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Cau 1:

PAP AN DPE THI CUOI KY HQC KY 1 NAM
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MBoén: thiét ké vi mach véi HDL

Mi mén hoc: DSIC330563

Dé s6/Ma dé: 01 Dé thi 6 2 trang.

Thoi gian: 90 phut.

Khong dugc phép su dung tai licu.

Sinh vién chi dwoc chon lam 2 trong 5 cdu sau day: (3d)

a. Hay mo ta mach chuyén doi tir s6 nhi phan 16 bits thanh ma Gray 16 bits va nguoc lai sir dung

VHDL. Mach ¢6 ngd vao A 16 bits, ngd ra Q 16 bits, va 1 ngd diéu khién M 1 bit. Khi M =
mach chuyén tr ma nhi phan sang ma Gray. Khi M =

nhi phan. (1.54d)
library IEEE;

50’
‘1’ mach chuyén tr ma Gray sang ma

use IEEE.STD LOGIC 1164.ALL;
entity Question 1 a BinaryToGray 1is

Port ( I in
Q out
M in

STD LOGIC VECTOR
STD LOGIC VECTOR
STD_LOGIC) ;

(15 downto 0);
(15 downto 0);

end Question 1 a BinaryToGray;

architecture Behavioral of Question 1 a BinaryToGray is

SIGNAL GRAY OUT,
(OTHERS=>'0") ;
begin

GRAY OUT <= I XOR

BINARY_OUT <=
Q <= GRAY OUT
end Behavioral;

BINARY OUT

I XOR
WHEN M

STD LOGIC_VECTOR (15 DOWNTO 0)

'0'&I (15 DOWNTO 1);
'0'&BINARY OUT (15 DOWNTO 1) ;
'0'" ELSE BINARY OUT;

b. Hay thiét ké va mo ta bang VHDL mach nhan c6 2 ngd vao A, B 8 bits va ngd ra Q 16 bits.

(1.5d)

library IEEE;

use IEEE.STD LOGIC 1164.ALL;
USE IEEE.STD LOGIC UNSIGNED.ALL;

entity Question 1 b 8

Port ( A in
B in
0 out

STD_LOGIC VECTOR
STD LOGIC VECTOR
STD LOGIC VECTOR

bits multiplication is

(7 downto 0);

(7 downto 0);
(15 downto 0));

end Question 1 b 8 bits multiplication;

architecture Behavioral of Question 1 b 8 bits multiplication

is
SIGNAL BO, B1l, B2, B3, B4, B5, B6, B7 : STD LOGIC VECTOR (7 DOWNTO
0) = (OTHERS=>'0");
SIGNAL QO0, Q1, ©2, 03, 04, Q5, Q6, Q7 STD LOGIC VECTOR(15
DOWNTO 0) = (OTHERS=>'0");
begin

BO <= (OTHERS=>B(0));

Bl <= (OTHERS=>B(1l));

B2 <= (OTHERS=>B(2));

B3 <= (OTHERS=>B(3));

B4 <= (OTHERS=>B(4));

B5 <= (OTHERS=>B(5));
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B6 <= (OTHERS=>B(6));
B7 <= (OTHERS=>B (7)) ;

Q0 <= "00000000"™& (A AND BO);

Q1 <= "0000000"& (A AND B1)&"O0O";
Q2 <= "000000"& (A AND B2)&"00";
Q3 <= "00000"& (A AND B3)&"000";
Q4 <= "0000"& (A AND B4)&"0000";
Q5 <= "000"& (A AND B5)&"00000";
Q6 <= "00"& (A AND B6)&"000000";
Q7 <= "0"& (A AND B7)&"0000000";

Q <= ((Q0 + Q1) + (Q2 + Q3)) + ((Q4 + Q5) + (Q6 + Q7))

end Behavioral;

c. Hay v€ mach dém 1é€n déng b0 2 bits str dung 2 flip-flop T va mot s6 cong logic can thiét, sau
d6 md ta mach dém nay bang VHDL. Mach dém nay c6 cac ngd vao: CK (canh 1én), Reset va
Enable tich cuc muc cao. (1.5d)

library IEEE;
use IEEE.STD LOGIC 1164.ALL;
entity Question 1 c¢ SynchronousCounter 2 bits T FF is
Port ( CK, E, R : in STD LOGIC;
Q : out STD LOGIC VECTOR (1 downto 0));

end Question 1 c SynchronousCounter 2 bits T FF;

architecture Behavioral of

Question 1 c SynchronousCounter 2 bits T FF is
SIGNAL CKO, CK1, TO, T1, Q0, Q1 : STD LOGIC := '0';
begin

--Describe the T FlipFlop

PROCESS (CKO, E, R)

BEGIN
IF R = 'l' THEN
00 <= '0';
ELSE
IF RISING EDGE (CKO) THEN
IF E = '1l' THEN
IF TO = '0' THEN
Q0 <= QO0;
ELSE
Q0 <= NOT QO0;
END IF;
END IF;
END IF;
END IF;
END PROCESS;
PROCESS (CK1, E, R)
BEGIN
IF R = '1l' THEN
Q01 <= '0"';
ELSE

IF RISING EDGE (CK1) THEN
IF E = 'l"'" THEN
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IF Tl = '0' THEN

Q1 <= Q1;
ELSE
Q1 <= NOT 0Q1;
END TIF;
END TIF;
END IF;
END IF;
END PROCESS;
CKO <= CK;
CK1l <= CK;
T0 <= '1";
Tl <= Q0;
Q <= 01&Q0;

end Behavioral;

d. Hay mo ta mach tim gia tri nho nhat va 16n nhat trong 5 giatria,b,c,d, e béng VHDL stir dung
hinh thirc mo6 ta PROCESS. Mach CQ cac ngod VE‘I’O 64 bits (a, b, c, d, ) va cac ngd ra 64 bits
g_min, q_max dé chua gia tri nho nhat va 16n nhat. (1.5d)

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

USE IEEE.STD LOGIC UNSIGNED.ALL;

entity Question 1 d comparator 5 numbers 64 bits is

Port (A, B, C, D, E : in STD LOGIC VECTOR (63 downto 0);

Q MIN, Q MAX : out STD LOGIC VECTOR (63 downto 0);
M : in STD LOGIC);

end Question 1 d comparator 5 numbers 64 bits;

architecture Behavioral of
Question 1 d comparator 5 numbers 64 bits is
begin
PROCESS (A, B, C, D, E)
BEGIN

IF (A > B) AND (A > C) AND (A > D) AND (A > E)THEN

Q MAX <= A;
ELSIF (B > C) AND (B > D) AND (B > E)THEN
D

)
Q MAX <= B;
ELSIF (C > D) AND (C > E)THEN
Q MAX <= C;
ELSIF (D > E)THE
Q MAX <= D;

ELSE
Q MAX <= E;
END IF;
END PROCESS;

PROCESS (A, B, C, D, E)
BEGIN
IF (A < B) AND (A < C) AND (A < D) AND (A < E) THEN
Q MIN <= A;
ELSIF (B < C) AND (B < D) AND (B < E) THEN
Q MIN <= B;
ELSIF (C < D) AND (C < E) THEN
Q MIN <= C;
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ELSIF (D < E) THEN
Q MIN <= D;
ELSE
Q MIN <= E;
END IF;
END PROCESS;

end Behavioral;

e. Hay thiét ké va mé ta VHDL mach dém vong 8 bits c6 chiéu thay d6i dugc. Mach c6 cac ngd
vao CK tac dong canh xuéng, Reset va Enable tich cuc muc thép, va Direction. Khi Direction
= ‘0’ hogc ‘1 thi dit liéu 8 bits ( gom MOT bit ‘1’ va BAY bit ‘0’) tuong ting duoc xoay trai
hodc xoay phai. (1.5d)

library IEEE;
use IEEE.STD LOGIC 1164.ALL;
entity Question 1 e shift left right is
Port ( CK, E, R, Dir : in STD LOGIC;
Q : out STD LOGIC VECTOR (7 downto 0));
end Question 1 e shift left right;

architecture Behavioral of Question 1 e shift left right is

SIGNAL Q NEXT, Q REG : STD LOGIC VECTOR (7 DOWNTO 0) :=

"00000001";
begin
PROCESS (CK, E, R, Q NEXT)
BEGIN
IF R = 'l' THEN
Q REG <= "00000001";
ELSE
IF RISING EDGE (CK) THEN
IF E = 'l' THEN
Q REG <= Q NEXT;
END IF;
END IF;
END IF;
END PROCESS;
Q NEXT <= Q REG(6 DOWNTO 0) & Q REG(7) WHEN Dir = 'O' ELSE

Q REG(0) & Q REG(7 DOWNTO 1);
Q <= Q REG;
end Behavioral;
**¥Lipy - Sinh vién phdi viét day di nhitng thanh phan ciia mét tdp tin VHDL cho timg cdu trd i,
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Cau 2: Cho mot mach ALU don gian c6 chuc nang dugc mo ta nhu bang trang thai sau day: (3d)

CTRL(1:0) | Q(63:0)
00 A+B
01 C+D
10 A—B
11 cC-D

Trong do: CTRL(1:0) 1a ngd vao diéu khién c6 2 bits; Q(63:0) 1a ngd ra; A, B, C, D 1a cac ngd vao sb hang
ctia ALU déu c6 64 bits.
a. Hay mo ta mach ALU nay bang VHDL sao cho chi dung HAI mach cong, va HAI mach trir. V&
lai so dd khai niém di mo ta. (1d)

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

USE IEEE.STD LOGIC UNSIGNED.ALL;

entity Question 2 a is

Port ( A, B, C, D : in STD LOGIC VECTOR (63 downto 0);

Q : out STD LOGIC VECTOR (63 downto 0);
CTRL : in STD LOGIC VECTOR (1 downto 0));

end Question 2 a;

architecture Behavioral of Question 2 a is
SIGNAL SUMO, SUM1, SUM2, SUM3 : STD LOGIC VECTOR(63 DOWNTO 0) :=
(OTHERS=>'0") ;

begin
WITH CTRL SELECT
Q <= SUMO WHEN "0O0",

SUM1 WHEN "O01",
SUMZ2 WHEN "10",
SUM3 WHEN OTHERS;

SUMO <= A + B;

SUM1 <= C + D;

SUM2 <= A - B;

SUM3 <= C - D;
end Behavioral;

Al63.0] [O——

B[63:0]

6301 [>—

D[632:0]

CTRL[1]_SUM3[63]_wide_mun_D

data[255:0] 0[63.0] [ q[63:0]

sel[1-o]| RTL_wide_mu_2_256

CTRL[1:01 >
b. Hay V‘é lai so dd khai niém & cau a. sao cho chi dung MOT mach cong. Mo ta lai so dd khai niém
nay bang VHDL. (1d)
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TEMPO[G4]_TEMP1[64]_add_4
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library IEEE;
use IEEE.STD LOGIC 1164.ALL;

use IEEE.STD LOGIC UNSIGNED.ALL;
entity Question 2 b is
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SIG1(B3)_SIG1[B3_mu_3

SIG1(63]_inv_2
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STD LOGIC VECTOR

in

STD LOGIC VECTOR
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(63 downto 0);
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Cau 3:

——CK MAX ——

—E

—R

—L

——UD

CTRL : in STD LOGIC VECTOR (1 downto 0));
end Question 2 b;

architecture Behavioral of Question 2 b is

SIGNAL TEMPO, TEMP1l, SUM : STD LOGIC VECTOR (64 DOWNTO 0) :=
(OTHERS=>'0") ;

SIGNAL SIGO, SIGl, SIG2 : STD LOGIC VECTOR(63 DOWNTO 0) :=
(OTHERS=>'0") ;

begin

TEMPO <= SIGO&'1l';

TEMP1 <= SIG2&CTRL(1);

SIGO <= A WHEN CTRL(O0) '0' ELSE C;

SIGl <= B WHEN CTRL(O0) '0' ELSE D;

SIG2 <= SIGl WHEN CTRL(1l) = 'O' ELSE NOT (SIG1);

SUM <= TEMPO + TEMPI1;

Q <= SUM(64 DOWNTO 1);

end Behavioral;

Tinh toan tai nguyén va thoi gian tré cho timg mach dugc thiét ké & cu a va cau b, sau d6 rit ra
két luan vé d6 tdi vu cua mach & cau b. (1d)

Tinh toan chi mang tinh twong ddi dya vao so do khai niém da vé ma c6 nhing sd liéu tinh toan
khéac nhau. Quan trong nhét sinh vién phai chirng minh dugc, dua vao s6 liéu cu thé, mach tdi vu
c6 tai nguyén sir dung it hon so véi tai nguyén duoc sir dung trong mach chua tdi uu.

Sinh vién chi dwoc chon lam 1 trong 2 cdu sau day: (3d) ] o
Hay thiét ké mach dem BCD (gid tri dém chi bao gom cdc gid tri tir 0 dén 9) c6 so do khoi va bang
trang thai nhu hinh vé bén dudi:

CK | UD Q.OUT, .,
- | - ] 0000

- | o_our,

Q_0UT, + 1

1 | QouT,—1

- | - Toun

BCDCounter RIE

S| O O O =
el e e K=
-l olo|lo|of ™
| =
(e

——Q_IN(3:0)Q_OUT(3:0) —

Mo ta mach dém trén bang VHDL sir dung ce”’u} tric tuan ty 3 thanh phan (mach t6 hop ngd vao,
mach cap nhét trang thai flip-flop D, va mach t6 hop ngo ra); (2d)

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

USE IEEE.STD LOGIC UNSIGNED.ALL;

entity Question 3 a BCD Counter is

Port ( CK : in STD LOGIC;

R, E, L, UD : in STD LOGIC;
Q IN : in STD LOGIC VECTOR (3 downto 0);
Q OUT : out STD LOGIC VECTOR (3 downto 0);
MAX : out STD LOGIC);

end Question 3 a BCD Counter;

architecture Behavioral of Question 3 a BCD Counter is

SIGNAL Q NEXT, Q REG : STD LOGIC VECTOR (3 DOWNTO 0) := "0000";
begin
PROCESS (CK, R, E, Q NEXT)
BEGIN
IF R = '1l"'" THEN

S4 hiéu: BM1/QT-K.DDT-RDTV/00 Ngay hiéu luc: 22/09/2008 Trang: 7/1




Q0 REG <= "0000";

ELSE
IF RISING EDGE (CK) THEN
IF E = '1' THEN
Q REG <= Q NEXT;
END IF;
END IF;

END TIEF;
END PROCESS;

PROCESS (Q_REG, L, UD)
BEGIN
IF L = '0' THEN
IF UD = '0' THEN
IF Q REG = 9 THEN
Q NEXT <= "0000";
ELSE
Q NEXT <= Q REG + 1;
END IF;
ELSE
IF Q REG = 0 THEN
Q NEXT <= "1001";
ELSE
Q NEXT <= Q REG - 1;
END IF;
END IF;
ELSE
Q NEXT <= Q IN;
END IF;

END PROCESS;

Q OUT <= Q REG;

MAX <= 'l' WHEN Q REG =

end Behavioral;

9 ELSE '0

LI
4

- V& so dd khai niém ctia chuong trinh VHDL vira viét; (0.5d)

GND_5_5_GHD_5_o_sub_7

RIL_sub 5
G TREGE]_GHD_5_o_equal_16
o

GND_5_o_PWR_5_o_mux_7
D0

dOg: o
Q ’-Ll—
cond |RTL_mux_4

RTL _equal_3

o) 9 REG[3]_GND_5_o_add_3
B

Q_REGI3]_GND_5_o_mux_4
d0[3:0]

A0[3:0

+ op]
maosacf3:0] d1
o] RTL _add_du_du .

o f3:0)

A RTL _mux_4

cond| RTL_muix_4

GND_5_o_G_REGI3]_mux_§

Q_REGI3]_FWR_5_o_squal |15
3[3:0]
L -

oM

RTL _equsl_4

UD_NY_4 |
un > By
RTL_NY Q_H:LC:::_D?ND_S_U_mux_Q
Q_IN[30) :
_INE:0] s ’
L_NY_3 ogna| RTL_mux_4
- D il ]
RTL_IN
R
J @ _REG
0]
KT 1o
—pm  apo)
EC eo

>a_outzn

pL0]
TRTL wite _fdcpe_4

- M6 rong bd dém c6 thém chan ngd ra MAX. MAX chi bang “1” khi ngd ra Q_OUT dat gia tri cuc
dai. (0.5d) (Twong tu nhu chuong trinh dugc viét & trén)

b. Hay thiét ké mach dém dén giao thong co 2 try, mdi tru c6 3 dén 1a Xanh, Vang, va Po; Co6 kha ning
chon ché dd hoat dong béng cong tac. Ché do hoat dong tha nhét 13 hoat dong binh thuong, ché 6 thu

2 1a chi sang dén vang ¢ cd 2 tru. Khi hai tru dén hoat dong binh thuong, thi thoi gian sdng dén Xanh
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1a 20s, thoi gian sang dén Vang 13 5s, va thoi gian sang dén Do 1a 25s. So dd khéi va bang trang thai
duoc cho nhu bén duoi:

TRAFFICLIGHTS |R | CK | E | MODE | Hoat dong
oK x1 1 |- - - Xanh 1, d6 2
_ e Vi O] 1T |0]- Ngo ra khong thay doi
I 0| 1T |1 Dén hoat dong binh thuong
) iZ o O] 17 ]1]1 Hai tru chi sang dén vang
Yéu cau:

- Thiét ké mo6 hinh mdy trang thai mé ta hoat dong hé thdng theo bang trang thai trén; (1d)
T =20 AND MODE = ‘0’

ED —
n ,l
w (6,
8 T <20 AND MODE T<25ANDMODE=0" | 3
= =0 O
=) Z
Z T < 50 AND MODE = ‘0’ o
< = T < 45 AND MODE = ‘0 =4
L I
- S

T =45 AND MODE = ‘0’
- V& md hinh mach tuan ty 3 thanh phin ctia m6 hinh may trang théi vira thiét ké; (1d)

COMBINATIONAL_OUTPUT

STATE_REG(2:0X1V1D1(2:0) X1V1D1(2:0)
D_FLIPFLOP
X2v2D2(2:0) X2V2D2(2:0)
e E Q(2:0) —%
L= R
(oo oK
COMBINATIONAL_INPUT |
MODE STATE_NEXT(2:0) E—I_E
T(5:0) T(5:0)
STATE_REG(2:0)

- MO ta lai m6 hinh mach tuan tu vira thiét ké bang VHDL. (1d)

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

USE IEEE.STD LOGIC UNSIGNED.ALL;
entity Question 3 b Traffic light is

Port ( CK, R, E, MODE : in STD_LOGIC;
Q0, Q1 : out STD LOGIC VECTOR (2 downto 0));
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end Question 3 b Traffic light;

architecture Behavioral of Question 3 b Traffic light is

TYPE STATES IS (X1D2, V1D2, D1X2, D1V2, V1V2);

SIGNAL STATE NEXT, STATE REG : STATES := X1D2;

SIGNAL COUNTER REG, COUNTER NEXT : STD LOGIC VECTOR (5 DOWNTO O0)
"000000";

begin

—~-TIMING COUNTER
PROCESS (CK, R, E, COUNTER NEXT, MODE)

BEGIN
IF R = 'l' THEN
COUNTER REG <= "000000";
ELSE
IF RISING EDGE (CK) THEN
IF E = '1' THEN
COUNTER REG <= COUNTER NEXT;
END IF;
END IF;
END IF;
END PROCESS;
COUNTER_NEXT <= "000000" WHEN COUNTER REG = 50 OR MODE = 'l' ELSE

COUNTER REG + 1;

—-—-FOR TRAFFICLIGHT CONTROLLER
PROCESS (R, E, STATE REG)
BEGIN
IF R = 'l"'" THEN
STATE REG <= X1D2;
ELSE
IF RISING EDGE (CK) THEN
IF E = 'l"'" THEN
STATE REG <= STATE NEXT;
END IF7;
END IF;
END TIF;
END PROCESS;

PROCESS (STATE REG, MODE)
BEGIN
CASE STATE REG IS
WHEN X1D2 =>
IF MODE = 'O' THEN
IF COUNTER REG = 20 THEN
STATE NEXT <= V1D2;
ELSE
STATE NEXT <= X1D2;
END IF7;
ELSE
STATE NEXT <= V1V2;
END IF;
WHEN V1D2 =>
IF MODE = 'O' THEN
IF COUNTER REG = 25 THEN
STATE NEXT <= D1X2;
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ELSE
STATE NEXT <= V1D2;
END TIF;
ELSE
STATE NEXT <= V1V2;
END IF7;
WHEN D1X2 =>
IF MODE = 'O' THEN
IF COUNTER REG = 45 THEN
STATE NEXT <= D1V2;
ELSE
STATE NEXT <= D1X2;
END TIF;
ELSE
STATE NEXT <= V1V2;
END IF;
WHEN D1V2 =>
IF MODE = 'O' THEN
IF COUNTER REG = 50 THEN
STATE NEXT <= X1D2;
ELSE
STATE NEXT <= D1V2;
END IF7;
ELSE
STATE NEXT <= V1V2;
END IF;
WHEN OTHERS =>
IF MODE = 'O' THEN
STATE NEXT <= X1D2;
ELSE
STATE NEXT <= V1V2;
END TIF;
END CASE;
END PROCESS;

PROCESS (STATE REG)
BEGIN
CASE STATE_REG IS
WHEN X1D2 => Q0 <= "100"; Q1 <= "001";
WHEN V1D2 => Q0 <= "010"; Q1 <= "001";
WHEN D1X2 => Q0 <= "001"; Q1 <= "100";
WHEN D1V2 => Q0 <= "100"; Q1 <= "010";
WHEN OTHERS => Q0 <= "010"; Q1 <= "010";
END CASE;
END PROCESS;
end Behavioral;

Ciu 4: Sinh vién chi duoc phép st dung tiéng Anh dé tra 10 cau hoi sau day. (1d)
Write down the brief comparisons of Signals, Variables, and Constants in VHDL.
- Similarities:
o They are all the temporary wires supporting for designing digital circuit using VHDL;
o They do not generate more hardware consumptions after compiling to the lowest level of
projects;
- Differences:
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o Signals are considered as wires being able to save the logic states. They are declared after
architecture keyword and before the begin keyword.
o Variables are considered as the temporary variables that only have the actual meaning in the
high level of describing logic circuits. They are used in process structure of VHDL;
o Constants are considered as the unchanged values that help the describing tasks more flexible.
“*Bing dit ligu vé tai nguyén va thoi gian tré cho ¢ bing bén dudi.

Width VHDL operator
nand xor >a >g = +1, +14 +a +4 mux

Area (gate count)

8 8 22 25 68 26 27 33 51 118 21
16 16 44 52 102 51 55 73 101 265 42
32 32 85 105 211 102 113 153 203 437 85
64 64 171 212 398 204 227 313 405 755 171

Delay (ns)

8 0.1 0.4 4.0 19 1.0 2.4 1.5 4.2 3.2 0.3
16 0.1 04 8.6 3.7 17 5.5 3.3 8.2 55 0.3
32 0.1 04 176 67 1.8 116 7.5 162 11.1 0.3
64 0.1 04 357 143 22 240 157 322 229 03

Cdn bé coi thi khéng dwge gidi thich dé thi, cho dé thi vao tii bai thi dé cham bai,

Chuin dau ra cia hoc phﬁn (vé kién thirc) Noi dung kiém tra
[G 1.2]: C6 kha nang tinh toan cac van dé vé thoi gian Cau 2

[G 2.1]: C6 kha nang phén tich chia sé toan tir Cau 2, Cau3

[G 2.2]: C6 kha nang phan biét mach dong bo va khong dong bo Cau 1

[G 3.3]: Poc hiéu va trinh bay y tuong bang tiéng Anh. Cau 4

[G 4.1]: C6 kha nang phéan tich tinh toan hi¢u suat va cai tién Cau 2

[G 4.2]: C6 kha nang thiét k& mach tuan tu: mach dém Cau 3

Tp. H6 Chi Minh, ngay 15 thang 12 ndm 2015
Thong qua by mon
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