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(1) HIERGE OB aRiEgE

adder = pout

entity adder is
port ( inl : bit vector:
in2 hit_vector;
cntl: bit;
pout - out bit_vector):
ond adder:
architecturs func of adder is
begin
process{cnti}
begin
if f{cntl=' 1"} then pout <= inl+in2;
end if;
end process:

end func;



8. HEES pout <= inl + in2 IFY «+= BEE < 5, HIREAERA
A AR B8 R .
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(3) Ekix A
EEHAH R TE VHDL ke, LIGREEF entity IR 4. BEERNT -
entity the name of entity is
port {
HE
and the name of entity;
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inl ==
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adder |[—r pout

B 21 FHEHGROmARR

» R R 2 it e
HEHEAEAAERED ERBROTERNE 2.1 75 xR NESAER M AR inl
Rl in2, —MHEIHRO pout. EATRRRE HfAE -
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A L eI A iRm0 . THESIFRERPHAE -
(1) THITFIIE O BYI0E RS BTIREIR

ontity adder is
port( inl : bit_vectlor;
ird : bit_vector;
pout @ eut bit_vector):
and adder:
architecture func of adder is
begin
process {inl, inZ)
begin

pout <= ini + inZ after Ins;
end proceas;
end func:

EE . HEEK{EA) pout <= inl + in2 after 2ns HfY

M - 5
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(3) IER
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pout <= inl + in2 after 2ns;

MEEERRPERR A EVRFAE . —RRTE I ST A % 2 B4 — B R AR
TS EIRRRE A T 4 SN R B, FRAVER . HER AR ISR ARG -

IEIERERRIBRE T inertial . BREHITMIER . ZEASHISH T, ©H 4T L
LT KPRagfraiT . . H—PEAER. MEX I EAROFEMm FRER. &
FHASASHYENE. E2F M ERfdE, YREIRERUGE. aFEks
B4 —TEEL, TAREERE. XREETER.

TEREENE, MRETRSRRAL T BN RRRETR. s, BARHIE
A E IR, T REEEE R ERAOR ), EME SRR . XA
RE R I LRraf A HH1T 0 -«

EHIERRIIRE TN transport, ERTTEEL FMER . PIM. TER- T EEETT
ZRHEENE, DM R B, RN RS 8
LES MESRVREERIZREBEARA, ESHEHLEEBREN. IRE
THIER - SHIMEERREIR, TS 2980, ES S0 E R LD
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ZIRA 2 BERBH T - MBI EIMEEA, Wi o R .
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ABIE —EERIR TR RESS, RRESER T RN M imERNHE, HEEEA
SOREEME 3. LR A RESET R A AR I 2514 inl § in2, — s [ pout.
IH — A=l L entl, Hob&gAdm CURR s DR B g (U m & #2550 D RS TR
B, BGEN <0 gl <17 HIEHRO entl Oy <1 RS XbH R DR Rz

BHETRERE. SR T{EMTERE.

in] ==
in2=p

mul

=t pout

cntl——’
31 FEMmOnRER

2. VHDL IBE R A BB X
B R REEBRHIRIAIN T

entity mul is

port{ inl : bit vector;
inZ : bil_vector;
cntl 1 bit;
pout ¢ out bit _vector};
end mul;
architecture func of mu! s
begin
process (cnt1}
bagin
if {cntl= " 1' ) then
end if;
end process:
end func;

% 7TiEH

pout <= inl * in2:

if (cntl="1' ) +then potl <= int % in2:

s h-

-
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RFEHERHR, HERED pout <= inl * in2 thgy % SYRL /7 5. LK
RAR R O i R e O RIBRIE SRR - '
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AGIE— B AT HERABARRABEN ] HERFRFREEN
B4 1R . HHARBRFMMRARO TSN inl M in2, REGGEE, LESEATHLE
HTRE X M R AT (U RAT BB KD » FAMER — T iR pout, AGEEERRIES R
di . fHR inl T in2 QU pout Hith 1", TRk F07.

inl =x
in2 ==

comp [—w- pout

4.1 ek

2. VHDL BERRAZRIFZSH
AFRVEABENR2ERNEE. TH——HA.
(1) tLEERERYERIE

entity bit_rtl 1t_nc is
port { inl, in2 : bit_vector;
pout : out bit );

ord bit_rtl 1t nc;

architecture func of bit rtl 1t nc is
begin
process (inl , {n2)
variable left: integer;
variable right : integer;
begin
ieft :=  bit_to_int(inl);
right 1= bit_to_int{in2);

if (left < right) then pout <= ' 1’ after los;
also pout <= ' ('  after Ins;
ond if;

erdd process;

erd func;
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VHDL iBE R =M R, HHRES . RAER . F ST RIETHE A DR
OEEE—ENLER , TR T PEEEMER G, MAERNEEEHE -

TERE A2 R BRI R 2R L S SIRE. I pout <= inl+in2 §E2 M55
pout B{H . MTEAFD. BWRETREXNZRWE FHNZEENES . TRBEENE
YREHTHR.

OREE

FSREERMERHRERNTER. AESHREREERE-EERER. X
Wy signal HEORES . AR - SHEHANEIRFHEENARZS

@ T

ZEATHEFOM FREF PR EIERE . AX@T variable (HIAZH .

@ ER5ESHXE

o FERUERELS ; MERMERHTIER .

« FERAMENFTFEMEXNER,. NALEESMNERE,; mMERRE 4uHE.

o RN ESBBNNERABE-

» BEEAUREMHBEMLRES  MERRET CeMiFEk 4 w7

o FEEREAPESRGRAER. EEFTEIORIBEMERT RS, EETE

LR EROTiE . REEEFPREECMNREXE. WEA THEASLH
R OB R B i B

D FRPESESBE |

TR, MBLE—NMESRE. WEESWESSINER MEEYHFE—1T
delta SER G, ZEAREERGES, TUWEESWERE delta BR > FI{HER X
MM X TRERE JEWMTE KERTIER. TESHHATRRERES
BEAE 2 1Rl X 5

ZRME:

arohitecture o example of example is

variable a, b, ¢ : integer;
begin

o fu
0o
o =

T e o

b = a;
ond example;

2% X REERMERGEREEESR o M b BEH N 30.
F5MWIE:



architecture example of example is
signal a, b, ¢ : integer;
begin '
a == 40;
b <= 30;
wait for 10ns;
a <= h;
h <= a;
wait for l0ns;
ehd example;

RS E M RMA—RET . a¥I{E R 40, b PHER 30, 7F a<= biX
—igfZiE, 7F deltalif(al 2, a B{EHEFE LEIELE) b A TER 30 X—E, ¥
BHFRYHER b <= a th, aW{EMIEZ 40. WAE 30, M7Ewait for 10ns i X—iER 2
5. BESHNELFEN, HA 10 ns b delta TR R BKIRS . EHiLFR
RIEER . R LOX—~(RISERVEE 2 a §1 b WE EABSCH: . B EAP B R o LLE (S
SE 5% B E 2 B X5 -

 AFEEEMN—LAE. BEMEAMRSE:- mESREAMNTSR<.

® Rt o FARE SR

UK. EELREBEEREN. EXHESE#EUER I MNER:

o TWRMRESBVER. WES LT ALEFR— M HIFLE

« TREFBEHABNFHEELEY,. MESUWEEREHELZNER:

» ESMREFE—1T waitiEh, UEAFTHREERESHE SEERR S LE.

AGOAEMTREERZNTHITHENEE, SEFNYHENEASHEEXER .
M TES, PSR REERIIT i 2 A HEE -

(3) REREHNAFR

APIFHET EE bit to int, [FEMIFE 10 FIPE IR ZEARNTE, XE
HZE#ES ., HI R S R R A+ R R RE -

FRELE SCT LUE, W TEIRAEOR T BR ¢ 75 34 HOf AT IR A - VEDL iEEHEEORAS &
BB EPEBORAEM. REESENMY S ERSA RN S . BEREA
WS EE 10 HIHE 18 PIRIRHE .

(RaELH L. 4 comp.vhd)
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R — 4 SRR RRT VDL I FEORGR, AR, X SRR AT
0. BRI T M\ RES YA 5 R — B S SR R . B AR
W0 5.1 FET . BB R MRAR L inl fl in2, —MH# pout, FHE—
AHEHIM ontl, HrhE A TSR DGR R B A E R R ONER, RE R
0" HH 1

in] ==~
in2 ==

cnt1_+
@51 SHRES

BT 2T ZBEE. ATDUEHING T entl HFE 1{Z. M entl AEREN. EF
—ig. = entl NEETRN. EERE- B Hei. OREX 8 BESHTERE WER
3 FEHM O -

2. VHDL iE iR E RiBEST
T REREFSRYEEROT

entity muxZ is
port{ inl in bit_vector:
inZz in bit vecter;
pout out bit vector;
cntl ; in bit );

MUX32 pout

end mux2;
architecture func of mux2 is
begin
pout <= inl  whan cntl=’ Q'
elss in2;
end func;

FREAET AR ESREES . FEESRAEATEOEN LG EREFOMN—

e ]1 »



Mo —RHEZESWREROENTHEESBERERER. ERMMER . K420
AR, ZEIFRFRAFNFSWEES when .

when FEHIENLBRE—THE MEESWARERRER L MAFIREY when 5
]

pout <= inl when cntl—" 0
alse in2;

HEEYE, Gentl BT <0 HEHEEESA inl fEREIHE, MY entl FF 1
IR A in2 fE A, XBUAEIT TRRFENHR
FEESREEAEM T — F4 pout S IWRERFEER, 7] CUG LR 4E SRE
BRI E — 5, MBTERRITNEER T . WEEER TR -
architecture func of bit_rti_muxZ is
begin
procags (cntl)
pout <= inl when cntl=' 0'
alges in2:

ond process;
end func;

(FAGELH L 5 mux2.vhd)
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ABE-MRECRBRHFES. ©2— Mo, RAEENFE LA H#T
HE - BEARGORERME 6.1 k. HFHF&F PR . — T MRARLD . —+
T2 O LA -~ M IR T

pin =

el ]

L‘ntl"
M6l FHEFEE

BT IF AR T RE S TERS B EFHIGRT . SDRITHINR cntl= <1, ARG S pin EF]
reg PEFE. Hipout Hith- IR pin BHEGN, WML FERTHE. W reg HffE L —
&K pin {9{E, pout MEEILMETE E—Rpin 80, WMESIFFRER -

2. VHDL EEHR T2 BB ZE 04
AFIFRIE EEINRE wait iF00HER 8 Bt
(1) FIEiE

entity bit_rtl_reg clk is

reg == pout

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
begin
process
begin
wait until cik’ EVENT and clk = ' 17 :
if (entl = " 1' ) then pout <= pin:
end if;
ohd process;

* ]33



ond func:
(2) wait 5]

EE 1 FIPORBIRETNERES R NRE-HFBRFEEEEESE, W&
B BN R ETEIEHE, BMEA wait B0

wait iER)FFE B R EFRELT 4 7.

@ wait on (E5%

wait on (HHEE T EIFSRIWEMESELEURRN, ABUEHE.

@ wait until F#EER

wait until (HHEBEEE. HRRERIAFRHRENE

@ wait for BEFEE

wait for {#H3EH ZHT (8] A FRX NALEHIBT{A] -

@ wait W AR &S, -RAH -

AHIHRBIRES 2 R

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

Ml EF . FRRE AR AR REE R O ER R E RS E
fPEgs s W0, HERREHE, AGETE AL Eh R R AR -
EXF wait FHP, A2 MEERMESHE B EVENT. THIERAE XEE

(3) Mm%

VHDL Py R Em B £ T LB B R - (55 BIEERNIE S T 40 f R 3 (RATRym i
RN FEREE IXRERERE -MES ETEFEEMNTL, E A LRFEFRB
BT 00 R, ERE SERMMERT 4 %%.

R EVENT X 2R Ea i 2 ER M. WR—MEEUT—MEEE. #HAR
EIRE S AL, NEEHEHERS FEEE T MR . AFRRERZEME
KA R SRR TGS clk W EHG -

J& 1% STABLE Ff TR @ e BN M AN . 55 BEWAE. W RE S 2N %
7N ARREBN BEMLNEARSEERATEHE —MEENES . ML
&)

wait until clk’ EVENT and clk=' 1' ;

5 LT i AR A

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

I14.



B2 RFA - EVENT iniER7EFfES ML aE EEmaE R .
(4) K

TERPEESR AR, B2 BN S R PR BT SR . A
RER T RF R ARG EF,  MPUsHE o . AR . ITEME S clk MUE LTE TR
ShER o A FIRIRE R I SRR E T RO X8 B AR N T A
I

) process

bagin
clk <= mot clk;
wait for 10ns;
end procaes;
(2 process
begin
clk <= not clk after 10ns:
wait on clk;
end process:
@ process (clk)
begin
clk == not clk after 10ns;
end process;
4y elk <= not clk after 10ns:

( RABE LML 6 regvhd)
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CLK ARIPES . 1 AIERES. Q0. 03 WA TSR .

F ey
CLK =
I =4 peg
CH ]
Q3 —=

7.1 HBANFFR

M 1R 319 000 B, St Q FRIAF EIHAKER ;M 1 AYE 3 {0 100 B, Q
R L SR Q3; S TR 3400 LIOHS, W Q A8 Al IR0 Q0 YEHMFMR
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2 VHDL EE#R B 5E BB 947

AR R — R RIS A, E /AR E S B iE aRITa .
S EHMEREER, A B AT R R R 8
(1) BUSFEHRINE

use work. TYPES. al | ;
use work. MVLY_functions. all:
use work. synthesis types. all;

entity ) regis
port (
K : inMVL7_vector(3 downto 0):
Clk inclock;
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1 : inMVLY vector (8 dowmto O) ;
Q0, Q3 : inMVLT,
Q : inout MVL7 vector (3 downto )
)

ond Q reg:

architeoturs (_reg of §_reg is

begin
0 regl : block { (clk = " 1' ) and (not clk’ STABLE ) )
begin
{ <= guarded F when (I(8 downto 6} = "0D0”)
slse (3 & Q{3 downto 1) when (i{8downto ) = "1007)
slge Q{2 downto 0) & Q0 when (I1{8daownto 6) = "110")
aslse Q;
endblock Q regl;
end (_reg;

(2) # (block) ¥EF)

Sl LLETEEEEMEPH R . block BHITIFE HZEBTRER—& BH—
A THER . block IBEIRIERNIT -

AT E . block [ ({RF"FiER) ]
[(EE T [EERE 1%, ]]
D v ROEnE; 1)
CHRHiER >
begin
CHEER
end block [Brir]

KRR 10 FDiHE -
VEDL WA H 2B A ER AR block &AL MR IE D4 Bty . TR VHDL
1953 R I RO LG R R R A BN IR BURERYIRE K> S5 R Bt F N T — .

(3) WMERIPBIBR

BARPHIR A A RIF &AL, ARERTHENEMEDFEERe LR . RiF
FIRARMRFIERA . S RFERER True BT SROOEHFEHTEHLER , S/ /RE
AIH A False B, ATHPEIRAEIER -

AR, QA regl BRI N (clk="1")and (not c1k’STABLE) . W{RIF&HEERR
#HATEREBEER £ AR, SEOPREast 29T hetEn, REHEE LR
WAL RIPRATAE, Sl RFEHETETEA ST -
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PE AR oy [ ) - N7 4 % CUARDED Ry £ 4B (5 2 Q, 5 5 GUARDED
W Rk KR -

4) BMET=&

TP SRR S AN O R ERETE R 40 (00018 11017545 1000111017 .
HAT: . WLERT SEERFAMNREA. Fl.

architecture entity name of entity_name is

variable v, vl, v2 : hil_vector;
bagin
v = vl & vZ;
cage v is
when Log =» ¢ == a;
whsn Lo == o ==y
when LN wx o< d;
when T = ¢ <= @
when others == null;
ond  case;
and entity name;

AREL VR VLR V2 R AT E N FINT A . TR, (57T v R V2 BfE. T
WD ) R SERIFTRE A Th Bt -

(5) t{E2%E

W R B ARG EIE R AL E VIDL i85 & LW BIERA, ik, %
SRR —MREE (MR 8 R, B LEESE, e iR EESIR.
EEZARFEESR 14 FIHIF RER0E -

(6) AXRIABEARE

5 5% VHDL fik 31T i B i A, W R BREA SRR amA 25 e, 2
el T AR IDRELLRIRITRVE A . X TR E S INRH HATIRAL Ah R R R
TTEMEREHRAY, R E AR S b 5 BTEBRRAE LB FR Al B ERR R A 2
T WA 7.2 BT . ATETERIESC R IITATRA SRR AN S B — T8 E. mAEN
HEE--TTEEREE BT TR TINR -

MR TSRS AR — M RIENE R, AR LR . EMIKSH TR E
B fREANR . SRR, TLOHIRAT RSN EERBRRHA.
LR MBS STRREROZE 2T . B,
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AR e T mB T

B 72 PHABLR

T e AFIRIINA RS S M 7_test_vectaor. vhd ;

use vork. TYPES. all ;

use work. VLT functions. all;

use work. synthesis_types. all;

ortity L is
ond;

architectureAof L s

component () reg inst

port { ,
F inMVL.? vectar {3 downto O} ;
CLK inclock;
I inMVL7_vecier (R downto 0) ;
Q0, Q3 in MVL7,
Q inout MYL7 vector (3 downto 0)
IS
snd component;
signal F MVLY _vector (3 downte O)
signal CLK clock;
signal 1 WVL7_vector (8 downto ) ;
signal 90, Q3 MVLY;
signal MVL7_vector (3 downto 0) ;
for all Q_reg_inst use entity work. Q reg(Q reg) ;
begin
G reg irstl Q reg instport map( F, CLK, I, Q0, 3, Q).
process .
begin
I == 7000000000" ; —1l
F == "0111";
Q0 <= 7 7'
Q<= "17"; A FFMEE A G
wait for 1 ns:
ClK<="1';

wait for I ns;
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CLKk<= " 0" ;

wait for 1 ns;

assert (R = "01117)
report

“Asgertl - < §Q /= 0111' > "

severity warning;

wait for 1 bs;

ond process;
snd A;

TERAES I 7_test_vector. vhd W, —FF KB —M2MSClR . RMHR E AR
MEFEROGTMMEES . WROAGHRE—PAEGHTE, PHRE—SE8E
5. FFLL entity 2ZHY.

AP 10 8, SRR —EAHT IR - 527 B EFTT .

EAMHAR . KM IERRA &S M HARORE, LUERRSHETW. 5
TN B . AME B EA BN E BT A .

(7) Bis&R

BreRATEERTARMREERS NRAKERABRED . WS EolLRE
assert f7il. WiFiH w0 F -

assert 3{f [report Hi5{EE] [severity HE5LR5I]

MERFFRE. WARITZED; MERGEHE, WREREEEIPMER. #
EEERVIRFHELUN—B .

HEEMH1H 4 1~ note, warning. error Al failure, iX 4 PERAMFE T itk 257
BHENTERE. AR EEEAREYHERIBETNEES £,

FF\ note HIRA P UETIETE R £ — EB{E 405 varning B4 TITEANZ A 1R
EREH A2 T AN BEMRT GBS, W43 R F HIEE 449 error
MIARZBEE T . HHITERRE M MR failure (HEAFRFE b a SE G BEEREERTEEIR

AFFRETE B RN T RTAR, MEBSREHERRAEPIE. Haidit
—EEHMER. HHEN, BB MRARORIE. %% O0E N Y 2 S iEq
FFpIE -

3. BRIRERSH

PRSP SRR S A AP 7. 3 B o MRIBHEHUR T . 3 T LU RR MR 55 40 67 14
BT FERINE. :
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e Tme in bs ‘M? TV i | T i "'l_l"T"i"i N | N | i
Scale = 100.00 {400 80.0 160.0 2400 320.0
ql3] o X '%(l] u>(1}{ ) Y13 o
alz o x| e v X0
1] o X 6’1 1)( 0 X1

a L
i
 glD] o X o 1 0
w ez | 200
i8] o 0 :{u n><1

i © 0 : 0 }( 1 )(n n>(1

. _‘.i EAV

E 7.3 SHRRiRk

(FH4GiEL#H 8. 7 shifireg vhd
B XA L& 7 test_vector.vhd)
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#8h R R E
% #
1. BRRG LIRS

EREEEFT . e —WERR O mESE - LS. FFERFF
X AN ST RER R TT - MBS IR TSR R ER R T K. AL EiR
HEAHBLAR, EEEHLETHHTE ER MEEERAZRT . BELEH
RS, R ARRILHEEA R RELH -

BEREAWTHRELFEEMMN, BL7E VL ESH. MEKEEATHRA—T
S MR, EEAN, ERFXEEASTTHITER, AR RRITE DAL
Eiaw LR, XM UERTSEENTE.

AGEE— A THERESES BTk, AfmEHrRHIINER ST EEE
SR MUTIETR . TEHAEHIAH X RO FRF B AE,. DURAOEE A A -

2. VHDL EE R A ERIEZ SR
AEEFER AN FE LS (VDL #R) . theg s R bit_rtl_1ib fIH bitpke.
(1) 8 bitpkg

(L JRiER
package hit rtl pkg is
—f% (HiReR)
subtype short is integer range O to 658h3b;
——short AEHEFRA. BRI &
gubtype int4 i integer range 0 to 16;
gubtype int8 is integer range 0 io 255;
——LL FEIR R FLEE U
function bit to_int (inl:bit _vector) return integer;
function “+” ( inl, in2 : hit vector ) return integer;
funstion "7 ( inl, in2: bit_vector ) return integer;
function "*” { inl, in2: bii _vector ) return bhit vector:
function "/ {( inl, in2: bit vector ) return hit vector;
end hit_rtl pkg;

package body bit rtl pke is
K, H*HTF package body $1il

=27 .



——LRE bit te_int F{ujn) BEAN D1 EEITERUA

funetion bit_to int (inl:bit vector) return integer is
alias vl: BIT VECTOR(inl" LENGTH-1 downtoe 0) is inl:
variable inpv : bit_vector{inl’ LENGTH-! downto O }:
variable SUM: integer:= 0;
variable negalive :hoclean:= false;

begin
inpy := inl;
if wvi{v1" LEKGTH -1} = " 1' +then

for i in vl' LENGTH -| downte O loop

inpv(i) := nmot inpv(i);
end |oop;
Ipl:
for i in 0 to v1" LENGTE-1 loop
if inpv{(i} = " 1° then
inpv(iy - ' O ;
else
inpv (i} =" 1" :
sxit 1pl:
ord if;
end loop:
negative = true;
end if;

for i in v1' LENGTH-1 dowmto 0 loop
if inpvii) = " 17 then SUM := SUM 1 S%kj-
ond if:

and loop;

if negative then return (0-SUM) -

slse return SLM;

ond if;

end hit to int;

- CEBERE v W ITURAI SRR e R
function “+” { inl, in2 : hit_vector ) return inleger i
begin
—MET ST E LA EE bit to int. G I R SIEE
—-EERL. RIS EAI
return (bit_to int{inl)+hit _to_iat{in2}};
ond “+7;

—~EAAFE o Ao BRI SRR PR
function “-” ( inl, in2 : bit_vector } return integer is
bagin

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



AR o WREAMIMEAE. BRIEE S ERE
function “*” { inl, in? : bit vector ) return integer is
bagin
return  hit to_int{inl}#®bit to_int(in2} J;
end "7

CCEHERERE < BRAAInEHE: . BRI A RRE
function “/7 ( inl, in2 : hit vector ) return integer is
begin .
return (bit_to_int(int}/ hit_to_int(in?));
and /7
end bit rtl pkg:
@ o :
TS RS RN R LB ED . B/ R FRUF A HAZ T s TR A AT,
BY. AT ERM . ERLTREFNE M BT . VDL BE T M. 82 )
FEgy (IR en). EataRTEiiRit @y A5 .
bitpkg WHELE T LIRS TTEEHH I T AR B AR5 TAY— R A411HAA .

A EALEER AR s - IRETER S L R E S bitpke HAEIS . FERBEES TS
EPPEANGE] . HREIMEE L KR . AR, FRUTE (ORE . B0 ML ARTEE
s

bitpkg AELEH bit_rtl_1lib AT AR LR R EEE X BH 1 LIEREES (1
CiET ) Wk 0 it FE el 4 55 VHDL Rtk e, DU SE LT g o

@ EZKpAEY function “+”

BIERCEF T EERATER, RAVERE MBS, mARFTIEX
EAETRE. BLIEENRL.

FHAEER S SRS S E R RIZ1HAHE FHi I3 E —#04 . function “+”
2 MBEFEESERE. THE N BETERETEE X LAFEMN . function “+”
WIToEE BICHF MM E B AT, HREMMGHGE . RN T

function "+” (inl, in2:bit_vector) return bit vector is

bsgin

return .
{int_to_bit1(bit_to_int{inl}+bit_to_int{in2), in]' LENGTH},

end "+7;

HEZEE B 7Aey HAEAE| THE bitpke I AT REL bit to int
int to_bit. bit_to int JGTEF 10 i iE4if#A. int to bit WEEEADHE. 18
DLAAL M bR B At BT B VHDL (B3 o2 G408 AR eR BN -

PR £ LM EERE L. 4O o, </ 8, AHEEE LR, K]
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LA# & A Rt Y AR iR A 8_bit_rtl pke vhd, F—Hf5-

X bitpkg LTTREEXE. HOAE TS @ A ERNE L. EEALA LA iE
R . XEERARE TS VHDL f R E 2 E AR ROZEBBEl)-
(2) IHEEEE bit_ril_lib

(D {FHE

use work.bit rtl pkg all;

—USE FAJIMRF 2R —tIRE
entity bit rtl_mux2 bit le —HSBIENE T R— L REFH. §AHLB AT

port
inl : inm bit:
in2 @ inm bit:

pout. : out bit:
cntl: in bhit };
end bit rtl nux2 bhit;

architecture func of bit rtl muxZ bit is
begin
pout == inl when cntl =" 0’
 else inZ;
end func;

use work. bit rtl pkg all;
entity bit_r-l_adder is —FIFHIMNIIAIANESR. MASY IR E

port
inl : bit_vector;
inZ : bit_vector:
cntl @ hit;

pout : out bit vector
)
end bit rtl adder:

architecture func of bit rtl adder is

bagin
process (cntl) —IFEFESRERNHAE. BREE Y ent)
begin
it (entl = ' 1" ) then pout <= inl+in2;
ond if; —MRERE SR 1. MR
end process;
end func;

use work. bit_rtl pkg. all;

entity bit_rtl _substracter is ——JEEHS, W AHIE BUEER. W IBEED
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port

inl : bit vector;
inz : hit_wector,
entl : hit;

pout : out bit vector
b
ond bit rt]l_subsiracter;

architecture func of hit_rtl substracter is
begin
process (cnt 1)
begin
if (cntl = ' 1" ) then pout <= inl-inZ after Ins
ond if;
end process;
end [unc:

use work. bit rtl_pkg. all;
entity bit r€]l_multiplier is -——siFfflim D] RILES, MAHIH MR

port
inl : hit_vector;
ing : bit_vector;
entl ¢ bit:

pout : out bit_vector
K
end bit rtl_multiplier;

architecture func of bit rtl multiplier is
begin
process (cntl)
begin
if {entl = 7 1" ) then pout <= inl*inZ:
end if;
end process;
erd {unc;

uss work. bit_rtl pkg all;

entity bit_rtl divider is —¥ —PHIERITATGEESE. MAMHE I EE

pert {
inl : bit_vector;
inZ : bit_vector;
cntl @ bit:

pout : out bit vector
'E

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

entity bit _rtl 1t nc is — AWl TEVELERE > 8K B Wiy nE

port |
ini : bit_vector:
in2 : bit_wvector;
pout . out bit
I
end bit rtl It ne;

architecture func of bit rtl 1t nc is
bagin
process(inl, inZ)
variable left : integer;
variable right: inteper:
bagin .
left := bit_to int{inl};
right = bit to_int{in2};
if { left < right } then pout <= ' 1' after | ns;
elgs pout <= (' after ! us;
end if:
and process:
end func;

entity bit_rtl reg clk is —#{F3%. W AEEYHUNE
port (

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

pout : out hit_vector
) .

end Hit_rtl reg clk;

architectures func of hit rtl reg clk ie

begin
process
bagin
wait unti] clk’ EVENT and clk =' 1' ;
if (extl = " 1' ) then pout == pin :
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and if;
ehd process;
end func;

@ M5l
fEbit_rtl 1ib HiiRES s, BIXE—FER:

use work. bit rtl pkg. all

A use T4 LR PROFTA BLBEHES I IR L . work JEE R M BTiRIH R TTE .
biz rtl pkg & bitpkg {AK all BIE3(RATE R B ZFEHS bit el 1ib
AL CAfER] bit_rtl pkg AT E XETERE . ¥ & . HEFNE.

FitRECE LA 0T, S0 (4 TERE 41) 14T, & LLR use FAIRSA-
AES|AA, R L—NESTRER,. +H 7 BIGE Visual CrEET,
e B SR R SOEOREE. H vk, L CrrFRfm s —#2 .

® kIR

bit_rtl lib f—EE X, USRI AT, % BERES -
MEER . FEBEE .

AF i VHDL 1§ i B RS EL A T4 T M TT LASCfE o7 R AER, LURE BRI d e
{EFE - I HEE PR IR I 8 TR R FR AR M VDL SR BRI, LB T B
bit_rtl_lib BIpgETIE .

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

MABRESIRAEFREFED, W4 all B9 PREIAT -

@ JEE T R

FEbit_rtl_lib f1, $§ATE Loy e AR B R iTiE, Lt ERe
THESIA . (FARBRRT, —BRETHERITESN. —HHEKNEZBITAT M
REEEN, S—AEEfPE 8N 2 8 TR RN. MILERS BRI .

TERGRA MR HEREL T bit rtl lib ShgE Ty L B RF]. HAED fe
FFELL AREROMEAR . ZTETEPRERGTER AhEERT. SE 0T
AiEETR A . ETRIFE B C 5/ VEDL #hk s [ F e -

(FfaELH L. & bitpkg.vhd
8 _bit_ril_lib.vhd )
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£95 tEBESEFRERY
% B

AFIR B TR CHEES, BANIERMEERRE R . X EEHAR AT E E L
BiEER, 2HEEHET (F 144) i -3

1. BERERE

¥ AHAEIE R TNEWRE MRS 240208 0 f1 1, XEEALH
B A2, BFFERTEINE. M EEASME LT HA TS BREL AR .
Hit. FLBERZESE. -EEH . R, CEHEEUEEZES. B
B & (EIP R RN E ARG SN -

ZEPREENEEMRARAR, MTEERTURARERR TBE LW EH
e, MRS T SRR TCRAEI, ARk RS - BIRE R, Z(EZEYD
RUESERIRLFEEMNET, EBRRFFANTEREE. AR{EER A,
TSP LE RGeS R TR AR A RO MBI B g DURAFAN (%
& AT ZRETEEE ERAE, BT ANEEBE AT S EEE R
H M EESSERMERE, R T LE /VEEEAERSE. UL ZEGEER
SEMLEFEX THFEBINZ IR B

FLEZED, TTRBRFERLH 7HRE, OTHER (EEHRENEELR
=9
X AEEAE), 0 (FHOERE). 1 (1),
R, W (SAE), L (5§ 0), CH (89 1)

CRTER T AERAT R, BB RGN ERM AR A RRNEE . R HE
TEEHE RS X APERER TERIA DO ASRaES 14
B EEBINEGE. BSZ 06 CEEEERADT .

package MVL7 types is
type MVLT is ( — HHAE
— B0 IR
B RE
~ Bl

- 5§0E

— 0

— %1
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s
type MVL7 VECTOR is array { natural range <=} of MVYLT:
end package MVLT types:

2. VHDL BES#iR A FRIEESN
(N Hagaal

i e ®) VEDL B S TR RN R (55 BREMER). WA T H@ixkst
ZAREIE . AT RO AR TR AU SRR 4 - 58, AT e Eeb®) VHDL 55
51y % EHE R, R FUR— Mg des .

VHDL 15 5 R XA U T R £ . E5REE . S kR . SXHERNT
R S, TE IR

SO &l

PREWAETE 4 FREA . BHOEM (integer) . STERR (real) . WHSEUEERT
MPIPHLER . Jif =P RUERTIRAE. o BIEEEHEY .

variable o : integer; a:=1;

signal b . real; b == 1.5E-20;
type color is  (red, vellow, blue, green, orange):

LA VIDL $5 572 - PECRRDR B 5. MR OB A ST (IR ),
B4 VEDL [T ] B8RRI IS R, MERiE S — 2SR LRN .

PR SE A GO TR LR (B SE P R - PR AR LA, SR TE X T
FOLER M TE SCREE AL - I PE B A B 7 el RN T -

type currcnt is range( to 1000000000

units
na; -— &
ua = 1000 na; T
ma = 1600 ua; —-— B
) = 1000 ma; - i
and units;

VHDL ST D IE LIRS . BN (TIME), 4T%FD . 99F) . Eiv%sr, Mm@
A g b 10

2 HEEERER

HOR LM BREE XU RERY, S8BT R, THEA.

3 FhbEH

%W VHDL DRE (Y TREVA BT S A FRE R 028 A R R T R e T —Fe
RS S EE S TEIETTFE BOMIRIT. ATRUANE R, s —f

.3(}.



TEIRHIAT B . T HB

type Line is access String;
variable line buffer : Line:
@ X{rEE

f 3 RTR SR SO 26 5 S RSO R O R I R B R i
HIFS) . IS RISER R ARSI TE, SRR R AR RREE
SIRRE, TSN R AR . AN S R AR RO AR - S A
& AR |

() CH-FERHE
SRR BT E LR R AR AT . BF0HEMT

type integer file is fileinteger;

(b} SCHxT 5 i58A
XERRFE XA RSN — D RN R, S RIFEEAE

NHHNRNET - SUFBRN TR BEN &5 #FHBAT

FILE myfile : integer_file is in "/hit903/test/examples/data file”:

® FHR
AT LR AR — 1 T8 BT RERR M HRARNTE LT 28
(ELCF S0, — 73RS B0 S AINR ] . PRSI T .

is -2,147,483,647to0  +2, 147, 483, 647,

type integer
+2, 147, 483, 647 ,

subtype NATURAL is integer O to

(2) BREXBRAES
FHEAWRENEE LEEPE. M- B EEREERPEE E . BRER
MVL7_VECTOR Wi2 % S HI-C{EEHA A& . EEPE LT iXEEEE R LIS, APt

AR .
(B ELHL: 9 MVLT types.vhd )
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2106 & &
% #

RECRE FBEREMAE AR RAREARNBARMER, F— TR0
TEFRA TS REF 2ENE - KFEAZTHEARE RBIWRBEELNE. X
BRI A . BEE R .

1. bit_to_int HHAIThEE

AFLE— M DB AR B BER R EF 460, ELxRE
TTHRRK, THEFhEER -

2. VHDL BE RS ZRE XS

72 DL SR, B SRR B 4 R AT VDL R
—HERIAEE . B RS 5B

() EH—BEA

bR EHY- AR
HREE % i
R RN BA A 4
begin
K2 B
ond DR gAY ] [FE#]

ERANEXER S BRHEES  BENSHORERER  FRERES . FEL
THEEARIRNK, HA%E . FRMAN, HARNARYS . ERHE0EsHE
EANE AR AL RBAEThEY, XEEFARE 2 HH 2B .

FOEHBRIRE, Bf}ﬁﬁuﬁ’;%ﬂlﬁl ~E. EEA AR R 4 A0 .

(2) HELE bit_to int YA

function bit_to_int (inl:bit_veclor) return interger is
alias V1:bit_vector(inl' LENGTH-1 downto 0} is inl:
variable inpv:bit_vector(inl’ LENGCTH -! downto 0);
variable sum:in-eger:=0;

variable negative:boolean:=false:

4 T S P R N B



6 begin

7 inpv:=inl; TGS AR R A — G AT B
] if Y1{¥1’ LENGTI] 1)='1' +then

9 for I in V1° LENGTH -1 downte 0 loop

10 inpv (I} :=net inpv(I);

11 and loop;

12—l E2FIE e EATCRAER G AR (Rafn 1 R,
13 —MRE, WL AT .

14 Ipl: —H A RS
15 for | in 0 to V1' LENGTH -1 locop

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

17 slse inpvil):= ' L" exit Ipl;

18 end if

19  end loop;

20 negative:=true; —negative I AARENR -
21 ond if;

22 —EIHCE. A AT 1 B REY -
23 RIS R AR L TR

24 for I in 0 te Y1° LENGTH -1 loop

25 if inpv(I)= " 1" +then

26 sum: =sum! 2] :
27 end if;
28 end loop:

29 MR ARENTN true. FEHERBIBIR I —H 3T
30 if pegative then return (0-sum);

31  else return sum;

32 end if;

33 end bit to_int

(3) &

RBT alias AR M EENFE . WLAATHASHRESHET T B
e fikan LA -

@ XA PE{EA

Fpih, FRIRME TR A SRS G ABIE VL A LHNGIERY BHAEh
B . (UM EEUMCETRET R (MMEERR, BV, V)= 0%, HEEE 38
B MPERSTIEAAREAR SET - A SEIA IR TR TR, SEENT
PRo-—XPR Halfg 12,3, 4 HEF . MY FIHTHAL . BMEERP LR e B R B8 -
HARAAEM KNTTE, X AT H AR A EE T - Gl TR T
BB R IEHIIEET -

@ T2 I A

T EVLAESH, REFBSHREITL +FEL @0 SUN T{EE5A0 SPARC MBB69OL
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T —2 65 ADD, EHIRLESAREIN T -
15 12 11 B 7 6 0
0000 Feii 0 IR GAE S

BHLARAASE 4L 16 1. 15 B 12 (U R AMERE S, 11 B 8 A KBNAL B 7
figortt e VB FaEAE . 6 B 0 N hFaEssat . B8R, X 4 P TFEBRE
ARBER. TR 43S S BIRREAT XEETEH TR ST L T

(4) FENXREYE LENGTH

iE BRI E . SRR, X EMEE R E
MEKE. BT T FEMGR BN EETENSTESAEEN L4 -
A F BB LENGTH K& i 1] {58 -

{5) RIFEA] loop

MABIEIME A, 0T LRSI 20600F4, BY TR LE. BETESHN A
MR, FEETLATR 77 SR TR IR AbHE .

—% loop EMEAEETMITHW—HNINF B ITERK[ESHER IR EH X
B. —EBREAAOT .

[loop $75 - ] {HEMEA] loop

A Ea) .
end loop {lcop i),

HEEITH while 5 for MFF. LI T RRIES PR while i1 for (1. ETEE
Bt WRTRRE -

AF PR E for 835, BIFRRED for FHERATENATE « KAERFIHERN
fZEBPRE—(LHETEE, FURBEETRNPR, X53905S R L B AT
oEHE—FE -

(E#E LA L. 10 bit to_int.vhd)
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FNE tEPEEHSHER
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PR (resolved function) J& VHDL {EETEERXFRYEN—EEHE. KFE—
PEGEL (WiredOr) 4r8EpR%EE -

1. SEHEFBITHAE

IRBUGHEETZNARE. B MEEHROE R T ORI ERE S0 <8 XR
HF 57 KF, SPHEREMENT MR —REIETHEY .

Ak 4 B2 o B THRE 3B A — S S B % IR R — D e sk Fn i e
e WOEEE BrRAREIRE — 0, WEREEL, SR EZE R EE
A/hFRIEREES R -

HAHEHNBEE - M EEBEMumE SHuaRPEUHEERMMEER
(EHAEEEIE, MRHERME—MLEPRE. X -URESKEPARRN (L.

2. VHDL e AEREESH
SHRECER N R XRERE. TRENH S RIS SR —E. 2R T
FHLE AR . EETENE R, SRS BHE SRR, aREREEY

SUEA - B AR IR AT & DR RN R S VRS SRRE . AT 43 B R R 2 5K
Prfes % . R A BEIZ Rz EERA R A 4

(1) FH# WiredOr BYIEH#

funetion WiredOr (V: MVLT_VECTOR) return MVL7 is

- BREEEMNEESE
constant tbl WIREDOR: MVLY TABLE :=
COED G AL L GRS SN IS M
¢xt, o, 1 SV A | R “H 3,
A S L A L R 1y,
N G | LA A A "H' 3,
X, et 1, TR TwW T W,
("L, "L, "1 L, W, T, W,
S L LA S : R AL L LI
variable result: MVL7;
begin
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resnlt := ' 7"
for i in V RANGE loop
rasult ;= tbl WIREDDR (result, V{i});
axit when result = " ' ;
end loop:
return result;
ond WiredOr;

(2) IFSEHHE

S TR RRESBENR . hirEsT —-BERMITN 2 EAHZE S AR Bk
EENMHIFEHE-IES . —MESIRERHEERONES . —MESHESH
KHFREGE SRR SEAMERMBARTE MR (S mlth) HREES
BT - MRENIR . TRTEERE AR SIRILK{E, B S SRIE S RS
R PR -

MESME. WRESBES . T2 el8EA L RENE. &0 RE — MR- 4
U7 BRSBTS SR T, R — 1 E%.

3) HYES
5 HRIT S B % NIRRT BRI B o AR S 4 R ST -
function WiredOr (¥: MYL7_VECTOR) return MVLT:

WA BRTT AR T 77 20 S FR A ST A B 5

signal S1 : Wireddr MVLT,
(4) THER

SRR AR 5592 W1 B S — SR SRR o el 0 5
EHRMLAT. £ ST HPBRIT, AR AR TR T

TE VHDL o, &5 — A S L AR 20050 PR ST TRRU SR RS I PT e s
(5) CHEBEHHEY

TER O BIFE it CEZH. T LR Bl MO R AL

D RIS RLR .

@ MASREARR T SE BRI E X -

A BIRIE AR 4 ob1 WIREDOR 192 & 3 JI07 4 05 5005 e 0 (1
8. ATLUCK R th]l_WIRSDOR MM Ay # 11. 1.

v 15 -



A, IR SRR E R GETE result P RAR AATE R RIEER 111 A€
(IR 41RFE HIR. AR EER 4HE . RIER 11 1 IMF result K[
Az, WA ATIEERAE S W, T result AT W, AUEHE-

1.1 CEZENKESH

X __| o I L A W

R _ - I - L H

X § X ¢ X 47_ X | X —‘f L H

o | x| o v e | o L | H

R D T I S T e P T
oz |oox e o0 |z | W L | H

ow loox e | e W | W W W
U T N S A YR AR S N A 2 L L

H H | H ! o H | W W H

(6) B1¥ RANGE

RANGE BE—EEEmME. WRERENA THHLR, FhmEiHmASERE
HENEEEHE .

a'RANGE [ (n) ] rifi{4: RANGE 2 Rlih 28 n fO{E S —EE, [T RANGE 3R
BlIZAEEHER-RIEE, BB UAFSHn-

a] LLFA B RANGE SRl A R BITEE . ARERIEw I EEA R E BTN
TEOWE Ot eRe M5 . A, [ RANGE RTkdByRE 2 40 L AT iR EfER -

{7} exit 3ER)

oxit iZQHTEBINE A - TR H F PRI RMEES L SRTTEIE NG (RIATE
. F5 loop fRFFERY. W] exit iHAVEA T U HTERPUZMEIF, TNEERITEEIEIRE -

B, BT REERSHEE, UUAEE MR WREFLZR N1
AR SR BT LA exit [EADR K 1B -

(BB ELH L. 11 _wiredor.vhd)
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1. $RIRER BRI I BE

ENGSERE P it R U (R 23 e TR =Rick 3 D DAL= QPSS B R Tk A 2
JT e ER L ES R BT .

EERENEN AR FEERNBYE nunber JZEEHIKE len. K
(AN AT P LS R — D L EEEA G R

2. VHDL BRHiR A RIE XS

(1) FEHREMIRER

function I2B( Number : integer :; len : integer) return MVLT VECTOR is
variable temp: MYL7 VECTOR (len — 1 downte 0);
- laff R, REBBIRIGIMBAFE M
variable NIM: integer:=0;
— EAR
variable QUOTIENT: integer:=0:
— B MERLL 2 BEIMRE
begin
QUOTTENT := Number:
for 1 in O to len - 1 loop
NIM := 0;
whils QUOTIENT > 1 loop
QUOTTENT := QUOTIENT - 2; -~ HFEREL 2. BB
NUM := NUM + 1;
ond loop ;
case QLOTIENT is
whan 1 =>
temp({I) := ' 1’
whan (0 =>
temp{I) := ' 0' ;
when others =>
mall;
ond case:
QUAOTIENT := NIM;
end loop ;
return temp;

e I8 o



end;
(2) ¥EHeARL

VHOL BT %RES . - Mo gRE s, FEREREENRE. BT
VHDL i@ A Rast e B, BTDUTERR (AR, HEERANRERN -8 FEMERIN
KA. TS HR AT DU R — R RO SRR S — ML RN R, T2
FITE AT A R R 2R S O 2 M B TR B LIk AR B
AT S IR RS AR O . NIRRT BT ST B R AR -

(3) while fEXREER

EF 10 GR35 VEDL B EEWMEHER, B2 for BRI, WME—FE
while BT . 7E while EFH. XBT while FHBERENERREIFRENIER -
5 for WA RRIBYE. TF while fEHF . WLURIETS B BRI K - Eafik
ZH1. for 5 while FEEREY X FHLZ M. -

(4) case iEF]

case 15 AJH — AR T

cage FE A is
{whan RELHE == NIFER};
[when others => NifFif4); ]
ond case ;

case 1 {1 F RIS & IR SHE R AT R FIBORF 2. SERCA A
e, EETHLEN-

i, MRS S L W URE B R R R
-+ B RE R 0. WSO B! L BRI R B | AT LATHRIE, null
R VHDL S RIVESIR . FOTT EERTIR(E

( FfEELF L. 12_convert.vhd }
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1. ERGEERIThRE
AR AR HEBANT .

function SHL(v2: MVL7_VECTOR : fill : MVLT ) return MVL7 VECTOR is
variable vi: MVL7 YECTOR {+2' HIGH downto v2' LOW):
varisble shift_val: MYL7 VECTOR {v!’HIGH downto v1'LOW):
variable I. integer;

begin
vl 1= vZ:
— BV ARESW 2 AE. B3 vl TE
for I in vl’' HICH downto (v1' LOW + 1} loop

shift_val (I} ;= v1{1 - 1);

erd loop ;
B A W St AR = S IV
— LM mBRFE shift_val g

shift_val(v]l' LOW) = fill; -— BE {IAEsi il 5
return shift val; — ERBAEAE R
end;

WA RS — T L EZBIR B R AR . mga —0IH 2 11 FEErE
FIHA .

ZRARERT Y, —TEERAERUNCHYBRAR. B2 ARREALER
IR ERNRE —AS . ZSEWMBEE N - BEEPAR - LETH
EESE ’

2. VHDL B E iR RiE L o 4h

FEILECE 2, RGFIER, 2 IEEMREATEEFRE S . X B ETRH
w1~ Bt . HIGH #{] LOW.

HIGH 1 LOW 2/ MEFE AV g 1% - HIGH 3K [ E R el & 7 XA LRRE, i LOW RN
KBS FEROTIRE . B ENY FRERAFRAFNER, TRAZH
i/ MEARAA . Fl. T FEEH snallint 7R, TR -RIEZ 32767, 0 ¥
BB 232767 .

.40 «



type smallint is -32767 4o 32767,

R, TR B ARSI v B FIRESITFIRE, & shift val {rfy
HPANEMER v1 B EFREE TR -

(A& L5 13 shlvhd)
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1. EFSRTI&E

S PINANLGEGRLER—TEFE, EhEEuy -LaRpE . TR
M HEE OB E A E Lm0 PR, MAMEE . AR RIETB
HIRFEF - £33 10~13 FhE SR T Ry /UM R AL, el 7 1 #48
i APRFEHERB YT HERRA, WHRTIX—BRHEREET — M HEIK.

2. FHRRIR
MYLY function

use work. TYPES, all ;

- UWTREL SHEFAEERIEX

package MVL7 functions. is
function SHL{(v2; MVL7 VECTOR ; fill : MVLT ) return MVL7_VECTOR;
function SHLO (v2:MVL7_VECTOR;dist: integer) returnMYL.7_VECTOR;
function SHL1 {v2:MVL7_VECTOR;dist: integer) returnMYL7_VECTOR;
function SHR{v2:MVL7_VECTOR; fill : MVL7 ) return MVL7_VECTOR:
function SERO(v2:MYLT VECTOR:disl: integer} return MVL7 VECTOR;
function SHRL (v2:MVL7 YECTOR;dist: integer} return MVL7 VECTOR;
function ROTR (v2:MVL7 VECTOR;dist: integer} return MVL7 YECTOR;
function ROTL (v2:MVL7 VECTOR;dist: integer} return MVL7 VECTOR;
function 12B(Number: integer:; len : integer) returnMYL7 VECTOR;-
functionB2I( v2 : MVLT_VECTOR )} return integer;
function COMF( vZ :  MVLT VECTOR } return MVL7_ VECTOR;
function TWOs _COMP( v2 : MVL7 VECTOR } return MVLT YECTOR:
funetion 0DD_PARITY( vl : MVLT _YECTOR )} return MVL7;
function EYEN PARITY{ v1 : MVL7 VECTOR ) returnMYLT;
function REVERSE( v2 : MYLT VYECTOR ) return MVL7 YECTOR;
function SUM{ v2 : MVL7 VECTOR ) return integer;
function PAD{v:MVLY VECTOR ; width : integer} return MVL7 VECTOR;
functionDEC( x : MVLY VECTOR ) returnd¥L7 VECTOR;
function INC( x : MVL7_VYECTOR ) return MVL7_VECTOR;
funotion CARRY ADD{ x1:MVL7 VECTOR:x2 :MVLT_VECTOR) return MVL? VECTOR:
~ P3P RERALN
function "+" ( x1 : MVL7_VECTOR ; x2 : MVL7 VECTOR ) returnMVL7 VECTOR:
function =" ( x1 . MVL7_VECTOR : x2 : MVL7 VECTOR ) return MVL7 VECTCR:

L



function “+” ( x1 : MVL7_VECTOR ; x2 : MVL7 YECTOR ) return MVL7 VECTOR:

— FIF " WiredOr” &b HE £

conetant thl WIREDOR: MVL7 TABLE ;=

— | X 0 1 Z % L H |

J'fxr’;xi,ﬂLJ,fH.’

(Cx, "X, "1 ), — | X1l
X, 0,1, 0, o, L, TR Y, 0!
oy, L, Yy, —
(X, "0, 1, WL, TRy, — L2
(X, R0, T, W W TR WY, — W
L, L, LW, L, Wy, — L
("H Y, TH T, TR, W, W, T H Y —
function WiredOr (V. MVLT VECTOR) return MVLT:

end;

package body MYL7 functions is

—— Aok ko

o oo okl oot e ke sk o

function SHL(v2: MVL7 VECTOR ; fill : MVL7 ) return MVL7 VECTOR is
variable v1: MYL7 VECTOR (v2' HIGH downto v2' LOW):
variable shift val: WYL?_VECTOR (v1’ HIGH downte v1' LOW):
variable I. integer;
begin
vl = w2
for | in v1' HIGH downto {(v1' LOW + 1) loop
shift_val{l} := v1(1 - 1)
end loop ;
shift_val(v1' LOW) := Till:
return shift val;
end;

sokokokskdck ook ok ds sk Rk kb ok
- JERBAR. HEMS—(ZH 0 |
function SHLO(v2:MVL? VECTOR;dist: integer) return MVL7 _YECTOR is
variable v1: MVL7 VECTOR (v2' HIGH downto v2' 1.0W):
variable ]: integer;

begin
vl = v2, — BGLZERSE TN, LIRS
for I in | to dist loop

vl := SHL{(vl, " 0" §: — hkB—fi, BRE—H' 0 #Ex
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— VAF T sl E Y SHL il

and loop;
return vl;

ond ; .

——skskoksok ook sk Aotk ok ok Btk R kKR ok ok sRoRoR dotekkickotoorckok

- AR, BRE IR L HA

function SHL1{ v2:MVLT_VECTOR:dist: integer} return MVL7 VECTOR is
variable v1: MVL7 VECTOR (v2' HIGH downto viZ' LOW},
variable I: integer;

begin
vl = v2;
for I in 1 to dist loop
vl := SHL{v1, * 1" }:
ond loop;
return vl;
and;
e £ T S T T U I o S L P P e S Fofeksdokdok

— A RIF—{IHER i1l
function SHR (v2:MVL7_VECTOR:fil]l:MVL7 } return MVL7 VECT(R is
variable v1: MVL7_VECTOR (vZ' HIGH downto v2' LOW):
variable shift_val: MVYL7_VECTOR {v1’ HIGH downto vI' LOW):
bagin
vl = v2;
for T in v1’' LOW to (v1' HIGH - 1) loop
shift val{l) = v1(I + 1);
end |oop;
shift_val{vl' HIGH} := fill;
return shift val:
ond;
— skl R Rk Rk kokktok okttt or Rkl ok o dekoksk e satokokrokok &
— HISEY. BRE AH 0 #EFE
function SHRO{ v2 : MVL7_VECTCR ; dist : integer) return MVYLT VECTOR is
variable v1: MVL7 VECTOR (v2' HIGH downto v2' LOW);
variable I: integer;
bagin
vl = v2;
for I in 1 to dist loop
vl := SHR{vl, ' Q' };
ond loop:
return vl;
ond ;

. ok o skt ol R e ek ok ek ik ok
— AR HEE—-MA 1 8E
funotion SHRL( v2 : MVL7_VECTOR ; dist : integer) return MVL7 VECIOR is
variable v1: MVLT VECTOR (v2' HIGH downte vZ' LOW);
variable I: intepger;




begin
vl = vZ;
for I in 1 to dist loop
vl := SHR{v1, ' ' }:
end loop;
return vl;
ord;

——% ook sheole et feofe £ S T U U S PP T S S e e ek

— B A MR
function ROTR{ v2 : MVL7 _VECTOR ; dist : integer) return MVL7 VECTOR is

variable v1: MVYLT_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;

end ;

— stk R kR AR R R b Rk kR olokak okl ko Aok ok
- R Y

function ROTL{ v2 : MVL7 VECTOR ; dist : integer) return MYL? VECTOR is

variable v1: MVL7_VECTOR (v2' HIGH downte v2' LOW):
variable I:. intcger:
begin
vl 1= v2;
for 1 in 1 to ¢ist loop
vl = SHL{v1, v1{(v1’ HIGH}):
ond |oop;
return vi;
end;

——sheeiosktokakakettakakdkofokek Aok ok skatokokakokakkadokoR dkaeskok sk ok sokskok ok Atk ok
- B SRR — N CAMEMNE. B 12 fITH IR
funetion I2B( Number : integer; len : integer) returm MYL7 VECTOR is

variable temp: MVL?_VFCTOR {len — 1 downte 0);
variable NUM: integer:=0;
variable QUOTIENT: integer:=0;
bagin
QUOTIENT := Number:
for T in 0 to len — 1 loop
NIM = 0
while QUOTIENT = 1 loop
QUOTIENT := QUOTIENT - 2;
NUM .= NUM + 1;
ond loop:
case QUOTIENT ie

.45.



when | =>
temp{I} := " 1’
when 0 =>
temp{I} := " 0' ;
when others =>
null;
end case;
QUOTIENT := NUM:
ond loop;
return temp;
end;
——shickacolckk kiR Rk A kA Fkok feokkciokoksoRiolok ok Aok Rk
— - EFELA R B
function B2I{ v2 : MVL7 VECTOR ) return integer is
variable v1: MVLT VECTOR (v2' HIGH downto v2' LOW):
variable SUM: integer:=0;
begin
vl = v2;
for N in vl' LOW to v1' HIGH loop
if vI(N} =’ 1" then
SUM ;= SUM + (2 % (N — v1° LOW));
end if;
end loop ;
return SUM;
ond;

e b e b ket ke ok sk soskokeokok ok

— HEEY. BEUhefmEns— BN

function COMP( v2 : MVLT VECTOR ) return MYL7 YECTCR is
variable v1: MYL7_VECTOR (v2' HIGH downte vZ' LOW):
variable temp: MVL7_VECTOR {(v1’ HIGH downte v1' LOW);
variable I: integer;

bagin
vl 1= v2;
for 1 in v1" LOW to v1' HIGH loop

if vI(I} = 0' then

temp(i) := " 1 ;
elan
temp(i) := ' 0' ;
end if;
ond loop;
return temp;
ond ;

— HR#MeEE BREM 1
function TWOs_COMP( v2 : MVL7 VECTOR )} return MYL7 VECTOR is
variahle vi: MVLT VECTOR {v2' HIGH downto v2' LOW):



variable temp: MYL7_VECTOR {v1' HIGH downto v1' LOW);
bagin
vl = v2;
temp ;= comp(vl);
temp ;= INC{temp);
return temp;
end;
— CsessRicE ook enlolklok ook Rk okl koK
— BN AR
function "—" { x1 : MVYL7 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 SUM: MVL7 _VECTOR (v1' HIGH downmto v1' LOW);

begin
vl = x1.
v2 = x2;

asgert v1' LENGTH = v2' LENGTH

report “MVL7 vector —: operands of unequal LENGTHs”

severity failure;

SUM := IZB(B2I{v1) — B2I(v2),SUM' LENGTH);

return (SUM);
and:

— sk kkokciook ok
— WA CEZEER
function DEC{ x : MVL7 VECTOR ) return MVLT_VECTOR is

variable v: MVL7_VECTOR (x' HIGH downte x' LOW);

ek *******- ====== e e oo sl e ke
L TR

begin

v T ox:

raturn I2B(B21v) — 1,v' LENGTH);
ond;

—— stk Jokskaokakakokadok akskokk ok sk tok ok dakokoolaokkakoksokokok btk otk ok ok ook ok
- TEERIA IR, L E R AR
function CARRY_ADD(x]l: MVL7 VECTGR : x2: M¥LT VECTOR }return MVLY VECTOR is
variable v1: MVL7 VECTOR (x1’ HIGH - xl' LOW downto 0):
variable v2: WYL7 VECTDR (x2' HIGH - x2' LOW downto 0);
variable SUM: MVL7 VECTOR (x1° HIGH — <1’ LOW + 1 downto () :
- + 1 1is for carry

bsgin
vl := x1:
vZ2 1= x2;

aegart v1' LENGTH = v2' LENGTH
report “MVL7vector carry add:operands of unequal LENGTHs”
severity FAILURE:
SUM ;= IZB(B2I{v1} + BR2I(w2), SUM LENGTH) -
return (SUM) ; ’
end;
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——sRe ok s ek Aok skokok dokokdok ok Aok koo skikokok Aok
— HEREE. WU mEAHN
function "+” {xl : MVL7 _VSCTOR : x2 : MVL7_VYECTOR ) return MYL7 _VECTOR is
variable v1: WVL7? VECTOR {x1' HIGH — x1' LO¥ downto 0):
variable v2: MVL7 VECTOR (x2' HIGH — x2' LOW downto O}
variable SUM: MVL7 VECTOR (vl HIGH downteo v1' LOW):

begin
vl = xl;
ve 1= x2;

assert vl' LENGTH = v2' LENGTH
report “MVL7 vector +: operands of unequal LENGTHs”
saverity failure:
SIM .= I2B(B21(v1) + B2I(v2),SUM" LENGTH);
return (SUM) ;
end;

- ook ok ofok g feoeo Aok Aok ek e Aok sk koRok sk sk R ok kR ok ok ook ok kesok

— 5 1 @K
function INC{ x : MVL7 VECTOR ) return MVL7 VECTOR is
variable v: MVL7 VECTOR (x' HIGH downte x' LOW):
begin
Vo= oA
return 12B(B2I(v) + L, v’ LENGTH}:
end;
— sk sk feskak sk ik otk kot ot lokok ok sk ok sk R R K O Rk AKOK
— A .
function ODD_PARITY( v1 : MVYL? VECTOR ) return MVLY is
begin
if ((SIM{v1} mod 2) = 1) then
reaturn ' 0 ;
else
return ' 1’
end if;
end;
sk ok Ak ok L R R A s ek ko okl
il g
function EVEN_PARITY{ v1 : MVL7_VECTOR } return MVL7 is
begin
if ({SUM{v1) mod 2) = 1) then
return ' 1’
olse
return ' 0" :
end if;
ond;
——sk koK Ak ok Rk kR Rk S T S A R I
— IR AT MR, 07471001775 " 100x1”
function REVERSE( v2 : MVL7 VECTOR ) return MVL?_VECTOR is
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variable vi: MYL7_VECTOR (v2' HIGH dowmto v2' LOW):
variable temp: MVL7 VECTOR (vl' HIGH downto v1' LOW);
bagin
vl = v2:
for I in v1' HIGH downte vl' LOW loop
temp (T} = vl(vl' HIGH - T + w1’ LOW):
end loop ;
return temp;
end ;
—— sk sk sk ek sk sk Aotk otk ook o L T T N
— FEARAESHUmE 1 E
funetion SUM( v2 : MVL7_VHECTOR } return integer ia
variable v1: MYL7 VECTOR (v2' HIGH downto v2' LOW):
variable count: integer:=0;
bagin
vl = v2;
for I in vl' HIGH downto vl' LOW loop
it ?1{I} =" 1" ) then

count := counl + 1;
end if;
end loop ;
return count;
ond:
— — o e ol s e e s e e b e B T ‘ : : bk ; ok e
- 4’3@%&%&
function PAD (v:MVL7 VECTOR; width : integer) return MVL7_VECTOR is
begin
return I2B(B2I (v}, width}:
ond:
——ERR Rk ok ok okt k Aok ok Aok Rk kR

— HIMEN. ﬁﬁ’\f4ﬁ§£§¥ﬂ1ir1ﬁi$5§@
funetion "% {x1 : MVL7 _VECTOR ; x2 : MVL? VECTOR ) return MVL7_VECTOR is
variable v1: MVL7_¥ECTOR (x1' HIGH - x1' LOW downto (1}
variable v2: MVLT VECTCR (x2° HIGH - x2' LOW downto 0):
varjable PROD: MVL7 VECTOR (v1' HIGH downte v1' LOW):

begin
vl := x1:
va = x2:

v

assert v1' LENGTH = v2' LENGTH
report "MVL7 vector MUL: operards of unequal LENGTHs”
severity failure;
PROD := T2B{B2I(v1) #% B2I{v2), FROD' LENGTH) :
return (PROD) ;
ond;
ook sk e ok fesktcofeoic ekl b ok ek kokop e ek ek ook ok Ak

— HEE




function WiredOr (¥: MVL7 VECTOR) return MVLT is

variable result: MVL7,
begin
result := ' Z' ;

for i in V' RANGE loop

result = thl WIREDOR (result, V{i)):

exit whon resulit = ' 1" ;
and loop:
return result;
ond WiredOr;

—— ek ek ok ok skakatck stk Aok ok sk ok ek ok ook koo
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1. BRRGTIERIE

AP RGN N LR LR BRI, DIE 15 1 AR . S5l OEbar {55
B (KET) Bf, BESHRN (S8EF) EFEHE (R sel. D_sel, uPC_sel
stack_sel) Ff &} /o7 AR50 A A HH R £24E (D RE, uPC f reg file(sp)) iE2BIH D Y,
Hob 4 MRS IR O LR S RNE —ME S HE R MR AR sp (ES A ERIEA
5, MEHEE reg_file ik MITHIFHET

Rosel Ti_sel uPC_sel srack_sel

| S B
D ==~
UIF’E‘ Zpb multiplexer =Y
P
FO%bar

& 15.1 ﬁi)\gﬁﬁﬁis

R T sp M A SRR A, HAbd AR LB s S h CEEE (EIE
9 1 .

2 VHDL EE#MiRAARIBER

AAFIHY R IR R SO 208 15_muxdl. vhd, HsLk i85 multiplexer, *tiy—
Ple) B EEE multiplexer, EBUT HHOANAL . KW multiplexer WEHEO SR
MINREEKEVZED (E 151 B ) A2 &5M{K multiplexer BBRE TIEE & —

A (muxr ) e

~~ 0k A % B o A R R L0 15_mux41. vhd
use work. types. all;

use work. MVL7 functions. all;

uss work synthesis types. all;

entity multiplexer is
port

a 5] .



R sel : in MVL7;

D_sel : in MVLT;

uPC sel in MVYLT:

stack sel : in MVLT,

OFbar : in MYL7;

sp o in integer range { to b

i) I in MYL7_VECTOR (11 downto 0):
RE : in MVL7_VECTOR(11 downto 0);
uPC ; in MY1.7_VECTOR(11 downto 0);
Yo out MVL7_YECTOR(11 downto ()
)

ond multiplexer:

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) := (

(" 00000000000™)
("1111111111117),
{” 0000000000007,
{"1111111111117),
(0000000000007},
("11111111111L"}
):
begin
Y_temp <= RE whon R_sel = " 1" —HBHI AEHIS BEEE ALEREE
slss [ whean b sel ="1"
olse uPC when uPC sel = ' 1
olse reg file(sp) when stack_sel = ' 1’
slge "0000000000007;
Y <= Y temp when OFbar = ' 0O palll TV %

elee “IZZ777ZITITZ":
asnd block muxr;
ond multiplexer:

BARHI A S X_sel (BUIBIEFF) & OEbar XTI AUIEHIS — &4 & ERR A5
M. WFE AR BRI, R VIDL B30 delte MIERYE % 0] LI

UE[RIAT %) —Fhdm A 2B —FREIE - (7140, 7F 3ns %], RSk OFbar=‘ 0' , R_sel =
1", RE = "111111111111", JE#A Y_temp = “000000000000", Y = Y temp., BHIRA

¢« 52 .



TR ILE . F 151 R .
F150 RGBT

1 .. Ytmp Y
. 3m 000000000000 | 0000000DOGOG
Ins+1¥delts | LGNl 000000000600

3 ns + 2*delta 111111111111 111111111111

FRESALIRE S CEE AR WLT 55— D 15_types. vhd fFpgH TYPES #ik -
FEARE LT ETU WL AEMNESRBERAER. &3 X 15 mux4l. vhd th
] use work. types, afl i54], ST IHAA nultiplexer 52549(k multiplexer of LI{#EH %
BHRERRE . BIMNEE use T4, RGP PE T LUHE A ET RIS
FMYLY_functions. vid -8R E SOOFILL MVLT SEETEE9 80 synthesis types. vhd
XAFHRYEE ) - A R CEPHEER VLT B XHERSE 7 Gl 5758050
WRYITEE—E TR I BREE T TR . RFSE 7RIS RIE T WLT BREas
A& BIENEIARR SRiRE, SIEREE, S20% . VL B RRINHERENH
B HAGAENRENEES, EEEEE (TH) BE @iEE--BIR{E
R ARSI A MIPEIMAERENEh, EEREEMctaudh. /g
11 use FHISIRIAS, ATLLRRI2% VEDL @ik g0 it . L5, H B TEsekl. mE
78 FIRIF 87 Hil) Am2901 FEFIATREEI LAY MYLT f2 55 @ARAE L2901 FErTA. %1
TREI I AT LR . '

——THX B W U 15_types. vhd

packege TYPES is

——E X -CEERNEEAT

type MVLY is (' X', 83k

B 134: 2
C1, RERAEE
"L, A
"W, g9RA
L, - RETE
CHU ) gAY

— B M PR KK

type MVL7 VECTOR i array (natural range < >) of MVLT; —7F ¥ iEfR & 41%0R

typs MVL7_TABID is array (MVLT) of MVLT: ——E N - -HEEER

typs MVL7 _TABLE is array (MVL7 MVL7) of MVL7: —E N R

—RENXHEEHXEEAEYE

.-53-



3. BRI 8 RYEE RERIE RS

AFEIINA LR 15_test_vectors_mux4l. vhd, 8 & -4 SRR E, ﬁlﬁ?é‘
ik AN BINIRSMT 5 BN RS E. SWMIXANES T RAEN . S
W - PEHIEITEE - cnx. HERSAESBZSEAEBAGME
15 mux41. vhdl FJSE{E multiplexer. BTABIRIERFILHE M E IR -

~~FUEG ) Z g eEMlit s 15, test vectors mux4l. vhd

use work, types.all;

usa work. MVL7 functions. all;

use work. synthesis types. all;

ontity £ is
end [;
architecture AA of E is — RIS
component cmux
port ¢
R_sel in MYLT:
D _sel in MVL7;
uPC_secl in MVL7:
stack sel : in MVLT;
UEbar in MYLT;
5p in integer rangs O to 5
D in MYL7 _YECTOR(11 downto () ;
RE in MVL7 VECTOR(11 downto 0);
uPC in MYL7 VECTOR(11 downto 0) :
Y out MVL? VECTOR(1l downto 0)
) '
and Gcomponant ;
signal R _sel MVLT; — I EEEENE S
signal D sel MYLT;
gignal uPC_sel MVLT
signal stack sel MVLT;
signal OEbar MVYL7:

signal sp
signal D
signal RE
gignal uPC
signal Y

» 5 .

integer rangs 0 to 5;

MYL7_VECTOR{11 downte O):
MVL7 VECTOR{1}1 downto O);
MYLT7_VECTOR{11 downte O :
MVET_VECTOR{11 downto 0O):



for all : coux use entity work mulliplexer{multiplexer}; --iRZEHI%E

begin
CMUX1L : cmux port map(

— e RiE R
R sel,D sel, uPC sel, stack sel, OEbar,
sp, D, RE, uPC,Y );

process
begin
R_sel =11 A 0
D_sel &<='0
uPC_sel =19 ;
stack_sel &'
OEbar &0
sp = Z;
RE <= 7000000000000 ;
D &= "1 111
uPC &< TINLLLLLLLLLS,
wait for 1 ns; )
assert (Y = "0000000000007) —E #ieT

report "Assert 0 :
severity warning;
wait for 1 ns;

------

< ¥ /= 000000000000 >”

R_sel =1 -—iix|a) & 9
D sel ='1":

uPC_sel =70 ;

stack sel ="

OEbar = 1",

sp <= 1;

RE <= "000000000000”

D <= "11i1111111i”;

uPC <= "Qo0000G00000"

wait for i ns:

assart (Y = "{Z1Z727727177) am=Ealld]

report "Assert 9 :
sevority warning;
wait for | ns;
ssaart false

<Y /= ZIZITIZIIZIZ >

—EE B

report "—FEnd of Simulation-—"

severity error;

2 85 »



end process;
end AL

AN HRFERREREE 10 G B HEFTHREREIR MR . DA IR RERRRITIRE . W
W E RE —BE SR E. ERG AR ER AR (A Vsin/Talent f3
Wi rANeE) Lo il

AN S-S R YRR o B B SRR VR Sl 55 ARy &4, LARIRT R i
A ERRER B IER, XR—FE R R W5 - 8110 DSBS R RN
warning, JNEEGURLL B Jo HH 2 4k BRAS ™ 1ERE L 51 7 error HOWT =15 G145 B MU

( B#ELH L 15_muxdl.vhd
15_types.vhd
AP 6 L L 15_test_vectors_mux4i.vhd )
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1. BREFET{ERE

P

P

AUt E— T EAREEaS (SR Kigehn.

o« RERMBBWARGES AREF IR Y;

o REETMEHAGS F0) IR RANO;
o RTETMEMAGS FL) B RANS:

o HERTNEEAES QG) Bl s 3;
e RERBMBEHAES Q) BIF LR Q;

LR EENE 16. 1 AR .

e

b

Q ==

OFbar =

B i % 45 55

RAMO

—— RAM3}

— Q3

b 30

= Y

16.1 BHFEFRHTFER
2. VHDL B E R 755 RIEE

(1) LEath
(% output_and shifter 5. T F R -

W% mOEM Em  FREW
I WA HES MVL7_VECTOR({(S dommto 0)
A kit A, HBSmAES MVL7_VECTOR(3 downto 0)
F HA HiIERMAES MVL7_VECTOR(3 downto 0)
Q A HiEmARS MVL7_VECTOR(3 dowrto 0)
OEbar A Ed-ARRS) MVL7

RAMO Wi BEHLES MVL7

RAM3 E R BB B MVL7

Q0 i 4! e T R MVL7

Q3 ! HRHgYEE MVL?7

.5?-



Hrh R MVL7 2 - {548, HE L ETERTE A 61 i8] - MVL7_VECTOR 2 t{HZ 4N
R’ OEMER-TEE EXWT

type MVL7 VECTOR is array (Natural range < >} of MVL7:

b R A Y B MVLT _VECTOR FuZk Y MVL7 §U3EIR E 0, TEfERIRS ri‘iéﬁfﬁﬂﬂ"}i'l%‘{ﬁﬂﬁ 0
EASTE 16 types. vhd SCHEFRAT types EHIZE X -

(2) 3RS

£:¥9{% output_and shifter B3 output_and shifter P, FERMEDHE 5
Rt B S HUREE -
VEDL i 2 ESREIE AR MM . REESREFUNMERESWRESER.
T RS SHREERD -
FIE W E LU T AE
o LRMNEN. BEBHEES
o FHRIANNEE RE 4 R{E
o FALEBREBORATEES MM AR when I HIRIHRIAT &)
o LIEAER (BN when HHESHIRHE)
F A5 SWELT RIS
[ 515 . ] [postponed]
E ki€ <= [guard][transport][inertial] [if/f> when % {} alse}
W,
& EEESWEER
FIRRSULEAEN, BREEAES . ERBAWT -
[$75 : 1(postponed]with 7L aslect

it & <= [guard] [tranaport][inertiall (> when jEFE &, |
e when XHEFH

EFFHEE 5 RALEEREBUIBR TR ESBEE® .. #ERWT

Y <= A when ({ I(8 downto 6) = "010") and ( OEbar = ' 0" }) else

F when (not({ 1(8 downto 6) = "010”)) and ( OEbar = ' 0' )) eles "ZZ7Z":
RAMO <= F(0) when ( I(8) ="' 1’ ) and ( I{7) ="' 0 ) else ' Z' ;
‘RAM3 <~ F{(3) when ( I{8) — ' 1’ ) and { I(7} — ' 1' ) elee ' Z' ;
@ Q@ when (I ="' 1" )end (I(T) ="' 1"} alas ' Z' ;
G0 =0 when (18 =" 1" ) and ( I(7) =" 0' ) ales ' Z' ;

i1 1
it 1l

B 1 RiEAHEA . 2 OEbar 5 0 8 I(8 downto 6) = “010°HY. 5 A WUERREE Y.

s 58 »



% Ofbar 3 0 H 1(8 downto 6) = “0107W}. J& FRY{HIRER Y. TN Y BEF T <2272,
HE R -

BIHNASFKIBEH . 1@ = 1" HI1(M="0" B, 5308 FO)IHL RAMO .
QIO WA QO, ZWIG{E RAMO FTQ0 7 27 . BUERHKE -

BIMFAFERAEY: 1@ =" 1 B1(M =" 1" &, 755019 FOIRLY RAMS .
QMWL A3, FNISEERAMIFIQS3 137 27 . HIEEIRE -

TEEWEPRH —RHLE SREFOHES T - R#RiEq, BRI -#FY
BEIEO#EE 15 280iHE . ki, B ESREESD. B H--M g
% case Wi B HEREN . ARAHE SHE ST T HEFHHFERER.
FERYE 2 5RiE4A):

RAMO <= F(0) when ( I(8) =" 1" ) and (I(T} = 0" } elea ' 7' ;

Al LA LU R e B
process { 1(8),1(7) )
begin
iFC LB =7 17 and I(7) = " 0" )
RAMO <= F(0):
olze
RAMO <= ' Z' ;
ond if;
end process ;

—HRITERESHESOMEFE R RERE TE NG BN ER ST, Ml at
L5 BREEBA

RAMO <= F(0} when { I1(8) = ' 1" ) and ( I(7) = ' Q' ) olsse ' Z' :
S IEH HDHEEZETR, LRIETEHEIE. {55 R0 HHTRE . Hits
Z%ﬁ%ﬂﬂ%@ﬂm—ﬁﬁﬁmﬁﬁﬁ%ﬁ:#ﬁﬂﬁﬁﬁﬁ@%ﬁ%ﬂﬁ%@?
process 2 f5 . HLFEMBERMTS E—&H LG ESWEE AR .. mE#FEPFEH—

# I IBRSERNHE S RAMO BOVRE - WLLE L. #REONFERLEEE, S50,
MH % (& SREE DU KA T EE . 8 TR AR EER .

(3) MAFEI

WiF SRR AR A TRMME . HRE R TR TSR R E Rt 8
TRV . HWEATERLD. JEEHERTE - E MUETEe. i
FET R BTN AR T BT RGE I, A INEER R HRE R ST

a 50 «



i LR SE B IE R 1 8 0, -
EERLR AR, AN ERFIRENMHERENENR FE P ARRRAR I B
T RETE— R S ETNRAIR T BT AR AR LSRR E STRE OnslEhm
®). BAINRSENGITETHEENEENEEAZITR TN I FERERLE
W o R TR AN F) B8 TR E # R i ST R .
TEMIRERE B assert B4 (W= iE4)) HETERVIEREMN . assert E4R)0
FEMRIT I EEREMR T —FE . assert FARIDT .
assert SR{FFIAL
report $HRIEE.
severity HiRELT
Hehpyssi1295 %1045 4 b - 5188 (note) « B4 (warning) « #42 (error) R i ( failure).
RS RS, SRR, BRI IGHET assert 1E )T S RIA T AT FHE.
HEAE A false IF, IRHIB2REBB RGN SR RELL T E0E
SR I note B, TEERR, 48 assert EAPRETE BT R, #i
Arhigf, HRgEiEi .
o ZEHREFIN warning B, RTEE . 1§ assert (BRI RE BIRTERAN.
B AT, dREERf -
o R BN A error BF . HEHR. 1% assert iBR)TMARSERIBREAHP, £
ik {5 AT DA% HIgk SRR .
o SENRIAN failure B, FEIFIR, 4 assort iBHGRMRRERETEH, .
B L, ERREHUR ol EakeE
FERER T 5% assert iE &) M 1 A0 IERM ITEXT R AR O {550 L A
2k, FHIWT assert 55K, EXHEEIT. 25 RAMOMENIZE 2 (RAMO
SRR BN )
assert (RAMO = ' Z' )

report "assert bl : < RAMO /= ' I7 7
severity warning;

B A AR R BN R RLHRIERP ARG AT, DU E RS>
o PSR EER I .

( RAGE LML 16 multiple mux.vhd
16 types.vhd
16_MVL7_functions.vhd
WK 6 LML 16 test vectors.vhd)
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170 FRERKE &
B AR Bt

1. BERRGEIIERE

RBIR RATHHE RIS /(L = A BB R H S B B A A TR R IR i
7RG, WA 1T 1. HARE 3 MRAK, % IN_READY SEAESa 30T
RTMATIEC A&7, ALALTE, 4 OUT_REQ MO A BHEMWE . FrsRgk
R (CLK et R TR 0ME S SRR GRS Bh_E FHI8 45 10 24 8 3 1) OUT_READY
WLESHYE, RTRUREDEEET TLUATRERER . LRk Oyy
EHLER R -

CLK

i

ODD_IN ——a

EVEN_IN —
IN_READY —=— ODD_UUT

OUT_REQ —={ parity = EVEN_OUT

IND ——t

—=— OQUT_READY

IN7 ——=

171 HEREHTEE

2. HEEHY VHDL IR AR RIEE S

PRI RGRBIR LR N 17_parity. vhd, HrbsTiBa S parity, FRIMEEN
05 algorithm, TEFTHESAMEERIITNEE - STIABIEA parity B CIAFR FRUE Bdimh
REBE SRR (M@ 17. L BOR) - RETNE—~ N HRASER, $Id2HERIESE0 T 1E
Rfk. Wi B ERITHLE . XHGERGSRT .

— A AR WA BERIR S 17 parity. vhd
paokage types is

subtype short ie integer range 0 to 255;
ond types;
uza work. types. all;

«hl -



entity parity is

port { INO : in bit;
Nl ' in bit;
INZ v in bit;
IN3 ;im bit;
IN4 ¢ in bit:
ING : in bhit;
INE . in bit;
IN? : in bit;

EVEN_IN : in bit;
0D _IN  : in bit;
IN READY : im bit;
CUT_REQ : in bit;
CL *in bit;
OUT_READY: out bit;
ODD_OUT  : eurt bit;
EVEN OUT : out bit);
end parity;

architecture algorithm of parity is

begin
proosss
variabie cond: boolean := true; — Bt
variable count: short;
begin

—fdr b F LA B IN_READY {546
wait until CLK' EVENT and CLK= ' 1’ and INREADY = ' 1’ :

if EVEN_IN = QDD _IN then a2 e Sa g el
cond := false;
and if;
count := 0;

if INO =" 1' then

count = count + I:
end if;
if INl1 =' 1" +then
count = count + 1:
ond if;

ifF IN2 =7 1" then
count := count + 1:;
end if;

062u



if IN3 ="' 1" then

count := gount + 1;
ond if;
if INt =" 1° then
count ;= count + 1;
end if:
if INS = 7 1' then
count := count + 1;
end if:
if IN6 ="' 1' then
count := count t+ 1;
ord if;
if INT = ' 1' then
count := count + 1;
ond if:

—HiE A BEED VB RMAT R
L1l: while count > 1 leop
count (= gount — 2;
end loop LI;

—HI8 A BT A E
if count =1 and odd in = " 0' <then
cond :
end if;
if comnt = O and even_in = ' 0' then
cond :
erd if;

false;

false;

—— A R (i

if count = 1 then
EVEN_QUT <= " 0' ;
oD OUT <= " 1' ;

slsa
EVEN OUT <= " 1’ ;
oD OUT <=/ 0 ;

ond if;

RS ER, REMLEHEE
wait until CLK’ EVENT and CLK
OUT_READY <= ' 1' ;
wait until CLK’ EVENT and CLK

I

‘1’ and OUT REQ = ' 1’ ;

1

17 amd OUT REQ = ' Q' ;

(3.



OUT_READY <= ' 0’ ;

—RrHEERE
assert cond
report “odd_in even_in error”
soverity warning;
ond process;

end algorithm:

AR GHHFIZER cond i THRRET - (BRI AR EFYE, & count AT X /ALL
ZtERdED U BB

FERIHE TR T RENTHE. BT LK parity SEHTH, EREFERALT
SHERREZ AR, BVEE FEE M) -

3. RN, o) M AYEHE RARRI G RO AT

BIESREl. FHN RERRE RS RINREEAGIRT . 585 RARR R B
MRS - XEEATUUERSIIE R e S ZTT RS &, FaiEFERE, EEHER
78 o MARIUR I ST EHUR T RYHR I ERME . R DLLBUE % [ TiR A S S sBh
fik. EIEIT AR, HIERWE 17. 2 ik, B @iESISHR IR RGLE B ThRERY VHDL
ik - DAA TEE 77 UG mRL BT HINT . 6T DU E RS R Y IE MR -

B

H® <]=m
PR s # %

B172 BEETINRTEER

ARG @R BRI test parity 5 &5 5k bench, 4 7
17_test_parity. vhd §] 17 test_bench. vhd X &PEGR, IR TEH. 53—
X (RSLE BRI i) R AR -

—Mlid & 3{$iHEH 17 _test _parity. vhd
library std;
library work;

library parity;

use std. standard. all;
use parity. types.all:
use work.all;

entity test parity is ——Z5 AEE



end test parity;
— Wi EFEEHI{E 17_test_bench. vhd
architecture bench of test parity is

ocaponent parity ~BINE
port (
INO :in bit;
N1 :in bit;
IN2 :im bit;
IN3 :in bit;
IN4 : in bit:
ING ¢ in bit:
ING :in bit;
INT :in bit;
EVEN_IN : in bit;
0pD_IN :in bit;
IN_READY T in bit;
OUT_REQ : i bit:
CLK : inm bit;
OUT_READY : out bit;
opD_OUT ; out bit;
EYEN_OUT :out bit )
snd component ;
signal INO : bit —— SN TN RS
signal IN1 D obit;
signal IN2 ;o bits
signal IN3 it
signal IN4 : bit;
signal IN5 : bit:
signal INB : hit;
signal IN7 : hit;
signal EVEN_IN : bit;
wsignal ODD_IN . bit;
signal IN_READY : hit;
signal OUT_REQ v hit;
signal CLK : bit;

signal OUT READY : bit:
signal CDD_OUT : bit;

signal EVEN_OUT : bit;
for all:parity use entity work, parity: — A E
begin
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parity Tl: parity

port map (
INO => INO,
INI => INI,
INZ => IN2,
IN3 => TN3,
INg => IN4,
IN5 => IN5,
ING => INS6,
IN7 => INY,
EVEN_IN =
0DD_IN =)
IN_READY =>
OUT_REQ =>
CLK =>
OUT_READY =>
OpD_QUT =>
EVEN OUT =>
3,
parity_driver:
begin
wait until clk = °
IN_READY <= ' O' ;
INT <= ' 17 ;
INB =7 1",
INGE <& "0
INd <= "1
IN3<= "0 ;
INZ2<&E "L
IN1<="1"';
INO G ' O
0D Ik <= " Q'
EVEN_IN <= " 1’ ;
OUT _REQ <=' ©' ;
wait untif CLK = '
IN_READY <= ' 1" ;
wait untif CLK = '
OUT_REQ <= " 1’ ;
wait until CLK = '
IN_READY <=' @' ;

procass

EVEN_IN,
ODD_1N,
IN_READY,
CUT_REQ,
CLK,
OUT_READY,
ODD_OUT,
EVEN_OUT

1"

R

T

P

— LBl G A

g 8 o A1 s A e o 1 8 A



wait until CLK' EVENT and CLK = " 1’ and OUT_READY =’ 1' ;
OUT REG <= ' 0" ;
wait for 150ns;

masert false —EEHBE TR
report “—Fnd of Simulation——-"

ssverity error:
ond process;
CLK <= not CLK after 50 ns: — B iR
erd bench; '

g5k bench A S —PMEHUEITEE —TTH parity—HI—A 5 KON R
{69 . XESHBEIE SPEBRS TG IED (parity_I1) & AJTHE parity fI%HR
L BB AR, AR REK parity XTI, B sSEF parity 14
SRRUTERT AR - ZE T AP AL parity driver 24

590k bench iyt 2 SWERGREHT. MEFEME. ZEQSNTOF
HE :
process
begin

CLK <= not CLK after 50 ns:

wait on CLK;
ond process;

B Vsim/Talent HEHLET ARG O, WREMEME 17. 3/7T CHTET R, HiEe
INO~IN 7 §TALA—AMEEH IN 0.7) . HeEoiE;RIEIT VHIL B delta ER4Y:8
HI% . RN T RGihazrhy IN READY ] OUT REQ Wy $({EH .

B 173 WilER
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R RI3HR parity_driver BR/GRONT SiE@LEH. Mwait for 150 ns iEH)H
ERETERSEI SRR 2R EHESE .

( BAHAELH L. 17 parity.vhd

BEF & LML 17 test parity.vhd
17 _test bench.vhd )
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F180 MBATERHERREH
¥

1. BFRKEITEER

BHARBOE T I IHAE A TGS BOTRE, HFE. 1, 2. 4, 8, 16, 32 Riimik®R
RoR¥ER; 2. 40 8, 16, 32 {7tbiEd (MHEWE, AT/AFHE); 2. 3. 4. 5HA
F15 (3F) 11~ 80 (3B) [~ B8l (38) MEkEAE,; $H 2. 4, 8, 16, 32 Bk —m
L BEER M0 RD - FDRD % #8°% . Hp BkRBERGEMER -

2. B VHDL EEFR AE RiBE o

AW R G A S 18_tech 1ib, vhd, S8 FTEARR— MR it STk R
H S iR BA R L % R T SRRR 7T A0 O 45491K FUNC LU T8 58 %654 20 SR vl A%
BEITHA o A types W LT M A% bit_to_ int ] int_to bit, EII{uEVSIRS#
RSB . USRS £ I IEN TR RThRERR -

- BRGTERTE AR S 18_tech_lib. vhd
package types is —EE ATk LR Ky o8 BE SR
subtype natlf is integer range 0 to 65535:
subtype natB js integer range 0 to 255
subtpr natd4 is integer range 0 to 15:
funetion bit_to_int(bitl: bit_vector) return integer:
function int_to_bit(inl: integer; len:integer) raturn bit vector:
end types;

package body types is —EENEY
R RD B R IR R R
function bit_to_int(bitl: bit_vector) return integer is
alias vl: bit_vector(bitl’ LENGTH-1 downto 0} is bitl;
varishle SIM: integer := 0;
variable i: integer;
bagin
for i in vl’ length — | downto 0 loop
if v1{i) = " 1’ then
SUM := SUM + 2wy
end if;

.69-



end loop;
return SUM;
ond bit_to int;

— BRI A PR B B IR a0 B A B
function int_to bit{inl: integer; len:integer) return bit_vector is
variable i, in2: integer;
variable digitl: integer:= 2%k{len — 1);
variable result: bit vector{(len-1} downto 0):
bagin
in2 := inl;
for i in (len — 1) dowmte O loop
if In2 >= digitl then
result(i} := " 1" :
in2 = in2 - digitl;

alea
result(i) := ' 0’ ;
ond if:
digitl := digitl / 2;
ond loop;

return result;
end int to bit;
ord types:

- BRGTERTIE T
- —{ii 23
uge work. types. atl;
entity ADD] ie
A : in bit;
B : in bit;
CI : in bit;
CD : out bit;
S : out bit);
end ADDI;

architecturs FUNC of ADD1 is
signal X Y. hit;
begin
X <= A xor B;
T <= X and CI;
S <&=Xuxor CI;
CO <= Y er (A and B);

0?01



end FUNC;

R [V 5 L

use work. types. all;
entity ADDZ is port(

AD : in bit;
Al : in bit;
BO : in bit;
B1 : in bit;
CI : in bit:
CO : out bit:
50 ¢ ot bit;
S1 : out bit}:
ond ADDZ;
architacture FUNC of ADD2 is
begin

process (A0, Al, BD, Bl, CI)
variable A, B: bit_vector(l downto 0):
variahle S: bit_vector{2 downto 0);
variable INT_A, INT_B, INT_S: natd;

bagin

— HMf4k
A = Al & AD;
B := Bl & BO;

— i A B EEHAEHY
INT_ A := bit_to_int(A):
INT_B := bit_to_int(B};

INT S :

1

INT_A + INT B;

ifCi="'1 then
INT_S = INT S + 1;
end if;
— §I INT_S ¥:#eRipll
§ := int_to_bit(INT S, 3):
—
SO = 50},
S1 <= 8{1);
Lo <= 5{2);
ond process;
end FUNC;



-- FDRD f 2 5%
use work. types. all:
entity FDRD is

(

D : in bit;
RD : in bit;
CE : in bit;
€ in bit;
Q@ : out bit);
and FDRED;
architecture FUNC of FDRD is
begin
process
begin
wait until C’ event and C =' 1" ; —H b ERIRIRE
if CE="'1 and R} = ' 0' ) then —CE/RD £
Q=D
end if;
erd process;
end FUNC;

3. HRAUNI 0 B AR R RS RS

EA A B 8 T EE T — N B IE (IR SE ), FEGEMASU IR S 2 A Y
RRUEHEE, EXS5HmOXNRINEES, HadaHfmga . SNz (5
EiRA)) BEERFLE. EEEXINEESHE. WASR, SR, & LA
Ziar RIS A TIREE .

%t & A BRITAMER AT CATE S DR SE A P A BISE Tl sUEER —INAEE TR E D
A BT, BETER —MERER DI, XSRS TR A B
R— 8T, SFER—MRAE LUARAATENRARMET. SFAE—MRE L
AR —AEMRAE T SR—FF (a4 RN ETe, Bxz el
X WATIEBR . RN —E A RXME ST RN, TR MRS
AR AN CASE, WEAISROINAE TE, BT REErgEEwEASL
WESTTHER (HERTHmONSARGWEA - BEHE) -

MRS PE 18_test lib. vhd HEYZSSEAIRAHE 3T EEMIE test _add, Hrhde t_add8
AT fEUT i a) « HEMEFAMRES UG L LTI iR iF3E ADDS gymiit . 1L
Vsim/Talent PyXt S EREE T B A] DS LR R S0 BRME S AR ATk . BAZGIE ADDS
AILIEE -

— AT EMBAMR S 18_test_ lib. vhd
-?2.



entity E is
end E;
architecturs test _add of E is
begin
t_add8:block
gignal al : bit := " 1’
signal al : hit:= " Q'
signal a2 : bit:= ' Q' :
signal a3 : bit:= ' 1' :
signal a4 ;. bit;= ' @'
signal a5 ; bit:= " Q' .
gignal ab : bit:= ' 1’ ;
signal a7 : bit:="1";

gignal b0 ;. bit:= "' 1’ :
signal bl : bit:= ' 0’ :
signaf b2 : bit:= ' 1’ :
signal b3 : hit:= " 1' ;
eignal b4 : bit:= ' Q' ;
signal b5 : bit:= ' 0"
signal b6 : bit:= ' 0’ ;
signal b7 : bit:= * 1' ;
signal ci : bhit:="' 1" :
gignal co : bit;

signal s0,sl, s2, 83, 54, 55, 56, 57

component addg

port (
AC ¢ dn bir;
Al : in bit;:
A2 in bit;
A : in bit;
Ad : in bit;

A 1 im bit;
A ¢ in bit:

A7 @ in birt;
BO : in bit;
Bl : in bit:
B2 : in bit;
B3 : in bit;
B4 : in bit;
B5 : in bit;

: bit;

MRS R AT B

LRI EE

« 73 .



BG6 :
R7 :
Cl
o
S0

51

54
55
S6
S

in hit;
in bit;
in hit;
out hit;
out bit;

: out bit;
52
§83

cut bit;
out bit;

: out bit;
: out bit;
¢ out bit;
: out bit);

end component;
for ki
bagin
kl: add® port map{a(,al, a2, a3, a4, a5, ab, a7,

: add8 use sntity work. ADDS;

b0, b1, b2, b3, bd, b5, b6, b7,
ci, co,
s0, 51, 52, 53, 54, 55, 56, s57) :

ond block t_addS;
end test add;

1?41
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£ 196 BHARERLN
AR

1. HEERY VHDL BE R A RIBEA S

AFEAN P B BLOR A B PR EE My R R TORE . FL2 % 4t VHDL JEH NG H TR, © 8
G — AR S 19 test 194, vhd .

— TR R ERL IS 19 test 194, vhd
entity test_ 194 is

end test 194

architecture behave 1 of tost 194 jg

begin
Procass
variabie 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 50ns;
end process;
ond behave 1;

R — DR test 194 F1— P4 H91E behave | #1fk - test 194 REYSA
AR R AT, B 5, T . behave | B — P FEMEL. H (&R —1 for B
B BB ARREEIIR -

ABLURAF RIS E X — MR, PSR BRI ZS, X Rho B RRY
HAS HE RO BIIRE B O RA T RARL, B AK RS FseF Ui,
ELAR{T AEUEBIN R A HofA iR . A BSE T VEDL (S E RGRIS TSI, e — i e
FHEPPTRERT ITE (PRI AES R T £ ERE) .

.?5t



2. HHRIMOK ) BRYIE R BRIL RO

PA Vsim/Talent 3¢ ARGIGITHIL, BT HRBREEEE, AT SITH BRI EE
SRR HETERIL AR ERLZ T DB R A& - [EEA RERER
T, AP ARN RS ERE - BIz76, STECESHWELNE, g
BT, WEIEFMEIT 6 WIGHEE, RIABAHEEH . count BIEMK 5 B3
16 (B 45), Low. Upper %78 & 6 (AP 11, 4). 1@/ B¥H Low Al Upper iBE
Jeio BRSO ERFN . W3S T VHDL iF SIS FD RE BV ERRE .

(FIQE LA L. 19 test 194,vhd )
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F06 GRHIAKEF
% #

ARG A, EEERT HE— TR MRESIHAN, 8 VDL ()R8 8
MAMMFOCHER - FSER0 - KBR. 2FTAGEE, NfHL.
R
entity test 158 is
snd test 158;
architesture Behave 1 of test 158 i
gignal ns:natural :=55:
begin
process
bagin
ns <= 77;
wait for 10ns: {*)
end process;
end Behave 1;

St O F TS BARSAE. FE ns WK — M55 ST AR E
A MR, XREEORRIE L T AL .
{E test_159 1. HATHE ns 0 W nss, FIBMERREHT D -

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

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

A E 558 48 A ER Finish i#72. {AF wait on 600ns, SLUSHIMERZMIE 20. 1
B 77 -

o FT e



T

Cursor 0.0

Timc iI'I I'IS“ | T 1 [N | T | [ .I.E Ty .l"'i"i"i"|'"i"|'_|"'F_'|"i"""'|_|_'|_'|""|"'|"'|"|"|_'
Scale = 10.00 0.0 20.0 48.0 60.0 80.0

. St
vy o 55 (85§ 77 )('L 9% {77 % 9

-

aof inne I 2

oy BN et _i50 Ghebiawe_1) DONRHD, TR R HCEE-E Y

201 HEHUERBR

20_test_159 [ AWM R, BXATIFER 48 FIrhiEmER, EL A HEL.

(H#EE L4 4L 20 test 159.vhd )
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26 i =E 6
) st Al

1. «;Eﬁl'i» E‘]ﬁﬁ

RO E R els, SRR VHOL o <FLR MfEE: . FrE <WB. R
B & ASRRE T ARS R EAX 7 E TR, BUX I & SRR 51 7 i B
ZHIA BB E AT, AMER & AR S A DR AR AR, ThE
SREEMETIE AR . B 21 L IR R HI RO SRS LA

@ M__E’RSE 5*51,/ @
-~ e

S, e mHS,
”’ “\b"\h
/’ \“‘Ia.

B 211 “FEHHstS
T B ES R FH— R < S .
2. VHDL EZ T R BHIEER

FFICE 21_test_13a. vhd $35%. E VHOL JERGADT -
—E LR £ (2 A)

entity Test 13a is
end Test 13a;

architecture Behave 1 of Test_l1la is
— % i
signai A : NATURAL := 1.
eignal B : NATURAL := 1;

bagin

—iHE Inc A
Inc_A:
process
begin

TG .



wait oan B; —B RHEREE
A <= A-1:
asgert FALSE
report "Simulation time has processed : Inc A"
govarity note;
end process [nc_A:

—i#fE Inc B
Inc B:
process
begin
wait on A; — A CHBUR{ZS
B <= B+1;
aseart FALSE
report "Simulation time has processed : Inc B”
severity note;
end process Inc B,
end Behave 1

RORPEAE N —PNFEE Test_13a, FRAEMRELEIFE N Betavel, K2
BN EFE Tnc A F Ine B, ©f1ZEEXBHITH.

SRR Inc ATIE, B4 “waiton B " B {SHEMIIT. HIES B A4 L.
BT 2MTESREERD “A<<A+ L. R, FF¥HR Inc_ B, B4 “waitonA;”
FHitrE Ine_BHE, HINES A LS IE . KEIF. 55 A {WEHRE Inc Ahds4
WAL, MZAEMBEREANES BEETL, 55 B N Inc B i 454 .
HIEERIL, 55 A MBHKETES B3l Rk 53t YBRTEEA
EMWAE . X, it Inc A Inc B feEfe s # 5 es . o — s
TR g A — TR K, TR IV EIAE ST . % H o SRR S 1 B R
B AK A FFFIRES -

BT VSin/Talent X AGHHITEILL, BISRE FRITR 28 . BFE—35E
TELEHT “wait on B;~ iB4), BULETEMREETE Ons., FEMEDHER. TEEBA
T EARFBRAHRE .

BRI — R B EE, RERM—ZHREERMEEGTHES AT BIR
{EEID] .

(RIBEIHLZ: 21 _test_13avhd)
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E26 ®F 5% #
¥ B

ABIAE AT SR VIDL I TRE A L ol 8 T2 SR, ATBLH
E—NETRE HAWEAGRER.

1. A

entity test 13 is
and test_13
architecture Behave 1 of test 13 is
gignal A:natural:=i;
signal B:natural:=1;
begin
Inc_A:
Process
bagin
A (= A+]:
wait on B;
if (Now > Ons) then
agsert false
report "Absolute simulation time has processed:Inc A"
sover ity note;

ond if;
and process;
Inc_B:
process
bagin

wait on A

if{Now > Ons) then
assart false
report "Absolute simulation time has processed:Inc_B”
severity note;
ond if;
B <= Btl;
end processa;
Finish:

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

ond process;

end Behave I

FEE. RTABIR A RKTEL AR,
2. HEE TS

R Inc AL BARGES AW 1L AGHHES BIEL, I REEEHE Inc A.
ETERE -FHZiEa. WRFEG Now AT Ons) R, NHEE “Absolute Simulation
Time Has Processed:Inc ”, Hr Now 235 X H5iFATIE -

fEUEFE Inc B, iEA)5 Inc A KA EXBHRREZE Inc B AEHEE A
REDBL, RIGHIGES BAYER 1.

HLLEH. E5AH G, BEE Inc B, Inc B 5 BH | L 2BHEEE Inc A,
RIS H 2B METIT [a] H 2 T HE B8 delta B[], Now $5EL K £#8iT Ons,
ESNiubiz s wnl it i

MR Inc APBIFRIEA] A = A+] 5 wait on B fle—TFMFHE. M&/=4 «FeHir
M. XERMERG 2 —E %N .

( Bk LML 22 deadlock.vhd )
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F236 k% B K
7 B A

1. BERAGMNI(ERE
AT GIHAR IR G LB TE 23.1 BTR

Reset Q (Temp_Q)

Q. Bar (Tetmp_Q_Bar?y

M 231 RS#HESEE

MR Liff, %5 Reset 350 . Set 350"« Q %°0° . Q_Bar %°'1l', HUBSM TRARRZA.
M Set B OHE R IR TEH 1 A delta HER 2 5 O Bar 1 128007, HEETES 2 1 delta
HERZIE QI OTN U, HUE . MBS FRIEIRE - 2 Reset J°07 . Set 350" .Q 70’
Q_Bar Jo'0", BERALTIRHRE . ABIRIAME N - Hoh, R LK RS_Flip Flop Bit
s Hath Behave_1 ot Temp_Q_Bar BRI ' . {ELi FHIHRS Cout BUBREIEN . Bi
LR AMRE R IR RVER (SER . MBENTE PRI R T A 18 28 B e 2 o
TH) - 76 O B HIEYSE 1 1 delta IER 25 Q Bar H 025 1°, MEBES 2 4 delta i
RZBEQHOCENL, F3 Mdelta iR Z2/5 Q Bar B 1" R0, F 4 D delta IR
ZE QM IR0, SRR EE TGRS, MRS B AR RS
S47E 0 FH -

2. RERH VHDL EES R A ZRIEE SR

ARE SO IR A R ARE, R e R T, Bttt
Bl R B R S « A RER T AR

entity RS Flip Flop Bit is
port (Set : in bit; Reset : in bit: § : out bit: § Bar : out hit}:
end RS Flip Flop Bit;
LA LB AHGR T S (RSARE S ) 9% AR Q501
architeoture Behave | of RS Flip_Flop Bit is
i - P EIEN
component Nor_Gate Bit

-83.



port (Ain : in bit; Bin : im bit; Cout : out bit}:

ond component;
signal Temp @ ¢ bit =1 0
signal Temp Q Bar : bit := " 1" ;
bagin
—HERER
~— Ain %TRZ Reset. Bin %tR7 Temp @ Bar. Cout XtEF Temp Q
dut_Q i 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 Q Bar):

Q <= Temp_Q;
Q Bar <= Temp_§ Bar;

Intermediate Monitor:

process
variable Teup Q Var bhit =00
variable 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;
and process Intermediate_Monitor;
ord Behave_l;

B4 -

- FH P £ T A BITE ARG T/ 23. § AT R RS .

R Temp_Q Bar #¥E 11", BREI§H Cout SEAE OB . FoHH-HRIEN
FRIET — P HIT B— A Tiehiafls, ERTIE TR (B, %
B, WOKER) BURE, THREQERRERILE, *EEETHANRONE
B AMf——XRERE.

Wt & RS T AEER, MTFRT-

configuration Config Test_120 of Test_l20 is -—tH3E{BH)

for Behave 1 —Mik S E R
for RS_FF_1 : RS_Flip Flop Bit —IiHiEE

0840



use entity work. RS_Flip_Flop Bit(Behave 1};

for Behave_l —IR GRS

for all : Nor Gate Bit - —HHERE
use entijty work. Nor Gate Bit(Behave 1)

ond for;

end for;

ond for:
end for,
end Config Test 120,

BB

HTE D AFRITE AR T ILAFPUR R R R R ek . XBEAR %R TR
2 HRRA SO R AR SRR TR, sl SR T sl AR ) Y ek IR A B MR B 5
Bk, ATl ZEMEEE0ERENLE .

3. RPN o B AR RAERIE RO
WA & HIERS BRI T .

antity Test_ 120 is

ord test 120,
architacturs Behave 1 of Test 120 is
component RS_Flip Flop Bit
port (Set : im bit; Reset : in bit;
Q : out bit: Q Bar : out hit):

end component

signal Set : bit =7 0

signal Reset : bhit :=' Q' ;

signal Q : bhit =7 Q'

signal Q Bar : bhit = ' 0 :
bagin

- R 4 M EIIESR 0 EEARERE, B M ESHRE.
BS FF_1: BS Flip Flop Bit
port map (Set => Set, Reset => Reset,
Q => @, Q_Bar => Q Bar);
RES_Stimulus;

process
variabls Stimulus Count : nmatural := 0;
bagin
Set <= ' 1’ after 5 ns, ' Q' after 10 ns: ~— 1 5h
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Stimulus Count := Stimulus Count + 1.
wait for 40 ns;

ond process RS Stimulus:
—WMBRER ATWEESH

RS Monitor:

process
variabls Q Var : bit := " 0’ ;
varigble Q Bar ¥ar : bit := ' 0’

begin
Q_Var =1
Q Bar Var .= Q Bar;

IR Q 8 Q_Bar T4, FFHE R

wait on Q, (_Bar;

ond process RS Monitor;

end Behave 1:
—H¥EH)
configuration Config_Test_120 of Test 120 ie
for Behave 1 -l B eSS
for RS_FF_1 : RS Flip Flop Bit ——JCiFEE
uss entity work RS Flip Flop Bit{(Behave 1};
for Behave |l —IRHHEREEE LA
for all : Nor Gate Bit —IiHBE
use entity work. Nor Gate Bit (Behave 1)}:
end for;
end for;
end for;
end for;

ond Config Test 120;

FH T A BRI (AL RBERTHE, MITE O BRSPS A RS .

(RApELHE: 23 test 120.vhd)

.86~



F24H KWESSHRER
% #

1. BRRGTERE

A 24 test 195 Bt Mo HLBE o AF — ALK inout BRI ARIE WL, HoR
HEME 24. 1 T

Test_155 [ port

241 #BRAFTERE

2. VHDL SR T E BABEA

A2 — T EWSTT IR S L. TERAN - RBREESE S5 29E
.

(1) Tk

ontity Component Test 195 is
port (Clock : inout bit):
end Component_Test 1495,

architacture Behave I of Component Test 195 j&
begin
Gen_Waveform:
process
bagin
wait for S0ns;
Clock <= mot Clock;
ond process:
end Behave 1;

entity Test_ 195 s
ond Test_195;

+ 87 »



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

function Or_Pull Down (V : bit_vector ) return bit is
variable Result : bit := ' 0' .
bsgin
for [ in V' RANGE loop
if V(ID = ' 1' then
Result =" 1’ ;
ond if:
eond loop;
return Result;
end Or_Full Down;

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

for all:Component_Test_ 195 use entity work. Component Test 193 (Behave 1):
begin
Instance A: Component_Test 195
port map (Clock == Clock Signal A):

Instance_B: Compcnent Test_195
port map {{lock => Clock Signal B):
¥aveform: Clock_Signal A <— ' Q' after 75 ns,
1" after 125 ns:

Finish:
process
begin
wait for 200ns;
assert false

report “————- End of Simulation————
sevarity error;

end process Finish;

Monitor Clock Signal A:

. R




process
variable Clock Var A : bit;

begin
wait on Clock Signal A' TRANSACTION;
Clock Var A := Clock Signal A;

end process Monitor Clock_Signal A;

Monitor Clock Signal B:

process
variabte Clock ¥ar B: birt;

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

ond procese Monitor Clock Signal B;

eond Behave I;

(2) HP/ES S HEE

R EAE X - EA component_test 195 DL R H5E#91X , component_test 195
K LR—PIRHERLESR, clock &PE 50ns 5 —I, FPHEBKMES . 7F test_195 1
architecture AE X — IR or pull_down. THEFRH, TE—TEHES PR
HERE—THREHENLD, WREER T, EURH. E4HERZEELES
clock _signal A, EHIERIE or_pull_down, ;XiHHZEEE—PHRES, THNE
B4 $EE S or pull down J5E .

4k 2 test 195 5E(K, hH—p=Lik,

M R TT A B g4 M 18R Instance_A ] Instance B, # HE@MIEY
Wif5 % clock signal A F clock_signal B 4358 0 clock %/, Fif[EM g
clock signal A A4r#HES, W clock_signal B AE@EEE . XEE2RT BT,
LLEEE—F SRR 4

LR iEA) Instance Avh .

Instance_A:Component_Test_195
port map (clock => clock signal A):

REA A HE S clock signal A EA—MIRENE clock, 1E%E clock_signal A BYE
HUE (¥E—W%) IRIZEE clock iX—3ENE . HEMIER

WaveForm:clock_signal A <= ' 0' after 75ns, ' 1' after 125ns:
Ny clock signal A—BRZHIR -

* BG s



WX TR R clock_signal A M{ERIEFSEALZE

(1) 7£ 50ns BY. clock f0°#E 1", A 2 NRKENEA KES clock signal AWR{E.
EH T ], clock_signal ARMEHIN 'O,

2 7£ Tons i, clock 541", 8 2 MEHEIRL 5 HHESHER D, EHRr K
B RME 2. # clock_signal AWI{EYTAT ;

3 {£ 100ns A, clock IR0, & 2 AIKENFTE 75ns F) 125ns 2 (A4
clock signal AMFMEIHN0 ., B4#EEE ] H] clock_signal A W{EHAE 12 R0 .

4 7F 125ns B, clock {3007, HE 2 MEHBEHKFHESWELD |
clock signal ARYEHTOCZZE] .

2R LR, 2SRRI E 24. 2 R -

C) scﬁ-rn Y AN THO REY RO MBO 0 0 kldlX
ele| o] @sle| | ]| 2] o
Cursor 0.0
Time in fre . 5"‘1"|"'|"|"|'T||:|ra|'T'ﬁ1r||'|||||u|.|||||{'i'.||||!|'|.|"||||
Scale = 10.00 Iu.u 5.0 10,0 15.0 20.0

clack_signal-h © 0 lﬁj 2]
clock_signal_a © 0 :{ 0 X ] X“ X1 1}

clack < 0
clock & 0
s -
; -
a].r R S Ly
T o, e s 18 W

B 242 #LERER

AR A LLE B clock signal BRI S elock B2 X SRR &1
MR clock 5 &j]l 20 ns FFE— . clock_signal AME 2 PKENRECAHT
Ti&4]

WaveForm:Clock_signal A <= ' 0' after 75ns, ' 1' after 8bns,
"' after 95ns, ' 1’ after 105ns,
" 0' after 115ns, " 1° after 125ns,
"0’ after 135ns;



RHBLEI 9 BT S 4T 24 3 R -

Cursor 8.0
15("_-_""""_11',“:‘““5. -‘-_""..‘|||1l|1rlfllnr1‘[ll']7—llllllI'II[IIIITIITT[II‘!‘!‘[II||.||III|II1F|II1 |!T1‘r‘]'r'
: Scale = 1.08 jo.0 2.0 40.0 60.0 80,0 100.0 120 140

%dod{_s!!}ﬂal_li ¢ 0 ]l [m“———] 5
inlm:k_signal_: o 0 }

. cfock s 0 .
: I ol

Wﬁm:lut;lﬁ Ooehave 3} inwtence_slooeponent_tert_ 105 (abevs 17 MWWW

B 24.3 BHERER
WEREBCHI—T LiREH, UERHFRIRE S AN . 4HHS S M H R .

(RAGELH L 24 test 195.vhd)
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B25H F5EHHE
| e Ay

1. (S W

HHARAENEESMEN, BREET —BEENE s R RES 2ER IES
ENEZEAMESERHET — MBS REESAESH—TEIE . B% HESWE
MERE—MAREIGELZESH— T ENR. & THEE2—E (E- itE) & A
LRFETRFMELEZEY SR, MEHHE (6. 200s). FEEBKE. RE—1
F% (2¥E5) TR MR, B8N ESRENHE, TiREZHEDNE
SSEULKE. FRHEESEY —MERIKE. Fim.

architecture Arch of Example is
signal A: integer;
begin
Assignment:
procass
begin
A <= transport 1 after 1ns:
A <= transport 2 after 2ns;
A (= transport 3 after 3ns;
wait for 20ns;
snd process;
end Arch:

FRUBTEHTE Assignment H1, H{EE AITT ZRWRE. BHTRE— B AZE
ERE. HnEEER@y 755 AN— P

2. FHES

BE, —TMESRAE TSR ENKRESFES. WETUH S MR . o#
FESEES MR — Mo RE . SHREEITER S WINIE 5 PR AR b &
FOMEN S RESRNESEXE, CREIHE RN, R &R
MY A0 BHE SRR EHE SR AR SR

¢« 0%«



3. BB RAEEARKEUER S

FHILE X 25_test_L vhd, FHERMIT -

—JE ¥ i &
entity Test 1 isg
ond Test 1;

RS kR
architecture Behave_1 of Test 1 ig
=15 S
signal Sample : bit_vector ( 4 downto 0 ) := (others => ' 1' }:
begin
—i#E Load N, 33 Sample{4) & 3 8K zhiE
Load N:
process
begin
Sample(4} <= ' 1’ ;
wait for 2 ns;
agaart false
raport “Test went OK”
severity note;
wait;
end process;

—s#¥2 Load M. 2 Sample () BRI EHIE
Load M:
process
begin
Sample{l) <= ' 1" ;
wait for 12 ns;
assert false
report "Test went K"
geverity note:
wait;
and process;

and Behave 1;

TEL; 1314 Behave | shE % BiHA{E 5 Sample, BRI AHMWMAE, M{HE N
“L117 . EEHMEARTIR %R 53 B AR Load N FIUEFR Load M#SEE. ‘©{143 512 Sample (4)
Ml Sample (DRR{E. BMEEST Sample(4) 7 Sample (1) WIBRZHIE . # E4iE@idis. 28
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Vsim/Talent HRa] & B ob (T30 -

L TTEEUTE R EoRESFESHTREVANRUES . FHPHER
Sample (4) §} Sample (1) FE A M- 2 AES . HE Load N fl Load M B ANXF MEE
BT & BRMEhR . MERZFEER, T Sample (4) Fl] Sample (D A—MESH. B4
BET 4 — MR HHE B Sanple B £ MEZHRMEE . TEHATS—H. #A0T .

—ELMRE (FTEEK)
entity Test la is
ond Test_la;
—Egik
architecturs Behave 1 of Test_la is
signal Sample : bit_vector ( 4 downto 0 };

bezin
Load N:
prooass
begin
for Index in 4 to 4 loop
Sample { Index )} <= * }' :
wait for 2 ns;
assert false
report "Test went OK”
severity note;
end loop;
wait;
end process;

Load_M:
process
begin
for Index in 1 to 1 loop
Sample ( Index ) <= ' 1' ;
wait for 12ns;
assort false
report "Test went (K"
sever ity note;
osnd loop:
wait;
ond process:

ond Behave 1;
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REBR. T5 LREFHILAREN. BE2HTEMEQNFE. s LhES
Sample (1) f1l Sample (4) 73 BIHEL | & - 4HEHIR . HMERE - BINZARGIREP B
HIL: “ESRESH S MRENRD WERET - |

(FIGE LHL: 25 test_1.vhd
25 test la.vhd)
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o6l [Eit TRANSACTION FI4 2
38

1, R VHDL B EHIR SR RIS

APILL—AIHF 26_test Tds. vhd (BE—DEEARHI test_T4s Al— Mk
behave 1) effii VHDL {8 4 BHE S HBHIE, LT HH BB S IWIALEB(E
Ao BMEEHSE 19 B

— W5 S 5B TRANSACTION Flllif & 0 26_test T4s. vhd
etity test 74s is
ond test T4s;

architecture behave_| of test _Tds is

type Logicd is (" x', "0, 1", " g }: —BE LB R
type Logicd Vector is array (natural range < > } of Logicd:
type Logicd Table is array (Logicd, Logicd} of Logic4;

constant Table : logic4 Table := ((" %', "x', '"'x', ' x' ), —4iEEEsuE
("xt,t0, T xt, ey,
("x', txt, T, 1),
x0T, 2t
function Tristate_RF (V :Logicd_Vector} return Logicd is
variable Result : Logicd = ' 2’
begin '
for 1 in V' RANGE loop
Result := Table {(Result ,V¥(I)};
exit when Result = " x' ;
snd loop;
return Result;

end Tristate RF;

subtype Tristate RS is Tristate RF Logicd;

signal Signal Tristate RS S : Tristate RS := ' z' — 5 {SEiRaE
signal Signal RS 1 : Logicd : ——45 ZH R = £k EH
signal Signal RS 2 : Logicd ; — B RS B A

1960



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

behave 1 BMJHEAPE X T 3 ¥ E I Tristate RF, FEBEFLHIET A
Tristate RF Mo #HE S @ LB S20FA. FNBA RSB ESH L MEHRZ
AR B T 2 HEEE R E T ZE L IER R AR Table v, 454 (448
FRAE X SERCM U, ALHEREMEEE. YEEECE) B exit BHES
Table MY HEESCIN . 7EA VHDL (B EfA RIS DA, HESERTELANERSE.
IR T HERETT LU F . (B EBI & REER. B—RE - BiE.
BHA#R .

£ behave 1 W HBA MW #ME L T - N84 N Tristate RF {5 &
Signal_Tristate_RS. ##2 res_1 fll res_2 Xt H# TR Z . HBIT ¥ ENATIEE .
ERERE res_1 ) res_2 43 53 2 #1155 Signal Tristate RS 4T 10 JMR{E. EP%id
T VEEEMERGRA T (10FES) -

begin
res l: -5 1
process
bagin
Signal _Tristate RS § <= ' 1'
Signal RS 1 <= ' 17 ;
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 § <= ' |’
Signal RS 1 <= " 1" :
wait for 10 ns;
Signal Tristate RS S <= ' 0'
Signal RS 1 ="' 0 :
wait for 10 ns;
Signal Tristate RS § <= ' Q' :
Signal RS 1 <= * 0" :
wait for 10 ns;
Signal Tristate RS S <= ' 0’ ;
Signal RS 1 <= "' 0" ;
wait for 10 ns:
Signal_Tristate RS § <= ' ' ;
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Signal RS 1 <="' x' ;
wait for 10 ns:

Signal Tristate RS § <=
Signal RS 1 <= ' x'
wait for 10 ns;

" Signal_Tristate RS S <= '

Signal RS 1 <= 'z’ ;
wait for 10 ns;
wait;

eond process res_1;

res_2:
process
bagin

I98l

Signal Tristate RS § <= '
signal RS 2 <= 7 0f

wait for 10 ns:

Signal Tristate RS § <= '
Signal RS 2 <= ' 1/

wait for 10 ns;

signal Tristate RS § <= '
Signal RS 2 <= " ¢!

wait for 10 ns;

Signal Tristate RS § <= '
Signal RS 2 <= ' x' ;
wait for 10 ns;
Signal_Tristate RS S <= '
Signal RS 2 <= ' 0’ ;
wait for 10 ns;
Signal_Tristate RS S <= '
Signal RS 2 ¢= " z' ;
wait for 10 ns;

bignal Tristate RS S <=
Signal RS 2 <= " x' ;
wait for 10 ns;

Signal _Tristate RS § <= '
Signal RS 2 <= ' x’
wait for 10 ns;

Signal Tristate RS § <=~
Signal RS 2 <= ' ¢z’ :
wait for 10 ns;
signal_Tristate RS § <= '

0’

—HKEhR 2



Signal RS 2 <= " z' ;:

wait for 10 ns;
wait;
ond process res 2;

Test Proc:

process
begin

— W iR R4 TRANSACTION

vait on Signal Tristate RS_S' TRANSACTION:
if Signal Tristate RS S’ TRANSACTION' EVENT=FALSE
then Sevent <= Sevent +1;

ond if;

Count <= Count + I1;
ond process Test_Proc:
end behave 1:

e Test_Proc B4 #H5 4 Signal_Tristate RS /@1 TRANSACTION BiE, JZ2AMIRP. N

HZBIERE L .

2. BREIAEBRLRE R IERER SR

L Veim/Talent MIEITHRE), £ F 100ns A% . {5 Signal RS 1 #!
Signal RS_2 Jy4r 35 S MW IKENTE . B2t 10ns, PSS Signal Tristate RS
51E% Signal RS_1. {55 Signal RS_2 WEMAI T HMEABNESEEMEE (mE
26. 1 AR ) o [R5 count RGRMNEAE T IR TRANSACTION Y — (28 3%
. {55095 5 2 M TRANSACTION JE 8K, 55 sevent MIA B M. i BAEE

TRANSACTTON fEEL. BUE A Hek & d—g i .

|: Cursor 0.8 o ]
‘| Tlme-inns - .;JIllllrl-.f.l|llll]w|"'}'ll|I.I-IIl“l.l|I|IIII.|I||||I|IIIr||||ll.
H - i

i Scale = 1.00 ion - 200 40.0 60.0 60,9 100.¢
{ sevent o0 Ko G
! count o1 T T
- signal_rs_2 ¢ 0 i!f U T 7 W w0 W7 x e z ™y _:.:
{I signal rs 1 o1 g(‘l_ 1D 0 x T x o
| signal_tistate_ra2s x M

[ m;‘ ) ETET 'Il;liz:'iﬁ-i:?ﬂ : 43

2.1 BREEE
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AFHEL TR PR REVWES. A HENE SRR m R, SR
BES, EIHEEITY B RERT SIRPEINIER . Bk T R M TRANSACTION fE 5 .

(RAGE LWL 26 test T4s.vhd)
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F 27l HRFPEENE EVENT #1 STABLE

P 7R 3k

1. B VHOL ESHA T E RS0

ARFIEASCH 27_test_16. vhd (R &— P LAAYER test_16 MEEHHE behave_1) %
fifiik VHDL 15 &5 B3R (R 47 B Atk EVENT F1 STABLE BFiE NG, &I T R RA X015

SREHIEFHERIER . HEAERSE 19 Fl .

—HRE7 KRR TE EVENT ] STABLE H9MliR & SCfF 27_test_16. vhd

entity test 16 is
and test 16;

architecture behave 1 of test 16 is
signal Soirce : natural := (;

signal Destination_1 : natural:= 0;
signal Destination 2 : natural;= 0;
signal Destination 3 : natural:= 0;
signal Destination_4 : natural:= 0,
signal Clock : BIT := 7 §' .

begin
Blck Test 1;:
block (Clack = ' 1’ &nd Clock' EVENT)
begin

Destination_1 <= guarded Source;
Destination 2 <= Soutrce;
end block Blck_Test 1;
Bick _Test 2:
block (Clock = * 1' and not{Clock' STABLE))
begin
Destination 3 <= guarded Source:
Destination_4 <= Source:
ond block Blck Test 2;
Monitor:
procass
variable Source Var : natural:

RS
— PRI 1

~~[& % EVENT {E R U BURIP FIA

— BT STABLE {EEBR R k=t
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variable Dest 1 Var: natural:

variable Dest 2 Yar: natural;

variable Dest 3 Yar: natural;

variable Dest 4 YAr: natural;
begin a

Source Var ;= Source;

Dest_1_Var := Destination_l:

Dest 2 Var := Destination_2:

Dest_3 Var := Destination_3:

Dest_4_Var := Destination_4:

wait on Destination_l, Destination_ 2,

Destination_3, Destination_4;

ordd process Monitor;
Tick_Tock: PR RR
process
bagin

wait for 10 ns;

Clock <=pot Clock;
erd process Tick Tock:
Source _Wave; Source <=1 after 8 ns, 2 after 15 ns, —%{ZER

3 after 16 ns, 4 after 17 ns,
5 after 18 ns, 6 after 19 ns;

erd behave 1:

VHDL {8 5 RIS E LITEPR B bleok Z/RiRBLRIFRIAZ . MRIPRIXARMEN Lrue
BF. AARRAHIBRARIFEIE SRET S (FRINE quarded 155 ) T LISCHIREDIRE, BRI
TR RS S ZHIRERE (808 ) ; MRITRIADANED false B, FHRRAFTH R EY
{5 SIAEE DA T LUSCHIR EhEE . EDRiRITAY(S SASHIRA(ERE (W77 ) - blck test ]
i blck test 2 F#A T tLBEIE EVENT ) STABLE 7E{F ST IR PHR .
bick test 1 fi} blck test 2 W MERMAIEIIF 545 SUREE 60 7 FUA T AR B RIS
SEREER MR R BE SRER O RRITRDRIIER] - #5 monitor ML HE R
BUfE S RE . |

2. RN B 8 RNEE RABRILE R

LA Vsim/Talent MEHIAS], AT DL Wi Bom g Mgt & -ME SR (i 27. 1
Fig), el AEE X BB TENEE M ERAE SWE, itk dIREP kR4
EVENT §{1 STABLE #9% & - e T8 tick tock &R EHE, BT B BN S s H
UFHRHLL  DARS EARHTE R IR -

fRiP#EK Clock =1" and Clock’EVENT 45 Clock =1" and not (Clock'STABLE) f
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ELFRE L R HE - B AEYE BVENT BG5S FH B (EEL) B true. L2 false;
TlEE STABLE 7E{% B L ABHAT A true, K25 false. HEHEHELZTH. F&
destination_l ¥I{§ & destination 3 P9Z{t H A —F, 7F 15~19ns B} EE, (&
destination_ 1R {E B a1 K {E 5 destination 3PIRIEEQFETIER oﬁﬁgVHDL
EEME. WRPOBRIEEFRPRARTNGE S EREESER A EEERPRER
AU - st T DARERE Y clock o BOR{RERIRARY, BRIk blek test 1 FR&E W
HIES guard (BIIERIP RA NAED BUE S true, BIWEIRITHE blek_test 2 FR&TE I
&5 guard #{E 7 false, BMZ5 destination 1 BUBXENIRIEE, MifY Y destination 2
HI X ENIRIT FF -

2l sl mj|laf o] oy
.F Cursor 0.0
' Time in ps AR R LA A M A B R A B A
Seale = 100.00 {0.0 0.0 80.0 120.0 160.0 200.0 z40.0
irv_:;d: T ——— . i 3
idestinatinn_l ¢ 0 {1 —
idcsﬁnatlon_a < 0 q1] 01" D
| destination 2 < D K0 I XD EEE 6 | ]
{ destination_1 < 0 1] (i3] TXZDEYE & |-
! source o 0 h (1] ox1 TZAIXAEXE % |
Ehlck_test_z.guarw FALSE {FALSE FALSE) |-
ihll:k_test_l.guanb FALSE  KFALSE FALSE)
T o TR e i s

B 270 kR

(RABALMH L. 27 test 16.vhd)
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F 280 MASHEMELMR
1| 3 A

ABIT4 T BARRIE R ES, (R TR VHDL (9B EIIS e A T RIS,
S35 B AR R RS SEANULX S, & /1 44 TRANSACTION,

(P 3

VHDL iR ETE £ BB, NEXERE . BREBET . FEEEMN . HEE
BEESE . ST XEEYE, RIS TULEMFEHEEMA N E SRR . Hh@EiE
BN HRECRTEE . RRRERE . BREERY .. A EERNRNES
BEREFEREZRNER -

FRESBER T ERRAXESITIMREGEE, TBEEUT 5 MEkE:

@ S’EVENT. WRESAHEINASIAGSEE T X ESE, WREE, &0 &
-

(@ SACTIVE: {RE LI E S [ HHek4. MERE, TN, KA.

(@ S’LAST _BVENT . B[6 Ai%f5 S8 —MNE4 R EEIMEERITE .

@ S’LAST VALUE : RE ZESERT— TSRS LURINESE .

®& S’LAST_ACTIVE . ;B [Ei%{E 5 ART—H S EINIEFER AN .

XERBETTUMRE—MESREEEADE, ZESEERMERTLUEALRH
RS T L KINEES . XBBIETR TR ED.

ES5EBEEERNGESTAUEETNBENNEEEE . SERESBETR
B BRBHAEHTFREFASE. SWSGEHBEEE . F5L2BEE FYE .

(1) S'DELAYED: #B53|AES s MENNEY. HENEIIFRFESER t 1 iE
RRLEHE -

() S'STABLE[ (t)] . By — P Hi/RERES, LiFIRAESE ¢ MHEEINEE
HeERAR, HERE.

@ SQUIET( ()] : FEIIREETE t MRIESEAIATEE S & & Mgy — P HEEN
fiIR{ES - ' :

@ S'TRANSACTION : By —4 bit XEMES, YES LFESEER. W
S'TRANSACTION MME7E % SIS B BB R8s, o sh Ly, sl
BH07.

NEEERBRMENE YL HIREER NS HEHEE.
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I —MEBREFIHEEZEE Lt — 1B, TS SNERTNE .
MEEMNEREESHEEETL . Fi: —~RESRESVHESHEM OB R,
BERZEE b REERY MBRER S5EDAS0C. WRiEES LEHES. Al
L. FANEASEFES. BHERENESERHES, AHIRLE S HREHE
BAREH-

RETEXSHEEXMMES. FRABMOEURETNERLT -

2. VHDL B2 0T RIRRIER

AP S 28_test 64a. vhd ¥, IREHAMT

XA A (TEE)
entity Test 64a is
ond Test 64a;

--EE Atk
architecture Behave 1 of Test f4a is
signal Sig Nat : natural ;= §;

——IREEX
procedurs Set 55 | Signal Sig Param : in NATURAL;
Count_Param : out NATURAL) is
bagin
wait on Sig Param’' TRANSACTION:
Count_Param := b5
end Set 55;

begin
Gen Signal:
process
variable Count PS : natural := 0;
begin
Count_PS := Count_PS + 1;
Set_ 55 (Sig Nat, Count PS):
wait for 20ns;
ond process Gen_Signal;

Sig_Nat <= 22 aftear 20 ns;
ond Behave 1;

HTHHMITIRAL BFERE L 1251 Test_64a. FEREMIRINIARS X —
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MR, BT Set 55. FiIRBEMRMMZASE : Sig_Param # Count_Param, E{]
i Natural REPMESEXMNR . HPFIEN in X, TiEED out X (FERBPL
Lot R ) FERFOENEIEE — Fwait BN — FR{EIEE -EiEH)wait
on Sig Param’ TRANSACTION;” J§:#EEH#. HA(ZS Sig Paran +EHZEYE, ©5

B4] “wait on Sig Param;” BYKHIET : M FHjE, HBESENSEEN{EE Sig_Paran

FEHESEE, TEEWERIEE Sig Paran L AAETES S . BFHLEE I
PR R ) - ST IR IR LR wait iE GAORC BHEAFAURIERE . (55 Sig Nat BIK
MO 253 22 Bf, Count_PS BN M 1 453 55 ; BRI ELARIE « BLUR . J5BRF Ny tis
[EH. BEET. MRk TRANSACTION FEERTFH RS, WELRMN. TAETRERN
B o X SHEERES 28, ZWE KRS T R — . HRs
77 KT BT ARk 3R

( ik 442 28 test 64a.vhd )
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E290 HAERMNARER

R AR

1. BREGHTIEEE

Al TESWERTN. HE T ERMARET. #RSHEZN . #RSH
ZIBHZRAURHEENEH EBGZARHELR .
2. BN VHDL SEE#R A REE S

B iR U F AR -

— A HERR P EERREE . FURAT IHHE VDL 525K -

—RALOX R H T P E A RIS o 1A 23 4 .
emtity Test 30 is

ond Test 35:
architecture Behave 1 of Test_35 ia
——HBA{E 5 HIR #IHE
signal X Proc_l : hit =10
signal X Proc_2 : bhit ="0"
signal X ¢ bit =0
signal  Set . bit ='0
signal  Reset : bit ='0
bagin
Proc_1: —iftFg iE4)

——Set BRRE S, & Set {FHERZEBLA, RITIHHR
process (Set)
bagin
if Set = ' 1' then
—HSet HHHEA" 00 TR 1 E, ITIHEBEY
X Proc_l <="1':
ond if:
ond procsss Proc [;

Proc_2:

—HEFiES), Reset EHUE{ES
-=% Reset {5E{E L LWL, H1Ti%$R
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process {Reset)

begin
if Reset = " 1' then
—X Reset FEfHA" 0" TH' 1" B, UTTERXFIET
X Proc 2 <= "0 ;
ond if;
ond process Proc_2;

—=#HEFHEESREIED

X <= X Proc_! when not X Proc_1" QUIET slse
X Proc_2 when not X Proc 2’ QUIET seise
X;

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

B |
WEIEMZARFEXE. MRS AR SN A — A 75 8- ME R R L
TR B ) - R R A R S T Fy - BB AR AT
[EE4R S . Jlpostpened]process| (BUE{Z S 1lis]
i BH X >
bsgin
<M Fr i 5>
ond[postponed]process[ﬂfﬁiﬁﬁ{%J:

FEIENE —NRAX, XAALORBAEERER . FEFMER . R EHXA
AR BB TR — A FR . EHGERA ((FR TR a7/ 5 - W
FHBEMDPAERERESR WENTZARBUANEE —RIETE-REZH
vait i5H]. FEHEESROABEDTRAFHEEALH M wait &4,

B

Set <= ' 1" after 10 ns, ' 0! after 20 ns;
EMMT

Set <= inertial ' 1' after 10 ns;

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

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

EFEFFESREETHT AT EE:

X < X_Proc_l when not X_Proc_1’ QUIET
elsge X Proc_2 when not X Proc 2° QUIET eles
slse X:

X Proc_I'QUIET E/ X Proc 1 S MAIRERAESHE. MBPEABEZEE.
X Proc_1"QUIET #ME A0°, &M X_Proc_L' QUIET AGE H*1° . FE{RHEMNE, E8{HEM
TENCE-TEZ, AUERDT N0 N0, W0 BhHUHEEREES REE
SREHNE SHE-TES. XFRHFLEHESHEEORT. MRES X Proc_l
HEFEZE WESXHE X Proc 1R{E; M. MRES X Proc 2 HHK 4, MfE
S XX Proc 2R{E - 0K X Proc_1 #] § Proc_2 #FEHEEE L, M| X {E{%ﬁﬂ:@ﬁ .

3. IR B B BRI RARHIZE R a4

TRIMFIERM AR STRE, RN Z £ E SREE ST
1 SRR R

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

B E 29. 1 AR

carpn

Cursor G.0

Thme in ns
Scale = 1.00

B 29.1  #RILIER
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7E Ons B, Set #|] Reset BI{EHEFZE D’ . 10ns BF. Set FU{EZE H1, HFE Proc_ 1 #
s, BITEEX Proc 1 <= ‘U, EFERITIEN
X ¢= X Proc | when not X Proc 1’ QUIET else

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

B Fieaf X_Proc_1'QUIET B9}y false, FFLAX # X Proc 1W&{E. {H5'1° . 20ns, 30ns
M1 40ns B n] LR #7. AETR

FERAIELATR, 7E 30ns i, Reset B'0"ZE R, HUTHFE Proc_2. TEH R
1, X_Proc_2 #A{E N0, RE X Proc_2 fEHRIE 2 A HAEBE 0", X MREHRED
S~ ANEE, BRUL X _Proc_2 B QUIET BB J false.

(R3GEIXHZ: 29 test 35.vhd)
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F30H FEEEHESEY

7 KA

1. BERLRNT(ERE

ﬁﬂﬁ$%@%!ﬁ%ﬂﬁﬁ%%ﬁ&ﬁ%—ﬁ%%sE%ﬁﬂ&@#ﬁ%ﬁ¢%
%o RIESTRTE Ons WX {55 Sample WWME DT . HIMAFHREERBEWIZLRES . &
WO EETE 10ns FFAIGINAE S, —BRIENZE S, RWHRSEE.

2. BEEH) VHDL E 51 A RIBA D
SR M 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 procass;

Recevier:
process
begin
wait for 10 ns;
wait until Sample = " t'

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

THER#R . $EHFFIERT,. Sender F] Recevier jHFR & #MiT— K - Sender HHFEINTT
AP 2 5950, BERHITTH 2 Rwait 54, FLRHIEE ; Recevier #TR
78 1 &ig4), W AR RIEA) S wait 134H) . ATLUZ IRt R 4D - 10ns I EFR Recevier
BEANEE BERTE 2 fwaiti50. 24 TAERARESHES Sanple H R
Pt JEBAES UBIRPRS . AHEEINIT, FTLAFE Recevier 753X B HE1EAD - 20ns
B, 42 Sender B HEUE  F3 55 Sample P VB, 3 H ik A FEHT #E5E Recevier
HE 2 4 wait B ARTBE RIHALCREHE -

(RIGETAFE: 30 _test 3.vhd)
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2316l PR A IR
57

1. ARRGKTIRRE

KA U NUHIY FSE SURE QUIET, H6H A B Mt T oh AL BB O SE ML A R
2. VHDL EE#HR G ERIEESH

AP E—A Kk Test_35b F1—4 5 ZABN RZHILEHa{E Behave_L. S2{f Test 35b
WA WEAEEHMSREREF. TEERAEL, BLIEEERO - 5%

Behave | A& HHEH 3 HAESREE @, w5 A I LA HIE
GRS . EEREARnA T

a_rchiteoture Behave | of Test _3%b is

type 1LXCL is (" X', "0, "1} —BAE L ERLTNE

type X0 _Vector is array (natural range < >) of LX0I:
—BEXLEEEENR

signal ¥ : LXOL Vector(? downte O) := {others => " X' ).
sl TRy T AR Nk o) g <8 1

signal X Proc 1 : LX01 Vector (3 downto 0) ;= (others => ' 0’ );
TR RS R AR AR IR R R R

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

A BRREL, B E AR BEHEERBR
signal Set_X_Proc_1_2 : hoolean := FALSE;——N2Etii—EnENT
signal Set X Froc 2 3 : boolean FALSE ; — A &5 L — bRy

r n

signal Count 1 : patural 0; ——RER B - - R e

signal Count 2 : natural = O; ——HERHT T eR
begin

Proc_1; —REE TS SRR —

process

bagin

wait until Set_X Proc 1 2 = TRUE;
—— HIARHET—ARE R DA TRUE B 80E
X Prac 102y <= ' 17 -
wait for 200 ns;
Count_1 <= Count 1 + 1; —REfvsrit 2 Eshn 1

and process Proc 1
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Proc_2: —RERIDETE S s —
prooess
bagin
wait until Set X Proc 2 3 = TRUE;
-2 REHRT Z3RENL A TRUE BHENE
X Proe 203} <= " 17
wait for 45 ns;
Count_2 <= Count_2 +1; ——ASE o PR 1
end process Proc 2;

— S SR LhIE R
——FRIB M R e (T B X HHI g R
X =X Proc_1 when not X Proc_ 1" QUIET else
X Proc_2 when not X Proc 2’ QUIET alse
X;
— PSR R {7 SR AR L ER e A
Set_X_Proe 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;

s it RER LSRR e RIROERAR . Proc_ | R RENMEEE, M Proc 2 i
PR . 88— MR, BEES X B —MER Tl ah g k. 3
B SKHAM R Sy P b TE (VE . FRT AR BRERERTE A HIR) « B B IR S il (5 &
X R —RE R ESREEVER . S5 SWRETE G5 RN F D W% o e
WEMESRIAE, ¥ X Proc 1 3% X Proc_ 2 MEIRAIETWEREEX . RiGHE
7 4 P G REARIE R i RS 5 X S OIRME S Tl i R 2R, 439580 A R oy b5
2 Proc_l Ml Proc_ 2 4p Bl % # (4 &R B W 15 K #8 4 {1 Set_X Proc_1.2 #
Set_X Proc 2 3. HEf1HK TRUE &, 4 BFAEHAMHERES X Proc_ 1 g€ X Proc 2
WOHERI (T B 1 -

mHE{E EREIEY

X <= X Proc_1 when not X Proc_1" QUIET
alzs X_Proc_2 when not X Froc 2' QUIET
else X

W2t X_Proc_1 3% X_Proc_2 #AEWALN, BEIMIEMSEINEDINERES X. X&E
AT FUE G S B QUIET, AT g (s SHE s - B QUIET K —
boolean RIMESZUE S, BHMTEEME L ENE SRBEFEH BEE—MET I FE
REAFHE, BARESHE. Wik, FHERE BT ge -1 582 ENE
LR B EESWRER A DE X Proc_1 8 X Proc_2 ZE BT HEUE, ¥
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B P HINT L S R ER] . BD2Y X Proc 1 Ml X_Proc_2 L8R4 B BE R
540 . 72 X _Proc_ 1 #] X_Proc_2 F[RIEHE 3R, X_Proc_1’QUIET £ X_Proc 2'QUIET
(FHEEY A FALSE, &fH(S EREEAFITITHE, FEE 1 it when XKEXNERAE
FaRE, REEHEAEETRES, B2 X Proc | WERSES X MAET
B X Proc_2'QUIET BY{H -

3. WAUGERTH
A FHRHIEE RO T E A 31. 1 FT

e ]
B 1T v A R LA SAARS AR LANSS LALAY ARRI RAMLALAREY SRAL) AMAFRARARE
. Scale= 100 .00  80.0 160.0 2400 3200 4000 4800
S Rl L
count_2 ot @ )y l)j
set_x_prac_12 TRUE [(SE TRUE TV TFALSE )
X_Proc_1 < 0100 %{}{nmu T Hi00)
set_x_proc_2.8 TRUE [FALSK TRUE )
X Proc.2 o 1000 é(ooonxmoo 1000}
X o 1000 000 1000 |
x proc 221 ¢ @ ]«{ T L I
BR 530,080 ne W x_prec iy BN 1.atmumu; B LT T DO TR, Oh AR

B 311 HEHEE

(RIGELHL: 31_test_35b.vhd)
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326 dBRRE
x| 3t 4

1. EERFEZIR

AHIE 1ERE VEDL 1F 53 Tl R — MR E - BDA A FrEd B LR 5 89
PR - FSEUR O EF LAEAEEENET. MTHERSR out B inout =801
AE S HBRER A REEERREBART « SIS TLUT ke

B:hlock
gignal 51,82:bit;
begin
Sl<="1":; —&&
A:process
procedure T is
begin
s2<¢="'0 ; —gE
end F;
bagin
P;
S2<="1 ., —&B
wait;
~ and process:
ond;
package body P ie
procadure Q) is
begin _
S<="1": —X&H
snd P,

E BWEER ~S1 < ‘I EHEN . RA—-THEESBEEURERENEE
SRENFNMEEYD. AmixiEeEh L2 - TRISNHERER,; F5 <520
REEER, AEUZER P PRER, Hid e L THEORBK, BimXRES
MEEVCENTHREEANY. 258, #2 A fiER 52 & 1 REE
FrETHEPWESSy, BmtEZESEN,; T s &' mg. fFETI#
QP MZREBRELTRFE P, BmiEq 5 &= 1 RFETHEMAREON.
EREAGER . TRT ERRE, S DIHRAR . HanRnT .
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—— 7 Xl & (22K {E)
entity Test 110h ise
snd Test 110b;

LR
architecture Behave 1 of Test _110b is
~ 15

signal A Sig : NATURAL := 0

signal B Sig : NATURAL := 0O,

signal C Sig : NATURAL := O;

—THEFTX
procedure Concur Prac is
variable Count CP ; NATURAL := 0;
begin
Count_CP := Count {P +1;
if A Sig = 55 then
Count_CP := Count CP + 1 ;
wait until B _Sig =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_GS := Count GS + 1:
A _Sig <= bh;
wait for 10 ns;
Count_G& := Count GS + I:
B Sig <=65;
wait on C Sig;
Count_GS ;= C_Sig:
end process (en_Signals;

——iEREA
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Concur_Proc;
and Behave 1;

ZRFE T L — 1S5 Test_110b, HIf W AYEEFHE Behave | FIiREAEE 7€
— T, BNI#R Concur_Proc: #5#9{k Behave 1 By wiffiirdl —FARIEAHMIAL .
TEEFR Gen Signals HHFHE SREER“A_Sig <= b55;"HI*B _Sig <= 65:"#iESEMN.
T{EiT 52 Concur Proc HIff)iE R} “C_Sig <= 75 after 10 ns;"W A&, AATECAEE
L ERREEA -

2. I ERMLLR

A Talent RFAHIGR TSN AF A THRIFHIIREEE . “C_Sig can not have
drivers in procedure.”, X5RIEM A HESR—B. NMERFEDL. ESYHERE
g, HFE1$H R Concur_Proc 7L FEHERD] .

1t Cadence F#HH%E. HINIREE(SE . “Update of port/signal must oceur in process
statement.”, XZAH Talent BIMTFALMEZ o) 5 Cadence —%1 -

{ BR#WEIXHFE: 32_test_110b.vhd )
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£330 BRERFRENR
s 3ot
1. BERGTIERE

A FA— A R B RS, A THEM REEER A/ HREEDNE 331
TR

——1.T
IN-READY —=~] Comparer
OUT-REQ —= EQ
CLK —=- QUT READY

M 331 EEtEEE

RELEEERR 5 TR AR 4 M Ef&m D A B 25 A B RIIR B
HUEYEE 7y 0~255,; CLK ARTEh Adm. FILLXFFRASINES TIE, RAN®EAERE
# 5 INREADY B2 —MMRARD, S h&EBF, REZELIE (554, B) R
Al LU TECSEE - B — AR OUT_REQ A B R{EBW I, LE A% TR,
ROAA G 17 K ke v O et LR EE R R B4t 52 5 S OUT_READY Jy <1~ $
¥ 1 OUT_READY [7] IN_READY ] OUT_REQ —#%, WiETF5 9 - & B R FREAL H ot & K
%, Ol R SR SRERIE S OUT_REQ &y “0-, RAERERGE. it
Bf. OUT_READY BFy “17; il 6T, LT, EQ Al FHR T BB RESE, HiE%
B Rybit. Wi ASHHRRXAR 33 1z

#3311 BRERBEMNE

A GT | LT EQ

A<RB i} 1 0

A-B 0 0 1 1 -
 A>B __1'_"—4—'7_ 0

2. VHDL B E R TR R BE 4

A Fld 34 33_comparer. vhd, 33_comp. vhd A 33 _simu. vhd SERREE R Fe i
VHDL $#5:& . B30 fF 33_comparer. vhd TE4m 4 |ibrary 14 . use 74aj 0L — {25k
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5 ; SCHF 33_comp. vha W 2%+ LA comp STRMTT iR, BB L Beas AT aE
FEITHER SCfF 33_simu. vhd $26t T — M REE & (test—bench) , i8id S BUENER T # Wiz
B, LIBTERIHER BT AR LSRR . TESSHEMR, 1R R F PET
ZA EER VDL BRI

(1) &itE
B, S CfF 33 comparer. vhd, JRATT -

— FA library T4l use FH{EIRIT R B AT 0
library STD:

library WORK;

library CONP;

use STD. STANDARD. all ;

uge COMP. TYPES. all,

usse WORK. all;

— 2B AR G 2% (EEH)
entity test_comp is
ond test comp;

WE, R E R E ORI STHURTE - VHDL i - [N, R AR E A
£ N EIHEE. DRIRREERIHE I & (XN iR RIETERIE 2 B A RTHER)
SARHER . SERMES), SEFENE AT VHDL HiR B . (R RIXASI N, RTE
Wi BT IT AR A ibrary T-A1IHEE. (EAIEAPRIEI =555 - HdiZB4EH 9 STD
I ARSI R TTR S E X, TEBESHTE LWIEFH STANDARD 5 TEXTIO. 7&
EEBFARELTETER . F2R8 . B TEFS. WORKESEITIEE, w1
BZH P MR ERALE ST . BFERHINE —MEL) MNP, AIFFEECEIE
A, 5 E TYPES B Ti% D, XFEE i) use COMP. TYPES. al | | "FRERIRNT A 2 i
library 4713 WORK /% - STD FEELA K COMP FEAERT A BIYR AT L, use Fajil(H I+ ]
BESREDET, HFTHEETEH5IA . FFHHiEa use ¥ORK. al | ;" RBIZITFETH
#:3| FE WORK 22 e B A5 i BA 7T, 18 /5] “use COMP. TYPES. a | | ;™[] ft U518 i+ ELE: U7 17] COMP
FEHTFRF & TYPES BT E MBI E - MARGH A E— TN EAHA, XEMRE
(“test—bench”) BT FEHT . '

) i@itEek
T i 447 33_comp. vhd -
-~ bR
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— EXEFH Types
package TYPES is
subtype short is integer range 0 to 25H5;
ond TYPES;
use WORK, TYPES. all;

— E{&iHBA
entity COMP is
port{A : in short;
B ; in short:

IN_READY . in bit;
OUT REQ : in bit;

CLE i in bit;
OUT_READY : out bit:
GT ©out bit;
LT :out bit:
EQ : out bit);
end COME;
—— COMP fy&rg g
architecture ALGORITHM of COMP is
begin
—— B REZBET AL
process
begin
wait until CLK' EVENT and CLK= ' 1' and IN_READY = ' 1’ ;
— WAE I EE
— A>B
if A> B then
6T<="1" ;
LT <=0 ;
FQ <= ' o' ;
alse
—A<B
if A <B then
GT <='"0"
LT <= "1"
EQ <= " 0"
alsa
_ A. =
GT <="'0" ;
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LT <= "' 0'
EQ <= ' 1'
oend if;
ord if; _
wait until CLK'EVENT and CLK= " 1' and OUTREQ = 7 1’ ;
OUT_READY <= " 17 ;
wait until CLKEVENT and CLK= ' 1' and OUT REQ = ' 0' ;
OUT _READY <= ' 0" ;
ordd process;
ond ALGORITHM;

EXFERE MRS NS E R 8 TYPES fi58E, HrpiE L T 728 short,
BRI EARAR, [0 255]. B 2 HBoAEE MK, EHR T RS
BT ALIHE - 7€ VHDL $8iA e, KBRS . N BT, SR T—MEit sk . ifitE
i — R A — AR, B 33. 2 AR

Witk
B

M 332 #itERETER

LA R — SRR, KRR HROFE. CEXEEELER .
G O R —- BB ARE R, XEHNE LY, - EN e 2L rEEn.

FHIPBYEERAFEER - MG THEEMEE - 5 PON in . Hd A B AP
HE Y short 258, HAh MifAERIEEA bit; ¥ GT, LT, EQ. OUT READY My out
Bl TTHHEhFEGE . Akl i, MORMETHOMKE - B8 BB, A
L NEs S ags R : k- W

WEAEE LR HEARYZ K COMP X i B4+ (& ALGORYTHM . £5 ¥ {4 CARS R — 1 %1t
FOESHIECTT o, HORIHRE A - B 2 A0SR e R o APLE A LR ERT ThEE
FiR .

(3) &
AFipshiEfitth— FARIEOFER . HRENRITARRNWE SRR, H#EE
TWZIEEHERNKR, £ MHRASE LIS ETRIUFER . #RIEBEAN

(#2435 . ] process [(HEE(ZE2R)]
CiRBEE O
begin
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< Wi O
ond process [fIRERE];

WEHE A PR — B RS . TEF . $2%, HpBENEAHBEATE 5.
A D TR R4 -

W HRTE process 2 5 WEIRE & REM T HHBRIENNERGE —FKIEAE “wait on il
BESE,” BERPH—ITHEINARERTH . HEEERE . SERBRESRY
HERBAPAATERA L wait 156 . RXERLEEGESE, &3 Fwait HoEH
HFREE 2

T cwait until REEFRAR BN wait B4, HREEERRSEEER D
HPIU(E S4B . At Fi54 “wait until CLK’EVENT and CLK = ‘1° and IN_READY
= 1" ME. EEUEMES R CLK F1 IN_READY f#95K .

EEERI S NS — T EREER B — TR | e N T AT T B
YAEE wait EAN. RIS SRATED | S S LTENE wait B0 TEE
Wig, SR A RIS — 5 - BRX - S EET HTELEE .

AR D AR E AR wait IBR 2, AE If EONESREEN. i(fFEQR
—REEE S PR P ERH TR A E T SCE BB . R SR A RS
FEFCRER] . TERLULHEARE, ARERY . RHA] delta HERS .

3. BRIRERSH

VHDL 2 — P T BUIRIE IR E T - 97 B THULEIE, VHDL 247 “MiR&-
(test-bench)} Hll - ABIHSH: 33_stim vhd BN “#lid & M—5 . HHERUT .

- test_comp fIEEKHA
architecture BENCH of test comp is

~— BT s [ 1R
componett comp
port (
A :in short; —-¥RIIEEERFEY
B in short;  —dE I RIRAAIE &
IN READY :in o bit;
OUT _REQ :in bit;
CLK ;in bit;
OUT_READY D oout bit:
GT Dot bit;
LT : out bit;
EQ Dout bit —ERIOEIBERIE L
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)
end component ;

—HEE S

signal A:short:
signal B:short;
signal IN_READY:bit;
signal QUT REQ:hit;
signal CLK:bit:
signal OUT_READY:bit:

signal GT:bit;
signal LT:bit;
signal EQ:bit;
—tR#
for ali: comp use entity work. comp;
begin
comp_I1: comp —JCfE®IT
port mep {
A=A —RONMEEEEIMAL T
B = B,
IN READY == IN_READY,
QUT_REQ => OUT_REQ,
CLK => CLK,
OUT_READY == OUT _READY,
6T == GT, —WIR{ESiEFE
LT == LT,
EQ => EQ
)
— B
comp_driver:
process
begin

wait urtil CLK = ' 1’
IN_READY <= ' (' :
A <= 25;
B == 23;
OUT REQ <= ' Q' -

wait until CLK = "1' :
IN_READY == " 1% ;
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wait until CLK = ' 1" ;
OUT REQ <= ' 1" ;

wait until CLK' EVENT and CLK = '

CUT REQ <= ' 0

wait until CLK = ' 1" ;
IN_READY <= ' 0’ ;

A <= 35;

B <=48;

OUT REG <= " Q' ;

wait until CLE = " 17 ;

IN READY == " 1' ;
wait until CLK = ' 1" :
OUT REG <= "' 17 ;

wait until CLK’ EVENT and CLK = ' 17

OUT REQ <= ' 0

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

A <=58B;

B <=58;

OUT_REQ <= ' D' ;

wait until CLK='"1" ;
IN READY <= ' ' -

wait until CLK ="1" .
QUTREQ <= ' 1" ;

wait until CLK" EVENT and CLK = 7 1/

QUT REQ <= " 0' ;

—H S R

assert false

report “—End of Simuiation—-"

sever ity error;

and OUT_READY =

and OUT_READY =

and OUT_READY =

r

¢

¢

1"

17

1" ;
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end process;

— = A e B
CLK <= not CLK after 50 ns:
end BENCH:

MRS 2P EEE. EAEENSHAREEXRUBARDND . FiimRal
#J 33_comparer, vhd SCAHME Y T E5{E test_comp . fEMIR S RIS #3944 BENCH G5
MW TT A RBLE COMP, JHB i3S 50w (B34 33_comp. vhd H1ig it L
% comp) #Hi%E. REFATHFTEEENE S BOTHOSE AN, HiEHmERaRE
5. 4N 33. 3 -

T T test_bench 1

| mmES WAL 1 5 !

| A —] !

A : -G T }

B — LT | _ |- L.T 1

OUT.READY — — EQ | QUT-REQ-=  mg& | !
— — OUT-READY

CLK 1 ! CLK —=] e~ OUT_READY i

| I

e e, 4

333 BHELHER “test-bench” ST

FEFE comp_driver thE—RFIH T EBEINAT AR, FEBESREITTRN
wait BRTERL . KA, HEESMWETER “CLK <= not CLK after 50 ns;” T4
APeED . BTRNEEADY 100ns -

R 33_comp. vhd, 33 _comparer. vhd UL} 33_simu. vhd §iiFE 25 (JAF A 0]
B, sRul{EE) Veim/Talent SHITHEHL . IS £ BERZA0E 33. 4 BT/ .

fE AR 334, DLASREM A I R FINEI 218 . EEBENE, i
W2 R RHEXF I EE R PR comp_driver FFYiE4] “wait until CLK =1";~
PR o M HUBTE 0 50ns B, CLK 384K, $41718® “CLK (=not CLKafter 50 ns;~,
IS #R comp FIFERE comp_driver. 3T #EFE comp 1% A (IN_READY = 07), (&
Mz WTER . 12 comp_driver EFHE, NMIFHIT 4 RIESMEFM: “A ¢
25:7, “B <= 23;”, “IN_READY <=*0’;”, “OUT_REQ <= “0°;”. % 2 4% “wait until CLK=
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Cursor 0.0 .

s 'i-fn'.,...".'r.“.."."r.*—.'.‘.'l.u'r'ﬁ“.'.'.'.l'. "'""*r"""""|"i""_’

Scale= 1006 [/00 400 800 1200  160.
1eq ¢ 0 |— m
It o 0 ]
gt ¢ 0 |
out_ready ¢ 0 e
o o0 UUUIUUUUULL [
out_req ¢ 0 N ] |
in_ready & 0 ] | ] 1T
b o 0 ¢ 23 X 48 X mE)
a s 0 % 25 ¥ 35 ¥ s

B 334 R EERUEE

U B R ERE SRR  SRIE S 100ns B, CLK B948 B2y, $hfTi84) “CLK <= not
CLK after 50 ns;”, CLK = ‘0°, MM HBRSFEAMHOAHE. EREREGER, #Ir
Pty 150ns Bf, CLK = 17, B3GR comp_driver, H&4EHZE, IN READY FREEF, &
3 Fwait iBABICEBHREE, FEEEHE conp, BETF delta HREFE. (H5
wait BEPRIREIAEE. 8 comp JRERIEERD ; EHIEHhh 250ns Y, WiHREE
RBE . RS HERE comp thRAHIEE . FEHRIT iF 1846, SR OTHMEZEE. HEHN
R wait SEGNGHRIER . TR comp_driver W, OUT_REQ U, & 4 4 wait i54)
HOFHEE . S5 350ns B, #HF2 comp EILAHE, OUT_READY Jyp5HaiE,
SRFE E wait iEAS HEEER  T delta JERTETE, #78 comp_driver IR MFMRTHR .
it OUT_REQ {H B, e 450ns B, %8 comp_driver 4% E & {1
£, OUT_REQ TMMEEL T, RFERT deltaIER, comp FHRTIEHA. BZE 550ns B,
OUT_READY A 2R 4 fEERF, LAES T —REbEEdE& -

MR B EAREMR G E ; BD “A=35, B=48~, “A=58, B=58". B BRIBIATIE,
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B T LR A B LR
W E B EG —End of Simulation—» 2J5, ¥§/™iEf: (severity)il}y error.
M B PR

( F4HELH % 33_comparer.vhd
33_comp.vhd
MEF & IH L 33_simuvhd )
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B34 BESLNES
=B

1. ERAKIT(FREE

AFIETERR BERNITH - YELHEHITFES bus_ready TH VR, MR RN
EHWE . 2RSS bus ready (EAERMNEE(ES. —H bus_ready AL,
BLBUEFTR, AT N B S ERBE - A2 NSRRI R AE. 2
B R KE T EE R -

2. BIRAY VHOL BEHIRTERIEZTH

BB HLRINT -

package 1 is
attribute cycle time:Time:
attribute max_cvcles:Integer;
attribute clock phases:Integer;
attribute Integer width:Integer;
Type my_integer is range —2#%15 to 2%k15-1;
Type array of irteger is array(l to 16) of my integer:
Type my_integer Vector is array{Natural range< >} of my_integer;
—— T BE -~ S R B
function wired_and (inputs : my_integer Yector) return my_integer:
ond package p;
package body p 18
function wired_and {inputs : my_integer Vector) return my_integer is

—— 3T B PR S
variable m: my integer:=0;
bagin
if inputs’ Length=0 then — NSRRI R AR T
return O; —Em 0
olen

— N MATE SRR R R K B H IR
for i in inputs’ Range loop
if inputs{i) > m then.
m:=inputs (i) ;
ond if:

* 129+



ord loop;
return m;
and if;
and;
ond p;

ontity ¢ is
—EERE A R O
RS ES{F AR
port{busl : inouwt wired and my_integer;
bus_ready : im Bit}:
——HE LK e BIRIE cycle_time
attribute cycle time of e : antity is 50 ns;

—HB5E S FE K e BIBIE clock phases
attribute clock_phases of e : entity is 1:

ord c;

architecture arch of e is
begin
pl:Process
variable a :array of integer;
variable max:my integer;
variable loop_time:time;
variable i:my_integer;
begin
i ki 4553
loop time :=Now;
B 16 |, 5 16 MBI AL « R
—H R PEFR bus_ready HH' 1
——# 5 bus_ready TR’ 1’ , busl PHEFHETIME ah
111:for i in 1 to 16 leop
wait until bus ready=" 1' :
a{i) :=busl;
ond loop 111%;
——HEBIBAE [ A HER T LA e B cycle_time RIEM 16 f%
asgert (Now—loop_time)<={16%e’ cycle time)
repert "loop tock too long. ”;
wait for 10 ns;

—TEAEI R a PTNBRE

max:=a(l);
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112: for : in 2 to 16 |oop
if a(i) > max then mar:=a(i);
snd if;
ond loop 112;
—REREER T HE « PR KE
busl <= max after 50 ns;
end procsss pl;
ond arch;

EE AT

TEL AR R BHAES R BR 2 AR LR . B L AR M oA L .
ATHEH  HREFEFNE TR A, VHDL 8246 787 A .. a1 %
Bit (IRites). Eefa AT Eindit 8k —R7HE . — M S AR 3T -
AR LS EA ST . REN A ERREY . BIEEPEEE F2F AN L5085
RAJEE . EXERT, FREESREIESRAY, ML RrEedt. Rk
BRI TR RIRFF A TE L 2 S AT I

TR RHAN RGBT — BRI T AT -

package 7 is
——HBRE T
end [package] [£1$);
WA SRS R AR AR & F R
package body 17 is
—{HAH T
end [package body]{E %1,

uss work. p.all;

use IURER
use B SRR E - HEDEEAEEET
use E¥.all; - B ETE R HBRE IR
3, RN E Bk B AL RS
MR S RE RO T .
busl <= 3:

bus_ready <= ' 0' ;
wait until clk = ' 1’ ;
bus ready <="'1' :
wait until cik = " 1’ ;
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busl <= T:

bus_ready =0
wait until clk = ' 17 ;
bus Teady <= " 1" ;
wait wntil clk = ' 1" ;

busl = h;

bus ready <= ' 0 ;:
wait until clk = " 17 ;
bus_ready <= '"1';
wait until clk = 17 ;
busl < 8B,

bus_readv <= ' 0’ ;
wait unti! clk =" 1" ;

bus_ready <= ' 1'
wait until clk =" 1’
bhusl {= 9,

bus ready <= '"0' ;
wait until clk = ' 17 :

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

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

bus_ready <= "' 1° ;
wait until clk = ' 1’ ;

hus] <= 4;
bus ready <= ' 0
wait until clk = ' '

bus ready <= " 17 ;
wait until clk="1";
busl <= 2;

leopl:for num in 0 to 18 leop
bus ready <= ' 0" ;

wait until clk = " 1’
bus ready <=7 1" ;
wait wntil clk = ' 1’ ;

srd loop loopl;
aggert false report "End of Simulation” severity error:

BEHUTIEET, busl HMAE R 3. bus ready #RA{E 13°0" . TEHIT FEHANEART, #
£ pl s, 17 bus_ready W{ETE N .

* 132



111:for i in 1 to 16 loop
wait until bus ready=' 1' ;
a(i}:=busl;

ond loop 111;

TEE 1 DHHR EFHE, bus ready $ERE 91 o HCAHEEFE pl #i80E, MR am=E 1 TIT
F#k busl WE - RFEHE pl BRI, FHT K bus_ready BHD. UEEFS
bus_ready 289 1’8}, E& a B busl A —ME. BEHEA 16 KfE, @R a PELE
AT 16 ME . TEAFR, X 16 MESBR-3,7,5,8,9,6,4,2,2,2,2,2,2,2,2,2. 5,
BT HITFEAES. RERAEERL
max:=afl};
112: for 1 in 2 to 16 loop
if a(i) > max then max:=a{i);
end if;
ond loop 112;
busl{-max after 50 ns;

itk LA 34. 1. M 670ns Z0TFUG, EERBILRAE9.

Cursor 0.0 ‘
A"ﬁml:inns“ |'|||l||||I|"a"|'||i|||t||'|'-|:|'|.||r”|'||||||I|”i'||i'||:|1'|'i1'[“l’”'l“"f"l“lr'|'||||i'
Scale = 1.00 0.0 160.0 3200 480.0 640.0 00.0 960.0 w
| clk - -
;hus_ready o0 -
 busi o 3
{ .
‘i
R - . 00 e WP

341 HBEEEXSHRLHERER

(HAGR LA & 34_bus_readwrite.vhd )
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#3656 ETI&MARBE
% &

1. 1486 B EOWI

T RIS A R REFEEEDT — T SR ESHE, SR —RE—T=
SRS HTRIEBEELSE LRIEREE. RUCESR00 S8 e F iR
BIFREIE. &£ 5 FIOTFESIT TIFRE, KB R e 280kt — et
LAY, fEHRTHERERY 486 RUALFR IR RN HOT SEPRIY 486 AERAYEE O 2R A 2
T ESCR SRR BRI - G100, ©H R % e 11 SEHTER —8F 7 % 5 8.
16 5k 32 T8GR AIFSMIFMERESREL. AR EYERE S HEEER . B air i
Hyit Bt R T - AR THR R U & — S AR S AR P B
SHRIE. RHTET 486 Ry —8a, ERHET 486 M S LRI AL TR 3% E R
S — RO . 2k 35. 1 BAME RS HR O R .

Addreas

="

B Data
CPU RE | Ads

e

A48 R 2K

w. K
Ry

351 MEPR&EO

NEEER ST CPU 5 486 HERB I ILHY » 486 SekiE O BT ShE Bk
CPU ZRHmMEHESNEEBES. FHEMBEENEEGESHRSESEES
CPU. % br=1{Bus Request)#l wr (Write)=1 B}, CPU &b FEEHA; M2 br=1, wr=0
i, CPL-FifHH. B5 AHERN. RPN iR E{ES done=1 4 CPU.
B2, BT 486 Bk BT CPU ] L 540 R &@(5 - B 35. 2 2SR SR
aE.

486 BEIE D BOTE & — MUSYLA RIZH AR IE . 408 35.3 th{#i B SM EW
BAS M IRESIRE -
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CPU Hge R
done done Ads
std std .ﬁ_d';'
br br HEARRE
wr | WI
address[ 31 s 0] |=———"» address[311¢] abus[ 31 1 0]
w_data[ 31 1 0] f—" w_dara[3110] dbus[ 31 : ¢] —
r_data[ 31 + 0] kI——— r_data[31: 0]
M B8

E 352 ARLRENE

Abus=new address
dbus =high~Z
Ads=* ¢’ W/ﬁ=wr

==

lAbus =same address

W/ R=wr ]

. L

<>

{read} ~ {write}

wr

dhus=data
frem CPU

Std
Data o CPU=d

l Done |
0 - 1

H 353

e

BHREOYTRIZE
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2. MRt

F7y 486 BB LK BR S HITH. BT LT R MM TR SR E FAT b LA
RN B EAE SEAR A R ARG EITIE, ATLUE SEEE TS S8
MESRFIE . 0. SEEDHITA Ry (F-S7ERT8h EFHI3 B R AT{FR— B RS2 A
t18 HTERTER EF IR PR SRE — EE 117. TR EERT . BET A CPU B R By
FRFFE ] BOBEEETAY 122, {RESRTE) €23, RRGAHEAMN L 1486_bus BH}
PR T 1486DK 50 BISH) . AT SXPELHEILEL. AT RAM BB AR s
43258A-25 Rlif7gs S CMOS RAM. THAHFMAAMIMENNFEXER, UELLEEEEY
ERETS 1A TIF - B 35. 4 B il 7 M RAM sREBCHRET A0 215 5 Al i3 - 2 FAEy
1S RGP HRRY O e

Ad -
: T T C5 || _Tacs

s e S

us CSs job A

Address ! Tontroller ATSiary

decode
Address

Data Out

B354 FEESEEFMIER

B TARAERS P IR0 B S 35. 4 {5 S MR KIERMRE . AT ERIRE .
BT hik{5 ST E & Bt ik SReE iEARIR) (Taa=Tacs), FH B &S S ERBTEL
HHEE S L8 — T (Address decode}, FLLE E(E B HZHEEEH Address FE%
BERK . M55 Ads b EESER T TR TLLEH . BENERREE
BEHEF (Address decode) [IE1E . B T1 RIBIOTFOE iS4, B KERIZM—RIE R Y
¥,

O METEhE (b EHES B 2 B0 H=t6_max=12ns, B 186 4 &A1 B AR MIE R -

@ Address decode PJ%E iR H=tdecode=tns, #IEEJ3HIHE, HOBETH .

@ TEif s HI BRI [W=tuc=5ns . IR NEIHE, 82 HEER -

@ TEfEZERYTH Rl El=tacs=25ns. O] M 432584-25 CMOS RAM RSB .

© HUER AT [E=122=5ns, 486 S LkAEIERE LI .

ML BB m 8 B0 R A P R R B R HEAR 9 52ns o 18R LA K BN g
50MHz TAERY. BFRPREIHANLA 20ns, BRLAEYE 3 PRTEEEA R 526 - N ig/EHy . muis
# 0] DL 43 4% 1 5 R HARG IR A ER -

3. VHDL #8514 % &% 454

library ieee;
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use ieece, std_logic 1164. all:

entity 1486 bus is
== [ BB R RR PR S+ T486DX 50

generic
congtant t6_max : time = 12 ns;
congtant 110_max : time := 12 ns;
constent t10_min : time (=3 ns;
constant t1l_max : time := 18 ns;
congtant t16 min :timm ;=5 nsg;
constant t17 min time ;=3 ns;
constant t22_min : time =5 ns;
congtant t23 min ; tima ;=3 ns):
— AR
port {

abus : eut bit vector {31 downte 0):
dbus : inout std_logic_vector (31 downto O):

wrb,ads b : out bit ;= ' 1’
rdy_b, clk @ in bit:
—SMNER R EREE

address, w data : in bit_vector(3] downte C):
r_data : et bit_vector{(3l downto O} ;
wr,br : im bit;
std, done : out hit);
end 1486 bus;
architecture simple 486_bus of 1486 bus is
type state t is (ti, tl, t2):
gignal state, next state : state t := ti:
begin
—- FPERERAT RS TSRO SR S E B
—EE PR AR A S 25 SR AR
——E RS RITE done (55N, Y REMEETT -15KAT done (58 ha

comb_logic : preocess

begin
std =" 0" ;
case (state) is
when ti =
done =" 1'

if (br=" 1" ) then next state <= tl:

alae next state <= ti:

end if;

dbus (= transport {(others =>’' Z' ) after t10 min;
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when tl1 =>

done <=" 0' ;

ads b <= transport ' 0’ after t6_max;
w_rh <= trensport wr after t6_max;
abus <= transport address after t6 max;

dbus <= transport (cthers =>' Z' )} after t10 _min;

next_state <=t2;
when t2 =

ads b <= transport ' 1' after t6_max;

—ERIE
if (wr="0" ) then
if (rdv b =" 0' ) then

r data ¢= to_bitvector (dbus};

std <= ' 17
done <=' 1"

if (br = ' 0' ) then next state <= ti;
alse next state <= tl;

ond if;
elee next state <= t2;
ond if;
—5HhtF

dbus <= +transport to stdlogicvector (w_data)

after t10_max;
if (rdy b= " 0’ ) then
done =" 1° ;

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

ealse next state <=tl;
ond if;
olge next_state <=t2;
and if;
end if;
ond case:
wait on state,rdy_b, br, dbus;
ond process comb_logic;
—HERATESE I AR RIS
seq_logic : process {clk)
begin

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

end process seq logic;

-~ AR TR ERTR R ARG ) R T 1 F A A B A S S AHULAD

wave_check : process {clk, dbus, rdy b}
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variable clk last rise : time := 0 ns;

bagin
if {(now /= 0 ns) then
- S S
if clk’ event and clk =" I’ <then
- P assert F 4P {52 RDY §9g 7 i H
—RKTEFET data frE 78R
assert (rdy b /=~ " 0" Y or (wr /=" 0" ) or
(now — dbus’ last_event »= t22 min)
report “1486 bus : data setup too short”
geverity warning;
assert (rdy b’ last_event >= {16 min)
report “i186 bus : rdy s=2tup too short”
sover ity warning;
end if;
R B AR ]
if (dbus' event} then
- NiEIRY assert [FAARE RDY GO{REFS 7]
—ATHET data F{FERTE)
assert (rdy b /=" 0' ) or (wr /=' 0' ) or
{now - clk_last_rise >= t23 min)
report "1486 bus : data hold too short”
ssverity warning;
ond if;
if (rdy_b' event) then
assart (now — clk last_rise >= tI7 min)
report “i486 bus : rdy signal hold too short”
seyarity warning;
and if;
ond if;

ond process wave check;
ohd simple 486 bus;

4. TriE=RH2HI R LR
FERTEGIESAERIZIRE 35. 5 B, TR apiiers 4 4 | [ s, 34

ok —= i S —= WE
W/R = ma:: I
Ads —* _""f(ﬁ'

os1—1

355 GREREHRER
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LUVt d, 2 CS1=1 i), FFgRRishlasuestr. 5% 2R T HIE S HIRE
BERE AR RAM AR HIE S . WE, CS SRR E it s (H S MM 2B 5 - %4 WE=0,
CS=0 B F) RAM B HA{F, % WE=1, CS=0 At Jg RAM {£3§{E . CS1 {52 H Address decoder
=, MHRE Y ESE 0~32767 Z[all} CS1 A 24 1. FiemwisHasA S ET
HETIE - RAy=0 R, 107 RAM PRI TEA5ER. S RAM ik, 1 dous LAIEIE
ol fEay CPU ;. QIR A0, 22H0 RAM 5 A BB TERk . CPU BT LAZEST T —I0i1F - 1
an 2 s SM FIE IR 35. 6 FROT .

M 356 FESMEHERER

5. VHDL #@iR B B354

[ibrary ieee:
use icee, std logic 1164. all;
entity memory control is
port { clk,w rh,ads b,csl : inm bit;
rdy b,we b,ecs b : out bit := ' 1' };

end memory_ control;

architecturs behavel of memory control is
constant delay : time := 5 ns:
signal state, nextstate: integer rangs 0 to 2;
signal now we b,new cs b, new rdy b : bit ;= ' 1’
begin
.process(State,ads_b,w_rb,csl)
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bagin
new s b <= " 1" : newrdy b <= 1’ : newmweb =" 1" :
cage stafte is
when 0 =>
if ads b =" 0° and cs1=" 1’
then ncxtstate <=1,
elge nextstate (=0:
end if;
when | => new cs b <=’ 0' ;nextstate <=2;
when 2 =>
if wrb =" 1’ then new cs b ="' 1’ :
elge new cs b <= 07 ;
and if;
new rdy b <=" 0" ;
nextstale <=0;
ond case;
end process;
process (clk)
begin
if clk=" 1" +then state <= nextstate; end if;
end process;
wo_b <=not w_rh after delay:
cs_ b <=new cs b after delay;
rdy_b <-ncw rdy b after dclzy;

end hehavel:
6. M &It

R CIFE 1486 HERRITHE SR . AR ARF AR ONIRE. B8
RGN ERMPESTIAT . I k5 A - MEUE. B R —sthf 718 e, ™
TEUERN S, TR AR LETESEER . E— P RSFHERR, WS
FEHT - SERHEMEIRE . AT 0E. REDEERIRORA SO . SRS
FREHESES . MU FESURT ARG LR, 5 MR —182 43
B IE, B R AR AR, B AN B E AR T L A TRy TEXTIO B S
R BRI 35. 1.

B & S RIE S LR R I TARAY - BERBE (1 BUTTE T2 B8k FRIEL a0 S8R, Wik
AMRETESS K T2 A BRI R - FHERTH Done {55, N HES0NRIER TS5
B HTEIZ—&, WiRAREL ] ~TBCHIE (testclk) (58, 5 Rkt
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FISN L HEK M

br wr addr data eI E A

0 I 7 1 s % 0H -

! ] 129 4863 =

P 1 255 19283 | 5

1 o 139 4863 i#

f 0 255 19283 it

. 0 59 T )

| 0o 139 863 | i

1 1 139 g5 = o
B 1 1 130 . 895 re

! 1 2483 "0 R

(clk) EEHIA, SUBRHIER (Ins). iXFMINE MR, RIERI-A TTEATE testelk
{65 LIIEE RTE olk 55 ETHR AT R Done 55 .

7. iEEMKR
R R R F B - N R R 7, 15 R SR P R E R

1 SO 3 R REBEIRE - SCFF R R R AL AT BRI R - S AR E X g
SO AETNEE - BRSSO BB B ERHL R AR . R T

type JHFEEFIEIR is file of HABRRL

5. type int_file is file of integer; .

SN RIRE . BMEH AR E - XHITHFAR . XHRRE . TR ARE
INF0 OUT k. IN RS, oUT AsFHR - BT -

file THARE. IHERBE is FTHFF L BEE,

fi: file myfile . int_file is in “/disk/BIT903/work”,
8. VHDL iR 75E B iEsE s i

|ibrary ieee;

use 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 »it_vector(31 dowrtoe 0):
r_data:in bit_vector (31 downte 0) :={others =>" 0’ }:
clk, wr, br:out bit;
std. done:im bit:= " 0' );

ond  Llesler;

architecture testl of tester is
BN ER A 20 ns
conetant half_period: time:=10 ns;
signal testclk :bit ;= " 1’

begin

testclk{=not testclk after half peried:

cik<{=testelk after 1 ns;

read_test file :process {testclk)

—EEMTT A F test B4 HF test2. dat”
—{E# 4 test_file

file test_filertext is in "test2 dat™:
variable huff:line;

variasble dataint, addrin®;integer;
varisble new wr, new br ;hit;

begin

—EIFHB AR ESER A Y
if testclk="1' and done=" 1' then
if std=" 1" +then
asgert dataint =vecZint(r data)
report "read data doesn’ t malch data file!”
sevarity error;
ond if;
if not endfile(test file) then
readline{test_file, buff),
read (buff, new br) ;
read (buff, new_wr) ;
read (buff, addrint) ;
read (buff, dataint) ;
br<=new br;
¥r<=new wr;
address<=int2vec{addrint, 32):
if new wr=" 1° and new br=' 1" ‘then
—HH{E
w_date<=int2vec(dataint, 32) :
olse
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—iZRIF
w_data<=(others=>' 0’ };
and if;
ond if;
erd if;
ond process read test file;
ond testl;

0. RYgHR

REHEDAD TARE - 486 HEkR O HT . FEIFIZHERFIFE RAM X 4 Fhéi
¥ BRFHERT generate iFAIHER T 4 DI RAM, JFEAIRBRAL THE RAMB
W FFRHE, (027 & 43258A-25 RUE) OMOS RAM. ACFRETH RAM HATFR T 8 {istitikek. m
HEME (Address decoder) AT —T8MFIHITEEI.

AL Talent REL LB SE - RALL WA ZIERE .

10. VHDL #& £ R &% o
AR G R B R R — N ST R

library iece;
uge ieeeo. 51d_logic_1164. all;
use work. all;
entity 1486 bus_sys s
end 1480 bus sys;
architectura bus_sys bhv of 1486 bus sys is
component 1486 bus
port{
abus : out bit_vector (31 downto 0);
dbus : inout std logic vector(3l dowmte 0);
w rh,ads b : out bit;
rdy b,elk @ in bit:=' ¢ ;
address, w data : in bit_vector{(31 downto 0):=
{others=>' 0 )
r_data : out bit_vector(3l downto 0);
wr,br ¢ im bhit:=" 07
std, done : out bit):
snd 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 domto 0};
data :inout std logic vector(7 dowrto 0));
end component;
companent memory_control
pork(
clk,w rb,ads b, csl:in bit;
rdy_k, we b, cs_b:out hit):
end component;
component tester
port(
address, w_data:out bit vector(3l downte O);
r_data:in bit_vector(3l downto 0):
clk, wr, brrout bit;
std, done: in bit):
end component;
constant decode_delay : time :=5 ns;
constant addr decode :bit_vector(31 downto 8):=(others=>' 0' );
signal csl:hit;=" 1’ ;
sgignal address,w data, r_data:bit vector (31 dewnto 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 (31 dowrto ()
signal cs_b,we_b;bhit;
—{&F 5 oe_b FERFK P EILT AR
signal oe b :hit :=' 0 ;
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 port map
{clk, w_rb, ads_b, csl, rdy_b, we b, cs_b) :
ram32 : fer i in 3 dowrto O generate
ram :static_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, ce_b, abus(7 downto 0},
dbus (B¥i+7 downto 8*i}):
ond generate ram32;
testitester port map
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(address, w_data,r data, clk, wr, br, std, done)
~— HI S {2 5 R 7 O B 32, 768 2. B3y RAM A {E B A 15 fir
csl <='" 1' after decode delay when {abus(2] downte 0)
=addr_decode)
alge ' (' after decode delay;
end bus =sys_bhv;
—RRIE
configuration conf of i486 bus sys is
for bus sys_bhv
for ram32
for ram : static_ram use entity work. static_ram{sram):
end for;
ond for;
for busl : 1486 _bus use entity work. 1486 bus(simple 486 bus};
ond for;
for controll : memory_conirol use entity

work. memary_control {behavel}:

ond for;
for test : tester use sntity work. tester(testl):
end for;
end for;
ond conl;
11. MR
F 352 43258A-25 B CMOS RAM HiRt 8 S#%

B L BRER WME . BKlE
i e 25 -
S ST - taa — s
I KB . tacs — 2
TH BB AE tclz I —
P toe - 2
R B - tolz T —
o IR EIT i Y 3 3 10
T BTG 1obz 3 10
A A AT ol E -
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5 BHGHK BME | BKE
AR twe 25 —
R g KT (A tew 15 —
HhHE S-& Bl F 5 R E taw 15 —
Mitf; BT B 198 o -
SR twp 15 _
Sk et twr 0 —
GBI K twh 3 10
T twd 12 -
HIBRATIESEE tdh 0 -
il B S R tow 0 —

. KA SMSHELIHE.

( Bfmit L2 35_486_sys.vhd

35_486_bus. vhd
35_bus_test. vhd

35 _ram-contreller, vhd
35_bit_pack. vhd)
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#3366 BETrHREHEERE
£ A

1. BRRGT{EEE

PR T SR IEEERE, 1] LUUFIA — 1 iR afim D& 7
2 DIREER T Z R HEGE . BB AR LM — B BRI EL. HE
FRPITENEME B, BARFEERVDRER TR LI Eh, X EREE D AYE
WSS KRB/ HIE LR -

TEAFIRIGR R T £ B8 BRr0 SR S SRk KA 298 (GCD) B84, N 36. 1
Aior . RARSEREIT 5 H2E8d. MHURTEE TE8EH, AJLUE HHEE MR & .

STATL =——am

din — o b

clk — ]

dout

xi

output

yi

361 MAEFHBEHEOEBENTHGCD HTEE

2. VHDL iESHaiE RiBZ A
TEEHET 2B RABINEE TN 6CD BT flt .-

entity gcd is
port(start: in bit:
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clk : in bit;

din : in bit;

xi,yi: in integer;

dout : out bit;

output:out integer);
ond ged:

architecturs behavior of ged is
begin
procass
variable x, y:integer;
begin

wait until ((start=" 17 ) and (clk=' 1' and clk’ event)):

LT 2T EBE RN MR XN
calculation: loop
wait until ({din=' 1’ ) and (clk='
dout <= " 0" ;
x = xi;
y = yi;
while (x/=y) loop
if(x < y)
then y :

1l

¥yUx.
ATy,

else x :
end if;
ond loop;
wait until ({din=" 0' Jand(clk=" 1’
dout <= " 1" ;
autpul <= x;
ond |oop;
end procasa:
ohd behavior:

VAT R 8HR SRS .

—i1X B ged Wl S RTLE
library icee;

uee ieee. std_logic 1164, all;

entity ged tester is
ond god tester;

architacture test of gocd_tester is
signal start:bit :=' 0’ ;

1’ and clk’ event}):

end clk' event));
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L t .

signal clk:bhit :=
signal din:bit :=
signal xi:integer :=4;

0
! Or :

signal yi:integer :=8;

signal dout:bit :=' 0" ;
gignal output:integer :=0;
— 45 15

component gcd

port (start:im bit;
clk:in bit;
din:in bit:
x1,¥i:in integer:
dout:ourt bit;
cutput:out integer
¥
end component ;
begin
gedl:ged port map (start, clk, din, xi, yi, dout, output) ;
process —— AR ERHETS
bagin
clk == net clk;
wait for 10ns;
end process;

process —FARE~LEEHES

bagin

wait for 50 ns;
start <= ' 1’
din ="' 1"
wait for 100 ns:
start <= ' @’
din <= * Q' :
wait for 100 ns;
X1l <=19G:

yi == 3;

start <= ' 1’ ;
din <= " 1"
wait for 100 ns;
start <= ' 0’ ;
din == " Q@' ;

wait for 100 ns;
end process;
end test;
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i 36. 2 WEBE, F-TRASERE 93, it EG. 7 800ns RYiT R B THE
dout {5 SR ARSI K, [FIE output LAY MERR A AL 3.

XD WhY) WG EMO NEQ WIW Whe
i) mimis i it o

Cursor B39.0

Tmenns A A A A N A A A
Scale= 100 [DD 800.0 B0.0 960.0  1040.0 11200 12000 128

-

output .3 . 03 1
dout e 1 f i

s |

:yi ¢ 3

.| v 9

din ¢ 0

o RS

start <« : _I ’—I—! |
dout < 0 :

=-vl
b ~ -111?19;_".1 L I

R o0 e T B e e Gy ,ﬁ_,l S ; : ___'_1,5:_:35; = H

B 362 BEMERER

(FdbE LM 4 36_ged.vhd
36 test.vhd)
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37 MEEZBEN
K OB

ABith R — MR . BB L R
PUEZ AR R 5 9

o RE;

o Bz = AR JL B S0 B W RE HBIAGESE 132

entity Test_105 is
end Test_105: —-EHEE AT
architecturse Behave 1 of Test 105 is
type Logicd is (" x', "0"," " 1'," 2" );
- MO{EB, ' x" ALERE 0 AEEE T 1T BERE 2 HEERE
type Logicd Vector is array (natural range <> ) of logicd;
- —HH . EoHMEEEEIE
typs Logicd Table is array ( Logicd, Logicd) of Logic4:
— ZHRY. EAHNEEHDHRE

constant Sample Thl : Logicd Table := {¢' ' ," x"," 1" ,' x' ),
xtL,to L, st ),
S L LA R L
Uoxt L2t L,

—~ BE. NS HYT R
function Manipulate Vectors{(L_V,R_V : Logic4 Yector)
return Logicd Vector is

alias L V Alias ;
aliag R ¥V Alias :

variable Resuit
bagin
for 1 in Result’
Result (I}
— RESHHS
ond loop:
return Result;

Logicd Vecter(L_V' LENGTH dowte 1) is L V;
Logicd Vector(R_¥' LENGTH downte 1) is R_V;
: Logied Vector(L_V' LENGTH downto 1):

RANGE loop

;= Sample_Thl (L_V_Alias(I), RV Alias(I});

THERHH R

end Manipulate Vectors;
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signal Vector A : Logicd Vector(0 to 7);

signal Vector B : Logicd Vector{C te 7):

signal Vector C : Logicd Vector(0 to 7);
— EXENES. HANEEEAEE

bagin

Funct_Slice Test:

process
~~ wvariable Vector A . Logicd Vector(0 to 7):
—— variable Yector B : Logicd Vector(D te 7):
— variable Vector_C : Logicd Vector(0 to 7);

begin )
Vector A <= "sxxlzlal”; -- {(ZBHLSER{EEN

VYector B <="111100x0";
Vector_C <=Manipulate Vectors(Vector_ A, Vector B):
wait for 50 ns;

ond process Funct_Slice Test;

Finish:

procees

begin
wait for 400 ns;
acgert false

severity error;
ond process Finish;

—— 400ns fFEs AR A

end Behave [;
MEIEH]

Vector_C <=Manipulate_Vectors(Vector A, Vector B);

SRMTHER .

Yector C <= Manipulate_Vectors(Vector A, Vector B) (4 downto 1);

MeFH—TEITHNER. BRARNSREEF FHIEY. T8 EE 30 5 e
HERF - MRS AT R -

Vector € <= Manipulate_Vectors(Vector A, Vector_B) (4 downto 0) :

H2 S8 — ST AEHR, BT E resuit (I AFETE -

0153.



2. M{EBBR RS

PUEBENAEZ X, 00, ', L), B XURELERSE; CRREE O
ol UREEE L EE TRAESHERE

test 106 HEE LT 3 FEHE, logicd ZIUEZEBMFZARL, logicd vector
EIEBRAT— R, 77 logicd_table WIS ZHERUEH . HA T in N IS{E B BAVKEE
B, HhRUETENREER.

U4 % SR 43 W SERR B TEE L HH B sanple_tbl R E2EILH 3, 417 37. 1 B,

®£37.1 AEEBERHSHE
‘09‘

N o= S

X
.0,
1
Z

v - . [ -
[

Z
X
‘e
I
z

Hep HMBPEHE (k—1R 4 —TAB) HHX, WSBERXT; F AR B -
MR WERBE—HRT4, SBHESRAD; & A=0, BT, WAPHEN'TD, #KI
A -

MF3T. 1B THRERK, BTERERENY, THO,

3. A%
test 105 H5E W B % Manipulate Vectors EF- NS EL VARV, iﬁ?jg—éﬁﬁiéﬂ,
A AUk logicd Vector, REBEEEIZEHAL N logicd Vector.

BB S A ] L — B ERATITESS 10 o s B R 51 R ER HRAATRE ) iR
E5EZH .

4. BR{IEBAYEJLAL. {EJLALR AT RE B RYHER

7E test 105 &SHgERHEAX . EY 3 MEE Vector_A, Vector B i Vector C . Hi
A ESESUfImE. M Vectro C &4 fifi[ME.

7F Funct_slice Test #EFEr, %5 Vector_A ffi Vector BRE{E. X T Vector C,
LA

Vector C <= Manipulate Vectors{(Vector A, Vector_B) (8 downto 5);

MR{E. X&iBaELL Vector_A §i Vector B A& E0E A #E N Manipulate_Vector, FHY
REEES 4 (RS Vector C. HA[LIEYE 4 31, BFESHRIN TR
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Y¥ector_C <= Manipulate_Vectors (Vector_A, Yector B) (4 dowrto 1) ;
B AT REGE Bk B R MRS . EERUTER. BiTearEaR,
Yector_C<{=Manipulate Vectors{(Vector A, Vector B} (3 downto ()

B AR LR, TR S EA 2R A {EERE X 4 VLENGTH downto 1, FHRIGH 1, T
FT{E result (0) .

# A= 00000000”, B= “11110000”, {83 Vector_C= *11110000".

= A= 010101017, B= “XXX1Z1X1”, }] Vector C= “X1X1Z1X1".

(FAGE LWL 37 test 105.vhd)
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3801 MEEEEEENREN
7 R AR

1. ERRENTERE

AP B ESCHMEYENBENZNEEE . € X MEZEEERNEK 8. 1. BRF
R EL—ANIHNE B (IBUaEBRRD MERDUESREL - Flant & x50
RS2 EE. ARBIEPBEERDE 11T, 2 35HNEPTEAERT .

* 380 MEFMEZER

X 0 | z

X X X 1 X
0 X 0 11 Z
1 ] 1 ! 1
1 z

z ! X z

2. BEEE VHDL EEHRAZRIBEESH
WA BRI TR .

ontity Test 28 is
end Test 28

architecture Behave ] of Test 28 is

-7 X VO{EEE _

type Logicd is (' x', "¢, " 1", "z )

—5E X VOB B

type Logicd Vector ie array (natural renge < >) of lLogic4;

—E X EEHIERE

type Logicd Table s array (Logic4, Logicd) of Logicd:

constant Or Table : Logicd Table := ((' x’ , " x', " 1", "x' 3,
("x', "o, "1, "z )
G L L LN A
¢x, 2,01, T2

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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X XA REEH R

begin
—RIEN M {EFERMBKE 8. NRKEL -,
A EREE . .
—-L_V' LENGTH BM & LV K EREIE. EERE LV 40K .
assort L V' LENGTH = R_¥' LENGTH
report "LENGTB mismatch of inputs”
severity error;

——For {&#1iE6], Result' RANGE 2|68 Result By T EH BT,
——E ] Result [ BEY TR -
for I in Result' RANGE loop
Result (I} :=0r_Table(L_¥(l-Result' LOW+L V' LOW),
R_VY(I- Result’ LOW+R ¥' LOW)):
end loop;
return Result; — & [O & ¥ i
ond “or”;

bagin

Or_Range_Test:

processs
variable Vector 0.8 : Logicd Vector (0 to %)
variable Vector 3 11 : Logicd Vector(3 to 11):
variabls Vector_ 15 23 : Logicd Yector(15 te 23):

begin
Vector_0_8 :="000011101":
Yector_3_11 :="111100000";
Vector 15_23(18 to 20) := Vector 0 8(0 to 2) or

Vector_3_11(8 to 10);
wait for 50 ns:

ond prooess Or Range_Test:

——Hb#EE. b EIT
proc_end:
procase
begin
wait for 100 ns;
assart false
report “end”
severity error;
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snd process proc_end;
ond Behave 1;

R
VHDL sy BEEmE R TEARH M . il {5548 EVENT: iECE Rt - B ES
AR LR AZE SRE T R EEESEEETWN), MHER True; B, & False.

3. BRI @B RHAE BRAUS RS 7

2 Yector_0_8 4 «0000111017, H-B Vector_3_11 F“11110000078F, Vector_15_23
HI{E F5*xxx000xxx” -

EHNENFEET, &8
Yector 15 23(18 to 20) := Vector 0 8(C to 2) or
Vector 3 11{(8 te 10);
AT, BY T [ & Vector_0_8 1158 0 2F 2 (YAY{EA Vector 3_ 11 f95E 8 2 10 (I
8. EA159 59000 F14000" . RIBIZERE, Or_Table(®, ‘0)=0", FFLIHITERL or
2GR ERG{E A000”, X MEEBIK R E Vector 15 23 BY5E 18 FH 20 7. XM
| EAL R H G BEREE Y - ATLL, m&m & Vector_15_23 FU{H A " xxx000xxx"

( BAHiE LA & 38 test 28.vhd)
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£ 3901 HRGEAHIERN LG
%

FERKTE FIER R R TEET AR 4 BU R AE SR S ROBRSLER 6t T —FLE], FELS HRiiR v ]
LRI B SRR AL Bzt . S, Pl R 2 i A — T EEN R L2 H A~ 1T
. ABITHeEREFTELAFIRFER S Ak

1. BERRFITIEEE
LS RSN B ENE 391 AR

DRR[ 15 + 7] v4
Dﬁ?g”g] DBR[14] | DBR{13} | DBR[1z] |DBR{11] | DBR{10] ||DBRI9] | DBRC8] | DBRI?]
1
K|IK K| K KK K| K Kl K KIK K| K K| K KIK
- B8 Ty7 6516 515 474 3|3y 21¢ 11 1 o] 0
. . . B . m out x . . .
i out x n out x i out X In out X In Out x DP03 I our X it out x in out x
DPo2 DPo2 DPoZ DPoz DPo2 L2 05 i6 DPi DPo1 DP01
b72 i5 16 [] b72 i5 i6 || b72 i5 16 ][ b72 i5 6|} b72 i5 i6 M96 b72 i5 i6 || bre is i6 |f b72 i5 i
1 ] M
1 4 " 36

_""iﬁ

L 5
e 72
ma6

H391 BHRRAETER

FREE RSt DBRI15: 7] 2~ RWMIENLE, MBAGHWMLIEDXELS, i
KI8: 0] BH Ah—&BERER, HAMBE LA XTSI, 380 5. i6, b72 I ng6
UpEat A

B 39, 1 F, R BEATE I R B R T AR B R 1 4 - Bl T 2 ehy S L4 ER DPOL
DPO2 & DPO3 REEETARA. AR UL R 4HEX LR ERBERR T 4 ThRE, A GEEair s
FRRHIEE - AP EEEHTERIGRR D, BT TR R RE R . e
B BEERYITIREAE Wk, T, NAETIINTERIGIIESE KIB: 014315
AE|REEHMR DPOL, DPO2 F DPO3 7, {E#2MIBIT i5. 16, b72 K m96 Ml T, £33
—~ R, B KI8:0) EF M A BISUE AL KI8:0] k. 3 E% K(8: 0] haRiE K A0
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PSR g% DBR(15:7] | .
2. VHDL EEHR A ZRIEESH

(D 2 KEAAHER
ERE SRR EWT .

HIEIRS . ERTE gengerate
| &ERgiEs |
end generate [ LREARE ]

R TR . for Bl if . ERE for MTHRE MM, T4 HTE if w
F Tk — R B SIS ME TS .

Z IS R G S wst0dp MHTER T 9 MR X 9 P REEey R A 2 M -
WTREHTLLEH, wstOdp B—MHNEER. FFLTEEREER 8 LINE Ay LB
KA for AR ; R 9 MEBRE 5 MR E ws10dp02, 1 42 wst0dp03, H
R wstOdpOl, BINERREOMIHIER 28R, FIUIZEERAT S % LINES_5, LINE4 &
LINE3_O ppE B a)H MR iF AR E.

(@) ERERIRIAE

A TR R A — B A B A 62 A 4 BB AR Bt B T A A MR BE ) - JRREIR
BT

LINE: for I in B downmte C genorate

LINEO 5: If I <9 and I > 3 generate
Udp02: wst0dp02
port map ( b72, i5, i6, k(D), k(I), DBR(I+7});
s_DBR{I+7) <= DBR(I+7);

end ganerate;
5H)
LINE: for I in 8 downto 0 generate

HEAERS O MERBIT AT, ERHRBEEEN, BTLUERA for B —LE . 4
I <SHI > 3. RRKEERE DP02. FTLAR if ERAESITER

LINE3 5: if ] < 9 and I > 3 generate
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BTIGEHTLAAT. BNEELRNEHMERDER EIST e, BARDKE)
59 in i, S0 K@) H5E5 out HE, MEHED IBRED SFS « i,
RIS - BAR S R R . DU, B Eimraay
PR R T -

FXREFMRR TR, BSEE 8 5.

ERBAIMFESEBEATEBER RTENAT. HESE OHLESE 414

(3) iRk

{ibrary IEEE;
use IEEE. std logic_ 1164, all;

antity wstOdp is

port (

bA3 : in std logic;
b72 : in std_logic:
i5 : in std_logic;
16 : in std_logic;
no& ¢ in std_logic:
k ; in std logic vector{ 8 domte 0 J;
DRB : in std logic_vector( 15 downte 7 ):
w44 : out std logic};

ond wst{dp;

architecture struc of wstldp is

componertt wst0dp0l

port
b72 : in std logic:
i6  : im std_logic;
i6 : inm std_logic;
m36 : in std;logic;
inn : in std_logic;
outt : out std_logic;
OB ¢ out std_logic J;

end component wst(dpll:

oomponent wst0dpO2
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port (
b2 : in std logic;

i% ¢ in std logic;
i8  : in std_logic:
inn - in std_logic:
outt : out std_logic;
X . out std_logic );

ond component ;

oomporent wstOdpd3d

port(

b72 : in std logic;
ibh  im std_logic,

i6  : in std_logic;
m36 : in std legic;
inn : in std_legic:
outt : out std_logic;
0B : eart std_logic;
yd : out std_logic }:

and component ;

configuration config wstOdp of wstOdp is
for struc
for LINE
for LINE9 5
for Udp02 : wst{dp02 use entity work. wsi0dp02 {FUNC) :
ond for;
ond for;
for LINE4
for Udp03 : wst0dp03 use entity work. wstOdp03 (FUNG) ;
snd for;
ond for;
for LINE3_1
for Udp0l : wstOdp0l was entity work. wstQdpOl (FUNC) ;
ord ¥or;
ond for;
ond for;
ond for;
ond config _wst0dp:
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gignal 5_DRE : std logic_vector( 15 downte 11 }:
signal s_y4 : std logic;

bagin

LINE: for I in 8 dowrto 0 gonerate

LINE9 5: if i <9 and i > 3 generata
Lidp02: wst0dp02
port map{ b72, 15,16, k{(I}, k(I}, DRB(I+7));
s_DRB(I+7) <= DRB(I+7};
ondl generate
LINE4 : if i = 3 generate
Udp03: wst0dp03
port map{ b72, 15, i6, w96, k(I}, k(I}, y4, DRB(I+7));
s_¥4 <= y4;
ond geherate;
LINEZ O: if i<3 and 1 >= (0 genorate
UdpQl: wstOdpOl
port map { b72, i5, i6, m96, K(I), k (1), DRB(1+7));

ond generate;

and gonarmte;

end struc:

(RFG:EIH L. 39 wstGdp.vhd)
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F40Fl HREAFGEHE
% #

MEFERERBERELTHRNEELHE, FAN-MFERZLARE FHZHLR
FHUEH DM AN - EEAF T E - SEEMTER R . 282 VIDL iB5h— 13k
HEE . FREHEDRCEETEEMEERINR . THEL —MEFEBAFEIEENTR
Sk 5L BA QAT 2 B WL O R K/ STE SR 46 BIeh iR R 2 SR ELth Ve R L R (AR

1. AERRETIERE

FRBOIFDB[E LR R EE A 40. 1 B Hp N 2R B, [ERAIIT RIS E
RIVATFAATEES IS 41 #l. F 58 Fxf —4 2-4 FBEF{HAT T 1FOERE. F
HEE XY R RE

Sel(]) ~———= ——w=— Dout(1}
Sel(.‘!) i Dout(Z)

decoder Dout(3}

Sel(N} e Diout{2%xN}

M 401 FHFAMSFHRETES
2. VHDL B SR A EREBESH

(1) 2%

FEISERE TS M, FRPERAIFEE LS W O WE R, 10 2-4 #iE
3-8 1RIRET - 4-16 REGBRHEE . MEAEFHBRT WmOIHE ARSI, Efi7rE (08
HFENEET) M2 R, MFFXEFESRSFTRR. WEFER. mERETU
[ SES L7

B, TEERIREHR A SERHEA -

ontity 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:

XBHIRETRE generic. HFREFHEXRR EEREAPEIRDEENK
AN, AP R RO -

genaric( N: Positive };

N AFHAIRIWELE, Positive B NMAE, HIFRH . EXT NUG, EEHH
FRE S B . SRATDAA N R BRI, MAR DR N, IS5
Thie hithim DEAME 2" DT -

BRERTIRRE T — P R RESEE - EHM RBIE S Rin DAty FEAF
A R DAGRERE BBt .

(2) RETHETHIER

Vs R BRI A STER R AN . BT LIS & e i By S o e
T AR, ERE—HTRE. FRLH . EXERTHEET TR 0E, T
ant R R o] LUE R, AEHE

for Invert_select : Inverter use emtity work.B_ INV{FUNC)

port map (11,01} ;

for And_each N minus with_Secl: And2 use entity work.B_ANDZ(FUNC)

port mep (11, 12, 01) :

for And_each N minus_with Sel bar: And2 uee emtity work.B AND2 (FUNC)

port mep{I1,12,01};

YRR IR SRR A TR AV 2T R BT 3 B A E BT B A 4% B R 7T S0
MARBCEE S - work (R METTIRAE, RAEAARE AT LATR /e, AR
TESMMIE (Y IEEE ) &.

(3) A%

BSRTHE R B L RATRISE . FILITETCIBIR 2 S BTN, BHErEaE
PRIREEE. HRBNERENNT

for N_minus_1| : decoder use emtity work. decoder (Generic structure}
goneric map( N )
port map (Sel, Dout) ;

4) XBRSERED
RREVSEKIEDEAERER. BAENE5EEY - SNMSHEEX. &
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BIRAEARANRERER EERETPH TG RHERE AROPERE -
(5) WAL

FFIERR N-2 {F G 8ENT . FRAYE— D E R IREN, L£HiEq
N_minus_1 : decoder generic map (N-1};

port map ( Sel (1 to N-1 ), Temp J;

HRk— (N-1D-QV D) fiEr83s . ABTEER E2HEmMER N-2" (FiDRRE 518D
o, FEESTIXHtEERER. EREFAERRERERSH. OTHT:
For_each_output from N minus 1:
for I in 1 to 2%k (N-1) generate
And_each N minus 1 with Sel:
aAnd2 port map ( Temp{I}, Sel(N}, Dout { 2#{I-1} +1 }):
And _each N_minus 1 with Sel bar: I

And2 port map ( Temp (I}, Sel bar, Dout { 2% )):
ond generate;

3. Ed

entity B_INV is
port(
11 : in bit:
01 : out bit
)
ond B _INV:

architacturs FUNC of B INV is — RS N
begin

01 <= not I1;
end FUNC;

sntity B ANDZ is

— H{1@T Ak
port |
I1 @ in bit;
12+ in hit:
01 : out bit
)
ond B_AND2;

architecture FINC of B ANDZ is
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bagin
Ol <= I1 and 1I2:
end FUNC;

entity decoder is
goneric( N: Positive )
port( Sel : Bit vector {1 to N );:
Dout : out Bit_vector ( 1 to 24N )}:
end decoder;

architeture Generic_structure of decoder is
signal Sel_bar : Bit;

component And2
port ( 11,12 : Bit; 01 : out Bit ):
end component; ;

component Inverter
port { Il : Bit: 01 : out Bit ):
end component ;

ocomponent decoder
goneric ( N : Positive };

port
Sel : Bit_vector ( 1 to N };
Dout : out Bit vector ( 1 to 2%#N ));
ond component ;

L

configuration config decoder of decoder is
for Generic structure
for Invert select : Inverter use entity work. B INV(FUNC)
port map(Il,C1};
end for;
for Recursive
for Nminus_1 : decoder use entity work. decoder{Generic structure)
goneric map( N }
port map (Sel, Dout) ;
end for;
for For_esach_output_from N minus 1
for And each M_minus_with_Sel bar:
And? use entity work. B_AND2(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 (11,12,01);
ond for:
ond for;
ond for:
ond for;
end config decoder;

begin
Invert_select:
Inverter port map { Sel(¥), Sel_bar );
- YR N=1, W 1-2{F55%%
Not_recursive:
if N=1 gsnerate
Dout () <= Sel(N):
Dout  Zak(N-1) + 1 } <= Sel_bar:.
ond generats:

— UMEN > 1

Recursive:
if N >1 generate — HpkiEd
Bl : biock — HHER)
signal Temp : Bit vector { 1 to 2#k(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:
Ffor I in 1 to 2%x(N-1) gensrats
And each N minus 1 with Sel:
And2 port map { Temp(I), Sel{Nj,Dout { 2%(I-1) +1 });
And_each_N_minus | with Sel bar:
And2 port map { Temp(I), Sel_bar, Dout { 2+I });
ond generats;
ond block;
ond generate;

st Ceneric_structure;

( Btk I H2: 40 _generic_dec.vhd )
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EMNE BHREHMHLES
%

AFRE 40 FIRS— M IHAES  BRIHTRS AT e, BRER 7HHE
gititd - BR5EBEOMATF AR, #XRIRTLHE S ERERNHED .

1. R

entity test_decoderd is
ond test _decoderd;

architecture BENCH of test_decoderd is
component decoderd
port (
Sel : Bit_vector ( 1 to 4 );
Dout : out Bit_vector { 1 to 16 )}
ond component :
for I1: decoderd use entity work.decoder (Gerneric_structure) ;
generic map (1) ;
port map ( Sel, Dout):
signal 1.5 : Bit vector{ ] to 4 ):
signal t_ 0 : Bit_vector( 1 to 16 );
bagin
Il : decoderd
port map (

v

S5el == t 5,
Dout => t 0} ;
driver: process
begin
.S <= "DODO",
"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. IEEERE

R 0FIF. BTRATER, FHARFESERN OB dLRE NRE .- £
AP AR ERUINEEE. MR TR, SO EEERE BASRETL
Wt HRER — M IVIXT R, {0 2-4 #6504 - 3-8 (EMaEK 4-16 1R E8R%FF .

FE RE TR R SR, — B ERRRIGR . TERES MR X AL
P EFHRE

AHIRFEHEME e XRERN, FOUT -

for I1: decoderd use entity work. decoder (Gerneric_structure) ;
gensric map (4);
port map { Sel, Dout):

MEHFEE A NIRE 4. BRDARBIRTRARATE — 1 4-16 35838, f5E— D EENLR
EREEETY. TUBIDSIETREN. 2HE.
3 WMAORGESRENX

ERBEAEE T XBELS. WORESHEERIBEIRENT. BRE
4-16 1 F558%. AZHWAROAN 4 fUfrmE. Wlsas 16 M mE, ATLIESE
R FHGE TR, BRI

componant decoderd

port(
Sel : Bit_vector (1 to 4 };

Dout : out Bit_vector ( 1 to 16 )):
and component ;

Ml SATREHE S e THRUIHEE -

signal © 8 : Bit vector( 1 to 4 };
signal t 0 : Bit vector( 1 %o 15 );

BT HEBEERHT . ARRTEES LMY @I TS A L HE. REREE
Hid: @R Pat, LRECHERTY. FIEMRHR N EETHE. &
HAWENAREE.

( RABE LM L: 41 generic testbench,vhd )
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F428) THSEHRESHIE
£ #

EH VIDL B EHHTHFERFE IR ERIANNFRASEE. RO RAT
AP R s R A SRR rT RS EERE RN E K. BNRMFEERITASE
MRS . ASIELE — T EGEENIT N SEMIR SR .

1. BRRGRRE
BB RAN T A EINE 42.1 BT

wstOintm
il3
, ¢ k3g
1 ¥ stOinte
?O!
’ outl
wa
-

b53 i18 i19 i30 b7z iS5

E421 BRESTEE

LSRR wstOintm, MORBEMRILESL. B8 1 MMM D : 3 T AR
7113~ W 1 AR 007 6 MPRfsE O b53, 118, b72, 119, i30 % i5 MMM
Hidm 1 k38 K] stOintm. S b, FERIRNIRE MM AR wa & wt dHREHY. wa B55RA
£ wstOintm A MK b53 & 118, MTHEEES outl X5 19 i30. b72 &
15 —HC PR wt .

X -SRI IERE. TE(LIPTR outl. b72 & 15 I RBER — N1 .2 outl =1
B, deff 13 1EREA ; 2119 = '8, EFEREUERS A Y 130 = IR,
MRIRREFOVEARA - b72 | 15 B4 —MEAAHSENR D . TS EHTE—F
BIBSIESRS . 8 AGETIM LMD - BiHa stointm {RTES A BME . T k38 (21220 5 AT
ERAE -

wa 2L R — M EEIRR, ERISERAITHEE 275 bo3 B E . I8 118 WfE s
Houtl H1Z%, FHL wt —NMEHIEO -
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2. BIRE) VHDL BRI ERIEESH

(1) BiEE

|ibrary IEEE;
use [EEE. std logic 1164, all;

entity wstlintm is

port (
i13 : in std_logic;
i19 : in std logic;
i3¢ : im std logie:

h53 : in std_logic;
il8 : in std logic:
b72 : in std_logic;
ib : in std_logic;

k38 : out std _logic;
st0intm : owt std_logic }:
end wstOintm;

architecture struc of wstlinim ie

componant wa
port (
inn : in std_logie;
b53 : in std_logic;
outt : ouwt std logic J;
ond component:

for U1 : wa use entity work. wa(FUNC):

signal cutl : std_logic:

bagin
Ul : wa
port map (il8, b53, outl);
process

variable ic : std logic;
variable id : std logic;
begin

id == {19 & 130 & outl
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case id is

when "1007 => ic := " 1’ ;
when “010" => ic = ' Q' ;
when “001" == ic := 113;

when others => NULL;
ond case;
if b72 = " 1" then
gt0intm <= ic aftar 0 ns;
end if;
if i5="1" then
" if ic =" 0' then k38 <= ' ' ;
else k38 <= k38;
ond if;
e if;
end process;
snd struc;

(2) B&¥HL
S P H AR 5 e AL wa 4R35 wstOintm PR 2%, TELAMEE S N0 1T
* e
TELEFIRIGFF s X — 1 component, (X/MILEFRLEIEE 7 D423 LK 2
Hwa, REHIET
Ul : wa

port map (i18, b53, outl);

itk T AR S TR BB AR K, [T outl REERINEREEDAIEIIMAHES,
EHITRAFRLE . outl SERTLIEANEE STISRE HMAT At . 2%, &
Tt 28 BB EER

for Ul : wa use entity work.wa{FUNC):

AP E A2 BRI, RARHA TIR va LUMOSBBSLIOE AT 5,
St EIRIE R — R sE o B RS wstOintm FUHnA (AR P R ST EIIR T
iR H, EiR 7 — T ZEhRFaRmThse. HIRRAMERTS LETHOM®EE BX
E—RENS. BEEE 6.

( #F4E L 4. 42_mix.vhd)
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F4W NOABUEESR
FPNS -

1. RRRETERE

ABI - R A G . ER U FERENS— T RE. HFESREABRER
B, HEREEME 43. 1 R - 455 load AR ER . FERFITNEE A din,
MREE left_right FREL, MIFFEIRIRE left_right BUE 0 0 50 U R T A T8 E
R TERTBR EFCISR ], B8 RATHI I Ei O dout .

load left_right din

i |
dk—e|  mEBH RS

dout

43.1 AEBLTFIRIER

2. B RHEEEFHSR

TE TR R ERESR VHDL #5877 [FETIES]| A VHDL R E BB IR R
FERURDF AR
(1) VHDL 8q3E 28

VIDL BEX RS+ E. EEHTHEEXEBIEER, 1 HEE VHIL i ags 2
REVRKABE LR . VHDL )58 K RNSF S TET -

O B—MNREA—ITXRE REREZLEMME .

@ TEE L —A B Ert A I BB e R S 2

VDL AMER T2 HE KWERRLY. TR AT O8I ER . RRE Y
H—RER A .

type KRH is LW,

HPARRRERE T —FMERMMRTZHAE. B LR AR e LR E
Bl MR ARIC RS (E -
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VHDL i X 28 B BT LAGE A P A B X AT B BT EEEH : integer (¥

B3R | real (FEAHER) . boolean (HrHEFHI) . bit (AR . severity_level
(Fr2E 3R ) . character (MZEEH) ftime (PR ).

VHDL B dE26 800 5020 4 K26, IR AT 38 FIERM LR,
THE—frEl -

@O fFEERY

LRBHTIIRELH TER—KFET - ERNSR. BAXHERASGEES S
B, - AR E AR RIE M R 2 EERE — MR R(E . ©EE T HE IR
R BROERY . SCREE . MR R R

MR A — s 28 std vlogic TERF std_logic 1164 REELIT -

type std ulogic is ( '

| T ERe S =
|
i
an

@ E/FEH

HEXURENEMCT . WHEHBMER R TENSE, MiDRER AR
ISR TR A —H . A EIEER (4 RAM A0 ROM) AUEMERE . Wit FEu
HBAL - FEESHMEEE.

FCHA DL R — SRR S MR, TRTTETLUR T —Fk VEDL 3IERA. &
VHDL /. 287 bit ] bit_vector 4RIRFIF (0. ) MFHRE, CIiHHEHzE
AR, THEATMERFENE Y . B—MERKLE std_logic vector X IT -

type std_logic_vector is arrmy{natural range < >) of std ulegic:

Z R R — 1 std_logic RMEUEMER, HADMTENB MFIETE. B
range< >3RI ; natural EIXAM O - MRABEE. THT range< D2 Ei, £
std logic_vector BRI SHEM 0 IR K BRETENTE.

WREAE LB R IE— T A RE, PRSI TEATHERE
Al iICKITRVEFKLHERANTE. FalsBARRRR.

HTEGRUNESTE . TUBERE. oL E T rE s IikE.
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3 FFHUER :

BARILER - BIEEH AR, pRATENRZAETRER. BERINR TR
FeiBZs ] . AR A IR T o — BTSRRI AR, TR AR EER -

@ R

SRR TAEERAHBEATE LRI G, O REA{E R ERGFT
(BRI o B 43.2 2 VHDL e a] SRR — R, 14 0 L@ e Iaef VHDL cR il
HRUHO PR -

(rmzs)  (xexm]

PN VAN

(mgxm) [ mmxn) wern ) xaxn ([ mam ) { &z |

43.2 VHDL ¥iR#BIEAT

(2) THRE

AR L —MEE, CERE LA E L EEE AR AR —
Mt R REEE KRR R D R B AG{ER AT+ 8 IR A B ERMBR
FRRMEM RN T 2305 - {2, —BEEIRRBERAAE M e RN, i
EUETEESA A THE B 7R B . 7 2R 0] DA e A AU R NRR ) &, th
AT UATR] Bt of AR XS A B e 4 T AN SR DT T BT R -

3. VHDL #d 77 3%
AP IR o FF 7 884 VEDL #5490 T

library ieee;
use ieee. std logic 1164, al};

- ELHEA, 1WHR T AR
package shift types is

subtype bit4 is std logic_vector(3 downto 0);
end shift types;

use work. shift types. all;
iibrary iece;
use iecce. std logic 1164, akl;

— R, BB F 17 2R S T
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entity shifter is

port(
din:in bit4;
clk, load, left right: in std logic;
dout: inout bitd

s

ond shifter;

1R

architecture synith of shifter is
signal shift_wval: bit4:

bagin

nxt:process {load, left right, din, dout)
begin
if(load = ' 1' )} then shift_val <= din:
elsif(left right = ' 0" )
then shift_val(2 domte 0) <= dout{3 downto 1};
) shift val(3)<= "' 0' ;

else
shift_val (3 downto 1) <= dout{Z downto O :
hift val(0) <=' @' ;
ond if;
end process;

curreni . process

bagin
wait until clk’ EVENT and clk = ' 1’
dout <= shift_val;
etid process;
end synth;

£ shift-types thliAR I AR MAFIME AR R LR bitd, ZEME
std_logic_vector )81 ; TESTATHIAAR/ IHBHS & 8005 A M55 1 din A dout
SRR FFERNEERN D clk. load Ml left_right BB FHM std_logic BEE, H
5 RY std_logic 7 std_logic 1164 @AFE YT -

type subtype std_logic is resoveld std ulogic;

LR ROBER M RRARE . TR (current) {RESRIRERIZ 75 4 EIENBRE.
EERE R wait BGMNEAENME SWREEOMNEE - 4 clk FSE LT RN, #58
WIS AT EIER, HHS shifter (5T — MEBHFHE LHTREH shifter 2%,
55— AR AR b R E R A0 BT e

M A HERE nxt IFE shift-val IWHTHE. LIESE dout. MIER loed S REE®L
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SUISA, METET - 1) A shift_val 5% din f9{d. SMET lefu_right
HHBMFEHREEHCEEERE. AT OEBCHB A .

TEAFER, T EA&RRESHREFRBEREN T %, 8184 “shift-val (2
downto () <= dout(3 downto 1);", tha] 4B HEFTERE -

shift_val(2) <= dout(3):

shift_val(l) <= dout(2);
shift_val{0} <= dout(1):

R (B 7 TR BUR —HE .
4. FERIER

AU ARG EE MR T& . A BRI 0] DUSHIE b VHDL #BBR9Thag 275 ¢
Ep. S EmEREORE 43.3 Bir. MR EERAF LG
43 test register.vhd.

R ufmw-;s;gp‘. O Woo WY T __aloix

slnlel oz Blsle) dldvlf o - o o o
|r Cursor 12!%
T T Fime in n's " TP T TR T 'r'f"i""'l'“ru‘"r"i"i'“i".”.".'”n"f“. ‘i'?f'r‘r“r'rr"{T'r".‘".“‘I"‘."i-i TT"."r'r?"|-rr‘.'-.'|““r“r'-.‘

Scale = 1.00 j00 200 40.0 60.0 B0.0 1000 1200

i,dom[a] PR S -~ .*
doutil] o0 OO &0 XTI 1]
dout[1] o 1 U 0 W1 T 0 1 X0 0O 1 ¥ o

| dout{0] ¢ 0 UX 1T X 0 (T X0 01 0

ileft_right > 0 U X0 Xl _ T} —
load o 0 {1 A0 X X 0 Y U X 63X 1T %0 10 1 X0 1]

| clk e 1 XX DODEO DT D@ DO
 din[3] o 0 ] 01 %0

din[2] 5 1 @ O 1 X0 B[

| din[1] > 0 01 D 0}_1__ ¥
Edin{[]] o 0 R 01 X0 .
. P 5 Y B A A I v »
BA91. 500 ax W inl0) BE St hiftr Bua) . 0 NG ORROE B3 00

B 433 BLUFFRRAIUERE
AR TEWT -
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library work:
use work, shift_types.all;

library icee:
use ieee. std_logic_1164.all;

entity test shifter is
ond test_shifter;
architecturs BENCH of test shifter is
component shifter
port (
din: in bit4;
cllk, load, left_right: in std_logie;
dout: inout hitd);
end component ;

gignal din: bitd;

signal clk: std_logic;

signal load: std logic:
gignal left right: std logic:
signal dout: bitd;

for all: shifter use entity work. shifter (synth);
begin
shifteri:shifter

port map(

din,

clk,

load,

left_right,

daut) ;

shift_driver:process
begin

~—i%E& load =" 1" % din 8 F shift val
clk <= " 0’ ;

load <= * 1" ;

din <= "00G1™:

wait for 5 ns;
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—— 1% shift val W A dout
clk <= ' 1" ;
wait for 5 ns:

—--shift_to _right
clk == ' 0" ;

load <=" Q' ;

left right <= " 0" ;
wait for 5 ns;

— JGEERM A dout

clk <= " 1"

wait for 5 ns;

assert {din/= "0000")
report ("assertl din/= 0000*)
severity warning;

——RiiH pattern 2 RiRHN

— & load =" 1’ | J% din % A% shift_val
clk <= " Q" :

load <= ' 1' ;

din <= "0010":

wait for 5 ns;

— ¥4 shift_val ¢ A dout
clk <= " 14

wait for 5 ns:

--~shift_to _right
clk <= " 0" ;
load <=" D' ;

left right <= ' 0' ;
wait for 5 ns;

- BERBA dout
clk <= " 1'
wait for 5 ns;

assert {din/= "0001™)
report ("assert2 din/= 00017)
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severity warning;

——HifH pattern 3 prastida b

—— 8% load ="' 1’ ¥ din AT shift_val
clk <= ' 0/ ;

load <= ' 1’

din <= "D100";

wait for 5 ns;

— ¥% shift_val F A dout
clk == " 1'
wait for 5 ns;

—-—shift_to _right
clk == ' §' ;

load <=’ 0' ;

left right <= ' 0' ;
wait for 5 ns;

 [FEER A dout
clk <= " 1" ;
wait for 5 ns:

assert {din/= "04107)
report ("assertl din/= 0010™)
severity warning;

— it pattern 4 HhiH

— %8 load =" 1" 4% din i A B shift_val
clk <= ' Q' ;
load <= ' 1 ;
din <= "106007:
wait for 5 ns;

—— 1% shift_val i A dout
clk == ' 17 ;
wait for 5 ns;

—shift to right
clk == ' 0 ;
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load <=" o' ;
left right <= ' 0’ ;
wait for 5 ns;

— LSRRI A dout
clk <= ' ' ;
wait for 5 ns;

assert (din/= 0100}
report ("assertl din/= GI00"}
severity warning;

~—HitHg pattern 5 Fag2iieaind

— 188 load =" 1’ 4§ din AT shift_val
clk == ' 0 ;
load <= ' 1’ -
din <= "00017;
wait for 5 ns:

-— ¥4 shifl_val ¥ A dout
clk <= " 17 ;:
wait for 5 ns;

—shift_to right
clk == " Q' ;
load <=' 0 :
left right == " 1'
wait for 5 ns;

— JGEEER A dout
elk <= " 1" ;.
wait for 5 ns;

assert (din/= "0010")
report ("assertl din/= 0010™}
Severity warning;

——HiHRR pattern 6 fadsorias:d

~~1%& load =" 1' 4§ din % AF| shift_val
clk <= ' D' :
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load <= ' 1’
din <= "0010";
wait for 5 ns:

—— ¥ shift _val ¢ A dout
clk <= " 1" ;

wait for 5 ns;
-—shift_to _right

clk <= ' 0' ;

load <=" Q' ;
left_right <= ' 1’ ;
wait for 5 ns;

== RSB dout
clk <= 7 1" ;
wait for 5 us:

assort (din/= 701007
repart ("assertl din/= 01007
severity warning;

——ftieg pattern 7 Bt

~— %8 loac =" 1" , 4% din % A % shift_val
clk <= " 07 ;
load <= ' 1" ;
din <= "01007;
wait for 5 ns;

— P4 shift_val f A dout
clk == ' 1’ ;
wait for 5 ns;

—shift to _right
clk <= " 0" ;

load <=" 0’ ;

left right <= * ¢' ;
wait for 5 ns;

— RERR A dout

clh <= " 1' :
wait for 5 ns:

* 183 -



assert (din/= "10007)
report ("assertl din/= 1000")
severity warning;

——HiHeh pattern B fokeasheass

— %8 load =° 1" ,§% din & A B shift_wval
clk <= ' 0" ;

load == ' 1" ;

din <= "1000";

wait for 5 ns;

-~ J§ shift_val Fi{ A dout
clk «— " 1° :
wait for 5 ns;

——shift te _left
clk <= " Q' ;
load <=" Q' ;

left right <= * 1' ;

wait for 5 ns:

— LRI A dout
clk == " 1" ;
wait for 5 ns;

assert (din/= 7DOD0"}

report {"assert]l din/= 0000”)
severity warzing;

—wait for 100 ns;

assert false

report “—-end of simulation——"
severity error;

end process;

-- ¢lk <= not clk after 5 ns;
end BENCH;

(AL 43 shift reg.vhd
BlEF S L% 43 test registervhd)
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F44 Bl FHEATEE
*

1. BRAGIERE

AOEE 12 MERERME /1M E . BE—0E, WA T RS
FIRE. BT - L/ I A R R T A 44, LT

RLD_BAR ~—-

load ————]

[ (75 J—— reg <11::|I>RE

clk —————a—Rzerc_bar

D —>
#4411 FHEIEBTER

EH 4. TR TMOD. clk ERSMES ; RLD_BAR 229 ; load £E FHINF
EORBREBNEEIES ; decr RMBIES ; D RAUEM ASED ; RE BEESURM AN,
SCRBIEREIRO ; Rzero_bar BN MEE T H 0 BOHIFE =

2. VHDL B SR T iA RIBE D
(1) FRFATHBREMR

use work, typew. all;
use work. MVL7_functions. all;
use work, synthesis_types. ail:

entity reg is
port
RLD_BAR : in MVLT;
load : in MVL7:
decr : in MVYLT;
clk : clock;
D : in MVL7 VECTOR(1! downrto 0) :
RE © inout MVL7_VECTOR(11 domnto 0):

Rzero bar : out MVL7

ond reg;
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architecture reg of reg is

begin

reg otr blook{{clk = ' 1’ ) and (mot clk’' STABLE))

begin

RE <= guarded I when ({lcad = ' 1" } er (RLD_BAR = * 0' }}
slse RE-"0001" when {({decr = " 1' ) and (RLD BAR = " 1" )}
slse RE;

Rzern bar <= RE(}) or RE(1} or RE(2) or RE(3} or RE{4) or RE(5)
or RE(6) or RE(7) or RE(8} er RE(2) ar RE(10) or RE(11);
end block reg ctr;

end reg;
(2) FFITEEHASZE

TEIRHLRAVE IR, A7 — MR, R8T block. HAEY block A
SRR A 2HITRIPERDEER . R3P %4 (clk=1") and (not (c1k’STABLE)
For ) BTERT R B B A HT T R B )

% (Goad = ‘1") or (RLD_BAR = ‘0")iX— &0 R, & AZLIE D W{HERLS RE. X
RTFEHE D RGETE reg R, HEE B RE & O b, AR FEBIIER 24 (decr =1%)
and (RLD_BAR = ‘1’)jX—% WA,  RE chRgIAZAHE 1 BEBA RE B AR ki 5
ax . HAMEH T REFRNERESE 21 HE8. B —&Eq.

Rzero bar (= RE(0) or RE(1) or RE(2) or RE(3} or RE(4) or RE(5)

or RE(8) or RE{7) or RE(8) or RE(9) or RE{10} or RE(11):

2/ Tl RE 2 & 79 0.
3. Mk B REHGR
M A BT -

uge work. types.all;
use work. MVL7 functions., all;
use work. synthesis_types. all;

entity E is

end;

architecture AA of E is
component creg

port {
RLD BAR ©in MVLT;
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load : in MVYLT:

decr : in MVL7;
clk : clack;
b : in MVL7 VECTOR(11 downto 0);
RE : inout MVL7 VECTOR{1l downto 0);
Rzero_bar : out MVLT
)
end component ;
signal RLD BAR : MVLT;
gignal load : MVYLT;
signal decr : MYLT;
signal clk : cloek:
signal D : MYL7 _VECTOR(11 downto 0):
signal RE : MYLT VECTOR (11 downto 0) :
gsignal Rzero bar MVLT;
for all : cret use entity work. reg(reg};
hegin
CREGL: creg port map |
RLD_BAR,
load,
decr,
clk,
D,
R@
Rzero bar
)
procese
begin
clk <= ' 0"

wait for 1 ns;
ELD BAR <= " 1% ;
load <= ' 1" :
decr = 7 1"
D <= 7000000000000

wait for 4 ns;

clk <=7 1':

wait for 4 ns;

aggert (Rzero bar = ' 0 )

report “Assert 0 : < Rzero bar /= 0 >” severity warning:
asgert (RE = “00007)

report “Assert 1 : ¢ RE /= 0000 >* severity warning:
wait for 1 ns;
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and process:
ond AA;

REFREHMIRE. EmMBI. B/E RE PRIRZE <000000000000 .

( 4G L4 £ 44_reg_counter.vhd
RKFE G LB 44 test_vector.vhd )
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#4561 FdRER
AR 3%

1. BBERH] VHDL SR AR AR

$Wﬁ$V%L%§WM§ﬁﬁﬁﬁ%&W%WMﬂFEﬁﬁﬁ_fiﬁ
45_test 63. vhd, HHHEZERIKIHAA test 63 MK behave 1. (K behave 1 g
- #FE Proc_Scope F] Gen_Sig Nat #75k -

— M 3 32 R A R S 45_test 63, vhd

entity test 63 is WA B ZE R R
ond test 63;
architecture Behave_| of Test 63 is
gignal Sig Nat : NATURAL := 0;
gignal Sig_Nat_Procedure : NATURAL := O
begin
Proc_Scope:
process
variahls Count : Natural := 0Q;
variabls Count_Temp_l : Natural := 0;
variable Count_Temp 2 : Natural := 0:
variable Exit lLcop : BOOLEAN := FALSE;
procedure Set 55 is WU R R (AR P 1

begin
If Sig Nat = 0 then
wait until Sig Nat = 2;
if Count_Temp 2 /= 55 then
Sig Nat_Procedure <= 55;

Counl :;=55;
Exit_Loop := true ;
and if;
and if;
ond Set H5:
begin

Loop 1:
loop

Count_Temp_2 :=Count_Temp 1 + 1;
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Set_55; —MF it EEA
If Exit_Loop =TRUE then
Count_Temp 1 := Count;
wait on Sig Nat Procedure’ TRANSACTION; --{Z& Sig Nat Procedure
— LEBEEE REIERT
Count_Temp 2 := Sig Nat_Procedure;
oxit Loop 1:
ond if ;
wait for 15 ns:
snd loop loop I;
Count := Count + 1;
wait for 20 ns:
end process Froc_Scope;
Gen_Sig Nat: — IS B E
process
begin
wait for 10 ns;
Sig Nat <= Sig Nat + 1;
ond process Gen Sig Nat;
ord Behave 1;

£ VHOL iB & . & FE R PSR — BOAE T i SL R I BR 1 Dy — Ml e L 12 AR )
dFHERE, FUINFIREREIRBRENRFR. SHFNHIMERE. miE
T RS RS RN - T .

AFRNE S RERRE S WESHOTREHEE S, E2EAN:.

2. {REFR OB ENAE RAEE R A

L. Vsim/Talent BRGHH (next. step) HHILZITAS. TLLERBHINEI S 5
T RJEEOIT LA B R P 3EAY wai t iBRO(ER - i#72 Gen_Sig Nat K EMEE (T, MHE
Proc Scope TE5H 2 KMEEWZITH, KAZEETFHIiE N wait on
Sig_Nat_Procedure’ TRANSACTION; B){i1 B - e Ti#HFE Gen_Sig Nat PR #UE. AiLIE
R T ST 1 M A B TR AR BE TR BB .

JBid Vsim/Talent RGEAGXTREREALL R W R TR, T CURBEAR MR {FIB0 A A 25
B - [E SNSRI FIE SHBIRERICE .

{ RIFiE LML 45 test 63.vhd)

* 190 -



£ 464 VHDL % generic StEERYEH
(-
1, ABASETIEREREINEE

A—MHAST —MERPMARY ZMAS TR —1t A THEGRH =
LR -

A sigl
50 5] o
B sig?

46.1 —frTik—% ERERA0T 1R

2. VHDL iEE#iR i RiEESH

VHDL i 5 545 b 3 MERIT AR, KGR H ik — 2R8NS R
& TEZ B e AT, B R 3 M AT R AR REERIA RESHEA,
RGBT T

FEINTEENWITHIELEBRT. ZEMNERE (entity) 5| ARE (generic) k%)
B & B AR R IER LR B AT 1Delay B ELIRE NITE £ IR SR L5 FaiiR i o fh i B
M BNEE . BN EER{E R T ELRHBH SIS EN TR -

BT XA LREEA . BHEST RHENE LT Hin ik B H L E st
(generic map) %% 1Delay Wi{E. EAEXMFEN T, BRI thSH LA EEEE
(override) MJC#. HI (LLS(I3#iHEH]) .

component B ANDZ2
generic(1Delay : time:=5 ns) ;T fEiHHAES L HERT SR 418
port(.....); -

ond component ;

for U1:B AND2 use entity work.B_ANDZ (FUNC) :

generic map{1Delay => 10 ns):

~— IR generic map £ 1Delay BT
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By

U1:B_AND2
generic map {1Delay => 10 ns);
— TR A generic map 44 1Delay RA{H TR
port map (4, 50, sigl);

bk, IR generic map B2 TR A generic map A4 ELE
F BAUI RS R dd P ERT I J2 Bns .

B 40 TC R BA th AR E AT RE 4 P8 R RERTE . T AT LA 7E 40 %85 5 B Bl T #5 (e il T
generic map Y8 EHERSE - FH7EEBEIRIATh#TT generic map, NIJLFHBIETTHFIRPIE
i, HItHuisAdth o] DR AT generic iE4A] - (ALLSITTAEREMT .

component B ANDZ ——f A E generic {E4)
port{. ... j
end componsnt :

for U1:B_AND2 use sntity work. B_ANDZ (FUNC):
generic map{1Delay => 10 ns); —H3EHAANHIT generic map

Ul:B P;NZ ——FAH generic map iEA]
port map(...... ):

2510 . JTTHRISEERIERDRIAT generic, 7EE TR/ component Exﬂlﬂﬂiﬂf,ﬁiﬁ
generic if i, X T component F X HEERAER M ~HLE

@ 7E component F M THH X BEMEHEEE  FETHBIRF T RS generic map,
MR A e BRI ER B -

2 # component [¥) generic A4 MEREE. NMITETABIRIEERFTLHE
generic map 45 B rhiE W X RE . _ .

@ HEATH. component HREF Y “RIRE", HELAERRATHFIREEH
A At., component 5 HERE{H , FLF /R generic map H[F A I, [fi entity i) generic
B TT AR HPAOE ZRL ;. component [] generic JLER&{E. NI T8 R ek 4 2 HEH .
A generic map. LAt generic (HIEHAR{Y, ShAITELEAMRARTRYEFEER.
FE A LLARE -

@ THEXPELEBBEEME, ELEFIRTTELEE generic map, {HA7ESI{FRE
AL generic B, EN, SHEXS R H R TR E AR et OIS F
J

VHDL A a0 :
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(1) Z4EXTH VHDL TR

|ibrary IEEE;
use IEEE. std logic 1164, all;

entity B BAND ie

goneric(lDelay: time):

port(l : in std logic;
B :in std_logic:
FOUT  : out std_logic);
ond B_BAND:

architecture FUNC of B BAND is
begin

FOUT {=(1 and {not B)) after 1Delay:
end FUNC;

| ibrary IEEE;
uss [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 <= IO and 1] after 1Declay;
ond FUNC;

library IEEE;
use IEEE. std_logic 1164. all;

entity D ORZ2 is

goneric
(1Delay : time);
port(I¢ : in std _logic;

* 193 -



I1 : in std_logic;
FOUT: out std_logic);
end B_ORZ;

architecturs FUNC of B (OR2 is
begin

FOUT <= (IQ or 11} after lDelay;
end FUNC;

(2) Zik—% BFRaRAY VHOL Gtk

|ibrary IEEE;
use IEEE. std logic 1164. all;

entity B MLXZ is

port (A : in std legic:
B :in std_logic;
S0 :in std_legic;
0 : out std logic):
end B MUX2 ;

architscture STRUC of B MUXZ is
bagin
——FufRised
component B ANDZ
generic(1Delay : time:=5 ns):--yL{tiREEA G EHER N E

port (10 :in std logie;
I1 ;in std logic:
FOUT :out std logic):

ond componsnt ;
component B_0OR2
goreric{lDelay ; time:=b ns};
port (10 ; in std_logic;
11 : Th std logic;
FOUT : out std logic):
end component, ;
component E_EAND
gonoric(lDelay : time:=5 ns);

port (I :in std logic;
B »im std logic;
FOUT ; out std logic);
ond component ;
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—HRH

for U0:B_BAND yse entity work. B RAND (FUNC) ;
for Ul:B_AND2 use entity work. B ANDZ (FUNC) :
for U2:B_OR2 use entity work. B_OR2(FUNC);
-—{§ F1HEA

signal sigl,sig?: std_logic;

begin
LO;B_BAND

port map (4, S0, sigl);
U1:B_ANDZ

port map (S0, B, sig?):
U2:B_OR2

port map(sigl, sig2, O} ;

ond STRUC:

( BABA L E: 46 default generic.vhd)
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£476 THEATEHRER
Tz |

1. B RETERERINGE

AR - THERTH. HhERBEERCHERS generic FR M, RiF
FHE S . BEARTHER LUEH~E - M REESHOER,. ALELEWAmE
fiih <

FAE LA AEE - MRAR MY, SR ERMEoER . HETH
M—1 A5, HEBME AT L RTT

B_CONST1 B_TEST

templ

ﬂ——-— TOUT
D1

47.1 HRTHER R

TERRE S ER EE W R R ST 450 . 3% BT B_CONSTL o ff NUM 3@ 3 generic
map MEN 17, REHWHEMESTH—PMHAR. SIS — N RA SN S
FELRRROME —fai AN HEHIE . S1TRYE S ERR R BB AR o BRI B T 3R R A
FEASE). WEEE L. "TAMTS ) TR IERYE. T AR 2 B T4 TIERIE
it . :

2. VHDL BE#RAERIBHRST

HEBITHRE-MITBATTH - dTMATTE. TN TERMS A BE. M
M A~ BE DL B 8272 . R BE B B X 28 TT (B AT IR E 3T IR 26 TT I A TR 4
—RCRRIEE T, BVATER A TGN B, TEAGR R i A TE R
PEREREMEIEA A, EHM A BT RIXEG (testbench) &4, WilETWE
WAL W RS S K e B AT TR AT TR RS ES AT MEsiin
Z): -
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3. R B ERHT
(1) B_TEST 33 A RE AR & ik

|ibrary IEEE;

usge IEFE. std_logic_l1164.all;
entity test_const te

snd test_const;

architecture bench of test const is
component B_TEST
port{ D1 : in std_logic;
TOUT: out std logic):
end component ;
for 1J: B_TEST use entity work.B TEST(FINC);
signal t_dl: std_logic:
gignal t tout : std logic:
begin
L: B_TEST
port map(t_dl,t tout):
driver: process
begin
t_di<= "0,
1" after 100 ns,
0" after 200 ns,
17 aftar 300 ns;
wait for 500 ns; -
agsert false
report "—FEnd of Simulation—"
severity error;
end process;
end bench;

(2) Rl R
BT 47. 2 R -

() ERRERSH

H°F7E B_TEST fhekigfafchaf B_CONSTL STH-#E{THIRES, it generic map {£38
MEERE 1 MREETH LIEEH. WERBNIZE 1. D5 TH—18MAR 1.
B2 5L T2RET B—MHA ZEHNEN e R (BT EERT).
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Curaer 0.0

Time in ns
Scale = 1500
A
t o0
£t G n

W 47.2 AL ZE

M5 1695 — 4 A BN Z B_TEST f)ME—4ir A, H5iE 2 B_TEST fOME—&nt. Hit sl
FER PR A S R S 2B . B 47, 2 T, AR R SR R . XA R
HE1R, TRl 200 R BT R TR IR .«

A TR AT, RARTSEHTEEIERZ2TITH .

(4) VHDL B4

— BB (Tl AT f VDL Hk
library IEEE:
use IEEE. std logic 1164. all;

sntity B CONST! is-

goneric{
NUM : std logic);
port(
POUT: out std logic);
ond B CONSTI;
architecture FUNC of B CONST! is
bagin
POUT <= NUM;
end FUNC;

— ZHAL[T1¥ VHDL {4
library IEEE;
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uge IEEE. std logic 1164, all;

entity B AND2 is

port (
10 : in std_logic:
Il : in std _logis:
FOUT : out std_logic
JE
ond entity:

architectures FUNC of B ANDZ is
begin

FOUT <= 10 and I1;
end FUNC;

=~ HEITIHFRAIL RS VHDL i3 ik
| ibrary 1EEE;
ugs IEEE. std logic 1184, all;

sntity B TEST is

port ( D1 :in std logic;
TOUT  : out std logic):
ond B TEST:

architeoture FUNC of B _TEST is
component B CONST1
generic (
NLM : std_logie):
port(
POUT: out std_logic):
ond component ;
component B AND2
port (10 : in std_logic:
I1 : in std_logic;
FOUT: out std logic):
ond component :

for Ul: B CONST] use emtity work. B CONST1(FUNC) ,
for U2: B_AND2 use entity work.B AND2 (FUNC) .

signal templ: std logic:
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bagin

[71; B_CONST!

genaric map{’ 1' )

port map(

POUT => templ);

UZ: B_AND2

port map(

10 => templ, 11 => D1, FOUT => TOUT);
ond FUNC;

( BIBEIMH L. 47 const_test.vhd)
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F48 0 WAHBEENRS
% B

AEEFERX g — - EF. AEED AAHREE. Hhdx @i i mEE
or .

o HXRANRIERERSG

o VHDL & 5 Mt MR

o VHDL Nl FiEm 53 % iB4)

o 1 %I&EM: TRANSACTION

1. AXWABEERS

%Em&%%ﬁﬁﬁﬁﬂ%ﬁ?%%%Eﬁ&%ﬁﬁﬂﬁiﬁs%E%&fﬁ%%
IR LR IR - MR RS R T IrmBBRp R, g R A RS 55 1
A MR R FR SRR 2 ETZE 5 . 0 48. 1 Ffos

WEmE ) amax > mm

E 481 MidiEsR

FHBENIR RS, IEAT R ER AN MR — 8, ARSI EE — 4T
IS LT PR TR -

MRS S AR — TR AL, AR ER R, BRI LLAER
Bt e MRUBANAMBIES R, LI MRIMTRE i 58K AEERRHEHW.
M. WEhE SHERER A S IR . AR .

AR BEEREITINIL SRR T R mE . BN R ER
MXEFR UG TIMEE S MRASHLE— RSN H, ERELERHE S,
FLL. SGfk fyes .

2. TR

entity Test_18: is
end Test_18e;
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architecture Behave 1| of Test 18e ia
signal A ; bit = " 0
signal B : bhit := ' 0' ;
signal C : hit := ' 07 ;
bagin
Gen Wave:
process
begin
A<="1" gfter 5 ns,
" 0" after 12 ns;
B=<="'1" after 8 ns;
"0 after 14 ns;
wait on A B:
end process Gen Wave;
Analysis C:

40N

Process
variable Var C : bit := ' 0'
begin
wait on C' TRANSACTION:
Var C := C:

end process Analysis (;
Update C:C <= (A or B) after 40 ns:
Finish:
procsss
bagin
wait for 100 ns;
assert false report "End of Simulation” severity error:
ond process Finish:
ond Behave 1

3. VHDL B91R MR

MEREAEE | ERN S BEAMAATE. 5RO RIKATREAMZE. TR
AR RGER SRR . KGR ER -

(1) BEEREE FEMERNEREES&

o B 1 METEZRMME IHE SN

o F—ESHEEEDTE | MTES 2 EHEAEE SR,

e TR I NMHEZZHIMBAES FHESE | MrES 2 EME, I{EY.

BIAIT LR &, BRI EHEMNAHSHARS ZESE 1 P H 852 B R
MLk, TR At IE 3 SR AR -

test 18e FPAR 45 7 Gen_wave A9 H} B A A2 o] DL AH Fok (RIS - #5 Takan
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Gen_wave : process
begin
Ad="1" after 5 ns, ' ¢ after 12 ns:
B<="'1" after 8 ns:
wait on A, B:
end process Gen_wave;

12 LR S RRIEIT 20 HT

D B 1ADAFESRCL, b)) WEHER R+ -

2 #2MHESU,EEECT, OMEE . BRIHEESCO,12), HH(0,12)
THE (1, 8) 205

@ wait on A,BINWEESSFASB I HEHERAE, IV EHIEE .

@ WA RTERT - RA{TR A DREEZTT . RIS L — e et E] f
H. xR (U REILINESR

D BEEERITHS (17, 5) whAES:

& T-HHREC,12), BAEERHAACEL,8), BTLITE 20ns /5, A A &/ 1Bt
¥ 0,
T BRAAL, BREEfRE1,

& HABRBXHT A LRESOEMSNE, Bt B REZEY. FUE L M ESH
(‘1',8). W2HESHCD,12) .

O HEHARETL, RREE.

BES TSR, TEEF ME 48. 2.

Cursor 0.0
_TIII:IEI!II'IG '"-""'"“'ii||1|||r1|||.|||||r|-||il”|'|1r|r]||||,I||||||||"|||
Scale = 1.00 ‘0.0 20.0 0.0 60.0 800
o | -

L

T 4

RS 000 o0 TR < BB U s Gabee D) (MW, BT S0 W

48.2 WS8R
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R TR AR -

A<= " 1" after 5ns, ' 0° after lins;
B <= "' 0" after fns, ' 0 after 10ns;
wait on A B;

M 2 40 48. 3 B s

Cursar 0.0

T Timeinns ’T“"L'""?W!“"u""r“"|"' |
{  Scale=100 {00 100 200 300 400 500

PP S NS YR VL LT SRPYPS TE

JE—— e A wn D e

@483 HEEERIER
BESiEEE A CHT-
() 8
PR R IE X 2 ERTEEMREEOTPNBEELESL TE A & 1
after 5 ns, ‘0° after 12 ns; W[ 1 T ZEZ MY EAM T BIS REHE 218 TR IR -
X2 VADL ERESMEERPER ICEL IR F. BLafRIZER 42 F,
—HE 1 MEEMAKNR. W NS NIRRT ER SRR Hith H %

LI EEFEIER I BFLLA <= ‘1> after 5 ns, ‘0° after 12 ns. 5L T iBaH
TEFANE -

A<=" 1" after 5 ns;
A<="0" after 12 ns;

4. VHDL MIRFER S5 H LER
INBYRHR test 18e FRBORRFAEH, B £ RHR/FIEIZIT Ons+0 FIEIE, K EM
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I PR BRI — R D

assart false report “End of simulation”
severity error;

HEH IR RS RRL . X224 RAETEXE—FH LM ZIER-

VHDL (i3 - HREA 2 BZE AN, ERNHIERN2ITFH - test_18e thpyitFe
i&H} Gen_wave, Analysis_C, Update_C 53 %% =154) assert EH &/, FEERTE &,
HEWBEDAWE RS, AT EERFTLUEH, 5858 2 arhiEl, Waamis
migHIHZ W S B A

Finish:

process
begin

wait for 100ns,
assart false

report "BEnd of simulation™ aeverity error;
ond process Cinish;

X#E. FEF A S7E 100ns fFESREHL, M 100ns X 48_test_18e 38, [EME BB A
T

5. BXEM TRANSACTION

TRANSACTION 2 —M{Z E e X Bk, 48 test_18e i — £ iEH) wait on

C'TRANSACTION 5185 C’TRANSACTION BB # C T —Fh B S ab B RS 2 1 3 [l — e~
4, HW{T wait [BAEGE .

(R#HELHEL: 48 test 18e.vhd)
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249 delta ERBIE
2T

AL — P EEAR R F, TR delta Eﬁﬁ*]f’?ﬁflﬁﬂi"'_’ VHDL JRHEIR N BRI
— e -

1. VHDL {&§ §#iid A3 RIEE 0

(1) delta 3E iR B2 *F

AT BIF AR RLA . DT T ERIINEE . TR T RIS ) AR -~

AN ERRAMOR H R, tREEE SN delia ERMFMPANE . SIATHEE
%ﬁTﬁ%iT*ﬁ?ﬂﬂEtﬁ@r”"?ﬁl—];rl:#ﬁ*]*ﬁﬂﬂlﬂi - LY 49, 1 AT REYR LR, %A
RYEEA 1 BUETERAN A DB — M TIEE, BoERLMD AMEESEH A
EANE? B D SME, FRSGEE: WREITES) B2 rme .

v B ﬂ——n
R
|T
491 —EHAEiE

B <=1
D <=1 (At C=1)
£ ==20
D <=1

EHTE D F LB, 2EXAIEREN 0. MRAUE SR, BRIy
NG -

B <=1
C==0
D<=10

IXHE D i H LB .
KRR R EAERARR, BES | FAEPHIT — N EK, TIEE 2 fiteE
TEPHIGE XX IERK N o VIDL 5 T R g 2B S . SR 40— A SEBR /N i) I
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delta ¥R, BREHREHZELMET delta B ZBABETRK -
W7 10 ns B A BH—ANEHE, MtEIREIEE

delta FEEEL ]
1 A <=

( B <o

D <=

C <=

4 D <=

XHY, TESE 3 > delta WERNY, ERITHT D1 R C=0 BMEPE. M1 T delta i
BFE. BARES RSO L . BHREOT RIS RN .
R

signal a: integer := 30;
signal b: integer := 40;
process

begin

(=R = e

a <= b;
b <= a;
snd process;

W2

provess
variable a: integer := 30;
variable h: integer := 40;
bagin
a = b;
E = a:
end process;

RPN REE Y IR BRI AR — R . PR 1
Bifa b A MESWEATE. HTERLZ IS, 5 a BN 0. MHES b BIEY 30.
SXBETIER | £iEA acb BRI (UEHGT) DUE. 25 a this i 1o Bl A vas,
T S MRS BUE (4% a IYEISTE T - delta SERIN Jg 407, FIRES 2 4695
) b<=a FHEMILURAIREMR “(55 b BUEIETE T~ del ta EREF 307, BHES a
F b ETE F—/ delta ERMEHBAFTENER. SEERNES o b MEHTHE.

MR 2 A RIEEE a /il b HEHSN 40, X2HT4BREETLEE
delta HERHY, WIEEAGEBRERDE IR ERS, WELERTE | 25 R
WRIEEDEMLUE, o WETME ST, HETH A0, 2 XE5HEER b AR
Fh 40,
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(2) IRHER SR

A EERER T WK delta IERMER, B AHIH RE DL &M 5 2 0 R AVES

waE, FEHEEE - MERE SRR . EEREREXFENMES .

BERE—#E. EldEEEm LR E SHEES . BT

entity deltz is
end entity;

architecture archi_dclta of delta is
signal a : integer := 40;
gignal b : integer := 30;
begin
process
begin
a<=b;
b <= a;
wait for 10 ns;
a <= 40;
b <= 30:
wait for 20 ns:
ond prooess:
and;

At #EEIJE*JHIJW#FBME%’UEW&%%HF%aﬂiﬂbﬁ"jﬁﬁfﬁ’&
W (B 2 T ENESREER.

2. iR
M ETERRHUG BB I WA 49. 2 FRT

SECT) mwﬂmw MO L 17 qu_\%m

Time inns
Scale = 1.00

B 49.2 #HHIER
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BB LU H7ERRIT del ta HERAO BN . HHIBEAR dolta MRRIFAIN TIE
S VDL iR b A R E R .

(B 2. 49 deliavhd)
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£ 506 RIEERSHT
¥

A g — R E] TS E S WEE PR RER S VIDL JRRsR R
(ER% <4: 0 9 1]}

1. VHDL B E#iR AL RIiE LS4

(1) 354% Test_18b s3#f

Sk Test_18b B— P25k AP EERTREESENSR . HILRE LTAH
A SR T o

(2) H551% Behave 1 947

HERERELT SMEE A B, C HEIEER A bit, WENN 0, BaEDa
ERTHEN—-FHEESREERY. 01T -
Q) i#HFE Gen Wave

Gen_Wave:

process

begin
A<="1" after 5ns, ' 0 after 12 ns;
wait ;

end procese Gen_Wave:

R — RN E SWREED, E45 907 Sns R 12ns B ARE 10 A <07,
fiif3 A fUSIEZ I 50. 1 AT .

A [T

1 L

H] 16 12 (ns)

50.1 {55 A RERE

2 ¥ Analysis C
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Analysis C:
process
variable Var C : BIT := ' 0' ;
begin
wait on C" TRANSACTLON;
Yar C :=C; ’
ond prooess Analysis_C;

e R Var C. ERy bit, PMEN -0 EMFAE—EES C LAESR
&, 4G Var _C iy{EWR S 1 - H i TRANSACTION 25 ST E Btk Eid: TRAVSACTION
FER P EEER Dy bit INERAES . KESTEUNMBRESRLERSHN. K
ERTE 0 F L 2. REEENZ. FTHENESEEEEN " FAERE
EEERE, RER-MEESERREIAAR—1T$5, HEE “$HE M “Hipr
KX .

@ HRESREER

Update C: C <= A and B after 40 ns;

Hr Update ¢ 2—MnS. 5 SWMEBEDNIFREE A sUB L REFHAT, TIF A
S5BUHYEELS,. H1E40ns ZFRF C. BT XE—FtESSREER. BRPERR
%l 40ns. BMEMBIER/NT 40ns MK R S5 - B TES B LERAEHEE, M
{85 A LRIRKBEE 38109 5ns Fl Tns, FTLUGARBERRH, Hik C WESLEETL,
2 Analysis CHOR)EE Var CH{E—FHE 0.
S A — RARE SWREE TR T LIS M SRR, mllE—&HE
& SIREE A T E T T HRiE
process
bagin
wait on a, b;
C <= A and B after 40 ns;

ond process;

ERARZESREEFEREREOEMM R T .
2. ERIEROH

PR HIEE RINE 60. 2 A, A #F I E .
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A—
Var_C

B L
g 10 12 {nal

50.2 HlER

(kLA S S0 test 18b.vhd)
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B5100 FREREHNE
Pk 7R 2

1. BERRY VHOL BEHR A ERIEZSH

FHFLL—T3fF 51 _test 113. vhd (BE—MZBREW test_ 113 F—Pekiblk
behave_1) ffif VHDL {5 5 2 M RUGER IR, HOAEEEE 19 HI2el.

e HE R HEAL LA & S 51 _test_113. vhd
ontity test 113 is
ond test 113;
architecture behave 1 of test_113 is
signal A ; bit := " 17 ;
signal B : bit := 7% 1’ :
signal C ; bit :=° 1" ;
funotion Delay{Value : bit :Phl :TIME:Pih :TIME ) return TIME is

begin
if Value = " 1’7 +then
return Plh;
olse
return Phl;
and if;
end 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 4;

Analysis_A: process
variable Yar A & bit := ' Q' ;
begin
wait on A' TRANSACTION;
Yar_A := A;
ond procees Analysis 4;

B¢="'0" after 10 ns, ' 1' after 12 ns;
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and behave 1;

TEEMB R I TRIR T B SGF AL =185 (A, B, C) Z4b, & X — 1 (H¥ Delay
LU PR R B ] -

#4+39(% behave_1 (PP i#i % Schedule A fll Analysis_A LA —# £ 15 SREIES
HRL - %S SWREBR AR LB B - TR RN R Bz o, A
SEREZ I B AS BWRE IR R SONTER] . Ol RRT -

procese
begin
B<="40" after 10 ns,
"'1' after 12 ns;
wait;
end procees;

B ATHESHEN —MHER2ZESHN—THDE. mEA—HRESRES
N E—{F 58 RREFN THR--#EFAR —EE5H 2 RRE, FFUXBREFEE
[ —{EF £URPNHRIE - Bk, B aiEnESiEE T, VIILESHE. BRE
L PREAEEER 24 BEARERTE R RIEEE . SEREEHS T —reEE 5
EEXM R — R ERTE GEE S AR IERN R 3 E . A eeE | MREFH) -
Bife, wait [EORMAZHERBMES B @M RRE S AT, BT behave_1 H1,
H &G SWEERIT AR R ERT -

UFFE Schedule_A Hi{E§ B 3§ C #uE . LI F 5 Delay A3 [ (F 2k 0 (8] 45
S ARIERA{E - L Analysis A By A’ TRANSACTION ({Z &8 EM) BIE. LR var A
ICRES ARHE.

LLVsim/Talent f{LAE] . A LASIF ER B IR -

2. BRI O E AR RS R T

i Vsim/Talent RHELZITARY, 10T 22ns . HrME B ME 51. 1 AR . B4
E5FETRN . RYHZITE 10ns Y. (55 B BTSSR Schedule A, {ZEILEF
16ns BEA(. FHE S AWRE ; REUZTTE 12ns B 155 B Bk EBIEHE Schedule A,
WEMA s m{ES A BE. RECREEEN, FFEZ—FRRE1TF 22ns

(=12ns+10ns) R4, BERIBIHEZ—FRRIZITH 26ns (S10ns+16ns) K4 . FERHK

BT 22ns B, A{EH AMRETY . WES AERERE LHEEE BREEEERYE,
{#{55 A TRANSACTION $EEK, #IZ#HF2 Analysis_A, #2958 var A 51" - IF(EE A
EABELRS. HHESB CABLl. AIAaHBAERE SulEE. g8 #8
O T SERR R (R B R AR T AR A 4 R 2
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Cursor 0.0
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F5261 B CR) 29k
7 B

1. BRRFNT{ERE

AR A VHDL 8 & ik — M43 68 - fRAE% O SPD FO{E. HUREAT{EJ — 4040 -
250 A E g . BED T RANMER. 58 Cnt f{EZHEM 1. AL Cnt
HIREAI L R M AN PRI AL — KRR, REET 4 NMa AR R
EE - OEEEL, EMIEEE 5 Cnt ARGEHERML . M= EAR .

2. BIEAY VHDL IEE IR A RIEE S
R R AT R

library ieee;
uga icee Ste logic 1164, all:
use ieee. Stc_logic arith.all;

entity DIVILER is

port { CLK_IN : in Sid_legic; —HPpE S AN D
RESET  : in 5td_logic; —g5Es
SPD :in Intager; okl B ERIZ e ff
CLK OUT : out Std logic): — S B AT e 52 '
ond .

architecture RTL of DIVIDER ie
signal Cnt: Std_LLogic Vector (7 downte 0);
begin
DIVIDE: process (CLK_IN, RESET)
bagin
if RESET = ' 1' then
Cnt <= "00000000":
elsif CLK_IN' EVENT and CLK IN = ' 1' then
—H L LK INHEEHAER 17 8. Cotin *1°
Cnt <= Cnt + "17;
end i,
end process;
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SELECT SPEED: process {Cnt, SPD)
begin
154 SPD A GIWHENG Cnt ARIRERRE . ™4 4 F E R B 55
case SPD is
when 0 => CLK_OUT<=Cnt {0}
when 1 => CLK OUT<<Cn-{1);
when 2 => CLK OUT<=Cn:u(2):
when 3 => CLEK_OUT<=Cnt(3}:
when 4 => CLK OUT<=Cn*({4);
when 5 => CLK_OUT<=Cn:{5);
when 6 => CLK QUT<=Cn:{(6);
when 7 => (LK OUT<=Cnt (7} ;
when otherg=> CLK_QUT<=Cnt (7);
ond case;
end process:
end;

WA
case {EHH]— AR WT
[case |T& ; Joase EET is
fwhen FAABEWFIET:
[when others=>Hii/F1Eq]; ]

end case [case $1E]1:

3. ARAAIA B & BEE AR R

A A RIRR R AR T
P Clk_In :

process

begin

Clk In &= 107

—r= 4 EHR A 20ns A% A0 il i

—REEZR - ORI, 2 EER LR EndProc HE -REFSHER
——IX ST E B A DU L. PR R AR R AR

while -rue foop

Clk In <= " 1" ;
wait for 10 ns;
Clk_In <= " 9' ;

wait for 10 ns;
end loop;

»
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ond process P_Clk In;

P_RESET :

process

begin
wait for 0.000 ns; RESET <= ' 1° :
wait for 100,000 ns; RESET <= ' ¢
--100ns L f5 Cnt B{E HEETR{F
wait;

end process;
P Spd:
AT RCES AR A Spd AEEEA . AEREK.

process

begin

~-0ns B[ 1000ns . a0k o Rl B i i QAR FR IR 2 4%
wait for 0.000 ns; Spd <= 0,

—-1000ns % 2000ns. i Bk A A 2o ABK R B HARY 4 3
wait for 1000, 000 ns: Spd = 1;

~-2000ns 3| 3000ns, i B Bk b A 2B B R A K Fh T AR B 3
wait for 2000. 000 ns: Spd (= 2;

~~3000ns ] 4000ns . i LBk mh AR S ABK SRR 16 15
wait for 3000. 000 ns; Spd = 3;

~-4000ns £) 5000ns . 4 1k oh FER 880 A Ik E T AR 32 73
wait for 4000. 000 ns; Spd (= 4,

~5000ns LU G HRRrh F B 2500 A B ob Fd HAG 64 %
wait for 3000. 000 ns; Spd <= 5
wait;

ond process;

EndProc :
Process
begin
wait for 10000 ns;
——10000ns LLf5. FLUEEH
assert false report “Fnd of Similation” severity error;
wait;
and process;
end test hench;

L B A 4 e T2 QN 52. 1 AR
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- Time.i-n-ns ||||t||lrlll||||||||E|4|t||r||||||1||||||||r|]|||||hl||||||l|!r"l'“l"
Scale = 1.00 0.0 80.9 160.0 240.0 3200 400.0 480.0
I 000 0300 0000000 0000005
spd < D
reset < 1
chi_In o 1 DO R0 0100000004 ¢4 3000040000000 89000000004
ch_out © 0 _DGGEQBQGQGQQDODEEGD 1X0)
cnt[7] ¢ 0 (D o
cnt[s] o 0 ;{0
cntfs] ¢ 0 F{\IJ
" ent[4] o 0 'E(u 34
ent[3] < 0 (u 10 -
’ - L e
il!f m«:u R itinalug Cast banch): Muuu&w CRETHETI T

B 52.1 St RER

7 100us DU, B33 Clk_In B EFHEEF, Cnt fO{EREM 1. W05 Spd 4155 0.
Clk_Out B9fE A% Clk_In A EHARIRIME , 40°R Spd {E R 1. Clk Out H9JEIHAH Clk_In
W R HRR) 4 1% .

(R XM E: 52_divider.vhd
52_divider stim.vhd)
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2530 STRESHRTE
FUPNY

1. AES

EFF BTSRRI T & (test-bench) By778: « AL H VDL FLHLER M IFEAT AL
. B AMmDORUYE . BAUZT SHERPERAAEDE. SdBTEE#T. BE
W IR ERA RN E Ik o ANAF & AT TR RIS L, Eird
BAMREEM T Mt (ReligsR). FE gt ke g, haEHEID
FRERHIAS D, SEMKT &P STRMEH#TILE

B ERRAL, BT SR T R EF

(1) W{EHA - AR S TN

(2) WL ZEMREA - REIKEE. BE—WENERFNTE

(3 —BE— RS e m g2 G, ERTE R EE, XA
MR REFIA -

() ARt F A RERT A T VHDL JRSORAYIHREINE, e & 2 S RtT
FAE -

HEMAFLEERT IMTE. TE-RARATRTFEPORNLEER, k-
ML A IR R B RS ST ¢ 778 = (0 R5 T 5 PR i SERm i o 2 5 1 T A o i i
EERFETH

2. WAF B rOEIR G %

A Bl A = VT A AR T A R RS SN L a0 —-fE AT —
PR . M7 B S BRI A B FH IR TATRR PG . s B
TR . =T ERIRES R Y

library IEEE;

use IEEE. std logic 1164, all:

—ikEg

package mycntpkg is

componant count port(clk, rst : in std logic:
cnt @ inout std legic vector (2 domnmto 0)):

end cokponent ;
end mycentpkg:
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library IEEE;
uss IEEE. std_logic_l164. all;
—SE kiR
entity count is port{clk rst : in std_logic;
cnt : inout std logic vector{Z downte 0)):
eord count;

|library IEEE;
use IFEE. std _logic arith.all;

—E5ak
architecturs archcount of count is
bagin
counter:process (clk, rst}
bagin
—Hfiz
if rst ="' 1" then
cnt <= (otherg ==>' 0" )
—id¥
elsif (clk’ EVENT and clk = ' 1’ } then
cnt <— cnt +1;
ond if;
ond process:
end archcount;

MIAT DA THE L . T BT . MRS h 1 K ot BEL
(5 "000"; —ERTHHES LBAE., NURF ont T “+1° HIF. LUHSEHIMHEMINAE
EHRS L IOIEAMIAT & M TR

library IEEE;
use IEEE. std_logic 1164 all;

~WRTE (FEE)
entity testent is
end testent;

use work, myentpkeg. al |

—Htafh

architecturs mytest of testcnt js
— SR
signal clk, rst:std logic;
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signal cnt:std_logic_vector (2 downto 0);
-~
for all :count use entity work. count (archcount);
begin
— R T
wit;count port map (clk == clk, rst ==rst,cnt =>cnt);
-~ AT S A E
verify:process
variable errors:boolean ;= false;
begin
—F 1 HAR e R’ WFEERE
clk <= ' §' ;
rat <= ' 1"
wait for 20 ns;
— KARHEE
if cnt /= "000" then
assert false
report “cnt is wrong value”;

errors := true:
ond if;

—& 2HAMEME
elk <= " 1' ;
rst == " 17 ;

wait for 20 ns;
— MEHmHMFE
if cnt /= 70007 then
assert false
report “cnt is wrong value”;

errors := true;
end if;

-~ 29 4l iXrn &

clk == " 0/ ;
rsl <= " 0" ;

wait for 20 ns;

if cnt /= "0107 then

assort false

report “cn: is wrong value”;
erTTerS (T true;

ord if;

—WrEWRS
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aasert not errors
report "Test vectors failed ”
savarity note;
aseert errors
report “test vectors passed. ”
eeverity note;
wait;
ond process;
ond;

TR AR T AN, EABERTRIFUIERNRGE, WA R ErEEN
£, RAEREZHTR TREREMIGS . AFRW RN BFRW0F 53. 1 Fin.

F531 ZHiTRSRAR ERE

] | ek L Gt
_ ] B T “000” _
2 T ‘v 000"
3 J o] e T 00
4 I r | ‘v ] 001"
5 o] ‘0" o wor
6 | Il ‘0 T “010"
7 ‘0" | ‘0 107
- 8 7 L TS
9 S S A BT
0 S | G 1007
T S B ‘0 ] “100"
2 b e T e
IR R I 0 _ o
- 4 ‘T W RS
S D R QR B S N T
__\__,_167___1_7‘1'_.‘;_ N P T
17 ‘o - ‘0 “111”
e e
T R T R
20 | T : ‘0 001"
_____ 21 7wy T 1 001"
5 s — i —
23 0 T “000"
24 B T ) T 000"
25 _ ‘v 0w [ “o00”
o 6 T 0’ 1 oo
- 27 G 0 ] “001"
o v ‘0’ e
29 ‘o 0’ T
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LR B S A0 EER AR B S RME 5L B Mt R
1~3 MR &R T 3T 8 B AR ; 3 4~22 HANR B TRt e m i —
HRTHEE , F 23~25 AR M ER TR A fIhEE ¥ 26~29 HIKE B T it B
BERIRR -

3. MAFEMEZS

FIARTEHRE— TS, EAENTTRABHR I SHRER, FHPH
LiF testent FLEXH—PEEE

MR TFEedh. FERH-RNES. XEEESHRETHATHMmO. @FE
G 4 SRR B O RN —8 - MR T & MXEE SHMEE. FRRTERTY
AN STIBITHEIS G TR R ERINAE S, FE . EE R RR L
S TR, WSR2 ST FRT S, Bt g & R R B R ATk
FIIERSE -

AFDHIHBAERES clk. rst, cnt i@d{EA) “uut: count pertmap (clk => clk,
rst => rst, cnt => cnt) :” 5|5 count BRI clk, rst. cnt MHi%E . &4 “for
all: count use entity work. count (archcount) ; » ¥GMI[E T & MR uwat §5F B
RITH:. BPSER count SYRIANEEFI(E archeount . jX#%, W F & A4 LLFTEUIME 54
YEF TR T count 7= S35 -

#2563, 1 FhagiA (M2 xR VHDL BRI T (LASE 1 ik e & o0l -

elk <= 7 0' ;

rst <= " 1' ;
wait for 20 ns;

if cnt /= "000" then

assert false

report “cnt is wrong value”:
errers .= true;

end if;

HTESRESESZEAER,. Mgl delta MEZFAMTIESE. HRFH
“wait for 20 ns: {BHELIET[R] (A FHHESE -
WREIFE 28] clk, rst, ent FHEELE F0, ‘v, “uuu”, HFE counter #FT - &,
BT if 55 elsif iIFHMRHHATE. KM ent FHEM H uwu”.
iE4) “wait for 20 ns;” FRFHITT —TERUEHE, & clk = 0, rst = <17,
. 5 clk Ml rst W{E R £ TV HFBIEHE counter, AT if IERRMAHE, ont HIR{E
3540007 .
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20ns 5, &f ent RMEEITHINT, R EAZTRENE. B 55 a0 IR EERE - Cnt
is wrong value”, [Q]BI% errors BR{EA true.

e SR, 25 EREL. RAFAENK@EERLTEE,. S
BTG IR errors BHEHR & A EIRIE B - AFDRRAE —HMNK m & KBt #ai
& “Test vectors failed”, QIRMATHMIKBIEINE RIS LSR8 THREG

“Test vectors passed”.
4. HEMER

SARGIETEL. AR ME L3 1 rr . BB, S RRHEHZRHRE
HAY -

DIRD WD AW | RMD MO B0 EHO

Tlme in ns T | () Il|"'|_|"'I"i"'|'i"l'l " T | [N |'!"i"i"i"|"|"i CTTIT T | N TR | (K]
Scale = 10.00 0.0 10.0 20.9 30.0 40.0 500 60.0

Scnt[2] o 0 (0 0x1 1%0 T —
écnt[]] o 0 0t o Y Yo ¥ 0 Ty
LU €35 O.0.0.0 0 8.0.0 80 .0

érst S @U OM
clk ¢ 0 OIODRNENOXTOTOXE 0" 0@0@0 HOTENE
entfZ] s 0 o 0X1 1%0 0) ~

enty] o 0 {0}{1}{0){ }(0;@(0@
oo e 0 >II JJ

m 191,250 ntx RS- cnt[2] B tutl:nthyunl) T Wﬂa mmi

A 531 =EfEitiyakEilismm

{ RABELH L 53 counter.vhd
R E-F 4 L4 53 _counter testbench.vhd )
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#5461 SUHNBERFNT AR
B ok

1. BRRRGT(ERE

AREH 1 A SEH 4 M EBRETSR. TP RERSWNThEE. W
M 54.1 i/ o HH en, reset. clk FEAMD : en i E AT 156N . reset H“E
AN FEBERMEEABEEEH, EFAFTREMATRBESOER .
clk JBHERI A, FTFRFER B EFEREY - unit0-3 55 Pl 4 —#HIEIET 4
M RETE, EMNXANES LT tRIETHSRETENRIEEME 54. 2

Fr o Rty Z 3Rl & B AN R B RS 6~0, BRFHARY N R0 .
RzZH 1.
Bl — ] > unito L
reset ——n| display :> anitl - 5 I ) I 1
T unit2 I'_"l
f——"> unitd ' W E
ek e} -
#54.1 SHHMBETFRFES B 54.2 -CEREE RS

F 541 BETHFSTHEMPEAOWEXER

0 ! I 2 J_ 3 4
1000000 1111001 0100100 . 0110000 ootionl
5 6 7 8 1T o
0010010 0000010 1111000 0000000 0010000

2. B VHDL B ERRAZER B RS

A B VDL iE SR R 54 display. vhd, HepLl—A %588 display (KF]
BRI AAIREERYED. —MEE algorithn HITT HEGA . XFER T
RRKEERTMTHMRER. miEESANERFSEMMEEEL, SE 55, §
17 FIAEI - SE{AHBH display ROSE OXTR T HRBRSHER ; S50 algorithn §H 3t
WHRHRE. RANTT AR 2~ 12 display IR . ££5{% algorithm F5i5EA
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FTE ARV secs « HAIRVE tsecs . 7 FHE wins M7 SHEFRL tminsd P iHEY

TH -

—4 ¥ PR R B R R 3 fF b4 _display. vhd

entity display is

port(reset
clk
en

unitd : out
: out
out
out

unitl

unit2
unitd :

ond display;

Din
T in

bit;
bit;
boolean:

bit vector(6 downto 0);
bit_vector(f downto 0);
hit vector{(f downto 0 ;
bit vector(6 downto 0));

architecture algorithm of display ie

subtyps natd is integer range
subtypa natd is integer range

hegin

display: prooess
variable secs, mins
variabls tsecs, tmins

bagin
secs ;= 0O
tsecs = 0;
mins = 0;
tmins .= 0;
unitd <= 71000000,
unitl <= "10000007;
unit2 <= 71000000";
unitd <= 71000000 ;
RESET LOOF: loop

wait until clk ="' 1’ ;:
exit RESET LOOP when reset

case secs (s
when 0 => unitl <=
when 1 => unit0 <=
when 2 => unitd <=
when 3 => unitQ <=

; natd;
: natd;

“10000007;
"11110017;
701001007 ;
"01100007;

15 downto 0
7 downto O;

— REMwO
- ZRHE SO

G HERRAT

— Wi, BT BEE

—BT5 LT A
— S {iFih

—— BRI B B A0 {E T R AR 1A
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=> unit® <= “DO11001";
=> unit <= "00100107:
=» uritd <= "0000010":
when 7 => unitd <= "1111000":
when > unitd <= "0000000"
when 9 => unitd <= "0010000";
when others => unitd <= “00000007:
end case;

whan
whsn

case secs is
when 0 => unitl <= "1000000":
when 1 => unitl < "11H10017;
when 2 => unitl <= "0100100":
when 3 = ynitl <= "0110000":
when 1 => unitl <= "00110017:
when 5 => unitl <= "00100107:
when others => unitl <= "0000000" :
ond case;

case mins is

when ¢ => unit2 <= "1000000":

when & => unit2 <= "0010000";

when others => unitZ <= 00000007 :
end cass;

case tmins isg .
when 0 => unit3 <= "1000000":

when 5 => unitd <= "00100107:
when others => unit3 <= "0000000";
end case:

if en then e 8N At
if (secs = 9) then — i BE B By

secs = O
if tsecs = 5 then
tsecs = ()
if mins = 9 then
wins = 0;
if tmins = 5 then
tmins = 0;
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olan
tmins := tmins + 1;
end if:
olse
mins = mins + 1;
end if;
olss
tsecs = tsecs + 1;
ond if:
else
secs = secs + |;
ord if;
ond if;
ond loop RESET LOOP;
ond process display;
end algorithm:

WEFE display HI#ZAIL AR5 FU toop TEETEEAK, wait until clk =1 {BACHl AL
BOBT R 1 AR . exit IBREAREEMER S8 HER, YT it EnER
BB R display Y, BRREUITYIALER S, SHUEIEEINEE .

wait until clk =1 BRI EFHEMRTHAE . NRELE. AENFhEE
FRERATEE. HEAR. Ywait BU3HREREEH, Hogeh . SEaOits. =9
WURES L AR R EABERRE  WEREAN, FUTRE, BT, 18uEise.
EPif&a) wait untit clk’EVENT= true and clk='1'5 [iRiE4] wait until clk =1" =
1. BAE-TEEGE S, LSRR BUEE S0k EVENT [y 2I8F .

3. KERUR 0 B AL 1R R I B A

FHIEIIIR S 9 B4 _display stim vhd, 5% 15 @IF15 17 GIABLL. MR kS
MR8 . HAKAREA display_stin 551 stinulation 7E[F—X#FH

R ARSI £ 54_diaplay_stim. vhd
entity display_stim is
end display stim ;

architecture stimulation of display_stim is

component display_comp —EHNE ik
port (reset ; in bit;

clk : in bit;

en : in boglean;
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unitl : ot bit_vector(6 downto 0);

unitl : out bit_vector (6 downto 0);
unit2 : out bit_vector (6 downto 0);
unit3 . out bit_vector (6 dommto 0)):
end componet:
signal reset : bit;
signal clk : bit;
gignal en : boolean;
signal unitQ : bit_vector(f downto )
signal uniti : bit_vector(5 downto 0}
gsignal unit2 : bit_vector(6 downto 0);
signal mit3d : bit_vector (5 dewnte 0);
begin
compl :

-~ BT iR

display_comp port map(reset, clk, en, unit0, unitl, unit2, unit3):
display_stim: process
bagin

=

<= ftalse;

wait until clk = " 1° ;

reset —= "1

wait until clk = ' 1’ ;
reset =" p
wait until clk = ' 1'
en %= true;

-l 18 OB TR AT £ S B ME S iibbe s o T f BB

for i in0 %o 2 loop
wait until clk = ' 1' ;

ond loop;
reset <=7 1" ;

for i in0 to 1 loop
wait until clk =" 1" ;

end loop;

reset (=" 0"

for 1 in 0 to 2 |oop
wait untif clk = ' 1’ :

and loop;

(el <= false:

for i in0 to 1 loop

wait until ¢lk = 7 1"
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end loop:

en {= true;

for i in 0 to 2 loop
wait until clk =" 1" :

erd loop:

wait for 9C¢ ns;

Treset &' 1.

wait for 60 ns;

reset = "'0 ;

for i in O to 100 loop
wait until clk = ' 17 ;

snd loop;

aesert false report "End of Simulation” SEVERITY error;
end procesas;

display_clk: process
bagin
clk <<= 70"
wait for 50 ns;
while true loop
clk <= 7 1"
wait for 50 ns;
clk <=7 Q'
wait for 50 ns;
snd loop;

aasert false — A EAER
report “—FEnd of Simulation—-"

severity error;
ond process:

end stimyulation;

configuration display_stim_conf of display stim is - £t
for stimulation
for compl : display_comp use entity work. display(algorithm):
end for;
ord for:
end display_stim conf;

A stimulation W8~ LS IH R B ——TfE display_comp, HAT Hilat
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S8 AR E R YRA A% T SEA display SCHEL B85 17 P U RE @S 5%
K2 BIFERRFA -

8 display_stin 4o | THER RGET HIRLLORIA TR 36 LNT S 15 0
WS FARH (B EHEAR S ), K2 display_clk PR BMHRSEGRITEEIN S 2
1 AR IR SL 8T -

A Vsim/Talent #HLZITAMASCH WEWE 54 3 RE 54. 4 B . FEEEL
T -

DO RHIE clk EFHGESEFS reset fl en f{l, 3 reset B en BB, REFE
WAy BBk 2 BifME, {AELT VHDL {E S8 delta TR BHNS . WHm(1)-(2) .
(1)°-(23° (3)—(4) - (3 —{4)" MEIREHE TiX— &, HENASKMESMIT AT
BE - .

@ HUBRSHIRILET. 45 clk HLRTAR, BFEiTHEAXH
54 display. vhd (#5§3(k algorithm 34, HHFE display B(FE . 432 display $EEHT,
BITHE O ARG AR 64 display_stim. vhd., BISEIEARNT £ 48 SE MR SIEER -

@ R () - (6) F (7) - () BUIER A4S ¥ 1A algorithm FEY“SEXT T =R R NI
TRIEN B IHEER RSN S - '

@ PR BRITEE ERmE LI FEREF—1000000, gz (9 1 (2)
=¥EH, QOMEC2FBITEETHE 1 MF.

& W QD) REL 8 67 EhEE -

it ES AN E N R AR ERE . S8t AEEENER . ©F
REFRMRMALMANE RS S, MESAA IR ERARER - BT
F E7E T It

ol

Cursor 0.0
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| H 1
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I . L T | _F
T [ O :

a ﬁ;I

543 Bk

+ 232



Time in ns i T T | T ?‘]"‘1“{"}“1""L'l_-"l_'g'"'i"'l“i"TI"iT'i"['ﬁ“f"l"l'"|"| i |"i"| 1 |"l'|'ﬁ"l"'["'l"l"l"T'f"|'_|"|'_|"r'|”|”5'|"| i
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i
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o5 i ouk it #
MR AR

1. BRERT(ERE

FFRHIIhEE BIRIETEE 1 T 0k 77 2 20 ik 7 S 3 B SOt b E . NI 55.1
AT« Hosm Adm clk B TP AR LSRRG TOFER b GRS . X reset [
FYCEFES (REFER) B, BHH{ES"F 2 vaddr 350 . WO datainp ik
TFuFHAER. HNRIFHT AR 5. 1.

clk

$

dataing ————eme] maddr

ressat

stackinp ——=  falsepath

offsetling ———_an
offzet2inp — ]

B 55.1 b RS R RER

#5510 FH AR

datainp THTFA

] maddr = offsetlinp ~ offset2inp

l maddr = stackinp + 1

2 ; maddr = offset2inp

3 maddr = stackinp + offsetlinp

2. M VHDL ESHWR A EREEZSH

APIHI A FRER ) 55_falsepath. vhd, SHiF{HiBA falsepath, HOS5FRFN
AE B REVIE I — 3 MR-~ EEME algorithn, AT T RE LT R—fR
falsepath SCEH . j#F% falsepath B {57 reset_loop 3. Hhgwait B/ &
FERIm P b FHET P MIE S ER, 1 exit iEHSCIliE B/EH 4185 reset 53, B
HEE HERGHR, T clk 585 LA HREIEHE, UB{LEHY naddr BT .
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——HihE T80 38 F R 0 4E 55 falsepath. vhd
package types is
subtype natl6 is integer range 0 to 65535;
function conv_bit_vector{arg:im integer : length : integer)
return bit_vector;
end types;

package body types is —BRIFIR B A B A S i B
function conv_bit_vector (arg: in integer; length: integer)
return bit_vector is
varisble result: bit_vector (length~1 downto 0):
variable temp: integer:
variable i: integer := {;
bagin
if arg < 0 then
assert false
report “you could get problems by converting
a negative inleger to bit vector”
geverity 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’
alse result (i) := * ¢’
ord if;
temp := temp / 2:
i=1i+1;

snd loop;
if i> length-1 then
asaert false
report "length is not extensive enough
bit_vector truncated to length”
severity warning;
elga
while i <= length — 1 loop
result{i) := ' ¢' ;
i=1i+1:
end loop;
ond if;
ond if:
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return result;
end conv_bhit wvector;
ond types;

use work. types. all;

entity falscpath is

port (resct ©im bit;
clk ;im bit;
stackiap : in nall6;
dataing ;in nalle;
offsetlinp . in natle;
offsetZinp o in natlg;
maddr : out natle);

end falsepath:

architecture alpgorithm of falsepathk is

begin

falsepath: process
variable stack : natl$;
variable data : natlé;

variable offset]l : natlf;
variable offset? : natl$:

variable ir : natlf;
variable addr : natle;
variable p : bit_vector(@ to 1});
variable z ;o bit;
begin
maddr <= 0;
RESET LOOP: loop
stack = stackinp:
data := datainp:

offsetl = offsetlinp;
offset? = offset2inp;
wait until clk’ EVENT and clk = ' 1’

exit RESET_LOOP when (resot = " 1' )

wait until clk’EVENT and clk = 7 17 ;

sxit RESET_LOOP when (resst = 1’ );

ir = data + 1;

p := conv_bit vector(ir,2);

case p is ——EFEFHEA K
when “00" =
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addr := stack + offsetl;
z = pl0):
when “01” =>
addr := offsetl;
z = p{l);
when 107 =)
addr := stack + 1;
z = p{l):
when "117 =>
addr := 0;
z = pll);
end ‘case;
if z = 1' then
maddr <= addr + offsetZ;
&|se
maddr <= addr;
and if,
end loop RESET_LOOP:
ond process falsepath;
end algorithm;

HAGIRFEEATETIZLUTILS:

D Ei#FE falsepath b7 R 2 800 3 ¥ o — #EGI BB 2 B lgy
ATUL T/ ERH types H1E X HYREL conv_bit_vector (x, len) X [] datainp 5 AR
{ESETHALE -

2 EFE falsepath IR LT 5K falsepath ByEERM O —— R AT &L 7
BFHIGE . ERONESEHRSGTE, TTERFTERE BEDEHMLTE addr
WHEFEAS maddr 510, XEER] LIS 515 SR IEAIXAT VIDL {5 S 49 delta ZERHE .

@ AHAGRRAHERANEFITR. R RINFFEEET % .

3. BB B MRS RIS RS R A

5% 54 BItELL REIRTA SO R 55_falsepath_stim. vhd, MR 5 R SiHGR
X - K {Eiia] falsepath_stim 545K stimlation fERl—3 & . £k
stimulation A 8 T —PEHIE T EE—— T falsepath_comp ¥ —# 5 H i [T/
WS & X BN BN {E BB JT i falsepath_comp (% M, FE{E 424 BISE(A falsepath
Wil RIFE. Lik falsepath #NARL R [F{FEFINEES L. 58 falsepath stim
RS R, #E falsepath clk P Aa R . B A MERE R falsepath_stimbERSE
—FW S B
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—Hihi i % RS SRR SofE 55_falsepath_stim. vhd
use work. types.all;

entity falsepath stim is

end falsepath stim ;

architecture stimulation of falsepath stim is

component falsepath comp —EHIZ it &
port ( reset ©im bit;

clk : im bit;

stackinp : in natlb;

datainp :im natlb;

offsetlinp : in natl6;

offset2inp : in natlh;

maddr { out natlé);
end componeant ;

signal reset :obit: —— YhEREERIE &
signal clk : bit;

signal stackinp : natl§;

signal datainp : natlB;

signal offsetlinp : natlf;
signal offset2inp : natl6:
signal maddr : natib:

bagin

v nis IR S

compl : falsepath_comp port map (reset, clk, stackinp, datainp,
offsetlinp, offset2inp, maddr};

——= S EHHE S B
falsepath stim: process
bagin

stackinp <= 4;
of fsetlinp <= 8;
offset2inp <= 2;

datainp <= 3;

wait until clk’ EVENT and clk = " 1' ;
reset <= ' 17 ;

wait until clk’' EVENT and clk = ' 1" ;
reset <= ' 0’ ;

wait until clk’ EVENT amd clk = ' i’
datainp <= ' ¢’
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wait until clk’ EVENT and clk = ' 1 ;

wait until clk’ EVENT amd clk = " 17 :
asgeort (maddr = 12) — B #u
report "ERROR: Signal maddr should be 12" — R

soverity error;

datainp <= 1;

wait until clk’ EVENT and clk = " 1’ ;

wait until clk’ EVENT and clk = ' 17 ;

aseert (maddr = 10) -~ Al
report "ERRCR: Signal maddr should be 10” —H R R
asver ity error;

datainp <= 2:

wait until clk’ EVENT and clk = ¥ 1' ;

wait until clk’ EVENT and clk =7 1' ;

sssort (maddr = 5) e =E:
report "ERROR: Signal maddr should be 5” — st

sayerity error;

wait until clk’ EVENT and clk =7 1' :

wait until clk' EVENT and clk = ' 1’ ;

assert (maddr = 2) — A $|
report "ERROR: Signal maddr should be 2" -~ B ig
sever ity ERROR;

asgert false report "End of Simulation” weverity error; —7ERiEH]
end process faisepath_stim;

falsepath_clk: process — =4 R
begin
clk <='0";
while TRUE loop
clk <=7 1" ;
wait for 50 ns;
celk <= ' & ;
wait for 50 ns;
end loop;

end process falsepath_clk;

end stimulation;



—HEE ]

configuration falsepath stim conf of falsepath stim is

for stimulation
for compl : falsepath_comp use entity work. falsepath(algorithm):
ond for:

ond for;

ond falsepath stim_conf;

H Vsim/Talent LA MIL SO, WA 55. 2 Fin, H3BoH0T %5
f517~i8 A) compl - # 2 falsepath_stim f] falsepath_clk [FETFFEFT. RRHiEH
T E{F falsepath{ JTIHFIRIE MM LT A= £ ERA ) BEEH{RAEYHFE falsepath
HEIR G217, maddr FEE{LIET o #1R falsepath #] falsepath stim iR T8 1
Fwait iB4), HE| falsepath clk M43 1 M F AW, AEHFET. DT EE
clk TEHUT clk<='I'iEfJIG—1 delta HEREA TR, AR Falsepath stim ]
falsepath TEFH L2 — 1~ delta EiRG, MRS SHPIBLEA EIFRE W REO
HEGTR, WHIH{ES reset TREH'D, ATLLHE falsepath #EAS 2 % wait 54
FHEEE . BRBUER . BT reset='1" (BAK #FR falsepath_stin C4ZE1TE
reset<='0"i{{4H, HEHETE A delta R ZFA LT, ME 56 204 (1) BLT)
TiBk B BEHHERE - & 3 MTED L H R BUE AR falsepath, maddr FIE{LIER. A
& data LHMEIRHSMEEES datainp PO 1 ME 3 (BSRILET#IR falsepath stim 2
FITE datainp<=0 iFA], HEHEE " delta MR ZFEA S, MK 5. 2 fpy

(2) B ), RS 4 DBPEP EFHG BN, SRIFHEN X 3 M SOm B 12 eask
% maddr, #[E 55. 2 Y (3) PR, RIRTT -G, BRI datainp D 2
MME O, HFEFE 2 PR RIS RRRT B A S 10, WS RIS 5 2.

iilﬁl *ﬂlf’lﬁiﬁ]!l "h’l i—-I_J i

| Cursor 0.0 I

Timeinns e T '-"":|".'-;‘T\””|”"|“"|"1."|"”|'“'

i Scale = 10.0¢ gu.u 20.0 40.0 60.0 B0.0 1004

“madde o 1 ."E D12 X T X5 X7 B
: ofiseinp ¢ 2 i 3]
I olfsetlinp < 8 ! ] )]
| datainp o 3 S D G I AU ¢ 1))
!atacldnp o 4 ':<4 Ly
telk o1 :m ML i

reset ¢t :

F—_ m:i—”‘”" ro T TN e T g

B 552  HEURR
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ABINRSEE A B FINTThARE . FEHTRN L A FURALE I 2. 8 A FIBTHIE (A
7 B A R R B BN BRSNS error, YIRA warning K&, B
R4 LR — RTS8 B, B AR R A BRI -

(RFHELHF 5. 55 falsepath.vhd
MiXE S L4 5. 55 falsepath_stim.vhd )
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F 566 BETETHR

RHTF

1. BRRGIERE
A% T RH AL B SRR LT SRR BB IR - TSR AR T — R EINITH

%

ik

2. VHOL EEE ik EREL S

(1) B4

RORHE ST -~ (package), HEGBF tyes, TEHAHRENL —FEH
short. TRYREREIREN, HHGEA NS 0~255. HATME LEQIT -

subtyps short is integer range 0 to 255
IR T AR I 2 B2 short, FRLUZTHEGR BB T 2 1% 0~255 Z (8] .
(2) 34K prefetch 347

VEEE L —1 R SESSE v MmA-:

branchpe : iR 28 in, BEEERBER types HEXH short Bl . PHRINEE
Lg% LT, T — R45 S HIhE o T 35 short (¥ 2 0~255.
AT LATE R AR T T B T B th & 0~255 .

ibus : W R in, BEEERE short, A RIEA SRR .

branch . WTIRE K in, FEERE bit, HAHERYHIRFITHEETHE,
SIMT—FBEEE ST, f$E branch 33 1, HH{# branchpe T &
BREE B Rt

ppC : 2R E in, BEREEE short, F575 SRTAVIEF ITELASE

popc I BB out, FIEERE short, b —FESH0it.

obus : B DR8N out, FEEAR short, MY FhhiEEEg.

(3) £E¥E behavioral £47
LB UAE prefetch MEEFIK, R IMT .
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architecture behavioral of prefetch ia
begin
process
variable pc . short;
variable oldpc : short;
begin
ppc <= pc;
pope <= oldpc;
obus <= ibus + 4;
if (branch=' 1' ) then pc := hranchpc;
ond if;
wait untit (ire= " 17);
oldpe := pc:
pe = pe + 4;
end process:
ond behavioral ;

X R RGAT REEE, s — R e T E L MR R pe # oldpe,
HERERE short B, R —H KR pe FHEXA poe. 1% oldpe %L pope.
Hehsr i ppe BNASHIRFE THEBREE. Wi oldpe MH{ENEST— K590 . TiE e
FrHW 4% AN branch MIEE T 51, WEALV, BMHRIES HBEEHES, W branchpe
FHE RS pe. T F— ire W EHEE . 58 pe BESHZEE ppc B -

(4) ARAFEE 5

S 56_vhdl. vhd REFE— S50, B HTA RAVESFI A R R IR T B T — M
REE -

X 56_stim vhd HEE—MEEWE, TR 36_vhdl. vhd FIR0Z8 SE{EFF 4RI
SRk, R - NRT G BEN IR #IT prefecch IR AR « WX E S MRS S
i s UV NI 2P

O EEMERRIRS It s R — A

@ ERERTEPEETHS PN BT ET, B5SEMRATSEEHELE.

3 TEesEfErEwsR s ERL TEFFR — T EIEM T -

FEHREEFIF RS 5 — oo, BB TR ST - BT L4
E=SE R HER TR A -

EEMENEIRS SR —fIHHTEY, —£BPESREEON—&H
#{5 B EE.

LR B MEIRITH prefetch I WITHFHRARBEGIEHLS prefetch T{EMEE
# - BBHESREHE N TCIRm D MEE) . 25 SREBEYE RE_ P4 — A1
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J 10ns 7 -
3. IBHER
FHRRERFEREME 56. L BiR.

[ Cursor (.0
Timenns 1"".r"”"-'|"'"'“'”'|"'"""|"i"'""'E:'"'.'x"""'
~Scale = 15.00 0.0 5.0 100 150 200 2
ohus o 4 i{ 4___ 18 > - I
popc o 0 (] 04 4}
Ppc s 0 {0 ¥4 48 8
fre ¢ 0
branch ¢ 0
ibus = 0

M 56.1 HERUER

(RI%:E L4 L 56 prefetch.vhd
56_stim.vhd
56 _vhdl.vhd)

s QA .



5761 M. . FIESHEBIESE
£

1. BERRGEIFRE

ELIFREERSERIE € 10D - TR SERIE SRR RIThEE. HhEd 3MiES . M
W BEARE 2 FIH P RIER count_a fll count b TR - WL -

2. VHDL EE R A EFIRZET
(1) L4k test_67b 347

EFHERLEWIAEETE—E, DS m RS R —
. SRR RE TR0, ElSRER -3

(2) L4544k Behave 1 947

RSk B SE{E test_67b AT RIAVEEFE . EREG — P IHEN—&H R (G SRMEE
. ERHEESRETVR TR L SENTINGES . TERERERES. H5EmRE
SFHETIE. REEREIRAESATERI TE. BLAREREST. i3 EITE,
MHAE SREE AR ER S EaERMINEE) -

TEEAERI E A o 2 B HE LR Instruction Enum.

type Instruction Enum is {ADD, SUBTRACT, MULTIPLY) ;

HERFIESRE, BERNE S 3 ME3#{E . ADD, SUBTRACT FI MULTIPLY, 4r%i%&
TN~ B . '
@ ST (ThEERT)

Proc_Execute:

proceas
variable Count A : natural := 5;
variable Count_ B : natural := 2;
varisble Result : natural = 0O;
variable Command Enum : Instruction_Enum;
bagin

wait on Command Nat;
if (Command Nat >= 0} and {(Command_Nat <= 2) then
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Command_Enum := Instruction_Enum’ VAL (Command Nat);
oine
assert false
report "Invalid command code sequence”
severity error:
ond if;
case Command Enum in
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;

EEEPEY 4 MR, HophaRg Count_A ] Count B M Ha{ER, T H Result
RTEETEER, B3R natural (H2A%). 28 Command_Enum f§ RTERES 412
3515 EIRIE S 5RE5 .

HIRME 1 K4 wait on Command Nat B—REMHEN . TRHEBRLHES
Command Nat F% B, {0 Command Nat FHf. MBLTHERS, — B
Command Nat FRA4Z{F, BVEIMIESBIS. #ENGEE. L5, S4B
SREGHE WEHERETE 0~2 2 [, L0, 1,2 B3> F5 154 9(i% 5 ADD. SUBTRACT
fIMULTIPLY . 2045 %A WM HHTiF0E, FRRANTIENZRK

Command Fnup := Instruction_Enum’ VAL {Command_Nat);

H it Command Nat }/#5<% . Command Enum ) T2 0§35 A0S0, 1FI004 (/A T ik
AR S E RO EEIE Y Instruction Enum, {EFITRE LADIEME VAL, JBiE VAL A FEuE
W BHE L RTEE B ENE. .

Instruction_Enum’ VAL {0) = ADD
Instruction_Enum’ VAL {1} = SUBTRACT
Instruction Enum' VAL (23} = MULTIPLY

SRR THE B POS BERSEYE — P36 B IRAE T ROM 3 BB 2 A P
il '

Instruction Enum’ POS (ADD} =Q
Instruetion Enum' POS {SUBTRACT} =1
Instruction Enum' POS (MULTIPLY) =2

A PIRISTFIFE R R Command_Enum o, 305 Bl 1 A S (5 SR E B Q152 I &
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FIETHIThAL -

cage Command Enum is

when ADD =>» Result := Count_A + Count_B ;

when SUBTRACT => Result := Count A - Count B ;

whan MULTIPLY =7 Result := Count A * Count B ;
ond case;

H 5 RF AT & Result 1.
@ HEESWEEMHT (WidE)
HEESHEIREY I % (5 SWRE E 7 A HEAUE S IF T

Comnand_Nat <=1 after 10 ns,
0 after 20 ns,
2 after 30 ns,
0 after 40 ns,
1 after 20 ns ;

B 10ns 28 — RG-S, RIEHOT LUAIERE-SIFH00 - vk - ek - #e8: n-
Wik o I KR STAEE IS A WS L Ed R DU ORI R R Thag -

3. ERIERSH

KPR T RS AT A E 4 RO (AR PR R RS
mEAR, ATUASEARERESERERNSR) . B EENETLIEIER Result
HHESF THRIE(E S Comnand Nat A3{EX Z & Count_A K Count_B #{7/1 - BN RIRIED
PR

(BFhE A £ 57 instraction_dec.vhd )
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Z586 2-43WmBLEHRER
)

1. BERZEZITIERE

B 58. 1By 2-4 RS CREMMR AWMU 4 MWD - TR ViDL
BRI RARIEE AT o LRSSV AR I A R X A AR 58, 1.

Dout (3)
Sel_bar(0) And_0
Sel(0) fv.0 :E— Dout (1>
——
Sel_bar{1l) And_1

Sel(1) ‘ Inv_1 -ﬂ——fhut (2)
And_2
Lﬂ— Bout €3

B 581 2-4 i ZE0RNREHE

FTogl 24 iFBRBHOXER

HiA !
- Sel{T)- Sel(() - Dout(3) : Dout(2) |[ Doﬁtl-(l} _ l Doutdql)_)“
0 o | o o 0 ' |
N 0 | : | 0_— e 0 - 1 0
1 0 - 0_ 1 { {) -
1- T _l__- | 1 G .0- I T -

2. VHDL @A %

TEVHDL . 3 R FIRIRER RAG A - 1T A « PUER IR AEE MR . A
RS AR SRR . THRREFREA S FERNTh ERES
EEEMEMATER. THERWEARTRERIEN, BIRRMREZTRIT ., Wi
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BITEEN GRREINIEBIE) s MiESHaRNR N2 M T R MR EE R0+ Lt A S e 77T
2 EERXR, EHITAMRERR, BIZEHRSETHNNXA L, gk
REHAT A ERNHE - B, ERRRERCH2 T ARiEa .

3. VHDL 5445 R A3+

EENGREIRRORZ LRI R T e O DR O 2 R8s - 3 — R st Tas
k. BEEELT 3 MR
B b B—RE=A

component | IL{F
[ £EELE; ]
4R M3%

end component ;

TEFFRBHE R AR LS TR R AR 4. B2 WITERHERD, EEH T8 S5
O, BT TR ke DAL - STARRBAARE FRdiied, EA8 MR
FRIETT. MAEAMEXHTAH A~ EREFETIRITFEY . $EE, THHBEAR
REA— A, 5 SKERE R (AR ER R R B ST R

¥ew. iHHFT. B—RERXN

FRRTF . TTHbRE
[ FmXE%: ]
i KRR

AR AE B RSN . 80 ITHEREDU— M FE SRR ERE. B
— PTIURIR, W IRRA TR O S5 M DR R R . H Py sEhru o7
EEEERBPEANER SO, o L EEESRARELES .

TLiFBPRE A R Tt s g o B 00Tl . ERRPIE TR (&
PR~ 2B Um0 BRI, PRI E SRR R . 8 n R i
Tt HBAEE TR OMAEE S R -—XTRER .

30 JLAFHLE . XA DL R MU B R BATE R - H BT M — AR

for FlL RS . THFH
use entity LKL [( LElES )],

ARV — BB A

configuration HHALIHARS, of L{EE is
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for #5faiA &
HAGHLE ;
ond for -
ond HUIREE

wRi AR, FIRCHEIDE T SERRIEARRER . #52. MENIHHR
PP EE TR ER . [, YT REREE NREL 1T TAN
g6, R DUEd B S IR R R e

4. VHDL iEZE 94

A bR 7T Ex 2-4 F e BHT SRR T -

— RAHEREIRERTT it
- R E AR
entity B _INV in
port(

Il:in bit;
O01:out hit
)i
ond B INV;
~~ BRI
architecturs FUNCTIONL of B _INV is
bagin

01 <= pot 11;
end FUNCTIONL;

5 A SRR AT R EER
entity B_AND2 is
port(
I1:im bit;
I12:in bit;
0l:out bit
).
ond B_AND2:
—EEV R ER 5 _
architecture FUNCTION? of B_AND2 is
bagin
01 <= (Il and 12};
end FUNCTIONZ ;

——2-4 RS ZRREL AR R
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- {kiRE
entity Decoder is
port (
Sel:bit_vector{l downto 0O} ;:—4gAd R _fifiE&
Dout: out bit vector(3 downto 0) --% ¥ oMUz {irm) &
Y
ond Decoder;
S )
architecture Structure of Decoder is
RS
component And2
port (I1,12: bit;0l:out bit);
end component ;
component Inverter
part{I1: bit:0} ;out bit);
ond component;
{5
gsignal Sel bar:bit_vecier(i downmto 0);
—ife R
for Inv 0, Inv_1: Inverter use enmtity work.B_INV(FUNCTIONL):
for all: And2 use entity work. B _AND2 (FUNCTIONZ) ;
4k &L
bagin
—FI AR 8§ Inverter ;#{T7L{HHIR
Inv_0: Inverter
port map {Sel (0}, Sel_bar(0});
Inv_1: Inverter
port map (Sel{l),Sel bar{1)};
—RUFE A 517 And2 ST TSI
And §: And2
port map (Sel bar(l), Sel bar(0), Dout (0}};
And_1: And2
port map {Sel_bar(1},Sel(0), Dout(1});
And 2: And2
port map (Sel{l},Sel bar{0),Dout(2));
And_3: And2
port map (Sel(l}, Sel(0}, Dout(3)}:
ond Structure;

W
entity test decoder is
end test decoder;
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—£5taik
architecture BENCH of test_decoder is
component decoder
port (
Sel:Bit_vector{ 1 downto 0 }:
Dout:out Bit vector( 3 downto 0 )
)

end component ;

—H%E

for 11: decoder use entity work. decoder (structure) ;
—{8 5 5%A

signal + 5 . Bit vector( 1 downto O };

signal t O : Bit vector{ 3 downto 0 );

begin
——ICEE R B 2-4 125028

11 : decoder

port map (
Sel == t 5,
Dout =>t 0
)

— i

driver; process

begin

1.8 <= "00";

wait for 100 ns;
assert(t 0 = "0001™)
report

"Assertd t O /= 000L”
eesverity warning;

t 8 <= "017;

wait for 100 ns;
assert{t 0 = "0010")
report

"Assertl t_0 /= 00107
soverity warning:

85 <= "10";
wait for 100 ns;
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assart {t O = "01007)
report

"Assert2 t_0 /= 01007
severity warning,

t 5 <= "117;
wait for 100 ns;
assert (¢t 0 = "10007)

report
"AssertZ t 0 /= 10007
gseoverity warning:

wait for 200 ns:
assert false
report "——End of Simslation—-"
saverity error;
end process;

end BENCH:

AR 2-4 i FRE S RS AR (RIS ) - Ao A AL R
SASUIRIT A 2ETHEEEERAEER . 15 2-1 FRER WA A
TREHER 7+ | Fefiod TR AR RS Bl D RRAE . 5 AR 4 MIER L T Se RO ER AT Sk -
AR AT AT RS R T & R S T TR T TR R . TEES (ARG 1R BAEE 4
G T RA S IRIEMAEEN TN, KB REROEE . HEREMNEE
% Sel_bar, REXEEITHRIETOEN ; BT RIEEMEESS A 2-4 FEBPH 6 DT
tFEa BIEITICAET . B Inv 0. Inv_] B RAFERG T, B8 1 XBER G TR
il Sel (0) Fl Sel (1) 5 RARERI G ARABR R, HF3R{E B Sel_bar (03 Al Sel bar (1)
5 MRS E AR R e, X 4 MEEA ST RIT TSR B REEEE
XEF T EER . B 3 SHEEN 24 FEBN FILEEE TN SE. g
R - X B EE IR HBR 0 4 BT 22 T HHH BB R 5e kW) - LLiEA) “for Inv 0, Inv 1:
Inverter use entity work.B INV(FUNCTIONL) ;» Jgfil. Fomp /7o Inv 0, Inv_1 A
LR ThE B AT LIEE A B_INV,; W R AE5 M4 52 FUNCTIOND, X2 & AB B0 —Fivkh
RITHIEHE - 2k, 5T 2-4 FISHRMEREE . TIbRKWAES:, REBELRR
M, FEAHERRE H RS aE 4 -

5. BEIER
BB Vsin/Talent SEARFIAITE, FARKBENE 58 2 T, HitBEHEZ
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Time in ns

Scale = 10.60 _
1to o 0001 [ ooo1 ¥ ooto ¥ o100 X mou
::t__s o 00 00 ¥ o1 ¥ 10 Y
; dout o 0000 o000
i sel o 00 00
{ set_bar o 1 o Y 10 Y 01 Joo

582 2-4FBEECEKE

( RAiE LA E. 58 decodervhd
58 decoder_stim.vhd )
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%500 24 BB
2T

1. BREHIEER

£ VADL vh B LU % MEiEy 53 IXERER T B O RR AR, EEFRRR AT
Rtk 2 AR E R ROE A o AFIEE G- 2-4 FIBEERT AR T, 55 58
BRI EEFIRIA 1T bL 2

2. VHDL i8R A5 R EBH SR
(1) #EXER

EEKIRR FNTT iR 77 ek 52 VADL, g b SRR /7 B S F R R A i TR e
TCfRZ WIS R RS NEAR T IS E D R E RS - M TR . T
AR EE AR A S RSN, RSN TIRERTIEE . A EE T
dERMEE -

T 5 BT e R SRR T A .

O 1T RHLE

F RIS T Rt e TR B R R iR 2RI R IR IR B R RTIT
WA T % R DEBN RIS EX. BB M E T IR,
B - DIREREHUSE BT A B AR R S SUNAOThAE o 7 M R A i
v G, BXEANTITHETHS . FE A R E RS AN B AR, b
TERLIETE - TEXThREMBER T E(A RIIRT . o LIGRERM 4 &P ohfsiish . 3¢ H VHDL fnif
£ PR REREETT SRR NEESENE. XSS REhE S Qi
it S8 MR odiT AR E S EEEEAE, &P hasihmry, &
T RAH R R &R SEE -

VHDL 424t — R VI /7 if A H &6, BrEMIIEE O —3a A B mER
TTohaE - IFEQaERE+ 2. TEMEEY . FSWIEED- wait 4], if B
#) . case iZ4j. loop {Ef] . next {E4]. exit iE4) - return B4 . null iE47. ;358
HAER - assert i) . BTTAMRNAREDS . TEFEFSREED . Eq -
fRiE6) - H & assert iBH) - IR EAIEN .

2 EraiEk
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PR T EEER TRATH & MR . ERIFHBIER T VEERSG %, W
BEZEHH DTSR . EARATESRE MR BHEZERE, &
AR P O TSRS - BSHAIR I 7T B R R TR LTI 7 48 & MR T
Ez. FIRBIT e R 3R

{a) JUARE . TELEMERBE S PIRITREERN T

(b) JTIRBUT - TEEEMEPET EEEBRAYCHE, HRI TR & s O 54561
B S B SR

(c) JLAHREE . FEEEIAUIHE M RBARL I S5 I E D AR BRI RER -

Wi —tin, DIE 3w r] LI L iFii - il B EFERE SR, L
BT BB < fEAT R R ot TR iR RAER R TR IRIHR
70 L S

(2) IR AT

AGERRAT AR T 3T — D 2-4 8. ENIRETRABRIBITIEE . A
RIRALE ST 2-4 3459, IREEA A0 A 4 MRERNE -1t U BHR R 0.
DIEER AT R EIE 59. 1 iR

10— =11
24 P02

HEg 0l

11— w14

B59.1 24iFNEEFEE

T 2-4 BT AR

entity decoder is

port ( I0 : in Bit; ——Hi A 0
I1 : in Bit; ——§ii A 1
00 : ot Bit; —¥in 13w 0
01 : out Bit; ——§i it 1
02 : out Bit; ——&ie 2
03 : out Bit); ~—Hi it 3
snd entity;
architecture decoder archi of decoder is
signal clk : bit = ' 0 ;
begin
I EH R SWME R

—- 10 B 11 R A GRS B TR W IR A
00 ¢="'1" when I0 ="' 0' and Il = ' 0
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alse " 0O ;
01 <= "1 when 10 = "0 and I}

i

Jl!,

eles " 0O ;
02<="1"when I0~= "1 and I1 ="' 0’
elss " O
03¢ "1"whenI0="1" amdIl ="17"
olss ' 0 ;

—HEESBAERN, BE—TEB 20ns B
clk <= mot clk after 10 ns:
and:

AT R 2-4 AR RAF LESREFOTRIER, X4 FHLEFREEY
PLERMFESREES RHEAEEARER TRSESNEETE (IESE)-

B2 ATHHE R NG R VIDL FH RS BAGRIE 77 ik - 17 AREAR A SRR s A
SHHRFRTA, MEREANA TR SN THNERXR, IRDIERXR .

( Bk L £: 59 decodervhd )
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2605 HREMETHHTRHER
B

1. HERETEFRIR |
0 60. 1 Fpl 1 TR BR INBE TR BRI, SEhR T st logic MM A Bl 557

2] —={ IO

FouT —~123

Ee0r S5REHE

2. VHDL 85 RR A ERIEESH

i 60. L R, JEiES1T, 21 22 R 23 R E RRSNEHE S 21« 22 AHA
. 23 AMNIAGHIE - HRHERAME. 22 #1232 oiv £ ME5ZXMEH 11 &
FOUT #]2 std_logic #8Y. fT BRI VHDL 155 X E—MERERLES, Wikt
T T BT, BT AR N, A AR R — A5 S, — e SR iiRE S -

ABEL B RAT VIDL FiE . FEE R R R BTE TR IR R 7
B, BB EGIT SR — F TR . A X FEAIEAHAT T

(1) JTéFiREA

component B_ANDZ
port{ 10 in std logic;
11 : in std logic; ——~IR[1LRH std_legic
FOUT : out std logic);
ond component ;

(2) FSineA

gignal z1 istd logic:
signal z2,z3 :bit; ——{ZEHAAHLIL

(3) EFITER

U0: B NANDZ
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port map( 10=>z],
I1=>to_stdulogic (22}, --1% bit REVEEH A std ulogic
to_bit (FOUT) => 23):—4% std_logic JiFUERMY bit

HFFIOMILEE . 21 Fl 22 HEEENR. fH 22 988 Hbit, 1 11 p92EH K std_logic.
e 22 . to_stdulogic(z2), 4% 22 %54 fy std_logic LLY 11 PCAD.

FOUT 5 z3 W93 E09R  FOUT (26 H0 ) std_logic,z3 A bit 58, Hib E IR FOUT,
Hi to_bit (FOUT), 43 FOUT fy Je B354 Jy bit LS 23 FRILEL -

At SELT o (component ) PUIRTTER 7 = FHEAMTBIE S S 5RO KM
A —Ein fd R AL R B . TERA SR S FEHR A S ULS AT DARICES , EiE
oy, FHag i L S5 H{E SHEIE -

s PHREAAMLS .

D PR REL to_stdulogic(z2) ¥ 22 PIERIFEHN std_ulogie, i 11 fIERIE
std_logic AR, {H I1=>to_stdulogic(=z2) B# iTHI. M std logic /& std ulogic
s AR s TR, R AL HI T 5 . F AT —FhERI 7 FES4r 8T 23000
R I R R DU
@) bR I SR .

port map (z], to_stdulogic(z2), to bit (FOUT)=>z3);

Bl AR 7 ATELBEGLE IR AL ARy, EXRE T e 400 . Ikl I,
B RS L E KRR E A, & & X E R E R T B X%

@ FLABIAATEER T XK, By a4 28

) MR, HEEERT &K% FEHAAREERACE AR, N4
FHE

HAEXEKP AR L.
VHDL #ft iR K ik &

library IEEE;
use [EEE. std leogic 1164, all;

entity B_AND? is

port
10 : in std logic;
I1  : in std logic:
FOUT: out std logic
|
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ord B ANDZ;

architecturs FUNC of B_ANDZ is
begin

FOUT <= 10 and I! after 5 ns;
end FUNC,

— TEHHERIE g 21 B AR
library IEEE;
use [EEE. std logic 1164 . all;

entity wand is
ond wand;

architecture bench of wand is
componsnt B_ANDZ

port ( LG : in std logic;
It 1 in std_logic;
FOUT :out std logic):
ord component ;
for U0: B_ANDZ uss entity work. B_ANDZ (FUNC) ;
signal =zl : std_legic;
signal z2,23: bit;
begin
Uup: B_ANDZ

port map{ 10=>z21,
I1=rto_stdulogic{z2},
to_bitl (FOUT) => 23):
driver:prooass

begin

end preocess;
ond bench;
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#6105 ETR-EXEHALHENRERR R
Efhst

1. BRAGFIIERE

B 4 PR IAEERE R . MUEEmAGSSHEHmBES .
2. VHDL 1 1|:| =] #ﬁﬁfﬁ&]’ﬂ fﬁ’ﬁ*ﬁ'

A std_logic i2 LEEE %2 X891 std_ulogic R H A A28, mAEM logic
MR P E YRR T std_ulogic AIRAEEE ((HAE CNHAE S ), B, std_logic
M logic 3 TRI—FEEA std_ulogic RWFAP AR FHTLEE.,

fURDER 1 AU EL 2 (HEH AU std_loige #] logic B (55 2 (A 0] LAFH B IR {E ;
1CESER 3 FITURSEL 4 IRBAE AL )y std_loige §1 logic MM E L SIMATHEMRF -

i, & PR —EXRMAITRSH LY, E2AMNESHERENEMT
FkK .

U ZERESHARAHEME

2y A FFFm R ERE S 2 B H AR {E -
a -

signal st @ std logic;

signal S : std_logiec vector (3 downto O):

signal £l logic:

signal t : logic_vector(3 dowmto 0}
.

sl = 1l iF

tl <= sl fIF

s <=t A IF

t &= s AR
 BRRRE T -BEEANAR S BT RN RE SAMMEERE. oS — &
A ) PaS R B E s .

Process (t)

begin

for I in 3 downto O loop
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s[1] <= tlr];

end loop;
end process;

g5t . VHDL fERN—MEREANER S, BRMEFAERNN REAEEE ¥ a0
RN, B FAESFRHERE. mARITRELRE SHEGERE . 1+
RELHE SHAREA BRI EN U AESMER A EE K -

(1) BEXIER logic P

!ibrary 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 logie;
and logic_pack:

packages body logic pack is
type stdlogic_table ig array(std_ulogic, std ulogic} of std _ulogic:

- HHRALY

constant resolve table : stdlogic table := (

O L 1 e | | L L A

(ot R XX X XXXy, -

G (AL SN + ML AN M+ LA | KA | LA ) LIS G

SR L G AN S LA L LA LA GO

G L G | A R A S I LIS L TR

UL XL T W LW LW LW Xy, —
; . , )

G ILEES GO LN L L A A U 4D

UL LR XX XL LX)

K

function resclve { s ; std_ulogic vector ) return sid_ulogic is
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variable result ; std_ulegic = 2' ; — weakest state default

begin .
if (s’ LENGTH = i) then  return s{s’ LOW);
elae
for i in s RANGE loop
result := resolve tablefresult, s(i))};
end loop;
ond if;
return result;
ond resolve;

ond logic_pack:

(2) VHDL E##if

-------- L

— TEHAOEREFHIAER std logic BIRTHEFIEA logic F¥ S AL ERE
— {E std_logic_veetor X # logic_vector (U R A GEHE HERE., W

— OB R SREITRE T LAEM, Wi 3. fl 4 R

ek k

(1) FRIEBESR std_logic ARG TLIRE X logic MIXF&

library ieee;

use TEEE. std logic 1164.all;
library dsp 1ib;

use dsp lib. logic_pack. all:

ontity ttl is
port{i : std_logic;
o : out logic):
ond ttl;

architecture ss of ttl is
bagin

o <= 1i;
end ss;

—{2) TOISRIARAY logic M R o] DIBREA AR std_logic i g

library ieee:
use [EEE. std_logic_l164. all:
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library dsp_lib;
uss dsp_lib. logic_pack. all;

sntity tt2 is
port{i : logic;
o : out std logic);
ond tt2;

architscture ss of tt2 is
begin
o {=1i;

and s3;

— @) FHRBAMAAR %A std_logic vector FURTHIRLE FA logic vector BRI

|ibrary icee;

uss IEEE. std logic_1164. all:
library dsp_lib;

use dsp_lib, logic pack. albl:

entity tt3 is
port (il : std logic vector(3 downto 0);
o : out logic_vector (3 downte 0)):
end tt3;

architecture s3 of tt3 ie
begin

process (i1)

begin

for I in 2 downto O loop
o) <= il(1);
ond loop;

end process;

end ss;

-—(4) FERREE I AR logic_vector T EBRES K RY std logic vector FIdt @

library iesce;

uee IFEE. std logic 11684. all:
library dsp lih;

use dsp_lib. logic_pack. all;
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entity ttd ie
port(il : logic _vector(3 dowmto 0):
¢ : out std logic vector{? downto 0));
end tt4;

architeoturs ss of tt4d is
bagin
process (il)
begin
for I in 3 downto O loop
ofl) <= i1(I);
ond loop;
ond process;
ond ss;

( Finid T2

61_assign.vhd )
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£6206 BARNALMITE
2 B

ARG 1T EI AR KA BRI -
1. AT ERETR

Hab,c X3P, Habx MahbWRALXUHET S c WRALWE.
XA FEFR. B il VEDL SR T -

if ix /=0) and (v /= ) then
while (y /= 0) loop
while (x >=vy) loop

wait until clic - ' 1" ;
oxit RESET LOOP when reset = ' 1
X =X -y
end |oop
h = x;
X =y
y = h:
end loop;
end if;
rdy <= true:
oup <= x;

NE x My HAAF (AHEARIECRE), 23y REZTAF, WA THE
LOOP {E A JXJLAFERIEER AR MR TR R AR SR DR, ARITEER/INIE
FIETREDE A M - F9H &=

REE 7 TOTERO
port(reset : in bit; — |MMREEARES. WM EHNN. BIEEEHS L. A TVRE
B .
clk  : in bit: APk g 5
rst : in boolean; —EHFIFE xin, yin {55
xin  : in nat$; B RIARS
yin : in nat8; -B{URIAR S
rdy  : out boolean; —HiERrES
oup  : out natd); —8 (i H
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Tl rst WERNE, RIBPAE xin M yin ZHBHER, JERERL ouw, [
iF rdy M N H

2. AR VHDL IE Sk iZ RiBZE T
HB 4 SRR T B

RESET _LOOP : loop
wait until clk = ' 1° ;
axit RESET_LOOP when reset = ' 1' ; —ME reset 24 1. MBLETET
while {(rst = true) loop

X := xin;

¥ = yin;

wait untif clk = " 1 ;

exit RESET_LOOP when reset = ' 1° ; —#1B reset J3'1°. MBS
end |oop:

end loop RESET LOOP:

VEE T

loop iEH): leop BRI WS BEAGHITHW —HMFIELD, HITERH LK. —ER
Mmr -

Lloop #25 . 1[HEHA]I100p

WUFiE A
end loop[loop f75] ;

B while F for. (U T HAMRRAR L 2 i whi lo 1 for fRII7.

EREAMEA, WHTIRET -

exit Ff]: AEAMTEREIEOME . TR RAEUE R I I T BFF LR I
IR - % Loop SREBRE, 1l exit HEIEMT YABMREN . SURIIEFE
Brt. 7 when THIHINTE exit B0, (M false. MIAFFERALLE . oxit 5
i —ARHEAT |

exit [loop #7 5] [when % {];
3. ERINR B ANk R R RS RO
M EMH AT -
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rst <= Inactive; ——Inactive }j False

xin <=0,
yin <= 0y
reset <= ' 1" ; —#E PR, AT RIZE RS
wait until clk = ' 1’ ; ~— SRR Y
reset <= "¢’ ; —AHEREREHEE
rst <= Active: S
wait until clk ="' 17 ——3 elk T E ERY . SEHTEE S
xiin <= 67, — F=RitEFH
yin <= 3;
wait until ¢lk = " 1" ;

rst <= Inactive:
while (rdy = true} loop
——rdy EFHHYE. oup S FIET

wait until ¢lk = " 1’ ;
ond loop:

AL -

xin=0, vyin=0/f. ERHO
xin=67, yin=3ft. ZERH1
xin=21, yin=14 6}, &EHRK7
xin=36, yin=BHT. &5 %4

(RAhELMHL: 62 _gedvhd
62 ged_stim.vhd)
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F63f BALNOPLRETEGR
RHP

1. BRRGLIERE

AGIEI &R AR ETSENRG .
B 63. 1 BT AR A 88 xin #] yin BIRA DL, FHH LRIFBEN 2RED
TEM-

reget —== | rdy
clh—= kA2t
I5t ——ml ﬁt&‘ﬂﬁ-‘.:}unitl
Xin —_— EHH —> unit2
yin — i::} unit3

@631 TEHE

2. VHDL BEHRAEREZS
(1) 854

78 types HE 7 28 nat8 fl a_dec., {1592 E R integer i+ XA . nat8
FIE{E TEH 2 0~255, 1M a_dec WEMEMEZ 9-0. & XHHETWT .

subtype natf8 is integer rangs 250 dowmto 0;

subtype a_dec is integer range 9 downto 0;
(2) B4K ged_disp 47

Eik ged disp H 9 MmO -

reset: HyAEA, H{ifii.

clk: MARE, BEES .

rst: MAXE, BEhiHHTIHE-

xin: MALR, FERERKALHF R 2 —, BUEERUNE types

B nat8.
yin: BIAEL, FEKRALHEWF 8, = BIEEDR xin.
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rdy: KRR HURRACH bit. ATHRTHHEIEREGEAT, SRFEH-

outp:  HEtHERY, HiH&EALE . BELAR xin.

unitl: Fnidi3RAY. BOERER Dy TR 7 IS RTBR AL NI RS
ARG, B AR FCERIEEEN — R EE .

unit2:  AUEHERM. PORERCON BRI T (I8, RRALY WSt
BRaRHEREY, B—UXR T LB asR — B BREE .

unitd:  Fath MY, HARAERAN b 7 A RORBALARENEHTRRE
TGS, BT L ERiFERN B ETHRE -

(3) &5¥4k algorithm 24F

It EE R (A R S ged_disp BJSEIN . dE¥akh &5 FE . EL SRR SR I ) s
BUhm K AL HR R K A+ BNFER RS . TR AN HES
RISE A nat8, HIEETE 0~255. FrLltbBambl+H®IET,. $8 360 5. +i
M. Bk, ELEFEBNREDLE 3 1. HARBANIBEOEERDT.

!Fﬁ/k H a b '

'—fﬁﬁtﬂ H a, b H{]%kﬁg}gﬁ

»%: O % b=00, #HG

@ % a> b 0. Q)

@a=a-b 2

@ Lt a bWE. 3O

& a WIEEPREFREVER AR, Wl a. HER.

HREEH—MIER: #F a MbPERADNIE N, Ba>b MbMIPWRAL
R E e, Hftd=2a- b,

TERBRAAHIHUE. i) x P ERBRE AN, 5 x EBSE TR
outp, SRIFFIRITE CEEREMIZ. HAEN . ARKIHESE nidx B 0. /515 x B
#E 100, HEx < 100 Rik, BREE 100, Bities8 midx 0 1. BB, midx
HEEET AR x BRI E A, & nidx BEERIE x100 0, HERARRNTES x
a2 10, B2 x BN, 29fERFE R x10 1 x1 b S 2503
x100, x10, x1 kKH -+ & BRRA0%RE .

CEESH T BRI REEER. WEREE. B RS, Hixhin 0
i, RRHIDEES. MH 1. FRHESEALE. ¥ 7 IRESHRE, 1E 63,2 fix.
a1 TR RT B B R RN .

RH case {EA RBLHEFEHRLT -

casge xl is
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when 0 => unitl <= “10000007;
when 1 => unitl <= "11110017;
when 2 => unitl <= "0100100";
when 3 => unitl <= "01100007;
when 4 => unitl <= "N 10017:
when 5 => unit] <= "00100107;
when & => unitl <= "00000107:
when 7 => unitl <= "11110007;
when 8 => unitl <= 70000000
when 9 => unitl <= "0010000":
when others => unitl <= "11111117;
ond case;
¥ AR
0 $543210
—— BB 0. 1000000
1, 1111001
5 1 Z: 0120100
6 3, 0119000
—_— 4: 0011001
5. 0010010
6. 0000010
4 2 7¢ 1111000
8: 0000000
3 9, 0010000

Heh, 0 EHX, 1 FEX

63.2 tHNROER TR

(BiMA LML 63 ged disp.vhd
63 _vhdl.vhd
WiXFE L4 L 63 stimvhd)
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¥ 6406 RBTETIE

2P

1. BRRKTIEFE

ABIEIEE AR S 7 BN LR Ol . SHlm FER .

T AHTENE RN, Bl ROOEIT A WA AT .

@ YENEE/NS L. NERETORAT R AT, (R R
(FE - EXERAR R X S B .

3 REATE NGRS, W SRR, WA RETET, hSEA T
BIE P RASERAT (i XERRT A 9 L BTIa]) o

2. VHDL B = iR A BB E O

(1) iR

AT R A — AR AT HLR R LR ThEE, EERT 5 MRS TR
64, 1 .

Fodl TIBITEHIEERY S MRS

AT AT

— - - -
wmro # ? B
— SR .
R .

Y ] 7 oo

HARE 4 IS (R BIRREATUARRE ), HAREHEMRE Nk 64. 1 Fik .
Hih. C &TMNEERE,; L &g 7 —BKIATE ; S ForEnl 7 —BAuiti
RIERF * REEBSHER,; BIEF + REBEXE.
R E X R current_state o M FTkA . HARI S BIT_VECTOR(2 downto 0) ,
SHRE S HIRER) b MEALUR
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B 64.1 BT ERAKTSIEHRE

[ R
“000”
“160"
“010”
“110"
“111”
TEEMAEPER—TEE. R — P EABRG 5 &R, HHRE S0 Tinel.
TimeS fll Cars . BRI S 5 REIGTFRET process 2 GIRIBRIESHE, MUTE
o

W O ey

process {cars, timeoutl, LimeoutS)
+ RIVEE G SRIHRE, YBRESRTPEM—MES L2 EFH . HirRiEn
HUE -

GERR AR AR F LA B A0

newstate : T REE.
current _state. HEPAEIE.
newHL ; SEARITHRE, RO, B-UsilER

S B S ELATROFE ~ KARES - 4 100 RoRPgIT AL0AT, «0107
FTHNEIT. <001 MFRTRAZLT -

newFlL . Z A/ DEITEORE, ik #dfu s, §--UailFRr
- & LITHRRE . RORE.
NewST . T B 2 oMER T SR B0 AL -

TEHFE P — 5 case H 1) EACREMERAER -

case current_state is
when “0007 => newHL :— “100%; newFL := "0017:
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if (Cars = ' 1" ) and (TimeoutL = ' 1' )} then

newstate = "100"; newST := ' 1' ;
newHl. := 70107; newFL := "001":
olse
newstate := “000%; newST := " 07 ;
amd if:
when “100” => newHl := "0107; newFl = 7001”7
if (Timeouts = " 1" )} then
newstate := "0107; newST = " 1'% ;
newhll := "0017; newFL := "100%;
alse
newstate := “100”: newST := ' 0’ ;
ond if:
when “010” => newHL := "001"; newFl := “1007:
if Cars = * 0" ) or (Timeoutl. = " 1' } then
newstate :="110"; newST := ' 1 :
newlL := "0017; newbFl :- "0107;
elge
newstate := “010"; newST := ' 0' ;
end if:
when 110”7 => newHl. ;= "001"; newFL := "0107;
if (TimeoutS = " 1' )} then
newstale := "0007; newST := " 1' ;
newl, := "1007; newFL := "0017;
else
newstate ;= “110": newST := ' 0
ond if;

wherr "1117 => newstiate ;- “0007;
newHL ;= “1007;
newFL = "0O01",;
newST ;= ' 0" ;
when others =
end cage;

1L case B HPOANR] o LA SUES if iR @RS MM RS . FEEEMNRE
STEWIE 2 hG . REHAEARN GX2HE T delta IERMETFFTERN ), R LR
ATERIE /5 £ B R AR T R 7R K current _state #57E L TR .

3. BUBERI R
RS Ry W IR 64. 2 FioT -
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: rsor 91.4 i
:' R i’in‘;e "_1 hé"""""__'lfT'_i'TT‘TT_l_lhl‘_l'|"|W|'L|"|"|"J:'|":‘El"| |-"I"|'i"i'°"!|1'| |\||‘||||| :|>1|‘|| ST |J"'1||| ||||||-|' |'|-z|r-r|| [ |||"|T'4'Il||r|| ||=i
: Scale = 1.00 1 6o 200 40.0 6G.0 H00.0 190.0 1200 1400 1600 1_3_0_.o|

-s-tate 5 000 iu___}‘ w0 [ w0 Yiu{ ooo 010 ‘al
farmi o 001 fr(uul Y 100 : ool Y m 010 o1 Y 400

' \ E
hiway ¢ 100 001 100 o0 | 001 Y 100 Yoo} 901
starttimer o 0 |_J [ | ] T L
DR S I e e N s B o e O o
*timeoutl s 0 | _J—‘_ ‘ [ J L [ I_{
. e — L — — 3
SRR o W e N e BN

farmi s 000 g(uﬂo

B 642 HRIKER

WIRERS . /B L RETAT, B farml g 001, @EAES RERLT, H{E hiway J5 100,
% cars fH4R 18, BUNEE BREFE, HH timeoutl 3 1 (BRAL#EARE FESIRITES
HEFS —ERBC AT 18] T ) M i 2 B b BT FRUREE R BRAT MBI /NS R KT AETAT
FEIRARRCRSNEPRETT G B LT . B —BREGE, SO ALLT. R/ B
ABST. FREECREIUREEN 010, BEN —EREiR B, TENELER
B NRRILTTFIESE WA, TR E LB RETAT, HIG, NBTRLLLT. sSE A
BEEERAT - FRIMIELG,  AWTEER .

(RAFBELHF L 64 tlc.vhd
PIRF G L+ & 64 test vectors,vhd)
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#6508 =RRZHRRSEN

7R A

1. BRERGMTIERE

AFFR = BARFEHEIRWEH I - AbG temp_high 1 temp_low 7455 %
RESRAHIE, M THRMENER - IREREEIER . ] temp_high ] temp_low ¥y < 0.
MR ERIRE DS, W temp_high 7*1°, temp_low 30 J0 3 vkt BE i K- W temp_high
07, temp low 91’ fE3E temp high ] temp lowBY{E 3B ¥IHT Y aiag A ( A too hot,
K& too_cold iiEH just_right). FH 3% heat ¥ cool B L{E -

2. BEREY VHOL ESHiA L RS 9

BRI R T AR -

library iece:

—{$iF] iece FEFNPFEHERL Std Logic 1164
use ieee Std Logic_1164.all;
—EM AL ERIAQSIEE
ontity air conditioner is
port{clk : in Std UlLogic:

temp_high im 5td_Ulogic;
temp low ! in Std Ulogic;
; out Std_Ulogic:

heat

cool

end air_conditioner:

out Std Ulogic):

EIRFRGUHIRIRE B AL ek

architecture style_b of air conditioner is

B AR 5
IR AGS
IR ERBREMAGS
BN ES
—HRRLES

type state_type ig {(Jjust_right, too_cold, too_hot) :

attribute sequential encoding :
—E M state_type YR sequential encoding

attribute sequential_encoding of state_type :type ig 00 01 107:
signal stvar: state type:

attribute state vecter ;

——SE X stvar @ #E state _vector
attribute state_vector of style b:architecture is “stvar”:

begin
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controllerl : process

—clk BiEHIEMNEIRES, Helk 3R V7 OB, #5RE
begin

~Fclk &h ‘1

wait until clk=' 1" ;

——IR{E temp_low F] temp_high P{EEE stvar BB

—VHDL iEFH if.. . then BRI S5HMBEEFT EM. AibF £ E25)
if (temp_low=' 1' ) then stvar{(=too cold; '
slaif (temp_high=' 1' ) then stvar{=too_hot;

elss stvar{=just_right;

and if;

— i stvar #{§B5F heat Fl cool BHA
cagd stvar is
when just right => heat<=' 0" ;

cqol<=‘ g
when too_cold =>  Theat<=' 1’
cool<=" 9' ;
when too_hot =» heat<=" 0" ;
coole<=" 1" :
erd case;
ond process controller!;
and style b:
3. HERR ) 8 HNEIE RS L R
MR & ISR R T -
-—temp_high. temp_low #EL¥ILE({E
temp_high =1,

temp low =" 0
—% PR LFFHE. temp_high 4% 0’7, temp_low TFy ‘17
wait until clk =’ 1’
temp_high <= ' Q'
temp low <= ' 17 ;
wait until clk =’ 1"
temp high <= ' @' ;
temp_low <= "0 ;
wait until clk = ' 1’ ;
temp high <= ' 0' ;
temp low <= ' 1’
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wait until clk =" 1" :

temp_high <= " Q" ; .
temp low <= ' 0"

wait until clk = ' U

temp_high <= ' 0

temp low <= ' 1’

wait until clk = " 1" ;

temp high <= " 0" ;
temp low <= ' 0"
wait until clk = " 17

temp_high <= " 0
temp low <= " 17
wait until cltk = " 17 ;

temp high <= ' 17
temp_low <= ' 0’
wait until ¢lk = 7 7
temp high <= ' 0’ ;
temp_low <= ' 0 ;
wait until clk = " 1" ;
temp high <= "0 ;
temp low <= ' 0 ;
wait wokil clk = ' 17 ;
temp high <= ' 0' ;
temp low <= ' 17 ;
wait until clk = 7 1'
temp high <= "0 ;
temp low <=7 1';
wait until clk = ' 17

assert false report "End of Simulation” severity error;

S U 65 T ERR o fF 150ns &b, temp low #3°1°, temp_high 3°0°, BYLL stvar
FAE A too_cold, BT stvar Z2EFE. ERVEHABEMLBE, HIT TEEE SN,
stvar BHE{12A R IH{E (too_hot) .

cage sivar is
when just right => heatd=" 0’ ;

conld=" 0" ;
when toa cold => heat(=' 1’ ;

coold=" D' :
when too_hot => heat=" 0’ ;

conld=" 1’

end case;

* 278«



AFLL, heat $EUA{E R 0. cool WRRE AL .

1i 200ns &, temp_low J5°0°, temp_high 7707, ALl stvar #EMRAE A just_right,
THEHFFREIANSE, (52 (too_cold). ATLA, heat PWK{E A1, cool BMAE
‘0. HAthit %5 A

TEAEIR, St heat F) cool PY{E Rl BERHRT M ANER G e, EREPM N
PRIKMHIGIER . HIETEERE. RRRCOERARE R ETEE . EXRERT B TRE
A8 BEHSRRE. TR RN TE e FT LA NG . AT CLEBER e Bt iR -

Cursor 0.8

i - TIITIt;II'II'tS“ = i ' r":"1TTT’\"-—:;'T'r"l"'u']"|'|'I'|_||_n'| |"1"|"'|'W'|_| T prr | L] JTIT | T r-T'||_| T f POy |'|
: Scale = 10.8@¢ @0 f0.8 20.0 jn.e 40.8 50.0 6.8 7n.
cool o U Uy [] N1 (] =
" heat ¢ u U o1 0 X 1 e

;temp_!nw s 0 @(__ 1 _)(__O_F;{ l_______><__ 0 i 1 by 1] X__ |
‘temp_high  © 1 1% T -
ek oD AR EN SR GR I RGN ANEPURADE DGR aDaD

:! stuar < just_righ -}__t.n_n__ '['-P*t_X too_toid X_]"us! ligh{){. we_cold }(\_i;lsl_right !( too_cold X just ]
i : hd

T e, W W A

E 651 TRRZEHBRSEHNG L ERE

{ BIGELHF 4L 65 conditionet.vhd
65_conditioner_stim.vhd }
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668 FIRERSE
H O#

1. BRERFRFRMNILIERE

AFIREGR T —4 FIRCEIR KAKMWER) JE92% . 5 A MHEER S AR 2.
H o W B ESE. BIEEREARTRE, B5AkEEEE R
fIfE. MFASAEIEEES. FIR BRESE T HFIBN S PR EEIIER, R RN
A R I e T2 A K CARTRGEURY, i 5 BT ok . B AGH. FIR Rl 28
WA KA OLALI TR, A BRTRAER. BEERMEMA PR ERMNAE, BERE
78 YAl . BB

L
Ylkl=Y AUk ~i]
=0

A FIR SRR ST AT ol 8. X TROCEE, HERABFREE 28 L TR EF
B CRBIRVEA L A 168), IXFE L1 DRBEAN B SERE ALIME, 2LIEREE HE
PIE R G RTRIERREL PRIE BN BRACD R RS R

2. VHDL B SR RABE 4T

MR 3 P fEER . 66_pack. vhd, 66_f r, vhd #] 66_testfir. vhd . JEEBRDFE
AE R AL — MR R Zor . 7T VHDL B S T FEET DT ahEHE
ELA—TEHEERL KFIFE66 pack. vhdFAERIEHE L T — 18 N eoef_arr gAY,
ZERATFREE—- A, EREA 1T, ZHARAFERGFEKEDIONETTISH. ¥H5
HEE LS, <1 BorBAW, <0 FBIER. 66_fir. vhd XHZ3F FIR 38
BT ARG - 66_testfir. vhd XAFHRIET -MMWIRES. EFH 4HANKRNE. B
TR IR T i A AT IR R -

LRGBS A SR SR o BUE T 25T BB HER I ATRE
2B, HTE 66_pack. vhd, 66 fir. vhd, 66 testfir.vhd W&IEH—% use 4] . use
work. SIGNED ARITH all .

T EE AP DA BIRY — e GRS BUR SR A BT VHDL 85K . £ F T LU HIF AT
E MBI 66_signed. vhd RARTE . RIMTERME, 1 R8T LEER . 1Rk
A ZFPE TS LR ZAeX WA SEUR 66_signed. vhd 3 PHEITHIF, RE%
coeffs 4 66_pack. vhd FBHTEHRIF. W& A LFRIFGE. B 66_fir. vhd T
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Si%, B/EXMIAEG 66_testfir. vhd #HiTHE . LIEFHFFENF . S USNERTRK
et o

(n &

T FHAE L 4 SIGNED_ARITH
BTHEHESHMIERS . X BRGE—— T2, FOLA TR T X
66_signed. vhd A0 if 2 B A0H <34k .

——h4 SIGNED_ARTTH 8447 i BA#E 4
library 1EEE;
use TEEE. std logic 1164. all;

package SIGNED ARITH is
type SIGNED is array (NATURAL range < >) of STD LOGIC;
function “+”(L: SIGNED; R: SICNED) return SIGNED;
function “-"(L: SIGNED; R: SIGNED) return SIGNED;
function "*” (L: SIGNED; R: SIGNED) return SIGNED:

end SIGNED_ARITH;

51 STGNED ARITH 94 {4 2645
litrary IEEE,
use IFFE. std logic 1164, all;

package body SIGNED_ARITH is
- —siekekolekRkoR R R RR ok Rk R ARk
function mult{A, B: SIGNED} return SIGNED ijs
— otk ok Rkt kR Rk Rk Ak o Aok ok kokok
SR SRR
—4 1R Y
variable BA: SIGNED({A" LENGTH + B’ LENGTH -1} downto 0);
variable PA: SIGNED({A’ LENGTH + B' LENGTH -1} downte 0):
variable AA: SIGNED(A' LENGTH downto ) :
variable neg: STD ULOGIC:
conetant one : UNSIGNED(1 downto 0) := “01”:
bagin
if (ACA" LEFT) = ' X' or B{B' LEFT} = ' ¥ ) then
PA := (others => '~ X' };
return (PA) ;
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end if:

PA := (others => ' Q0" };
:= B{B'LEFT} xor A(A" LEFT);
BA := CONV_SIGNED((' 0'
AA = " 07 & ABS{A);
— XA A RRANNA T R e
for i in 0 to A" LENGTH-1 leop

if AA(i) = ' 1' then

PA :— PAtBA;

end if;

BA := SHL(BA, one};
oend loop:
if (neg= ' 1" ) then

return (-PA} ;
alse

return (PA) ;
ond if;

neg

& SIGNED'

(ABS (B))), (A" LENGTH+B’ LENGTH));

-------------------------------

Ll

—IF A SRR SR
variable carry: STD ULOGIC;
variable BV: STD ULOGIC VECTOR (A’ LEFT downte 0);
variabie sum: SIGNED (A’ LEFT downto 0);

* 282

bagin

if (A(A" LEFT) = " X'

sum := (others => " X' );

reoturn (sum) ;

ond if;

carry = " 1' ;

B¥

:= not STD_ULOGIC VECTOR(B):
— R R AT A R 07 R R

for i in 0 to A" LEFT loop

sum{i}
carry := (A(i} and BV(i)) or
(A{i) and carry) or

;= A{i} xor BV(i) xor carry:

Lot Al o sl i)

or B(B' LEFT} = ' X' ) then



{carry and BV (i));
and loop;
return sum;
end;

function plus{A, B: SIGNED) raturn SIGNED is

~~SLERF A S Btk
variabls carry; STD _ULOGIC:
variable BY, sum: SIGNED (A’ LEFT downto O);
begin
if (A(A' LEFT) = " X’ or B(B" LEFT) = ' X' ) then
sum := l{others => ' X' ):
return {(sum} ;
end if;
carry == ' @' ;
BV := B,
- SRR g I RO T R
for i in 0 to A" LEFT loop
sum{i} ;= A1) xor BV(i} xer carry;
carry := (A(i} and BY(i}) or
{A{i) and carry) er
{carry and BV{i)):
end loop;
return sum;
ond ;

—— R s Aok ok AR Ak R kR AR R Rk Aok Fek ke

function "x"(L: SIGNED; R: SIGNED) return SIGNED ie
Lt o T R fokor sk fokoRskodokskokko Rk sk ko
—iAA mult SCIRPIATE A SRR R
begin
return  mult(CONY_SIGNED(l, L' LENGTH),
CONV_SIGNER(R, R' LENGTI):

_— ok etk dokakeokskokoR Rk Aok koo kokook ok
function “+7{L: SIGNED: R: SIGNED) return SIGNED is
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—— kR Rk Rk koK R K
—iA plus TIAR R SEAhEE
constant LENGTH: INTEGER := max(L' LENGIH, R’ LENGTH};
bagin
return plus (CONV_SIGNED(L, LENGTH),
CONV_SIGNED{R, LENGTH);;

ond;
e sl el sl st sefesteioelolr ook sh ok ok o sk sk cle ook ok e ek ecbokoheokon
function “-"{L: SIGNED}; R: SIGNED} return SIGNED is

—iE A minus WERH N T S HAY RS
congtant [ENGTH: INTEGER := maxf{L’' LENGTH, R’ LENGTH}:
begin
return minus {CONV_SIGNED(L, LENGTH},
CONV_SIGNED(R, LENGTH}):

end;
end SIGNED ARITH;

2 coeffs £

Library IEEE;
use IFEE. std logic 1164. ail;
uge IFEE. std logic_arith, all:
use work, SIGNED ARITH. all;
package coeffs is
type coef arr is array (0 to 16) of signed (8 downte 0O):
eonstant coefs: coef arr:=(
"1E11110017, “1111110117, “0000011017, "0000100007,
"1IL1011017, 1110101107, “0000101117, 0100110107
"OI10L11107, “0100110107, "0000ID111%, "111010110”,
“1111011017, “0000100007, "0000011017, “1111110117,
1111110017 ;
ond cocffs;

Xt 66_signed. vhd §] 66_pack. vhd &f& T —Ma, H i SIGNED ARITH fI{E4DiR
DS T MR SRR 3 MR REFSHNEN EhTaMBERRIEEN
MR, FRDLS B B TORL L TE BIR R . HEATLRE LR AERN.
1E coeffs W, TREFRFMA, FUAMLAERE. BT coeffs MdEAT
RS AFLAEMER use ) 3L 62 SIGNED_ARTTH HhitH 5 HEATE coeffs
BEA. EIFE T BEXM N @AIEAHTE 66_fir. vhd £ 66 testfir. vhd SCFHHTTR, th
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HEFEX T A SAE P use 4]
(2) EEREAFERAMNTRREEN

7E S0k 66_fir. vhd R 7ar shift RIRFRITH L A F2E 0411, 1&F
VDL 52 . FIRH LHSERTR, BER G, SEMTHALFEE LSS
R RRERIFTE L EMHE -

7E reset_loop @3 F, 1T reset 55 A1, BRLA SR result BE, HAE(0F
8 shill BF, shift (i) :=(others=>‘0"), XMEIF L T FHH U [4EHE .

7E main $55F A, EATESTIRME U (ANS5FE5 A, DIARSAHER, SIS
g LM RIARAHE, AL WA shift B IREIE LCREEG . 15 shift[L1H
BISEREE R shift LZ-1]EUR RIREIT T & B shift [0 gk o] LA REE R THEE.
XHEE shift R RRFERIAN L TR RE -

66 Tir. vhd FIFRRIAIIT .

-~{fiF] uee ~hHH IEEE F HEY std_logic 1164 #] std_logic_ariith G e[ L}
—{# 7] uge F-MH AT T fEHErH# SIGNED ARITH #1 coeffs L] I,

Library IEEE;

uge IEEE. std logic_1164. all;

uge 1EEE. std_logic_arith. all;

use work. SIGNED_ARITH. al I ;

use work. coeffs. all;

-—3L{K HEH
entity Tir is
port{clk, reset: in std logic;
sample: in signed ¢ 7 downto 0}
result: out sighed { 16 downta 0));
and fir; .

—EFg AR
architecture beh of fir is
bagin
fir_main :process
type shift_arr is array (16 downto 0} of signed (7 downto 0};
variable tmp, old:signed( 7 downto 0);—tlmp F T HTFHE N EEH.
——old FTTf&(F7E shift EE 1 348,
variabls pro:signed (16 downto 0);—pro A Ti2F Ulk-114 hlil gy
variable acc:signed (16 downto 0);—acc ATFidF B H
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variable shift:shift arr;
begin
reset loop:loop
for i in 0 to 15 loop —44F(FH shift i F§E
shift (i) := (others™’ 0' );—liF shift (16) NI FEABEACIREL, FILLERES .
end loop; .
result¢=(othera=>' 0’ ); ——H4LREE
wait until clk’ EVENT and clk=' 17 ;

if reset=" 1" then exit resel_loop;

ond if;
main: loop — TR gl e R
top: =sample; —E{ 4T REE

pro: =tnp¥coefs(0) :
aec:=pro;

for 1 in 15 downto 0 loop
old:=shift{i};
pro:=old*coefs{i+1);

acc:=acctpro; — BB LR R

shift{i+1):=shift (i) ; —shift HFEBRRE{(T

and loop; .

shift (0} :=tmp; — & MBI RV E R shift[0]h.
LA T R shift JiBAr8Y REIR L R RAEE

result{=acc; LS £ S result

wait until clk’ EVENT and clk=' 1' ;
if Treset=" 1’ +then exit reset_loop;
ond if;
ond leop main;
end loop reset _loop;
ond process
end heh:

fE VHDL {55 Ff. AR ) B {2 SRIE S A) B XM AFP result<=ace 14 after
Faif). XS BREE D EWHAMGRIZEE— dela EEEWALENES . BH
P L delta ERAE Ons. {HEHEF L EBER LM . BT, — NERM delta TR
TRESWEEQPHHFERE - delta MRMEFESME BT 2R, LAERESTHE—
> delta HERFYE SWEFEDRIFREF TR .

£ VRDL iEE W, fE SREE OB IR RAERER 2 4. EREBA TR
BPERER, (T RER L AR BN - AR R QRN after “i5RH SRR A,
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i1 targetl<{=waveform after 5 ns. L. TE waveform B0 3B LN H) X TF%F bns
BB OR. 4%7E Sns 5 HEHNE targetl b . ’

7 VHDL' 93 $RdErD. 184k REIN 7 X# ¥ reject, I target2<{-reject 3 ns
inertial waveform after 5 ns, HBATE waveform i HF $REERT (B A T 3ns Ak npésat
ons IERE BRTE target? b, #$EEEHR DN FHTF 3ns KRS £ BRTE target2 Lo

T TR, £ target3<=trangport waveform after 5 ns. NFTif: waveform
Rk LERT R S #UGLET Sns HERIHIRAE target3 Wi

BEMEIE ) top:=sample S5{F SMWEEINAR ST, ELGEET delta it
BEA A TR LB A

3. RS ROH

MAF ST —MAME filter. HE 3 MIEERMENERAS. £ | D HRER
PR WMARPEME B 1. SRS I S0ns BHSEIRIE. EBAHAMENEIT . 5 2 i
RIEEREMREKM . £ 3 MR AR, EXRMARRN 0. RAEFEH6
REPOFER. B ALRIER 2, 8. 32,

Library TEEE;

use [FEEE. std logic 1164, afl;
use IEEL. sid logie arith. all;
use work. SIGNED ARITH. al |

——3E SN &k
entity th_ e is
end tb_e;

architecture tb_a of th e is

signal clock, reset:std logic;

signal instream: signed { 7 dewnto 0):
signal outstream: signed { 16 downto () ;

component fir -— %] FIR $Eifr 233 T A0
port {(clk, reset: in std logic;

sample: im zigned (7 downte 0):

result: out signed {16 downto 0);
end component

413
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for filter:fir use emtity work. fir(beh):

bagin
— MR FHTHIR
filter:fir
port map (clk=>clock,
reset=>reset
sample=>instreamn,
result=>oputstream) ;
—PE AR EE
clockgen:procees
begin
clock= " 17
loop
wait for 50 ns;
clock<{=nat clock:
ond loop;
erd process clockgen:

—PEEEERES. LS shift $H . BRET. REHRALEEE O

po_resei: procass
begin
reset{=’ 1’ ;
wait for 102 ns;
reset{=" 0' ;
wait;
end proceas po_reset;
—EMINES
stimulus: process
begin
instream="00000000"
wait for 302 ns;
instream<="00000010";
wait for 302 ns;
instream<="00001000";
wait for 302 ns;
instream<="10100000"
wait for 302 ns;
—E5AE

assert false report "—-end of simulation—-" severity error:
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ond process stimulus:
end th a;

TRl AR ar e E AR 66.

1 Al

Tlme II'I ns (O 1 L] i L | [ | I.I [ | 1111 | 1 I. 1 1 [ J II [ k [N I ’

Scale = 10.00 45.0 50.0 55,6 60.0 658 |

! reset < 0 - — 3
 elock o0 D | ;I T | B . S
 outstream < 00600001 ITITTTO0T0 ¥ AT T I TT T 07000 OEqUnn00Uon
. instream ¢ 0000600 |TUTUTTH % il
result ¢ 0000000( [TTTITIUTIE < TTITTTITITTT0T000 X _DOONONnOn00 .

{683 125 7w B outzizann SN . T HOTE 5 M

B 66.1 FIR SRR FER

(RAGELH L. 66 signed.vhd
66 pack.vhd
66 fir,vhd

A F 4 L% 66 testfirvhd )
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F 676 AMBEIRES
) i

1. ERARKRE

AR —AFRAERY Bench-Mark, Fi TSRIMANSHEIEME S - IERSGH TEENMES
FRREER DR AR E R Y B SR AT — R a R
RS R AR R YL . REREGERT

ib;z-*

H(z}:__k'_—'ﬂ;_
I—Zakz_k
=l

IoH 10 5 v 8 Feg T JCBR K Bk i 7 (TTR) B4 27 0k 3% Ho e (i i L & TER-MFE
B AR EEREK . ASENEEEE RS, ¢ LIRS T
PR, FHIMEFR & LE (cut—of ) SIS - HEEIIEUEER 2 Chebysher JEIE SRR ik AT, H
WRLRY R 35 R PR S I R B (LA Tt 1R S R TE B FIRH A 2 (A) - Al 8, R &
Chebysher FEHF BHIT R E . RECILHEMBESEIE LB L, H LR HrsEis
RS E0EE] 7 - Jacobian BB B L, Jacobian $E E3Z A A2 BB R T LLFE
o EUE T HREIE B Sa R B H AR . MR A EERORE o TREEE B BRI B
REMEESE, FEETHIEXANZEAE. EHFHTTG VIDL i§E, BETE5
C.W. Parks ] J. Burrus @& #J“Digital Filter Theory and Design”—¥ T ##i31L FERY

ARPIR « BEE DB B < AR A AT T D R R SR AN R T -

2. VHDL #Ei2 R E BB ZIR

G 3 AR - L 87 _pack. vhd $7fE - REFEEL, ERFEEENT — &7
X B TR ER R . SO 67_ellipf. vhd MES ARG EERIVE M 880077 iR, 1@
T - R R A S 2 E R X B oSO 67_test_vector. vhd $24t-— 1l

i & ("test_bench”) . HeEd 6 HMNAFE, R TN LAIAE S R A (Ee: .
THEGARE . AP LB VDL EBEES .

(1 &
M 67 _pack. vhd BUIER TR K-
——41 BIT_FUNCTIONS fitj40. 5 BA &6 &
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packaga BIT FUNCTIONS is

function SHLO (v2: bit vector; dist: integer) return bit vector:
funotion SHL1 (v2: bit_vector; dist: integer) return bit_vector:
function SHL {v2: bit_vector; fill: bit) returm hit vector:
function SHRO (v2: bit vector; dist: integer) return hit vector;
function SHR1 (v2: bit vector:; cist: infcger) return hit_vector:
function SHR (v2: hit_vector: fill: bit} return bit vector:

function INT TO BIN (number, length:integer)} return hit_vector:
function BIN TO_INT (vZ: bit_vector) return integer:

function ONES_COMP (v2: bit_vector) return bit vector;
function TWOS_COMP (v2: bit vector) return bit vector:
function "-" (x1, x2: bit_vector) return bit vector:
function DEC(v2: bit_vector) rsturn bit vector:

7y (x1, x2: bit_vector} return bit _vector;
function INC (v2: bit_vector) return bit vector:

funotion

function ODD_PARITY ( vl : bit_vector } return bit:
function FYEN PARTTY { vl : bit veetor )} return bit;

function REVERSE (vZ: bit_vector) returm bit vector:
function SUM(v2 : bit_vector) return integer:

function BIT_SLICE(v2 : bit_vector;high_val, low val : integer)
returh bit vector;
function ASSIGN TO SLICE (vl: bit_vector:
high_val, low_val: integer:
x2: bit_vector ) return bit_vector:

end BIT FUNCTIONS:

-—f2 BIT_FUNCTIONS fa{&al 4
package body BIT FINCTIONS ie

¥ 2ok ookl dod b iok ek ok ok koo sickdokokokode ok ok
function SHLO (vZ: bit_vector; dist: integer) return bit vector is
— felok ok ok Z sk ok dokiskiskiakkokkookookk koo

variable vl : bit vector (v2' HIGH downto v2' LOW):
variable shift val: bit_vector {vi’ RANGE):

« 0] «



variable 1: integer;

begin
vl 1= v2;
for T in v1’ HIGH downte (v1' LOW + dist) loop
shilt val{I) := v1{Z — dist};
end loop;

for 1 in (vl' LOW + dist - 1} downto v!’ LOW loop
shift val{I) := " 0' ;

end loop:

return shift val:

end SHLU;

——eloleioiobokinkAolsionol ek ol AR R Rk sk R otk gk

function "+”x1, x2 . bit_vector) return bit vector is

——— jeskerAck AR R ; kgt et ko Rk Rk sk ko R o
-~ 25 & {HEH

variable vl : bit vector (x1' HIGH - x1' LOW downto 0 :
variable v2 : bit_vector {(x2' HIGH - x2' LOW downto O):
variable CARRY: hit := " 0" ;

variable S: bit vector (1 teo 3);

variable NUM; integer range 0 to 3 := 0

variable SUM: bit_vector (vl' RANGE):

variable [, K: integer:

bsgin

vl = x1;
vZ T X2,

—HkF xl . x2 BLER

assert v1' LENGTH = v2° LENGTH

report "BIT_VECTOR +: operands of unequal lengths”
severity failure;

—WHIM P bit_vector ERITFERIME
for I in vi' LOW to v1’ HIGH leop
S:= v1(I) & v2(I) & CARRY;
NUM := 0:

—~FF 1 bit_vector KV BRYFER IR
for K in 1 to 3 loop
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if S(KY = 1" then

NUM := NUM 4+ 1;
ond if;
end loop;
— KA A

case NIM is

when 0 == SUM(I}) := ' 0" ; CARRY := ' Q'
when I => SUM(I) := ' ' : CARRY := ' Q'
when 2 == SIM{I} := " 0 ; CARRY = ' I’
when 3 => SUM{I} := * 1' ; CARRY := ' }'
ond case;
erd loop;
return SUM;

ond “+7;

end BIT FUNCTTONS;

AREN. EXHHEE M8, HFELT 20 K5 . VHDL EETESS RIS
F{EASTTE AR HRAFERE. NHEEET R A Y. maRlE s
2RFEAGEN—MELE, Tea5F T HTHMIEIF e —RS0RE . SEMEE
R EIRBERIAA . BIREAEE YO, adlisE  HXiro6e. aEHELELFN.
FRIEENREEE TIEFRE, A FREFEVITE AT o (FH use &) w] I ERIFH
. IHABRT I, 00 67 ellipf. vhd BP9 1 £&184) “use work. BIT FUNCTIONS. all;”. i%
B ANEBTE M 67_pack. vhd WIE X IR F GAR BT A RBA iR it 24 e I . AEdh. A
WHEAE S EE T EFRAMR. YT REFETEEE BIT_FUNCTIONS B 3 -

(2) FIRFF

FEF R EARTER . 2ER IR R X TRENE ERAS
B9 RASE (in 1), HXFERIAGESHER, SENEE . BHAREHER
AR . FRERES RN R, AT N ARE. THRSESEF. EAihitE
oo+ M AE .. ZEESHFENFROMAENNEZE . FEEEX TERE
BIT FUNCTICONS b,

TERSURBART 5 B — RSB R AT sE BN ER . Loy, v, RET
EMIAER bit_vector, A& - Fh{FRFI MR B KA, BHEFMWE LRI N bit &
B, BT BB 9= 0 B AR KE 2 REERYE - A GRS T & D EBCE HH A
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S8 x, . WEFEITESE, 8 v, UM TS5 x (6 g T EAER . v fing
S X W B SO

A0 CARRY g bit 80 . RFIZERERPET=ER AL RS N 3 fufima.
EHER v E n i vi(n) 5F& v, 1 nfif v, (n) BARH(L CARRY #EESR:. Heb S 1)
BEEMA v, (n), BRRAE{7 % CARRY ; NUM & —% 0G5 5. IVEREN 0~3, YERO ©
AFHEHEAMTESE n {7 EIWHMEER. DINUM = v, (n) +v,{(n) +CARRY. [& i NUM [¥})
RAEN3.

SUIMBESER v, T RIVURR. ERERLNE ISR

TEE T EEME L2 ZAR YT & ﬁ% T - kA EFLRER
T TLE

O AR EINTE (assert ) iBHEREA MM TR FEEK, OGS
HiZEE .

2 EEFAART HmRESHN 5 2B . ©RISHEE LM RIERRER .
EHIHELRFRE v (D), vo(T), CARRY {RKZERE -

@ VHDL ZF§FFEFIaEs - uﬁﬁ%%f%ﬁ@%mﬂﬁﬁr 8L 2L A
ERARASFREF: 28 XFANEARZEFEZER. S ETm@g. 2EEaEsn
e B EE LS.

(3 FEMEER

{67 ellipf. vhd {(REL &~ RIEH . HHRGF TS 8REEDHK . |
U N

~-uss 1A} 25O TIEFEAGYEL BIT_FUNCTTONS | [l
uee work. BIT FUNCTIONS. ali:

- -SRI
entity ellipf is
port ( inp: in bit_vector(i5 downto 0) ;i {HAH
outp: out bit_vector(15 downte O):
sv2, svl3d, svi8, sv26, sv33, sv3B, sv30 ¢
in bit_vector(i5 downte O);
sv2_o, svl3 o, svl8 o, s¥26 o, svid o, sv38_o, svl9 o
out bit_vector(l5 aoﬂnto My,
end ellipf;

— 5Bk
architecture c¢llipf of =1lip” ise
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begin
—it R A

procesas (inp, sv2, sv13, sv18, sv26, =v33, sv38, sv3®)

— 2 &R

variable
variabie
variable
variable
variable

bagin
nt
n2
n3
nd
n5
nb
ny
it
ng
nl
nl}
nl?
nll
nl4
nls
nlé
nl7
ni8
nl9
n20
n2l
nZ2
n23
n24
nh25
n26
n27
n2k

n20, n2I,
n26, n27, nZ8, n2Y :

nl, n2, n3, n4, o5 nd, nT :
n8, n9, nl0, nll, nl2, nl3 : bit_vector {15 downto O);
nl4, nl5, nl6, nl7, nl8, nl% : bit_vector (15 downte 0}
: bit_vector (15 downto 0);
bit_vector (15 downto 0};

inp + sv2:

sv33 + s5v39:

nl + svl3d;
n3 + svih;
nd + n2:

nb :

ns ;

n3 + né:
n? + n2;
n3 + n8;
n8 + nh;

nZ + n9:
nl0 .

nl2 ;

nl + nl3;
nl4 + svi9;
nl + nlh;
ald + n8;
n9 + nl6;
nlé + sv39:
nl7 ;

nlB + svi§;
sv38 + nif9;
ned

inp + n2l;
n2e :

n23 ;

n2h + svli8;

bit_vector{l5 dewnto 0} ;

n22, n2ad,
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nZ2g = n27 + sv38;

s¥2 o <= n25 + nlb;
svl3 o <= nl7 + n2Z8k;
sv18 o <= n2\{;

svi6 o <=n9 + nll;

sv38 o <= n29;
sv33 o <=nld + n2%:
sv39 o <=nl6 + n24;
outp <=n2d;

end process;

end ellipf;

VHDL &R RATIRIARIIRE Hee Il e - i d . SEESRETR. 4
BREETEZEDRTI T EIER. MAFELET - delta TR . Hh4h, ETFFRF A
M, BN FRFHERN, FWEFOHRL - FHENEE <+ 935S CARRY FTNUM.

EEER, RA—-R704%RRHAEOTRMA SR 2 RIREEH . M SEE
HARAIHAE -

B TRATHBRERIS N bit_vector 38, B i dEAE b 1 BRI AR ek (2 B 5Lk E &
S8 X X pack. vhd g%y <+ fIEH -

3. BRI

BE AR S R B AT UIORE RN SR L A R R I B R R E AR ST £ I
B - XTSRS R A SESITIRE RN ERE BRRE N
TA R AEDS H LA TIE o X 67_test_vectors. vhd FRE IR XHE — DRGSR
Flide. WE e HKME. PIAERSRM TR R ENRIE . FEAmT .

——E X ellipf BIIIR S EMA (ZEE)

entity E is

end entity;

architecture A of E is

——HE M O F R O i8R
component ellipf
port (
inp : in BIT_VECTOR{15 downto O}
outp :out Bit_Vector(l5 downte 0);
svi :in bit vector{l5 downte () :
sv13 :in Bit_Vector (16 downto 0):
av18 :in Bit_Vector (15 downto 0):
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sv26 : in Bit Vector{15 downto 0):

sv3d :in Bit Vector{l5 downto 0);
s¥3K :in Bit Vector (15 downte 0);
sv34 : in Bit_Vector (15 downto Q)
svZ2 o :out bit vector(l5 downto 0);

svl3 o : out Bit_Vector{l> downto 0);
svli o : out Bit Vector(15 downto 0):

svZ26 0 : out Bit Vector(l5 downte 0);
sv33 o :out Bit_Vector{l5 dewnto 0);
sv3f_0  : out Bit Vector{l5 downto 0):
sv3% 0 : out Bit Vector{(l5 downto O)
¥ '

end component ;

—BlES

signal inp : bit vector(15 downto 0):

gignal cutp  : bit vecter{l5 downte 0):

signal svi : bit_vector (15 downte 0);

signal sv13 : bit vector(15 downto 0):

signal =svl8 : bit vector(i5 downte O);

signal sv26 : bit vector (15 downto 0);
signal sv33 : bit_vector{l5 downto 0):
gsignal sv38 : bit_vector (15 downto 0):
signal sv39 : bit_vector (15 downto 0):
signal svZ o : bit vector(l5 downte 0):
signal sv13 o : bit vector(5 downto 0);
signal sv18 o : bit vector(l5 downte 0):
signal sv26_o : hit vector(l5 downto Q) :
signal svi33 o : bit_vector (15 downto O):
sigral sv38_ o : hit_vector (15 downte 0):
aignal sv339 o : bit _vector (15 downte 0):

-4k

for all : ellipf use sntity work.ellipf{ellipf) ;

begin

—ILHEEL

INSTL : ellipf port map | inp, outp, svZ, svid, sv18, sviE,
svid3, sviB, sv39, svZ_o, sv13_ o, svl8 o,
v26_o, svd3_o, sv38 o, s5v3% o



procass
bagin
R = {1

wait for 90 ns;

— # 1 HMul R

inp <= "D000000D00000D10” ;

sv2 <= "00G0000000G00001";

svid <= "00000000000000107;

sv18 <= "0000000000000001" ;

sv26 <= 700000000000000107;

5v33 <= "0D0OD0DC0000DO00L”;

sv38 <= "00G00000000000107;

sv39 <= "000000C000000001 " ;

wait for 100 ns;

-~ R

asaert (outp = “000D0000000011117)
report

"Assert O : < autp /= 0000DGDOOONOL1LT >7
savarity warning:

asasrt (sv2 o = "00000000001100017)

report

"Assert 0 : < svZ2_o /= 0000000000110001 >~
saverity warning;

assert (sv13_o = "00000000001111117)
report
“Assert O : < sv13 /= 00D0Q0G0OOL11111 >7

saverity warning;

assort (sv18_o = "000000D000I001107}
report

"Assert 0 : < sv18 /= 0000000000100110 >°
severity warning;

assert (sv26 o = "00000000001000107)
report
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“hzsert 0 1 ¢ sv26 /= Q0O000DOQ010GO10 >”
gaverity warning;

assert (sv33_o = “00000000001101107)
report

“Assert O : ¢ sv33 /= Q00000G000D110110 >
severity warning;

agasrt (sv38 o = "00000000000111017)
raport

"Assert 0 : < sv38 /= 000D000000011101 >7
gsavarity warning;

assert (sv39_o = "00000000000111017)
raport

“Assert 0 : < sv38 /= 0000000000011101 >~
soverity warning:

— # 6 HMRIN R

inp <= "0000000000000010";

sv2 <= 700000000000010007 ;

sv13 <= "0000000000010000™ ;
sv18 <= "00000000000010007 ;
sv26 <= 70000000000010000™ ;
sv33 <= 700000000000010007 ;
sv38 <= "00000000000100007 ;
sv39 <= "0000000000001000";
wait for 100 ns;

L R

agsert (outp = "00000000011010107)

raport

“Assert 6 : < outp /= 0000000001101010 >”
severity warning;

asgert (sv2 o = "0000Q0OCOL1111100")
raport

"Assert 6 : < sv2 /= 0000000011111100 >~
severity warning; :
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assert {sv13 o = "00000001010111107)
report

"Assert 6 ; < sv13 /= Q000G00101011110 >”
sever ity warning;

assert (sv18 o = "0000000011011100™)
report
“Assert B : < svI8 /= 0000030011011100 >”

gever ity warning:

assart (sv26 o = "QDOOGOCO110110007)
report

“hssert 6 : < sv26 /= 00000D0011011000 >”
soverity warning;

agsert (sv33_o = "00000001011110007)
report

Thssert 6 : < sv33 /= 0000000101111000 >~
severity warning:

assert (sv38 o = "Q000000011001100™)
report

"Assert 6 : < wv3B /= 0000000011001100 >”
aeverity warning;

assert (sv3%_o = "0000000011001100")
report -
"Assert 6 : < sv39 /= 0000000011001100 >~
severity warning;

—EEHEH]
asgert false
report "—End of Simulation——"

severity error;

end process;
end;

RYF L 67_pack. vhd, 67 ellipf. vhd Ll 67_test_vectors. vhd S > =, &
WG o] X A% o TR0, LTI R e LIRS A D assert B4R A
B &EEE T EAINE . SIS o R 67,1 BT
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S

- '
vae = |Aarrwriangs!

XRD RHO TRE MO WEY 04 T

Alwie| -] Bl@{E| o

Cursor 0.0
e L AT
_ Scale= 10.00 0.0 100 20,0 30.0 40.0 50.0 £0.0

wizo o0 6 YT 3F B X IF X T Y 7A3 X T5El-
ésvzuo < 0 0 X 31 XA ¥ 15 ¥ ©b__ ¥ _1DD ¥ FC
sv39 o 0 (0T T 0 X1 W 7 X 15 X 8]
' svag o 0 C 07 X0 T X7 W 13 1]
 sva3 o 0 0 10 % 1 X8 X 1A ¥ 81
%sv?ﬁ < D D G G D O O O - ' T
svi8 o0 0} 10 X1 X 6 _ ¥ 13 X8
V13 oD 0 (7 0 X 1 X ¢ X TA ¥ 10
%svz s 0 B (1 W 0 X ¥ A ¥ 15 ¥ 8
Loutp o 0 _5< 0 F X 1 X B X 40 ¥ T8 Y 6A
inp o0 O 2 T Y 7]
. 5v39_0 o 000000G(x] ____~ T T
T 637 500 ns (K613 ' " L T ST IR Y -

A 67.1

TR R R o AR 4R L iR T2

( BRIEILMHE: 67 _pack.vhd
67 _ellipf.vhd
AP G LML 67 test vector.vhd )
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F 686 mAARGHUZHIE
%A

1. i&it@ifr

Miﬁllﬂéi% 75 {545 15 BH VHDL & 3 7% iH— M A IhBERY 24 /N {HaT 88 A
o IETEREIAMILINE 68. 1 R - EPEIEIN T LR -

Q SRR B4 L BREGEEAR, BT 2T MR (B4 ) SO BRI R

@ $Ft 00 ~ 9, AT E SRR R S ET E e A

(3 Time (BT ED 4. ﬂm@‘?%ﬁﬂﬂﬁﬁ ;

@ ALARM(f®P) 8. H TRESTRREET RIS E, o5 i B A phat ]

©& ZEE, ESmbHEEE S e AHERIAT . b hn =

|

GRONC
AOROR0
@LJ(_J(_J

(e ) [ Aarw )

B 68.1 itEfEsnR

ZHET ER R 2R T e

O e . ERAUET BT NEAIEE. B -t —. HESRRE
o =S HIRFIA]

@ [WPhTIEE . R HIAT R S8 BAO MM AR, M SRk g R

O RBEHFWITHIBREE . AP RETE 0" ~ <9 MAFATE. K5 “Time
HRRIA . E AR, WMANEFE SRR EANGRARKET . W, HOBHgE
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FROETIE 12 @34, MERWEEACL, <27, <37 4§, 52NEL B8R LRKER
FHEE A . 17, #1127, 1237, 12347, MRAPERAERN M TREKNERN. #
5%, A TR NS RE B ERR T ik

@ RBEIAREERE . Ao BRER (0" ~ 9" AN, SRR “ALARM”
BN TES 3 EM. .

5 RTATENRAETE . EEEIE LRIRET, RPERET ALARM &,
Mo ENREATFESEETE L.

FRME BRIt agchEs . AET LIS 2R t MR 2 e AR . il AT
B G B TR ARSE e, AT EINTEE B TR REEF£E
AT Bori b B BN S AL H AR EE R R A AR 4 B TIER R
BIE RIS - DURRGR T DO RE ™ o0& S AR 7 1251 -

2. BERFTIERE
P Hifdr 5 alarm_controller, H i 141 68. 28775

key load_new_a|l =
— =] alarm_button
) - foad_new_c }——m—
et time_button .
show_new_time |—p=
= clk show_a|
— ] reset
alarm_controller

68.2 IZTHISERISMENFD

FiBi 68. 2, #4198 alarm controller ) VHDL SE{ARRAMI T -

stity alarm controller is

port (key »in std logic:
alarm button : in std logic:
time_button : in std logic:
clk : in std _logic;
reset ;in std legie;
load new a oot std logic;

load new e out sid logic;
show new time @ oyt std logic;
show_a out

I

end alarm controller;

HA, clk AINEEETEPES . reset AENES . HAbK AR OISHBETT |

std_logic
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% key NBEYE (key="1") 0], RTAFIETHFRCEO-9)

W oalarm button NEBRER . BHTHEPKT “ALARM» #

% time button NEHERF. TrHPIET “TIME" #.

&5 L ASPERT T

% load_new_a JyTHU RS fu] (RERET RIS ERR T N HTEY RS [BHE

M load_new_c JyRHUPES . fEH] (R EES ) 1R HrA0 EHE

Y show new time MW FIF. BHE (CERES R Rk ) BERFTUSEHE. BIA
FETE @ L) B0 e AR [a] A

2 show_new_time JfICHLFEY . FRAEE show aF”H’Jiﬁﬁﬁ%ﬂLﬁ‘i’iHﬁﬁTltﬂTIﬂ%*HTlﬂ
LIRS, % show a AR AFEA). ¥R EmmepHtE, B, Lo SEiEfE .

] Lt BRRRZS B B0 (FSM) BY 7 ARG HIAR 0 T)6E . FRUEIRIT B R
ZHE. FES MRERT

SO. FAERYENEREN#TECRA, SERETWIZITTRE 1 99 ITE .

S1. BACEEE ARE . TFRESCHABPE T TREHFALIRE . TEHIRE

ﬁTJﬁtLTE?mﬁHFi’@AH@W# -
S2. IREFTAREPATE] - FEIRTS SUET £ I ALARM #8 /5 4 A LTS -
S3 m%%fﬁ’dﬁﬂﬁ%ﬂﬂ‘iﬂl o TEAAGS S1 BT 12T TIME §2/5 i AR .

| 68.1 IZHIZCRTSIRAIZHEN LR

= EipkE EHRA (RE) T ARE sl (31

key ="1" - 8l show new_time <= 1"

S0 alarm_button = *1° | 34 Show a <= ‘1"
il S0 -
key = ‘1’ s1 show _ncw_time <= ‘1
alarm _button =*1° s2 load new a<='1"

51 time_button = °1° 83 Loacd new ¢<="1"
alarm_button =*1" 82 load new a<="'1"

52 SEI| 50 -

\ Time_button =*1" S3 load_new_c <="1"

> A SO -
Alarm_button = 1" 54 show a<="]"

S4
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S4; SARTEEHETE) « (LIRS SO BTH P E IR T ALARM 8IS A BPOR - TRECIET
B Bar RS BN R . ¥, TEHRET. APET ALARM 85,
@R AR R R E R R gEd — ERES R LUG . BaRIENRE S0 B Tid it ] .
R LR B Rz 40 4% 68. 1 Aracs
Z 88. 1 g BEAHEAMEFESME, B RESHEANT . flinERE 0. 3
f£E key = ‘Ui, show_new_time {5 SHEE 1. MEMM{ES load_new_a. load_new_c
I show_a WHEILFTEIR S 07« B4h, REEEAE ST RIALPRA /R T XHIRE .

3. VHDL &A% 5% A

(1) BIRKZSE 3L (FSM)ayHiE

o EETR . REHIBAAERRESESILESM LI . RMRE AL ML
Wk s AL <5 1,0, 10 SXT »S, b, Hfi S HrEEs. [T hEAES. O
REHE G OPREREE R, b ool R - 4 FOM A% SR A R MR
XA, BF: h: SXI -~ O, FifE Mealy (BERIREHZD HL. = FSM YRI5 ST
SAEXES . FR{F Moore - Mealy #l i Moore HLEUFRAY IS 68. 3 AT

WA HS w e <::);£ﬁ%
= : BARS
R BHRE e |

: f
HEPRE N\ KRS
_I'LI"I_! L
(a) Mealy§l & (b} Moore#fl 4

F68.3 FHIRETSHDHER

i FSM B R E SCRERB 5 - HRPRAMGHMRE - RAEE SWR AT E L
R UEFERRIEE . B — PR, B FSH PR BRI IS - B
3 FARE, AE 0 A

type t_state is (s0,sl, 52, 53, 54} ;
HRETEYRERF S

signal curr state : i _statc:

gignal next _state : t _state;

| A, —ATEW. BT, B-E. BRIHERR THESRE TEE RmE R
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tksh, ZHH8E 68. 3 [ LR, REBEHHRE SREFERNTHEAGE LA (&K
TRE )y W BGRAT AT BRI ER Z AINE AKX EMA, X T Mealy #l, BIAES
Y 2RI R H{ES . X T Moore Hl. Hii AfF SATIR(LI i i 5 & AP (Ll 82
. X—XAER [ R HRRSEH B AT NER
TEREE Mealy #LET. BWHE68.3 (a), WLBHE ST HEITEHS, HUREFHFERA
f/h BB S - B, —RIERERE M HE . REFERBETT AR .
process (clk, reset)
bsgin
if reset = ' 1° then
curr_state <= s{:
olsif rising edge(clk) then
curr_state <= next_state:
end if;
ond process;

Hep clk SNBSS, reset HEIES (& 68.3 HREH), ATHRESH
PR BTEINE . TUEL, LEMMRRE— R EANTHS . SHEERRSE
(R A, AR T 7T AT

process (clk)
begin
if rising edgeiclk) then
if (reset = ' 1’ ) then curr state <= s0;
ales curr_state <= next siale:
end if;
and if:
ond process;

EE, EERAS, HEREQERE SRR EME S clk.
£/h AR ERAR Sy, ATLRI T TR

provess (curr_state, key, alare_button, time button, ...)
begin

-~ ¥iEit

rext state <= curr_state;

Toad_new_a ="'0 ;

load_new c LCH ) RS-

case curr_state is
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when s0 => — FHERE

— next state ?

if (key = " 1’ ) then
next_state <= sl;
show_new _time <= ' 1" ;

slsif {(alarm button = ' 1’ ) then

next_state <= s4;
show a <= " |’
else
next_state <= s0;
end if;
when . ..

when others =>
nulil;
end casge;

and process;

f/hETHEASEH . ERAHGZEN, NEENTHA.

D RABEAFTE AR S L A TEREE RS SR, TERE PSM T,

U ERFLHBREEDE LIPRESR 5 (curr_state) HIEERBE S £ .

@ FERREAN. TR DI TR FIRNRAS . BIHERES F i A7 B
&S EEMRE. ZNNH—MEESRTRMENE . dT R PN M 2.
RSB E, WRIERRETER TR I 2 AR A B4 5 S TmiE . %or

K RIS SO AE -

TERIR Moore HLHY . SREE 68.3 () ERTLURS Mealy HLIBKE. HRARS
A EFEBH . b AR RSN 3 &5 . (BIAIATA. AT Moore ¥, 7ERY
LI ER Z AN RX B, WAS B HES R S AEN. 25, &
T 74T Moore MBFFLETILIE i, BAATERMNAR B2 ITRA S SR 2B T —
REHE. BT - RENFRESELE TR RN MY R ESHAESNE, w

BERTT —RASER LA ELIER - B AT L% L0 F 77 2 53R Moore #] .

process (clk, reset)
begin
if (reset = ' 1' )
curr_state <= s0:

olse if (clK’EVENT and clk = * 1' )} then

—— initializtion
next state <= curr_state;
load new a =70
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Joad_new_c RN |

case curr_state is
when 50 => — HIAIRE
-~ next state ?
if (key =' 1" ) then
next_state <= sl:
show new time <= ' 1’ :
elsif (alarm button = ~ 1’ } then
next_state <= s4;
show a <= ' 1’
elae
next state <= s0;
end if;
when ...

when others =>
null;
end case;
ond if;
ond process ;

(2) AT it RRB e

TE% 68. 11, MR S1 1 S4 # R BB A EIRFAT [R5 . R0 AT —HFEE
SRR B0 FEIEMRE . RESERN, REBER wait B4, B A#t £/h
PHRHEZHERESMEN. A, B LA IR R R YNERE i s S 8T8 . mildn,
EIMESIT BRI EAA 10 s, FREMRATAT I 6 s, W RTahit 5y 500 RSN L )
ABRTBFA) « AR ATH} FFRA 1T 3L, M S BeE 5 (RERT), G AFRASIES - xR
BERESER Lo A — B8 R AR AR 2L, 5 — iR a T B RE A
LIETT#ET £ anE 68. 4Fm « MBI LLE L, BRSNS sV T BN
e A/ HES N, PEL M EEE, XA 2 ETENY.

LURZS S1 o I3 R, 3IA 3 s e enable_count k, count_k end
R counter k. #BIELMT . |

signal counter k T L_intl6;
signal enable_count_k : std_logic:
gignal count_k_end : std_logic;

. counter_k FIFHETIF 8. HHA t int18 @ ¥ ¥ -
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subtype t_intl6 is integer range 0 to 63535

55 enable_count. k Al FRIEAFTAIIFEL, %4 T : count k end AT Fmith
REAEH, AHEEL

] HRRE SN [~
Kl e
T .t
fL“ RS -+Jf

 68.4 153 NABEM

HANE L B key_timeout £t EUEREL:
constant key_timeout : t_intls := H0O;

AR A 10 ms, WIiZF RFTAVEINITR Y 55« AMERH, FiHEREE R
HrE BRERRE B RT BRI, ) R KSR A
TE R i EEEE R

count_key : precessicnable_count_k, clk}
begin
if (enable count k = ' Q' ) then
counter k<= 0;
count k end <= ' 0"
alsif (rising edgelclk)) then
if (counter k >= key timeoul) them —— I [8]F| T 147
count k end <= " 1"
olse
counter k <= counter_k + 1;

end if:
end if;
snd process;
Hrh, {55 cnable_count_k 52k I RILAERZ2—4AFHEMNES. RAZ RS T

FUAER - FEARZS ST, ORTEITEEL. I AlEn AL R A T

when sl => — i NTHE
- next state ¥
if (key — ' 1° ; then
next state <- sl;
elsif {alarm buston = ' 1' )} then
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next_state <= s2;

load new a <= " 1' ;

alsif (time_button = ' 17 } then
next_state (= s3;
load_new ¢ <= " 17 ;

if {count k end ="1" ) then
next state <= s0;

~— A T 1

elga
show new time < ' 1" ;
next_state <= sl;
end if;
enable count k <= ' 17 ;
end if;
when 52 =5

IXAFRRTERR T RS ST PEGEIT ML PR, iR S4 HHAYALER 24 .

{ BABE LM & 68_alarm_controtler.vhd

68 _tb alarm_controller.vhd )
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£ 695 MY RGEHIFRLR
Pk F 3

1. BERRGITIERRE

AR NTIIRE B A B RIE T 18 PR G BCF - 5= S W — D BT AT R {3 =
HRISHEE 5. Bl RIS S LER/RE . ST 4 s
M 691 fiom - Ik keypad o AN 820K -G i BIRURIE S . value Joliilii
O HUE AR — (R E S . WA SR W R R X R L% 69, 1.

— keypad
decoder

VHIUE el

E69.1 HERHZTEE

Fool WA, MEMIBMFMEEA

A 0000008001 | 0000000010 | 00D0G0OIOO | 0000001000 | 0000010000
i - e : — o
HA 0000100000 | 0001000000 0010000000 | 0100000000 . 1000000000
wr s 6 g —— =

2. FEREI VHDL BEHIR A RIEESN

TEMMERATREGERM VIDL (B S TSR 2 8 B4AE T RMS RS AWrEna
o_alarm. ERIZHIGESG 2. BiH B RSAEERE AR & L R Bk G g VDL |3
& R E SR T Z A AE B alara?E 01 69_p_alarm clock. vhd ik .

— WHREEEEEA 69 p_alarm clock. vhd
{ibrary icee;
use ieee.std logic 1164. all:

package p alarm ie

subtype t_digital is integer range 0 to 9:
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subtype t_short
type t clock time is array (3 dowmto 0) of t_digital;

typs t_display is array (3 downte 0) of std _logic vector (5 downte O ;
typs SEG7 is array (0 to 9) of std logic vector(f downto 0);

is integer rangs O to 65535;

constant seven seg: SEG7 := ( 701111117, “00CO1107, *10110117
"10011117, 711001107, “11011¢1”
711111017, “Q0oOL117, Tliitinyc,
"11100117 );

type kevpad? ie array (0 to 9) of std_logic vector (9 downto 0);

constant keynumber: keypad9 := {

“oO0D000001",  ~- 0
00000000107, - 1
“G0000001007, — 2
H000001000%, — 3
“g0000100007, -~ 4
"0000100000%, -~ §
“G001000000°7, — €
00100000007, - 7
01000000007, - 8
10000000007 — 9
)

end p alarm;

we ARG AT A IR ORIt (/). AR AR t_clock time, PEFHL
M0y t_digital. THRBIRHAN O LHRIBIRE SHE (2. H std_logic HLEE
HoMEN. U7 LRIRE R EREH keynunber MBI R THREHAZ.
TRELY R 69. | NiFISX R, A THMAMRGIMNERE (BEREMA) K%,

MR ARG 4 L RBOSE TR EARR . it 4 MR BT BMNEERER
WAE S t_display . B4 LRSS SR AU " HERIEEE. B0 std_logic AL{E
ERMAR. KU T REEABEARE . BREY seven seg PR THEEN
T BUTELRERNETHRETREES LA SRR AR, 1K 69.2. HEB

#69.2 tEHRNEORTRE

g1i1in Q00110 1011011 1001111 1100110
o 0 | _ 2- | 3 4
) 1101161 ) 1111101 .000011il it 1110011 o
S ; - - . . g.
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TR TR S 54 Fl— P C B S Bn B AP AR (&R 54 1) K&k
AR R & TR PR ) B sh 234 (40 VHDL i SRy A -

ATERDERHY VHDL & B REASUIE 45 69 _decoder. vhd, HARLUSLRUB decoder (A1
RMARGRNIMEED . DIEENME rel SEEIEINEE . LUERE SWUEE AR IR R
—FRIRIH T T MERS ZENNREESHEESD, SFDFmgdE—~"
case ik HHINNFE SWREEDAESE, KIMFENDIEE . (£E. others 77 A 10 4
RREHE Z MR E AT RERUERFS, AR BAVESAE TR B —LO.

= Tl SR YR FEEE BT L #F 69_decoder. vhd

library iece:
use ieee. std logic 1164.all;

use work. p _alarm. all:

entity decoder is
port(
“keypad :in  std _logic vector(Y downto 0}
value :out t digital
¥

end decoder:

architecture rtl of decoder is
begin

with keypad select

value <— 0 when "00000000017,

1 when "0000000010",

when “0000000100%,
when "C0000010007,
when “0000010000",
when “00001000007,
when “000103000C”,
when "0010000000”,
when “01000000007,
when 10000000007,
when others;

Lo =R T B R S B T ]

end rtl;

WERG 59 I 24 BHSBRE . AN R, BT
ATt AR SR T AT TEL, BN 05 59 BN 2-4 A
BB RIS -
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3. 1B ) B AR R ARE RS

ARAA & VHDL 18 F= A SCF 4 69_tb_decoder. vhd. #MERiBANE S keypad
BIERNZ K th_decoder MYTLAFRITRAE AT, 18 2 BRI &% A R 1T L% decoder,
LA& S A H 3t & Fll A RTREAUIRR B 5 ZER T oiiE TR .

LA Vsim/Talent REEMELZTAANAE  BE T REH VDL EZ i iH R Efa .

(RAGE LM & 69 decoder.vhd
69 p alarm clock.vhd
MKF 6 LS. 69 tb decoder.vhd )
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E006 MARGHBHEESR

P A 2k

1. BURTROBEAZ TERE

FERWIHEERTE clk MOMAGSH LABRE T, & key MOMBMABSBA
new_time 3 I MIME S 5 BLISED. A RIMKAER, BELERES; i reset i
O A (S B35 new_time 5 D4R & TR HETENL . ERAYTREMA 70,1

Ao

—n]

—

— ]

key
clk

reset

key_buffer

new_time

———

B70.1 #RERRZTER

2. BIIHTARMEN VHDL BSRAEREBESH

AR VHDL & Z #8059 70_buffer. vhd, H u%ﬂiﬁﬁ’!ﬂﬂ key_buffer {kHj
RAERARGRINEREED, DIEsHE rol SEEI ohik .

— MR A HEA 70_buffer. vhd

library icee;
use ieee, std_logic_1164, all;
uas work.p_alarm. atl:

sntity key buffer is

port (key v im t_digital;
clk : im std_logic;
reset : in std _logic:

new time: out t_clock tLime

);
ond key buffer:

architecture rtl of key buffer is

signal n_t:t_clock time:
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begin
chift:proosss (reset, clk)
begin
if (reset = ' 17 ] then
n_t <= {0,0,0,0);
alaif (clk’ EVENT and clk = " 1' }then
for i in 3 downte 1 loop
n_'_t(:i) <=n_t{i-1);
ond loop;
n t{0) <= key:
end if;
end process;
new_time <= n_t;
end rtl;

key SO AUEIER RIS ¢ digital. new time ¥R [IIEEEARE S t_clock time, TF
&M RRN B FRTE—E . M clk F reset WK EIEETA std_logic, (K
T BRI

TEASERAY VDL B iR iHfhikeh. o if iB6)CH reset §iI clk i ORFRHITHEE - 41
FFBARIHREER, VHDL iR PEE R new_time B {ER, XF M nev_time ¥y
EEYE S, M new_time 37 PR F) inout ; (HETERBESCHINT, inout R AR 17
R =ENFREHT A AR R RORB LRSI AFRG T — T out #R=A0IRIT -

AA—TPIEES n_t, BAUBEEFEREF R EERET n_t ##17. R new_time
GRS ot R -3 DUSEIABSATHEE. & ot PRRGIRIEL AT D@ REK
FAEREMITH—mnt = (0 t(@2) , n_t{) , n_t{0) , key} : o FrLIAFEEE
VHDL & Z % iH R B P R SEIR B —, D reset B clk ImORMIA B S HBUIRE S
LRI PEE & n_t BURBGIThAE . H =, HAFSWEEBDFMN T n_t HBERESH -
* new_time 3 NMREATHE. REMENH—.

3. BB RN E B AR R SRS RS

AR G/ VHDL {EZ {58 {88 70_tb_buffer. vhd, 4MERMEEN{Z 2@ gL
1R iHEAE th_buffer BITFFIIER, &L HBMEBIMRE AILTHEE buffer, DA
A 2 P A ST HEROIA R 2 K T ThEEEK .

LA Vsim/Talent REEILZITARENA & T 7 A4 fF VHDL iE 5 % i R P ERE -

( Bt LM% 70_buffer.vhd
AEF &L/ E: 70 tb buffer.vhd )
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F71 6 BHREHRMNTFRRI TS
P A

1. BRARKILIERE

F e BB TR B 8 LA SRS T #4E load new a IRV AZE B
#l alarm time ¥ OAVME, SIEHIESER (REE) 6F. ¥ new alarm time $HOW
i AS SEME M reset SR LA (5 5% alarm_time 5 AR H B ITRSHETEAL
71 | 2 FERERYTER

—a| lnad_new_a —— = new_current_time
—={ new_alarm_time ——=] load_new_ec
alarm_reg alarm_counter
—.) | glarm_time = e 21k
——m] reset ——! TESEL CUTTENT_LIME b
E71.1 RuFERETEE 71.2 HEHHETESE

P RGBT B B R E FRRTMER . AEE R BEE T S EE . &
B A BN o X M AR DIRE R R Rl 12 R ST
T Hih R MIHEERN G TTNER E SRR EER T -

Bt A S BRI AU THRE R X reset WM A SHR (EHRFE ) E . &} current_time
i M HIESEFEA; 4 loadnew c OB AR SHN (BHRFE) 0. 1§
new_current_time ¥ P15 A (S S HES current _time B8 - reset ¥ ORGSR
T load new_c ¥l . HXM-MEFIESEH LA, ERES EAERLT. o current
_time By IFHH IS S BIMN 1, FFiRE/NET P HLERGIE AL . B 7L 2 R A0S
HHASTRER . :

2. R VHDL ESHR AL RIEZE SR

i AT F A A9 VDL SESE A HF R 71 _alarm reg. vhd, H bl ik {501
alarm reg (FHLEEERARINTIRD . DEHIE rel ST HIRE.

— P E EE09A S T1_alarm reg. vhd

i tbrary ieee; .
use icee. std logic 1164, all;
use work p_alarm ell;
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entity alarm reg is

port (new_alarm time: in t clock time:

load_new a D in std_logic;
clk in std_logic:
reset :in std logic:
alarm time D out t_clock time
IR

end alarm reg;

architectura rtl of alarm reg is
begin
process (clk, reset)
bagin
if reset = " 1' then
alarm time <= {0,0,0,0):
alse
if rising edge{clk) then
if load new a = " 1' then
alarm_time <= new_alarm time;
elgif load new a /= ' 0' then
agsert false report “Uncertain load new alarm controll”
severity warning:
end if;
ond if;
ond if;
end process;
end ril;

new_alarm_time SgLl « alarm time S5l JE9EHERM % ¢ clock time. o E
G FRMGE HLE ; clk. load new_a. reset §i{1% std_logic 267, (KF[ T HLjK
AR {141

Wl B8 {7 SR PRI ThBE S Bk i F B el M SEEE— reset BT
R AT AR AR ITRORAS . 0 AL IS 3005 = R 7En 8 L FH TR 5 FREMER) .
LR S DRI X RN N T — MR TE o1k 3 reset
ot |15 5 {5 BT B

el BiAF 17 SRS PRA0 VEDL 101 RO LA ST 20 ML 1 o S a8 3438 T TEER
MPRAEREY rising edge (), BIMETAIEE clk BB LT FFINEA , assert IBHTERR
HESRALIEL T MR TER . SE T R A A
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B (Al 1T B 4R B9 VHDL &S AR SCR Sy 71 alarm counter. vhd, H bl STk EH

alarm counter (KINELES RIS AREED . LUK ril SKEIHINEE .

=~ [ 1% SRR 88 A {4 71_alarm counter. vhd
library ieee;

use iecec.std_logic_ 1184, all;

use work.p alarm all;

enmtity alarm counter is

port (new_current time: in t_clock time;

load_new_c in std_logic;

clk :in std _logic;

reset in std_logie;

current_time ot t clock time
)

end alarm counter;

architecture rtl of alarm counter is
gsignal i_current_time : t clock time;
bagin
process (¢ 1k, reset, load_naw_c)
variable ¢ t:t clock time:
bagin
if reset = ' 1’ then
i_currvent_time <= (0,0, 0,0);
elsif load new ¢ = ' 1° then
1_current_time <= new_current_time;
elaif rising edge(clk! then
c_t = {_current_time;
if ¢ t{() < 9 then
e_t{0) = ¢ t{0) + 1;
afse
c t(0) := 0
if c_t{1} <3 then
c_t{l) := ¢ t(1} + 1:
elae
c_t(l) :=0;
if ¢ t(3) <2 then
if ¢ t{2) <9 then
c_t{2) = c_t{2) + 1:
else
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c_t(2) =0,
c t{3) =c t(3) +1
ord if;
olse
if ¢ t(2) ¢ 3 then
e _t{2} :=c_t(2) +1;
else
c t{(2)
c_t(3) :
end if;
ond if;
ond if;
and if;
1_current_time <= c_t;
end if;
end procoss;
current_time <= i_current_time;
ond rtl;

0;
0;

new _current_time ¥g [1F] current time §g[1B9EIERA N t clock time, F&H
SHARGAT B FRFNGE—HLE ; load new c ¥ [OF] reset S [TF] clk oDl ROEHEESERI,
- std_logic. {AEN [ HLEERYIEAFFRE: - ,

5% 70 BIRAITFFaRHEL o (AT EERAY VEDL B E #ARHEEE ) current
_time IROSH{ER, XEM corrent _time Bf[JiRHfE B, {EE current _time ¥ [
KEH inout ., MRELL out ML . SHHAZWHUFEREFRM. A~
MHEES current_time, {EFSHAFFEREFPH n_t 4R -

T load_new_c O EFIER IR IR, ©F if iETPREHERREX RN
Wil e 5 85 T A B A9 load_new a R LR, T BATE AR EUE(E B R R
BiERtz—-

%f current _time ¥y 55 HHE B E MBIEET — M EIZEa T, 558 73 447

T TR ont BE. AUEEWRERERE. U e RS mas
FTHE9SEH -

3.&&%%@%%%&&@%%%%%

IR P AR UM & ) VHDL 155 i SO 71_tb_alarmreg. vhd, SMETEUINE S
WL RE R T KA th_alarmreg YITEFIRE &, 4 & HBAY R &% A%
alarmreg, DURGHTAEE M 3T % Sy A PTRERUIRR 2 T 9030 7 ThE Bk

BT B AR M IR &80 VHDL (B 5 R SCfF 5 T1_th_alarm_counter. vhd, SMERHIHS
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5 Si@id EHIL TS0 th_ alarm_counter RITTIRFITEAY. 14 £ AR BIE A%t
Efk alarm_counter., LIF&ESA4H 3T & Rl A T GERIIRIR. B G SEBL T THEEEK -

LA Vsim/Talent RMILZITIXF M E - S21E T iX M- ME A9 VHBL & 5 it
A -

(HHALH L. 71 _alarm reg.vhd
71 alarm_gcounter.vhd
M EEELMFL: 71 tb alarm reg.vhd
71 _tb_alarm_counter.vhd )
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726 FHARRRE SRR
A K

1. BRAGIERRE

AARBIThEESZ - % show_new_time it 14 A{E SE K (FHEL) BT, BEHE new_time
i TR RALG S (B Ta 28 ), = a6 4 - B0 ERER a0 g . H7E display
i HEE S o X show_new_time SIS AR ST ({KERT) B, ¥I%7 show_a {1
FEEAGE S, REEER, B alarm_tine S CIRRAG 5 (BRIEEE) T EAHERA 4
ML RS o BAYI IR, IETE display WOEHIEES . AEEER. B
current_time i"ﬁl]ﬂ*jifﬁ,k%‘ﬂﬁ; Hf display sg [ E{TIRES - ¥4 alarm_time [T A% A
{2 5{H 4 current_time 3i5 [ A S S{EMREINT . sound_alarm¥g LI H 1 SEH & &
HAE) RZIER- 721 AR R .

—ae{ NEW_time

— current_time

——t alarm_time display —u—
display_driver

show_new_time
show_a sound_slarm — m

BE721 ETEMNRTER

2. HEEH VHDL B S8R 5 % RIEE ST

AA iy VHDL TF 58 R SCHR) 72 display driver. vhd . E o ) 354 13 04
display_driver (BEl R RHHISN SO, LI ri] SSHLETORE .

- R Eh BRI o 72 display_driver. vhé
library jeee;

use ieee. std_logic 1164, all;

use work. p_alarm all;

entity display driver is

port{alarm time : in t clock time:
current_time : in i _clock time;
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new iime pim t clock _time;

show new _iime: in std logic;

show_a :in std_logic;

sound alarm : out std logic:

display - out t_display);
ond display_driver;

architacturs rtl of display driver is
signal display_time:t_clock_Lime;
begin
- A P
ctrl:process (alarm_time, current_time, new :ime, show_g, show_new_time)
begin
—— S (] B E B A Wi
sound_Ip: for i in alarm_time' RANGE loop
if not{alarm time(i} = cuyrent_time(i)) then
sound_alarm <= ' 0" ;
exit sound_lp;
else
sound alarm <= " 1" ;
erd if;
and loop sound_lp:

- R EAT

if show now_time = ' 17 then
display_time <= ncw_time;

slsif show a = " 1" then
display_time <= alarm_time;

elsif show.a = ' 0’ then

display_time ¢= current_time;
else
agsort false report "Uncertain display driver control!”
geverity error;
ond if;
ond process:

— CERERIR T
disp:procese (display time)
begin
for i in display_time’ RANGE loop
display{i} <= seven_seg(display_time{i});
end loop;
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end procass;
ond rtil;

current_time, alarm_time Ml new_time ¥ [IAUEEERI T t_clock_time, T &M
MARETRRTHE —AE . @ display WO N t display (8, EH KD
show _new time ¥ show_a PIELIEAE A std_logic, (B[ T ELESHIRE 4L .

BRI E RIS BIHF SRS, A —TDES S display time (3R
A t_clock_time), j#72 ctrl iR L EREFHLERIBL hAES display_time ; ##2 disp
LAFiR){% § display_time ABYRA{E 5, HHialfEE display_time # 4 {8t EE .
By 4 T BB R B IR G248 display BE00 . R disp MRIEN S AU
seven seg WTHRG P BAFRIM XA, #HITHEENR, E2—M0R . RESTE.
M 5E 54 b L RS R m SRR M R T — B E——case iB4] -

3. R B AR BB B4y aF

AT G VIDL B SRRSO 72 tb_display_driver. vhd, #hERkiGH{=E &
W IR T SE(E th_display_driver ML {FEIRIES. 52 HBEM B X AR iF&k
display driver. DIRGARZSHfF%f & Fief A W BEDUNRN 2 T M T 28 SR FIEEESH
FITHREE K .

L Vsim/Talent RGHARALETTARRNR & B E 7 2948 5 VHDLAE 3518 1H SR B0 IR -

( BAGE I L. 72 display driver.vhd
BEF 642 72 th display driver.vhd)
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ET36 WHRGES TR
b 5 54

1. BBRRGIT/ERE

A IhRE B clk_in IR LU A AT EME S5 2 MG 245 clk _out ¥5[T - 24 reset
i LU A B AR (e B clk_out InOMHESHE . B3 1 AnMBTER.

T
Tq_divider
w—am] TesEt clk_out -

731 HWHETERE

2. BEER) VHDL &SR A RAGE ST

KRy VHDL (B EHOA SR 73_fq_divider. vhd, B DIEAHBE fq divider
RE L EE REERDVN IR O . LIS HgM& vt ST ERE -

—- AR W 73 fq driver. vhd

library icee:
use ieece. std logic 1164. all;
uss work.p_alarm all:

sritity fo divider ig

port (
clk in :in std_logie;
reset rin std logie;
clk_out rout std_logic
)

end fg divider;

architecturs rtl of fq_divider is
oohstant divide periocd : t_short := 6000;
begin
divide_clk: process(clk in, reset)
variable cnt : t_short;
begin
if (reset = ' 17 ) then
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ert = 0;
clk out <= " 0' ;
alsif rising_edge(clk _in) then
if (cnt ¢ (divide period/2}))} then
clk out <= ' 1' ;
cit ;= ¢nt + 1;
elsif {cnt ¢ (divide period-1)) then
clk_out <= " 9"
cnt := cpt + 1;
aigse
cnt = {;
end if;
and if:
ond procesa; — divide clk
end rtl;

AR TR ORBB R S std_logic, {KENT ELESATREAFAFIE

Khn bRt A —RM B AN WRANMES clk_in B L EHEITIF
MR RRE BN PEBRAREE S clk_out &t FEd if EaKll. B
B ont STELEL MAREE.
3. BRI R AR RIS RS A

ARELHIL S A VHDL 185 BiR S0 A 73_tb_fq_divider. vhd, #MEREUNGE Sl
BHLE TR E th fg divider By lRiEA), B £ HBEY® &% A% T E &
fq divider, DREGAESFESEEMN T SN 10ns P EMES 87 Imin #98TE04{E
SMThaEE X . .

LA Vsim/Talent RGAEHGEIT AN & B T A5 VDL IE 3 81 Fh 00 TE 6 .

(B2 LMH2E: 73 fq dividervhd
X & X4 73 tb fq divider.vhd )
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F740 RHARHEREAR
5

1. BRBREI(EHRE

AUD LR IREA T T 838 M ARER o IR U ARG, A EHE BOR AR R
PR, TERST R E AL R SR £ 0 alarm_clock. EAMFROIWE 74. 1
Pt » TR SRR 2 LI F

— keypad

—a=t key_down

—a alarm_button iSplay fr—t——
= time_button

—=| ctk sound_alem | o

——a IESEL
alarm_clock

B 741 HEE RN

entity alarm clock is

port ( )
keypad ' in std _logic_vector (Y downto 0);
key_down cin std_logie:

alarm button: in std_logic;
time_button : in std logic;

clk :in std_logic;
reset :in std_legic;
display : out t_display;

sound_alarm : out std_logic);
* end alarm clock;

Hp clk HIMBITEE S, reset HEGIHES . HAE AR ITHHBEET

keypad £ —P+{IE 5, HEHEPR-LCAERTE, WATAFETT R PR
TH B, E keypa(8) = U, FTAFRTHER <57 KB A2 ERS R
T & MEFREAIE N, BT LUTEET % keypad HABEHE {5 17,

% keypad J AL ERT (keypad="1") . FEFRAPBTE TR,

4 alarm_button HER TN . FHEH LT ALARM 2 :

2 time_button J@BLSERT, #5RH P T TIME .
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BwitHw ORE T -
display s F &R T 4 MEEREEETE. BTERERE. 112:20,
sound_alarm F TH5EH5 A 8L F, X sound_alarm="UH}. $HEHEEHEG. =T
BT IR ]
T RLEALE R 74, 2805 . TR B N 0E S RER T ENRE -

keypad key_down ) clk U teset time_button alarm_button
L 3 .
keypad
decloder . s T key time_button alarm_button
value
fl‘\ L 2lk_in —Telk alarm_controllber show_a
L reset  pq_divider $reset -‘
clk key Ik load_new_c load_new_a show_new_time
key_hulfer clk_out
| o A |
new_time
L - 71 A
1 |
new_curren:_time load_new ¢ new_alarm_time load_new_a
alarm_counter LT ek alarm_reg
reset new_time clk | reset alarm_time
" | new_time current_time alarm_time
display_driver show_new_time
show_a
display sound_alarm

alarm_clock
display sound_alarm

742 RiEESAg

R (decoder) ¥ keypad {5 F5540 )y 0-9 (URSAIEL.  LUET W Zor FAL BRI P16
ABIHT

BRI (key buffer) E—MB{IFER, BHEAFRANNE, FHLMER
BARTIERTE FAETENRR 5. X EHEESML. BiF .2l LA,
key_buffer BBt EhEdZEREMBEINES key down B S . XETHEE A -1TH8T,
key buffer F{ii—ix .

SPISR (Fo_divider) BB AT NSRS Sh AR 2R S0 AL 5 4 B — ARSI . DLE
HEITH b T2 -
© it%% (alarm_counter) TR L B EAEM RS BHAOEME. SBEHR TS
RSP E TR LB A B ATUITEE . S M IZ I PR
FHEE (alarm reg) AT REAPEBIFEMNME, B MRS58,
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e (display_driver) S4BT R T L aiad (7« FA PR E A AT (8 s £ @i
TSt A AR AR ) R A IR 2 A )R S LB T R A SRRR BB — A 2 Bk
EANEEAES |

124 (alarm controller) BILIHIBLL IS FAIF BRI S ABR RIS B8
| EoAth A ATV A -

2. VHDL #8i2 ¥ Sijt 8A

ABIBEE 1T L5 HH VHDL BRI RE SR, RB RSB, 1558 68~73 fil
B B AR T R T S A e R BN AT . T E R AR VHDL HE5R

——ll A GTRY U R R H T4 _alarm_clock. vhd
library iecee:

use ieee. std logic 1184, all;

use work.p_alarm. all;

entity alarm_clock is
port( keypad D in std logic vector(9 downto 0);
key down :in std_logic;
alarm_button: in std_ logie:
time button : in std logic;

clk :in std logice;
reset :in std_legic;
display :out o display;

sound_alarm : out std logic);
ond alarm_clock;

architecturs rtl of alarm_clock is
component decoder
port(keypad: in std logic vector(2 downto 0):
value : out t digital);
end c¢omponent ;

component key buffer

port (key :in t_digital |
clk 1 in std logic;
reset  : in std_logic;

new time: out t_clozk time);
end component :

component alarm_counter
port{(new_current_time: in t clock time;
load_new ¢ :in std logic:

*+ 329 -



clk ©in std logic;

reset :im std logic;
current_time Dot t_clock time):
end component :

component alarm reg
port{new alarm time: in t clock time;

load new a :in std_logie;
elk : in std _logic;:
reset :in std logic:
alarm_time :out t _clock time):

end component ;

component alarm_controller

port {key ;in std logic;
alarm_butten : in std_logic:
time button : in std _logic;
clk poim std_logie;
reset :in std _legic;
load new a : out std_logic;
load new ¢ : out std_logic:
show new_time : out std logic:
show_a : out std_logic);

ord component :

component displav driver

port{alarm time :in t_clock time;
current_time : in t_clock time;
new_time ! in t_clock time;
show_new time : in std;logic;
show a Tin std logic:
sound_alarm : out std logic:
display » out t display):

end component ;

component fq divider

port(clk in : in std logie:
reset :in std logic:
clk_out : eut std_logic
)

end component ;

signal immer key v t_digital;

signal irmner_time : t_clock time;
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gignal inner time ¢ : t clock time;

signal inner time a : t_clock_ time;
signal inner_| c . std_logic:
signal inner_l a : std_logic;
signal inner s a : std logic;
signal inner s n : std _logic;

signal inner_sec_clk : std_logic;

for all: decoder use entity work decoder{rtl);

for all: key buffer use entity work. key buffer(rtl);

for all: alarm_counter use sntity work. alarm counter (rtl);

for all: alarm reg use entity work. alarm regirtl}:

for all: alarm controller use entity worl. alarm controller(rtl);
for all: display driver uee entity work.display driver(rtl;;

for all: fq divider use entity work. fq divider(rtl);

bagin

decoder -~———-————
ul: decoder port map (keypad, inner_key};

== emee—e— heypad buffer ——————-
uZ: key_buffer port map (inner_key, key down, reset, inner time):

——————————— alarm controller ————————-
ud: alarm_controller port map (kev down,
alarm_button,
time_button,
clk,
reset,
inner 1 a,
inner 1 e,
inmer_s_n,
inner_s a

Y

et gounter ——————————-==uo—
u4: alarm_counter port map(

inner time,

inner 1 e,

inner sec clk,

reset,

inner time ¢

Y.
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w———————— glarm register
ub: alarm reg port map (inner time, inner 1 a, clk, reset, inner_time_a):

er———————— disgplay divider ————————
ub: display driver port map !

inner_time a,

inner_time e,

inner time,

inner s_n,

inner_s_a,

sound alarm,

display

3

T T T T T T T T T T fTCqUCnC)" di\i’ider I
u7: fq divider port map {(zlk, reset, inner_sec_clk);

end rtl;

(RAhiE L4+ % 74 alarm_clock.vhd
74 tb_alarm_clock.vhd)
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R0 7 O &

Z &

1. BEARKIIERE

FEGE IS KR RS AR 75, LB, S R AL
By 15 B AR YORT S (RAREEL. RS (CS), W s (00), &
5 OOWE) g TR 3 FRElER T - TERLERAY VHDL R B i AHSI R ]

B m— '

— ¥ig
= RaM (T

OE_—-'-

B 751 BERARFTEE

2. FFiERRENRIHR

W s — AR AL R LR T S S . AP 3 (B (A E B 0. RAM fONT
SRR (I SR TR L - AL B B SR EA E TIREE . R R
BT WGP, SRR TTRE S 5 BT EIR A . RAM ERABURIE S B
HEAS S . HESHMEHE S, YT ESE EANBIRN, EAEEE R 0, MBS
5 IR B S 0 XA RAM BYSHIEER, SRS A RAN. ZE tow
I E TSGR« 2515 L FRRR BRI S0 0, M) RAM 8580 S,
SRR T -

F P A B R TH BN RAM BRI TR A 4R H 06 (RS — BYR 1 4 B
ST, 4 A B TIE RN ST 1 W RAY MR . MR TER %)
telz MEZE NI, ATHEBIR X tacs M A BERMB AR AT SR . M RAV A B M
2 | A FER SR L L2 FAGR i OB B R . 15X i P SRR S T G
i, ATLATCRANT , SRESEHAR 1/0 BAgR A X

chock #2215 RAM HRERAHITH - AHEAEMRER EHEBNNFEE 2T
WL SR L NOW AN LA R T ATIAT A . T R TR W S iR
I check £ NOW-0 i RAM Azt it B R EAFTAY . 4 M0 A S T0BR . check 5
BRELGE SR ve METRT, H50AMEE. check MMESEEE. Rt
EHE. HETE R H check HUITSERSS . HIBHLE 249 stable JB iM% — B % FALSE,
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BF X 7E VHDL guid R a9 fH address’delay (A address, 28,

delta, check #FFRW] LATEHEMERE BWFERATINIT Y -
3. VHOL #R A EREE S
HFERPRERANT

library ieee;

use icee std logic 1164, all;

use work. bit_pack. al
entity static_ram is

— F %4 12 RAM6116 B o)

~TE A RYIH I PIFHE Ty 43258A-25CM05 RAM
— BRI

goneric {
constant
constant
conatant
conatant
sonstant
constant
constant
constant
constant
congtant
congtant
oongtant

3

taa
tacs
tclz
tchz
toh
twe
taw
twp
twhz
tdw
tdh
tow

port {cs b,we b,oe b :in hit;
address :in bit _vector(7 downte 0);

data :inout std logic vector (7 dewnto 0)

}:

end static_ram;

: time = 120 ns;
¢ time:= 120 ns:
: time:= 10 ns;
;D time.= 10 ns;
: time:= 10 ns;
: time:= 120 ns;
1 time:= 105 ns;
: time:= 70 us;
: timm:= 35 ns;
: tima:= 35 ns;
: time:= O ns;

: time:= 10 ns

architecture sram of static ram is

type ramtype is array (0 to 255) of bit_vector (7 downte 03 ;

signal raml:ramtype;— := (others =>{ others =>0)};

signal flag:hit:= '
boegin

ram :process

bagin

1t

—{TiF flag {7 B{faf raml %, HRPHTF -
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if flag=' 1' then
for i in 255 dowmto O loop
raml (1} <="00000000" ;
ond loop;
flag=" 0'
end if ;
if (we b’ event and we b=' 1' and cs b’ delayed =" 0’ ) or
{cs_b' event and cs b=’ 1' and we_ b’ delayed =" 0’ ) then
—ER{F
ram] (vec2int (address’ delayed)} <=to_bitvector{data' delaved};
SR EE R RS
--data’ delayed f9{EH 2 data T h & HI B
data <{=transport data’' delayed after tow;
ond if;
——& RN ASER
if (we b' event and we b=" 0' and cs_b=' 0' } then
data <~transport "ZZZZZ7Z7" after twhz,
end if;
if cs b' cvent and 0e b =" 0" then
~—RAM
if cs.h =" 1" then
data <{=transport "Z77Z7ZZZ" after ichz;
—IERIE
algif we b =" 1’ then
data <=tranasport "XXXXXXXX" after tclz;
data <=transpert to sidlogicvectoriraml(vecZint (address))) after
tacs;
end if;
end if;
-1 IE
if address’ event and cs_b =" 0’ and ce_b=" 0° and we_b=" 1’ then
data <="XXXXXXXX~ after toh;
data <{=transport to stdlogicvector{raml(vec2int {address))) aftsr
taa;
ond if;
wait on cs_b,we_b, address;
end procesg ram;

check :process
begin
if cs b’ delayed=" 0' and now/=0 ns then
it address’ event then
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-—{{5E tro=twe

asgert {address’ delayed’ stable{twc))
raport “address cycle time too short”
severity warning;

ord if;
if (we b’ event and we_b=' 1' } then

agsert (address’ delayed' stable(taw))
report “address not valid long enough to end of write”
soverity warning;

assort (address’ delayed’ stable(twp))
report “write pluse too short”
sevarity warning;

aggert (data' delayed’ stable(tdw))
report "data setup time teo short”
sover ity warning;

assert (data' last event>=tdh)

report “address cycle time too short”
soverity warning;

end if,

ord if:
wait on we b, address, cs_b;
end process check;

end sram;
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ET76 5 mABEEEE
KAah

1. AERARETIEHE

A HHE) PID(proportional integral derivation, FE{HFH4i%40) dsisea 4
LRSI A R AR 885y, BN 0T R, 5 8UE S E T E S, i 2R 4y
T E SR LA R BT, W TISSEIR L Gy . @, PID $2555) 58 PR s iR 52
B (BE gAY eI TT /] LR 77 (B B SR Ak -

% PID BRI B — M e E AR FIBEIIEERT ALU UL — M EER ST ENG X%
BHITF68E8 - Hin DHBE R 76. 1 Bk

Teset

Feignin

PID
HestInterrupt F—a= Irefkout

PositionChange

A 76.1 PID EHTFREE

Hereset i AEAIRO . 2 reset @ FEt, PIDIB&ISET; Fsien HE AR
771, EREETEEER 2, BRANO0; HostInterrupt JEHERES, X
HAES 9 Uk, PID IS TFAATHE, 00 FY, W0 1k B P4 445 & . PositionChange
YA PID IR EMKMNES, 353 --R, PositionChange HIN— i,
Irefkout iz ¥k i AOFEHI B -
=l PID 23 % J§ 7% K HostInterrupt ¥ &, PID $541 88 87 REEH FF 18
WE. i HostInterrupt {5 5{F kAT, PID {48842 - R&FE, HSiTEERE L
HEH-
PID fEHISATRRTT E A R
Trefk = (Kp+Ek) + Kix j' Ekdt +KdxdEk/dt
KEEPMEETRERT D
Irefk = (Kp+Ek) + Kix »_Ekdt +Kd~dEk/dt
PID BHIRIEITH, YN Bi%E—RE. B PositionChange {2 5 % 4 -k 25 {L i}
BATRAE. SHEHEN B EENN R, HEEENRS 6 dtE. 5% dt Y
BIEOT SR, RESRESR R, S35 %ERE Bk, k55 —Ra
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EIf) Ek-1 FHETS H dEk. 98 — @ El/de EA8 N5 BRI IEk/dt H{E. 5

HostInterrupt {55 I FREBRHFR S 5 S EF 20 (Kp+Ek) LA & Kd<dEk/dt &
PEAR NS B R AME . SRETE T — B Pl ] B R 2 2 ) e o £ ok 0 3401 -

2. VHDL #§id xR A XiEx o
xR TE 76, 1 BISEE R T

entity pid is

port {  reset : im bit;
Fsignin ©oim bit;
HostInterrupt v hit;
PositionChange :in bit;
Irefkout : out real):

end pid;

T AGIR O BN E S RA AT ERE H AWEE S R SCH S A0
. 4] clock <= not clock after 50 ns;.

AR R R AR, B RARMNIBEE . RERERY, X
MREEMS R A BHSCINE TR ER - M HA 7 - ARE. Wil . STt E%.
HACSERMIEHEZH FBTTOERE. +BERHEBINE IR VLG R E
R EHGEREEFERT ERATA—TF 58 val_ron £R T -

Hsh, FASERARVMZSIZHETERENH,; ATFETEDEAICREL . 258
Pk FE—FIVMFE S0RTTIhAEE . FTUARIRHRBE— A~/ BRI S 5SS, BEES
DR - 3R . REIBEINGE . MRAERIT

entity fixedpointurit is

port { clock : in bit; == |=] 4 e il
reset :in bit; —H5fi{ES
inputl :in real; —ER 1
inputZ  : in real; —a{ER 2
sel :in bit; —I3E{5e
com ©in int3bit; ——{R{EAAY
output Dout real, —EHiEiEH
outdone : out bit); —~HEHFS

ond fixedpcintunii;

architecture behavior of fixedpointunit is
bagin

process

variable tmp: real;
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variable inl, in2: real;
procedure mul (A,B : in real} is
bsgin
tmp := A * B; —— b &b R iE ) B AR R R RN
—HT EIELILA B K&
end mul;
procedure repi(i: in real) ie
bagin
top 0= LO/A;  — AN BRI RS
—HRTREERA 1 0/A {UH
and rep:
begin
wait until sel = ' |’ ; —HiRHE
case com is -—H|Er R e R
when 1 => cutdone <= * 0’ ; T 4 T
inl := inputl;
wait until rising edge{clock);
rep(inl};
wait until rising edgefclock);
output <= tmp;
outdone <= " 1’ ;
when 2 —> outdone <= ' Q' ; — e Bl %
inl := inputl;
in2 ;= input?;
wait until Tising edge({clock);
mnl {inl, in2):
wait until rising edgefclock);
cutput <= tmp:
outdone <= ' 1" ;
when 3 => output <= inputl + input2; = =Nk
wait until rising edge{clock);
outtdene <= ' 1' ;
when 4 => cutput <= inputl- input2: —¥E SR
wait until rising edgefclock);
outdone <= ' 17 ;
when others => outdone <= ' I’
end case;
end process;
end hehavior;

FIRRRRASA N while B RITHE, BT HETE K 7 HE T T/ AR E . 2
NG 8 ) A P A R E AR R AT R IR 8 - 0L FREA -
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wait until (HostInterrupt = ' 0' }: -~ THEAES

while (HostInterrupt = ' 0' ) loop —E VR FREARI R IR 4
wait until (PositionChange = ' 1' ); —EFRETEL N
getN (W) : —-B 8] ek
rep (N); ~~ B R g
Ek 1 := Ek:

waitresult (Fk, done):

while (done /= ' 1' ) loop waitresult (Fk, done);
erd [oop;

if (Fsignin="10")

then Ek := Fref - Fk;

olse Ek := Fref + Fk; —RI¥RE

ond if;

mul {Kp, Ek};

Dek := Ek - Ek_1;

waitresult (Irefk, done):

while (done /= " 1’ } loop waitresult {Irefk, done) :
ond |oop:

mul {Dek, Fkj:

waitresult {(Temp, done) :

while (done /= ' 1' ) loop waitresult (Temp, done);
end loop; :
mul (Temp, Kd):

waitresult (Temp, done) ;

while (done /= * 1' ) leoop waitresult(Temp, done);
end loop;

Irefk := Irefk + Temp;

mal (Ek, N},

waitresult (Temp, done) ;

while (done /= " 1’ } loop waitresult(Temp, done):
ond loop;

Ik ;= Tk + Temp;

mul (1k, Ki};

waitresult (Temp, done);

while (done /= ' 1’ ) loop waitresult(Temp , done);
end loop;

Irefk := 1refk + Temp;
oend loop:

KB R P A5 I R B T 2 BT IR B i DA R i g Skl

waitresult (Temp, done};
while (done /= ' 1' ) loop waitresult(Temp , done):
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ond loop;

WS AW ERES done FMEZEER 1 RAMEEETCDETR. MBERZHN
HREEERE, HIPRELER .

MIRPHENM D EEESIR 2 case EMH] while EIfiEG). H case B4
PR A M P E R B BT BT E - {54/rh when #1i%IF Vi E 2 case KIEARMATE
BUE, MRS EEER, MM L when others 154) 25 E AL vE AT B9 1E 7 -

while FEFMETTEARFIPRAF T ERS, HiESR.

while 244 loop
B a)Fy
end [oop;

ERTERS, ORFHHER—ERTERPE T EB & .
3. WS
ARV ETRL SR —NETAMANINA S . FIREI T 8 -

sig Fin¢= ' 0" ;
sig HI <= " 17 ;
sig PC <= ' 0’ :
" wait for 100 ns:
sig HI<= ' 0" ;
wait for 100 ns:
sig PC <= " 1'

wait for 3500 ns:
sig Fin<= ' ¢’ ;
sig HI <= ' 0’ ;

sig PC <= " 0’ :
wait for 50 ns;
sig BT <= " p' ;
wait for 50 ns:
sig PC &= " 1'
sig HI <= " 17

wait for 3500 ns;
gig Fin <= " 1° :
sig HI <= ' 0' ;
sig BC <<= ' 0" ;
wait for 100 ns;
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sig HI <= 7 ¢'
wait for 100 ns:
sig PC <= "' 17 ;

wait for 3500 ns;
gsig Fin ¢&= " 1' ;
sig PCC= " 0"
wait for 100 ns;
sig HI<= 0"
wait for 100 ns;
sig PC ¢= " 17 ;
sig HI <= "1’

( B LH.E: 76 pid.vhd

MEF &L HE. 76_pic stim.vhd
76_fpu.vhd }
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E 776 RETitE
# #

1. BT EIE T

ME2TL N (neuron process system, BiFRNPS) FEEHTH4HERE . SHEEITH
IR BHERMETERMEDL. EUEESTES - B REHE . BRIty
RER 5 &FZHIE SH LR, TIERFEFDIESBRAFHE REU—85
7 % EARRI I B & .

NPS B RER R MR KB . BT 4 R0 5 S5 - NPS
A24 5455 4.

UiTrtE% . f load. store }5% .

BHEAES, WA SH TS5 add, sub, mul ZE4,

VRIS NFHHERS . ST HEEBETTREREES,

RhtE <, BFETHERH - SEBAWMEEREA - Sil2ES,

NPS fHS A BPA . FERD . ERINSHEIHHGES 4 deeR, g

~FHESHIMFES 249 ' .

2. NPS g7 04 ik

REGE o R T RLAORE © REAA REEN . PRUDRGIR T NPS BT AR . iX
e NPS {TIMHERURIEEST o NPS BURE DR (RESTEREF S, AR BT B SR TR ISR
TS AERTELES .

e

FITFHELT 3 AMAFRBE LR basic types 7 ST HrPUE B HRI M 26 25
qit IMHEMEALTA -4 . T8N, PR EETE XA S L ER FHEA
ERERENSBY 7 B EETHEENEY .

NPS operators fE X | —eF- KA NPS BHES R ERAM . & fZiZy
PR -

NPS_parameters HIR T7ERRTE 303 FBRINBEN M . [/ K NPS 355
RIGERREE 4 (FORIECRIEID. BN, MIEEDR <00007 BY. RRHITHEES
AT ES .
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add rd rs (flrd = rd + rs).
X JRAE R add2ev (KF <0000, BE2 4G ERFIWT AR DB RIS CHIEHE—
ST TTHESREPWEFES. HANEMEN T EFETXAFR-

(2) NPS g O#&=R

TE NPS AT ARt D 884, RS A NER B RINEA T BV A « w0 - W
P SARRERT qit #l git_vector LIS, B B89 7 R8T« O a 8L B 4
ARER IR . Bl SANAFEIEERN . RS H IR ERR S
i CPU MIA = RE (5 SAREh R . YMATTE ARWEST. CPU 5REFIHEME S HER.
IXFREGR EER A A AT S VFTE OPU EFER S BRI & -

(3) NPS 1T A %K o 8925484k

£ NPS (IR Z WA, ENTIES ARG A R B - X7 aEL S
B ZKERTITENEE LR, BB THERX MR E:. T R SR 4 1 B R A
P LA AR AT BE R 1 20 3~ SRT R B I T S R IR AL

T B2 AN E -

architecture behavioral of nps is
AR R (5 S AU ;
begin
process
- 4L TF R iR
begin
wait until clk=' 1' and clk’ LAST VALUE=' ' ;
if (reset=" 1) then

GBRISEHSE,
wait until clk=" 1" and -21k’LAST VALLE=' 0" .
alse

EEGE MEYFEVR IRF. HEPCH 1,
if (ir(15 downto 12) = S&FHIEH
then HITHETRS
slse
wait untii clk=" 1" and clk’ LAST_VALUE=" 0° ;
BHE RS F I BURE b, R PO L
if ir(13 dowmte 12) = jn_jnl then
FATH B4
algif ir(15 downto 12) = jp then
TSRS
alsif ir(15 downto 12) = load then
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TR TR T A SR 2 2%
olsif ir{l5 downto 12} = stare then
HITERBBINGE S
elsif T I ANIESITE S
end if;
and if:
end process:
end behavioral;

SRR ETE - - NERE - TEUERREVIHEAED Y, B - SiERt EEMEFFERANRIA.
BHEATERE S, EILRE NPS Y reset 38k R BEVMAKATER. HHEW WK
JFITEE RS TR ESRET, RIS T Ao EEENER . TR e A
TERHAE— P F TR . S5 ENFES read nem BN * 10 5, BEHS B
[HEAE N HOT R SRR AR - MEEK . AESATLAEUBS LIRS A
PE A IR ZhFh THIETRIEREVIEE SHZ M EFEEER, BEERRE
TREYRESDEENA -RFFIED. BE. FESTESELT T HF
MWEFETRU, DRRERE N - M. HEAFER buffer H.

adbus <=npnc;

ale <=1

read mem <= * 1'

wait until clk=' 1" and clic’ LAST VALUE-" 0 ;
ir <= hyte{darabus) ;

huff <=hyte{dazabus) ;

ale <= " Q"

reac_mem <= " Q' :

REsR PR . SEREIE SOMERBIMTARIIES . 548 if BagXRias
TS SRFETIES. ZIEHH case MK RI& £ FRNIES .

BEVTESHIBR THRETEHIEEIES add cv,ade_cv.sub_cv.sbb cv,inc ev,
dec_cv. mul_cv; 4 FIRFFSHOZETE D add ¢, ade_c. sub_c J& sbb ¢ 534b, EHIA
RS TR R A F477 265 B ERTE S i 7 BIASUE S SRR WA -
16 & LU 254 {¥ nop K& {81164 stop.

A PRFETELHE 3 FRERIES R if B S ER TR BT
AR S THE R P E M AR S RS BRI TE b . BN S RF IS S, BT
R TR IR S R DR UBRERIES. BEBIFES DB
MBI ENF RN -

NPS BSERRIT AR B S L Brhiy 77 NPS918_ 1. vhd S0, H b LEpITER .
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3. NPS B

TENPS PR G b, BAA— T TEEETAERTL ARAESEMESTRE
M S8 ZEHERMMES RNR EIIE S0, RN LUk el g2 T
FFERIEE RTL SR, W & s st A T oseilid . AW & 0 E EDIGER
EEAINES CPU 2 [MByBE. Xl - MAGHEERTH . 4828 —1 i fkaf,
PR AL b agHh . BUHATERERIT ABUE . F Tl i (F5R <07 B
AR E ARIRE, RNFEAL SEMERN. B 5> EE5EY. BR
% ERBEETEIEE A 53 5 E5TE, BEAT - RITHBRE-
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@785 Am2901 MAEAMEER ALU A
L

1. Am2901 B R ALU INBIBTIERE

Am2901 & AMD N RIEFEHY 4 (IAEB GBI R . B 9 (HESIIMAR, RE AL
UL 512 MORESIRIE (CROTAR), ATRE— 16x4 {ZAYRAM, JFURERIE 78. 1 B

—a Y3~0
18~0—= e RAMO
—me— RAMZ
- Q0
- 33

15~ () —amed

Aaddi~0—= 410001

by

——w— (Ghar

Badd 3~ —ed
t—w= Phbar
CO ] —= F30
—= F3
OEbar ——=d
N\ = OVR
Clk—v—-—-———}

#78.1 Am2901

Horh, 18-0 JfE S i34 A, D3~0 KB AN, Aadd3~0. Badd3-0 4351417
ASHLHES AR, CO g ALU #{TBAZ BRIk A . OFbar S8t # iFi3HHE
5 Y30 NEIRH LG, RAMO. RAM3 ATEAERHIBBAA M. Q0. Q3 HEFEH
BlAmA Wi, C4 AALU TR ZE SIS, Gbar, Pbar 23153
Hrk (Carry Generate) FUt{7{%i# (Carry Propagate)} #i2 S, HEARBELH K
EERT AR AT BECIEE (A X T EA B TEILE 89 ) ; F30 AEFRENL, F3 ARFER
EL, OVR il HanEfu . Clk AEHEME S8 - Am2901 b tadE N 78. 2 Afn .

FEFKZEDGEE L W EWBRIFRE, FFL - MERHTR, BEIEE
MEATHARLE SRS, EHTENESER, WikEB8ELREA, FRTHER
EHYERT AR - FRLLXT X EME AR T AR, BN AR EE A ARG HITEEN 5
PRIE X W4 F R0 5 7 RYUHTT 40 B S5 5k .

A RYHEHINEER AR 5 B 5 T T RO ER 4 DALY S AR SR OALU B2 |
QEMESR; OHFER; O RRA. CA1FEE S/ 18~10 AUISH T 4 SsE i 18
BINRE . ROIVGTEE 78 7138 82 flrh i B MERFE MR, 4 ENR VDL S 1TH
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RETRIRF A -

RAM inputshif;

RAM : REGISTER inpuyshif

. QREGISTER

16 word by 4 bit

A S

¥31-4 OVR F3 Fig Ghar Phar
B 782 Am2901 HEHER
BENE STt ALY 55 A BER -
ALU PR R RGBT B RR TR 2 RAD S #H1T0R4R , Eor RGESEE A 0000 F1 D3~0

WA S HRIER O A BED 0000’ BN . 17738 A 70 B Bl RAM DAUIEEE. RAM
R Aadd f{l Badd #1740k - R HIE B S 12~10 1. ERHFRADE 78 1.

F 781 ALUBAER

fB5y B AEFR
e H w R | s
o o o A Qo
o e oA o B
0 § | 0 0 % Q
0 ! 1 1 0 B
S N A S s s S N S
3 B ! D A
R T o o v Q
e —— 1 R T S—
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FRERASR LT RS H R R S Y8 REAL
R = AI2' 11’ + D{12 11+ 12 100
S =Q(I2’ 10" + I1 I0' )+ A(I2 12" ) + B(I0" I0};

HA Ix' LREERMEHEIE.

bR 2k 27E VHBL AR T with...select.. when iSG]SCH. XFRR T R 5 HE

REERHBKINE XA, AROTUATRRLIXNEAERS Y -
2. BEEH VHDL EEMR RER S

IR IED K& RAMSITERL . BRI ZBhEfE, 12 VIDL iESHish, RAME R

— 16%4 {19 2 SEAUIA T . SOBATA LT . SR LR AR IS Andd, Badd (%
M) L1 (MRS, 36 WLTRL), MEAERRS (4 WLT ).

B FEMANSEHRENETR. FER T - M RERE L2901 1ib, 7EX A ED,

LT —EEAN, £ WL 7 SUEXRMEE. mEEHEne . RE . ok - S8k
8. BAZE . HEE. HIE 9 HIRIE 11 FIHRGA .
FEHET AM2901 & THAE R IR B S PEFIEAL 2 AT, R B 26 R0 A i B i 17
1% .

ALU 55 AGEAERS VHDL {5 R A .

library 12901 LIB; - FEEE
use 12901 LIR. types. all: - R
uss 12901 LIB.MVL7 functions.all: -- HEEN

use L2801 LIB. SYNTHESIS TYPE. all;

entity alu inputs is

port {
Aadd, Badd :in integer: -— RAM HbikSgr A
Q, D :in MYVLY_vector (3 downto ) ; — HIFEERIEEE
I D in MVL7 vector (2 downto () ; —HESEA (% 0~2 i)
R, § : ot MYL7 vector(l downte 0) — THEEY
2

ond alu_inputs;

architecturs alu_inputs of alu_inputs is

- PR SRY |
type Memory is array {integer range <) of MVL7 vector (3 downto 0):
signal RAM : - FEfRESIEERE

Memory (15 downte 0) := (("0000"), ("00007), (00007}, ("00007),
{700007), (700007, ("0000™), ("00007),
(700007}, (700007), (700007}, (70000™),
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(*0000*}, ("0000™), (*0100”), ("1000") ) ; R ¥MHA

signal A, B : MVL7 vector(3 downto 0): — HE{ES
begin
A <= RAM(Aadd) ; —if RAM
B <= RAM(Badd) ; — MR{ERER
with I(2 downto 0) selsot — M*X681
R<=A when "000” | TooL”,
”0000”  when "0107 | 70117 | "1007,
D whon others;
with [(2 downto ) select
S <= A when 7100” ; "1017,
B when "001” | 70117,
"0000”  when “1117,
Q when othars;

omd alu_inputs;
LR AR, BREFFBVRIEEES 80 Flfihg .
3. EBRINX ) BRIEE BB RS

AR E R 23N R A THEERNA 25 IR, BNEIE VHDL 18 & FR HISShr s A S
th Z RFEBHX ARG —B . T ERGPAT 3 a4 MikmREE B LLR
8 (27) f. WHX&H) VIDL #RWT .

library 12801 LIB; - R

uss 12901 LIB. types.all: — ¥R R

use 12901 LIB.MVL7 functicns.all; BT L

entity ALU INPUTS E is EXHNR G SR
oand;

architectures ALU INPUTS A of ALY INPUTS_E ie

component alu inputs inst — JrEET
port ( — WHEX
Aadd, Badd : in integer:
Q9 D ©in MVL7 veclor(3 dewnto 0):
I :in MVL7_vector(? downto 0):
R, § i ouwt MVL7_vector(3 downto 0)

i
ond component :
—~FEBEX
signal Aadd, Badd : integer := 0;
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signal 9, D 1 MVL7 vector (3 downto 0):
signal I : MVL7_vector (2 downte 0);
signal RE, S : MVL7 vector(3 downto 0);
for all : alu_inputs_inst usa emtity work.alu inputs(alu inputs):

begin
Alu_inputs_instl : alu_inputs_inst -- JikiHBAR
port map {
Aadd, Badd,
& D
I,
RE, 5
)
process
begin
-- MR ER] . T21110="0007 » Re=A, § <=Q
Aadd == 0; — HihF%EE
Badd == 1:
b <= "0001";
Q <= "0010":
I <= 7000";
wait for 1 ns;
asgert (R = "1000”) —— HETWAE 2 T F T

report  “assert 01: <R /=’ 1000 > " esverity warning;
agsert (S = "0010")
report  "assert 02: < S /= ' Q0I0' > " eeverity warning:
wait for | ns;
— W E Ee2. 1211I0="001"
, R<=A , § ==B
Aadd <= 0; R
Badd == 1;
D <= "00017;
Q <= "00107;
I == "001";
wait for 1 ns;
assert (R = "1000"™)

report  “assert 11: <R /= ' 1000° > 7 severity warning;
assert (S = "0100™)
report  Tassert 12: ¢ § /="' 0100' > " severity warning;
wait for 1 ns;
—— MWiR S . 12I110="010" , Re=0, § <=0
Aadd <= 0 — HhEEE
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Badd <= 1:
D <= "0001%;
¢ <= "0010";
I <= "0107;
wait for 1 ns;
assert (R = "0000")
report  "assert 31: < R /="' 0000’ > 7  meverity warning:
aspart (5 = "0010")
report  “assert 32: < S /=7 0010' > ” severity warning;
wait for 1 ns;
— MR EERS. 121110="111" , R<=D, S <=0
Aadd <= 0; -— HbHEERR
Badd <= 1:
b <= “00D1";
g <= T00107:
[ <= "111";
wait for ! ns;
assert (RE = "0001™)

report  “assert 81: < RE /= ’ 0001’ > " severity warning;
assert (5 = "00007)
report "assert 82: < § /="' 0000 > " saverity warning:

wait for 1 ns;

— RhAEEw

assort false

report "—-End of Simulation——" severity error:
ond process;

end ALU_INPUTS_A:

(R LH L. 78 alu_inputs.vhd
PXF € L4 L. 78_alu_inputs_stim,vhd )
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1. BREAZNITIERE

ALUMTHRER HUTEANEHZE. 25 28NRERERETFESRRNS S, &
FES05 15~I3 MRHIT. eJLASKER 8 MR RIMHEE RS, ERERE Pl - Mk 79.1
AR -

B _baR%m AS LAsh, ALY REBR —(pfrER AL S C0. 2HGEMNE : # W
HES C4. i FRERI OVR, FFSHREA F3, FAREN F30. #H4i 4 pk Gbar (i@
Pbar . He C4. Pbar F Gbar TG HSE. A oJH KERERMIRATERE -

#7901 ALU HfE

b A LT
15 : 711@% B ALU IRiF
0 o 0 i R+S R
0 0 1 S-R
0 | 0 R-S -
0 | I R\/S
1 0 0 RAS
I 0 i TR AS
L l 0 ) R&S
\ 1 I ROS

2. BEA VHDL iES iR A EREES

W12 528 RIEREIRE 31 (R, SH 4, CORLNE), HithE SRk
C4, WHsBEERATGENS L (Fy46i). ATHRTHE, XBEEL—KFHES . Hp
R ext fl S_ext 7750 2 THAGSERRUNHGES EHEK 5 ESTFAEA
Result 7 5 (i tH HEBNE & th e nT R B M F. C4 LLRHAM AT ERL -Temp_p Hl Temp_g
R B AL BN 5 HR ST AR g .

FIEE 78 Fi—4% . AFIREEHRE - M HE BB RS, HbEeEkdh,. 50
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AITRHEZR - BOFEEEREERNRAD, 125 ALU BEHWTE S BE 153, 6
AR TTIERE LE O 12~0 . 1ESGEER LM BFrh X #E4RTE

— FE#ESH

library 12901 1ib;

uee 12901 1ib. TYPES. al | ;

tee 12901 1ib. MVL? functions. all;’

- EEEX
entity alu is
port {

R, S : in MVLY_vector(3 downto 0):
I : in MVL7_vector (2 downto 0):
Co : in MVLT;
€4, OVR, F30, F3, Phar, Gbar : out MYLT;
F ' : out MVL7_vector (3 downto 0)
)

ond alu;

- Hifat

architecturs alu of alu is

— HE{FE

signa! R ext, S_ext, result, temp p, temp g : MVL7 vector{4 downto 0):
begin .

TRTHRNE, BWMASSTREL (., B5 N BHS.

Rext <= " 0' & not{R) when [{2 downto G)
eloe ' 0" & R;
Sext <=0 & not(S) when I{2 downto D)
else ' 0° & S:

"001" —Kp7. LI S-R

"010" - RK . EHR-S

— ALU IhEEiR R

- MRIZERANE HFoFEE. EEFEgh, EEHEzE.

~— ERPCHEMRRSG YREGMENEESE 1. TR

with 1(2 downto 0) salect

Result <=R_ext + S_ext + ("0000" & CO} when “000" | 601”1 "0107,

-~ #hE
R_ext or S_ext when 0117, -— 8
R ext and S_ext when "1007, — 5
not (R_ext} and S ext when “1017, - by
R_ext xor S_ext when 1107, -— Baf
not { R_ext xor § ext) when others; —— [a)dg
—Hitz¥
F <= result{3 downto O); — JEFEERAY result PO{F 4 (8
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OVR
C4
temp p
temp_g

Pbar

Ghar

F3
F30

end alu;

<= not (R _ext{3) xor S_ext{(3)) and (R_ext(3) xor result(3}):

— e HFRENE

<= result(4}; —

<= R ext or S ext; -— hRES

<= R_ext and S_ext; — PREES

<= pot{ temp p{0) and temp_p(l} and temp p(2) and temp_p{3)):
it ALVRE pik ;i

= not { temp g{3) or
(temp_p(3) and temp_g{Z}} or
(temp_p(3) and temp_p{2) and temp_g(1)} or
{temp_p(3) and temp_p(2) and temp_p(1) and temp_g(0))}

)i -= FIERGEHE
<= result{3); — FFERREM
<= not {result{3} or result(2) or result(l) or result(D))};

— TR

3. BRI 0 BNAERERE RS H
AHERR R AES, —TEERIERFNEAERZERTER, H—NH

B RS

fizfith =5 B8 - RTDCH BN B8 % . Wik By A a0 &

FHISEZWOT LN E:
O ETFEESEHREHT, ALUBITHIZ R e EmtE ;
@ HEHITREAZER, FEM - SRR . M R fonsin O BihEE
A £ RV IR R B XARE (2T IR
QD FRTEHEZER, UERNZEERF. RSB RtERY, HIXEN.
£ VDL iE ST FEEENEAXNUTEM AR ERRZRAN A B, *1iEH

BEEN, XEF

SETEXH, SR LR T2

T AR AR ER o R N B TR S i

R <= 700017 - #1
S <= 00017,
0 =<='0": — HAXEBZE R+ S (R=0001, S=0001)
I == "000"; — Gy, ARG s, dE0
wait for 1 ns; — HFEMNRO
aasert (F = "00107) — BiEEEER
report “assert al: < F /= " 0010’ > " severity warning;
asgsert (C4="'"10') = HHIESH{T
report "assert a2 : < C4 /= ' 0" > ” severity warning:
aggert (OVR = ' 0" ) — BT iR
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report “assert al : { OVR /= 0> “ aseverity warning;
assort (F30 ="' 1" ) — REEFRE

report “assert a4 : < F30 /="' 1' > 7 severity warning;
assert (F3 ="' 0') = WA S

report “assert ab : < F3 /= " 0’ > 7 severity warning;
asgert (Pbar = ' 1’ ) - WL #HMRRES

report "assert af : < Pbar /= ' 1' > ” severity warning:
assert (Gbar = ' 17 ) — BIEF RIS

report “assert a7 : < Ghar /= ' 1' > 7 severity warning:

wait for 1 ns;

R <= "1¢007; —H4

5 <= "1000";

co<="'0"; — & R+S§ (R =1000, § = 1000)
I <= "000"; - ROLTTE. TREOGEL. Bl

— FBIER L FEfIAR0

wait for 1 ns;
assart (F = "00007)

report “assert dl : < F /= ' 0000’ > “ severity warnhing;
aggert {04 = ' 1}

report "assert d¢2 : < Cd /= " ' > 7
assert (OVR = " 17 )

report "assert d3 ; { O¥R /= " 1" > 7
asgert (F30 = " 1’ )

report “assert dd4 : < F30 /=" 1' » "7
assert (F3 ="' 0')

report "assert d5 : < F3 /= ' 0' > " sgeverity warning:

gsever ity warning;

gseverity warning;

saverity warning;

asgert (Pbhar = ' 1’ ]
report “assert d6 : { Pbar /= ' 1' > " sgeverity warning:
assert (Ghar = ' §' )

report “assert d7 : < Gbar /= ' Q' > ¥ severity warning:

wait for 1 ns;

R <= "0001": —H0
S == TO01D”,
CO<= ' 17 ~— FWEEE S - R (R = 0001, $ = 0010}

I == "001";

wait for 1 ns;

assert (F = "00017)
report “assert el

assert (C4 ="1")
report “assert oZ -

— EAEAIE L CKIAME . B
— T, FHENO FEARC

D CF /=7 0001 > 7 severity warning:
CC4L /=1 "

gseverity warning;
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asgort (OVR = ' 0’ )

report "assert e3 : ¢ OVR /= ' 0’ > ” severity warning:
assert (F30 ="' 0" )

report “assert ed : < F30 /= ' 0’ > " severity warning;
assert (F3="10')

report “assert e5 : < F3 /=7 0' > 7 aeverity warning;
asgart (Pbar = ' 1')

report “assert e6 : { Pbar /= ' 1’ > 7 mewerity warning;
assart (Gher = ' ' }

report "assert e7 : < Ghar /= * 0’ > ” severity warning;
wait for 1 ns;

R <= "0001"; ——#6

5 <= "DO107;

o <= ' Q' : — ¥ S-R-1 (R=0001, S=0010) :
I <= "001"; — BT C0=0, FMT[S],+[R]g=[8],4[R)z+1-1=[8],+[R],-1

wait for 1 ns;
assert (F = "00C07)

report "assert f1 : < F /= ' 0000’ > ” severity warning;
aggsert (C4="'1")

report "assert 2 : < (4 /= ' 1' > " severity warning;
assart (OVE - ' 0" )

report "assert f3 : < OVR /= " 0' > 7 severity warning:
assert (F30="1"')

report "assert f4 1 (F30 /= ' 1’ > " geverity warning:
assert (F3="'0")

report “assert f5 : < F3 /= ' 0’ > " severity warning;
asgert (Pbar = ' 1° )

report “assert £f6 : < Pbar /= ' 1’ > " aeverity warning:
aggert (Ghar = ' 0’ )

report “assert f7 : { Gbar /= ' 0' > " severity warning:
wait for 1 ns;

R <= "1010"; —H#9

S == "1001";

Co <= " Q' : -~ EHZ® Ror 8. (R = 1010, § = 1001}
I == "011";

wait for 1 ns;

asgert (F = "10117) - ({EEHRYHHE FER

report “assert i2 : < F /= "10117> * saverity warning;
wait for 1 ns;
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£80f Am2901 M{uMALIEERY RAM

W g
1. BRERHZHNITIFRE

FRBIREEBEATOHHIHE SR T, USRI AL . EARRSD,
FERMATE S FARKAR OFEBRMA 7§ F XA bt Badd RN @K

M F 8 L, F2F1FO ) RAMO {2y 4 {3 EE0E A f Badd TR RAM 85T ;

@HEBMA HF AR 1L, RAM3 A F3 F2 FL{E 4 (vR{FHOE A Badd FHEHY RAM
BT YERTE RAMBR{EH, MNESE —th Badd AR, i Aadd R B 54k #RIET A H1E
479 I18~16 1. 0K 80. 1 Frm - BHERE S clko

801 HAWHEBAMEREE
W (R [
184

RAM B

F3~0

— ot — — = = = =
1

F3~0

0
0
1
1
0
0
1
1

RAMI&F3~1

0
1
0
1
0
1
0
1

RAM3I&F3~1

F2~0&RAMO
2. EPEH VHDL BEHMIRFTERIEEMF

F2~-0&RAMO

AERMEE PHERFERTRE. A MITHikEES, EENEHRT. R4S
KT (FERTTE ) RETIh . BES—BE L T EESUER AR, T

AER RSB G SH(ER T R TR AR 1A X MSEI(E 5 - 72 VHDL fR
KRR RGEER FFEEE R NERNRIA T, MEHER T RFR (Block] KR
g RIPREE - RIFRER, FFP A clk =

_ “1* ) and (not clk’ stable),
Y FA P E S EA, HITIRAEA T AT BRI ER RN EE LT g
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R BUR{ES - X BT guarded I A AP (S SWE - X TRIPRIAZENNIR IR LE 27

e

library 12901 1ib;

use 12901 _1ib. TYPES. all.
use 12901 lib, MVL7 functions, all;
use 12901 1ib. synthesis type.all;

entity mem is
port
RAM
F
Clk
I

IE

ord mem;

: inout Memory (15 downto 0):
:in MVLT vector(3 downto 0):
©oin clock;

: in MYLT_vector{(2 dowmto 0);
RAMO, RAM3 '

Aadd, Badd

: im MYL7Y:
: in integer range 15 downto O

architecturs mem of mem is

begin

Meml : block { (clk =’ 1" ) and {(not clk’ stable} )

begin

— EESERMHPREN
— RAM @ Badd 24k, HEE LAFEMESMEN X

RAM(Badd) <= guarded F when ({not (I(2)) and I{1}) = "1’ )
slge RAM3 & F(3 downto 1) when ({I{2) and not (I(1)}) = ' 1' )} —H#
slse F(2 downte 0} & RAMO whan ({I(2) and I(1)) = ' 1’ ) —

olse RAM(Badd);
end block meml;

end mnem;

~~ PR

3. WM = BEYEFER S5

AARBHRE EEZERE L UHERDPE 4 MEEDHEE. B TR 77
ERAXHREEERLE . IWHESHEREEER 1T REHEIEEXESH

XK.

clk == 0' ;
F <= "01117;
T <= "010";

RAMO <= * Z' :
RAM3 <= ' Z' ;

Aadd <= 0;
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Badd <= 0; B
wait for | ns: -~ BBt

clk == ' 17 ;

wait for | ns;

clk == ' D'

wait for 1 ns;

assert (RAM(Aadd) = "01117) — BILER (H Aadd ThHE)

report “assert 1 : ¢ RAM{Aadd} /= ' 0111' > " severity warning: .

assert (RAM{(Badd) = "0111") — WikgER (H Badd Sib)
report "assert 2 : < RAM{Badd} /= ' 0111" > 7 severity warning;

wait for 1 ns:

F <= 700007 : --#3

I <= 70007,

RAMD <= " Z'

RAM3 <= ' Z' ;

Aadd <= 1; -— &=

Badd <= 0;

wait for 1 ns: - BFEpEaE

clk <= © 1" :

wait for ! ns;

clk == 7 0" ;

wait for 1 ns; .

assort (RAM(fadd) = "1001") - HREIE

report “assert bl ; < RAM{Aadd) /= ' 1001’ > ” severity warning

assert (RAM(Badd) = “DIL1™}

report "assert b2 : < RAM{(Badd) /= ’ 0li1" > ” severity warning;

wait for 1 ns;

F <= "1001"; —hb

I <= "100"; — £
RAMO <= " 2" ;

RAM3 <= ' ' ;

Aadd == 1. -

Badd <= 2;

wait for 1 ns; - Wehpkas
clk == ' 1’ ;

wait for | ns;

clk <= ' ¢ ;

wait for | ns;
assert (RAM (Aadd) = "1001")

report "assert dl : < RAM(Aadd) /= ' 1001' > ” geverity warning:
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asesert (RAM(Badd) = "0100™)
report “assert d2 : < RAM(Badd) /= ' 0100° > 7 severity warning;
wait for 1 ns;

F <= "01107; —=~#9
I == 71107, -— It
RAMO <= " 0"

RAM3 <= 7 Z2' ;

Aadd <= 4;

Badd <= Z;

wait for 1 ns;

clk <= ' 1" ;

wait for 1 ns;

elk <= ° 0" ;

wait for | ns;
assert (RAM{Aadd) = "01107)

report “assert hl : < RAM{Aadd) /= ' 0110’ > " severity warning;
agsert (RAM(Badd) = "11007)

report “assert h2 : < RAM(Badd} /= ' 11007 > 7 severity warning;
wait for | ns;

(BAE XA %: 80 mem.vhd
&P 6 LML 80_mem_stimvhd)
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%814 Am2901 PR RR R E 1FeS
i ‘

1. RRARZR TIFRE

HFE RIS RAMAGRIERM. DEERE . Bl ABMGH 4 HIheE. 1R{F
Zclk WOEsH], BFHERARE . BMERRSIHE S 18~6 BUrEH] . W& 811 AR -

7E VHDL ffaReh, 3R 55 RAM AOREIA 20U A i - VYR B DRI E SURK— T SREEHS
AETERIPRIARGENER . SITHRAED . A ZRBER SR L e e

EEF4 -

FSL1 WG RSB E

' ;_i::ﬁ% R Q #{TF
- ) b_ h 0 | F3-0

0 0 1 —

0 1 ] -

0 1 1 —_—

1 0 0 Q3&Q (3~1)

] ] _ 1 _

— : - Q_L2~0)&Qn A
I 1 1 —

2. BFEM VHOL BSHR A E RiEE N

& 8L 1 A[H, RERERFSH 18-6 BigHi T, 2RI A R#E. 3 80
BIALL RBIIRA BRI REGIERTT B RIPRER A (elk="1") and (not clk * STABLE)
BRI PG SR FkiTHY .

HERINEERMR AT -

library 12901 lib;

use 12901 1ib. TYPES. all;
uss 12901 1ib MVL7 functions. all;
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entity Q reg is

port ( .
F ;in MVLT _vecter (2 downte O}
clk . inm clock;
I :in MVL? vector (2 downte 0);
Q0, Q3 ¢ in MVLY;
Q © imout MVL7 vector (3 downto ©)
K
omd Q reg;
architecturs Q _reg of Q reg is
bagin
Q regl : block { {clk = " 17 ) and (pot clk' stable } )
begin — RIPFE{SEMETT K

Q <= guarded F when (I{2 downto 0) = "0Q0C(")
else Q3 & Q{3 downto 1) when (I{2 domnto 0} = "100")

—HEHA
elge Q{2 downte 0) & QU when (1(2 dommto 0} = "1107)
A
else Q; - i
end block Q_regl;
ond § reg:

3. MA@ EREERERBRSHH
FERAFR AT S 7 H. AR T .

(RABELH L. 81_Q reg.vhd
BT & LMHL: 81 Q reg stimvhd)
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F8261 Am2901 MAfabEREe L 5B M
% B

1. ERZASNTERE

0 B 5 LA -

D ALU ¥ iR RO BB FI A E IS a8 B B i EGR - —E 2 FIARSE (Fidl MUX)
PR EER Y30, Hi B EGE =N, 2% OBbar pofad]

& AN, FL5E RAMO, RAM3, Q0 M Q3. BEFESRFFRL /GBI
{EAR A BiiwEH, BER =SHMEAONHHER-

AR RB NG - FHER S FE G EIREEREE & 82. 1.

T 821 WAL Rt

§L34 Y RAM $1if QL

o I8~6 Hih | Ramo | RAM3 Q | o3
B T B e B e o

0 I 0 1 F Z 7z Va _Z
0 | 1 | o A z 7 z z

' 1 F z z z z
B 0 0 F FO z | Qo z

| ' F | |z low | =z
SR T R N A SN A X

1 1 .f 1 F z F3 Z Q (3)

2. HERA VHDL ESHiR 5 E RIE SO

EGH 80 FIBEERTUEL . Mt F 5% RAMI . RAMO — 2 7 RAM
HRAGS . EEHERARELT. RIBUESREER. ARED . ERAH AR
TERM ARSI LS 51584 F WBURENM. R3S imE F BErEE
. MEABBMAGAT (#5219 [8~6-"10-"), 7C RAM HRYECR. FBIuIA RAMS fE N5
AES, EHM F3-1 LEMERIEEBEASEE. FEN FO A RAMO. HEER 82.1
o XREY RAMS £ SCHERRE, XRANEREREARAGSHER. MELEL.
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LTBES—THER . B TERNMNESRERM AR, AU —MES (RAMO 57 RAM3)
EFMSEATHRELARAGESMERFIPNE L ARUES. YRES5FEFHE
WEE « HEA—PTREHITRHE, SEXH inout Bl . F 81 PR AFHERNEAS
ABih Q3 A QKR A MEE LRI EHINE .

B R Y VHDL B SRR IR .

library 12901 _1ib;

uge 12901 lib. TYPES. all;
use 12801 lib. MVL7 functions. all;

entity outpat_and_shifter is

port (
I : in MYLT vector{3 downto 0};
A F,Q ©in MYLT vector (3 downto 0):
CEbar : in MVLT;
Y : out MVL7 vector {3 downto 0):
RAMGO, RAM3, Q0, Q3 . out MYL?
)

ond cutput and shifter;

architeoturs cutput_and_shifter of output_and shifter is
begin
— B s 5 2 HEEN OFbar A .
Y <= A when ({ I(2 downte 0} = "010") and ( OFbar = ' 0’ ))
else I when (not({ I1(2 downto 0} = "010")) and { (Ebar = ' §' )}

else "77777; -— OEbar ¥, Wil SE
— RBuf s
RAMO <= F (0} when ( I(2) =" 1" ) and ( I(1}) =’ 0" )
else ' 7' ;
RAM3 <= F(3) when ( I(2) =" 1’ ) and (I(}) ="' 1" )
elgs ' Z7 -
Q3 <= Q(3) when ( [(2) ="' 1" ) and ( I{1) = " 17 )
olse " 7'
Qo <= Q{0) when ( T(2) = ' 1’ Y and (I(1}) =" 0" )

elee " 7' ;
snd output_and shifter:

3. SRR ) B R R AR RO

EERR . B RAREE S BBERGIR TR, B, REMARE
55 HEMHMRESERLES, RS EEE G SRR . EEMNRAER
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BEEREH LA SR LA SRS RS -

T HEZ AR E -

F <= "0101"; -—#1

A <= "1110"7;

Q <= "0000"; — Y&B}F
I <= "D00";

OEBAR <= 70" ;

wait for 1 ns;

ageert (Y = "01017)
report “assert al

assert (RAMO = ' 7' )

report “assert al :

ageert (RAM3 = ' Z' )

rapart “assert al ;

asgert (QD =" Z' )

report “assert al :

assert {Q3 ="' 2’ )

report “assert al

wait for 1 ns;

F == "0101";

A <= "0111%;

Q <= "D000”;

T <= "0007;

OEBAR <= ' 1’ :
wait for 1 ns;
assert (Y = "27Z7Z7)

repert “assert bl :

assart (RAMO ="' Z' )

report “assert bl :

assert (RAM3 = ' 7' )

report “assert bl :

assert (Q0 = ' Z° )}
repert “assert bl
agsert (Q3 = ' 7'}

report “assert bl :

wait for 1 ns;
F <= "11107;
A <= T01107;
Q <= "00007,
I <= "010";

Qs E T

— BEY
< LY /=7 01017 > " severity warning;
— HiiE RAMO
< RAMO /= ' Z' > ” severity warning:
—— %3 [k RAM3
{RAM3 /= ° Z° > 7 severity warning;
-~ %iE QO
<@ /=" Z' >7" severity warning;
— ¥ Q3

C@3 /=7 1' > " saverity warning:
—#2

- W Y ek

<Y /= ZZZZ' > 7 geverity warning:
CRAMO /= " Z' > 7  meverity warning:

< RAM3 /= ' Z' > "  geverity warning:

aeverity warning:

C@si="2>" severity warning:
—-#4
- AJEDY
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OFBAR <= ' {' .
wait for 1 ns;
aggert (Y = "01107}
report
asgart (RAMD = ' Z7 )
report “assert dl
assert (RAM3 = " Z' )

report “assert dl :

agsert (Q0 = ' 7' )
report “assert dl

asgert (Q3 =" Z' )
report

wait for | ns;

F <= "10017;

A <= "10007;

g <= "01007;

I <= "100";

OEBAR <= ' 0" ;

wait for 1 ns;

asgert (Y = "10017)

report “assert fl :
asssrt {RAMO = ' 1')
report “assert fl
agsert (RAM3 = ' Z' )
report “assert fl :
agsart (Q0 = " 0' )
report “assert £l :
agssrt (3 = ' Z7 )
report “assert fl :
wait For 1 ns;
F <= "0100";
A <= "00107;
Q <= "10007;
I <= "110%;
OFBAR <= ' Q' ;

wait for 1 ns;

assert (Y = "01007)
report “asser: hl

aggert (RAMO = ' Z° )

report “assert hl

* 368 »

"assert dl :

: <RAMO /= " Z' > 7

"assert dl

;< RAMO /=

<Y /= 01000 > 7

« < RMM@G /=" 72 >7

<Y /=" 01107 > 7 sevarity warning:
geverity warning;

< RAM3 /= " Z' > " severity warning;

P < Qo /=" 7" > 7 esverity warning;
{3 /=" 7" 57 sgeverity warning;
—H6

-~ FIRB Y . F{0)J%F| RAMO. Q01X Q0

<y /="' 1001 saverity warning:

"1' > " severity warning;
¢ RAM3 /=

seavarity warning;

<Qo0 /= ' 0 >" severity warning;

CQ3 /= ' 7 >7 gaverity warning,

—48

—— PR Y. F(3,EF RAM3. Q(3);%5) Q3

geverity warning;

goverity warning;



assert (RAMI = ' 0’ )

report “assert hl @ < RAM3 /= ' 0° > 7 seeverity warning:
assert (Q0 = ' 7' )

report “assert hl : { Q0 /= " Z’ > 7 sgeyerity warning;
aggert (3 =" 1") .

report “assert hl : < Q3 /= " 1" > 7 severity warning;
wait for 1 ns:
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Am2501
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., = FULL_bar
k1

B 83.1 Am2910 ik
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Am2910 FUEEFIHER IO 83. 2 BT - MELEETHAE - An2910 W[ 432 5 -PAHX ST HIER ) -

D ZEEEFESR (multiplexer), 530%HF 4 XARMMIESEEE. LIKHfHER
BINEEHAT - 93 - FERIFUAHERIFUERT I,

D FHEE/IFHE (register/counter). FHEMIFEMN—EHTEHEIESHE
B XHiTHR;

@ PR THEE,FH8 (nicroprogram counter/register), R F—RBEHIT
R S RO MR OE

@ HEB EERISHEFEE (stack/stack pointer) ;

& #6545 130888 (instruction PLA). RIBIES LR, FHHENMAEEHGS, #F4
B o PR HRT AR BRI E 4 -

D11-0 CLK

E 832 Am2901 Zi5iER

AHBE 5 78 FIBIEE 82 FiHiLHe AM2901 BER AL, HEH BB TRE. K
VPRI, RIEEE DRI 4y 5 - RHR S L BOEE 4 T 23 BIHR RO
EEE T RRR D, (R T RS E WLT .

T HE AT IR EIThEE R A
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LIRS THRE T — RIS, 5 4 BN HERE . © 4R
FuitbFHFEE (WPC), XAFHFHEBRT - RECHEN L - ik, ZBERTIF
BATRBFH T — 414 . @ MEERR AL (D11-0), ERFEARKER. ©&
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H—FTEE RS SR F TS (B3MY 1), FE@EL i OBbar IR =515 -

2. HEERN) VHDL EEH#EAZEREZSH

W RIER AT AT RS2 RAMESBPHEES,. AREXENW RAES (H
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LEWES . BPERIPFAITETPREEER . N RFAREGH. REIARTEERE
RNEN, APITHRAES, BUARIT . MARTIRER R XA ERE . 258
80 HIFIE 81 FIRIEGAPER T RIFAREMIAT N, dTFFREGEEARAR. *
AT RIPRIRE L

315 Fx A Eles Rt iR R EF R TR R ERRN R -
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( BAhik L4 2 83 multiplexer.vhd
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8451 Am2910 EATRE FFH=HI 28 B BT 3%/ A 788
1

1. BRARGL{EFEE

iFEEFaEE (R) 2 12 i@t e, ©MSnE—EA THEFET
533 JBEFR BN RTEIEHIE S RLD bar MER T @i D11~0 X A R, &I EH
TR RBE 1. HI R=0WERE. FTLUEIF I N . ERIEESIFERN
ECESHRA %,

@ BE (load): FETF -1 CP BkhBIHKAS, ¥ load = ‘I'S{ RLD bar = ‘0°, %
8 D11~0 B Ait%iss

@ ## (decrement) . 7R T —4~ CP BK#E|HE, % decr = ‘I'H RLD_bar = 07,
TR Y RTES R 1 ’

@ G#F (hold): TETF— CP Bk ERET. 5 FARIMAEHIME. MRS
RERFF T

B SEEMNRE (2E0F) B TR ERN R ERXEESEE8E .

2. MPERY VHDL HR £ RIR RO

EE - MRFERAR. WEPORSENES AR THTER - &
BAY VHDL SRR R T RIPATREEH . RIPRAZUNEME S BRI . AE4RA
AWHERRE, AHITRAES . FREBEIRIRITEEE S 80 FIFI®E 81 FI2Ll. 4
Fld A, RiRECFBEE LN 3 MIEIES decr. hold f] load B 5. HIFE(E
IR = ME SR EE — MR AEFRRED,. HA1HEE decr H load LISMAME
SUERIA 12 hold, IXHERE AT AR ML iR .« TUITE AR L1 % R EA TR S5 H 1
g HEARAMRERT (25F 83 FIit) . Eaigth. RBEEETITH
HESERALE UM ESMSEEAY . BTLL, RE $E A0 B8 5 -

= ¥ AMD 2910 B/ R
library 12901 1ib;
usa 12901 1ib. types. all;

uge 12901 1ib. MVL7 functions. all;
use 12901 1ib. synthesis_ types. all:
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entity reg is

port (
RLD bar : im MVL7: -— FE & Ak
load : in MVLT: — FEHESEA
decr @ in MVLY; — BEEES
CLK : in clock; — BER{E &
D : in MVL? VECTOR{l1 downto 0); — TR T EBUAS A
RE : ineut MVL7_VECTOR(i! downte 0); - Bk /R A

Rzero_bar : out MVLY
)
end reg;

architecture reg of reg is

begin
— {RIPHHREERY
reg ctr : bleck { (CLK = ' 1’ ) and (not CLK' stable) )
bagin
RE <= guarded D when ({ load = " 1’ )} or (RLD bar = ' 0’ )} — FiE
elssRE - "000000000001" when (decr = ' 1’ ) and (RLD bar = " 1' )
i
olse RE ; — {RFF ({55 R%)

Rzero_bar <= RE(0) or RE{1} or RE{2) or RE{4) or RE(5} or RE{(6}
or RE(7) or RE(8} or RE{9) or REI1M or RE (11):

-~ BhiE
end block reg ctr;

end reg;

3. HEHNIA 6 8 ROk R RRGE R O

BWERIIA R 2 EE RN T LR ER .
@O M@ ERARFES EREESERN, 44 RUD_bar FR0H TS 3 i 8888

WIS ;

@ HPBES. SWSHERBEESERR (30 RLD bar FHPER T 1HH

ERIZAL

@ B HE SR E R |
@ EETHREN -
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AN R R AT F -

CLK <= ' 0 ; — HWESET
wait for 1 ns;

RLD bar <= ' 1" ; - W=
load <= ' 1' ; — WMEEY
decr <= ' Q' ;

D <= "H00000000000" ;

wait for 4 ns;

CLK <= " 1" : — BHEFEL L. BBk
wait for 4 ns;
assert (Rzero_bar = ' D' ) -— BHEELE

report “Assert O : < Rzerc_bar /= 0} >” severity warning;
assert (RE = "0000000000007) — RAEFBE & & Fif
report “Assert 1 : C RE /= Q00Q0Q0C00000 »>*  severity warning:

wait for 1 ns;

CLK == ' 0’ :
wait for 1 ns;
RLD bar <= ' 1' ;
load <= ' 1" ;
deer <= ' 0 ;
D <= "11L1111111117; — R R —HRE R TIE
wait for 4 ns;
CLK <= " 1" ;
wait for 4 ns;
aggert (Rzerp bar = ' 17 )
report "Assert 2 : { Rzero_bar /= 1 >” severity warning;
assort (RE = "1111111111117)
report “Assert 3 : < RE /= 111111111111 >” severity warning;

wait for 1 ns;

CLK <= " ¢’ :

wait for 1 ns;

RLD bar <= ' 0’ ; — FESHEH X
load <= ' ' ;

deer <= ' Q'

D <= "0000000000007 ;
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wait for 4 ns;
CLE <= * 1' :
wait for 4 ns;

assert {(Kzero bar =

0T

report “Asscrt 4 : < Rzoro bar /- Q 7
assert {RE = “0000000000007)
report “Assert 5 : < RE /= 000000000000

wait for | ns;

CLK <= " 0' ;
wait for I ns;
RLD bar <= " 1' ;
load <= * 0" ;

dect <= ' Q' ;

D == "1111111111117;

wait for 4 ns:
CLK <= ' 1' :
wajt for 4 ns;

aggert (Rzero bar =

-~ B
— T

Jor}

report “Assert 6 : { Rzero bar /= 0 >
assert (RE = 0000000000007}
report “Assert 7 : < RE /= 000400000000

wait for ! ns:

CLE <= ' 0 ;
decr == ' 1" ;
RLD bar <= ' 1’
wait for 4 ns;
CLK <= * 1' :

wait for 4 ns;

assert (RE = "1111111111107}

report “Assert 12 :

wait for 1 ns;

CLK <= ' 0" ;
wait for 1 ns;
decr <= " 1" :
RLD bar <= " 0' ;

eevarity warning;

>" geverity warning;

— R

- REFLRERE

severity warning;

>"  severity warning:

—— E—¥CRTEA RE=“1111111111117
—HuiEEE R

< BE /= 111111111110 >"  geverity warning;

— BEESEH
— N ST (A
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D <= “1111111111117; — TR hEE
wait for 4 ns;
CLK == ' 1" :
wait for 4 ns;
assert (RE = "1111111111117)

report “Assert 21 : < RE /= 111111111111 >” severity warning:

wait for | ns;

A& 5 AL 40 84. 1 FRoR
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F858 Am2910 MGIEFEHBHESITES
%

1. EBRKETIERE

AR (uPC) 2 12 Gyt R 84 FhERAT BRI FIE 0. HEhhe
EEHMIE ST, ERAEET —RENMTHRRIES M. BS I ESRAMAL
VBRI EHESES clear= * 1" (BRI THF, B THRFHIT LRI AGHEIHAL
ERIEF LS TTI & O BHb ik FHGHUT s TERR S B 5 clear="0’. SCHIHEHEEL Y temp
FCLAmM, HCEL T — MR EEN B3 L AMEE SHONRF 1T - &
CI=0. ¥ uPC=Y. BHIUT E—&HES.

2. BIEH VHDL #R AR IEE S

TEREHR -, (AR RIPSERST R RIFRARXAHGESH LA - 15
5 uPC g (7 inout 7730, LUSCERECERMRFFIO6E . RRARAR T -

|ibrary 12901 lib;

use 12501 lib. types. all;

use 1290] 1ib, MYLT functions. all;

sntity upc is

port {
CLK : in clock;
CI Toin MVLT,
clear 1 in MVLT;
Y temp ; in MVL7_VECTOR(11 downto O);
ubg : inout MVL7_VECTOR(11 downto O}
)
and upc,

architecturs upc of upc is
begin
PC : block ( (CLK = * 1" } and (not CLK' STABLE) } - {RiFthitiy
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bagin
uPC <= guarded Y _temp + ("00000000000" & CI) when (clear = ' Q' ) —pt%k

slee "R0D0DONOCOGN” when clear = * 1’ — T
olse uPC; — R
end block PC;

end usc;

3. BRI O BRI R ARG RS

AFIRBIRA R EERRET - BN RN EERIGX 4R e TtR
=45 PR

CLE == " ¢’

wait for 1 ns;

Cl == 7 ¢' ; — ZEHE uPC <- Y _temp
clear <= ' Q' ; — iVEORE

Y_tlemp <-= "DG000000000G”

wait for 4 ns;

CLK <= ' 17 ; -— BEp LBk
wait for 4 ns;
assert (uPC = “0000000000007) — BIFER

report "Assert 0 : < uPC = D000000GOCO0 > wmeverity warning;

wait for 1 ns:

CLK <= ' 0' ;

wait for | ns;

CI == "0 —— SR uPC <= Y_temp
clear <= ' 0' ©  — {t#URE

Y_temp <= "111111111111";

wait for 4 ns;

CIK <= " 1"

wait for 4 ns;

assert (uPC = "1111111111117) — RNEEER

report "Assert 1 ; < uPC = 111111]11111 >" sevarity warning:
wait for 1 ns;

CLK <= " 0" ;
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wait for 1 ns:

CI == ' Q' :

clear <= ' 1' ; — #%F
Y temp <= "1111111111117;

wait for 4 ns;

CLK == " 1’ ;

wait for 4 ns;

assert (UPC = "000000000CH0™) — GREEER
report "Assert 2 : < uPC = 000000000000 >~

wait for 1 ns;

CLK == ' D' ;

wait for 1 ns;

Cl <= " 1' ; — SCIN uPC<=Y temp + ' 1'
clear <= ' 0’ ; — i EAE

Y_temp <= "000000C00000”;
wait for 4 ns;

CLK <= 7 1" ;

wait for 4 ns;

asssrt (uPC = 0000000000017}

gever ity warning;

report “Assert 3 : < uFC = 000000000001 > geverity warning:

wait for | ns;

CLE <= " 0’ ;

wait for 1 ns;

Cl <= "1’ : == 0 uPC<- Y_temp + ' 1’
clear == ' Q' — HERE

Y_temp <= "000000000001":
wait for 4 ns;
CLK == * 1" ;
wait for 4 ns:

assert (UPC = "000000000010"}

report "Assert 4 : < uPC = Q00QDOOOQOLD > severity warning:

wait for 1 ns;

LIS AV T EANIE 85. 1 BiR. W EE H T4 -
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%864l Am2910 M{R#E PR HI AR A0 IHEEH
# W

1. RERFIT{ERE

AM2910 RUMERRIER 6 > 12 (ifEfE s, SRS 2RI HEIRN - HERRTE

EHRFERERTA, TRIT POP HRYERY, MERRFSETE 1, PA1T PUSHIR(ERY, MERIEFOR L.

=] .

By TR U A SRS R, TR L, RIS ER iSRS E 2
5 BN R R B

o AHEPGERRE. WD ER— MEFEUARE MR TFRN

o HERREREHRUE, HBEEEE R (REAIT ) FUN

o HERRRTEMALL -

B RE) VHDL ik h R RIEES
R MERRIPEREE T R EERA AR EE Y LA .

{ibrary 12801 _1ib;
use 12901 lib. types, all;
uss 12901 1ib. MVL7_functions. all;

entity stack is

port (
CLK : in clock;
pop : in MVL7;
push : in MYLT;

clear : in MYLT;
uPC @ in MVLT VECTOR(11 downto ©);
Sp : inout INTEGER range O to 5;
reg_f:le : inout MEMORY 12 BIT(5 downte 0):- TEif#gsH 6x 121y
FULL_BAR : out MVL7
);
ond stack:
architecture stack of stack is

bagin
stack_and_Sp : block ( (CLK = ' 1’ ) and (mot CLL’ STABLE) j-- {RiFEéEtg
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signal write address : integer range 0 to 5; - HERRHbHHE S
begin
Sp <= guarded (Sp — 1) when (pop = ' 1" ) and (Sp /= 0)
-— R, 3F sp/=0 (HR) B

slse (Sp + 1) when (push = " 1" ) and {Sp /= 5)
— EHRIE. & sp/=5 (I B
olga O when clear = ' 1’ - 0
else Sp; -= RS S
write address <= Sp + 1 when (Sp /= §)
olse Sp;
reg file(write address) <= guarded uPC when (push = " 1' } - %
eles  reg file{write address): — H§%
FULL_BAR <= " 0’ when 5p = § - RRIMyEEE
alsa U L
end block stack and_ Sp;
ond stack;

3. WA G BHIARERBRRERST

T EGEFRR R [ B AR IR (LT IG . B ITRRRE, BARTIES # i
HERZ.

CLE <= ' 0 ; — F¥e{k (Sp=0,Full bar=1)
wait for 1 ns;

pop <= ' 07 ;

push <= ' 0 ;

clear <= ' 1" ; — WishiE%

uPC <= 7000000000000 ; — FHihE

wait for 4 ns; - t%FEEtT Sp

CLK <= ' 1' ;

wait for 4 ns:
assert (Sp = O}

report "Assert 0 : < Sp /= 0 >" sewverity warning;
aggsert (FULL BAR = * 1' }

report “Assert Oa : < FULL_BAR /= 1 >” severity warning;
wait for 1 ns;

CLK <= ' 0" ; —EHIR{E 1 5
wait for 1 ns; — 4:
pop <= ' §' ; — 3:
push <= ' 1’ : — 2
clear == ' D' ; - —> 1
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uPC <= "000000000001" ;— 0 000000000001
wait for 4 ns;
ClKk <= " 1" ;
wait for 4 ns;
agssrt (Sp = 1)
report “Assert [ : < Sp /= 1 > severity warning;
assert (FULL BAR = ' 1’ ) _
report “Assert la : < FULL BAR /= 1 >* severity warning;
assert (reg file(Sp) = "000000000001" )
raport “Assert lb : < reg file(Sp} /= DOOCO000C0001 >° severity warning:
wait for ! ns;

CLK ==’ 0" ; — R {E 2 5

wait for 1 ns: — 4

pop <= " 0 ; — 3

push == * 1' ; — —> 2

clear <= 7 Q" — 1: 000000000010
uPC <= "000000000010"; ~— 0. 000000000001
wait for 4 ns;:

CLK == ' 1" ;

wait for 4 ns;
assert (Sp = 2)
report “Assert 2 : < Sp /= 2 > severity warning;
aseert (FULL BAR = ' 1’ ) '
report “Assert 2a ; { FULL BAR /= 1 >" sewvsrity warning;
assert (reg file(Sp) = "000000000010" )
report "Assert Z2b : < reg_file(Sp} /= 000000000010 >” severity warning;
wait for 1 ns;

CLK <= ' 0" ; — TR E 3 5
wait for 1 ns; - 4
pop <= * 0" ; — —> 3
push <= ' 1' — 2: 000000000100
clear <= ' 0’ ; - 1: 0000GO00GH10
uPC <= "000000000100"; — 0. 000000000001

wait for 4 ns;
CLK == 7 1" ;
wait for 4 nsx;
aggart (Sp = 3)

report “Assert 3 : < Sp /= 3 »” severity warring:
aggert (FULL BAR =’ 1' )

report “Assert 3a : { FULL_BAR /= 1 >” saverity warning:
assert (reg file(Sp} = 70000C0O0D0I00" )
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report “Assert 3b : <{ reg file{Sp} /= (00000000100 >” severity warning;
wait for 1 ns;

CLK <= ' 0' ; —TEHRHRE 4 5
wait for | ns; - —> 4
pop <= " 0" ; -— 3: 000000001000
push <= " 1" ; . 2: 000000000100
clear <= ' 0° ; - 1: 000300000010
uPC <= 70000000010007; —— 0. 000000000001

wait for 4 ns;
CLE <= " 1" ;
wait for 4 ns;
assert (Sp = 4)

report “Assert 4 : < Sp /= 4 »" sgeverity warning;
asgert (FULL_BAR = ' 17 )

report “Assert 4a : < FULL BAR /= | >” severity warning:
asgert (reg file(Sp} = "000000001000 )

report "Assert 4b : < reg file(Sp) /= 000000001000 >* severity warning:
wait for | ns;

CIK <= " 07 ; —IRERHRE S —> B:

wait for 1 ns; - 4: 111111111111
pop <= " 0' ; - 3: 00000000100D
push <= ' 1' . - 2: 000000000100
clear <= " ' ; -— 1: Q00000C00010
uPC <= "1111111111117; — 0. 000000C00001

wait for 4 ns;
CLK == ' 1" ;
wait for 4 ns;
assert (Sp = §)

report “Assert 5 : < $p /= 5 >” severity warning:
assert (FULL BAR = ' 0' )

report “Assert H5a : < FULL BAR /= 0 >~ severity warning:
assert (reg_file(Sp} = "I1111111%1111"7 )

report “Assert Sb : < reg file(Sp) /= 111111111111 >* severity warning:
wait for 1 ns;

(LK <= 0' —HR R 5 —>  5: 00000010000
wait for | ns; — 4: 111111111111
pop <= ' 0' : — 3: 000000001000
push <= ' | ; - 2: 000000000100
clear <= " Q' — 1: 000000000010
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uPC <= "000000010000";

wait for 4 ns;

CLK <= " 1' ;

wait for 4 ns;

assert {3p = 5)
report “Assert

assert (FULL BAR = °
report

aggert {(reg lile(Sp)

"Assert

report “Assert

wait for 1 ns:

CLK == ' D' ;
wait for 1 ns:
pop <= "' 1" ;
push <= ' 0’ :
clear <= ' '
CLK <= " 1" ;

wait for 4 ns;
assert (Sp = 4)
report “Asscrt
assert (FULL BAR = '
report
asgert (reg file{Sp)
rapart
wait for 1 ns:
CLK <= " ' ;
wait for I ns:

"Assert

“Assert

pop <= " 1" ;
push <= " '
clear <= ' §' .

wait for 4 ns;

CL <= " 17 ;

wait for 4 ns;

asesrt (Sp = 3)
report “Assert

asssrt (FULL BAR = ‘
report

assert (reg file(Sp)

“Assert

report “Assert 8h :

0. 00000000000]

6 : <Sp /=5 eeverity warning;
0' ) — BRIMEEHTRER
6a ; < FULL_BAR /= 0 >" geverity warning;

= 000000010000 }
6b :

—ERRIE | 5: 000000010000

- —» 4: 1111111111131

- 3: 000000001000

- 2: 000000000100

— 1 000000000010

—= 0 00O0000H0001
T:48 /=4> sevyerity warning;
1)
7a : < FULL_BAR /= 1 >" severity warning;
= "G000000010007
b Creg file(Sp) /= 0000D0ODI0O0 >” severity warning:

000000010000
111111111111
000000001000
Q00030000100
000000000010
000000000001

—HERRLE 2

&
4;
—-> 3
2:
1:
0.

8
1)
8a : < FULL BAR /=1 >”
= 0000000001007 )

< reg_file(Sp) /= 000000000100 >

<Sp /= 3>" weeverity warning;
severity warning;

severity warning;

< reg_file(Sp) /- Q00ODOOL0000 >” severity warning:
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wait for 1 ns;

CLK <= ' 0 i HERE 3 5: 000000010000
wait for 1 ns; - 4; 1L1111111111
pop <= " 17 - 3: 0000043001000
push <= " 0’ ; - —> 2: 000000000100
clear <= " {' - 1: 000000000010

- 0. 000000000001

wait for 4 ns;
CLK <= " 1" ;
wait for 4 ns;
assert (Sp = 2}
report “Assert 9
assert (FULL BAR = ' 17}
report “Asgsert 9a : < FULL BAR /= 1 >” severity warning;
assert (reg file(Sp) = "0000000000107 )
report “Assert 9b : < reg file(Sp} /= 000000000010 >” severity warning;
wait for | ns;

< 8p /= 2> severity warning;

CLK <= ' 0" : R ERAT 4 5: 000000010000

wait for 1 ns; - 4: 111111111111

pop == ' 1" — 3: 0000300201000

push <= ' 0’ ; - 2: Q00030000100

clear <= ' ¢’ ; - -2 1; 00030000010
- 0. Q00000300001

wait for 4 ns;

CLE == " 1' ;

wait for 4 ns;

agsert (Sp = 1)

report “Assert 10 : < Sp /=1 > severity warning;

assort {(FULL BAR = ' 1' )
report “Assert 10a : < FULL BAR /= 1 >" severity warning;
agsert (reg file(Sp) = "000000000001™ )

report "Assert 10b : < reg file(Sp) /= 000000000001 >” severity warning:
wait for 1 ns;

CLE <= ' Q' ; —HIR{ES B: 000000010000
wait for | ns; - 4: 111111111111
pop <= ' 1" ; - 3: 000000001000
push <= ' 0' : -— 2: 000000000100
clear == ' ¢’ — : 000000000010

{
- —>» 0; 000000000001
wait for 4 ns;
CLK == ' 1"
wait for 4 ns:
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assert (Sp = 0}

report “Assert 11 : < Sp /= 0 >" severity warning:
agsart (FULL BAR = ' 1’ )

report “Assert 1laz : < FULL BAR /=~ 1 > severity warning;
wait for | ns;

(BABELHE: 86_stack.vhd
B F & X4 86 stack stim.vhd)
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F87H Am2910 MAIIEFZHI B8RS FME
o
1. BRARFEIFEFRE

54 AT BRI NSRS A\ BHE S 1R0E 130 S HAk SR EREE S (R=0 T
*£ 871 H[ELTFEE

_ T FAIL PASS T ' l
| F | cCEN_barL CCEN_bar=H HE®E | PLbay |
3~0 | BHCH | & and CC bar=H Or CC_bar=L a's 8 MAP_bg:x CLh
. —] r | VECT
RYO 1muy | sir |mumy [pgr | MR VECLDa
0o |1z — o CLEAR | 0 CLEAR | HOLD | PL bar | ki
1 {as J— |pc  |mOLD |D PUSH | HOLD |PLbar 277
2 |map |- |bp HOLD | D HOLD | HOLD | MAP bar | MAP#8
I R . - .
3 |ap |- |pc  |HOLD |D HOLD | HOLD | PL bar f;{* PL %
| S T - :
_ . ]mm/%
4 | pusn | pC PusH (PC|PUSH gD | RLbe  |godid
5 |1sRP | - | R PUSH |D PUSH | HOLD | PLbax | T W
—_—— -1 T—-..'_,—- -n_——-.—l'l—-
6 |cov |-~ ipc  |moLD |D HOLD | HOLD = VECT bar | EfFFEX
| . 2
BEERE HOLD | D HOLD | HOLD | PL_bar % PhBLsE
_ 7 ® |t 3 |
0 |F HOLD |F HOLD | DEC | PL bar
8 | RFCT [ \ — - FHER
=0 |PBC POP | PC POP HOLD | PL_bar
=0 | D HOLD |D HOLD | DEC | PL_bar
9 | RPCT — S S EFHT
-0 |pc | moLD |PC HOLD | HOLD | PL_bar
10 {cRIN |~  [rC HOLD |F | POP HOLD | PL_bar & 45g
11 |cpp | — PC HOLD | D POP HOLD | PL bar | #ftsel
12 |IDCT |~ /PC |HOLD |PC  |HOLD |LOAD | PL ba | A
- - | ;i
13 |LOOP | = |F HOLD |PC  [POP | HOLD 4 PL bar | ORI
14 [CONT | = |Pc  [HOLD [PC | HOLD | HOLD | PL bar | 4=
20 | F HOLD | PC POP | DEC | PL bar o
s | TwB | a 4 e —hy
1 =0 | D POP | PC | POP | HOLD | PL bar =7 LB

FE 1. & CCEN_bar=L AND CC_bar=H HOLD ; #N| LOAD
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B~ CC_bar §) CCEN_bar}, 4279 H —RIOIEHEG S HREESEHBHR—K
HWTIE. E B EEIZLE D - S5 EENRST. LT

T, X RPERREIESE R .

@ #4 0. JZ (JIMP to ZERO =% RESET) T&R#HENIIES . ©itflst Yo, H#
EZ R AR S 5 A

@ $84 1. JSB (CONDITIONAL JUMP-TO-SUBROUTINE) RiEH T84 . HMlidismd
AR, (PASS), TREFMMiEed (D) WA HTEFRFIE (MFRTHT—
RIESHIFR)  FEFNBRE —RIESRE CRIN, MWfRiEk Eg (MFEHITH
T—RESHAHER ) ; TN (FAIL) MFHITF&R#ES (PC).

@) $8< 2. MAP (JUMP MAP) BRGIBKEE . GE—RITHFUBIEES. HUTXRIESH
MAP_bar F7. MIEIZHIR] % ROM FHthhb3E ) ERITIRHIEs, AMHUT ROM dhiyiEsF -

@ #5% 3. CJP (CONDITIONAL JUMP PIPELINE) Wi/KEZFRF EFBkE - IRIBMIA &
fF (FAIL BE PASS) FUITKEREF (olk i KERFAR REG L) REFHIT T &8
FF o BTIZFHE S0 PL_bar HH . ©AFHEFSHRNITTIENMEREFY] .

&y 6% 4. PUSH (PUSH/CONDITIONAL LOAD COUNTER) FE#,/ it EEfiE . 1B
PEANA S5 (FAIL 5 PASS) (§EM T EEME AT #HE (R).

® $5% 5. JSRP (CONDITIONAL JUMP-TO-SUBROUTINE) 4857464 . Mkt
FfFRKAL (PASS), TREFRIMILLE (D) BRI ; TN (FAIL) BIFHEHRATHTE
FET (R) - BT RIERIFEY (WFIITH T —RESHut#R) , FTREFMEE—&
FE% R CRIN, WMRIEMREH (WFHITH T — &5 mak Hik) .

@ 1< 6. CJV (CONDITIONAL JUMP VECTOR) S:ft&BBkS. MENRSS BT
BRI A IR EI% . It VECT bar B3, Fomrbiiak DMA HR{EZ .

® $54 7. JRP (CONDITIONAL JUMP) £%{FBRFS. ME&H. BEEE3I D 5 R 455
R K

@ $§4 8. RFCT (REPEAT LOOP, COUNTER#ZERD) £#:483F. £ R20. H4F R<-R-1
PRIE, BESEERITIEIRIE, 7 R=0. FEFESTH . TEITIRIEIE SRt R iR H 15

@0 #§4- 9. RPCT (REPFAT PTPELINE REGISTER, COUNTER £ ZERQ) S%{HHEFT . 5 R20,
HUTR < R-1HR(F, SEEEHVTIBIRRME, £ R=0. BHEH. EIFREE NS R

@ 5% 10. CRTN (RETURN-FROM~SUBROUTINE) 2R [m]. &3 5464 CIS F] JSRP
RAXHER. BT FREFME SRR .

@ 45% 11 CJPP (CONDITIONAL JUMP PIPELINE) % :BkE: 5L POP 1k .

@ #54 12; LDCT (LOAD COUNTER AND CONTINUE) %5 A 1H3{& H4EEEIMITIES .

@ 54 13. LOOP (TEST END-OF-LOOP} fE3T4E sl .

® #4% 14. CONT (COUNTINUE) #kaEiiiTHes .
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® 15+ 15. TWB (THREE-WAY BRANCH) =4 Z§5H45% - WA BIHER (F) . &

# (R) BUfIKER (D) FEmAybt .

MEL Ep#ral LIEH, fESFR0EEENER. HE BTERNENBALE

SHNEERE, R RENHSPHRAL. Hit, AESTFLRUIENFEE BH

R RS .
2. HEER) VHDL RT3 E REZ S
FHLEA ) SR 4 -

library 12901 1ib;
uge 12901 1ib. types. all;
uae 12901 _1ib. MVL7_functions. all;

entity control is

port ( .
I : in MYL7_VECTOR(3 downto 0); -~ S5 A
CCEN_bar: in MVLT; - SRR
CC_bar : in MVL7: - AhEER
Rzero_har : in MVL7; — TiRERA
PL_bar : out MVLT; - FnEEm A
YECT _bar : out MVL7; -~ fREMH
MAP bar : out MVLT,; - fEREH
R_sel: out MVL7; - FESAREHE SR
D _sel: out MVL7; — R RHE SRS
uPC_sel : out WVLT; — BRFITESEHES WL
stack_sel : out MVLT: -- HERRIESIERIE S W
decr : out MVYLT, - BEEEHE S
load : out MYL7; — FREFHE S5
clear: out MVLT: — HERRIZHIE S
push : out MYL7; — HEBEIE SN
pop : out WVL7 — HREESRAT
)
end control:

architecture control of control is
bagin

ctrl:block

eignal fail : MVLT:
begin

fail <= CC_bar ard not (CCEN bar): —— Fail #1 Pass &

Dosel == " 1' when ( T ="0010") or ( Rzero bar = ' 1' and I = "1001") er
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( Rzero bar = " 0' and fail =’ 1' and I = "1111") or
( (fail ="' 0" ) and
( (I="0001")or (I="0011") or
(I="0101") or {I="0110"1% or
(I="0111" ) or {I="1011")))
else " O’ ;
uPC sel <= ' 1' when ( I = "0100" ) or (1 = "1100" ) or { I = "1110"} or
(fail="1'")and ( (I ="0001") or ( I = "00LL" ) or
I =70110" ) or ( I ="1010" ) or
I ="1011" ) aor £ I "11107 ) } ) or
( Rzero bar = ' 0" > and { ( I = "1000" ) or
I =
{

"

710017) } ) or ( {fail =’ 0' } and
I="1111" ) or (I ="1101"} } )
eles '
stack_sel <= ' 1' when { Rzero bar = ' 1’ and I = "1000") or
{ fail = " 0" and I = "1010") or
( fail =" 1" and I = “1101") or
{ Rzero bar = ' I’ and fail ="' 1 and I = "1111")

elees ' O
R sel <= ' 1" when (( fail = ' 1" ) and ({ 1 = "0101” ) or { I = "0L117}))
else ' 0 ;
push <= 7 1" when ( (fail =" 0’ ) and ( I = "D0OL") ) or
£I="0100") or { I="0101")
else ' 0 ;

pop <= " 1° when ( (fail = " 0’ ) and ( ( [ = 71010” ) or (1 = "1011" ) ar
(I-"11017) or £ 1 ="1111"} 3} or
( (Rzero bar = ' ¢’ ) and ( (I = "1000" ) or ( I = "11117) } )

elgs ' 0' ;
load <= ' 1' when { {I = “11007) or (I = "D100” and fail = ' §' )
slge ' 0" ;
deer <= * ' when ((Rzerc_ bar = ' 1° } and ( (1 = "1000" )} or
(I="1001") er (T ="1111"} })
elsa ' O ; '

MAP bar <= ' 0’ when I = "0010" else " 1° :

VECT bar <= ' 0’ when 1 = "0110” else " 1' :

PLbar <= ' 1" when (I = "0010" } or ( I = "0110") elss ' O’ :
clear <= " 1" when I = "0000” alge ' 0' ;

il

end block ctrl;

end control;
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3. BRI R & KRR RIERERSH

AR A E & MAFR S BB K . BN REA LB F—RE
& WA EYBARS —IEREMNNNMNEREES, B4H =128/l G ). A
BEEEMHIRERES (BEN 120) . B8, EARR TR R BHER FRLL R T aE thEl
AfFS LRI E SR -

N R A WA el BT AT

—= ookl kR Rk Rk

— %[ =0 REE{UES *

—— sk ok Ak k

I <= "0000"; — &5

CCEN_bar <= ' Q' ; — HM%HF

CC bar == " 1" ;

Rezero_bar == ' 1' ; —  ERREf

wait for ! ns; v HRE S MRS

asgert (PL bar = ' 0’ )

report “Assert 0 : < PL_bar /= 0 >” severity warning;
asgert (VECT bar = ' 1')

report “Assert 1 : < VECT bar /= 1 >” geverity warning:
assert {(MAP bar = ' 1’ }

report “Assert 2 : < MAP bar /=1 >” savarity warning;

agsart (R sel = ' 0' )
report “Assert 3 : < R sel /= 0 >" severity warning;
assert (D sel = ' 0 }

report “Assert 4 : < D_sel /=0 »” severity warning:
assert (uPC_sel =’ 0' )
report “Assert 5 : < uPC_sel /= 0 >” geverity warning:

assert (stack sel =’ Q' )
report “Assert 6 : < stack_sel /= 0 > severity warning:
aggert (decr = ' 0’ )

report “Assert 7 ; { decr /= 0 >” smeverity warning:
assert (load = ' 0’}
report “Assert 8 : < load /= 0 >” severity warning:

aasert (clear = ' 1’ )

report “Assert 9 : < clear /= 1 > geverity warning:
asgert (push = * 0’ )

report “Assert 10 : < push /= 0 >” severity warning:
assert (pop = ' Q' )

report “Asseri 11 : { pop /= 0 >” severity warning:
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wait for 1 ns:

.......

—*1=1 FTEFFEEBHES *

P <= "0001": -~ jE5

CCEN bar <= ' 0' ; - Fail k&

CC bar == " 17 ;

Rzero_bar <= ' |’ : — FEYLGMREL X
wait for 1 ns; — BIEEXHHEES

aggort (PL_bar = ' 0' ) -— 1534

report “Assert 96 : < PL_bar /= 0 >” severity warning:
asgert (YECT bar = ' 1' )

report “Assert 97 : < VECT bar /= 1 > severity warning:
aegert (MAP bar = ' 17 )

report “Assert 98 : < MAP bar /= 1 >” severity warning:
assert (R sel = ' @'}

report “Assert 99 : < R_sel /= 0 >” severity warning:
asgert (D sel = ' Q' )

report “Assert 100 : < D_sel /= 0 > severity warning:
sssert (Ul sel = ' 1’ ) — B

report “Assert 101 : < uPC sel /= 1> severity warning:
asgert (stack sel = ' Q')

report “Assert 102 : < stack_sel /= 0 >" geverity warning:
assert (decr = ' 0" )

report “Assert 103 : < decr /= 0 >7 sgeverity warning:
agsert (load = ' 0’ )}

report “Assert 104 : < load /= 0 >” severity warning:
agsert {clear = ' 0' )

report “Assert 105 : < clear /= 0 > severity warning:
assert {push = ' 0" )

report “Assert 106 : < push /= 0 >” severity warning;
assert {pop = ' Q' )

report “Assert 107 : < pop /= 0 >” sgeverity warning:
wait for | ns;

I <= "0001"; == fES

CCEN bar == * Q0" ; — Pass &%

CC bar == ' @' ;

Rzero_bar <= * 1' : — EXRIEE
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wait for I ns; — EFRHH{SE
agsert (PL bar = ' 0’ ) — %

report “Assert 120 : < PL bar /= 0 >” meverity warning;
assert (VECT bar = ' 1’ )

report “Assert 121 : < VECT bar /= 1 >” ageverity warning;
agsert (MAP har = " 1' }

report “Assert 122 : < MAP bar /= 1 >" ssverity warning:
asgert (R sel = ' 0' )

report “Assert 123 : < R sel /= 0 >" severity warning:
mgaert (D sel = " 1' ) — HX

report “Assert 124 ; < D sel /= 1 > severity warning;
asgert (uPC sel = ' 0" )

report "Assert 125 : < uPC_ sel /= 0 »>” severity warning:
asgert (stack sel = ' (@'

o

report “Assert 126 : ¢ stack_sel /=0 >7 severity warning:
asgert (decr = " ')

report “Asscrt 127 : < deer /= 0 >° ssverity warning:
assert (load = * 0' ) '

report “Assert 128 : < load /= 0 >” severity warning;
agsgert (clear = " Q' )

report “Assert 129 : < clear /= 0 > severity warning:
assert (push = " 1' ) — H¥

report “Assert 130 : < push /= 1 >” severity warning;
asgart (pop = " 0' )}

report “Assert 131 : < pop /= 0 >” severity warning:
wait for 1 ns;

—— serkolckkkokak ok Rodoiok Aok

—x 1B S

—— sk koo kk

T <= "1000": — BYE (HREAFHL)

CCEN bar <= ' ¢ ; -— 5 Pass sf Fail %

CC bar == " 1’ ;

Rzeroc_bar <= ' 1' — Hx{E8

wait for I ns; — FRUEEE 1 B (Rzero bar = 7 17 )

assert (PL_bar = ' 0’ ) -- ¥
report "Assert 768 : < PL_bar /= 0 >" geverity warning:
assart (VECT bar = ' 1’ )

report “Assert 769 : { VECT bar /= 1 >" sgeverity warning:
assert (MAF bar = ' 17 )
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report “Assert 770 :

assert (R sel = ' 0’ )

report “Assert 771 :

asgert (D_sel = ' 0’ )
report “Ascert 772

assert (uPC sel = ' 0' )
report “Assert 773 :

agsart {(stack sel =" 1' )
raport “Assert 774

agsart {(decr = ' 1" )

report “Assert 775 :

assert (load = " 07 )

report “Assert 776 :

asgsert (clear = * 0' )
report “Assert 777 :
assert (pusk = " 0" )
report “Assert 778 :
asgert (pop ="' 0' }
report “Assert 779 :
wait for 1 ns;

{ AP bar /= 1 >" severity warning;

< R_sel /=0 " severity warning:

: <D sel /=0 > severity warning;

C uPC_sel /= 0 > severity warning;
— B

< stack sel /= 1>"
— B

< decr /= 1>" severity warning;

severity warning;

< load /= 0 >" sevarity warning;
< clear /= 0 >" geverity warning;
< push /= 0 > severity warning;

< pop /= 0 > sgeverity warning:

I <= "1000"; - 54T

CCEN bar <= ' 0’ ;

CC bar <=’ 1’ ;

Rzero bar <= ' §' ; - H2RMENR

wait for 1 ns;

assert (PL_bar = ' 0" }
report “Assert 780 -

agsert (VECT bar = ' 1' )
report “Assert 781

assert (MAP bar = " 17}
report “Assert 782 :

asgert (R sel = ' 0' )
report “Assert 783
assert (D.sel = ' 0' )

report “Assert 784 :
aggert (UPC sel = " 17 )
report “Assert 785

agsert (stack _sel = " 07 )
report “Assert 786 :
asgert (decr = ' 0" )

— B#
< PL_bar /= 0 > severity warning;

: < VECT_bar /=1 >" severity warning;

< MAP bar /= 1 »” wsaverity warning:

: < Rsel /=0 %" sewarity warning:

<D sel /= 0> sgeverity warning;
— H#®
< uPC_sel /= 1 >” sgeverity warning;

{ stack_sel /= 0 > severity warning:
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report “Assert 7B7 : ¢ decr /= 0 >” peverity warning:
asgort (load = ' 0" )
report “Assert 788 : ¢ load /= 0 »” Bewerity warning;

asgart (clear = ' 07 )

report “Assert 789 : { clear /= 0 »” severity warning:
assert (push = ' 0’ )

report "Assert 790 : < push /= 0 > severity warning;:
assert (pop = ' 1' ) — H¥

report “Assert 791 : { pop /= 1 >" severity warning;
wait for [ ns;

[ 87. 1 NI RAWIEE. Hip i3~0 = i[3]i[2]i[1]1{0]. M EWLIE H.
BRIERSR 8T INE L —B, KTREREERMN.

1 Am2901 £, 5 833 FIEIE 87 FifY Am2910 H B — M EANHTFRE. RASHR
BETT . M RSN E R RERE

ﬂ-‘J%_

aleief nlo) mm-i lzl

Curgor 0.0

e 3_' T TR | TR R R I AT e e
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et bar o 1 OEODOBOTTODEDHDDTTOIDRTODEDDDDTTDHDA
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i pop 5 0 i@ —
push >0 )¢ D D0 D
clear | (I_ Tx0
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1. BRRGELIERE

AFHER — RS, R EmE 88. 1 R . B, Datad~0 it BU{E
BHI A Y3~0 i EEtR - Conl~0 HIEHIRAG. Sub JEBEE S, Clk FoRifill
AT -

Dataj~— 00—
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Conl~0 Counter
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E 88.1 Arms counter REF

FRIEXt Arms counter WUIHAEREIR. HESIIREEWIME 88.2 AUT . RIS
{condition register) . S 1EMEES (condition decoder )~  TPRILH 272 (limit
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(1) FEUHFERNRH DR

S{EEHS (Con) TEMEIEES Strd MFER FRENERA R Conl~0, L2 1FIF
198 (ConSig) FMREEERIES . IEHESEFRANLRS8.1.

B8l FHFEB5ERE #8382 HNBIMHSR
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VB S R R AR SR RS R R 8 -
(5) FHl%

HRIEHA R Con MIIF B HEERA, RHEXNBESS, 81,

@ Con=10" & Con="11"At, {#iEnit B 1 ;

@ Enit @y EFHIRE(L En M REnit, Efhet2I{# REnit & 0,

@ REnit { EFHHE {7 Bnit

@ En By EFHIB{EREIHIEE, EIPBOIE R RE

© THEES SR B E AT R E AR S (ONT=LIM) ${7En, iH38se it5.

2. HERRY VHDL SE SR A R IEE 4R
FRIRRTE AT IR, TEMIAR R AR 4 MEEIAES - FRSEHE S 4 5T 4
ki TS VDL BERa BHH BT IR .
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uss work. BIT FUNCTIONS. all;
entity ARMS_COUNTER ie

port {
Clk : in bit; -
Strb  : in bit; -
Con : in bit_vector(l downto O): -
Data : in bit_vector(3 downto Q) -
COUT : out bit_vector(d dowmte 0)); —

ond ARMS _COUNTER;

architecture ARMS COUNTER of ARMS COUNTER is
signal ENIT, RENIT: bit:
signal EN: bit:
signal ConSIG, LIM: bit vertor(3 downto 0}:
signal CNT : hit vector (3 downto 0):

begin

— EBEg
—— BREfE 5L Strb, RENIT
DECODE: process (Strb, RENIT)
varisble ConREG: BIT VECTOR(l downto 0} :=
bagin
if (Strb =" 1" ) and (not Strb’' STABLE) then

Jvoorr :

ConREG := Con;
case ConREG s —— Z%4F3FE5
when "00” => ConSIG <= "0001";

when "01% => ConSIG <= “0010";

when "10” => ConSIG <= “0100”: ENIT <= '
when "117 => ConSIG <= "1000”: ENIT <= '
when cthers =>
ond case;
ord if;

if (RENIT="'1") and (not RENIT’ STABLE) then
ENIT <= " 0’ ;
and if;
snd process DECODE;

— HERME
LOAD LIMIT: process (Strb)

A< COREL RE
g
trBR
THEFR{E

A SlzL

- AFEE

-- Strb FHitERE

— IRBEE
— HHIRTAR
— it
— it

1
1" ;

— e
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— FRE & ConSIG()=" 1" H Strb THBL

bagin
if (ConSIG(1) = " 1' ) and (not Strb’ STABLE) and (Strb = ' 0’ ) then
LIM <= Data; — SNEEBURE A
ond if;

ond proosss LOAD LIMIT;

— ¥
CTR: procesa (ConSIG(C), EN, Clk)
variahle CNTE : BIT := ' §' ;.
begin
if (ConSIG(0) = " 17 ) and (not ConSIG(0)’ STABLE) then
CNT <= "0000"; — &%
ord if;

if (not EN' STABLE) then
if (EN= ' 1) then

CNTE - “ 1! ;
alse
CNIE := ' Q' ;
end if:
ond if;

if (not Clk’ STABLE) and (Clk = * 1" ) and (CNTE= ' 1' } then
if (ConSIG(2) = ' 1’ ) then

CNT <= CNT + "0001°; — b
olgif (ConSIG(3) = ' 1' } then
CNT <= CNT - "0001"; — MEif%y
ond if,
ond if;

anhd process CTR;

— ik
LIMIT CHK: process (CNT, ENIT)
bagin
if (not ENIT' STABLE)} then
if (ENIT = ' 1' ) then
EN <= ' 1' . RENIT == ' 1' ;
olse
RENIT <= ' 0" ;
end if;
ond if;
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if (BN ="1') and (CNT = LIM) then — i385 HEIRER SHE%

BN <= "0 ;
ond if;

ond procese LIMIT CHK;
COUT <= CNT; — TR {E R
ond ARMS_COUNTER:

3. RAMKEAEMNRFERBRSERAH

AHITE ¢ MHTHER, & THENBEES AT 2HEE - EREEHE Bk
T ERAMEE SEURIETBOER T ERAE . MR EBENEHEN. ¥

B3t HA S il -

AR R S SR S . BRI 50 ns. AR E
—EHBERAE T severity TAUEb4r, fR4E VHDL Bk, EKM AL UM IR error .

process
begin
wait for { ns;
Clk <= transport ' Q' ;
wait for 49 ns;
Clk <= transport ' 1' ;
ond process;
- R
process
begin
wait for 30 ns;
— MR L . BRAEN . B BRI iHEERTE
- B
Con == "007;
Strb <= ' 1" after 10 ns, ' (' after 20 ns:
wait for 50 ns;

assert (COUT="0000") report "ERRORI: COUT not reset
- FIE MR

Data <= "00107; — FHE &%
Con <= "01"; :

Strb <= " 1" after 10 ns, ' 0’ after 20 ns;
wait for 50 ns;

- B 1 EERE S
- B2 AR

to 07;

— S 3B
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Con <= "107: — Mit¥&H
Strb <= ' 1' after 10 ns, ' 0° after 20 ns;

— BT

wait for 50 ns; — #F4 M eHepEE
assert (COUT="0001") report "ERRORZ: COUT not incremented to 17;

— RSB TR

wait for 50 ns; — ¥ 5 aTEh A

assert {(COUT="0010") report "ERROR3: COUT not incremented to 27;
— =, R YEESE SRR A

wait for 50 ns; — & 6 ETdE HE
assert (COUT="0010") report "ERROR4: COUT should have.hit limit at 2°;
— HEER TR

Con <= "107;

Strb <= " 1' after 10 ns, ' 0 after 20 ns;
— MR, EASa0IRES U ERENE
wait for 50 ns; - 8 7 PR R R
aggert (COUT="0010") report "ERROR5: COUT should have hit limit at 27;

- AR ST

Con <= "117; — BEIFEEY

Strb <= ' 1' after 10 ns, ' 0" after 20 ns:

— ATt RS . AN EENTECRERES - .

wait for 50 ns; — 8 TATE/RES
assert (COUT="0010") report "ERROR6: COUT not decremented to 27:

— WEHFMITEFR (0}

Data <= “0000";

Con <= "017;

Strb <= 7 17 after 10 ns, ' Q' after 20 ns;
wait for 50 ns; — 9 EEhEHA

- BEITRL

Con <= "117; BRI SR

Strhb <= " 1' after 10 ns, ' 0 after 20 ns;

wait for 50 ns; ' - 10 M ER
- AR

asssrt (COUT="0001"} report “ERROR7: COUT not decremented to 0":

Al 10 {6 e R AR R LU RO AN P 88. 3 R« FRIBANT A M T LB i, 8
LR 2L
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Cursor 0.0

-|'m"'|”1.'.|-\|'1|""t""|""I""‘!"..L“'-llll'il.l”“|I“‘l““l"'”'””l‘l.'

flhe inps
Scale = 100.00 0.0 540.0 1280.0 1920.0 7560.0 3200.0 38410 448014
cout s o000 0000 o661 Y 0010
! data ¢ oooo [ oooo Ypoio 0010) toao
;; con 00 ¥ 01 X 0¥ 11 X 01 ¥ 1

sirt o0 M JL__T1 I T Tl
ek o0 I I | I | | | I

sih o 0 _

| ent o o0 [ 0000 3 0001 Y onin

illm o 0600 0000 o010 DY 00
:. consig o 0890 K oooo ¥ oon1 Y oDio Y 0100 ¥ 1000 ¥ o010 )(_j
¢ 0 I L B
et x | L |

j; enlt o 0 |

| Al g -

883 ERSHERIGER

(B4GE L % 88 arms_counter.vhd
WK S L4 88 arms counter stim.vhd
88 pack 2 O.vhd)
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F 894 MprERrREINERS
o

1. BERGETIERE
P97 &R i (IR A AOEE R 4N E 89. 1 AR -

Cout 83 52 81 S0
L g t A3~AD
® A } B3~Bo
Cin

]
G3|T3|G2, T2 |G1|T1]Go|To

1Y
1

AW £ 3T 4R

I

B 89.1 BATRLIMERGHIER

FERISE AL LSRN R R 7 R B 5 E 8, BT LI £
BARHEH B X R - 1% A0, BO AR BB Cin WMEMDEGES. RN
1 SO S5 &7 F# 7 CO 25 H

CO=A0+B0 + (A0 @ BO) ¢+ Cin
SO = A0 @ B0 & Cin

1% TO=A0®BO, GO=AO - BO, &pRHiIPRFAdtfi{s i BBMsi LB, I LR %

g5H
CO =GO + TO+ Cin
SO =T0 @ Cin

ERI AT R e o BB R A N
CI=G1+T1CO=GL+TL » GO+T1 * TO » Cin
S1=T1 @ CO | ,
C2=G24T2 « C1=G2+T2 « G1+T2 + T1 « GO+T2 » T1 * TO » Cin
S2=-T2 @l
C3=Cout=G3+T3 *C2=G3+T3 *G2+T3 »T2 «GL+T3 *T2 «T1 *GO+T3 »T2 »T1 +TO +Cin
S3=T3 @ (2
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-

LR VHDL IR E T E R B HHIIA
2. B VHOL fiR A E BiEE G

use work, bit_FUNCTIONS. all;

entity FULL ADDER is

port {
A
B

i

5
C

in

out

: im bit_vector{3 downto 0):
: in bit_vector {2 downto 0);

:im bit;

» out
out

bit_vector (3 dowrto 0);
bit);

ond FULL_ADDER;

architeoturs FULL ADDER of FULL ADDER is
sA , sB ,s5 : bit vector (3 downte 0}
sCin , sCout : bit

signal
signal
aignal
gignal
signal
begin
sh <=
sB <=
sCin
sT(0)
sG{0)
sT{1)
sG{1)
sT{2)
sG(2)
sT(3)
sG(3)
sC{0)
sC(1)

sC
sT
sG

A

B
==

<=

bit
bit
bit

_vector(3 downto ) ;

_vector(3 downtoe 0) ;
_vector (3 downte 0) ;

Cin ;

sA(0} xor =B(0O) : -— SR BRI  E RE

sA(0)

and sB(0} ;

sA(1} xor sB{1) ;:

sA (1)
sA(2)
sA(2)
sA(3)
sA(3)
sG{0)
sG{1)

and sB(1) ;

xor sB{Z) ;

and sB(2) ;

xor sB(3) ;

xor sB(3) ;

or sT(0) and sCin : —— HRR{HALE
or sT(1) and (sG{0) or sT(0)} and sCin} ;

sC(2}=<=5G(2) or sT(2) and (sG(1) or sT(1) and (sG{(0) or sT(0) and sCin)):
sC{3)<=36(3) or sT(3) and (sG(2} or sT(2) and (sG{1) or sT(1)

and (sG(0) or sT(0) and sCin))):
<= sT(0)
<= gT(1)
<= sT(2)
<= gT(3)

s5(0)
s5(1)
55(2)
55(3)

xor sCin ; — HBiE
xor sC(0)
xor sC(1) ;
sor sC(2) ;
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5 o= s5 ; ’-ﬁﬁ’rjﬂi
Cout <= sC(3)
end ;

3. RO (5 BRI RIS RIE R

AR B R ARSI BEEERNTTE A SRE 512 (2°) HARME
& REMHBRDREEE -HRALSEHENAN S BOLANERETER K

e FEAB AN BB R BT 5 e SR S RTT . DAPE AL RS
—— A {\EB AT N SRR
entity E is
end ;

architecture AdA of | is
component FULL Adder

port |
A : in bit_vector(3 downto 0):
B ©in bit_vector(3 downto 0):
Cin : in bit;
5 : out bit_vector (3 downto 0};
Cout : out bil);
end component ;
signal sA, sB ,sS : bit vector(3 downte 0):= “00007 :
signal sCin , sCout : bit := ' 0/

signal sC : bit_vector(3 downte 0} := 70000" :
signal sT : bit _vector(3 downto 0§} := "0000” .
signal sG : bit_vector(3 downto () := "0000” :
for all : FULL_ADDER use entity work.FULL_ADDER (FULL_ADDER) :
bagin
FULL_ADDER] : FULL_ADDER
port map (sA, sB, sCir, s5, sCout)
process
begin
sCin <= not sCin after 5 ns ;
sA{0) <= not sA(0) after 10 ns ;
sA(l} <= net sA(l) after 20 ns :

sA(2) <= not sA(2) after 40 ns
sA(3) <= mot sA(3) after 80 ns :
sB(0) <= not sB(0) aftar 180 ns :

sB(1) <= not sB{1) after 320 ns ;
sB(2) <= not sB{2) after 640 ns ;
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sB(3) == not sB(3) after 1280 ns .
— BT MER NG SENREES .
wait on sCin
end proosss
end AAA;

& 89. 2 B AAR AR AL o

..!.rnyﬁm;e
Cursor 0.0
/ Time in ns AR AN SN SRR R R LA EERRY AR RN R
 Scwler 100 jjoe 108 w0 00 400 500
|l sq & 0000 0000 nnuu) 2
st o oooe oooo ¥ oom ¥ o001 ¥ oomt ' oin0 )
sc o oo oooo 0000
|j scout < 0
scin < N ‘ l ‘ ‘ ‘ N
88 o o000 Kooosypoot {oourXpa10Ko010)puit {1 {preoe0ioron)

sb < o000 Joooo 0000} :

1l sa & 0000 -{ 0000 } 0001 X 0010 X 00711 )( 0100 }....

89.2 MBEGHAIMERRRIER

MESRTTIE S, #HARNE S scin B FHH 10ns, B AES sa J 0000
B, ERMHEEAD N 10ns, BAES sb TEAREIRH 50ns HEAEE LB, AL
i i 155 ss SEBr B4R sa § scin 2 fl. M scout #F 0~b0ns AIGELH 0, FmimiE(l .

(RAGELH 2. 89 full adder.vhd

AKF S LK % 89 full_adder stim.vhd
89 pack 2 0.vhd)
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F0f EUMEORREZHITRE (1) —ELESR
£ A&

1. BERAREIT(ERE

BT g8 E=M RS (window searching algorithm based system, fajBR WSS)
B THREHONHERY. HEMENTES string hER—MSHEFR TS
sequence BRIZTBNFH . AT FETIE, XEMIT string HEE R 23, sequence &
£ 8.

BapymEmE 9.1 Fir. T‘%Uﬁ“ﬁhx_ﬁﬁynﬁtiif: HA% A sequence. string
W n A 8 {FFHY burst FI3E A, —HFTE n-1 RIBH - EEA T HPRIP A burst
2ia. FHaMETRE.

,_ | nh |
T [
[ =E | . I % A Seqguence ‘
i ki
: BA stringjburst(k=0)
| ¥ ASequence J
T B A string burst(k=1)
Ii&,’x string burst(kzo)‘ f——
— | ky=k-+1 |
| ko =k+1 |
I ¥ A string xR
| ¥ A string burst k ‘ burst k ar
[
| R E |
k=n—1
w
’ [ wnuR |
L 2 |
E90.1 HENZE 9.2 WHRMIBREE

X HN BRI RES B AR string burst A 8 MEFF 5 sequence IR 8§ EH

SRR, BEEIMEZERITENURMEE Y ANERRE. ﬁﬁ?ﬂ?’]‘ﬁ’]ﬁﬁ‘“*ﬁ
burst & sequence &5 AFE{LL .

MBI 90. 1 FRETLUR N TTREEFEMM RN HATILE . B -2 R R0E AR
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{6, H-RARBEIEFHFOERA T —4 burst BEA . B TFERRERXFENT %
BUEGER, BT REHITH W ISR ITEA R . B2 S FH R RAN
Ui RAM B, PTLASEELfG — RTINS - St SRRk 90. 2 A .

IRHE F A LIRES, WSS 2bafbldla s 4 P, HpaEREm D EHRERRE
mem_string ]l mem_sequence, AL THUTHERE AR 4% co_processor,
keFh, BFE T RREDTRENTRZ 5 - 3 PSTESR 90 #il~58 93 Firp 3 &35
R, ot E VHDL #ERA R .

EXRFPHEE LI H P ELER - ZAESIT R RARNIE S TR, 5H
il B BB 5 Z [ R K R AR 90. 3 AT

mEEEE

p_sel mode doned donel

—_— sl _read sel_read —m—

¥ 5 c_ad s_ad FHE
o RACEEs L= e
[+
——— >

dmin U @vector
YL

B 90.3 hiEAMERRS K E MBS Z AKX R

- PHIEIAL RS B p_sel {5 5 mode 3G #UE . i p_sel HAPHHALTERE, W mode
BESMEEETIES K. R string PIEASEEHMOMCE. HRLEBEEHH
TERR. BENRE - KB REBHIT - BB (E, node 31, FEiTEREN
mJa . ¥ doneC I donel B ; Btk 2 4, mode 0. HIEIFEIT RN 1% doned
i o

IhFEILL PR SRR RES N 90. 4 AR . BXREDE N REORR U RIEFRE &R
7. HS NIREMNES R B R -

2. VHDL iEE#iR RiEL 0

B e BRI BRE F e R A . WS 2 FIMEB S L AT UE T,
S STERTPD A2 BIEERY, (H R R R ERE LB R T MR R iR
. SBATE SR IR BRI RERT AE . R I ERR A S Rl e e
YRR A . BT BRI DR, ATERIERE e AR ESIE A after AT RN

(after 2 ns). DIFEBHOARE.

e
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SR
EEEL

agsign

ik e R &

800

ael min REIT || SHERAT i8I
min_addr iner alu
904 WHELEREHREHE
—— iR dhFE ERR R A HR
entity co processor ia
port(clk tin bitl;
reset tin bitl;
¢ :in bit8;
g : in bit8;
p_sel :oin bitl;
mode toim bitl;
sel read : out bitl;
c_ad :oout bit2;
s_ad ; out hit3;
dnin : out bitll;
vactor T oout bitd;
doned T out bitl;
donel T out bitl):

end co_processor;

— U F IR RO I, (0 R

architecturs behavior of co_processor is

begin
process
varigble 1
varishle x

variagbie d min

:bit3_r;
‘bitd_r;
:bitll r;

-~ FEHA R AT KEAT burst 5 sequence R MZE BT ITH

function distic,s:
variable valB
variable wvalll
begin

in bit8;d: in bitll_r) return bitll r is

‘bit8 r;
‘bitll _r;

val8:=to_stdlogicvector (c)-to_stdlogicvector (s} :

kA FRY If BRI val8 g
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if val8(M=" 1
then
valB(7):=" O
end if;
valll:=val8 + d;—BEMER{HE
return (valll);
end dist;

—FHMESZ I RSt E R
procedure assign{i: in bit3_r:
X: in bitd _r;
signal ¢ ad:0UT bit3d;
signal s_ad:0UT bit5) is
. begin
LA TR EITE sequence FRFTREE{E
c_ad <= to_stdulogicvector (i} after 2 ns:
—LATF BB ZEF A burst B AL B B ORRESE

s_ad <= to_stdulogicvector ({"007&i)+(' 0’ &x)} after 2 ns;

ond assign;

— FEFIEEORN — TR T RIS
provedure init min(signal dnin:OUT bitll) is
begin
min := "11111111000";
dnin <= "DOOCOCHCDQ0”
end init min;

TR S AR TR FBEEN 8 D ERAE
procedure sel min(d: in bitil_r; x: in bitd_r;
' gignal dmin:0UT hitll signal vector:0UT hitd) is
bagin
if & < min then
min :=d;
vector <= to_stdulogicvector (x):
ond if;
dmin <= {o_stdulogicvector{(min):
ond sel min;

AT REHE
beagin
sel read <= ' Q' ;
doned == ' 1' ;
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donel == ' 1' ;
L TIRIBARN p_sel HMEFAFNITF AR
wait until p sel = ' 1' and rising edge{clk)
and reset = ' 17
if mode = " 0" OR reset = ' ' ‘then
—iXRR T RAE -GS TEf

i ="000"
X :="00007;
d +="0000C00000" ;

init_min{dmin) ;
vector <= "0000";

done <= ' Q' ;
alae
if mode = " 17 then
donel <= ' 0’ ;
and if;
ond F;
wait until p sel = ' 0' and rising edgef(clk) and reset = ' 17 .

—IXRERE—EE N LEA R
loop_x: while reset=" 1" loop
d = "QG000000000” ;
loop_i: while reset=" 1' loop
sel_ read <= ' 1’ ;
assign{i, x, c_ad, s ad);

—SERE— AT PR BHLASE A it
wait until rising edgelclk);
sel_read <= * 0'
d = dist{c, s, d}:
i = 141,
if i =0 then
axit loop_i;
oend if;
ond loop loop 1;
sel min(d, x, dnin, vector) ;

A = oxtl;
if (x=0 OR x=8) then
exit loop_x;
erd if;
end loop loop _x;
ord prooeas;

- 414



ond behavior;
—4hEIEFTF IR A A burst SRS A B BT
— A2 EZE 2 FYE R ER IR EE

( Bk AL 90 wss coprocessor.vhd )
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F915) IMBEORREENHITRE (2) —FHIFHSE
F &

1. BRRAGSIIERE

F 90 FIhEEITHET WSS hiathiE b, IMFEFHITIEE AP FIIF G -

FIE R FRRATEEEERFT, SRS AT — I R ThRE T,
B -t B REEAEY sequence BT IR write_ram. FEUHIANZ . EF 4R AW
iR — MDA TEERSIINEHER. B -MROBTS5WRLHESES .

FH MRS EM &5 2 MAER X AWE 9L 1 B

TERHE
c_sel done
—— sel_read
&\ d
pEs -2 P 727 8K 28
e
— j

c_req c_ack c_valid 1}data_in
BB

91.1 FIFEESHHS RS ZE/XR

2. VHDOL B REZ S
7£ mem_sequence { FHB R DR B S HEMHERNEE . SMBXREE TS
PR 73/ port map 1EG]RSTINAY -

[ 91. 2 BIFHITERERRRIRER 50 . Hnihid 2 write ram FNHE{E4 BhThaE %
IC mem_8x8 ] c_inc SEAK -

mem_sequence B — P47 FIRIfF i 83 A0 — 1 RE ISR AR, KT iR T .
libbrary icee;

use icee. std_logic 1164 all;

uge icee. std logic arith. all;
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Sy
0% Jai 322 it 8%

< _ammm_ >

Write _rant

ks
. mem_8.X 8 LifgRT
@ c_ine
DPRAM
e — EXE8
1
HERA !

Moz AHIEERMHREAE

use work.pkg types. all:
use work. pkg compenents. all;

entity mem sequence is

port{ clk o in bitl;
reset © bn bitl;
sel _read 1 in bitl;
c sel ¢ in bitl;
c_req out bitl;
c_ack ~ 1 im bitl;
c_valid :im bhitl;
data_in : in bit8:
¢_ad ;im bit3;
o : out hit8;
¢_done soeut bitl);

end mem sequence:

architsoture behavior of mem sequence ie

signal al :bitd r;
signal addr : std_logic_vector(2 downto 0}
signal sel write tbitl;

begin

process

~L T RE TR

procadure write_ram{sel write:in bitl:data:in bit8) is

bogin
al{=addr after 2 ns;
end write ram;

T EEFEHRE

- 417



begin

c_req <= 707

c done <= " 1" ;
addr <= “000”;

sel write <= " 0’ ;

wait until{c_sel = ° 1’ and rising cdge(clk) and reset = ' iy
¢_done <= " 07 ;
creg <= ' 1" ;

wait until(c_ack=" 1’ and rising edge(clk)} or reset/=" 1"
c.req <= " 0° ;
write loop: loop
if c_valid/=" 1' and addr/="111" then

wait until (c_valid=' 1' and rising edge(clk)) or reset/=" 1' ;

if reset/=" 1’ then
sxit write_loop;
ond if;

ond if;
addr <= addr+l; )
write ram(sel write,data_in};
sel_write=' 1" ;
if addr="111" or reset/=" 1' then

wait until rising edgefcli);

axit write_loap;

erd if;
wait until rising edgef(clk);
sel writeé=’ 0' ;
ond loop write loop:
and process;
sequence_jen: nep_8x8
port map(c, data_in, c_ad, al, sel_read, sel write, clk};

and behavior;

' 418 -
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F024 THEORZEZNHTRE (3) —FHBFMES
x K

1. BEEASGETIERE

% R4 nem_string EFBRTFH B - EREEEILESE . MEBHS. #5
ShERFHAE B 92. 1 R - ESERERICER RFE . A1 F R, X EiERE
TR B DIRETE T A AT write_ram 88 . HEHEE AL B . FifSZE—THUA
58 RAM, He—-Pim O TR REA B— TR TS EREE. FHE
TG %80 VHDL #ER L 5| g A58 VHDL FAR £ 7 init 1R, XHEBHFXES addr
il al BYHE < GHFREATHEEPER T s_inc 0T . FIFEFHERES 7 MRARDN 3 Ma
0 . s_sel in 0 B FHF AR AIEFS ; s_ad B 5 ARHHES ; sel read 7
ETE T ; burst SEREAB LD burst, KFIFER BEESE ABEHFME 3 1 burst , 4
s_done=l WRTFHBEHRBAERR, FHEESTUBNT —1311E. s_req.
s_ack., s_valid ES5WiXE (CPU) PIEF(ES - Y s _req=] I EMSECRE A SIE,
s_ack Jy CPU M {FIEERAMARIE 5, FFifmiE P s_ack=1 J§. ZfF s_valid [F5HF
%, s_valid %5 data_in B AEEPHEE.

pL3-3. 8

s_sel burst 4} s done
———— sel_read

_ad
B SRR
—

5_reg a_ack | s_valid ﬁ data_in

data bus

E 91 FREFRIFRERFRESR

2. VHDL i R iEE S #r

iibrary icee:
uge icee.std_logic_ 1164, all;
use ieee. std logic arith. all;
uss work. pkg types. all:
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use work, pkg components. all;
entity mem_string is

pert ( clk tin bitl ;
reset :in bitl ;
sel_read ;in bitl ;
s_sel :in bitl
burst tin bitZ r ;
5_req pout bhitl
s _ack tin bitl
s _valid :in bitl
data_in 1 in bitd
s_ad :in bhith
8 :out bith
s _done :out bitl );

snd mem string;

architectura behavior of mem_string ie
signal zl, addr : hith r;
signal sel_write : hitl;
begin
process
— itk FIEA AL
procedure init (burst : in bit2 r:signal al : out bits r) 1§
bagin
addr <= burst & "000":
al ¢= burst & "000":
ond init;
—5 RAM, BRSEgriER R ES

procedure write ram ( sel write : in bitl; data : in bit8) IS

I

bagin
al <= addr;

ed write ram:
begin

—EHESHE

5_req ="' 0

s_done <="'1 ;

addr <= "00000";

sel_write <= ' 0' ;

—EE| mem_string H LIEREH#LER. 2904 L FH 53186
wait unti) (s _sel = ' 1’ and rising_edge(clk) and reset=" 1’ };

—-HRPFHN burst BAFBAIE. HHEB ven string A5 ARE

init {burst, addr) ;
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s done <= " 0’ ;

sreg <="1";

wait until ({s_acx=' 1" and rising edge(clk)} or reset/=" 1' };

—BBEREES s_ack 5, B s_req 55
s reg <=°0" ;
write loop : loop

-~ 8 addr R HAEHE S AR08 R

—EJ— burst 83204 8 MER

it s_valid/=" 1’ and addr/=7 and addr/=15 and addr<{23 then
wait until ((s_valid=' 1' and rising edge(clk))

or reset/=" 1" };
— B B
if reset/=" 1" +then
exit write loop:

and if:
ond if;
—HAINFER. —TFRHM
addr (= addr +1;
write ram{(sel write, data_in);
—G ARG SIESENFILT A4 FERATEE
sel_write <= " 1" ;

AP RPN Y mem string B AT B H

if addr=Y or addr=15 or addr>=23 or reset/=' 1' then

wait until rising edge{clk):
exit write loop;
end if;
wait until rising edge(clk);
sel write =" 0' ;
end leop write loop;
ond process;
string_mem :mem 24x8
port map (s, data_in, s_ad, al, sel_read, sel write, elk):
ond hehavior:

(RIGE L E

92 wss_stringreg.vhd )

. 42]



F93P XMEORRFANFTRE (4) —TNEEH 2%
% &

1. BRAZELIERE

N2 H SR EROEERHES, ATHFIIEMES - e SMT T R0
AL . THEESHIZETE command=1 BRI F 5 TIE - 45 HiF 5 R 28 FIZERF SR EE fig SR i B
BEEH R EEE c_sel=1 §] s_sel=1. 7F s_done=0 #] c_done=0 B, BlF¥|{FEfE2RH
FIF TG RN RS MR IRES . H%5F (s_done=1 F ¢ done=1) JFHi{FHEae
HEFBEESROERR . B35 NEAEEMEERE —REEN®RE EAT—1
burst . HGHIET ARES . BHRESBREGS (posel=l). SHFE. FiTHL
FHEFHHETAT 1 burst, HBLEITHEER. ENE 1.

F1-HE G ER
e P
EEXNH%
e_sel | e done| p_sel| [ ,node | done done1 | 5-8¢l s done
burst -
poean| [ wums | [eneows)

M 931 ThEEHHREE

2. VHDL i & i&& 4

library ieee;
use ieee std_logic_1164. all;
use ieee. std _logic arith. all;
use work pkg types.all;

entity top is

port { clk Din bitl;
reset T in bitl;
command : in bitl;
c_sel :out bitl;
s_sel s out bitl:
burst oot bit2 r;
p_sel ; out bitl;
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mode D out bitl:

c_done :in hitl;

s_dene :in bhitl;

dene) :in Dbitl;

donel :in bitl:

status :out bitl);
ond fop;

architecture bechavior of top is
constant n rinteger:=2;
signal burst int :hit2_r:
begin
procése
begin
—¥iadt
mode <= " ¢
burst_int <= “00";
p sel <= " 0' ;
c sel <=' 0" ;
s sel <=1 0" :
status ¢=' 0’ ;
main_loop . loop
--HIMBAGEESETRSE
wait until c_done=" 1’ and reset=" 1' and rising edee(clk) and
s_done=" 1’ and done0=" 1’ and donel=' 1’ ;
status <= " 17 ;
— %y & R E| R
if command /=" 1' <then
wait until command=" 1’ and reset=" 1' amd rising edge(clk);
ond if;
—REWH LIEES, {H co_processor AARE- -MEFETE
mode <=' 07 ;
burst_int <="00":
status =" 07
¢ sel <=7 17
g sel <=7 17
—% %] mem_string fl men_sequence R EEE
wait until c_done=" 0' and s_done=" 0’ and rising edge{zlk)};:
—~ZER SEM
e sel (=' ¢
s_sel &= 07

T

—Z % mem_string fl mem_sequence B35S BRAMR SR



wait until c_done=" 1’ and s done=" 1' and rising edgefclk);
if reset/=" 1° then
axit main_loop;
end if;
—mem_string 2£E#EHF— burst
burst_int <= burst_int + 1;

s sel =" 1" ;
wait until s done=" 0’ and Tising edgelclk);
s_sel <=' 0’ ;

wait until s_done=" 1’ end rising_edge(clk};
if reset/=' 1' then
oxit main_loop:
ond if;
-3 burst_int EREK. HH5 pen_sequence REHHITY burst
while burst_int < n and reset="1' |oop
burst_int <= burst_int + 1;

s sel =" 1" ;

p sel <= 1' ;

wait until s _done=":0' and done0=' 0’ and rising edgeiclk):

s_sel ="' 0 ;

p_sel <= @' :

wait until s_done=' 1’ and doneD=" 0’ and rising_edgeiclk);
oend loop:

if reset/=" 1' +then
exit main_loop;
end if;
—ifBH co_processor A gia— T4 EITEE
mode <=' 1’ ;
psel ¢&=" 1" :
wait untit donel=" 1’ and rising edge(clk);
ond loop main_loop;
end process;
burst <{=burst_int;
and behavior;

3. AR

RT AL 4 AT RERPW AT, REPEET WA FEEIRER . — M haresR
M—TIRZERS . RES 3 M FRAGZSSERIE A RBETLERSER . WSS HE/EA
FTHNEERESHEM T . command (FFIAITHE) M status (TRBEMHHE—ERWE
) WSS 2 LA HALEYE & 2 Ehib 3 SR AN 17 il SR R 5 Sh R {5 8, N 93. 2
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clk —“
TESEY =
command t_req
c_ack ——rm=] | e 5_TEQ

c_valid —» wss .
5_ack ——mnt > dmin

s_valid —a "> vector

data_in —]

E93.2 RgtEEE

TEZHRES 2 FRENBEFEFRPB S —WEER EZOML . EE—1HEAE .
TR REEREHNERE S, FigE AR THORS, EEEHIEHRAY done {25 .
TEEH S T RFWEENE 93. 1 BiR.

—MENRERERXE T RE . FRFOER—NINBEM T — T hae ks
Lo B 1 FFHA. BEESEHEHBEMADRERN . 76 WSS fEwiiddh s TH
23 RT3 M FRANEH - T2EHMIRRESIMGEE IR T STl S
I 2RSS RIT AR RS - (FUFR B FERENZER AR BRI 3 ). 1
REMNBEFMHERSERHBANEEIYEET . BRSNS H RN 3 MR
Hi o REIRHRFERTEAE.

HoEARENN R EFEA IR RRETMEEHRE TRE 2 HNEED
W EEMIELT, FHEFMBRNEEFEARATH -8 write string TR
BR. ARG RS EZEH SRR MR E . BHERFTHE
fEASITTRE write string B —FERTMWAE L EBEHLERE L EERE
TMESH, XMEFEBEEMNHAEEEIER . EETURETHWEAE O E
0 LA SEER -

4. VHDL i AERIEZES

— wss H—MHEEF, ¥ mem string, mem_sequence, co_processor
—— ¥ top controller {H¥EWy - RYE
library icee:

usa ieee.std logic 1164 all;

use ieee. std logic_arith, all;

use work. PKG_types. all;

use work. pkg components. all;

entity wss is
port

reset fin bitly
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clk ;in bitl;

command cin bitl;
¢_req ;: out hitl;
c_ack in bitl:
c_wvaild :in bitl:
3 req > out bitl;
s_ack rim bitl;
s_valid ¢ im bitl:
data_in :in bitg;
dmin ; ot hitll;
vector out bit4;
status dout bitl);
end wss,
architecturs rtl of wss is
congstant n ! integer:=2;
signal c¢_sel, ¢_done ¢ bitl;
gignal =s_sel,s_done : bitl;
signal p_sel, donel, donel . bitl:
signal mede, sel_read : biti;
gignal burst : bit2 r;
gignal s_ad : bith;
signal c_ad : bitd;
signal s, ¢ . bit8;
bagin
tp : top
port map

{clk, reset, command, ¢c_sel, s_sel, burst, p_sel, node, c_done, s_done,
donef, donel, status) ;
mq ! em sequence
port map
clk, reset, sel_read, c_sel,c_req,c_ack,c_vaild, data_in, ¢_ad, ¢, ¢_done} ;
ml : mem string
port map
(clk, reset, sel_read, s _sel, burst, s_req, s_ack, 5_valid, data_in, s_ad, s, 5_done) ;
pr :co_processor
port map

{clk, reset, ¢, s, p_sel, mode, sel read, c_ad, s_ad, dnin, vector, done, donet) :
ond rtl; '

- 426 *



5. M

FHE - BETFEHOFENTRHEERNERE . B4R 4 MER Hpa
EIMLIRE - T R TEHEAS - FYITE SN — M IUZIEHER - ¢ DERE R — T 5
Y WSS, WSS B TRl B RAMFBHIMENES -

(BRI L: 93 wss top.vhd)
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F 946 MB86901 KL (T AR HRMIER
z i

KT A VHDL 35 & fAR 56 B B R K ER A &4 K 36 (pipeline stage) fE 3
PR IR AR E R VDL 18 3 80 K - Kok R fER R K 5 TE S F i serhi 4
AR TMERARE, 5—MARAKZEAHE. MBS6201 ARKERIETE S &R By
AL LA B IR 5 SO AR W LRIRO IR » AR HEIR B M AREL 1] LUE A R R iR
MRS, R RM G 6 FIRRER S TERK PR Bt Tk . 28
AR ERREAEARN TS, ERHRERPREER AR ST S BIRE
EEtE ERURRR N . MR, AP WA LURIEE SR ER T AR AR EERER . &
BILL MBB6IO1 Hy 4 (R KE NG, HBARIKERIT iR MR B R R B R ROLER -

1. BREELEH

MBB6301 ‘A SRR 4 R KRR, 2 hBE - 1308 . HUTLLRSEX 4 4%,
FEREH- - ERRESTER - 4 DMUKSERRER HITH. ATLUEEE Rk R
[FIE (8] BRI T AVHR VRS Dl aT K ER MO A T T RR . I TEBH T RIS T Bk
R BT A MK R TR AR HT . FHE CL MBR6901 385 WK e s i H
0L B EE ,

e (BAES) ARNIESFIIRESRUKEH, FKELFHERE, ik
SN BRENGHEE GBS FERPN-FIES . Ak, BRAE 255 MATKEE
MK ER 4 PITERTTR,. HE BTESMTHYH. §—88R0ES W EKES
hib A FEES . UE--RIESEARAKRE, & 4 P0ESHER—EE 4 SR EHIES I
FiKER R, B, FIgmE. XS AIUE - 310 . T ESEE /S e
ﬂ&H%%—ﬁwwEﬁ,EﬁEEME%Jm%O

HE 941, TEKERME, LSRRI — RIE451E 4 RSN E AR
SRR RN, NEEAAE, TTLUESBiiAEE — N s e, e
MR B RALEIE SO SHRE T 94. 1, 1549 5KE ST ERIENT

(U BYfERTER

TEVRM B, ZbPRER eI L SR T — RIS M (1% . %5 S BT —Fr
[RIFFIEERT DU A BEMH ERTEMERE B EE b, SRS MBS N7, BLI5 Ry B e P S8 ) i
fTEHl AR IR TEERT MR, AR BN T A s S R R SR 5 5 | sy
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/ Ti T2 / T3 / T4

Fetch | Decode | Execute| Write
n n n n TS
Fetch | Decode | Execute] Write
n+1 n+1 n+1 n+1 T

Fetch | Decode | Exeeute| Write
n+2 | nt+2 n+2 n+2 T7

Fetch | Decode] Execute] Write
n+43 n+3 n43 n+3

94.1 MBB86901 Tk RIFARHE

H——SAE SRR AT RIRIE ), AEESSIEA LT S IES ZNEES
IDR 1, LATETETT — 0§/ BB SR A T B 1T 130G -

@ FEMR

TEZITER . A FESBR T ERRIERNSEF il R AFFESE L EFIZBIRRFEY
ERERFER, LUEET — 8BS 154 HUKERFHRITH B (5 « 7E AWM B
SRR ENTE T — &g S bt .

@ HITHTER

AMBREEMEINTERZEZE (AU F), EFERIESEESHBERHLEE
HEERGHE, ELERANRTEEERYFEFE RESBUS A,

SEBRSRELE RS ABREFES -

EBEHNE. EES RN ERFERS, FFERERERATFSE . BE
RS ATER -

ARREREBEBRAMES R KENBRIFRSE, EEITHTHEAER, wKER 4 MRK
%ﬁ%ﬁﬂ%ﬁ#¢%ﬁ$¢mh%4A#A§ﬁ$¢w4%ﬁémﬂﬂ%x$#ﬁ

c HHTER B LR . BT Bk 4 ARYERLANRE (NAREE . FF
%%? fERTE H 24N E . EthERe R FE S & U5 1 A BT RORT E 4 7F
AL s BERT LARUGEKERHY 4 MROKESEIERE VIDL 55/ 4 M T8, &R ML
B EFEED . TEREBRERERRENF AL TREY VIDL BEER - B
EVEEMNE, M YRR BEE AR, RISTRRIER T RER . Bk,
H AR EN RN ZE R IE S HFERANE S BATESNBER, REL
FEIfES £ 0008 . 94 2 WM AKSEXFE T HTEERN VIDL EE5HEREFH
gh4y. FERy IDR. IER, IWR 3 HiRMRE - $1T . SEFEKLRESHFES. &
BEE SRS T, MUKGELBESEWRIES BEEESEERDPNESE
ET =K S FERS.
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IWR T 1§ H H k8
IWR 4305 [0 R fE

|_ IER 3¢ £IWR

IERH# & TR e

IDR P+ 4% KIER
IDR 36 4 1 S M4

BREEAESZIDR

AR H

O

wEr RN

942 TEKEITHiRRFEE

2. EMERNEERERRFXRR

1R R, SRELLL T TR AT LU KRB & WK SR (E 3 b R AR AR LT
SFHFBAHIESWIMRIER VIDL B HTT R, WTREZERIRKER{T HER .

D BT FELERES . FKSENEAIRET 285, RA-- IR IER 2 2w
S RAEUK IS & R E, FTLL MBR6901 3] AR -IR] FHY B CLKL §1 CLK2, ~#F 2
B2 A AN 94. 3 AT - T TSR SR R, TEIT AR HC S H A RUK
SERVEX R TR VIDL B E #R. #H93AMARMES ERR- M RNERES. U
WA B RNEAERE. X8 W TEE . FE. IT - SEE 4 MROKERERE
4 F 4 4~ VHDL E S 3B HOE . 23065828 fetchl, fetch2; decodel, decodel ; execl -
exec?; writel. H, HBEAFEEN | KitRhiE S (LK Y, HEN 2wl
BHETHES CLK2 [[4 .

CoosT BT 1
ot B =
AY f N f
CLK1 7 —
CLEK? f LY f Y I
/ 7 7

94.3 NEHE RS

@ 5 decode, excute, write X RIHIIE S FHE501% 8 DR, IER, IWR, IWWRL,
IWWR2 % . F-MITPhREIBEE TR, BAFERWEN U BSIREN—-1TESTFFR
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BET -MESFESE. R, 358 fetch WEHIR AL L — RIESEAR S IHITEFF
2 JDR.

Q) SRR FETRIM TR

fetch: WET — &I, EAI 0 ILE RS Hk Ak B8, RN S8
B e SEABFEL FIBEES IDR b, SAEHEETHTEER S Pl . HINME
AR ERAIHESEE TIHSHRFFRE-

decode : FRIEH S FFEHPHESHORIRERF Fa L, BB PR LT
ERR PR XTI ALY AR {EREE R A BB . B RAMEFEREREERX .

excute . ¥RIE 1ER (YA AET — BT o A HATE S FIBME R, ITHERERE. HEE
77 A RESULT HF1EZH .

write . SRIE IWR thAGX%Z. I RESULT TSNz LS Bk AF A SR B ITF
fEgarh, IWWRL, IWWR2 T % BHERFES004L -

MBE6SO1 fyHiti FEL FUBOR B HIR 32 i - —MME - T RESMMTER. &
S4BT #h R B BT E R SR IS A A 285 ADR (RN HTHEZESIR B ik L iR N
%) o BSHITE SRR F— &S ahbpim i EEHET, ELENT--FESE2E T
— DI E IS S - XA X RAE SRt B AR hE BER FIREE T — DTN A,
Y1 BB i 28 M A TE X — DI B R A PO SR AN kAR BB Dk & OGX B2 S
Cashe hit Bf). 4 FRENEY 0 94. 4 FT

WS+ DME Ml 208 RBHSGED ML
DB

4

EARCEBS BAS0+H1IEHS BABo-2%ES
H 944 BUERIERTF

3. HREFERER
BE L ARESE . SHEEBRERNT RASBIRMARFHESER.

fetchl: procese
begin
wait on CLK] wuntil CLKI1=' 07 ;

......
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ond procase fetchl;

fetchZ: process
bagin

wait on CLE2 wntil CLK2=' 1" ;

it £ AMESHEHE S RRA
elaif L —E£RSEBHERES

elaif E—4&E4E CALL 54

olsif  b—4iE4REHEERBS

------

end prooess fetchZ;

decodel: process
hagin
wait on CLEKl umtil CLK1=" 1' ;

then RIS S BRI E 8 1E:
then HIE -4 G HRIE AR HRAE:

‘then CALL $8-% RECTE AT

then HURIHENES DEIBNARERE:

A ARG A R Bk DBUS _EASE4 B IDR BY 221728 BUFFERL:
Z B PHEASEEHE S after CLK1 EF#

W EERF R R A R EEm
end process decodel;

decodel; process
begin
wait on CLK2 umtil CLEZ=' 1' ;

......

end process decodeZ;

executel: procesé
begin
wait on CLK1 until CLK1=" 1' :

------

------

ond procese cxecutel;

executeZ: process
begin

- 432 »



wait on CLK2 until CLK2=' 1' ;

------

ond procese cxecutlel:

write: processg
bagin
wait on CLKl until CLKI=" 1’ ;

oooooo

end proceas write;

MBB6901 FiAKEEEM+aE%. EEFNEA/KEAERK SESRHT TR, X T
BRURE LS PETR A B & PR RIZ R AR LR AL IE . SREITHIERAL,

A gUFFREEE HEREEFALEREMUEE, FXEEEILE 95 §lE
£ 100 ] .
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#9561 MB86901 HEFHE L HER IR
' %

1.MB86901 FER/HE DILER

MBE6G01 BRI ER I A AT T SPARC A RSN F AR B 120 T 2 @
FIFFHA 3 A TEE (configure) M bR SR IEN W RIE 32 U Fa—m
B EFER (processor state register, RFR PSR « H O EEREKRFER (vindow
invalid mask register, fETFR WIM) . [EFH E ik 725 (trap base register, (R FR TBR) -

120 PERAA Fa XN LIFFFaR. STHOLEE, Hbf 8 T 2REFFHR

(rQ~r7), H{WFFR7E R EHR 7 MED, S NF0 248 1M EFER B TEHLES.
HEWHESAF LM FESRE DS, UK EISIMEFOBAPERERNRE 16
T BMRREE T EOEEE (B VIMAERCfEE ). BB E 95. 1 AR .
Eh Rn RTEFIEHOVHERS m VAT ERAOZERES 8. EPRETRIPITR

r0~r17 r8~r115 | r16~r23 | r24-r3l
glab:l in local out

Moesl FESTFOERE
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HEERMTFERET 321 HEHRS A 0~31, EhRMEN 8 MALeREFESR 7
24 MHENFEFSAODWFTE. HEEOYERIET R T & OS5 FSH5 CWP (PSR
HHEA(L) -

2. BOFFIRAMR

B reas S LB SPARC £5HR9FE R —, BT LU EAR y T S S7 AR A
FLE TR R RR « TEAFrh MB86901 Ji/KEREEMTT iR b X TP S B
KT HRRM TS, H— 1R AbsNum () I LARGE . X EBROIEZ | .

subtype . RegNoType is integer range 119 downto 0:
function AhsNum { constant reg_index in BIT VECTOR( 4 downto 0):
constant forcwp in BIT_YECTOR{ 4 dowmto O)
Yreturn RegNoType is
variable num : RegNoType;
begin
cass reg index [8
when “000007 => pum :=0:
when “00111° =+ num ;=7;
whan othsrs =
case forcwp(2 downto 0} ie
when "0007 =>
cage reg index is
when “01000" => mum :=112;
when "011117 => pum :=119;
when "10000” => num :=8:
when "11111% => mum :=23:
when others => num ;=null;
ond case;
when “001" =>
case reg_index is
when "01000" => num :=]6:
when "11111° =» num :=39;
when othere => num :=null:
oend case;
when "110" =
case reg index 1§
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when “01000" => mm :=96;

when "11111" => mum :=119;
when others => num :=null;
and case;
when others => null;
ond case;
ond cane;

returh num;
ond AbsNum:

BTHBEWMEXELERERBINFFOFEREHRE IFFREH ML
(x0~731) RENZFFRTEFFasH (register file) REVYIERMLYY. BT HFFaMEE
R — 4 120 4 BB —HE 32 {3 bit_vector BIBART, RILFERNVIE AL
Ehr ER BT IR, FEli&FFadE DR YRRt A 95. 1 BB Rn. %4
EEAREEELERTS ToER ETHERE.
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%96l MB86901 N ALU BT Hitik
o 2

MBS690L A T — TR 32 (ZERAIE R ALY, ¥ ALUR 3 a4 IR VR 1E
HEVH A FLZ HES R - FMRIEEE AR T L AH#Z A F 548 . RKEER
FERIEYHEERY: cHERHRERSR TS REFSEFRBSRAF
frde XX fr « ALY RETE — P ITH A R ERSEMER R, HilzBe
IRE N G E BB R S, GRS A RDHFFH PSR,

MBB6901 {9 ALU B LUl — - BN DAE . X EEEREH ALY R 7 SRR EAE
ROMTFREH XA IR EFEE. BETEMT

subtype RegType is bit_vector(31 dowmto 0); —HEHHETHE R IFHE

function RegTollVector{ oconstant rvector : BIT YECTOR )
return Std Ulogic_vector s
variable result : std_ulogic_vector(rvector’' LENGTH -1 domnto O);
alias sub : bit_vector({rvector’ LENGTH -1 downte 0} is rvector:
bagin
for i in result’ RANGE loop
case sub(i) is

when ' 0’ => result{i) := ' 0
when ' 1° = result(i} := " 1' ;
when others => result(i} ;= ' 0’ ;
ond case;
end loop;
return result;
end RegTollLVector;
procedurs arith(
signal thus ; inout RegTvpe;
conatant rsa : in RegType;
conatant rsb : in Reglype;
signal c0 & ipout bit;
signal ¢l : inout hit;
constant optype: in bit vector (3 downto Q)
Yis
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variable ursa
variable ursh
variable ursa
variable ursh
variable res

std_ulogic_vector{(32 downto 0):
std_ulogic_vector (37 downto Q) ;

1 : std_ulegie_vector (32 downto 0)
1 : std ulegic_vector (32 dewnto ) ;
: std_ulogie_vector (37 downto 0);

bagin
ursal = ' 0" & RegToULVector (rsa);
urshl = ' 0' & RegTollLVector (rsb) -
case optype is
when "0000"
=> ursa{32 dowmto 0) := "00” & ursal (30 downto O):

ursh{32 downto 0) := "007 & ursbl (30 downto 0):

res = ursa + urshb;

¢l <=  To BlT(res(31), ' 0' ) after Delay;

ursa(32 downto 0) := ‘0’ & ursal(3l downto 0):

ursh(32 downto 0) := ' 0’ & urshl(31 downto D):

res := ursa + ursh;

¢0 <= To BIT(res{32), ' 0’ ) after Delay;

when 0001
=> yrsa{32 downte 0) := 007 & ursal{30 downto 0

ursh{3Z downto 0) := "00" & ursh1(30 downto Q)

reg := ursa - ursh;

¢l == To_BIT(res{31}, " 0' ) after Delay;

ursa(32 downto 0) := ' 0’ & ursal(3l downto 0

ursb(32 downto 0} := ' 0" & ursbl(3] downto 0):

reg = ursa - ursh;

c) <= To BIT(res{32}, '~ Q' ) after Delay:
—EMBRIZENEHE RN SREL IR
=T H b & R R

when “0010" == res := ursal and urshl:
when “0011" => res := wursal or urshl:
when "0100" => vres ;= ursal xor wrsbl:
when "0101° => res := ursal nand urshi;
when “0110° => res := ursal mor ursbl:
when “0i11" => res := not (ursal xer urshl):
when others => null:
end case;

thus <= To_bitvector (res(3l downto 0), ' 0' ) after Delay:
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and arith;

£ BiREAR, rsa §l rsb SR T ALU PR RIEREIA D . thus JEHE
Seitaer]. COF1CL AT ZEd . BHFREHRFMHEERE optype T TRARERN
PRESEA . X T ALU S5 R BWBRIERITT W R HEME /R, Z5orAEmT
M MBB6901 47 AR ST i3k

Cl B T MR ERAR 30 B A= &R 31 A, COFETH A 3L
(R ERAEIER ™ AT # AL - XM E A LA EEE R E TR B A L. H
EXRMARE. B C0MC HEn. BEERE . HXREESLITENBRERRER
FHETE)FE-

Fik i AEL RegToULVector BT M RegType 25 8U%) STD_ULOGIC_VECTOR AU 4L
He . AMRESS B 1164 10chE A X STD_ULOGIC_VECTOR £ HI{F & R T BANMKBIZE .

wEIREME. AMATEE N T R MBREO0L {TEL, FIL{UAE T ALY —2%
BWOAREA T AN EHNEREAMSGEH. RE S E0wiT k. &
TirAaliid 5 BASE S HIRZ HEEZ RN . B AH#ERELMES RS LOES
AR 4R —g 2 MBR690L PR E-KASEERTIAL ALY, BRIER FES AT B Al TiE 4
MR, A [REFELR G HirtE R RIEZITE IERY MBB6IO1 ¢ ALU . B 4b. HT7E MB8690L
WIF= R B P H % 3 HLE ALU BARSERRRELIRIE, E Rtz 8, B ARV ER
Ty MBEEIOL TT RIS A 2 F ALU p93R1E. W] RER B ALU fUPRIERTEIT AR
HAtd o A . A ATRETE A RRrh & 7 — L MB8690L 9 ALU B 1 2 ShaUsRiE,
B BA R AR TE1T U ThRE AR 25 F MBB6901 &) ALU .
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Fo7 B BARSMITAER

MBE690] 15 3 LFENIIESY
}iﬁﬂgﬂ 7. 1 Fy

A

. AR ACFS SLL . BEEL TS SRL IR AR GH SRA, EfINE

SEL S5LL

| | | |=—o

EUBEB oy shBER

= |
HRHES '

[ 97.1 MB36901 BAIE SN

HRIRIX 3 SefE S RTHUTIRERIE S, 7E MB86901 HY{T SoMs Rl o Ll — A B B 2 sl

TANRTheE, BEMT (

subtype RegNoTypeis
sub’tw}pe RegType is
type RegFileType - is
type ShiftType is

function shift(

& LA AT CD) .

integer rangs 119 dowmte O

bit_vector {31 downto 0); --32 [ EATEg R
array( RegNolype J of RegType;

(SSLL, SSRL, SSRA};

constant opl : RegType;
constant opd RegType;
constant siype: ShiftType

) return RegType is

variable res : ReglType;

begin
if stype=S5LL

then case opZ (1 downto 0 is

- when “000007

when "000017

when “000107
when “111107
when “111117

ernd case;
aleif stype—SSRL
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=> res:= opl;
> res:=opl(30 downto O} & RO32(0 downto 0);
=> res:=opl(29 downto 0) & RO32(1 downto 0);

=> res:=opl{l downto 0) & R032(29 downto 0):
=> res:=opl{0 downto 0) & R032(30 downto 0;



then case op2(4 downto 0) is
when "00000” => res := opl;
when "00001” => res := R032(0 downto 0)& opl{(3! downto 1):
when “00010° => res := R032(1 dowrto 0}& opl(3! downto 2):
when “11110" => res:= R032{29 downto 0)&opl {31 downte 30):
when "111117=> res:=R032(30 downto 0) & op1(31 downto 31):
ond case;

alsif stype=55RA

then
if opl (31)= 7 1' then case op2(4 downto 0) ie
when "0D0000" => res := opl;
when "00001°7 => res := R132(0 downto 0}& opl{30 downto 0):
when “00010” => res := R132(l downto C}& opl{29 downto 0):

when 111107 => res := R132(29 downto 0)% opl (1l downto 0}
when “111117 => res := R132(30 downto 0}& opl (0 downto 0);
end case:

else case op2(4 downto ) is
whan “00000" => res := opl:

when “00001" = res := R032(0 downto )& opl (30 downto 0):
when "00010” => res := R032{l downto C}& opl {29 downto 0):
when "11110" => res := R032(29 downto 0)& opl (1 dowrto 0):
when "111117 => res := R032(30 downto 0)& opl (0 downto 0):
ond case;
ond if;
ord if;
return res;
ond shift;

LR ARSI VHOL BE B MSHARE . FRMZWRIEER. E5RE
EENIR, R XY EFHIE MU AL E N I S AW ER, KoL EERRES
HRR R X RG-S ERER, XM THETT MRS RS AR RmE R
FEXA . NREEMAE, VHLIEZ O FSME LR “BE MAREEY <57 i
=

v 441 +



F984 HEMIESHREIR
g

MB86301 B A BBz HEF 1S N RFMHE S, X288 HRIME S TFYIREE R
KEGHS, FUKERL TWEIRS, MAKRHSREARNGHEEAESFERRN—ZES,
B, BAE—RPRASEESMERRRIIERKAES 4 METHE B2 BT
BRIV IEE - R R RIS AFKE R RER . XE-REBERESHEAR
K, 4 PITHER—EH 4 FRFAES ARKE TR Bit. THIiNE.
BRI ARE - F8. JUTHSEAOEMRETENEE A sehEH, e
MFUKELREEES LR 94 FrhemEE . F2EEM2 FHES0amtE SR
R, HEEE 94 FIAVRIR B FREZEM A BIRR R ER R INT . HETITERIEN
REHR R .

TEEYHGR IR £ M MBB6901 K LeiofT ot (IS IR A0884) ) AN IRAE
Ky, HERE R S MBBEI0L 1T ARG BRI . I, BT pir
ZBBMBAT R AR IERHAEN . B FBFRRN PC3<=PC2, ... HRIER 77
TERIE BRI i — R TSR TR B F T X5 B % 4 PRI 170 5 th e e

constant UZ32 : STD_ULOGIC_VECTOR:="7Z777ZZZ2777Z777777771777IT772771T"
constant SZ32 : STD LOGIC VECTOR := “ZZZZZZ777Z772273727777TT77I2772"
fetch2l : process
begin
wait on CLKL until) (onfetch2=' 1’ } and (E{I{3EL¥) .
if CLKl=' ¢’ XSRS TR T CLKL R
then — R AR 4
iFORZCAMB R B AR S) and (AL 4 E A 8 A 48 )
then ADRBus <= PC) after Delayl;
DR <= DBus after Delayl;
oleif LBH{mIRS
end if;
and if;
end process fetch?l:

fetch2Z : process
begin
wait on CLK2 unti! CLKE2=" 1'
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i (B &IBYREANES) and (RATLEEALSBRESTESD)

then ADRBus == UZ32 after Delay;
Dhus <= 5732 after Delay;
RD <= "1 after Delay:
WE <= ' 1 after Delay;

SPC3<=PCZ;PC2<=PC1 ;1% 1==PCG;PCO<=PCO+4;}
erd if;
ond proceasg fetchl2;

decodel : process — #Ig4H A 1DR B

begin
wait on CLKl umtil {ondecode=" 1' ): —-ondecode=' |’ WATELE®R, EHIRH
if CLKI="1'

then case op is
when “007=> BICC Zf54i%i8  (CLK1 LA
when “017=> CALL #§4-i%H

when "10"=> Mm% Mulsee, Jupl, TTCC Z4R-2MBATH RGN ERARES (BEAR
Ei ) WEERE

when “117=> ...

end case;
elsif CLE1=" ¢’ ~-CLK1l fa i
then TIER <= IDR after Delayl:
end if:

and process deccdel;

decode? | process — Send oprands to RSA or RSB
bagin
wait on CLKZ until (CLK2=' 1' Jand{ondecode=" 17 )
if (DR PASRE 0 K then ......

eleif IDR 9HESEH 1 X559 then ...

eisif IDR R4 2H 2 8L

then if REACHES

then if (JEHAEML = —SB4BFEERLL) - H#EMAX
then REA<=RESBUS  after Delay2:
~— T % A IR AT BOR #E R AR R R el 40 TR

oleif (FEefES il = K& HirE S ) — $ig %
then RSA<=RESULT after Delay2;

— R KAk IR e B i A AR R R Wkl A
end if:
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end procass decode?;



FH ZREAMRSHEE
E

ZRMIE SR+ o E4, XEEZE D MBB6901 fhxf £ FF BAHR S iy & Tk
B I WL PR T b i ARk . i BRI RIRE A, IR 2 RHE T B AR
A5 PRAREE TAUFUKER R FRRE. MR AR A AT A B W AR O R T T
AL LOAD £ 98], HBH £ I EARS S ROIIR - &5/ ri LOAD RUiiFE A, 2RAS4A
fiiik LOAD #5400y % .

1. LOAD $E5% ik &tz E

M THREBES, BB ARSI T —RBEEHME, NERE R BRI S
{RF4 . PAMIAS T LOAD, STORE FL[ERESM S, HTHERE I hEHE S ATERE
FFREERGEE . FA R IAA GEAT T EF BVEUE SR 0E. Rt £ H 4 MKENRRER S
HEEATE SRR B EBE AR . ~ i LOAD & < ke imfe s .

T1 T2 T3 T4
Feteh | Decode |Execute| Write
n n n n Ts

Fetch | Decode | Executel Write
n+t1 n+1 | n+l n+1 T4

Fetch | Decode | Execute| Write

a2 nr? n+2 nd-2 T7 ;

Fetch | Decadej Executel Write
n-r3 n—+3 n+3 n-=3

99.1 LEMESTHKERESR

B MEBERBESTE SSHKGHERE . T MEARRHTRER 4 R
HRIESHRCE, RS UK R 99. 1 Bys . & LOAD¥5% . #EHIgEYaE
£ 3 RS ARFESEMNT . BT LEFEENBEERMER RSN, HETA
FABIE R ERMEMERER, €T — IR E ERWEUERIE. R
#1%E. ESTURRIER —BRMFNET 5 MRS, B 4 RIE5EAES K,
FETH 4 78T AESR/KETH R, X4 RIEESTE 3 FARFIRES . I LAD i5S
EERIERE P AR, BE < WK HEE — MATPR A, RIS LOAD F845 . Ei%4H
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RHIRAT — R IIZIROER T H0R4E & RUKERR IR DUE R S LOAD $5 -5 R 5 {th 52 J&] 21
B BIHIT XEHFK IR AN 99. 2 BUR (RUFE LUK S Ao 5 vh U3 B4 4 g

JRNE )
T1 T2 T3 T4
Fetch Decode | Execute Write
n n n n T5
NOP Decede | Execute Write
B21 B22 helpl] helpl helpl Ts
Fetch Decade Execute Write
B31 n+1| B32 n+1| B33 n+1| B34 n+1 T7
mE%E | NOP NOP NOP
Bil B4z Ba3 B44 T8
Fatch Decode | Execute | Write
B51 n+2 [ B52 o+ 2] B53 nd-2| B54 n42

992 FHEAALEIES helpl B LOAD #S5F0kEES RER

B 99. 2 AT LB, helpl 54 HIRA R E ntl RAESH— BTRIEHE—
RHEREIER, IR, AT Ao et R vk en R AL SRR . B42, B43. B44 HERIAIIK
SR =RE. TR RIESRITRIA R T . /99, 2 (354 Rk Ay
W, HREOZMURAESR. BhH—M CPUBT ARAM—FAs, BEhTES M ERs
(45 B21, B42. B43, Bd4 JyzsiffF. BR{R T H/KERA0KE . F7LL MBBE9O1 AHRIEI K £%
FAEEI 99. 2 BOEAOT ¢ 41 99. 2 # B3 B ntl 455 HIRIERA B21 b, T

T1 T2 T3 T4
Fetch Decode | Execute | Write
n n n n TS
Fetch Decode | Execute Write
B2l n+1[B22 helpl| helpl help1 TS
NOP Decoda Execute Write
B3l n+1 B32 n+1| B33 n+1| Bid n+1 T7
B¥EE NQP NOP NOP
B41 B4z Ba3 Byy T8
Fetch Decode | Execute | Write
B5l n+2 | BS2 n+2| B53 n+2 B&4 n+2

B 993 fF 99.2 BikmELIE S FkgER

EHREA TS 15 S ISP ER I helpl $E AT 518, BT E— 5L BMS Bufferl, 4%
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ol RIEOTE T2 IR Bufferl B2, 78 T3 GHE. FEMASSS HIF S
IDR #4760, BRI 99. 3 BT RO KL iR .

FIF9 99.3 W, JEA{LT B21 MR EI{EREREE] B3L, #—$t, AILISE BSL &Y
AU N+2 2SS RO FISTEBI B3L. 78 T3 UR IS 1528 0+l RAGDHA IDR &, 135 0+
SAEEUA Buffer] FiBTE. MTEEIE 99. 4.

T1 T2 T3 T4
Fetch Decode | Execute | Write
n n 0 n T5
Fetch Decode | Execute Write
B21 n+1(B22 helpli helpl helpl T§
Fetch Decode Execute Write
B3l n+1| B32 n41| B33 n+1| Bad n+1 T?
BRX%E NOP NOP NOF
B4l B4z Bas B4a Ts
Fetch Decode | Execute | Write
B51 n+2 | B52 n+2| B53 n+2| B54 n+2

E99.4 MHE 99.3 i FRARSHEKEEER

ZRERYFIY 99. 4 ripy BS2, Bb3. BH4 FLREEIFHRINY B42, B43, B44 th. F HIMR/KER
RTEERRIERERT. M TT{SE] MBBEOO1 B LOAD §8 - K& FRI. 401 99. 5 FFors - L,
BT 4 TIPSR 3 5164, FRUITIBRIESHNENTT . BEE 99.5 fiRA
ERRUF L 99, 2 MR KRR S T 15%.

T1 T2 T3 T4
Ferch Decode | Execute Write
n n n n Ts
Fetch Decode | Execute Write
n+1 help? helpl helpl T§
Fetch Decode Execute Write
n+2 n+1 n+1 n41 T7
B¥IE Decode | Execute |  write
n—2 n+2 n+42 Tsg
Fetch Decode | Execute | Write

B51 n+2 [B52 n+2| B53 n+2|B54 n+2

B 99.5 MB86901 LOAD < %KL HRE (X LOADLOCK)
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2. FESEEEIEAXRIRKERIE

ZIEFELSFIEARRE, HAPEFESWRIEHEL - RESERNER. |
T—RI6S AEARKE I SBRIFTZEARKREPHREE 4 MEHELE FUE 2
RIESTHEEZHBREE | FAESRIEE R, HITF RIS 0ORENR £ T EN HEEH
X MBHTE LOAD #5452 /EM— &8 (n1) Bl LOAD $ESBUANIBUE AR ERR .
+ LOAD $5-% B27E 58 4 /M HALE dEAi 3 5 M S0 R AR Sl 4 BRI BUEEL A B il
frae, i LOAD HES M T —R4ES ($59 n+1) AIEIER 4 DS AP 4t 5RFF LOAD
EVIARSIEE DRI (384 n+l) 315, IS5 4 R—REdER%. B
IHEH (interlock). iEFRJ] LOADLOCK. ZE{LIAOHE & thk A 7F LDD $54 Rk LR FRE .
AAFEREFRRIESHEE, L8R ERERIT KR HUTRAEBIESN T —2
B, AERIR B KI5 0 TEER BRI RS . RT3 BB A K S
MRRERHEBESZE0B/YEERT. iR ETESES .. FRMTE
LOADLOCK EiHEAH ¢ Ay AL 72 -

MBBE9O1 i FIREA-A# R loadlock -7F TAFHE EHHE A 1758 IDR rH4E S iR T7ER
IRIFEORIE, F B X AR O KER TR LRI S [l B BR &% — RSB HR, 76 T5 81 B &
FOEEATRAS (ZEMHRIERE LA - S AYHALE TR 99. 6. 4 F LID 54 hiFrE %
LA i

T1 T2 T3 T4

Fewch Decode Execute Write

n f n n Ts
Fetch Decode | Execute Write
n+1 helpl helpl helpl T8
Fetch Decode Execute Write
n+2 n+1 n+1x | n+13X% T7

g, € Decade | Execute| Write

n+1 n+1 n+1 Ta

Ev g i Decode | Execute Write
n-+2 n+2 To
Fetch Decode | Execute Write
n+3 n+3 n+3 n+3

B 99.6 LOADESTHAKLIRIERER (LOADLOCK)

T IR FEE AR P A MBBBOOL 7K ER A1 T o R AR e H Sle iy . v e S I,
BRI RO L ZHEEA B HBRAIGEREFE/R . 24, BERBO
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[PC3<=PC2, ...... RS EERRAREE2h R HETER . BFETEXESH
% 3 FE R 1 (o) 2 46 R e

constant UZ32 : STD ULOGIC VECTOR:="£72777777777777777717777I¢FTTITILL"
songtant SZ32 : STD LOGIC VECTOR := "7227Z777Z77777777777777Z77IZ77I2LI1"
fetch2l : process
begin
wait on CLK1 until (onfetch2=' 1' )} and (HGIES LR ;
if CLR1="0' —XPEARENFET CLO FREE
then
if Wik EEp R RIS S —single cycle instruction
then ADRBus <= PCO after Delavl;
IDR <=DBus after Delayl:
— BU5
elsif (ldcount=1} and (F4hT Hik® A4 dE LD R (A2
than ADRBus <=PCO after Delayl;
Bufferl <=DBus after Delavl;
IDR == helpl after Declayl;
elsif (ldcount=2) and (AALTIHAhE R4 LD B (A8 3)
then ADRBus  <=PC0 after Delayl;
IDR <=Bufferl after Delayl:
wait for 0 N5
Bufferl <=DBus after Delayl:
olgif (ldcount=3} and (At T HALE FAESEE) -LDEE (AH O
and {loadlock=0) -7 lcadlock B4
then ADRBus <=PCO after Delayl:
Result <= DBusafter Delayl;
case Hn+l £1HL IS --IDR RS
when FETHIFTES =>1BR<=Bufferl after Delayl:
when 77§54 (X AR 4)=>IDR<=helpl after Delayl;

ord case:
—IO0AD 159 RS 5~8 B, EINEEERR ORI AHLES B 20 B

— BV N AT loadlock & ERTIIHR
elgif (ldcount=2) and {loadleck=1) —LD Hidh (JBHE 4) £ loadlock

then  ADRBus <=PC0 after Delayl;
Result <=DBus after Delayl;
onexec <= ' ' after Delay!;

KA T BRI A ZRI TR

olsif (ldcount=4) and (loadlock=1) —— LD BH{3E (BHE 5)
then ADRBus <= PC0 after Delayl;
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Result <=DRus after Delayl:

ohexc <= ' 1’ after Delayl;

— TR E K ERITER
onwrite <= ' 0' after Delavl;

— T AEXHRKEE R

cage i n+2 £¥54% 1S —-IDR Pig4
when AETHEAR4 => IDR<=Buffer] after Delayl;
when 77554 (& AN 4) => IDR<=helpl after Delayl;
end case;
—LD AU (M6 BAH 9
—ix T B IR R B AR E AU S-S B 2 2 AH 6 adak
— H A5 S RK L RS BR Bk
and if;

slsif CLKi="1' and {{stxount=4)0R{stdcount=4}0R({stdcount=5))
then DBus <=57Z32 after Delayl;
end if:
end process fetch2l;

fetch22 : process

begin
wait on CLK2 untit CL¥K2=" 1’
-~ RS
if B/o&kid IS --10R P4
then ADRBus  <=U732 after Uclay;
DHus <=5Z32 after [lelay;
RD <= " 1" after Delay:
WE <= " 1’ after Ueclay:
{PC3<=PC2:PC2<=PC| ; PC1<=P{};PLO<=PC0+ 4}
— LD ¥4

sleif (Ctrld=' 1’ ) and (AT HAME AMHSTIE —MELLDESB LR
then ADRBus <=1Z32 after Delay;

DBus <=5Z32 after Delay;
RD <= " 1' after Pelay;
WE <= "' 1" after Delay;

{PC3<=PC2;PC2<=PC1 ;PC1<=PC0; PCO<=PC0+4;} :
ldecunt <=1 after Delay2; —#RHF—FAEHAIDEIR
--ldeount 7€ CLK1 GiBEH &
elsif (ldcount=1) and CF4bT HAhE RG-S ER) MY LDHESB IR
then ADRBus<=0732 after Delay;
DBus <=5Z32 after Delay;
RD <= "1 after Delay;
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WE
ldeo

e ¢ 1.1
<=2

unt

after Delay:
after DelayZ;

{PC3<=PC2: PC2<=PC} ; PC1<=PC0; ADRT2<=PC0, ADRT1<=PC(+4}

--PCO: % ntl 54k,

PCO+4: Fn+2 &55HHE

olsif (1dcount=2) and (b FGhFREf% MM 4iAE4) and (loadlock=" 0’ )

AR IDESE4LR

then ADRBus  <=UZ32 after Delay;
DBus <=5732 after Delay.
RD <= " 1" wafter Delay:
case Fn&¥ES IS —IWRPHL
when LDSB|LDSRA|LDUB|LDUBA => SIZE <="00" after Delay;
when LDSH|LDSHA|LDUH' LDUHA => SIZE <="01" after Delay;
when LD|LDA => SIZE <="10" aftar Delay;
when OTHERS => NULL;
ord case:
¥E <= " 1" after Delay;
fdcount <=3 after Delay2;

if % n+l &H74 4 BICC, CALL

then {PC3<=PC2, PC2<=PC1, PC1<=ADRTZ}

after Delayl;

sleif 5n+l &4 4 JMPL, LD, LDD, 8T, STD, TICC, RETT
then {PC3<=P(2, PC2<=PC!, PCl<=ADRT2, PCO<=ADRT1}
ntxeount<=1

—xxxount #f LD & 1dcount, H A3

ond if

then

after Delay2;

elsif (ldcount=3) and (1dlock=' @' )} -~ LDE4 (B
ADRBuz <=UZ32 after Delay:
DBus <= 5732  after Delay:
RD <="'1" after Delay:
WE <= '1' after Delay:
oase P ntl £I|A IS —IER PIH
when 5 0 28454
=> ldcount<=0 aftar DelayZ;
if bicecount=1 — IERYABICC, MTARIHE
then bicceount<=2 after Delay2;
{PC3<=PC2, PC2<=P(l, PC1<=PCO, PCO<=ADRT1}
ond if;
when ¥ 1 K384
=>» ldcount ==0 after Delay2;
{PC3<=PC2, PC2<=PC1, PC1<=P(C0)
when F 2 25354
=> if jmplcount=1 —IER* IMPL, MEAKFE IR

then ldcount <=0 aftar Delay2;
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jmpleount <=2 after Delay2:
{PC3<=PC2, PC2<=P(], PC1<=P(C0}
elsa if 3B n+t2 £354 9 BICC
then ldcount <=0 after DalayZ:
-—45 % LD #i#E
{PC3<=P(2, PC2<=PC1, PC1<=PC0, ADRT1<=PC0+4}
oleif % n+2 £344 CALL
then ldcount <=0 after Delay2:
--#5 3R LD HifE
{PC3<=PC2, PC2Z<=PC1, PC1<=PC0}
elsif B n2 £154% MPL
then ldecount <=0 after Delay2:
-~ LD i FE
Jupleount <= l1after Delay2:
—HEHN Jmpl B 3B
{PCI<=PC2, PC2<=PC1, PC1 <=FC0, PCO<=PC0+4}
eleif S nt2 FiE4H 1D
then ldcount <=1 after Delay2:
—HEBANLD B 3R
{PCI<=PC2, PC2<=P(1, PC1<=PCO, PCO<=PCO+4)
elsif 3 nt2 £35S 4 ST
then ldcount<=0 aftar DelayZ;
——#5 5 LD %48
stcount<=1 after Delay2:
—HHEASTHBER IR
{PC3<—PC2, PC2<=PC1, PC1<=PCO, PCO<=PC0+4]
elsif 25 n+2 &354 34 L0D
then ldeount <=0 after Delay2:
—& R LD iR
lddeount <=1 after Delay2;
—¥E A LDD 38 3 &)
{PC3<=PC2, PC2<=PC], PC1<=PCO, PCO<=PC0+4}
elsif B nt2 Z354 % STD
then ldcount <=0 after Delay2:

—4ER LD #i§2
stdcount <=1 after Delay?;
kA STD & 3 B8

{PC3<=PCZ, PC2<=PC1, PC1<=PCO, PCO<=PC0+4}
efss ldcount <=0 after Delay2;
—8H LD R
ond if
ond if



when B 3 £iE4
=> if #Entl £HSELD

then ldcount <=2 after Delay2;—RAIDFE4LER
elsif % otl FHSR ST _
then steount <=2 after Delay2: —¥BHEASTE 4 B
ldcount <=0 after Delay2;—& K LD #iifE
elsif B ntl %3845 E LDD '
then lddcount<= 2 after Delay2;—##t A LDD 35 4 B
ldcount <=0 after Delay2;--%% LD 52
elsif & nrl 3545 STD
then stdcount<=2 after Delay2:—#fit A\ STD E 1 7
ldcount <=0 after Delay?; —£5% LD &
ord if:
|PC3<=PC2, PC2<=PC1, ADRT1<=PC0-} 4, ADRTZ<=PC0O}

o case;
—UFAF loadlock & H K HIHER
elsif (ldcount=2) and (Idlock=" 1' ) and (A2t T4 A AMRESTES)

—LD 54 (M 4) . 4 lock

than ADRBus <=1Z32 after Delay;

DBus
RD

WE

case
when
when
when
when

<=57Z32 after Delay;

<= ' 1" after Delay;

<— ' 1" after Delay.
Fn&kEer IS —I¥R P54
LDSB|LDSBA|LDUE|LDUBA => SIZE <= "00" after Delay:
LDSH|LDSHA|LDUH|LDUHA => SIZE <="01" after Delay;
LD|LDA => SIZE <= "10" after Delay:
OTHERS == NULL;

end case;
ldcount <=3 after DelayZ; [PC3<=PCZ, PC2<=PCi1}
eolsif {ldcount=3} and {(l1dlock=' 1’ ) and (FRAeTFEHEBHEESEHE )

— LD#S (A#5) , # lock

then ADRBus <=UZ32 after Delay;

DBus <=5732 after Delay;
Rl <= ' 1' after Delay;
WE <= " 1' after Delay;
ldeount <=4 after DelayZ;
SIZE <="“10" after Delay;
if 30+l £H34 % BICC, CALL

then {PC3<=PC2, PC2<=PCl, PC1<=ADRT2} after Declayvl:

elsif 28 n+! %&$5< 4 IMPL, LD, LDD, 8T, $TD, TICC, RETT

then {PC3<=PCZ, PC2<=PC1, PC1<=ADRT2, PCO<=ADRT1}
ixxcount <=1 after Delay?;
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——xxxount 3 LD 4 1dcount, EofhEfl, HHEA xxx S 3 B
else {PC3<=PC2, PC2<=PC1, PC1<=ADRT2, PCO<=ADRT1} :

ond if;
elsif (ldcouni=4) and (ldlock=" 1' )} — LD S (e ., 3 lock
than ADRBus <=LU7Z32 after Delay;
DBus <=532 after Delay;
RD <= ' 1’ after Delay;
WE <= ' 1’ after Delay:
case Hntl £I4S IS — IFRFiESH
when 3 0 K54

=> ldcount <=0 after Delay2; -——£5% LD Fizkekifiiid
if bicccount=1 —TERPHBICC, MENEE IR
then bicccount <=2 after Delay?;— A BICC % 4 B
{PC3<=PC2, PC2<=PC1, PC1<=PC0, PCO<=ADRT1]}
end if;
when 3 1 K54
=> ldcount <=0 after Delay?; —#£% LD FALkH2
{PC3<=P(2, PC2<=P(1, PCl<=PC{}
when % 2 #4584
=> |if jmplcount=1 ——IER sk JMPL, WEE B 3 B
then ldcount <=0 after Delay2;—&# LD HIE
jmplcount <=2 after Delay?;—ifA JMPL % 4 E§
{PC3<=PC2, PC2<=P{1, PCL<=PC0}
slsif 3 n+2 4£754 % BICC
then ldcount <=0 after Delay2——#E WK LD iR
{PC3<=PC2, PC2==PC1, PC1<=PCO, ADRT 1<=PC0+4}
elsif % n+2 43454 % CALL
then ldcount <=0 after Delay2: 48 1D #ifg
[PC3<=PC2, PC2<=2C1, PC1<=PCO}
olsif 3 n+2 55434 JWPL
then ldcount <=0 after Delay2:—-£5% LD W#&
Jopleount<=1 after DelayZ:—##tA jopl % 3 (3
{PC3<=PC2, PC2<=P(1, PC1<=PCO, PCO<=PC0O+4}
elsif o2 £IH4 N LD
then ldcount <=1 after Delay2,—##H A LDE I B
{PC3<=PC2, PC2<=PC1, PC1<=PCQ, PCO<=PCO+4}
oisif B n+2 &i54 % ST
then ldcount <=0 after Delay2;—#53R LD i
stcount <=1 after Belay?;——¥ub A ST %3 B
{PC3<=P(2, PC2<=PCl, PC1<=PC0, PCO<=PCO+4!
slaif P n+e2 £3544 10D
then ldcount <=0 aftar Delay2; -4 LD #if2
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lddeount<=1 after Delay2;—#if A LDD =5 3 B}
{PC3<=PC2, PC2<=PC1, PC1<=PC0, PCO<=PCO+4}
olsif 3P n+2 Kf5S 4 ST
then ldcount <=0 after Delay?Z;—45# LD HiiE
stdcount<=1  after Delay2;—38it A STD ¥ 3 B
{PC3=<=PC2Z, PC2<=PCl, PCl<=PC0, PCO<=PCO+4}
elss ldcount <=0 after Delay2;—-%55k LD FifE
ond if
when 3 %4
=> if Fntl £iHSELD
then ldeount <=2 after Delay?, —HHEALDFLH
olsif Hn+l £ISAST
then stcount <=2 after Delay?:—-RiHASTE 1B
ldcount <=0 after Delay2:;—&H LD 8
elsif o+l £IHSE LD
then lddcount <=Zafter DelayZ;—3iE A LDD 3 4 B
ldcount <=0 after Delay2;--55%H LD iR #E
elgif Fn+l £5E STD
then stdcount <=2after DelayZ;—##t AN STD ¥4 K
ldcount <=0 after Delay?2;—£55 LD {if2
end 1f;
{PC3<—PCZ, PL2-<=PCL, ADRT1<=PC0 +4, ADRT2~<~PL0)
ond case:
~~H AR 4 L
ond if
ond process fetch22:

decodel : process

begin
wait on CLK] until (ondecode=' 1" ): ——ondecode= ‘1’ $hATEHETT, &HWI2EH
if CLK1=" 1V

then case IDR tHig% IS
when H 0, 1. 22834 = ...
when 3 3 %34
=> if IDR*F#E4 LD BiS

then Ctrld <= ' |' after Delayl.—ibEELLFEA LD Hi#E
alsif IDE 541 LOD §#5§4
then Ctrldd<= " 1' afterbPelayl;—i#&#5=5LLi# A LDD KiE
ond if;
~—LD (FEH 4> 3 Loadlock # H rs! (re2) % T rd_IWR
if GFnt] FH5ERGSE £=1D Brit)
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—# ldlock
ther ldlock <= ' 1’ after Delayl:
elsif (4R lddlock)
then after lddlock <= ' |' after Delavl:
ord if
ordd case;
end if;
end process decodel;

decodeZ : process
begin
wait on CLK2 until (CLK2=" 1' ) amd (ondecode=' 1' )
if IDR $754 % 2 KIESH
then if EEREHES
then if (RER/EHGNN ~ +— %354 BiESHEBD —HIBH L
then RSA <=RESBUS after Delayv2:
—— 1 X FAR IR VR B 4 B AR 2T Ll Ak 1
olsif (EERIESE = 1B 2 £4584 BinHFEHAD)
—HaBH X
then RSA <=RESULT after Delay2:
—— TR H AR PR e BRI H e B el i 7
ond if;

end if;
olaif IDR P54 EHMBHET4 then ...
and if;

ond process decode?;

ViFFHE & (Lin LOAD 354 ) TERE-MFENE AP o FIIE 4% DBuss BB, KL%
IPE ) A R B SR E SR R T BEHT . MUK PSR E ST, b
IR T RETE— MR A HAM SE AL - LOAD 54 B BNHE F R0 B2 98 T 1L v B e 6 1
T

(1) B FHT LOAD §54 (A DBuss UEBIHE) MIHAES LOAD #5955 3 RISS UL
BUE SRR AR, TR < OB E R — TSR, B I LOAD 3545 A9
RIFCNUF BT Buffer] siEER —EHAPEME, 72 LOAD J5 3 | RIS RS (545
Bufferl i) if, RESHEKPIEES helpl MASES TS IR th, hTREHES
PART A REANE DR sPRYFESR TR LOAD (B, E74§HM A help! $54), FiE#4 IDR oy
PRGN LOAD HOWIRIES Ctrld ChifiR A EmaIA) WA BT B,
T CLKL ) EFH BB SERL (B AFTER TAQRREI T 7E CLK2 b A ISATAER) -
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(2) TEHLIEM B CLE2 (¥ E AR H AT, #IMF Ctrld 2454 17, AWIHIE IDR thig4
R LOAD IS, WRE LOAD IS, BREEFHHRBIERIEIN, X loadcount {5 FAH
LABR IR 4 BTRS 27 LOAD /K48 RFR RO —EG .

(3) CLK1 W1 TREE, EEISHEdgI [DR &1y LOAD #54 (HeE} 1dcount=1) K},
14 DBuss FAYFE 418 A Bufferl 8277, [T helpl AIELFE<S B IDR.

(4) FE. TEIFAGM B HIMT 2 A Loadlock .
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# 100 51 MB86901 k4T HiER
5 %

R AR HER L . PR, FIR &SRR R HE & BYE
BRI, BB 7 MBB690L fy VHDL i& 4T MY, iR IR A 3F 5 H 6000 5%
1T VHDL i 6t Rk, HAEEaR 11 1« FEBEE 26 . 8T 4 4 5 BERYAGI
HE SRR ALK SR ERI A R 2 3677 12 60 7 IR G MK 2H0MRFT . XEFEMENA

B A b TR B SRR I A B AT g A i )

1. BRIEFSEH

R IRFRRF sparc. vhd BUREFFEERI LA 100. 1.

MB26501 VDHL R WriE BE M (Spare. vhd)

—

—

Wik EHBWMAES
whsmmems || #eRnas . A B
L AT
— ] B arith( )
iR | FBRS || WiTRE || Bome ek gl
ik ik # i H¥ shift( )
| | | | FHEIH
Fetchl Decodel || Executel || Writel B abnum(
Fetch2 Decode2 || Execute2 || Write2 RURHEY
| i R E
| f ]
T A gk o il B CRTER FRORIEY
W LI 22 e (132 7 AR
| | ] I
onfetch assign_to_PSR assign_to_ADR assign_to_RESBUS
ondecode assign_to_WIM assign_to_DBUS asgign_to_RESULT
onexec assign_to_IDR assign_to_AS]
onwrite assign_to_IER
ztrld azsign_to_IWR

100.1 MB869M FEKL{T A iR B I2F Sparc.vhd 5HE
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2. SCIRYTHEE

MB86901 4 95 %, - WEIEE - BRAEMEHE (ERBA) - BHER . %
FEREGE 4%, BT EER, Sparc. vhd BE T HA 63 £1E$. WM5FNEHA
KEES K% CPUESRARE . Boh, BT ESIRENE T £ HE KT Al
A, EI. HACREH fE MB8E%0L KIIF £ R NS, SR B{F4H<4 L& 100. 1.

% 100.1

op | OP2 oP3 || Mnemonic—zr op | OP2 1 03 | Mnemonic ] op | 0P2 0P3 I} Mnemenic
00 | 010 ; BICC '1 10 |25 SLL | 11 09 [ LDSB
01 | |7 I caLL 4”_10 | 26 SRL |1 04 LDSH
- oo | a0 G SRA 1 11

10 | | o1x ap o | 28 ROY 1 10 LDA
10 | 02+ R 10 | 29 | ROPSR |l 1 | | m LDUBA
10 ! o X0R || 10 [ 24 | ROWIN BER 12 LDUHA
10 | 04 SUB 10 | 2B | RDTER 4 11 13 LDDA
10 ] | 05+ AND w! [ 14 STA
10| | oes GRN || 10| | 30 | WRY Ln 15 STBA
10 07%# | XNOR || 10 31 | WRPSR || 11 16 STHA

10 32 | WRWIM '_] 11 17 STDA

10 09* SLBX || 10 33 | WRTBR || 11

10 10 ADDCC || 10 N 19 1 DSBA
10 ¢ | ancc || 10 38 | JHPL 1| 1A LDSHA
10 12% ORCC 10 39 RET || 11

10| | 13« XORCC 16| [ 3| TICC 11 20 LDF
10| | 1ax STA ! 1 21 LDDF
10 15¢ | ANDNCC || 10 3C | SAVE 11 22

10 16+ ORNCC || 10" 30 | RESTORE || 11 23 STF
10| | 17 | xNoRCC 111 24 STD
10 18 | ADDXCC ' iy

10| RIS 00 LD il 26 STDFQ
10 1 | “SuBxcC BN 01 L.DUB 11 27 STDF
0] 11 02 | LDUH

10 20 | TADDCC || 11 03 LDD

w2t | smee |1 04 ST

10 | 22 | Tappcerv || 11| | 05 STB

10 | 23 |msupcery |l o6 | sm ]

10 | | 24 | wustce || 1 o s || 1 |
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3. XFRIERIRLES i 8] B

FERUKERESRTT iR, BT 2 FIBE S EE. R—/ABArREESR
RAE 2 R LPTEENE X% -t 72 bad MB8E901 RFKERIT iR, MEEE
HEEEUH AT SR BN DR iy E—RE4SE R AL AEES. RS REREH
WTEE R T A R R {E - 76 VHDL Piofidakch, @HEE T & utieh, LHEESHER
SRERARHIT E GRANERIEER), A —EFERENTIFRR . B, BTIERRY
IR TTEE A SR 4 B RA B2 AT /7 X R4 CLEL A CLK2 R, R & BT X AF g
# . 77 DECCDEL dh. @I FHANH RIESESTHLRBES, AEIREFRER G
VHDL B9 -f-if &) “after CLK2' BFHYHILILYE, fEHMAETE CLK2 ERBRTEZD . Sik
A EARABIERELHITE FETCH2 th (R AE7E CLK2 LEFHRSE) | BITE CLK2 b FH BN
HEHE GHREPRNRME A E R, REREN R R T HT ARG . BEEEME,
—ReH) VIDL EERERG S AR R T LHXMTHERN. EEaH iR s
after 74, BHEZWRE, EEFEEARBUGESHER.

4. RTESHZHERE

EFUKERIT RS Y. FE2ESMERTRETEENTSHZME. £ VDL
HSPEELEAEFEEXNGHES . AN TSRFKEREHE+2ES miEg
BSEXASHES WP BmRmE 10 BYE X ol BN F 778 . 3, fetehl.
decodel H] decode? jX 3 M#RETERBEIFZ3{EE ldcount B{E, WEE Y 3 44
FIRTE BIR 3 B ARIER {2 1dcount_f1, ldeount dl #] ldcount d2. B4MNRE
— % ldcount WR{ERIHERR, ZHEFRHIX 3 M5 SHYEME TRANSACTION #iE ( HE(E S
S, T ERHER TR EAR. TRANSACTION (& 480 } o TEIZHERRT, SR
bk 3 M5 S ME S W9 TRANSACTION @it % 448k, (FjFH TRANSACTION ¥ EVENT B
V. FB 25 TRANSACTION p9fE 45 (ki , EVENT 7284k ). SRFSHE TRANSACTION J& 354k ¢4
{55 HMEL 1deount, AEFE T I BF SN ERT . BEEARNT .

fetchl: process

bagin

------

------

end process fetchl:
fetchl: process

begin

------

« 460 *



ond process fotchl:

fetchl: process
begin
ldcount fl<=1 after timel;

end process fetchl;

assign_to_ldcount: process
bagin wait on Idecount_dl’ TRANSACTION, ldeount £1° TRANSACTION,
~ ldcount_d2' TRANSACTION:

if ldcount 1 TRANSACTION’EVENT
then ldcount<=ldeount fi;

elsif ldcount dl' TRANSACTION' EVENT
then 1dcount<=Idcount dl;

algif ldeount_d2" TRANSACTION’EVENT
then ldeount<=ldcount_d2:

end if;

end procees assign to_ldcount:

5. AR AAS IS F

R 2 R RS T RN T . B 0A0F TYERTE Talent Rgn@tEI
BT BT TE MBB6GOT HN I £ BURARSE (T AN E S BA T X . XmE
A FRARE A CPU 7 N IRE S E TP S R - ZEGMBINIL DAY T R B a1
SRR AT SL, MO EITERBTHE . RAKETRRTE MR+ 5 25080 .
BT REER, MY MBB6301 FRELHE B R BHH < F — e S B A S Oz, -

(1) WXL AL

sparc. vhd B & SEFR 12 MB8690L 41 BRINASHY 6 1T AEK, ZiREE
BT IR AR . - R ARIE MBSGOOL 17 MR ( LA TRIFEAL) WM A e R
MB3E001 ShERE NN MR SR A 2 MM E B E, XU HE ¥ BaE .

L WBPESER (UserlnstSpace) S ASIESH (SysnstSpace) BIUHES
HEIS SR % B B R R

& WP #EZEA (UserDataSpace) B RS IR (A (SysDataSpace) iE2yiE
ATEE N 2R BT RIE R, F S YT AR SIE A A RE R E BB B Ay
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=,

@ TEESAMETRR R TGRSR B I E R SRS S % DR A S0 x HI,
& ;

@ 7EE M AR TEHFEML BRI -

F— RN ThRE 2R RSN E 05 5 CLK1 Fit CLK2. /W EE G E 47 52 75%
F1 25% .

B ERGHEYZRMAF RS0 (f VEDL FEEHER ) B —RY 32 {1
CHEHIGEER (H 4D B eI ) BOBITRED . X IR P SRR - R — A MBBE9O1 HL3RED
5%, EXUHBREEES —-®IERT SREIENLSEEICH Rt T ST, &
RMARENFERAESERE MEEN 2OFNE . QIREELZIT B2, FaiE
H2 R EREI B IRALZ TIER, TSRS fRGHE . AP RIEERMA
SRR SIE (H VHDL ROSUREER ) PFIse s — 38 DUE BRI . ik g B A
BT -

subtype ByteVector is STD_ULOGIC VECTOR(7 downto O):
type MemoryByte is array(0 to 799} of PRytcVector;
variable Sysinstspace : MemoryByte =
{ "100000007,  "0OS1100G7,  “000000007,  "00000G007,

- EZMAIEL

— 0: XOR r0, r0, r0

-—  300nS [xr0}= "000000O0G Q0OGOC00_00000000 $0000GD0”

"100000007,  "60010000°, “00100000”, “00000Q0L”,

== 4: OR r{, 10, O0IH:

-—  360nS [r0]= 00000000 _000000G0_000O0000 00000001~

variable Userinstspace : MemoryByte := (
driver : process
begin
wait on CLKl wntil {RESET=' 1' };
if (CLK1 | #3¥)
then if(RD=" 0’ )and(WE=' 0' ) then —STH5% (LEIBHIELES)
case ASI s

when 700001011 -5 iigimas|d)

=>if  (SIZE(l downts 0}="11") or —JLEK
(SI7E(1 downto 0)="10") - BT
then

if (ADR{1 downto 0)="00") then —STD Hi54
SysDataSpace (ADR) <=DBUS {31 downto Z4)after O ns:
SysDataSpace (ADR+1) <=DBUS (23 dowrto 16) after 0 ns;
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SysDataSpace (ADR+2} (=DBUS (15 downto 8) after 0 ns;
SysDataSpace (ADR+3) <=DBUS (7 downto O} after 0 ns;
else assert FALSE report "Addressing Fail !”;

ond if;
elsif SIZE(l downto 0)="0L" then . 1
if (ADR(1 downto 0)="00")or (ADR(l downto 0)="10") —STH $5%

then SysDataSpace (ADR) <=DBUS(15 downto 8) after 0 ns:
SysDataSpace (ADR+1) {=DBUS{7 dewnto 0) after 0 ns;
olge assert FALSE report “Addressing Fail !7;

end if;
olsif t_SIZE(1 downto 0)="00" then  —-STB #5245
SysDataSpace (ADR) <=DBUS(7 downto 0) after 0 ns;
snd if;
when "000010310° iR TR R
=rb RaRBLAREE . L
when others=> assert FALSE rsport “Error Data Space! *
ond case:
DBUS <= "Z77777777777727772712277777777771" after 13 ns;
slge if (RD=" 1’ }and(WE=' ' } then —HUfEEE LD HHE 4
case t ASI is :
when "00001001"
=> DBUS <= SvsInstSpace (ADRR) &
SysTnstSpace (ADRh+1)
&SysInstSpace (ADRh12) &
~ SysInstSpace (ADRh+3) after 0 ns;
when "000010007 . 7000010117 . ~00001010Q”
=245 LR,
when cthers
=> assert FALSE report "Invalid Space !”:
ond case;
else assert FALSE report "Warning: Nothing to do |”:
ond if;
end if;

and procesa driver:

clock : process
variable counter : integer ;= 0:
begin
wait on onclock unti! oncleck=’ 1’ :
for T in 0 TO 400 loop
if counter=0 then(LK! <= ' 1' after O ns;
Cl¥Z <= ' D' after 0 ns;
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olsif counter-! +then CLKZ <= ' 1' after O ns:
elsif counter=3 then CLK1 <= ' 0’ after 0 ns:

ond if;
if counter=3 then counter := D;
ofse counter := counter+l:
ond if;
wait for 15 ns;
end LOOP;

ond process clock;
(3) MXFBARE

O FAIHES IR

R MERRIET R, SR A S ST AR AR R, XEEEH
HBRT B EHIERIERAR & RIESIMIE RRIELS Ry LB A% . @i,
MREFECHNBITHRE R, AFSMKESOIITIR, W5HARESHSITTE
JoK. MB36901 WY FAMIES IHREH A RPMEEES . FHEHESHES . BiE
Vo TERIEFA R ZREEIE SWES 5% KIS MRS S OR MBS T AT
IRAERAES . X T ARSI T HM % BEE S B8 W, WRTES B S iR
TR ARET - AFITE Talent RGBS, HHHRGE BEMR -

............

7100001107,  "00011000", "01000000”, "00000010",

-—12: I0R r3, r1, r2

--480nS  [r3]= "00000000_¢0000G00_00000100 01000106~
"10001000%,  "Q01100007,  ”11000000”, 700000010,

--16: RN rd, 13, 12

~=540n5  [r4]= "00000000_00000000_00000001_00010001”
"10001010%, 001010007, 7100000007, *00000001”,

20 ANDN r5, r2, rl

~=600nS  [r5]= "00000000_00000000 00000101 01010101
"10001160%,  "00111000%, “0100C000", "00000010",

—24- XNOR r6, rl, 12

—660nS  [r6]= "11111111 11111181 11111011 106111011”
"100010C07,  "10010000",  "00000C00", "00000100”,

—28: Orce vd4, 0, 14,

—720nS  [r4]= "00000000_00000000_DG00000L_00010001”

--660nS  PSR[23:22]1="00" (nz=00}

............

“10000110", 7100110007, “11000000”,  "00D00011",
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—82; XORcc r3, 3, rl;
--1020nS [r3]=."00000000 00000000 00000000 _00000G00™
~-360nS PSR[23:22]="01" (nz=00}

100000007, 101100007, 000000007,  "000G0000”,
—b&: ORNece 0, 10, 10
—1080nS [r0]= "00000000_0000000¢_G0000100_01000100"
—-1020nS PSR[23:22]="00" (nz=10)

T100000007, 7101100017,  T1DI0DOLIOT, 110011117,
—(0- ORNce r0, r6, 700L10110011117;
-—1140n3  [+8]= "00000000_ 00000000 [O0OOO00_00G00000”
—1080nS PSR(23:22]="01" (nz=00)

"100DED1D%, 101010007, "DOOODOOO”,  "O0000ON0”,
——64; ANDNee 1, r0, r0:
—1200nS [ril= ”11111111_11111111_111111_11_11111111’
—1140nS PSR{23:22]="00" (nz=]0)

100001007,  "101010007, "0L000G01”, 000000017,
—68: ANDNee 12, rl, ri;
——1260nS [r2]= "00000000400000{)00_1}0(}00000_00{)00000“
—1200nS PSR({23:221="01" (nz=01}

@ % RS AR

MBB6SO01 th B AEIF /KA & REAE SR £, =B A4 LD 2455 - LDD 2445
4 ST 45 . STD 28484 . BICC 2354 . JMPL 54 - TICC 454 . RET 34-#) MULSCC
B2 M FEEZ R ELESHETREH TAETER. s BICC {54, mE2
FEE] 16 B[ 3 B DRI T -

HTZAIESHNETRES ZHESHRMESHE Y, BT ESEEEs T4
ZRIBHRCHIET . DNESEREERNFR L EIES, FEE SN AR LSS
BT « X EFAHI AR R S 2 ABHES (UL LOAD 4 hf)) MitiFiEm. BEr
REFAMESREEE T REFALIESHTRE, Hig RN . XEisS e
Talent &0 OB, HEHRR R IFi@AT -

7100000007,  "000110607,  “0O000000”,  “000060G0”,
==0: XOR r0, rQ, rD

——300nS  [r0]= "00COCO00_00000000_D0000000_00000000”
7100000007,  "000%10007,  “00000000™,  "0000000D”,
--4: XOR ), r0, =0

—360nS  {r0]= "0000000Q_00000000_00000000_0000000D”
7110000107,  "000COGDO”,  "00100000”,  "DODGOCOG”,
——8: LI rl, r0Q, 70000000000000”

—480nS  [r1]= "00000000_11111111_0N0DCO01_ODOOB0N0”
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Y100000007, 000110007,  TOOC0000D7,  TDDOOQDOD”,
--12: XoR r0, rD, 10

-=340n8  [r0]= "000000G00 _0000000G_00000000_00000000”
Y100000007,  "000110007,  "QO00D0O00D™,  "QODO0O0OCO”,
—16: XOR r0, rD, rO

--800nS  [xQ]= 700000000 00000000 00000000 00000000
7100000007,  "OGOL1000",  “000000007,  T00HCCO00”,
—20: XOR 10, r0, 10

—660nS  {rdl= "00000000_00000000_D0000000_00000000"
"10000000%, "000110007, "000000007, 00900000,
——24: R r0, 0, 0

-=720nS  [r0]= “G0O0R0O00C_Q0000000. 00000000 00000000

“11000100%,  "00GO0D0G”,  "GO100000",  "GO000100”, —&4
=28 LD r2, 10, “0000000000100”

~-840nS  [r2]= “0O00000C_ 11111111 00000081 00000000
7100001007,  "006Q000C”, "0C100000%, ~00010100%, --r2=20
~=32: ADR 12, 10, “DOO0D0OGI0100”

—-=900nS  [r2]= "00000000_00000000_G000GO0D_00010100"
“100000007, 000110007, 7000000007,  “0QOGH00O”,

~-36: XOR 0, 0, r0

——960nS  [x0]= "00000C0C_00000000 00000000 GO00000G"
“10000000%, 7000110007,  "000000007,  “GO0O00D0”,

—40; XOR 0, r0, 10

——1020nS [r0]l= ”06000000_00000000_00000006 00000000”
"100000087,  "00C1IC00”,  "060C00007,  "00000000”,

——d44; XOR r0, 0, 0

~=1080n$ (r0]= "00000000_00000000_G0G00000 00000000”
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10.

11,

12,
13.

14,

15

16.

17.

18,

g £ X ™

BB . FHERCE. SRFREF. EDA R REFTahin—F 35 it Ot 2 Wm %, eyl it
1998 = 11 B 23 HE: {SBpbmBgigith, 1999 #£5—H]

- XIERME . wHER, SkARME, FHE. TRKMRRESESESED. R SR KA. 1998

JBHA, R BFEREE IR LT BEFEE LKL 1996

XA, HRE. WEE. VDL SR R L R AR T B

1997, 20 (8). 501~509
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BRI 100 BABREE—K

AR B O
Vi NERE pra oA

1 b . AR . k. 2. UER . {UmE . | 1_adder. vhd
HE
P ARAIRTT HTheE - n |

2 HRES . ER 2_adder. vhd
R HFR R 1T ThiE

3 531 #24u 3 mul. vhd

4 TRYGEEMEL - X5 B{E. ATSAGESHEHESIE. | 4_comp. vhd
RS REE A
AHERRGR T RThEE

] DA BSIER SR BB A RO EIE M when 585 1S | 5_mux2. vhd
SRERREE %M
AR IGRTT Thie _

6 wait 1550 4 Fhfizzt . @Ak EVENT ) STABLE . ohadid 6 _reg. vhd
Ri#EBERThIE

7 iRiG 6] block - #EARIFAOEE . REERFE - LEBH . GXM | 7_shiftreg. vhd
RKIZEHET . #5185 assert By51 7_test_vector. vhd
R ERRIT IO _

B HEM T bit_rtl_lib. & bitpkg. WAE LS. FE | 8_bitpke. vhd
BI9{M - BEERRE "« s 0 R ST AT | 8_bit_rtl_lib. vhd
iR
ERIT AR

9 CEFHRIE Y - FEER . EE5EIREE . S5£0 . T | 9 MVLT types. vhd
fFRY . FRRGEEE . FAA . AMEE L HBET

10 | bit_to_int HENEILIRE - 514 LR RIE S EIRIFE « R | L0.bit o int. vhd
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CASE 1EH)
EXIT iE4)
IF i 4]
LOOP 1E 4]
NEXT {E47
MULL {E4])
RETURN & 4]
WALT iE4)
A FER

“ILEE
“{HiFER
tEFHE
NEZEE

EES
TR
TR
FRIFHE
TRYSE
FRESRLH
FRELAS &
TR
PR

— &

Application Specific Integrated Circuit
CASE statement

EXIT statement

IF statement

LOOP statement

NEXT statement

NULL statement

RETURN statement

WAIT statement

delta delay

[Ei

=]

binary operater
binary valued logic
seven valued logic

nine valued logic

subtype

subilype declaration

subprogram

subprogram specification
subprogam parameter

subprogram parameter association
formal subprogram parameter
subpregram declaration
subprogram call
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subprogram body

three valued logic

upper bound

lower hound

index, subscript

index constraint

M E

interrupt

interconnection unit

component
component
compornent
component
compornent
component
component

reference

association
instantiations
instantiation statement
configuration

table

declaration

resolved signal

resolution function

five tuple

six valued logie

six valued simulation

literal

file object

file type

i &

four valued simulation

four tuple table

current event

functional unit

package

package body
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package declartion
visibility
unconhected port
external clock signal
external signal
external input excitation
lifetime intervals
generate statement
generate palrameter
record element
record type

object

object breakpoint
object declaration

object class

Bl

transfer

transport delay
harbinger unit

delay

delay modal

association

synchronism

synchronous circuit
synchronous simulation
succesor

multi drivers

multiple valued simulation
multiple valued logic
iterative nest
multi-cycle aperation
multi-level simulation
multi-dimensional array
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HE concurrent

% TR A _ concurrent procedure call
HEH concurrency

HEESREIER concurrent signal assignment statement
H-& R EEH) concurrent conditional assigmment statement
HE1ES] concurrent statement

AN iR concurrent assertion statement
322 asynchronous

RO HEE asynchronous event

SR B asynchronous sequential circuit
BIE T top~down

AT ) 1= bot tom—up

T behavior

1T 5 & behavioral description

T 5 line breakpoint

12 Tk design.entity

RITH e degign unit

21T design library

i A design reuse

RiTHER design description

PRI deadlock

1270 [o] E i visiting type

XAEN relational operator

KYRITTE association element

FHRE ~ assnciation list

HNTH dynamic behaviour

I FOR= dynamic hazard

EETFv] =R self driven simulation

AR constraint

{1t dominance

R procedure

1 PR A procedure call

AR 1B procedure call statement

T E procedure specification
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sequential statement
sequential assert statement
sequential operation
formal generic
formal parameter
formal port

initial value

alias

block

block statement
block configuration
level design

level structure
clock signal
sequential logic
library

library clause
library name

library unit
completeness

driving value
driving source

local generic

local port

formal parameter

bit string

bit vector

conditienal signal assignment

positional association
process
praocess statement
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function

function call ~

function declaration
function specification
expression

event

event table

transaction

range constraint

unary operator

unit delay time
combinational logic
configuration
configuration declaration
configuration specification
configuration statement
named association

nuil

null transaction

regular structure
parameter

antity

entity aspect

entity declaration
experiment model
unconstrained array type
physical type

physical description
variable

variable class

variable declaration
variable assignment statement

conversion function
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enumeration type
waveform
waveform elements

abstract description

1]

keyword

architecture

architecture bhody
structured design
structure description
constrained array type
selected signal assignment
signal

signal declaration

signal drive source

signal class

signal assignment

gsignal assignment statement
test bench

test vector

label

identifier

identifier list

standard delay

standard element/component
scalar type

generic

generic association
generic association list
type

type conversion

type declaration

type mark
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guard

declarative regions
reaction time

hazard

specification
overloading
overloading operator
bus

sequential statement

&

predefined subtype
predefined iype
predefined operator

predefined library name

predefined attribute
recursive siructure
guarded signal
guarded assignment

guarded signal assignment

fan in

fan in table
fan out

fan out table
float literal
float type
discrete type

concatenation operator

race

+—&

logical name
logical operator

logic simulation
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interface element
interface list
interface object
constant delay time
constant

constnat declaration
constant class
sensitive signal
sensitive signal list
sensitivity

attribute

attribute name
attribute declaratior
attribute specifiecalion
base type

inertial delay
desceription domain
hybrid simulatien
assertion statement

breakpoint

+= &

naximal/Minimal delay time
hardware description language
loop constructs

loop slatement

nest,

T= g

numeric type
erray

array bounds
arrvay type

array dimension
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source

R HEIA source description
FiR zero delay
U H R output function

+m @
i, mode
AL it modularization design
RV 25 modularization structure
FEHL simulation
PRI & HA simulation cycle
AL AT B simulation clock
Bl ® simulation level
R simulation environment
LRI e simulation structure
B+ simulation step length
R simulator
R LAY simulation model
B simuilation waveform
HAZER arithmetic operator
HEWTS operator symbol
o [ port
¥ [ 35 BR port declaration
it [ S B¢ port association
U L1 R B ER port association list

& static

£y =1 5o static hazard
AR A static test

75 &
TRl (B {E ' default value
BATA (B ) fvm O £ B default port association
BT integer literal
WA integer type
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excitation
excitation generator
excitation response
active

activition condition
operation concurrency
operand

operator
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architecture BENCH of tent_divis
componenl gk
PORT[

CLOCK IN BIT;
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