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Verilog is the Key Tool

» Behavioral Verilog is synthesized into
Structural Verilog
» Structural Verilog represents net-lists
» From Behavioral
» From Schematics
» From makeMem
. » High-level (Synthesizer will flatten these)

» Verilog-XL is used for testing all designs
» Behavioral & Structural & Schematic & High-level




Verilog has a S

» Hardware Description Language (HDL)

» Reliably & Readably
» Create hardware
» Document hardware

» The wire-list function fits into HDL

» Testbench creation language
» Create external test environment
» Time & Voltage
» Files & messages
» Are these two tasks
» Related?
» Compatible? .

Verilog as I—‘DL

» “C-like hardware description language.”
» But what does C have to do with hardware?
» Marketing hype cast into vital tools
» Verilog is ill-suited to its use.
» Verbose
» Feels to me like | are “tricking it”
» Good engineers
» Use only a subset of the language.
» Keep Learning.
» Try before they buy.
» Demo today.




This lecture is only about
synthesis...

Quick Review

Module name (args...);
begin
input ...; // define inputs
output ...; // define outputs
wire ... ; [/l internal wires
I reg ...; [/l internal regs, possibly output

Il the parts of the module body are
/I executed concurrently

] <continuous assignments>
<always blocks>
endmodule




Quick Review
» Continuous assignments to wire vars

» assign variable = exp;
» Result in combinational logic

» Procedural assignment to reg vars
» Always inside procedural blocks (always
blocks in particular for synthesis)
» blocking
» variable = exp;
» non-blocking
» variable <= exp;

» Can result in combinational or sequential
logic

Procedural Control Statements

» Conditional Statement
b if ( <expression>) <statement>

» if ( <expression>) <statement>
else <statement>

» “else” is always associated with the closest
previous if that lacks an else.

» You can use begin-end blocks to make it more
clear
b if (index >0)
if (rega > regh)
result = rega;
else result = regb;




Multi-Way Decisions

» Standard if-else-if syntax

If ( <expression>)
<statement>
else if ( <expression> )
<statement>
B else if ( <expression>)
<statement>
else <statement>

Description Styles

» Verilog supports a variety of description
styles

» Structural
» explicit structure of the circuit

» e.g., each logic gate instantiated and connected
to others

» Behavioral
» program describes input/output behavior of
circuit
. » many structural implementations could have
same behavior

» e.g., different implementation of one Boolean
function




Synthesis: Data Types

» Possible Values:
» O: logic O, false
» 1: logic 1, true
» Z: High impedance
» Digital Hardware
» The domain of Verilog
» Either logic (gates)
. » Or storage (registers & latches)
» Verilog has two relevant data types
> wire
b reg

nthesié: Data Types

» Register declarations
»reg a;\\ascalar register
» reg [3:0] b; \\ a 4-bit vector register

» output g; \\ an output can be areg
reg g,
» output reg g; \\ Verilog 2001 syntax

» Wire declarations
. » wire d; \\ ascalar wire
» wire [3:0] e; \\ a 4-bit vector wire
» output f; \\ an output can be a wire




Parameters

» Used to define constants
» parameter size = 16, foo = §;
» wire [size-1:0] bus; \\ defines a 15:0 bus

nthesis: Assign Statement

» The assign statement creates
combinational logic
» assign LHS = expression;

» LHS can only be wire type

» expression can contain either wire or reg type
mixed with operators

» wire a,c; reg b;output out;
assigna=b &c;
L assign out = ~(a & b); \\ output as wire
» wire [15:0] sum, a, b;
wire cin, cout;
assign {cout,sum} =a + b + cin;




Synthesis: Basic Operators

» Bit-Wise Logical

» ~ (not), & (and), | (or), * (xor), *~ or ~ (xnor)
» Simple Arithmetic Operators

» Binary: +, -

» Unary: -
» Negative numbers stored as 2’'s complement
» Relational Operators

. P <, >, <=, >=, ==, 1=
» Logical Operators
» | (not), && (and), || (or)
assign a = (b > 'b0110) && (c <= 4'd5);
assign a = (b > 'b0110) && !(c > 4'd5); .

Synthesis: Operand Length

» When operands are of unequal bit length,
the shorter operator is zero-filled in the
most significant bit position

I wire [3:0] sum, a, b; wire cin, cout, d, e, f, g;

assign sum =f & a;
assign sum =f| a;
. assignsum ={d, e, f, g} & a;
assign sum = {4{f}} | b;
assign sum = {4{f == g}} & (a + b);
assign sum[0] = g & a[2];
assign sum[2:0] = {3{g}} & a[3:1]; .




Synthesis: More Operators

» Concatenation
»{a,b} {4{a==b}} {a,b,4’b1001,{4{a==b}}}

» Shift (logical shift)
P << left shift
» >> right shift
assign a = b >> 2; // shift right 2, division by 4
assign a = b << 1, // shift left 1, multiply by 2

» Arithmetic
assigna=Db *c; // multiply b times c
assign a = b * ‘d2; // multiply b times constant (=2)
assign a = b /'b10; // divide by 2 (constant only)
assign a = b % ‘h3; // b modulo 3 (constant only)

Svynthesis: Operand Length

» Operator length is set to the longest member
(both RHS & LHS are considered). Be careful.

wire [3:0] sum, a, b; wire cin, cout, d, e, f, g;
wire[4:0]sum1;

assign {cout,sum} =a + b + cin;
assign {cout,sum} =a + b + {4’b0,cin};

assign suml =a + b;
assign sum = (a + b) >> 1; // what is wrong?




Synthesis: Extra Operators

» Funky Conditional
» cond_exp ? true_expr : false_expr
wire [3:0] a,b,c; wire d;
assigna=(b==c)? (c +'dl): ‘05; // good luck

» Reduction Logical
» Named for impact on your recreational time

» Unary operators that perform bit-wise operations on
a single operand, reduce it to one bit

4 &1 ~&1 |1 ~|1 Ay ~A1 N~

assignd = &a || ~*b * *~c;

nthesis: Assign Statement

» The assign statement is sufficient to
create all combinational logic
» What about this:
assign a=~(b & ¢);
assign ¢ = ~(d & a);
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Simple Behavioral Module

// Behavioral model of NAND gate
module NAND (out, inl, in2);
output out;

input inl, in2;
I assign out = ~(inl & in2);

endmodule

Simple Structural Moduie

I/ Structural Module for NAND gate
module NAND (out, in1, in2);
output out;

input inl, in2;
wire wl;
/I call existing modules by name
/[ module-name ID (signal-list);
] AND2 ul(wl, inl, in2);
INV u2(out,wl);
endmodule
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Simple Structural Module

/[ Structural Module for NAND gate
module NAND (out, inl, in2);

output out;

input inl, in2;

wire wl;

/Il call existing modules by name

/[ module-name ID (signal-list);
|| /[ can connect ports by name...

AND2 ul(.Q(wl), .A(inl), .B(in2));
INV u2(.A(wl), .Q(out));
endmodule

Procedural Assignment

» Assigns values to register types

» They do not have a duration

» The register holds the value until the next
I procedural assignment to that variable

» The occur only within procedural blocks
» initial and always
. » initial is NOT supported for synthesis!

» They are triggered when the flow of
execution reaches them
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Always Blocks

» When is an always block executed?
» always
» Starts at time O
» always @(a or b or ¢)
» Whenever there is a change on a, b, or ¢
» Used to describe combinational logic
» always @(posedge foo)
» Whenever foo goes from low to high
» Used to describe sequential logic
» always @(negedge bar)
» Whenever bar goes from high to low

Synthesis: Always Statement

» The always statement creates...
» always @sensitivity LHS = expression,;
» @sensitivity controls when
» LHS can only be reg type

» expression can contain either wire or reg type mixed with
operators

» Logic
reg c, b; wire a;
always @(a, b) c = ~(a & b);
always @* ¢ = ~(a & b);
» Storage
reg Q; wire clk;
always @ (posedge clk) Q <= D;

13



Procedural NAND gate

I/l Procedural model of NAND gate
module NAND (out, inl, in2);
output out;
reg out;

input inl, in2;
/[ always executes when inl or in2

/I change value

always @(inl or in2)
[] begin

out = ~(inl1 & in2);
end
endmodule

Procedural NAND gate

I/l Procedural model of NAND gate
module NAND (out, inl, in2);
output out;
reg out;

/I change value
always @(inl or in2)
] begin
out <= ~(inl & in2);

input inl, in2;
I /[ always executes when inl or in2

end
endmodule Is out combinational?
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Svynthesis: NAND gate

input inl, in2;

reg nl, n2; //is this a flip-flop?
wire n3,n4;

always @(inl1 or in2) n1 = ~(inl1 & in2);
always @* n2 = ~(inl & in2);

assign n3 = ~(inl1 & in2);

nand ul(n4, inl, in2);

» Notice always block for combinational logic
» Full sensitivity list, but @* works
» Can then use the always goodies
» Is this a good coding style?

Procedural Assignments

» Assigns values to reg types
» Only useable inside a procedural block Usually
synthesizes to a register

» But, under the right conditions, can also result in
combinational circuits

» Blocking procedural assignment
» LHS =timing-control exp  a=#10 1;
» Must be executed before any assignments that
follow (timing control is optional)
» Assignments proceed in order even if no timing is
given
» Non-Blocking procedural assignment
» LHS <=timing-control exp b <=2;
» Evaluated simultaneously when block starts

» Assignment occurs at the end of the
(optional) time-control

15



Procedural Synthesis

» Synthesis ignores all that timing stuff
» So, what does it mean to have blocking
vS. non-blocking assignment for
synthesis?
» begin 2 begin
A=B; +<— A<=B;
B=A; B<=A;
. end end
?
» begin begin
A=Y A<=Y;
B=A; B<=A;
end end .

Synthesized Circuits

D Q——A

> A
Q D Q—8B
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always @(posedge clk)

begin
A=Y,
B=A;

end

always @(posedge clk)

begin
B=A;
A=Y,

end

begin
A<=Y;
B<=A;
end

always @(posedge clk) A B

begin
B<=A;
A<=Y
end

always @(posedge clk)

nthesized Circuits

Y D Q—A
A
—1{clk
D Qlb——nB
B
clk clk

»
»

Y—D Q D Q—B

clk clk
clk |_

Assignments and Synthesis

» Note that different circuit structures result

from different types of procedural
assignments

» Therefore you can’t mix assignment types in

the same always block

» And you can’t use different assignment
types to assign the same register either
» Non-blocking is often a better model for
hardware
» Real hardware is often concurrent...
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Comparator Example

» Using continuous assignment
» Concurrent execution of assignments

parameter n = 4,
input [n-1:0] a, b;
output Cgt, CIt, Cne;
|| assign Cgt = (a > b);
assign Clt = (a < b);
assign Cne = (a !=b);
endmodule

I Module comp (a, b, Cgt, Clt, Cne);

Comparator Example
» Using procedural assignment
» Non-blocking assignment implies concurrent

Module comp (a, b, Cgt, Clt, Cne);
parameter n = 4,
input [n-1:0] a, b;
output Cgt, CIt, Cne;
reg Cqgt, Clt, Cne;
B always @(a or b)
Cgt<=(a>a);
Clt<=(a<b);
Cne <=(a!=Db);

endmodule .
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Modeling a Flip

» Use an always block to wait for clock
edge

input clk, d;
output q;
N reg q,
always @ (posedge clk)
d=q;
endmodule

I Module dff (clk, d, q);

Synthesis: Always Statement

» This is a simple D Flip-Flop
reg Q;
always @(posedge clk) Q <= D;

» @(posedge clk) is the sensitivity list
I » The Q <= D; is the block part

» The block part is always “entered” whenever

the sensitivity list becomes true (positive
. edge of clk)

» The LHS of the <= must be of data type reg

» The RHS of the <= may use reg or wire

19



Svnthesis: Always Statement

» This is an asynchronous clear D Flip-Flop

reg Q;
always @(posedge clk, posedge rst)
if (rst) Q <= ‘b0; else Q <= D;
» Notice , instead of or
» Verilog 2001...

» Positive reset (how does the edge play?)

Synthesis: Always Statement

reg Q;
always @(posedge clk, posedge rst, posedge set)
if (rst) Q <= ‘bO;
else if (set) Q <= ‘b1,
else Q <= D;
» What is this?

» What is synthesized?

syn-f06> beh2str foo.v foo_str.v UofU_Digital.db
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Svnthesis: Always Statement

reg Q;
always @(posedge clk, posedge rst, posedge set)
if (rst) Q <= ‘bO;
else if (set) Q <="'b1;
else Q <= D;

» What is this?
» What is synthesized?

" #homes atanner LU_LALS synopsysant v,

Regizter MWame I Type | Midth | Bu=z | MBE | AR | AS | SR | 55 | 5T

I rout._reg | Flip=Flep I 1 I M I M Y Y IH IH IHN

-

Presto compilation completed successfully,
Current_dgsign iz now “Ahomedatannerd IC_CADA synopsys/nt . dbint”

Synthesis: Always Statément

reg Q;
always @(posedge clk, posedge rst, posedge set)

if (rst) Q <= ‘bO;
else if (set) Q <= ‘b1,
else Q <= D;

» What is this?
» What is synthesized?

module nt ¢ clk, rst, =et, a, b, c, d, rout B:
input clk, rst, set, a, b:
. output o, d, rout:
wire nZ, nd, nb:

MAMDZ UE ¢ LAfch, (Bibd, ¥idd ¥
“H¥FFGEN#* rout_reg { .rmext_state{a}, ,clocked_oniclkl, ,force_00inZ),
Jforce_01lirsty, force_10(nd), .force_11(nZ}, .O{rout) J:
TIELO U3 € .¥{n2» I
HORZ 110 ¢ ,Alrstd, ,BinS), ,Yind)} 3:
INV U111 ¢ ,Afsety, YinB) I:
NANDZ U12 ¢ ,Add>, ,Bia), .¥i{c) 3:
endmodule
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Svnthesis: Always Statement

reg Q;
always @(posedge clk)
if (rst) Q <= ‘bO;

else if (set) Q <="'b1;

else Q <= D;
» What is this?

nthesis: Alwa

reg Q;
always @(posedge clk)
if (rst) Q <= ‘bO;

else if (set) Q <= ‘b1,

else Q <= D;
» What is this?

Inferred memory devices in process

in routine set line 5 in file

"/home/elb/I1C_CAD/syn-f06/set.v".

s Statement

Register Name | Type | width

| Bus | MB | AR | AS | SR | SS | ST |

Q_reg | Flip-flop | 1

I N IN N IN [N N IN]
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module foo ( clk, rst, set, D, Q);
input clk, rst, set, D;
output Q;
wire N3, n2, n4;

dff Q_reg ( .D(N3), .G(clk), .CLR(n2), .Q(Q) );
tiehi U6 (.Y(n2) ),
nor2 U7 (.A(rst), .B(n4), .Y(N3) );
nor2 U8 ( .A(D), .B(set), .Y(n4) );
endmodule

Synthesis: Always Statement

reg P,Q;

reg [3:0] R;

always @(posedge clk)
begin

Q<=D;
P<=Q
R <=R+'hi;

end

» What is this?
» Will it synthesize? Simulate?

23



Svnthesis: Always Statement

module testme ( D, P, Q, R, clk );

output [3:0] R;
input D, clk;
output P, Q;
wire NO, N1, N2, N3, nl, n7, n8, n9;
dff Q reg ( .D(D), .G(clk), .CLR(nl), .Q(Q) );
dff P reg ( .D(Q), .G(clk), .CLR(nl), .Q(P) );
dff R reg 0 ( .D(NO), .G(clk), .CLR(nl), .Q(RI[O]) );
dff R reg 1 ( .D(N1l), .G(clk), .CLR(nl), .Q(RI[1]) );
dff R reg 2 ( .D(N2), .G(clk), .CLR(nl), .Q(RI[2]) );
dff R reg 3 ( .D(N3), .G(clk), .CLR(nl), .Q(RI[3]) );
tiehi U9 ( .Y(nl) );
xor2 U1l0 ( .A(RI[3]), .B(n7), .Y(N3) );

. nor2 U1l ( .A(n8), .B(n9), .Y(n7) );

xor2 Ul2 ( .A(n8), .B(n9), .Y(N2) );
invXl U13 ( .A(R[2]), .Y(n9) );
nand2 Ul4 ( .A(R[1]), .B(RI[O]), .Y(n8) );
xor2 Ul5 ( .A(R[1]), .B(R[O0]), .Y(N1) );
invXl Ul16 ( .A(R[0]), .Y(NO) );

endmodule .

Synthesis: Always Statement

» This is a simple D Flip-Flop

reg Q;
always @(posedge clk) Q <= D;

» Sois this

reg Q;
always @(posedge clk) Q = D;

[] » = is for blocking assignments
» <= s for nonblocking assignments

24



» parameter used to define constants
» parameter size = 16, foo = 8;
» wire [size-1:0] bus; \\ defines a 15:0 bus
» externally modifiable
» scope is local to module

» localparam not externally modifiable
» localparam width = size * foo;

» define macro definition
» "define value 7'd53
» assign a = (sel == "value) & b;
» scope is from here on out

Example: Counter

module counter (clk, clr, load, in, count);
parameter width=8;
input clk, clr, load;
input [width-1 : 0] in;
output [width-1 : 0] count;
reg [width-1 : 0] tmp;

always @ (posedge clk or negedge clr)
begin
if (Iclr)
tmp =0;
. else if (load)
tmp =in;
else
tmp =tmp + 1,
end
assign count = tmp;

endmodule .

25



Synthesis: Modules

module the_top (clk, rst, a, b, sel, result);
input clk, rst;
input [3:0] a,b; input [2:0] sel;
output reg [3:0] result;
wire[3:0] sum, dif, alu;

adder uO(a,b,sum);
subber ul(.subtrahend(a), .subtractor(b), .difference(dif));

assign alu = {4{(sel ==‘b000)}} & sum
. | {4{(sel == ‘b001)}} & dif;

always @(posedge clk or posedge rst)
if(rst) result <=*h0;
else result <= alu;

endmodule .

Synthesis: I\/Ioblules

I/l Verilog 1995 syntax

module adder (e,f,9);
parameter SIZE=2,
input [SIZE-1:0] e, f;
output [SIZE-1:0] g;
g=e+f;

endmodule

/Il Verilog 2001 syntax
. module subber #(parameter SIZE = 3) _
(input [SIZE-1:0] c,d, output [SIZE-1:0]difference);
difference =c - d;
endmodule
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Synthesis: Modules

module the_top (clk, rst, a, b, sel, result);
parameter SIZE = 4;

input clk, rst;

input [SIZE-1:0] a,b;

input [2:0] sel;

output reg [SIZE-1:0] result;
wire[SIZE-1:0] sum, dif, alu;

adder #(.SIZE(SIZE)) uO(a,b,sum);
subber #(4) ul(.c(a), .d(b), .difference(dif));

assign alu = {SIZE{sel == 'b000}} & sum
. | {SIZE{sel == ‘b001}} & dif;

always @(posedge clk or posedge rst)
if(rst) result <= *h0;
else result <= alu;

endmodule

Decisions

» Standard if-else-if syntax

If ( <expression>)
<statement>
else if ( <expression>)
<statement>
B else if ( <expression>)
<statement>
else <statement>
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Priority vs. Parallel Choice

module priority (a, b, c, d, sel, z);
input a,b,c,d;
input [3:0] sel;
output z;
reg z;
always @(a or b or c or d or sel)
begin
z=0;
if (sel[0]) z = q;
if (sel[1]) z = b;
] if (sel[2]) z = c:
if (sel[3]) z=d;

SELECT_OP

SELECT OP

end
endmodule 0

Priority vs. Parallel Choice

module parallel (a, b, c, d, sel, z);
input a,b,c,d;
input [3:0] sel;
output z;
reg z;
always @(a or b or c or d or sel) I
begin '
z=0; '
if (sel[3]) z=d;
elseif (sell2]) z=c; -
. else if (sel[1]) z=b; =
elseif (sell0]) z=a; =

end
endmodule
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Priority Encoders

A4 Priocrity encodesrcs=
s

A4 Aallen Tanne=c

s

module pricor_encix,vw.=, a.kb, c.d.=,£];
output ceg . w.=5
input a, b, A, e, £;

alway=sE2fa, b, o, d,. e, £.g]

kbegin
{=. v, =1 g ="l
if 1l && (l==111=

1 EE (d==111x

[
el=se 1£f (1
[ 1 &E&E (f£f==111=x=

=l== 1f
ernd
encmodule /) priorc__enc

else

else s
if

4 clsoe
D1
)
—y

0 om

FREP

Priority Encoders

44 Priority encoders
iy

Fd Allen Tanner

i

module pricr_encix.v.=. a.b.c.d. e, £];
cutput ceg .y, =;
input a.kb.o.d.e.f;

alwaysdia. kb, c.d, 2, £, 9]
Legin
{x.v.=} = 3k0;

if {{a==1l]) && (b==l])]=z = 1;
if {i{c==1] E&& (d==1)ly = 1;:
if {{e==1) && (f==1)]x = 1; &
end
. endmodule // pricc_enc b —
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Case Statements

» Multi-way decision on a single expression

case ( <expresion>)
<expression>: <statement>
<expression>, <expression>: <statement>
<expression>: <statement>
default: <statement>

endcase

Case Example

reg [1:0] sel;
reg [15:0] in0, inl, in2, in3, out;
case (sel)
2’'b00: out = In0;
2’'b01: out = inl;
2’'b10: out = In2;
2’bl11: out = in3;
endcase
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Another Case Example
I/l simple counter next-state logic
/I one-hot state encoding...

parameter [2:0] sO=3’h1, s1=3'h2, s2=3'h4;
reg[2:0] state, next_state;
always @ (input or state)
begin
case (state)
sO: if (input) next_state =
else next_state = sO;
sl: next_state = s2;

s2: next_state = s0;
endcase

end

Weird Case Example

» Verilog allows you to put a value in the case
slot, and test which variable currently has that
value...

reg [ 2:0] curr_state, next_state;
parameter s1=3'b001, s2=3'b010, s3=3'b100

case (1)
curr_state[0] : next_state = s2;
curr_state[1] : next_state = s3;
curr_state[2] : next_state = s1;

endcase
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Latch Inference

» Incompletely specified if and case
statements cause the synthesizer to infer
latches
always @(cond)
begin

if (cond) data_out <= data_in;
end

» This infers a latch because it doesn’t
specify what to do when cond =0

» Fix by adding an else
» In a case, fix by including default:

Full vs. Parallel

» Case statements check each case in
seguence

» A case statement is full if all possible
outcomes are accounted for

» A case statement is parallel if the stated
alternatives are mutually exclusive

» These distinctions make a difference in
how cases are translated to circuits...

» Similar to the if statements previously
described
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Case full-par example

// full and parallel = combinational logic

module full-par (slct, a, b, c, d, out);
input [1:0] slct;
input a, b, c, d;
output out;
reg out; // optimized away in this example
always @(slct or a or b or c or d)
case (slct)
2'bll : out <= a;
2'b10 : out <= D;
2'b01 : out <=c;
default : out <=d; // really 2’b10
endcase

endmodule

nthesis Result

» Note that full-par results in combinational

logic
A —>
I B —>
out
C —
[] D —>
slctO slctl
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Case notfull-par example

/[ a latch is synthesized because case is not full

module notfull-par (slct, a, b, c, d, out);
input [1:0] slct;
input a, b, ¢, d;
output out;
reg out; // NOT optimized away in this example
always @(slct or a or b or c)
case (slct)
2'bll : out <= a;
2'b10 : out <= b;
2'b01 : out <=c;
endcase

endmodule .

Synthesized Cirduit

» Because it's not full, a latch is inferred...

Tes D Qf— out
R DFF
clk
slctQ slctl

34



Case full-notpar example

I/l because case is not parallel - priority encoding
// but it is still full, so no latch...

/I this uses a casez which treats ? as don’t-care
module full-notpar (slct, a, b, c, out);

always @(slct or a or b or c)
casez (slct)
2’b1? : out <= a;
2’b?1 : out <= b;
default : out <= c;
endcase

endmodule

Synthesized Circuit

» It's full, so it's combinational, but it's
not parallel so it’s a priority circuit instead
of a “check all in parallel” circuit

Bt A =

out

slct0 slctl
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Case notfull-notpar example

I/l because case is not parallel - priority encoding
/I because case is not full - latch is inferred

/] uses a casez which treats ? as don’t-care
module full-notpar (slct, a, b, c, out);

always @(slct or a or b or c)
casez (slct)
2’b1? : out <= a;
2’b?1 : out <= b;
endcase
endmodule

Synthesized Circuit

» Not full and not parallel, infer a latch

A it
B ot QW
DFF
| slctl
| | ‘ clk
slct0
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Get off my Case

» Verification
» CASE matches all (works like ===
» CASEX uses “z”, “x”, “?” as don’t care
» CASEZ uses “z”, “?” as don'’t care
» Beware: Matches first valid case

» Synthesis
» CASE works like ==
» CASEX uses “?” as don't care
» CASEZ uses “?” as don'’t care

Get off my Ca

Cas= btest=

We’we only just begum

Allen Tannme=c Drisding 0O

CASEZa : Logic 0 om sel

CASEZ : Logic 0 on sel
=g sels CASEXN : Logic 0 om sel
it ial Teea i GASE : Logic 0 on sel

Sdisplay ¢ 1
Draving 1
#r FRizeplax o 1 CASE : Logic 1 on sel
== = : N =
w1 =i Law 1 CASEN B I.og:!.c 1 om sel
—_—=1 = R CASEZ : Logic 1 on sel
#1 sdisplaw ) CASEZa : Logic 1 om sel
==l = 1 "lock
#1 Sdisplan 1 .
=l — A rlo=: Dr11r_|_ng_x
#1 =Eizimta: CASEZa : Logic x om sel
= CASEZ : Logic x on sel
N a ¢ 11 CASEXY : Logic 0 om sel
aluran= == - -
e el ) CASE : Logic x om sel
1= : Sdisplay
1 1=l - Sdisplawd Driving =
1l - RAdisplaxd CASE : Logic = om sel
Lrlo= - FAi=plaxc CASEX : Logic 0 om sel
=ndoca== ;- -

CASEZ : Logic 0 om sel
alwaw= @ (==11 CASEZa : Logic 1 om sel
ca==3c (=el) L20 "testfixture.new' : SEi

1 k= : Sdisplan 1

1=l : Sdisplay 1

1 "l - ScAdi=pl an 0 ) s
1

1-lo= : S=displawf

alwayve & =ei Order Matters

1o - Sdis=plan T
1 k=l - Sdimplai 1 s
1 rkoe - Sdisplai 1
L k= - Sdis=plad 1

1Bl - SAi=plawd
1o Sdhi=p1lan
1 - koo Sli=plai

1 b= - Sdimplaw :
endcase
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: Get off my Case

/4 Case tests We've DI'I].Y' jl.'lst ].'lEgl.m

i .
/¢4 Allen Tannec Llnk DI‘l\"]III_Z[ a.d.d.

i — CASEEZ. Opcode: add
reg [15:0] opcode; CASEX, Opcode: add

initial begin Driving subtract
Sdisplayf 1
CASEX. Dpcode: subtract
#1 sdisplay { 1
epcode = 16°bl0O00_1000_10L0_1111; CASEZ. Dpcode: subtract
#1 Sdisplay 1; - - inl
opeods = 15°R0L0O0_0100_1010_ 1111 Driving matiply
#1 Sdisplay { )i . -
opeods = 16°B00LO_00LO_LOLO_1111; CASEZ. Opcode: wmultiply
g FEAmieh CASEX. Opcode: wultiply

L18 "testfixture.new": 5fiy

always 2 {(opcods)
casex (opcode)

16 'kblx=z=?_xooor yooot_rooox - Sdisplay | 1z

16 kol rooor yooot_rooex - Sdisplay | s
16 ' booelx sooor yooor_rooox - Sdisplay | s
endcase

always 2 {(opcods)

casez (opcode)
16'kl???P_==zz_z=z==_zzz=z : Sdisplay( 1z
16'k?l??P_==zz_z=z==_z=zz=z : Sdisplay( 1
16'k??l?P_==zz_z=z==_z=zz=z : Sdisplay( 1

endcase .

FSM Description

» One simple way: break it up like a
schematic

» A combinational block for next_state
generation

» A combinational block for output generation
» A sequential block to store the current state

current
State

outputs
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Modeling State Machines

/I General view
module FSM (clk, in, out);

input clk, in; Next_state
output out; _
reg out; in \z

/I state variables
reg [1:0] state;

/I next state variable clk

State

reg [1:0] next_state;
always @posedge(clk) // state register
state = next_state;
. always @(state or in); // next-state logic
I/l compute next state and output logic
/ make sure every local variable has an
/l assignment in this block

endmodule

insig="0"
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Version

module moore (clk, clr, insig, outsig); /I define combinational logic for

input clk, clr, insig; /I next_state
output outsig; always @(insig or state)
Il define state encodings as begin
parameters case (state)
parameter [1:0] sO = 2'b00, s0: if (insig) next_state = s1,;
s1=2'b01,52 = 2b10, s3 = 2'h11; else next_state = s0;
Il define reg vars for state register sL:f (insig) next_stfite - S2;
. else next_state = s1;
/I'and next_state logic s2: if (insig) next_state = s3;
reg [1:0] state, next_state; else next state = s2:
//define state register (with s3: if (insig) n_ext_state =sl;
lIsynchronous active-high clear) else next_state = s0;
always @(posedge clk) endcase
begin end
if (cIr) state = s0; I/ assign outsig as continuous assign
else state = next_state; assign outsig =
end ((state == s1) || (state == s3));

endmodule

Version

module moore (clk, clr, insig, outsig);
input clk, clr, insig;
output outsig;

/I define state encodings as parameters
parameter [1:0] sO = 2'b00, s1 = 2'b01,
s2 = 2'b10, s3 = 2'b11,

/I define reg vars for state register and next_state logic
reg [1:0] state, next_state;

/ldefine state register (with synchronous active-high clear)
always @(posedge clk)
begin
if (clr) state = s0;
else state = next_state;
end
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Version Continued...

/I define combinational logic for next_state
always @(insig or state)
begin
case (state)
sO: if (insig) next_state = s1;
else next_state = s0;
sl: if (insig) next_state = s2;
else next_state = s1,
s2: if (insig) next_state = s3;
. else next_state = s2;
s3: if (insig) next_state = s1;
else next_state = s0;
endcase
end

Verilog Version Continued...

/I now set the outsig. This could also be done in an always
/l block... but in that case, outsig would have to be

/I defined as a reg.

assign outsig = ((state == s1) || (state == s3));

endmodule
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Unsupported for Synthesis

» Delay (Synopsys will ignore #'s)
» initial blocks (use explicit resets)
» repeat

» wait

» fork

» event

» deassign

» force

» release

More Unsupported Stuff

» You cannot assign the same reg variable
in more than one procedural block

/[ don’t do this...
always @(posedge a)
out =inl;

always @(posedge b)
out =in2;
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Combinational Always Blocks

» Be careful...
always @(sel) always @(sel or inl or in2)
if (sel ==1) if (sel ==1)
out =inl; out =inl;
else out = in2; else out = in2;

. » Which one is a good mux?

Sync vs. nc Register Reset

I/l synchronous reset (active-high reset)
always @ (posedge clk)
if (reset) state = s0;

I else state = s1;
/[ async reset (active-low reset)
B always @(posedge clk or negedge reset)
if (reset == 0) state = s0;
else state = s1;
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Finite State Machine

Four in a Row !

Textbook FSM

A4 Verilog HOL for * ", "=eed" "hehawvioral"
/4 Four inm a row detector — Allen Tanner

module seesd {(clk, clc, insig, =zawd];
input clk, clr. insig:
output mawd;

/4 define =tate encodings as parameters
parameter [2:0] 50 = 3B000, =1 = 3°k00L, 52 = 3°B0OL0, =53 = 3:b0OLlLl, =4 = 3'bLl0O0;

/4 define reg wars for state register and next_state logic
reg [2:0] state, next_state;

fidefine state register {(with asynchronous actiwe-low cleac)
always @ ({pozedge clk or negedge clr)
begin
if {clc==0] =tate = =0;
else state = mext_state;
end

// define combinational legic for next_state
always @f{insig or =tate

begin
case (state
s0: if (insig) mext_state = =l;
slze next_state = =0;
=l: if (insig] next_state = =2:
el=e next_state = =0;
£2: if (insig] next_state = =3;
else nmext_stats = =0;
=3: if (inmsig) mext_state = =i;
slze next_state = =0;
s4: if (insig) next_state = =4i;
el=e next_state = =0;
default: next_state = =0;
endcass
end

A4 now =met the sawid. Thiz could al=zo be done in an always=

/4 Block... but in that casze, zawd would have to be
/4 defined as a reg.
assign sawi = state == =i;

endmodul e




Textbook FSM

A4 Verilog HOL for "2x", "=see=d" "hehavioral®
/4 Four inm a row detector — Allen Tanner

module =eed {clk, clc, insig, =awd]; Commeﬂts
inmput clk, clz. i;sig:
cutput =awd ;

/4 define =tate encodings as parameters
parameter [2:0] 50 = 3B000, =1 = 3°k00L, 52 = 3°B0OL0, =53 = 3:b0OLlLl, =4 = 3'bLl0O0;

/4 define reg wars for state register and next_state logic
reg [2:0] state, next_state;

fidefine state register {(with asynchronous actiwe-low cleac)
always @ ({pozedge clk or negedge ol
begin

if {clc==0] =tate = =0;

else state = _pext_state;

end

¢/ define combinaticnal logic
always @(insig or state)

next_=tate Pola“ty?

begin
case (=state)
=0: if (insig) next_state
else next_state = =0;
=l: if (insig) next_state
el=se next_state = =0;
=2: if {insig) mext_state = =3; Always use <= for FF
else nmext_stats = =0;
=3: if (insig) next_state = =4
else next_state = =0;
=4: if (insig) next_state = =4;
el=e next_state = =0;
default: next_state = =0;
endcase
end

A4 now =met the sawid. Thiz could al=zo be done in an always=

/4 Block... but in that casze, zawd would have to be
/4 defined as a reg.

assign sawi = state == =i;

endmodule

/4 Werileog HOL for . "m=eed" "hehawioral"
A4 Four inm a row detectoz — Allen Tanmer
module sesed (clk., clc. insig. =sawd] ;
input clk., clc. insig:
cutput =awd;
parameter [2:0] =0 = 3I*L0O00; s/ initial =tate, =aw at least 1 ==ra
paramster [2: sl = 3*k0O0L; // =maw 1 one
parameter [2:0] =2 = 3*kLOLO Ff maw 2 coes
parameter [2:0] =3 = 3*kR0OLLl; A4 maw 3 ones
parameter [2:0] =4 = 3*kRL0O0; A4 =maw at least, 4 ones
reg [2:0] =tate, next_=tate;
alway= 2{pozsedge clk or posedge clc) /4 =tate register
begin
if {clrc) state <= =0
else state 2= next_=tate;
end
always E({insig or statel f¢ mext state logic
Eegin
case (statel
=0: if fins=ig) next_state = =1:
2l=e nmext_state = =0;
=1: if (in=ig) Dext_states = =2;:
e2l=e nmext_state = =0;
=2: if (insig)l next_state = =3;
e2l=se nmext_state = =0;
=3: if (inrmig] next_state = =4;
=l=e mext_state = =0;
=4: if (insig] next_state = =4;
el=se next_state = =0;
default: next =tate = =0;
endcase
end
assign sawd = state == =4;
endmodul e




Waveform Test Bench

A

/4 Four omes in a row detector .
/4 Test bench

A Allen Tarnnmec

initial
begin
clk =

clc =
in=sig

[ ol ol

=l
g=lu
1*ki;

send_message( 32 kO011_1000_1010_1111_0000_0111_1110_0000)
send_message( 32 kO0O11_1000_1010_1111_0000_0111_1110_0000)

sfinish;
end
always #50 olk = ~clk;

inmitial
kegin
#525
clc = 1*'kl:
#5500
clc = 1*'kD;:
end

task zend _mes=age;
inmput [31l:0]pattern;
integer i:
begin
for{i=0;1i<32; i=i+1)
Binegedge clklinsig
end
endtask // =send_message

= pattern[i];

Baseline = 3808,400ps
Gursor-Baseline = —1,096,100ps

Pay attention to first few cycles...




module seed {(clk, clr, insig, =mawd] ;

input clk, clr. insig:;
ocutput =awd ;

parameter [2:0] =0
pacameterc [2:0] =1
pacameter [2:0] =2
pacamestec [2:0] =3
pacameter [2:0] =4

3'b0O0L:  JF saw
3'B0OL0O:  JF saw
3011 £f maw
I*R10D; A4 =awr

ceg [2:0] =tate., next_=tate:

always Biposedge clk or posedge clr)

begin
if {clc) =tate <= =0;
el=se

case (state]
=0: if (insig] =tate == =l;
else =tate <= =0;
=l: if {in=ig) state <= =2;
el=e =tate <= =0;
=2: 1if (in=ig)] =tate == =3;
else =tate == =0;
=3: if (insig] =state == =4;
else =tate <= =0;
=4: if {in=ig) =tate == =4;
el=e =tate <= =0;
default: =tate == =0;
endcase // case(state]
end

assign sawd = state == =4;

endmodule

A4 Werileg HDL for "ax". "seed" "khehawioral®
A4 Four inm a row detector — Allen Tanner

ERg =lelolo ) A4 imitial =tate. =maw at least 1 =ero
1l one
2 ones
I ones
at lea=t. 4 con==

/¢ =tate register

/4 Werilog HDL for "Ax",
f¢ Four in a row detector

"geed" "hehawviocal®
- Allen Tannecr

module seed (clk, clr, insig, =sawd];
imput clk, clc. insig:
cutput =awd;
parameter [2:0] =0 = 3*LO0OD; 44 inmitial =tate, =aw at least 1 =ero

parameter [2:0] =1
parameter [2:0] =2
parameter [2:0] =3
pacrameter [2:0] =4

3'R1l00;  JF zaw

3'RO0L:; /Y maw 1 one
3'ROLO; /S zmaw 2 ones
3'ROLl:; /) =maw 3 ones

at least, 4 ones

ceg [2:0] stater

wire [2:0] next_s=state;

assign nmext_state = {3{{=tate =0]1 && linsigll & =0
{3{i{=tate =0]1 && insigll & =1
{3{i{=tate =1l && !insigll & =0
{3i{i{=tate =11 && in=igl} & =2
{3i{i{=tate =21 && lin=igl} & =0
{i{i=tate= =2] E& insigl} & =3
{i{i=tate =53] E&& lin=igl} & =0
{i{i=tate =3l E& insigr} & =4
{i{i=tate =4] && !insigl} & =0
{i{i=tate =4] && in=igl} & =4;

alway=s 2{posedge clk or posedge clrl /¢ =tate register

bagin
if {clc) =tate == =0:
e2l==e =tate <= next_=tate;

end

a=ssign =awd = =tate == =4;

endmodule
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44 Werilog HOL for "ax", "se=i" "kehawiocral®
/4 Four in a row detector — Allen Tanmer

module =eed4 (clk, clc., insig, =awd];
inmput clk, clr, insig;
cutput sawd;

parameter [2:0] =0 = 3'kLO00O; J/ initial =tate.
parameter [2:0] 51 = 3'kRO0OL; /) maw 1 one
paramster [2:0] =2 = 3:kOLO; /) =maw 2 ones
parameter [2:0] =3 = 3'B0OLL; A4 saw 3 ones
parameter [2:0] =4 = 3'B100; /4 =aw at lea=t,

reg [2:0] =tate;

begin
if (clr] =tate <= =0;

zelse =tate <= {3{{=tate =0 && !in=igl}

{i{i=state =0) &E ilo=sigly
{3{{=tate =l] && !in=ig}}
{3{{=state == =1] && insig}}
{i{({=tate =2)] ki !'in=sigl}
{i{istate == =2] && insig}}
{3{{=tate =3] && linsigr}
{3{{=tate =3] &E i1n=igl})
{3{{=tate =4] && !insigl})
{i{istate == =4] && insig}}
enc
assign sawd = state == =4;

encmodul e

=aw at least 1

4 ones=

R RRRRRRR

=0
=1
=0
=2
=0
=3
=0
=4
=0
=4

always @{posedge clk or posedge clz) // =tate register

B

Zero

A4 Werilog HOL for
A4 Four in a cow detector — Allen Tannec

module sesed {(clk, clc-, insig, mawd] ;

imput clk, clc, in=ig;:
cutput =awd

alway=s Biposedge clk or pozsedge clcl

begin
if (clx]
begin
=0 <= 1°kl;
=1 <= 1*'kD;
=2 <= 1*'kD;
=3 <= 1*'kD;
=4 <= 1*'kD;
end
ael=e=
kbegin
=0 == (=0 | =1 | =2 | =3 |
=1 <= =0 & in=ig;
=2 <= =1 & in=ig:
=3 <= =2 & in=ig;
=4 <= =3 & insig
=4 & in=sig;
end
erd
assign =awd = =4 ;

encmodul =

/4 =tate regis=tecr

=41

"Ax", "=meed" "khehawioral®

Ee

T eg =0; A4 imitial =tate. =aw at lea=t 1 ==rao
reg =1 ; A maw 1L one

reg =2 ; A maw 2 ones

reg =3; AF =aw 3 ones

L eg =4 ; A4 =aw at least. 4 ones

linm=ig;
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One-Hot FSM Counting

Baszeline = §,400,000p3
Gursar-Baseline = —789,600ps.

1,000,000ps |2,000,000ps 3,000,000ps

4,000,000

0,401
000,01

module =e=d { clk, clz.
input clk, clr, inmsig;
output sawd;

=awd ] ;

insig,

nld, nZ0, n2l, n22;

force_0l{nll), .force_l0{clc), .force_ll{mll)., .Q{=0)
OFF =2_reg { .D{N3), .CLK{clk]., .nCLR({nlS]. .Q{s2] 1;
DFF =l_regq { .D{N2]), _CLE(clk], .nCLR(nlS), .@{(=l] |;
DFF =4_reg { .D{NS), _CLE(clk), .nCLR(nl5], .Q{=awd]. .QE(n9]
DFF =3_reg { .D{N4), .CLE{clk), .nCLR{nlS5), .QE{(nl0) ];:
TIELQ U20 ( .¥i{mll) 1;
NV U2l { Afclc). .¥i(nlS) ];
ADI U22 { .Afole), .EBinl?), .Ciin=igl., .¥{nld] ];
NORZ U23 ( .A(s2), .B(gl)l., .¥imnl7] 1;
MNORZ U24 ( . A{=D), _B(nll), .¥(nl&] |;
INV U23 { _a{nl%), .¥{N5] |:
NANDZ U26 { (A(nlBl, .Bl{in=ig)., .¥(nl%l 1;
Namwo2 U27 ( .A(n%), .B(mlD). .¥{ml®) 1;
INV U228 { A{n2D), _¥iNi) |;
NaNDZ U29 { (A{insig), .EB{=2], .¥{n20] ]:
NV U3l { _af(nil), .¥{N3l 1;:
NaNDZ U3l { (A{im=ig). .Bi{=l], .¥{m2l] 1:
INV U32 { _a{ni2], .¥{N2] |;:
NANDZ U33 { (Al{insig). .B{=0], .¥({n2Z] 1:
endmodul &

):

I

wire =0, =1, =2, N2, N3, M4, N5, n%, nld, nll, nld4, nlS5, nls, nol?7, nlB,

VAMFFGEN*Y =0 _reg | _next_statei{nld), .clocked_on{clk], .force_00(nll],
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No Asynchronous Sets

/¢4 Werilog HODL for , "me=4" "kehawicrcal"
f4 Four inm a cow detectm: — allen Tannerc

module sesd {(clk, clr. insig, =awd];
input clk, clz, in=ig;
cutput zawd ;

Teg n=0; A4 inmitial =tate, =maw at least 1 =ero
reg =l; // =maw 1 ome
reg =2; f4 =maw 2 ones
reg =3; f4 =aw 3 ones
reg =4 ; /¢ =aw at least, 4 ones
wire =0; A4 alias for !'m=so (n=l used to awoid FFSEN in behistco]
assign =0 = In=0;
always=s 2 {posedge clk or posedge clrl /¢ =tate register
kbagin
if (clc)
bagin
n=0 &= 1*kL0
=l == 1*k0D
=2 &= 1*'k0
=3 &= 1*kL0
=4 == 1*'kL0
end
el=e
bagin
n=0 &= ~{i{=0 | =1 | =2 | =3 | =4 & !in=igl;

=l &= =0 & ins=ig;
=2 &= =1 & in=ig;
=3 &= =2 & ins=ig;
=4 <= =3 & insig

| =4 & insig:

That’s better

module seed | clk, clr, insig, sawd |;
imput clk, clr, insig;
output sawd;

wire nsb, NO, N1, N2, M4, N5, nl, n% nl0, nll, nlZ, nl3, nld, nolS;

DFF =4 _regq { .D(NS], .CLE(clk], .oCLR(nl], .Q{(sawi], .QB(n%] |;:
DFF =3_reg ( .D{NZ], .CLE{clk), .oCLR{mll, .QE(nll] ];
OFF =2_req { .D(N1], .CLE(clk], .oCLR(nll, .QE(nl0] );
DFF =l _reg { .D(NO|, .CLE(clk], .oCLR{nll, .QE(nll] );
OFF ns0_ceg { .D{N4), .CLE{clk], .nCLR{nl], .Q{n=0] );

{.
IV ul? | .A(clc), .¥iol] 1;

AT Ul3 { .A(m9), .B(ml2), .Ci(nl3), .¥(NS] ];
JaT Uld ( _A{nld), .E{nl5), .C{nl3)], .¥i(M4] ;
wano? Ul { Al(ns0), .EB{nlZ], .¥inlS) 1;

NAaNDi Ule | .A(nlD), .BE(nd), .Cinll]l, .¥i{nld4] 1;
WORZ ULT { .A{nl3), .B{nlQ), .¥(M2] );

NOR2 UL® [ .A(ml3), .B(mll), .¥{N1) );

NoRZ U9 { .A{n=0)., .E(nl3]. .¥{MO] ;

IV 020 { .A{in=ig), .¥(nl3] |;

encdmodule




nchronous Clear

A4 Werilog HDL for "ax", "seed4" "bhehawioral®
4 Synchroncus clear — Allen Tanner

module =esed (clk, clc, insig, sawd]; Llnk
inmput clk, <lc, in=sig:
cutput =awd;

T eg =0; A4 initial =tate, =maw at least 1 ==rao
reg =1; S =maw 1 one
reg =2; J¢ =aw 2 ones
reg =3; /Y =maw 3 ones
reg =4; /4 =aw at least, 4 ones
alway=s B {posedge clk) /4 =tate register with =ynchronous clearc
begin
if {clzcd
kbegin
=0 = 1*'k1
=1 == 1*k0D
=2 <= 1'kD
=3 == 1*'kD
=4 == 1*'k0
ernd
=l=ze
kbegin
=0 = (=0 | =1L | =2 | =3 | =4) & linsig;
=l <= =0 & insig;
=2 &= =1 & in=sig;
=3 &= =2 & in=sig;
=4 &= =3 & ins=sig
| =4 & insig:
endl
end
as=ign sawd = =4;
endmodule

nchronous Clear

mocdule =eed { clk, clt, insig, =sawd |;

input clk, clc, imsig;

ocutput zawd;

wire N9, NLO, W11, M12, W13, nZ, nl®, nl®, n20, n2l, n22, nl3, n2d, oG,
ni6, nd7, ni8, netl?, netll, net®, net?;

DFF =4 _reg { .D{N13}), .CLK{clk], .nCLR{nl], .Q{sawi], .QB{met®] |;
OFF =i_reg { .D(N12]), .CLKE{clk), .nCLR(n2), .QE(m=t9%] |;
DFF s2_reg { .D{N1l), .CLE{clk], .nCLR{nZ), .Q{metll]). .QE{nl%] ];
DFF =l_reg { .D{N10), .CLE{clk], .nCLR{nZ), .QE(nl8] ];
DFF =0_reg { .D{NY9), .CLE{clk], .nCLR{nZ), .Q{nmetll]), .QE{n20] ];

TIEHI U2l { .¥({n2] J;
NANDZ U22 { .A{m2l), .B{

NANDZ U23 { .A{n23), .B{n24), .¥{n22] ]:

INV U24 { .Af{insig), .¥(n24] J;

NaND3 U25 { .A(n25), .B{olB), .Ci{nZ&), .¥in23) );
NORZ U26 { .A{netli), .Bi{metll]), .¥{ni®6] ]:

NORZ U27 { .A(nZ5), .B{ni7]. .¥Y{NLl3] 1;

INV U28 { .A({n28), .¥(n25) J;

NANDZ U29 ( .A{net®)., .Bi{met®]., .¥ini8] 1;

NORZ U30 { .A(n27), .B{nl®], .¥{N1Z] 1;

NORZ U3l ( .A(n27), .B(nl8]., .¥(NM1l] I;

NORZ U32 ( .A(n27), .B(ni0], .¥(M1O] 1;

NaNDZ U33 ( _A{ilnsig), .B(nill. .¥{n27] ];

NV Uid ( .Afclc), .¥(n2l) J;

endmodule

n2d], .Y(N9) )
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Synchronous Clear

Baseline = 3,808,400ps
Cursor-Baseline = 223 600ps

Cursor v 1,000,000ps 2,000,000ps

33
54

B » Is asynchronous clear really
asynchronous?

» What about set-up & hold with respect to
clock edge? .

ROM vs. Verilog

name Tom moduls mywords(adds, chac);
32 characters of =ix bits each inmput [4:0] addr;
S output reg [5:0] char;
always @(addc)
begin
" cas={addr)
E ‘h00 : char = 'hO0 ; //
‘hOl : char = 'hO0 ; //
L ‘h02 : char = 'h2% ; // H
L ‘h0D3 : char = 'h35 ; // E
s} ‘hi4 : char = *hic ; // L
‘h0S : char = 'h2c : // L
W *h06 : char = 'h2F : // @
*h0? : char = 'h00 ; //
Q ‘h0D8 : char = 'h37 ; // W
R ‘h09 : char = 'h2F ; // @
I *hoa : char = *h32z ; J/ R
i) *hOB : char = ‘h2Cc ; // L
*hoc : char = 'h24 ; S/ O
‘h0D : char = *h00 ; //
‘hDE : char = 'hO0 ; //
‘hOF : char = 'h00 : //
‘hl0 : char = 'h00 ; //
*hll : char = 'hO0 ; //
*hl2 : char = 'h33 ; // &
S ‘hl3 : char = ‘h35 ; // E
E ‘hld4 : char = *h34 ; // T
T ‘h15 : char = *hO0 ; //
‘hl6 : char = 'hiD : // M
M *hl? : char = 'h25 : // E
‘hl8 : char = 'h00 ; //
E ‘h19 : char = 'h26 ; // F
*hla : char = *h32 ; J/ R
F ‘hlE : char = 'h2% ; // E
B *hlc : char = 'h25 ; // E
E ‘hlp : char = 'hO0 ; //
‘hlE : char = *h00 ; //
E ‘h1F : char = 'hOO ; //
endcase
end
endmodule // mywords




ROM vs. Verilog

R
S
ey
SRR A Y

ROM vs. Veriloo

64 characters (upper case, mumbers and a few special characters, no lower casel

Thiz file iz taken from the Free Software Foundation

Modified for ugly & q, G, A

groups of § bits with tristate cutput

Allen Tanner University of Utah CS6710

12032128 8
000000000000010000001010000010L000000100000110000000110000001100000000L000001000000000000000000000000000000000000000000000000000
QOOOO00000000L000000L0100000L0L00000111100011001000100100000010000000100000001000000010000000L00000000000000000000000000OO0000L
00QO0000000001000000L01000011111000L01000000001000010100000010000000L0000000001000010L0100000100000000000000000000000000000000L0
QOOOO00000000L00000000000000L0L0000011100000010000001000000000000000L000000000L000001LL00001LLLLO0000000000111110000000000000100
QOOOO000000000000O0000000001LLLLO0000101000010000001010L000000000000L000000000L000010L0L00000L000000LLO0000DOO000000000OO0L000
QOQOOO000000000000000000000010L0000L1110000100110001001000000000000001000000010000000L000000010000000L00000000000000110000010000
QOOOO00000000L00000000000000L0L000000100000000110000110100000000000000L00000100000000000000000000000L000000000O0000110000000000
QOOOO00000000000DOO0000000000000000000000000000000000OOOO0000000HHOOOO0000000OODODO000000000000000000000000O0000000OOOOOOO00
00001110000001000000111000011111000000100001111100000110000111110000111000001110000000000000000000000010000000000000100000001110
000L000L0000L1L0000010001000000L000000110000100000000100000000001000L000L00010001000011000000LL0000000L000000000000001000001000L
000L000L00000100000000010000010000001010000111100001000000000010000L00010001000100001100000011000000L00000011111000000 1000000001
000L000L00000L00000000L0000000L0000L001000000001000111100000010000001110000011LL0000G00000000000000L0000000000000000001000000L0
000L000L0000010000000L000000000L000L1111000000010001000100000100000L000L00000001000011000000LL000000L000000111110000001000000100
000L000L00000100000010000001000100000010000100010001000100000100000L000L000000L0000011000000010000000L0000000000000001 0000000000
0000111000001L1100001111100001LL0000000100000111000001110000001000000111000001100000000000000L00000000010000000000000100000000100
Q0QOOO00000000000000000000000000000000000000000000000000000000000RROOOO000000000DODD000000000000000000000000000000000ODOND00D
0000L1L00000LL100001111000001LL0000L1110000111110001111100001L10000L000L0000111L000000LL10001000L000L000000010001000100010000L110
000L000L00010001000010010001000L00001001000100000001000000010001000L000L000001000000001000010010000L000000011011000110010001000L
00QOOO0L00010001000010010001000000001001000100000001000000010000000L0001000001000000001000010100000L000000010101000110010001000L
0000LL0L0001LLLL0000LLL000010000000010010001111100011110000100110001111100000100000000100001L000000L000000010101000101010001000L
000L010L00010001000010010001000000001001000100000001000000010001000L000L000001000000001000010L00000L000000010001000100110001000L
000L010L00010001000010010001000100001001000100000001000000010001000L0001000001000001001000010010000L000000010001000100110001000L
00001110000100010001111000001LL0000L1110000111110001000000001110000L000L00001110000011000001000L000LLL11000100010001000100001110
Q0QOOO0000000000D0000000000000000000000000000000000000DDOON000000RRAOOO0DD00000DDDODD00000000D0000000000000D0OO00000000ODONOO0D
0001111000001L1100001111000001LL0000L1111000100010001000100010001000L00010001000100011111000011L000000000000011100000010000000000
000L000L00010001000100010001000L00000100000100010001000100010001000L000100010001000000010000L000000L000000000G100000101000000000
000L000L000100010001000100010000000001000001000100010001000100010000L0100001000100000010000010000000L000000000100001000100000000
00011110000100010001111000001LL0000001000001000100010001000L0L0100000L000000101L0000001000000L00000000L0000000G100000000000000000
000L000000010101000101000000000L000001000001000100010001000L01010000L01000000100000010000000L00000000010000008100000000000000000
00010000000100100001001000010001000001000001000100001010000110110001000100000100000100000000100000000001000000100000000000000000
000L00000000L1010001000100001LL0000001000000111000000100000L0001000L000L0000010000011111000011L0000000000000111000000000000L111L
QOQOOO0000000000O0000000000000000000000000000000000000000000000000AAO0O00D00000OODOOD00000000000000000000000000000000000DOO0000
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ROM vs. Verilog

ROM vs. Verilog

1/ Verilog BOL for "ax', "charl0" "hehevioral”

//2Chazacter generator rem

/64 characters (upper cass, mumbers and a few special charactsrs, ne Lover casel
[/ /This file is token from the Free Software Fourdation .
|/ odified dor ugly &, 0, G, & LI nk
//groups of & bits with tristate output

[/ /AlLen Tenner University of Utah CS6710

odule charlQ{ROM row, nQEQ, nOE8, nOEl6, nQE24, nQE32, nOE40, nOE48, n0ES6, nOE6G4, nOE7Z, nOERD, nOERS, nQEY6, nOELQ4, nOE1l2, mOELZD, T);
input. [4:0]ROM_tow;
input nOED, mQES, nOELS, noE24, nOE32, mOEAD, mOER, nOESS, nOE64, nOE?Z, mOEBD, nOES%, nOESS, nOELO4, nOELLZ, nOEL20;

output [7:0] T;

vire [1:0]  twist:
reg [127:0] Row;

always & (ROM_cowl
caze (ROM_cow)

S'h00 @ ROW = 128 L0000000000000100000010L00000L010000001000001L0000000L10000001L00000000100000100000000000000000 0000000000 00000000000000000000000:
5'h0l :I,ROW = 128B00000000000001000000L010000010L00000111L0001L00L00010010000001000000010000000L0000000L0000000L000000000000000000000000000000000
5'h02 TROW = 128°L0000000000000100000010100001111100010100000000100001010000001000000010000000001000010101000001000000000000000000000000000000001
5'h03 : RGW = 128H0DD000000D0D010000000000B000101000001110000001000000100000000000000G1000D000D01000D01110000111110000000000011111000000000000010!
S'h04 @ ROW = 128 K0000000000000000000000000001LL110000010L0000L0000001010L000000000000L000000000L000010L0L000001000000LL0000000000000000000000L00:
5'R05 © ROW = L28°L00000000000000000000000000001010000111100001001L00010010000000000000010000000L0000000L000000010000000L000000000000001100000L000!

5'h06 - ROW = 128°L0000000000000100000000000000101000000100000000110000110100000000000000100000100000000000000000000000100000000000000011000000000!
S'h07 @ RAW = 128 L0000000000000000000000000000 0000000000 00000000000000000000000 0000000000 00000000000000000000000 0000000000 00000000000000000000000:
S'h08 @ ROW = 128L0000LLLOO000010000001LL00001LL11000000100001L11L00000110000111L10000111000001LL000000000000000000000001000000000000010000000L11:

5°h08 128°B0001000100001100000100010000001000000110000100000000100000000001000100010001000100001100000011000000010000000000000001000001000
5°'h0A 128 *B0001000100000100000000010000010000001010000111100001000000000010000100010001 000100001100000011000000100000011111000000100000000.
S'hUE 128 B0001000L0000010000000010000000L0000100100000000L0001111000000100000011L000001LL1000000000000000000010000000000000000000L000000L
S'hiC 128*B0001000L000001000000010000000001000111110000000L0001000100000100000L0001000000010000110000001L000000L00000011LLLOO0000L00000010
5'hiD 128*B0O001000100000100000010000001000100000010000100010001000100000100000100010000001000001100000001000000010000000000000001000000000
S'hUE 128B0O000LLL0000011L0000LL1LL00001L10000000100000L1100000111000000100000011L000001L0000000000000010000000001000000000000010000000010

S'hOF @ ROW = L28L0000000000000000000000000000 0000000000 00000000000000000000000 0000000000 00000000000000000000000 0000000000 00000000000000000000000:

5°hl0 128°B0O000111000001110000111100000111000011110000111110001111100001110000100010000111000000111000100010001000000010001000100010000111
5'hll 128 *B000100010001000100001001000100010000100100010000000100000001000100010001000001000000001000010010000 100000001101 1000110010001000.
S'hl2 128 B0000000L000L000L0000L00L000L00000000100L000100000001000000010000000L000100000L00000000L000010L0000010000000101010001100L000L000
5hld 128'B0000L10L000L11L100001110000L00000000100L0001L11L0001111000010011000L111100000L00000000L00001100000010000000101010001010L000L000
5'hl4 128B0001010100010001000010010001000000001001000100000001000000010001000100010000010000000010000101000001000000010001000100110001000
Sh1S 128B0O001010L000L00010000L001000L00010000100L00010000000100000001000L000L000100000L00000L00L0000100100001000000010001000100LL000L000

S'hl6 @ ROW = 128 'L0000LLLOO00LO00L00OLLILLO0000LL10000111100001L11L0001000000001LL0000L000L00001LL000001L00000L000L0001L1110001000L000100010000L11:

5'h17 128 *B0O00OO00OO00DD0DO0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
5°'hl2 128 *B0001111000001110000111100000111000011111000100010001000100010001000100010001 0001000111 11000011100000000000001110000001000000000!
S'hl8 128 B0001000L000L0001000L0001000L000100000L00000L000L0001000100010001000L000100010001000000010000100000010000000000L00000L0L00000000
S'hla 128*B0001000L000L000L000L000L000L000000000L000001000L000100010001000L000010L000010001000000L0000010000000L000000000L0000L000L0000000
5'hlE 128°B0001111000010001000111100000111000000100000100010001000100010101000001000000101000000100000010000000010000000010000000000000000
S'hIC @ 128 B00010000000L0101000101000000000100000L000001000L00010001000101010000101000000L00000010000000100000000010000000L0000000000000000

S'hlD @ ROW = 128 L00010000000L00L0000L00L000010001000001000001000L0000L010000110L1000L000L00000L00000100000000100000000001000000L0000000000000000:

5'hlE 128+B0O001000000001101000100010000111000000100000011100000010000010001000100010000010000011111000011100000000000001110000000000001111
5°'hlF 128 *KE000D000000D0DDOODD00RODDORDO0DOODOORORDDO0DD0DEODDODOOD00DODDDODD00EODDODDO0DOODRODDODD00DEODDORDRDDC0D00DDODD0DOO0D0ODODDDOD0D!
endcaze
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assign twizt = {8{ nOED}}
{8{ noE8}}
{2{ noEl6}}
{a{ naE24}}
{8{ ngE32}}

& ROW[ 7: O]
& ROW[ 15: 8]
& ROW[ 23: 16]
& mow[ 31: 24]
& ROW[ 39: 32]
{8{ noE4D}} & ROW[ 47: 40]
{8{ noE4s}} & Row[ 55: 48]
{8{ noES6}} & ROW[ 63: 56]
{8{ noE64}} & ROW[ 71: 4]
{8{ noE72}} & ROW[ 79: 72]
{8{ noE20}} & ROW[ 87: 80]
{8{ noE2E8}} & ROW[ 95: B8]
& ROW[LD3: 96]
& ROW[111:104]
& ROW[119:113]
& ROW[127:120]

{2{ noEas]}
{8{nOELO4]}
{8{n0E112}}
{2{noEl20}}

as=sign T = {twist[0], twist[1], twist[2], twist[3], twist[4], bwist[5], twist[6], twist[7]]};

=ndmodule /7 charl0

ROM vs. Verilog




