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THANH PHO HO CHI MINH 2016-2017
KHOA PAO TAO CHAT LUONG CAO Mén: Thiét ké vi mach sé dung HDL
. . ’ L A M3a mon hoc: DSIC330563
NGANH CONG NGHE KY THUATDIEN  p3 (5/M 3 ¢8: 01. D@ thi co 2 trang.

TU TRUYEN THONG Thoi gian: 90 phit.
Khong dugc phép st dung tai li¢u.

Céu 1: (2 diém)
Sinh vién chon 2 trong 5 cau sau day:
a. Dinh nghia Synthesis trong thiét ké vi mach. Qua trinh Synthesis bao gdm nhirng budc nao va cho vi
du minh hoa ting budc bang thiét ké mach Mux tir 2 sang 1 st dung ASIC Gate-Array NAND.
Qua trinh Synthesis bao gdm nhiing budc sau day: .
. RTL level synthesis: La buéc chuyén dbi tir ngdn ngir HDL sang so dd khéi Logic, hay con
goi 14 so d6 khai niém.
Vi du mach mux tir 2 sang 1 c6 chuong trinh mo t4 dung HDL nhu sau:
library IEEE;
use IEEE.STD LOGIC 1164.ALL;
entity MUX4Tol is
Port ( A, B : in STD LOGIC;
Y : out STD LOGIC;
S : in STD LOGIC);
end MUX4Tol;
architecture Behavioral of MUX4Tol is
begin
Y <= A WHEN S = '0' ELSE B;
end Behavioral;
So d6 khai niém (RTL Diagram) duoc v& nhu hinh bén dudi:
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. Logic Synthesis: La budc chuyén dbi tir so d6 khdi logic (so d6 khai niém) thanh so d6
logic (logic diagrams). Mach Mux tir 2 sang 1 duoc chuyén sang so d6 Logic nhu sau:
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. Techonlogy mapping: La budce chuyén ddi tir so dérlogic sang so dd két ndi ciia nhitng linh
kién twong ing duoc ho trg boi nhimg cong nghé thiét bi khac nhau. Trong trudng hop nay,
so do logic cia mach Mux tir 2 sang 1 dugc chuyén sang so d6 mach chi ding cong NAND
nhu sau:

Y = AB 4+ BS = AS ES. Nhu vay so do logic dugc vé& nhu sau:
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b. V& ciu triic cong 2 chiéu ding 1 cong dém 3 trang thai. Viét VHDL mo ta cdu trtc 2 chiéu nay.

CE
DIR
SIG_OUT o
BUFGCE_1
SIGN_IN

Chuong trinh VHDL m6 ta cong 2 chiéu ding 1 cong diém 3 trang thai:
library IEEE;
use IEEE.STD LOGIC 1164.ALL;

entity BIDIRECTION 1 TRISTATE is
Port ( IO : inout STD LOGIC;

DIR : IN STD LOGIC) ;

end BIDIRECTION 1 TRISTATE;

architecture Behavioral of BIDIRECTION 1 TRISTATE is
SIGNAL SIG IN, SIG OUT : STD LOGIC;
begin
IO <= SIG OUT WHEN DIR = 'l' ELSE
IZI;
SIG_IN <= IO;
end Behavioral;

c. Dinh nghia Hazard, Hazard tinh, Hazard dong. Cho mot vi du vé ung dung cua hién tuong Hazard
tinh. C6 thé thuc hién m6 ta mach tng dung nay bang VHDL duogc hay khong, vi sao?

Hazard 1a hién tuong xay ra trong khoang thoi gian tré cta hé thong dugc dinh nghia 1a sy
mét on dinh & ngd ra cua mach trude khi on dinh & mét trang thai ma no phai co.
Hazard tinh 13 sy mat 6n dinh xay ra ¢ ngd ra vé mat 1y thuyét 1a 6n dinh.
Hazard dong 1a sy bt 6n dinh xay ra & ngd ra trong qua trinh chuyén trang thai. Vé mit 1y
thuyét, ngd ra chuyén trang thai tir 0 dén 1 hay tir 1 vé 0 khong c6 trang théi trung gian.
Hién tuong Hazard tinh dugc img dung dé 1am mach tao xung canh 1én:
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Khong thé mé ta mach phat hién xung canh 1én truc tiép bang VHDL vi VHDL chi mo ta
mach tir 16p Logic Level tro 1€n, khong mo ta dugc 16p Physical Level. Hién twong Hazard
chi dugc quan tam ¢ 16p Physical Level.

d. V& cau triic mach dong bo 3 thanh phéan, néu nguyén Iy hoat dong va chirc ning cua timg khbi.
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input - > clk

output
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Giai thich chirc nang ting khdi:
o Khbi Nex-State logic: C6 chirc ning tao trang thai méi dya vao céac tin hiéu ngd vao va
trang thai hién tai;
o Khobi output logic: C6 chirc nang tao ra tin hi€u ¢ ngd ra dua vao trang thai hién tai va céc
tin hi¢u ngd vao diéu khién;
o Mach FlipFlop D: C6 chirc ning cdp nhat trang thai hién tai bang trang thai méi;
Giai thich nguyén ly hoat dong: Ban dau mach dang & trang thai hién tai, ngd ra dugc gan mot
gia tri xac dinh boi mach t6 hop ngd ra dwa vao trang thai hién tai state reg va ngd vao diéu
khién. Mach t6 hop ngd vio tao trang thai mdi state_next & ngd vao d ctia Flip Flop. Khi c6
canh Ién clk tac dong vao chan clk cua Flip Flop, trang thai hién tai state_reg duoc cap nhat
bang trang thai mdi state_next. Qua trinh tiép tuc khi c6 xung canh 1én clk tiép theo.
e. Hay néu nhitng nhuoc diém ctia phan mém EDA va cho vi du.
Nhing nhuoc diém ctia phan mém EDA:

 Phan mém téng hop mach HDL khéng biét dugc ¥ dinh ctia ngudi thiét ké. Pic biét, nhitng
phép toan cap thap logic phan mém EDA c6 thé hiéu duoc va téi uu tot hon, nhimg phép toan
cfip cao khac nhu +, -, *, ... phén mém EDA khong thé hiéu duoc va khong thé toi wu hiéu
qua;

e Phin mém téng hop EDA khong thé dat duogc su tdi wu toan cuc, chi dat duoc su tdi vu cuc
bo;

o Pé dat duoc sy toi vu toan cuc, nguoi thiét ké phai t8i wu ciu trac mach sao cho sit dung it
nhitng phép toan cip cao, uu tién sir dung nhimg phép toan logic dé phan mém c6 thé t6i vu
cuc bo hi¢u qua hon.

Céu 2: (2 diém)

Trong thiét ké vi mach sb c¢6 3 cong nghé thudng duogc st dung, FPGA, Gate-Array va standard
cells. Chi phi tai nguyén dé san xuét 1 IC khi sir dung FPGA, Gate Array va standard cell twong tmg 13
20$, 58, va 2$. Chi phi dé san xuat Mask ban dau khi sir dung Gate array va standard cell tvong tmg 1a
20.000$ va 100.0008.

a. Gia sir rang s luong IC duoc san xuét ra 1a N. Viét biéu thirc tinh chi phi cho mdi IC twong tng cho

3 cong nghé trén.

Biéu thtre tinh chi phi san xut theo s6 lugng N cho mdi san phim duoc san xuat ra theo moi
cong nghé nhu sau:
Biéu thuc chi phi khi ding cong nghé FPGA:

Cepca = 20 (USD)
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Biéu thirc chi phi khi dung cong nghé Gate Array:
000

Gﬂatearray =5+ (US D]

Biéu thuc chi phi khi ding cong nghé Standard Cell:
100000
cStandardCell =2+ T {USDj

b. V&biéu d6 chi phi ctia mdi IC theo sé lwong san pham ban ra twong tmg cho mdi cong nghé dugc st

dung.
unit cost
i"?
break even point for
gate array
‘\ break even point for
\ standard cell
AY
A
A
N\

N —— FPoA

- - _ _/— gate array

standard
cell

number of units
a.  Xac dinh s6 luong san pham tdi da dé sir dung cong nghé FPGA sao cho chi phi 1a thip nhat.
1< N = 1.334 (San pham)

b.  Xac dinh s6 lugng san pham tdi da dé str dung cong nghé gate array sao cho chi phi 13 thip nhét.
1.335 < N < 26.667 (San phim)

c. Xacdinh s6 lwong san pham t6i da dé sir dung cong nghé standard cell sao cho chi phi 1a thap
nhat.
N = 2668 (San phdm)

Cau 3: (3 diém)
Thiét ké mach ALU theo bang su that sau:

width VHDL operator
CTRL[7:0] R[7:0] nand xor >a >4 = +1, +1g +a +g  mMux
area (gate count)
0 A+B 8 8§ 2 25 68 26 27 33 51 118 21
16 16 44 52 102 51 55 73 101 265 42
32 32 8 105 211 102 113 153 203 437 85
63 C-D 64 64 171 212 398 204 227 313 405 755 171
delay (ns)
127 Unsigned(A) > Unsigned(B) 8 01 04 40 19 10 24 15 42 32 03
16 01 04 86 37 17 55 33 82 55 03
32 01 04 176 67 18 116 75 162 111 03
64 01 04 357 143 22 240 157 322 229 3
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255 Signed(C) > Signed(D)

**Lyu y: Khi ngd ra R[7:0] 13 biéu thirc Boolean, néu biéu thirc Boolean dung thi ngd ra bang
"00000000", nguoc lai thi bang "11111111".
a. Viét VHDL md ta mach theo yéu cAu trén sao cho st dung 1 mach "+", 1 mach "-", 1 mach so sanh
">" theo Unsigned, 1 mach so sanh ">" theo Signed.
library IEEE;
use IEEE.STD LOGIC 1164.ALL;
use IEEE.NUMERIC STD.ALL;
entity ALU is
Port ( A, B, C, D : in STD LOGIC VECTOR (7 downto 0);
CTRL : in STD LOGIC VECTOR (7 downto 0);
R : out STD LOGIC VECTOR (7 downto 0));
end ALU;
architecture Behavioral of ALU is
SIGNAL AGTB U, AGTB S : STD LOGIC VECTOR (7 DOWNTO 0) ;

begin

R <= STD LOGIC VECTOR (SIGNED(A) + SIGNED(B)) WHEN CTRL = "00000000" ELSE
STD LOGIC VECTOR(SIGNED(C) - SIGNED(D)) WHEN CTRL = "00111111" ELSE
AGTB U WHEN CTRL = "01111111" ELSE AGTB_S;

AGTB U <= "00000000" WHEN UNSIGNED (A) > UNSIGNED (B) ELSE
"11111111";

AGTB_S <= "00000000™ WHEN SIGNED(C) > SIGNED(D) ELSE "11111111";
end Behavioral;
b. V€ so @6 khai niém cau a.
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c. Toi uu so d6 khai niém cau b sao cho chi st dung 1 mach "+" va 1 mach so sanh ">" theo unsigned.
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—-—-SIGNAL FOR ADDING AND SUBTRACTING

SIGNAL A EXT, B EXT, SUM EXT : STD LOGIC VECTOR (8 DOWNTO O);
SIGNAL TMPO, TMP1l, TMPIT : STD LOGIC VECTOR (7 DOWNTO O0);

SIGNAL T : STD LOGIC;

SIGNAL ADDING SUBTRACTING RESULT : STD LOGIC VECTOR(7 DOWNTO O0);

--SIGNAL FOR COMPARING THE SIGNED AND UNSIGNED NUMBERS
SIGNAL TMPO GT TMP1 MSB U, TMPO GT TMP1 MAG : STD_LOGIC;
SIGNAL TMPO GT TMP1 : STD LOGIC;

SIGNAL COMPARING RESULT : STD LOGIC_VECTOR (7 DOWNTO 0);

begin

-— FOR MUXING THE INPUT VALUES

TMPO <= A WHEN CTRL = "00000000" OR CTRL = "01111111"™ ELSE
C;

TMP1 <= B WHEN CTRL = "00000000" OR CTRL = "01111111"™ ELSE
D;

—-— FOR REDUCING THE ADDING AND SUBTRACTING

T <= '0' WHEN CTRL = "00000000" ELSE '1l';

TMP1T <= TMP1 WHEN CTRL = "00000000" ELSE NOT (TMP1l);

A EXT <= TMPO & '1';

B EXT <= TMP1T & T;

SUM EXT <= STD LOGIC VECTOR (SIGNED (A EXT) + SIGNED (B EXT));
ADDING SUBTRACTING RESULT <= SUM EXT (8 DOWNTO 1);

—-— FOR COMPARING SIGNED AND UNSIGNED NUMBER

TMPO GT TMP1 MSB U <= '1' WHEN TMPO(7) = '1' AND TMP1(7) = '0' ELSE
IOI;

TMPO GT TMP1 MAG <= 'l' WHEN TMPO (6 DOWNTO 0) > TMP1 (6 DOWNTO 0) ELSE
lOl;

TMPO_GT TMP1 <= TMPO_ GT TMP1 MAG WHEN TMPO (7) = TMP1(7) ELSE
TMPO_GT TMP1 MSB U WHEN CTRL = "01111111" ELSE

NOT TMPO GT TMP1 MSB_U;

COMPARING_RESULT <= "00000000" WHEN TMPO GT TMP1 = '1' ELSE
"11111111";

-—- FOR GETTING THE RESULT

R <= ADDING_SUBTRACTING_RESULT WHEN CTRL = "00000000" OR CTRL = "(0Ol1l11111"
ELSE

COMPARING_RESULT;

end Behavioral;

Cau4: (3diém) , ‘ ‘
Thiét ké mach dém dong bo dung cau trac 3 thanh phan theo yéu cau sau:

CTRLI[1:0] Chirc ning Mach Thoi gian tré
Mux 2-1 (4 bits) 2 ns
01 Mach dich tréi logic 1 bit Adder (4 bits) "+" 4.5 ns
- Subtractor (4 bits) "-" 5ns
10 Mach dém Mode 5 D Flip Flop 0.5 ns
11 Mach dém Mode 10 Comparator (4 bits) "=" 1 ns

a. Viet VHDL mo ta mach theo chirc nang dugc mo ta.
library IEEE;
use IEEE.STD LOGIC 1164.ALL;
USE IEEE.STD LOGIC UNSIGNED.ALL;

entity COUNTERSHIFTER is
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Port ( CLK : in STD LOGIC;
CTRL : in STD LOGIC VECTOR (1 downto 0);
Q : out STD LOGIC VECTOR (3 downto 0));
end COUNTERSHIFTER;
architecture Behavioral of COUNTERSHIFTER is
SIGNAL Q NEXT, Q REG : STDfLOGIC7VECTOR(3 DOWNTO 0) := "0000";
SIGNAL LOGIC LEFT, LOGIC RIGHT : STD_LOGIC_VECTOR(3 DOWNTO 0) ;
SIGNAL MODE, COUNTER MOD : STDfLOGIC7VECTOR(3 DOWNTO O0) ;
begin
-- D FLIP FLOP
PROCESS(Q_NEXT, CLK)
BEGIN
IF RISING_EDGE(CLK) THEN
Q REG <= Q NEXT;
END IF;
END PROCESS;
-—- INPUT LOGIC
PROCESS(Q_REG, MODE, CTRL)
BEGIN
CASE CTRL IS
WHEN "00" =>
Q NEXT <= '0'&Q REG(3 DOWNTO 1);
WHEN "01" =>
Q NEXT <= Q REG(2 DOWNTO 0)&'0';
WHEN OTHERS =>
IF Q REG = MODE THEN
Q NEXT <= "0000";

ELSE
Q NEXT <= Q REG + 1;
END IF;
END CASE;

END PROCESS;
MODE <= "0100"™ WHEN CTRL(0) = 'O' ELSE "1001";
-— OUTPUT LOGIC
Q <= Q REG;

end Behavioral;

b. V& so do khai niém cia mach.

c. Tinh tan s hoat dong tdi da cia mach dém dong bo trén. Thoi gian tré cta céac linh kién dugc cho
trong bang trén day.
Tl'ﬂFHFPEEm;}' = Tagder + Thuxzto1 T Truwtror = 45+ 2+ 25=9ns
1hﬁpmup:=[15n5
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1 1
F =—= = 105.26MH
Mex T T . 0.5ns ‘

Luu ¥: Phan tinh toan tin s cuc dai cua hé thdng thay d6i tiy theo cdu trac thiét ké ban ddu cia mach. Cau nay
dugc tinh 1a ding khi thuc hién tinh toan hop ly theo diing nguyén tac tinh tan so cuc dai da hoc.

Ghi chii: Cdn bé coi thi khéng dwoc gidi thich dé thi.

Chuin dau ra cia hoc phan (vé kién thirc) Noi dung kiém tra
[CDR 1.1]:
Trinh bay dugc cac cong nghé thiét bi, quy trinh thiét ké.

Cau la, 1b, 1c, 1d, le

Mo 1 tdng quat, mé ta ciu tric, m t4 hanh vi, mé phong Cau 2

mach.

Trinh bay tong quan vé ngdn ngit md ta phan cing VHDL.

Trinh bay dugc cdu tric ngdn ngit co ban cia VHDL.

[CDR 2.1]: Cau lc
Cau3

Ham Big-O ding dé tinh toan tai nguyén va hiéu suét cua
mach theo ngd vao. Phan tich, gidi thich mach dién cua cac
toan tu sir dung trong ngdn ngir lap trinh VHDL, tim ham
Big-O. Phan tich thoi gian tré hé théng, thoi gian nguy
hiém, cach khic phuc.

[CDR 2.2]: Cau 3

Phén tich chia sé toan tu, phan tich chia sé¢ chuc nang,
phan tich b tri linh kién trong thiét ké dé tim cach ti wu
vé tai nguyén, toi uu vé thoi gian tré. Phan tich va so sanh
tai nguyén, thoi gian tré cia mach trude va sau khi téi wu.

[CDR 2.3]: Cau 4
Phuong phap thiét ké mach tuan tu dong bo, thiét ké cac
mach tuan tu co ban.

Tinh to4dn dép ing tan s6 cuc dai cua cac mach tuan ty.

Ngay 03 thang 12 ndm 2016
Thong qua Truéng nganh

Ths. Nguyén Ngoé Lam
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