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EEL 4712 - Digital Design
Name

Test 2 - S? Semester 2009

IMPORTANT:

e Please be neat and write (or draw) carefully throughout the test.
reasonable effort, it is assumed wrong. As always, the best answer gets the most points.

If we cannot read it with a

1. Miscellaneous. rhcount = 0
(a) VGA display calculation:vcount = 0

8 pis here
VSYNC_END E Pixel information for 4 (of 480) rows [4 x 640 pixels]
v ™
VSYNC_BEGIN Pixel:information Jor 1 row (640 pixels) A
Video On_| | «-D--» | L L] ’
A A etc.
Horiz_Sync f‘ £ I_B_l - —>E E l_ﬂ i L_l L_l
s e
Vert_Syne ' _
* 1 Horiz_Sync. HSYNC_BEGIN H_DISPLAY_END A=37.77uS
pulse for each B= 3.77uS
1 Vert_Sync  row refresh (480 HSYNC_END D=2517 uS
pulse for each rows per screen) ’
screen refresh E= 0.94uS
For Lab 5, assuming the board clock frequency, what constant should be use for
H_DISPLAY_END? For cred;t,.,please sHow work. g
(For credit; Show work here.) 5é 3 (answer) (4 pts.)
/ H_DISCLAY Wl = A —E =37.77-0.9%us
7r L /0 it
S — -
Joonz = L 26. 5245

/SO0 N5

5¢%3

(b) Eor credit, show work. For Lab 8, assume the latency for the multiplier components is 6 clock
cyles, the adders 10 clock cycles, and the rest of the datapath (memory, shift register, etc.) 7
clock cycles. Also assume that there are 10,000,000 words in the input stream (a new input
word is inputted every clock cycle). The board clock frequency is 25 MHz. (4 points)

How many nanosec before the first result is outputted?

/gZQ nsec

T+l #10r 1O = 550%/7
Z3 X #oms= /320,y

How many clock cycles before the second result is cutputted? g %

clock cycles

How many clock cycles before all the results are outputted?

(O D08 23 Z clock cycles

23404 Mﬂmﬂ /),
ey LT
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22 pts.

2. ASM and VHDL.

(a) Shown in Figure 1(next page) is the VHDL specification of a ASM controller. Analyze the
VHDL code and complete the following timing diagram: Specify the values for state (0, 1,
2, or 3), and outputs P, Q, Y, and Z. Note that there are two timing diagrams, each is
independent of the other. For the last one, the initial state is given (as state = 3).

Please show deiays.

Name: é

= Clock
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Resetn ‘ ; !
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N 1
v el Mt AT oaTT AT r
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LIBRARY ieee;
USE ieee.std_logic_1164.all ;

ENTITY T2Prob1 1S
PORT ( Clock, Resetn, X, R, S:iIN
P,Q, Y, Z :OUT STD_LOGIC);

END T2Prob1 ;

ARCHITECTURE Behavior OF T2Prob1 IS
SIGNAL state : STD_LOGIC_Vector (1 DOWNTO 0);

BEGIN
PROCESS ( Resetn, Clock )

IF Resetn = ‘0 THEN
ff\»ﬁ state

WHEN "01" =>
IF S ='0' THEN state <=

te <= noon :

|1|;

77 2 NHEN "1 =>

STD_LOGIC ;

Figure 1. To be used for
problem 2

-- Note: Q is an output

LU
X

state <="01";
WHEN "00" =>
IF X ='0' THEN state <= "00";
ELSE state <= "11",
END IF ;
WHEN OTHERS =>
state <= "00";
END CASE ;
ENDIF ;
. END PROCESS;

'1' WHEN state = "01" ELSE '0,

PROCESS (state, R, §)
BE

AN
0"
0"
ASE state IS

WHEN "01" =>
IFS="0'THENY <="'1";
ELSE Z<='1
END {F ;
WHEN "11"=>FR="1"'
THEN Y <="1
END IF;
WHEN OTHERS =>
END CASE;
END PROCESS;

END Behavior ;

-- P is an output -
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3. Cyclone il Logic Element (LE)

7 i, PROCESS (IN1, IN2, IN3) W{ @-’%@gﬁ“ —Q/_ W2 ITW3 ‘
BEGI SN

CASE IN1 IS

WHEN ‘0’ =>
Z1 <= N2 AND IN3;
WHEN OTHERS =>
Z1 <= IN2 ORIN3;
D ASE ;
IF (Clock'EVENT AND Clock = "1")THEN
IFIN4 ='§ THEN Z2<="0",
ELSIF IN1 ="'1 THEN Q <= IN3;
END IF;
END IF;
END IF;
END PROCESS ;

%

(assume

connected

Flytre 2-3. LE In Normal Mods

INT [ (AR Widel «LAB\W.&;)
IN2 RS Regsterchain '
IN3 [ connecticn
INA [ >—
CLOCK [O—

(H)

/
- 3 Row, Columa,
INT. co? X1 F ) L ® Diract Link Foun Z1
—— = - -~
IN2 dataz X2 Y B ENA .u—j “\;_’F%CW, Cohsmn, and

IN3 dataz ————4 Four-dnpet |- | CLAN & I Dimct Link Fouting
cin (from cout L— " LUT X(D) i

N R T P ~
of previous LE) —gj[()]w-‘g (E)alock (LAB wid / 0 ‘ e z2
datad I X4 (F) enat.AB Wide) L 71/ M
(G) ack {LABWids] —— /Wﬂ

L Contents of LUT
Hagister Feedback ﬂ/ ( é ,z\
--~ Y
olo|| 2
Given the above PROCESS block, implement it in the above /// 5““’ 0 0011 @
Cyclone Il logic element (LE). Put your answers below. Each S|gnal o010l 2
should be connected to 0, 1, X (“don’t care”), NC (for not connected), 0 01 (1 12
or a signal name. If it is “don’t care”, you must put X (not 0 or 1). 0o 10 lo O
o101l 2
w1 ®&[sk] o110 /
o[ Z07] ©[Zul]n EER
©) (G)l__—L__:I 0olill 8
o X 1 ®» | o1 (o[ /
() _Dj 1 0111 §
1 100 /
1..1.0.11
1 1110 /
111 W1y
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4. AltSynRam Problem

D2 pts. |iiiiiiiin i altsyncram0

aDA’[’Am[‘[Q} {{\ D;.(” ........................... d,g%?'o'l 7 0 3
3 S == S AT
ciioniiriawiRen o <0 HHEX
B = I 13 E

I OTORK T S g ek &
Al insndsiock Type AUTO

[ onf H
Herend HHz
bDATA[n[TO] p— ; AR ALELELEY LRSS data b701 :G—g;é
 owRAAdT O] [ — ; S EEREEEEEREREEREEE EEEEEEEREREEE address bﬂ--(}:u_ z
o ibWRen T e H ¢

D st ook Type: ALTO Depth = 256;
Width = 8; -
Address_radix = hex; |
Data_radix = hex;
Content
Assume all flip-flops are initialized to ‘0'. Begin
00 : 80; 07 : 87;
Both RAM's has the same data (ramdat.mif). 01:81, . 08:88;
02:82; 09 . 89,
03:83, O0A:8A; |__
04 : 84; 0B : 8B;
0 W00ns 100ns 1H00ns s 05:85. 0C:s8cC; [
Name l ! : I 06 : 86; etc. A

Complete the following timing diagram.

-

B0 | 00K i N e s I e B e B

i1 aDATAIn
B10| @ aWRaddr |
19  aWRen

1

{}4

T S | G R R

S
oo

21| @ bSimpleRDadd: i

31| [ bDATAN
40| B bWRadd 8
£43)  bWRen

L0

L]
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5. Using altsyncram to implement a FIFO (First-in-first-out) component

Name

15pts. |
_ FIFO rdreq:
Em— (block diagram) e 0: The output q[31..0] will hqld the last value outputted from the FIFO.
e 1: The next value in the FIFO will be outputed from the FIFO q[31..0] at the
=data[31.0] qf31..0] 1~ next active clock transition. )
- wrreq wrreq:
------- {rdreq empty— ¢ 0: The output q[31..0] will hold the last value outputted from the FIFO.
—b clock e 1: data[31:0] will be written in next location in the FIFO at the next active
—Isalr clock transition. (Output q[31:0] will hold last value outputted.)
: - empty:
32 bit X 256 words e 0: The FIFO is not empty (Some inputted values have not been outputted).
sclr: syncrhonous clear e 1: The FIFO is empty. If a “rdreq” is asserted, then “junk” data will be
outputted.

to “empty” the FIFO
(a) Give me the VHDL statement(s) to produce the “empty” output. (3 pts.)

/[ W,?o iy
THELY ’W Ly
Eﬁf’j@ fﬁi@

- 02
ﬁ_f y 4{: s g;?
% -~

(b) Complete the design of the FIFO by making the required connections below (For clarity,

use labels when appropriate). Add any logic if necessary. (12 pts.)
FIFO (design)

alts

w2 ~—_wren
‘rdaddress[7..0

wrreq— %& &Zé clock
rdreq — 8-bit counter j
G ol 2t ddletsnl?. .
wne en q[7:0] = empty

, sel —clr
fifoclk — f}»é M —

data[31..0

RAM

q[31..0]

a[31..0f

256|Word(s)

8-bit counter

sclr — -
el qra

s —clr
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6. FIR filter Datapath component, using GENERATE statement

16 pts.

Shown on the next page is the example code that we discussed in class for a 4-stop FIR filter.

(a) Give me the code required to implement the required 4-bit shift registers to produce reg(4
DOWNTO 1). (6 pts.)

e Restriction: you have to GENERATE and PORT MAP statements for this part.

¢ Assume that you have the following component: /) foslz ﬁ»’ Ve
COMPONENT dff IS 27 7 (2) 15903) "ff[ 2

PORT ( clock : IN STD_LOGIC; 04/, N _L
d:IN STD_LOGI&;\; - i i
q: OUT STD;L‘OGIC));\ W2l (34 pocsre £ |
END COMPONENT; sCror (3 Dawers ST

« Important note: reg(0) is the input to the reg(1) flip-flops which contain the most’recent
data - reg(0) should be connected to the datapath input signal named “inData’.

(Put your answer here, including any new TYPE or SIGNAL definitions)
, FOR & ITH [ 70 % SEVERATF
%ﬁ FORT MAP (cldock => Lok,

=>/1uell-1), f =>0040) )
END GRS T £ ﬁ ;/ /L%
245 ()<= m@diﬁ - 4{/%2;2%/7

(b) Give me the code required to implement all the adders of the IR filter datapath
component, producing the datapath output signal named—~ ", (8 pts.)
¢ Restriction: When possible, you have to GENERATE and PORT MAP statements.
(Put your answer here, including any new TYPE or SIGNAL definitions)

A2 FOR & TV TO 2 GEMTATE

i+ s PORT WP (plock =>clock
Ahos =2 moed {2 ¥ ¢ ~1),
Mb => Newd( Z ¥, )

Jrvondt = > et Ovry, D)
END CENVERATE

St homad ¢ 2d e POT WP (phocd <> lick,
/ﬁ%& =0 ZAUe OV TLY) ;
dahsd =D aldlorT /.z) ;

= dpatd2i7) ;
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(c) Given the following decimal number —10.687{(which is -1010.1011 in binary),
convert it to the IEEE 754 loating-point format: (2 pts.) “/.fOM/Q/()/ x 2 z
e Bit 31: sign bit of— -
 Bits 30-23: exponent (with a bias of 127 = 111 ;1 1/1 in binary)

e Bits 22-0: mantissa e Ll
T /owowr©
S| Bits 30-23 Expgbnent | Bits 22-0 Mantissa /

/1 dd ol 1A 17 d 11 A dd dogtviodalolo

- snippet of code to demonstrate Multi-dimensional arr and GENERATE statement

ARCHITECTURE struct OF datapath IS
-- Definition of other components

COMPONENT multiplier 1S
PORT ( clock : IN STD_LOGIC;
dataa : IN STD_LOGIC_VECTOR(31 DOWNTO 0);
datab : IN STD_LOGIC_VECTOR(31 DOWNTO 0);
result: OUT STD_LOGIC_VECTOR(31 DOWNTO 0) );

END COMPONENT;
COMPONENT adder 1S
PORT ( clock :IN STD_LOGIC ;
dataa :IN STD_LOGIC_VECTOR (31 DOWNTO 0);
datab - IN STD_LOGIC_VECTOR (31 DOWNTO 0);
result : OUT STD_LOGIC_VECTOR (31 DOWNTO 0) );
END COMPONENT;

SUBTYPE signalVectors IS STD_LOGIC_VECTOR(31 DOWNTO 0);
TYPE array40fSignals IS ARRAY(4 DOWNTO 1) OF signalVectors;
TYPE array50fSignals IS ARRAY(4 DOWNTO 0) OF signalVectors;

SIGNAL coeff: array4OfSignals;
SIGNAL reg: array50fSignals; -- reg(4 DOWNTO 1) are outputs of the 4 registers

- reg(0) is the input to the flip-flops with the most recent data
SIGNAL mout: array4OfSignals;

BEGIN
-- Assume that coeff(4 DOWNTO 1) have been assigned here for your use.
-- shift register code

mults: FOR i IN 1 to 4 GENERATE
multArray : multiplier PORT MAP (clock=>clk, dataa=>coeff(i),
datab=>reg(i), result=>mout(i));
END GENERATE mults; ’

-- code for adders

END struct;




