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1.(5pts+5pts = 10pts)
A. (5pts)

module mux_4tol(x, a0, al, a2, a3, select);
parameter n = §;
input [1:0] select;
input [n-1:0] a0,al,a2a3;
output [n-1:0] x;
reg [n-1:0]x;//case EE&= ifE 2 Bt AL xE regZ MASIX| UO H(-1pts)
always @(a0,al,a2,a3,select)
case (select)

2'b00: x = ao;
2'b01: x = al;
2'b10: x = a2,
2'bll: x = a3;

//default: x = 0; // using default to include all other possible cases.
endcase//endcaseE MX| QUUZ HX( -1pts)
endmodule

caseZ O 2 KX &
S M= HEICE)
O 9 AfATH

ifelse L20|L} assign2 O|&3}0] Mt (assign@Z B AL reg

2 (-lpts)

MO o

B. (5pts)

XE
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module mux_16tol(x, a0, al, a2, a3, a4, a5, a6, a7,

a8, a9, all0, all, al2, al3, al4, als, select);
parameter n = §;
input [3:0] select;
input [n-1:0] a0, al, a2, a3, a4, a5, a6, a7, a8, a9, all, all, al2, al3, al4, al5;
output [n-1:0] x;

mux_4tol mO(x(x0), .a0(a0), .al(al), .a2(a2), .a3(a3), .select(select[1:0]));

//m0~m4 H 29| select[1:.0]0| Ot [3:.0]2 & AESIUS AL (-1pts)

mux_4tol ml(x(x1), .a0(a4), .al(ab), .a2(ab), .a3(a7), .select(select[1:0]));

mux_4tol m2(.xx(x2), .a0(a8), .al(a8), .a2(a9), .a3(all), .select(select[1:0]));

mux_4tol m3(x(x3), .a0(@l12), .al(al3), .a2(al4), .a3(alb), .select(select[1:0]));

mux_4tol m4(x(x), .a0(x0), .al(x1), .a2(x2), .a3(x3), .select(select[3:2]));

/0] 282 case 22 0|83}0] 742 HIYLE HS AB QKNI caseRO|L} ifE2
mux 4to10] BE 917 20| S0|US AWML 2F) (-2pts)

endmodule

wire [n-1:0]x0,x1,x2,x3;//wire MOQISIX| QUUAHLL ZO|E ML= MOASHA| QUYS FR(-1pts)
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2.(5pts+5pts+5pts+5pts=20pts)
A(5pts)

module full_adder(sum, c_out, a, b, c_in);
input a, b, c_in;

output sum, c_out;

wire wl,w2,w3,w4;

assign wl = a’b;

assign w2 = a&b;

assign w3 = a&c_in;

assign w4 = b&c_in;

assign sum = wlAc_in;

assign c_out = w2|w3|w4;

endmodule

//{c_ins}=a+b+c_in; 1} Z0| +Z T AL2(-1pts)(+E AHLSHZ| 8l full adderQt0f adder’t
27 =2R)

//7|Eb c_inddt sOf| MCj2 & A7t SO07HX| @ie =24 € B% (-lpts)
module carry_lookahead(c_out, g, p, c_in);
parameter n = 4,

output [n-1:0] c_out;

input [n-1:0] g;

input [n-1:0] p;

input c_in;

assign c_out[0] g[0]|(p[0]&c_in);

assign c_out[1] = g[1]|(p[1]&c_out[0]);
g12/(pl21&c_out[1]);
assign c_out[3] gl3]|(p[3]1&c_out[2]);
//4ztel @RI} g AL(-1pts)

//c_outg 3+ H|EBtD 73t c_coutf cout[3]e] LjE0H ERf
o
=

assign c_out[2]

R
//coutAltt At REZ0| SE|AHLE CHE aE AMRE 8] (-2pts)
/falwaysZS ArE3IRAS Wl c_outd reg MRS SHX| AUAS E2 (-1pts)
endmodule

B. (5pts)

module RCA_adder(S, c_out, A, B, c_in);

parameter n = 4,

input [n-1:0] A, B;

input c_in;

output [n-1:0] S;

output c_out;

wire [2:0]carry;

[[carry #t= TESt= wire HAS SHX| HAHL regz MATt L (-2pts)




//2&0| HAZ alwaysEd QtO|L} initial &7 O
full_adder mO0(S[0], carry[0], A[O], B[O], c_in);
full_adder m1(S[1], carry[1], A[1], B[1], carry[Q]);
full_adder m2(S[2], carry[2], A[2], B[2], carry[1]);
full_adder m3(S[3], c_out, A[3], B[3], carry[2]);
//c_coutgts AASHA] Qfn HOjZh HR(-1pts)
//7|Et At 28 27 (-1pts)

//HED A (7|2 1.5pts)

endmodule

OHL

%2 F2 (lpty

C.  (5pts)

module CLA_adder(S, c_out, A, B, c_in);
parameter n = 4,

input [n-1:0] A, B;

input c_in;

output [n-1.0] S;

output c_out;

wire[n-1:0] p,g,carry;

//2O0| A * carry_lookahead moduleZ2 ALE3IX| &0 O7|A CHA| carryE A
B 98

carry_lookahead MO(carry,g,p,c_in);

/122t p, g, S @Ol M0l SRIILE MA@ FS 2 (lpty)

assign p[0]=A[0]"BIO];

assign p[1l]=A[1]"B[1];

assign p[2]=A[2]"B[2];

assign p[3]=A[3]"B[3];

assign g[0]=A[0]&BI0];
assign g[1]=A[1]&BI[1];
assign g[2]=A[2]&BI[2];
assign g[3]=A[3]&BI3];

assign S[0] = p[0]~c_in;
assign S[1] = p[1]~carry[O];
assign S[2] = p[2]~carry[1];

assign S[3] = p[3]~carry[2];

assign c_out = carry[3];




endmodule

D. (5pts)

module CLA_adder_16bit(S, c_out, A, B, c_in);
input [15:0] A, B;

input c_in;

output [15:0] S

output c_out;

wire carry[3:0];

//BS} DHEE7kXR|) MF7|ES AFBSIT, C2 £HBL0 pggte D 4bit CLAS
0| Ottl carry lookahead 2E2 ALESI0Y A Atot A2(+1pts)

CLA_adder MO(S[3:0],carry[0],A[3:0],B[3:0],c_in);

CLA_adder M1(S[7:4],carry[1],A[7:4],B[7:4],carry[Q]);

CLA_adder M2(S[11:8],carry[2],A[11:8],B[11:8],carry[1]);

CLA_adder M3(S[15:12],carry[3],A[15:12],B[15:12],carry[2]);

rm
A
ra
ny

assign c_out=carry[3];

endmodule

3.
verilog code0] Cligt M (2pts +2pts)

L80] A= latch EE= logic B= Flip Flopdt H|wst= L0 QUALE 7|EF H|==Tt L{E
(sequentialsit 22 HYH)0| AS 4% (7|2 4pts)

=2 SE0| et 230 enable, resets) AL ¢ LEO| §l& EF (7|2 3pts)
71Et &0 F7 US ER(-1pts)
Off {8 MX| g2 ZX(7|= Opts)

Sk
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ore
3|2 (3pts +3pts)

A9| 3|2E& logicCZ2 A E A2 input AND gate)Lt logicg O|235}0 12l HALX(7|&2 3pts)
R Mo M2 E WS FZR(-1pts)
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7|Bt 2F(-1pts)
ex) reset=2 clkO| EX| 241 QF AND gateE‘ >




Ol AHASGIHL} reset2 inverting A|Z|X] QEALE.

4. (2pts+3pts+5pts = 10pts)
A.

The processing of all the active events is called a simulation cycle.
active eventQ| EIO{E ARSI MHHSIHL} active eventZ7} =3iE|= SO O|2t= 2|O0|9

20| %2 F2(1pts)

Inactive events occur at the current simulation time, but shall be processed after all

the active events are processed.

inactive event0 C{SH OJA|E XA|StD

simulation cycle, inactive eventsO CH3t
B. (3pts)
a) Active events
b) Inactive events
¢) Nonblocking assign event
d) Monitor events
et 22 =M7F S d2 (Gpts)
=2 820pts)
C. (S5pts)

HYSALL M2 & 23Y E2(1pts)

HYo| BIT FP A (-05pts)

while (there are events){

if (no active events){

}

}

}
else{

}
E = any active event;
if (E is an update event) {

if (there are inactive events) {
activate all inactive events;

else if (there are nonblocking assign update events) {
activate all nonblocking assign update events;

else if (there are monitor events) {
activate all monitor events;
advance T to the next event time;

activate all inactive events for time T;

update the modified object;




add evaluation events for sensitive processes to event queue;

}

else { /* shall be an evaluation event */
evaluate the process;
add update events to the event queus;

}

pseudo IEOIN o7t HES HE0| U= HL(-Ipts)

BO| #Alet HIOH =MLHZ 2 Z2(-3pts)

5. (10pts)

module johnson(clk, start, qout);
parameter N = 4,

input clk, start;

output reg [0:N-1] gout;

always @(posedge clk or posedge start)

if (start)

qout <= {N {1'b0 } }

else

qout <= {~qout[N-1], qout[O:N-2] };
endmodule

flet €2 SHE StALL caseEZ S 0|83t MU=z & %= & Z2(7I= 10pts)
johnson counter®| 20| HICHZ $=3st HL(-2pts)

ex) 90 A reg[O:N-1]21C]| OF2fA {qout[1:N-1],~qout[0]}2} Z O]

J|EF A4S BE QBLL AbATH A

start bito] AL XtM|Tt MO

RNE
Chaot counter O|ALE & #=Jl= SEE dt= counterd B2 (7| 3pts)

6. (10pts)

module priority_en(y,valid,in);
parameter n = §;
parameter log2n = 3;

input [n-1:0] in;

input valid;

output reg [log2n-1:0] v;

always @(valid, in)

begin




if(valid)

begin
casex (in)
8'blxxxxxxx 1y = 7;
8'b01xxxxxx : y = 6;
8'b001xxxxx : y = 5;
8'b0001xxxx : y = 4;
8'b00001xxx :y = 3;
8'b000001xx : y = 2;
8'b0000001x : y = 1;
8'b00000001 : y = 0;
default: y = 3'b000;
endcase
end
else
y=3'b000;
end
endmodule

valid bit2 O{EH AI2SIE AMmQS.
always22 HX| %1 HIE casexZS ALE3HAl ZR(-1.5pts)
always2 oo RE inputg Ml @42 FL(validet in)(posedge validZ Af
in2 ™MX| UAoME =) (-1pts)
casex=2| endcasexZtll MO Al ZH2(-1pts)
casex= OH0| 8'bg il HOA HL(-1pts)
xE 72 Mol HL(-lpts)
742 countdtrl AL2(-2pts)
ex)8'bxxxxxxxx1
casex2O 2 WA %Al HL(-4tps)
2

O
J|E} East AL 29 92 (lpts)

8ot
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7. (10pts)

module universal(clk, reset_n, s0, s1,rsi, Isi, din, qout);
parameter n = 4,

input clk, reset_n;

input sO, s1; // control

input Isi, rsi; // left shift input, right shift input

input [n-1:0] din;

output reg [n-1:0] qout;

always @(posedge clk or negedge reset_n)
if (Ireset_n) qout <= {N {1'b0 }};




else case ( {s1,s0 })
2'b00: qout <= qout;
2'b01: qout <= {rsi, qout[N-1:1]}
2'b10: qout <= {qout[N-2:0], Isi};
2'b11: qout <= din;

endcase
endmodule
reset2 synchronousL} asynchronouss AH2tQIS
caseRO2 WX QD if elseS 0|8 FPE T SHT P2 4B

rsilLl Isighofl CHE 2t €S E2(-2pts)
rsig Isig, Isig rsi2 & 42(-2pts)
endcaseE MX| ULt beging ALR3tD endE AMRSIK| Y7L} st= Crasl

2E0| AL2(-1pts)
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8. (10pts+10pts=20pts)
A. (10pts)

module single_cycle(clock,a,b,cx);
input [7: 0] a, b, ¢

input clock;

output [7:0] x

reg [7:0]x;

always @(posedge clock) begin
X <=c¢-(a+ b)
end
endmodule
reg [7.0lx; & MX| Y10 always 2% Q0| @2 4(-1pts)
2cycle0f HO| L& @ 2E0| F7tst Z2(-2pts)
BEFS O{7[0f HE BX(-3pts)
7|Et At2Th A =(-1pts)
ex) =AlS a-(b+c)2 M AHLE

B.(10pts)

module pipeline_3cycle(clock,a,b,c,x);
input [7: 0] a, b, ¢

input clock;

output [7:0] x;

reg [7:0] x,ga,qb,qc,qd,qe;

always @(posedge clock) begin




ga<=a; gb<=b; qc<=¢
qd<=(gqa+qb);
ge<=qc
x<=qe-qd;
end
endmodule
?l 2EE 379 alwayszZl 2 Liw ZRE 22 43 StEZ HEgls.
reg2 always0| U= output=0| MA 2
ga<=a; qb<=b; qc<=c;7} W HLX(-3pts)
qd<=(qa+qb);

ge<=qg

x<=qge-qd;

7t 242 wWhE Fe4 2R 2 E2(-1pts)

=8 U U0 @(posedge clok)& @O pipeline SXBIA| 2 & 2(-5pts)
AN Z 3cycle delayE & 42(-7pts)

2HErSE ML 29 920| Z2(Ipts)

module parity(data, parity, even_odd, error);

input [7: 0] data;

input parity;

input even_odd; // O for even parity, 1 for odd parity
output error; // 1 for parity error

wire cnt;

assign cnt="data;

assign error = cnt"parity”even_odd;

endmodule

data®} parity bit Stoll U= 10] SFNAA] HFHAA] Lol
even_odd bitg ©]&3te] errorg 3= TS 3t B9CIE xors AFESHAY count
gk W)

(7] 10pts)

parity bit, even odd bitE Z% ol&|star ® H$-(-5pts)

A 2 F2SHA| v parity bitE YA &3 data¥t o]&3F 4 9-(-3pts)
1& countd w, g+ outputES e EFAA FAll AFES A 9-(-3pts)
ex)

if(data[81)

cnt=cnt+ 1;

if(datal7])

cnt=cnd+ 1;




Zleh Apad @ U 8% (lpts)

10.

module paritylO(clock, data, even_odd, error, reset);
input data, clock;
input even_odd; // O for even parity, 1 for odd parity
input reset;
output reg error; // 1 for parity error
reg [3:0]state;
reg [8:0]buff;
parameter
S0=4'd0, S1=4'dl, S2=4'd2, S3=4'd3,
S4=4'd4, S5=4'd5, S6=4'd6, S7=4'd7,
PA=4'd8,//paritystate
IDLE=4'd10;
always@(posedge clock or posedge reset)
begin
if(reset)
begin
state=IDLE;
buff=0;
error=0;
end
else
case(state)
SO: begin
state = S1;
buff={buff[7:0],data};
end
Sl:begin
state = S2;
buff={buff[7:0],data};
end
S2:begin
state = S3;
buff={buff[7:0],data};
end
S3:begin
state = S4;
buff={buff[7:0],data};




end

S4:begin

state = S5;

buff={buff[7:0],data};

end

S5:begin

state = S6;

buff={buff[7:0],data};

end

S6:begin

state = S7;

buff={buff[7:0],data};

end

S7:begin

state = PA;

buff={buff[7:0],data};

end

PA: begin

state= SO;

buff={buff[7:0],data};

error= ((*buff)A(even_odd));

end

IDLE: begin

state = SO;

buff={8'b0000_0000,data};

end

default state = IDLE;

endcase
end
endmodule
moore FSMQ 2 FAtSIHLE WXl A2 AL2(-3pts)
—.—J(1|E O|SiRH KTt 9bitE HEMOZ ZHAISIK| ZSHLHESZH0| CHE stateZ7} =X{) 2 state
2 4stateE WO countE FIISHKA| U0F 8bit+lbitE M ASHK| Zot= ALXLE 47t 2K

[[H ol & SZ5HA| e E2.(7128s 7.5pts)
parity bit0f| Cigh O|s§7} £Fstn & SASHA| = Z2(3pts)
7|Et At L 2 2 F(-1pts)

0

11. (10pts)

module sequence0101(clock, data, z, reset_n);

input data, clock, reset_n;




output reg z

reg[1:0] state, next_state;

parameter
A=2'd0,
B=2'dl,
C=2'd2,
D=2'd3;

always@(posedge clock or negedge reset_n)

begin
if(lreset_n) state<=A;
else state <= next_state;

end

always@(state or data)

begin
case(state)
A: if(data) next_state = A;
B: if(data) next_state = C;
C: if(data) next_state = A;
D: if(data) next_state = C;
endcase
end

always@(state or data)
begin
case(state)
A:begin
if(data) z=0;
else z=0;
end
B:begin
if(data) z=0;
else z=0;
end
C:begin
if(data) z=0;

else next_state
else next_state
else next_state

else next_state




else z=0;
end
D:begin
if(data) z=1;
else z=0;
end
endcase
end
endmodule
alwayszZ 37HE 0|83t0] MX| %= Z2(-2pts)
FSM SE|7} OfL| D1 SESIK| Y= AL(7|E 3pts)
moore FSMO| OFH A2 (-2pts)
state2 MQIAIO| 20|12 TR MISH ZS[L.0](-lpts)
7|t AtASE AL BE 2 F(-1pts)




