bt B, S USERA L 0F 1 A0S 1) () L A 5

112 PEARHLBE T ik 0 454

HRAR LR A LB Pt P P i ok, T LA B P 111 TR K A M RE e
AR VBN A LRI hoL N B RUK S A
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e EZinid i S I F]

1058
s —] Ve
PR 155 B enpm [ EMAR
PEHR start_ow
)
T Jli
a| [T
. i L1 = W )
- 2
23 1
#l
e =

76:;)8’?7.
P LI HAHLY Mo B 0 4 AR
1. EH50%
ESM A PR A 0.0 BB I Sh R IR . A R R AL, ILRE
%K 76.8 kHzo XFE, EMBRMNSRECH 7680, BRA 3 N5 RaSHI A E MR
SHEIEE, 2RI 256 SHRAY. 3 SAIARAT 10 SMIAS . S BRM G A 112 B,

Tos0 HZ 10k

[CRVERE ¥ 6 i e )

2. EfEHIR

LA AR S A A S 11-1 PR, ARk K

[OF ZNCES

reset: HLEAT:

start_stop: el A4S FRBHIAN

mode_sel: LM AEFILETIA

R B A (sysclk): 76 800 Hz LR

time_sel: BV A FEILBEAN

timer_down: M FIHIA .

(2) Milhfi s

Smin_out: 5 ZHhsE R

10min_out: 10 435 44k

15min_out: 15 44z i #5l:

start_out: JA/AF

j_out: FEAKFFEH]

b_out: AREAKHFEH]:

z_out: FEFKFFEH

ERE 58 (0 D RS AR 4 A RS, B XN B BR SR R se
BRUKI IR T
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3. HAEREE

PR I 2% 1 ) it S ARYE £ R BOK 0FT KAE BT, B S SHeh. 10 4YERAN 15 53
BOYERER TR AT AR S 5

(1) BT

s5min_in;

s10min_in;

s15min_in;

start_in;

reset ;

sysclko

(2) fiHifes:

timer_on_out: & B AR

timer_down_out: g .

4. JKRIEHIRR

IR ) AR 4% ) AR 0B A L R RABRAS T AEAR IR R K U4 R 38,
FEHIVEARBLEALIN LA, SR AR A 5 250 F

(1) NS

jin;

b_in;

z_in;

sysclk;

clk_01;

timer_down;

reset;

timer_on.

) HiifEs:

off_out: LIRS S

on_out: HLEBAEHIT SH .

113 BRACHLBE s ] i i RS P L A

W 111 FR, VAL P b R LR RO, R BB SRR
AHLE A LT

1. EEHIRMESHREEEE

HU PR I T AR, PEARHLEEHRIM 0 TR IEATLL F 9 B

FaE—15 53

FRfE—10 53

bRAE—S 53
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BR—I15 55
HFE—10 54
§ER—S s
BREE—15 48
RPE—10 58
Wpk—S .

MBEZERHEA O MREMIELREPEDRHE, WHORA AR 2T M Al
DAACHE, % pe R BE PR A IOL I, B RSRINKIE, BIgE, WTLUR 3 A%
HARAHLUEDR AR o

1) BXBAFLHRENE

AP HARASHLE W 11-3@FT7R.

reset

®)

1113 B R s LY
(@) BONZEFER PR ABLE: (b) SERTE PR HAR AL
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SALEHEAFRAREBE A, M set b AFHEBRAR S . BEAMENAR
timer_down REH. WEAR, WRHALKEH, set b & “0” FIZEFFALARE: W
SRER, AR EFHRET LT MBARLT, WETHRMERE: WREKT,
WA RTARA . BRI RAIR, ZRAVE TSR, TR, BE=FERXT
PRIEFEMTAE, FHEHMNERERS .

2) R AR SE

EREFRHRANEME 11307, HEHSHARFEERENE B, FiX
R RRE L REMILFE SR RREEROLRES. Bh, 3 PREDHH S5
min, s_10 min, s_15 min; 3 PRG54 510 set_S min. set_10 min, set_15 min; %
BN S time_sel.

3) BAHEHEE RSB #HL

LR AR T A AR . RIS AR VLA I A 11-4 PR

1

114 A REEER L

P 114 15U 2 ROk ARILRE RS ERA . RESTAM NS IRE s_stop, 24
start_stop F @K T, IRAHBEEZIRE s_start, JF%HUS BT T start(star="1).
i F start_stop &, REFBUFILRE, stare RHIESE “07, BHERETE. HE K
start_stop &8, R4 XHIFEHRE. K, R4 7 ] A M85 U BB HL
T,

2. BRERBNNHRASH @GR

Bkt I 2SI SLIRASLE ME 11-5 B,

PedEN A 3 AORA: 21IURAADLE). iR A (INCCOUNT) FI # 43 4R &
(TMP_STOP).
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Gimer_on=—0
timer_down=-1
"0000"

1S dess i S BER A AL

REELERHAE ILRAADLE). 7EE IDRE FARHIBE 3155 start REHR “17.
Rk 17, WRBEHE KT, EHBFHTHE, tmer_on i7EE “17, HBH T A4
RANHORS: BB RS

YEWRPRZR(INCCOUNT) F, BRI EME SR BN “17. Ml LD, B
R AR, WA RRAE start BHVREH R K. MRELEE— FRE/
gl 18 start=“17, WIE N S TFOABEAT & N THE S0 R4 — RS, 1 stan=“0",
5 I B8 TN R, A AR B . USRS OB R, ISR i A%
WA, FEEA I BTN . RAETERDRA R start= €07, WER SR
{24 A(TEMP_STOP), [@i{ timer_on & “0”, &M 34T ibitH.

EERE T, BT start (55, M4 start= “0”, WIBEE R WK stan=
“17, WRWENASE AL, timer_on= “17, REMHEB EIHHRE.

FEVIPIRA R, W start= “17, ARSI EF simin EFHHTREEDR. WRKIR,
WS AR R A A4 RHER LTHE BRI, WA ECRRIEATIN 1 Bk BN
SEAE) T R M N TRMEGE N TR A 3 B S 4MEh. 10 ZMER 1S e, IR E
VI, W B R TR A B T SR, WA LTERE, timer_on=“0”, timer_down=
“1”, count= “0000”, start= “0”, R&EFHBEEILRE.
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3. KRS BRI E A
KL 2% SR SN I 11-6 Hivr.
Il

‘on_count=—0
off_count=—0

Y
on_down=—1
~1
—0
on_count—0

off_count~0

116 AT SRR AU

ARABUEA 3 FRA: £ 11RASTOP), N i 7 AR A (ON_TIME) Rl LBl
W7 7F 52 I 1 BOR &S (OFF_TIME)

FUSIO TN ARA, RN o B B T Bh(timer_on= “17 ). AR
MBS, WIB) T AL A Bl s M T BOR s, R
SOAEIT TR I RO . MR BRI, $6 AR AORA: ON_TIME 5k OFF_TIME.

75 ON_TIME R4 F, 5] timer_on RAAKEEN “17 (Wh BB A W AEEE). W
Wl 417, RIS 0.1 FEER clk_O1 R BRI T R, WAREDR, W RIFE ON_TIME
A M CHR, WAL SRR 1(on_count=on_count+1). T 0 0
R 7 SIS I T 2

By on_count_u=>5F

FRAEBE: on_count_u=3.5F

¥V on_count_u=25F
ZEAFUME BT, (7] ON_TIME RAMAEIEAT AN T15G 4 BRI IR (L
A% cnton_inc. clron « cntoff_inc. set_off & “17, BEFFRALE 5 EHLMTT I T BeRA
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OFF_TIME.
7E ON_TIME R#&F, WHAH timer_on 4 “07, RIHPEMHEMISFLH, HKHH
TAVEATRNRL, RGNS IRES
LI FF (052 I3 1 SOR AR (0 T A R 15 e WL 15 e T O AR 1) TR IR ) i

A HAT T
TR bR s LA 75 SUPE — B
set_on="1" -
clron="1" -
set_off="1" ind

cnton_inc='1' —  count_on+1;

'1' =~ count_off+1;
ShRAGER 17, SRS TR IERE . WS R BN T %
PR e AR, DU VHDL i 5 “ 287 SR, X

L R b ey LU 3

114 PERHLBEESE S VHDL i 5 #idk

VERMLEIR b, 5 DB K. L5438 timectr_clkdiv. j¢fit#% timer_count.
I A ) vimer_ctr. KU W) timeronoff_ctr X HEHk & I I HLRK time_sum BEEL,
X 5 RSERR I 2 )

1. E5 5588 timectr_clkdiv #3k

LA MDA RESL S 76 800 Hz 14 TARS 47040 10 Hz (R 8. by 3 DR,
16 VHDL iff 5 #id (B0 R

LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
USE IEEE.STD_LOGIC_UNSIGNED.ALL:

ENTITY timectr_clkdiv IS
PORT(
sysclk:IN STD_LOGIC:
clk_01:0UT STD_LOGIC);
END ENTITY timectr_clkdiv;

ARCHITECTURE rtl OF timectr_clkdiv IS
SIGNAL div1:STD_LOGIC_VECTOR(3 DOWNTO 0):="0000

-- divide by 256 counter

SIGNAL div2:STD_LOGIC_VECTOR(7 DOWNTO 0):="00000000";
- divide by 10 counter
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SIGNAL div3:STD_LOGIC_VECTOR(I DOWNTO 0):="00";
- divide by 3 counter
SIGNALclkl, clk2:STD_LOGIC;

BEGIN
div_10:PROCESS(clk1) IS
BEGIN
IF(clkI'EVENT AND clk1="1") THEN
IF(div1="1001") THEN div1<="0000";
ELSE divl<=divl+1;
END IF;
END IF;
END PROCESS;
clk2<=div1(3);

div_256:PROCESS(sysclk) IS
BEGIN
IF(sysclk EVENT AND sysclk="1") THEN
div2<=div2+l;
END IF;
END PROCESS;
clkl<=div2(7); --select baud rate
div_3:PROCESS(clk2) IS
BEGIN
IF(clk2EVENT AND clk2="1") THEN
1F(div3="10") THEN div3<="00";
ELSE div3<=div3+1;
END IF;
END IF;
END PROCESS;
clk_01<=div3(1);
END ARCHITECTURE rtl;

div_10 HEER 10 VLR, div_256 Rk 256 SMFERR, div_3 RN 3 PHULTR.
76 800 Hz 44814 3 MR AT SR 5 10 Hz from ik clk_01.

2. FERTEEISE] timer_ctr 1R

BRTRTIA, eI 2] timer ctr MEHRATH AR RHRIR AT K B (start_stop) BERE R
g (mode_sel) Al &2 I i 4% 45 2 (time_sel) I AR A4 A AR, 777 A0 52 0 22 M 5 3t
VHDL if§ i ik (1R 74t s R«
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LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
USE IEEE.STD_LOGIC_ARITH.ALL;

ENTITY timer_ctr IS
PORT(reset, sysclk, start_stop, mode_sel, time_sel, timer_down:IN STD_LOGIC;
sSmin_out, s10min_out, s15min_out, start_out:OUT STD_LOGIC;
b_out, j_out, z_out:OUT STD_LOGIC);
END ENTITY timer_ctr;

ARCHITECTURE rtl OF timer_ctr IS
TYPE stateITYPE IS (s_b, s_z, s_j);
TYPE state2TYPE IS (s_15min, s_10min, s_Smin);
TYPE state3TYPE IS (s_start, s_stop);
SIGNAL statel, nextstatel:statel TYPE;
SIGNAL state2, nextstate2:state2TYPE;
SIGNAL state3, nextstate3:state3TYPE;
SIGNAL start_stop_rising, start_stop_dlayed, setstart, clrstart:STD_LOGIC;
SIGNAL mode_sel_dlayed, modesel_rising, time_sel_dlayed, timesel_rising,
timer_down_rising:STD_LOGIC;
SIGNAL set_Smin, set_IOmin, set_lSmin, start, set b, set_j, set_z,
timer_down_dlayed:STD_LOGIC;
BEGIN
modesel_rising<=mode_sel AND (NOT mode_sel_dlayed);
timesel_rising<=time_sel AND (NOT time_sel_dlayed);
start_stop_rising<=start_stop AND (NOT start_stop_dlayed);
mode_ctr:PROCESS(modesel_t
BEGIN

sing, statel, timer_down) IS

CASE statel IS
'WHEN s_b => set_b<="1";

IF(timer_down="1") THEN set_bx<:
EL! |_rising='0") THEN 1<=s_b;

nextstatel <=s_b;

‘nextstatel <=s_z;

IF(timer_down='1") THEN set_z<='0";nextstatel <=s_b;
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ELSIF( sel_rising='0") THEN 1
ELSE

set_z<
END IF;
WHEN s_j => sel_j<="
IF(timer_down="1") THEN set_j<='

':nextstate <=s_b;
ELSIF(modesel_rising='0") THEN nextstatel<=s_j;
ELSE

sel_j<='0'nextstatel <=s_b;
END IF;
END CASE;
END PROCESS;
time_ctr:PROCESS(timesel_rising, state2, timer_down) IS
BEGIN
set_15min<="0";
CASE state2 IS
‘WHEN s_15min =>set_lSmin<:
IF(timer_down='1') THEN set_15min<='

‘nextstate2<=s_15min;
ELSIF(timesel_rising='0") THEN nextstate2<=s_15min;
ELSE

nextstate2<:
END IF;
WHEN s_10min => set_l0min<="1";
1F(timer_down='1") THEN set_10min<="

:nextstate2<=s_15min;
ELSIF(timesel_rising='0') THEN nextstate2<=s_10min;
ELSE

nextstate2<=:

END IF;

Smin => sel_Smin<:

IF(timer_down="1") THEN set_Smin<='0";nextstate2<=s.

ELSIF(timesel_rising='0") THEN nextstate2<=s_Smin;

ELSE
nextstate2<=s_15min;
. END IF;
END CASE:
END PROCESS:
timer_down _rising<=timer_down AND (NOT timer_down_dlayed);

start_ctr:PROCESS(start_stop_rising, state3, timer_down) IS



B E SRARYUSURIDN € BRIRIT B

- 269 -

BEGIN
setstart<='0",
CASE state3 1S

WHEN s_stop =>
IF(start_stop_rising="1") THEN nextstate3<=s_start;setstart<="
ELSE
nextstate3<=s_stopiclrstart<="1";
ENDIF:
WHEN s_start =>
[F(timer_down_rising="1") THEN clrstart<="1"nextstate3<=s_stop;

sclrstart<="0';

ELSIF(start_stop_rising="1") THEN nextstate3<=s_stop;clrstart<='1";

ELSE
nextstate3<=s_start;
END IF;
END CASE;
END PROCESS;
time_ctr_update:PROCESS(reset, sysclk, timer_down_rising) IS
BEGIN

IF(reset="0") THEN
statel<=s_b; state2<=s_I Smin; state3<=s_stop;start_stop_dlayed<='
ELSIF(sysclk EVENT AND sysclk='1") THEN

IF(set_b="1") THEN b_out<='1"ELSE b_out<="
1') THEN z_out<="1"ELSE z_out<='

IF(set_:
[F(set_j='1") THEN j_out<="1ELSE j_out<
IF(set_15min="1") THEN s15min_out<="1;ELSE s15min_out<:
ELSE s10min_out<:

IF(set_10min="1") THEN s10min_out<="
='1') THEN s5min_out<="1ELSE s5min_out<:
') THEN start_out<="0";

SEND IF;

IF(set_Smi

IF(timer_down_rising="
ELSIF(cIrstart="1") THEN start_out:
ELSIF(setstart="1") THEN start_out<="1",
ENDIF;

mode_sel_dlayed<=mode_sel;

time_sel_dlayed<=time_sel;

start_stop_dlayed<=start_stop;
timer_down_dlayed<=timer_down;
END IF;

END PROCESS:

END ARCHITECTURE rtl:
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R 4 ASERRALR. mode_ctr YRR HIRIEFHE IR, XS 11-3@)FT R A
ABEPEFBIRANUE : time_ctr PR 5 LSRR BIEAR, SR E 11-3(b)FT R I I i 342
HARAHLE start_ctr B RS HIERL, XN 11-4 PR R R ERAREHLE
R AR time_ctr_update #72, EMTHALRIRGE LR 3 MR AR R K RIbR &
i, 75RO A S TR, SURIB A R I I (76 800 Ha), X
AT ORI R BE

3. R timer_count #1R

SER 8 timer_count ARER KT RERARYE SEMEEBIS, XTERHLIKIPEBR AT 2 B 2
. S 3 AR, T VHDL &5 #iR MR R

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

ENTITY timer_count IS
PORT(reset, sysclk, clk_01, time_sel:IN STD_LOGIC;
sSmin_in, s10min_in, s15min_in, start_in:IN STD_LOGIC;
timer_down_out, timer_on_out:OUT STD_LOGIC);

END ENTITY timer_count;

ARCHITECTURE rtl OF timer_count IS
COMPONENT cntl0al IS
PORT(reset, clk:IN STD_LOGIC;
carry:OUT STD_LOGIC);
END COMPONENT cntl0al;
COMPONENT cnt60a IS
PORT(reset. clk:IN STD_LOGIC;
ca60:0UT STD_LOGIC);
END COMPONENT cnt60a;

TYPE stateTYPE IS (IDLE, INCOUNT, TMP_STOP);
SIGNAL state, nextstate:stateTYPE;
SIGNAL set_timer_on, set_timer_down, cal0, slmin, slmin_dlayed, slmin_rising, count_inc,
count_clr:STD_LOGIC;
SIGNAL time_sel_dlayed, time_sel_rising, setdown, clrdown, seton, clron, timer_on, timer_down,
timer_down_dlayed, timer_down_rising, startl, resetl, clk_01_s:STD_LOGIC;
SIGNAL count, count_u:STD_LOGIC_VECTOR(3 DOWNTO 0);
BEGIN
slmin_rising<=s1min AND (NOT s1min_dlayed);
time_sel_rising<=time_sel AND (NOT time_sel_dlayed);
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timer_down_rising<=timer_down AND (NOT timer_down_dlayed);
count_ctr:PROCESS(s1min_rising, state, start_in, count) IS
BEGIN

setdown<:

0" clrdown.
CASE state IS
'WHEN IDLE =>clrdown<:

IF(start_in="1"

AND timer_down='0") THEN
seton<='1";nextstate<=INCOUNT;
ELSE

clron<="1";nextstate<=IDLE;
END IF;

‘WHEN INCOUNT =>IF(start_in="0') THEN clron<='1";nextstate<=TMP_STOP;
ELSE

1IF(s1min_rising='1") THEN

1F(count/=count_u) THEN

count_clr<="1";
nextstate<=IDLE;
END IF;
END IF;
END IF;
WHEN TMP_STOP =>IF(start_i

") THEN nextstate<=INCOUNT;seton<="1";
ELSE nextstate<=TMP_STOP;

END IF;
END CASE;
END PROCESS;
update:PROCESS(reset, sysclk) IS
BEGIN

1F(reset="0' AND (NOT timer_down)='0') THEN
state<=IDLE;s 1 min_dlayed<='"0";time_sel_dlayed
count<="0000";
ELSIF(sysclk’ EVENT AND sysclk='1") THEN
state<=nexistate;

IF(seton="1") THEN timer_on<:

ELSIF(clron="1") THEN timer_on<='
1F(clrdown="1') THEN timer_down<:

timer_down<="

0END IF;

0" ELSIF (setdown="1') THEN

END IF;
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[F(count_inc="1") THEN
count<=count+1;
ELSIF(count_clr="1") THEN count<="0000";
END IF;
simin_dlayed<=sImin:
time_sel_dlayed<=time_sel:
timer_down_dlayed<=timer_down;
ENDIF;
timer_down_out<=timer_down :timer_on_out<=timer_on;
END PROCESS;
INIT:PROCESS(resct, time_sel_rising, timer_down_rising) IS
BEGIN
[F(reset="0' or timer_down_rising=1) THEN
"11107;

count_us<:

ELSIF(time_sel_rising EVENT AND time_sel_rising='1") THEN

IF(s15min_in='1") THEN count_u<="100!

ELSIF(s10min_in="1") THEN count_u<="0100";

ELSIF(sSmin_in="1") THEN count_u<="111

END IF; i
END IF;

END PROCESS;
clk_01_s<=clk_01 AND start_in;
resetl<=reset AND (NOT timer_down);
u0:cntl0al PORT MAP(resetl, clk_01 s, cal0);
ulicnt60a  PORT MAP(resetl, cal0, slmin);
END ARCHITECTURE rtl;
count_ctr MR NV HERR, MR 5 I I B BT S 10 2 I TEDEAT L, et
R 11-5 FR A S N 2SS R A LI - update SRR R — M RIBTUERR, & HRHE count_ctr
SRR Rt P bR ks, bt ATRIET. INIT JER XS A Y N BRI PO IR
S SRR TR I ), SRR 0 P«
£ timer_count 7 ¥UE 47 10 SMRE A 60 MBI, X EER N T AR
F| 4y s1min.
4. K EIHAEH) timeronoff_ctr 48k
KA A timeronoff_ctr BEBR (K DA S 45 HIVEHE BHLIKELITI B, A1) (R BE R B
AN E TR )35 5K . timeronoff_ctr MEHL ey 3 ANEREALR, 3 VHDL & BB 1R
YR

LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL:
TD_LOGIC_UNSIGNED.ALL;
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ENTITY timeronoff_ctr IS
PORT(reset, sysclk, clk_O1, j_in, b_in, z_in, timer_on, timer_down:IN STD_LOGIC;
off_out, on_out:OUT STD_LOGIC);
END ENTITY timeronoff_ctr;

ARCHITECTURE r1l OF timeronoff_ctr IS
CCOMPONENT cntsa IS
PORT(reset, clk:IN STD_LOGIC;
carry:OUT STD_LOGIC):
END COMPONENT cntSa;

TYPE stateTYPE IS (on_time, off_time, STOP);

SIGNAL state, nextstate:stateTYPE;

SIGNAL seton, clron, setoff, clroff, s05, s05_dlayed, sOS_rising, resetl,

cnton_inc, cnton_clr, cntoff_inc, cntoff_clr:STD_LOGIC;

SIGNAL count_on, count_off. counton_u, countoff_u:STD_LOGIC_VECTOR(3 DOWNTO 0);
BEGIN

s05_rising<=s05 AND (NOT s05_dlayed);

onoffent_ctr:PROCESS(s05_rising., state, timer_on, count_on, count_off) IS

BEGIN

seton<="

cnton_inc<=0'ic
CASE state IS
WHEN stop =>IF(timer_oi

ntoff_clr-

‘) THEN

'1') THEN nextstate<=off_time;setoff-

1F(cntoff_i

ELSE nextstate<=on_time;seton<='1END IF;
ELSE

nextstate<=stop;

END IF;
'WHEN on_time =>[F(timer_on='0') THEN cnton_clr<='1;nextstate<=STOP;
ELSE
1F(s05_rising="1") THEN

IF(count_on/=counton_u) THEN
nexistate<=on_time;cnton_inc:
ELSE

cnton_clr<:

clron<:

cntoff_inc<:

setoff<:
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nextstate<=off_time;
END IF;
ELSE
nextstate<=on_time;
END IF;
END IF;

'WHEN off_time =>IF(timer_on="0') THEN

P “iclroff

ELSE
IF(s05_rising="l") THEN
IF(count_off/=countoff_u) THEN
nextstate<=off_time;cntoff_inc<="1";
ELSE
cntoff_clr<:

clroff<="1";

seton<="1";

cnton_inc<:

nextstate<=on_time;

END IF;
ELSE nextstate<=off_time;
END IF;
END IF;
END CASE;
END PROCESS;
INIT:PROCESS(j_in, b_in, z_in)IS
BEGIN

IF(j_in="1") THEN counton_u<="101

; countoff_u<="0100";
ELSIF(b_in="1") THEN counton_u<="0111";countoff_u<="0011";
ELSIF(z_in="1') THEN counton_u<="0101";countoff_u<="0100";
END IF;

END PROCESS;

update:PROCESS(resetl, sysclk) IS

BEGIN
IF(reset]='

) THEN state<=stop;s05_dlayed<="
count_off<="0000"

;count_on<="0000";

ELSIF(sysclk EVENT AND sysclk="1") THEN

state<=nexstate;
IF(seton="1") THEN on_out<="
[F(setoff="1") THEN off_out<='
IF(cnton_inc="1") THEN

“;ELSIF(clron="
JELSIF (clroff='
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count_on<=count_on+1;
ELSIF(cnton_clr="1') THEN count_on<="0000";
END IF;
IF(cntoff_inc='1") THEN
count_off<=count_off+1;
ELSIF(cntoff_clr="1") THEN count_off<="0000";
END IF;

505_dlayed<=s05;
END IF;
END PROCESS;
resetl<=reset AND (NOT timer_down);
u0:cnt5a PORT MAP(resetl, clk 01, s05);
END ARCHITECTURE rtl;
onoffent_ctr MEFZIRIESEARMERER, x4y B WIEEAT 6], SRR RSN W
P 11-6 Fi/R. INIT SEAZAREE A R e BT W AT A4, CASCHUI I (K 52 I 4561 31
LA IELL 0.5 Bk | NRLLEATRE. BUE - MNERARIFER update, AR
onoffent_ctr SEFEFE GIARAE MM, 6t F b 15 5 AT RIBTBRAE o
TEZREG A EA A 5 S FUCH, Ex 0.1 B clk_01 HAT M, 182 0.5 Bignt b
05, A3 TS e 28 ) o I 5 e kot o
5. SESRERHEH K timer_sum B3k
Yk 5 45 LB timer_sum BESRR K Lk 4 MBEHR SR TE RIE B R I BEAR R
M, EBT 111 HHR MRS AR DIAE, L VHDL ¥ #R MR
W
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
USE IEEE.STD_LOGIC_UNSIGNED.ALL;

ENTITY timer_sum IS
PORT(reset, clk, start_stop, mode_sel, time_sel:IN STD_LOGIC;
p_out, m_out, on_out, off_out, start_out, timer_down_out, j_out, b_out, z_out:OUT
STD_LOGIC);
END ENTITY timer_sum;

ARCHITECTURE rtl OF timer_sum IS
COMPONENT dff3 IS
PORT(reset, set, clk, d:IN STD_LOGIC;
q, gb:OUT STD_LOGIC);
END COMPONENT dff3;
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COMPONENT timeronoff_ctr IS

PORT(reset, sysclk, clk_01, j_in, b_in, z_in, timer_on, timer_down:IN STD_LOGIC;

off_out, on_out:OUT STD_LOGIC);
END COMPONENT timeronoff_ctr ;
COMPONENT timectr_clkdiv IS
PORT(
sysclk:IN STD_LOGIC;
clk_01:0UT STD_LOGIC);
END COMPONENT timectr_clkdiv ;
COMPONENT timer_count IS
PORT(reset, sysclk, clk_01, time.

1:IN STD_LOGIC;
sSmin_in, s10min_in, s1Smin_in, start_in:IN STD_LOGIC;
timer_down_out, timer_on_out:OUT STD_LOGIC);

END COMPONENT timer_count;
COMPONENT timer_ctr IS
PORT(reset, sysclk, start_stop, mode_sel, time_sel, timer_down:IN STD_LOGIC;
s5min_out, s10min_out, s15min_out, start_out:OUT STD_LOGIC;
b_out, j_out, z_out:OUT STD_LOGIC):
END COMPONENT timer_count ;
SIGNAL timer_down, s5min_s, s10min,
timer_on, off_s, on_s, q_s, q_b, d, set, clk_01:STD_LOGI

, sl5min_s, start_s, b_s, j_s, z_s, resetl,

BEGIN
set<="1"

on_out<=on_s;

off_out<=off_s:

p_out<=q_s AND on_s AND timer_on;
m_out<=q_b AND on_s AND timer_on;
start_out<=start_s;

timer_down_out<= timer_down;
j_out<sj_s:

b_out<=b_s:

7_oul<=z_s;

w0: timer_ctr PORT MAP(reset, clk, start_stop, mode_sel, time_sel, timer_down,
s5min_s, s10min_s, s15min_s, start_s, b_s, j_s, z_s);
ul:timectr_clkdiv PORT MAP(clk, clk_01);

u2:timer_count PORT MAP(reset, clk, clk_01, time_sel, s5min_s, s10min_s, s15min_s,

timer_down, timer_on):

start_s,
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u3:timeronoff_ctr PORT MAP(reset, clk, clk_01, j_s, b_s, z_s, timer_on, timer_down, off_s, on_s);
ud: dff3 PORT MAP(reset, set, on_s. g_b. q_s, q_b);
END ARCHITECTURE ril;
L, Joft ud R—A T AR, SRl KBBbLIES . REHMLES.
AT B AH PR B L e S SR B IR G T BB OISy, RS RREE AL
PEER B N R A R B, LS. EEMARE, &
AR, R INATIE L BT
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LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
USE IEEE.STD_LOGIC_ARITH.ALL;
USE IEEE.STD_LOGIC_UNSIGNED.ALL:

ENTITY ppi IS
PORT(reset,rd,wr.cs.a0.al IN STD_ULOGIC;



-282- VHDL 3K 155 5K 5B B e BRI

pa:INOUT STD_LOGIC_VECTOR(7 DOWNTO 0);

pb:INOUT STD_LOGIC_VECTOR(7 DOWNTO 0);

pclINOUT STD_LOGIC_VECTOR(3 DOWNTO 0);

pch:INOUT STD_LOGIC_VECTOR(3 DOWNTO 0);

&INOUT STD_LOGIC_VECTOR(7 DOWNTO 0));
END ENTITY ppi;

ARCHITECTURE rtl OF ppi IS
SIGNAL internal_bus_out:STD_LOGIC_VECTOR(7 DOWNTO 0);
SIGNAL internal_bus_in:STD_LOGIC_VECTOR(7 DOWNTO 0);
SIGNAL st,ad.flag:STD_LOGIC_VECTOR(1 DOWNTO 0);
SIGNAL ctrreg:STD_LOGIC_VECTOR(7 DOWNTO 0);
SIGNAL pa_latch,pb_latch,pc_latch:STD_LOGIC_VECTOR(7 DOWNTO 0);
BEGIN
PROCESS(rd.cs) IS
BEGIN
st<=ctrreg(3) & ctrreg(0);
IF(cs='0' AND rd='0") THEN
1F(a0='0' AND al='0"' AND ctrreg(4)="1") THEN

internal_bus_in-
ELSIF(a0="' AND al='0' AND ctrreg(1)="1)) THEN
internal_bus_in<=pb;
ELSIF(a0="0' AND al="1' AND st="01") THEN
internal_bus_in(3 DOWNTO 0)<=pcl(3 DOWNTO 0);
ELSIF(a0=0' AND al='1' AND st="10") THEN
internal_bus_in(7 DOWNTO 4)<=pch(3 DOWNTO 0);
ELSIF(a0="0' AND al='1' AND st="11" AND ctrreg(7)='l) THEN
internal_bus_in(3 DOWNTO 0)<=pcl(3 DOWNTO 0);
internal_bus_in(7 DOWNTO 4)<=pch(3 DOWNTO 0);
END IF;
ELSE
internal_bus_in<="2222277Z";
END IF:

de=internal_bus_in;

PROCESS(cs,wr.reset) 1S
VARIABLE ctrregF:STD_LOGIC;
VARIABLE betrreg_v:STD_LOGIC_VECTOR(3 DOWNTO 0);
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s='0' AND wr="0') THEN
ad<=al & a0;
ctrregF:=d(7);
internal_bus_out<=d;

END IF;

IF( reset='1") THEN
pa_latch<="00000000";
pb_latch<="00000000";
pe_latch<="00000000";
ctrreg<="10011011";

ELSIF(wr EVENT AND wr="1') THEN
IF(ctrregF='1' AND ad="11" AND cs='0') THEN

ctrreg<=internal_bus_out;

ELSIF(ctrreg(7)="1' AND ad="00" AND cs='0') THEN
pa_latch<=internal_bus_out;

ELSIF(ctrreg(7)="1" AND ad="01" AND cs='0’) THEN
pb_latch<=internal_bus_out;

ELSIF(ctrreg(7)='1' AND ad="10" AND cs=0') THEN
pe_latch<=internal_bus_out;

ELSIF(ctrregF="0' AND ad="11" AND cs='0) THEN
betrreg_v:=internal_bus_out(3 DOWNTO 0);
CASE betrreg_v IS

WHEN "0000"=>pc

ch(0):
WHEN "0010"=>pc_latch(1)<:
WHEN "0100"=>pc_latch(2)<:
WHEN "0110"=>pc_latch(3)<:
WHEN "1000"=>pc_latch(4)<:
WHEN "1010"=>pc_latch(5)<:
WHEN "1100"=>pc_latch(6)<:
WHEN "1110"=>pe_latch(7)<
WHEN "0001"=>pe_latch(0)<

'WHEN "0011"=>pc_latch(1)<:

WHEN "0101"=>pc_latch(2)<:
'WHEN "0111"=;
WHEN "1001"=>pc_latch(4)

pe_latch(3)
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'WHEN "1011"=>pc_latch(5)<="1";
'WHEN "1101"=>pc_latch(6)<:
'WHEN "1111"=>pc_latch(7)
'WHEN OTHERS=>flag<='
END CASE;
END IF;
END IF;
END PROCESS;

PROCESS(pa_latch) IS
BEGIN
[F(clreg(4)=0) THEN
pa<=pa_latch;
ELSE
pa<="27777777"
ENDIF;
END PROCESS;

PROCESS(pb_latch) IS
BEGIN
IF(ctrreg(1)='0") THEN
pb<=pb_latch;
ELSE
pb<="22772222";
END IF;
END PROCESS;

PROCESS(pc_latch) 1S
BEGIN
IF(ctrreg(0)="0') THEN
pel<=pe_latch(3 DOWNTO 0);
ELSE
pel<="7222";
END IF;
END PROCESS:

PROCESS(pc_latch) IS
BEGIN
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IF(ctrreg(3)="0") THEN
pch<=pc_latch(7 DOWNTO 4);
ELSE
pch<="2727Z";
END IF;
END PROCESS;
END ARCHITECTURE rtl;
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12.2.3 SCI.hJify VHDL i &b

[ 12-21  SCI At VHDL & & #iiR ¥ .
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
USE IEEE.STD_LOGIC_ARITH.ALL;
USE IEEE.STD_LOGIC_UNSIGNED.ALL;
ENTITY sci IS
PORT(clk,reset,rxd,rd,wr,cs:IN STD_LOGIC;
xd,rdFULL,tdEMPTY:OUT STD_LOGIC;
data:INOUT STD_LOGIC_VECTOR(7 DOWNTO 0));
END ENTITY sci;
ARCHITECTURE rtl OF sci IS
SIGNAL scir:STD_LOGIC_VECTOR(5 DOWNTO 0);
SIGNAL scit:STD_LOGIC_VECTOR(S DOWNTO 0);
SIGNAL sh_r:STD_LOGIC_VECTOR(3 DOWNTO 0);
SIGNAL sl_r:STD_LOGIC_VECTOR(1 DOWNTO 0);
SIGNAL sh_t:STD_LOGIC_VECTOR(3 DOWNTO 0);
SIGNAL sl_t:STD_LOGIC_VECTOR(1 DOWNTO 0);
SIGNAL d_fb:STD_LOGIC_VECTOR(7 DOWNTO 0);
SIGNAL din_latch:STD_LOGIC_VECTOR(7 DOWNTO 0);
SIGNAL do_latch:STD_LOGIC_VECTOR(7 DOWNTO 0);
SIGNAL txdF,rxdF:STD_LOGIC;
SIGNAL tdEMPTY _s:STD_LOGI!
SIGNAL rdFULL_s:STD_LOGIC:='0";
BEGIN
sh_r<=scir(5S DOWNTO 2);
sl_r<=scir(l DOWNTO 0);
sh_t<=scit(5 DOWNTO 2);
sl_t<=scit(1 DOWNTO 0);
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1dEMPTY <=tdEMPTY _s;
rdFULL<=rdFULL _s;
PROCESS(clk,rd,cs)IS
BEGIN
IF(rd="0'AND ¢s='0") THEN
rdFULL_s<="0";
ELSIF(cIkEVENT AND clk='l") THEN
IF((rxdF="1') AND (sh_r="1111") AND (sl_r="11")) THEN
do_latch<=d_fb;
rdFULL _s- N

END PROCESS;

PROCESS(wr,cs)1S
VARIABLE data_v:STD_LOGIC_VECTOR(7 DOWNTO 0);
BEGIN
IF(wrEVENT AND wr='1"THEN
IF(cs='0)THEN
data_v:=data;
din_latch<=data_v;
END IF;
END IF;
END PROCESS;

PROCESS(cIK)IS
BEGIN
IF(cIKEVENT AND clk="1") THEN
1F(rxd="0') THEN

END IF;
END IF;
END PROCESS;

PROCESS(wr.clk)IS
BEGIN
IF(wr='0' AND ¢s="0") THEN
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"))OR reset=10') THEN

END PROCESS;

PROCESS(rd,cs)IS
VARIABLE do_latch_v:STD_LOGIC_VECTOR(7 DOWNTO 0);
BEGIN
do_latch_v:=do_latch;
IF(rd='0" AND cs="0")THEN
data<=do_latch_
ELSE
data<:
END IF;
END PROCESS;

PROCESS(clk,reset)IS

VARIABLE scir_v:INTEGER RANGE 0 TO 6!
VARIABLE scir_s:STD_LOGIC_VECTOR(5 DOWNTO 0);
BEGIN

scir_v:=0; --"000000";
ELSIF(cIEVENT AND clk="l") THEN
IF((scir_v<=27) AND (rxd="0")) THEN --sci_v="011011"
8:--sci_v="011100";
7) AND (rxd="1")) THEN

scir_v

ELSIF((scir_v<=:
scir_vi=0;

ELSE

END IF;

scir_s:=CONV_STD_LOGIC_VECTOR(scir_v.6);

scir<=scir_s;

END PROCESS:
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PROCESS(clkreset)IS
VARIABLE scit_v:INTEGER RANGE 0 TO 63;
VARIABLE scit_s:STD_LOGIC_VECTOR(5 DOWNTO 0);
BEGIN
IF(reset="0') THEN
seit_v:=0; --"000000";
ELSIF(cIkEVENT AND clk="1') THEN
1F(scit_v<=27) THEN --sci_v="011011"
IF(dEMPTY _s='0' AND wr='1') THEN
scit_v:=28;- "011100";
ELSE

scit_v:=0;
END IF;
ELSE

seit_
END IF;
END IF;

scit_s:=CONV_STD_LOGIC_VECTOR(scit_v,6);

scit<=scit_s;

END PROCESS;

PROCESS(clk,reset)IS
BEGIN
IF(reset="0') THEN
d_fb<="00000000";
ELSIF(cIk EVENT AND clk='0") THEN

IF((sh_r>="1000") AND (sh_r<="1111") AND (sl_r="01")) THEN

d_fb(7)<=rxd;
FOR i IN 0 TO 6 LOOP
d_fb(i)<=d_fb(i+1);
END LOOP;
END IF;
END IF;
END PROCESS;

PROCESS(sh_)IS
BEGIN
CASEsh_t1S
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WHEN "0111" => txd<="0";
WHEN "1000" => txd<=din_latch(0);
WHEN "1001" => txd<=(
'WHEN "1010" => txd<=din laluh(2)1
'WHEN "1011" => txd<=din_latch(3);
'WHEN "1100" => txd<=din_latch(4);
WHEN "1101" => txd<=din_latch(5);
‘WHEN "1110" => txd<=din_latch(6);
WHEN "1111" => txd<=din_latch(7);
‘WHEN OTHERS => txd<='l";
END CASE;
END PROCESS:
END rtl;
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RETN 3 # + 3 : c K s i
A 4 $ 4 < D L T \
s % s E M u 1

6 & . 6 > F N - v B

7 . / 7 2 G ) w _

2 3 4 5
IS ASCIL i 5 4 4ir

B, 40 4T 0 FMIA kG % FItE, SCAN= “111111107 , RETN= “11111110” o 4R
#3 12-1, ZEM 20H IRAH, JF A TXD R 1 EHL.
LEDO~LED2 i 3k St /- My Bl RXD (R85 B 1A 3 AL R DB I1C 3 47
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ARFIR, BACREARE., FURHSALE, A SRS i TN L.
R IR KBC 54 B T AR B, 3K ay LA %G (1 P A A, i 12-14 TR

H
H
———% !
" H
RXD T Led_fb |
CLK JI K S g :T:> LEDO~LED2
RESET L shrx # H
|
oL gt} H
1
RIXEH
RETNO~RETN? 7N fFHS | oo otk sh.t || rses o
|: '—‘ H reset o1 1
L2
i ASCIIFY
s_cnt
SCANO~SCAN7 ] #ifii K|t |
1
H
1
Ssont 1
OO

181214 KBC &5 /% 4 B4 HIRE R

1 12-14 A0, KBC 454 B0 LA A

M LR —— S R AT B R

R ML —— 7 o AT SR ) Rk s

I e AT RS B AT RS SR St

I A R AT R BB B AT RS S S

FHE I 8 MATHARAEZEAL 3 4 —HEHIRS:

FM R —H 3 RLFUTHEOARA AR 8 i IR

FH O —— AT S

A ¥ r_enc (AN s_cnt (K12 BBt 1SR ASCI B { .

M KBC 5 4 P9 S O RE B AT LLRZ I, €T SR T4 LU AR b, n B4 SRR
SERERE 11343 100 T -

12.3.2  FIBHRHRTE &R

1. RS EHS
SRR A L, K IR0 RS U b SCT ST RIR AL A -2,
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1) Fliaaait 4
AR R U R R F T SO PRI ORI . SRR R, T
BICRAR LU SR 1 DY 53 2 — (AT R, JLIREHH B W 12-15 PR.

SCI(1 downto 0)="11"
@g s

SCI(1 downto 0)="11"

else
SCI(1 downto 0)="11"
else

SCl( 1 downto 0)="11"

SCI(I downto 0)="11"

sc1(| downto 0)="11"

SCI(1 downto 0)="11"

else

SCl(l downto 0)="11"

else

elsc

1 12-15 B RS OREHR

2) FATHIEAEM R T4

TE 12.2 5 SCLAS A Bt TARE], 7SR ATHAR AL, BET 4 6 frilb%as
sci_tx, P sh_tx REMIE 4 Bl ERHEIVHRL P ARLEIE. Kk, RaikIEmK
P R4 T () sh_tx=1, RETN=FFH). %3%b, — N FRE ASCIL fS3ORIE LU,
BRARSF KA L FINA R BTUL, RRPHLA N AR R B ST LS A fiE
SN T A SR I R A AR A . AR, E3% T 0 SR DURT I AE sci_tx AT “000000”
MR ERE. HRAEE, HH sci_x B4 “000100” R4, B sh_tx=1. sh_tx (VRTINS
R E A 12-16 Fis.

FEAHER O, S DML B4 WA R0 0 R AT b R BT R &
FlEE . B, b T IEHE TR, NOLENEER R . i, SRS A LT
1 ms. $AML ] AERFAR R AT R IX B A, R IE AR RS Tk R B
I, AREINEAE TR AT AR, kdE P 2 ANRIORT LR AN VRN, R IREL
LRGN
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else

- (RETN=X'FF")&
RETN=x"FF)& (s txexe1")

(sh_tx=x"1")

(RETN=x"FF")&
(sh_tx=x"1")

4 12-16 sh_tx (FPREFHBE
2. ERTH
W 12-1 FioR, GH LRI, M4 SCAN F1 RETN {8 B ) i 2 i
$F. {HJ2, 06 SCAN 1 RETN (FPRZAZE IZHXT NI ASCIT i H, HIBEWATHIN )2
BOESE. N TR MR RER, R 12-1 WRRBAMEEL, UEE SR ER
o, W 122 fios.
% 122 ASCll BT#HRXERER

SCAN ffit ASCI F3F1F Ascu i =
(103 AL

0 0010 0XXX 0 0 o
1 0010 1XXX 0 0 1
2 0011 0XXX 0 1 0
3 8~? 0011 1XXX 0 1 1
4 @—~G 0100 O0XXX 1 0 0
5 H~O0 0100 1XXX 1 0

6 P~W o101 0XXX 1 1 0
7 X~_ 0101 1XXX 1 1 1

SR 12-1 M 12-2 0] L5, 45 F BEIRRSE ASCIT P01 3 #1245 RETN MRy #i47
#, )5 RETN 45t r_enc(0)~r_enc@)HIH —B: % 3 RI{HFHITHEARINGE 0 {1
B 0 4 PSRRI | B 3 S RS FIH B IS 2 (BURA B BB 6 AL
BRI 2 1 — 8 U, 1% PR ASCIT B4 Rl LA IR A
i Rt ASCIL f4{f ='0' &s_cnt(2)& s _cnt(2) &s_cnt(1)&s_cnt(0)
&r_enc(2)&r_enc(1)&r_enc(0)
PR S S AR R R
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12.3.3 KBC . VHDL iE S lhid

KBC it5 1) VHDL if 3§ R FF mnfl 12-3 fioge
[%112-3] KBC &A1) VHDL ifi 5 ik F ¥ .
LIBRARY IEEE;
USE IEEE.STD_LOGIC_1164.ALL;
USE IEEE.STD_LOGIC_ARITH.ALL;

ENTITY kbc IS
PORT(reset,clk,rxd:IN STD_LOGIC;
txd:OUT STD_LOGIC;
retn:IN STD_LOGIC_VECTOR(7 DOWNTO 0);
scan:OUT STD_LOGIC_VECTOR(7 DOWNTO 0);
led:OUT STD_LOGIC_VECTOR(2 DOWNTO 0));
END ENTITY kbe;

ARCHITECTURE rtl OF kbc IS
SIGNAL sci_rx:STD_LOGIC_VECTOR(5S DOWNTO 0);
SIGNAL sh_rx:STD_LOGIC_VECTOR(3 DOWNTO 0);
SIGNAL sl_rx:STD_LOGIC_VECTOR(1 DOWNTO 0);
SIGNAL sci_tx:STD_LOGIC_VECTOR(5 DOWNTO 0);
SIGNAL sh_tx:STD_LOGIC_VECTOR(3 DOWNTO 0);
SIGNAL s_cnt:STD_LOGIC_VECTOR(2 DOWNTO 0):
SIGNAL r_enc:STD_LOGIC_VECTOR(2 DOWNTO 0);
SIGNAL led_fb:STD_LOGIC_VECTOR(2 DOWNTO 0);
BEGIN
sh_rx<=sci_rx(5 DOWNTO 2);
sl_rx<=sci_rx(1 DOWNTO 0);
sh_tx<=sci_tx(5 DOWNTO 2);
PROCESS(reset,clk) IS
VARIABLE sci_rx_v:INTEGER RANGE 0 TO 63;
VARIABLE sh_rx_v:INTEGER RANGE 0 TO 15;
VARIABLE sci_rx_s:STD_LOGIC_VECTOR(5S DOWNTO 0);
VARIABLE sh_rx_s:STD_LOGIC_VECTOR(3 DOWNTO 0);
BEGIN
1F(reset="0") THEN
sei_rx_vi=0;
ELSIF(cIk'EVENT AND clk:
1F(sci_rx_v<=27) THEN

") THEN
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IF(rxd="0') THEN
sci_rx_vi=28;
ELSE
sei_nx_v:=0;
END IF;
ELSE
sei_rx_vi=sci_rx_v+1;
END IF;
END IF;
sci_rx<=CONV_STD_LOGIC_VECTOR(sci_rx_v.6);
END PROCESS;

PROCESS(reset,clk) 1S
BEGIN
IF(reset='0") THEN
led_fb<="000";
ELSIF(cIKEVENT AND clk="1") THEN
IF(sl_rx="01") THEN

CASE sh_rx IS
WHEN "1000"=>led_fb(0)<=rxd;
WHEN "1001"=>led_fb(1)<=rxd;

'WHEN "1010"=>led_fb(2)<=rxd;
‘WHEN OTHERS=>led_fb<=led_fb;
END CASE;

ELSE

y led_fb<=led_fb;

END IF;

END IF;
END PROCESS;

led<=led_fb;

PROCESS(reset.clk) IS
BEGIN

ELSIF(cIk EVENT AND clk="0') THEN
1F(retn="11111111") THEN

r_enc<=r_enc;
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ELSE
IF  (retn(0)='0THEN r_enc<="000";
ELSIF(retn(1)="0')THEN r_enc<="001";
ELSIF(retn(2)="0')THEN r_enc<="010";
ELSIF(retn(3)="0THEN r_enc<="011";
ELSIF(retn(4)="0)THEN r_enc<="100";
ELSIF(retn(5)="0')THEN r_enc<="101";
ELSIF(retn(6)="0"THEN r_enc<="110";
ELSE r_enc<="111";
END IF;

END IF;

END IF;
END PROCESS;

PROCESS(reset,clk) IS
VARIABLE s_cnt_v:INTEGER RANGE 0 TO 7;
VARIABLE s_cnt_s:STD_LOGIC_VECTOR(2 DOWNTO 0);
BEGIN
IF(reset="0') THEN
0;
ELSIF(cIKEVENT AND clk=0') THEN
IF(retn="11111111" AND sh_tx="0001") THEN

s_cnt_s

s_Cnt_vi=s_cnt_v+l;
ELSE
S_Cnt_vi=s_cnt_v;
END IF;
END IF;

s_cnt<=CONV_STD_LOGIC_VECTOR(s_cnt_v.3);
END PROCESS;

PROCESS(s_cnt) IS
BEGIN
CASE s_cnt IS

'WHEN "000"=>scan<="11111110";
'WHEN "001"=>scan<="11111101";
'WHEN "010"=>scan<="11111011";

WHEN "011"=>scan:
WHEN "100";
WHEN "10

1o

scan<="11011111";
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'WHEN "110"=>scan<="10111111";
WHEN OTHERS=>scan<="01111111";
END CASE;
END PROCESS;

PROCESS(resct.clk) IS
VARIABLE sci_tx_v:INTEGER RANGE 0 TO 63;
VARIABLE sci_tx_s:STD_LOGIC_VECTOR(S DOWNTO 0);
BEGIN
IF(reset="0) THEN
sei_tx_vi=0;
ELSIF(cIKEVENT AND clk="0) THEN
IF(sci_tx_v>=28) THEN
sei_tx_vi=sci_tx_v+1;
ELSIF(sh_tx="0001") THEN
[F(retn="11111111") THEN
sci_tx_vi=4;
ELSE

sci_tx_vi=28;
END IF;
ELSIF(sh_tx="0000") THEN
IF(retn="11111111") THEN
sei_tx_vi=4;
ELSE
sci_tx_vi=0;
END IF;
ELSE
sei_tx_v:=0;
END IF;
END IF;
sci_txe=CONV_STD_LOGIC_VECTOR(sci_tx_v.6);
END PROCESS;

PROCESS(sh_tx,r_enc,s_cnt) IS
BEGIN
CASE sh_tx 1S
WHEN "0111"=>txd<:
WHEN "1000"=>txd-
WHEN "1001"=>txd-

_enc(0);

_enc(1);
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WHEN "1010"=>txd<=r_enc(2);
WHEN "
WHEN"
WHEN " d<=NOT s_cnt(2);
WHEN "1110"=>txd<=s_cnt(2);
WHEN "1111"=>txd<:
'WHEN OTHERS=>txd<="1";
END CASE;
END PROCESS;
END ARCHITECTURE rtl;
FLFERT T 3 A AU T TS FI M IEEE R, JR4k 7 AT AU T KBC (s pRikAT
HIER, SRS B E XS 12-8 FUR KA .
1. M E B ESHESGLHA
1) k. Kt sEmg
sci_rx Al sci_tx 55 SCLAS I H 9 —#E, J 6 LRl Bl 6 A% - as it - [IHE,
sh_rx 24 sci_rx [fIi5 4 Brfde: sex b scirx (M 2 (74 : sh_tx by sci_tx (¥ 4 {8
2) St Edrd
s_cnt it 3 FrFUHECERHI L, 0% 3 47 T HEBIECERY I 8 AL EIE Y scan.
3) ATHE B
Xt AR R (AT 415 5 RETNO~RETNT 8 (¥R REA T4, 7950 3 (gl ili {5
r_enc.
4) I3 ARBRICF A Bk
led_fb JA1E 3 R HA A7 a4t HIREESH LEDO~LED2 3 MMERG M.
2. MEREIRA
5 1 ANHER R SR AT HOR B R, RO SRR R R B R
52 ANUERR AT RO SRR, U B YKE) LEDO~LED2 3 MR
WA
33 AR RATHRIGUERE, % 51 B RETNO~RETNT 2K (4T HIHAR AL 5 AT 4w 64,
FER 3 REATAREHI AT . S TARE LA A A 17 T . IERRIIE )T,
AT RN, S A BTARAT SRR B, BT SRR
W4 MRS, LR SRR ATIRAR - B SRR T
KB SCANO~SCANT. ERCAH S T, iSO MR 4, 4 s_ent 11
HHOT retn el 4 retn= “TTLLTTTT” QUERHS FiM), JPRESIEATIN 1 E0R AL
HATEIE R, s_ont D IRFEANR
W5 ASUERLR A ST SO AT R AR . 3 RS TR AR A 8 AR

L AT BRI FRIERT B A0S TSRS AT R R iR . X
ARG SCI Y 16947 A R0 AR [7) 2 Ak RN 1 T S5 1 i A 0 5 £ AR M
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o SRR 058 8 7RIS 9 TR AT k). SSAF AR AR (58 14 4T
15 ATEABATIER .

B 7 AN RAREBAR LB TR OB BRXRENHOAR. RIXSTH
TR SCLE T i) R AT B SOk ARAT ] o

12.3.4 KBC i} VHDL ifi S5 #iBB i

KBC {5/ VHDL ifi &5 i S i 5 SO A B 12-17 fiom.

fp [Ref @O J(eTo] Time | EE=T—
A JES
36| Name Vaioe S00hs Qi 5s  20i 25 30us  3bws  4Qus  ASus

TTELX

5
EEEREO0000080

11217 KBC &}y VHDL i 5 AR 117 1L

AR LB A MAXplus 11005 2L A8EAT 07 LA S 0. T 12-17 TR, RS PR
H IS B EE & . retn T FFHOWIEAAS), SAJFTE scan #iii 2 DFH &b, ¥ retn
{300 FTH, 36 FTH SO (R I 1) L5435 T4 scan (VHE0RNT. IR H 50BN B
KEFREK @I 4 K 8% R
"11011111"

retn="11110111"

RIGRAUIIL, 7 od EHIATEAG 4BH (AT HUR . XU IO R IR

JAIRE, 76 ATHORBC R A 4BH (¥R, 7E led JENHIENATAIE] 1 A1 3 (OBCE.
IXF R KA IEH .

scan=

B B

121 £ 8255 & Mkt A A 4 E 4 R X Gnternal_bus_in) 0 1 tH
(internal_bus_outy i ##? it & RA — A& &2 HfF2?

122 WRADHRANGERTHE, RAE 07 B ATHTEA? AfL?

123 AftakEpfat EaREd RN T RHE? RTHEROUPABRKRTRT?
Aft4?

124 AHAETHRGERE 4 cregF KR? TR TR EAE SR
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125 BATHRE SR KRR EAFRTRG? RREFFBPLRFFRN 2" f
W7 REREARFH?

126 #R SCLEN UM BHTHBERE, K ZD L EHmEX?

127 KBC K REHLIRATHN? HERGEH2h 9B 1T 20777

128 KBCHEREHRECHILIMN? wEY Ritd, THREANREHREA?
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# 13 = VHDLiIES 93 ki 87 B EEX S

A5 2 MRV VHDL i3 87 Mh Rsk% 5 ey, 122K A VHDL # 2 6912,
K I, 87 WAL $ HefaAe B TRobt, Bt IEEE # 87 AUHHAT T 59T, ik TH T E49 93
BR. O3 G K AF IR 60, H T 5B i 87 RS AIHER, hoL R S AR A
L4k, A 93 M) VHDL T %HEARAZERE. E5E. AWM EDA T LR T4hiF
W, WEFABEBRAT, K—E5kAA5EE, Hob SIE A EDA TR A
HH O3 RRAHA AR, hEE B Feh X,

13.1 VHDL &7 93 MRS A

S TE T T RAAR, M T VHDL ¥ 93 BTG IA ML R EE R
PRARAE, IFFIE A KB A e
(1) 3cfS: VHDL iff 5 B & i .
BT, 87 BN 3 AR AR, BVAR RRLRIGT S . 93 MR SUAFE A HH
%4k, fF VHDL il 5 .
W SCAFREIES) . SO E R N
FILE 3CfF4: S 1A Bis
[OPEN fFF L1568 1S i ikt
it
TYPE bv_ftype IS FILE OF BIT_VECTOR;
FILE vec_file: bv_ftype IS "usr/home/jb/vec.in":
BABIT B vecfile &AM R RACREIISCME, BT BRATIF PR, K
B kT READ_MODE R4, S AMASCHF. % SCHF IR 15 S Y B S48 b -
usr/home/jb/vec.in<
s
FILE in_file: TEXT OPEN READ_MODE IS

“post.dat”s
FILE out_file: TEXT OPEN WRITE_MODE IS
“fir3_out.data”;
26 TSR PEAS AL BT AU D in_file SEHNSCOE, BEAIR 247 FSRAY post.dat TAF: out file
SRRSO, A out_file 1R AETS E) Y L3I fir3_out data SCIFA AR IRGIZ K o
@ SCPFF BT R SOOI T T B SRR BAR A, RSSO




% 13 & VHDL i%F 93 o 87 MReH EFE X5 -309-

BB 5E SCT Rk T B SO Ak A . 1X 4684t A2 FILE_OPEN. FELE_CLOSE. READ.
WRITE F1ii 5 ENDFILE K434 .
SCMEERLE A R
TYPE X%!4 IS FILE OF KRy FHR4,;
il
TYPE idex IS RANGE 0 TO 15;
TYPE int_ftype IS FILE OF index;
BB, int_ftype 22— index HMISCHFARRY, RS, IR B TN T
Bk
PROCEDURE FILE_OPEN(FILE F: int_ftype;
EXTERNAL_NAME: IN STRING;
OPEN_KIND: IN FILE_OPEN_KIND: =READ_MODE):
PROCEDURE FILE_OPEN(STATUS: OUT FILE_OPEN_STATUS;
FILEF: int_ftype; EXTERNAL_NAME: IN STRING:
OPEN_KIND: IN FILE_OPEN_KIND: =READ_MODE):
AN iR LU S0 A (041 FF SR HF B 5144 BT BT R SOAE, IR IR SCPF R 7R 28 Fo 3R
AR IR PR AR A
foiltm:
PROCEDURE FILE_CLOSE(FILE F: int_ftype):
RS P BT A 1 S
fign:
PROCEDURE READ(FILE F: int_ftype:
VALUE: OUT index);
BRSO F M EAEAN index 1.
it
PROCEDURE WRITE(FILE F: int_ftype:
VALUE: IN index);
R A index KBRS RIS F A
i
FUNTION ENDFILE(FILE F: int_ftype)
RETURN BOOLEAN;
BRSO SO By B T PR, WHR[E—AS TRUE {H.
bR St 1 93 METE SCAFiSE MR BT B ) — e RE AR B, 7 SRR R R LA A %6
SIBEHRBIRAAT.
(2) FES S T  BRIE R
TEA I 5.3.3 W AU T AR T ik Bl
u2: and2 PORT MAP(a=>nsel, b=>dl, c=>ab):
Fot: as b T KRN, o REIHN. nsel. dI Bl ab RS REMAMRIL. B
%mxﬁmmn Rt AR, 7E 93 RRTTIKFMAEBL AT T AR, RGBT ST LR AR
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Fixso Hlw:
MI1: mux PORT MAP(sel=>TO_MVL(code),
d0=>TO_MVL(bus(0)), d1=>TO_MVL(bus(1)),
TO_BIT(2)=>ctrl);
U T ARSI N Y sely dO. dl. EEBGMERBEREX, W
sel=>TO_MVL(code). d0=>TO_MVL(bus(0))%. Shx - ikFF 3G FEMAL sel AN R KL
TO_MVL(code)i& [l ffiff, 3L& & s K[
(3) SEXT AR,
AT CARFNE S M ERNEEXJE: FoUEeRiE, REERGEETCE
o Ak P BT AT 7 AT LU AR R R, RUARTERERR K TR A B E X
FOREF . G SRARRE 5 S M, LA AR IR IR S —ME T AT
{2, A5 FH et i A SRR R T R P b 1 4 SR AR R R AT B A . A,
1693 fiboi T AR R, AR B R
SHARED VARIABLE &4 FRBAL=YIh{H]:
it
ARCHITECTURE sample OF tests IS
SHARED VARIABLE notclk: STD_LOGIC;
SIGNAL clk: STD_LOGIC;

BEGIN
pl: PROCESS(cIK)IS
BEGIN
IF(clk 'EVENT AND clk='1") THEN
notclk: =0
END IF;

END PROCESS pl:
p2: PROCESS(clk)IS

BEGIN

IF(clk 'EVENT AND clk="0") THEN
'1's

notelk:
END IF;
END PROCESS p2;
END ARCHITECTURE sample:
LR FERER, pl MERRAERE b FHAYIN K IE AR R notelk B “0” . p2 MRRFERT T AT
I notelk F 4 “17 . ML notelk Al clk ZEALATRTZ], JLALIEEFAIR . JEEARTRERTERE
LRI FRRE I SR R A Sh, S ARy AT AR
(4) & X1 GROUP.
03 JhBI AT ALNRER . AL e O SR H A . — MALBERBE T X
NGLREE, R e O SO R AL MBI ST AR 4
LR R
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GROUP 414:: 4UMtE#CSH, HH, )
il :
GROUP ml: mark(alu3, compoS, mux32);
GROUPKkI: keep(rst, rdy, sdrd):
GROUP q_grp: equivalent(A’, 'a):
i L, AP E AT LR MRS, ATLURAE S 44, AT LR M. 414 AR,
L 4 A 0 (1 AR M AL BT R 4 R B0
(5) s X T Hi)s 4k FOREIGN.
R T M AR R 7 B I VHDL Bk, R It 2 14 ] g FOREIGN 1)L
AR
[OF:ER Fi:
ENTITY nand IS
GENERIC(N: positive:=2);
PORT (input: IN BIT_VECTOR(N DOWNTO 1);
output: OUT BIT);
END ENTITY nand:
ARCHITECTURE NonVHDL OF nand 1S
ATTRIBUTE FOREIGN OF NonVHDL: ARCHITECTURE
IS "NonVHDL_nand(A, B, C)":
BEGIN
END ARCHITECTURE NonVHDL:
@ W
JilRvE
PROCEDURE print_line(a: STRING)IS
ATTRIBUTE FOREIGN OF print_line: PROCEDURE
IS "putline(a)":
BEGIN

END PROCEDURE print_line;
F TR
PACKAGE p 1S
FUNCTION atoi(s: STRING)
RETURN INTEGER:
ATTRIBUTE FOREIGN OF atoi:
FUNCTION IS "/bin/sh atoi";
(6) iUl L.
93 KXt 87 RRIKEILUEAT 146 - i U s e
(@ COMPONENT i#1:
COMPONENT ¢ IS
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END COMPONENT ¢;
® PROCESS i#f1:
PROCESS(...) IS

END PROCESS:
® Mg
ARCHITECTURE a OF ¢ IS

END ARCHITECTURE a:
@ PROCEDURE i&41):
PROCEDURE p IS

END PROCEDURE p:
® FUNCTION i&41:
FUNCTION f(...) IS

END FUNCTION f;
© scthfiid:
ENTITY e IS

END ENTITY e;
@ BE A
CONFIGURATION ¢ OF ¢ IS

END CONFIGURATION c;
® gAHiA:
PACKAGE pk IS

END PACKAGE pk;

EAT ANV ) 7 0 46 ) DU 3 A AR . it
LI: IF a=b THEN
ci=ds
ENDIFLI:
L2: sum:=(a XOR b)XOR c:
(8) BAK AT LAB TRl R BRI AR AR 2
5 93 5L B T DA B o BORT TR 2 BRIV R TE T o 2 BLAEA R
YA S R I AN AR s R o T M R BT R S RAEAR R, TR AR
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A fig R PIATE. Fl:
o SEER A
PURE FUNCTION "AND"(L, R: X01Z)
RETURN X01Z IS
BEGIN
RETURN TABLE_AND(L, R):
END FUNCTION "AND";
o R4tk KL
IMPURE FUNCTION RANDOM RETURN REAL;
R AN EEER B, RANDOM A7 A BIHLELIN RS, AN R U8 i o ot 216 51
AEMEFE. 458, ZREBETRASE.
(9) W7 “4FiH” (Signature).
PRI B RIS TR RS FA B . % “PRIR7 AER Uk B B H LS
SRS DL Filin
ATTRIBUTE BUILT_IN OF "_" [STD_LOGIC_
VECTOR, STD_LOGIC_VECTOR RETURN STD_LOGIC_
VECTOR]: FUNCTION IS TRUE;
LBIRIAE SO R HRIRT #Y, ERE T SR EUR M R, B RAL
FSTe
(10) 5& LT SCF8RAE
AN CHETRZ )G, BaaE SR PR RSO R AR GE o X AR AE I T
FILE_OPEN;
FILE_CLOSE;
READ;
WRITE;
ENDFILE
Fid 4 AR, R A RAE A R EOR L.
Zon
TYPE index 1S RANGE 0 TO 15;
TYPE int_ftype IS FILE OF index:
PROCEDURE file_open(FILE f: int_ftype:
external_name: IN STRING;
open_kind: IN file_open_kind:=READ_MODE):
PROCEDURE file_open(STATUS: OUT file_open_
status: FILE f: int_ftype: external_name: IN STRING:
open_kind: IN file_open_kind:=REAN_MODE);
PROCEDURE file_close(FILE f: int_ftype):
PROCEDURE read(FILE f: int_ftype:

value: out index):
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PROCEDURE write(FILE f: int_ftypes
value: IN index):
FUNCTION endfile(FILE f: int_ftype)
RETURN BOOLEAN:
A1 PR TR R .
TE93 R, SCF. Hoc, AURSCHEAR AT LA A i ilin.
GROUP pinzpin IS(SIGNAL, SIGNAL):
GROUP clk2q: pinzpin(clk. q):
ATTRIBUTE tpLH: DELAY_LENGTH:
ATTRIBUTE tpLH OF clk2q: GROUPIS 12ns:

L;<:GUARDED d AFTER clkzq'tpLH:
(12) BN T ZHHRAF.
93 J&HHMN T XNOR #ff. B AL ERAE RIRF R 1E .

SLL—Z# 8
SRL——Z# 1 #:
SLA—H R A
SRA—HARLH:

ROL—— 284 A8«
ROR——EHIFH 48
S ) 7 SO RIS IR SR B
(13) Report i AJAER S HA).
Report #A) 5 W7 ML, LB RE AL fln:
R1: REPORT "This code should not have
been entered! "
SEVERITY NOTE:
PR AE LA .
(14) 553 FE I T35 52 ko 95 3 PR«
FifE S EIR Rk, REJECT AIKRBRGIKph %A, -
doutl<=a AND b AFTER 5 ns;
dout2<=REJECT 3ns INERTIAL a AND b
AFTER 5 ns; —— kol SEHEMLRLH 3 ns
(15) AR S -
03 eI LIS AN A, DA AN KA 2 i R s 2R A e B
a<:NUL|:,:
PUTIZIEA), a AT ST RER.
(16) FEREFE,
AR BB WU R R . 2 B AR I BRI A BT, AR
IBLIFTA A GEIM 2 J5 AT . SER TR PR 2 “POSTPONED” . 141
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pl: POSTPONED nand_l(a, b: INBIT:
c: OUT BIT):
B b, R AL IR AT RUE R B S RN R BUBR U R BT i
. SEEE RN ST R AR . E— MU 2 A B U, KRR
W TR, AR TR .
(17) COMPONENT #4). Stk F ok B i P B0
SO B U AT R AL A, FEGSHICHERR, B RSB, T
BRI A A, A “5ART TR A R T S
ARCHITECTURE direct_Nand OF Nand_2 IS
BEGIN
G: ENTITY work Nand_2
GENERIC MAP(tpLH=>13 ns, tpHL=>14 ns)
PORT MAP(I1=>a, 12=>b, 0=>c);
END ARCHITECTURE direct_Nand;

G: CONFIGURATION Nand_2_Final GENERIC MAP(tpLH=>13 ns,
tpHL=>14 ns)
PORT MAP(I1=>a, 12=>b, o=>c);
(18) GENERATE 4 Al 3% 3 1 $E81 #84) o
7€ GENERATE i ] LML & BB 1 o Bl
Label: IF N MOD 2 = | GENERATE
imstance: COMPONENT_NAME PORT MAP
(tl, 2);
END GENERATE;

(19) BT FHRE.

93 RN RIS R T 256 MFRIFRE, Bk X2 WS Hk(10].

(20) & X T Y IRFRIFT

PR MFFRE R SR BAULZ W RFITHF. Bt

\VHDL ENTITY\, \a AND b\
\ADDER\, \adder\

S RARRAER MRV B RO . R, —RARREZ VHDL #EE MR T
W, T AR B, T RBRR RN S FRER A —HR. i, k-
{5]-P\ADDERVIMadder\ /& # 4~ A< [ (bR R4 «

Q@) M T AR

for s RIS | S SRR IS R I BL T8 il

B"001_101_010" ——9 {7 - HEHIfLH
X"A_FO_FC" ——20 BN
0"3701" ——12 fir )k IR R
X" A
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(22) #¥hn 7 HoisE sk

TE 93 FREPHIN T 4 K FisE SUR -
'ASCENDING:
'IMAGE:
'VALUE:
'DRIVING_VALUE;
‘SIMPLE_NAME:
‘INSTANCE_NAME:
'PATH_NAME.

@ 'ASCENDING J&tt.

fign:
VARIABLE axe: BIT_VECTOR(0 TO 63);
CONSTANT max: POSITIVE:=12;
TYPE two_d_arr IS ARRAY (i TO max,

63 DOWNTO 0)OF STD_LOGIC:

SIGNAL box: two_d_arr;

I box F5IEHRTFREHEFIN, H4 box’ ASCENDING iR [FI{ 4 TRUE: 7 Wi [al{f

4 FALSE. #i:

box'ASCENDING ——HEENTHF, HIEE TRUE
box'ASCENDING(2) —— 4N MR, ORI FALSE
axe ASCENDING ——i&[Fi TRUE

@ 'IMAGE FI'VALUE J&tf. 'IMAGE & # il SRER — MR R 72— A R s
'VALVE J& M FRIL— MR R B 2050 P L S I . Bian:
TYPE test IS {A, \A\ "A'}; — AR
TYPE numeric IS RANGE 1 TO 165 — R
TYPE cap IS 0 TO 5000
UNITS
Pf;
nf=1000Pf;
END UNITS: — 4R
testIMAGE(A)
testIMAGE('A")
numeric IMAGE(12)
cap'IMAGE(5nf) ——"5000Pf"
cap'VALUE("2000Pf") ——2 nf 5§ 2000 pF
test VALUE("A") —A
numeric'VALUE("13") —13
@ DRIVING_VALUE Jaitk. % PEHIAE S i fe b i 4. it
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PROCESS
BEGIN
IF a='0' THEN
car<=NULL:
ELSE
car<='1l";
END IF:
END PROCESS:
car DRIVING_VALUE—#1 R 4 i i %) car="0", W carDRIVING H73'0'; &1 car="1",
AT

@ 'SIMPLE_NAME J&tt. #mIEHBAIHE M 4T, mrs4. B4,
1594 SRB RS2, Bl
SIGNAL clk: BIT;
TYPE mc_state ISSREADY, WAITING, HOLD,
RUNNING);
VARIABLE \wait\: STD_LOGIC:
TYPE abc IS(A", 'B"

cIk'SIMPLE_NAME ——"clk"
ready'SIMPLE_NAME ~—"ready"

\wait\'SIMPLE_NAME —"\wait\"

'¢"'SIMPLE_NAME
® 'INSTANCE_NAME Ji k. % thsieh thite miitgsie. wilin.
BIT_ARITH'INSTANCE_NAME——"
PR LAY T BIT_ARITH XM Sy, (EBGHAE aw hft.
® 'PATH_NAME J@fk. 'PATH_NAME J& £ fI'INSTANCE {11
'PATH_NAME J@#EAS @R Ui (K et 0. .
full_adder INSTANCE_NAME—": full_adder(dataflow) : "
full_adderPATH_NAME—"full_adder: "
st A TE s tESE, 93 FMMER T 87 ieh i) STRUCTURE A1 'BEHAVIR Bl X
Ja k.
(23) ¥78 1 RHERLIE A (STANDARD).
93 RRAEFRAECLAE O P 1 4m  AA
e DELAY_LENGTH #3127,
e FILE_OPEN_KIND #2274
e FILE_OPEN_STATUS MZ$ %
o 'FOREIGN J& 1%t ]

it_arith: "

K, HHIAE
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13.2 87 Jit#l 93 AR IS A i)

¥ TS A R Pt S 5 1 LA R R 50

o %R CHARACTER M — M E KM, R#FKA CHARACTERHIGH A1
CHARACTER 'RIGHT J i} £ ({05 £ e A WA i A

o HUFEERIEFFITRAT IR AT

o EHE N T SR B, 5 2 AR B PR AR R AT T e e

o HUi T 'STRUCTURE A1 'BEHAVIOR Jiitko DHICFEARES h 77 /5 b h A £ 4 )y 22
EHi.

o BENT HRE T, PILAE AR AR R

WA T 93 ORI 87 RN VTR AL JUSSEAFIEVF S MO 250, X HAIL
PERAFIAS . SV BE TS 0 93 Tt
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MR A HBMEEDAFETENE

Al M A

BT EDA SR MAERE, EDA Biit) i RWTHERR ol . B 7788 LRITH T2,
RIS . YRS, PR R LA R AT G, JF i S TSRy R
AEF P TR TAEBOR > . [, EDA JFAR TRMMEZ MBI IR, X2
BEHRMTA.

WA EDA HRAKLEAPNR: —RRbEH G R, W1 Altera 27110
MAX-+plus IT Quartus IT , Xilinx 2 & fJ Foundation . ISE LA & Lattice 2t 7] ff] ispDesign EXPERT
LTHKMN: B—KRBHAN EDA SIFIRHtH, FOVE =078t F, i Cadence 2
A Cadence. Aldec 2 7ff] Active-HDL. Synplicity 2 & ) Synplify Pro. Synopsys 2 il ff]
FPGA Complier II BL &% Mentor Graphics A 7] {f] ModelSim %% .

FHEAH LR PR EDA JFR RS

1. BREECERENTFLRE

SXRFFR RGNSy HIE R ACE B O CPLD/FPGA A5y ififfl i i) —FhsiiF &
R, A LAEERIL CPLDIFPGA JFRMFTA TAE, QA . 458, ik, P&
2T AR, IXATFR RGN FILE 2 7l CPLD/FPGA 54 L, fiedd sl 208, Ik stit 4
B, ARG B, HEARGEHBE, X FICEROE) R AR RS
SR

MAX+plus I1 & Altera 2 B34 —AMERTF R RY, SUREI WAL, FARES,
fEFIRI S, ThREF4, R—EKWATI EDA R TG . HERDGEW T

o XFFNARMF: FLEX 5. MAX R3AI Classic™#R 5.

e SiH) HDL ##: VHDL. Verilog HDL fil AHDL.

o WREMEATTE: BILEMA . HDL i & CAMARBIRMA o

o Lrarfidy: JUGRVE IR AT SERRIN H (AF B ARG, JE AR AR SO SR
B T 16 4 ST IR e S

o {HELAES: HEM A PTER AT AMT . SISO EL. 05 SRR T

o MAFRFRRMIALE . T H Hi%/a LR sof SCIFAT PLEE PRI .

2. ¥=7 EDA Rtk

KB MREBGE, R i (f EDA SO AFITRIN, SR 500 F i
MR, AR WSO TAENER XA, HIEMA LERE, SR 2R



-320- VHDL B 3495F 5 % 3 Z R B

AKR, HOEGEERA IR FE R, A N7EIBhae LB %, BReiZ
1)K 2 SR AN LA, AT RAF IR HOBR A

o BN ITT . — R RN T A ORI . RER RN, IXAE R
AR i R SR G S BT R BE D AT, 047 LKA SR BB MR RSN
TR AR R A AR, SR E T2 HE . HDL Turbo Writer /&~ 3K 1R 47 () VHDL/Verilog
GRS, FREEMOANGS . gk, $TR, RUAHHRJT(E. Visual VHDL/Verilog SRffiasid &
FERFLEREAN, TR ULRE I #4% VHDLY Verilog 4515

o GAENTTE . LR IO A & FoRIN HDL YRFR 4% B B (K A AR 1)
AR TEE R RWIFK), #t PLD/FPGA |~ KB AT IR A 2. SR AR H
Bt TSI SR VA AR ST VER IO S, BRI R DI RS R T S EOR A
VBRI ] B 223 S (R (AR PR £ S PTG AT R IR 4 58, B ) 2 R P e SR 0 Dh
IR .

HAT, e R Z 8P s TREEHLU FLKARFTIFR: Synopsys A,
Mentor Graphics 2\ #Fl Synplicity 247, Synopsys 227 @ if4r& TREZE, W FPGA
Express. FPGA Complier. Design Complier 5F, HZx&tR16AE /it ik T 7. Synopsys
7§ HDL 5 TARIESEH, SER4GET Mo, XS LTRSS
L%, W LLkFI P B8] . Mentor Graphics 4 i ff) Leonardo Spectrum th & —3KAEH L
FLEArs. AU FEAE M FPGA/CPLD 814, th3FF ASIC fFF&. H&IMEELH
A, B RTL &R RBBAEDAIFUREER, REBRS TSR, XiH
LRI A, RS AL ILE FPGA | KA 2%

o (LRSI . BN T RIS H B DAl S K HERE . HDL 0705 i
FEAGEH B BT EARI R LB R A A Z AT 30, RERR BRI hE, AR hE
. FHENRESE AR RO, EERIERHNMFXR. BT REL.
S A I S, BRI N AR O O L I 4 4T

H #7 A HDL i ELIMRERIBAF T HELE %, $180 Cadence 24 A (¥4 FL&% Verilog-XL+
Mentor Graphics 7 7 ) ModelSim. Aldec /A @[] Active-HDL. Synopsys 22 [t} VCS %.
Aldec 2 () Active-HDL £ — 3R R HIAEEE PC AL LIZITH(HFLES, BRI TM S, AL
3], XEZHBOMA L, I FLAE A B AL EUR SO TestBench, LA FLE AR
o B T SOF A KA T R ER BT A T %07 KT8, 0 Xilinx 24 7 ) Foundation
Wik T Active-HDL 1/ 114§

A2 MAX+plus IT {8 Fil 5

MAX-+plus II /& Altera 2 @4kt 1155 =X PLD ¥R RZi(Altera 5 WU L PLD & R
F Quartus 11,V #EH F M BT 844 AA#UAE CPLD/FPGA). ] MAX-+plus I #1380 it-&
AR R 8 S ST A R T T AT 1 30 0 T T S5 P Bl i
SRR B, MAXplus 12X S (1 3 e plids 2 BT R 50, JERV T AR
FeAR. Bt x4 T SULT RSB B L AT MAXplus 1, B SIS AR



kA HBEEDAFARTANL -321-

SEHE KL L JLAS /NI < BT LA MAX+plus 11 7E B P 4 24 A 48 53 2% ST RIE AT I¥) EDA TH,
i LML R EACLF, RERE AR E A .

A2.1 MAX+plus 1T HEdL

MAX+plus [ JF& TRRZ K Altera 247 HATRHA—H EDA #1F TH, 28K
Multiple Array Matrix and Programmable Logic User Systems. ‘& FLF7 5 EE Bl A RIS A A
CRITBEAHERTE PR TR, ARZTAPRE MmE. Rk, 050 &8, SR
FRAFTIfE,  AHE B v P o R ORI T S N B AT SR AR 1 5
FPGA {57, MUK ASIC K. ‘B2 EDA ®it R algbiy—FA A TR, HilfeEn
A P8 A 3

1. RERE

MAX-+plus [T BE{FF & ML UFRCE 512 MB 977, 4.3G MB @4, #ILATE Windows
XP S AE RYE SR T TAE.

R A MAX+plus T 10.2 FA A1, FiR R AR s /.

(1) ¥ MAX+plus IT HAEAEH A I .

(2) 7 Windows Sl F, #6ARH % Windows FIFHHARIFfili RAR A8, SR
U B IR SCA AR o IR 0L 6 B T 1 ) 355 3% 5 (BB IRAE Y68 5 E 48), B RERHT
BRI SRR

3) Rl ERRM PC SO, BERERIHT # B05 PC SR A BAT Nl
maxplus2 %, $RF setup N FEFE, MAHZN R T EVR S REA R LR i, wE
A-1 e

‘Welcome to the MAX +plus Il Setup program. This
program will install MAX+plus Il on your computer

you
before tunning this Setup program.

Click Cancel o quit Setup and then close any programs you
have tunning. Click Next o conlinue with the Setup program.

WARNING: This program is protected by copyright law and
intemational tieaties.

Unsuithorized teproduction or distibution o this program. or any |
portion of i, may resultin severe civil and criminal penatties, and
will be prosecuted to the maximum extent possible under law.

Nest> Cancel

—

P A1 MAX+plus I %043 57
(4) BB A-1 B “Next” 454, HBURBUA AT &1, JEHE “Yes” 5 “Next” Ji,
BN E CIE BRSNS, IR AR . (R e Rl Wl A2 PUR.
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Cick the bpe of Selup you pefer then ok Newt.

Cosor rtalaton |
FLExim Server Instasion

A2 MAX+plus 1 SR A L

(5) FuliBE A-2 T “Next” #5ll, FRAERRRNMRLH M RERER, MR
i F e h C: \maxplus2, JHJ TAEHRH0 C\max2work. SURHEERIME B T, WRS
R Ha1E C k. SALEASLER, WAFRARRELETERT. AR5 8
“Next” f4cfll, LHeRIF FHAT -

(6) LHIFAFIFAAT, ISR P ORRA FHIA, I SEER “H” XN
B,

(7) SR, WL MAX+plus T REAMIOELR, mE A-3 i,

. Mitera Fomepage | MAX#plus IT 10.2 | MAX+plus IT 10.2
.y ACCESS Key Gui
;\f‘v 22 2 . It RS

MAX+plus IT 10.2 MAX+plus IT 10.2 @ MAX+plus II 10.2
Help | Readile S'q:(ing Drive
+2) ]

1 A-3 MAX+plus Il REEEIBR .

Flt, ARG LWSEE . KT L EE AR RURHE R, LUS RS 3) Windows
T LB BRET AT A MAX+plus IT RZE.

2. RERH

& Windows T4, TEFFA i MAX+plus 1T bR, {8 RGN MAX+plus [ 38 H, 41
P A4 T ate (EZLSN LT S AT, A A BT R AR R T fE o

RIET N T, WA B LB B bR A SRR b, T IRICAR
IRA TG SO AR

JEREORBRAS 7 MAX+plus 1T Manager 30T H &, SR AC#SLT TRAR, #
LT AL TSGR UR B 28 50 TR F R 0~ BT B A4 BIRIR:
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MAX-+plus Il Manager-d: \max2work\counter
0K AP gAY TAR SO 4R counter.

[ A-4  MAX+plus Il EHA
A2.2 VHDL if& TRSCIERd T Mg

1. HiCHFRSREE

LA A VHDL 3 5 (0 TR R 2 s B . FblZigis
THE B, WRTE MAX+plus L RZE DL A LRI R

(1) fEDESE LT BUR Al “File” 3G, BEIT thBL T3, Il A-5 BizR.

[ - Besion Qations Boly.

Project
e

e can
Delate Fite

Maruchy Froject Ty ColiT
Beeatizard Plag Tn Nusager

it Wt 10 nun

D

14 A5 File JEI 4
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S TSER ) “New...” T, HBL “New” XHEHE. 76 LM UTHE A AT G ) IEHR 0
4R BTG, R SCAGEDE LR, A A-6 TR,

File Type

| z
| € Graphic Editor file l

f‘iv.rbolsaauu

B A6 “New” RfiFfE

(2) i “New” XHFHEH “Text Editor file” 335, it “OK” &4, Bk LAl
AN EAMGEE D, REEAXAFERE, W8 A7 R,
—

Winiar 1 fie s Temiute boves i
neael e DDA @

B A7 EAMSCARRE D
KAMIRRBE D FERIA DT ey )
Fi- File Save B File Save As, 7E5E45 I FlNane: oo

“Save As” XHFHE, W&l A-8 Fi/R. 7E “File o Emednak

Name” Ui A “counter.vhd” X4, #iii “OK” #%
HL, %S4 AT ARATE 4T T HRR . SRS
[ TERMENEA . counter.vhd----Text Editor.

(4) (4R E TR counter.vhd SCIFIRIR R
A, AT ISR, it 38 3 BUEIAR, 48 counter.vhd
PESCHAT AN T H e

FHe il —ASHN VHDL ¥ 55 TR SCR 40
Ak [4 A8 “Save As” HfififiE
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counter.vhd BISERFFHE S lE A9 7K.
B-SH g8 Ty ALY OR T L Lk
T o - A CIRR M 4 K CEE

w5 sTo_uLosrC:
T STD_ULOGIC_VECTOR( fowTo )

ARCHITECTURE el OF counter 15

TR TR
[ A-9  counter.vhd HUFLITHE

2. XHHER

ERGABIHAN MAX-+plus I (9 EFBLUT, WFEHESCA T HRTH counter.vhd
Scff, HP B R

(1) Al “File” X3, # Al FRAH “Open...” HIH, #ih “Open” AiFHE, W

& A-10 FiR.
T
File Name: |counters.vhd

Showin Fies Lt
C GoshcEdaties [37 <]
C Smblcsiotos Com S |
€ IewEdtorfies  ["vhd v]
€ Wovelom Edtortes [ =]

@ phfies )

P A-10  “Open” A ifHE
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(2) M T H 0 SRSCHEHE P 9 Text Editor files Y351, 48 XU CAF)G 40 * .vhd o
FLE “Open” #HEHEMI A EAMAIIHES “counters.vhd” SCF, il “OK” &4, FEAF
1A R counter.vhd-—Text Editor FIZi# SR A MURFE P . R SEE, WarLl
PEATNAS S ISR LA RE, LLORUE SERT U7 K S

A2.3 VHDLiEHEBIFISE

TEERSHT VHDL i 35 SR LU B T DOM B AT T, A I 2 F I R A T
LT 2L iS00 B 4R ol A 88 PRI AR G SCE, fi*enfy *rpty *.snfs *.pof .

LERESE EDA B0iF TR R SR SRR S BIEAT I . 7E MAX+plus ITH, B T30
HER A PR B o SR a RSO pE, Bk, i, SREIRR AN, Sads
T 52 2 O A LB K T

MAX+plus [T 4 ¥ F2 KB F .

(1) $ERTRD S, AT R O GRERE, RR A OE R AR A

(2) il “File” W, JHRBE THNM “Project” IS B LB EH, FRAF LBl F
RN, WA A-LL iR,

Lk s

Yoo
Sat Preject o Gurent File

warpuSadtrexS\art
£ 0 et s

Erise
Peint sute.

Heroy

Beastizard PlaeTa Bunager
st et T

FA-IL RO

3y Sl AL R BN “Name” 5, A2 I “ TAE4” (Project name)Rf
SEHE, ST counten B HDEAR ALt A5 R MAHEN IBLAT TA2SCH counter, AT LA
T TR 4, W5 St “OK” HRHLEE U TR U IR 4 B

@) fdi“File”, HoL B3I J7 Ik FEA F KA, #1517 “Set project to Current File”
TETR, GRS CBOE (AT RSO counter.

(5) At MAX+plus [1 7 JE30, HBLERR, Wk A-12 ik #di “Compiler”
JETH, BRAE P L A EAE, i A-13 BTOR.
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P A-12 MAX+plus IT I 734

[ s e S ———
Wiia T Bk reeming Dtatacer fsion (ot e By
s Y

P A-13 4R PEATEHE

(6) Hiii EHAIN “Assign” I, H T TR “Device” Wi} E] “Device” Xt
GHE, I A-14 BT fER A-14 17, JEFE N EERPEANS S “MAXT000”.
T
Top ofHiachy. ¢ \maxdwarkestdod

| I—T—|
oo oy, (TR ] __Crcd
——— |

A
Ehimacats

BulEet [
- P
,_

4 A-14  “Device” XHiFifiE
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(7) G 8 T U S I 5 VR P (RO AR T P (RO B PR o M A R LHE LT PR
PR, i ARG “Interfaces” MBI, i TR, WE A-15 Fi.
[

4 A-15  Interfaces ) 73

#:li “EDIF Netlist Reader Settings...” 35" i n] EAYE 4 |- /% “ VHDL Netlist Reader
Settings” A iGHE, 1] A-16 7R .

VHDL Wetlist Reader Settings
VHDL Verion
oL 1987 - HoL 193
Proect Livae:
Lonaytione |
Orectoy tione:
Dectoes Omes
o5y S me -
Sy
[SEe
Bt Leume:
o Concel

/8 A-16  “VHDL Netlist Reader Settings” X} ifflE

Jiuli “VHDL Version” KE(fy “VHDL 1987” 5k “VHDL 19937 i u] ik PEATIS: (FI A
it e, DL R 1993 FA.
RSN TR, AT EATYAS . R

“OK” JAHEIVI5Ep VHDL %[ 8% 1

(8) BHTT 7 AL5eH 1 4 o6 A HE % R SEORER TAF . BEI SUBE L B I AE
“Start” 4L, PR AT I ) o 74 P Rk Rt R A LSRR VAT B B AT



M A A EDAFFR TR -329.

s 1 Sh B AR R AT IR . R R SIS R A AN AS U, K
Fk, LA BT AR BB,
IR, 4 P45 R 2l MAX+plus 1T -Compiler fi5 S & 42755
Project compilation was successful
0 errors
0 warnings

BT AHE Y “OK” B, HEMRIFII AL
A24 fiXL

1. (R ST E R

A5 BB SO (R AR AR i

(1) SHRPERT B, BE M LS4 4 counters

(2) AN “MAX+plus 1L 7 SET, $8 T35, W A-12 iR, K “Waveform
Editor” ¥E3Ui7, siidi “OK” #edllaghnl 705 L BR BB E L1 . 5 3ORmERI —FE,
FIF “File” M58 % counter.scf X144, BLH5EALUS, i 8B counter.scf-Waveform
Editor, @ A-17 Fir. {ERBIAL TR R

13
ff) “File” &5, L?iﬁ'm “End Time” 35, BfHeik
it “End Time” Xfif [ WP A-18 i<, #5124 Time
HEH i) % 10.0 us, Jfafiahi “OK” 4#
@) fi J&Jwauacnumey 47 2 AT clk A res,
1 M A4 count_out. [€ A-18  “End Time” %i5HE
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© HHAR clk f55 7Rl A-17 H Name T35 1 4747 B it BUAR, 3t Insert Node”
FHEHE, B A-19 Fik. MRS Z(clk), TS HA 04 Adnput Pin), riifi “OK”
H G ARG 058 1 AT BLE 2 AR A 5 ARSI 5 44 (el o T A RAE SR 14T Value
T L 4 AN, A BT ACA I e R, 24> “Overwrite Clock”
FHEHE, W A-20 Fiat. BRI B A 0 200.0 ns. B0 S ELMH WG AL,
AT 7E Mitiplied By HEH SN FERANECF, WP BOh 1, IS ABEE I TE) JE 30k 200 ns. 43
it “OK” H LRI el 5 e 1) 4 48 o
e —

Node Name: [
170 Iype
3
oemtyshe [0 @ poarn
 ouparn e |
© Buned Node

ForSeclts Chrl Pl 5CF Oy
Nodg/tioug: [ Lo

Noges 1. Gixps hom SHF: %
e Intervat: - 0.0ns To 10.0us

W irputz ™ Begstered.
© e I Conprt StaingVale: [N <]
e ¥ Muktiphed By: [1
ra
[ _oes |
4 A-19  “Insert Node” AfiFHE /4 A-20  “Overwrite Clock” X} ifHE

@ HRires f55 . MOURBES 2 TR, RASERMEE SRR, (E Name

T ARG R res 575 440 11 res SARHLPATRC €07 ATRD, PR T AR5 E, 7E

“Insert Node” i HEF ) “Default Value” HEHAE R ZERE S “ 170 LAY res SR IRBE AL
Ay 17 (EGROT o o T3 counter MEATRLAE, NE%AL res 7EFF 4 — BUM M ERFF AR

W A-17 ik JH:EIH%;‘MTB’\* res TR AR LA R T (0.0 ns), SRJGHeAY BUbR 22 REIF

i, 7 PGS res HAEAEFT(H 07 7 “17 IR I,
HOF R/ 4 G A O PR, res Bk R B2 A LF(“07 ).
© FIIRHE A AL count_out £ 5. TN IAREE i {3 EE45 A, 7L o)
DL P4 0 L.
L AT AR R
G B AL 5 N M

i ) 7 AT A . XL count_out i L L el

A7 gkt ALl Bie . StaingVae: [T
@ count_out 4t A H 100 ns, A — p—

fi count_out Ty 6

! R
AL XCERR, K “Overwrite T sty [
Count Value” XHFHE, Wi A-21 fias. B,
IR 4, IPECRIE N kg, A1 Ovewite Count Value ATEEHD
PRI R 2, THBUMIRFY 100.0 nsxI( o B EHRIE Ml “OK”
$icHL, count_out UL AAHL A I A-22 AR o
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Al R ix -

8 A-22  *PREHE A-20 B[ count_out ¥
® count_out HI3t— I B B B R AT
SEAH. BIIEAE count_out A O ns £ 90 ns iX BN
WIS 5 BOBE . BERHSHAREE S count_out
1) 0.0ns G, 1 F BBFABER A HEHT 900 ns GoipVak
gb, PR SEILEIA 0.0 ns £ 900 ns (11— 42 Cencel
o MEBEEEUIDERIE, BREND o
“Overwrite Group Value” X iFHE, H1F A-23 ik, oup Yalue
16 “Group Value” AEFHA S it “OK” el ENWIAHEIMP A-24 FURKIBTE o

ST e Lt T B b
DSUs % RORSE
S r—

[ A-24 R A-23 BEEIF count_out BB
MAERM L, count_out ARANEIE, ICIRLATN th 5 UAE RIIE . XA BUL R
T 1R A WS RN B, R T AT R i
(5) W R RIMEL, S T ZEGRAET 1 b S 3 B R 00 SO T B, AR T8
52, TERUARET T 1) AT O NI BRRCEORN 0, Al DOW LRI, SRR
KGN B, P A25() R IER BIY, PO)RGNBIE, B RBRSIE .
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SREREA R B LR AN ER Y]

< i T e Bt e
N8t e VORESD

Name v 200 a0 6ow bos

da

Fisduces e scae f o wevaorms vpiaved

L mome awos oo mmom s 12

©
14 A-25  HIBARISCEB)
(@) E#s (b) b © MK
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GI5h, HEHBICHE T A7 (i R B T S I B B o

BG, fiti REFREI AT countsef SCHAE A LA B .

2. AR

TEAE R LB SO LU, B el T 5L

(1) iR “MAX+plus Il ” BT, By F3HIF M “Simulator” I8, M #EH
“Simulator” X EHE, WA A-26 FiR.

D& L ENORESLLD AUEE

Simulation Input: counter.scf

Simulation Time: 0.0ns

Star Time: End Time:
™ se Device  Oscitaion [ 7]
[ S —

I Check Outputs

‘u ,- =]

Open scr|

P A-26  “Simulator” X iFHE

7 End Time &b 1S 3¢ 05 SUA5 SRR, 45 ZULS RN 8]/ T 2045 T 4w K RE e 1) o
Thah, AT LA U R T R I AR T AT

(2) WEEEGE, il “San” %8, GEOTRET, EHRSREEME —MEE
W, B RHRG S, AdifE LU, BRI RRHEME. Ml “Open SCF” IR AT
DE-ZREEAE

3. ERTSHT

Vi SLARMNBIG LKA MR s A SRR R, X — FUE N AT 20 fE LU
FHERHEAT B

A S “Timing Analyzer” ZEI5, JE#E LB SR HiinE A-27 Frsk “Timing
Analyzer” SHEHE. fEXEHESLEN, R REAM. MHidi “Starnt” LHUF, EN T8
JA8h.

S ST 4 SR S AN AR HE s A L B TR [ S AR A . i
e oA KRB B, P A-27 BRI R R BRI SRR TR — YO 4
254k, JLEERIEIZIH 10 ns.

JXHF, % VHDL M 35 (30 SRiF. (iU . 0 URE N 00T — R F Bt
SRR, MBI T A EROBFERERNE B A, XD BN ERERBE LK



-334- VHDL iR 3T 55 P M Bt

ARERERGHER . M5 R E R R LB RS FREURR T, LUERASIC
Hhe

MAX+plus Il T B (DI B AR3R, WFEETUH R FMHUG, MERATHIES L
MAX-+plus [/ YL B35 RISL A (0 7 B A5 B

B A-27 “Timing Analyer” %Hi5HE

A3 Xilin FT4RFE 88042 BT &R A% ISE [ A L

Xilinx 2 74E 4 B ) FPGA/CPLD 28{H/E 7R, U AT e 88 £ ) A7 R TR et 7301
) Foundation & 54 REF 54> & FE 5] H ATA) ISE 10.1 &%, ISE 3L Integrated System
Environment (9455, BN RGFABEMIRIRK, BT RIFEIRMEEu BB TRSE, ©
e, ARG, MIEAT . DR LR FRERS K. RA ISE ﬁ#%@rﬁ’%#
AT L7 (B 58 FPGA/CPLD FFR ISR R4 iR A «

A sext ISE RABATHAKMNA, BALENALH], % FPGA B@ﬂkm%.
M40 ISE & LRI AT k.

A3.1 ISE RERIT

Xilinx 23 AR GLAA R A SCEREE ISE NI IHA . (13T, Wik, e, ARMAHE T
HAVRAT ISE LRI F et . AT e, RATLL ISE 9.1 RRAAE g A5 /- 410 L 32
L

1. ATAT ISE 9.1 IMEM A RIZEEMH

ISE 9.1 S#% Xilinx 44 7 FTA 000 ShRBOH B8 1, (E B SO R AT BRI 3R 0 o
Jri, FPGA ZefF EFAUIE Virtex-5 LX R Virtex-4 FX RFI. LX R5l. SX &5l
Virtex-1 Pro %1, Spartan™-3A %41, Spartan-3A #%1. Spartan-3 51, Spartan-3E &5
Spartan- I FF1LA K IE R85
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2. ISE 9.1 MEERMIt WA RLRE

ISE 9.1 H8 RGR B 5T (08 S 4 5. By ISE 9.1 fEL i R g AL
K, BrUARTRZEM CPU. AR, BEATH LAESERE LR A AR A R B R, b,
FEMERRENEAR, BRBEEK 128 MB, BEER 2GB. WMRBALEFE Virex-5,
W EHLH AL 2 GB AR, WRREREIE, NSRS BABLE A
TN SR () S A el

3. ISE 9.1 IRBRIRE

MR ISE FFRIFBIMIRAERA, %3 PCHLEL TR, SRR M3 {7 B et
. 2465 ISE 5, B =7, 1 ModelSim. Synplify 5, 3N I AT,
FHEERME, MUK ISE I, MOESS RN TR, BSR4 TAREEN
LM A A

4. ISE 9.1 REMT RS

1) MALE

ISE 9.1 B4 A 135 114 A T A 2247 HDLEditor(HDL %i#5#%). StateCADCRZHL4%
H13%). ECSOEEE P 4 48 8%)F1 CoreGenerator(IP 42 B 3%)

HDLEditor 37 # VHDL. ABEL il Verilog HDL % % i HDL 3% ({) i i 40\ - StateCAD
YRPRANLIPRE R BB B E, RAEVURE SR RS M Hh VHDL. ABEL
 Verilog HDL 2516 & i, IS ERCRAHB O RIAMA I, 4 HPRENLM R4 R
{811 StateCAD T H i HRZSHUIN, AR BITE . W0, 76— R b nl AR Bt i)
TAER.

ECS HF ISR (f BEHHE, JEIhfestoR, JofbrEsedisEs, st .

CoreGenerator $fJt T Kt Xilinx 24 7 A3 =77 24 7 (8T M. ThAEST 2 IP #%, M
SEAS GRS A AR B, T LUK R AR B R MR R R, (R, R
11 TP A% #3 BB AUT A BEAEHT -

2) AR

ISE 9.1 S5 4 A 14 20 T. A4 HDL Bencher(JUiA#H4: 5 3%) F1 Model Tech 24 ] i Ak 1)
ModelSim 1 S}

HDL Bencher # VHDL. Verilog HDL 5 5 i 45 #% 114 A § A HDL Bencher, [/t
AT R BRSO P, RV ISE 9.1 BRBEME A 0 20 T RBEAT 0 LR TE, N AT U
WA R T

ModelSim FFEEIUE S = /7L 905 FL TR, 0K VHDL. Verilog HDL SUPI# IR £ %)
SHSCPEID L, U S AR B IR, [ FORSE

3) HHITRL

ISE 9.1 FREEAE R MLE A TR 19547 Xilinx 24 ¥) XST(Xilinx Synthesis Technology).
Synplicity A7 (# Synplify # Synplify Pro. Mentor F-2A%] Exemplar Logic ) Leonardo
Spectrum 2. XST 2 Xilinx 2 i 4 EIFRMIGA T, B3 Xilinx &)1 WG T
B IR A L BE B3 RO T T B S O G T L LA R

Synplify 5% Synplify Pro [ SEMERILALTFBAF, PIULLH MR IRV, AR,
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o454 Synplicity 2 1)t Amplify BIERLYH, WISHRZE BT AECHEHE AR D 005, AL TR
% 30%LA L.

Leonardo Spectrum & —FE# FATHS A& TR, Heaieie e, i Rt
17 Synopsys /A & if] FPGA Compiler 1 /Express. HI Ji%2A RN 15 Xilinx 247 44, Btxt
BRI LEHI LS T AR,  UoRO BOR BB Sk TR B .

4) ERTL

ISE £k (fScPl TR 334 Constraints Editor(# K 4i4##%). PACE (Pinout and Area
Constraints Editor, 3| B 5 [X 485 £) 5 % # 2% ) . Timing Analyzer(if /¥ 4> #7 %) . FPGA
Editor(FPGA Ji&JZ4i#3%)« Chip Viewer(E ¥ £¢#%)Fl Floorplanner(fi Ji {11 #%) -

Constraints Editor & # BB A 5 8EiHA N QRSCHHI TR, PR AR R
Bl pesie v SEL H AR SCAF, KRS RO Se Bt AR . A R P . i RE
Hrtk. SIHBCE . ARl AR RIS PSR

PACE J2 25 88 I Rh 78 T HL, l LU itz X /O 518, Ssedllilee s, aeatit
ATHERAR, HE0ERL RN

Timing Analyzer SMH7SEELAE LR AL A RCIE . 7 (6 A MR LLROR B AR 1
R, IFHTRE BN FEK.

FPGA Editor B FPGA (7 4% B SO, i B AL S i 530 FPGA W (1) CLB il IOB
O, fE AR AT, ATHREET TAIZIAE, M TR, AT LR R
£ SIS A .

Chip Viewer 1 B 180 7 5 B ORIERL AT SIE RS A A A . 5B RIET i
AR

Floorplanner JHid Pl J i, W% FPGA {4 SR8, FahUTWBEsmL R, M
ifif & FPGA Editor MR-

5) Hish LR .

ISE 9.1 SREL R (04 T 2 4545 IMPACT(FiR & 2%) . XPower(UI#E{/ K1 8%)- Chip Scope
Pro(7E 4538 4 43471 Modular Design(BE b 1) %% «

IMPACT A pALE SO, [ 8800 FARACT SO, BOUEAC T BOR R e R dE, ST 4.
WAL FESEREE .

XPower SZIL% R FERT BL R, MRV DTH V. SRaN LA IR I A/ R85
S ES A SR ARG . SEHUEIIRE . I BIIIRE. il DOFEAN R IR B

Chip Scope Pro & FHEL N WIH S 4T TH. WL ITAG R4 e s 5T
R, B IR SIS, O SURTEREAE L.

Modular Design J& 347 TAF. BMABEFIBE TR, WTLURARRRE, BAS TR
PR G TR, IR

A 1L A S T8 A5 W) ISE 9.1 FRBERAE I Iy ik

A3.2 BT
(1) Ak sLH - Xilinx ISE 9.1i f9R$EE S 3 ISE R PRI BE, 5# M Windows XP
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HeAE ARG ISR “TTER” 1 “PATFERE” 1 “Xilinx ISE 9.1i” / “Project Navigator” iy 4 Jd &)
ISE, Wik A-28 fiioR.

4 A-29 ISE i) i St
(3) Fiak AT Virtex2 R4 FPGA #{£() ISE T#. £ ISE X8 K&+ “File” /
“New Project...” fir4>, {1 JF#i@ TR g, WP A-30()fT /5. Hili “Project Location”
PRI . R SRR B TR INAERE G b “Daise”, 7E “Project Name” £\ “Test”
)y TRE4 ¥, {E “Top-Level Source Type” FHIF#hik# “HDL” %W, #Hifi “Next”
FEHLE NS PRI L 500, AP A-30(b) TR
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Erosect Nume Locatian

st DssarEST

Tor-Level Seurce Trpe

s ] [

NodedaineSE Bixed -

cae ([mes ||

(b)
F A-30 B fFR LT

He A8 1) FPGA S81HUS 24 FB Pk F
Product Category: All;
Family: Virtex2:
Device: XC2V3000:
Package: BG728;
Speed: —6;
Top-Level Source Type: HDL:
Synthesis Tool: XST (VHDL/Verilog):
Simulator: Modelsim-SE Mixed:
Preferred Language: VHDL.
%4k, i%#F Enable Enhanced Design Summary .
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(4) BB SRR Hidi “Next” HHBENGRIMF LA E, W A-31 FiR. EXEN0
LU AFCE, BT MOFCHRE@ L “Project” / “New Source...” fir& Ry,
HRAM R Ft—B0 T, O ARRE TR 5 R i ey X .
TEARGI ARG INFT SO, BB R B “Next” SHUENRMBLA SCFIUHE, WE A-31
PR e PR AR R B BUAF SRRSO T LAVR AN, BRI Sty “Next” $RHLEA TREA
i, WA A-32 BR, il “Next” #dl, SR TREGIE.

<[ tma ] [ owa |

B A-32 TRLRE I

A33 REIBA

AP RS L, B A S S 50 MHZ 34T 16 TSN

(1) TR F 2 FORR) 73R4T TR8T R ARE ik 5, W A-33 Jir: TEEE
1k FE “Project” / “New Source...” #ir4-$/ FFRTRLUTATO R A s (EVRARAE L oh it
S, 7R MO  kHE “New Source” T4 1 FF B @ USAREL AT IS TE “Processes”
THIB 4% “Create New Source” #ir 4T FFHT AR IR B 1 & o
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E e Qs e Srasa ane

B A-33 BRI AR &
(2) BREACHIRI AL 038 — DT U T SRR, W A-34()
B

iepind st
00 T aneh

<ok [

®)
4 A-34 QUESCIERIG IS 1R 5
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IP(Coregen & Architecture Wizard): ISE 411+ A1f) & Ff 1P,

Schematic: 55 I UEARHY .

State Diagram: RAHLIALHS .

Test Bench WaveForm: 3 1 JE (A0 R8s S0

User Document: {30k,

Verilog Module: Verilog f5t.

Verilog Test Fixture: Verilog AHI L #43h «

VHDL Module: VHDL #ik.

VHDL Library: VHDL &3 {4

VHDL Package: VHDL {13 ff.

VHDL Test Bench: VHDL #b Il il o

(3) ¥4 “VHDL Module” 4l -4 VHDL iy, SRJGAE “File Name” oA 30
{485 “test_counter”. Hili “Next” fHIME AR E U, IXAN I “Port Name” £
spRr LU N HIRE 35 11 %4 K, 45 “Direction” "y BUA#E in. out. inout ZFAFIKIfT 4575
il WIS Rk, W SR NG “Bus” B RREWRORAS SO b . ik
17 “Bus” T, WTLA(E “MSB” A SRR SR, /T “LSB” A B M AL
£ o AEA R E SO TR EUAF T Y “elk” RETFBIBRAG I BRI ) . “rst” (BRI
SRS, AT ARD. “counter” GBI, 4 7). BHEIGHETHRWME A-34b)
Fike

(@) Wl “Next” FHLEN BARUACHLES JORT, WP A-35 a3, 8l “Finish” $%H1
SEROHT ARV CAS LR . ISE KE (1 BDAT T A CRI LI DL e S S P R PR R R,
[l A-36 I 5<.

Project Navigator will create a new skeleton source with the following specifications

Add to Project: Yes
Source Directory. D:\ise\TEST
Source Type: VDL Module

Source Name! test_counter. vhd

Entity Name! test_counter
Architecture Nane  Behavioral
Port. Definitions

ck  Pin in
rst Pin in
counter Bus: 30 out

< Back Eimsh Cancel

P A-3S BRI B A Gk
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ke Qe v 0ttt f

 A-36 EFREIRTMLE
(5) %%t VHDL AR, %i#t test_counter.vhd 3CfF.
library IEEE;
use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity test_counter is
Port (clk : in  STD_LOGIC;
rst:in  STD_LOGIC;
counter : out  STD_LOGIC_VECTOR (3 downto 0));
end entity test_counter;
architecture Behavioral of test_counter is
signal counter_internal : std_logic_vector(3 downto 0);
begin
my_counter : process(clk, rsis
begin
if(rst = '0")then
others=>'0");

counter_internal
elsif(clk'event and clk ="Ithen
counter_internal <= counter_internal + 15
end if:
end process;
counter <= counter_internal;
end Behavioral:
(6) ALK . PEARAG R TSR AT, AT HUE 35 o i LI 7 22 Sn B IRAR
TAUEAT AR A, DURIERAT A TLR . AR A KL SR R
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HREALHD “test_counter.vhd” 7F “Synthesis/Implementation” =, Wi A-37 FiR.
XA T RSO T LUADR S5O T I 45 R sk I

LEBARFDET I HEEFE “test_counter” BEER, SATGTEAISKHIAR/F & “Processes” i
“Synthesize-XST” AN “+” SRIFFLFLL, Miti “Check Syntax” BIAT AT HARATIEE
Ky, fnfd A-37 BiR.

M A-37 R
VLR PR “Check Syntax” AT BIELREHER S, FIMTERHIA B
Compiling vhdl file "D:/ise/TEST/test_counter.vhd" in Library work.

Entity <test_counter> compiled.
Entity <test_counter> (Architecture <behavioral>) compiled.
Process "Check Syntax” completed successfully

SRR, BRI B e
A34 EiHSl

AH5#5H VHDL i 5 I8 “test_counter.vhd” et — M B . XA A rh A7
4 Modelsim-SE 6.2g 1 F#%. ISE (i BLASMUBFRAEAR . “test” TREMCLRE, HA0dR
R .

(1) FIFFF AR AL IR S, KEFF “Test Bench WaveForm” SC{F267Y, SRJGAE “File
name” F4HEIASCHE LK “tbcounter”, WIPH A-38(a)fi s .

(2) Hali “Next” HHUEANSCHERIBE BT . — A0 F, TROSURMMRE RIS,
A AR RS ] LR SR 9 0 BB 3OO, LA SOOI RIS R 7 BRI A 5
T EAT BEAE o FEASRBI X0 “test_counter” KEHR, KL BEAH A BUPRAL T AR BEBR, 1
& A-38(b)T 15
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e tnie T S S

()
14 A-38 @4 Test Bench
(3) WIHERIRAAT AT, WSS LA “Back” #HLR I, FREATBCE: WAL
GO ARG B, IS4 it “Next” HcHl B al 6 Ut SCAFad R o
(4) BEATREFE 2 Attt - MRILALRSFAHERE, W A-39 BR.

bl A-39 BIEMLI T AR
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SEANRHFHE ] AL RN RS SRR S R B . BRI B R AL
B 3 A, AT UEFER B AR A KRS LT RLR . FRRARA . ALK 3 B, Ry
AR EEE R, Bl gl TR, S EME PR SRR SR A AT R
IR ) LA e B SR RS BN 1) 55 o d o S SR 4% T “Global Signals”, XL IT0RE 5% i i (s B
i) “Offset”. MRS F, Wk “Add Asynchronous Signal Support” Ji, P A-39
PR “Finish” $ZHKAERR “Next” $idll, Bk 5ol LUEAT b P S 808 . ARpI D &
MR EN T

o it “Rising Edge” ¥£35, B FFHATRAE.

e “Clock High Time” F*#% 10 ns.
“Clock Low Time” #2315 10 ns.
“Input Setup Time” £ I ns.
“Output Valid Delay” #4345 | ns.
“Global Signals” ¥£# “GSR(FPGA)”, B4R .

e “High for Initial” £8{5 100 ns, EN42/Rfi% GSR 7 100ns JGHAL. HINH,
I B PR Offset ¥FEEIAA 100 ns, (& BE “Global Signals” FXAM4%H |
7 0ns.

® b “Signal Clock” ZEIL, BIASEEIF M I EhiRil, JFARE S IIER TS “cIk”.

e “Initial Length of Test Bench” 1000 ns, BIYI4G KRB AL “Time Scale”
JEHE ns, BIUTZOREIEN | ns: ARG AMFELEIN T, Kk, Rk “ Add Asynchronous
Signal Support”.

(5) Huiki “Finish” #2856 BN R DAL BCE, BE AN BIR B GRth &l 1, P A-40 iR .
UL ISE BRIAIAT S EA T BB AR, R B AT S RAE AR, Pt el LUB 6 LA R b i
VEEFATR TS B A LB B U STALSLI G “Window” / “Float” fir 441 7%
AetE).

PR N
L
— -

14 A-40  DBA
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(6) BB A-40 FioR, TEH TGRSR G 010 h B R i i SR 4 L AR AN ST
i}, WD 100 ns 95 (3585 4 5 XL GSR B [

(7) G “rst” TS, JEARISTE “ost” (55T L, ARJEFHK 150 ns i fB] i di R
B, WSS AR . FiA S S AR R I A-40 TR, Gakhse iR G FREE B 1
hif] “File” / “Save” fr&{RAE3CH, KHABIBE .

(8) AT L4 VB Bs A Ak T MRS IR S theounter. T I YA ModelSim EATAT J 2k
R, WEIRS . I ISE RN ML KA HDL Bencher £ JIRBIAIG,
ili Project Navigator Z AT HE8% “Source” B [ i) T 1 32 8k £ t BURT % F BRAK 4 TL0) 5T
BRI, W A-41 iR, 7E ModelSim {5 LI R4 4 MARFEIH 0T EERAEEI, 5512
7 % 2% i EL(Simulate Behavioral VHDL Model). #§% /5 #/j 5{(Simulate Post-Translate VHDL
Model). B 1/ E{(Simulate Post-Map VHDL Model) 4 541 £ 1/7 3(Simulate Post-Place
& Route VHDL Model). 1t403% 4147 % 2% 1/ 5 (Simulate Behavioral VHDL Model).

A4l R TR0 T SRR

(9) £ “Processes” & 1T, Wil fbnA e S0 Rk FRR Y “Properties” i
T, # A AEREHE . TR HEME A BRI, 43 B0 FUBPE(Simulation Properties)
1577 J@ Pk (Display Properties), P A-42 iz,

Simulation Properties 111 A7 4 AN

o Testbench Model Target Language: 15 Testbench JIf FHHIF115 & -

o Custom Do File: $#3EH1)" %5 ) ModelSim %30 {.

o Use Automatic Do File: i1, ModelSim &1 #F (1 31 IN#% ISE HRIT R IFEE L
faF s SR ARESRZI, U ModelSim AN A HIBHIEAT o

o Simulation Run Time: FI 813247 7 LU 1] K«

Display Properties M5 | 1] EAi # ModelSim JEAT45 HUi H 8h$1 JFIRI & 11, B} ModelSim
V24, S8 AN AT DU T IR . K U TR R
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Stmulation Properties

(b)
B A2 {IURHRE
(10) 5& XA FUSPESG, Ali “Simulate Behavioral Model” £ H, 33} ModelSim {/j ¥
BRHEAT TRRIOAT AR I, 75 ModelSim 5 ¥02 5, HIBh#H Tk BB E 1, Wk A-43
FiRe
ELHTGNE, AT LABEE 2 MR, EBOB R S IR A4 2] 0 I i) 22 A
MREMORIE, W A-43 PR,

188
agaq

4 A-43  ModelSim {/j STHE
ST PRI TR, Al LASCHLEUETIT M (Restart) . 1847 (Run). #£4£iZ4T(Continue Run).
A HBIZAT (Run-all) FIl T 28 7 (Break) ¥ 477 FL4%H .
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A35 &ify

RIS, GEA S SR BT R ECR . IR
[R50 B BE T L)Y AU D, LT gk

AN A Xilinx 24 6] 1 1HFK| P TR XST. 1T Xilink 5)7 P& 7> T
W, I XST (48R LIRS ISR T HE AR 5940, XST QLW IR{E
ISE 1, 2% ISE Jii w] LA ELREAEN

LRI B L R A AR L A RS R R . XST ISR 2RS4 XCRXST
Constraint File), {54/l XST St ififiny, MoGRmaraiit, AHRIBS &I BoE Mgk
SRl 15 B BAIEAT XST MRS .

(1) HUACF R4  “ Synthesis/Implementation” ¥LFIREA, ] B bRk 82
P “test_counter”.

(2) {F Processes for test_counter & 11144745 & (Synthesize), TE47#(Synthesize) F it
BUBRATEE, 7EIBLINSE AR R il Properties, XA XST £ g i ¥ ULk .

XST &it3 IR TN B B AL 3 AN 4545 2 48 ¥ (Synthesis Options). HDL ¥#{{i%%
H(i% # (HDL Options). Xilinx %12 “# (Xilinx Specific Options), 1P A-44 Fi5. Rl
S AT XST 45 IR M () 24 U A SE RIS IR L B (9 280, AL XST 45 S LN 4 A 2 L
XST £545 T P10 2 $OUA 0 1 160 28 R0 A FE 1 05 5 AR ) S AN Tl

LR i FPGA 01

Syathesis Options

o ay r

P A-44 A RN R R B RS B

250 % % W (Synthesis Options) I 4 B it 15 4% Jaj 145 ALHE 4 SRS A1) XmyzH, mE
A-44 . EEZHWE:

@ %:4r H bi(Qptimization Goal): 85446 H A7 1 Bl(Area) P 562 S 1 (Speed)
Des. TIPSR PR S A TR T, TR RO AR IR

@ xR (Optimization Bffort): MEFRER(r BHILR AL, AR EETT4EK T, I
AR A (High)

@ 420kl (Synthesis Constraints File): J558 XST 432 4UCIHXCR)BE 2.

(28
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@ %A YR (Use Synthesis Constraints File): 8478 4 ST

® 4 JRftk Hs(Global Optimization Goal): S1%f FPGA #1H 2%, faE w47 82 1.
SIS AR I 5 I T A S

©® HEIREAE IS AEH T B0 B (Generate RTL Schematic): K47 4745 S 24E A RTL ¥ .

@ “T3IFF£9 5 (Write Timing Constraints): SU4f FPGA #8141, 7t HDL #iftfitek XST
YRS SE IR L HUR 534 Xilink ¥) NGC W& A K.

HDL ¥ 2 % B . (HDL Options) K4 i S5 UR ARG AR A HE 7 AR NS 4L,

Bl A-45 IR

HOL Options

[ A-45  HDL HRIGBEEE

T I

@ 47 BER A LA )7 A (FSM Encoding Algorithm): A4 #3575 ~{V #fih(One-Hov)- 4%

T ft5(Gray) B [ B0 2L FR(Auto) 5 & Fi s EATIEHE
@ wliEs: B (Safe Implementation): i FSM 27K CHPRANL, FFEPE “yes”,

HEMR) FSM A SE B, 18 FSM L8 oS R SN, BRINIELIOY A

W XST H A5
*i FSM 3

@ S tFifi f) 87 R (Case Implementation Style): 4K case i FIAI % i )y Uk 4241
“Full”, JFAT4fT “Parallel” if 258 42T %At “Full-Parallel”.

@ RAM (1" J(RAM Extraction): ¢ FPGA 11, JE7HE/ RAM % #.C.

B RAM ({9 ATURAM Style): {4 FPGA 475, i {E ¥ RAM K AL TR
A RIE R Bl

® ROM 4" JE(ROM Extraction): %} FPGA 424, /7 {4/l ROM % #.5C.

@ ROM [HSHL K M(ROM Style): {4 FPGA {7, & (/11 F) ROM K AL S R
S AR A B

@ Bk B840 8 7 5(Mux Extraction): 7 3 Fiude#f ik, RIEBRINHAIREFE .

@ MR RS A (Mux Style): XX FPGA 477, 47 3 Bk #E77at, R

UNEEURGE S
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PR 2 9" & (Decoder Extraction): {(%f FPGA %, & FILEE.

@ RSS2 (K997 & 77 R (Priority Encoder Extraction): {X%f FPGA %, # 3 #f
H, RERINES .

@ WBALAAFE MY FR(Shift Register Extraction): {Utf FPGA H, R&E{FMHBALA
15,
@ BHEBALBEHY B (Logic Shift Extraction): {{Xf FPGA 1%, RE{EHEEBAIR.
@ SE#ITEIH(XOR Collapsing): X% FPGA H24, RERAIKBEIISR SR I EIF
AR

@ ¥U3LEE (Resource Sharing): &7 S XST H A — Lz HaiH.

Feif: 30 SE 27 (Multiplier Style): {0t FPGA A3, fRE M AREROAR LA
HRLUT)ERAT B EE 4R % (Pipe LUT).

Xilinx % i %% & (Xilinx Specific Options)fI# & 5 Xilinx & ALK NBE,
i A-46 B .

M A46 GETHRE

TEESKWT:

@ ¥iN VO Frh(Add VO Buffers): 75 %4454 (FIBEERE N VO vk k.

@ KU #(Max Fanout): {U% FPGA #24, $R5E( 5 FIML KB R .

@ #4745 #|(Register Duplication): {Xtt FPGA H3(, R LVFUAT A 172850, ik
hin, BEEBAMEMRN RIS, REBEER.

@ 2473 MB (Equivalent Register Removal): 75 47 17 31 E A h AE S5 21 75
A 2RI, LA /D 25 1788 PRUR K AT«

® #1478 P4 /i R (Register Balancing): (U FPGA #5, # 478 Py ML 4
Fh. WA AR TR, AT LU R R A, R

© 3% 3 (Move First Flip-Flop Stage): {{%f FPGA #2{, #§5& K “Retiming”
FARBEENF A, SN S —SiA g

@ BENA R MK B (Move Last Flip-Flop Stage): 1% FPGA 1%, 5K “Retiming”
FARBEER A, S S — S A A 4R
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® MFRAL(Slice Packing): XX FPGA &, &
TRV TR AR, #5558 A8 (0 AR R A
BAERA~ CLB figeh, #wiit sk,

© VO HA7#{ 1] I0B W74 17 28 /7 X (Pack VO
Register into 10Bs): 1% FPGA H %, i 3 Fik#F 7K.
i, W AT LAGEELS | S AR AR L RN IR, R
VO Bt EEILHE.

(3) MR HECIESRF XST HZERENS K
G, paligE s, WAESRMIEE., SRS
(Synthesize), Hiidi THAEA1 “Run Process” 54, JF
RO TR SO BRRIE, V7 RorG AR
iR HIER, W A-47 PR,

A3.6 WHFLE

L View Design Sumary
% Desien Utilities
+ % Vser Constraints
= £a()Synthesize - XST
[E)EView Synthesis Repart
[0 View RIL Schematic
[E] View Technology Schematic
£2(Check Syntax
48)  Generate Post-Synthesis Sim v
< >

HA47 GZHEPR

FEWE T BB BB A B LU, B BRI A N LR, B
SELI AR FAT AT TR B SR AT A AT e AR HE AR KN 324 AT I B R 4
A AR AR . X FARNAIA IS ISE AKICRS, X BN kL

LU (SURE N

(1) AN E %A “Synthesis/Implementation” #LEIHE, M BRI+ B

HEBR “test_counter”.

(2) TEMINMY “Processes” THiBRH #ili “User Constraints” ZElI) “+” S RRIFRRIFAL,
il F ¥ “Create Timing Constraints” Y50, 1 A-48 iR

L

Ry

ST

[ A48 HRINITFL R
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(3) 76 ISE FFRIRBE D, ARINE P20 SRA 75 BExT B o AT, PRV I P2 3R
ERIFRFREATLAN. Mili “Create Timing Constraints” Y30, AT se4r &2 EH
FF s —AXHERE, W A-49 FiR. X AXHEHELL - B0 R SR — NP
FIC, Wi “Yes” Hell, FEURACEIE OB T — 44 “test_counteruct” (K144

WA

a0
vigator to automatcaly create 3 UCF

eed 1o ceate o add an ewstng UCF o the project

P A-49 RN HE AR
(4) TEVEARIGE 1%+ “test_counterucf”, TEAAREMA “Processes” AR H i “User
Constraints” ZEM(X) “+” 5 RFFFEFF4L, i “Create Timing Constraints” ¥IH, TFF4IH
HiaE, W A-S0 IR, HPUBFELRAR. HOAR. RELRURIILELAR 4 FHAR

HRIFREE o

) Constraints Gevbendy)  Sowee Comstraints Gend-orly)

bl A-50 LUK
(5) FELISYRELSS 10 O PiEFFR AR “Global” bR, AR LB R 4Rt 4%
ﬂlﬁfﬁﬁk AR S IR A BB AR LR IR, Rk “elk” I -
5 “Period” (K177 (1K 48 BB A T BE BOHERE, B A-ST BR. AEIXAXAE
FErp ] L SURERES S 0. 7S b SNBSS R AR B el e I ]
19, W] LU SO B B AT X R . MR Virtex 2V3000 RZEMIRF kIS 0 EHE,

‘/‘L‘f&mhm@l A-51 Fir.

5%
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It acve e s tor ]
| fretaiidaanito k— remoD —| L= g
\' Cancel
S ke reurar Yy
TIRESTEC Nene
5K
Clock Yot Wune
ax
Specity Tine
Tee  m - <
Csweomen s
Tine MG 50 [r— 5
Relativa to other PERIOD TIRESPEC
Tiee 0l - v
Conment
S

FA-51 gt ERZ R
(6) Wiy R AR L LR “Ports” #7%, X “counter<0>” | “counter<7>” 5
SHATAIR . Bili “counter<0>” £ 5 X ) “Clock to Pad” 7% F1[X 4, 7E4# i Kpuf G4+
& X “counter<0>” {5 S IMMBLARA 10ns, WHE A-52 PR, HRFEMRIER “OK” %

HIK R EHE .

<
— 4 F-orrser
Amvempe

Pad Net comter®>

omrsEr 10

Belative to Clock Tad Net el

ive to Clock Bige

R

Conment

1 A-52 i LT P2 K
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(7) GRS ARAFLI RO, IR LR 2% o
A37 frBLK

SIS K AR 28 PACE RARMABIMINA TH, eNILLE ALK 7 Ukl
VO BB BEIA RSB SR B RS e, ARBUE BRI, R
SRE BN B CAT LR E . DRI A SE ST A RS test_counteruct, A AEJH
25| 5 (X R 2 R 4 4E 9% PACE .

(1) £ “Processes” Mt #ili “User Constraints” M) “+” 5, BIFFEF4L.

(2) Xiti “Assign Package Pins” ZEIR$T 5| LR m AR, Wk A-53 FiR.

Wik d b o®B R mie  MAaaxaD OOEOIUCEEECOE
PN T o R i 53

B I

P A-S3 3 IMIL R GRS R
(3) ¥ili “Design Object List” @ 11, HUFX &AM 55 195 AL E LUK VO FRAEEATA
o, e R R LR, P A-54 PTUR.

b A-54  BUESAAIGIE

(@) SIMRLE LK VO WA A RERST, JKHE “File” / “Save” fir & AFAELIHRICIF

(5) PEUEAREL G 1P ef I P29 B “test_counteruct”, {EXTIA “Processes” itk
fsdi “User Constraints” Z:flit) “+” &, FEFFFUF4L, i “Edit Constraints(Texy)” &
5, AR SCA T AT T 2RO, W A-SS TR KISt S T2 R AT
FEMo

(6) 7F “Processes” M43 ili “Implement Design” ML HHT MUt .
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BT

ke Ot gt TR gt in i

B A-S55 AFELRIMN
A38 TRSGAH

T SACE FPGA HERMM BRI SR . FPGA SURFLLFACE 730: JTAG fE& F#
(4 FHHRER) . M H4T FLASH PROM HAC T (2 834458 Master Serial Mode). M SPI 4T
FLASH Hf2 B (SPI ##30). M NOR FLASH A B(F114M 8 D44 BPD). RATLLLITAG
BT UHE, e AW RS RES BB P Tt

(1) 7EXHRM) “Processes” THIH ¥ i “Generate Programming File” ZEMUfY) “+” %5,
JRFFHEF4L, Xili “Configure Device((MPACT)” 14, /43 iMPACT. I A-56 7K.

Processes for: test_counter - Behavioral
= Add Existing Source
™ Create Mer Source
View Design Summary
+ Y Design Vilities
Vser Constraints

Create Tining Constraints

ynthesize - IST
¥ier Synthesis Report
View BIL Schematic
(3] Vier Technology Schamatic
£))Check Syntax
+ £)  Gemerste Post-Synthesis Simulation odel
+ 22 Implenent Desien
= 2) Generste Programming File
= Programing File Generation Report
& Generate PROW, ACE, or JTAG File
¢ Configure Device GNPACT)

L rrocessas

4 A-56 ki) iIMPACT
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(2) R BB RE ER, W IMPACT P2 BV i ERCE M2, WP A-57

P, ARSI RSO B IER, W JTAG FIRE 8, Milififd, &
# “Assign New Configuration File”, MP$H (1) FPGA ALE (I, siili “OK” #4#l.

westions Qutpat Debug Binden Hely

REMTCAN Ke

pra— [P —— Derien Sommary T ey Setm

P A-ST IERHRSIE R B
(3) ¥ FPGA FEF SO 7 IRIAMY Lrtund Bhd CCLK, W) IMPACT Zx5ift it 4%
SHE, AP A-58 7%, /NI LA 2R . I LY JTAG R4, W) IMPACT 22T
JTAG {f) TCK MBIk i BRI S

ARNING sMFACT 2257 - Startup Clock has basn changed to " JtatLK in the bitstresn stored in nenory,
but the original bitstram file rensins unchunged

oK

[l A-58  iIMPACT #Lih(Fy 83
(&) A7l FPGA $ft, (it gDk “Program...”s  FEHHT. iMPACT 7F F 4%
SRR 2R R AR, P A-S9 B

l'_—lﬁ

o
Verify
xc3st  Get Device ID
led. Get Device Signature/Usercode
00

Assign Hew Configuration File

A5 i FHURE
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(5) # FPGA JI1 P4, WERPE30R Ry, P A-60 B, BLiN, FEGEMRE
JSKT DONE $545 4555, #/n A2
=

F A-60 &R FEBT)

AL AN AR BIE0R T ISE SEBOT ZIRSEH I . 78 ISE SRIT BRI Bid,

AERM VR OIF . (1. NFAR. ELR. Faskis LM PR.
AL AR, MR A FPGA Bt .
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M%E B VHDLESIGENE

o ALIAS(E#%)i%H
Yifig: s XOH HIRRE A .
S e
par
ALIAS ##u4: FRUERR IS HEES:
{#iffi$ 7. ARCHITECTURE #tBi#84>. ENTITY BLHIi#4>. PROCESS #tBIAES.
PACKAGE #8134} . PACKAGE BODY %% SUBPROG RAM it # 5}
ALIAS 8] 5 F 28058 XRR, JESLRK.
it
ALIAS bitl: STD_LOGIC IS L_VECTOR(1);
ALIAS aaa: STD_LOGIC_VECTOR(0 TO 4) IS L_VECTOR(S DOWNTO 1);
o ARCHITECTURE 88
Thfig: E KRG TR,
LS. R
ik
ARCHITECTURE f4i&{h# OF 464 IS
(SR ) - BT 4
BEGIN
TR} A
END {#5iifh# ) ;
#4854 1 :=SUBPROGRAM i} #jISUBPROGRAM A /AITYPE # $lISUBTYPE it ]
ICONSTANT i HJISIGNAL BWIIFILE 3 ¥IIALIAS $EW]ICOMPONENT it
HJIATTRIBUTE #HIATTRIBUTE 52 XIUSE #AJICONFIGURATION 3 X
IDISCONNECTION S 3
JF47 b B4 1 =BLOCK ¥ 4)IPROCESS ###JIPROCEDURE 1 /1] 5 #JIASSERT &
HIHE N5 HJIGENERATE i fJICOMPONENT_INSTANCE i)
o ASSERT i&f)
LRI 9.1 1),
. g,

ASSERT %1 [REPORT #fitlifri §4] (%1525



P B VHDL 35 X%ENR - 359 -

25: :=NOTEIWARNINGIERRORIFAILURE
{457 ENTITY A4k, ARCHITECTURE %4, PROCESS k. SUBPROGRAM
AAk. BLOCK A4k, IF i1, CASE i1 LOOP %,
o ATTRIBUTE i3
yfig: JRYEBPGER 6.3 ).
LR ARECL - R ).
pa
ATTRIBUTE J@tE4: 7R 4H
1#fi: ARCHITECTURE BHI#i4y. ENTITY BLHi#i4r. PROCESS #iHI#i4).
PACKAGE i #1343 il SUBPROGRAM i #54} «
o ATTRIBUTE EX
Thig: VEN 6.3 1.
BHEEA: ARG AR,
ik
ATTRIBUTE J@f£4 OF
[ERZE PN EE 757 S N 7N
%4 = ENTITYIARCHITECTUREICONFIGURATIONILABELIPROCEDURE
IFUNCTIONIPACKAGEITYPEISUBTYPEICONSTANTIVARIABLE!
COMPONENT
{#f13% 57 : ARCHITECTURE #81#4>. ENTITY #8154, PROCESS #¥#% .
PACKAGE i##1#4r. SUBPROGRAM #{##4 1 BLOCK 4t #1#4) o
filtm:
ATTRIBUTE capacitance: cap;
ATTRIBUTE capacitance OF clk, reset: SIGNALIS 20 pF;
o ATTRIBUTE %&#f
Thitg: VER 6.3 1.
: AfE(SUA EVENT Ml STABLE a] LU]).

XB IEPEA(E AR R))

ERHFT: 5 S RN JHATA R SN BRANER, RRE X, &1
Wit FRoRIURIEE R

FrifE e &R, AR HSOEHEINES 4 1 BES.

ot

r<=resistance' VAL(int v);

o BLOCK_CONFIGURATION

Dhfig: VER 3.2 15,

B AECLREL T ARCHITECTURE).

ks
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FOR  #RiE X
{USE i)
{BLOCK_CONFIGURATION i#5#JICOMPONENT_CONFIGURATION # ]}
END FOR;
5 X 1 :=ARCHITECTURE % IBLOCK #5%5 4IGENERATE #3754
{# i 3% 7 . CONFIGURATION i ] # 4% . BLOCK_CONFIGURATION i fi] .
COMPONENT_CONFIGURATION i£ ).
© BLOCK &#7
IhfE: ARCHITECTURE i H BRI ED)
GRS AT
ik
ki 4: BLOCK [(T10)]
{BHEA)) B S
BEGIN
(FHATAEERIE D) 3t
END BLOCK (#5541
B3k 1 :=[GENERIC i##) [GENERIC_MAP i&1;]] [PORT ifi J[PORT_MAP if )]
YER): SR AR
FHATALERE A 5 A AT
{§ifi3% 7. ARCHITECTURE # k. BLOCK A%,
BLOCK i )5i2 XX Ak 9 16 THE R . 5538 B (PROCESS) Vi) NI, 7 7Y B &1 1)
I IFATRERE
e CASE &6
Ihile: VER 6.1 15,
LR AThE.
S0k
CASE # IS
FkR (R
END CASE;
#AER HEN 2545350 {1 350 ) => (W0 Ak B3k 1)
PRI IR 4 [H14 FRIOTHERS
#:#%: WHEN OTHERS HUfI7ERSE I L.
4115 : PROCESS 4{%. SUBPROGRAM A4k IF ifi i), CASE 41 LOOP itifi).
o COMPONENT_CONFIGURATION &4]
Difi: VER 3.3,
RS A
ik
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FOR #Eahif#: JufF4
{USE 41}
{BLOCK_CONFIGURATION i fJICOMPONENT_CONFIGURATION i}

END FOR;

FEaIE N I=bR5 4 (. #5544 }IOTHERSIALL
{# /il 3% BT : CONFIGURATION #{ #] # 4} .- BLOCK_CONFIGURATION 1% 1) il

COMPONENT_CONFIGURATION #47.

o COMPONENT ijtB8
hig: R 53 .
LR WL,
ik

COMPONENT  Jiff4;

[KRiEw)]
[3 A ]

END COMPONENT;
i35 7: ARCHITECTURE %] # 4> 41 PACKAGE B #4}
o COMPONENT_INSTANT i&4]
Thig: R S3 .
B AR
ik

t554: JifF4 [GENERIC_MAP ifi#]] [PORT_MAP i&H]];
{§f$597: ARCHITECTURE #44. BLOCK # {4/ GENERATE 4],
o CONFIGURATION i3
hfig: R 3.3,
LR AU T ARCHITECTURE i#4F).
ik

CONFIGURATION FL## OF skff# IS

{USE i#4JIATTRIBUTE & X }
BLOCK_CONFIGURATION i)

END FOR;
o CONFIGURATION EX
The: ER 3.3 1.
BIRLGE. ARE.
ks

FOR FEMbTH: JofF4 USE XTRi%;
{47 97: ARCHITECTURE 934 1 BLOCK B{HI# 4} .
o CONSTANT ijtB8
Hhfig: VERL 4.1 15,
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peik: 22 32 PN
pa/
CONSTANT H¥(%{, ®¥#): FREF [(=AIHEHL
{5 T: ARCHITECTURE #i##4>. ENTITY BL¥I#i%. PROCESS Bi#is).
PACKAGE W #I#4} . PACKAGE #4%. SUBPROGRAM it ##4}F1 BLOCK B85} .
o DISCONNECTION EX
Thfig: PR S B BR A KW ()1 5 o
BELES: A
ik
DISCONNECT Hafi595 X AFTER KMfH ji;
fE M 7. ARCHITECTURE #t8i#4>. ENTITY #H3¥84. PACKAGE &5
BLOCK B34«
o ENTITY i%8
Thfg: VEW 31715,
WA, W
ik

g |
[PORT i#11; ]
BEGIN
g L R P R A )
",
PWIiE 1) : :=SUBPROGRAM i HjISUBPROGRAM #{AITYPE i #iISUBTYPE it ¥
ICONSTANT #HIISIGNAL 1 IIFILE i BlIALIAS $¥IIATTRIBUTE
U HIIATTRIBUTE ;& XIUSE #A)ICONFIGURATION & X if4)
IDISCONNECTION 3 X

o FILE $tH

g VW 40T,

L A

Seik

FILE SCfF4sht: FREG IS Ji “3CfF47

{13/ : ARCHITECTURE #1784}, ENTITY #iWI#%r. PROCESS Ui
PACKAGE #1384} . PACKAGE 4 /. SUBPROGRAM istH] 5} A1 BLOCK BEHIBAT o

o GENERATE i&f]

hfie: VER 6.3 1.

S e

Fit4: FOR f/EAcht IN AE4HEH  GENERATE



R B VHDL B EXAFNE - 363

(AT AT A}
END GENERATE [$i% % 1;
tr'54: IF %fF GENERATE
AT FE A}
END GENERATE [#354];
f#Hi$57: ARCHITECTURE A #k. BLOCK #{4# GENERATE i,
o GENERIC i&f]
hhE: VERL 5.1 1.
LA RATEEBIR W LIRS .
preis
GENERICGHi H4(, #il14): [IN]
TR = VI
{: WiE4( WO4): [(IN] FRER
[:=H141 )
{EAHHT: ENTITY L8134, BLOCK B4,
o GENERIC_MAP i&f]
Thig: VW 5.1,
GRS SRR T LA
ks

GENERIC MAP(UER=>]5:4%(, [ER=>]5:1%))

JE s = 1 448 R A e o B4 O 1 45)

ES HISIGNAL #4I0PENIZE KAt o $0 44 (SE45)
{#/113%97: COMPONENT_INSTANCE %), BLOCK i #]{#4}fl CONFIGURATION
o IFiER
hfig: VER 6.1 15,

: HlfE.

IF %1 THEN {JBUF4EFLIE6))
{ELSIF %f| THEN (JEUF4LEE})
[ELSE{ US4 B1if )]
ENDIF;
{8 f3%57: PROCESS ifif]. SUBPROGRAM # /4. IF ififi). CASE i)/ LOOP i#fy.
o LIBRARY 8.
Thiig: VEW 33 .

T g,

LIBRARY 4 (, FHi);
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o LOOP iEfl.
Thite: R 6.1,
L. W
ik
bR ] (RFFKERSE] LOOP {MBFAbERiff) )
END LOOP [Fi%]
TERRHISE  =FOR AL IN ANELEHIWHILE #A1F
7 LOOP iAW 7
NEXT [¥55][WHEN 4f4];
: Beihi Ak
EXIT [#55] [WHEN #fF);
+ BhdiERAL
{81135 )57: PROCESS ifif). SUBPROGRAM A k. IF i&%). CASE i#ifiJfl LOOP ifify.
o PACKAGE ijtF8.
Thig: VER 3315,
LS. W
ik
PACKAGE fH#4G4 IS
(BEE)
END [EG4];
334 :=SUBPROGRAM i BJITYPE #{#]ISUBTYPE ${#]ICONSTANT ijtH]
ISIGNAL it BJIFILE 1 #HIALIAS i #JICOMPONENT #HJIATTRIBUTE
{5 BJIATTRIBUTE 5i X IUSE i fJIDISCONNECTION 5 X
e PACKAGE_BODY &%
Hhiig: PR 33T,
WA, k.
pa7
PACKAGE BODY fu#i## IS
{BEE R}
END (A 4] -
8i547 1 :=SUBPROGRAM A{KITYPE 1 #JISUBTYPE #JICONSTANT 14
IFILE 5 HIIALIAS B #iIUSE ifi )

o PORT &4

Ihilg: PEW 3.1 1.

W Tl

ik
PORTCH 4 {, Wil ): (i) FA8%E  [BUS] [=HI4ifl)
( RIZL %) ) A% (BUS] =RIAMHID
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Ji 142 :=INIOUTIINOUTIBUFFERILINKAGE
{E 7. ENTITY B8 #4381 BLOCK B8 %84} o
o PORT_MAP &%)
hhE: VER 53 7.
LA AR,
ik
PORT_MAP (& =>]3:1k{, JER=>]3%1%))
14 IR e o M A4 (1 4)
::=3RISIGNAL % IOPENI 35 e o 3 4 (SE )
1#f13%57: COMPONENT_INSTANCE ). BLOCK ##i#5#l CONFIGURATION
e PROCESS i&f]
hfig: HER 3.2 1.
G WhE.

ik
b4 4: PROCESS [(BiUS R 1))
(X)) -GBS
BEGIN
L Ak BB )} Ak

END PROCESS [$#34];
{5 8% 4| :=SUBPROGRAM 1% #]ISUBPROGRAM A{AITYPE ##ISUBTYPE
£ BICONSTANT i BIVARIABLE i #IFILE $9JIALIAS ¥ 8]
IATTRIBLE #BJIATTRIBLE & XIUSE ]
MG 4b BRI 41 | - =WAIT i% 7JIPROCEDURE il FlIASSERT & )15 SN B A &
AR AIIF i AJICASE & AJILOOP i AJINULL #E4)
{#ifi3%7: ARCHITECTURE &£, BLOCK {5 # GENERATE i##].
« PROCEDURE i
hig: VR 3215,
B Wk,
i
o EA(C AR )|
JEAT AE R LR F I vl bR 5 o
{§ifi357: ARCHITECTURE &4k, BLOCK #{k. PROCESS &44#l SUBPROGRAM
S
o SIGNAL i%8
hfig: VER 4175
LA g,
ik
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SIGNAL f5 5 4 (, {5%4): TAMM (REGISTERIBUS] [:=¥I4H1H];
F16% REGISTER, WUl BUS b P55 (W KMifE ).
REGISTER 5K #1155 5, 1 BUS AEREF.
TRESARA “NULL”, Wi PAKKHES .
1§13 7. ARCHITECTURE #4I#4>. ENTITY i8] #4) f1 PACKAGE Bi#1#55)
« SUBPROGRAM i#8
Thilg: VER 32T,
LA WRE.
i
PROCEDURE 4 [N, MiiZH0L
IFUNCTION H¥(% [N, #1tHZ%)] RETURN $aEXRE;
I\, HVH %0 =[SIGNALIVARIABLEICONSTANT ¥ 144 {, %il14}
: [FRIFRRE [BUS) [=HI41H):
{§Fi$7: ARCHITECTURE B84y ENTITY i1/ 1 PROCESS BL#I#85) .
o SUBPROGRAM %
yf: VEW 3.2 5.
A Ak,
ks
TRFEXIS
(Bt}
BEGIN
(B A BB 4 )
END { FRF4 )
{#if13% 57 : ARCHITECTURE #8184, ENTITY UHI#4r. PROCESS BLWI5).
PACKAGE #81#% . PACKAGE #{k. SUBPROGRAM & ##55; #l BLOCK i1 #5) -
o TYPE i#t8.
ifig: W 42715,
WA WA
ik
ANGEREATY B e R AL
e AR BN =TYPE R4, KRA):
— IR AR AR T R A
SERLRIGHI I=TYPE M4 (, RA4) AR
b R TR 53 SBT3 780 52 SUAT ORI SUSC AR5 X
+i=H R 5E SUINTEGER 21 5¢2 UFLOATING 2245 SUA) 2L LE
FRL5E X
JEHE( TLED
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INTEGER %15 X, FLOATING %3¢ X & :=[f#] #5{ [ TOIDOWNTO]fé #. X
)-1:z4H
— TR A
AR E X =[RANGE[ 8 ¥ A [TOIDOWNTO] fij#.71/& 4 441] UNITS 4
L 204
{47}
END UNITS
—~ AT

HAHAE L =HARRIERRER
BHIKR =ARRAY (i [HIRANGE<>(, #EHIRANGE<>})OF FHEfF
- R — AT LT B R A
%A :=RECODE J#{, Ji¥) END RECODE
— 0] AT @ Sr A (B R SRR A T #)
A7HUE 3L :=ACCESS TR
—3g BARRRCEML T C S iires), FReiTEsse
s =FILE OF TR
IR BRI, AT B R s

{#/f1$i: ARCHITECTURE BLi#4r. ENTITY {84 . PROCESS L%
PACKAGE ##]#4}. PACKAGE # {41 SUBPROGRAM Hi#i#5}«

o USE &%

Tyfits A AT VLB R PRI HL

LR e,

ik

USE{##4(, &4}
s Z e S ]

i fi#9: Design_unit. CONFIGURATION i #1#84. ARCHITECTURE 145},
BLOCK 3814+, BLOCK_CONFIGURATION %)H1 COMPONENT_CONFIGURATION
i,

o VARIABLE i8]

hfig: R 415,

BAGEA: Wk

ik

VARIABLE 4 (, ZH4): FIEF=YHH):
{¢Hi#597: PROCESS ] #84>. SUBPROGRAM 4.

o WAIT 354

e VEW 6.1 1.

LS. ST UNTIL il fig, I8 /20,

ik
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WAIT [ON f&54(, f&54)]
[UNTIL #%{#][FOR W&k ];
/17 PROCESS ifif. PROCEDURE A4k, IF i#fi). CASE i#f# LOOP ifify.
o FHTREBESKAER
s W 6.2 75,
fr: ATAE(ILAAT, TRANSPORT ZH).

HF54: | FIHESRAERNIHFS4: | ERESARANEN
A SR A) L = H #F<=[GUARDED] [TANSPORT] 4 /-8 %
FAEEY=(#J¢ WHEN %1 ELSE}BJE
HHAS SN 1 =WITH R SELECT
H #<=[GUARDED] [TRANSPORT (£ #: 3 &;
SEFBIY =6 WHEN JEFENL, 3% WHEN KPR
i35 ARCHITECTURE &4k, BLOCK #{4fl GENERATE i%4].
o ESHKAER
g PER 6.1,
JBLEG: Al fE(WHs TRANSPORT).
oo
I #5<=[TRANSPORT# ¥;
#1497 PROCESS ). SUBPROGRAM A fk. IF ififi). CASE if#)#1 LOOP iff.
o iR
hfg: FER 41T,
B B AFTER. NULL).
ik
Wk =3 [AFTER A i450NULL [AFTER M fi)&i&R)(, \[AFTER B %
& INULLAFTER a2}
BN NULL, #5567 DRAE 5.



MRC AR A

- 369 -

wWERC B 4 it M’

1. HAGES. TR, SRR
N %R “HEBATIF S .

A'LEFT [(N)]— A FR{H.
ARIGHT [(N)]— 4 PR
AHIGH [(N)]— L fRA{#.
ALOW [(N)|— F R fii.
ARANGE [(N)]—ti[H.

AREVERSE RANGE [(N)]——#i [ {ti .

A'LENGTH [(N)]—— G [H /4.

€)]

SIGNALA: STD_LOGIC_VECTOR(7 DOWNTO 0);

SIGNAL B: STD_LOGIC_VECTOR(0 TO 8);

TYPE C IS ARRAY (0 TO 5, 0TO 8) OF STD_LOGIC;

A'LEFT—7 B'LEFT—~0
ARIGHT—0 BRIGHT~8

CRIGHT(2)—8
AHIGH—7 B'HIGH—8

BHIGH(1)—~5
ARANGE—7 DOWNTO 0
AREVERSE_RANGE—0TO 7
ALENGTH—8 BLENGTH—9

2. BUREEEM

TBASE—T (AR, LURILGJAYEIET. #iltn:

TLEFT— A RA{H.
TRIGHT—41 F i

THIGH— L.
TLOW—— FHiT.
TPOS(X)—— B ()L o

T'VAL(x) x AL EA o
T'SUCC)—— b x IRLF 5 K1
TPRED(x)—— Lt x I

A EA

AL Al
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T'LEFTOR(x)—F x /E14f1 B H
T'RIGHTOF(x)——E x 41144 & HI{H
€)]
TYPE STD_LOGICIS ('U', X', 0f
SUBTYPE bar IS STD LOGIC

‘0z, WL CH YY)

barBASE'LFFT -
STD_LOGIC'LEFT —u
STD_LOGICRIGHT -
STD_LOGICLOW ~u
STD_LOGICPOS(Z) —~4

STD_LOGIC'SUCC(Z") —-'W'

STD_LOGIC'PRED('Z') -1
3. ESEM
S'DELAYED[(T)]— 4R T I (A I
SEVENT——#15 S $HH TR R AEMH (R E=TRUE).
SLAST_EVENT——#& = N FHF R AL S BT 22 i ()R 1] .
S'LAST_VALUE——# /R I J5 S+ R AT

S'STABLE[(T)|——#/R7E T it 18] Jy & 75 & AE A ¥R “E="FALSE")
S'QUIET[(T)]——#/R1E T i 18] 9 £5 5 {8 R 75 ARFF R (R #F="TRUE").
S'ACTIVE——#58 S & T H R K (1 A="TRUE")»

S'LAST_EVENT——MIg /5 7 M dhi i 48 L Bt 1l o
S'TRANSACTION——EK S Fi2( H AR M 0 A0 1 ffE -
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e std_logic_1164(std_logic_1164: Draft Standard Version 4.2)

Title
Library

Developers

Purpose

Limitation

Note

+ std_logic_1164 multi_value logic system
: This package shall be compiled into a library
: symbolically named IEEE.

: IEEE model standards group (par 1164)
+ This packages defines a standard for designers
: to use in describing the interconnection data types

+ used in vhdl modeling.

+ The logic system defined in this package may

: be insufficient for modelign switched transistors,

: since such a requirement is out of the scope of this
: effort, Furthermore, mathematics, primitives,

: timing standards, etc. are considered orthogonal

: issues as it relates to this package and are therefore

+ beyond the scope of this effort.

+ No declarations or definitions shall be included in,

+* or excluded from this package. The "package declaration”
+ defines the types, subtypes and declarations of

+ std_logic_1164. The std_logic_1164 package body shall be
+ considered the formal definition of the semantics of

+ this package. Tool developers may choose to implement

+ the package body in the most efficient manner available

: to them.

modification history :

version | mod. date: |
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- v4.200101/02/921

PACKAGE std_logic_1164 IS

— logic state system (unresolved)

TYPE std_ulogic IS (U', -~ Uninitialized
X, - Forcing Unknown
0, - Forcing 0
‘I, - Forcing 1
Z,  -- High Impedance
‘W', --Weak Unknown
L, --Weak 0
H, - Weak 1
- -- Don't care

- unconstrained array of std_ulogic for use with the resolution function

TYPE std_ulogic_vector IS ARRAY (NATURAL RANGE <>) OF std_ulogic;

-~ resolution function

FUNCTION resolved (s: std_ulogic_vector ) RETURN std_ulogic;

- *** industry standard logic type ***

SUBTYPE std_logic IS resolved std_ulogic;

- unconstrained array of std_logic for use in declaring signal arrays

TYPE std_logic_vector IS ARRAY (NATURAL RANGE <>) OF std_logic;

- common subtypes

SUBTYPE X0l IS resolved std_ulogic RANGE ‘X' TO '1';

- (X0 )

SUBTYPE X01Z IS resolved std_ulogic RANGE 'X' TO
SUBTYPE UXOL IS resolved std_ulogic RANGE 'U' TO '1';
SUBTYPE UXO01Z IS resolved std_ulogic RANGE ‘U’ TO

(X, 0 1 Z)
(U X
(U X
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- overloaded logical operators

FUNCTION "and" (1 : std_ulogic;r : std_ulogic) RETURN UXO01;
FUNCTION "nand" (1 : std_ulogic; r : std_ulogic) RETURN UXO01;
FUNCTION "or" (1 : std_ulogic;r : std_ulogic) RETURN UXO01;
FUNCTION "nor" (1 : std_ulogic; r : std_ulogic) RETURN UXO01;
FUNCTION "xor" (1 : std_ulogic; r : std_ulogic) RETURN UXO01;
FUNCTION "xnor" (I : std_ulogic:r : std_ulogic) RETURN UXO01;
FUNCTION "not" (1 : std_ulogic) RETURN UX01;

-~ vectorized overloaded logical operators

FUNCTION "and" (1, r : std_logic_vector) RETURN std_logic_vector;
FUNCTION "and" (1, r : std_ulogic_vector) RETURN std_ulogic_vector;
FUNCTION "nand” (I, r : std_logic_vector) RETURN std_logic_vector;
FUNCTION "nand” (I, r : std_ulogic_vector) RETURN std_ulogic_vector:
FUNCTION "or" (I, t : std_logic_vector) RETURN std_logic_vector;
FUNCTION "or" (I, r : std_ulogic_vector) RETURN std_ulogic_vector;
FUNCTION "nor" (1, r : std_logic_vector) RETURN std_logic_vector;
FUNCTION "nor" (I, r : std_ulogic_vector) RETURN std_ulogic_vector;
FUNCTION "xor" (I, r : std_logic_vector) RETURN std_logic_vector;
FUNCTION "xor" (1, r : std_ulogic_vector) RETURN std_ulogic_vector;

- Note: The declaration and implementation of the "xnor"function is

_ specifically commented until at which time the VHDL language has been
- officially adopted as containing such a function. At such a point,

- the following comments may be removed along with this notice without

further "official" ballotting of this std_logic_1164 package. It is

the intent of this effort to provide such a function once it becomes

- available in the VHDL standard.

- function "xnor" (I, s std_logic_vector) return std_logic_vector;

-~ function "xnor" (I, std_ulogic_vector)  return std_ulogic_vector;
FUNCTION "not" (I : std_logic_vector) RETURN std_logic_vector;

FUNCTION "not" (I : std_ulogic_vector) RETURN std_ulogic_vector;

conversion functions
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FUNCTION To_bit (s = std_ulogic; xmap: BIT:='0') RETURN BIT;

FUNCTION To_bitvector(s : std_logic_vector; xmp : 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;

~ strength strippers and type convertors

FUNCTION To_XO01 (s : std_logic_vector ) RETURN std_logic_vector;
FUNCTION To_X01 (s : std_ulogic_vector ) RETURN std_ulogic_vector;
FUNCTION To_XO01 (s : std_ulogic ) RETURN XO01;
FUNCTION To_X01 (b : BIT_VECTOR )RETURN std_logic_vector;
FUNCTION To_X01 (b : BIT_VECTOR )RETURN std_ulogic_vector;
FUNCTION To_X01 (b : BIT ) RETURN XO01;

FUNCTION To_XO01Z(s : std_logic_vector. ) RETURN std_logic_vector;
FUNCTION To_X01Z(s : std_ulogic_vector ) RETURN std_ulogic_vector;
FUNCTION To_XO01Z(s : std_ulogic ) RETURN X01Z;
FUNCTION To_X01Z(b : BIT_VECTOR ) RETURN std_logic_vector;
FUNCTION To_X01Z(b : BIT_VECTOR ) RETURN std_ulogic_vector;
FUNCTION To_XO01Z(b : BIT ) RETURN X01Z;
FUNCTION To_UXOI(s : std_logic_vector ) RETURN std_logic_vector;
FUNCTION To_UXO0I(s : std_ulogic_vector ) RETURN std_ulogic_vector;
FUNCTION To_UXOI(s : std_ulogic ) RETURN UX01;
FUNCTION To_UXO01(b : BIT_VECTOR )RETURN std_logic_vector;
FUNCTION To_UXO0I(b : BIT_VECTOR ) RETURN std_ulogic_vector;
FUNCTION To_UXO0l(b : BIT) RETURN UXO01;

- edge detection

FUNCTION rising_edge
FUNCTION falling_edge

std_ulogic) RETURN BOOLEAN;
std_ulogic) RETURN BOOLEA!

- object contains an unknown

FUNCTION Is_X (s: std_ulogic_vector) RETURN BOOLEAN:;
FUNCTION Is_X (s: std_logic_vector) RETURN BOOLEAN;
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FUNCTION Is_X (s: std_ulogic ) RETURN BOOLEAN;
END std_logic_1164;
PACKAGE BODY std_logic_1164 IS

~local types

TYPE stdlogic_ld IS ARRAY (std_ulogic) OF std_ulogic;
TYPE stdlogic_table IS ARRAY (std_ulogic, std_ulogic) OF std_ulogic;

-~ resolution function

CONSTANT resolution_table: stdlogic_table:=(

- | U X 0 1 2Z W L H - [

-1l
-IX1
--l01
-
-1z1
W1
—-ILt
—-HI
X X, bl

FUNCTION resolved (s: std_ulogic_vector) RETURN std_ulogic IS
- weakest state default

VARIABLE result: std_ulogi
BEGIN
- the test for a single driver is essential otherwise the
- loop would return 'X' for a single driver of '~' and that
-- would conflict with the value of a single driver unresolved
- signal.
IF (YLENGTH=1)THEN RETURN s(sLOW);
ELST
FOR i IN sRANGE LOOP
result:=resolution_table(result, s(i));
END LOOP:
END IF;
RETURN result;
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END resolved;

- tables for logical operations

- truth table for "and" function
CONSTANT and_table : stdlogic_table:=(

- 1 U X 0 1 Z W L H - [

U,
X, X),
0, 0),
ST XD,
X, X),
0, X X,
0, 0),
X,
X,
)%
- truth table for "or" function
CONSTANT or_table: stdlogic_table :=(
-~ 1 U X 0 1 Z WL H - 11
UL UL T, ), -~1ul
X, 1 X)), Xt
0,1 XD, ~io1
T T T, i
X), -~iz!
X), -1
LX),
.
X, T X)),

-~ truth table for "xor" function
CONSTANT xor_table: stdlogic_table :=

- 1 U X 0 1 Z W L H - [
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LUy, iUl
X)), X1
X), ol

LX), -
X), 1z
X), Wl
X), LI

X)), —HI
X),

-- truth table for "not" function
CONSTANT not_table: stdlogic_ld:=

0 XY

- overloaded logical operators(with optimizing hints)

FUNCTION "and” (1: std_ulogic; r: std_ulogic) RETURN UXO01 IS

BEGIN

RETURN (and_table(l, r));
END "and";
FUNCTION "nand" (I: std_ulogic; r: std_ulogic) RETURN UXO01 IS
BEGIN

RETURN (not_talbe (and_table(l, r)));
END “nand";
FUNCTION "or"(l: std_ulogic; r: std_ulogic) RETURN UXO01 IS
BEGIN

RETURN(or table(l, ));
END “or";
FUNCTION "nor" (1:std_ulogic; r: std_ulogic) RETURN UX01 IS
BEGIN

RETURN(not_table(or_table(l, ));
END "nor";
FUNCTION "xor" (I: std_ulogic: r: std_ulogic) RETURN UX01 IS
BEGIN

RETURN(xor_table(l. 1))
END "xor";
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- function "xnor" (I: std_ulogic; r: std_ulogic) return ux01 is
- begin
~ return not_table(xor_table(l, 1);
-~ end "xnor";
FUNCTION “not" (I:std_ulogic) RETURN UX01 IS
BEGIN
RETURN(not_table());
END "not";

- and

FUNCTION "and" (I, r: std_logic_vector) RETURN std_Logic_vector IS
ALIAS Iv: std_logic_vector(I TOI' LENGTH) IS I;
ALIAS rv: std_logic_vector(1 TO r LENGTH) IS ;
VARIABLE result: std_logic_vector(1 TO I' LENGTH);
BEGIN
IF(' LENGTH /=r' LENGTH) THEN
ASSERT FALSE
REPORT "arguments of overloaded 'and' operator are not of the same length”
SEVERITY FAILURE;
ELSE
FOR i IN result RANGE LOOP
result(i):=and_table(lv(i). rv();
END LOOP;
END IF;
RETURN result;
END "and";

FUNCTION "and” (1, std_ulogic_vector) RETURN std_ulogic_vector IS
ALIAS Iv: std_ulogic_vector(1 TO ' LENGTH) IS I;
ALIAS rv: std_ulogic_vector(1 TO r' LENGTH) IS r;

VARIABLE result: std_ulogic_vector(1 TO I' LENGTH);

BEGIN
IE (I' LENGTH /=r LENGTH) THEN
ASSERT FALSE
REPORT"arguments of overloaded 'and' operator are not of the same lengt
SEVERITY FAILURE;

ELSE
FOR i IN result' RANGE LOOP
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result(i):=and_table(Iv(i), rv(i));
END LOOP;
END IF;
RETURN result;
END "and";

FUNCTION "nand" (I, r: std_logic_vector) RETURN std_logic_vector IS
ALIAS Iv: std_logic_vector(1 TOI' LENGTH) IS I;
ALIAS rv: std_logic_vector(1 TO r LENGTH) IS r:
VARIABLE result: std_logic_vector(1 TO I LENGTH);
BEGIN
IF(I' LENGTH /=r 'LENGTH) THEN
ASSERT FALSE
REPORT "arguments of overloaded ‘nand' _operator are not of the same length”
SEVERITY FAILURE;
ELSE
FOR i IN resul' RANGE LOOP
result(i) :=not_table(and_table(Iv(i), rv(i)));
END LOOP;
ENDIF:
RETURN result;
END "nand";

FUNCTION "nand" (I, r: std_ulogic_vector) RETURN std_ulogic_vector IS
ALIAS Iv: std_ulogic_vector(1 TOI' LENGTH) IS I;
ALIAS rv: std_ulogic_vector(l TO r' LENGTH) IS r;
VARIABLE result: std_ulogic_vector(1 TO I' LENGTH);
BEGIN
IF (I' LENGTH /=r' LENGTH) THEN
ASSERT FALSE
REPORT "arguments of overloaded 'nand’ operator are not of the same length”
SEVERITY FAILURE;
ELSE
FOR i IN result RANGE LOOP
result(i): =not_table(and_table(lv(i), rv(i)));
END LOOP;
END IF;
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RETURN result;
END "nand";

- or

FUNCTION "or" (I, r: std_logic_vector) RETURN std_logic_vector IS
ALIAS Iv: std_logic_vector(1 TOI' LENGTH) IS I;
ALIAS rv: std_logic_vector(1 TO r LENGTH) IS r;
VARIABLE result: std_logic_vector(1 TO I' LENGTH);
BEGIN
IF(I' LENGTH /=r' LENGTH) THEN
ASSERT FALSE
REPORT "arguments of overloaded 'or' operator are not of the same length”
SEVERITY FAILURE;
ELSE
FOR i IN result’  RANGE LOOP
result(i) :=or_table(v(i), rv(i)):
END LOOP;
END IF;
RETURN result;
END "or";

FUNCTION "or" (I, r : std_ulogic_vector) RETURN std_ulogic_vector IS
ALIAS Iv: std_ulogic_vector(1 TO I' LENGTH) IS I;
ALIAS rv: std_ulogic_vector(1 TO r LENGTH) IS r;
VARIABLE result: std_ulogic_vector(l TO I' LENGTH);

BEGIN
IF (I' LENGTH /=r' LENGTH) THEN
ASSERT FALSE
REPORT "arguments of overloaded ‘or’ operator are not of the same length”
SEVERITY FAILURE;
ELSE
FOR i IN result’  RANGE LOOP
result(i):=or_table(Iv(i), rv(i));
END LOOP:
END IF;
RETURN result;
END “or";
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FUNCTION "nor” (I, r: std_logic_vector) RETURN std_logic_vector IS
ALIAS lv: std_logic_vector(1 TO I' LENGTH) IS I;
ALIAS rv: std_logi_vector(1 TO r LENGTH) IS r;
'VARIABLE result: std_logic_vector(1 TO I' LENGTH);
BEGIN
IF(I' LENGTH /=r 'LENGTH) THEN
ASSERT FALSE
REPORT "arguments of overloaded 'nor’ operator are not of the same length"
SEVERITY FAILURE;
ELSE
FOR i IN result RANGE LOOP
result(i) :=nor_table(or_table (Iv(i), rv(i)));
END LOOP;
END IF;
RETURN result;
END "nor";

FUNCTION "nor" (1, r : std_ulogic_vector) RETURN std_ulogic_vector IS
ALIAS Iv: std_ulogic_vector(1 TO I' LENGTH) IS I;
ALIAS rv: std_ulogic_vector(1 TO r LENGTH) IS r;

VARIABLE result: std_ulogic_vector(l TO I' LENGTH);

BEGIN
IF (I' LENGTH /=1’ LENGTH) THEN
ASSERT FALSE
REPORT “arguments of overloaded 'nor' operator are not of the same length”
SEVERITY FAILURE:
ELSE
FOR i IN resuli' RANGE LOOP
result(i):=nor_table(or_table (Iv(i), rv(i)));
END LOOP:
END IF;
RETURN result:
END "nor";
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FUNCTION “xor" (I, r: std_logic_vector) RETURN std_logic_vector IS
ALIAS Iv: std_logic_vector(1 TO I LENGTH) IS I;
ALIAS rv: std_logic_vector(1 TO r' LENGTH) IS r;
VARIABLE result: std_logic_vector(1 TO I' LENGTH);
BEGIN
IF(I'LENGTH /=r' LENGTH) THEN
ASSERT FALSE
REPORT “arguments of overloaded 'xor’ operator are not of the same length”
SEVERITY FAILURE;
ELSE
FOR i IN result RANGE LOOP
result(i):=xor_table (Iv(i), rv(i));
END LOOP;
END IF;
RETURN result;
END "xor";

FUNCTION "xor" (I, r : std_ulogic_vector) RETURN std_ulogic_vector IS
ALIAS Iv: std_ulogic_vector(1 TO1'LENGTH) IS I;
ALIAS rv: std_ulogic_vector(1 TO r LENGTH) IS r;
VARIABLE result: std_ulogic_vector(1 TO 1 'LENGTH);
BEGIN
IF (I'LENGTH /=r' LENGTH) THEN
ASSERT FALSE
REPORT "arguments of overloaded 'xor’ operator are not of the same length”
SEVERITY FAILURE;

ELSE

FOR i IN result’ RANGE LOOP
or_table (Iv(i), rv(i));

RETURN result;
END "xor";

- xnor

- Note: The declaration and implementation of the "xnor" function is
- specifically commented until at which time the VHDL language has been

- officially adopted as containing such a function. At such a point,



PR D VHDL ¥R REE A S X

-383-

the following comments may be removed along with this notice without
further "official" ballotting of this std_logic_1164 package. It is

the intent of this effort to provide such a function once it becomes
available in the VHDL standard.

function "xnor” (I, r: std_logic_vectorreturn std_logic_vector is
alias Iv: std_logic_vector(1 to Ilength) is I;
alisarv: std_logic_vector(l to r'length) is r;
variable result: std_logic_vector(1 to I'ength);
begin
if(I' length /=r' length) then
assert false
report "arguments of overloaded "xnor' operator are not of the same length”
severity failure;
else
for i in result' range loop
result(i):=not_table(xor_table(Iv(i), rv(i)));
end loop;
end if;
return result;
end "xnor";
function "xnor" (I, r: std_ulogic_vector) return std_ulogic_vector is
alias Iv: std_ulogic_vector(1 to I'length) is I;
alias rv: std_ulogic_vector(1 to rlength) is r;
variable result: std_ulogic_vector(1 to I'length);
begin
if(I'length /=r'length) then
assert false
report "arguments of overloaded 'xnor’ operator are not of the same length"
severity failure;
else
for i in result'range loop
result(i):=not_talbe(xor_table(lv(i), rv(i)));
end loop;
end if;
return result;

end "xnor";
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FUNCTION "not" (I: std_logic_vector) RETURN std_logic_vector IS

ALIAS lv: std_logic_vector(1 TO I' LENGTH) IS I;

VARIABLE result: std_logic_vector(1 TO I' LENGTH): =(OTHERS=>X');
BEGIN

FOR i IN resultRANGE LOOP

result(i):=not_table(lv(i));

END LOOP;

RETURN result;
END;

FUNCTION "not" (I: std_ulogic_vector) RETURN std_ulogic_vector IS

ALIAS Iv: std_ulogic_vector(1 TO I' LENGTH) is I,

VARIABLE result: std_ulogic_vector(1 TO I' LENGTH):=(OTHERS=>'X");
BEGIN

FOR i IN resultRANGE LOOP

result(i):=not_table(Iv(i));

END LOOP;

RETURN result;
END;

-- conversion tables

TYPE logic_x01_table IS ARRAY (std_ulogic' LOW TO std_ulogic’'HIGH)OF XO01;
TYPE logic_x01z_table IS ARRAY (std_ulogic' LOW TO std_ulogic’'HIGH)OF X01Z;
TYPE logic_ux01_table IS ARRAY (std_ulogic' LOW TO std_ulogic’'HIGH)OF UX01;

~-table name : cvt_to_x01

--parameters:

- in : std_ulogic -- some logic value

= x01 -- state value of logic value
: 10 convert state-strength to state only

: if(cvt_to_xOl(input_signal)="1") then--

CONSTANT cvt_to_x01 : logic_x01_table:=(
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- table name  : cvt_to_x0lz
- parameters
- in: std_ulogic -~ some logic value
-- returns = x01z -- state value of logic value
-- purpose : to convert state-strength to state only
-- example + if(cvt_to_x0lz(input_signal)="1") then...

CONSTANT cvt_to_x01z : logic_x01z_table:=(

--tablename  : cvt_to_ux01

-- parameters

- in : std_ulogic - some logic value

-- returns : ux01 _- state value of logic value
-- purpose : to convert state-strength to state only

-- example + if(cvt_to_uxOl(input_signal)="1") then...

CONSTANT cvt_to_ux01 : logic_ux0l_table:=(
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0, -
", ~H
X oy,

- conversion functions

FUNCTION To_bit(s : std_ulogic; xmap : BIT:='0') RETURN BIT IS

BEGIN
CASEs IS
WHEN '0' I 'L' =>RETURN('0");
‘WHEN '1' | 'H' =>RETURN('1");
'WHEN OTHERS=>RETURN xmap;
END CASE;
END;

FUNCTION To_bitvector(s: std_logic_vector; xmap: BIT:=0’) RETURN BIT_VECTOR IS
ALIAS sv : std_logic_vector(SLENGTH-1 DOWNTO 0) IS s;
VARIABLE result : BIT_VECTOR(sLENGTH-1 DOWNTO 0);
BEGIN
FOR i IN result RANGE LOOP
CASE sv(i) IS
WHEN '0' | 'L'=>result(i)
WHEN '1' I'H' =>resuli(i)
WHEN OTHERS=>result(i)
END CASE;
END LOOP;
RETURN result;

END;

FUNCTION To_bitvector(s : std_ulogic_vector; xmap: BIT:=0)RETURN BIT_VECTOR IS
ALIAS sv : std_ulogic_vector(sLENGTH-1 DOWNTO 0) IS s;
VARIABLE result : BIT_VECTOR(*LENGTH-1 DOWNTO 0);
BEGIN
FOR i IN result’ RANGE LOOP
CASE sv(i) IS
WHEN 0'I'L’ =>result(i)
WHEN 'I'l'H =>result(i)
WHEN OTHERS=>result(i) := xmap;




%D VHDL FREAS X

-387-

END CASE;
END LOOP;
ETURN result; .
END;

FUNCTION To_StdULogic(b : BIT) RETURN std_ulogic IS

BEGIN
CASEbIS
'WHEN '0' =>RETURN'0';
WHEN 'l' =>RETURN'l’;
END CASE;
END;

FUNCTION To_StdLogicVector(b : BIT_VECTOR)RETURN std_logic_vector IS
ALIAS by : BIT_VECTOR(b' LENGTH-1 DOWNTO 0) IS b;
VARIABLE result : std_logic_vector(b' LENGTH-1 DOWNTO 0);
BEGIN
FOR i IN result’ RANGE LOOP
CASE bv(i) IS
WHEN 0’ =>result(i)
WHEN 1" =>result(i) :
END CASE:
END LOOP;
RETURN result;
END;

FUNCTION To_StdULogicVector(s : std_ulogic_vector) RETURN std_logic_vector IS
ALIAS sv : std_ulogic_vector(s' LENGTH-1 DOWNTO 0) IS s;
VARIABLE result : std_logic_vector(s' LENGTH-1 DOWNTO 0);

BEGIN
FOR i IN result’ RANGE LOOP

result(i):=sv(i);
END LOOP;
RETURN result;
END;

FUNCTION To_StdULogicVector(b : BIT_VECTOR)RETURN std_ulogic_vector IS
ALIAS bv : BIT_VECTOR(b' LENGTH-1 DOWNTO 0) IS b;
VARIABLE result : std_ulogic_vector(b' LENGTH-1 DOWNTO 0);
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BEGIN
FOR i IN result' RANGE LOOP
CASE bv(i) IS
WHEN '0' => result(i) :
'WHEN 'l => result(i)
END CASE;
END LOOP;
RETURN result;
END;

FUNCTION To_StdULogicVector(s : std_logic_vector)RETURN std_ulogic_vector IS
ALIAS sv : std_logic_vector(s' LENGTH-1 DOWNTO 0) IS s;
VARIABLE result : std_ulogic_vector(s' LENGTH-1 DOWNTO 0):

BEGIN
FOR i IN result’ RANGE LOOP

v(D);

result(i;

END LOOP;

RETURN result;
END;

-- strength strippers and type convertors

-~ to_x01

FUNCTION To_X01(s : std_logic_vector)RETURN std_logic_vector IS
ALIAS sv : std_logic_vector(1 TO s' LENGTH) IS s;
VARIABLE result : std_logic_vector(1 TO s' LENGTH);

BEGIN
FOR i IN result RANGE LOOP
result(i):=cvt_to_x01 (sv(i));

END LOOP;
RETURN result;

END;

FUNCTION To_XO0l(s : std_ulogic_vectoRETURN std_ulogic_vector IS
ALIAS sv : std_ulogic_vector(1 TO s' LENGTH) IS s;
VARIABLE result : std_ulogic_vector(1 TO s' LENGTH);

BEGIN
FOR i IN result’  RANGE LOOP
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result(i):=cvt_to_x01 (sv(i)):
END LOOP;
RETURN result;

END;

FUNCTION To_X01(s : std_ulogic)RETURN X01 IS
BEGIN

RETURN(evt_to_x01(s));
END;

FUNCTION To_X01(b : BIT_VECTOR)RETURN std_logic_vector IS
ALIAS bv : BIT_VECTOR(1 TO b’ LENGTH) IS b;
VARIABLE result : std_logic_vector(1 TO b' LENGTH);
BEGIN
FOR i IN result’ RANGE LOOP
CASE bv(i) IS
WHEN '0'
WHEN 'I" =>result(i) :="
END CASE;
END LOOP;
RETURN result;
END;

=>result(i)

FUNCTION To X0l(b : BIT_VECTOR)RETURN std_ulogic_vector IS
ALIAS bv : BIT_VECTOR(I TO b’ LENGTH) IS b;
VARIABLE result : std_ulogic_vector(1 TO b’ LENGTH);

BEGIN
FOR i IN result' RANGE LOOP
CASE bv(i) IS
WHEN "0’ =>result(i) :
WHEN 'l =>result(i) :
END CASE;
END LOOP;
RETURN result;
END;

FUNCTION To_X01(b : BIT)RETURN X01 IS
BEGIN
CASEb IS
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WHEN '0' =>RETURN(0');
WHEN 'I' =5>RETURN(1');
END CASE;
END;

- to_x0lz

FUNCTION To_X01Z(s: std_logic_vector)RETURN std_logic_vector IS
ALIAS sv: std_logic_vector(1 TO s' LENGTH) IS s;
VARIABLE result : std_logic_vector(1 TO s' LENGTH);
BEGIN
FOR i IN result’ RANGE LOOP
result(i): =evt_to_x01z (sv(i));
END LOOP;
RETURN result;
END;

FUNCTION To_X01Z (s : std_ulogic_vector)RETURN std_ulogic_vector IS
ALIAS sv: std_ulogic_vector(1 TO s' LENGTH) IS s;
VARIABLE result: std_ulogic_vector(1 TO s' LENGTH);
BEGIN
FOR i IN result' RANGE LOOP
result(i): =cvt_to_x01z (sv(i));
END LOOP;
RETURN result;
END;

FUNCTION To_X01Z(s: std_ulogic)RETURN X01Z IS
BEGIN

RETURN(cvt_to)_x012(s));
END;

FUNCTION To_X01Z(b: BIT_VECTOR)RETURN std_logic_vector IS
ALIAS bv: BIT_VECTOR(I TO b’ LENGTH) IS b;
VARIABLE result: std_logic_vector(1 TO b' LENGTH);
BEGIN
FOR i IN result’  RANGE LOOP
CASE bv(i) IS
WHEN 0" =>result(i)
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WHEN 'I' =>result(i) -
END CASE;
END LOOP:
RETURN result;
END:

FUNCTION To_X01Z (b: BIT_VECTOR) RETURN std_ulogic_vector IS
ALIAS bv: BIT_VECTOR(I TO b' LENGTH) IS b;
VARIABLE result : std_ulogic_vector(l TO b’LENGTH);

BEGIN
FOR i IN result'RANGE LOOP

CASE bv(i) IS
WHEN 0" => result(i) :='0";
WHEN 'I' => result(i) :='1";
END CASE;
END LOOP;
RETURN result;
END;

FUNCTION To_X01Z(b: BIT)RETURN X01Z IS

BEGIN
CASEb 1S
WHEN > RETURN('0");
WHEN 'I' => RETURN('1');
END CASE;
END;
- to_ux01

FUNCTION To_UXO1(s : std_logic_vector)RETURN std_logic_vector IS
ALIAS sv : std_logic_vector(1 TO s' LENGTH) IS s;
VARIABLE result : std_logic_vector(1 TO s' LENGTH);
BEGIN
FOR i IN result’ RANGE LOOP
result(i):=cvi_to_uxO1 (sv(i));
END LOOP;
RETURN result;
END:
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FUNCTION To_UXO01 (s: std_ulogic_vector) RETURN std_ulogic_vector IS
ALIAS sv: std_ulogic_vector(1 TO s' LENGTH) IS s;
VARIABLE result: std_ulogic_vector(1 TO s' LENGTH);

BEGIN
FOR i IN result 'RANGE LOOP

result(i):=cvt_to_ux01 (sv(i));
END LOOP;
RETURN result;

END;

FUNCTION To_UXOI(s: std_ulogic)RETURN UXO01 IS
BEGIN

RETURN(cvt_to_ux01(s));
END;

FUNCTION To_UXO0I(b: BIT_VECTOR)RETURN std_logic_vector IS
ALIAS bv: BIT_VECTOR(1 TO b' LENGTH) IS b;
VARIABLE result: std_logic_vector(1 TO b' LENGTH);

BEGIN
FOR i IN result' RANGE LOOP
CASE bv(i) IS
'WHEN 0" => result(i;
WHEN 'I' => result(i) :
END CASE;
END LOOP;
RETURN result;
END;

FUNCTION To_UX01(b: BIT_VECTOR)RETURN std_ulogic_vector IS
ALIAS bv: BIT_VECTOR(I TO b' LENGTH) IS b;
VARIABLE result : std_ulogic_vector(I TO b' LENGTH);
BEGIN
FOR i IN result’ RANGE LOOP
CASEbv(i) IS
WHEN 0 => result(i
WHEN"'
END CASE;
END LOOP;

=> resuli(i
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RETURN result;
END;

FUNCTION To_UXO01(b : BIT)RETURN UXO1 IS

BEGIN
CASEb IS
'WHEN 0" => RETURN('0'
'WHEN 'I' => RETURN('1');
END CASE;
END;

- edge detection

FUNCTION rising_edge(SIGNAL s: std_ulogic) RETURN BOOLEAN IS
BEGIN
RETURN(s' EVENT AND(TO_X01(s)="1") AND
(TO_XO01(s' LAST_VALUE)="0));
END;
FUNCTION falling_edge(SIGNAL s: std_ulogic) RETURN BOOLEAN IS
BEGIN
RETURN(s' EVENT AND(TO_X01(s)="'0") AND
(TO_XOl(s' LAST_VALUE)="1));
END;

~- object contains an unknown

FUNCTION Is_X(s: std_ulogic_vector) RETURN BOOLEAN IS

BEGIN
FOR i IN s' RANGE LOOP
CASEs(i) IS
WHEN 'U'['X " I'Z' | 'W' | "= |=>RETURN TRUE;
'WHEN OTHERS=>NULL:
END CASE:
END LOOP;
RETURN FALSE;
END;

FUNCTION Is_X(s : std_logic_vector) RETURN BOOLEAN IS
BEGIN
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FOR i IN s' RANGE LOOP

CASE s(i) IS
WHEN "U'I'X'|'Z'I'W' | "' I=>RETURN TRUE;
WHEN OTHERS=>NULL;
END CASE;
END LOOP;
RETURN FALSE;

END;

FUNCTION Is_X(s: std_ulogic) RETURN BOOLEAN IS

BEGIN
CASEs IS
WHEN 'U'|'X'1"Z'|'W'| '~ I=>RETURN TRUE;
WHEN OTHERS=>NULL;
END CASE;
RETURN FALSE;
END;

END std_logic_1164;

e std_logic_arith(Synopsys 2 7 #2{#)

- Copyright () 1990, 1991, 1992 by Synopsys. Inc. All rights reserved. -

source file may be used and distributed without restriction -

- provided that this copyright statement is not removed from the file

-~ and that any derivative work contains this copyright notice.

- Package name: STD_LOGIC_ARITH

-~ Purpose:
- Asetof arithemtic, conversion, and comparison functions -
-~ for SIGNED, UNSIGNED, SMALL INT, INTEGER, -
-~ STD_ULOGIC, STD_LOGIC, and STD_LOGIC_VECTOR. -

library IEEE;

use IEEE.std_logic_1164.all;

package std logic_arith is
type UNSIGNED is array(NATURAL range <>)of STD_LOGIC;
type SIGNED is array(NATURAL range <>)of STD_LOGIC;
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subtype SMALL_INT is INTEGER range 0 to 1;

function "+" (L: UNSIGNED; R: UNSIGNED) return UNSIGNED;

function "+" (L: SIGNED; R: SIGNED) return SIGNED;

function "+" (L: UNSIGNED; R: SIGNED) return SIGNED;

function "+" (L: SIGNED; R: UNSIGNED) return SIGNED;

function "+" (L: UNSIGNED; R: INTEGER) return UNSIGNED;

function "+" (L: INTEGER; R: UNSIGNED) return UNSIGNED;

function "+" (L: SIGNED; R: INTEGER) return SIGNED;

function "+" (L: INTEGER; R: SIGNED) return SIGNED;

function "+" (L: UNSIGNED; R: STD_ULOGIC) return UNSIGNED;

function "+" (L: STD_ULOGIC; R: UNSIGNED) return UNSIGNED;

function "+" (L: SIGNED; R: STD_ULOGIC) return SIGNED;

function "+" (L: STD_ULOGIC; R: SIGNED) return SIGNED;

function "+" (L: UNSIGNED; R: UNSIGNED) return STD_LOGIC_VECTOR;
function "+" (L: SIGNED; R: SIGNED) return STD_LOGIC_VECTOR;
function "+" (L: UNSIGNED; R: SIGNED) return STD_LOGIC_VECTOR;
function "+" (L: SIGNED; R: UNSIGNED) return STD_LOGIC_VECTOR;
function "+" (L: UNSIGNED; R: INTEGER) return STD_LOGIC_VECTOR;
function "+" (L: INTEGER; R: UNSIGNED) return STD_LOGIC_VECTOR;
function "+" (L: SIGNED; R: INTEGER) return STD_LOGIC_VECTOR;
function "+" (L: INTEGER; R: SIGNED) return STD_LOGIC_VECTOR;
function "+" (L: UNSIGNED; R: STD_ULOGIC) return STD_LOGIC_VECTOR;
function "+" (L: STD_ULOGIC; R: UNSIGNED) return STD_LOGIC_VECTOR:
function "+" (L: SIGNED; R: STD_ULOGIC) return STD_LOGIC_VECTOR;
function "+" (L: STD_ULOGIC; R: SIGNED) return STD_LOGIC_VECTOR;
: UNSIGNED; R: NSIGNED) return UNSIGNED;

+ SIGNED; R: SIGNED) return SIGNED;

function "~" (L: UNSIGNED; R: SIGNED) return SIGNED;

function "~" (L: SIGNED: R: UNSIGNED) return SIGNED;

function "~" (L: UNSIGNED; R: INTEGER) return UNSIGNED;

function "~" (L: INTEGER; R: UNSIGNED) return UNSIGNED;

function "~" (L: SIGNED; INTEGER) return SIGNED;

function "~" (L: INTEGER; R: SIGNED) return SIGNED:

function “~" (L: UNSIGNED; R: STD_ULOGIC) return UNSIGNED;

function "~" (L: STD_ULOGIC; R: UNSIGNED) return UNSIGNED:

function "~" (L: SIGNED; R: STD_ULOGIC) return SIGNED;

function "=" (L: STD_ULOGIC; R: SIGNED) return SIGNED;

function "~" (L: UNSIGNED; R: UNSIGNED) return STD_LOGIC_VECTOR;
function "~" (L: SIGNED; SIGNED) return STD_LOGIC_VECTOR;

function

function




- 396 -

VHDL 54155 5% P2 ML BRI

function "~" (L: UNSIGNED; R: SIGNED) return STD_LOGIC_VECTOR;
function "~" (L: SIGNED; R: UNSIGNED) return STD_LOGIC_VECTOR;
function "~" (L: UNSIGNED: R: INTEGER) return STD_LOGIC_VECTOR;
function "—" (L: INTEGER; R: UNSIGNED) return STD_LOGIC_VECTOR;
function "~" (L: SIGNED; R: INTEGER) return STD_LOGIC_VECTOR;
function "~" (L: INTEGER; R: SIGNED) return STD_LOGIC_VECTOR;
function "~" (L: UNSIGNED; R: STD_ULOGIC) return STD_LOGIC_VECTOR;
function "~" (L: STD_ULOGIC; R: UNSIGNED) return STD_LOGIC_VECTOR;
function "~" (L: SIGNED; R: STD_ULOGIC) return STD_LOGIC_VECTOR;
function "~" (L: STD_ULOGIC; R: SIGNED) return STD_LOGIC_VECTOR;
function "+" (L: UNSIGNED) return UNSIGNED;

function "+" (L: SIGNED) return SIGNED;

function "~" (L: SIGNED) return SIGNED;

function "ABS"(L: SIGNED) return SIGNED;

function "+" (L: UNSIGNED) return STD_LOGIC_VECTOR;

function "+" (L: SIGNED) return STD_LOGIC_VECTOR;

function "~" (L: SIGNED) return STD_LOGIC_VECTOR;

function "ABS"(L: SIGNED) return STD_LOGIC_VECTOR;

function "*" (L: UNSIGNED; R: SNSIGNED) return UNSIGNED;

function "*" (L: SIGNED; R: SIGNED) return SIGNED;

function "*" (L: SIGNED; UNSIGNED) return SIGNED;

function "*" (L: UNSIGNED; R: SIGNED) return SIGNED;

function "*" (L: UNSIGNED; R: UNSIGNED) return STD_LOGIC_VECTOR;
function "*" (L: SIGNED; R: SIGNED) return STD_LOGIC_VECTOR;
function "*" (L: SIGNED; R: UNSIGNED) return STD_LOGIC_VECTOR;
function "*" (L: UNSIGNED; R: SIGNED) return STD_LOGIC_VECTOR;
function "<" (L: UNSIGNED; R: UNSIGNED) return BOOLEAN;

function "<" (L: SIGNED; R: SIGNED) return BOOLEAN;

function "<" (L: UNSIGNED; R: SIGNED) return BOOLEAN;

function "<" (L: SIGNED; R: UNSIGNED) return BOOLEAN;

function "<" (L: UNSIGNED; R: INTEGER) return BOOLEAN;

function "<" (L: INTEGER; R: UNSIGNED) return BOOLEAN;

function "<" (L: SIGNED; R: INTEGER) return BOOLEAN;

function "<" (L: INTEGER; R: SIGNED) return BOOLEAN;

" L: UNSIGNED; R: UNSIGNED) return BOOLEAN;

function "<="(L: SIGNED; R: SIGNED) return BOOLEAN;

function "<=" (L: UNSIGNED; R: SIGNED) return BOOLEAN;

function "<=" (L: SIGNED; R: UNSIGNED) return BOOLEAN;

(L: UNSIGNED: R: INTEGER) return BOOLEAN;

function "<='

function "<
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function "<=" (L: INTEGER; R: UNSIGNED) return BOOLEAN;
function "<=" (L: SIGNED; R: INTEGER) return BOOLEAN;
function "<=" (L: INTEGER; R: SIGNED) return BOOLEAN;

function ">" (L: UNSIGNED;

: UNSIGNED) return BOOLEAN;

function ">" (L: SIGNED; R: SIGNED) return BOOLEAN;

function ">" (L: UNSIGNEI

: SIGNED) return BOOLEAN;

function ">" (L: SIGNED: R: UNSIGNED) return BOOLEAN;

function ">" (L: UNSIGNED;

:+ INTEGER) return BOOLEAN;

function ">" (L: INTEGER; R: UNSIGNED) return BOOLEAN;
function ">" (L: SIGNED; R: INTEGER) return BOOLEAN;

function ">" (L: INTEGER;

+ SIGNED) return BOOLEAN;

function ">="(L: UNSIGNED; R: UNSIGNED) return BOOLEAN;

function "

function ">=" (L:

function ">="(L: SIGNED;
UNSIGNED;
function ">=" (L: INTEGER:

function ">=" (L:

L: SIGNED;
UNSIGNED;

: SIGNED) return BOOLEAN;

: SIGNED) return BOOLEAN;

: UNSIGNED) return BOOLEAN;

: INTEGER) return BOOLEAN;
: UNSIGNED) return BOOLEAN;

function ">=" (L: SIGNED; R: INTEGER) return BOOLEAN;

function ">=" (L: INTEGER;
: UNSIGNED; R: UNSIGNED) return BOOLEAN;
: SIGNED; R: SIGNED) return BOOLEAN;

: UNSIGNED; R: SIGNED) return BOOLEAN:

: SIGNEI

function
function

function

function

: SIGNED)