module addbit(
a, -
b, ;
ci,- .
sum, ,

co
);
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input a;

input b;

input ci; JC—MLL’ Hb‘bffl
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output sum;
C————
output co;
G

wire a;
wire b;
wire ci;
wire sum;
wire co;

s

=

assign {co,sum}=a+ b + ci;

—

endmodul%
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module adder(
resylt, «—-

carry,
r’1, -
r2,
i 0 # _
).C'I 5 l RESuULT
' ‘/ ‘r‘ o
input [3:0] r1; ; |
input [3:0] r2; — C HNR y
input ci; C, C - \ \
L

output [3:0] result;
output carry; - °

wire [3:0] r1; ;

Wil n (3} v Ceee )

wire [3:0] result; q—'——-—

wire carry; , ( V, 3 0—( [:0'3

wire cl; .
wire c2; %1«\3‘7\5_2/0*%—\—- \ \ \

wire c3; VA2 AJSVLS
. S L A4
addbit u0(r1[0],r2[0],ci,result[0],c1); mPuic v \ te— P C -
addbit ul(ri[1],r2[1],c1,result[1],c2); IRETPHWTT 45T 0D -
addbit u2(r1[2],r2[2],c2,result[2],c3); C3 GrR v
1 addbit u3(r1[3],r2[3],c3,result[3],carry); Ve SINQ"' on

endmodulé(
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module tb();
e

= > (/7,3 TS EAC

7

ire [3:0] result; —

wire carry; ?

initial begin
e —

// Dump waves
Sdumpfile("dump.ved");
Sdumpvars(1); l

Sdisplay("time\t r1 r2 ci result carry"); % ~

Smonitor("%g %b %b %b %b %b", m - 60@ CL'P /QG.. 703 J Ou I/\JJ o C O

Stime, r1, r2, ci, result, carry);

tr1=0; 1= 'y 00 00 —

A2 ;

’#12) ’1= o
3#10r2= #_ZCD O (O

#10ci=1

., < 2O /

end‘ \(‘L:é’[(ﬁleLQ

adder U(result,carry,rl,r2,ci); .&_—-’
” e —————— Vit = %f (O DO 1O
endmodule



carry
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(3]
f[30]

tesult30] ' ' Jl_
d’“\ — O (1\
time rl r2 ci result carry _
Ly 1l 2 =0 fv= 2 er2r) =
0 0000 0000 000000
T+ v = C- o+2 = C

10 10100000 0 10100
2010100010011000
30101000101 11010



time rl r2 ci result carry
P
0 0000 0000 000000

10 1010 0000 0 10100
201010 011000000 1

30101001101 0001 1
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module mux_4_to_1(
—= ou},

o . © Q)
- QW@J 0 3) Z’/ T | ML CLeS /2.

);

C
. L3 )
output out; (—
tio, i1, i2, i3; WM C.S O(-) L, < \’
nputi, 1, 12 ) L2 =

N T w“xzv& C\ Oj s [
W|reou -
wire i0, i1, i2, i3; L D \"{7 /l/\

wire s0, s1;

assign out = sl?(so ?n3 i2) : (s0?i1:i0); \

*‘1[' — 31 S
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module tb_mux();

A -

reg [3:0] i;
reg [1:0] s; ’“l
wire out; ‘

initial begin
// Dump waves

Sdumpfile("dump.ved");
Sdumpvars(1);

Sdisplay("time\t i s result");

Smonitor("%g %b %b %b",
Stime, i, s, out);

i = 4’b0000; z_____—

s =2'b00;
#10i=4'b0001;
#10 s =2"b01;
#10i=4'b0011;
#10 s =2'b10;
#10i=4'b0111;
#10s=2"b11;
#10i=4'b1111;
#10

Sfinish;

NI

mux_4_to_1 U(out,i[0],i[1],i[2],i[3],s[0],s[1]);

——

endmodule
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module FJKRSE\%,K,CIk,R,S,CE,O,outz':
—

input J,K; //inputs

input Clk; //Clock

input R; //synchronous reset (R)
input S; //synchronous set (S)
input CE; //clock enable (CE)
output Qout; //data output (Q)

//Internal variable \\ ¢
{

reg Qout;
’—F— {
always@ (posedge(Clk)) //Everything ilf synchronous to positive edge of clock 4——
~pegm— \
— if(R == 1) //reset has highest priority.
*=Qout=0; E———————
else=—>"
~ if(S==1) //set has next priority
e QOUt = 1] e
else

. YN ew Ouns TS T

~——3 if(CE == 1) //J,K values are considered only when CE is ON. -

TIZ=048& K ==0) —= 7 1
Qout =Qout; //no change — , o

else if(J==0 && K==1)
Qout =0; //reset

elseif()==1 ;ﬁg K ==0) O !
Qout = 1; J/set

else / —_— D) O

Qout = ~Qout; //toggle
elserm———m—
Qout = Qout; //no change
end

endmodule



module tb_jkff;
.__.—_J

// Inputs
reg J;
reg K;
reg Clk;
reg R;
regsS;
reg CE;

// Outputs
wire Qout;

o Sy

~—= // Instantiate the Unit Under Test (UUT)

FJKRSE uut (

_o,
— 'K(K)I

~— .Clk(Clk),
-R(R),
S(S),
.CE(CE),
.Qout(Qout)

. = initial begin
o ® 4 g

Sdumpfile("jkff.ved");
Sdumpvars(1);

// Initialize Inputs

//Apply inputs
—9=R =1; #5;2

—aR=0;
—S=1; #5;
S=0;
J=1; K=1; #5; °
>y CE=1; #5; -
J=0; K=0; #5;
J=0; K=1; #5; N
J=1;, K=0; #5;
J=1;, K=1; #5;
—> CE=0; t
Sfinish;
e
- TN
always begin !
#2 Clk = ~Clk;
end”

~

-

endmodule
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module first_counter (
clock,
reset,
enable,
counter_out

);

input clock;
input reset;
input enable;

output [3:0] counter_out;

wire clock;

wire reset;

wire enable;

reg [3:0] counter_out;

always @ (posedge clock)
‘____—__-/

begin: COUNTER é“_’

if (reset == 1'b1) begin
counter_out <= #1 4'b0000;
end ta

else if (enable == 1'b1) begin
counter_out <= #1 counter_out+1;
end~ ~—pgge2lipe=s. -3

end

endmodule



module first_counter_tb();

reg clock, reset, enable;
wire [3:0] counter_out;

initial begin

// Dump waves
Sdumpfile("dump.vcd");
Sdumpvars(1);

Sdisplay("time\t clk reset enable counter");

Smonitor("%g %b %b %b %b",
Stime, clock, reset, enable, counter_out);

clock = 1;

reset = 0;
enable = 0;

#5 reset=1;
#10 reset = 0;
#5 enable = 1;
#200 enable = 0;

#10 Sfinish;
end

always begin
#5 clock = ~clock;
end

first_counter U_counter(
clock,
reset,
enable,
counter_out

);

endmodule
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module vend(coin, clock, reset, newspaper);

// port declarations
input [1:0] coin;
input clock;

input reset;

output newspager;

wire newspaper;

// internal FSM declarartions
wire [1:0] NEXT_STATE;
reg [1:0] PRES_STATE;

// state encodings
parameter sO = 2'b00;
parameter s5 = 2'b01;
parameter s10 = 2'b10;
parameter s15 = 2'b11;

1,
"',f-unctiosm;
input [sm_ccﬁ?\_;d

input [1:0] fsm_PRES_STATE;

reg fsm_newspaper;
reg [1:0] fsm_NEXT_STATE;

begin
case (fsm_PRES_STATE)

@(:gin

if (fsm_coin == 2'b10) .
. \
begin —
fsm_newspaper = 1'b0; \
fsm_NEXT_STATE =s10;

end — v
else if (fsm_coin == 2'b01) )
begin ~ )

fsm_newspaper = 1'b0;
fsm_NEXT_STATE = s5;
end —
else
begin
fsm_newspaper = 1'b0;
fsm_NEXT_STATE = s0;
end
end

s5:
L begin

if (fsm_coin == 2'b10)
begin
fsm_newspaper = 1'b0;
fsm_NEXT_STATE = s15;
end
else if (fsm_coin == 2'b01)
begin
fsm_newspaper = 1'b0;
fsm_NEXT_STATE = s10;
end
else
begin
fsm_newspaper = 1'b0;
fsm_NEXT_STATE = s5;
end
end

n

if (fsm_coin == 2'b10)
begin
fsm_newspaper = 1'b0;
fsm_NEXT_STATE = s15;
end
else if (fsm_coin == 2'b01)
begin
fsm_newspaper = 1'b0;
fsm_NEXT_STATE = s15;
end
else
begin
fsm_newspaper = 1'b0;
fsm_NEXT_STATE = s10;
end
end

s15:
begin
fsm_newspaper = 1'b1;
fsm_NEXT_STATE = s0;
end

endcase

— fsm = {fsm_newspaper, fsm_NEXT_STATE};

end O Lorp L""_S

endfunction —

assign {newspaper, NEXT_STATE} = fsm(coin, PRES_STATE);
P a—
always @(posedge clock)
begin
if (reset == 1'b1)
PRES_STATE <= s0;
else
PRES_STATE <= NEXT_STATE;
end

endmodule
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module tb_vend;

reg clock;

reg [1:0] coin;
reg reset;

wire newspaper;

vend U(coin, clock, reset, newspaper);

initial
begin
Sdumpfile("dump.ved");
Sdumpvars(1);
Sdisplay("\t \tTime Reset Newspaper\n");
Smonitor("%d %d %d", Stime, reset, newspaper);
end

initial
begin
clock = 0;
coin=0;
reset=1;
#50 reset = 0;

@(negedge clock);

//put in 3 nickels to get newspaper
#80 coin = 1; #40 coin = 0;
#80 coin = 1; #40 coin =0;
#80 coin = 1; #40 coin =0;

//put in 1 nickel then 1 dime
#180 coin = 1; #40 coin = 0;
#80 coin = 2; #40 coin =0;

//put in 2 dimes
#180 coin = 2; #40 coin = 0;
#80 coin = 2; #40 coin = 0;

//put in 1 dime then 1 nickel
#180 coin = 2; #40 coin = 0;
#80 coin = 1; #40 coin = 0;

#80 Sfinish;
end

always
begin
#20 clock = ~clock;
end
endmodule
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module ADC_CTRL(iRST,iCLK,iCL@iGO,iCH,OLED,oDIN,oCérDJSCLK,iDOUT);
m—— = -

input iRST;
input iCLK;
input iCLK_n;

Ll
input iGO;

input [2:0] icH;  &———

input iDOUT,;

output [7:0] oLED;
output oDIN;
output oCS_n;
output oSCLK;

reg data;

reg go_en;

wire [2:0] ch_sel;
reg sclk;

reg [3:0] cont;

reg [3:0] m_cont;
reg [11:0] adc_data;

reg [7:0] led; <
assign oCS_n = ~go_en;

assign oSCLK = (go_en) ? iCLK:l;‘/
assign OUIN™= datasr— ==
assign ch_sel = iCH;

assign oLED = adc_data[11:4];
//assign oLED = led;

always @(posedge iGO or negedge iRST)
begin
if(1iRST)
go_en<=0;
else
begin
if(iIGO)
go_en<=1;
end
end

always @(posedr negedge go_en)

begin
if(!go_en) ,
cont<=0; ’
else 1
begin 1
if(iICLK)
cont <= cont+1; ¢
end \
end

always @(posedge iCLK_n)
begin
if(iCLK_n)
m_cont <= cont;
end

always @(posedgf iCLK_n ;r negedge go_en)
begin

if(!go_en)

e cCLE —n

data<=0;
end 1S wsLD

else

begin ™ S(’V‘,\,Q
if(iCLK_n) - .

begin
if(cont == 2) O’Q@-h
data <= ch_sel[2];
else if(cont ==3)
data <= ch_sel[1];
else if(cont == 4)

data <= ch_sel[0]; LO Hc e+ o =

else
data<=0;
end g
end ADC weor TS
end 5T
L (c. 7 {)

(A~DC. Mb’biggj

CLLE =S LS8SD T2 Qferge

P
always @(posedge iCLK or negedge go_en)
begin
if(lgo_en)
begin
adc_data<=0;
end
else
begin
if(iCLK)
begin
if (m_cont == 4)
adc_data[11] <= iDOUT;
else if (m_cont == 5)
adc_data[10] <= iDOUT;
else if (m_cont == 6)
adc_data[9] <= iDOUT;
else if (m_cont == 7)
adc_data[8] <=iDOUT;
else if (m_cont == 8)
adc_data[7] <=iDOUT;
else if (m_cont == 9)
adc_data[6] <=iDOUT;
else if (m_cont == 10)
adc_data[5] <=iDOUT;
else if (m_cont == 11)
adc_data[4] <=iDOUT;
else if (m_cont == 12)
adc_data[3] <=iDOUT;
else if (m_cont == 13)
adc_data[2] <=iDOUT;
else if (m_cont == 14)
adc_data[1] <=iDOUT;
else if (m_cont == 15)
adc_data[0] <=iDOUT;
/(7 //led <= adc_data[11:4];
//else if (m_cont == 1);
& //led <= adc_data[11:4];
end
end
end
endmodule



module ADC_tb();
—

reg iRST;

reg iCLK;

reg iCLK_n;

reg iGO;

reg [2:0] iCH;

reg iDOUT;

wire [7:0] oLED;
wire oDIN;

wire oCS_n;
wire oSCLK;

ADC_CTRL U(iRST,iCLK,iCLK_n,iGO,iCH,oLED,0DIN,0CS_n,0SCLK,iDOUT);

initial
begin
Sdumpfile("dump.ved");
Sdumpvars(1);
end

initial

begin
iCLK = 0;
iCLK_n=1;
iRST = 1;
iGO =0;
iCH =3'b101;
iDOUT =1;
#10iRST = 0;
#10iRST = 1;
#10iGO =1;
#350
iDouUT=0; L—""
#350 Sfinish;

end

always
begin
#10 iCLK = ~iCLK;
iCLK_n = ~iCLK_n;
end
endmodule
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iCLK
iCLK
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module unsig_altmult_accum(

input [7:0] dataa,

input [7:0] datab,

input clk, aclr, clken, sload,
output reg [15:0] adder_out

// Declare registers and wires
reg [15:0] dataa_reg, datab_reg;
reg sload_reg;

reg [15:0] old_result;

wire [15:0] multa;

// Store the results of the operations on the current data
assign multa = dataa_reg * datab_reg;

—_—

// Store the value of the accumulation (or clear it)
always @ (adder_out, sload_reg)
begin
if (sload_reg)
old_result <= 0;
else
old_result <= adder_out;
end

// Clear or update data, as appropriate
always @ (posedge clk or posedge aclr)

begin
if (aclr)
begin
dataa_reg <=0;
datab_reg <=0;
sload_reg <=0;
adder_out <=0;
end
else if (clken)
begin
dataa_reg <= dataa;
datab_reg <= datab;
sload_reg <= sload;
adder_out <= old_result + multa;
end o —e————
end
endmodule
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