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module hammingl (in,error,d,g,out) ;

input [3:0]in;

input [3:0]error;

output [3:1]g;

output [3:0]out;

wire [2:0]c;

//checkbit

//test

wire [7:1]b; //temp

output [3:0]d;

assign c[0]=in[0
assign c[1]=in[0

assign c[2]=in[1

AR S 4 Bt oKk il WA I A (o)
ISR A I EdE (d)

Rt WAL AL RIS o BRSNS R, SRS ()
ARAE L E A P R 2658 Cout)

//corrupted data



assign d[3]=in[3]"error[3];
assign d[2]=in[2]"error[2];
assign d[l]=in[l]"error[1l];
assign d[0]=in[0]"error[0];
assign b[7]1=d[3];
assign b[6]=d[2];
assign b[5]=d[1];
assign b[4]=c[2];
assign b[3]1=d[0];
assign b[2]=c[1l];
assign b[1l]=c[0];

assign g[1l]=b[1l]"b[3]"b[5]1"b[7];
assign g[2]=b[2]"b[3]"b[6]"b[7];
assign g[3]=b[4]"b[5]"b[6]"b[7];

assign out[0]=d[0]"(~g[3]&g[2]&g(1]);
assign out[1]=d[1]"(g[3]1&~g[2]&g[1]);
assign out[2]=d[2]"(g[3]&g[2]&~g[1]);
assign out[3]1=d[3]"(g[3]1&g[2]&g[l]);
endmodule
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(2) GAL ATmAZit Fy IR 2

GAL, il HFE#1B %, 934 FK: generic array logics

GAL FRIE k.-
L AAHTHEERIDIEE, Jelik T RAIGW 2 8oR B — IR g R p ok i, LRI 05 iB0EE TS 100 1K
2. T RH T th 2 ocaite, Pl i fe ST AEs, — B GAL #84F rl LASEEL& R 4L 251K PAL 841
W SR IZ AR ThEE, 4y F R R SRR ORI T s
3. A nE e, RS TR

4, AESRAE TR I8 T — AN DX 3 B SR A7 O bR Rl L TR 2R T RE
GAL Z34F A G514y -
GAL A FLANH 53 4L R

L. ASi: GAL16V8 1) 2~9 JAI3L 8 M AN, SN A AT — D22 ohas, IFdgzahas 51 oA LA 4
SESIRS] I

2. HREHIES Sy el 8 MU K 8 AR H 5 | H AR BN A R A 32 41, RIS T AR R AN 165 8
H A RN R R — A 8 FANET R TR ML 8 N5 I MRk 64 17, B GAL16VS [ 5 FE51 5 —A
32X 64 [MFES, & 2048 Nl gmAE e (B4l RD;

3. M IG: GALL6VS JLAy 8 Mt 2256, 43T 12~19 . REANZ2 5o 1) A vl BUIE i g 2
SEHLITA PAL iy 4574 S B D R

4. RN GAL16VS [f1 1 1N RGN\, SN H 2250 D fid & 4% B A\ AHIE, v A
GAL #8AF RESCHLIRL D I e v, 1T G2 SE I S 20 TR ) T FEL B2

5. i A il - GAL16VS [ 11 JHIR #2545 il A Hdig

P GAL AR A A O E o

20| |19 |18 |17| |16 |15 |14 |13| [12| |11
Ve T/0/Q IVO/Q T/O/Q T/O/Q T/O/Q I/O/Q I/O/Q I/O/Q I/OE

) GAL16V8D

ICLK 1 I I I I I I I GND

nu. ZEBt
FE GAL (T (M2 vevh b, EEAIH 7 My 4 NI EAER, ARJE R A et
PUN O AR IR XA B R

hex2led device 'GAL16V8D';
pD0,D1,D2,D3 pin 2,3,4,5;
OE pin 11;



a,b,c,d,e,f,g pin 12,13,14,15,16,17,18;
GND pin 10;

VCC pin 20;

bcd = [OE,D3,D2,D1,D0];

led = [a,b,c,d,e, f,g];

truth table ( bcd -> led )

(6,0,0,01 -» [(1,1,1,0,1,1,11;
(6,0,0,11 -» 10,0,1,0,0,1,01;
(6,0,12,01 -» [(1,0,1,1,1,0,11;
(0,0,1,11 ->» [(1,0,1,1,0,1,11;
(6,.,0,01 -» 10,1,1,1,0,1,01;
(0,1,0,11 ->» [(1,1,0,1,0,1,11;
(0,1,12,01 ->» [(1,1,0,1,1,1,11;
(6,,12,11 -» [(1,0,1,0,0,1,071;
(1,0,0,01] -» [1,1,1,1,1,1,11;
(1,0,0,11 -» [1,1,1,1,0,1,11;
(1,0,1,0] -» [1,1,1,1,1,1,01; "A
(1,0,1,11 -» [(0,1,0,1,1,1,11; "b
(1,1,0,01 -» [(0,0,0,1,1,0,11; "c
(1,1,0,11] -» [(0,0,1,1,1,1,11; "d
(1,1,1,01 -» [1,1,1,1,1,0,11; "e
(1,1,1,11 -» [1,1,0,1,1,0,11; "F
GAL FEFPAHE

GAL FEFF v s :
AEPUAT A VAT, s —AT a4, 2B AT R SEIIThEE, R ATRAEE, ST R
B2 R B PRATAR UARE F E N R ATI . AFE T DOL D1, D2. D3 SEVUf: aElEN (EEHD), a.

by cv dv ev fv g 2O E R (RABTAR0, vee M GND 7)) R .

PLUG AT R — DM SR, KR S EatEk .
5 J5—4T DESCRIPTION %5 L% .

PLD16V8
hex2led
boj 2011-10-31

digital circuit

NE DO D1 D2 D3 NULL1 NULL2 NULL3 NULL4 GND
OE NULL5 g £ e d ¢ b a VCC

/a = /D3*/D2*/D0 + /D3*/D2*D1*D0 + /D3*D2*/D1*D0 + /D3*D2*D1 + D3*/D2*/D1 +

D3*/D2*D1*/D0 + D3*D2*D1

/b = /D3*/D1*/D0 + /D3*D2*/D1*D0 + /D3*D2*D1*/D0 + D3*/D2 + D3*D2*D1
/c = /D3*/D2 + /D3*D2*/D1*/D0 + /D3*D2*D1*D0 + D3*/D2*/D1 + D3*/D2*D1*/D0 +

D3*D2*/D1*D0 + D3*D2*D1*/DO0

/d = /D3*/D2*D1 + /D3*D2*/D1 + /D3*D2*D1*/D0 + D3

/e = /D3*/D2*/D0 + /D3*D2*D1*/D0 + D3*/D2*/D1*/D0 + D3*/D2*D1 + D3*D2

/f = /D3*/D2*/D1 + /D3*/D2*D1*D0 + /D3*D2 + D3*/D2 + D3*D2*/D1*D0

/g = /D3*/D2*/D1*/D0 + /D3*/D2*D1 + /D3*D2*/D1*DO + /D3*D2*D1*/D0 + D3*/D2*/D1



+ D3*/D2*D1*D0 + D3*D2

DESCRIPTION

(1) H GAL 4 A4 PLD ST 4k i JED B0
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(3) s fal it USB i 20THHL, 4TIF TopWin FE5 #ff.

(4) ¥ JED SRS RIS b, JF Ak S & .

(5) KB AEALR G UMD, CLRIREE D, RS SEEARTP O T MmA MM e iEsk, R
VCC 1 GND friZE4 .

RAE VCC AT GND JEHzIEH, nTLAeH S8 Ienr & Sl 6 ks A B ik, WSRO A 1)
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Hrr, D3~DO0 IEFERIYNMMANILH, a~g EREBCERHOYE . GBS E A BRI B # H — Rl ) 26
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L. Verilog ¥t
XA BTt T LK GAL 5 R 5 i Verilog 1) assign .
module gal (d0,dl,d2,d3,a,b,c,d,e, f,q9);
input d4d0,d1,d2,d3;
output a,b,c,d,e, f,g;

assign a = ~(~d3&dl | d2&dl | d3&~d0 | d3&~d2*d0 | ~d2&~d0 | d3&~d2&~dl);

assign b = ~(~d0&~d2 | ~d2&~dl | ~d2&~d0 | ~d3&~dl&~d0 | d3&~dl&d0 | ~d3&dl&dO);

assign ¢ = ~(d3&~d2 | ~dl1&d0 | ~d3&d2 | ~d3&~dl | ~d3&dO0);

assign d = ~(d3&~dl | ~d2&dl&d0 | d2&~dl&d0 | ~d3&dl&~d0 | d2&d1&~d0
~d2&~d1&~do) ;

assign e = ~(d3&d2 | dl&~dO | ~d2&~d0 | d3&dl);

assign f = ~(d3&~d2 | ~dl1&~d0 | d3&dl | d2&~d0 | ~d3&d2&~d0 | d0&~dl&d2&~d3);

assign g = ~(d3&~d2 | dl1&~d0 | d3&d0 | ~d2&dl | ~d3&d2&~dl);

endmodule

J\. Verilog 1iE
IR d3~d0 RoRPUA —dEHEIN, g~a &-LEBEEE i .

Ref [0.0ns |[«l2] Time: [394.4n= | Interval: [394.4ns |
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. ERESR
OFkrPsA 10 I8, BRI ERKA 1JE, BRI T=1us iK% 500ns (fa3bE 1: 1D,
@FEF ikl CP T = AE A fikeh CPO- CRJ EAAMED
@FEERKIR CP Fr=AE=ANJEI T1-T2, A JHIAESE 2 AN TRk ieas, Sl /g0 CP1-
CP2.
@4 CP1 f3%IFEE 200ns, %54 200ns [k CP1.
® 1 CP2 199 %% & 700ns FI ki CP2.
@73 Mas AR A A8 vt Rl B, R R AR S R A U X
=, ERJFE
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Fe o FEIRFIRLIE . Bk bR s Bl e S A e DL A SR BT R A kb o0 e o H AT TH AL AR
P BB =, O Tk A B (R T AN — B SR Bkl . WA E s, O T ORIER GG, PR
&, FWKIPTE AR G DA CRIgE ko) FAE KB AT 2 B30 4, & LU [R) H s 58 ik o 4
AT AWK LA ns BJLHAS ns) A .

g, #EE

WREPTR, ESEAH 74161 THEER I A, ARG HNIR T flUR AL 2 B, 4 a0, PR 74161
16 T MR A5 FSEIL 3 20, f o Ao A Hh 2 2 508 A R e A ERAS BT

H 74161 SEIL n A0S, 74161 2RI UHEES, FIHHEADIGE, 78 74161 BvHEUmB AL A n-1 I
(HAEGZHEPWEAETT S50, ¥EAL (LDN) EMKHSY, {815 74161 76~ — W0 E I N Z I ah 114k
XFE, 74161 MIHFEGRE A n-1 B SR AN BIME S0 1/n, SEILT n .
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Name _Value I a0 Iﬂns 100|0ns 150|0ns 200|0ns 250|0ns 300‘0ns 350|0ns JUUIUHS 450|0ns 5UUIUHS 550|0ns Bﬂﬂlﬂns BSUIUITS ?Gﬂlﬂns .75UIUHS SUUIUns Eﬁﬂ‘ﬂns Qﬂﬂlﬂns BSUIU
5= CLK T 0
- 08 L R | | \
- Q7
= 6
= Q5
= 4h
= 04
= 3
=g CPG
=g CP5
=g CP4
=g CP3
=g CP2
= CP1

|

N - = T~ T — T}

S ST R R M GANER = s g
Q8 HAFAEBM, XL AL A IR A 1 AR S S A B0E R

75~ Verilog S51iE4R
Verilog HJBLTHHEAIL IR L K HEAT .
module frequency (CLK,Q8,07,06,05,04b,04,03,CP6,CP5,CP4,CP3,CP2,CP1) ;
input CLK;
output 08,07,06,05,04b,04,03,CP6,CP5,CP4,CP3,CP2,CP1;
reg QA,QB,QC,QD;
reg T4,T5;
reg PA,PB;

wire five;

always@ (posedge CLK) // 74161

begin
1£(QC)
begin
QA = 0;
0B = 0;
QC = 0y
end
else
begin
QA = ~QA;
if (!'QA)
begin
OB = ~Q0OB;
if ('0B)
begin
QC = ~QC;
end
end
end
end

assign five = ~(QA | OB | QC);

assign Q3 = five;



always@ (posedge five)
T4 <= ~T4;

assign Q4 = T4;

assign Q4b = ~T4;

always(@ (posedge T4)
T5 <= ~T5;
assign Q5 = T5;

always@ (posedge Q5) // 74161

begin
i1f (PB)
begin
PA = 0;
PB = 0;
end
else
begin
PA = ~PA;
if (! PR)
PB = ~PB;
end
end
assign Q8 = ~(PA | PB);
assign Q6 = PA;
assign Q7 = PB;
assign CP1 = Q4b & Q5 & Q6;
assign CP2 = Q4b & ~Q5 & Q6;
assign CP3 = Q4b & Q5 & ~Q6 & Q7;
assign CP4 = Q4b & ~Q5 & ~Q6 & Q7;
assign CP5 = Q4b & Q5 & ~Q6 & ~Q7;
assign CP6 = Q4b & ~Q5 & ~Q6 & ~Q7;
endmodule
Name _Value J_ 50 I(]ns 1UUIUHS 15(]|Uns ZUUIUHS 25(]|(]ns 3(](]‘(]ns 35(]|Uns -1(]0|Uns 45(]|Uns 50(]'0\15 55(]I(]ns GUUIUns E:SUIUHS ?UUIUns TSUIUHS EUUIUns E5U‘UI1S EIU(]IUns EI:SUIU
- CLK T 0 ]
= Q8 1 \
= Q7 0 —
- Q6 o | | .
= Q5 0 TSR [ -
-5 Qb 0 | | | | \ | | | | | [
- 0 | | | | | | | | | L
- 03 U S I 1l AN Y ] R I
—i® CP6 0
i CP5 0
i CP4 0
i CP3 0 [
i CP2 0
- CP1 0

. LRBE
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Fiv Verilog AfEZR

module io(in,clk,clrn,Ar,B,C,D,E,F,G,H, TEST);

input in,clk,clrn;

output A,B,C,D,E,F,G,H, TEST;

reg SA,SB,SC,SD,SE,SF,SG,SH; // shift reg
reg OA,OB,0OC,0D,OE,OF,0G,0H; // output reg

reg t;

always@ (posedge clk)
if (clrn)
begin
// 74164 shift reg

begin

SA<=in;
SB<=SA;
SC<=SB;
SD<=SC;
SE<=SD;
SEF<=SE;
SG<=SF;
SH<=SG;

end

// t flip flop

if

((SA==

1 && SB==0 && SC==0 && SD==0 && SE==0 && SF==0 && SG==0 && SH==1) ||

(SA==0 && SB==1 && SC==1 && SD==1 && SE==1 && SF==1 && SG==1 && SH==0))

end

t=~t;



always@ (posedge clk)

if (clrn)

if(t) // output reg

begin
OA<=SA;
OB<=SB;
0C<=SC;
OD<=SD;
OE<=SE;
OF<=SF;
0G<=SG;
OH<=SH;

end

assign A=0A;
assign B=0B;
assign C=0C;
assign D=0D;
assign E=0E;
assign F=0F;
assign G=0G;
assign H=0H;
assign TEST=t;

endmodule
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DhfediiAk
(1) BT reset IKHFARL, M reset MNKHESER, pe SBRIVKE S 0, FH UG
(2) AR, B t(11=1 Hir(7)=ir(6]=1 I, FEFIHEERHTEES, pc WEN ir[5..0] H{H.
(3) A%R, M t[01=0HK, pC REFUFMEAL; M c[0]1=1 K, pC 7EREP EF-UT+1, SEILTHEL.
=, ERJFE
ERWIR 74161 S SEB. PIH 74161 43 ARAE PC 1Y 7~4 7 F1 3~0 A7, FRHTT 3~0 A7f 74161 FEE
POEFRN T 7~4 A0 74161 HIMERE o

74161 57 HI N FRIZ AR HA -
TITLE "Top-level file for the 74161 macrofunction. Chooses a device-family
optimized implementation.";
FUNCTION p74161 (clk, ldn, clrn, enp, ent, d, c, b, a)
RETURNS (gd, qgc, gb, ga, rco);
FUNCTION f74161 (clk, ldn, clrn, enp, ent, d, c, b, a)
RETURNS (gd, gc, gb, ga, rco);

PARAMETERS

(
DEVICE FAMILY

)
INCLUDE "aglobal.inc";

SUBDESIGN 74161
(

clk : INPUT = GND;
ldn : INPUT = VCC;
clrn : INPUT = VCC;
enp : INPUT = VCC;
ent : INPUT = VCC;
INPUT = GND;
c : INPUT = GND;
b : INPUT = GND;
INPUT = GND;
ad : OUTPUT;
gc : OUTPUT;
ab : OUTPUT;
ga : OUTPUT;
rco : OUTPUT;
)
VARIABLE

IF (FAMILY FLEX() == 1) GENERATE



sub : f£74161;
ELSE GENERATE

sub : p74161;
END GENERATE;

BEGIN

IF (USED(clk)) GENERATE
sub.clk = clk;

END GENERATE;

IF (USED(ldn)) GENERATE
sub.ldn = 1ldn;

END GENERATE;

IF (USED(clrn)) GENERATE
sub.clrn = clrn;

END GENERATE;

IF (USED(enp)) GENERATE
sub.enp = enp;

END GENERATE;

IF (USED(ent)) GENERATE
sub.ent = ent;

END GENERATE;

IF (USED(d)) GENERATE
sub.d = d;

END GENERATE;

IF (USED(c)) GENERATE
sub.c = c¢;

END GENERATE;

IF (USED(b)) GENERATE
sub.b = b;

END GENERATE;

IF (USED(a)) GENERATE
sub.a = a;

END GENERATE;

gd = sub.qgd;

gc = sub.qgc;

gb = sub.gb;

ga = sub.ga;

rco = sub.rco;

END;
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module counter (reset,clk,ir,t,pc);
input reset,clk;

input [7:0]ir;

input [1:0]1t;

output [7:0]pc;

reg [7:0]p; //pc in counter

always@ (posedge clk)

begin

if (! reset)

else if(t[l] && ir[7] && ir[6])

begin
pl0]=ir[0];
pll]l=ir[1];
pl2]=ir[2];
pl[3]=ir[3];
pl4]=ir[4];
p[5]=ir[5];
pl6]=0;
pl7]1=0;

end

else 1f£(t[0]) //counter++
begin
p[0]=~p[0];
if (!'pl0])
begin
p[l]=~pl1];
if('pl1])
begin
pl2]=~pl2];
if('pl2])
begin



p[3]1=~p[3];

if (!pl3])
begin
pl4]l=~p[4];
if(!'pl4])
begin
p[S]=~p[5];
if (!'pl5])
begin
pl6]l=~p[6];
if(!pl6])
pl7]=~p[7]1;
end
end
end
end
end
end
end
end
assign pc[0] = p[0];
assign pcl[l] = pll];
assign pc[2] = p[2];
assign pc[3] = p[3];
assign pcl4] = pl4];
assign pc[5] = pl5];
assign pcl[6] = pl6];
assign pcl[7] = pl7];
endmodule
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module alul (M,Cl,s,a,b,f);

input M, C1;

input [3:0]s;
input [15:0]a;
input [15:0]b;

output [15:0]f;
reg [15:0]1¢t;

always@(M or Cl or s or a or b)

begin
if (M) //logical
case (s)
4'p0000: t = ~a;
4'p0001: t = ~(a | b);
4'p0010: t = ~a & b;
4'p0011: t = 0;
4'p0100: t = ~(a & b);
4'b0101: t = ~b;
4'p0110: t = a ~ b;
4'b0111: £t = a & (~b);
4'p1000: t = ~a | b;
4'p1001: t = ~(a ©~ Db);
4'p1010: t = b;
4'p1011: t = a & b;
4'p1100: t = 1;
4'p1101: t = a | ~b;
4'p1110: t = a | b;
4'p1111: t = a;
endcase

else // arithmetic
if (!Cl) // carry enabled
case(s)

4'b0000: t=a +1;
4'b0001: t=alb +1;
4'b0010: t=al (~b) +1;
4'b0011: t=0;
4'pb0100: t=a+(a&~b) +1;
4'b0101: t=(alb)+(a&~b) +1;
4'b0110: t=a-b;
4'p0111: t=a+ (a&b);
4'p1000: t=a&~b +1;
4'p1001: t=a+b +1;
4'p1010: t=(al~b)+ta&b +1;



4'p1011: t=(aé&b);
4'p1100: t=a+a +1;
4'p1101: t=(alb)+a +1;
4'p1110: t=(al~b)+a +1;
4'b1111: t=a;
endcase
else // carry disabled
case (s)

4'pb0000: t=a;
4'p0001: t=alb;
4'p0010: t=al~b;
4'b0011: t=-1;
4'p0100: t=a”(a&~b);
4'b0101: t=(alb)” (a&~b);
4'b0110: t=a” (~b)"(-1);
4'p0111: t=(a&~b)"(-1);
4'p1000: t=a” (a&b);
4'b1001: t=a"b;
4'p1010: t=(al~b) " (a&b);
4'p1011: t=(a&b)”~(-1);
4'p1100: t=0;//a’a
4'p1101: t=(alb)"a;

4'b1110: t=(al|~b)"a;
4'b1111: t=a"(-1);
endcase

end

assign £ = t;
endmodule
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module memory (rdaddr, rden,wraddr,data,wren, clk,out) ;

input [10:0]rdaddr;

input rden;

input [10:0]wraddr;

input [7:0]data;

input wren;

input clk;

output [7:0]out;

reg [7:0]p; //prepare to go out

reg [16383:0]m;//memory 2K*8

reg [13:0]base;

always@ (posedge clk)

begin
f (rden)
begin
base = rdaddr<<3;
pl0] = m[base];
pll] = m[basetl];
pl2] = m[baset2];
pl3] = m[baset3];
pl4] = m[baset4d];
pl5] = m[baset5];
pl6] = m[baset6];
pl[7] = m[base+7];
end
if (wren)
begin
base = wraddr<<3;
m[base] = datal[0];
m[base+l] = datal[l];
m[base+2] = datal[2];
m[base+3] = datal[3];
m[base+4] = datal4];
m[base+5] = datal[5];
m[base+6] = datal[6];
m[base+7] = datal[7]:
end
end

assign out = p;

endmodule



