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[54] (a) oFHe 3 &EE verilog program?d 79 outl, out2, out3 A& 9 ke T

1.
AA7}? ofg WIZFS AF-A] Q.

DOLH a x|0]x|0]|1]|0|z
b ] b 1[0]0|1|1]x]x
[ Out3 Outl
Out2
Out2 Out3
Answer)

Outl X

x
=
=
x
x

Out2 1

o|lo|o|o|o
o
o
=
o
x

Out3 X




2. [15% ] Design a Verilog module of a frequency divider that divides clock by 11
and asserts its output for one cycle, that is, forms an output pulse every 11" pulse

of clock. The asynchronous reset signal is active-low and drives the output to ‘1°.

Answer)

module problem?2 (resetn,clock_input,clock_output);

input resetn, clock_input;
output clock_output;
reg clock_output;

reg [3:0] clock_counter;
always @(negedge resetn or posedge clock_input)
begin : clock_output_generation
if('resetn)
begin
clock_output <= 1'b1;
end
else
begin
if (clock_counter == 4'ha) clock_output <= 1'b1;
else clock_output <= 1'b0;
end
end
always @(negedge resetn or posedge clock_input)
begin : clock_input_pulse_counter
if('resetn)
begin
clock_counter <= 4'h0;
end
else
begin
if (clock_counter == 4'ha) clock_counter <= 4'h0;
else clock_counter <= clock_counter + 4'hl;
end
end

endmodule




3. [108] Using a cycle behavior (a/ways), write a model of a transparent latch
having active high enable and active low set and reset. The action of reset is to

drive the output of the latch to O.

Answer)
module transparent_latch(
in_data,
enable,
set,
reset,

out_data

input in_data, enable, set, reset;
ouput out_data;

reg out_data;

always@(enable or set or reset or in_data)
begin

if('reset) out_data <= 0;

else if(lset) out_data <= 1;

else if(enable) out_data <= in_data;

end

endmodule




4. o}2] 9] Verilog modules @A3HH AT = 28 8L

(a) [6%]
module problem4a (A, E, clk, rst);
output A;
input E;
input clk, rst;
reg A, B, C, D;

always @ (posedge clk or posedge rst) begin
if (rst) begin A=0;B=0;C=0;D=0;end

else begin
D=E;
C=D;
B=C;
A=B;
end
end
endmodule
Answer)
D-F/F
E > D Q A >
s— R
(b) [64]
module problem4b (A, E, clk, rst);
output A;
input E;
input clk, rst;
reg A, B, C, D;

always @ (posedge clk or posedge rst) begin
if (rst) begin A<=0; B<=0; C<=0; D <=0; end
else begin
D <=E;
C<=D;
B <=D;
A<=B;
end
end
endmodule

Answer)

D-F/F D-F/F D-F/F D-F/F
[E>——p Q24p QFp QD Q—A>
—| R — R 1R — R




5. ot#l¢] Verilog module©] oW 7|5 F3ds=+ 49

ot

(a) [77]
module problem5a (index_value, A_word, trigger);
output [3: 0] index_value;
input [15:0] A _word;
input trigger
reg [3: 0] index_value;

always @ (trigger)
begin: search_for_1
index_value = 0;
for (index_value = 0; index_value <= 15; index_value =

if (A_word[index_ value] =1) disable search _for_1;
end

endmodule

b

o
..

index_value + 1)

Answer)
Trigger7t B#ist= A|H0| A_word®| LSBOjAl MSB HigFo
W42 ML & LSBEEEH %=
A_wordZ} 16'b0000_0000_0100_0000 O|CtH
A_wordZ} 16'b0000_0000_0000_0000¢ I 23t loop2

Z, index_value=

=

S7HAIZI® CHAl 00] &7 I{=ZO|Et.

o| 19| bit gk|2

index_values=

oz 12 oid m7ItK| 09

LIEFEHHEE. O § S0
60| ECh Z2fLt
EICt O]|&= Index_value

7} 4bit0|7| [ 20| ZrAHSICE Index_valueZt 159 [ if22 =33t index_valueE 1

(b) [84]
module problem5b (sum, data, clk, reset);
output [5: 0] sum;
input [3: 0] data;
input clk, reset;
reg sum;
always @ (posedge clk) begin: add_loop

if (reset) disable add_loop;
@ (posedge clk) if (reset) disable add_loop;
@ (posedge clk) if (reset) disable add_loop;
else begin sum <= sum + data; sum <= sum + data; end
@ (posedge clk) if (reset) disable add_loop;

else sum <= data;

end
endmodule

else sum <= sum + data;

else begin sum <= sum + data; sum <= sum + data; sum <= sum + data; end

Answer)
1. clkQ| rising_edgeO|A| dataE sumoOf X ZESHC}.
2. 0| 3 cycle 59t sum0j datag {BHCY.
Problem5b= 1,282 BHESIHA 474 datal]
Ct reset Q/210| E0{2H AHALES SEHSID

k=3
=

12

ot2 4 cycleOf| THH
CHAI AIEf3HCE

EH M

o=

gh= A it




6. [54] Explain why the code fragment shown below will execute endlessly, and

recommend an alternative description.

reg [3:0] K
for (K=0; K<=15; K=K+ 1) begin

end

Answer)

K= 4bitO|E 2 0~15 AFO|Q| Zf8t 7t& £ QICh KIt 157 & = L2 Z 0| A
= overflow?7} &dli5t CEA| 00 ECh W2tA FO{Z for 22| =
Eot2 2 for 20| BLEA| A ElCh.

O HIZ &7| flsiM=

reg [4:0] K 2 MASIAHLt

for(K=0; K<15; K=K+1) begin 2 &

Heff ZEQ| o0 w2t =7gstH EICh

7 [153] o}#l¢] Verilog moduleS FH AR = I2E A Q.

110*'
oX,
ol

module problem7 (y, x_in);

parameter word Iength 4,

output )
input flword_length -1:0] x_in;
re K

infeger

always @ (x in[3:1
beéln che(ch fE)r P

¥or =0 k<— word _length -1; k = k+1)
|f x |n[k]
egin

)élsable check for_1;
end
end
endmodule

Answer)

D latch
D Q

En

a2

x_in[2] }

:




8 [107]. oF#f 9] state diagram® = FE A% += finite state machines Verilog® Z = 1)

WakAl L. o] FSMO 18 x o]ar, F32 zo|th

x=1/z=1

x=1/2z=0



Answer)
module problem8 (resetn, clock, x, z);
input  resetn,clock,x;
output z
reg z;
reg current_state,next_state;

parameter IDLE = 0, BUSY = 1;

always @(negedge resetn or posedge clock)
begin : current_state_decision

if (Iresetn) current_state <= IDLE;

else current_state <= next_state;

end

always @(current_state,x)
begin : next_state_and_output
case (current_state)
IDLE
if (x==1) begin next_state <= BUSY; z <= 1'bl; end
else begin next_state <= IDLE; z <= 1'b0; end
BUSY
if (x==1) begin next_state <= IDLE; z <= 1'b0; end
else begin next_state <= BUSY; z <= 1'bl; end
default :
begin next_state <= IDLE; z <= 1'b0; end
endcase
end

endmodule




9 (a) [10d8]etd) 138& mlo]aE= 2 1#% control unit +F& % ROM9| contentE H
ofFt}, oty o] F3EE= control unitS Finite State MachineC 2 ZE3FA Q. ]
Finite state machine® YHAZTE= @’ o]x, &H AT = x> & vy o], state °]EL <

oz AHgata g,

1 ROM
Control RO ROM address ROM contents
00 [ 00 |01 O1
2 ol 2 3l 2y 01 | 10 |11] 10
0 1 10 | 10 |11} 10
] »21mux” | Ly 11 | 00 ool 11
» X
register
Answer)
a=1
a=0or1

a=
xy=11




(b) [5H] 919 controllerE hardwired

Answer)

=l

S2

g3




CIXE AILE 24 7|Z22A 24 3 8

200814 13t7|

1. [107] (a) Binary SD number systemO|M radixe 20|11, 2t digitoj A BT 4+ U= 7HE 2 £t
191 29 2t digitf N £ Xt2|4S MSHs &AZ of2fol Table P-10t 20| & % Tk O] AL
carry propagation0| #4E 4 9I7| WSO Table P-29f 20| Cidks YAS HIRB carry
propagationg #X|Z 4= QICh radix7} 30|11 2t digitoflAf EHE £ Qe 7hE 2 7t 291 SD
number systemOf|A{, 2} digitO| o T X2|+=E Ol WAZ Table2 HTSIA| L. O|Mf, carry
propagation0O| ZHMsIX| UEZ 2 Tableg ZHHSIA. (KIE =u: ZIEZ)

Table P-1
Ci 0 1 i 1 1
u; 0 1 1 0% 7
Table P-2
Xi Yi 00" " 01 01 01 o1 i s i
vy e - neither at least neither at least - -
is 1 one is 1 is 1 one is 1
ci 0 1 0 0 1 1 i
u 0 1 1 1 1 Qi
=)

Xi Yi 00 01 02 0l 02 10 11 12 20 21 22 21 22
Ci 0 0 1 0 j_ 0 1 1 1 1 1 0 0
Ui 0 1 i i 1 j_ 0 j_ 0 1 1 0

Xivi | 10| 11|12 |11 112 |20| 21| 222122
Ci 0 0 i i j_ 0 0 j_ j_

Ui j_ 0 1 1 0 1 j_ 0 0 j_
- & 15749 xBto| ZX => S2|AHLt WE S0 sl THEE 1HY 2

(b) 2l2| (oM Z-dot Tables AFESI0] 0110+ 02115 e g 8 Z0E HOAL.

<)
0 1 1 0
0 2 1 1
0 1 1 0 0
0 0 1 1
0 1 1 1 1
-t 739 3%
-1021, 1102 & HE QI




2. [15H] (@) How many denormalized numbers are there in the short (32-bit) IEEE format, and what is
their range ? (& = 343
HMEHWE=0f #0
Total number of normalized numbers = (283 -1)x 2 = 2% -2
Min*: 0.00000000000000000000001 x 2126 = 2-23 x 2-126 = 2-149
Max*: 0.11111111111111111111111 x 2326 = (1 - 2:23) x 2126

(b) How many normalized numbers with fixed exponent 1 (including bias) are there in the short
(32-bit) IEEE format, and what is their range ?

HEHE=1
Total number of normalized numbers = 2 * 223 = 224
Min*: 1.00000000000000000000000 x 2126 = 2-126

......

Max*: 1.11111111111111111111111 x 2126 = (2 - 2:23) x 2126 = (1-2%4) x 2'1%

HH71E
2% M4 FoHs $E: 2 3H *2
R WY T ¥ 2 4H *2

128 14

71284 1)

- 7|2¥c=z Lot o] 4Yo| AS 3
- Short (32-bit) IEEE format0j| CHSF 7H'E
- (De)normalized number0j] C{st 70H A

o AL o
- HRE 4 US 3L W o

of

o d
-~ T
= “I

A
= Al

<Xt M (3F)
Sign bit 112{ (x2) Q!ojo} &

—

e BN = |
- B, B0 80| BT F2 7H
- DA B8 o B

(b)ofl M E=19! ZFL EweE -1260] OlL|2} 12 T 2= HE Mol

ot



3. [10%] (a) Design a (7;2) compressor with 7 inputs, 2 outputs that has 4 input carries from position
(i-1) and generates 4 output carries to position (i+1). Use (3,2) counters and make sure that no long

carry-propagation chains are generated. (A§& Zu: ZM4 &)

e Solution-3 ™

?PP

sETLTRLY | Ty from
i+ 1} [ -1}

Arry 1o BTy frem
1} =1}

—©

BITy 10 | BTy Trom
1} -1}

|
® &

N S/

219t 20| (i+1) position2| carry 4747} chaing THEX| Q4 HAZE|0f QYo 10H.
(flel 223} CtECatE MHE XS SF31H 103H)

(i+1) position| carry 47§E 0|83 OLL, chain0| MAE|AHLt Ao Ma7t Y= HS 7
-~
s,

(i+2) position2| carrygE 0|8% A2 chain{o] SZistH 5H

(i+2) position2| carryE 0|83 2L}, chain0] MMEE|7L} HZAY A$7F U= E2 3H
(3,2) counterE 57| AI25X| %2 AL 0™

(i+3) positionQ| carry7} MME AL 0H

Position0| ZX| &2 carryE IL}2| (3,2) counter0f HZASH AL 0H



4. [15H™] (a) Write down the rules for a radix-8 modified Booth's algorithm (Table Y@AlCZ AtMSIH
2). g =u: 484)

MY

bi-1 | bi-2 | bi-3 | xi | xi-1 | xi-2

1 0 0 011 0 +2A

1 1 0 011 1 +3A

0 1 1 0|1 0 +2A

1 0 1 011 1 +3A

1 1 1 1(0 0 +4A




another form

bi | bi-1 | bi-2 | bi-3 | xi | xi-1 | xi-2

0] O 1 1 10 1 0 | +2A

0] 1 0 0 Jo] 1 0 | +2A

0 1 0 1 10 1 1 | +3A

0] 1 1 0 Jo] 1 1 | +3A

0] 1 1 1 J1( 0 0 | +4A

1 1 1 1 J0f O 0 0

MEI|IZ=:1row T 05 -> & H:8H (5=



(b) ofzfel &ZF oA 6-bit 2's complement numberQl 0101101} 001011E Radix-4 modified Booth
algorithm2 AFE3l0l 3t JZdole IEES EQICE 0] IHO|AME= negative partial productE 2's
complement 42 E310] & £ QUCtD 7HHSIF A, EESE negative partial product®| sign bit
extensions Z ALt 22| (@)0|A T8t radix-8 modified Booth's algorithm= AFE3St= AL negative
sign-bit extensionS 7| 25t schemel| CHSIA AHSIA|R. O schemeS HE3}0] OfzfQ]

example (010110 x 001111) & ¥lst= 1ty Sl ZIE HO|A|L.

010110 010110
x001011 x001111
01101010
1001010
110110

0011110010

134
Ss SSX XXX XXX
1 1Sx xxx xxx
SX XXX XXX
(S: inverted sign-bit, s: sign-bit, x: bit={0, 1})

-> Uz MHS|E E.

2)4 3
010 110
x 001111
R 010001 (1 H)
01 111 101 010 (1 H)
110 101 100 13

000 101 001 010 (1)



[10&] Interrupt controller@t Timer2| 7|50f CHSiA Zt2Zt ZICHS| MEHSIA|. (KIE Z: AKX M)
dqE)

Interrupt controller : FH EX|O|M LUMEl interrupts CPUER HiZ FEE|X| o
interrupt controller0Of|] HE |11, O] interrupt controllers LWMEl interrupt &5
CPU 0 &2{FE1n CPUE interruptl| Z R0 Oi2} interruptE WMA|IZI EXE HO
C}. Prioritizing and propagating interrupt requests from internal or external devices

to the IU. (interrupt controller2 interruptE CPUO| LZE £, =H XNo|SHX| &S,

rob mn Rl

Timer : Prescaler is decremented on each clock. When underflow, timer tick
generated. Timer is decremented each time prescaler generates a timer tick. When
underflow, interrupt generated. If the reload bit is set, reloaded with the value of the

timer reload register.



6. [157A] A counter is said to enter an abnormal state if it enters a state that is not explicitly decoded
in its next-state function. A self-correcting counter has the ability to recover from an abnormal state.
Write a Verilog program modeling a self-correcting 3-bit Johnson counter using the next state 001,
if the current state is in an abnormal state. (&=-Johnson counter:
000->001->011>111->110->100>000~>...). (K{& Zuw: TIEA)

4=y
module self_correcting_johnson_counter(
input CLK, RESETn,
output reg count
);
always@(posedge CLK, negedge RESETn) begin
if(lRESETn) begin
count <= 3'b001;
end else begin
case(count)
3'b000: count <= 3'b001;
3'b001: count <= 3’'b011;
3'b011: count <= 3’b111;
3'b111: count <= 3’b110;
3'b110: count <= 3’'b100;
3'b100: count <= 3'b000;
default: count <= 3'b001;
endcase
end
end

endmodule



7 [15%] ot2fe| Verilog moduleg otM4stH MME= JZ2ZE OA2AL K =4 52
(@

module prob7a (y, x_in);

r

parameter word _length = 4;

output _
input onrd_length - 1: 0] x_in;
reg Yi

always @ x_in begin
Yf(x In[0] == 1)y 1;
elseif (x_in[1] = y=1;
else if (x_in[2] = y=1;
end

endmodule

(88 o6-UH

K_wtal—""

. ml2]

PR L O 5 T = Ex [area Tewt Ey
ot~ mlol ( 3 0R GrATE °l77)
a3

- Input portQl x_in[3] M2k (-1H)
- 7IsHeR E°'$I-X|=f 2 Area Overhead (-3H~-5H)

- latch S 2EQ% st=9of g (-5H)
7|EE: 7|15XMoz HME QT (0H)
(b)

module prob7b (y_out, sel_a, sel_b, data_a, data_b);
output y_out;
input sel_a, sel_b, data_a, data_b;
reg y_out;

always @ (sel_a or sel_b or data_a or data_b)

case (Bsel a, sel_b})
out =data_a a;
2 b11 y_out = data"b;
endcase

endmodule

(8E) 9oFuUH

b e
sef_b

Sel.o
dote - o ( #561teel: Kiling TSE)

7l2™:
- sel_aZ} omfof|, Latche| =S HO output?| glitch M2 %A1l output LS &
X| 8}, sel b= data_a, data_b2] MUXINGS MAtMoz 2308t (9H)

- sel_aZ} 0Yufof|, o|F2Q| output 2 {X|5lH, sel b= data_a, data_b2| MUXINGS 4t



Moz

Moz 3 (8%)

pd ¥
(~N-D

- Latch®Q] enable wire HZ S9| Al (-3H)

- 2:1 MUXCH 4l 3state buffer A2 (-37H)

- SIESIO 7|52 SYUSHX|U ST StEL0 ALE (-27H)

FEdHE (R1C 271 ofd )

-  Feedback & Latch &4 (sel_.a = 0¥ 0, Z+SX)0 CHSE 74E0] Y= 2:1 MUX (2H)
- EIX| 2:1 MUX, latch glg. (17H)

JsMoz MY C}2 5%, 22 5% 27153 (0%)

r o | =



8 [10F] ofzfel Oz H 1742 adderet 17§°| multiplier7}t FORCID 7} SHAL 2H2Eo| addert
multipliere| F74o| =2 ZtZk register R1, R2 Y R3, R40| AZE|O ULt O] adderl} multiplier
£ AESIY AL F=(A+B)*(C+D)=2 =&ls}7| /¢t data path & control unitE HAHSIA|L. FO| Z
Bot2 register R4 HAEE|A SHA|L. (KIAE Z=u: O|X{2)

R1 R? R3 R4

RI< A
R2< B

<— 0O

<— O

—k— >
<— O

/ \

—

R1 R2 R3 R4

R3 &< R1 + R2
Rl1< C
R2&< D

R4 &< R1 + R2

R3x R4 > R4

<ME8 71E>
ofzff =HES UF AF|X| R 0 22 4H
data path(5%d):
1) 1 adder, 1 mult Bt A28 A
2) Adder 0= R1/R2 ot M2 7}5. Mult o
3) Mux L} tri-state buf SO 2 data OE
or output O] 27f O|AM LI7IX| LT E)
4) T U2 R4oj

control unit(53):

R3/R4 O HZ 75

=835 =2|Mo2 13 Z(Register 0f input

1) Register | S8 = control signal S8 20| XIM|3] 7|ag A
2) State or clock 2 TE{sjA At 3. =, load L} add/mult S0|] FX7 SHHo|| AlsH
Els 7HEHQ ®M20| ofL| 2 ‘MAEQ HAE nEE A

St ‘redundant’ oF SE2 ZHE CHA

[= =] o

r|o
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