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1.1 &masry et

/*********************************************************************\

Filename : fulladd.v

Author : Verilog_gruop

Description : Example of a one-bit full add.
Revision : 2000/02/29

Company : Verilog_group

\*********************************************************************/

module FULLADDR(Cout, Sum, Ain, Bin, Cin);

input Ain, Bin, Cin;

output Sum, Cout;

wire Sum;

wire Cout;

assign Sum = Ain * Bin * Cin;

assign Cout = (Ain & Bin) | (Bin & Cin) | (Ain & Cin);
endmodule

1.2 $ymiE
1.2.1 VUi —1) 2 i e B s

/*********************************************************************\
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Filename mux.v
Author Verilog_gruop
Description Example of a mux4-1.
Revision 2000/02/29
Company Verilog_group
\*********************************************************************/
module MUX( C,D,E,F,S,Mux_out);
input CD,EF; //input
input [1:0] S; //select control
output Mux_out ; //result
reg Mux_out ;
/mux
always@(C or D or E or F or S)
begin
case (S)
2'b00 : Mux_out=C;
2'b01 : Mux_out=D;
2'b10 : Mux_out=E;
default : Mux_out=F;
endcase
end
endmodule
1.2.2 4%
/*********************************************************************\
Filename decode.v
Author Verilog_gruop
Description Example of a 3-8 decoder.
Revision 2000/02/29
Company Verilog_group
\*********************************************************************/
module DECODE(Ain,En,Y out);
input En; //enable
input [2:0] Ain; //input code
output [7:0] Yout;
reg [7:0] Yout ;
2000-06-14 WAL, AR B TT SR5TL, 3L441T
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always@(En or Ain)
begin
if('En)
Yout=8b0 ;
else
case (Ain)
3'b000 : Yout = 8'b0000_0001 ;
3'b001 : Yout = 8b0000_0010 ;
3'b010 : Yout = 8b0000_0100 ;
3'b011 : Yout = 8b0000_1000 ;
3'b100 : Yout = 8b0001_0000 ;
3'b101 : Yout=8b0010_0000 ;
3110 : Yout = 8'b0100_0000 ;
3'b111 : Yout=8b1000_0000 ;
default : Yout = 8'b0000_0000 ;
endcase
end
endmodule
1.2.3 fE5E gt as
[k s ks s\
Filename : Prio-encoder.v
Author : Verilog_gruop
Description : Example of a Priority Encoder.
Revision : 2000/02/29
Company : Verilog_group
Vet sttt stk sk
nmodul e PRIO ENCODER (Cin, Din,Ein, Fin, Sin, Pout);
i nput Cn, Dn, En, Fin; /linput signals
i nput [1:0] Si n; //input select control
out put Pout ; //output select result
reg Pout ;
/I Pout assi gnment
always @Sin or Cin or Din or Ein or Fin)
begi n
if (Sin ==2"b 00)
2000-06-14 WAL, AR B TT Foul, Fkaant
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Pout = G n;
else if (Sin == 2'Db01)
Pout = Din;
else if (Sin == 2'bl0 )
Pout = Ein;
el se
Pout = Fin;
end
endnodul e // nodul e prio_encode
1.3 it a8
/********************************************************************\
Filename : count_en.v
Author : Verilog_gruop
Description : Example of a counter with enable.
Revision : 2000/02/29
Company : Verilog_group
\*********************************************************************/
module COUNT _EN(En,Clock,Reset,Out);
parameter Width =8;
parameter U _DLY =1,
input Clock , Reset, En ;
output [Width-1:0] Out ;
reg [Width-1:0] Out ;
always@(posedge Clock or negedge Reset)
if ('Reset)
Out <=8D0 ;
else if (En)
Out <=#U DLY Out+1;
endmodule
1.4 HEAREAE
/********************************************************************\
Filename : arithmetic.v
Author : Verilog_gruop
Description : Example of a arithmetic include +, -, *, /.
Revision : 2000/02/29
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Company Verilog_group
\*********************************************************************/
module ARITHMETIC (A, B, Q1, Q2,Q3, Q4 );
input [3:0] A,B; //input operator
output [4:0] QI ; //output sum, with carry bit
output [3:0] Q2; //output sutract result
output [3:0] Q3; //output quotion
output [7:0] Q4; //product
reg [4:0] QIl;
reg [3:0] Q2,Q3;
reg [7:0] Q4;
//arithmetic operate
always@(A or B)
begin
Ql =A+B;
Q2=A-B;
Q3=A/2;
Q4=A*B;
end
endmodule
1.5 ZHEHE
/********************************************************************\
Filename relational.v
Author Verilog_gruop
Description Example of a relational operate
Revision 2000/02/29
Company Verilog_group
\*********************************************************************/
module RELATIONAL(A, B,Q1,Q2,Q3,Q4) ;
mput [3:0] A,B; //operator
output Q1,Q2,Q3,0Q4; //result
reg Q1,Q2,Q3,04;
//[compare
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always@(A or B)
begin
Q1 =A>B;
Q2 =A<B;
Q3 =A>=B;
if (A <=B)
Q4 =1,
else
Q4 =0;
end
endmodule

1.6 BALHRAE

/********************************************************************\

Filename : shifter.v

Author : Verilog_gruop
Description : Example of a shifter
Revision : 2000/02/29
Company : Verilog_group

\*********************************************************************/
module SHIFT (Data ,Q1, Q2) ;

input [3:0] Data;

output [3:0] Q1,Q2;

parameter B=2;
reg [3:0] QI1,Q2;
always@(Data)
begin
Ql = Data<<B;
Q2 = Data>>B;
end
endmodule
1.7 wFraft
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/*********************************************************************\

Filename : dff.v

Author : Verilog_gruop

Description : Example of a Rising Edge Flip-Flop.
Revision : 2000/03/30

Company : Verilog_group

\*********************************************************************/

module DFF (Data, CIk, Q);

input Data, Clk;

output Q;

reg Q;

always @ (posedge CIk)
Q <= Data;

endmodule

L.7.2 50800, LT ik 2%

/*********************************************************************\

Filename : dff async rst.v

Author : Verilog_gruop

Description : Example of a Rising Edge Flip-Flop with Asynchronous Reset.
Revision : 2000/03/30

Company : Verilog_group

\*********************************************************************/

module DFF_ ASYNC_RST (Data, Clk, Reset, Q);

input Data, Clk, Reset;
output Q;
parameter U _DLY =1,

2000-06-14 MBI, BALLTT F107L, L4471
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reg Q;
always @ (posedge Clk or negedge Reset)
if (~Reset)
Q <= #U DLY 100 ;
else
Q <=#U_DLY Data ;
endmudule

1.7.3 w0 AL, LT i 2%

/*********************************************************************\

Filename : dff async pre.v

Author : Verilog_gruop

Description : Example of a Rising Edge Flip-Flop with Asynchronous Preset.
Revision : 2000/03/30

Company : Verilog_group

\*********************************************************************/

module DFF_ ASYNC_PRE (Data, Clk, Preset, Q);

input Data, CIk, Preset;
output Q;

parameter U _DLY =1;

reg Q;

always @ (posedge Clk or negedge Preset)
if ( ~Preset)
Q <= #U DLY 1bl;
else
Q <=#U_DLY Data;

endmudule

1.7.4 25 5 S RVE AL T ful oA F) o 4

/*********************************************************************\

Filename : dff async.v

Author : Verilog_gruop

Description : Example of a Rising Edge Flip-Flop
with Asynchronous Reset and Preset.

Revision : 2000/03/30

Company : Verilog_group

2000-06-14 MBI, BALLTT F110L, 4471
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\*********************************************************************/

module DFF_ASYNC (Data, CIk, Reset, Preset, Q);

input Data, CIlk, Reset, Preset ;
output Q;
parameter U DLY =1;
reg Q;
always @ (posedge Clk or negedge Reset or posedge Preset)
if (~Reset)
Q <=1%0;
else if (preset )
Q <=1bl;
else
Q <=#U_DLY Data;
endmudule

L.7.5 AR TR ik 2%

/*********************************************************************\

Filename : dff sync_rst.v

Author : Verilog_gruop

Description : Example of a Rising Edge Flip-Flop with Synchronous Reset.
Revision : 2000/03/30

Company : Verilog_group

\*********************************************************************/

module DFF_SYNC RST (Data, CIk, Reset, Q);

input Data, Clk, Reset;
output Q;
parameter U DLY =1;
reg Q;
always @ (posedge Clk )
if (~Reset)
Q <= #U DLY 1'b0;
else
Q <=#U_DLY Data;
endmudule

1.7.6 A BN TR ik 2%
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/*********************************************************************\

Filename : dff sync_pre.v

Author : Verilog_gruop

Description : Example of a Rising Edge Flip-Flop with Synchronous Preset.
Revision : 2000/03/30

Company : Verilog_group

\*********************************************************************/

module DFF_SYNC PRE (Data, CIk, Preset, Q);

input Data, CIk, Preset;
output Q;
parameter U DLY =1,
reg Q;
always @ (posedge Clk )
if ( ~Preset)
Q <=#U DLY 1b1;
else
Q <=#U_DLY Data ;
endmudule

L7.7 4 D EAAIN BIAERE . LTl A ) Ak b 2%

/*********************************************************************\

Filename : dff ck en.v

Author : Verilog_gruop

Description : Example of a Rising Edge Flip-Flop with Asynchronous Reset
and Clock Enable.

Revision : 2000/03/30

Company : Verilog_group

\*********************************************************************/

module DFF_CK_EN (Data, CIk, Reset, En, Q);

input Data, Clk, Reset, En;
output Q;
parameter U DLY =1;
reg Q;
always @ (posedge Clk or negedge Reset)
if (~Reset)
Q <=1%0;

else if (En)
2000-06-14 MBI, BALLTT F1370, 4471
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Q <=#U DLY Data;
endmudule
1.8 ALU
/********************************************************************\
Filename : alu.v
Author : Verilog_gruop
Description : Example of a 4-bit Carry Look Ahead ALU
Revision : 2000/02/29
Company : Verilog_group

\*********************************************************************/

module ALU(A, B, Cin, Sum, Cout, Operate, Mode);
//input signals

input [3:0] A, B; /I two operands of ALU

input Cin; //carry in at the LSB

input [3:0] Operate; //determine f(.) of sum = f(a, b)

input Mode; //arithmetic(mode = 1'b1) or logic operation(mode = 1'b0)
output [3:0] Sum; //result of ALU

output Cout; //carry produced by ALU operation

// carry generation bits and propogation bits.
wire [3:0] G,P;

// carry bits;
reg [2:0] C;

// function for carry generation:
function gen

input A, B;
input [1:0] Oper;
begin
case(Oper)
2'b00: gen = A;

2'b01: gen = A & B;
2'b10: gen = A & (~B);
2'b11: gen = 1'b0;
endcase;
end
endfunction

// function for carry propergation:
function prop
input A, B;
input [1:0] Oper;

2000-06-14 WRBUITA S ARBULTT
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begin
case(Oper)
2'b00: prop = 1;
2'b01: prop = A | (~B);
2'b10: prop = A | B;
2'b11: prop = A;
endcase;
end
endfunction

// producing carry generation bits;

assign G[0] = gen(A[0], B[0], Oper[1:0]);
assign G[1] = gen(A[1], B[1], Oper[1:0]);
assign G[2] = gen(A[2], B[2], Oper[1:0]);
assign G[3] = gen(A[3], B[3], Oper[1:0]);

// producing carry propogation bits;

assign P[0] = por(A[0], B[0], Oper[3:2]);
assign P[1] = por(A[1], B[1], Oper[3:2]);
assign P[2] = por(A[2], B[2], Oper[3:2]);
assign P[3] = por(A[3], B[3], Oper[3:2]);

// producing carry bits with carry-look-ahead;
always @(G or P or Cin, Mode)
begin
if (Mode) begin
C[0] = G[0] | P[0] & Cin;
C[1]1=GJ[1]|P[1] & G[0] | P[1] & P[0] & Cin;

C[2] = G[2] | P[2] & G[1] | P[2] & P[1] & G[0] | P[2] & P[1] & P[0] & Cin;
Cout = G[3] | P[3] & G[2] | P[3] & P[2] & G[1] | P[3] & P[2] & P[1] & G[0] | P[3] &

P[2] & P[1] & P[0] & Cin;
end
else begin
C[0] = 1'bO0;
C[1] = 1'b0;
C[2] = 1'bO0;
Cout = 1'b0;
end
end

// calculate the operation results;

assign Sum[0] = (~G[0] & P[0]) " Cin;
assign Sum[1] = (~G[1] & P[1]) ~ C[0];
assign Sum[2] = (~G[2] & P[2]) ~ C[1];
assign Sum[3] = (~G[3] & P[3]) "~ C[2];

endmodule

1.9 HRARFNL (FSMD It
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L Curr_st
" Next_st Combi
> Next_st Curr_st )

Logic 1 Lagic Logic

Reset Combi & sync :
Clock LOgiC

P 1RSI HL 2 ]

FEBEUH A R A R — R

1. full case spec

€ X GEAIRAs, BIAEA RS W R LR TP AN R . H R S 2k AN Ay B ) Latch, A
Latchi] GE2xi>K: a. FAMAILERSs b, 720 Timing[n]

always @(Curr_st)

begin

2000-06-14 MBI, BALLTT Fleyt, L4471



W i
e RSO AR A SRS

case(Curr_st)
STO : Next st=ST1;
ST1 : Next st=ST2;
ST2 : Next st= STO;
endcase

end

Curr_st

U
O
O

Next_st

?

D
K12 ¥ K Hfull-case

always @(Curr_st)
begin
case(Curr_st) //synthesis full case
STO : Next st=ST1;
ST1 : Next st=ST2;
ST2 : Next_st= STO;
default : Next st= STO;

endcase

Curr_st @ D |

Next_st

R

end

K3 ¥ F full-case

2. parallel case spec

DR AN RIS H B 2 PR
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case({En3, En2, Enl})
3'b??1 : Out = Inl;
3'b?1? : Out = In2;
3'b1?? : Out = In3;

endcase
Enl ———— >
Inl ————
En2 —OD_— o
In2
—
En3 _
In3
K4 ¥ K Hparallel-case
case({En3, En2, Enl}) //synthesis parallel case

357?71 : Out=Inl;
3?17 : Out = In2;
31?7 : Out=In3;

endcase

"D
s —=)
s

P45 K Hlparallel-case

3. 28 1E ¥ H casex

casexfEZEA N, N KZ, X hDont cares, 233 EHT 1 BAE 05 BA 80 WAL E X,
— BT i

4. HERFAERBLRI A0 1, HRESHLB T 70 B ok, 8 108 F 25 S A RS AL, o

5. FEAAF A KB MHEE A rh, BRI RN IERC . A0, w7 SRS 7 A — 3L
RTLZK (1) D) RES6IFAR ME 4k H o) 8T 71

N AIREYUPR S, {EVerilog HDLH FATTAT LU W 77 i B THZIR S L
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1.9.2 One-hot Zhid

/*********************************************************************\

Filename

Author

Description

Revision

Company

Reset

E
A/Iulti =0
Contig—=
/E‘n/gtﬂ
A&B&(!C

GD

E

Multi =0

Contig=1
Singal = 1
A&B&(IC

Multi = 0
Contig =1
Singal = 1

Cs4

Anulti = 1
Contig =1
Singal =0

AID
Multi = 1
Contig =0
Singal =0

AB(BIES i = 1
Contig =0
Singal =0

2D

Singal =0
G2

'D
Multi =0

Contig =1

SERINSEEZIL

one_hot fsm.v

Verilog_gruop

Example of a one-hot encoded state machine.

2000/02/29
Verilog_group

\*********************************************************************/

module ONE_HOT_FSM (Clock, Reset, A, B, C, D, E,
Single, Multi, Contig);

input
input
input

output

Clock;

Reset;

A,B,C, D, E;

Single, Multi, Contig;

//define output signals type

reg
reg

reg

Single;
Multi;
Contig;

//system Clock

//async Reset, active high

//FSM input signals

// Declare the symbolic names for states

//FSM output signals

parameter [6:0] // enum STATE_TYPE one-hot
S1 = 70000001,
S2 = 70000010,
2000-06-14 FEBUITAT, AR BT 19010, Haant
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S3 = 760000100,
S4 = 760001000,
S5 = 760010000,
S6 = 760100000,
S7 =7'5b1000000;
parameter U DLY =1

// Declare current state and next state variables
reg [2:0] Curr_st;
reg [2:0] Next st;

//Curr_st assignment, sequential logic

always @ (posedge Clock or posedge Reset)

begin
if (Reset)
Curr_st <=S1;
else
Curr_st <=#U_DLY Next_st;
end

//combinational logic

always @ (Curr_stor AorBor CorDor D orE)

begin
case (Curr_st) //full_case
S1:
begin
Multi = 1'b0;
Contig =1'b0;
Single =1'b0;
if (A& ~B &C)
Next st =S82;
else if (A & B & ~C)
Next st = S4;
else
Next st =S1;
end
S2:
2000-06-14 FRALITHT, ARBLL 5T
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begin
Multi =1bl;
Contig =1'b0;
Single =1'b0;
if (D)
Next_st =8S3;
else
Next st = S4;
end
S3:
begin
Multi =1'b0;
Contig =1Dl;
Single =1'b0;
if (A | D)
Next st = S4;
else
Next_st =8S3;

end

S4 :
begin
Multi =1bl;
Contig =1bl;
Single =10;
if (A & B & ~C)
Next_st =S5;
else

Next st = S4;

end

S5:
begin
Multi =1bl;
Contig =10;
Single = 1'b0;
Next_st = S6;
end

S6 :

2000-06-14 MBI, BALLTT F2171, 4471
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begin
Multi =10;
Contig =1'bl;
Single =1'bl;
if ('E)

Next st =S7,
else

Next_st = S6;
end

S7:

begin
Multi =10;
Contig =1bl;
Single =10;
if (E)

Next st =S1;
else

Next st = S7,
end

endcase
end
endmodule

1.9.3 Binary 2

/*********************************************************************\

Filename binary fsm.v

Description Example of a binary encoded state machine.
Revision 2000/02/29

Company Huawei Ltd.

\*********************************************************************/

“timescale 1ns / 10ps
module binary (Clock, Reset, A, B, C, D, E,
Single, Multi, Contig);

input Clock; //system Clock

input Reset; //async Reset, active high

input A,B,C,D, E; //FSM input signals

output Single, Multi, Contig;  /FSM output signals

2000-06-14 WAL, RABLLST 52201, JLadnt
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//define output signals type

reg Single;
reg Multi;
reg Contig;

// Declare the symbolic names for states

parameter [2:0] //enum STATE _TYPE binary
S1 =3'b001,
S2 =3'010,
S3 =3b011,
S4 =3'b100,
S5 =3D101,
S6 =3Dbl110,
S7 =3Dbl11;
parameter U DLY =1;

// Declare current state and next state variables
reg [2:0] Curr_st;
reg [2:0] Next_st;

//Curr_st assignment, sequential logic

always @ (posedge Clock or posedge Reset)

begin
if (Reset)
Curr_st <=S1;
else
Curr_st <=#U_DLY Next_st;
end

//combinational logic

always @ (Curr_stor AorBorCorDorD orE)

begin
case (Curr_st) //full_case
S1:
begin
Multi = 1'b0;
Contig =10;

2000-06-14 MBI, BALLTT #2371, 4471



W

Fest o TN SR A RR iﬁiﬁ)\iﬁgﬁﬁ;
Single =10;
if(A&~B &C)

Next st =S82;
else if (A & B & ~C)
Next st = S4;
else
Next st =S1;
end
S2:
begin
Multi =1bl;
Contig = 1'b0;
Single =1'b0;
if (!D)
Next st = S3;
else
Next st = S4;
end
S3:
begin
Multi =1'b0;
Contig =1Dl;
Single =1'b0;
if (A |D)
Next st = S4;
else
Next st = S3;
end
S4 :
begin
Multi =1bl;
Contig =1bl;
Single =1b0;
if (A& B & ~C)
Next st =S5;
else
Next st = S4;
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end
S5:
begin
Multi =1bl;
Contig =1'b0;
Single =1'b0;
Next_st = S6;
end
S6 :
begin
Multi =10;
Contig =1bl;
Single =1bl;
if ('E)
Next_st =87,
else
Next_st = S6;
end
S7:
begin
Multi =1'b0;
Contig =1bl;
Single =10;
if (E)
Next st =S1;
else
Next_st =87,
end
endcase
end
endmodule

LA EAr 211K Verilog HDLBE VR SEHLFIFSM LS, R IR 4 B ORI -
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Curr_st

Next_st Combi
— Next_st Curr_st >

Logic 1 Logic Logic

Reset Combi & sync :
Clock LOgiC
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/*************************************************************************

Filename : crc16_para.v
Auther : Verilog group
Description : This module is used to check CRC 16 of 8-bits cell
data, the generator polynomial is x*16+x"12+x"5+1.
Called by :
Revision History : 2000-5-5 Revision 1.0
Email : zhangnb@sz.huawei.com.cn
Company : Huawei Technology Inc.
Copyright(c) 1999,Huawei Technology Inc.,All right reserved.

*************************************************************************/

* ¥ X X X X X X *

/
// TOP MODULE
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//
module CRC16_PARA(
Reset , //Reset signal
Gelk , //Clock signal
Soc , //Start of cell
Data in, //input data of cell
Crc out //output CRC signal

)
//
// SIGNAL DECLARATIONS
//
input Reset ;
input Gcelk
input Soc

input [7:0] Data in;
output [15:0] Crc_out;

/]

// SIGNAL DECLARATIONS
/]

wire Reset ;

wire Gcelk

wire Soc

wire [7:0] Data in;
reg [15:0] Crc_out;

reg [15:0] Crc tmp;
reg Temp ;
integer 1j,k1;

//
// PARAMETERS
//
parameter U DLY=1 ;

//
// Crc_out signal
//
always @(posedge Reset or posedge Gelk)
begin
if (Reset)
Crc_out<=#U DLY 16'b0 ;
else if (Soc == 1'bl)
Crc_out<=#U DLY 16'b0 ;
else
Crc_out <=#U DLY Crc_tmp;

end

2000-06-14 WRBUITA S ARBULTT
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//
// Crc_tmp signal
/
always @(Crc_out or Data_in)
begin

Crc_tmp = Crc_out ;

for (i=7;1>=0;i=i1-1)

begin

Temp = Data_in[i] * Crc_tmp[15] ;

for j=15;>12;j=j-1)
Crc_tmpl[j] = Crc_tmp[j-1];
Crc_tmp[12] = Temp * Crc_tmp[11];

for (k=11;k>5;k=k-1)
Crc_tmp[k] = Crc_tmp[k-1] ;
Crc_tmp[5] = Temp * Crc_tmp[4] ;

for (I=4;1>0;1=1-1)
Crc_tmpl[l] = Crc_tmpl[l-1];
Crc_tmp[0] = Temp ;
end
end

endmodule

2.1.4 Bi4TCRC- 164250 fith ™ 4= 85 (¥ Verilog HDLw %

/**************************************************************************

Filename : crc16 ser.v
Auther : Verilog group

Called by :
Revision History : 2000-5-5 Revision 1.0

Company : Huawei Technology Inc.

¥ X ¥ X X X ¥ X X

Description : This module is used to check CRC 16 of serial data,
the generator polynomial is x*16+x"12+x"5+1.

Email : zhangnb@sz.huawei.com.cn

Copyright(c) 1999,Huawei Technology Inc.,All right reserved.

**************************************************************************/

//
// TOP MODULE
//
module CRC16_SER(

Reset , //Reset signal

Gcelk , //Clock signal

Soc , //Start of cell

Data in, //input data of cell

Crc out  //output CRC signal

)

2000-06-14 WRBUITA S ARBULTT
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/

// SIGNAL DECLARATIONS
/

input Reset ;

input Gcelk

input Soc

input Data in;

output [15:0] Crc_out;

/]

// SIGNAL DECLARATIONS
/]

wire Reset ;

wire Gcelk

wire Soc

wire Data in ;

reg [15:0] Crc_out;

reg Temp ;
integer 1j,kl ;

//

// PARAMETERS

//

parameter U DLY=1 ;
//

// Crc_out signal

//

always @(posedge Reset or posedge Gelk)
begin
if (Reset)
Crc_out<=#U DLY 16'b0 ;
else if (Soc == 1'bl)
Crc_out<=#U DLY 16'b0 ;
else
begin
Temp = Data_in * Crc_out[15] ;

for j=15;>12;j=j-1)
Crc_out[j] <=#U _DLY Crc_out[j-1];
Crc out[12] <=#U DLY Temp " Crc_out[11];

for (k=11;k>5;k=k-1)
Crc_out[k] <=#U DLY Crc _out[k-1];
Crc_out[5] <=#U DLY Temp " Crc_out[4] ;

for (I=4;1>0;1=1-1)

2000-06-14 WRBUITA S ARBULTT
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Crc_out[l] <=#U DLY Crc_out[l-1];
Crc_out[0] <=#U DLY Temp ;

end
end

endmodule

2.1 FENLEL A BB

2.1.1 ftik
AN 5 SO D BEALIS , 2 — N AR A 551 . A LA AL 7
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W, ) ST E AR A A AL TR, DR i A S A AT S Y2
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BFAFA AL I 0T e 1) R R B RR Ay e R M S % A B A4 e 471,
R m/ P A, B AL A A n, Wm/ P50 54201, WA 20RE.
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/**************************************************************************

* Filename : rangen.v
* Auther : Verilog group
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the polynomial is x"8+x"4+x"3+x"2+1.
Called by :
Revision History : 2000-5-5
Revision 1.0
Email : zhangnb@sz.huawei.com.cn
Company : Huawei Technology Inc.

* ¥ X X X X ¥ X

Description : This module is used to generate 8-bits random number,

Copyright(c) 1999,Huawei Technology Inc.,All right reserved.

**************************************************************************/

//

// TOP MODULE

//

module RANGEN (
Reset, //Reset signal
Gcelk, //Clock signal
Load, //Load seed to Ran num
Seed, //initialize Ran_num
Ran_num //output random number

)

//

// SIGNAL DECLARATIONS

//

input Reset ;

input Gcelk

input Load ;

input [7:0] Seed ;
output [7:0] Ran_num ;

/]

// SIGNAL DECLARATIONS
/]

wire Reset ;

wire Gcelk

wire Load ;

wire [7:0] Seed ;
reg [7:0] Ran num ;

integer 1

//

// PARAMETERS
//

parameter U DLY=1 ;

//
// Ran_num signal

//

2000-06-14 WRBUITA S ARBULTT
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always @(posedge Reset or posedge Gcelk)

begin
if (Reset)

Ran num <=8'b0 ;
else if ( Load )
Ran num <=#U_DLY Seed;

else
begin

for (i=1;i<8;i=1+1)
Ran num[i] <=#U DLY Ran_num[i-1];
Ran_ num[0] <=#U _DLY Ran _num[1] " (Ran_num[2] * (Ran_num[3] "
Ran_num[7])) ;

end
end

endmodule

2.2 X O RAMAE E AL HY

H — > 512X8 11 XL i 1 RAM Sk sE2 8L [/ 42 FIFO ,

/*********************************************************\

MODULE: Dual Port RAM

FILE NAME: dualram.v

VERSION: 2000-4-20

AUTHOR:

CODE TYPE: Behavioral and RTL

DESCRIPTION:This module defines a Synchronous Dual Port

Random Access Memory.

\*********************************************************/

module DUALRAM(

Read_clock,
Write_clock,
Read_allow,

Write_allow,

1% RAM [¥) 45 5 BL Y 40 R pr ik -

Read_addr,
Write _addr,
Write_data,
Read data
);
parameter DLY 1; // Clock-to-output delay. Zero
// time delays can be confusing
// and sometimes cause problems.
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parameter RAM _WIDTH 8§; // Width of RAM (number of bits)
parameter RAM DEPTH 512; // Depth of RAM (number of bytes)
parameter ADDR_WIDTHY; // Number of bits required to

// represent the RAM address

input Read_clock; // RAM read clock
input Write_clock; // RAM write clock
input [RAM_WIDTH-1:0] Write data; // RAM data input
input [ADDR WIDTH-1:0] Read addr; // RAM read address
input [ADDR WIDTH-1:0] Write addr; // RAM write address
input Read allow;  // Read control

input Write_allow;  // Write control
output [RAM_ WIDTH-1:0] Read_data; // RAM data Output
reg [RAM_WIDTH-1:0] Read data;

reg [RAM_WIDTH-1:0] Mem [RAM_DEPTH-1:0];

// Look at the rising edge of the clock
always @(posedge Write clock) begin
if (Write_allow)
Mem[Write addr] <=#DLY Write data;
end
always @(posedge Read_clock) begin
if (Read_allow)
Read data <=#DLY Mem[Read addr];
end

endmodule
2.3 [F#$FIFOR ¥ it

2.3.1 Dhefiik

R THI 9 17 25 FIFO & b3 9 XU T RAMSR SEILRG o il T35 1 A — i, m] BLEL 32 1)
FIFO K J¥ T ¥ 8% 77 £ Empty RIFullbi s o $AT S HAE, KEEHHE (Facntr) fnl, #UT k5
A, Facntrdkl. 4F — KRS TS ihk, JF HRSUTERIEN, #7EEmptybrd; 24F —
U BRI B AT SRR, F 7 A FullbR A .

2.3.2 it
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/*********************************************************************\

Filename

Description

Author
Revision

Company

\*********************************************************************/

“timescale 1ns / 10ps

module SYNCFIFO(

syncfifo.v

FIFO controller top level

Implements a 512x8 FIFO with common read/write clocks.

Verilog Group
2000-04-20
Huawei Ltd.

Fifo_rst, //async reset

Clock, //write and read clock

Read enable,

Write_enable,

Write_data,

Read data,

Full, //full flag

Empty, /fempty flag

Fcounter //count the number of data in FIFO

);
parameter DATA_WIDTH =8§;
parameter ADDR _WIDTH =9;

input
input
input

input

Fifo_rst;
Clock;
Read_enable;

Write_enable;

input [DATA WIDTH-1:0] Write_data;

output [DATA WIDTH-1:0] Read data;

output Full;

output Empty;

output [ADDR_WIDTH-1:0] Fcounter;

reg [DATA_WIDTH-1:0] Read data;

reg Full;

reg Empty;
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reg [ADDR_WIDTH-1:0] Fcounter;

reg [ADDR WIDTH-1:0] Read addr; //read address
reg [ADDR WIDTH-1:0] Write addr; /Iwrite address

wire  Read allow = (Read enable && !Empty);
wire  Write allow = (Write_enable && ! Full);
/*********************************************************************\
BLOCK RAM instantiation for FIFO. Module is 512x8, of which one
address location is sacrificed for the overall speed of the design
\*********************************************************************/
DUALRAM U_RAM(
Read_clock(Clock),
Write_clock(Clock),
Read_allow(Read allow),
Write_allow(Write _allow),
Read addr(Read addr),
Write_addr(Write_addr),
Write_data(Write _data),
Read data(Read data)
);
/***********************************************************\
Empty flag is set on Fifo_rst (initial), or when on the
next clock cycle, Write Enable is low, and either the
FIFOcount is equal to 0, or it is equal to 1 and Read
Enable is high (about to go Empty).
\***********************************************************/
always @(posedge Clock or posedge Fifo_rst)
if (Fifo_rst)
Empty <="bl;
else
Empty <= (! Write_enable && (Fcounter[8:1] == 8'h0) &&
((Fcounter[0] == 0) || Read_enable));
/***********************************************************\
Full flag is set on Fifo_rst (but it is cleared on the
first valid clock edge after Fifo rst is removed), or

when on the next clock cycle, Read Enable is low, and

2000-06-14 WRBUITA S ARBULTT
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either the FIFOcount is equal to 1FF (hex), or it is
equal to 1FE and the Write Enable is high (about to go Full).
\***********************************************************/
always @(posedge clock or posedge Fifo rst)
if (Fifo_rst)
Full <='b1;
else
Full <= (! Read_enable && (Fcounter[8:1] == 8'hFF) &&
((Fcounter[0] == 1) || Write_enable));

/************************************************************\

Generation of Read and Write address pointers.
\************************************************************/
always @(posedge clock or posedge Fifo rst)

if (Fifo_rst)

Read addr <= "h0;

else if (Read_allow)

Read addr <= Read addr + 'bl;
always @(posedge clock or posedge Fifo rst)

if (Fifo_rst)

Write_addr <= 'h0;

else if (Write_allow)

Write_addr <= Write_addr + 'b1;
/************************************************************\

Generation of FIFOcount outputs. Used to determine how

Full FIFO is, based on a counter that keeps track of how

many words are in the FIFO. Also used to generate Full

and Empty flags. Only the upper four bits of the counter

are sent outside the module
\************************************************************/
always @(posedge clock or posedge Fifo rst)

if (Fifo_rst)

Fcounter <= 'h0;

else if (! Read allow && Write allow) || (Read_allow && ! Write allow))

begin
if (Write_allow) Fcounter <= Fcounter + 'b1;
else Fcounter <= Fcounter - 'bl;
end
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endmodule
2.4 BBFIFOW it
2.4.1 ik

P FIFOM H 58 M7 )2 S I8, Empty tH 8142, Full i 5 I =2, PiF G R 5848
S, T UAASGER H FPFIFO T BT E s >k = A Empty M Fullf 5 o A PoX — )@, KA 78—
HE oL Mk B8 (Gray-code) HbhE[FI 7%
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2.4.2 Bl ALY
/*********************************************************************\

Filename : asyncfifo.v
Description : Async FIFO controller top level

Implements a 512x8 FIFO with common read/write clocks.

Author : Verilog Group
Revision : 2000-04-20
Company : Huawei Ltd.

\*********************************************************************/

“timescale 1ns / 10ps
module ASYNCFIFO(
Fifo_rst, //async reset
Read_clock,
Write_clock,
Read enable,

Write_enable,

Write_data,
Read data,
Full, //Full flag
Empty //Empty flag
);
parameter DATA _WIDTH =8§;
parameter ADDR _WIDTH =9;
input Fifo_rst;
input Read_clock;
input Write_clock;
input Read_enable;
input Write _enable;

input [DATA WIDTH-1:0] Write_data;
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output [DATA WIDTH-1:0]
output

output

reg

reg

reg [ADDR_WIDTH-1:0]
reg [ADDR_WIDTH-1:0]
reg [ADDR_WIDTH-1:0]
reg [ADDR_WIDTH-1:0]
reg [ADDR_WIDTH-1:0]

wire

wire

/**********************************************************************\

BLOCK RAM instantiation for FIFO. Module is 512x8, of which one

address location is sacrificed for the overall speed of the design.

\**********************************************************************/

DUALRAM U _RAM(

Read data;
Full;
Empty;
Full;
Empty;

Write_addrgray;
Write_nextgray;
Read addrgray;
Read nextgray;
Read lastgray;

Read allow;

Write_allow;

Read_clock(Read clock),
Write_clock(Write_clock),
Read_allow(Read allow),

Write_allow(Write _allow),
Read_addr(Read_addr),
Write_addr(Write_addr),
Write_data(Write _data),
Read data(Read data)

)

/***********************************************************\
Empty flag is set on Fifo_rst (initial), or when gray
code counters are equal, or when there is one word in

the FIFO, and a Read operation is about to be performed

\***********************************************************/

always @(posedge Read_clock or posedge Fifo_rst)

if (Fifo_rst)

Empty <= 1'b1;

else
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Empty <= (Emptyg || (Almostemptyg && Read enable && ! Empty));
/***********************************************************\
Full flag is set on Fifo_rst (initial, but it is cleared
on the first valid Write_clock edge after Fifo rst is
de-asserted), or when Gray-code counters are one away
from being equal (the Write Gray-code address is equal
to the Last Read Gray-code address), or when the Next
Write Gray-code address is equal to the Last Read Gray-code
address, and a Write operation is about to be performed.
\***********************************************************/
always @(posedge Write clock or posedge Fifo_rst)
if (Fifo_rst)
Full<= 1'b1;
else
Full <= (Fullg || (Almostfullg && Write_enable && ! Full));
/************************************************************\
Generation of Read address pointers. The primary one is
binary (read_addr), and the Gray-code derivatives are
generated via pipelining the binary-to-Gray-code result.
The initial values are important, so they're in sequence.
Grey-code addresses are used so that the registered
Full and Empty flags are always clean, and never in an
unknown state due to the asynchronous relationship of the
Read and Write clocks. In the worst case scenario, Full
and Empty would simply stay active one cycle longer, but
it would not generate an error or give false values.
\************************************************************/
always @(posedge Read clock or posedge Fifo_rst)
if (Fifo_rst)
read_addr <= 'b0;
else if (read_allow)
read_addr <=read addr + 1;
always @(posedge Read clock or posedge Fifo_rst)
if (Fifo_rst)
Read_nextgray <= 9'b100000000;
else if (read_allow)

Read nextgray <= { read addr[8], (read_addr[8] ~ read_addr[7]),

2000-06-14 WRBUITA S ARBULTT
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(read_addr[7] " read_addr[6]), (read addr[6] " read addr[5]),
(read_addr[5] " read _addr[4]), (read _addr[4] " read addr[3]),
(read_addr[3] " read_addr[2]), (read addr[2] " read addr[1]),
(read_addr[1] " read_addr[0]) };

]
]
]
]

always @(posedge Read_clock or posedge Fifo_rst)
if (Fifo_rst)
Read_addrgray <= 9'b100000001;
else if (read_allow)
Read_addrgray <= Read_nextgray;
always @(posedge Read_clock or posedge Fifo_rst)
if (Fifo_rst)
Read lastgray <= 9'b100000011;
else if (read_allow)
Read lastgray <= Read addrgray;
[k s\
Generation of Write address pointers. Identical copy of *
read pointer generation above, except for names. *
ekttt sssksksks ks
always @(posedge Write clock or posedge Fifo_rst)
if (Fifo_rst)
write_addr <= 'b0;
else if (write_allow)
write_addr <= write_addr + 1;
always @(posedge Write clock or posedge Fifo_rst)
if (Fifo_rst)
Write nextgray <= 9'b100000000;
else if (write_allow)
Write nextgray <= { write_addr[8], (write_addr[8] ~ write_addr[7]),
(write_addr[7] ~ write_addr[6]), (write_addr[6] ~ write_addr[5]),
(write_addr[5] ~ write_addr[4]), (write_addr[4] ~ write_addr[3]),
(write_addr[3] ~ write_addr[2]), (write_addr[2] ~ write_addr[1]),
(write_addr[1] ~ write_addr[0]) };
always @(posedge Write clock or posedge Fifo_rst)
if (Fifo_rst)
Write addrgray <= 9'b100000001;
else if (write_allow)

Write addrgray <= Write nextgray;
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/************************************************************\

Allow flags determine whether FIFO control logic can *

operate. If Read_enable is driven high, and the FIFO is *

not Empty, then Reads are allowed. Similarly, if the *

Write_enable signal is high, and the FIFO is not Full, *

then Writes are allowed. *
\************************************************************/
assign read_allow = (Read_enable && ! Empty);
assign write_allow = (Write_enable && ! Full);
/************************************************************\

When the Write/Read Gray-code addresses are equal, the

FIFO is Empty, and Emptyg (combinatorial) is asserted.

When the Write Gray-code address is equal to the Next

Read Gray-code address (1 word in the FIFO), then the

FIFO potentially could be going Empty (if Read_enable is

asserted, which is used in the logic that generates the

registered version of Empty).

Similarly, when the Write Gray-code address is equal to
the Last Read Gray-code address, the FIFO is Full. To
have utilized the Full address space (512 addresses)
would have required extra logic to determine Full/Empty
on equal addresses, and this would have slowed down the
overall performance. Lastly, when the Next Write Gray-
code address is equal to the Last Read Gray-code address
the FIFO is Almost Full, with only one word left, and

it is conditional on Write enable being asserted.
\************************************************************/
always @Write_addrgray or Read addrgray)
if( Write_addrgray == Read_addrgray )
Emptyg ='b1;
else
Emptyg = 'b0;
always @Write_addrgray or Read nextgray)
if( Write_addrgray == Read _nextgray )
Almostemptyg = 'b1;

else
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Almostemptyg = 'b0;
always @Write addrgray or Read _lastgray)
if( Write_addrgray == Read lastgray )
Fullg ='bl;
else
Fullg = 'b0;
always @Write_nextgray or Read_lastgray)
if( Write_nextgray == Read_lastgray )
Almostfullg = 'bl;
else
Almostfullg = 'b0;

endmodule
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