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1. ERRHEITIERE

A A SUR N S 2T VHDL 8 SR05R LB 2 R NES W E —
Pl . EH TR BN HEBRGUTERNE 1 1 .

inl
adder === pout
inZ

1

entl

B 1.1 FERE O 0% %

RSP MR inl Rl in2, ~ MR pout, A ~AMZEBET entl,
Hof A ORISR s N0 KR A IA R, BB OMRBIR. KB 0. NFE
J3 <17, MIEEERED ontl <10 B, SHELARORR M RETMEEE. BIF
AT LT (R

2. FEFE VHDL EERRFARBERR
AR B E R AN, ToR%. INERNT .
(1) RS O ER R #AR

entity adder is
port ( inl bit vector:
in2 hit vector;
entl; hit;
pout out bit vector);
ond adder;
architecturs func of adder iB
bagin
progess {cntl)
begin
if  {cntl=" 1" } then pout <= inl+inZ;
end if;
erdl process:

end func:



EE . HEEiE A pout <= inl + in2 MRy “+7 Fgge < 7, HWEH RN
e 458 il v 1 A8k 28 RO A o

(2) "It X

IR IFSCAE VHDL R HE A BT ISR R BRIMR: © I LMURE MR . — S
BER . A RIS TERE o TEAREIR, RIS RE kS

(3) EKiAA
EARRBHEE VHDL A, LIREF entity FIgEgEiss . BEHEBEAXOT .
entity the name of entity is
port {
)i
and the name of entity;

KARULBHAR A R 2 T R RS F R INR . ARSI E L. RIS
HFETE—TRET KER -

KRR SRR D, RFRFERAERER M ARD, —MEHREO M
=Mt . ETE 1. 1 s sh s O

T BRARTE REFRISEREBIRE F. TUEERD port, TERE &AYAEEH.
KRB R R AT LAINE, EEE A LURG 257 generic 5] A S% -

(4) Lk

tE (A tie VHDL i A Al 2D RER . E iR S 00T e Es e, AR
Lae LA B ] SERGX LA RE « YT FAOIT A TRE, FEERIT AR, Wit
CERITRER . SR BEERSEMAE . AN FRR B TR S .

gEMAETE FRERFRER, -FANFHEREY (WMHREM TEEHRE RN
ERTCIHEN

(5) itz

HRBTARE TR, SRARBOUZARFEXR. MHAREANESTE L
—HTER T RAUARELITRIM B, SRS R ERRA B Rt

AR R process TRl JEHTE process 2 G —MEIRK{E SR, FARTTL
B TEETHRGES . ATEBRESBES AR £ n, £3EEEDEDRT
WIREER S, hRBREFHIEHR.

REREIESRERNRE - 2HRIER, HEMGAIERET L. BRRES B

« ).



¥ entl. Hentl BEAR] (B 07 ZF| <1 m <1” TE| ©07), Ba@ad
BT -

(6) AR5 4] if

KPR AR F 56, CSEREST ifETRLL HITER. 7
BB, MR entl 10, MHEIMERIE, TUREITEMERIE

(7) {Em=

FER B AFA AT AET D0 AR 2 R A D BEE I E R R . R
PR B AO(EAEDN, SRR .

ArB(V A RS —FPEE LA, M bit_vector 7. F{ENHFMNEE—E. W
“100101107, “01010101" . B2 N {GAIBIERRRTE— KT -

(8) Eif

EE R A BIFT R A9 A BB HERIRIRFE, AR 2B Ay rhiy <+ RIETT A 2 E
EX ERINERE UK LE - EREEN . ERZEAAIPEER I THEREZS
B, BERFHRREE AT UAR . BEERITERES T LR LR — R T A
PR M AR B F - X, FOe 28NN . NLE R AL BAAEm.
LA <+ X NEEE -

(F¥hiE L. | addervhd)
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1. BERAS T{ERIE

ARSE | FPRNEEE A M- MomErFEm, B4 FER 2L F i
G A T O, R RS S EROR 2.1 AR &G EE ™M m AmD inl
Fl in2, —PEIHIBO pout. EAIIEAE SRR -

inl
adder |[—— pout
2

B 2.1 FEedlas O RhnEes

HIRe5 8 | BB IR SRITHREE AT IX B, X T INEEERERE 2ns BERFH A D1 H
TRIMEHEMESERE B im T, AT TR IR BB EEH, A2 B,
RIS 5 4H -

2. VHDL &SR AZRIBEZSH

AT HEOIEGSE | FIERAE 2, HSEAER . Y%, SAiHEAH
s LI BTA AR EIE O - TRESIHRARBRNE .
(1) A3 3 189 hnsE 28 ARk

entity adder is

port({ inl : bit veclor;
inZ : bit_vector;
pout : out bit vector):
and adder;
architecture func of adder 18
begin
process {inl, inZ)
bagin

pout <= in! + inZ after Zns;
ornd process;
end func:

EE . BESEA) pout <= inl + in2 after 2nsHhfy <+ B -7 &, I



PR LRI O AN T2 N ] BB 2R A R -
(2) BBIES

AP BEFEESCHEREWROES, MENMEARDMNES inl § in2. X
EREAMAEEPHEM P HEF N BR LR, HERBEHEFIIT E: A
IR AR BRI . REERARAFIERA. BoNEBRIRNERFLT
F RFEEEAENF R B R O, XPERME AN ERE. hmEuRiE SREd
LRI IR —RFI T

(3) R

AR RE R B 2 G R WS4

pout <= inl + in2 after 2ns;

ELERE AR RAE . — AR A 8 OO M 2 B A — ER R ()R i
TETER R THEN R B FRVER . ERER TR A SR .

EERRBRE T ) inertial . ERENMIPEIER. ZEASNIEAT, ©HSELEE
SR T SERRARERIIT D . BN, B AR, Y EHAROMRN EREN. &
FRESASHYESE. 2R - RRMmERE, YREERERUE. Ea8ky
el —EREL MARFERNE. XS TER.

W REENE MREFEERR AT H RRRETR. L, BoARLE
A 2w R, AR EHEEFTERANE, EHE SRR e, XA
HE R B ERR A FHI91T R -

THRIEERIRE T traneport, THITTEEL FHIER . B, TEF ST
ZIAHESMR 0TSSR ERIE. MERORE RS, B
A MEENREESIEREREIRA. ESULRLETEN AN, X3t
EWER - SMEERRERE, TiRREH 2080, B IR0EBEw S REES
W57 — i ‘

ABIHHIIER SR PERER - S5 A D RF A G RAHING i I8 E B 2 448
ZIEA 2B L . MBREFIERA . N8 O EE .

(RaG:E L4 %: 2 adder.vhd)
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1. BERRZ TR

AGE RS R RRESEA TP R ENTHE, HERE AR
SR BB 3. LR AR RES T M AR A S T 55009 inl BT in2, — 4 i ¥m [ pout.
BE— AR entl, HudAdm CIR S sw O RSB m & 128 O Ry 2R 3V
EfLs BEN <0 gFER <17 LIRRIRO entl Ay 1 REL XA SR TR (i
BT REARE. &AZITEHRE.

in] ==
in2=';::

mul == pout

]

entl

31 FIEREO0REEE
2. VHDL iF 8 iR AR BB ZES
B s R AR A T

entity mul is

port{ inl : bit_vector;
inZ : bil vector;
ontl v bit;
pout + ouwt bit_vector};
snd mul ;
architecture func of mul] is
bagin
process (cntl)
begin
if f(entl= " 1' } then pout <= inl #* inZ:
end if;
end process;
oend fune;
i i H)
if f(cntl=" 1" ) then poul <= inl % in2:

s e

Lol |



gy Sy xr SLUN BEI5FE LHALPEEER. ALK —ERA R
BRTERBEMTESEE L.

AEEEEHNE, HER/IBM pout <= inl * in2 @] “x» SYW /7 5. KK
fid ok SR D 1 PR e O HIBRYE SR RO 2 - |

(B4 L4 %: 3 mul.vhd)
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1. BERGTIERE
AFIE— MBS B THER T USBARREBHEN AN HERRGTEEN
B 4.1 i . HECRBF MR AR 500 inl Ml in2, RACOGGAE, BT

AL X - B AT (AR BN Kb« FAMER — 156 i m T pout, FEEBIRIEE S
$o N inl AT in2, 0 pout Kl 1", BRIk 0.

inl =E:

comp (—e pout
in2 ="

4.1 eErER
2. VHDL ISR AZERIEZHah

RN ESESENESEBMESH. TH——IHH-
(1) SEEEEE Ay iIRE

entity bit rtl 1t ne is
port { inl,in2 bit_vector;

pout : out bhit ):
end bit rtl 1t nc;

architecture func

of bit rtl 1t nc is
begin
process {inl , inZ)
variable left: integer;
variable right integer;
begin
left = bit_to_int(inl);
right =

bit to_int{in2);
if (left < right) then pout <= ' 1’
also pout <= " ('  after Ins;
ond if;

errd process

snd func;

after Ins;



() EB”S5ES

VHDL iBZPE =R, 7R ES - TEAHEER . BT TIETHMN AR ik
OESE LN EES, SaA T hREEERMIE TR, MERUZ2EEME .

FERTE AT 2P DI BR O ESWRE. 4 pout <= inl+in2 FEEEWROES
pout B{E - MEARF D, BRITELMNTRRE, HHENZENES . TRBRENE
YRE T

L 55

S BRARIBTHEIENTFE. BESMRBERESFEE BB RER. Ax
e signal HEBAES . L&D - EHE AR G HNEEEHEAGE S .

@ Tg

BEMTHE RO FRERHEIRIEEE - FXE@T variable (HEATHE .

@ TRS5ESHXH

s EERERER; MEBRENFIER.

o EEBRUAENETFEZHXMEE, WHEEENERFE, MR R 4qE.

o JREMESHBMNERABE.

e EEAUREZIHEN2RAES,, MTRRETECHIRFEF AT .

o EEEEHATERNMEAER. IEERFTONEENEE T TH, EE8TF

LR R T, BRBEFEADRELLMN N XE, WEA Tt
=R R R BT B

@ TERBESESH{E |

ERRF, MBH—NMEFSHE. WZEEWERSIIEY MEEEF 1
delta }EIR 2 l5, ZEAEHEERLEES, TNEESHEL delta TR HiHEEE
W ; mAt TRRME REMTHE, 4EATPEYN . TESEFHATERENZE
BE 2 R X 30

TR
architecture - example of example is
variable a, b, ¢ : integer;
begin

a ;= 40,

b = 30;

a = b;

b := a;

ond example;

BR X REERAERARERETR a8 b BEZH N 30.
55 IE -



architecture example of example s
signal a, b, ¢ : integer;
begin |
a <= 40;
h <= 30,
wait for 10ns;
a <= b;
h <= a;
wait for 1l0ns;
snd example;

E—BEREEMNERMA—HT . ayg{EN 40, bPPHERN 30, fEa<=b X
—iBH 2 G, 7 deltalfBlzA. a y{EFEE LBIZEEE] b B FE 30 X—F, B§
BHAWIEG b <= ath, a@EMIBEEZ 40, MAZ 30, M7Ewait for 10ns iX—iEa) 2
5. BREESWRPEA AR, EHA 10 ns b delta dEMN R EKIRS . EW¥iLAR
WHEER . RO —{RISERVEE S 2 a f1 b B B ARSCHE . B LR ER R LLE H1{E
SR{E 52 B E 2 B X 5 -

C AFEREN—SE TEMEAMTSE - miESRERMTSR2<=.

® At LA RESTFENE

U, ESCRERFEEREN. EARESEFEREHER 3 MNEA -

o TRMM{EHIERR. WESLFALEFE—MHEFLE

« TRFFBEAIINEESRTELY,. MESUWEBREESHER;

s EEAREFE T waitEq), LUEAHTHREZEAESHE SWEERNT S48 .

A RBNTRTEEN T HITIHENEREE, SEFHNPERFEERAGHEFT R
mAfTES, oA R R PR IT ik 2 [l -

(3) RBEEHENAA

AFHHZIT REL bit to int, jFEAYE 10 FRERERRZEARWEE, ZE
HEE®ES A, HIBER Rl B AR ny e .

HRECE ST LS, BITER R T 2RO 77 3 HGfT IR A - VEDL 155 KBRS R
RESHEEAAEN REEAENMA S ERRE RS . B{ERHEA
W EE 10 PINE 18 FIRYIRHEA .

( RigiE LHE: 4 comp.vhd)
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1. R TERE

KPR — A% B R ST VIDL (B SA0RGR MRl 8L, W R PR T

B b B T R S A B R . R

B 5. 1 BT - % BREREE R MR AR inl f in2, — GO pout, FE—

MEGIAT entl. Frhi A OSSR DR RREM AR  BEROMRR, &R
0%, EHH 1. ‘

ol MUXZ =I»pout
in2 ==
cntl l

B 51 ZHAESE

TR (T R, ATUUEHNR ] entl AFE 1. 4 entl HREFH. EF
—i%. 2 entl NERETE. EER- B HRM. MREX 8 RS SHITIERE WEER
3= O -

2. VHDLiE SR = RiEESHT
“RRERFASTREEATT -

entity muxZ is
port { inl in bit_vector;
inZ in bit_vector;
pout out bit vector:
cntl ; in bit );
osnd mux2;
architecture func of muxZ is
bagin
pout <= inl  whan cntl=" 0’
alse in2;
end func;

FHEAET M AFHESBREET . FMESREEDRENRESREFON—

= ]] »



i —RHZESEEERNFNTHEESBRENERER. EARMENL: FALUH
AR, XEFA RS SIEE R when -

when (B AHE L ERE—TRE MESHWARERRER T WWFEFIRE when iE
Gk

pout <= inl when cntl—" 0f
else inZ;

HENE: Yentl FT <0 ETEERMA inl fERAMIE, S entl FF < 1°
HIHIRILERMI A, (n2 R XBLREI T —BRESRIVE Y .
R ESWEEASMN T — 54 vout i TWRERHIRIEA, TTLUGH &4 SRE
BB — P, TRRRNER S . &SRR TR
architecture func of bit _rtil muxZ is
begin
process (cntl)
pout <= inl when cntl=" 0'
else in2;

and process;
ond func:

( ZIBELHEZ: 5 mux2.vhd)
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1. BEEERSTIEIRE

REIR--MEELIRRNETR. TE— . FUSTERE LI BT
W . BB R TEEE 6. 1 BT . AEEEE — R . —MRARD . —

P O LA -~
pin =
ent]

el FFZE

BLF S BUBIREETER Bp LFHRET, MRERE ontl= <17, FHWAES pin &3
reg IEFAE. Hipout Hidi. MR pin BAEEN, WHHFHEAHEE. W reg iffFEL—
K pin B9{E, pout PENLAMEME E—R pin 89E, AMEIFENIER -

2. VHDL B SRR AZEIRESR
AP E QSN RE wait HO8HER M . Bt
(1) FEFmid

entity bit_rtl reg clk is

port{ pin : bit_vector:
entl : bit;
pout : out bit vector;
clk : bit };

end hit_rtl reg clk;
architecture func of bit rtl reg clk is

bagin
process
bagin
wait until clk’ EVENT and cik = ' |’ :
if {entl = ' 1' ) then pout <= pin:
end if;

end process:

* 13



end func;
(2) wait 5]

EF 1 FpEEILFETHRERESE NRE-ITHEBEPRREHRESE. ME
BRI BN EREFREHEE, BMER wait 54 .

wait iERIFEEA L EEHEGLIT 45,

@ wait on (E5%

wait on (HHIEE{E HIESRPWEMS SEEEUER . FEEHE -

@ wait until F£HEFEER

wait until {FHEEE. HIBIFFRANPFRRGEANE

@ wait for BffE]F L

wait for {di 2 (2HTE]) A3k = E B HIBT [E] .

@ wait M fykimErs. --MAH.

EEFHEZSE 2 R

wait until clk' EVENT and clk=" 1" :

fedlEr e EFAY TR LT BIEE, FeES R O ER A E EEE
PREE ; 0. HEEE, R AL H A RS ) sER -

EXF wait BRI, AZ—TMRERNE T HE B EVENT. THEFEE XEMS
HIRZ -

(3) W%

VHDL tHI R B K AT LA R B IR - 55 BIEEHAE S S0 FTE L UREIRY a f5
RN R HE XEBRERERE M5 BT EFHENTNL, KF A LRFEHH
T 1 £ VW, REEESHENER T4 S%.

&Pk EVENT M (RER Hl B 2 EERRN. WR—MESUT - MEEHE. HAE
ERIE GHZERMN, WEEHITHERS LEEE T — 1% . FETHE R 78T
RKAWTELAR THHES clki EFE

B STABLE Fi T R ETEHE E RN EHAN. 55 REHHE. 255 2R E
TN, RREAEL, REMENESRSESRATENE - MERENES . B
&)

wait until clk’ EVENT and clk=" 1' :

5 1L i AR RAER

wait until (not(clk’ STABLE)) and (clk=' 1' ):

= 14



B f&%A - EVENT fniERTEEH S MFLRE L ENE -
(4) Rfh

ZEBEIRIEITIRIT R, M R BRI B RGO R
BRI R R PR IR RN, SIPUAEET R - AR . RSB oLk MRE LTEHTR
ShER o EFIRVIRALE TR W R RERE S U E 8. R R e o S R
KRS
(L' precess
begin
clk <= not clk;
wait for 10ns;
snd procses;
2) process
begin
clk <= not clk after 10ns:
wait on clk;
end process;
3 process{clk)
bagin
clk == not clk after i0ns:
and process;
@ elk <= not clk after 10ns:

( RAGELHEL: 6 reg.vhd)
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AHIE— DR RFER. HRAG TEEOE 7.1 For . B3
=811 5 i Al O F, CLK, 1, Q0 71 @3- CIK ZRf#RdmLl. &4 -MHABHED Q.
Fir 1R A i oh i 1 75 0 M HOELRE o] ATERMEE i /el o] ATEREEaNAA .
BEnG, iR ORESTAS E—REBEERNER % . EmOs, Fﬁ%AﬁW
CLK BRFHE S, 1 HERIESS, Q0. Q3 AR TR .

e
CLK ]
I =4 peg
GO e
Q35—

E 7.1 HEUNETFHR

M 1T 309 000 i, Eth Q A F Al ABIE . X9 1 RS 3 {2 100 A, Q
AR L B3 F TR 348 10HE, W) Q Ze#—1fir. KA1 Q0 FEHAMF M
T QUHARRE, WMEEFRAINF FRIL06E

2. VHDL B S iR A B i L 47

AL — R P BiE &), B REE & R R S AR HNT A .
S50, RHBIRER, A R A R A IR R S .
(1) BAIEESE BN

use work. TYPES. all :
uee work. MWVLY functions. all:
use work. synthesis types. all;

entity ) regis
port |
K : inMVL7 vector(3 downto 0):
Clk inclock:

» 16 »



1 : inMVLT_vector (8 downto 0) ;
RO, Q3 : InMVLT;
A : inout MVL7 vector (3 downrto 0)
)

ond Q reg:

architecturs | regoff) regis

begin
¢ regl : block ( (clk = " 1' ) and (not clk’ STABLE )} )
hegin
Q <= guarded F when (I{8 downto 6} = "0D07)
else (3 & Q(Idownto 1} when (i{5dowmtot) = 1007}
slse Q{2 downto 0) & QO when (I(8downte 6) = "110")
slse Q;
end block § regl;
end (]_reg:

(2) & (block) EF]

il LAE PR EEE AT B . block EMIEIFS H R IBTEEE—&. BHE—
TR . block BRI T

AR E . bloek [ {({RF"EZER) ]
[(ERETa [EERE X, ]]
b v BROEOE; 1)
< IRiRBHiER >
begin
CHEER
end block [Hhdnss]

KB IHESR 10 FIHHHAE -
VHDL fRATE H-Z1E &R MRIE block &7 UL R HEE WA LAY . TR VHDL
1 53 A FIEG R ik 4018 A E IR EUR ERRTE LB M R S T — .

(3) WPRIPHIER

FARIPRIR 2 E RIF KA, BREAAAMEATAR IR ErEAEE L1ER - R
HIRANBHIRFIRI : S RFARE R True B b @FHWTHTFEER , 4/ /RE
JIATUE A False BT . ATRWKEIR X ETER -

AR, S Q_regl BRI 4 7 (clk="1") and (not clk’STABLE) o #Z{R#" Stk E0K
#AAEN B D AR, RIFAERIEaS 20T BRI, ST R
. RIPRAFTAE. B SRR E AR ST

Il?l



TR s db B &0 - NI diy 4 5 GUARDED gy /)3 £ BV {Z 5 Q. {§ & GUARDED
HHE 8% R R E -

(4) BETS&

FFHERLIERF S AR (A ERETE R 20 (0001°& 11017 EE=F 1°00011101” .
HEE . BLOEST SeERIFAIETTIREGA . Hl:

architecture entity name of entity_name s

variable v, vl, v2 . hil_vector;
bagin
v = vl & vZ;
CASe v is
when 00’ == o <= a;
when gEUN == p <= h:
when gt s> oo g
when "1l == o <= g
when others == null:
ond case;
end entity name;

Gh v v v2 ECSERIEAFIN R ATEER [ BT vi F0 v2 iyi|. ]
b 1) e BRI RERY T EE -

(5) L{EIBLE

A [ AE AR BRI AE R IR RUN 2 VEDL 85 & SOWEEE A, KFr 1. 1%
SERERIRTE—MEREE (hERF ') R B LE2E, e REERSIM -
CEZHEFEER 14 FIHAF RN

(6) AXMABEEHRE

5% VHDL ik 3% BT % 2inin N0, B FEBMEAM SRR ETIER. 2
TR T WEAThAE UL R EE . XE T BES IR H T . Ml R AR R
TTEMREERERE, GRS /5 BT AE LB, F i SRR = HA &
e QI 7.2 BT . ATETENESE 2410 ATRGA R R WANR S B — T8, MAE A
RS-t ERE T ot EH TN -

MRS S AR — PRI, G ERE 8, ENRIDH T EEdRE
B2 RIEMNE . BIURVE R, AfLO AT REETS5EYW. EERARAHE.
MR MENE SHEBRGZESHE - ARy .
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L Ry 7 1107 sy 1

H 72 MR ELR
@R AFRIMIRES S 7_test_vector. vhd

uss vork. TYPES. al | ;
usa work. MVLT functions. all;

use work. synthesis_types. all;
entityE is
snd;

architecture Aof [ 18
component U reg inst

port ( |
F : in MYLY? vector (3 downto 0} ;
CLK : inclock;
1 : in MVL7 vector (R downto 0) ;
Q0, Q3 ; in MYL7,
Q : inout MYL7 vector (3 downto 0)
3
snd component ;
signal F : MYL7_vector (3 domte 00
signal CLK , clock;
signal I : MVLL7_vector (8 downto 0} ;
signal 90, Q3 MVLY;
signal Q : MVIL7_vector (3 downto 0) ;
for all , Q_reg_inst use entity work. § reg(Q reg);
begin
§ reg irstl : Q_reg_inst port map( F, CLK, I, Q0, 43, Q)
process
begin
I == 70000000007 ; —H1
F <= "01117;
Q0 <= 7 &' ;
Q3 <= " 77 ; -~ F e SR A Q
wait for 1 ns;
LK<= " 1" ;

wait for i ns:



CLK<= " 0’ ;

wait for ! ns;

asgert (Q = "01117)
report

“Assert 1l : < Q /="' 0111' = 7

severity warning;

wait for 1 ns;

and process;
end A;

TEMAEE LM 7_test_vector. vhd W, —FF3LRE— MR, B AR BRI
MEWW%D%EW%ﬁ%%-ME%$%#$%—¢E¢%ﬁ#:EH%%&ﬂm%
P FFLL, entity 2EH) .

AP EAE 10 4, GEENE P —H TR . BRFEBRN T .

ML, KE S EQREE S MR AROWRE, LIENESRPETA. 5
FF eI . WAMEBS BN EN S EDMSH .

(7) BigiEw

WA EEATAAFIREER. DRGFEABIRER. WS EapXRs
assert pril. Wi i wmzaF .

assert fF [report & {EZE] [severity HESLER]

WRBMHAE. NWARITZE; MBEREFHE WRERESERIPHEL. #
SE R L2 F LR —BE.

Hiae51H 4 4~ . note, warning, error | failure, ;X4 L AELE T W =TT
BHENTERE, AR EEE N E YRR THEE S L.

gplnote HIRA P ST EEZ AN —EHE 4Y) varning B4 ITEANS T E R,
ERERNALTET AN HEMREFER. WEIRREEEF B , 89 errox
MIAKHZHEE 7. HHMTEGRIZY ;. WLk) failure (HEAREFE ] AEE R EATEER .

AP S BN RTHRRAF, GURSRRENER R A EDIE. #AIRT
—rREERAMER, RN REE TR DRBE. %05 O R 2k = B4
FFE -

3. BRI EGRT

RS P AR AR o W AN 7.3 BT - SRIBREEIERS . 1R T LU IR MR D SR 14
BT FasRIhEE - *

» 20
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#2eP BB TE

2
x %

1. BERRHZIIERE

ERIEAEF D, e ES —RERR L ks - s . FFS8%FF
X AR TR T - RS R ELE RTH S R R EAR TR, ATl iR
HEAHEB DR, BSFERLETHRETE B, MEREARRIL. fHEAH
WEE, ERARSICHEEANRPIREELH -

BERE AN T BB EEAN, BATEVELEEH, MR XEEATHRA—T
S BTRER, EEAN, EFAA RSN STETEIR, AR AT
Bédw LiFd . SR LIERIFLEENIE.

AFEE— AR TEZRGESNEEE R, aima B AR R ST ERETE
SR A BITIER . TEIREHIRE X RTFEMRT BNE, DU E XAER AT -

2. VHDL 'h::| = Eﬁj‘i‘i&ln Jfﬁ*ﬁ'

AEEFERASFTEE (VIDL AR ) shee® ok bit_rel_1ib M4 bitpkes
(1) £ bitpkg
(1 JRisA

package bit rtl pkg is
—fk (L iRER )
subtype short is integer range I to 65535
—-short AFIEFER. EBHPI &7
subtype int4 is integer range 0 to 16;
subtype int8 is integer range 0 io 255;
—LL FEIREARL . B SR
function bit Lo int (inl:hit vector) return integer;
function "+” ( inl, in2 : hit vector ) return integer;
function -7 { inl, inZ: bit_vector ) return integer;
function "*” { inl, in2: bit vector ) return bit vector;
function 7/” ( inl, in2: bit vector ) return hit vector;
end hit_rtl pkg;

o

package body bit_rtl pkeg is
~ ik, H*HET package body FiH

+22



—MAEY bit to_int U R BEL O+ SRR ELA

function bit_to int (inl:bit vector) return integer is
alias vl: BIT VECTOR(inl’ LENGTH-1 downto 0) is inl:
variable inpv : bit vecioriinl’ LENGTH-! downto O )
variable SLM: integer:= 0;
variable ncgalive :boolean:= false:

begin
inpy ;= inl;
iF wvl{vl" LENGTH -1} = " 1' then
for i in v1' LENGTH -| downto U loop
inpv(i) := not inpv(i);
erd |oop;
Ipl-
for i in 0 to v1" LENGTH-1 loop
if  dnpv{i} = " 1" then
inpyii} = G ;
else
inpv(i}) := " 1"
sxit 1pl:
ond if;
end loop:
negative = true;
end if,;
for i in vl' LENGTH-1 downto 0 lcop
if inpvii] = " 1’ then SUM = SUM 1+ 2%k
end if;
end loop;

if negative then return (0-SUM)
else return SUM;
end if;

end hit to int,

-CHEBRE 4+ BEMIFTRHINL SR e R R
function “+” ( inl, in2 - bit_vector ) return inleger is
begin
—HE T HifnE AR it to int. AP GIEE
—— R, SRS EAEm
return (bit to int{inl)+hit to iat{in2)}:
ond "+7;

B R < HE AT B SRR PRy
function “-" ( inl, in2 : bit_vector ) return integer is
bagin

return (bit fo int{inl}-bit to int{in2}):
end "-":



-EEER x FBREAMEAE. FEIFHR ) EEE
funetion “*” { inl, in2 : bit vector ) return integer is
begin
return { hit to_int{inl}#*bit to_int(in2) };
end “*”;

AR < BRI rHER . RN A RERE
function “/7 ( inl, in2 : hit_vector )} return integer is
bagin .

return (hit to int(inl}/ his to_ int(in2)):
end "/

end bit rtl pkg:

@ 4 ,

TE S BRI AN AR R S B « 3BT TR 36 TR A A 1)
HY e TR B8R FRERN AT MG el . VHDL $24 T e .. 28 4
FE& Giter), TR T EhiZi arsy 250 .

bitpke WHEE T IGEAITTEHA] TR E AR TAT— RAH8H .

HERIEALFER AR 4 RIS M RS, bitpkg tHAEISh . FEHERE 4 E
P HE . HRIREELL KR . AR, FRTE (IR A0 WL mmiEE
(B

bitpkg AELEH bit_rtl_lib AT B ER R B¥0E S EH TR R ES (1
Cif T ) WL X RIBEEE LS VIDL g itb s LIFEiF R reeg .

(3 E# AL function “+7

HIEFEFHEERETER,. RAEEE MEETMES, mARFSRIE X
EAEIAR. LB ESRK.

FHEAENERSRRES AR RIZTHA & S E 8. function “+”
TR EFEERE. ERE R BIETTEA S EEE X LAFEN . function “+”
IDhEE BIOA- MM E R (AN, HREAEMGHG 8 . FMIREOT

function "7 (inl, in2:bit vector} return bit vector is

begin

return

{int_to_hitl(hit_to_int{in1}+hitftn_int{in2),in]’ LENGTH) ;
end "+7;

HUR2—BOT72ey. HhAARE 7TE bitpke Hw LHIMAHE bit to_int J
int _to_bit. bit_to_int JFTEF 10 FiEdH#A, int_to_bit W{EEH RS, 1§

AL A bk et T Bl VHDL {23 oh 2 an 4 8 F sR 200 -
APIRHIE AT S HMpEERE. 0 <%, </ - F, EEEE AR, EA T

1241



L% SA B G EPRIREEL 8 bit rtl pke vhd, FE—H5-
B X bitpkg SLITIRELXE, HRAFIFZ AR E L. EHF A LIRA O AR
i XL RETES VHDL RN S 2 E AR, RMiZHREEl]-

(2) THEEEE bit_rtl_lib
D R
use work.bit_rtl pkg all;

—USE Fri I MR Fahe—tIRE
entity bit rtl_mux2 bit is —HF{ZRIRNIA T I — X PRIEERE . MA ML T
port {
inl ¢ in bit;
inZ @ in bit;
pout. : eut bit:
cntl: in bit ),
end bit rtl mux2 bit;

architecture func of bhit rtl mux? bit is
begin
pout == inl when cntl =" 0’
 alse in2;
ond func;

use work. bit rtl pkg. all;
entity bit_r:]_adder is —WfSH¥nTAIMNIESE. AW hiimaE

port
inl : bilL _vector;
inZ : bit_vector;
entl o hit;

pout : ouwt bit vector
)
end bit rtl adder;

architecture func of bit rtl adder is

bagin
process (cntl) —HEFSEERMHE. BURESH ent]
begin
it (entl =7 1" ) then pout <= inl+inZ;
end if; —MRERG SR 1. Mgmy:
end process:
end func;

use work. bit_rtl pkg. all;

entity bit_rtl_substracter is B, SAEIE AMEE. W EHBD



port

inl ; hit vector:
ing : hit veector;
cntl ; hit;

nout : out bit vector
1
end bit rt]l subsiracter;

architecture func of hit rtl substracter is
bagin
process (cntl}
begin
if (cntl = ° ]' ) then pout == inl-inZ after Ins ;
ond if;
end process;
end [{unc;

use work. bit rtl pke. atl:
entity bit rtl _multiplier is -——iFfflsmCI0TaRiLEr, W AKE HiIME

port
inl : bit vector;
ing : bit_vector;
ent!] ¢ bit:

pout : out bit vector
)i
end hit rtl multiplier:

architecture func of bit rtl multiplier is
begin
process (cntl}
begin
if {cntl = * 1" ) then pout <= inl*jinZ:
end if;
snd process;
end [unc;

usa work. hit_rtl pkg all;
entity bit_rtl divider is —F - DI IIERESRE. MARES IUEE

port {
inl : bit vector;
inZ2  : bit _vector;
cntl : bit:

pout @ out bit vector
) .

end bit rtl divider;

+ 26 *



architecturs func of bit 11l divider im
bagin
process (cntl)
begin
if (cht]l = " 1" ) then pout <= inl - in2:
ond if;
end process:
end func:
use work, bit rtl pkg. all;

entity bit rtl 1t ne is —Airfahilm I THELERSE =" BAMLDE AfunE

port |
inl : bit_vector:
inZ : bit vector:

poutl : aut bit
|
end bit rtl It ne;

architecture func of bit rtl 1t nc is
begin
process{inl, inZ)
variable ieft : integer:
variable right: inteper:
begin .
left := bit to int{inl}:
right := bit teo_int{inZ}:
if ( left < right } then pout <= " 1' after | ns;
elge pout <= ° ' after 1 us:
end if;
end process:
end func;

entity bit_rtl reg clk is —9{78%. HWAEEYAVHE
port |

pin : bit vector:
entl ¢ bit;
clk  bit;

pout : out bhit vector
b

end H1l_rtl reg clk;

architecture func of bit rtl reg clk is

begin
process
begin
wait unti] clk’ EVENT and clk =' 1’ ;
if (crtl = " 1' ) then pout <= pin :



and if;
end process;
and func;

2 2851 H
fEbit_rtl 1ib AR HR BiXE—FiEQ:

use work, bit rtl pke. all

B use T4 il LLIFAGAFFA BIEAR SRR T I . work B METELHETTHE .
hiz rtl_pke & bitpkg K% all 153 FATE HIE H. EHHMIEH bit_rtl lib
A CL{FA] bit_rtl pke RETE RIATE RA . HE . BESNEA.

it 5 O S M AL FEHOR (40 TERE £1) (47, &6T LU use Fus3 (.
AES | A, ZEhE L —NESTER, + 558 RIETE Visual CrHgE .
G — AR B AN RS AR ATE. HSCfErR. EEL O R R A — 1%

@ tgsIE

bit rtl 1ib B— M EREXIHEITE. TOESE RN LT WEREFE.
ML . BHERBE.

B i VHDL {3 R E A ig i R T Lo A R AR AR, LUE AL iR T
HFE . R E AR T S TR R A VEDL SRR, W LB T iE RS A
bit_rtl 1ib BHAgTFiE .

library bit rtl 1lib;
uss hit rtl lib. all;

MRARF HEPERZED, W all S ARNA -

@ RREBILIT R

TE bit_rtl_lib i, J§FTE LA HDIEE RITIEARE B orit i ThR . M LIRS
TTHESIH . (EARBE R, —RATARFETE . —AEEARZ BT
ALEER. S—-AAEfhE &R 2 e TSRy, WtERswmeE .

TERTH SIS Hh HEEE T bit_rtl_lib THEEROTE R LA RG] HAETHHER
R AR OUEAR . XASEITERERNESER ARSI, B8 alfr
AIRESRME . 3 BT AEE L BERY VEDL #AFhg ] -

(i LM 4. & bitpkg.vhd
8 bit_rtl_lib.vhd )

» I8 .



ZFofl tEBESEAKRER
% #

AFIRCRT TR CEEN, MEfEREims . SEEEWHRATEEX
HEEL, BHEZEE (F 4H) 1y -#a .

1. EHRRAERE

HERANMERNETHMEHES SR MRE. 49037 0/l 1, XEHEBLE
B RE, HFERGRTEIWA. M ETEAIESHE R THART AP ARE
Hitt, BV EERZEEE, o -E%HE . NMEPH- CEEEDEAGEES. B
B (E AR R B RGNS SR -

ZHEZBEENEENRARAE, M EERTURARESLTEE LN ER
P, WX ERAES AN, RERERRTHES . BREMY, S (E:TEN
WA ERTETESRWT, EBRAZRHTREE. AEE D s,
H1GH RS W E IR R . T E AR R A S R EERB DA U R
B, AT SRS {ETEIEE FNRE, BINT EIEH, AT SR R ae e
AEBMPHEDTSESMEE, BY T CE- /EEZEEEHE. L, 2HEER
EEEREN TR ERRITE o EEN.

FLEBESD. FrREBERLN 7HRE, OFFT (EBURHAEESS
W -

K {EBRAE). 0 (FHOEM). 1 (B 1EE),

‘(B W (g L (50, W (g5 1)

-RTER M F RN R . BRERFOIEEERN AR R RRANEE . ARG
HEEHEE X E—ad, 23 BAESER T EEGR, MR ary 1
FIhEERAIAGE, B HiEEsE]. CEBERR®RDT .

package MVL7 types is

type MVL7 is ( — HHRE
— 2% 0 2R
R 1 EE
-\

— FBAAE

— 950

— 3l

i U L = =

* 29 ¢



HN
type MVL7 VECTOR is array { natural range <>) of MVLT;
end package MVL7 types;

2. VHDL &SR A3 RIBESR
(1) #HE3s

AL g henn®l VIDL S thRFEIIN R (55 - BEFIEE ), WA T Xkt
FUPHAE . RURREE XTR AR R A 0] - B2t AT 2 BiAh%) VHDL (55
iF HEERER, LR — g Ees .

VHDL 15 5 PR EeE XN EE BB AR EoERa . SRR . U T
RRH SR THEAHE

L FRm Al

i A T E 4 FREEAL . BHCEM (integer) . SCEGEA (real) . WHSEUERTY
APAFER . B =P RUERIRGTIRE . B EEFRRY

variable a : integer: a = 1;

signal b real: h <= 1.5E-20:
type colar is (red, vellow, blue, green, crange):

BEZS VIDL 3552 - SRR S MR R B AR A EHE (ISR ).
b2, VHDL [/ BPRGRA X AR LT, MSiE S — R EA S LT .

NI e R0 GOT R - SLRIAIAf (B SR B B . DB R AR I A0 7 SRJE T X i
AL THIVE SR AL - TN B AL A R 2 8 el BRI F -

type currcnt is range ( to 1000000000

units
na; —
ua = 1000 na; ~~ P
ma = 1004 ua; - B
a o= 1000 ma; — B
end units;

VHDL SF7 D FUE LR . SR (TIME), Y1%F . 00 . iss, AR
LN

2 BEHHER

HatiRLHEREEHERNINIRER, S8EZ £, TETL.

31 Fhk A

%R VHDL ORE{F LREUW B R e SR8 B R bR R T — e
EF M S SRR S DEETER LUMRIE, TRUANE R T4, s am—fh

-3(}-



FRRHIA R - T E R

type Line is access String;
variable line buffer . Line;
YAk

EERFIE RSB EE SUARERN SR, XN RPBERERS HPE
T, N RERLR 2 — T REMNFEAN R, BENREHEHLEABMES
ARE, TN REAABRERRE - XX RABRAENIEMBERL - 5 AR
B AFRIEERE -

{a) SRR

SRR ATE E XA R B A B AR . B F0EBANT .

type 1integer file 18 fileinteger:

b} PR3 RIHEA
AR RFE IR ERR A BN — D SRR R, X RIHBATE
AR RHIDT « OB iR 2 RER £ 5 « FHHHMT -

FILE myfile : integer file is in “/bit903/test/examples/data_file”:

® T*E
M ERRAE NN TR, AT RREEORARDEEHR -2
ETRAA, — TR I 2R S . 2B T

type integer is —2,147, 483,647t0 12, 147, 483, 647 .
subtype NATURAL is integer 0 to +2, 147, 483, 647,

(2) BEXHEERE

FHRAWERVBE L LHETE, M- -RWFEENERAFEE NS . HEER
MVL7, VECTOR M2 %E LA CEEBAEE . EEPE LT XEEIEEBLE, AP
CAELFEGER -

(BBE L E: 9 MVLT types.vhd )

* 3] -



F106 &
% #

FREEM P EERENAE. EARTFRAEARMERRRE, F—TRun
REFRA AT BE AL F R B8N - XERZ T ARE BB ELENE . BX
RERY MM . B S fRgEEH

1. bit_to_int EREIAIThEE

FFLE—TH B TR B RENRR. EF 4§D, SRR
fTTHR. THEIFHEZERE

2. VHDL B MR A X RiEZ 0T

7 VDL AR, BT SR IEE R4 R LT VDL
R RAE S FTL S S B S

(D) RIMP—HBER

REH) R
R R L is
HEFRBARE 4
begin
R ELIE
end LR E 2Rl ] (B # ]

ERRE H S BREES . RRNSHRREEE  FREHIAES . FE0
THEERRAAK, HOA%E . HRMNED. HARRARGS CEHEIRSHE

RIS A R ThEE, XEE R RE S RES -
INEFRER. BEEREER -ME, FEME R E R RIS .

(2) BLLE bit_to int HHIAR

function bit_to_int (inl:bit_veclor) return interger Js
alias Vi:bit_vector{inl' LENGTH-1 downto O} is inl;
variable inpv:bit_vector(inl’ LENGTH -] downto 0):
variable sum:in-eger:=0:

variable negative:boolean:=false:

N b LM —

s 3D .



6 begin

7 inpv:=inl; CFEREL R B A — P AT I
8 if YI(Y1" LENGTII 1)= " 1' +then

G for [ in V1' LENGTH -1 downto 0 loop

10 inpv (1) :=not inpv{I);

11 and laoop;

12— E2Hu{Em BATCRME2 M N AE (BEih 1 R,
13 —mMEE. QLT

14 1pl: — I R AR S
15 for | in 0 to ¥1° LENGTH -1 lcop

16 if inpv(l)= " 1’ then inpv(I}):- " 0’

17 sfse inpv(l):= ' 1" . exit lpl;

18 end if

19  and loop;

20  negative:=true: —negative JIF BFRER -
21 eond if,;

22 —E|HE. FaseB w1 B
23 —LRUFR s R

24 for I in 0 to V1’ LENGTH -1 loop

25 if inpv(I)= "1" then

26 Sum:=sum! 2#k] -
27 end if;
28 end loop;

29 MR APRENN true. RIHERFIRYE D —F -
30 if negative then return(0-sum);

31  elss return sum;

32 eond if;

33 end bit to_int

(3) 54

%BF alias ARIHA— M ZRANE . WEHUATHABNE ST TR
sl 4 1.

D 1R

KPR RIS 2 (THM A S & NG VI, Al ASNEI 0T E A
SO (UMERLNCESRETIE IMERET, BV (2, X)= %, #2EF 9
BI). RIS TEFAIERT AR T - BSR4 TUR T 5 E T
bo-—XTRL HaliE 1,23, 4 HUF . RS FUEsE . IEARS T IR e RS
SR A OINIIT I R T R AL TR S T . I T (AR & P Ry
PRI S5 K RISHIEE

@ TEH Y

T EHLAES W, REMSERAITE FFEL U SUN T{EMHY SPARC MBSEYOL

*+ 33 -



TR gy — 25 ks S ADD, TIPSR .
15" 12 11 B 7 6 0

0000 £ 0 BT i A ikt

A2 16 . 15 B) 12 fiffURMAMEIES, 11 B 8 (iRRB{L, # 7
MFRUILME A E R FHEAINE . 6 3] 0 Ul A {Eagaeil - H%, X 4 M TFEAXR
AERIE S AJLAA 4 A& 23 REREAT I XHE#HITRIRRT R ER T -

(4) MENXEE LENGTH

o2 X RER AR AN, e e R Y, X MRS B A
SRR, WEER T AR B RE BB R R ATRN 24 -
ARG A gtk LENGTH & {37 i) BT 5L -

(5) 1RIA1EG) loop

MWEFIEEAT. 0 LUERNGI 0L, BTHEMUE. BET RS8N A
RO A BRI BRI (AT B4 5E

—% loop BRI ARBHHITH—HIUFE A, ITTW R [EGER L EANK
e —HERBAIT

[loop #7351 [EHEHA] loop
i iEa)
end loop {lcop i),
HERA G while 45 for MfF, RUTFERIEFEZ P while 5 for {IF. SLEE
Rz, WA TICEIEN -
AR R E for 2L, EERRRE for FEMZEEILAE - EARFIFE

RIF B PRy — (TR, FRULREBIFRR R, XS5ERIEE DR 4 SR H T
T —HE

(g LH L. 10 bit to_int.vhd)
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F 116 CEBEEIHET
%

Sr¥EREY (resolved function) J& VHDL {EETHEE RRYEM—EEE. RHIE—
PERTY (WirvedOr) Sr#ERREL -

1. DPHRERITIEE

IRBEWHBELZMARE, HEIRSGFGE T TURMAELEERN K XF
RF HT RKER SHHEREBEER [ ARRIX R iR ey .

AFIR I R RETIEE & A — ME S B E T EIR ke E — TR ERR A 4
o WOEE DG FTRURNENRE — T 09", WhRE1, & MNiRE-CEZE &AL
KN/PRARTE R EIES R -

BN ZEE - T HEEENUNE, SEUEEPEHEERINER
(EFHIER, MR MR E— M EEEE . X -RESHPURAN—{L.

2. VHDL 5 A A E RIBESh

DTEHRARCERS E LREE. TRAHE S MRENR S SR —{E . SFENA T
SIEHE S R R . FEE T ESUA AR, SR EHE BIEERE, S WEBEies
Mg A - B i B W & NREDIREHE S ROEHRE . YWITER a# R kTS
PrREgza 5 . TP A BNz KB ) 22 4 -
(1) ¥ WiredOr BYE %

function WiredOr (V: MYLT VECTOR) return MVL7 is
— RNV AERE
constant tbl WIREDOR: MVLY TABLE :=

SO S SE S A | X L, "H I,
¢Cx o0, 1, te, o L “H O3,
SN S A 17 "1 a 1),
(" x', "o, "1 "z "W "L i
X, e, 1, W "R Ty "'},
['-' L.' ' ’ Lr i ! lr , L.' ! ' Wr ! I Lf . I W' )'
{r R ’ 'L . ; ].' : i HJ } 1 ¥ . C W’ ] ! Hf )}.

variabla result: MVL7:

begin

« 15 a



result = * 7
for i in V' RANGE loop
rzsult := thl WIREDOR (result, V{i}}:
axit when result = " 17 ;
end loop;
return result;
and Wired(r;

(2) FEEHE

- TR R SWREST . thiF ST —BesERNT N 2 FEAHZE SRR, B
EEREZEE-1TES . —MES IR ETHERROMES . —MESNE Y
FHRREG SRR . SR ESEARTE MR (EZ s FLiEEs
AL T RENIE . eI RS SR LOE . BN R —NE SIE S RS
TR P EXEDE -

CMESWE, WRESBES. L el8ET/LMREHE. SNRE— MR- o
ME T EWE LG SRR TP S EhFE# T8, BA—4 8%,

@) HHES
5 WRT S B M IXEHIR R — 1 4 B Y . A{B e ok 4 R B ST
function WiredOr (V: MYL7 VECTOR) return MVIL7:

M2, SEAT LU T 77 20 3 R ST NS S 2 .

signal 51 : WiredOr MVL7,
(4) THER

TR BB A LA 5 WHE S AR el - 2B SE bR - iR Le] B 5
B RALAC . T BB PEEIT, A8 A IR R TT 8RB kH9 U -
{E VHDL FR &5 — P05 SCARH L i T8 200 50 MR 0T T HRUNZ SRR EE F SRy ot

_j"{: o
(3) C{HIZIRS iR

TERIFPES B CEZE. HTELTHRY. BRI Eame .

1 BRVsaE S 2R -

2 MRFEEFRENE A G, & ERGHE EFHE L X,

ATLURIEARF R E R thl WIREDOR [4 38 3 FIST 4385 i B0 A% S BN B 4l [
{6 . ATLL453 B th] WIRSDOR A2 % 11.1. |

v 16




S, IR AR A B R TE result R HEIE R, &K 111 ME
GO0, IRFEEE. HASMFEERLNE. FUEXR 11 1. M result B4R

1G9 2, M ATAREIEAOE S W, A result PURT{E A W, (RIEL 4 -
#Z 1.1 CEZEMNSESSE
X 0 i rA W L H
X | X X 1 X X L H
0 X 0 L 0 0 L H
o | L ] | 1 1 1
.z X S0 1 Z W L H
W X 0 1 W W W W
o L L L bl L W L W
H H H ] H W W H

(6) Bt RANGE

RANGE B—PEEEME, HWRERE A TEHER, FHhATERmA TR R
RN TEREE -

a'RANGE[ (n) ] {4 RANGE 55 M S8 n REBHPE -, i RANGE iR
Bl R R HE R R, e BLAF S n-

a] LA B 1 RANGE Jti i Ak RBGTEE . AR TERIME o IZ L H A R R EHITA
TRREOH e 554 . AFd, JRIE RANGE Fnkcrymt 2 40 L AT R AIER -

(7) exit &R

exit B A HTERINE RIS - TG S FSL R TR 1L SRITEINE AR IRIATE
1. 37 loop FRFFERE . W] exit iGHEA T A HiRAZEER. SNFLBIEEREINH -

AEM. BT R PIREL FTUEE MR Y. NRERL RN,
AR SR . LA A exit [RBHEM .

(BiEILH2L: 11 wiredor.vhd )
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F120 ¥ B &Y
.

1. FE35ReR 2RI Th BE

FHIN R R H— TR ER R A CEHEBNVME . XEA TiIEHERE
J7 R E R (P R S B TR T’ -

IZRBEEEN AR FEERWENI nurber FOZBEMKE len. KA
N AT s s — T EEBA R -

2. VHDL R A EREESH

(1) ¥ RURER

function I2B{ Number : integer ; len : integer} return MVL7 YECTOR is
variable temp: MVL7 VECTOR {(len — 1 downto 0):
- B E. FEBIIRMMERN M
variable NIM: integer:=0;
— TR
variable QUOTIENT: integer:=0:
— BXAWMERLL 2 BERSRER
begin
QUOTTENT := Number:
for I in O to len - 1 loop
NUM := 0;
whi la QUOTIENT = 1 loop
QUOTTENT := QUOTIENT - 2;  -~REFBREL 2. B BSH
NUM := NUM + 1;
ond loop
case QLOTLIENT is
whan 1 =»
temp{I) = " 1' :
whon (b =>
temp{I) := " 0" ;
when othersg =
mill;
end case;
QUOTIENT = NUM;
end ioop ;
return temp;

e I8 »



end;
(2) ¥R

VIDL B TREMES . - MRFHEE 2D, FERERKERNE. BT
VHDL rhe HRa A R B e, BTDATERRMERT, HEEMMARAEN T -8, FTEERLES
RAGEE . SRR TT LUR S — R BRSO B S — PR BRI R TETTHF
FITAE A AT AR R 2R RIS SR O 2 M TR . BE % ERANRERE S
AT RS IR R A R BRI . RITER R T £ R ARTIRR -

(3) white TEFER

T4 10 Frh2 3]s VEDL 1B S EWMEHFEN, —ME for BIMERN, W5
whi le fEIET( . 7€ while fEFfHI. XBEF while FMERENZRREN LR -
5 for BIEAARRIRIE. 7E while B, ATLUREFEXERFHMI K - EREIE
E 1, for 5 while {EFI X B L. -

(4) case EF]

case 15 HIH—AERE AT

cage TR A is
fwhan FiEAE == NWUFEY)
[when others => MiifFigh); ]
end case ;

case 15 HHI{EH EIRIE-RA NN & A EAHER T A RIFIMRFER, SERA R
hegE, YR T 3184
AH, WRTHEREED L WEE TRECEERIAERHT ; OREE

FI-+ R RE R 0, MR 0PI -CEEEAERED  &UAETETERE. null
¢ VEDL 5 P = iR H], Fon A TEMIR{E.

( HPE L %: 12 convert.vhd )
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5 8®

1. BB ERIThEE
A R—P AR HERRDT .

function SHL(v2: MVL7 VECTOR ; fill : MVL7 )} return MVL7 VECTOR is
variable vi: MVLT VECTOR (v2' HIGH downto v2' LOW):
variable shift_val: MYLY VECTOR (v1 HIGH downto v1'LOW):
variable I: integer;
begin
vl = vZ;
— SR VI KFRTEEN vZAME. B vl HiT4ME
for 1T in vl' HIGH downto (v1' LOW + 1} loop
shift val(I) ;= v1{1 - 1);
ard loop
A Nk S VAo - S VA
— AL B{RTETE shift_val 38

shift val (vl1' LOW} ;= fill: - B -IRsfill B
return shift val; — REAFBEERAIE R
and;

WA RECR — T CESRUMBRAERS G Ma RS 111 FriseEii
FIHFL -

ZHREAF TS, —T2ERABUNCHYRUMER. B AKERR
tifm MR RE —USEH, ESEANEEEN . REEPRAR - LEEHI
e & - ’

2. VHDL =i BigiEath

FEltEa 2. MRFHERE, FEIEENKRTEREEAhEHILY . X BT ERE
- R - HIGH #1 LOW.

HIGH £ LOW 2 I M {E SR A% - HIGH ;R Rl AU el &+ R AU RRRAE, fa LOW RGRIE]
XBE 7R TIRE . KB E2UY FREZESHRAMEZR. WTRARA
Fr/MERSAR . FlW. T TEELE snallint 738 wpy |-RYER 32767, 101
b {E 32767 .
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type smallint is -32767 to 32767,

A, TR v (IEHEM AR ASE v2 4 FIREDITIRE, Mm% shift_val 73
HAY AP EMNER v B EFREE TERE -

(#hgiz L+ 4. 13 shl.vhd)
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1. EFBRITIREE

E3HPINMEHGSHIEE—TRFEE, HhEEuE -Hailipss. fRgm
ML EEEOER TS —eMARPHRE, WAREREN . SRR g
REFESF - 725 1013 Frh B E842 BT ERpy UM EE A&, e 7 ¥y
g AFREFEHERBCMY T L EZERA, RS IX—BERHRR R T — 1=K

2. PR ER
MYLY function

use work. TYPES. all;

- LTFRak. SEHMEERIIE X

package MVL7 functions.is
function SHL(¥2; MVL7 VECTOR ; fill : MVL7 ) return MVL7 _VECTOR;
function SHLO(v2 :MVLY _VECTOR;dist: integer) return MVL7_VECTOR;
function SHL1 (v2:MVL7_VECTOR;dist: integer) return MYL7_VECTOR;
function SHR{vZ :MVL7 VECTOR; fill : MVL7 ) return MYLT VECTOR;:
function SHRO(vZ2:MYLT VECTOR:dist: integer) return MVL7 VECTOR;
function SHR1 (v2:MVLY VECTOR;dist: integer} return MVL7 VECTOR;
function ROTR(v2:MVL7 VECTOR:dist: integer} return MVYL7 VECTOR:
function ROTL (v2:MVL7 VECTOR:dist: integer} return MVL7 VECTOR:
function 12B (Number: integer: len : integer) returnMYL7 VECTOR:
functionB2I( v2 : MVL7 VECTOR ) return integer;
function COMP({ v2 : MVYLT VECTOR } return MYL7 VECTOR;
function TWOs _COMP( +v2 : MVL7 VECTOR } returnMVL7 VECTOR:
function ODD PARITY( v1 : MYL7 VECTOR ) return MVL7;
function EYEN PARITY{ v1 : MVL7 VECTOR ) returnMVLT:
function REVERSE( v2 : MYLY VECTOR ) return MVL7 VECTOR:
function SUIM{ v2 ; MVL7 VECTOR ) return integer;
function PAD{v:MVL7 VECTOR : width : integer} return MVLY VECTOR;
functionDEC({ x : MVLT VECTOR ) return MVL7 VECTOR;
function INC{ x : MVL7 _YECTOR } return MYL7 VECTOR;
funotion CARRY ADD{ x1:MVL7 VECTOR:x2 :MVLT VECTOR) return MYL? VECTOR:
- PR3 AR E R
funetion "+° ( x1 : MYL7_VECTOR ; =x2 : MVL7 VECTOR ) returnMYL7 VECTOR:
funetion "-"( x1 : MVL7_VECTOUR ; x2 : MVL7 VECTOR ) return MVL7 VECTOR;
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function "x” { x1 : MVL7_VECTOR ; x2 : MVL7 YECTOR ) return MVL7 VECTOR:

— fAF "Wireddr” £ BB EE #

conetant thl WIREDOR: MVL7 TABLE ;=

R —_— - ' ———— —— e _—

— | X ¢ 1 Z % L H]

| X |
X, 0, 1,0, 0, L, PR Y, | 0!
DL A A A L LA L TR N I
Cx,roh, 1, W, L, EY), — 2
U L I A R D N A
("L, "L, "1, "L, W, L, WY, — L
(CCH , "W, T, TR, W, W, SR Y —
—ER U SRR
function WiredOr (V: MVL7 VECTOR) return MVL7:

end;
package body MVL7 functions is

——sokasokokakokotokaok otk kel ok Rkok ok ik sckokksk kR kdeod ok kR Btk

—— EARRRES 13 S R EE

function SHL(v2: MVL? VECTOR ; fill : MVL7 ) return MYL7 VECTOR is
variable v1: MVL7 VECTOR (v2' HIGH downto v2' LOW):
variable shift val: MVL7? VECTOR (v1' HIGH downto vl LOW
variable I: intsger:

bagin
vl = v2;
for | in v1' HIGH downto {(v1' LOW + 1) | cop

shift val(l} := I1(I - 1):

end loop ;
shift_val(vl' LOW) := fill:
return shift val;

end;

a
L]

=Rk Rk ks dakoRkskok sk ko olkk ok dorokokaaokakokor ok sk kR
- FERERE. BRS—(IH 0 #EF%
function SHLO(v2:MVL7 VECTOR;dist; integer) return MVL7 VECTOR is
variable v1: MVL7_VECTOR (v2' HIGH downtoe v2' 1.OW)
variable T: integer;

begin
vl = v2; — BUGHZEREETEM, LLSmREiE
for I in | to dist loop
vl := SHL.{vl, " 0 ) — kM7, BE—H' 0 #E%x
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—— WF T B E Y SHL K18

end loop;
return vl

ond; .

——sedikskoksok ok dok doksdok ok ok Aok AR ARk R AR A KRR AR AR AR K

- VAR, HEE IR L HA

function SHL1{ v2:MVL7 VECTOR;dist: integer} return MVLT VECTOR is
variable v1: MVL7 VECTOR (v2' HICH downte v’ LOW);
variable I: integer;

begin
vl 1= vi;
for I in 1 to dist loop
vl := SHL{v1, " 1% }:
ond loop;
return vi;
and ;

= sk Idok ki kokok R Ao ok ok ok gk sisteatotokstostetot kel kol sk dek ekl dekokor sk ok
— BRRE. RiE—fiHEE i1l E
function SHR (v2:MVL7_VECTOR:fil1]1:MYL7 } return WMVL7 VECT(OR is
variable v1: MYL7_VECTOR (v2' HIGH downto v2' LOW}:
variable shift val: MYL? VECTOR {(v1’ HIGH downto vI' [OW):
bagin
vl = v2;
for I in v1’' LOW to (v1'" HIGH - 1) loop
shift val(I) := v1(I + 1);
end |oop;
shift val{v¥1' HIGH} := fill;
return shift val:
ond ;
—— ek stk dk sk Rk ok KRk ok Sk dok ok kbR ok kR ok sk ok ok ko dkoksiokook ok sk okok
— L. BEE UK 0 EF
function SHRO( v2 : MVL7_VECTOR ; dist : integer} return MVL7 VECTOR is
variable v1; MVL7 VECTOR {v2' HIGH downto v2' LOW);
variable I: integer;
begin
vl = v2;
for I in 1 to dist loop
vl := SHR(vl, " 0" };
ond |oop:
return vl
ond ;
—— sk AR AR Rk Kook okt ok AR A AR A A kil
— R HEE—EUM U 8%
function SHR1( v2 : MVL7_VECTOR ; dist : integer) return MVL7 VECIOR is
variable v1: MVL? VECTOR (v2' HIGH downto vZ' LOW):
variable I: integer;



begin
vl = vZ:
for T in 1 to dist loop
vl = SHR{v1, " 1' )
end loop;
return vl;
ard
— —skokeokiok s eok ek sokok ok kbt kot otk etk ok aatakook Ackotkokodkeokak gk gk ok ko sk
— B AR
funetion ROTR{ v2 : MVLY VECTOR ; dist : integer) return MYL7 VECTOR is
variable v1: MVL7T_VECTOR (v2' HIGH downto v2' LOW):
variable T: integer:
begin
vl = vZ;
for 1 in 1 to dist loop
vl := SHR{vl,v1(vl" LOW});
end loop;
return vl;
ard ;
— —skleioklok ok teh R R kR kR ARkl Rk ook
— IR R
function ROTL( v2 : MVL7 VECTOR ; dist : integer) return MVL? VECTOR is
variable v1:. MVLT YECTOR (v2' HIGH downto v2' LOW):
variable I: intcger:
begin
vl 1= v2;
for 1 in 1 to cist loop
vl = SHL(vI, v1{v1l' HIGH});
end loop:
return vi;
ond
— =Rk koK otk o sk aRoR ekolcol tokokalotesk kot kakkon kR ek ok sk kb kR ekokok sk ek
— H—TBEERY M EAMEURE. F 12 AT EIEEIRR
function I2B( Number : integer; len : integer) raturm MYLT VECTOR ie
variable temp: MVL7_VECTOR (len — 1 downto 0):
variable NIM: inteogeor:=0:
variable QUOTIENT: integer:=0:
begin
QUOTIENT := Numher:
for T in 0 to len — 1 loop
NUM = 0
while QUOTIENT = 1 loop
QUOTIENT := QUOTIENT — 2;
NUM = NUM + 1;
ond loop;
case QUOTIENT e
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when | =>
temp{I) := " 1' ;
when 0 =>
temp (I} := ' Q'
when others =-
nul | ;
end case;
QUOTIENT := NUM;

oend loop:
reaturn temp;
end ;
——sesckokdekok ok ok ko aokokr e kakrobk ok ok sk sk kool koksokdetolokaoiobioko
— F--PMEFEU N REE S BNE
function B21({ v2 : MVL7 VECTOR ) return integer is
variable v1: MYLT VECTOR (v2' HIGH downto v2' LOW):
variable SIM: integer:=0;
begin
vi = v2;
for N in v1' LOW to vl  HIGH loop
iFvlN} =" 1" then
SUM ;= SUM + (2 % (N — v1° LOW)}:
end if;
end loop ;
raturn SUM;
ond ;
——soickioiior ok Rkl bRk Rk ook ok R ok
— BREAR. BTN mENs—uEN
funetion COMP( v2 : MVYL7 VECTOR ) return MYL7 VECTOR is
variable v1: MYL7 VECTOR (v2' HIGH downto v2' LOW):
variable temp: MYL7 _VECTOR {(v1’ HIGH downto v1’' LOW):
variable I: integer:
bagin
vl := v2;
for I in vl LOW to v1' HIGH loop
ifF v1(I}) =’ 0 then

temp(i) := " 17 ;
olan
temp (i) := ' 0 ;
ond if;
end loop;
return temp;

ond ;
——dckickadakk kR Rk ok ok ook soloksobskok Aok kR ok Sok kiR Aok ok
— HR#MPEE- BRm 1
function TWOs COMP( v2 : MVL7 VECTOR } return MYL7 VECTOR is
variable vi: MVL7 VECTOR (v2’ BIGH downto v2' LOW):
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variable temp: MVL7 VECTOR (v1' HIGH downto v1' LOW);

begin
vl = vZ;
temp = comp{vl);
temp = INC{temp)}:
return temp,

end ;

— — s op ke ot s eore ook ok ool sk ke sk ok ol sk sk b ekl s e sfekeaeok ek ek etk sicdekokololoksiokiok
— R WrtAZETREH
function "-" { x1 : MVL7 VECTOR : x2 : MVL7 VECTOR ) return MYL7 _VECTOR is
variable v1: MYL7 VECTOR (x1’ HIGH - x1' LOW downto 0);
variable v2: MVL7 VECTOR (x2' HIGH - x2' LOW downto 0);
variable SIM: MVL7 VECTOR {(v1' HIGH downto vi' LOW);

begin
vl = x1.
vZ = x2;

assart v1' LENGTH = v2' LENGTH
report "MVL7 vector —: operands of unequal LENGTHs”
geverity failure;
SUM := IZB{(B2I{v1) — B2I(v2}, SUM' LENGTH):
return (SUM) ;
ond ;
B T T o T S R T S e T S S S S S LU NS e P S s R R
— MWATEE AR
function DEC{ x : MVL7 YECTOR ) return MYL7 VECTOR is
variable v: MVL7_VECTOR (x' HIGH downto x' LOW):
begin
v T X
return I2B(B21 v} — 1,v' LENGTH);
and ;
——dkikakkeiek ok oksoekkkokokiookoeckueenkok kool ok koo R okok
- WAL WL R R
function CARRY_ADD(xl; MVL7 VECTOR : x2: MVYLY VECTOR )return MYLT VECTOR is
variable v1: MVYL7 VECTOR (x1’ HIGH - xl’ LOW downto 0):
variable vZ: MYLT VECTOR (x2' HIGH - x2' LOW downto 0);
variable SIM: MVL7 VECTOR (x1’ HIGH — «1’ LOW + 1 downto O):
— + 1 15 for carry

begin
vl = x1:
v2 = x2;:

asgert vl LENGTH = 2" LENGTH
report “MYL7vector carry add:operands of unequal LENGTHs”
sever ity FAILURE;
SIM = IZB(B2I{v1) + B2I(v2), SUM LENGTH) -
return (SUM) ; '
end;
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— kb koo bk ok okl ek ek ok ko oleiatok okl ok ok ok
— EEEE. WA R EAN
function “+7 (x1 : MVL7 V=CTOR : x2 : MYL7? VECTOR ) return MYL7 VECTOR is
variable v1: MVYL7 VECTOR (x1' HIGH — x1' LOW downto O):

variable v2: MYL7 VECTOR (x2' HIGH — x2' LOW downte 0}
variable SUM: MVL7 VECTOR (v1' HIGH downte v1' LOW):

begin
vl = x1:
v 1= x2;

assert vl' LENGTH = v2' LENGTH
report “MVL7 vector +: operands of unequal LENGTHs”
severity failure;
SUM := 12B{B21(v1) + B2I(v2),SIM" LENGTH);
return (SUM) ;

ond

- - Aok ok Rk ok kAR ook okt kskokoRok eliokefo ik s iR Ok SRR Ko R R oK

-— K9 1 %Y

function INC{ x : MVL7 VECTOR ) return MYL7 VECTOR is
variable v: MYL7_VECTOR (x' HIGH downte x' LOW);

begin
voIE A
return I2B(B2I (v} + I, v' LENGTH}:
end ;
— —adokadokak ke ekak otk kR R el kR Sk ok sk ok Rk ok ik ok ksl ok
— AR R B .
function ODD _PARITY{ v1 : MVL7 VECTOR )} return MVL7 is
begin
if ((SCM(v1} mod 2} = 1) then
return ' Q' ;
alse
return ' 1’
end if;
ond;
——skicksok Aok ok ok cksaiok ok ool ok skokokakkofelordior ok daioksk Rk sk doR Rk Rk
—= IR AR
function EVEN PARITY{ vl : MVL7 VECTOR } return MVL7 is
begin
if ({(SLM(v1) mod 2) = 1) then
return ' 1’
alse

return ' 0°
end if;
ond;
——akapekakokak Sk R AR ok kKRR Kok kakok sk ok ekt i ekl ok
— T {E@EA R, 17%71x0017 7 27 100x1”
function REVERSE( v2 : MVL7 VECTOR ) return MYL? VYECTOR is
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variable v1: MYL7 VECTOR (v2' HIGH downmto v2' LOW):
variable temp: MVL7 VECTOR (v1' HIGH downto v1' LOW);
begin
vl = %2;
for I in v1’ HIGH downte v1' LOW loop
temp (T} := vl(v1l'" HIGH - T + w1’ LOW):
end loop ;
raturn temp;
end ;
—— sk kol okskRsokok koo kR kR Rtk ko tokokat kool stk ok kol ok
— IFErREHEUGEP 17 HEE
funetion SUM{ v2 : MVL7_VECTOR } return integer is
variable vl: MVL7_VECTOR (v2' HIGH downto v2' LOW):
variable count: integer:=0:
bagin
vl = ¥2:
for 1 in vl' HIGH downto vl LOW |oop
if (wi(I}) =" 1" ) then

count = count + 1;
end if;
end loop ;
return count;
ond;
— —sksfak sk kor Aok okokokoiok sk ookookabolkok ok delold ok sikolioiriok iR ok sl sk kK ok Rk
— LR
function PAD(v:MVL7_VECTOR; width : integer) return MVL7 VECTOR is
begin
return I2B{B21 (v}, width)}:
ond;

B o T T T p—
— B W CEEEmREE
function "7 (x1 : MVL7 _VECTOR ; x2 : MVL7_VECTOR ) return MVL7 VECTOR is
variable v1: MVL7_VECTOR (x1' HIGH - x1' LOW downto 0)
variable vZ: MVLT_VECTOR (x2' HIGH - x2° LOW downto 0):
varjable PROD: MVL7 VECTOR (v1' HIGH downte v1' LOW):

begin
vl = x1;
Ve = x2-

¢

assert vl' LENGTH = v2' LENGTH
report "MVL7 vector MUL: operards of unequal LENGTHs”
seaverity failure:
PROD := T2B(R2I{v1) % B2I{v2), FROD' LENGTH} ;
return {PROD) ;
ord ;
——sksiokok ok kot gk draok kR ook ok dokak sk kR ARk R ok ek Stk kkok ok

— RENINEY
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ISOI

function WiredOr (¥: MVL7 VECTOR) return MVL7 is
variable result: MVLY:
begin
result ;= ' Z'
for i in V' RANGE loop
restult := thl WIRFEDOR (result, ¥{i))}:
oxit when result = " 1° ;
end loop:
return result;
end WiredOr;

—— et ek sieatokkkeateaboteloR R Rk Ak sk sk ok sk sk stk ok ko dskakok ok okt ok akok sk ok e ke ok
ond

(HFGELH 4 14 MVLT function.vhd )
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1506 MEWAZHS
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1. BRARGTERE

AP RYTHREN MIUEE LR RERVIEFRSS, WIE 15. 1 AR « 2 {Z i OEbar (55
B (REE) B, BESEAR (S8T) EEEHEm (R osel. D_sel, uPC_sel H
stack_sel ) A7 I RIATEEHT A mEIHHRI#48 (D, RE. uPC f reg file(sp) ) AZIHO Y,
Hp A MESRISHER D LR 2 REE —ME S5 R MR A sp BES A SEEA
5. MRTE A reg file R HITHITRE

R_sel Trisel uPC_sel srack_sel

S B {
D =0
ulf’g Z@i multiplexer > Y
EP
§ OEhar

B 15.1 ﬁi)\gﬂ%ﬁﬁﬁs

&7 sp imb A SROFBECZ AN, KAtk A LB E SR ACEEE, #0E
9% -

2. VHDL FEWmiE AERIEETH

AT R GTIRFGR SR 00 15 _mux4l. vhd, HrhER{E 875 multiplexer, Xh—
Tlu] ZEEFIE multiplexer, SRBUT ANFANEE . EARE nultiplexer MEHO SR
WIOIREEREE D (WE 15 1B ) A—%. Gk maltiplexer A TIEHR &R —

HE (muxr ).

-~ PR\ % BA S R GIRIBA A 15_muxd 1. vhd

use work. types. all;
use work. MVL7Y functions. all;
uge work synthesis types. all;

sntity multiplexer is
port ¢
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R sel :

D _sel :
uPC sel :
stack sel
OEbar :
sp .

D .

RE :

uPC

Y

)

ond multiplexer;

in MVLY;
in MVLT;
in MVYL7:

©in MY¥LT:

in MYLY;

in integer range 0 to 5;

in MVL? VECTOR(11 downto 0):
in MVL7 _VECTOR(11 downto D):
in MVLL7_VECTOR (11 downto 0);

out MVL7 YECTOR{(1l downto O

architecture multiplexer of multiplexer is

bagin
muxr : block

signal Y temp : MYL7 VECTOR(1l downto 0):

signal reg file : MEMORY 12 BIT(5 downto 0) := (

begin

Y temp <= RE
slgse D
alss uPC

when R_sel = ' 1" —fREW ASEHIG EREMALEREE

when D sel =" 1

when uPC sel = " 1!
else reg file(sp} when

slse "0000000000007;

¥ <= Y_temp when OEbar = " 0’

else “IZ7I7Z7I7Z7777";

and bleck muxr:
ond muitiplexer:

("0COCOB000000" ),
(1111111111117},
(" 000Q0R0000007 ),
(1111111111117},
(" 0000000000007},
(1111111111117}

):

stack sel = * 1’

TR AL 1R

H ARG S X_sel (RHEIEFE) &5 OEbar X H#MEHI & — &KL REREE
SR, HIF R EAITIR A SV, B2 VIDL i 58 delte ERALE BRI o] LL{E

UER)AT % —Hidg A R — R - 140, 7E 3ns BY %), RGHIA OEbar =" 0°

. R _sel =

“1', RE = "1111111111117, J§4 Y_temp = "000000000000". Y = Y_temp, BEZIEXA
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AL AELT L. W% 1501 Bgs «
F 150 RFEETL

1L . Ytmp | Y e
_ 3ms 000000000000 | 00000000DOOG ;,,._ ~
Ins+1*delta | LMIIONL 009060000000 _

3 ns + 2*delta | 111111111111 111111321111

ARG E S CEEEEN WL ;% — DX 15_types. vhd FHf5HEL TYPES #if -
AR LT 5T B WLT R A& R LR R BT 0 15_muxdl. vhd v
'] use work. types, all 1F4], SLEFIHAA nultiplexer SE545{(K multiplexer o] LI{EF %
BAFERHNE . 5IMA% use T4H), {3 KRG T T DL AR+ E B AR TE S
i (MVL7_functions. vhd AR TE SOFILL MVLT 535080 804E ( synthesis types. vhd
PR EE N ). A RA-CEBHEAER VLT WE YRWEBSF 7 A S5 8
R E—H, R IFHEETI RN RES5E 7 HIRT3 RS T WL BEas
Al & BERNRAR UG PHEGE, BUEEE, fF42E . VHIL BE Baigit 2B
B RPN RAORVEEE S NEE HEE (TH) BIE @& RH(E
e e AL ARG T AT, SIEE AR EFFENES, EEREEMC4ED. BRE
L use FaIGIRES. ATRAAKIZM VHEDL Rpadariedt - ek, H3 TodEr. mE
78 (71358 87 i) Am2901 R FIMT R EEHF K Y MVLT 1215 @ &R/E L2901 FEr k. J2 4
P RIPEIHERR SR . |

——fH R BUSE W 3 15_types, vhd
package TYPES is

—EXTEPEEE R
type MYL7 is (' X', —i8sk4

T, SRR

C1, R EE

", &R

W, -g8ERA

L, SR EEE

CHY ) B3 AR
— B S {EE AR E e Y
type MVL7_VECTOR is array (natural rangs < >} of MVLT; —& viECRmE AR
typs MVL7 TABID is array (MVLT) of MVL7: —iE X - -HEEE
type MVLT_TABLE is array (MVL7,MVL7) of MVL7: — I ¥ R

AR AR R R
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3. BANK 8 RER RIERIG RS

APEIIIAT 9 15_test_vectors_muxdl. vhd, &~ PSS tkiian B, it RiLs
Hig AL BN E S BANR B, SN ES T RSN .. EiE Aa
A - EMEIEE TS cnux, FCUIESNEEEE S £ 4 B8RS A
15 mux4l. vhd] PEE(E multiplexer. HTHFIRIEQIHEHESEEIR.

-~ A LSt s 15 test vectors mux4l. vhd
use work, types. all:

use work. MVL? functions. ali:

use work. synthesis_ types. all;

entity £ is

and E;

architecture AA of E is
component cmux

port ¢
R_sel
D sel
uPC_scl
stack sel :
OEbar
=1
D
RE
uPC
Y
b
and component ;
signal R sel MVLT:
gignal D sel MVLT:
gignal uPC sel MVL7;
gignal stack sel : MVYLY;
signal OEbar MYL7:
signal sp
signal D
signal RE
gignal uPC
signal Y

s 54 .

— AU

in MVL7;

in MVLT;

in MVLY:

in MVYLY;

in MYLT;

in integer range O to 5;

in MYL7_VECTOR(11 downto 0);
in MYL7 VECTOR(11 downte 0);
in MYL7_VECTOR{11 downto 0) ;
out. MYL.7 VECTOR(1l downto 0)

integer rangs 0 to 5;

MVL7_VECTOR{11 downto 0} :
MYL? VECTOR{}1 downto ) ;
MYL7_VECTOR{11 downto 0 :
MVLT_VECTOR(11 downto 0O) :

— P EREUNE 5

[



for all : cmux use entity work mulliplexer{multiplexer}; -—-tHIEHIFE

begin
CMUXL : cmux port map( — e i)
R sel,D sel,uPC sel, stack _sel, OEbar,
sp, D, RE, uPC,Y );
pProcess
hegin
R_sel =" 1" ; —iAE 0
D_sel ORI | A
uPC_sel ="90"
stack_sel &0
OEbar &0
sp = 2
RE <= "0000000300007 ;
P <= "111111111111°%;
uPC &= 1111111111117,
wait for 1 ns; _
assert (Y = "0000000000607) — B #ly

report "Assert 0 : < ¥ /= 000000000000 >
goverity warning;
wait for 1 ns;

------

R_sel =1 —— iR s B 9
D_sel =11

uPC_sel = "0,

stack sel =" Qo

OEbar ="'1";

Sp <=1;

RE <= "000000000000” ;

D <= "I1111111117;

ufC <= "D00000G00000” :

wait for | ns;

assart (Y = "77ZI777771717") —— B Hir

Wt
k|

report “Assert 9 : < Y /= 777277717777
severity warning;

wait for 1 ns;

agsert false — ¢S R
report "—Fnd of Simulation-—"

severity error;

s 58 =



end process;
end AA:

AN RREEREER L 10 M A AETTHEER AL E . DURIERERIANDIRE . &1
R RSE —BEEAENE. ERFGADRERLTERERL (FH Vsim/Talent (K
Pl rasleEE) L.

AN SC AR ARG R BRI E A S S AR &0 DARIT Rt
R E KRR IR X2 ReT B HE T - 810 N S8 O P E R B A
warning. NEEWARM B B R Ak ERG™ BB error KIS & ATEE R B MR .

(FfgE L8 15 _muxdl.vhd
15 types.vhd
AR-F 6 L L 15_test_vectors_mux4i.vhd )
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2T

1. ERASTERE

ARt E— T EARERS (SRGEER), Hihgeh.
¢« REEMBHAGES AREF IHHRY

o REETMEM ARG F0) 5 ¥ RANO;

o R MBI AL 5 F (L) BIEN £ 5 RAMS:

o REETNEEARGS Q) Bl Q3;
 RERGMBEARLS QL) B4 QO;

ForEEME 16, 1 FR .

QO e RAMO
A ——— RAM3
F > ER%EES —— = Q3
Q I_:.‘{:) e (00
OFbar — ] = Y

16.1 BiFiiBR7EE
2. VHDL B E R A5 BB

(1) L HT
K output_and shifter EX T TR -
W% mOoRsE i  WERs
I LN HHES MVL7 VECTOR(E downto 0) "
A i A HiBmAES MVL7_VECTOR{3 downto 0)
F N HiERAES MVL? VECTOR(3 downto 0)
Q 1A BiEmARES MVL? VECTOR(3 downto ©)
OEhar A P et MVL7
RAMO i WEHES MVL7
RAM3 B NS MVL7
Q0 S HiEm{EE MVL?
Q3 L HEBHLEE MVL7

1-5'}"-



Hop e MVLT 2 R Y, 22 LETESTE AR FIR IR - MVLT_VECTOR 2 -t {HEH
" CERMEE-TEEE EXAT

type MVYL7 VECTOR is array (Natural range < >) of MVLY:

i SR WA MVLT _VECTOR Jy2 R MVL7 g93EiRE R . tefii e £ e Rl R .
TAITE 16 types. vhd SCHHAY types HHIE X -

(2) SiaiEs4r

#E¥g{k output_and shifter F3E{& output and shifter FIsEHl. fELERHEDHE 5
R REHWHE IR .

VHDL H 1% (B SREEA LT AR . FE8E SREEEZRESWEER .

U #ESREEY -

ZIE R LI T EE -

o GEMHEN. BiRERSGES

o RHFRIANMEERR M IRIE

o ZEERMEEMADPATFESEMZH K when 24 WRAE T

o CLERZEER (BN LA when J9bn SR 5 fF )

A5 SWEIE AR AN -

[ $15 : ] [postponed]

Hi{EE <= [guard] [transport][inertial] [/ when 51} alse)
g

2 RPEEHBIEER
AHEASEENERN, BHEPEAES . IRIWT

[$75 . ] [postponed]with F#iLT, select
E {5 2 <= [guard] [transport][inertial] {# > when £ &1}, |
7% when (L3RR .

AFIPHAR S RFRZFEEREFEVIRTHRFESHEG . #LWT .

Y <= A when ({ I{8 downto 6) = "010") and ( OEbar = ' Q' }) else

F when {not{{ 1(8 downto 6) = "010")) and ( OFbar = ' 0' )) eles "Z277";
RAMO <= F(0) when (I(8) = ' 1' ) and ( I{7) = ' Q' ) else ' Z' :
‘RAM3 <~ F(3) when (I(8) - ' 1" ) and ( I(7) — " 1" ) wlee ' Z' :
B3 Q{3 when (I® ='1')end (I(T) ='1 ) alas ' 7' ;
R <=Q) when (I8} =" 1" ) and (I(T) =" 0" ) ales ' Z2' :

1l 1l

F 1 RiEHAHEHH . ¥ OEbar ) O H 1(8 downto 6) = “010”H. ¥4 A BU{EERLES Y-

158-



2 OFbar 3 0 H 1(8 downto 6) = “010”W}. G FRIERES Y. TN Y R{EHFT <ZZZZ2",
B e PE R A -

B2IFBESFBMEY. 1@ = 1 BIM="0 B, S30% F0) ML RAMO.
QIO ERES Q0, ZNS{E RAMO FIQ0 K7 Z' . EIEPHILE .

HIMFAFEQEH: JI16) =" 1 BHI@ = 1" &, #5503 FO) R RAM3.
Q(I)ME5 Q3, FNIIGGE RAM3 F1Q3 3 Z7 . BNEFHARE -

EEEPH — R HEESWREFOHES T -&#RE0. BRI -%&ES
IREEWEHE -5 28R . i, EBESWREES. B H--1TMas-
& cass /7 iEWHHEREN . A RHEE SREETH T HEEMHREER. O
FERE 2 Ki58):

RAMO <= F(0) when ( I(8) = " 1" ) and ( I(7} = ' 0’ } elee ' 2’ ;

A LLH LU T R g A
process{ I1{8),I{(7) )
bagin
ifC L8 =" 1" and I(7) = " 0" )
RAMO <= F{0);
alaa
RAMO <= ' Z' ;
and if;
ond process ;

—RARESWERINBERMTAREE TEPNE SNERETL. OLaH
% & SREEA

RAMO <= F(0}) when { 1(8) = ' 1" ) and ( I(7) = ' Q' ) oise ' Z' :

Y LY B LT M & B, RIBASHEIE. W55 RAMO FHTHIE . BIS
ZERMBFRITATM 4 BRNBRE SF, G BRI RRNE R ELRT
process 7 J5 . HIEMBIESRMNS L — &R EEWEIEGHR - MR bEE—
# if IBMERAES RAMO FIR(E . TUE L, #EEONSEEEY. S50,
MH % (F SREE AN RS+ 25 ST REFE RS EEE.

3) MRAFEEIH

WA T & BRI A TTRIMEY. FRE R RITR TSR E Rt %
TAIEMER . M EABEMO. RIS HERE LAt METE,
HT (A BB MRR W BTSRRI AR . A5 VB B R L 25 ST

« 59



i LA SE HOE R e BGllR -
TESMIR AN, &R ERFIREMEEEIERMR il ABRRRNZ T $
T, RBTE—MHB S S ERRANR O BT e A A E RS E SIRE CmEEhm
). BEdUESHEIGITETHEHERNESNERAERITE TN I FERERE
B o B TR [m) B 5 AT i E e T B T B TR |
ML EER assert (54 (W= iEn]) HETEERAIERRTE - assert (B0
HFIRART A RIRMA T —HLH - assert T0jRzW0T .
assert SR{FFRIALN
report RTRIER
severity FHiRZRFl
Hopy$5 iR 5HE 4 # : iHAH (note) . F& (warning)  #1R (error) K ifE (failure).,
ERUE R, SEAER, SHERIS N assert BRI FHRE A ETHFME.
HHAE N false BF, RIS BEHE RGNS R TEIE:
LEHNRER A note if. TLEHE. 18 assert {E QPR TEEIRTHERAS, . #iY
PR, dESEEIT .
o MEFIREIN warning B, RTFEE . |§ assert (AP REBITHAP,.
PR, dRERRE .
o VERRIL IR error B, R, 1% assert EMAPRRERIBTARAF. #Hil
21k, B AT AT HIER R -
o RPN failure B, FEIF IR, & assert {BHFMRERRETAH,.
IR HEEIA o] Egkes
ARBRER T 7 % assert 154 3% 2T i H A0 IERRYE O7E R AN O 55 0 L 8h
2k, (FRE0T assert [T aWIFRE, {EXMBENT . {25 RAMO BMERZIZE Z'  (RAMO
SHEAMcHFME—HiLEERE) .
assert (RAMO = ' Z' )

report “assert bl : ¢ RAMO /= ' 77 "
severity warning;

R TETURRAENERBIUERPABEERANTTE, UEZUREREHE 2
o B DEANAE SR .

(RBELHL: 16 multiple mux.vhd
16 types.vhd
16_MVL7_functions.vhd
MEF & L4 L: 16 test vectors.vhd)
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F176 FEKE
3

1. BRRARIIERE

B RATIHERRS /A = SRR R A A A B A SETTRRES . W IE R
- B, B 17, 1. HARE 3 AMEAE. 4 IN_READY M5 (5 S0
RTMAREBESHERT, LI, 4 OUT_REQ WM AZEG X, T rEkg
B SCLE ot T TR $ME 5 - 2R AGERIRT B _b FH 5 (F) 25 -0 29 %1 1 8% [ OUT_READY
WLESHAE. RTRHBECSESEE, MO TRERER . RSy
RHEEEH -

CLK

OND_IN ——n]

EVEN_IN —
IN_READY —=— ODD_OUT

OUT_REQ —={ parity —w= EVEN_QUT

IND ——tnd

——e— OQUT_READY

IN7? ———

B17.1 FEREHTEE

2. BIEE) VHDL EERiR A REEZAH

PR KIRITIR LR 17 _parity. vhd, HrSSEiEEY parity, HERIHGLEN
&% algorithm, FEIT SR RBRAIINEE - SCIRULER parity e AR T ALES B 45 TH
REERMED (W 17.1 BOR) - RETRE—DHRAER . 53T 2B T
T, Ll if SR HTH0R . 3HGHERASTTT .

— SRS R G RGR S 17 _parity. vhd
package types is

subtype short ie integer range 0 to 255:
ond types;
use work, types. all;

1611



antity parity is

port ( INO
IN]
IN2
IN3
1N4

ING

INE
IN7?

: in bit;
: fn bit;
: in bit;
:in bit;
:in bit:
;im bit;
: in bit;
: im bit;

EVEN IN : in bit;
ODD_IN
TN _READY : in bit;
OUT REQ : im bit:

CL

: ih bit;

»in bit;

OUT _READY: out bit;
ODD OUT : eart bit;
EVEN OUT : out bit);
end parity;

architecture algorithm of parity is
bagin

pProosss

variabls cond: boslean

variable count: short:

begin

—ff 5 - iR 3 B IN_READY il
wait until CLK' EVEAT and ClK= " 1° and IN READY = ' 1’ ;
if EVEN IN = QDD IN then

1621

cond := false;

ard if;

count := 0;

if INO =" 1' then
count := count + I;

end if;

if IN1 =’ 1° then
count = count + 1;

ond if;

if IN2 =" 1" <then
count := count + 1;

end if:

= true: — B VTR

—— A R (T



if IN3 =" 1" then

count = count t 1;
ond if;
iF [NA =" 17 then
count := count + 1;
ond if:
if INS = 7 1' then
count = count + 1;
ond if,

if IN6 =" 17 then
count = count + 1;

end if;

if INT="1" then
count = count + 1;

ond if;

— AR A BN U A REHS
Ll: while count > 1 loop
gount := gount — 2;
end loop LI1;

—FIE A S AR R e
if count = | and odd in = ' 0’ then
cond := false;
and if;
if count = O and even_in = ' Q' then
cond := false;
end iT,

——4 1E AR T3
if count = 1 then
EVEN OUT <= ' D' ;
opp_ouUT <= " 1° ;
slsa
EVEN OUT <= ' 17 ;
opp OUT <= " §' ;
ond if;

R ER REMEEHEE

wait until CLK’ EVENT and CILK = ' 1’
OUT READY <= ' 1'
wait unti! CLK' EVENT and CLK = ' 1’

and OUT_REQ = ' 17 ;

end OUT REQ = ' Q' ;



OUT_READY <= " 0" ;

—RRHEER
assert cond
roport “odd_in even in error”
sover ity warning;
ond provess;

end algorithm:

AR AR & cond il TR ET - BRI AR IERITE. &8 count I F X /AL
“tEREE U B EITE

FEMEERR [ REPTIE. 2T L& parity (EHTH, EREFERMALE

SHIRPRSR A 2R, BPRE BRI, -
3. RN, o) B RYE S R AR R R

BIE$EE FHN REWEE R RIMFERIR. 2E5 REER X EY
AP - XHATLUERFINBEIRRES BITEN 2B, ERiEERE, FEEER
i o ML BTSSR T REIHRMERME. AR ULLAUE % TR THY S S8
k. RFEEDTCAEs, EAERIWGE 17,2 Bk, BEAay7E sl Bk R 5L E H TaERY VHDL
fig o LAA TECHEIT7 sUR MR ST #IMT, o] DUSAE R A Y IE R -

B
% By T e

&
P 58 T g i

#1722 WMELETRTESE

AR LB EARBE test_parity 55 (K bench. 4 FI 7
17 _test parity. vhd §] 17 _test_bench. vhd & HEHR, 18Tl 53—l
X (REEE BB iaE) SErERME -

— WA S E{AEHAY 17 _test parity. vhd
library std;
|tbrary work;

fibrary parity;

use std. standard. all;
use parity. types.al!;
uwse work. all;

entity test parity is —23 A& REH

» {4 -



ond test_parity:
—fiA & R0EEFE1% 17 _test_bench. vhd
architecture bench of test parity is

conponent parity A
port (
ING : im bit;
IN1 : im bit;
IN2 : im bit;
IN3 : in hit;
IN4 . im bit;
INS . in bit;
ING :in bit;
IN7 - im bit;
EVEN_IN © in bit;
0D _IN o im bit;
IN_READY : in bit;
OUT_RERQ ©im bhit:
CLK : in bit;
OUT _READY © out bit;
0pD_QUT . out bit;
EYEN QUT . out bit ):
end component ;
signal INO : bit, -4 BN S B
signal IN1 . hit:
signal IN2  bits
pignal IN3 : bit;
signal IN4 : bit;
signal IN5 : bit:
signal ING : bit;
signal IN7 : hit;
signal EVEN_IN : bit:
esignal ODD_IN : bit;
signal IN_READY : bit;
signal CUT REQ . hit;
asignal CLK : bit;
eignal OUT READY . bit;
signal CODD_OUT + bit;
signal EVEN OQUT D bit;
for all:parity use entity work. parity: — P AL 5

bagin



parity Tl: parity

port map (

ING => IND,

IN1 => INI,

INZ2 => INZ,

IN3 => IN3,

N4 => IN4,

IN5 => IN5,

ING => IN6,

INT => INY,

EYEN IN => EYEN 1IN,
ODD _IN => 0DD_IN,
IN_READY => IN_READY,
OUT_REQ =>» QUT REQ,
CLK => (LK,
OUT_READY => QUT_READY,
OpD_0UT => 0ODD_OUT,
EVEN OUT =» EVEN OUT

),
parity_driver: prooess
begin

wait until clk =

IN_READY <= ' 0’ :

INT <= ' 17 ;

IN6 <=7 1

INGE <=0 ;

INd <<= " 17,

IN3 <= "0 ;

IN2<="1";

IN1<="1";

INOG <=7 0"

ODD_IN <= 7 Q' ;
EVEN_IN <= " 1" ;
OUT REQ <=' ¢’ ;
wait until CLK = '
IN_READY <= " 1’ ;
wait umtif CLK = '
OUT REQ <= " 1" ;
wait until CLK = '
IN_READY =" " ;

| -
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wait until CLK' EVENT and CLK = " 1° and OUT READY =" 1' ;
OUT REG <= ' 0"
wait for 150ns;

masert false R
report "—Fnd of Simulation—-"

sever ity error;
ond process;
CLK <= not CLK after 50 ns: — IR
erd bench; '

g5tk bench P X — T EHIRTHSEE——TCF parity—H—8 5 H i 0 X R
156 . XESHMENE S O E S THGIRiED (parity_I1) {6 A0t parity BIXERE
a1, P HAREAE . 42 ARTESefk parity BT RO BRI IR S8 parity 14
SSHHEA T RS - %S5 AR A LB parity_driver =4,

g5 bench ity 25 SEEE AR EMT. FERRHH,. ZEVSFNTMT
HEE - -
process
begin

CLK <= not CLK after 50 ns;

wait on CLK:
ermd process:

B Vsim/Talent SEHGEITAMRSCHE, W IEME 17. 3 /15 CHTETFUE, B
INO~IN THTEAH—MEEE IN 0_7) . HepiERAN T VHIL B3 delta HEE 448
IR . RIREEI T REErhEe 9 IN_READY £1 OUT_REQ S35 8({/EM .

- =2 » 8 & & B
-
o

. TA



B-MRIUE IR parity_driver RUSHIMTZE DR, M wait for 150 ns;ifaM
{FHRTE T S R UL RN H g% AR A BUE S -

( BAELHL: 17 parity.vhd
BEFE L H L. 17 test parity.vhd
17 test_bench.vhd )



& 18 fi Hﬂ%ﬁiﬁc &
PR 7 5

Hig %4

LY |
F

1. BRFRET AT

AFREE TR EE R TR BT, A 1, 2, 4, 8, 16, 32 RiimikE
RFHAR; 2. 4, 8, 16, 32 {uthWRad (FHEIE, KT/ THE); 2. 3. 4. 5HA
15 () 11~ 80 (3E) 7]~ Rel (38) MERAES,; FFH 2. 4, 8, 16, 32 Bk —8Y
Z#fdacfi RD - FDRD % 435 . #teg BRmPBE R

2. FAERRY VHDL SR AZ RIEESH

AP R GHNA S/ 18_tech 1ib. vhd, 8BS e B— MG T &R
H S i BA B D R T SRER o808 O 45491 FUNC LLE T8 8353 O BOR i RS
BEITHA o B types HE X T MR bit_to_ int T int_to bit, EH{uEIIES®
RIBHERME DA, DU B £ (r BT ST RITh REHIR .

= BRETELILIE R EHA M 18_tech_lib. vhd
package types is — R AT R B (B EE iR
subtype natlf is integer range 0 to 65535:
subtype nat8 s integer range 0 to 255
aubtypg natd 1is integer range 0 to 15:
funetion bit to_int(bitl: bit_vector) returnm integer:
function int_to_bit{inl: integer; len:integer) return bit vector:
end types;

package body types is —HEME
e RIE S8 L - BN kg i SRR AR S
function bit_to_int(bitl: bit vector) return integer is
alias vl: bit_vector(bitl’ LENGTH-1 downto 0) is bitl:
variable SIM: integer := 0:
variables i: integer;
bagin
for i in v1' length — 1 dewnte 0 locp
if v1(i) = " 1’ then
SUM = SUM + 2a*i;
ond if;

1691



eird loop:
return SUM;
end bit to int:

— B R 5 18 B 437 Y B SR A0 B i B
function int_to bit{inl: integer: len:integer) return bit_vector is
variable i, in2: integer;
variable digitl: integer:= 2%%{len — 1);
variahle result: bit vector{(len-1} dowrto 0):
begin
in2 := inl;
for 1 in (len — 1) dowmto O loop
if In2 >= digitl then

result(i} := " 1" ;
in2 ;= in2 — digitl;
alea
resalt(i) := " ¢' ;
ond if;
digit! := digitl / 2;
ord loop;

return result:
end int to bit;
ond types:

~ BT
~- —{ 2 Mas

uge work. types. altl;
ontity ADD] is

A in bit;

B : in bhit;

CI : in bit;

CO : out bit;

S : out bit);
end ADDI;

architecture FUNC of ADDI is
signal X, Y: hit;

begin
X <= A xor B;
T <= X and CI:
3 <= X xor CI;

CO <= Y or (A and B);

-?0.



end FUNC;

gt v g 1<

uea work. types. all;
entity ADDZ is port!

AD : in bit;
Al : in bit;
BO : in bit;
Bl : in bit;
CI : in bit;
CO : out hit;
S0 ¢ ot bit;
S1 @ out hit};
ond ADDZ;
architecture FUNC of ADDZ is
begin

process (A0, Al, RO, Bl, Ci)
variable A, B; bit vector{l downto Q):
variable S: bit vector(? downto 0);
variable INT_A, TNT_B, INT_S: natd;

begin

— HMRAL
A = Al & AO;
B := Bl & BO;

-~ 8 A, B HH AR
INT A ;= bit_to_ int(A);
INT B := bit_to _int(B):

INT S := INT_A + INT_B;

if CI1="'1" then
INT & = INT S + 1;
end if;
-~ §1 INT_S ¥eHe iy
S = int_to_bit(INT 8, 3);
— il
S0 = 5(0);
51 <= 8(1);
£O <= 5{(2);
ond process;
end FUNC,



~- FDRD fi % 23

uss work. types. all:
entity FDRD is
(

D : in bit;
RD : in bit;
CE : in bit:
C : in bit;
Q : out bit);
end FDRD;
architeocture FUNC of FDRD is
begin
process
begin
wait until C' event and C =" 1" ; — B E A (E]
if CE='1" and RD = ' 0' ) then —CE/RD £
Q <= D;
ond if;
end process;
end FUNC;

3. RN [0 8 BAEE R ARG RO

FI A ] 3 T i T — N B IT (IR RE ), FEEN RS B S5 2 M RRY
BRI EE, EXSHEROSRANEME S, HF@d TR dE0E (54d
Biga)) IREEBRAR. FadxNEESEE. mAEE . WENAR. AT LA
= iR E B H R ThEE -

%t %~ BT R BT DATE & D SEE pl SRl s FER —MR S E T2
sER ko BICE], SETER — MM EMAERPIH, X =M TE iR Ee B
H— MBI, SEFEER—MRE LUAESTENKARNET. SERR—ILSs -
PR —AEMRAEL T . HE—FFE (EEE) Rl $ e, Ax2 R
®. WMATLIABER . S ETH—EARMNESHTRAEN R, 7T LUK AR AR &
BHMAMNMGESE, MAATRKSNHN TE,; BthEmgRltgEEuEES
ETHERE (HERIHRONSRANEA - BHHE) -

MR SCfE 18_test _lib. vhd P23 {A {080 E ¥R EEFHAK test _add, Hohifk t add8
DT FUT iEa) « HEMENIRES PB ARSI Z A& ADDS HMiik - LA
Vsim/Talent PYX 5§ iREF T B ] B TR R A SMEEE S AT, BLESIE ADDS
HITHEE -

— e mBMRE S 18 _test lib. vhd
- ’}'2 -



entity E is

ond E;

architecture test add of E is

bagin

t_add8:bleck

signal
signal
gignal
signal
signal
signal
gignal
signal

gignal
signal
signal
signal
aignal
signal
signal
signal
signali
gignal
signal

a0 :
al :
az :
as !
ad :
as
af
a7

hi
bl :
bz :
b3
h4
b5 .
h6 :
b7
cl
co :

bit : 1
bit:= " Q'
hit:= " 0’
bit:= ' 1°
bit;= " 0’
bit:= ' Q'
bit:= ' 1°
bit:= 1"
hit:= "' 1’
bit:= ' 0’
bit:= " 1'
bit:= " 1’

r bit:= " Qf
bit:= ' 0’
bit:= ' '
bit:= " 1" ;

c hit:= " 1" ;
bit;

g0, 51, 52, 83, 54, s5

component adds

port (
AD ¢ in
Al : in
A2 : in
A3 : in
Ad : in
AL : in
AG @ in
A7 : in
BO : in
Bl : in
BZ : in
B3 : in
B4 : in
B : in

bit:

bit; -

bit;
bit;
bit;
bit;
bit;
hit;
bit;
bit;
bit;
bit;
bit;
hit;

, 56, 87

: bit;

IR E S AL B

— Bl

« 73 .



B6 : in bit:
B7 : in bit;
CI . in hit;
{0 . out hit;
S0 : out bit;
S1 . out bit;
S2 : out bit:
53 ¢ out bit;
54 : out bit;
S5 : out bit;
S$6 : out bit;
S7 : out bit);

snd component
for ki
begin
kl: addR port map{al, al, a2, a3, a4, ab, ab, a7,

: add8 use sntity work. ADDS;

b0, bl, b2, b3, bd, b5, b6, b7,
c1, ¢o,

s0, 51, 52, 53, s4, 55, 56, s7) ;

ond block t add8;
ermd test add;

-?4-

—EAEHE

— RG]

(FR#HELHE: 18 tech lib.vhd
E-FE L& 18 test lib.vhd )



£ 196 ERAREHRLML
IR AR B

1. BER VHDL ESER A ERIEET
AT R BORRER PR EE R R R TORE . FLE N oLt VHDL {B8 L& TR, &
B — AWM 19 test 194, vhd s

— GBI R E BRI S 19 test 194, vhd
entity test 194 is

end test 194
architecture behave 1 of test 194 js
begin
procass
variable Lower : Natural := 5;

variable Upper : Natural := 10;

variable Count: Natural := 0;
begin
for I in Lower to Upper loop
Count := Count + I;
Lower ;= Lower + 1;

Upper := Upper - 1;
end [oop;
wait for 30ns;
end process;
ond hehave 1;

VOB — 1 SRR 1REA test 194 Fl— MEFG{E behave | H1FK  test 194 RBYSE{E
RARIRE 0 B H, TRA . behave 1 Bl — ML HEER— for
M BIRRAARIE IS -

ABLSER R R R L — MR RS0 BAEORAGR NA. XRS LR
RS RS A DIRE RO RA T FAERLL, BT RS ae S Fseib e, i
BT BRI B 5 M IR . BRI (RIE T VEDL {E& SR I0 M TE M, this— Milistvis
HEMTRREGT HE (—MOIREE R T £ k)

.75'



2. WM o) B RYIZHE R AR LS R4

L Vsim/Talent YARFIFHITEIL, HTFHERGEEE. AL SiTHHERSIRE R
Mo DUER TR R sER PR ERLZ T UABR IR IE R R A - BB AT RERER
T, AN ARNA&ERAE . BT SR8 8MBhE,; Lia
T HTOElT, WEBAEPMEILT 6 WSt E, RFHIIBEET - count BYEM 5 BN
16 (Bl 49), Low, Upper 735 &k 6 (EP 11, 4). #HEA0 R Low Fl Upper i%F
i FAAEEAHN S RN, e T VHOL iE Z 0900 RO B L es%{F .

(RAGE L& 19 test 194,vhd )
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F206 RIPFKxBF
£ B

APIRE A, FBEERTHA— DR MRTESHEEAN, £ VDL f1RE FaUE
HHAFOCHER - F580R0 - HBR 2FLER RNIMEE.
i
entity test 108 is
ond test 158
architecturs Behave 1 of test 108 is
gsignal ns:natural :=55;
bagin
Process
bagin
ns <= 77;
wait for 10ns: ()

end process;
end Behave 1:

Het, (OFURHFLERIFE BLE ns 04— M H LM AHEE— e
B Z9%, KRR AR .
fE test 159 1, BATTIE ns i nss, HIBHFE &S -

nss <= 77 after 100 ns;
wait for 100ns;
nss <= 99 after 200ns;
wait for 200ns;

A E55 48 fldA[EpY Finish #52, {BF wait on 600ns, BLHUSHHEFIRIA 20. 1
FITTS -

« 7T e
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A

Cursar 0.0

| Tl 1 [ | T | LI .I-I T .:'"i"i"i"|'"i"|__|'"|"_'|"'1"""'|_|_'|_'|""|"'|"'|"|"|_'

. Tim: in nsw
Scale = 10.00 0.0 20.0 46.0 60.0 80.0

A ETTA | 1 e T L PP R o e e ke cava

. Sl
vy o 55 {85 77 )('L 9 X 77 ¥ ey

L ' : :.:::5_;5_-52-. o e . .
WR oy B texe_150 Goiieve_1) [WRENED, THETIN TR R )

B 20.1 HilEaRRE

20_test 159 [ HAMIARE, BXABBESR 48 Fh MR, EEAHER.

( FhE LG 2. 20 test 159.vhd)
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F20H R T
1 3t

1. “Fest” AR

RO REE LT, B7EBE VHDL ob <BE8f HltE . FHE W, B
te o H AR SR B R R T FTER R W BTIR, DX AR E(T 05 5 (TR
ZHIALRBE CATRR R, M@K £ RS RSB RN G R 2R, R
PREEMRTHEE IR - B 21, 1 JE ot < FE8 - MORES:

@ «..__‘_EFRS:; E*Slf.r’ e
"‘h_‘- -
#ES, Sy HHS
..-""-’. h"'--.___’h
-~ i

CRE e EF

B 211 “FESCES
TESESEEARHE— PR e S
2. VHDL &£ #h R IRHIG R

AT 21 _test 13a. vhd #85%. H VHOL AT .
—E MR B (B EE)

entity Test 13a is
end Test 13a;

arohitecture Behave 1 of Test 13a is
~= {7 55
signal A ; NATURAL ;
eignal B : NATURAL :

nn
-

bagin
—i#HEE Inc_A
Inc A:

process
bagin

= JO »



wait on B; —B RS S
A <= A-1;
asgert FALSE
report “Simulation time has processed : Inc 4"
sevarity note;
end process Inc A:

—iHE Inc B
Inc B:
process
begin
wait on A; — A EURIEE
B <= B+1;
aseert FALSE
report “Simulation time has processed : Inc B”
saverity note;
end process Inc B
end Behave |

R PESEE L — LK Test_13a, ZH(AN NS HIE 4 Behavel, HhE &
PR Inc AR Inc_B, Ef]ZBEXZHITH.

AiEER Inc ATNE, 4] “waiton B, S EHENET. HIES B 4T
AR 2HITESREERR A=A+ 1. FfE, 762 Inc B, B4 “waitonA;"
fHAFE Inc_BEfd, HIGES ALZETL L . KEH, F5 A {UFEHE Inc_Ahd4
T, MZEEMBEREAES BEETL, (55 B X{NFEHFRE Inc Bk a4 .
AELAT L, &5 A LA TES B R, RidE. EE MBI NEETES A
BB IXFE, TR Inc AR Inc B MfEfE s i iENGE, HohE— M EmEw
BIIRIMIAY R 5 — M HRRIE K, TR N NS T, %40 & RS 1 R
B AK A EFIRE

B80T VSin/Talent X AFIHITEL, BIZRE FRMTRL 8. BFE—25
TERZHT “wait on B;” {BA), MR {REFTE Ons. JFEMATHG. [ERE A
T EAEEFAPHRE . .

BRERU S — P RBEF R, HEFN—SHEESREEIHEZE AT B
{EEITT .

(FAuE L 2£: 21 _test 13a.vhd)

« R} =



20H RF 5 R G
7 ¥

A B R 2R T B VHDL 35 S Rl T4 S A = Rl g8 R ey 5 SRR ATEA R
= MEREL AW R R AR

1. HigiR

entity test 13 is
ond test 13
architecture Behave 1 of test 13 is
gignal A:naturgl:=1;
aignal B:natural:=1;
begin
Inc A:
procoess
begin
A (= At
wait on B;
if (Now > Ons) then
assert false
report "Absolute simulation time has processed:Inc A"
sover ity note;
ond if;
end process;
Inc B:
process
bhagin
wait on A;
if(Now > Ong) then
assart false
report "Absolute simulation time has processed:Inc B”
severity note;
end if;
B <= B+1;
end process;
Finish:

process

IBII



begin
wait for 100ns;
asgert false report "End of Simulation”
severity error;

ond process:
end Behave 1

EE. ATAFIR-MRRTREL ACHTERE.
2. HFSTEH

R Inc AP BAG{E S AW 1L AGEHE S B, DIFRBIE R Inc_A.
BTHRE 2S8R, WREMS Now AT Ons) iR, TIHE “Absolute Simulation
Time Has Processed:Inc ™, Hra Now 245 %A ETE] -

fEULEE Inc B, iE0)5 Inc A KMRAERL HXBIAR S E Inc B AR ES A
EET,. REESE S BAVER 1.

HLUEN. E5AM 1A, BE Inc B, Inc Brh{E5 B 1. L &BWEIE Inc_A,
Wt BT H R B MEIRT E HE A ET R R0 delta AR, Now IGE% A £&#id Ons,
A i 2 B TCRR R -

0% Inc APRIMZIER A = A+] 5 wait on B ffi—TFNFANE. Miem=4 g
MG XEREREDP E —E el .

( BABiE LH % : 22 deadlock.vhd )

* B .



230 & % B B
2 KA

1. BRAZNITAERE
AT BIEARR B BLER T 23.1 Ao

Rezet

g‘{ Q (Temp_Q)
Set + Q_Ber (Temp_Q_Bar}

FH 231 RSMESEE

MIREE Filt, 77 Reset 730" . Set 50’ Q5°0°. Q_Bar 1", B THEERSE.
A Set H'OLATUEL TR L4 delta il 25 Q Bar B VA N0 EETERE 21> delta
R ZE QB0 AY. HE, HERG TIREERE . & Reset 3907, Set H°0°.Q A0
Q_Bar 30", BERE TIHRSBINE AFEEXFFEMN - Hip, REL(ERS_Flip Flop Bit
WigE Fath Behave 1 o Temp_Q_Bar #IRIE 31", {H THH 5 Cout BUERE{E N0, Fi
POX TR ERIFARSEN (XiEL, AWHEHITIFFE T % 35 1 % mi R g %
THL) . £ OB HIAUE 1 4 delta R /5 Q Bar f0°A5 fy <1, MEEEE 2 M delta it
RzREABFOCTR L, £ 3 PMdelta iR 750 Bar ;' 1’ R0, F 4 4 delta iEF
ZEQADUENC, XNEE TGRS NG TRES, NN RIAEERIHE. BEE
B7E ORI -

2. BEEHI VHDL BEMRAZRE LM

LRGSR EVE W et VYL 1 (0 X1 R ke | (PR < N s S S e i
Bl B AR LA - AR MR AT AT

entity RS Flip _Flop Bit is
port (Set : in bit; Reset : in bit; @ : out bit: § Bar : out bit):
end R5_Flip Flop Bit;
LA R A/ RR T BBE (RS AGA S 9% AFDH S5 51
architeoture Behave | of RS Flip Flop Bit is
=B~ T EE ]
component Nor Gate Bit

-83-



port (Ain : in bit; Bin : in bit; Cout : out bit):
ond component;
gignal Temp : bit =7 0"
signal Temp Q Bar : bit := " 1" ;
beagin
—ILHH R IER

—— Ain & Reset. Bin #Thi Temp_Q Bar. Cout XfR/ Tewmp Q

Out_Q . Nor_Gate Bit
port map (  Ain => Reset,
Bin => Temp_Q Bar,
Cout => Temp Q)
Qut_Q Bar : Nor Gate_Bit
port map ( Ain => Set,
Bin => Temp @,
Cout => Temp @ Bar):
Q <= Temp_Q;
Q_Bar <= Temp_@ Bar;
Intermediate Monitor:
process
variable Temp Q Yar ; bit =" 0 ;
variahle Temp Q Bar Var: bit ;= " 0’ ;
begin
Temp_Q Var := Temp Q;
Temp_Q_Bar ¥ar := Temp Q Bar;

wait on Temp Q, Temp_Q_Bar;
ond process Intermediate Monitor:
end Behave 1;

BT -

FER R R THEGITE ORR T E 23. 1 AR s .

RE Temp Q Bar #BA{H 7', {HRE IS4 Cout SREE O EIME - JoHHTIE
ARIET — PR U IT B — A T, ERTET S TSR (BR, %
B, WO BIULK. THEHEQRRGEETLE. HAEETAMEOR1E
2B —— X RER.

Wk A PR R T EsES, MTHT

configuration Config Test 120 of Test 120 is -—$H3&E{E4q]
for Behave 1 —Wlik S5k
for RS_FF_1 : RS_Flip Flop Bit —ItHIsE

.84.



use entity werk. RS Flip Flop_Bit (Behave 1);

for Behave_] R G HHER A R

for all : Nor Gate Bit - HHEE
use antity work. Nor Gate Bit (Behave 1)

ond for;

end for;

ond for;
end for,
ord Config Test 120

B -

HF R A MIFIRIUTHE AE T IR SR R G . XBEMR %R TR
2 L ER AT TR B Rt RO EE AR, TIHReS BB MR A 7 s AR P Se R BA R A R
Ak, ATl ZRRMEKEDERENE .

3. RN ) BANEE R SRR
WA & B R T

entity Test 120 s

ernd test 120
architactura Behave 1 of Test 120 is
component RS Flip Flop Bit
port (Set : in bit: Reset : in bit;
Q ¢ out bit: 4 Bar : out hit):

end component :

signal Set : bit =" ¢

signal Reset : bit :="' 0"

signal Q : bit =" Q" :

signal Q Bar : hit := ' 0" :
begin

—RICEERET A MIRIIESR 01 EEATLE, B —MESHIE.
RS_FF_1: RS_Flip_Flep_Bit

port map (Set => Set, Reset => Reset,
8 = QBar => Q_Bar);
BS Stimulus:

process
variabls Stimulus Count : matural := 0:
bagin
Set <= ' 1" after 5 ns, ' 0’ after 10 ns; ~— 7 i

-85-



Stimulus Count := Stimulus Count + 1:
wait for 40 ns;

ond process RS Stimulus;
—WHAAR, ATHRESE

RS Monitor:

process
variabls {) Var 1 bit := "0’ ;
variable  Bar Var : bit := ' 0’

begin
Q_Var = R
Q Bar Var .= { Bar;

~—{LR Q 8 Q_Bar A%{k, RS

wait on Q, Q Bar;

ond proceas RS Monitor;

end Behave 1;
—HEEH)
configuration Config_Test_120 of Test 120 is
for Behave 1 —AliXEsEMEE
for RS FF_ 1 : RS Flip Flop Bit - EE
uss entity work RS Flip Flop Bit (Behave 1};
for Behave | — IR Rk F
for all : Nor Gate Bit — B E
use entity work Nor Gate Bit(Behave 1):
and for;
end for;
ond for:
end for:

ond Config Test 120;

FA T A BUAIRALIE (ML RBERT#F, #RLHITE O HT IR, HI BB REHSL .

( Hag £ LH 4. 23 test 120.vhd )
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F246 SWESSRHEN
-

1. BRFRGET{ERHE

A 24 test 195 FREAAM RS RYLHH — RN inout B AR WO, 3R
EHEME 24. 1 o

Test_1§5 [ port

24.1 BERHREE

2. VHDL B SR A ERIEES#H

AFIE— T8 STTINES L. BN - XRS5 #HE &5 09
e

(1) BR¥mE

entity Component Test 195 s
port (Clock : inout bit);
end Component_Test_1%5;

architecture Behave 1 of Component Test 195 i@
bagin
Gen_Wavelorm:
process
bagin
wait for S0ns;
Clock <= mot {lock;
ond procees;
end Behave };

entity Test 195 s
ond Test 195;

-08'?-



architecture Bechave 1 of Test 195 is
component Component_Test_ 195
port (Clock : inout bit);
end component :

function Or Pull Down (V : bit_vector ) return bit is
varigble Result : bit := ' 0' .
bsgin
for [ in V' RANGE loop
if V(I) = ' 1’ then
Result := " 17 ;
ond if:
snd loop:
return Result;
and Or Pull Down:

signal Clock Signal A : Or Pull Down bit:
signal Clock Signal B : bit;

for all:Component_Test_1%5 use entity work.Cempenent Test 193(Behave 1)
begin
Instance A: Component_Test 195
port map (Clock => Clock Signal A):

Instance B: Component Test 195

port map {Clock == Clock Signal B):
Waveform: Clock_Signal A <= " 0’ after 75 ns,

1" after 125 ns:

Finish:
process
begin
wait for Z200ns;
assert false

sevarity error;

end process Finish;

Monitor_Clock Signal A:

. R e



process
variable Clock Var A : bit:

begin
wait on Clock Signal A' TRANSACTION:
Clock_¥ar A& := Clock Signal A;

ond process Monitor Clock Signal A;

Monitor Clock Signal B:

process
variabte Clock Var B: hit;

begin
wait on Clock Signal B' TRANSACTION:
Clock _Yar B := Clock_Signal B;

erd process Monitor Clock Signal B;

end Behave I;

2) FIHESSTPHEN

R ESE Y - EM component_test_195 UL R iEE#944 , component_test 195
Ehr LR TR 4R, clock B 50ns B —k, FHEBMES . 7F test 195§
architecture N ¥ — 43 ¥HA%EL or _pull down. FYEFH, 22— Tk HEE.
HEBE TGN, MREERD, MR . ELHENRZEELES
clock signal & EHRIERE or_pull_down. XiHHZEFEE - HHHES. THINE
B4 HEE ST or pull _down JL5E .

1o A test_195 (K, H—PEXk.

LEAE P LA Pl B A 2 W -8R Instance A Fl] Instance B, 3#HEHAEY
Wi{s % clock signal A F] clock signal B %158 0 clock %fri. BfA[E 88
clock signal A AJr#HES. M clock_signal B HEBEG . XHEZ R T HITHE.
LLEEE—F#E SR 2L -

it RiE4) Instance A .

Instance_A:Component_Test 195
port map (clock => clock signal A);

IRIAZMEE S clock_ signal A B —MREHIE clock, 7EZE clock signal A R
HUE (E—B %)) RIRIZFE clock iX—HEhE . HEHIES

WaveForm:clock_signal A <= ' 0' after 75ns, ' 1' after 125ns;
M %y clock_signal A —POHEHYE .

» RO »



PR PN REAIRAT clock_signal A F{EREF SR KLEE

(D) 7E 50ns Bf, clock AR 0’351, YIS 2 PIKEDIEARES clock signal AWR{E.
Eitk R eE BT A, clock_signal A BY{EBINIFROE('L;

2y 7E Thns B, clock £ 1, & 2 MEHERLE HBHESWENC, HrHE
SRR MME 2R i clock_signal A ®{EA{TAL

3 12 100ns B, clock P IAEQ’, & 2 MIKENETE 75ns B 125ns 2 [A]£4
clock signal A FMEIDN0', B4 #EEE NTH clock signal ARJEE1'ZE N0 .

@ 7F 125ns HF, clock {3407, HE 2 MRS 7 HHE SWE I, &
clock signal AW{EIBT OS] .

SRR, SEsiUERRER A 24. 2 Fin -

Eil x#mawm @ MO WEQ W MBO
sjele| sl-] slsie) | o] 2 |
Cursor 0.1
Time in ns . ||I||'|||l|ri|'i_'|_|4rl_'|'ll|II|l'1_l.l|IIIJIi..IIII!I-I:"i..IIII
Scale = 10.00 [u 0 5.0 10,0 15.0 20.0

clock_signal'h < 0

| I | -
clock_signal_a © O :{ o f v fo )

clock 20
clock s 0
; v
| I-:“ Lo Lo . , I::'::,-fe;;, s
T NN, W [ B M

242 #EIRAER

MR LLE R clock_signal BYiEIE S clock T2 —#, X 5RA 2T &8 -
MRF clock {5 ﬁ?’]l 20 ns F¥E —%. clock_signal ARE 2 MEEIRESCHE
Ti&4]

WaveForm:Clock_signal A <= ' 0' after 75ns, ' 1’ after 85ns,
- 0' after 95ns, ' 1’ after 105ns,
" 0’ after 115ns, ' 1° after 125ns,
- 0'  after 135ns;
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MBS 9 W S ATIE 24, 3 B -

CIInp 80 e 200 MO S0D Mo : el

i {mle o || @mimte} | <] }:i __JI

Cursoar 4.0

e -

1 _'ﬂmti““'n__""_""':1:”1I|Jr1rllur1—|'|r1—1—[|-|:||-||[||||'|'||TT[|-|"||-|||.||||||||1:|l|1 |l'r1—r'1'r'_
; Scale = 1.00 1[I.I|' 20.0 40.0 6.0 gn.p 100 120 140

s clock signal b < 0 [ | T |
; | ;

’ dock _signal 2 < D Wﬁ 0 X 1 H:#; 1 XE:IX 1 m 1
i ] — — !

: olack S0

a I -

J . T ] .

5T, 350w W dﬁ-m:lul'_:tﬁ Dralave_§ 3 1300 inca_alcorponent_ Lest, 185 Gabave_11 [WARERED . KB I ST TR,

243 SRR
WEEBCHT—T LR, UMER MRS BERY . 48 SE R ERME.

(RAGAELA L. 24 test 195.vhd)
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£250 F< ¥ 3R
| 3 A

1. S REHE

SRR ESHEN . SRELd BRI E G RES 22 eSS
TR EIZEAESEHT — 185 MEZEEESHESFHN—TRE . B% HESWE
BEE— MRS ELLZESH— T RE . oM EEE2 8 (E- ME) &, B
LR S T HRSHEREZENGE, MR (6. 20ns). FRESHE, RE—1
5% (A¥ES) TUEZITENE. BECAESBENHE, TREZHRET NZ
SEWLKE. FRBESSEY— MR, Fin.

architscture Arch of Example is
signal A: integer;
begin
Assignment:
process
bagin
A <= transport 1 after Ins;
A <= transport 2 after 2ns;
A <= transport 3 after 3ns;
wait for Z0ns:
and process;
end Arch;

RETENTE Assignment 1, g{E 5 A BT 7T ZXRE. HBETHRAE—T#HENZE
SWE, EMBE EH@ETITES AH— PRI

2. HES

aE, —TMESRA-TMESE, BENRESHES. WeTCH £MESNR . 0
E5EEE MEM— M PEE . HBRBETER SANARE S T ERMRAD a2
FNRERRMEGFESHOESHEXR, TR EEERN. AR SRR
T S0 BHE S AR SIHE SRR 5 R A -
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3. BB RAEEMR BB GRS H

LSS 25_test 1. vhd, SRR .

~—7E T &
entity Test 1 is
ond Test 1;

— WA & kI
architecture Behave 1 of Test 1 ie
—{Z 5w
signal Sample : bit vector { 4 downto 0 ) := (others => ' 1' ):
bagin
—#HE Load_N, Jy Sample (4) £ 37 35 2hiR
Load_N:
Process
begin
Sample{4) <= ' 1' ;
wmait for 2 ns;
agaert false
report “Test went OK”
saverity note;
wait;
end process;

—#¥8 Load M. 3 Sample (1) 827 HshIR
Load M:

process
begin
Sample{l) <= " 1’ :
wait for 12 ns;
assert false
report “Test went OK”
gever ity note;
wait:
and process:

andd Behave 1;

TEZ5 #3944 Behave 1 tHE L BIRA{ES Sample, EE— M ANBMEE, MEH
CID7 o BN {RRTE BEE 7 BARE Load N FI#HFR Load MMIRE. 1145 Sample (4)
Hl Sample (DBR{E. BN Sample(4) 1 Sample (1) #U3zE . MW HERIBETE. 25
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Vsim/Talent BRA] 3 BT -

LB E L TER : FSRESESNTLETNNMIHES . FFPELELE
Sample (1) §] Sample (1) ¥ N M- ZFHE S . H#IE Load N fl Load M B XM ME S
#A & ARFER - MEBESXEER, W% Sample (4 F Sample (DFA—ME 5. H4
ML — 1 ESPHE S Sample H L MR R . TETE—H #20T

—EXMIRE (FEEK)
ontity Test la is
end Test la:
—EiHiA
architecturs Behave 1 of Test la is
signal Sample : bit vector ( 4 downto 0 };

begin
Load N:
proossa
begin
for Index in 4 te 4 loop
Sample ( Index ) <= ' 1' ;
wait for 2 ns;
assert false
report "Test went OK”
severity note;
end loop;
wait;
end process;

Load_M:
Process
hegin
for Index in 1 t0 1 loop
Sample ( Index )} <= " 1' ;
wait for 1Zns;
asgert false
report “Test went 0K
sever ity note;
ond loop:
wait;
ond process

ond Behave 1;

e Q4 =



REEH. E5R#FHITAREN. HEHTEMEONTE B LAMES
Sample (1) ] Sample (4) 73 FIEELL [ 2T 4REHE - HIMTEREE - BRELZFRIIRED. B
HI: “ERHESE S THINR D HWEIRRT - |

( KAGiE L 25 test 1.vhd
25 test_la.vhd)
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%265l B TRANSACTION FI4 s 2
8

1. BEER VHDL iR A Z RIEE ST

KR, — AT 26_test_Tds. vhd (& —DZSSUKHE test_T4s Fl— M EEHMA
behave 1) FeHiA VDL i & 41 9HS S H0IBHIIS, FILT 43 EE0T S KSR
Ao ELAKSER S 19 B

— W5 S 5EME TRANSACTION i & Tk 26 test T4s. vhd
ontity test Tds is

ond test 74s;

architecture behave 1 of test T4s is

type Logicd s (' x', "0, " 1", 'z ) — T {MU{EB R
type Logicd Vector is array (natural range < > } of Logicd:
type Logic4 Table is array (Logicd, Logicd} of Logicd:

constant Table : logied4 Table := {((' x', " x', '"x', " x' ), —4H%EENE
("x", "o, "x', "D},
("x", TxT, 1, 1),
(x0T, T2t )
function Tristate RF (V :Logic4 Vector} return Logicd is
variable Result : Logicd = 'z’ :
begin '

for I in V' RANGE loop
Result := Table {(Result ,V(1))}:
exit when Result = ' x' ;

end loop;

return Result:

end Tristate RF;

subtyps Tristate RS is Tristate RF Logicd;

signal Signal Tristate RS S : Tristate RS := ' z' : — {5 S1HAE
gignal Signal RS 1 : Logicd ; ——idX Zh ¥R = B b5
signal Signal RS 2 : Logicd : —— T IR S % K

1 0f +



signal Count : natural := 0;
gignal Sevent : naturzl := 0:

behave_| HWIHBRP & X T 43 ¥ A ¥ Tristate RF, HHAEE FRBE TN
Tristate RF @95 35 S LRI S50, FIRRAZ0HHE B £ MEH R Z
R BEH S8 TR 2 IREREN IR AR E S E L L B A Table i, 45H1 (4R
SHEREY EERCHTVE, ROHEEMIKENE, ELNEECHE) B exit EfLEe
Table WINAFWMEESCI - 7L VHDL {E 5 fRHEG DN, HEBERSTELNERSE.
FUA RO Z MR E AT DA KR E , (OB BRI RREIER, Ry . miE.
BRI T

TE behave 1 WYIHBAARMER HIE L T -1 48R N Tristate RF 4 {52
Signal_Tristate RS. %% res_l fl res_2 X H TR BT . HISE 4 MRS ITHAS .
ARt res_1 i} res_2 3 B 92 HHE S Signal Tristate RS T 10 YOlR{E . B2t
T VHEE RSB T8 (10 FEE) .

begin
res 1: —3Ehi 1
process
begin
Signal Tristate RS § <= ' 1
Signal RS 1 <= ' 1°
wait for 10 ns;
Signal_Tristate RS § <= ' 1’
Signal RS 1 <=7 1'
wait for 10 ns;
Signal Tristate RS S (="' 1'
Signal RS I <= "' 1" ;
wait for 10 ns:
Signal_Tristate RS § <= ' 1’
Signal RS 1 <= " 1' -
wait for 10 ns:
Signal Tristate RS S <= ' 0' :
Signal RS_1 <= ' 0" :
wait for 10 ns;
Signal Tristate RS & <= ' 0’ -
Signal RS 1 <= ' 0" .
wait for 10 ns;
Signal Tristate RS § <= ' ¢' -
Signal RS 1 <= "' 0’ :
wait for 10 ns:
Signal Tristate RS S <= ' x' ;

Q7



Signal RS 1 <= ' x'

wait for 10 ns;

Signal Tristate RS 5 <="' x' ;
Signal RS 1 <= ' x’

wait for 10 ns;

"~ Signal Tristate RS S <= ' z' ;

Signal RS 1 <= ' z’
wait for 1{ ns:
wait;

ond process 1es 1;

res 2:

process
begin

Iggl

Signal Tristate RS § <= ' ('
Signal RS 2 <= " 0f

wait for 10 ns;
Signal_Tristate RS 8§ <= ' 17 ;
Signal RS 2 <= ' 1

wait for 10 ns;
Signal_Tristate RS § <= ' z*
Signal RS 2 <= " ¢!

wait for 10 ns;

Signal Tristate RS S <= ' x' ;
Signal RS _2 <= " x"

wait for 10 ns:
Signal_Tristate RS S <= ' 07 ;
Signal RS 2 <= "' 0’ :

wait for 10 ns;

Signal Tristate RS S <= ' z' ;
Signal RS 2 <= 7" z' ;

wait for 10 ns;

Signal Tristate RS § <= ' x'
Signal RS 2 <= " x' ;

wait for 10 ns;

Signal Tristate RS S < ' x'
Signal RS 2 <= ' x’ ;

wait for 10 ns;

signal Tristate RS § <= " z'
Signal RS 2 <= " ¢’

wait for 10 ns;

Signal Tristate RS 8§ <= " z'

KR 2



Signal RS 2 <= ' z' ;:
wait for 10 ns;
wait;

ond proceas res 2;

Test_Proc: — W i i@ TRANSACTION
Process
bagin
wait on Signal Tristate RS_S’ TRANSACTION:
if Signal Tristate_RS S’ TRANSACTION' EVENT=FALSE
then Sevent <= Sevent +1;
ond if;
Count <= Count + 1;
end process Test_Proc:
end hebave 1;

# e Test_Proc 43 #8455 Signal Tristate RS #J/@ 4 TRANSACTION ik, BLl&
HiZBHRE Y

2. RS 2 BA R BAEREE B o4

LI Vsim/Talent #IIZITHEF, £k F 100ns BF %] . {55 Signal RS 1 #
Signal RS_2 Mo #E BRI MMehiE . 258 10ns, 455 Signal Tristate RS
5{5% Signal RS 1. {55 Signal RS 2 BB T HH @B KRR MBE (qmE
26. 1 AR ) o RIS 5 count B MIEA 7 /B TRANSACTION B Y — (26 L EEE
. ESRE S A% TRANSACTION 358K, 155 sevent WIAEM. ik BB
TRANSACTTON y% K . Eﬁﬁ:ﬁﬁ%f*ﬁ%—{aﬁﬂi .

W IH‘#} Iﬁ"ll} TR AN mED W) R st

B e oG- gl o 0 e s e P Y MRS LS PR il

L@ oo | sl@le| o] 2]

= : AR St e P e e i
|r Cursor 0.0 ]
} Thne}nns 'H|||||r|rJ|||Ll]|H|||r||]|||||1||||n||||1||]_TTTTTT'
; Scale = 1.00 ,ﬂl] - 20.0 40.0 G0.0 Hl]ll 100.¢
! — - - - - -

. sevent ||{'__ _:1 ~

count

H

e e s e R e
0 j‘ﬁ“l'ﬂz\(x“"ﬂ*’z:‘ff *, e 7 ‘*;-.
1

4

o

&

! signal rs_2 &
<

>

signal rs_1 -1(1_ 10 D % % 2 __!
| signal_tristate_rs> s x x_ F _‘:;( X }: li )Q-c xX_2 -
T e N

26.1 $ERIRER

" 00 .




ABEL R S R REOWES . xS LA AR, H LR
KES, EMEIT B &E SEBRDER. $IE T B TRANSACTION fUE & .

(FAaid LH%: 26 test T4s.vhd)
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F27 8 Bex:

R IRTE EVENT 1 STABLE
PR 3 3%

[ -

1. HESH) VHDL ES R RS

RFILASCHF 27_test_16. vhd (A& — 2355 {8 107 test_16 FZEMAE behave_1) 3
F:% VHDL & = f9ER (/1P S /B 14 EVENT F STABLE BB FIR . &I T HEIPRARX NG
SWENRHHEREEH . A4 55 19 ikl .

——HFIF 2 I T EVENT #7 STABLE g9MiR & S04 27_test 16. vhd
entity test 16 is

ond test 16;

architectures behave | of test 16 is
signal Source : natural := -—-{ZEif

signal Destination 1 : natural:= §: -~ E S
signal Destination 2 : natural:;= {:
signal Destination 3 : natural:= 0;
signal Destination_4 : natural:= 0:
signal Clock : BIT := ' {' ;
begin
Blck Test 1:
block (Clock = ' 1’ and Clock’ EVENT) ~—JB % EVENT {E B pUH R 24 8
begin
Pestination 1 <= guarded Scurce:
Destination 2 <= Source:
end block Blck Test 1;
Bick Test 2:
block (Clock = ' 1° and not(Clock' STABLE)) —J@¥% STABLE {EBRHUEH Tk
bagin

Destination 3 <= guarded Source:
Destination 4 <{= Source:

ond block Blck Test 2;

Monitor:

procass
variablea Source ¥ar : natural;
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variable Dest 1 ¥ar: natural;
variable Dest 2 Yar: natural;
variable TNest 3 Var: natural:
variable Dest 4 YAr: natural,;

bagin x
Source Var = Source;
Dest 1 ¥ar := Destination 1;
Dest 2 Yar := Destination 2Z:
Nest 3 ¥ar := Destination_3;

Dest_4 ¥ar := Destination_4;
wait on Destination_l, Destination 2,
Destination 3, Destination 4;
end process Monitor;

Tick Toek: —— =R E
process
bagin
wait for 10 ns;
Clock <=not Clock;
ernd process Tick Tock:
Source Wave: Source <=1 after 8 ns, 2 after 15 ns, —r*%{ZE{R
3 after 16 ns, 4 after 17 ns,
5 after 18 ns, 6 after 19 ns;
erd behave 1:

VHDL {EEREETT LLTEREF block 2 FidBRIFEZN - FIPREARAMERN Lrue
B, MR SR EIE SIRE IR RiNF guarded 155 ) aTLISCIIRIEDRE . B[
R IPEHE SMEIRIERE (808 ) ; MRIFRIAANE A false i, FERIRAIRTHE IR
& SM{EE A o] LUREER (B ThaE, EDeRRIFAUE SHEMIE A MIEE (T HF ) - blek test ]
i blck test 2 F-3F T ILEE M -EVENT M} STABLE TR ST BN -
bick_test 1 #] blck_test_2 F-{ERIAEEMIM &5 SWEE &3 A TR RIS
SREB IR ERIPHE S EEOTEREFRPIER - 71 monitor L &R
HUE S HE - |

2. RN ) & B)RE M AR RIS R 1

LA Vsim/Talent ERLLUAG]. o] LD B B et &5 Bk (ang 27. 1
Frg) s e DUEBN SR TEMNE LT BRMNESHE,. hkENREF RR%E
EVENT i1 STABLE 9% & . th T332 tick tock R EEIE, ST E L FWF & a0l & v
WTREFLL, DLRA ILILHTEAEER -

3£k Clock ='1' and Clock’EVENT 5 Clock ='1" and not {Clock’STABLE) #
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[EL&RE LR %S - BB BVENT TE5 5 EH B (EEL) 619 true. L2 A false;
TEYE STABLE E{5 5 L REBHMH true, K 2K false. {HEEHLE{TH, £8
destination_| ¥I{EE destination 3 PYZ{L H A&~ —Fr, £ 15~19ns BJER., (2
destination_1BJER{E 1B a) H R Y{E = destination 3 PIMR{EIE @) AFRETCIEF - 7 VHDL
BSHE. HRIPPSNEERIPREARNTNE S EREASER A It EHEPFRER
WM - ehitk ol CARERE X clock Jmi L EARFRIRASRT, BRIk blek test 1 JARE X
{5 = guard ((BIMRIF FA KAV E) BIE 7 true, BHBHRIHEblek test 2 FE-4E LM
ERa: guard HI{E h) false, HMZ5 destination 1 PUBRENIEIEE . MifS S destination 2
FI3X = R FF -

. .r thf *wla*i EIEIQ Rl s 3 s 0 R S R S oo WU vy
d Cursor 0.0
Time in ps -E,]'—'r.'h..|..115..r.;iw.l'.“...l.'.;.| r”]r'rr'.'!'....'f.“rﬁ-f|rr..|n.'.|.,
Seale = 100.00 0.0 40.0 B0.0 120.0 160.0 200.0 240.0
:;;ﬂ e j e me
| destination_4 o 0 (] —oq T 3XAXEXE e |
] destination 3 & 0 _{'l_] 01 1.
4 degtination 2 ¢ D _:(I] 1E§ T A K56 E;
! destination 1 < O (1 B3 YA DEYE & |
source o | -: (] o<1 (£ 600 E Y Y
| bick_test_2.guard> FALSE KFALSE FALSE) |-
| blck_test 1.guard> FALSE  KFALSE YALSE) |~
| _ g o mr——— I PA Tt W

B 271 WHUER

(RAIBAELH L. 27 test 16.vhd)
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¥ 286 BASHREMERIMIL
1| 3% H

AGAET 3T BAREIZ T R O T VHDL Bl g Hrhs | AT B PEABES:
7+ E SEBEMETE S BN UK R EH A r 8R4 TRANSACTION,

1. B

VHDL hi REEIIH AT AE BN, MEXRYE - BECEE T . FRERY . BEE
BIEESF . BT XEREYE. iET L ENERE B A A O AR . B @
BRIEX o AR RN RS . AREEE . BNEERY . A EEX N ENES
BHFRESEREZENER -

HEHESBER TR X ESITANENEERE. FBEREUT B

(L S’EVENT, WIRESROEINARANGEESE T EIESE, WREE, &0, &
-

@ SACTIVE: iNREMAHELAYES | HHBSE%%. IREE,; T, KE{H.

(@ S'LAST _EVENT . RIo| \iZfE S8 — M BH4E T ZIEER AT E .

@ S’LAST_VALUE : B[ Z{5 S7ERI — 1 R ELIRTHIE S1E .

®& S’LAST_ACTIVE . jREIZES ART—THE EMEE RN .

XEBETLURE—TMESBEEEENTNL, ZESREMERTLAUEA LREH
BT [ L RNAEFE . ZEBEHTH TR RS,

FEERBREELRNES T U BTN EHENNEFEEE . 5EEESBEARRN
2 XEEMAEHTFRERNE. GNELRBREE. F5LBIEE Frg¥k .

() S’DELAYED: @I 55(HES S MERNNEY, HEDEIFESTER t itE
AL TEH0E -

(2) $'STABLE[(t}]: B3 — P /REREE, YFIHRESTE ¢ M RTINS
HitmAdnr. HERME.

@ S*QUIET[(t)] . E%ﬂﬁ%ftﬁﬁﬂ$iﬂﬁ$%ﬁi i E# — T R EHEP
TSRS

@ S'TRANSACTION : @y — 4 bit XHWES, HEYS L HFHEELEM. W
S'TRANSACTION Fo{E7E & TR LS BAxf B RA{EET78%E, ‘o E R0, sl e
L0

NEBIABENE Y, SMREER ML HEMHEA.
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Fl—MME S REEEBETEEES Ed— 1 B%. B EeSNEE TN,
mELENEREEESNEEETL . Fi: ~REEREBVEESHEMNOCTR D,
MFZEES L HEERE, MBRER E5EPH0. URZES LEES. B,
L. FIENEGTEES, B EENEETRENE, AHPRESHRTHE
BA BB

BIETHESSHARM ML, FABMMEURETSNT -

2. VHDL IBZS R ERIER

AP S 28_test 64a. vhd ¥R, JREHAMNF ;

—E X WA & (T
entity Test 64z is
end Test 64a:

w5 %
architecture Behave 1 of Test £44 is
gignal Sig Nat : natural ;= 0;

—HREEX
procedurs Set 55 | Signal! Sig Param : in NATURAL;
Count_Param : out NATURAL) is
begin
wait on Sig Param’ TRANSACTION;
Count_Param := 55
end Set 55;

bagin
Gen Signal:
process
variable Count PS : natural := 0;
begin
Count_PS5 := Count PS + 1;
Set BB (Sig Nat, Count PS):
wait for 20ns;
ond process Gen_Signal:

Sig Nat == 22 after 20 ns;
ond Behave 1;

AT R HTIRIL. BFEAE L 125k Test_64a. TELEMIAIRIIE X —
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MTRF, B8 Set 55, FHIRBRER M SR . Sig_Param ] Count_Param, E{]
28 Natural RBIPFSEXN R HPEIEN in 8K, HEEN out B (FEREHF
AFE ot R ) FRENEGESEE—Hwait BN —FREES -HPED) wait
on Sig Param’ TRANSACTION:” J5:##H#d. HPIES Sig Param FPHHEELE, ©5

igH] “waitonSig Param;” WXHITET - M THiE, HEBENWEFHEE Sig_Paran -

ERBFEYE, MGHEMENRESS Sig Paran LUOMERGEE . BIFHEDEIR SN
RWREE) - IR RA LR wait (BRWEE. ERAFEFNEERE . SF5 Sig Nat B{E
B0 380 22 B, Count PS FHENIM 1 3829 55, {BX HgmiE . RN, FEER N THH
BE . HHTET. /R TRANSACTION FEERTHRASE. HstRil. EREETERFEA
A - XSHMETAENEY SR %, ZRWE R IERR T BIEX—5 . Hgsk
7 O] DL B Ch #HR .

(Rigid L& 28 test 64a.vhd )
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% 29 4

1. BRRGHMT/EEE

g T {5 SREE SIEY
RIGH ZRURHZEASHREBEGZARFAXR

2. BRI VHDL EEE R AR B LS

AR o iR 4 F A -

AHE 7 RN REY . #ESHEZ(H .

tincdil
1 B

HEET

—— A ERIRT M oEhR RS FURRN T HEE VDL (53R
—RAILOX BT MR AR i A3

entity Test 35 is

end Test 35;

architecture Behave 1 of Test 35 is

——iRBA {5 5 MR ¥
signal X Proc |
signal X Proc 2

signal X

signal Set

signal Reset
bagin

Proc_1:

process (Set}
bagin
if Set = ' 1

: hit
: bit
: bit
 hit
: hit

I
Lot
B O
' or
' or

AR S
——Set GHIE(ES, 1 Set {F B {HLZ L WAL, HRITIZER

then
—Y Set S S{HAM 0 FH' 1

XProc 1l <="'1';

end if;

end process Proc 1:

Proc 2:

——HFiEY), Reset BHIKES
=2 Reset {55{EF LA, HITI%HRE

B, $R1T 5 4)

RERE 53
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process (Reset)

bagin
if Reset = " 1" then
—X Reset (S5{MA" 00 RH' 1", JITFTEKXFIET
X Proc 2 <= "0 ;
ond if;
end procesg Proc 2,

—=SHEFHFESREE

X <= X Proc_! when not X Proc_1' QUIET else
X Proc_2 when not X Proc 2' QUIET eise
X;

Set <= " 1" after 10 ns, ' 0' after 20 ns;
Reset <= ' 1" after 30 ns, ' 0 after 40 ns:
end Behave 1;

R R |
HBIERZARFERR. MIFFREAA G NE X — A8 M EH IR R L
TR 5 a) - HRE B RS BT - HERBIEAINREAAT -
[EEER & . 1lpostponed]process| (BUE{ZE%) 1lis]
CiBH X >
bsgin
<M Fr- 18>
und[pnstpnned]prncess[ﬁEiﬂﬁﬁ{%]:

FREREGNAE—MEAX, KATTURBEEER . FTEFANTR . FiiRHAXA
BT EH TRl MAER, EHEER (R FIHRHAERA) o TE/ 5 U
PHEBODEEREESR NENTHBEAIMNPNBRE —RIEUIE 2R G/
vait 1248 . SEREEERNABEDDPAALTFERRNHM wait iE4],

AR

Set <= ' 1’ after 10 ns, ‘0" after 20 ns;
ZMTF

Set <= inertial ' 1' after 10 ns;

Set (= transport ' 0' after 20 ns;
Sk, Reset <= ' 1" after 30 ns, ' 0' after 40 ns;
2T

Reset <= inertial ' 1' after 30 ns;
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Reset <= transport ' 0’ after 40 ns;

EIFEFE SRAEUPT AT RIE.

X < X_Proc_1 when not X Proc 1° QUIET
else X Proc 2 when not X Proc 27 QUIET eles
alse X:

X Proc_1'QUIET 3R/R X Proc 1 R YNESTAIS Y%, MBREHESEE,
X _Proc_U"QUIET#ME A°0", &M X_Proc_1  QUIET f9{E 1’ . EEEMNE. ZEEM
TEROCE-TES. WUEAD RO AN, VO THUHHEER REE
SHENMEE. HE—TEH. XEHLEFEESREETORT, WRES X Proc_l
HHFLE. WES XX Proc_ L R{E; TN, MNREE X Proc 2 EEHEEL, NE
%XﬂifmaﬂmﬁnM%JJWQJWXRWL?ﬁ&ﬁ$%£$=Mﬂﬁﬁﬁ$%u

3. WA B 2 IR F RIEAGE R

TIPSR AP ARG SIRE, (EFEEM & £ ESREIE 0BT
1& 1 HI R R I -

Set <= ' 1" after 10 ns, ' Q' after 20 ns:
Reset <= ' 1° after 30 ns, ' 0' after 40 ns:

W 29, 1 BT o

Time in ns
Scale = 1.00
reget S |
set < 0
1 x < 0
X _proc 2 <0
x_proc_1 LI |

B 29.1 MNLEH
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TE Ons B, Set Fl] Reset B{HERE 0. 10ns B, Set PHET A1, JHFE Proc_1 #
BiE. PITIEAIX Proc_ ] < ' T EHITIRA

X <= X Proc | when not X Proc 1" QUIET else

X Proc_2 when not X Proc 2' QUIET else
X:

H F It X Proc UQUIET By false, BFLA X#E X Proc 1I#{H, {H 1" - 20ns, 30ns
M 40ns Bf Al CLBL 24T ABFIA -

FERBIRLAIE. 72 30ns B, Reset FH'OZE AT, HITHEFE Proc 2. {EHFHFE
1, X_Proc_2 #WR{E A0, VB X Proc_2 7E#BR(E 2 Al EFEE 07 &L T EREBRIED
ZFA--PEHE. BBl X Proc_2 W) QUIET BB B false.

(RFBELHLE: 29 test 35.vhd)
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£330 FEEESEN

7 A

1. BRAGKRL{IEFE

EHE AR E . R HREEEEGER ZE—ME S, BYGEERRIAENGEE
5o RIEHFETE Ons WM {55 Sample WUHEL . HIFREFHWERBWIEES . &
YR FETE 10ns INFFEARINZE S, —BRNENZES, BRIk -

2. HBEHY VHDL B SR I 52 BSR4
BRI TR
entity Test 3 is

end Test 3;
architecture Bchave | of Test 3 is
signal Sample : bit;
begin
Sender:
process
bagin
Sample <= ' 1' ;
wait for 20 ns;
assert false
report “Terminated in Sender”
severity note;
wait;
end process;

Recevier:
process
begin
wait for 10 ns;
wait until Sampple = " 1' ;

assert false
report “Terminated in Receiver”
severity note;
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wait:
end process;
ond Behave 1;

TAEFFR . {RIFFI5ES, Sender Fl] Recevier iHFE & #EMIT—K o Sender #H{2TATT
1P 2 5980, EHMTTHE 2 Rwait B, FLEREHEL, Recevier R
T8 1 4184, BoHX R EA)Z wait (B4) . FTLLZ TR 3R 24T - 10ns B jIR2 Recevier
HWHEIGHE. BEHITE 2 Fwait 34, # 2 #BAERIARFRFES Sample WHH
fE&a, HEERNUBEMTRR . A4RENIT, BT IR Recevier TEX B fifzid - 20ns
B, R Sender B RENE . RKIHE S Sanple P B, H H gk A /& Recevier
I 2 Fwait EHNBTE S IHREREWRE -

(RIBLELH L. 30 test 3.vhd)

+ 112 -



0

#3160 hETALEMEALHERE
ST

1. BARRZETIFRE

FAEE 2% S SO TR SUBYE QUIET, FH{f FH BT 7 o T AL BB 00 S L R B At
2. VHDL BE IR G ZRIEESR

AR E—A A Test_35b F1—1 5 2 AR% B A4 ¥4 Behave_L. {4 Test_35h
MR WFEENRRERE, AREEEAREL, FUIEEELRD - £54E

Behave | MELAT M #HIEM 3 FHEESWIEE @, 520 Rl AL e g &l
e N 6 (LR 7 LTI

a_rchitectura Behave | of Test 3bb is

type LXOL is (" X*, " 0', " 1"}, —HELTEENEE

type [.X01 Vector is array (natural range < >) of LX01:
—BEXEREENN R

eignal X ; LX01_Vector(3 downto 0) := (others => ' X' J,
—SMERFRET R AL, H RS RIRET IR ER

gignal X Proc 1 . LX01 Yector(3 downto 0} := {others => ' 0’ );
AT RIS AL, RN R R R R

signal ¥ Proc 2 - LX01 Vector(3 downto 0) := {others => ' 0’ J;

— AW iR, BUNERA RS RER
signal Set_X Proc 1 2 : hoolean := FALSE;—A &t —FnENT
gignal Set X Proc 2 3 : boolean := FALSE; — MRy —fn.lf0
signal Count 1 : patural := 0; — [ HER T - -1 R 2F

signal Count 2 : natural = ; P ELET — 1 B ER
begin

Proc_l. —REEFET{E SRR —

process

bagin

wait until Set X Proc 1} 2 = TRUE;

—— SRS T —$RENRL A TRUE BF80E
X Proc_1(2) <= " 17 ;
wait for 200 ns;

Count_1 <= Count 1 + 1; —AERvlrit8esshn i

ond process Proc 1;
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Proc_2: — AR T IS S A shik e —
process
bagin
wait until Set X Proc 2 3 = TRUE:
=2 NAEHHINT Z$REZ A TRUE H#E
X Proe 2033 <= " 1° ;
wait for 45 ns;

Count_2 <= Count_2 +1; ARl TR Es N 1
ond procese Proc 2;

— 4B S LN B
—IRIB R R E(E S X IR 5k
X =X Proc_| when not X _Proc 1" QUIET else
X _Proc_Z when not X Proc 2’ QUIET else
X,
— R 5 B0 SR E AR R
Set_X Proc 1 2 <= true after 10 ns, FALSE after 400 ns:
Set X_Proc_2_3 <- true after 50 ns, FALSE after 500 ns;
end Behave 1;

eSO Pl AL BB R e R EAR . Proc 1 B ABE KR LE. T Proc 2 i
RSB S - BUES— MR, BERES X Bf— MEMN ek, H
IR R P AL (3 ARRR R EERE SR TR A ) - BRI Eh R S
X HIHBEHN — SRR G SWRMEIEAER . R4-5 SURIETE 52RO 56 D drra s R Re
WMEFMESHIE G, ¥ X _Proc_ 1 3K X Proc 2 MEIREIETMFEREE X 1. REHE
W7 A0 T R ARIE R iR K5 5 X S EREFETE RER, 45585 R PR .
¥t #2 Proc_1 Hl Proc 2 4y Bl % %5 P &% o W7 18 K #5 A (% Set X Proc 1 2 A
Set_X Proc 2 3. g1y TRUE &F. 493 AEE¥rER{ES L Proc_1 8¢ X Proc 2
FIFHMN (B 1.

A {E SR EIEY

X <= X Proc_ 1 when not X Proc 1" QUIET
alae X _Proc_2 when not X Proc 2' QUIET
else X

M= X_Proc_1 B X_Proc_2 B4RV, WEIHMESS NEHEHERES X, X%
S T EXESEIE QUIET, T HRESSHESERE . BiE QUIET i1
boolean RIWKRZUE S BAMTERM L HNE SR EHHRHF R2RE —MEE N E
REABH, ZARESAHE. Wi, FHLEREVBHEAN AR - ES2E5M%E
EHBF. AN ZESREFROTLIE X Proc_1 8 X Proc_2 #EHENRHEHIE, #
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Be gera P HIR A Se R ER . B0 X Proc 1 Ml X Proc 2 L[EHT% 4 AR E M
Lol . 7E X _Proc 1 #1 X _Proc_2 bmff% =3 {H, X _Proc_I’QUIET F1 X_Proc 2°QUIET
[EHE ) R FALSE. {85 BMREERFETIHE, FETE | A itHE when REFUR MR
) FAE, RGE A S TRER,. HH24g X Prec_ | FIEMSES X, MARET
B X Proc 2’QUIET RY{H -

3. BRIGERTH
A GG B0 B OE 31, 1 iR -

DIXhe MO WeE RNC BED W0 WM
AR | ko 111 i e s v 4 | S
o Cursor 160.0 —I
L A AR LA LAY ERSA LA RAARRMAARI S AAAAY AN

e e s
Scale = 1.00 0.0 80.0 1640.0 240.6G 320.0 40¢0.0 480.0

count_1 ¢ 0 0 01 =
count_2 o 1 I 031 ] [

set_x_proc_1.¢ TRUE i{;ﬁE TRUE A FALSE
X_Proc_l o 0100 %{qnmu —Bi00)
set_x_proc_2. 8 TRUE [FALSK TRUE )
X Proc.? < 1000 §<ﬁau0>{1uun 1000
X & 1000 Wuau 1000} |

xoroc 2021 0 e i e e o]
R 530000 ne ¥ -x_pooc 1037 TR Vexi 350 Thohava 1) Ee LIPS R RUNE 0N T -2 S

Bl 311 AR

(RIGELH L. 31 _test 35b.vhd)
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#3320 B RE
1| 3 4

1. EEFEZXUK

FBIS FE R A VEDL & 53 Tl A —FiR e, DA A FEIRETFEREVE SR
SR - (FSEGE LR BRITLMEREEENET, M THERES out B inout R AR
AESSEWBE R U AR EBEA T o S T LT Mk B

B:hlock
gignal 51,52:hit;
bagin
s1<="1",; —&8
A:process
procodure T is
begin
S2<¢="0" ;. —@&iE
end P;
bagin
I
s2<="1" ., —&%
wait;
 and process;
end
package body P is
procadures Q) is
begin |
S<= 1 AR
snd P

{EEWERER “51 & U 2aEN . RA--THEESBEBOREREN EE
SRENFMHRER). HMZiEaEkn 2 - MEaNHEREER ; 50«52 =90
WEGEN, REv TR P Pmige, HIZIRE X THEENREX,. BmXEES
EEVZEITHRETENNY. CE2a85%0, #E A hRyiEm <52 & 1y REE
FHETHEBRPHEGES, AmESEr, ¥ TiEa <5 &' m5. FET IR
A, MzdRELTRFEP R, BimiEa S &< 10 AMEETHEMHRE N,
EEAGER . [T EARE, BT Bk
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——7F LR & (EEE)
ahtity Test 110h is
ond Test 110b:

LAk
architscturs Behave 1 of Test _110b is
{5

signal A _Sig : NATURAL := 0O;

gignal B Sig : NATURAL := 0;

signal C Sig : NATURAL := O

—FRFEL
procedure Concur Proc is

variable Count TP ; NATURAL := O;
begin

Count_CP := Count (P +I;

if A Sig = 55 then

Count_CP ;= Count CP + 1 :

wait until B 5ig =65;

C Sig == 7b after 10ns:

and if ;

Count _CP :=Count P + 1;
end Concur Proc:

bagin

Gen_Signals:
process
variable Count GS : Natural := 0 :
begin '
wait for 10 ns;
Count_G$ := Count 6S + 1:
A_Sig <= bh;
wait for 10 ns;
Count G& := Count GS + 1:
B Sig <=R5:
wait on C Sig;
Count_GS ;= C Sig;
end process Gen Signals:

I RRA
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Concur Proc:

ond Behave 1:

GRS AE L —1ZE Lk Test_110b, HATW AIZEFIHE Behave | BIiREHER 77 7€ X
—MFFF. BdFR Concur_Proc; £549{& Behave_1 WG aiffsrHI — RFRIE AL -
fEHFE Gen_Signals H{ESMEIE“A_Sig <= 55;"fI"B_Sig <= 65:"# 2 HEM.
T7E1T 2 Concur_Proc HIfR)iER) “C_Sig <= 75 after 10 ns;"WASE:. AAECAEE
LT ERR PR -

2. iSRRI EEE

MiA Talent FREEAPEIGRFE 0 A FHITHFEL IHRER{E B . “C_Sig can not have
drivers in procedure.”, IXSRIEIF &SR —E . N{ERFEL. BSHYFH RN
B, HFESid 8 Concur_Proc JTEHFERRHENT] -

& Cadence #31%, SIIREEE B . “Update of port/signal must occur in process
statement.”. 1XFHH Talent B {F 4% (0|0 H 5 Cadence —%7 -

{ B AEXHE: 32 test_110b.vhd )
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F330 BAEKER
| it H

(AR

1. BRARG TIERE

A B IA— R R B R, A THRR - TR BER A/ HREENE 33, 1
BT

B —a-
—e—1.T
IN.-READY —=={ Comparer

OUT_REQ ——m= EQ
CLK - —e= OUUT _READY

B 331 WEEGtLREE

LR 5 MHABT 4 MR AT EAREAOT AL B AR A BRI A B
BUETEE Y 0~255 ; CLK HREMR A, FILXRAGNRAS I AN LB
5%, INREADY @ — AR, ST NERTE, RMEHLIE (F8A B) DAL,
AT LUGHET HABEE - 55—V OUT_REQ oSt iR {3 B, % H B Py
ROPABH RSB TR R, R B SERIS S OUT READY 3 17, &)
{3411 OUT_READY (7] IN_READY fil OUT_REQ —#¢. MB35 . Bt SRt S lgitt e 5 ok
g, TR R SRETERIES 0T REQIEH 07, HRERERE, i
5. OUT_READY B *17; il 6T LT, BQ M FRTH Rt SR, Hams
B bit. S A S EI% A MR 33 1 Fim -

2331 BELLRTRENR

"IN GT | (T EQ

- A<B | 0 I 9
A=B 0 1 0 | ] -
A>B | 0 0

2. VHDL B iR A 2RI 50

AFEH S 33_comparer. vhd, 33 _comp. vhd UL K 33_simu. vhd SRR EERL SRR
VHDL §#4& . HEh2fF 33 _comparer. vhd =844 |ibrary 7). use TAajLL k—4 235
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{& ; #F 33_comp. vhd TSI comp SEBRSTT NELR . BRI AN B B0 HL B aRRI T HE
HETHEE - SCfF 33_simu. vhd 24T — P HRIIK & (test~bench) , BT BN FH T # i
Mk, DIRAEIRIHER R TR BNATIEE . THE SRR, 1w E M
8w ) B Ry VEDL 1B %R -

(1) &itEE
B4, s 33 _comparer. vhd, JRERATT -

— FIA library 74)# use 7 f{EI% 1T PR BT AT L
library STD;

library WORK;

|ibrary COMP;

uss STD. STANDARD. all ;

uge COMP. TYPES. all,

use WORK all;

—— 7 SR LS SR AT & S (B R
entity test comp is
end test_comp;

EE, B E C AR BOT LEURTE - VHDL i FER o [N, i a] e H Al
£ MigitEE. CAFIRZEERR T Eor ﬁ@iﬁf$fc%1’afﬁi¥ZFﬁ)\iﬁﬁﬁﬁﬂ*}
ARNER .« SRS, BEFERE D VHDL #dEE .. B0 XSG EN . SJTE
i BT ER A library TE1HEE . IEWEA PR =58 EEEF'JEE%?‘J STD
PIEERFFEIRITRTREE N, TEEESHETE XIWEFH STANDARD 5 TEXTIO. f&
XWBRFAREL T ETERY . FEY . B8 THEF%. WORK EASRLIEE. vl
B P AR FE ARt T BERHIINE —MNEZ N CMP, AR FEBACEIE
ZEE, IS4 TYPES B Fi%ED Xk iE o use COMP. TYPES. al | ; "TFEnETT A RE ik .
library 7 WORK /& - STD EELL Fx COMP FEARED AR BTdR ] UL, use +a)M{# 11t 1]
B AED ST, HURETEYEIR . AHhE T use WORK. al | ;"KM ST H
25 | B WORK FE rh(f) AT A T8 B4 7T, 118 ) “use COMP. TYPES. al I [U AL iFidiT& B & 17[7] COMP
FERFE T & TYPES BfE LAIRF B E - ?%L%F“Eﬁ% —EEAER, XEMRE
(*test—bench”) BR L FEH -

2) @it LK
T 4 B 01 33_comp. vhd -
~— PR R
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— SE N TR Types
package TYPES is
subtype short is integer range 0 to 2H5;
ond TYPES;
use WORK. TYPES. all;

—— E{&i5HH
entity COMP is
port{ A : in short;
8 : In short;

IN_READY : in bit;
QUT_REQ : in bit;

CLE : in bit;
OUT_READY : out hit:
GT r out bit;
LT : out bit;
£e : out bit);
ond COMD;
— COMP R9&5Ha {4
architecturs ALGORITHM of COMP is
begin
—— BN EEEIT AL
process
begin
wait until CLK' EVENT and CLK= " 1' and IN READY = ' 1’ .
— Lok EUE
— A >B
if A> B then
GT <= " 1" :
LT <="0" ;
EQ <= ' @'
ol se
— A < B
if A < B then
T <= "0
T "1
EQ <= " 0"
elsa
— A =8
GT <="0" ;
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LT <= ' 0’
EQ <= ' 1'
end if;
end if; |
wait until CLK EVENT and CLK= " 1' and OUTREQ =" 1" ;
OUT_READY <= " 17 :
wait until CLK'EVENT and CLK= ' 1' and OUT REQ = ' Q' ;
OUT_READY <= ' 0" ;
ord process;
ond ALGORITHM,

X EBRE IR NS -5 SRRt TYPES fiRBE, g 2 T 724 short,
CUABRWERELA, EEy[0, 255]. B 2 BaNERE—TRITSEE, TR S
HIFT AITIHE - 76 VHDL §iR et REQRGE . /N R[THEE, W T — ML . @it
A E— B RN — AR, N 33.2 At

Bif&k&

B | | R

ik

33.2 iR EE

LEEHE TR AR, RESARIN RO, BEdEIERR.
R ERZ M ARER, XENETLEY. - Z2EFtERTFEEN.

TR RE R E R R - Mg RBEME . 5 MRON in X, H A B A
YW short /Y, HH N ER bit, ¥ 6T, LT. EQ. OUT_READY Ji[ 5 out
R, AIWEREEE . B, WORMET mOMEKE - BRLIEHEN. WM
1A AL IMREE O -

R SRF AR E SRR COMP X W R EE 1% ALGORITHM . 2% fy {4 B LAUIA — &1t
FIESHETT Y, IRITHHEA « Bilh 2 FE9 X R B o RFRIT BT AITkE

(3) ##E

AFIHRIEREfE D — R A BB ISR . ERENRIT ARRME R T, HEIE
wZAEHENER, £ PMHRASELIGERIFES . #REEEAN .

GHEARE . ] process [(HREE2FE)]
< RBEEA >
begin

* 122 «



PGS >
ond process [I2ERE];

HEREE A o[ — S BHE LR . TRF - $8%, HhEENEAHENTE T,
AR B

WHRTE process Z IS BURE SRE M T ZHEENNBRF —FiE0LE “wait onfll
FEESR, " BEIRPPO—PHES N TRESEN . HEEHEE . SFREE SR
HREDPAATEREA LI wait 54 . AFREERESE, B3 F it 301EH

ST cwait until £FRAR BN weit B4, BREEEERSAEERDT
HILHI(E SRR . EHPFTFiE4 “wait until CLK’EVENT and CLK = “1° and IN_READY
=1 Mg, H§EE 5 RH CLK £ IN_READY #35% .

P # TR S — 4 R R bR — N R | R RO B TR
LA EE wait [FEOR, BN BER S RIFTED ; S S LET{EE wait {F6HTEH
Ihg, HBRUBTPh A RiIH—5 « BEX - SHEF A ImRLE R

AR AT TR AR wal t BRI 224, B i ERHE SREEN. ifiEaR
—BRBEES PR iFETHITER HET TS EE Y - MFE S SR EEE
FEJCYERS . TEREEAE, APRERA . EH delta HEHY .

3. IR EGRS R

VHDL 2 B T RN ORIES - AT ETHINEITE, VHDL 48T <Bhta -
(test—bench) HLfil - AT 33_stim vhd B “HlidE H—F 5. FERAT .

— test_comp FIEEHIE
architecture BENCH of test comp is

~— BT R 1 1587
component comp
port (
A 2 in short; -l ]¥dEERlE ¢
B ¢ in short; —¥g[]EERAAIE
IN READY +in bit;
OUT_REQ : in bit;
CLK : inm bit;
OlT_READY : out bit:
GT : out bit;
LT : out bit;
EQ Dout bit —EROHEABERIE
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)i
end component :

—HhNE 5

signal A:short:
signal B:short;
signal IN READY:bit:
signal OUT REQ:hLit:
signal CLK:bit:
signal OUT READY:bit:
signal GT:bit:
mignal LT:hit;
signal EQ:bit;
—4R 3

for alil: comp use entity work. comp:

begin
comp_l1l: comp —JC{®T
port map {

A=A —EHEEEEHEARET

B => B,

IN_READY => IN_READY,
OUT_REQ => OUT_REQ,
CLK => CLXK,

OUT_READY => OUT_READY,
6T => GT, —WER{E STy

LT == LT,
EQ => EQ

— =R
comp_driver:
Process
begin
wait umtil CLK = ' 1’ ;
IN_READY <= ' ' ;
A <= 25;
B <= 23;
OUT_REQ <= ' Q' ;

wait until CLKE="'1':
IN_READY == ' 1' .
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wait untjl CLK = ' 1
OUT REG <= ' 1’

wait until CLK' EVENT and CLK = " 1’
CUT REQ <= ' 0' ;

wait until CLK
IN READY <= ' 0 ;
A <= 35;
B <=48;
OUT_REQ <= " 0’ ;

i
—

wait until CiK = "1 ;

IN_READY <= " 1" ;
wait until CLK = " 1" ;
QUT REQ <= ' 1’ ;

wait until CLK’ EVENT and CLK = ' 1’
OUT REQ <= ' ¢

wait untit CLK = ' 1" ;
IN READY <= " 0' :

A = 58;

B <=158§;

OUT REQ <= ' ' ;

wait until CLK='1" :
IN READY <=’ |

wait until CILK="1" "
GUTREQ <= " 1' ;

wait until CLK’ EVENT and CLK = ' 1
OUT_REQ == " 0’ ;

—HER

assert false

report “—=End of Simnlation—-"
severity error;

and OUT_READY =

and OUT_READY =

and OUT_READY =

I 1 ! :

f 1 r :

f 1.1' :
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ond process;

—— = 4 BT e R
CLE <= not CLK after 50 ns:
armd BENCH:

IR B 2-— P EAEER SR EE XA ARDRED . EafEEs
1 33_comparer, vhd SCHEHIYE Y T 2 (E test_comp . TEMHR & AuE5H3{E BENCH g
SN ST AR COMP, FE @it S K 55000t (AP ## 33_comp. vhd HINZ it 58
% comp) ¥, REFATHFIEEENE S5 B THMNRE A, HiEH WEBER
5. {NE 33.3 Ao -

:_ test_bench i
| mmEs W5 }
! A—- !
A | - GT |
T GT | B wam N |
B | LT I _ —w— LT I
IN.READY —| stmsst | IN.READY — Ttk o |
OUT.READY — EQ | QUT-REQ -  mig | |
— OUT-READY
CLK ! CLK —= e OUT_READY |
| |
| |
L

333 BEMELEEE “test-bench” ?Ttﬁ@

{E R comp_driver 2 —RFIH TN T AR, FERESWIEIEH
wait BRI M. HEESWEEESR “CLK <= not CLK after 50 ns;” ATr4
e, BN 100ns . |

R STAE 33 _comp. vhd, 33 comparer. vhd LA}z 33 _simu. vhd i 2 g (NUFA4 0]
EifE ), FEMEE) Vsim/Talent FHTHERL . UG£/ ERZA0E 33. 4 7R -

o 33,4, LRSS IREER A IR R IR 208 . EEWENEE i
W2 ERHERF I IERT %] 252 comp_driver HIRYIEH] “wait until CLK =°1";~
R D . M AEHIAT RN 50ns B, CLK 384k, $14TiE® “CLK <=not CLKafter 50 ns;”,
BT comp FIFFFR comp_driver. BT ##E comp AS A E (IN_READY = ‘0°), [
Mz IE R . 52 comp driver HREWE. MFEHIT 4 KESREFH: “A <=
2h:, “B (=237, «“IN READY <= *0’;", “QUT REQ <= “0";”. £ 2 & “wait until CLK=
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L | Cursor 00 | . o

Timemsu— ilIllilllllllll!FlllllIlrllllllllll!rlllllll.

Scale= 10.00 |00 400 800 1200 160.0

. L N .. _ s iy

1eq ¢ D “

It o 0 | -
gt ¢ 0
out_ready < O
¢lk ¢ 0
out_req ¢ 0
in_ready ¢ 0
b ¢ 0
a 4 0
=Y v B I+ 2 |

M 334 PCREERREUA A E

‘U BB E AR RN S 5 100ns I, CLK #9148 ey . #7184 “CLK <= not
CLK after 50 ns;”, CLK = ‘0, W MIBEFFREFHWAHE, EmERGERE . &
) 150ns B, CiK = 1, BiGHER comp_driver. HRHEHEE, IN READY ERESR,
3 Fwait iENBRBEEREE. BRBUEHE conp. BHAT delta RKHTE. (HE
wait iBEIPRIREDG AR, #H8 comp FRFIERD ; EHlhR 250ns B}, FiEmE
KEE, AR comp &R, MFEIIT iF i34, SR THHSHE. 54
7 wait [EaPSHERTER . 7518 comp_driver B, OUT _REQ W@, & 4 & wait iE4)
UG HEED . BT R 350ns BF, #H#2 comp EILH:HE L. OUT_READY g5,
SN wait B R T delta SEIRTETE . $HF8 comp_driver KA ERHRE .
(K Mo OUT_REQ {0 @ HF ; EHIRPEC, 450ns i, 2 comp_driver HH%4E &1
A&, OUT_REQ B J{KHLFE. RIEEHRT delta IR, comp #HBRIEBELE. BHZE 550ns I,
OUT_READY A28 B 8, PAE A F—RELEERE% -

M RE e PR 5 AR Mt & ; FD <A=35, B=48", “A=58, B=58". BT FEREBIATIR,

« 127 -



B EEETURESEHEREGR -
2EH)HE —End of Simulation—” ZJ5. ¥/t (severity) iy error,
M S BRI RS H

( F4HELH L. 33 _comparer.vhd
33 _comp.vhd
MK F & 4L 33 simuvhd)
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B3] HREAMES
R AR

1. BRARN TIERE

AFBETERREERNIT N . SE5RESIFES bus_ready TH UK. M BERET
EHEWE . B ERHERI{ES bus ready {EAHABENEIERE S, —H bus_ready ZF A1,
FREEITFE, AT B BRI . KRB RANSEEREE, HFAPIREHRAE, &
G ¥R KE S IR R

2. FEERY VHOL & SR 7738 B& At

FRSH FRINT -

package | is
attribute cycle time:Time;
attribute max cyvcles:Integer;
attribute clock phases:Integer;
attribute Integer width:Integer:
Type my_integer is range —2%%15 to 2%k15-1;
Typa array of irteger is array{l to 16) of my integer;
Type my_integer Vector is array{Natural range< >} of my_integer;
— 1B — 1~ BB
function wired_and {inputs : my_integer Vector) return my_integer;
snd package p;
package body ¢ is
function wired and {inputs : my integer Vector) return my integer is

— 4 BR R M
variable m: my integer:=0;
bagin
if inputs’ Lengih=0 then — R T s R AR T
return 0O; —& | 0
olse

== I 1E MR A ZEEE AR ZhR o R e KB FE iR e
for i in inputs’ Range loop
if inputs{i) > m then.
m:=inputs (i) ;
ond if;
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ond loop;
return m;
and if;
and:
ond p;

entity e is
—EERERRA/ B L W O
— SRS SF AN O
port{busl : inout wired and my_integer;
bus ready : in Bit};
——HE X5 e BBIE cyele_time
attribute cycle time of e : antity is 50 ns:

—HE XEE e HIEIE clock phases
attribute clock _phases of e : emtity is 1:

ord e;

architecture arch of ¢ is
begin
rl:Procass
variable a :array of integer;
varisble max:my integer;
variable loop_time:time;
varitable i:my integer;
begin
—FRiE R
loop time :=Now:
—EH 16 &K, 3§ 16 MR IEA R o W
—EFREH P FEF bus_ready HH' 17
—&H Y bus_ready TR 17 . busl BFHEFH XTI a
111:for 1 inl1 to 16 loop
wait until bus ready=" 1’ :
a{i) :=busl;
ond loop 111;
—— AR, H T BER T e BY cycle_time B 16 fi%
assert (Now—loop_time)<{={16*%e’ cycle time)
report "locp tock too long. ”;
wait for 10 ns;

— FEFET S48 a PR XE

max:=a{l);
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112: for I in 2 to 16 loop
if a(i) > max then max:=a(i);
ond if;

end loop 112;

AR ES T B « PHIRAHE

busl <= max after 50 ns;
end process pl;
ond arch:

B .

TESLARRBAR MR A R AR ER . HE AR HAT T BT A I
ATEEY . HREFREFEYE TR AL AL, VHDL f2 4t TR Al . 2R — 1
gt (Rit$sn). EERATHMIRTETE— R . — M4 AR -
HEAB LS s #ET . REFAERREY . BESTEEE RPN L5085
RASEE . FEEHEAT. FRFEFEHIESRBAY, MEFREREd. RBE
IR R T AR ERARR R A TE R Z ST I

WRITT R EX R RS BT — R 2T AT -

package ©£ % is
I8 IT
erd [package] [P1%2];
—HA & EAES X R EE I ABA & F R
package body H17, is
—1RBR R
end [package body] (14 1:
uas work. p.al|;
use §-FREE ;
use B IRAE, - {FEPREREEE R
use H¥.all; —— 1B B R ATH A REBR

3. BRI E B AEE R ESR S0
A G I 5 R AT

busl <= 3;

bus ready <= ' 0 ;
wait until clk = ' 1' ;
bus_ready <="' 17 :
wait until cilk = " 1’ ;
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busl <= 7;

bus_ready =70
wait wntil clk = " 17 ;
bus ready <= 7 1’
wait until clk = ' 17" ;
husl <= b;

bus ready <= " 0' ;
wait until clk = " 1° ;

bus ready <= "1" ;
wait until clk = ' 17 ;
busl <= B,

bus reads <= "' 0" |
wait until clk =" 1'

bus ready <— ' 1" ;
wait until clk = " 1’
busl <= 9;

bus ready <= ' 0" ;
wait until clk = ' 1’ :
bus ready <= " 1°' ;
wait until clk =" 1" ;
husl <= 6;

bus ready <= ' 0" ;
wait until clk = " 1° ;
bus ready <= 71" ;
wait until clk = ' 17 ;
nusl <= 4;

bus ready <= " 0' ;
wait until clk = ' 1" ;
bus ready <= "1’ ;
wait until clk =" 1°
busl <= Z;

loopl :for num in O to 18 loop

HRIIT IR, busl #RA{E N 3. bus_ready EWE{E A0 . TEIATT FRIAY

bus ready <= "' 0" ;

wait until clk = " 1°
bus ready <= " 1" ;
wait until clk =" 17 ;

srid [oop loopl;
assert false report "End of Simulation” severity error;

f2 pl #4ERD. ¥ bus_ready F{EAE 'L,

v 132
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111:for i in ! to 16 loop
wait until bus ready=' 1’ ;
ali):=busl;

end loop 111;

B8 1 PHT5h S, bus_ready $ERR{E D1 - LEATHEFE pi #EBE, ME amyE 1 TIC
#F# busl BE . RFHE pl WEAHEE, FFT—X bus_ready BHD . LUEES
bus_ready 80 VAT, R a BEM busl EA—NEH . BHEA 16 KfE, [@F a PELE
AT 16 ME - EAFE, X 16 MESBE:3,7,5,8,9,6,4,2,2,2,2,2,2,2,2, 2. 85,
BT HITTEAER. & AEEREL

max:=a{l};

112: for 1 in 2 to 16 loop
if a(i) > max then max:=af{i);
ond if;

ond loop 112;

husl{=max after 50 ns;

R g LA 34. 1. M 670ns 407FG, BEHiimA{E 9.

= b
::::::

;ﬁﬁ .

r—— = g T “ T [TiiT R T B T “"T‘TWT"I"T'T
Timein ns ! [T
Scale = 1.00 0.0 160.0 320.0 480.0 640.0 #00.0 950,14
clk o B
E bhus_ready L |
! bus1 s 3

%
1
1

i R e B E e o, B

341 WERSESARYEESR

( BHBRL L 34 bus readwrite.vhd )
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%350 BTR&RINFEE
£ &

1. 1486 B EORIT

g e A AL REEEES — T 5RESHEE, TP r—RE2—T=
SHEE . AT RIERIBELSS EMIER LR, RS0 RN SNe TR R
BIFHZIE . £ 70 PRSI TINFEE, RO ARG PR 2 80%it — et
LA, TR LT HER Y 486 fRAb TR AYE R0 MOT  SERRIY 486 MERROEE I 2R E 2
T B PSRRI S . Bl ©HE L ile0E 0 E S EHER R ZH 8.
16 BE 32 fIBURE . AUFIMNNEVERSSALE. AkUEIEEE S MEEER . EairHib
WiRFERIMTERTE - AFDIRTHRT R E & KA (E S Ak s S A1
S5R1F. ZHITRT 486 RUCHESA 5, ERELT 486 bR LA FR 3 HMEH
SHI—8O. WA 35 1 EsMEEsiEOE-.

Addreas

Data

2!

=%

E

CPU RE ok RE

ki

W/E_
Rdy |

351 HEEE&EN

NEE R R T CPU 5 486 RERBTHILH) . 486 Beki 1 B TMIIhEE 2 1
CPU R =EFIFESMEEES. HHENMBEFANBEGSENRESESRERES
CPU. ¥4 br=1{Bus Request)#l wr (Write)=1 B, CPU 4t FEEHE . T2 br=1, wr=0
B, CPL 4bTiEE . 25 FEERAT, D& 8miFiR Bl {55 done=1 # CPU.
B2, BT 486 S O 8T CPUE N DL S 4 iR &8(E - B 35. 2 2R m &
oE. -

486 BEAE O HUTH S — MRSV AR S L% IE. T 35. 3 hfHE SM ER
2l WA SRR -
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cCPuf I4s6 B rh /v 81 oo
dﬂnz - dD;lE Al —
sid e st .ﬁ_d';' -—
br = br
br be BRI E
address{ 31 s 0] |=——"s address{ 311 0] abus[ 31 1 0] —
w_data[ 31 1 0] f——"» w_dara[31:0] dbus[ 31 : 0] —"
r_data[ 31 1 0] k2 r_datal 31: 0]
RNEEHRNAA
B 352 ABLEEOE
Y
el T
t
Daone
' [Dbus=high-2]
o>
1
T1 -
]
Abus=new address
dbus =high--Z
Ads=' 0 W /R=wr
{
T2 |-
!
Abus =same address
W/ R=wr
1
{write} |
dhus=data
from CPU
Std {3 > 1
Data wo CPU=dbus Rdy
1 -
1
Deone
{ vibrz 1

353 RAROATRIEE
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2. BRIt

K7y 486 A0 a a2 A 2 IRTTRY . B LART A YRS - #0A 402 5 T AT E A
FIET B2 EE SEA R RN TN EEM T, MUESHEE—ENE S8y
S-SRI . 0. SEREETHITH Ry S5 7EE o B F I8 TS0 00 {755 — By Sr
t16 HTERTEh E AR BRI AF —BA A 117 tEIREERT, BET(A CPU s B it~y
MERFFETH] - BCBEEIIRTE DY t22, fRERNT(A] €23 . ARG AHRRYEE 1486 bus BN
frat Bl T T486DX 50 BUEH). AT SXPELMEILE. BTEH RAM HRT RIS 51
43258A-25 RIRER A CMOS RAM. THEHSHFSHTMENTFXR, UEALSHEREEY
EREFS A T - 1 35. 4 B T M RAM BN B X E S A2 . £ TAET
1 ARG A AR (B R

Ad -
2 -.—_"‘-t-.z__ C3 L. _Taes
486 me e T L
bus Address | C51 Memers A8
———————- Tontroller | TEmory
decode
| Address
Data Out

B 354 {ESERMIER

AT RAERT P IR0 R AN 35. 4 Wi & Sl K IER B2 . BN rh Ay £8ER12 .
BT Fri {5 Stk S 5 83 fEiE 2R pI N iR (Taa=Tacs), 1H B %SS4 pTEL
HHEE S B @EE — M4 (Address decode), FFLLA %15 SRR IEEL Address FER
BERK - Ml 5 Ads RBLESER — RE TE. TUEL. BEKUERREE
BEHEF (Address decode) WIRETZE - BN T1 BHIBITFHEARES . BEREH—EERY
-

@ WEHE EHE B S AR A=t6_max=12ns, B 186 HEAY(S SR EYIELT I .

@) Address decode J3EE#T [H=tdecode=5ns, AIER fhiHE, BECERER -

@ TERERR SR BRI l=tme=bns . AL MMEIHE, B OBEL -

@) TEhEZRAYH IRIETIE=tacs=25ns, ] b 43258A-25 CMOS RAM BUBT R iR 3 .

©) FHERE TR E=122=5ns, 486 SHAEREE L E] .

MLL ERGEE T 18 BE B M R R KRR [RI4EE F9 52ns . 41 5R LL I & AN fh g &
S0MHz TAERY, BTEPSEIHANLY 20ns. FRLIFEHE 3 DRTRHEIHE 52 - ME/EHE . Mg
0] Lo 3718 5 AT HAR I B 1R .

3. VHDL #1285 494

library iece;
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use ieee, std _logic 1164, all:

entity 1486 _bus is
= I EIFIES AR 4 T 1486DX 50

generic (
congtant t6 max - time = 12 ns;
constant 110_max : time := 12 ns;
constant t10_min : tima := 3 ns;
constant tll_max : tims = 18 ns;
constant t16 min c timm 1= 5 ns:
constant t17 min : time = 3 ns;
constant t22 min : time =5 ns;
constant t23 min  ; time =3 ns):
—MER RSO
port {

abus : out bit vector (31 downto () :
dbus : inout std logic_vector (31 downto O):
w rb,ads b : out bit := ' 17
rdv_o,clk : im bit;
—IMER R ERE
address, w_data : in bit_vector(3] downto C):
r_data © et bit_vector (3l downto O);
wr,br @ in bit;
std, done : out hit};
end 1486 bus:
architecture simple 486 bus of 1486 bus is
type state t is {(ti,tl, t2};
signal state, next state : state t := ti:
hegin

— FERTEER AT LR S S A SRR E SRR A S S

U R ARBER (RS SR AN S

—EESRIFE done (TS MR, UREMEESZT -14KAT done (5585

comb_logic : process

bagin
std <= " {§’
case (state) is
whan ti =
done <=" 1’ -

if (br=" 1" ] then next state <= tl:
alge next state <= ti:
ond if;

dbus <= transport {(others =>' Z' ) after t1{ min;
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when t1 =>

done <=’ 0' ;
ads b <= transport ' 0’ after t6_max;
w b <= transport wr after t6 _max;
abus <= traneport address after t6_max;
dbus <= transport (others =>" 7' ) after tid min;
next state <=t2;
t2 =
ads b <= transpert ' 1' after t6 max;
—iRIRIE
if (wr="0" ) then
if (rdy b =" 0' ) then
r data <= to_bitvector idbus};
std <= " 17 ;
done <=' 1"
if (br =" 0" ) then next state <= ti;
alss next state <= tl;

end if;
elee next state <= t2;
ond if;
— S 1F

dbus <= +transport to stdlogicvector(s_data)

after t10 max:
if (rdy b= ' 0’ ) then
done <=" 1’ ;

if (br = ' 0" ) then next_state <= ti;

else next state <=tl;
ond if,
ai{se next state <=t2;
end if;
ond if,
ond case;
wait on state, rdy b, br, dbus;
ond procsss comb_logic:
— AR TASE I R AR EF LA
seq_logic : process (clk)
bagin

if (clk=" 1" ) then state <= nexl stale; end if;

end process seq logic;

AR A TR TR RV SRR ) 2 TR 5 AP A $E A 5 S AHLED

wave _check : process {clk, dbus, rdy b)
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variable clk last rise : time := 0 ns:

bagin
if (now /= 0 ns} then
R EAE SR L]
if clk’ event and clk =" 1’ then
—— PR assert {549 {RE RDY AU S7 B (6]
— AT ELE T dats B8 TR
agsert (rdy b /= " 0" ) oor {wr /=" 0" ) or
(now — dbus’ last_event >= t22 min)
report "1486 bus : data setup too short”
gevarity warning;
assert (rdy b’ last_event >= {16 min)
report “i186 bus : rdy s2tup too short”
sever ity warning:
and if;
RSSO
if (dbus' event} then
- NIBRY assert {5/ E RDY B9{RERNT (a]
— AR TEET data BN [
assert (rdy. b /= " 0' ) or {wr /=" 0' ) or
{now - clk_last_rise >= t23 min)
report “i486 bus : data hold too short”
peverity warning:
end if;
if (rdy b’ event) then
assert (now — clk last_rise >= t17 min)
report “i486 bus : rdy signal hold too short”
sevarity warhing:
and if;
end if;

end process wave check;
ohd simple 486 hus:

. iR HISR iR
FiE e ZGIESHAZRIZIE 35. 5 Ao, FRESHMNEEE 4 L MR SO, 34

W/RT E::: o
Ads — —--ﬁd_y

cs1—1

B 355 fFirsRbisER
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L7y e, 3 CSI=1L ), FigziZhlgsititth. % R s B HIRE
M ER A A% RAM ARSI 5 . WE, CS MRS B in S 3 S M %15 5. 4 ¥E=0,
CS=0 i} Fy RAM E#A/E . 4 WE=1, CS=0 A7 RAM 32484 . CS1 {=% 1 Address decoder
. MHRE SHHE S F 0~32767 Z[allt CS1 A& A 1. FigdssfiHlas A 2w ixr
HITIE. RAdy=0 B, 0% RAMPHRIEELA5ERL. S04 RAM R {E. W dbus FAY%IE
uffZ 2y CPU ; 0551, Wiz<BH RAM 5 A BGESERE. CPU AT PASHT T —InHe{% . 714
anfZ gy SM FLFEINE] 36. 6 AT .

M 35.6 PFfESRITHIENIER

5. VHDL #aiR K& 50

[ibrary icee;
use icee, std logic 1164. all;
entity memery control is
port { clk,w rh,ads b,ecsl : in bit;
rdy b, we b,cs b : out bit := ' 1’ };

end memory control;

architecturs behavel of memory control is
constant delay ; time := 5 ns:
gignal state, nextstate: integer rangs 0 to 2;
signal ncw we b,new cs b, new rdy b : bit := ' 17 ;
begin
.prucass(state,ads_b,w_rb,csl}
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begin
new £s b <= " 1' : newrdy b =" 1’ : newweb <=' 1' :
case state is
when 0 =>
if ads b =" 0' amd csl=" 1°
then ncxtstate <=1;
oige nextstate <=0;
end if;
when | => nev cs b <=" 0' ;nextstate <=2
when 2 =>
if wrb =" 1' +then new cs b =" 1 :
olse new cs b <= 0’ ;
ond if;
new rdy b <=" 0" ;
nextstate <=0;
and case;
ond process;
process (clk)
begin
if clk=" 1’ +then state <= nextstate: end if:
and process;
wo_b <=not w_rb after delay;
cs_h <=new cs b after delay:
rdy_b <-ncw rdy_b after dclzy;

end hehayel:
6. MR A&t

Mg LEETE 1486 BERBILAHERE L . KRS EHAROMNNRE . HTFHR
T ARYRT EFREE TR - AT 5 A - EEE. B A — st T i ReE, #
TEIER ZAEF, TR AR FEEREFER M. T— RS AR, iRe
AT AR HIREBOE . R T E. ZIKWJEP%THE?%&%FHI{&FHW?&:Q paiEasly,
+Exﬁu’%f“f HibEE 5 AT ARG R LR . B 1M FBA— (1SS
Fesr . B R RRAEE A, E[ifJ%ﬁi%%&é&ﬁ*ﬁﬁﬁ'ﬁﬁﬁ:}ﬂﬁwﬁﬂﬁ TEXTIO ¥ X %
LAY . BRI L L3 35. 1

il & 2 *E*EH%EEHIVFEI’J BERTE ] QT T2 B AR e S 5. Wig
ARIRGETESS K T2 I BARIET 8 - FHERTELM Done 25, HINi 7 ig SRR ER TR G
Bo- ATHRIEZEA—A, fiREHhEL T ~TECEIH (testclk) {28, © 5 Beknta
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F350 I H M

br wr addr daty ST IR

0 E 7 1 2 23[R -
- I 139 4863 E

! | 1 255 19283 =

1 0 139 863 | iE

f 0 255 19283 it -
e 0 59 743 | 2 o

L 0o 139 863 | 3 -

I 1 139 95 = o

1 1 139 895 e

1 r 2483 0 T a3

(clk) fE 50, RBIEER (Ins). iSEEWERR. REHRKETUTE estelk
{5 RFHHE RAE olk 155 L IHEATFE Done (55 .

7. i8R
HEREERLIR LR - RN RANTFE, BET RE T BREIE RS,

WSO R RARERIRE « XM R Rl A B REGR S - SANRE XL E .
SCHRFEENEE . B SO R ARRHLC AR . BRI

type CHAERIZIR is file of HAERL

5. type int file is file of integer; |
SCHENE B B RS - ST TR AREE . XA ARE
IN I OUT pfd . IN RiEFF . OUT AEF R - BT .

file XEHRE. XHEEBE is IFHFR BRES.
. file myfile . int_file is in *“/disk/BIT903/work”,

8. VHDL iR Z RIEES

|ibrary ieee;

ugse iece. std_logic 1164, all;
use work. bit pack. all;

use std. textio. all;

entity tester is
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port ( address,w data:out 21t _veclor (31 downte 0);
r _data:in bit_vector {3l downto 0):={others =>' 0' ):
clk, wr, br:out bit:
std. done:in bit:= "~ 0' };

ond lesler;
arohitecture testl of tester is
IR ENTHFREHAA 20 ns
conetant half pericd: time:=1Q ns:
signal testclk :bit ;= "1’ ;
begin

testclk<{=not testclk after half period:

clk<{=testclk after 1 ns;

read_test file :process {testclk)

——E T T H test B4 test2. dat”
— k¥ 1 test_file

file test file:text is in "test2 dat”™:
variable huff:line:

variable dataint, addrint:integer;
variable new wr,new br :bit:

begin

EFER LA TR RS S
\f testclk=" 1’ and done=" 1' then
if std=" 1’ then
assert dataint =vecZint(r data)
report "read data doesn’ t match data file!”
geverity error;
ond if;
if not endfile(test file) then
readlineitest file, huff):
read (buff, new br) :
read (huff, new wr) :
read {buff, addrint)}:
read (buff, dataint) ;
br{=new br;
¥I<=new wr:
address<{=int2vec{addrint, 32) ;
if new wr=' 1° and new br=' 1' +then
S E{E
w_date<=int2vec{dataint, 32) ;
LET
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—iZ#R{F
w_data<=(others=>' 0’ };
and if;
ond if;
and if;
end process read test file;
ord testl;

9. REE%E

AAHEDAD TRAS - 486 JERiR O AT - FEHEHI SRS RAM X 4 fi
f¥ . RRFFHERIT generate IERJAEKT 4 DA RAM, JHEAHEXBREA L THE RAUK
W FRHE, (216G 43258A-25 BUR) OMOS RAM. ARG RAM ST 8 fusthiksk, m
H&#F (Address decoder) BT — T8 MFIHITIEAIKIN

APITE Talent R LIEISHF - R, IR ZIEHEY -

10. VHDL ##1E M 3B k4
AR SR B AR — A TR RS

library iece;
use ieee. std_logic_1164. all;
use worl. all;
ontity 1486 bus_sys s
end 1486 bus sys;
architecture bus_sys bhv of 1486 _bus svs is
component 1486 bus
port {
abus : out bit vector (3] dewnto 0);
dbus : inout std legic vector{3l downte 0):
w rh,ads b : out bit;
rdy b,clk : in bit:=" Q' ;
address, w data : in bit_vector{(31 downto 0):=
(others=>' 0’ ).
r data : out bit_vector{(3! downto 0);
wr,br : in bit:=" 0’ ;
std, done : out bit);
and component ;
component static_ram
gener ic (constant taa, tacs, tclz, tchz, toh, twe, taw, twp,
twhz, tdw, tdh, tow:time};
port { cs b,we b,oe_b:in bit;
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address : in bit_vector (7 downte @) ;
data :inout std _logic vector(7 downrto 0});
end component;
companent memory_ control
port (
clk,w rb,ads b, esl:in bit;
rdy b, we b, cs_b:out hit):
end component;
componeant tester
port{
address, w_data:out bit vector(31 downte O):
r_data:in bit_vector (3l downto 0}
clk, wr, br:out bit:
std, done: in hit):
and component;
cohstant decode delay : time :=5 ns;
constant addr decode :bit_vector(31 downto B):=(others—>' ' ):
signal csl:bhit:=" 1’
gignal address,w data,r data:bit vector(31 domte 0):
signal clk, wr, br, std, done:bit:
signal w rb,ads b, rdy b: bit;
signal abus:bit vector (31 downto 0):
signal dbus:std logic vector{2l downto 0):
gignal cs_b,we_b:hit;
—{F 5 oe_b TERFKRELE AR
signal oe b :hit =" Q' :
bagin
busl: 1486 _bus port map
( abus, dbus, w_rb, ads_b, rdy_b, ¢lk, address, w_data,
r _data, wr, br, std, done)
controll:memory control poert map
(clk, w_rb, ads_b, csl, rdy_b, we_b, cs_b) :
ram32 : for i in 3 dowmrto 0 generate
rem :statlc ram
generic map (25 ns, 25 ns, 3 ns, 3 ns, 3 ns, 25 ns, 15 ns,
15 ns, 10 ns, 12 ns, 0 ns, 0 ns)
port map (cs_b, we_b, oe_b, abus{7 downto 0},
dbus (B¥i+7 downto 8*i));
ond generate ram32;
test:tester port map
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(address, w_data, r data, clk, wr, br, std, done)

—— AN HILE S S22 0 3] 32, 768 2R, F N RAM HElE{E B RE 16 {U

csl =" 1' after decode delay when {abus(3]l downto 0)

=addr decode)
alge ' (1" after decode delay;

end bus sys_bhy;

—RGIAE

configuration conf of 1486 bus sys is

for bus sys bhv
for ram32

for ram : static_ram use entity work. static ram{sram) :

end for:
erd for:

for busl : 1486_bus use entity work. 1486 bus(simple 4886 bus};

ernd for;

for controll : memory_control use entity

work. memory_control {behavel};

ond for;

for test : tester use entity work. tester(testl):

end for;

and for;

end conl;
1. M5

F 35.2 43258A-25 B CMOS RAM BB S8 3%

53  SHER §/ME BAlE
EE we 2 -
Hir b S t2n — s
_L‘_“J#ﬁ ﬁiﬂﬁﬂ? 7] tacsm ) — 25
TR B B tclz 3 _
A & _ toe _ 1
AR ) tolz 0 _
e LRSI e tchz 3 19
BT  tohz » 10
O EHE A B _ toh 3 -
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gk

B BHAHR RME | RKME
I twe 25 ! —
b B 5 TR (] tew 15d —
B B2 o Bl B R ) | taw s _
HEhE (S 2 T tas | o -
S IR wp s T
SR twr o _
AR R 3 10
SUELHEISEE iwd 12 —_
SRR T A \dh 0 —
Gl SR R | ' tow 0 T

T KPP ESRE AN ITE .

( B#gik L E: 35 486 sys.vhd
35_-486_bus. vhd
35_bus_test. vhd
35_ram_controller. vhd
35_bit_pack. vhd)
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366 ZETHHEFNNERE
£ A&

1. BRRGITIERE

FLAET L iU BHEEERE, B0 LIUNF A — 1 S i astE SN b L FI & 47
fr ~ DIRESR T2 RAE . EAX BN RREBER LR ey AL, HZ
FHIFIAITHIENE R, HAREERVRIDIRER TR Eh, X EWE E D rE
s S DR B/ DI E BER -

TERFIRIGRAET % B a0 8RR E K ST IR R KA E98L (GCD) B /E. A 36. 1
Ao . R SEHEIT 5 128848, X LLRTIE TREMEI, fLAH HEEE IR & -

din —e= 2184 58

1

.1
m5 = dout

= 0
. D_ - - gutput
¥t - _]

B 361 FEFEEGEOEEEERYTN GCD #REE

xi

ELEL

2. VHDL iS5 1RiA RiBE 9
T A E T SRR AYEHE iE 503l 6CD AT iR .

entity gcd is
porti{start: in bit;
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clk : in bit;

din : in bit;

xi,yi: in integer;

dout : out bit:

output:out integer);
end god;

architecture behavior of ged is
bagin
procass
variable x, y:integer;
bagin
wait until ((start=" 1" } and (clk=" 1" and clk’ event));
AT ETTEEN, 1TEN TR XL
calculation: loop
wait until ({din=" 1’ ) and {clk=' 1’ and clk’ event});
dout <= ' 0’
X 1= Xi;
¥y 1= vi;
while (x/=y) loop
if(x < y)
then y :

1l

y=x,
Y.

else x :
end if;
ond |oop;
wait until ((din=" 0' Jand{clk="1' and clk' event));
dout <= " 1° ;
output <= x;
ond loop:
end procass;
ehd behavior;

AT EMNR SRS .

—IXJE god MK BRI
library ieee:

uee lieece. std_logic 1164, all;

entity pged tester is
ond god tester;

architecture test of god tester ia
signal start:bit :=' ¢’ ;
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T

signal clk:bit :=" Q'
signal din:bit :=" 0" :
signal x1:integer :=4;

signal vi:integer :=8;

signal dout:bit :=" Q' ;
signal ouiput:integer :=0;
— i AR 28

component gcd

port (start:in bit;
clk:in bit:
din:im bit;
X1, ¥i:in integer;
dout oyt bit;
output:out integer
¥
ond component: ;
bagin
gcdl iged port map (start, clk, din, xi, yi, dous, cutput) ;
process — AP ER S
begin
clk <= mot clk;
wait for 10ns;
and process;

process —AtRE~ L@

bagin

wait for 50 ns:
start <= ' 1’
din == " 1"
wait for 100 ns;
start <= ' Q' ;
din == ' 0" ;
wait for 100 ns;
X1 <=9;

vl <=3

start <= ' 1’ ;
din <= " 1" ;
wait for 100 ns;
start <= ' Q' ;
din <= " 0" ;

wait for 100 ns;

end procese:
end test;
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I 36. 2 A, FRTMASHIE 93, it £ 800ns it ph L THE

dout {5 SR TERELIFE LK, [FETE output Loy MERIR K ALIRL 3.

#ESTD ﬁm ARG EMO REQ WO W o R RO .

Aleiel o) mimiel rixdni A T T

Cursur B39.0 .

—e e an

||1[|!|||r 'I'TTT!;T'IFTIFI'II|'I|I'IiIIlllllllrlll'll|||i|I|||1

S-::ale = ‘I 00 0 800.0 Elﬂl] 0 900  1040.0 1129.0 12l]l.'l l] IEB

el S e——— " e e e —— _—— . e

output ¢« 3 | 03 |

I»

din ¢ 0

| | B

o S

start o @ ! |

dout S |

ﬂnrl-n . "']‘l J?Jﬂu

T e R . W

6.2 HMERMERER

(R AGE L4 36_ged.vhd
36 test.vhd)
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8376 MIEZEEN
£ #

A B E— TR E . EE IR LR
PO{ELID5E R o 9

o KT,

o B E AR JLAIECEE LA B T g8 HH BRS ER 12

1. Fimik

entity Test 105 is
ond Test 105 —-TIHYL{E. H TR

architecture Bchave 1 of Test 105 is

type Logicd 48 (" ', "0"," " 1'," 2" );

- PO{EZ. " x" ALERE. 0 AEHEE. T 1T hGHRE. 2 AEERE
type lLogicd Vector is array {natural range <> ) of logicd;

= —HEEA . B ATIEESPRTIE

type Logicd Table is array ( Logicd, Logicd) of Logicd:

— ZHERA . B ATEE#OETISE

constant Sample Thl : Logic4 Table := ({" x' ," x"," 17 ,' x' )
S | A R A
S R L S L
S S AL LA D

—~ BE., . HYT -1 RE
function Manipulate Vectors{(L_V,R V : Logic4 Yector)
return Logicd Vector is
alias | V Alias : Logict Vector(L V' LENGTH downto 1)} is L V;
amlias RV Alias : Logicd Vector(R V' LENGTH downto 1) is R V;
variable Result : Logicd Vector(l, V' LENGTH downto 1):
begin
for 1 in Result’ RANGE loop
Result{I) := Sample Thl(L V¥ Alias(I), R V Alias(I}):
— RIS G RN AE
ond loop:
return Result;
ond Manipulate Yectors;
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signal Yector_A : Logic4d Vector(0 to 7);

signal Vector B : Logic4 Vector{l to 7):

gignal Yector C : Logicd Vector(0 to 7):
— EX=ES. HAOEBEmE

hbagin

Funct_Slice Test:

process
~= variable Vector A : Logicd Vector{(d to T):
— variable Yector B : Logicd Vector(D to 7):
— variable Vector C : Logicd Vector(0 to 7);

begin '
Vector A <= "xxxizlal™; -- {ZEHL@R{@EEG

Yector B <="111100x0"
Vector C <=Manipulate_Vectors(Vector_ A, Vector B):
nait for 50 ns;

end prooess Funct _Slice Test;

Finish:

process

begin
wait for 400 ns;
aggert false

saverity error:
end process Finish;

—— 400ns iFEE5 HIRHI
end Behave 1;
MNBiEH]

Yector_C <=Manipulate_Vectors (Vector A, Vector B):

SERMTHER .

02 SR —MEITRIOEIR. BARBSREREI RS, TR EE S0 e
HEFE - TR S R T -

Yector_C <= Manipulate_Vectors{Yector A, Vector B) (4 downto I)

Vector { <= Manipulate Vectors(Vector_A, Vector_B} (4 downto 0) :

&G/ —METITHER. BT result (0} NTETE -
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2. N{EIZHREHS M

PU{EESENAMEZ (X, 07, ‘U, ), Ho . XRELAFZRE,; ORFEHE O
g, (URFTER1®E,; TRAERSHRE-

test 105 HEEENT 3 PMFHA. logicd ZVU{HZBIME XA, logicd_vector
SUQ{EIBIRM —HE R, 77 logicd_table WY “HEXEH. BT IR AEEBIM L
R, (ELRPY{EP MR ER .

48 % 5B 4 MR SCPR R 7EE HIE B sample_tbl REEZEIIH 2K, MR 37. 1 A .

¥ 371 OEERGSH

X 0’ I ¥A
X X X 1 X
0 >'s 0 P v
33 - 33 3 p
Z X vA 35 oA

e, EFEEIE (A N B) BAY, WABHERC; ¥ AR PE -
AR, MTRR—D AL, SBHENR T, 5 A0, B2, WAHENT, it
St

Mk 37 L ELLEE]. UMBERA. BTRKIYK, TR0

3. A
test 105 HSE Y B G E Manipulate Vectors EM NS EL VARV, ¥ h—H .
KAk logicd Vector, iXK[BEI{ER)ERIN logicd Vector,

PR S E I At AT B, FRATIFESS 10 idexd iR Bl % B IR RHELE , FiE
EZHUH .

4. BR{um BAIE LA, /LA AT RE I RYEEIR

{E test 105 EEREMBIEHX . EBY 3 ME5 Vector_A, Vector B } Vector C . Hi
FAEER 8 i, m Vectro CZ&4ffumiE.

7E Funct_slice Test JFFEH. # Vector A ffi Yector BE{{E. Mix T Vector_C,
HiEa)

Vector C <= Manipulate Vectors(Vector A, Vector B) (8§ downto 5);

R{E. XRIBAELL Vector A §} Vector B &I A% Manipulate Vector. FfHY
EE{EE 4 (IR Vector C. HHA[LIENK 4 i, BRESHMTEN.
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Vector _C <= Manipulate Vectors(Vector_A, Vector B) {4 downto 1}:

B T B SOE LR SRA B R RS . BER L TIRR, BT a g

Vector_C<{=Manipulate Vectors{(Vector A, Vector B) (3 downto () :

AR LR, TR ERE{EEE X N VLENGTH downto 1, THZLGH 1, £
fF{E result(0) .

# A= ~00000000”, B= “111100007, 15%] Vector _C= “11110000™.

¥ A= “01010101", B= “XXX1Z1X1", ] Vector C= “XIX1ZIXI".

(RBE LML 37 test 105.vhd)
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2385 MEZEAERNEN
7] RH AR

1. BERARENTIERE

AHE ELIPHE R B m BRERAZE . € XO{EZEHZRERNEK 8. 1. ARF
&R, EXL—PTHEE B-uBEERRET NERBUESRE . ST E 5T
iz EE, ARBIMESRZERPE 11T, F3IFWERNTEIERT -

* 380 NESMEZHER

X O 1 2

X X X 1 ) X
0 X i Z
| ] 1 ! |
1 Z

2 : X z

2. BEEE VHDL BEHR A ERIBZSF
o S BRI TR -

ontity Test_ 28 is
end Test 28 ;

architecture Behave 1 of Test 28 is

-—7E L VO{EE R |

type Logicd is " x', "0, "1°, "<& },

— % X PU{E e

type Logic4 Vector is array (natural renge < >) of Logicd:

- L AEZHEZEE

type lLogicd Table ls array (Logicd, Logicd) of Logicd;

constant Or Table : Logic4 Table := ((' x", " x", " 17, "x" 1},
SN S | L L A
G L L LN A
("x', "zt , "1, T2t )

function “or” {L_V,R_V : Logic4 Vector)
return Logicd Vector is
variable Result : Logicd Vector{l to L_V' LENGTH):
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S X NEER e R

hegin
—RIEMNMHEFHRABKE . NRKEFR -5,
iR E HEER . IR .
——L_V' LENGTH 2 & LY HKERIE. EEnHE LV 4%
assort L V' LENGTH = R_V’' LENGTH
report "LENGTB mismatch of inputs”
severity error;

——For {§#1E4]. Result' RANGE 2|4 Result B TR BB,
—3&[B] Result [ BET FIREEH -
for I in Result' RANGE |oop
Result(I}):=0r_Table(L Y{l-Result’ LOW+L ¥’ LOW),
R_Y(I- Result’ LOW+R ¥' LOW)):
end loop;
return Result; —j& [o] 8 {H
ond “or”;

bagin

Or_Range_Test:

process
variable Yector 0.8 : Logicd Vector (0 to 8):
variable Vector 3 11 : Logicd Vector{(3 te 11):
variable Vector 15 23 : Logicd Vector(i5 to 23):

begin
Vector 0.8 :="0000111017:
Yector_3_11 :="111100000";
Vector_ 15 23(18 te 20) := Vector 0 8(0 to 2) or

Vector_3 11(8 to 10):
wait for 50 ns;

ond proosss Or Range_Test:

e EHEE, FTEOREUAHUT
proc_end:
procese
begin
wait for 100 ns:
assert false
report “end”
seoverity error:
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ond process proc_end;
end Behave 1;

TEET
VHDL Rty e B A GBI il {554 EVENT: et . MARES
RHUBANEE S 2L T E I RHRUESEAEZWL) WL E True; Bl 25 False

3. RN 6) B BYIEHE RAR G R4

44 Vector 0 8 3 +<000011101", H-H Vector 3 11 J3“111100000”f}. Yector 15 23
A{E F“xxx000xxx” -

RHEREMFEXT, &8

Vector 15 23(18 to 20 := Vector 0 8(0 to 2) or
Vector 3 11(8 te 10};

HUTHS, BXT M8 Vector 0 81558 0 23 2 {(UAY{EM Vector 3 11 M 8 EF 10 Il
H, E149 5 RH000"f1°000" . RIZER, Or Table( 0, 07)=0". FFLLENTERE or
Zla, REWHE 000", FXMEE RIS & Vector_15 23 BU5E 18 25 20 . i/
B HMA G H . BERE{E X - BTLL, m#m B Vector 15 23 BE 4" xxx000xxx” .

( BAE L& 38 test 28.vhd)
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% 390l 4 pE AN EHY
£ #

TERIE B IR P RUTEET 3 BUR AR AR S B R L T —RLE].  FEES R A ]
CUR e R AR AR 258 . 50, el R il A8 — T BB 2 e 1
. AT ERESETAFISHRER S A .

1. ARRKTIEIRIE
HLES R EEE 39,1 A

DBR[ 15 7] ] ¥4
DBR[ 15] y } } l i i ! i i
erc1el YoBRCw] | DBRO1S) | DBRCIZ) [DBR(11] | DBR(10) |[DBRIS) | DBR[S] | DBR{7]
[} | | ]
K| K K| K KIK K|l K K| K K| K K|l K K| K KIK
- B E' Ty 79 IR | LR 11479y 3 3' 2 E" 1 1' a1 Oy
in out x in out x in out x in gut x || in out x mDuPlt;; x In out X in out x in cut x
DPg2 DPoz DPoz DhPoz DPoz h72 15 B DP1 DP{1 DFO1
b72 i i6 || b72 5 i6 || b72 35 i6 ([ br2 i5 6 |f b72 i5 6 (] mMae by2 i5 i6 || br2 is i6 || b72 i5 i6

EINEIEEIMEINELREL AEIMAEIEE

- i5
— e 72

#3911 BERSTEHE

PR AGid, DBR(15: 7] 28— SR, HEEAGNMBTED X &R,
KIB: 0] ERAN—REUE RNk, HARIBATLUM A X ATLUIE. 31T i5. 16, b72 #j m96
psac - An

M 39, 1, 3 R EEAIE R B R TR B R 4 A T & S e 485 DPOL
DPO2 Ji DPO3 FSEEMIRKAT. AfLLIEE MHE X LS BSR4 ThEE . A BEam s 58
R DIEE - AF FEEHTESEHARD, HT TGRS e, s
HREHRMIIEER RStk TR, RAETITNTHEE RIGNGRNE KI8: 0149
ABUR B DPOL, DP02 Jz DPO3 W7, {E3IB4I 15, 16, b72 & m96 P T, 5
—EMEEST. B KI8: O EFT M BIBEESEE KI8:0] k. F H1% K(8: 0] rhay s K 4845
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R ETE B gk DBR15:7] | .
2. VHDL s A REE5

(1) & KEAEHER
ERGEAIRMERTNT

HIEIRS . EFH3E gengerate
{ AERiES |
ond generate [ LIRS ]

BRI SE TR . for 1 if. EREAE for ATHABREES, TARS £ if @
TR — P 54 A AME T .

Z B R GER T Soik wstOdp B ILTERE T 9 M R, 1X 9 MET RS A R .
WTEERTLE S, wstOdp B— M EUNILER. BUTEERERE Y LING g4 pLiE A
KA for AR HRIX 9 MR 5 MERE wst0dp02, 1 12 wst0dp03, H
(R wstOdp0l, EFERRAVMIRIE RS2 —RE, FTLITEEMIRE % LINES 5, LINE4 &
LINE3_O f4 RiE i R AR if R .

(2) £BUEAIRIAE

A TR R 89—/ B AR S Al {52 0 A B AR IR ST B R AL MR0RE ) - TRREA
BUEEUNT

LINE: for T in 8 downte C generate

——— i

LINES 5: if I <9 and I > 3 genarate
Udp02: wstOdp02
port map ( h72, i§, 16, k(I), k(I), DBR{I+7));
s_DBR(I+7) <= DBR(I+7);
and ganerate:

&%)
LINE: for 1 in 8 downto 0 geherate

RSN 9 MERBIT BT, BRHZEEEN. BLLEA for IBHG— 48 . X
I <9HT >3k, RAMBEREDP2, FrULR if ERTERHETER .

LINE9 5: if I <9 and I > 3 generate
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BT RB#TAHAMNT. BHRERETREEHERTER, EI%T 88, H AR KE)
555 infiE, Sim0 K@) 5{EF5 out #E. mHHECD DBRED 555 x i,
XEERRIE IR RS FRRR S R R & . DU aeHE, B IR0
IR T

RGBS TE, BEEE 8 H.

ERUBAIRERE SR BEATEEER XAENAT, HEE5E 10 FIEE 41 1.

(3) Mk

{ibrary IEEE;
uss IEEE. std_logic 1164, all;

antity w3tQdp is

port {

bB3 : in std_logic;
b72 : in std logic:
i5% : .in std logic;
16 : in std logic:
md6 : in stid logic
k : in std_logic vector{ 8 downte 0 J;
DRB : in std_logic vector( 15 dowrto 7 ):
wid : out std logic};

ord wstldp;

architecture struc of wstldp is

componant wst0dp0l

port {
b72 : in std logic:
15 im sid_logic;
16  : in std logic;
mé6 : in Std;lﬂgic;
inn : im std_logic;
outt : out std_logic;
OB : out std_logic J;

end componeant wst{dpll:

—— e —— —

oomponent wsi0dp(2
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port (
b72 : in std_logic;

i ¢ in std_logic;

16 in std logic:
inn : in std_logic;
outt : out std_logic;

X - out std _logic J;

ond component ;

—_— -———

somponent wstOdpl3

port (

b72 : inm std_logic;

ib @ in std_logic;

16  : in std_logic;
m36 : in std_logic;
inn : in std logic;
outt : out std_logic;
OB : out std_logic;
yd : out std logic )

and component ;

configuration config wstldp of wstOdp is
for struc
for LINE
for LINE9 5
for Udp02 : wstOdp02 use entity work. wsi0dp02 (FUNC) :
ond for;
ond for:
for LINE4
for Udp03 : wstOdp03 use entity work. wstOdp03 (FUNC) ;
end for;
ond for;
for LINE3 1
for Udp0l : wstOdp0l use entity work. wstOdp01 (FUNC) ;
srd for;
ond for;
ond for;
ond for:
end config wstOdp:
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gignal 5 DRE : std logic_vector( 10 downte 11 };
signal s yv4 : std logic;

bagin

LINE: for I in 8 downrto 0 gonerate

LINE9 5: if i <9 and i > 3 generate
Lidp02: wst0dpD2
port map{ b72,i5,i6, k(I), k(I), DRB(I+7));
s_DRB(I+7} <= DRB(I+7};
and generate
LINE4 : if i = 3 generate
UdpQ3: wstddp03
port map{ b72, 15, i6, m96, k(I), k(I), v4, DRB(I+7));
s_vy4 <= y4,
and genarate:
LINE2 0: if i<3 and i>= 0 generate
Udp0l: wstOdpO}
port map ( b72, 15, 16, m96, k(I), k (1), DRB(i+7)) ;
ond generate:

ond generste;

end struc;

(BFBEIH L. 39 wstOdp.vhd )
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F 406 FREMFEHREE
xR

MEFEHREREBETENEELHE, FRN—-MFEREXE, FHISHER
FHUES ORAD - LEPFHIEE - SEFAYENE - 2EZ2 VIDL B R —15F
HED . FEEHELEEEMEFEEMERIE - THiEET - SErRaEEE s
ff] fe (L BA e R 2SRRI SR S D A A AR 46 PR iR X HoAth Ve LU R AR
b

1. BERRETIERE

X BHIF A AR RO R EE A 40. 1 B H A N 2R {E , rER BN {8 E
RIVATFNINA TSRS IS 41 . 3 58 Flxf —4 2-4 EM&UETT T IF MR, 1§
BEE R IR PHA .

Sel(]) ~———— —— Dout(1}
SEI{E) s Dﬂ'l.ltf_z}

decoder [ . Dout(3)

SE]{N} . ._-l- Dﬂut{EﬁN}

401 T2 iREa% R e
2. VHDL BB E MR A RIEE S

(1) &

EEFEITER, RN FEE S L FEEER ONE R RAEE, 1 2-4 R4 .
3-8 TRAGAT « 4716 {RIGHRFT . MXEFERER T m OB A RS, Eft7rE (e
FRVEEESE ) A —FERY, RN X EFE S Pl The . WESER, mIEmEali
R (R 32 [

Bt TEXERBAR AR .

entity decoder is
goneric{ N: Positive );:
" port( Sel : Bit vector ( 1 to N J;
Dout : out Bit_vector { 1 to 2%N });
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end decoder;

XETIKETE generic, HFEEFNEERR EERRPFE WORENX
AN, AR R IR RIFTR -

generic{ N: Positive };

MR ARIPIEE, Positive B NMZER, HIFMWE. LT NLIG. EEHFIHA
RS BT BEATLAA N RCE LM RAGER, MARDWR N D, REFEHEMG
e, fiiim D ERAME 2P T -

CREAERE S T — D RIS - TERM RBIHE S Rim D fotyy . FEA D
AT XRERRE, PARIERE YRR

(2) EREITHITARER

VI E R BAREGRN A ST LERE M. BTLISED & 40 E B2/ 1 ot
THTAHER, HRE—HTRR. FTHELH . ENERICHETITHERLE, £330
asfR R el LB R, HEHDE .

for Invert_select : [nverter use entity work.B_ INV{FUNC)

port map (i1, 01} ;
for And each K minus_with_Sel: AndZ use entity work. B_AND2(FUNC)
port mep (11, 12, 01}
for And_each N minus_with Sel bar: AndZ use emtity work.B AND2 (FUNC})
port map (I, 12,01);

WLEH PR A I IR TR BRI S E Z Lk BT . B R T BB 4% B R T £
[1HRBCEE e - work (RBUAT LI, RO LFTR TAEED. At
TERIAIAE (4 IEEE ) 2.

(3) Ak

A BRTRGR N R ERANESEE. FTUTETCE BT 2 AT T SN, mEE
HRIERFE. FREBNEREEONT

for N_minus 1 : decoder use emtity work. decoder {Generic_structure}

goneric map( N )
port map (Sel, Dout) -

(4) XRSERER
KBRERSERBEATEEER. BAeNEsSEEN . MIMSREEL. &
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A FAEHBERKIER. EEKETDPHN AR RHLERE AR OMNEE -
(5) BVISEH
FIERGA N-2F IRIB 880, RRAMNE — DN Rgs ., ARiEY

N minus_1 : decoder generic map (N-1};
port map ( Sel {1 to N-1 }, Temp };

B — (N-D-QVD ISR, REToit et B 2R N-2° (RO Er B 510D
0, ERSITRHNTRERER. EREHEROERERH. GITHFT.

For_each_output from N minus 1:
for I in 1 to 2%*x(N-1) generate
And_each N minus 1 with Sel:
And2 port map ( Temp{I}, Sel (N} Dout { 2*{1-1) +1 }):
And_each N_minus | with Sel bar: |
And2 port map ( Temp{I},Sel bar, Dout { 2%I ));

ond generate;
3. EHEA
entity B_INY is
port{
It : in bit;
01 : out bit
)i
end B _INV:
architescture FUNC of B INV is —— FRAEIEIT HHEF
begin
01 <= mot 1
ond FUNC;
entity B_ANDZ is — ST iR
port(
I1 : in bit;
12 @ im bit;
01 : out bit
)
ond B_ANDZ;

architecture FIINC of B ANDZ is
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beagin
Ol <= 11 and 12:
ond FUNC:

entity deccder is
generic( N: Positive );
port( Sel : Bit vector {1 to N J; f
Dout : out Bit vector ( 1 to 24N )}:
ond decoder;

architeture Generic_structure of decoder is
signal Sel bar : Bit;

component And?2
port ( 11,12 ; Bit; 01 : out Bit }:
and componert ;

componant Inverter
port ( Il : Bit; 01 : out Bit ):
end component

component decoder
generic ( N : Positive };

port {
Sel : Bit vector (1 te N );
Dout : out Bit_vector ( 1 to 2% });
ond component ;

¥

configuration config decoder of decoder is
for Generic_structure
for Invert select : Inverter use entity work. B INV(FUNC)

port map{Il, 0]}
ond for:

for Recursive
for N_minus_1 : decoder use entity work. decoder{Generic_structure)
geheric map( N )

port map (Sel, Dout) :
end for:

for For_each_output_from N minus 1
for Anc each M minus_with_Sel har:
And2 use entity work. B ANDZ(FUNC)
port map (11,12, 01);
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end for;
for And_each N _minus with_Sel:
And2 use entity work.B_ANDZ(FUNC}
port map (I1,12,01);
and for;
ond for;
ond for;
ond for;
end config decoder;

begin
Invert select:
Inverter port map { Sel{¥), Sel bar );
-= IR N=1, W 1-2 Fi53F
Not recursive:
if N=1 gensrate
Dout (N) <= Sel (N);
Dout { 2#k{N-1) + 1 } <= Sel_bar:
ond generats;

— FEN > 1 RayEH

Recursive:
if N >1 generate — HpiEa]
Bl : block —— 1RiE#H]
gsignal Temp : Bit vector { 1 to 24k(N-1) );
bagin

N minus_l : decoder generic map {(N-1};
port map { Sel (1 to N-1 ), Temp );
For_each_output from_N minus_1:
for I in 1 to 2%k(N-1) gensrate
And each N minus 1 with Sel:
And2 port map { Temp(I), Sel{N), Dout { 2%(I-1) +1 ));
And_each_ N minus | with Sel bar:
And2 port map { Temp(I), Sel_bar, Dout { 2#I }):
ond generate;
ond block;
orxl generate;

and Generic_structure:

{ APhELH4&: 40 generic_dec.vhd )
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FA 6 HFREMDKS
%

I~1
op>

AFRF 40 FIR—PMEF S - AXRIHTRE LE EmRE REES THHE
aihitd . AR5FENIIATF AL, #RRAMA T AR S ERERMNTT .

1. FEHA

entity test decoderd is
and test decoderd;

architecture BENCH of test_decoderd is
component decoderd
port
Sel : Bit_vector (1 to 4 );
Dout : out Bit_vector ( 1 to 16 )};
oend component ;
for I1: decoderd use entity work. decoder (Gerneric_structure):
generic map (1) ;
port map ( Sel, Dout):
signal 1 S : Bit vector( 1 to 4 ):
signal t 0 : Bit _vector( I to 16 ):
begin
Il : decoderd
port map (

¥

Sel => t 5§,
Dout == t 0} :
driver: process
begin
t S <= "00j0",
"0001" after 100 ns,
“0010" after 200 ns,
"0011" after 300 ns,
"0100" after 400 ns,
“0101" after 300 ns,
"0110" after 500 ns,
"01117 after 700 ns,
wait for 2 us;
assert false
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geverity error;
ond process;
end BENCH:

2. IEELXRE

EF 40 fd, HTRA TR, FrifARESESEm I E B RE NihE - 727
R PR IR RERYINERE, WMTEHTRLE. MLTEEERE. RABREN
frxf R HEER — T RVIRAT R, W 2-4 #6588 . 3-8 FM4EE 416 1 F G FF .

FE ARG THNVEEERIASEE. —ERTERIIEIIER . R RLX RS
AroHBHEE.

AOIREHEMETHEEXRBEN. HOUT -

for [1: decoderd use entity work. decoder (Gerneric_structure) ;
gensric map (4}
port map ( Sel, Dout):

teeH 2218 a14% NIRRE r 4 FRRARFIFRIEERY & —1 4-16 126588, 52— T EENLRE
ERFFEEN, TUHRLSRRITATEN 2.

3. mARGESHENX

FHREIEAEE 7T XBENE. KORESHWEERIBEAWENT . BRE
4-16 ¥h4a%. P28 AmOh 4 UAGIEE. Wdis 09 16 AR, ATUESH
AHIFFIGRE SOLFRT . BT

component decoderd
port(
Sel @ Bit vector (1 to 4}
Dout : out Bit_vector (1 to 16 ));
and component ;

MM EERTHEE ST 7 #UIEAR .

signal t 5 : Bit vector( 1 4o 4 };
signal t 0 : Bit vector{ 1 %o 16 };

B TEHEBE LR ATGREeSHME Wt EaEA L 1, KA
Sid. iR EaT, EBREIFEHTY. FRENRGBE- - NEENTE, Rl
HAHENEBEE .

( #d5£ L4 4. 41 generic testbench.vhd )

170 -



Fa2f THEEMMESHE
xR

R VEDL & S THFERFE B0 EMBNNFRELPZE. S8R
SR BB i R A S R T BE A A REME RFIRV R K, BITRMFH BERERITHEE
MR S - BHIELE — T HRSEENIT N S SR S HE -

1. HERRZRFE
BB R AT EENE 42. 1 BT

r

wstOintm

113 —1—a=]

w— kiR

o st()intm

?l!_-—-— wi

) outl 4 ! )
' (

| | |
b53 i18 i19i30 k72 i5

rD!

Eld42.1 BBERHTEE

LCHEEERY PR wstOintm, WRBEWDALEDL. TF 11 MMERD 3 M AR
L1113~ S 1 AR A0 6 MEHIE O bS53, 118, b72. 119, 130 F i5 AP
Hidm L] k38 ] stOintm. S0f5 b, RCSRRANHE R AR wa & wt 00N, wa B0
£ wstOintm B -MEFIE (1 b53 & 118, MERELHES outl ¥ 5 {19. i30. b72 &
15 —ACEH B wt .

K2 — 1 SRR TEEAIBTi% outl. b72 R i HRBER — T AL . Y outl =1’
B, efd LS ERMIA ; 33118 = ‘UE, mBES®RSEUERSA . M 130 = ‘TH,
MR R OE A - b72 B 15 ER 4 —dh R AAEERO . EIREmSETE—F
IR IESS AR EIM o O« 5 stOintm (RAEMT AR, T k38 {R15E550 5
SR -

wa SELL R — R, TEETSERCAITHEE 2 1E b3 PUHEI T, 35 118 py(E i 4!
Bl outl 3%, FoRE wt B1— P EHIER O -
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2. BIEM VHDL BB TR EED T

(1) BiEE

|ibrary IEEE;
use [EEE. std logic 1164, all;

L] T ——"— T

entity wstlintm is

———— ——_—n —

port (
il13 : in std logic;
i19 : in std logic;
13¢ : in std_logic:
h53 : in std logic;
118 . in std logic:
b72 : in std logic;
ib : in std logic;

k38 : out std logic;
st0intm @ out std logic };
end wstOintm:

architesoture siruc of wstGinim ie

componant wa
port (
inn :  in std logie:
b53 : in std_logic;
outt : owt std logic };
ond component ;

for Ul : wa use entity work. wa(FUNC):

signal outl  std_logic:
bagin
Ul : wa
port map (118, b53, outl);
process

variable ic : std logic;
variable id : std logic:
bagin

id = 119 & 130 & outl
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case id is
when "100" => ic := " 17 ;
when “010" => ic := ' Q' ;
when “0017 => ic := 113;
when others => NULL:

and case;

if b72 =" 1" then
st0intm <= ic after 0 ns;

end if;

if i5="1" then

" if ic =" 0" then k38 <= ' 0’ ;

else k3B <= k38;
ond if;

erd if;

snd process;
snd struc;

(2) BSiEiE
HoAl S P AE RIS R S T B e wa 145 wstOintm sh2e, TIELAER 4 N S AT Ak

N

A .
TEEEMHERIFF 3L L —1 component, X ILAFEUETEH I T A2 E XHNERE
Hwa, RFHIEG

Ul : wa
port map (118, b53, outl);

B T E R R N BB AT A MR, T outl RERNETREERDHREINNTES.
TETAARLUS . outl BER] LAPERINHUE ST SHTE HARAT ik h . 28R &
Tl 2z BlsicHEEER .

for Ul : wa use entity work.wa{FUNC):

TETE TR 2B S — N TR T wa LLSMARER EL R E A B91T 5,
5 ST B A — AR B B A LR wstOintm MUHEE .M AT B SIHA B
SRR, THURT — 4 CEE BT, AR ARGET S TR RS, 52
X AR, BEEE T

( Bk LH4: 42 mix.vhd)
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F

FA3F MBS
| 3

1. BERRETERE

ABH—B A . ERUFFERENE T RE FHEEREAENES
B—fi, HEFEEEMNE 43. 1 iR S5 S load AEEFEN . FHESHITIRE A din,
MPEE left_right FHEL, MIFFSRIBHE left_right BUE X0 o U FER skt 5885
¥ TERTER LRI Rl BuesRH1TH L 2O dout .

load left_right din

{ | S
lk—et  EBHETH
Il

dout

43.1 ML TFIHER

2. HFERMETEFRANR

T ESTEAR P HLESH) VHDL 8558778, [EEfES]A VHIL P EEE R R ——5E
LARUFNFLAY

(1) VHDL B8

VHEDL RYIBRBAHNFE ., [ERH THEEXLERBAR, A HE VIDL i@ s 2
T BREME SRR . VDL #5825 S ET

O B—MNREAE—TEHNEFEEEEZLEANE.

@ FEE X — e R AR e R BT

VHDL NEHETFZAUE SAEHIEEE, AR O e CEEER . RREY
W —AgIE R

type XAF is BARE,

HpRATERE T —MAlE RBRr SHA S, ©a LR A R Hesrr g X8 {E
Bl — MR IRl REE MR {E -
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VHDL i R BT LUER A ARLES IR BB ER T £ integer (¥

KPR . real {FEAER) . boolean [ FracdRI) . bit (Fr¥ER) | severity level
(FHEERY ) character (f3E2ER)) fii time (PBHAR).

VHDL FyEsaEalnl ol 4 K2, il rm s  Eo L8 FEREE R LR,
THELE—1Ed -

O FEER

LZHERTHELUH THA —-KEE-—MEAYNS. BEAZIHEREAGEEE4
B, H--TigHARE LRI REFM 2 ZEEFYE —MIRR{E . ©EET EIER
R . BROERY . SCRRA L MR R R .

P L2 EERAY — P35 28l std vlogic TERRIF M std_logic 1164 AREL T -
——KE
——5 | AR
~—y i 0
—7a ] 1
]
——§RE
~—§§ 0
—§5 1
—RX

typs std ulogic ig (

I:l:'L—ﬁH'—'GHC:

@ SH5ER

BERUOETEEMNILR . SEHBHWEN —LBTENTEH, MiDFLRATFHER
FIZERIRITHE 2 A —H BT EREeErs (40 RAM A ROM) RO A, Mid R0
HEA - BESENEEER.

BUHAT UL B — R S, E R T ETT LU TR —FRb VHDL, BER . &
VHDL b, 281 bit M] bit_vector FEIRFERF (O, ) MIFENE,. CIHHBHEZY
JX, MEREMHEFENEN . B— I HHMEE std_logic vector FXUT -

type std_logic_vector is array(natural range < >) of std ulogic:

1% LRI A — 1 std_logic 8MUBUHAGER, $EDPTENE MREE. B
range< >3 ; natural ESLCAM O Bl NEABEE. EHT range< D Ei. EHA
std logic_vector XREAHHEMN 0 BB CBMETENTE.

IEREAE LB R RNE— A G4, BRVEN TERTHTRS
iAo IERITHRANEREEMERANTE. oA RpgER.

MEESGRUNEENE, TUBERE. LM ETTE S HIRIE .
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3 FHUERY .

Z AR R BRI R, TRATENRZAEZRER. SERITN RIS
fhgzs . AR A I E B SE BRR F QUR R, Al T MR -

@ PR

TR A THEEREI G E ARSI G AR RENEE X RGO
(B9 - B 43. 2 2 VHDL v o] F 28 B — MR i AT LUBIL 00 EERE VHDL dagd
FRUAFERE -

(x#am)

| fem |

ErCEEnesEE] ([ wa ){ w2 |

43.2 VHDL #iRHERIE TR

(2) TER&

RANREA R - MEE, EREM S BENE L EETE AR, FifiR. —
AT RO REE AR B SRR D R B E A EER 8 X F EA B X RB .
FRAWFHA LW 2HE - B, —BEMHREHAAEL MR 7R, E1
SETEE A TP K - R B - 7 2R n] DARY ESe o R AV R IR ] % £, 2
o] LA fr] B2 s o] B e 3K A5 BY BT oy 44 10 AN 3 AL AT -

3. VHDL #iid 3%
AFIVI #5103 7 a36Y VEDL fR 0T

| ibrary ices;
use iece. std logic 1164, all;

A, 1HHR F A
package shift types is

subtype bitd is std logic vector(3 downto 0);
end shift types;

use work. shift types all;
bibrary iece;
use icce. std logic 1164, all;

KRB, REAE A F 1 AR Y I 0 1
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entity shifter is

port |
din:in bit4;
clk, load, Ieft right: in std logic:
dout: inout bitd

)

ond shifter:

LR

architecture synth of shifter is
gignal shift _val: bit4.

bagin

nxt:process {load, left right, din, dout)
begin
if(lead = ' 1’ ) then shift_val <= din:
elsif(left right = ' 0" )
then shift_val(Z domntoe 0} <= dout{3 downto 1):
: shift val(3)== " 0" ;
alse
shift val (3 downto 1} <= dout{Z downto 0);
hift_val(0) <=" {' ;
end if;
end process;

current . process

bagin
wait until clk’ EVENT and clk = ' 1/ :
dout <= shift_val;

end process;

end synth;

£ shift-types hifABIIFERMAFM L AN 2ET bitd, FEML2
std_logic _vector YA, 7EL(AHBEE 4 INBAETF 2005 A M B 01 din A1) dout,
EHRIENFERNEEANR O clk, load Al left_right 2B F HH std logic fYEE, H
A std_logic T std_logic 1164 @AE XU .

type subtype std _logic is resoveld std ulogic:

SRR T SRR, T (current) R HEIIA S LY ENRE.
EEEE R walt IB@MEMESREBHNBE. 4 clk 5EF L FHGEER, 28
WAE G B EIER . HE'S shifter (T —MESIFE YRS shifter EE L,
M 75— FE AR b AR A B T i iE .

it AR nxt {FB shift-val B9¥{E. LESE] dout. 8 load EERESH
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SEREIEIA . MREET 1, F5(#& shift_val 8% din f{E, TABHIE S left_right
THIFE N FFaa LA BEHEER. ANE OER S #% DAL .

TEAFE, HTEARAESHREFARERENFE. 81848 “shift-val (2
downto () <= dout(3 downto 1);", {r] 4B AR FITERE:

shift val(2) < dout(3);

shift_val(l) <= dout(2};
shift val (3} <= dout(1)}:

T PR (7T SRR —FE .
4, EHIER

ARG EERTE . HA TR, o] CURE ok VHDL BB RIThEE 5
FEiEy. MmN EBEOE 43.3 FFr. MR EEERF D &
43 test register. vhd.

i : : ? e T e S S S
| CursnrlZl{
:’ T Time in né |:| IEA N | T l'i'i'l_{":"'t'"l"'l'"’i"'l"'r"i"i'TTT'TTTT ‘i'TT']‘T"i"l"T“i"i"i"r‘"'f“i"f"i'i T |'|“'i'?'| T T [ (]
Scale = 1.09 100 200 40.0 60.0 80.0 1600 1200
gdout[a] o 0 X0 0¥ 1D 2
 doutf2] > 0 uxo. . oo (1 @ 0 11|
idoutﬂ] o 1 WX 0 W1 ¥ 0 ¥1X0 0O 1 % 0
gdout[n] ¢ 0 UX 1 X ¢ X1 X0 0 1 0

leftright o 0 T KD 0% T f—
Ilnad o 0 (I X O X AN B XN A X EXT YO T X0 T X0 ¥

| ik o1 O X3RO XOX I XOXTHNOXTXOXTXOXTXOXTHO KT XEXTXOXTX0 X1 KO KTXE
din[3] o 0 10 0¥ 1 %0

din2] 5 1 @ O T X T
din[1] > 0 (0¥ 1 b 0X 1 D
‘idin{n] ¢ 0 1N 0 1 XD -
| A a1 L 250 i o T it i A I
B9800 s - ainl0) W et shaflr Boay T GRER CEEE L BwoWw 4

43.3 BuFFRELUERE
FHIWHFEMT
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library work:
use work. shift_tvpes.all;

library icee;
uge 1eee, std logic 1164, all:

entity test shifter is
ond test shifter;
architecturs BENCH of test shifter is
component shifter
pnrt(
din: in bit4;
clk, load, left right: in std _logic;
dout: imout bitd};
ond compenent ;

gignal din: bit4;

signal clk: std logic:

signal load: std logic:
gsignal left right; std logic;
signal dout: bitd;

for all: shifter use entity work. shifter (synth);

bagin
shifterl:shifter
pert map (
din,
clik,
load,
left_right,
daut)

shift_driver:process
bhegin

—-HiHHH pattern 1 BRI

—_——reae——— s ———

--igE load =" 1" 3% din &g A F shift_val
clk <= 7 0’ ;

load <= * 1"

din <= "G001":

wait for 5 ns:
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— 5 shift _val W A dout
clk <= ' 17
wait for 5 ns:

——shift to right
clk == ' Q0" ;

load <= 0" ;
left_right <= " 0" ;
wait for 5 ns;

— JFEERE A dout
clk <= " 1’ ;

wait for 5 ns;

assert {din/= "0000")

report (“assertl din/= 0000”)
severity warning;

——RHERT pattern 2 Rithin

— {%E& load =" 1’ |48 din ¥ A%l shift_val
etk <= ' ¢’ -

load <= ' 1' ;

din <= "0010";

wait for 5 ns:

— ¥4 shift val Ht A dout
elk <= " 1" ;
wait for 5 ns:

-=shift_to _right
clk <= " 0/

load <=" D' ;

left right <= " 0' ;
wait for 5 ns;

-~ R dout
clk <= " 17 :
wait for 5 ns;

assert (din/= "0001™)
report ("assert? din/= 00017)
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severity warning;

—— e - —

i FidrELa pattern 3 RERHE

—— &% load =' 1’ 3 din& )\ Bl shift_val
clk <= ' 0' ;

load <= * 1’ ;

din <= "0100";

wait for 5 ns;

— 3% shift _val B A_dout
clk == " 1" ¢
wait for 5 ns;

——shift_to _right
clk == " Q' ;

load <=" Q' ;

left right <= ' §' ;
wait for 5 ns;

-~ FFEER M A dout
elk <= " 1" ;
wait for 5 ns;

assert {(din/= "0010")
report {("assertl din/= 0010")
severity warning;

————

—— e ————

— it pattern 4 Ha

— &% load =" 1" |5 din §i A 3| shift_val
clk <= " Q' ;

load <= ' 1

din <= 710007

wait for 5 ns;

—— ¥4 shift val # A dout
clk <= " 17 ;
wait for 5 ns;

—shift to right
clk == ' Q'
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load <=" 0' -
left right <= ' 0’
wait for 5 ns;

~— LR A dout
clk <= ' 1" ;
wait for 5 ns;

assert (din/= "0i00")
report {"assertl din/= ¢1007)
Severity warning;

~—HHERE pattern 5 redediaind

— 188 load =" 17 [ {§din AT shift val
clk <= ' 0 ;

load <= " 1’ -

din <= "0001";

wait for 5 ns;

—— 45 shift val # A dout
clk <= " 17 ;
wait for 5 ns:

—~shift_to right
cltk == ' 0!

load <=' Q' -

left right <= " 1’ -
wait for 5 ns;

— FJESEM N dout
clk == " 1" .
wait for 5 ns:

assert (din/= 700107}
report ("assertl din/= 0010")
Severity warning:

—-HHHLH pattern 6 Haunn

—————————— e

_——— i —

~~ 1% & load =" 1' | i% din % A B shift_val
clk <= " 0" .
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load <= " 1'
din <= "00107;
wait for 5 ns;

— 4% shift val ¥ A dout
clk <= " 1" ;

wait for O ns;
——ghift_to _right

clk <= * 0 ;

load <=" Q' ;

left right <= ' 1’ ;
wait for 5 ns:

=~ {FE5FRm A dout
clk <= " 17 :
wait for 5 ns:

asscrt {din/= "01007)
report ("assertl din/= 01007
severity warning:

——HRHEE pattern 7 2 dvas beand

~— ®H loac =" 17 4% din % A B shift val
clk <= * 0 ;

load <= ' 1" ;

din <= "01007;

wait for 5 ns;

— T4 shift_val i A dout
clk <= ' 1" ;

wait for o ns:

——shift_to right
clk <= " o' ;

load <=" ¢’ ;

left right == * ' :
wait for 5 ns;

— R A dout
clh <= " 1" -
wait for 5 ns:
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agssert {(din/= "1000")
report ("assertl din/= 1000")
severity warning;

—_———— e

—HHHEH nattern 8 iduisdaas

— %8 load =" 1" | 4% din & A %] shift val
clk <= " 0° ;

load <= " 1" ;

din <= "1000";

wait for 5 ns;

-~ ¥4 shift_val A dout
clk =— " 1°' -

wait for 5 ns;

~—shift _to left
clik <= ' Q' ;
load <=" Q' ;

left right <= * 1'

wait for L ns:

__ '[%gi:%ﬂ)\ dout
clk <= ' 1'
wait for 5 ns;

assert (din/= "00D0™}

report {("assert! din/= 0000”)
severity warning;

—wait for 100 ns;

assert false

report “—-end of simulation——"
severity error:

ord process;

-= c¢lk <= not clk after 5 ns:
end BENCH;

(BB AFZ: 43 shift reg.vhd
Bl S L4 43 test registervhd)
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L4465 FHEATHE
«

1. BRAGTIERIE

AomE 12 MERERNE /T, BE—OEEr, RS TN R
AR 2 — TR - /TR R T B NE 4. LT

RLD_BAR —»

load ———u

decr o reg "'<.|1=$>RE

clk ——— ————an— R zarc_har
L =[:>\—

& 441 FHEFTHBREH

T 4 1S TR0 S, clk EREMES ; RLD_BAR RE%(SS ; load £ F ¥k
EERBEEREE S ; decr REBIES ;D RYCEM AN ; RE BEEESIRM AT,
MoEHURM N ; Rzero_bar J& JIMTHI H MR R T 0 skl (5 2.

2. VHDL BEHR % BB ESIT
(1) FHETRERR

use work, typew. all:
use work. MVYL7 functicns. all;
use work. synthesis_types. ail:

entity reg is
port (
RLD BAR : in MVLT:
load . in MVL?:
decr . in MYL7;
clk : clock;
D : in MVL7 VECTOR(11 downto ) :
RE 1 inout MVLT_VECTOR(11 domnto 0 :

Rzero bar ; out MVLT

ond reg;
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architecture reg of reg is

begin

reg ctr blook{{clk = ' 1" ) and (not clk' STABLE})

begin

RE <= guarded [ when ({load = ' 1" } or (RLD. BAR = ' D' }}
slse RE-"0001" when {{decr = " 1' ) and {(RLD BAR = ' 1' ))
alse RE;

Rzero_bar <= RE(Q) or RE{1l} or RE(2) or RE(3) or RE{4) or RE{(5)
or RE(6) or RE(7) or RE(8) or RE(9) or RE(10) or RE{11);
ond block reg ctr:

—_—_—— -

ond reg:
(2) BETEHSEASZE

TEIRI RS aET, AT —MEFEE, %850 block. HEY block ffa:
S EERN A ESHITRIPESBIEG . R3PS (clk=1") and (not (c1k’STARLE))
FRETER B AR B E S R T R R T RE A -

% (Goad = ‘1") or (RLD_BAR = *0°)iX-— {9 R}, 7 AZUE D AR RE. X
RFHIE D RTFE ree 1, HEpHE B RE i O, ARSI FFRBAIER -2 (decr =17)
and (RLD_BAR = ‘1’)iX— &R, RE hpyNAER 1 BB RE BB, a2t 5
are HAEH T REHHINEERAT. B—1FFes. B —KiEq.

Rzero bar <= RE{0) or RE{(1} or RE(2) or RE(3) or RE{4) or RE(5)

or RE(6) or RE{7) or RE(8) or RE(9) or RE(10} or RE(11):

2 T AW RE N ERE A 0
3. Mid[a) 8 RBRALER
W ) B ST

uge work. types.all;
use work, MVL7 functions. all;
use work. synthesis types. all;

entity E is

and;

architecture AA of E is
component creg

port (
RLD BAR : in MYLY;
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load : in MVYLTY;

decr : in MVLY;
clk : clack;
D ; in MVL7_VECTOR(11 downto 0);
RE : inout MVL7 VECTOR{1l downto 0);
Rzero bar : out MYL7
)
ond oomponent ;
signal RLD BAR : MVLT;
gsignal load : MVLT:
signal decr : MYLT;
gignal clk : cloek;
signal D : MYL7 VECTOR(11 downto O);
signal RE : MVL7 YECTOR(l11 downto 0} :
signal Rzero bar MYLTY;
for all : cret use entity work. reg(reg};
hegin
CREGL: creg port map |
RL.D_BAR,
load,
decr,
clk,
D,
Rﬁ?
Rzero bar
)
procese
begin
clk <= ' 0 ;
wait for 1 ns;
RLD BAR <= " 1’ ;
load <= " 1" :
decr <= ' | :

D <= 7000000000000" ;

wait for 4 ns;

clk &= " 1"

wait for 4 ns;

aggert (Rzero bar = ' 0’ )}

report “Assert O : < Rzero bar /= 0 >” severity warning:
assert (RE = “00007)

report "Assert 1 : ¢ RE /= 0000 >” severity warning;
wait for | ns;
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and process;
ond AA;

BB SFRMRE, EmBN. A RE PRIRES <000000000000”

( RIGE L4 L. 44 reg counter.vhd
BK & LML 44 test vector.vhd )
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F456 MrFid A
R R B

1. B VHDL WA mERIB AT

ABIAT VIDL B0 R E B B e iR
45_test 63. vhd, HAHZTI{KHBA test 63 HLE#E behave 1.

-3t FE Proc_Scope ] Gen_Sig Nat #35t -
—— M i 2l A R S 45_test _63. vhd

TARNEE - H
fE¥I{E behave 1 g

entity test 63 is ~— R & 2 AR
ond test 63;
architecture Behave | of Test 63 is
signal Sig Nat : NATURAL := 0
signal Sig Nat Procedure : NATURAL := 0O
begin
Proc_Scope:
process
variabhle Count ! Natural := 0Q:
variable Count_Temp_ 1 : Natural := 0;
variabfe Count_Temp 2 : Natural := 0:
variable Exit Loop : BOOLEAN := FALSE:
procedure Set 55 is ~ WL R R PR B (AR P

begin
If Sig_ Nat = 0 then
wait until Sig Nat = 2:
if Count_Temp 2 /= 55 then
o1g_Nat Procedure <= 55:
Counl ;=55:
Exit_Loop := true ;
snd if;
and if;
end Set 55
bagin
Loop 1:
loop

Count_Temp 2 :=Count Temp 1 + 1:
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Set_55; — YA A
If Exit_Loop =TRUE then
Count_Temp_ 1 := Count;
wait on Sig Nat Procedure’ TRANSACTION: --{Z& Sig Nat Procedure

— L EBFLERBIERMT
Count_Temp_2 := Sig Nat_Procedure;
exit Loop_1;
ond if ;
wait for 15 ns;
snd loop loop 1;
Count := Count + 1;
wait for 20 ns;
end process FProc Scope;

Gen Sig Nat: — IS R
process
begin
wait for 10 ns;
Sig Nat <= 3ig Nat + 1;
ond procese Gen Sig Nat;
end Behave 1:

£ VROL iE S HT. & F SRR aRAY — BoE T S MR R B — Ml T iR A
ARERE. AUEMFIRRREOAEREMERR, SHFMOhEEME, miE
W ITREAREE I ANTEM - T -

AFg e R E S WHESHEWTE SRS, E2@EAE.

2. WA FX € B RYIAE RS RO

Ll Vsim/Talent REHH (next, step) MHLIBITAF. ALLERHNED T 5
ERBIENIT LL R T FR I ERAY wait (B 0BOPEF - HEF2 Gen_Sig Nat B EMIEIE(T. TR
Proc Scope TEH 2 WMEFMWEZT ., KA EEFZ %8 @ wait on
Sig_Nat_Procedure’ TRANSACTION; B9{i7 8 . AH TiH#E Gen_Sig Nat p R H #0E, Ff |L BH
PRI TR 1 B A TR LR A B SR AR BIE (T TE SRR .

@i Vsim/Talent REEATH QEREE L BB R TR, TLIMERMRFIEIRRE S
B . (E ST FE BB AT .

(RABELF L. 45 test 63.vhd)
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%46 % VHDL % generic St& {ERYER
R (-

1. BERETIFRERINGE

A—t28WASH] . — M HERAMARE Z8MAS T E—1t 28 AT &= =
bt 4 ST

A

sigl

30

4
f

B

sigl

461 —HTiE—%BEJEMNIRER

2. VHDL & R A RIBESH

VHDL #RifiR E Je 8 b 3 N EERTT R, AABHH % — 2 RSB B I W
b - TEZ RIS EE, BE LR 3 MTHYITARE. AEREERARESHEA,
o 8 BT Bl -

£ 3P EXRMITAE XA, FEMEE (entity) 5| ARE (generic) FH|
& % B AV Al HER LR A B Y 1Delay BB A {E NI7E £ M 28045 Fafdak i T A BH b
PR BAFEE, X ERERAT ESERHIRSIEEN TR .

BTXRALRIEET N, BERT REHENE TR R LB LB gt
(generic map} %45 1Delay Wi{E. P ATEXFFMT, EMEIRE MM RS S EEE
(override) MJCik, HI (LLS(T3#HEH )

component B ANDZ
generic(1Delay : tims:=5 ns);—— 7 tEiAEEEA [ HERT EE 418
port(......}; |

ond component :

------

for U1:B AND2 use entity work. B _ANDZ (FUNC) :
generic map {1Delay => 10 ns):
I IHAAh A generic map #5 1Delay MA{H T4
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U1:B AND2
generic map{1Delay => 10 ns);

— T FIRH A generic map &5 1Delay A TR
port map (4, 50, sigl);

Mk o R R generic map iR B CHFIRHA generic map #1f & (E
Rl USRS R o ) R &2 Bos

BB AR H TR P R (E . AT DL E 38 10 B mle or B = il T
generic map ¥EERERT{E . TEE I RIHTHIT generic map, NICFBETHFFPTE
2. HIrfFuBA bt a] DL L BEH generic iEA] . HLASTTAFRRHEIT -

component B ANDZ — A5 generic {BH)
port{.....0;
end component :

for L1:B_AND2 use entity work. B_ANDZ (FUNC);
generic map{(1Delay => 10 ns); ——4H¥EHADIE{T generic map

------

Ul:B AN2 --FAE generic map iEA]
port map(...... ):

2518 . TTHEEERHPEIAT generic, TEHUIEF) component ﬁé}a’.ﬁhmgﬁﬁ
generic i . X T component iF X HEFEEEEBIM ~ME

(D 7£ component X THHEBENSEER  ELEHFRF I A5 generic map,
MBS R eI B PRI ER A {8 -

2 ¥ component [¥) generic FEAMEREE, WTELIHFIRSEE AN VIRE
generic map &3 iH g rhiw Y X FATE . | |

@ HLEIATH. component FUREBE X “RIHBE>, HILEHERMTAFREE
L {t. . component 45 N ERE{H , T A gener ic map TG 0] JC. T entity d24Y generic
I TR I{E Y ; component [ generic JEREE. M C{H B ol 4H 28 HEH
A goneric map. SL{ATN generic {HiEE Y, HrATELEE RS EFEIEN.
TEEA] LB .

@ THEXPELBEEEHE, EXHHEITSHTLLAEE generic map, {H7EE{AR
AEHEPF generic F X, BN MBS R 45 H A SRR RS Y- B3 S0 B F
T

VHDL f#EhA a0+
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(1) =E1MEXIT8 VHDL 112588

|ibrary IEEE;
use IEEE. std logic 1164, all;

—— —— T ————

entity B BAND ie

gonerio{lDelay: time):

port(l : in std logic:
B :in std_logic:
FOUT : out std logic);
end §_BAND:

architocture FUNC of B BAND ia
bagin

FOUT <=(I and {not B)) after 1Delay;
end FUNC;

| ibrary IEEE;
uees [EEE. std logic 1164, all;

entity B _ANDZ is

generic
{(1Delay : time):
port(I0 : in std logic;
Il »in std_logic;
FOUT  : out std_logic);
end B_AND2:

architecture FUNC of B _AND? is
begin

FOUT <= I0 and 11 after 1Declay:
ond FUNC;

library IEEE;
use IEEE. std_logic 1164. all;

entity B ORZ is

goneric
(1Delay : time);
port{I¢ : in std logic:

* 193 -



{1 : in std logic;
FOUT: out std logic);
end B ORZ;

architectura FUNC of B CRZ is
begin

FOUT <= (JC or Il) after 1Delay;
end FUNC;

(2) i%—% W88 VHDL S5#Eik

|ibrary IEEE:
use IHEE. std logic 1164, all;

entity B MLX: is

port (A :in std logic;
B :im std logic
=i : in std logic;
0 » out std logic);
and B MUX2 ;

architscture STRUC of B MUX2 is
begin
—~JEEEIEE
component D ANDZ
generic(lDelay : time:=5 ns);——sCfEiRRETE F R K A

port (IO ©in std logie;
I1 . in std logic:
FOUT : out std logic):

snd componsnt ;
component B_(R2
generic{IDeliay : time:=5 ns);
port (10 : in std logic:
I1  : in std logic;
FOUT : eut std_logic);
end component ;
component E BAND
goneric(1Delay @ time:=5 ns}:
port (I . in std logic;
B :im std logic:
FOUT : out std logic);
ond component ;
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— 1 5ERH
for U0:B _BAND use entity work. B RAND (FUNC) ;

for Ul:B ANDZ use emtity work. B _ANDZ (FUNC) :

for U2:B_ORZ use entity work.B_ORZ(FUNC)
~—{7 F15EH
signal sigl,sig2: std logic:

begin
U0:B_BAND

port map (4, SO, sigl);
Ul:B_ANDZ

port map (S0, B, sig¥):
U'2:B OR2

port map(sigl, sig2, 0} ;

and STRUC:

( BAGE L4

46 default generic.vhd)

+ 195



F 476 TEATHEER
EX 3 |

1. ERERFTERERINEE

AR B ETT . ARG ER G EEET generic R, BRIS
FEM . FARITHEN L IERE - R RIS SHER. ARTERRATIE
Rt

ERA LT BRI AR — MR LR b PR . BT
A1 —HWAST. BEE 4T 1 FT

B_CONST1 B_TEST

templ

TOUT

D1

B 471 HERITHASRE B E

TE MR B B 5 M IR A T AR 490 7T . 56 B JT 1% B_CONST1 Hhfyy NUM 3@ 5T generic
map BAES <1, REEMHME SO —MAR, S8 — MR A SN S R
FEL IR HOIEE i A D% S TAOE B2 IR s B AR o R @ o w0 L S A
FENBEY. WEREH. FTAKSICIERERYE. ATAEA S ETH TIERE
iy -

2. VHDL ESH#R A ZREZH

HETHE-MITEMATA . S TERMATTE, EEELNTERMS A S, M\
I A~ RE DL By o B2 F , BRI TS BE B B0 1 26 T 4 58 1T R4, 3o 13X 26 TR0 A T (R p A0
—RMERAREZETE. BATCRASTHEE N B Bg . MG B RS T T A TC A
PERHREBEE T MA, HUEMABEAIRE (testbench) 4. HT#ET M E
ARG EW S TR RANTRATA TEETES . A3 EEa i
Z]: |
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3. R R ER S

(1) B_TEST i f2 2 AR & ik

| ibrary IEEE;

use IEEE. std_logic 1164.all;
entity test _const te

sngd test _const;

architecture bench of test const is
component B TEST
port { Dl : in std logic;
TOUT: out std logic):
ond compenent ;
for U: B TEST use entity work.B_TEST{FUNC) :
aignal t dl: std leogic:
gsignal t tout : std logic:
begin
L: B_TEST
port map(t_dl,t tout):
driver: process
begin
t_dl<= " 0",
''1" after 100 ns,
0" after 200 ns,
1" after 300 ns;
wait for 500 ns;
assert false
report "—End of Simulation—"
severity error;
end process;
end bench;

(2) FBRIER
PRI 47, 2 7 o
(3) IR ERSH

[ -F7E B_TEST gk bR s B_CONSTL Jueb#{THI RS . 1t generic map {538
MEER 1. MRFEETHLIEER. WEEYNEZE 1 S5 —1MAE 1,
B2 E5TIEEE2EE T B A, —ENHREA RS (B THERAR).
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H47.2 MidRBREEZE

NSNS — T AR B_TEST f9ME—# A, H4@th 2 B_TEST fyM—&7 . HiEiE
SR A S LB N 248N . BE 47 2 WA, MAKIEEEE2MR . XA L
HEIE, O] B2 T i BT TAE RS

RWHHNTERA TS, RS ST IR R 2 T -

(4) VHDL Bk

—HEBILH (JoH AT #9 VHOL #hiR
library IEEE:
use IEEE. std logic 1164, all;

L — —_——— ——

entity B CONST! is-

genaric(
NUM : std logic);
port (
POUT: ewt std logic);
end B CONSTI;
architecture FUNC of B CONST] is
bagin
POUT <= NUM;
end FUNC:

— Zi A 5[1#) VHDL f#
library IEEE;
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use [EEE. std logic 1164, all;

entity B AND2 is

port (
I0 : in std_logic;
Il : in std logig;
FOUT : out std logic
i
asnd entity;

architectures FUNC of B ANDZ is
begin

FOUT <= 10 and I1;
end FUNC:

~~ EEITHARREREE VHDL J ik
|ibrary 1EEE;
use IEEE. std_logic 1184. all:

sntity B TEST ie

T T e e e e e e e e T — e R —

port { D1 ; in std logic;
TOUT  : out std logic):
end B TEST:

architecture FUNC of B TEST is
component B CONSTI
generic (
NIM . std logic);
port (
POUT: out std logic):
ond component ;
somponent B AND2
port (I0 : in std_logic:
I1 : in std logic:
FOUT: ewrt std logic):
ond component:

for Ul: B CONST] use emtity work B CONSTI1 (FUNC) .

for U2: B_AND2 use entity work.B_AND2 (FUNC) .

signal templ: std logic:
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hagin
Ul: B_CONSTI
goneric map(’ 1' )
port map (
POUT => templ) ;
U2: B_ANDZ
port map
10 => templ, I1 => DI, FOUT => TOUT);
end FUNC;

(BAGE I HF L. 47 const test.vhd)
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#4861 MAHR I EHRE
%

AFEF MR AR — 1 EE. mEE)S NAEHBREFEE. HPXEfy )14 mE
oF .

o HXRANA EHRS

o VHDL {& SRR

o VHDL WM FiERj5H kiB6)

e H £I@EY: TRANSACTION

1. AXMNRABERES

B MRES A AR R T B SRR R T, BT SR [ H
SIHELL A% PR . WA RSV T TR AR . IS TE ML AR 55 1
AR SRR AT E T . O 48, 1 BT -

 $TCE Sy, (B3

481 ik

FTEEME RIS, EFERERE NN N — 18, TAEATEY—4T
2B LT oo kTR .

MRS AR — MR SR, ArESER R, AR SH A e
B2 MUENAAMRIME R, TR HITRE Rt 58% EEETESHY .
N8, WS SRR T2 i . A .

AFHA BT BEBRATHIL KA T HE—EeE . BRERE
W SE AR B L 4G NEEME 5 . MiIREAGH RE—NERMTTH, B HE s S,
ATLL. EE B .

2. JRER

antity Test l8e is
end Test 18e;
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architecturs Behave 1 of Test 18e ia
signal A : bit := " 0
gignal B : bit := ' 0 ;
gignal C : bit := " 07 ;
bagin
GGen Wave!
process
begin
A<="1" after 5 ns,
“0° after 12 ns;
B=<="1" after B ns;
0’ after 14 ns:
wait on A B:
ond process Gen Wave;
Analysis C:

Process
variable VYar C : bit := ' @'
begin
wait on C' TRANSACTION:
Yar_ C := C;

end process Analysis (;
Update C:C == (A or B) after 40 ns:
Finish:
process
bagin
wait for 100 ns;
assert false report "End of Simulation” severity error:
end process Finish:
ohd Behave 1;

3. VHDL SR M3IE R

ERERE | o ERN S TREA LT, 5Hhs RELTEE AR . ER
53 AL RHER SRR « AR HELREIR LR -

(1) ESWEHE - EMEREREREE =&

o B | MRS EMITEIAE MR |

o A SWEEATE LA HHS 2SS SR

o XFH LMHES L HINAES, FHESE | S 2GR, IR

B ITIAAT 38 8 4, BB o 00 IA S SIS 2 6 5% 1 M H 8 5 2 B RA
A1k, B LA T S4B

test 18e (P4 Gen_wave [ &) B A AR AT LLSORH b ok (R1800 BR300 1
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(3en_wave  procass
begin
A<="1" after 5 ns, ' ¢ after 12 ns;
B<="1" after 8 ns;
wait on A, B:
end process (en wave;

T oAk 2P BT 54T

D A ESRCLL, S B EHE R e

2 #F2PMHHESCU,EHFECT,SMEE. ABRIHES (0, 12), KR {0, 12)
ZHEE (L, 8) 25

3 wait on A,BIVAJB7ESF AT B P EH AL, IR N ERBE

@ HABERTER -2 TR Ak EEiZ1T, BRI A RZ L — s | A
#E. Xk (CUL,BYRE I AES,

B HEEEFTTHS (1, 9) g ks

& TBEEC0,12), BANMEEE L, 8), FFLFE 20ns 5, A A4 1 Bk
3o,

T B, dREEfREE 1,

& FEBXHT A LRSESAEmMERE, BALE B LAEZL. AUELIMEEA
(*1°,8). F2HE (0, 12),

& HEBHABT, Rk

BBt R TBEEF R 48. 2,

Y — P B |
Eﬂ I#l!) ﬂm__

ARG MO KRY BOO W _.=l8ix|
sfnif [~ f m(|(a| ] B et B I |
Cursar l]il
T Himeinns T T T T
Scale = 1.00 0.0 20.0 40.0 60.0 80.0
[: < 0 { f " |

—_—

___________ l l.. : ' o —_,Jﬂ

’n?aﬁ“m 000 2% TRE < B aat 1s Coadave 1) ;mm TS R e
| 48.2 WHISAIEF
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QR FA SR AR E RS -

A<="1" after 5ns, " 0° after 1lZns;
B <="' 0" after 8ns, ' 0' after 10ns;
wait on A B:

Wi 2 4nEE 48. 3 BT

Cursor 0.0
: Time inns :‘ TY T 1 l 1 |- I |-5-| LI ! Ta T i 11 1 -II- LNLAN L | LI LI L LI L 1 I i 1 5.|II |LIH _'I LI !
| scale=100 ({00 100 200 300 400 500

\‘j A - W s A e e Y s e S A e e e = A A -—— ‘.

C o 0 1 IM ?f
b & 0 ; ] r_ ﬁ%
S I i

a © 0 |

: -
-q:'

-
B A

M 48.3 {ERERER
EfathimiEd A 01T
(2) FE
M AE R A IE &, S ELRNRBEEOTNEELEES TE, IN:A & 1
after 5 ns, ‘0" after 12 ns; W5 | P EZPPIEM T RS R EHIEAR ML RRE -
G2 (N A VHDL SER{ESREERPRARE ORI EHF . BIRTEER LR T R,
—HE 1 MEEAMARNR. W TmE B SR LHErE RN EfittH 5

2IE. XEERTR—3. BFLLA <= 1 after 5 ns, ‘0’ after 12 ns. &L FiEaM
{ER ANE] -

A<= "1 after 5 ns:
A<="0" after 12 ns:

4. VHDL MIRFER S HAER]
MNAHZIE test 18e REVERFFILA, B2 & R BIRE/F1EIZTT Ons+0 S 12 1L, IR EFR
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¥ HIEBA R — R SR

assert false report “End of simulation”

gaverity error; _

HiEG MR RGEREL . i ZE A2 RAETEXZ —FH AR FiEA] -

VHDL pi# R - R IBA 2 BRI RN, HEAPEDRIFY - test_18e Uy
2} Gen_wave, Analysis_C. Update C 53 & ¥ =1E4) assert 2 HF /9. TEHEATE LS.
HEXFRWERMSE, BT BEREFTLUEH, B30% 2 Sk, Nymis
m e W H 2 W F 189

Finish:

PFOCHES
begin
wait for 100ns;

asgart false
report "End of simulation” asverity error;

and process Finish;

¥ BFA ST 100ns RS REHL, M 100ns ¥ 48_test_18e i, [ JEMSHBE R
T

5. HXE TRANSACTION

TRANSACTION B —Fi{Z 5 E LB, 48 test 18¢ thH — % {EH wait on
C'TRANSACTION 5{BH C*TRANSACTION RU{E# C F 3B —Fh 8 S4B 2 H 3 |48 — H{E ™

4, TS wait (BR)EGE

( RAFELHL: 48 test i8e.vhd)
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2 49 | delta HIRBIE
SHF

APLEE — TEBARRE, TR delta ERMIERAITETS VHDL JREHRET R iZE R
— & JEN - |

1. VHDL { 5B A ERIEESH

(1) delta EIR B

1T BAFHER R . AR T T ERIThRE . B BRI S AR -~
2 BT ERVDNOR HEIR. BB EE S delta IEEHBFIHINE . SIAEHER
=N T WE R R R & A RTHRRAII - G 49. | BURAR AR, 1T A
RYaEN 1. BEERAMN A LE N FIEE, BHAERLH D SNESSEHA
Sfele? RitH D SHE, ERREE: MBEEITES], 52856 — LN -

‘:D B T E’L—--'—]:I'

Is 1* C

BH 491 —]EHbBE

B <=1
D <=1 {AfC=1)
<=0
D <=1

AREE D ARk, ZEMAIEE S 0. WRETESIET, BRXE—EY
HINH T -

B <=1
C <=0
D <=0

XA D J3H LR
XPRIT R RS REERAER . B7EF 1 AR T — A ER . WES 2 it
TR HIGE XA o VHDL g T BRSO . SR8 AN SERR /[N B i) e
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delta JER . fAHEMEHZGLMET delta iR 2B A BERR -
7 10 ns B A BH— G WHEIENEE .

delta JE;REY 2]
1 A ==1D

B <= 0

D «= 1

C <=9

4 D <=0

XY, FEF 3 delta ZERK, BRIE#HTT D=1 # C<=0 FM1E. AT delta i
BHEFEE. BAUESRERIT SO BEHRAT BT ERRE RN
prid s O
signal a: integer := 30;
signal b: integer := 40;
procags
bagin
a <= b;
b <= a;
end process;

R 2.

provess
variable a: integer := 30;
variable b: integer := 40;
begin
a = b;
h = a:
end proceas;

LM MERESE EIEEEEL BEXMMEENIIREE &2 - H1E 1 BER
2 a b FMEESHERLH. IERLZE. 55 a B{EN 40. T{ES b PIED 30.
R TES 1 RiEA) ac=b $HRW (LEERTT) UR. B9 a BEFF IR S %S,
MEXFERTERIE “ETF a2 BERET - delta IR N 407, HRESE 2 £1i8
7] b<=a WHRHLIFAERMZE “[F5 b BRHERET 1 delra TR 7 307 . FHiELFS a
M b RFHERFE T —1 delta IR A TEIVER, REHFENES a b BEEHE-

Motfe 2 P RNZEER a M b SHEAEN 40, XEHT Y EREIBARZEE
delta R, REEFGHEEFRZENEZMEENE, MELSERBE 1 ETR
BEEREMLE, aMESTNEEENL, HEEH 0, B2 HE0RTE b HHEE
74 40,
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(2) B S

AFEEEN T W delta JERHIER, RO RE —S0EH 5 236 R AYES
VWF H B EREAH—IZE, TSR . EEBEFENFEMES: a#Mlb.
HAE—1#E, EHBRTEN LA ReE ShER . mdaT .

entity deltz is
ond entity;

architecture archi_dclta of delta is
signal a : integer := 40:
gignal b : integer := 30;
hegin
process
bezin
a <= b;
b <= a;
wait for 10 ns:
a <= 40;
b <= 30;
wait for 20 ns:
ohd provcess;
end;

At #Eﬁlﬂﬂﬁﬁlﬂfﬁ%ﬁﬁ*[ﬂﬁﬁ%’j%xﬁﬁﬁhf‘%aiﬂbﬁﬂfﬁﬁ?ﬁ& ERFES
LT EENESREER.

2. {RHIER
I I TE RS B S T Q0 I 49. 2 B

i Time inns
Scale= 1.00
b o 40 K E X 30 ) = |
‘a o 30 30 ¥ 30 b j!
| 1
T WG, MBI . . 0 . Pt oM

492 |HIER
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MIE AR O] LLE BTN del ta JEIRPVEEY - REZITEAR delta JERFHEAXM TIE
5 VHDL Rt IR HE R -

(A4 I H 2. 49 deltavhd)
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50l RGBS
%

A BT — T R BHARE TeE SRE R g PRI RAER M S VIDL JR#h B
A E R - L (r] R

1. VHDL B iR A ERIBES T

(1) 35{% Test_18b s3#f

Efh Test_18b B—TEXME . ANAFIEERTREBENR. RS LM
A B

(2) S5431K Behave 1 94

ERAERELT A EEA B, C HEEEA Hbit, WENEN 0, gigkda
FRITHEEN—-EHEESWRERS - T .
1 i #E Gen Wave

Gen Wave:

Process

begin
A<="1" after 5 ns, ' after 12 ns;
wait ;

ohd procase Gen Wave:

B RS —FIFE SWEED, E2807E5ns § 12ns iHA ABRE 10 F1 <07,
{13 A B2 40P 50. 1 AR -

A T

1 L

5 10 12 (ns)

B 501 {85 A REEE

2 HF Analysis C
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Analysis C:
Process
variable Var C : BIT := ' O' ;
begin
wait on C’ TRANSACTION;
Yar C =C; ‘
end prooess Analysis _C;

R E R Var €. £y bit, ¥MERN 0 EMERAR—EES CLEESR
5. MG Var_C BU{EM 5 1 - Hrh TRANSACTION 215 SWFiE ik, Bt TRANSACTION
FER—TERER N bit RIPENES. KESTEUHHBHESREERSE. £
EA37E 0 f 1 Z[H¥H . HFEREENE, “FiENESEEEEH FABRRE
ERERTE, REF-TME5EMMEENAAE—1TS%, BEEE “HE" M B4
KX

@ HrfESWRIEE

Update C: C <= A and B aftar 40 ns:

HA Update C Z2—M5 5. HESWMEEFEONIERAZE A 5 B LR AES4N, NHF A
S5BIEMES, H1E 40ns 2T C. BT XE2—FEMEESRETRR. BRHREER
il 4y 40ns, BMEM AR/ T 40ns RIBK A AtlifE- R TES B LR EHFEE, M
55 A FRIRKABEE 535109 5ns M Tns, FTLAgAEERRSH, HIE C M{ERLETRL. #
£ Analysis CHREE Var CH{E—EHE ‘0.
A AR — FH R E SREEGRE A LIRS - N EF R, M E—%3H%
{5 SMREE A T2 T T HEER -
process
begin
wait on a, b;
C <= A and B after 40 ns;

ond process;
EARAHRESREEDLFERSREDENR AT -
2. AL R

BRI R 50. 2 B, ¥ L k.
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a1
Var_C

B a— -
b 10 12 {ns}

50.2 HWALER

( W5k LA L

50 test 18b.vhd ;



%516 HEHIEREMREE
Bk R 8t

1. B VHOL ES ik AE R E Lo

AL — T3 fF 51 _test 113. vhd (@E—TEREHIE test_113 H— Mtk
behave_1) #if VHDL 5 52 pyERIME . HOEEMSE 19 Hi240L .

G HIE R EA{T Fe il 5 2k 51 _test_113. vhd
ontity test 113 ie
ond test 113;
architecture behave 1 of test 113 is
gignal A : bit := " 1" ;
signal B : bhit := ' |’ :
gignal C : bit := " 1"
funotion Delay{Value : bhit ;Phl :TIME;Pih :TIME ) return TIME is
begin
if Value = 7 17  then
return Flh;
alss
return FPhl;
ond if;
ord Delay;
bagin
Schedule A: process
begin ,
wait on B,C;
A <= transport B and C after Delay(B and C ,16 ns , 10 ns):
end process Schedule A;

Analysis_A: process

variable Yar A : bit := ' Q' ;

begin f
wait on A' TRANSACTION:
Yar A = A;

snd process Analvsis A;

B<="'0 after 10 ns, ' 1' after 12 ns:
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and behave 1;

TELEM R AR T & X H PR =1ME5 (A B. C) Z4). Ebf.—”‘* ¥ Delay
I L B SE R ]«

¢EF{K behave 1 P E#E Schedule AflAnalysis ALLR—FH L EEREER
AL . %G SWEIEB T LB - M ERHFBEORER, Bl Z#Re 4. Ll
FRZ iz %5 S EEORE SCER - ZHETT

process
begin
B <=" 0" after 10 ns,
" 1' after 12 ns;

wait:

ond process

g4 HTHESREN —MEBREESH— PR, MR —-HRESWHEE
QA R —{5 5% KREEM T E--#ER Y E 5814 R E, ﬁﬁMﬂ%%ﬁE
Bl —{E% £ WP R - Bk, RO emESEiEq. VIDLiEEHE. BE
L PREAMEEERE 27 B {AE AT R 2R - ﬁﬁ‘fﬁﬁﬁﬁﬂ—ﬁ#ﬁ{%ﬁ{]ﬁ
EEXNFWR—HENTE EE OEODW RN AT E . TeeEE | MREFTH) -
in. wait EORATZTAREMAES B MM KRIEFET#E AR IR, HTE behave_1 i,
HEZESHREFGRT - RERASHRIT -

B2 Schedule A H{E S B ¢ C #ii& - LR %Y Delay AR B E(E DAL R RS
S ARHMAME - SR Analysis A g5 A’ TRANSACTION (fZ &K EM) BUE, LI E var A
IERES ARIE -

L Vsim/Talent f&{UAE] . A AEGIE b iEEIES -

2. B ORI REHE RS

i Vsim/Talent RHLZTTAP], £41ET 22ns. HOSEEZHE 51,1 k. B4
ESERITEY : REUZITH 10ns . {55 B FBEERUS #F2 Schedule A, ZEIF
16ns BYZ(. [WHES AWRE ; REUZ1TH 12ns . {55 B HBhE#IE H# 2 Schedule A,
WHEILE 0ns M{ES A BE. RIBEWELEEN, FHRZ—FRRIETE 22ns

(=12ns*10ns) ®4E. BEHIVESZS—FRRZITI 26ns (=10ns+16ns) KE. FRH

21TH] 22ns B, E{ES AWRE D . WES AEREL. THBGELXSE BREEESEL.
{#{55 A TRANSACTION jHIK. UL Analysis A, {HEE var A 1" . IFZE A
EABEERSY. HHESB CABEH. MARBRERE BE%EHR. £8. #E
R BT R (W) R AR T AR 24 4l .
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Cursor [I.{I l
Time in ns I ) |'! T 11 | 1 L”ﬁ"'l"i“T"T“T“]““i"i ) 'r'"l'"i"i"l"i"| FrreEpront | T 1T | T
Scale = 1.00 0.0 5.0 100 15.0 20.0
¢ 1 -
<1 I |
& 1 hd
| i — - i
Em- T 1t 05 28 M P
B 51.1  fRiER
51 test 113.vhd)

( FAhidLIFS
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E520F ZfE CR) 750
2

1. BEARFRITIERIE

Al F VHDL 35 3 KRR — 1 ids - MR8 O SPD BY{E. HURE A {Ey — 434 -
e~ ADINFES G . BaEd - 1TRMANRED. 6 Cnt REFAHEM 1. ATl Cnt
FIER AL 2 P15 AR $8 AR A — IR A AR AL, RAEGLBER T 4 1 5a0 A B3 T B
B OB, BRI 15 Ont AERIRHERIL . BUREF= A FRY 2 935 .

2. HEFEY VHDL EFHRHERBES
AR BRI TR

|ibrary icee;
use ieee. 5tc_logic 1164, all;
uga ieee. Stc_logic arith. all:

entity DIVIDER is

port ( CLK_IN : in Std_logic; B P S A
RESET  : in S5td_logic; —ENES
SPD . in Intager; sk kL TH G R S =kl
CLK OUT : out Std_logic): ~— 43 B A o £ |
ond ;

architecture RTL of DIVIDER ie
signal Cnt: Std Ulogic Vector {7 downte O};
begin
DIYIDE: process {(CLK_IN, RESET)
bagin
if RESET = 7 1" then
Cnt <= "000000007;
elsif CLK_IN' EVENT and CLK IN = " 1' then
—# 5 (LK INHHEEHEAER 1V B Cnt i ‘17
Cnt <= Cnt + "17;
end if;
end process;
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SELECT SPEED: process (Cnt, SPD}

begin

454 SPD A FRES Ont ADAORMIE . 4 I 0 17 5

case SPD is

when
whan
when
when
whan
whan
when
whan

when others=> CLK OUT<{=Cnt(7};

ond case;
end process;
end :

HE T

case (EHIA—ARREAWT .

[case }T. & : Jocase FELT is
iwhen FADESWFIERD
[when others=>Hil/F1E4); ]

end case

3. AR 0 B IR R R AR IS R A

MR A AAR 7 HAMm T -
P Clk In -

process

begin

I Mn1mn i
RN VT

e N e L b o D
t [
"

il
R

[case }7 51

Clk In &= 0

—F £ R ER ) 20ns A9% A B phif i
—RAEXR--MOREF. 8 BRI EHTE EndProc hE -RIFZiE7.
REFHTE R R T AR FRIL SRR AR

while ~rue foop

Clk In = " 1" ;
wait for 10 ns;
Clk_In <= " Q' ;

wait for 10 ns:

end loop;

CLK_OLT<=Cnt (0} ;
CLK_OUT<=Cn= {1} ;
CLEK_OUT<=Cn1{(2) ;
CLE_OUT<=Cnt (3) ;
CLE_OUT<=Cn*{4) ;
CLE_QUT<=Cn-{5) ;
CLK QUT<=Cn.{8] ;
7 => CLK_0UT<=Cnt (7} ;
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ond process P Clk In;

P_RESET

Process

hegin
wait for 0.000 ns; RESET <= " 17
wait for 100. 000 ns: RESET <= ' Q'
--100ns LUk Cnt BY{E HEE2R4L
wait;

end process;
P Spd:
S A TR AR P A B, Spd BUEEE K EEREEK .

procass

begin

~-Ons B 1000ns ., 4851 d% ot el B 22§ AR mh R HAWY 2 45
wait for 0. 000 ns: Spd <= 0;

——1000ns ¥ 2000ns., 0 Ak o BT RH 256 A BK B HHRY 4 12
wait for 1000. 000 ns; Spd <= 1:

~+-2000ns F| 3000ns. i Bk B EH 50 A K sh B HAGY B {3
wait for 2000. 000 ns: Spd <= 2;

——3000ns E| 4000ns . g A% R EA 250 AR b BIHARY 16 1%
wait for 3000. 000 ns; Spd <= 3;

—4000ns £ 5000ns. )Mk oh I EA 0 A K SRR 32
wait for 4000. 000 n=; Spd (= 4;

~0000ns LA SRR R R B B4 A BK ok el R 64 1%
wait for 5000. 000 ns; Spd <= 5
wait;

end process;

EndProc :
process
begin
wait for . 10000 ns;
--10000ns LUS . BLLEEH
assert false report “Fnd of Similation” severity error;
wait;
and process;
snd test hench:

i L A B 2 R 2 QI B2, 1 AR
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Cursor 0.0 -
Time.i.n.ns -Illlt|llfllllll|llllElilt|1rll|l||1|||||||||:|]|||||b|||||||||lr"|'"|
E seale = 1.00 - [mo B0.0 160.0 240.0 3200 4000 4!{0 0
| clic_out o0 @ 0000000003000 T00000 =
spd < D
resct % 1
clk_In o 1
chk_out ¢ 0 0 0 ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ@ﬂﬂ :)@
cntf7] o 0 {0
cntfb] o D g{l]
cntfs] o 0 %{u
- cnt]4] o D {0 i34
ent[3] o 0 E{ﬂ 01 1%0 ]

jlé:m{u Hﬁ:mm:;t{,- pemcd) wivdllivide el o [ TR TR M

@ 52.1 SEEHiHEEE

£ 100ns LU & =183 Clk_In § LIRS, Cnt d{E I8 1. 205 Spd A9{E N 0.
Clk_Out @R Clk_In /ARSI M2 ; 40R Spd BB 1. Clk_Out MIEIHAR Clk_In
HIFE HART 4 15

(RAE XL 52 dividervhd
52 divider stim,vhd)
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53 SHRESIRTS
pUBNY

1. MR TE &

A LB R RRMIR & (test-bench) 77 8L - AL E VHDL LA 1T 20T %L
. HI3HAdm ORUE - RUsTT, EEPENARLE . SIRTE8HT B2
LT E W IR RBBDIRE MR 1k - A& TR TRIE R SR Emit, Wi s
AR EA T M (RS ). i@ s b alidn s, b EHid
FKERHIAS P, HENKT 6 5 FE#HT R -

I 3 EARL IR S R T AR

(1) W{ERA - SRS T

2} ML AR A - WRIEHE. RE—MENEFNTE.

(3} —BEE—MURTFSHFREM R 2 /G, R E IR, X3
WA REFA -

() HERIRIAF G AT A T VHDL ISR AU IhEE AL, B M ER & 2 Tt ss RtT
B -

WEWIRFGERE 3 WIS HE-RARAMATFEHEMIRmER, Sz
MR MR R BRI 773 =G0 T E R R A ERR 10 th 45 R 1 iR i
EERIFITELEL

2. MR F G HIEIR TR

AL s = A B A R T 5 M RS e A@ IR AR fRE R T B —
WRE - TN ERRSERAENRN EREE FHIRTHAMR LS. K E
TTHA - = AT RERIRER T

| ibrary IEEE;

use IEEE, std logic 1164, all;

——& 5B

package mventpkg is

component count port(clk, rst : in std logic:
cnt @ inout std legic vector (2 downte 0)):

end cosponent
ond mycnipksg;
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library IEEE:
use IFEE. std logic_1164. all:
—— S ik EH
sntity count is port(clk rst : in std logic;
cnt ; inout std logic vector{Z dosmta O)):
ond count;

|ibrary IEEE:
use IEEE. std logic arith.all;

—E5 ik
architecture archcount of count is
beagin
counter:process (clk, rst)
begin
=& {if
if rst = ' 1" then
cnt <= {others =>' 0 )
— g%
elsif (clk’ EVENT and clk = ' 1' | then
cnt <— cnt +1;
ord iT;
ond process;
end archcount;

WEAT IEETHEE . HIPEBRTIEE Y . MRS B 1 I, ont MR,
[HF “000"; - ERHMES FBKIE, MR ont (T “+1» BE, LLHSCER S thas .
Bt BRSO MR T & 1 F R 7

| ibrary IEEE;
use IEEE. std logic 1164 all;

RS (ZEE)
entity testent is
end testent;

use work, myentpkg. all:

—HiaE

architectures mytest of testcnt is
TR
signal clk, rst:std logic;
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signal cnt:std_]ogic_vector(Z downto ) ;
41
for all :count use entity work. count(archcount);
bagin
IR e bimes
uut:count port map(clk =>clk, rst =>rst, cnt =>cnt) ;
~~4r A MR BRI &
verify:process
variable errors:boolean ;= false;
begin
- 1 A e |, TR ER
clk <= " ' ;
‘¢ q
wait for 20 ns;
— KfERHHE
if ecnt /= 000" then
assert false
report “cnt is wrong value”;

rst <=

errors := true;
and if;

— & 2 HMIRA T F
clk <= " 1’
rst <= " 1" ;

wait for 20 ns;
— MrEELE R
if cnt /= "0007 then
assert false
report “cnt is wrong value”;

&©Trraors I — 'I',T'HF!':
end if:

——FE 29 4R

clk == " Q'
rel == ' 0

wait for 20 ns;

if cnt /= "0107 then

assort false

report “cn: is wrong value”;
errors ;= true;

ond if;

——HrEmS
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assort not errors
report "Test vectors failed.”
savarity note;
assort errors
report "test vectors passed.”
geverity note;
wait;
ond process;
ond;

FEREAERIR T AN, HRBRTHEEMNIRE R, WA B
SE. ROEEHEHTE TR SRS . AFROMRE REME 53, 1 Fin .

& 531 Zhnit i e %
F5 clk st ! ~ Cat
L 0 1 ~000"
2 q ‘1 “000”
_3 r 0 v T R00"
4 L a5 ) ‘o o “001°
| 5 | 0’ N 0" ] “001”
6 ) 3K N i} ] “010"
7 ‘0 ‘0 R
8 BE K “OI 1"
9 R L 1 e
0 TE 1 G T o
1 R R Y1007 |
12 R W ] T
— 0 ) “1017
_ 4 ‘o D RS
13 0 K T
16 1 0 EENE
7 N 0 o “111”
18 IS | 000"
19 S R 1 soeom
20 SE ; 0 0L
I T 0’ ] “001”_
22 T 0 N
o 23 ‘0 T By “000"
- — 1 ‘1" 000"
_ B 0 v o
B 26 o 0’ 1 me0r
27 o a 0’ | “001"
B 28 '= P L ‘0 T
29 0 ‘0 T




AW A B S A AR AT R S RE 5 08 M RE . KA
~3 R [ E R TS E AR 3 4~22 AR B A TR i S rym —
HEhas ; F 23~25 AR MR TREAINEE ; 8 26~29 HAIKmEA T it 8,
ERITR -

3. M FERIEZETH

FMIRTEERR—-IEXRE, EXELEMEARMD IR SMAEKR, P
LAk testent PEXH—TEEE

EMIRTFEd, FEHRBA—-RNNGES, XEEESMETEFNTHYRD. BEE
9 & S5HME AR O AR 8. MR T XSS SHEMEE,. ARATHNRE
NS BB TR ST ERIRAE S . BN, ETE SRR
ST aAE. WMSIRSERGTHRTR, HiET s & R KRR T T
FIIERSE .

A FDIHARIANERES clk, rst, cnt ETiER) “uut: count portmap {clk => clk,
rat => rst, cnt => c¢nt);” RS count g 3 clk. rst. cnt A% . &0 “for
all: count use entity work. count(archcount);” $FMlF & R T uat ¥§E N
T, BISE(K count XRZAVEEFI{E archeount . [ X§E, WHHF& R LIFTEINE 5%
{EF THMITTHE count I/~ E -

# 563. 1 Py lhA M2 X ) VHDL fR T (LI L Mk a & 5 -

elk == ' 0" ;

rst == " 1'
wait for 20 ns:

if cnt /= 000" then

assert false

report “cnt is wrong value”:
errors := true;

ond if;

BT ESWEASZEER, MR delta EEZEARTESE, HinxH
“wait for 20 ns:” {HIEFILRT )5 T HE -

BRFeE 280, clk, rst, ent ¥HERES F°0”, ‘v, “uun”, FHFE counter T -k,
MT ifiEH5 elsif BROPRGHAWHEE. HMW ent FE N Huuu”.

i%4) “wait for 20 ns;” EERFHITT —TEILER, HA&fclk = "0, rst = ‘17,
. {85 clk Ml rst AE R E B FH I BIEH IR counter, HAT if IBRRABEE . ont ¥HE{E
F30007 . .
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20ns 5. & ent RHELETT AT, R T A 2FHNE . B FE A LRI 2R Cnt
is wrong value”, [g]AV#% errors BR{H true.

KR AN RS, 325 BAEL. FEFRNRmRERESERE, S
AR RS errors BIEHR &5 A EIRE R - AFPRIIFE A —HANK (a E R8T, A
& “Test vectors failed”, YR AMWIRMBIEUEE RS SR -8, WHRE

“Test vectors passed”.

4. BHIGER

X ARF TR PR WE 3. 1 oy . BEMS N, BEEERKHIZZITRE
T -

ZI#II} ﬂ[ﬂ AN RN RE W #0W cidid

A - - e e A e

34|&r~|§| 2] mislel x| sl 2]

Cursor 0.0 ) ‘

e D T TN T i

. Scale- 1000 |00 100 200 300 400 500 600

ent(2 o 0 {0 0X 1}:{0 0 =
écnt[1] o 0 (0 X 1 X o X 0 X 0 1)
ert[o] ° 0 (0 X1 X8 XoxrXox! X AR08 X140
st o X0 Lo e )
clk L 2000000000 000N GOCITONAN

ent[2] o 0 o 0%1 1%0 0 —

;cnt[1] o 0 (0 X v X o Y1 ¥ oo ¥l o i)
oo oo <_XXXXXX0}XXXUX}{_>_H

et e .

;ﬁ'ﬁﬁl 191. 250 nx fRF cnt[2] B taxtentaytest)  (OORERD, IREFIR B -8 I

E 531 ZS{uitdskeEilismim

( RAmiELH L. 53 countervhd
M XF & LA+ L 53 counter testbench.vhd )
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#5480 AUHNERENIT AR
o e 3t

1. BERGIT/ERE

ARFEE 1 Moafbitiasizsl 4 M LB ERdE. TMaViREREFBAThEE. W
B 54.1 Bt/ - HA en, reset. clk J4iASRDO : en At B AT H . reset AH*E
sl FEEWNESHAEETEER, Z9 A CRENRTHSREFOER -
clk ARSI A, FHFRENMH LEHGR P - unitd-3 4 Bl 7 — #HIBEES| 4
PERETE, ENXARNEM. LT . CEBESTHEERTTRERFSME 54. 2

AT o IR AL 2SI EBRE | 2R N BRRRS 60, BRFHARMNEIE D
RZAL
ETl ———— :> unitd _U.
reset ——a-| display e | 5 I & I 1
"> unit2 p——
:>. unit3 4 I 3 | 2
elk ‘ -
B 54.1 SHUMEBETFRTESE B 542 -CEIELE RIS

F 541 ETHMFSHENEREMHEER

0 | I 2 3 4
1000000 1111001 0100100 . 0110000 0011001
5 6 7 g 9
0010010 0000010 1111000 0000000 0010000

2. BN VHDL BEHRATERITESH

AR VHDL i& S HIR X4 54 display. vhd. HALl—s{kiHRE display (K]
BRI RAREERYED. H—PEMAE algorithn FHIFT IR . XHERTR S
RRRIRTI T4 MRGER . MiDE SRS EE L. SE 15, &
17 IR - SE4R i BH display BOdG O T HRER RETRIEK | 5494 algori thm 3 i
RasosE. RAMUTT iR 77 2~ 18 display IR . £E¥9{% algorithm By i5EA
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F5E L AEFVEY secs « BV tsecs. My HFE mins M- LI 8RR tminsd TEY
A -

— 5 ¥Y PR R 88 R RA N 54 _display. vhd
entity display is

port{reset : in bit; — £RELMmO
clk . in bit; — 2EEHESRO
en . in boolean:
unitQ : out bit vector(6 downto 0);
unitl ¢ out bit vector(f downto 0);
unit2 : out hit vector(s downto 0):
unitd : out bit vector(f downto 0));

ord display;

architectura algorithm of display is

subtyps natd jg integer range 15 downto O:
subtype nat3 is integer range 7 downto 0;

hegin
display: prooess
variable secs, mins : nat4:
variabls tsecs, tmins : nat3;

bagin

secs ;= 0; —HG{ILITEEERF

tsecs = 0

mins := 0;

tmins := 0;

unit0 <= "1000000"; — M, BrBET

unitl <= "10000007

unit2 <= 710000007 ;

unitd <= 710000007 :

RESET _LOOP: loop
wait until clk = ' 1" ; B4l - LR
exit RESET LOOP when reset = ' 1' ; — & {ir ¥

case secs s —HREE T A B eY{E O B AR

whan O => unit0 <= 710000007 ;
when 1 => unitd <= "1111001";
when 2 => unit0 <= "0100100":
when 3 => unitQ <= "0110000";
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when 4 => unitd <= “0011001":
when 5 => unit0 <= "0010010":
when 6 => urit( <= 00000107 :
when 7 => unitd <= "11110007:
when 8 => unit) <= "0000000":
when 9 => unitD <= "0010000":
when others => unitd <= “0Q000007:
end cass;

cage tsecs is
when 0 => unitl <= "10000007:
when 1 => unit] <= "1111001":
when 2 => unitl <= "0100100Q":
when 3 => unitl <= "0110000";
when 1 => uynitl <= "0011001":
when 5 => ynitl <= "Q010010":
when others => unitl <= "0000000":
ond case;

case mins is

when 0 => unit2 <= "1000000":

when & => unit2 <= "0010000";

when others => unitZ <= "00000G0":
end casge:

CRES tmins is _
when 0 => unitd <= "1000000":

when b => unit3 <= "DO100107:
when others => unitd <= "0000000":
end case:

if en then R R i s
if (secs = 9) then — it BB By

secs = 0:
if tsecs = 5 then
tsecs = 0:
if mins = 9 then
mins = 0;
if tmins = 5 then
tmins := 0;

*« 228 »



olse
tmins = tmins + 1;
and if:
alse
mins = mins + 1;
ehd if;
olee
tsecs = tzees + 1;
ond if:
alse
secs T secs + 1;
ond if;
ond if:
end loop RESET LOOP;
and process display;
ohd algorithm;

utfe display HI#)EAIL AR5 Kl toop FHEFEERK, wait until clk =1" [BHSCII A%
FIBTEF L FHO R 25 - exit iBREHBEHUER &M HEER, YT 08 EFOER
BUG IR display B, BWREITYIEELER 4y, MBI IHEE .

wait until clk =1 BEEIATE EABARTHRE . NEELE. HEMiEE
FERFTEE EXA%. Ywait BOSHHEEER, Higes . SEEns,. 59
HURE S DB EETHIEEE . B REANT. BRRIRE, SR, FBUSHRE.
Bl e) wait untit clk’EVENT= true and clk=1'5 [iRiE4) wait until clk =*1° =
ifr. BAE TGS, o DUSRSR U (E S B EVENT [ KI8T .

3. REIiR 4 B A R R AR T 4R

RGOS 54_display stim vhd, 535 15 GIRIS 17 BB K 5
REHGR A £ . HAHSTAUEA display_stinm SEH9(5 stimulation 7E[F — i

st FF R B 5 54_diaplay_stim, vhd
entity display stim is
end display stim ;

architecture stimulation of display stim ie

component display comp — BT {4
port (reset . im bit;

clk : in bit;

en : in boolean;
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unitl
unitl
unite
unit3

© ot bit vector{(6 dewmto 0);
: out bit_vector (6 downto 0);
. out bit vector (6 downto O}
. out bit _vector (6 dommto 0}):

and componet

signal reset . bit;

gsignal clk : bit;

gignal en : boolean;

gsignal unitQ : bit_vector{(t downte C);
gsignal unitl . bit_vector{h downto 0):
gignal unit2 . bit_vector (6 downto 0} ;
gsignal unit3 : bit_vector(f downte 0);

begin
compl

e Rea R GY

display_comp port map(reset, clk, en, unitQ, unitl, unitZ, unit3):
display stim: process

bagin
20 <= false;
wait until clk = " 1’ ;
reset ="1";
wait until clk =" L' ;
reset =0
wait until clk = ' 1" ;
e <= true;

-1 TR R Y TR ERE & Yh RS S R £ 25 T Eh R A

=230 -

for 1 in0 to 2 |loop
wait until clk = ' 1" ;

end locop;

reset (=" 1" ;

for 1 in0 to | loop
wait until clk =" 1" ;

end loop;

reset = ' 0" ;

for 1 in 0 to 2 loop
wait untit clk = ' 1 ;

and loop;

ol <= false;

for {1 in 0 to 1 loop
wait until clk = ' 1’

—EHERATEXL



ond loop:

en {= true;

for 1 inD to 2 loop
wait wntil clk =" 1" ;

ond loop:

wait for 9C ns;

reset <= ' 1';

wait for 60 ns;

reset <="'0";

for i in O to 100 loop
wait wntil clk =" 1’ ;

snd loop;

aesart false report "End of Simulation” SEVERITY error:
end process;

display_cik: proceass
begin
clk =7 0
wait for 50 ns;
while true loop
clk <= " 1" ;
wait for 50 ns;
clk <=7 0
wait for 50 ns;
snd loop;

assert false — AR
report "—-FEnd of Simulation—-—-"

saverity error;
and process:

end stimulation:

configuration displav_stim conf ef display stim is ~—$H #E{E
for stimulation

for comp! : display_comp use entity work display(algorithm):
end for:
o for:

end display stim_conf;

RF9E stimulation B~ EHUE L~ T display_comp. EATHi@it4H
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$EE IS E RUHGIA RIS display ST 598 17 F b DU EME R T ITE 55K
K7 BIMEKRFL -

2 display_stim P4 —@8FIBAER R T AThEENNIR MR . F LIS E0E
WS (R YR iZHERA S ), Biki#FE display_clk 4R piRSGIIEENA 2
ie AR IR SEIEEE -

LA Vsim/Talent MHLGZFTAMNESCH . WM 54. 3 R E 54. 4 B . TREEEL
TILA -

O RHTE clk EAEEBES reset fl en f{H. 3 reset 5 en KEBE, Rikx
BRI IBAR Z BHME . AL T VHDL iE ZAY delta R EEMR . B (1)-(2) .
(1)’=(2)" (3)-{(4) . (3)- )" MEREIE 11X — 5, BEIARFEREFNIF 0TIt
8E - .

@ HLLEFHRREELZET, BYES clk H LT, BFEEITHEAHE
54 display. vhd f0£E¥{K algorithm ZF4y, HFE display ByE . X2 display fE2HT
BITE O E AHPRA S 54 display stim vhd, BISEINE R~ £ 88 S5 EMBEREER .

3 HFRzH(5) - (6) 7 (7) — (8) BY LR (A M EE#{AK algorithm FREY S i EER R AU
TREH BTSSR E SRS S - |

@ FIEAFFBRITEGE ErPE LM EFEEE ST *1000000”, @z (9) 0 (2)
EE, (10 Q) 2FBITEEETIHE 1 THF.

& W m QU AREUT B I EE -

RitemeMEmA B RRE RRRENERE . TEEEFEENEH. ik
EER R FNARMANEREEES S, HESHASGHIIHERERAME R . ELE
FiETE T I

.......

............
R L L N T T

: TilTlEil'l-l'IS ".'T'|I'|'|T'!.T|.:I|r|!||||i-|||1||l|||l|||t||||p|||||||||||||,|||||i|||.||||-”-Ev|~
Scale = 10,00 L:‘II.[I 20.0 40.10 0.0 a0.u 100.0 120.0 140
“unitd o 1ooopao| | T .

;unitz < 1000000
Lunitt & 1000000
< 1000060
E:n & .FALSE [
ik o 0 :
| o

" unitB

! reset
|

H K L :
i_ P
N L

B 543 RRlER
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Fime in ns i T ."r-l“r-.“. ?"]”.“{”.“r'l'. T énl-l i | Ny .'"."l'“.“. PET l"l'|'ﬁ'f’["‘r"|"|“T'i“|"|"|"|‘”|“'|"|">"|"|‘|
Scale = 10.00 110.0 220.0 231D 240.0 250.0 260.0 270.0 zncl
! unit3 > 1000000 60000
unit? < 1000000
unitl & 1080004 [}
unil0 < 1000D0D|;
| em <+ FALSE
' clk s D
E reset o
mm -----

B 544 ARHLER

( BAHE L% 54 display.vhd
B KF 6 L8 54 display stimvhd )
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5540 i i it B #
MR A E

1. BREKT{ERE

AR ATHEE R IBIBIEEN S AR A ek = A F B #ob i E . N 55. 1
AT o HAd Adm clk BT AR LCEH RS TIEER D EFATES « XY reset $i[0
HWEFES (FEEER) . B ES"F 2] naddr ¥m0 . #50 datainp Bifix%
FIutFANER. HERF A% 556. 1.

clk

%

dataing ———eme e maddr

TEREY ]

stackinp ———=]  Falsepath

offsetling ———an]
offsetZinp ——am

A 55.1 i s R RRE

*®551 F a4 FH =&

datainp THIT R,
0 - maddr = uﬁé!linp - offset2inp
o 1 B maddr = slackini} +1
-2 | : maddr = offsetZinp o
; l;mdd; = stackinp + ﬂffsell inp

2. EEHE VHDL B SR A A REEZSH

AP B AR 55_falsepath. vhd., S2{KiHHA falsepath, HiN5 RS
AE BCREIE M — 2, MR~ 85E algorithn, RRMET AR SR hig
falsepath SCEH . ##E falsepath B3 {k 77 reset_loop 3. Hhfwait BH)TH £
SFRIE E TR RE S TR, T exit EH)SIIESEH 18 5 reset R B
HIEES, HEERGHAR, T clk 5 EAGERBIEHE, VB3 naddr BT .
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——Hiuhb 1T &0 28 R GoRER 304+ 55_falsepath. vhd
package types is
subtype natif is integer range 0 to 65535:
function conv_bit_vector{arg:in integer : length : integer)
raturn bit vector;
ond types;

package body types is —~BRIRR R S IR B B
function conv_bit_vector{arg: in integer; length: integer)
return bit vector is
variasble result: bit _vector (length~1 downto O):
variable temp: integer:
variable i: integer := 0;
begin
if arg < 0 then
assert false
report “you could get problems by converting
a negative inleger to bit_vector”
severity warning:
result := mot{conv bit vector{-arg-1, length)}:
olse
temp = arg:
while temp /= 0 and i <= length-1 loop
if temp mod 2 = 1 then

result(i) = " 1" ;
ofge result (i} := " ¢’ ;
end if;
temp := temp / 2:
i:=1+1;

end loop;
if i > length-1 then
aseert false
report “length is not extensive enough,
bit_vector truncated to length”
sevarity warning:
elge
while i <= length — 1 loop

result{(i} = ' Q' :
1:=1 +1;
ond loop;
end if;
and if;
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return result;
end conv_bilt vector;
end types;

use work. types. all;

entity falscpath is

port (reset :in bit;
clk : in bit;
stackiap 2 in nallb;
dataing :in natlé;
offsetlinp . In natlé;
offget2inp ; in natlé:
maeldr : out natle);

end falsepath;

architecture alporithm of f{alsepath is

begin

talzsepath: prooess
variable stack : natl§;
variable data : natlg;

variable offset]l : natlh;
variable offset?2 : natlé:

variable ir : natlh;

variable addr : natld,

variable p : bit_vector(0 to 1};

variable z > hit;

begin

maddr <= 0;

RESET LCOP: loop
stack := stackinp;
data := datainp:
offgetl = offsetlinp;
nifzet? = offset2inp;
wait until clk’ EVENT and clk = " 1°
exit RESET_LOOP when (resct = " 1" };
wait until clk’EVENT and clk = " 1" ;
exit RESET [OOP when (reset = " 1' );
ir := data + 1;
p = conv_bit vector(ir, 2);
case v is -1 FAEA IR

when “007 =>
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addr := stack + offsetl;
z := pl0);
when "01° =>
addr := offsetl;
z = pil);
when “107 =>
addr := stack + 1;
z = p(l);
when “117 =>
addr = 0;
z = pl0);
end case
if z = 1' then
maddr <= addr + offsetZ;
a|se
maddr <{= addr;
and if;
end loop RESET LOOP;
end process falsepath;
ond algorithm:

HAFIRGEAFTEERBLTILA.

D FREHE falsepath HIFHE 7T FURYRER 2 8T X Wi = #ERI BRI 2t BNeY
AL 3 B H B types HE M BVEREL conv_bit_vector (x, len) X ¥ ] datainp & A FOREE)
&S ITHUARLE -

2 EFE falsepath UfE X T 5L falsepath BRI —— XM RAETE. &
BH TG, EROPVESERETE ST EHTERIE BREIEEEMHEEE addr
WHERRES maddr 85 0, XA LU0 515 SHREA AT VEDL i 5 1Y delta ZER(A)EE -

@ KHAGHERAZERZENERIT R, R RTS8 4.

3. KERIME 5 B A% R B HE R B AR

58 54 FlELL. EKFIFTA R 55_falsepath_stim. vhd, Wi 5 Z R
AR - HPSE R falsepath_stim 5¢583(k stimulation £ — L . £589{%
stimulation HE &, 7 — PRI T EiE— Tt falsepath_comp ¥ —# 5 H g I xR
G 5 GX SR BN = B8 T falsepath_comp B3 [ . HE{E {5 24 BIS2{& falsepath
o [1, RIFE, K{f falsepath AINRRI R [A{EXBIINEEEE L. i falsepath stim
FrAEMGREE, HE falsepath_clk ™A . B MBI EER falsepath_stimHESS
—EWT S B -
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—Hichbit B R R
use work. types.all;
entity falsepath stim is
end falsepath stim ;

architecture

H A ER falsepath _stim vhd

stimulation of falsepath stim is

component falsepath comp — LR itk
port ( reset . in bit;
clk . inm bit;
stackinp in natls;
datainp in natlh;
offsetlinp : in natlh;
offset2inp : in natlb;
maddr : out mnatlé};
and component ;
signal reset bit: —— YhEEE A E
signal clk bit:
signal stackinp nat15;
signal datainp natl6;
signal offsetlinp : natl6;
signal offset2inp : natl6;
signal maddr natlib;
bagin
~=TLIF i)
compl : falsepath_comp port map {(reset, clk, stackinp, datainp,

—= RS S EE
falsepath stim: process
bagin

slackinp <= 4;

offsetlinp, offset2inp, maddr):

offsetlinp <= 8;

offset2inp <= 2;

datainp <= 3;

wait until clk’ EVENT and clk = * 1
reset <= ' 1’ :

wait until clk’ EVENT and clk = ' 1 ;
reset <= ' 07 ;

wait until clk’' EVENT and clk = ' 1" :
datainp <= " ¢’
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wait until clk’' EVENT and clk = ' 17 ;

wait until clk’ EVENT and clk = " 17 ;

asgsert (maddr = 12} — & ¥l
report "ERROR: Signal maddr should be 127 — R
gaverity error;

H

datainp <= 1;

wait until clk’ EVENT and clk = " 17 ;

wait until clk’ EVENT and clk = ' 17 ;

asgert {(maddr = 10) -~ H[ i
report "ERROR: Signal maddr should be 107 — YRR

saverity error:

datainp <= 2:

wait until clk’ EVENT and clk = 7 1 ;

wait until clk’ EVENT and clk = 7 1' ;

sssort (maddr = 5) -— B #ikr
report "ERROR: Signal maddr should be 57 — iR HE TS
saverity error;

wait until clk’ EVENT and clk = 7 1* ;

wait until clk’ EVENT and cik = ' 1’ ;

assert (maddr = 2) =El
report "ERROR: Signal maddr should be 27 —HBEEEE T
sever ity ERROR:

asgert false report "End of Simulation” severity error; —5gpkiE#l
end process falsepath_stim;

falsepath_clk: process — =t iR
begin
clk <='0 ;
while TRUE loop
elk &= ' 1
wait for 50 ns;
clk <= " O ;
wait for 50 ns;
end loop,
end prooess falsepath clk;

end stimulation:
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configuration falsepath_stin conf of falsepath stim is

for stimulation
for compl : falsepath comp use entity work. falsepath(algorithm):
ord for:

end for;

ehd falsepath stim conf:

M Vsim/Talent AL BRME 55. 2 Fix, BEBHm T 65T
HHRIE A compl . #fY falsepath_stim #] falsepath clk RIHIFFEZETT. RIAFHiEHE
T 5EAF falsepath(FT{EHRIE A FA ZE G/~ £ K E ) HEE{ENAHFE falsepath
th[Fl B 861217, maddr ¥EE{LIET . T2 falsepath ] falsepath stim FIEHTHE 1
SFowait if4), HE falsepath clk#HBP=£H 1 Mok EAR, AEHEFE . OTREE
clk TEFAIT clk<='1iEaIE—1 delta WERIEA TR, BER falsepath stim 3|
falsepath FEFHR L2217 — 4~ delta ERG. IMNFE ERYVIELE A EERAH RO
AEETR, HITES reset TRTHL, ATLLHFR falsepath i A 2 2% wait i54)
PFe iR - ERBEEN . T reset="1" (BAA#FE falsepath_stim B 425E1T%
reset<='0’{§%], HEHETE I delta BRZEFEA 2L, ME 55 208 (1) BFLR)
Tigk B, SRR - 8 3 N BTE LT BUE RS falsepath, maddr FJIE{LIES, ¥
& data KR ESNES datainp BUE 1 ME 3 ( BIRELETHEFR Tulsepath stim 2
TR datainp<=0 iFA], HEHEE— delta R ZEA LA, N 55. 2 d1fg

(2) B ) RREASE 4 DEPED B AR BIENT . SR FHEA R 3 WA 12 GEassE &
' waddr. 40IE 55.2 ) (3) AR, RT3 E. S5 RE datainp E 2
TE O, BRfESE 2 MR B A BIkE . H E RO 10, HERERE 5 2.

| ' _ R
Y 0O e R
| &l dul=fel T
! Cursor 1.0 - ‘
' Time o ns  J T T T I [ T T
Scale = 10.00 0.0 20.0 10.0 650.0 B0.D 1008

" madde o i O 12 X 0 % E %7 P
;nflsn’tEinp & 2 i{E 2
iull'sl:ﬂinp < 4 !@ 3
Idntalnp o3 N 5 I G h4 1 X2 2>
!ntncldnp LI | ':{4 4
ik o1 LML ML LU
: reset ot T
: Hal T T . | _,J;'
T T . W A T L 4

B 552 EHUER
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BRSO A B FIRTIhAE . TERREE LR O ESI R, 1A R EER
W 2 B AT IR T o IXARHT F B MR B RN R error, JIRA warning U, B
T TR — MR TR BB, (AR o R A B AR

(AL L 5. 55 falsepath.vhd
MiR-E 5L H 4 55 falsepath_stim.vhd)
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F 56 il FTRETUEITHER

R T

1. BRRAG IIEHE
A i R AL B SR TR L SRR RO BRI - TP B AR T A R E T

%

2. VHDL EEE iR E BB LS

(1) B4

RRDE YT - (package), HIILFY types, FHAHTEY T RH
short, TROEARBEA . HEIEXNAEETEE 0~255. HATIRE LE@IF -

subtype short is integer range 0 to 255
IR AR IR PR R ALZ short, PRLUZ TSR A EE I 27 0~255 (4] .
(2} S£{k prefetch 44

ERAE L RFIFEESIERE, EaE’- MmO -

branchpe . ¥l K80 in, BEEMEER types HE XM short Bl . PHINERE
LIRS R EBER . T —RIE SRy hE A3 T 258 short FIFEHE & 0~255,
AT AT iR PEV R iR R B th g 0~255.

ibus : W 1By in, BEEERE short, EXRHARERLE -

branch : RO in, FIEERE biv, B THIRFITHSEETHEE,
ST — RS SHT. % E branch )y <17, #H{# branchpe FTE
BRI Rt .

ppe C BROIRECh in, BEERA R short, FETYHTERE T BEEE.

pope ;o 2R out, FIBERE short, 3R L —SiESW08ML .

obus T RN out, FiEXER R short, MY T BiELE.

(3) Z5¥4{K behavioral 347
AR FAE prefetch MIEEHIE, FRMT .
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architectures behavioral of prefetch ia
bagin
process
variable pc . short;
variable oldpc : short;
begin
ppc <= pc;
popc <= oldpe;
obus <= ibus + 4;
if (branch=' 1' ) then pc := hranchpe;
ond if;
wait untit (ire =" 1" );:
oldpe := pc;
pe = pe t 4
ond process;
and behavioral ;

X R RS T ARE A, oGS — i - 7R thE L MR R pe 1 oldpe.
HYRAER R short B, #82 — RIS E & pe WHEIES ppe, 1§ oldpe INH% %S pope.
Hehdgth ppe A0 SETRF T HERAE,. W oldoc W{EIIEai— RS WHE . TEHE
R HIW 5 A B branch 8{EZ T A1, WEAV, B R#ES HBKEIES. T branchpe
FUME G HEMES pe. M F—1 ire B LHEET. T8 pe #EISHIXEE ppe IR -

(4) ARAEESH

S 56_vhdl. vhd tRELfE— A 23500k, B BT3RS Fa R B AT IR 1 ST A —
REE-

X1 96_stim. vhd & — B, SR 36_vhdl. vhd B Z SEHKRT 4f R
X, k- AT, RAE TR prefetch HPNKAR . WX TEEHRE S
R—Raoh@rLy.

O EERERRARS R T, RS RE RS

@ ERERETRILTH 5 — P EERII T, IS EINRASEE R .

@) EEEMERIE TR ERL TSR — M EIER T .

EMES TR BRI S A — e, BN BAEH TR T « B EE L4
B S EATFERNR TR A -

EEMERETRTRER . —FAHTER], —REBESHETON—&H
CAERS] A ERECTE

AR R BURITH prefetch I, WILHFHRHEBEGIFES prefetch S{AMRE
R - BBNESWRIER TR CONMED - H 25 SREEGE IRE L= s —

243 -



79 10ns W55 -
3. IRHER

F R ERERENE 56. 1 BR -

Cursor 0.0

Tlme in ns
_ Scale = 10.60

. evtiiaa o . . _ ey T TN
|!|||||||||i||||1]||I|II|IIFIIIIIIIIIIIElllli:III1

0.0 5.0 10.0 15.0 200 2t

obus
popC

ppc
fre

branch
ibus

o

LI

&

"

i« e
@ 03 D

i

{0 ¥4 VG i

(]

E #_ Liih S

D i .
FRE

T Pt
= o PP -
Tl A A

s YA .

& 56.1 HERURT

(FAB:ELH L: 56 prefetch.vhd
56 stim.vhd
56_vhdi.vhd )



576 m. . FESHIFHMEE
EWP

1. BRARZIIERE

PLIFREARSERE S8 - TR SERIE SRR EHIThEE. HhaEd& 3 WS . M
% - WENRE, S FI0 P RIEEL count_a Ml count_b SEAUMNEE « WERMIFEE

2. VHDL B Hid AZFERIBZES

(1) ik test 67b 4 4F

EFRUHER LS FEEEE—E, BBt M BSOS ER —
i, REEERERRE LR O, MR ER A -

(2) ££#a{k Behave 1 9

IR RS test_67b FEXTRIMEEINE. TRE — A — R4 (5 SIRIEE
4. RRHEESREFORTALEERGTONRS . TREERERES, FE8E
SHMTIE BIREACERAIE S IR T1E . MR ERAT, SRS T,
Wi 208 SREE WA GRS . TR N

TELEHIR I R 57 72 SUR BB Instruction_Enun,

type Instruction_Enum is (ADD, SUBTRACT, MULTIELY) ;

HERFECHRE, MRS 3 MHE3s{E . ADD, SUBTRACT Kl MULTIPLY, 4r5i%
TN~ BB . |
@ R HT (ZhAERT)

Proc_Execute:

proceas
variable Count A : natural := 5;
variable Count B : natural := 2;
variable Result © natural := {;
variable Command Enum : Instruection_Enum:
bagin

wait on Command Nat;
if (Command Nat >= O} and {Command Nat <= 2) then
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Command_Enum := Instruction_Enum’ VAL (Command_Nat) ;
oinme
assert false
report “Invalid command code sequence”
severity error,;
snd if;
cagse Command Enum im
when ADD => Result := Count A + Count B ;
when SUBTRACT => Result := Count_A - Count B ;
when MULTIPLY => Result := Count A * Count B :
ond oase;
end process Proc_Execute;

EHERTE Y 4B, HpT R Count_A ] Count_B F MR, & Result
ATEFETEER, E1182 natural (G2A%). & Command_Enum fRTEREIE %
9515 ZIR$E SRS .

RIS 1 %iB4) wait on Command Nat B—{EHEN. THHHRSHEE
Command Nat LZ4F#H, {l Command_Nat EJEERM, MERL THRLKS, —8B
Command Nat b%A4=E{F, BIEFHAIESBIR. #SERNEEE . 5. S4B K
TEDHFE WEREZETE 0~2 28, L 0, 1,2 fEiF58 > 15 4% 47 8i% 5 ADD, SUBTRACT
f MULTIPLY. g#5%AH: WIMEAITFE, FRRAMTIENERE .

Command Enum := Instruction_Enum’ VAL {(Command_Nat) :

H 1 Command Nat AJR1E<. Command_Enum B T4 33 S 00EEE. FRH#ER T N
HHER I & R EHRE A Instruction_Enum, ATAE LAVEYE VAL, Bt VAL B FHuE
KRR L RIERR e BN E, .

Instruction_Enum’ VAL (0) = ADD
Instruction Enum’ VAL (1) = SUBTRACT
Instruction_ Enum’ VAL (2) = MULTIPLY

SRR FHRE B POS BESEYG — i S SRR T MR B L M i (18
a1 - |

Instruction Enum’ POS (ADD} = {
Instructicn Enum’ F0S {SUBTRACT) =1
Instruction_Enum’ POS (MULTIPLY) = 2

RIE RIS T HIER & Command Enum oh, 305 HA 1 F & (5 SR BB G52 L &
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T FHITIEE -

case Command Enum is

when ADD => Result := Count A + Count_ B ;

when SUBTRACT => Result := Count_A - Count B ;

whan MULTIPLY =» Result = Count A * Count B ;
ond caAse;

F RS RFFALE 2 Result 7.
@ HEFESHEEUIN (RILE)
S FART I R S SREE W A RAGESIEY

Comnand Nat <=1 after 10 ns,
D after 20 ns,
2 after 30 ns,
D after 40 ns,
1 after 00 ns ;

PILLER 10ns 23X —RIES, RIEFAOOLUMER-SFHA - Bk - e . JT - k.
WS o L AR STREE O A RTEUE LR AR DT U M EfThit -

3. RS RGH

AT R A B SR AT 2 T RAE (F R P ERNTEEE.
MEAR. AU FSEAERSHEREENGEE) . B SEME LIS Result
HVIEFF THRIE{E 5 Comnand_Nat FHEX & Count_A F} Count_Bi#HTH0 - BaiEiR{ER
e

( B4+ % 57 instruction dec.vhd)
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E o8 2-4 FmRGIEA
3 3

1. BRI TERE

B 58 U ArAch 2-4 riSE CEESM MR AL 4 THi i - THE 4% VEDL
FERIRR R T - AR AR A R R AR AR 58, 1.

&

— Dout (0}
Set_bar(o) And_D
&
Sel{0) Inv_0 N 17 = Dout {13
o—
Sel_bar(1) And_1
o
Sel{1) lov_1 ) — Dout (2)
} And_2
& —- Diout €3}
And_3

B 581 2.4 FRESRNETRE

FT58.1 24 iERESE VO XFR

N Sel{Tj Sel(0) - Dout{3) - Dout(2) Dﬂmi;’l} “H_Dm:t{[}) -
0 0 0 o | 0 | I
B 0 ] | | U_— h 0 | 1 O
_ 1 D_ . . _ 1 5 ﬁ _
i N 1 | : | 1 ¢ | .ﬂ- 1 T o

2. VHDL g A%

7E VIDL o, 3 FhE B FIBUHR MR A - 1T 0RA « SUBR R RIEEMER . gt
T RHEEITAMANESHER - THRABR TR A SiHE=RNT R, TALEHE
A ST EIE R, TR AR TR FREN, HBREARETITH i
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BRI GERRERIBE ) MR 2R T Rr R8T Tt AR X T
R EERX R, EHITAMERERR, BHEERESEFFINREXR L. 55
AR R EAHE . BN ERdRNER T E el

3. VHDL &5k BV A&

EEAG AR RO Lol R e R O L R O 2 AR - o — I iRt 45 1
k. EFEEELT 3 R
1o atrii. H—Rizz0

component T L&
| #EEL#; ]
ah 3% 1] 3%

end component ;

TeF IR R BAEEERIRBAE . AR S HIE RIS, F8A T2 SN
O, BME 1 FEFR S Bl 4 1E « JUAFABAR R TR0, A2 A LA iR
FRIET. MAEAMEXHITHA A~ EREEETRITER. SX5E, THRBEAZ
ER— i, ¥ 5 EEREE 2 MRS R T B TR T -

E2w. nftfr. H—REN

MR TR E
[ BREREER ]
M O RHER

G ANE R BIESEWEAE . 80 uHFREQU— N E SHRHATENRE. 25
— P RER, B IR R G [ 5 Mk OB R EDR - H @ s8havg O =T b
EELEHAPEAMERRD, LRSS HERE YHES .

TLIFBURE I FERRDE LA REN T . EHRP AT TN (&
PR R Y OEE) ERT IR, FoL AP E S R A IR o 85 e R bR R
TIUfF, HHIEEITIFRR OMAERE SR - — TR X R -

33 LR - X P LU R MU SRR PATERE - ST — B

for BUIHRE . LI
use entity A% [( LS )1,

AR — R h

configuration HAEARY, of LKL is
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for E5F51%
HAAE
snd for .
ond #HIEHAH 4 ,

fRGATE . MR OTHEEG TR 5 R R ER . R 5 2. e AR
FHIFOLAFTEERAT R AR A . [, T MEEREE WREZ T TAN
B, A LUBITEHREE RE R 4E .

4. VHDL iEZEa94

I ER AR 2-4 (RS T e aR s

— RAHERRIPER AT Jaht
~— LRI
entity B _INV is
port(
Il:in bit;
O0l:out hit
);
ond B INV;
~~EE{R TR
architecture FUNCTIONL of B_INV is
bagin
01 = mot 11;
end FUNCTIONI:

A A SRR RIT R
entity B _AND2 is
port (
Il:in bit;
I2:in bit;
Ol:out bit
)
ond B_AND2:;
——EE R R AR 5y .
grchitecture FUNCTION2 of B _AND2 is
bagin
Ot <= (Il apd 12);
end FUNCTIONZ ;

——2-4 RESRERIEEFIRE R
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~-Z{&isEH
entity Decoder is
port (
Sel:bit_vector{l downto C): 4y AN —ffuma
Dout: out bit vector (3 downto 0} --%Hi¥ AM{z{zm &
};
end Decoder;
—EE (A AR
architecture Structure of Decoder is
~=JL {15 BH
component And2
port{I1,12: bit;0l:out bit);
erd component ;
component Inverter
port (I1: bit;0}:out bit);
end component. ;
-—{5 50
signal Sel bar:bit_vecter(: downto 0):
—To e %
for Inv 0, Inv_1: Inverter use entity work.B_INV{(FUNCTIONIL);
for all: And2 use entity work. B AND2 (FUNCTIONZ) ;
5k lE gL
bagin
—FI AR & Inverter ETTILHHIT
Inv_ 0: Inverter
port map {Seli(},Sel har(0}});
Inv_1: Inverter
port map (Sel{l),Sel bar{1)};
—FNB =R A S0 And2 #TTGHIR
And O: And2
port map (Sel bar(l),Sel bar (0}, Dout (0} ;
And 1: And2
port map {Sel bar(l},Sel{(0),Dout(i}};
And 2: And2
port map (Sel{1}, Sel bar (D), Dout (2});
And 3: And2
port map (Sel(l), Sel(0}, Dout(3)};
ond Structure;

—i T
entity test decoder is
end test dacoder;
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——E5Hik
architecture BENCH of test decoder is
component decoder
port (
Sel:Bit_vector( 1 downto 0 );
Dout:out Bit vector{ 3 downto 0 )

end component: ;

—EH

for 11: decoder use entity work. decoder (structure) :
{85 A8

signal ¢ 5 ;. Bit_vector( 1 downto O ):

eignal t 0 : Bit vector{ 3 downto D ):

begin
— LB DR 2-4 1 FA8 2%

11 : decoder

port map ¢
Sel => t_§,
Dout =>t (}
s

— il e E

driver: process

begin

t 8§ <= "007;

wait for 100 ns;
assert(t 0 = "0001™)

report
"Assert0 t 0 /= 0001”7

saverity warning:

t S5 <= "017;
wait for 10G ns;
assert{t 0 = "0010™)

report
"Assertl t_0 /= 0010”
soverity warning:

15 <= "107;
wait far 100 ns:
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agaart {t G = "01007)
report

“Assert2 t 0 /= 01007
severity warning;

t § <= "117;
wait for 100 ns;
assert (t 0 = “10007)

report
"Assert2 t 0 /= 10007

severity warning;

wait for 200 ns;
asgert false
report "———End of Similation——-"
seaverity error;
ard process;

end BENCH;

LA BN 2-4 ZEST RS AR (B EINAE ) - Ao ailh H AL E -
BASUITHER,. ZETHHEEEASRVEHLEEY . 7 2-1 1328 RER A
IREAER 7 B Festid 1 OFS AR RIS R D R ESFRMER o USRI T JC R AT B3R A3k -
RERTE PR RIS MR T, BN SR T TR . TR AR IR BIER 4
7alEa A S TR A SRR TN, R B R OREHE . Ei5iREEANE S
= Sel_bar, EEREEFTHFRTETLER ; BT RTEMEI A 2-4 FE380M 6 MFIT
R HIET AR . Hp Inv 0. Inv_ ] BRMABRERG T, @i 0 2B R ETiF
fim 1 Sel ()] Sel (1) 5 RARZHM ASAB X L. T HMEHE & Sel_bar (0) ] Sel bar (1)
5MASSR S AN R, REH, X4 MREA ST T @it AEREE
EE P ENE . B 3 PEEE N 24 AW RS E TR b, gl
{HEE R - X EHESFHEHERE 40 & T HHH B E R AR - LLiE4) “for Inv 0, Inv 1:
Inverter use entity work. B INV(FUNCTIONL) ;" Ffil. Fox 77eft Inv 0, Inv 1 &M
R EEE S R LR AY BUINV, & 7 AN £E M4 & FUNCTIONL, X2 & A2ty —Fihhl
RIT Mk . 21, 56K 2-4 FIEHRMEREE . TwREOMES:, REERE RE
Mj. LA HERE (H L ESRI L5

5. ERIER
(B8 Vsim/Talent StAFHITENL, FAEBTEENE 58.2 677, Hit £ R0
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2-4 RIS ERAUTHERESE B 1EH .

............

I'Illlllllrlllll!lllllll

Time in hs
Scale = 10.60 . ) 20.0 30.0 40.0

' to > o001 [ ooo1 ¥ eoto ¥ o100 Y luou

::= t s o 00 00 ¥ o % 1w

1 dout ¢ 0000 0000

sal < 00 00

1 sel_bar &

g . | Fa

. X ;ii 'ﬁ:fxg'“i. 2T R

+j R N SR R i e
e T g g - iy gt

B 58.2 2-4 FBREEGEME

( HAG:12 L H & 58 decodervhd
58 decoder stim.vhd )
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B5051 24 FHBITHIA
R

1. ERRHTIEREE

TE VHDL v AR & Fns ey 5 2, XTI MR R 25 iR FI1T
Ak e H AR mE R E RAR0E Mg - APEE S -1 2-4 F ST il T s, 5% 58
BRI ZE A IR I 1T L3

2. VHDL {5 B IR A E B ZR S
(1) Hp3EA

EE VYRR M T AR 7 2 VHDL i Rh R SRR o R R F SRR T i R
P2 MR R R RS RERR T EHE DA EEESRERE - MRS . 7
AhiA E B AR A SRR, RS ERTIEE R A BT
dERME L

T 7 X7 R FN S M A T T DA .

L 1T R HLE

F A S TR T o9kt 7 St i TR BCRER IR R, SR ERAERIIBRVFERFERITH
MOLHITTIR, R ERBVWERREPSMRIER. BB N E TokkE,
H - USRS AT R E R A E TG . FEREE MRS
L s, BRSSO TR R SRR T BRI, 1Y
SRR EXChREBH AT EARHIRD. o] LRSS 4> &P ohactsk, 7 B VDL i
E - MEATRBREEIT AR NEESRE, I RITEEGHIBIE A D i
it SR MR Hmal T ARt SR IEE A E, F& I habsiskm{t, #
TR RIT R B &R 2 -

VHDL 4248 T — RIIFINAFR iR a1 I H & 1& S, BTN E G —8a 5 E SR
FIThaeR . IFEOEE+ —f . TEREEA . SSWEED- wait 4. if {8
f) . case iB4). loop iFH) . next i54]. exit iEH) . return B4]- null B4]. jTHE
WAER) . assert iE4) - BT TAKENHEZEDE . HEESREED . HE4] - #
FRiEn) - H % assert {E0) - TR EHIER .

2 EErai A
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PEARER T ERA T RATE & M ER . EITHEIME R T R k. M
BAZEGE MO RERRA . AT ESHRE MERZPERELR. &
M U LT EERE R - SRR H 77 Yk BRI TR FUR i 7 o & PR T
FEk . Bl IiEa 3R

(a) TCMFRBA . TELEMMERBAE iR IR B ERR T -

(b) TCAEBIT : EEEWE R FTR EEWEAR T, R TR & R O S5 miE
IS SHEE -

(c) JLPAFER . TEEERE G BHE BRI L O SR ER EE R R ARG HERE -

B —Ed, LA 3BTRS . ook B REERE IR, if
Pl B R T R oL WHEEH SRR R R LA RITHE
7 T el M

(2) FERSH

ROIH AT IR T3 — 1 2-4 F8E . B SCRAEEIRITIAE . BIXTET A
I OLE ST 2-4 1350, RIS W00 A 4 MR E— 1R U HR R 0.
DIgEFR R E EMmAE 59. 1 Frn .

ID i o | =]
2-4 p——07

AR 03

Il-——l- ——--=|:}4

B8 59.1 24iFNMEFEE

TR 2-4 F93IT A .

entity decoder is

port { I9 : in Bit; —®i M O
Il : in Bit; ——&i A% 1
00 : out Bit: — i it ¥m O
01 : out Bit; ——¥5i il ¥ 1
02 : out Bit; —— 4ty 2
03 : out Bit}, ——i i 3
snd entijty;
architecture decoder archi of decoder is
signal clk : bit := " Q'
begin
—FEHEGSREEFEE

—m2f IO BK 11 RAE SIS FE FER0T i v A
00 <= ' 1" when IO ="10' and Il ="' 0’
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alge ' O ;
0l <= " 1"when JO= "0 and Il =" 1"-

elee ' Q' ;

02 <="1" when I0="1" and I1 ="' 0’
else ' O ;

03<="1"when I0 =" 1" amd I1 =" 1’
olss ' Q' ;

—HEESBIEN, BE—EHN 20ns f17HE
clk <= not clk after 10 ns:
and:

AT AR 2-4 FIHRAF A ESHEFRTRIFE. X4 FHREFREER
PRt E SREET REAFEREMAERERTERSGESHERE TR (ES{E)-

B2 AT AR IS fahtd 2 VDL FR R E ERYHA 7T L - 1T 0 RR A SRR s A
SHi RN, MEMEERNAHTER &N THNEREXR, IRIEREXR .

( g LA 4: 59 decoder.vhd )
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F60f HREYETHORPHRH
THE

1. BRAKTIEER |
[ 60. 1 RS TR ERchBE A I, SER A std logic REIEMA S BRI “ 55

2] ——= I0

FOUT ——~23

T e ‘[1

E bl 5017FEE

2. VHDL B R AR IBEST

g 60. L Firs. JCEESI). 21 22 R 23 RO A HSNEE S, 21« 22 AR
By, 23 FENAE&E - FEREENE. 22 fl 23 Ebit X8, mM52XH 11 &
FOUT #12 std_logic 28U . fF R HIRITEC VHDL {5 X2 —RiGREALES . Wi
BT TR EL R AT R RS R, H HAIM R —XES — R BEEREPRRES-

APza H iR A VIDL #iE. EEBREA RN SRR BT R E AR
o BRSSP R T B AR — F BRI - A X R AR ARIAT T

(1) FTéFinkA

component B ANDZ
port ( 10 : in std logic;
I1 : in std logic; @R #AH std logic
FOUT : ot std logic):
ond component :

{2) {5S12PFH

signal z1 :std _legic,
signal z2,z3 :bhil; —{E23ERHbiL

(3) THHITER

UO: B NAND2
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port map ( [0=>z1,
I11=>10 stdulogic (22}, --1% bit £HEEH A std ulogie
to_bit (FOUT) => z3);—1% std_logic FiHUEEH ) bit

ST T0R1 LTS 21 Al 22 S7AEAHIE. 6 22 472505 bi o, T T1 2708 std_Logic,
A EYRIR 22 . to_stdulogic(z2), % 22 84 std logic L1y 11 PLA .

FOUT J3 z3 fyBKZh . FOUT fUZE I H std logic,z3 Fybit 258), Hil H5EHLIE FOUT,
B to_bit (FOUT), 55 FOUT (- ilsE -y bit Ll 5 23 ABPLHS .

Hitk . HELT I (component ) g (138 2 F= . HHAMNTE S S5m0 %8
BT PR SRS LR - TR A 05 S5 A S5 DL 550 A 08 O RIUCAE. ; 7848
#Bar e w1 0L S 5 i S S HEIEC -

oot PHRBHR S .

1 B A% to_stdulogic (22)¥F z2 BRI N std ulogie, M1 11 PURB A
std_logic 2RAU, {H I1=>to_stdulogic(z2)E# IFAY. 1 std logic £ std ulogic
MAEHEM BT ERY, BRTLUSHMTEE . & XA 2 o BT 250
MG R BT G R PL Y « |
@) LREsIRETHth ] SR .

port map (21, to_stdulogic{(z2), to_bit (FOUT)=>23};

Py A G20 AT ELR (VB RHK MRS, TERXFUR T e a4 500k . ka1,
i B RBSE REER B AN, a3 REROE AT EE R T B X

(@) JCLAFBIRHAIEEE TIE X, SE{ya a4 L5,

(b) MR, HHIEERT &R X, FHRAGEEACE R, HEEREFERa 4
ER
(AN E R U B — L

VHDL iR b H#llid &

Vibrary IEEE;
use [EEE. std logic 1164, all:

—_ —_ e e e e e e e e e s —————— e e e e e —_

entity B_ANDZ is

—_ " —— ot —— —

————

———— —— e —— — R R

port |
10 ¢ in std logic;
I1  : in std logic:
FOUT: out std logic
)
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ond B ANDZ;

architecturs FUNC of B _ANDZ is
begin

FOUT <= 10 and 11 after 5 ns;
ernd FUNC,

— EHHERE ORI B SRR
library IEEE;
use [EEE. std logic 1164.mll;

sntity wand is
and wand;

architecturs bench of wand is
componant B_ANDZ

port | IO : in std_logic;
It :in std_logic;
FOUT © ot std logic):
snd component
for U0: B _ANDZ use entity work. B AND2 (FUNC) ;
signal zl : std_logic;
signal z2, z3: bit;
begin
UQ: B _ANDZ

port map{ 10=>z1,
I1=>to_stdulogic{z2},
to_bitl (FOUT) => z3);
driver:procsass

begin

end process;
snd bench;

« 260



£610 BETE-BEXUNAIHLEAMERS
Iz

1. BRARGFITIERE
AR 4 TERIDREIFEERFE. XNSEMAEIREHEES
2. VHDL BEHR A ZRIEES

R std_logic ;& LEEE ¢ X 89 std ulogic (R4 SR8~ 258, 280 logic
MR P E XRIET std_ulogic BUIRERR (FAFE LRSS ), B, std_logic
M logic ZE TRl —EEA std_ulogic PF AP ARE 7 TFEE

CAEY 1 F{UhER 2 i BH AU std_loige F logic MM{ES 2 [ABT LLFE B IR(E
TCHRER 3 FIFCRSER 4 RBA Ry std_loige §1 logic MM R (= SN EMEIE .

A, ZFE—EBUEHDIIAR G TLEY, HEENESHERENSOT
=K.

0 TR REE A EHE R

2 INEFRBERIES Y B RE
a .

signal sl : s8td _logic;

sjgnal g . std logic vector {3 downto 0);

gignal t1 : logic:

signal t : logic vector(3 downto 0);
] -

sl <= 1l fIiF

tl1 <= gl TIF

s <=t A i

t <& s A AT
C NRRRE TR -FEERMR S BT RRNRRE SRIMEERE. LORIT— &
iR )P EFE R .

Process (t)

begin

for [ in 3 downto 0 loop

» 261 -



s[1] <= t{I];

ond loop;
end process;

Z5ik : VHDL (E N — MR RIR S . BRMER R AN SRR ERIE, W 2R/~
WEAL SSTFRESRINHELEE WARITRELE SELEERE . 3+
KB RAE SHLRERGE@d 13 UL R = STRER UaE R R -

(1) BEMXER logic iR

library IEEE;
use IEEE. std logic 1164. all;

package logic pack is
function resolve(s : std ulogic vector} return std ulogic:
subtype logic is reselve std ulogic;
type logic_vector it array (natural range < ») of logic:
type std_logic array is array (natural range < >, natural range < >)
of std logic:
end logic_pack;

package body logic pack is
type stdlogic table is array(std ulogic, std ulogic) of std ulogic:

——— e auum e — R ———— e — — —, - e ———-

- HWE

_— — —_——

e e e e e e e ——————

constant resclve table : stdlogic_table := (

—_— ————— ————— . AP

— | U X 0 i Z W L f - . f

G VRN A A L | 1L | A | L L T L
(L, XX L XL XX, X
G | LR SR AN L+ LA ( LA ) AL ) LENLIS G S I O
G S GAR ' KA LS LA LR AL RN G JRRES I
G P (AR R L AL AR PR | AL S JRNR I
ULt XL LW LW W LW LX), — | W
CuLoxt 0 LT W LW Xy, — L
N I SR | AR L - L A A D S B |
Ut LRI LT T X LYy — -

i

function resolve { s : std_ulogic vector } return std ulogic is
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variable result ; std_ulogic := ' Z' ; — weakest state default

bagin .
if (s’ LENGTH = i) then  return s{s’ LOW);
olae
for i in s RANGE loop
result := resolve table(result, s{i)};
end loop;
ond if;
return result;
ond resclve;

ond logic_pack;

(2) VHDL E#if

——shclokak kKR ok ook kol iokiooioki kR Rk aoksckkokiokkoksekook da ook ek Ik
— T HEAETFREIRBEZER std_logic FI%T§AHER logic Hxt &AL ER{E
— {H std_logic_vector )% ¥ logic_vector YN B R E BERE. ™
== PAALET SRR F LS. M 3. 1 4 Ffn

~—apdeickdaloikdokokdokokck ok kdokiokok ok kokok ok sololoiokokdokok kdokokokokokoiok ok sordorsok ik

—(1) FRIEEAM std_logic MRS T LURART Togic AR &

library icee;

uge [EEE. std logic 1164.all;
library dsp 1ib;

use dsp lib. logic pack. all:

ontity ttl ie
porti{i @ std logic;
o : out logic);
ond ttl;

architecture ss of ttl is
bagin

o <= 1i;
end ss;

—_—————

library ieee;
uge IEEE. std logic 1164. all:
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library dsp_lib;
use dsp lib. legic_pack. all;

entity ttZ is
port{i : logic;
o : out std legic);
and tt2;

architecture ss of t12 is
begin

o= i;
end ss;

~—

T —— L — T L T —— L S T — L B —— - — e

—(3) FHIERBAMTIF A std_logic_vector FURTZMAL 357 logic_vector MRS

|ibrary 1cee;

use IEEE. std logic 1164, all;
library dsp lib;

use dsp lib. logic pack. all:

entity tt3 is
port (11 : std logic vector(3 downto O);
o : out logic_vector(3 downto 0)) -
end tt3;

architecture s3 of 113 ise
begin

process (11)

begin

for I in 3 downte O loop
oI} <= 11(I);:
and loop;

erdl process;

ond ss:

——— e ——

——— e a . ————i  —————

——(4) FEREEIGA G R logic_vector BT RMRES LR std logic vector B9

- it —— e —a

——— e — -

| ibrary iece:

use IFEE. std logic 1164.all:
library dsp lih;

use dsp lib.logic pack.all:
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entity ttd is
port{(il : logic vector(3 downto 0);
o : out std logic vector{3 downto 0));
end tt4:

architeoturs ss of ttd is
begin

process (i1)

begin
for I in 3 downto O loop
ofl}) <= i1(I);
end loop;

ond process:

ond ss;

(FAGEXHE: 61 assign.vhd)
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F62% FRADHNITE
7 A

AGZ T E M B EAR K AR -
1. HEitrEREE

itab,c 3 . &absc, MakhbBRALNHFET bE c FHRALLEIR.
{RHX AP 5 il VHDL S8R4T

if x /= 0) and {y /= 0} then
while (v /= 0) loop
while (x >= v} loop

wait until clk - ' 1" ;
exit RESET LOOP when reset = ' 1’
X =X - ¥
end loop;
h = x;
X =y,
y = h;
end loop;
end if;
rdy <= true;
oup <= X;

ME x My BHAANFT (ASEABEOREE), B3y REXHFI, B RITHE
LOOP iEn). iXJLAIERBTHEE 2 M MRV AR ER E BN AfeTE/NE
FIRTR B 8N A J R R -

HER T T TREPRO
port (reset : im bit; — ®PREERGS. HWEHGON. BrEEEHEHELE. ATV RE
BitEs® |
clk  : im bit; — Pk IE S
rst  : in boolean; ——HFFiTE xin, yin{§5
xin  : in nat3; B RIARS
yin : in nat#; -=B AT 5
rdy @ out boolean; —HiHEETES
oup : out natB): —8 {7 §ig i sm
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Tl rst WEAE, RIEWAE xin M yin ZEBHER, FEREWS ouwp. [
I} rdy ML N E -

2. BEER VHDL Bl AZEREExZaSH
R R0 T AT IS

RESET LOOP : loop
wait until clk = ' 17 ;
exit RESET LOOP when reset = ' 1' ; ——40E reset ) | MBEHTER
while {(rst = true) loop
X := xin;
¥ = yin;
wait until clk = " 1' ;
exit RESET_LOOP when reset = ' 17 ; {8 reset 71", MBI
end loop:

and loop RESET LOGP:

LA
loop 154 : loop WU ABEEHITH —LURFIET. HTFREER .~
m -

[loop Fr 5 . 1IEEHA]00p
MFi8 A
end loop[loop f5i5] ;

BEBEICEFRM : while f for. EHT HRF1%1TES F0 while HiI for fEIF.

ZXESER, WATIRMHES -

exit B4 ZIEWATEEITE N . B8 RAFIUE 4 (R U S FFET AL H8
[FZTEEF - % loop dn SR, W exit IFEFAT YpiRHNEEN, ENHAEFIE
Wi, =1 when Fa]HIITE exit iZ4)H. {HEHN false, MIEIFERLKLE . exit B
M —ARE T

exit [loop {7 5] [when %#E];

3. WHIMR [ 2 AR BRI RO
W &R R T -
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rst <= Inactive; ——Inactive Jf) False
xin <= {;

yin <= 0;
reset <= ' 1" ; 8%k FiaE, AT REE RS
wait until clk = ' 1’ : - et - A
reset <= " 0’ : —HER RS
rst <= Active: —~ U
wait until clk = ' 17 ; -3 clk T EE ER . 5 EH TR
xin <= 67; — F=KitEHFH
yin <= 3;
wait until clk = " 1" ;

rst <= Inactive:
while (rdy = true} loop

——rdy EFHHEYT. oup ¥ [1{HT 3
wait until clk = " 1' :
ond loop;

RIEEF -

xin=0, yin=0Kf. &EB%0
xin=67, yin=3 B}, EEBR¥ ]
xin=21, yin=14B6]. 2Z£HR¥H T
xin=36, yin=8 0f. &£EH A4

(RIGE LML 62 gedvhd
62 ged_stim.vhd)
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F63f HEAXXOWERETHERG
%P

1. BRARS LIERE

¥ 7P SN S AR UL T
B 63. 1 B ARF NI xin il vin BB AL FEE CBRIFHEEN L RED
TR -

reset _— rdy

clk 28 FRALS
st WL B BT :> unit1
Xin 5 —> unit2

yin —"> unitd

B 631 SRR
2. VHOL B RAZRIBZTIh

(1) |54

B types FE XD LR nat8 Ml a_dec, {152 LR integer B+ LR . nat8
BB {E W2 0~255, 1 a_dec BEY{ETEREE 9~0. & XHHBETWT

subtype nat8 is integer rangs 250 dommto 0;
subtype a_dec ig integer range 9 downto O;

(2) ik ged disp 5747

Sk ged dispH 9 T -

reset: HgARARL, F{ufi.

clk: i ARE. BHEES

rst: AR, FehHTirE -

xin: MIARE, FEREAANEF T2 —, FUEEAUNTE types
E S B nat8.

yin: AR, JEKRKRXANEHIR 8N 2 =, FIEETFA xin.
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rdy: R RA, BB bit. BTETHERIBESER®T SREFH.

outp:  EiHFERI, HHEAAGE . FEEAR xin.

unitl: ERi AL BURERCD TR T AIMER . RARALVEMIB LEE
TS, BN T ENRSRM— R ERigE

unit2;  SHIESA. PR TSR TS BTLBRALY B uBBtER
Brasigin. BN T LBRIFEHN—E R rRIZE .

unit3:  HH 2SR, BOAEEN T HEE TGS RRBAANH UM LER
eI, BN T RFEESH —RETEE

(3) &k algorithm $34F

k¥Rt R ged_disp BISEHE . G54 & D ERR . Bt HERR SRR I
MR A AR, HRBERA NN RIFBENRE . hTRALHNNEESR
RUSE S0 nat8, HEVERE 0~265, FrLUCSUnUL+H8IER, $H 36 ¥+
e Bk, SHBHREBINEEtNE 3 4. EdRR AN IReEsmT.

B A &, b

Mg a,bIBRANLIE

$%. O % b=0§, %G

@ % a>b b 5#£0

@ a=a—-b, 82

@ THea b HME. O

G a BHBEEPREMERIE A AL, Mt a. HHEEE.

HREER—MEERE . F 2 MbWEAA e, %a>b, MbMIPRAL
Yfth R c, Hitd =a - b

ERBRANIRLUT . thED x P EIERER R AN 35 x ETR L &t e
outp, RIGFATTE B EFHMRIS. AR, AT vidx B 0. AFF x /855
H2 100, EF x < 100 Fik. SEREE 100, BB nide 0 1. B, midx
HEERTAR x R E AR ¥ nidx BHEERIE x100 i ; EJE R AT IS x 15
ok 10, BEF x @+, SERESE x10 f x1 R 859 51%
x100, x10, x1 K+ £ B REEAIAHT .

LB EHE 7T IRETEEER, NE-RBEE, A—EHET. Sl o
i, FRRHIBEEYE, W5 1. FRHEBEREE. ¥ 7IHESHE,. 18 632 fix.
BREH— 7 R RET LB R R .

K F case {56l KOG EHIRUT -

case x1 is
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when
whon
when

=» uynitl <= "10000007;
=» unitl <= "1111001";
=> unitl <= "0100100";
=> unitl <= "0110000";
=> unitl <= 00110017
unit] <= “00100107;
=> unitl <= "000DOI0";
=» ynitl <= "1111000":
= unitl <= 700000007 ;

when

3

W 00 =1 oM b L = O
I
L

when 9 => unitl <= "00100007:
when others => unitl <= "11111117;
¥ HH
0 $543210
R — WE 0. 1000000
1; 1111001
5 1 2: 0120100
8 3 D11G000
5, 0010010
6; 0000010
4 i Te 1111000
8: 0000000
g 9, 0010000

Hsp, ¢ EX, 1 FEXE

B 63.2 t EEAERT2H

(Fag LH%: 63 ged disp.vhd
 63_vhdl.vhd
WX F &L HF 4. 63 stimvhd)
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#6401 RiENERlER

2T

1. AR REIT{EETE

AP E AR S 2 BRI 3E B AL AT RIS SN F &K

U HATENE D RIUSFER, SiEok CRZOBT A e LT -

@ BEFREE/NE LR RSB RN HAEET R ERIERR M
(G« XERRIEIE S S B )

3 REEITEARKTE, WL EEEFELM, WAk EHESS, HERE
BRI PORFFERAT (1F . RERESEE LA LITE]) .

2. VHDL B8 ik AZARIBEDIR

(1) FEfmR s

A2k IR — AR A PLR T FORTRE, EN T 5 M. TR
hd, 1.

F o4l FEIBITIEHRIRERY S fRE

AT A
 gEoe % - B
wE 3 i o
o S 5 -
R :
i N4 | H oo

HAVRE 4 AEGIEE (B BIRIRENTRIRE), HREHRIRENE 64. 1 fir .
Hip. C &R/ ERE,; L&l T —BEKNEE ; S ForBEnl T —BREMETE ;
BIFRF * RREBSHXR,; RIEF + BREBERIXHE.
A hE AR current_state s M ER A, H 2R BIT_VECTOR (2 downto 0) ,
SRR BT 5 TMEHR{UE -
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640 A EATIEE B AR

A IR
“000 0
“100" 1
“010” 2
“110~ 3
“111” 4

TLERAPEE— MR, R F — T ERABRE 5% HEEE S0 Tinel,
TimeS #|| Cars . FTiEHEURE S REIBE R T process 2 [GIRERI{EEY&. MLLTiE
1 ;

process \cars, timeoutl, LimeoutS)
o+ BB SRHE, SBRESRTLM —MES LS HN . RS

B
LIRS E RN TEME D

newstate . T - MRASIE -
current state. HEDPARE-
newHL . SR AT AR e BTl T

Bk HH L ELATEORE - KRS - 21 100" RoRERAT ALLAT, #0107
FORNELT. <0017 MIFTR NERLT -

newFl . Z H/PETRARE =k Z#dlu S, F--Usi&RE
%~ B AR RRE-
NewST . AT IS ahIMER TR SR A5 7 -

EREHEH—F case HWTAUIKERLH X F

case current state is
when “000” => newHL :— "100”; newFL := "0017:
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if (Cars = " 1" ) and (TimeoutL = ' 1' )} then

newstate := "100%; newST := " 1' ;

rewHl. := 70107; newFL := "0017,;
s|se

newstate = “000%- newST (= " 0" -
end ifT;

when “100" => newHL := “0107; -ewFl = 70017
if {(TimeoutS = " 1’ } then

newstate (= "0107:; newST := " 1" ;
newHL := "0017; newFL := "100”;
alse
newstate := "100": newST := " 0 ;
end if:
when "010" => newHL := "001"; newFL := "1007;
if (Cars = ' 0" ) or (Timeoutl. = " 1’ } then
newstate :="110"; newST := ' 1’ ;
newHL := "0017; newbFL :- "010";
else
newstate := 0107 newST := " Q' :
and if:

when “1107 => newHL := “001"; newFL := "010”:
if (TimeoutS = " 1° )} then
newstate := “000”; newST := ' 1’ ;
newHL. := "1007; newFL := "0017;
else
newstate = "110"; newST := " Q' ;
ond if;
whent “1117 => newstate ;- 70007
newHL ;= "1007;
newFl. := “001",
newiT ;= ' 0’
when others —>
end cass;

1L case i WP AE 43N SFE T if 772G AN REeH . & BRI RE
STEBREZ 5. EEFAMEER (REH T delta MERMEFANERN ). HA ¥ EE
AERIE. 25 & 2R AR T F2RAN current_state #E L AER .

3. MEE RS
P EE BEEL S W AN 64, 2 AR -

ld
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ST _*_1:-'-;- : i &
Cursor 1.0
ST TR T VTS T 0 fr T e e e e s T B N R LA NN R R N A N NP
| | | | I i | | f I | | I | | FOTETT,

" Timeinns | |
____ Scale= 100 Wcm.__ 200 400 60.0 §0.0 100 1200 1400 1600  180.0|
state o 000 ‘@(wu}{ nmﬂf{nu}(uuux 100 f 0i0  X110{ o000 K100% 010 “”
}( 160 :(mn;( 001 }( 100 %
hiway ¢ 100 nm)( 001 ){mux. 010 | % 001 ¥ 100 Yoty 001 A

I g I B B

fr e et el waa . me

farml o 001 Er(l:u:n)( 100 :{nm){ ool

starttimer 0

L

|
‘I =
- : \ . i
- timeouts + 0 E J : : | ‘ ot
: I e | N Lo
. <7
*timeoutl & 0 - l | i
| I L} i
: y
. — ‘_.
cars ¢ 0 ; 5
’ ' j— i oy
_ g
farmi <+ 000 4000 g
: 5
hiway s 000 Yooo
E s
:
' , «1’.":1:--:??”?1' i i G BTEST wBE s o]
B e A L R N I S R T T T R

E 64.2 IILIEHE

#IRGRT . /B L RElAT, HH farml 9 001, SIEAEE 1 AT H{A hiway Jy 100.
= cars {HAR 1A BVNES FEFE, JH timeoutl J3 1 (BI&REE FRGERLT EL45
HEFF—BRBC KA 7 s M3 20 i b BYAT FROGHE D BEAT (B /NEE RO KT (P A 4L4T
FIRARRAREVIEPRA T 24 %M - Gl —BEEG, @SEaBBE AT, R/
LT [FRAERRENCRET N 010. B —EREanmEE . N8/ M LERET
BE, DEEIKTTHGE AT AT EE AR RLTAT, Hi, ST RLLT. s
PRI NERAT - R LG, AMTEH .

( HIBE LML 64 tle.vhd
M T & L4 64 test vectors.vhd)
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F650 =RRLFRRTENN

] Rk

1. BERGERTIERE

AR T WAL ERRSH S -4 A %G temp_high §l temp_low 355 1%
AR THIE, HTRMERRE - REEEIER . N temp_high §] temp_low £ < 0°.
ME=EPEEIL S W temp_high 7 1, temp_low 7)*0° R % AR B . W temp_high
407, temp low 7)1’ 4R3E temp high ¥l temp low BB 38 FIHT Y HiB94A 5 ( A too hot,
X% too_cold sEiEHE just_right), 3 HtE heat ] ceol BIHEIH1{E -

2. EERE VHOL B SR it RiEE4F
A RAR I T AT -

|ibrary iecee:;

—iH iece FEMNPHRAES] Std Logic 1164
use ieee. Std Logic 1164. ali;

RS RRRE B AL

entity air conditioner is

port{clk : in Std Ulogic: —RFph AE G
temp_high :in Std_Ulogic; ——T#EEERREEA(SS
temp_low : in Std ULogic: —id R ERAMARS
heat . out Std_ULogic: ~—HEheg =S
cool : eut Std Ulogic); W MHES

end air conditioner;

—ERRGHIRR E B VLRV TaE
architecture stvle_b of air conditioner is
type state type ig (just right, too cold, toc hot):

attribute sequential_encoding : String;

——i M state_type fYR{E sequential encoding

attribute sequential_cncoding of state type :type ig 00 01 10”:

signal stvar: state_type;:

attribute state vector ; String;

——5E % stvar BJ@H: state vector

attribute state vector of style bh:architecture is "stvar”:
begin
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controllerl : process

—clk BB IRMEUEE S, Aok TN 17 B, SuSHE
begin

%5 clk &0 U7

wait until clk='" 1" ;

—¥RIE temp_low F] temp_high A EE stvar §3E

—-VIDL B8 if . then BRI HMEREFRL. AbE R X5
if (temp_low=" 1' ) then stvar{=too cold; '
olaif (temp_high=' 1" ) then stvar<{=too_hot;

elss stvar{=just_right:

snd if;

— R stvar #{HRSE heat H] cool FHHE
caed stvar is
when just right => heat<=' 0’ ;

cqal(=“ o' -
when too cold =>  heat<=" 1" :
conl<=" Q'
when too hot =>  heat<=" 0" ;
conl<=" 1" :
ond case;
ond process controllerl;
end stylo b
3. IR o BNEETE R ERE R4
MR & BER o ORI T -
-—temp_high. temp_low gERE#ES{H
temp_high =1

temp low =" 0"
-5 PR LS. temp_high 4% 07, temp_low FFy ‘17
wait until clk =" 1" ;
temp _high <= 7 g
temp_low <= 7 1' ;
wait until clk ="' 1" :
temp high <= ' 07 ;
temp_low <= " Q' ;
wait until clk = ' 1' ;
temp high <= ' 0’ ;

r

temp low <= " 1’
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wait until clk = " 1" :

temp high <= " 0' ; .
temp low <= " Q' ;
wait until clk = " '
temp_high <= ' 0
temp low <=7 1

wait until clk = * 1°
temp high <= ' 0" ;
temp low <= ' 0

wait until clk = ' 17 ;
temp high <= ' 0' ;
temp low <= ' 17 ;
wait wntil clk = " 17 ;

temp high <<= " 17
temp low <= " Q' .
wait until clk = 7 1f
temp high <= " 0' ;
temp_low <= Q"
wait wntil clk = " 17 ;
temp high <= " 0° ;
temp low <= " 0' ;
wait until ctk = * 17 ;
temp high <= ' 0" ;
temp low <= " 17 ;
wait until clk = ' 1' ;
temp high <= " 0' ;
temp_low <=7 1’
wait until ctk = " 17 ;

assert false report "End of Simulation” severity error:

Wi b RS0 65, 1 FR - 7% 150ns &b, temp low 717, temp _high J°0°, FrLl stvar
FMRAE A too_celd, BT stvar 58, EREHAEMNEKE, $UTVEIESE,
stvar BHE {192 1H{E (too_hot) .

case stvar is
when just right => heatd=" 0’ ;

coold=" {0’ ;
when too cold => heat{=" 1" ;

cool<=" D'
when toc hot => heat=" 0" ;

conld=" 1’

end case;
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AL, heat §EIR{EC. cool SARIE N1,
ik 200ns 4, temp_low J3*0°, temp_high 1 75°0%, BTl stvar #ERRAE A9 just_right,
VRHEEABEIANSE, (52 H{E (too_cold), ATLL, heat BEMH{E #°1°, cool HMA{E
HAR 2 55 B 2B
f“fM?JH'J far i im heat F cool WY{E A ek BRERFIHT X AR G RER. EHM
PIXAIER, HKEEEE, EEECTEAELNETEE . EXiFER T B TEE
BB BB RE. JL el se 2 LAUERE . RTCLEES D88 TR TR A -

EET T TR ﬂw oo e o - s
i 'h, - o - - ) :
R LY I B e B [ e IO
Cursor 0. ﬂ
T TIITIE iI'I “5 e e —11' re T T"‘l"-_i._'-_'r"l"'u'].'l':'I'Tll_ni |"1"|"'l'ﬁ'|_| INEE] O I_|_| R T | I T [T |'F'r [ ||_|| [ |-|
Scale = 10.8@ (141) t0.0 20.0 oo 40.8 50.0 60.8 ?D.[l[
Ecunf o U U Y0 K1 H0 -
" heat ¢ v (U D A N S a

étemp_lnw I | { DK 1T % niﬁi{”— I \ 3 . 5 N ._

temp _high o 1 1 40 N — T

" clk o D CO YT X0 T 0 W A0 (T X0 T Y 0T Yo ){rj

:! shear < just_rlg.hi t teo_hot }fktnn colid }g]um T-'Il_]ht_>*-} o_cold )ﬁjusl right ?{ oo _cold X just 1

5 w

e T SN | 2
T "“*_q'":m'?ﬂm Tt ] TN A

E65.1 TRRAZEFRREEBHEEERE

{ ZPpE L+ 4. 65 conditioner.vhd
65 _conditioner_stim.vhd }
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o6 FIREES
5 %

1. BEEHAFET{ERE

AR T —4 FIRCEIR SRk npmry) igias. SAMPREIER SRR &
Hop ik iy 1A BN EEE . BiESER EA 2R, B5 AyriEEE i g R
B, WEHAEEEIENEE. FIR EWEE T BB IA28Y . EhE e K
e R YR e T4 n & CARTRS S, M S R B o . B, FIR yEikesx
BT CLALITIRIE, & B TRAEE. HEFHES AT RIENUE. EERE
78 YA . BRERELR A

L
Ylk)= Y MUk il
=0

A FIR SRR ERVEIT AT v Al W TEEEN, #FEERRFRR AT ZA08 LR
(B CRREEN L 0 16), IXFF 201 DRBEESBISERK ALAME, AlAEFEE HE
JOE IR AR R EL SRS RN B A A SR -

2. VHDL ISR A& BAg 50T

AR 3 A . 66 pack. vhd, 66 f r. vhd #{] 66 _testfir. vhd . JEMZTHE
HAERE AL DU — M RBEERE R T8 VADL IF Sy TE A U EHREHE
EXA—PEERM RFITE66 pack. vhd BRATEATETE M T — T4 N evef_arr#y3H],
ZRMUTIR EE—TE, ERERN 17T ZHEARARRGAKEDINTFITSE. /S
HOVE LI AMSH. <l BB aE, <07 R AIEN. 66 fir. vhd T E3 FIR 3§
EarBY T AR - 66_testfir. vhd X fFRIE T M ES EFH 40 NE. B
TR UHE ALY R T -

OMER THRB A LIS R o LS TS R B B R R A TR
Zpd. FTE 66_pack. vhd. 66 fir, vhd, 66 testfir. vhd WEIEHI—F use 4] . use
work, SIGNED ARITH all .

T EAE AT A B — T XGRS SR A B0 VADL #8345 07 LU H T AT
E YT 66_signed. vhd ARTE - RIHERRLE, TEXAEMGIE TRLEIER . R
HAEAFF R SR, B AN H A S 66_signed. vhd X EFH#ITHRIF, AEX
coeffs 1 66 _pack. vhd 3L ITHRIFE. WEELIFRIFGE, B 66_fir. vhd LT
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G ExIE XTI G 66_testfir. vhd SHTHE - LAVERESHIFRIMF .. ERGNER G
2t o

(1} 8

1 FRGE [ SIGNED ARITH
HFEXTHENRNERYL, EXBRAE——%Z, ARULHEYET XH
66_signed. vhd ARG B B AN H <1 1E

——+fd SIGNED_ARTTH 998 {7 HAZE 4
| ibrary 1EEE;
use [EEE. std logic 1164, all;:

package SIGNED ARITH is
type SIGNED is array (NATURAL range < >} of STD LOGIC;
funetion "+"{L: SIGNED; R: SIGNED) return SIGNED;
function "-"(I.: SIGNED; R: SIGNED) return SIGNED:
function "*” (L: SIGNED: R: SIGNFD) return S IGNED;

end SIGNED ARITH;

——81 STGNED ARITH AL {A 24y
library IECE;
uses I[FEE. std logic 1164, all:

package body SIGNED ARITH is
- —ske Aok otk ok akof  fookok siok ek sk st sestor Aok ARl KA ok Rk R R K R ek

function mult{A, B: SIGNED} return SIGNED is
——sekskokokokskokdokk ok ek Rk R Rk Aok dokr Rk St koksk kbR kok deok kol

L T RS (S
—— A iR B
variable BA: SIGNED({A" LENGTH + B’ LENGTH -1} downto O):
variable PA: SIGNED({A’ LENGTH + B' LENGTH -1} downte 0):
variabie AA: SIGNED{A' LENGTH downto C):
vartable neg: STD ULOGIC:
constamt one : UNSIGNED(] downto 0) := “01”:
bagin
if (ACA" LEFT) = ' X' or B{B' LEFT} = ' X' )} then
PA := (others => ' X' };
return (PA) ;
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end if;
PA := (others => ' 0' };
neg .= B(B'LEFT) xor A(A' LEFT);
BA := CONV_SIGNED((' 0' & SIGNED' (ABS(B))}, (A’ LENGTH+B' LENGTH));
AL = © 0F & ABS{A);
b 93 Mast = 2 (3 1 1] O Rr %2 E b A
for i in 0 to A" LENGTH-1 loop
if AA(i) =" 17 then
PA — PABA;
end if;
BA := SHL (BA, one};
end loop;
if (neg= ' 1" } then
return (-PA) ;
alse
return (PA) ;
ond if;
end;

==kl ok dolokiok okl doksok dk ok ok bk odckck dekokdokor sk sk ek

function minus(A, B: SIGNED) return SIGNED is |
—— e ebeeobof tokoeopofeoiofoiopolojokopajoiojololeloiolokolol ook solojoiokiokoloiofoRokololop kolok

——SEIR I A SR Bk
variable carry: STD ULOGIC;
variable BY: STD ULOGIC VECTOR (A’ LEFT dowrrto 0);
variable sum: SIGNED (A’ LEFT downto 0;;

bagin
if (A(A" LEFT) = ' X' or B{(B" LEFT} = " X'} then
sum := {(others => ' X' };:
return (sum) :
ond if;
carry = " 17 ;
BV := not STD ULOGIC_ VECTOR (B) ;
—— Sk R (T Bl 8 07 SR R
for i in 0 to A" LEFT loop
sum(i} ;= A{i)} xor BV(i) xor carry:
carry := (A(i) and BV(i)) or
(A{i) and carry) or
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{carry and BV (i}) .
and loop;
return sum;
ond ;

e um e ke e e e kst A o Ak sk Aol Ak 