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HDL Modeling Approaches

* Modeling approaches

— Structural low level of abstraction
e could also be represented by a schematic
— Dataflow

— Behavioural high level of abstraction
e requires tools to synthesize into circuits



Structural Modeling

e Uses instances
— of primitives (gates)
— or modules

e and connectivity
— e.g. wires

inl

e Example:

in2

— and al (e,inl,in2)

in3

al

o

— or ol (out,in3,e)

out



Primitives

e predefined

— and, or, xor, and, nor, xnor
e 1 scalar output followed by multiple scalar inputs
eeg.and al(e, a, b, c, d)

—e=ab-cd
— identifier al is optional

— not, buf, bufifl (tri-gate),...
e 1 scalar output, 1 scalar input, (1 scalar control)
e user-defined

— uses tables



Gate-level Modeling - Example

modnle full adder(sum, c out, a, b, c in);
ontput sum, c out;
input a, b, c in;
wire =1, cl, c2;

xor (=1, a, bB):

and (cl, a, b):

xor (sum, =1, c in});

and {(c2, =21, c _in):

or (c_out, c2, cl}:
endmodnle



Time Units

e can specify delays for gates and signals
e delays are dimensionless

— can specify dimensions with compiler directive
 e.g. timescale 1ns/100ps

— delay unit is 1ns, 0.1ns rounding precision

e delays are specified using ‘#



Transition Delays

Rise Delay Fall Delay
e Transition to 1 from another ¢ Transition to O from another
value (0O, x, z). value (1, x, z).
— 1 1, xo0rz
0, xorz
0
t_rise t_fall
Turnoff Delay

* Transition to z from another value (0, 1, x).



Transition Delay Examples

buf bl (out,in)

buf #(5) (out, in)

buf #(3, 5) (out, in)
buf #(3, 4, 5) (out, in)

rise = fall = turnoff =0
rise = fall = turnoff =5
rise = 3, fall = 5, turnoff = 3
rise = 3, fall =4, turnoff =5



Delay Settings

e Min/Typical/Max

e Example:
— and #(2:3:4, 3:4:5, 4:5:6) a(out,inl,in2)



Simple Example

e d=a-b+c module simple(d, a, b, c);
output d;
input a, b, c;
wire wl;

and #1 gl(wl, a, b);
or #2 g2(d, wl, c);
endmodule
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Simple Example

e d=a-b+c module simple_ tb;
reg a, b, c;
wire d;

simple mi1(d, a, b, c¢);

n
b = 1"bl; ¢ = 1"b0;
1

endmodule
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d=ab+c

VAV

Moy

10 ns

e #0 a=0, b=1, c=0
e #5a=1, b=1, c=0




Modules

e nstantiation
— modules instances must have identifiers

— port mapping
e implicitly in order
— e.g. full _adder faO(x[0], y[O], cin, z[O],
carry[1l]);

 named (the better way)

— e.g. full _adder fa0(.a(x[0])., -b(y[O]D).
.cin(cin), .sum(z[0]), .cout(carry[1]D);

e primitive and module instantiations are
concurrent

— think in terms of circuit schematics, not a software
program
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Dataflow Modelling

 Continuous Assignment
— drives a value onto a net
— e.g.assign wl = a && b;
* QOperators
— logical: ! (not), && (and), | | (or)
— arithmetic: +, -, *, /, %
— relational: <, >, <=, >=
— equality: ==, I=
— bit-wise: ~ (negate), & (and), | (or), ™ (xor), A (xnor)
— shift: <<, >>
— concatenation: {, }
— replication: {n{a}}—a is replicated n times
— conditional: ? :
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Dataflow Modelling

e Example:

—assign out = 1INl & IN2;

—assign #10 out = 1INl & 1INn2;

—assign out = sel ? Inl - 1INn2;

—assign {b[3:0],b[7:4]} = a[7:0];
 nibble-swap

—assign b[15:0] =
{{8{al71}}.al7:01}:

e sign extend from 8 to 16 bits
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Dataflow Modeling - Example

modnle adder 4 bit(sum, c out, a, b, c inj;
oatput [2:0] =um;
ontput c out;
input [2:0] a, b:
input ¢ in;

as=ign {c out, sum} = a + b + c_in;
endmodnule
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Behavioural Modeling - always vs. initial

e procedural statements start with a control
construct

— initial, or
— always
e sequential blocks
— begin, end
e parallel blocks
— fork, join
— contents run concurrently
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Behavioural Modeling - always vs. initial

initial

e Starts at t=0, runs once

initial

begin
#1 Sdisplay (“Line 1“);
Sdisplay (“Line 2);
end

Sequential Block

always

e Starts at t=0, runs
continuously

always
begin
#1 Sdisplay (“Line 1“);
Sdisplay (“Line 2);
end
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Behavioural Modeling - always vs. initial

initial always

e Starts at t=0, runs once e Starts at t=0, runs
continuously

initial
fork
#1 Sdisplay (“Line 1“);
Sdisplay (“Line 2);
join

Parallel Block
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Behavioural Modeling - always vs. initial

initial always

e Starts at t=0, runs once e Starts at t=0, runs
continuously

initial

clock = 1'b0;
always

#10 clock = ~clock;
initial

#1000 Sfinish;

e initial and always blocks execute concurrently
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Behavioural Modeling — Assignment

e Blocking assignment (=)
— Execute in the order they are specified

— Block execution of statements that follow in a sequential
block

initial begin
i=3;
j=4
#10a=i+;
i=a+b5;
j=a;

end

i=12,j=7
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Behavioural Modeling — Assignment

e Blocking assignment (=)
— Execute in the order they are specified
— Block execution of statements that follow in a sequential

block
initial begin initial begin
i=3; i=3;
j=4; j=4;
#10a=i+j; fork
i=a+5; i=j;
j=13a; j=i
end join

end

i=12,j=7 race condition
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Behavioural Modeling — Assignment

e Blocking assignment (=)

— Execute in the order they are specified

— Block execution of statements that follow in a sequential

block

initial begin
i=3;
j=4
#10a=i+;
i=a+b5;
j=a;

end

initial begin
i=3;
j=4
fork
1=];
j=
join
end

race condition

initial begin
i=3;
j=4
fork
i =#1j;
j=#1i;
join
end

i=4,j=3
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Behavioural Modeling — Assignment

* Non-blocking assignments (<=)

— Allow scheduling of the following assignments

initial begin initial begin
i=3; i=3;
j=4; j=4;
begin begin
i =#1j; i <=#1j;
j=#11i; j<=#1i;
end end
end end

i=4,j=4 i=4,j=3
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Behavioural Modeling — Timing Control

 Event-based
— always @(sensitivity list)
e runs whenever a signal in the sensitivity list changes
— e.g.
always @(a, b) begin
X <= a & b;
y <= a | b;
end

— rule of thumb: use non-blocking assignment in
always blocks
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always blocks

e use continuous assignment for combinational
logic
e use always event blocks for sequential logic

— the |hs of assignments should be a variable
e usually reg
e could also be Integer, time, real
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Procedural Select

e if ( expression) statement else statement

module mux_2x1(d, 10, 11, sel);
output reg d;
input 10, 11, sel;

always @(*) // always @(i10, 11, sel)
iIT (sel == 1"b0O)

d <= 10;
else
d <= 11;

endmodul e
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Procedural Select

e case ( expression ) {expr:stmt}+ {default:stmt}? endcase

module mux_2x1(d, 10, 11, sel);
output reg d;
input 10, 11, sel;

always @(*) case(sel)
1"b0: d <= 10;
1"bl: d <= 11;
default: d <= 1°b0;
endcase
endmodule
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Synchronous Designs

e use a clock
— in testbench
inttial clk = 1°b0;
always #10 clk = ~clk;
— Or
initial begin
clk = 0; forever #10 clk = ~clk;
end
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Synchronous Design

e sensitivity list includes an edge event
— posedge signal or negedge signal

always @(posedge clk)

e asynchronous reset?

— synthesis tools can’t combine edge events and
level sensitive events

— uSe d synchronous reset

always @(posedge clk or posedge
reset)
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Synchronous with Reset

module counter(val, en, clk, reset);
output reg [7:0] val;
input en, clk, reset;

always @(posedge clk, posedge reset)
1T(reset)
val <= 0O;
else
1f(en) val <= val + 1;
else val <= val;
endmodule
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e parameter keyword

parameter n = 16, Isb = 0,
msb = 15;

parameter [1:0] 7/ functional units
fs null = 2°b00, /7 no unit
fs alu = 2"b01, // alu
fs bra = 2"b10, // branch unit
fs Idst = 2"bl11; // 1d/st unit
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e arrays of scalar or vector wires or regs
reg [15:0] a; 7/ 16-bit register
reg [15:0] b [0:7]; 7/ eight 16-bit
registers

* indexing
input [2:0] sel;
output [15:0] Xx;
assign x = b[sel];
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Other Statements

e wait ( expression ) statement

— simulate waits for expression to become true
before executing statement

— not synthesizable
waltt((mem wr_addr==16"hfffe) &&
(mem_wr_data==16"h0001))
$stop;
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Other Statements

* generate

— instantiates multiple copies of a module

genvar 1;
generate
for(i=0; i<4; i=i+l)
full _adder fa(x[i]., Vv[i],
c_in[i], sum[i],c out[i+1]));
endgenerate
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System Tasks

e Sdisplay, Swrite

— output to console (Sdisplay appends newline)

e Smonitor

— display changes to signal list
» Sfopen,Sfwrite,Sfclose

— file 1/0O
e Sreadmemb, Sreadmemh

— read data into a memory array
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System Tasks

e Stime

— current simulation time
e Sstop

— suspend execution
e Sfinish

— end execution
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ModelSim

 Workflow
— Create project
— add files
— compile

— simulate
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Create Project

Edit View Compile Sirmulate Add Library

Library...
Debug Archive. ..

—Project Mame
|m1x_2x1

—Project Location
|chfcs4Enfpmjectftumrialfm_zxﬂ Bmwse...l

—Default Library Mame
|m:rr]{

—Copy Settings From
|h_pE_Edu_ln.1cfde15m. ini Browse...
¥ Copy Library Mappings © Reference Library Mappings

ok | cancel |
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Add ltems

 Can import existing
files or create new

 files should be of
type SystemVerilog

—Click on the icon to add items of that type: ——

] ]

Create New File Add Existing File

File Mame

|mux_2x:|l

—Add file as type

|Syﬂtem‘5i’erilﬂ-g ﬂ
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Compile

I Simulate Add |

B Compile.
Compile Dph

B System( Link...

_ i

Compile Sel # CDI[IP:?.IE f max 2xl.sv was suc aful.
i g # Compile of mux_2xl]1 th.sv feile d with 1 =rrors.
e Mod $ 2 compiles, 1 failed with 1 error.
Compile Repart. ..
Compile Summary... MaodelSim =

e check compile status in Transcript window
e double-click error to see details
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SI

File Edit View Compile |Simulate

Add Project Taols Lay
- Ii'q' %% s‘; ,i Design Optimization. .. @

¢4 %184 4| runtmeoptons.. <

Bun 3
Step k

RES_ErtI : E
5k
Break Break 1

End Simulation

e select testbench from
work directory

mulate

M Sersmiten
“ Design I WHOL ] Verilog ] Libraries ] SDF ] UtthS] ﬂ_;,|
‘1Name |Ty'pe |P‘aﬂ’1 .
- work Library C:fUsersfandrew fteachjcs450 /project tutorial
mux_2xl Module C:\Usersiandrew!teachcs450project \tutorial
mux_2x1_th Maodule C:\Usersiandrewteachcs450 project tutorial
floatfixib Library SMODEL_TECH/. . /floatfixlib
‘l mc2_lib {empty) Library SMODEL_TECH/.. /mc2_lib
mitiAvm Library $MODEL_TECH/. . favm
mtiCvm Library $MODEL_TECH/. . fovm-2.1.2
mtiPA Library $MODEL_TECH/. . fpa_lib
mtUPF Library SMODEL_TECH/. . jupf lib J
| ]
—Design Unit(s) Resolution
|H|:rrk.mux_2x1_tb ’7|default ﬂ
—Optimization
[ Enable optimization Optimization Options... |

Ean::e!l



Simulate

add waves
— can expand instances

B F -
View Dedaration

,' EALWAYSE, ., mux %1 View Instantiation

DI MBS adwme e
L] L] L] = td td
— can add individual or add ~ |=#%_ = = Ac iaveNew
] Add Wave To 3
a I I : mz!::; :z Add Dataflow Cirl+D
o Add to 3

|2 #vsim_capacity#

Copy Ctrl+C
Find... Ctrl+F

Fyniand Selected

run options:

— reset

— for specified time B el AR A |
— continue - | e
— run all
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Simulate

v A€ - B | Search | g, B

|acaan
z0om Full )

$ fmux_2w1_thfx
Q fmux_2w1_thfy
W fmux_2x1_th/sel

W /mux_2x1_thfz

e zoom interface
—in (1)
— out (O)
— full (F)
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