TR AR
#93% 2017010682

F. XBAEFSHA

1. XBAR

FRALEFE ERNRLFHEAENEEE BT, FahRmehdiTitsn, /bt
FHRHE—R, HitHEF 59 MR, BRE ML EAEE AT 00 fORS, EFitH,
BHREREE—NEME, TUEREFRES 00 APRSHREITE., FAXEFEEEW
IMHz B $h, Bt Ess s #hk, ERPFEAFREFRENGZ.

2. TtHH

HTHNEMREIR, SBHRVEE D iASHEANANEIE], XIERETHEZS
BS, NI EARBAERESRE T ADUGK, 1IEREFE BT, FEHPZEH event BHY
DitAREENEIERTHEE, F=HNESTEBERL. HFELER, FUIH Wk,

F—ERK, HZHoETH<BEEEMNERT, BHELERE PI0FERLE,

—. ~N53E D bk =%

1. D& ar5 16 #HIITE=RAEE: THEILSER, #inlk

ANSIENEE D MARERMAN. XRATHESLNAR, EEESIET, BEED
k2%, EEREDMAR WA 1R,

XHERMFEERYEE, EXEHBEH 16 #EITHEBINERAE, WA 2FF
T BEZ—R, TR ETHEEAR, BEIET quartus B, EINT —RITER,
ME 3 Frr. (RBEEMER, IEX)

fentity NAndO3 is

H port |
entity DIrigger is a, b, c: in std logic:
port ( d: out std logic
D, CP, Rd, Sd: in std logic; )
Q: out std logic := '0'; =nd NAndoO3;
nQ: out std logic := '1°"
) - farchitecture N3 of NAnd03 is
end DTrigger:; ibegin
d<=not (a and b and c):
architecture T of DIrigger is end N3;
component NAndO3 architecture T of DTrigger is
port|( component NAndO3
porec (

a, b, c: in std logic;
d: out std ngiE a, b, c: in std logic;
)2 - d: out std_logic
)
end component;
signal ot: std_lagic_vectm:(G downto 1);
begin
N1:NAndO03 port map(ot(3),D,Rd,ot(l)):
N2:NAndO03 port map (ot (l),5d,ot(4),0t(2)):
N3:NAnd03 port map (CP,ot(l),ot(4),0t(3)):
N4:NAnd03 port map(Rd,ot(2),CP,ot(4)):

end component;

signal ot: std_logic vector (6 downto 1);
begin

ot(l)<=not (ot (3) and D and Rd);

ot{2)<=not (ot (l) and Sd and ot(4)):

0t (3)<=not (CP and ot(l) and ot(4)):

ot (4)<=not (Rd and ot (2) and CP):

ot (5)<=not (Rd and ot (3) and ot (6)): N5:NAnd03 port map (Rd,ot(3),ot(6),0t(5));
ot (6)<=not (ot (5) and ot(4) and 5d); N6:NAnd03 port map (ot (5),0t (4),5d,0t(6)):
nQ<=ot (5) nQ<=ot (5) ;
Q<=ot (6): Q<=ot (6) ;

end T; end T;
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|architecture asyleé of Cntel is
| component Cntlé
| port (
clk, Rd: in std_logic:
Digit: out std logic vector(3 downto 0)

)z

end componsntc;

signal RdL, RdH: std logicy

signal QL, QH: std logic wvector (3 downto 0);
kegin

CL:Cntlé port map (clk,RdL,QL):;

CH:Cntlé port map (not QL(3),RdH,CH):
| process (rst, QL)

kegin
| if (rst = 'l' or QL = "1l01l0") then
RdL «= '0"';
| else
RdL «= "1"';

end if;
end process;
| process(rst, QH)

kegin
| if (rst = '"l' or QH = "0Ql1l0") then
RdH «= '0"';
| else
RdH «= '1"';
end if;

end process;
Digitl <= QL;
DigitH <= QH;
RR<=RdL;

end asyleée;
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entity Cnté is
pore |
clk, Rd: in std logicy
Digit: out std logic wvector (3 downto O)
Vi
end Cntée;
entity Cntld is
port |
clk, Rd: in std logic;
v: out std logic
Digit: out =td logic wvector (3 downto 0)
)y
end Cntld;
entity Cnted is
port |
clk, rst: in std logic;
DigitH, DigitL: out std logic wector (3 downto 0)
)i
end Cntel;

architecture asvleé of Cntel is
conponent Cntl0
port {
clk, Rd: in std logic;
v: out std logic;
Digit: out std logic wector (3 downto 0)
)i
end component;
component Cnte
pore {
clk, Rd: in std logic;
Digit: out std logic wector (3 downto 0)
)i
end component;
signal v, Rd: std logic;
signal QL, QH: std logic wector (3 downto 0);
begin
CL:Cntl0 port map(clk,Bd,v,QL);
CH:Cnt& port map(v,Rd,QH):;
Rd <= mot rst:
Digitl «<= QL;
DigitH <= QH:
end asvle;



architecture asyl0 of Cntld 1is
component DTrigger

port |
D, CP, Rd, S5d: in std logic;
Q: out std logic := '0';
nQ: out std logic := '1°

)z

end component;
signal RRd: std_logic;
signal nQ, Q: std logic vector (3 downto 0);

begin
DLO:DTrigger port map(not Q(0),clk,RRd,"1",Q(0),nQ(0)):
DL1:DTrigger port map{not Q(1l),not Q(0),BRd,"1"',Q(1),nQ(1l));
DL2:DTrigger port map(not Q(2),not Q(l),RRd,"1',0(2),n0(2)):
DL3:DTrigger port map(not Q(3),not Q(2),RRd, "1',0(3),n0(3)):
Frocess (R4, Q)

begin
if [(Rd='0'or Q="1010")then
RRd«<='0";
elsif (Q="0000") then
RRd«<='1";
end if;

end process;
process (Q)
begin
if (2="1010™) then
Digit<="0000";
wve="1";
elsif (Q="0000") then
Digit<="0000";
vE="0";
else
Digit<=0;
end 1if;
end process;
end asyl0:

architecture asye of Cnté is
component DTrigger
port |
D, CP, Rd, 3d: in std logicy
Q: out std logic
nQ: ocut std logic

Vi
end component;
signal RRd: std_logic;
signal nQ, Q: std_logic_vwvector (3 downto 0);
begin
DLO:DTrigger port map(not Q(0),clk,RRd4,"1',Q(0),nQ{(0)):
DL1:DTrigger port map(not Q(1),not Q(0),RRd4,"'1',Q(1),nQ({1)):
DL2:DIrigger port map(not Q(2),not Q(1),RRd4,"1',Q(2),nl(2)):;
Q(3)<="0";
Process (Rd, Q)
begin
if (Rd='0'or Q="0110")then
RRd«<='0";
elsif (Q="0000") then
RRd«<='1";
end if;
end process;
process (Q)
begin
if (Q="0110™) then
Digit<="0000";
else
Digit<=0;
end if;
end process;
end asyé:
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D({0)y<=v xor Q{0):
D{ly<={(not wv) and Q(l}))}) or (v and (not Q(2) and (Q(1l) xor Q(D)})):
D{2)y<=((not v) and Q(2)) or (v and ((Q(2) and not Q(0)) oxr (Q(1l) and Q(O)))):

Digit (2 downto 0)<=Q;
Digit (3)<='0";

D{0)«<=not Q(0):
D{ly<=({not Q(0) xor not Q(l)) and (Q(0) nmand Q(3)):

D{2)«<={({not Q(0)) or (not Q(1l))) =noxr Q(2):
D(3)<=((not ((not Q(0) or mot Q(l) or not Q(2)))) xnoxr not Q(3)) and (Q(0) nand Q(3)):
Digit<=Q;
|
oLk Bl J ] | ] I 1 I | I | I 1 I | [
rst B ]
[ Digith @ BoC 0000
[# DigitL = B OC 0000 ¥ ooot ) SEECIUIEED SR )t()( 0110 o1 }:)( 1010 101 me ) @G

B9 mixMsN (L) fEA () XBRESHEER (T)
D(0)<=v xor Q(0);
D(ly«<=({not v} and Q1)) or (v and (nQ(2) and (Q(1l) xor Q(0)))):
D(2)y<=((not v} and Q(2)) or (v and ((Q(2) and nQ(0)) or (Q(1) and Q(O)))):
Digit (2 downto 0)<=0;
Digitc (3)<=="0";

D{0)<=nQ(0):
D{l)<=(nQ({0) xor nQ(l)) and (Q(0) nand Q{3)).
Di2)<=((not Q(0})) or (mot Q(1l)})) =nor Q(2):

D{3)<=((not {(nQ(0) or mQ(l) or mQ(2)))) =xnor nQ(3)) and (Q(0) nand Q(3)):
Digit<=0Q;
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entity Cntée is
port |
clk, Rd, v: in std logic;
Digit: ocut std logic wvector (3 downto 0)
)i
end Cnté;
architecture asyé of Cntée is
component DTrigger

port |
b, CP, Rd, 3d: in std logic;
Qi out std logic = '0';
nQ: out std logic := 'l1'

)
end component;
signal D, nQ, Q: std logic wector (2 downto 0);
signal tmpl, tmpZ: std logics
begin
label0: for 1 in 0 to 2 generate
Di:DTrigger port map(D(i),clk,BRd, '1',Q{i),nQ(1i)):
end generate label(;
D(D0)<=v =mor Q(0):

D{ly<={({not ¥) and Q(1l)) or (v and (nO(2) and (Q(1l) xoxr Q(0)))):
Di2)<=((not v) and Q(2)} or (v and ((Q(2) and nQ(0)) or (Q(1l) and Q(0)))):

Digit (2 downto 0)<=Q;
Digit (3)=<='0";
end asy6;

entity Cntld is
pore |
clk, Rd: in =std logic;
Digit: out std logic wector (3 downto 0)
yi
end Cntl0;
architecture asyll0 of Cntl0 is
component DTriggerx

port |
D, CFP, Rd, 5d: in std logic;
Q: out std logic := '0';
nQ: out std logic = "1'

)
end component;
signal D, nQ, Q! std logic wector (3 downto 0):
signal tmpl, tmp2: std logic:
kbegin
label0: for i in 0 to 3 gensrate
Di:DTrigger port map(D(i),clk,Bd,"1",Q(1i),nQ{i)):
end generate label(;
D0y <=nQ(0)
D{l)<=(nQ{0) xor nQ(l)) and (Q(0) nand Q{(3));
Di2y<={(not Q(0)) or (nmot Q(1))) xnor Q(2):

Di(3)<=( (not ((nQ(0) or nQ(l) or nQ(2)))) xnor nQ(3)) and (Q(0) nand Q(3)):

Digic<=0Q;
end asyl0;



entity Cntél is
pPort |
clk, rst: in std logic;
DigitLl, DigitH: out std logic_wector (3 downto 0)
)z
end Cntéel;
architecture asy&0 of Cnté&eld is
component Cntll
rort |
clk, Rd: in std logic;
Digit: out std logic wector (3 downto 0)
)z
end component:
conmponent Cnté
port |
clk, Rd, v: in std logic;
Digit: out std logic wvector (3 downto 0O)
)z
end component:
conmponent DTrigger

port |
D, CP, Ed, 53d: in std logic;
Q: out std logic = '0';
nQ: out =ztd logic := '1"'

)i
end component:
signal D, v, Rd: std logic:
2ignal QL, QH: =3td logic wvector (3 downto 0);
bkegin
CL:Cntl0 port map(clk,Rd,QL);
CH:Cnt&é port map(clk,Rd,v,QH);
Dv:DTrigger port map (D=:-D,CP=>clk,Rd=>Rd,Sd=>"1",0=>v):
Bd <= not rst:
Dg=(QL(3) and (not QL(2))) and {((not QL(1l)) and (not QL{O)}):
Digitl == QL:
DigitH <= QH;
end asyel:
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entity Counter is
pore (
clk, rst: in std logic;
H, L: out std logic_vector (€ downto 0)
)2

end Counter;

architecture Count of Counter is
component Digit
port (
Digit4: in std_lagic_vecco:tS downto 0);
Lighté: out std_logic vector (6 downto 0)
):
end component;
component Cnté0
pore (
clk, rst: in std logic;

DigitH, DigitL: out std_logic_vector (3 downto 0)

):

end component;

signal DigitH, Digitl: std_logic vector (3 downto 0);

begin
cnt: Cnté0 port map(clk,rst,DigitH,DigitL);
digL: Digit port map(DigitH,H):
digH: Digit port map(DigitL,L):

end Count:

entity Digit is
port(
Digit4: in std_logic_vector (3 downto 0);
Lighté: out std logic vector (6 downto 0)
):—-HiA842158, WHEEEIES
end Digit;

architecture Lighting of Digit is
begin
process (Digit4) --EH '5715'.:’5';1$)\:HE RS
begin
case Digit4 is
when "0000"=>Lighté<="1111110";
when "0001"=>Lighté<="0110000";
when "0010"=>Lighté<="1101101";
when "0011"=>Lighté<="1111001";
when "0100"=>Light6<="0110011";
when "0101"=>Light6<="1011011";
when "0110"=>Light6<="0011111";
when "0111"=>Lighté<="1110000";
when "1000"=>Lighté<="1111111";
when "1001"=>Light6<="1110011";
when "1010"=>Light6<="1110111";
when "1011"=>Lighté<="0011111";
when "1100"=>Lighté<="1001110";
when "1101"=>Light6<="0111101";
when "1110"=>Light6<="1001111";
when "1111"=>Lighté<="1000111";
when others=>Light6<="0000000";
end case;
end process;
end Lighting;
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entity Stopwatch is
port

——clk A EENETEF, pauAEEFRE (Br=cE0O)

——rzg="'1" ﬁ%ﬁfﬁg

clk, rst, pau: in std logic:
H, L: out std logic wector (€ downto 0)

):
end Stopwatch:

architecture watch of Stopwatch is

component Counter
poxrt

clk, rst: in std logic;
H, L: out std logic wvector (& downto 0)

)2
end component;
——paase='l'ﬁﬂ_{’g{.§
signal clk in: std logic
signal cnt: integer := 0;
begin

LIV

—-—CounterfEAAE, S pause. rscHIETEF

Count:Counter port map(clk=>clk in,rst=>rst,H=>H,L=>L);

--clk_inf7SEH]
process (pau, clk, rst)
begin
if (rst='1l") then
cnt<=0;
clk in<='0";

elsif (clk'event and clk='l' and pau='0'"') then
if {cnt = 1000000) then

cnt<=0;
clk in<='1";

elsif (cnmt = 500000) then

cnt<=cnt+l;
clk in<="0';
else
cnt<=cnt+l;
end if;
end if;
end process;
end watch;
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elsif (clk'event and clk='l' and pau='0'") then
if {(cmt = 1000000) then
cnt<=0;
clk in<='1l";
else
cnt<=cnt+l;
clk in<='0";
end if;
end if;
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entity DTrigger is

port |
D, CP, Rd, 5d: in std logic;
Q: out std logic := '0';
n{: out std logic := '1'

I
end DTrigger;

architecture T of DTrigger is
begin
process (CPE, Rd, 5d)
begin
if (Rd = '0'") then
Q«='0";
ng<="1";
elsif (54 = '0') then
Qe='1";
ng<="0"';
elsif (CP'event and CP = '"1') then
Q<=D;
ng<=not D;
end if;
end process;
end T:
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——DTrigger.vhd

LIBRARY IEEE;

USE IEEE.STD LOGIC 1164.ALL;

USE IEEE.STD LOGIC ARITH.ALL;
USE IEEE.STD LOGIC UNSIGNED.ALL:

entity DIrigger is

port {
D, CP, ERd, 5d: in std logics
Q: out std logic := '0';
nQ: out std logic = "1°'

i
end DTrigger:

architecture T of DTrigger is

begin
process (CP, Rd, 5d)
kegin
if (Rd = '0'} then
Q<='0";
nQ<="1";
eglsif (54 = '0') then
Q<='1";
nQ<="0";
elsif (CP'event and CP = '1l") then
Q<=D;
nQg<=not D;
end if;
end process;
end T;
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--Cntl0.vhd
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
USE IEEE.STD LOGIC ARITH.ALL:
USE IEEE.STD LOGIC UNSIGHED.ALL:
entity Cntld is
port
clk, Rd: in std logic;

Digit: out std logic vector (3 downto 0)

I

end Cntl0;

architecture asyl0 of Cntld is
component DTrigger

port |
D, CP, Rd, 5d: in std logic;
Q: out std logic := '0';
nQ: out std logic := '1°'

)
end component:

signal D, nQ, Q: std logic wvector (3 downto 0):

signal tmpl, tmp2: std logics
begin
labeld: for i in 0 to 3 generate

Di:DTrigger port map(D(i),clk,Bd,"1',Q(i),nQ(i)):

end generate label(:;
D(0)<=nQ(0):

D(1l)<=(nQ(0} =or nQ(l)) and (Q(0) nand Q(3));
D{2)<=((not Q(0)) or (mot Q(l))) =nor Q(2):

D{3)<={(not ((nQ({0) or nQ(l) or nQ{2)))) =xnor nQ({3)) and (Q{(0) nand Q(3)):

Digit<=D;
end asyl0:
—--Cnté.vhd
LIBRARY IEEE;
USE IEEE.STD LOGIC 1164.ALL;
USE IEEE.STD LOGIC ARITH.ALL;
USE IEEE.STD LOGIC UNSIGHWED.ALL:

enticy Cnte is
port |
clk, Rd, v: in std logic;

Digit: out std logic vector (3 downto 0)

)

end Cnte;

architecture asyt of Cnte is
component DIrigger

port |
D, CP, Rd, 53d: in std logic;
Q: out =std logic = "0';
nQ: out std logic = '1"

):

end component:

gsignal D, nQ, Q: std logic vector (2 downto 0);

gignal tmpl, tmpl: std logics
begin
labkel(: for i in 0 to 2 generate

Di:DTrigger port map(D{i),clk,Rd,"1',0(i),nQ{(i));

end generate lakbelOd;
D{Q)<=v xoxr Q(0):

D{ly<={(not v) and Q(l)) or (v and (nQ(2) and

(Q(1) =oxr Q(O)))):

Di{2)y<=({(not v) and Q2(2)) or (v and ((Q(2) and n2{0)) or (Q(1l) and Q(JI)})):

Digit (2 downto 0)<=0;
Digitc(3)«<='0"':
end asve;
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——Cnté&l.vhd

LIBRARY IEEE:

USE IEEE.STD LOGIC 1164.ALL:

USE IEEE.STD LOGIC ARITH.ARLL;
USE IEEE.STD LOGIC UNSIGNED.ALL;

entity Cnteld is
port|
clk, rst: in std logic;
DigitL, DigitH: out std logic vector (3 downto 0)
):
end Cnted;
architecture asyeld of Cnteld 1is
component Cntl0
Fort (
clk, Rd: in std logic;
Digit: out std logic wvector (3 downto 0)
)i
end component;
component Cnte
port |
clk, Rd, w: in =td logic;
Digit: out std logic wvector (3 downto O)
):
end component;
conponent DTrigger

rort (
b, CP, Rd, 5d: in std logic;
Q: out std logic := '0';
nQ: out std leogic = '1!

)z
end component;
2ignal D, v, Rd: std logicy
signal QL, QH: std logic wector (3 downto 0):
begin
CL:Cntl) port map(clk,Rd,QL):
CH:Cnte port map(clk,Bd,v,QH):
Dwv:DTrigger port map (D=>D,CP=>clk,Rd=>Rd, Sd=>"1"', 0=>v) ;
Bd <= not rst;
D<=(QL(3) and (not QL(2))) and ((not QL({l}} and (not QL({O})):
Digitl <= QL;
DigitH <= QH:
end asyel;
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—=Stopwatch.vhd
LIERLRY IEEE;
USE IEEE.STD LOGIC 1l1&4.ALL;
USE IEEE.STD LOGIC ARTTH.ALL;
USE IEEE.STD LOGIC UNSIGNED.ALL;
entity Stopwatch 1is
port |
——clk A B ENET#F, pauHEFEERE (RArscEO)D
——rst="1"BF FFEE
clk, rst, pau: in std logics
H, L: out std logic wector (& downto 0)
):
end Stopwatch;
architecture watch of Stopwatch i=s
component Counter
port |
clk, rst: in std logic:
H, L: out std logic wvector (& downto 0)
) :
end component;

——pause='1"'TREE

signal clk in: std logic := '0';
signal cnt: integer = 0;
begin

——CounterfE AR, SMEEEHpause. rstFIETEF
Count:Counter port map(clk=>clk in, rst=>rst,H=>H,L=:>L):
——clk_inf7EEE]
process (pau, clk, rst)
begin
if (rst='1"'") then
cnt<=0;
clk in<='0";
elsif (clk'event and clk='l' and pau='0"}) then
if (cmt = 1000000) then
cnt<=0;
clk in<='1"';
glgif (cnmt = S500000) then
cnt<=cnt+1l;
clk in<='0";
else
cnt<=cnt+l;
end if;
end if:
end process;
end watch;
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——Counter.vhd

LIBRLEY IEEE;

USE IEEE.STD LOGIC 1164.ALL;

USE IEEE.STD LOGIC ARITH.ALL:
USE IEEE.STD LOGIC UNSIGNED.ALL;

entity Counter is
port

)i

end Counter;

clk, rst: in std logic;
H, L: out std logic wvector (6 downto 0)

architecture Count of Counter is
component Digit

port |
Digit4: in std logic wector(3 downto 0);
Lighté: out std logic wector (& downto 0)
)

end component:
component Cnted

port |

clk, rst: in =td logics

DigitH, Digitl: out std logic wvector (3 downto 0)
)

end component:
gignal DigitH, DigitlL: =td logic wector (3 downto 0} ;

begin

cnt:

Cntel port map(clk,rst,DigitH,Digitl):;

digL: Digit port map(DigitH,H):
digH: Digit port map(DigitL,L):
end Count;
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