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5.1 System Tasks

• 5.1.1 $display, $monitor, and $fwrite
– $display is a simple printing task that prints out its variables 

wherever it is present in the code.
– $monitor prints out its variables only when they change.

– Unlike $display and $monitor, which output data to the console, 
$fwrite writes the formatted data to a log file



5.1 System Tasks

• 5.1.2 $time 
– It can return the specific simulation time when used in $display 

and/or $monitor tasks. 
• When data checking fails, use a testbench to print out debug 

messages with specific simulation time. This helps to locate exactly 
when and where bugs occur in the simulation waveform.



5.1 System Tasks

• 5.1.3 $finish and $stop 
– $finish task terminates the simulation
– $stop task pauses the simulation.

 



5.1 System Tasks

• 5.1.4 $dumpfile and $dumpvars 
– $dumpfile task is used to create a waveform file that records 

all signal changes during simulation. 
• Siemens ModelSim:.vcd format, Debussy/Verdi: .fsdb format.

– $dumpvars task specifies signals should be included in the 
waveform. 

• ``0'' includes all signals in the current module and in any lower-
level instantiated modules, 

• ``1” : only signals in the current module. 



5.1 System Tasks

• 5.1.5 $readmemh and $readmemb 
– A memory array can be declared as an array of registers that is as 

wide as the reg declaration and as deep as the number of reg 
arrays.

• Ex: declare a register array with the width in bytes (reg [7:0]) and the 
depth of 256 (mem[0:255] from indexes 0 to 255).

– The memory array can be loaded from 
a text data file (array.txt) using the system task 
$readmemh (in hexadecimal) or $readmemb (in binary). 

• The task is to load the hexadecimal value 8’h00 into memory location 
``mem[0]'', the value 8’h01 into ``mem[1]'', the value 8’h02 into 
``mem[2]'', and so on, until the final value 8'hff is loaded into 
``mem[255]''.



5.1 System Tasks

• 5.1.6 $random and $urandom
– $random can generate both signed and unsigned random 

numbers
– $urandom specifically generates unsigned random numbers. 
– ``seed'' is an optional argument that specifies the seed for the 

random number generator.
– Typically, the $random and $urandom system tasks are 

utilized in combination with initial or always blocks within 
Verilog testbench.

 



5.1 System Tasks

• A testbench Example Using System Tasks
– Design instantiation
– Waveform dumping
– Bus functional model
– Monitor
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5.2 Compiler Directives

• 5.2.1 `define vs. parameter
– A `define can be used to define a ``global'' text macro that 

applies to all modules being compiled. 
– A parameter is typically used inside a module to 

parameterize an attribute for that module alone. 
– Main difference: 

• `define is a text substitution mechanism
• parameters are actual variables that can be assigned 

different values when instantiating a module. 



5.2 Compiler Directives

• 5.2.2 `ifdef-`else-`endif
– Conditional compiler 

directives in Verilog HDL 
allow optional inclusion of 
certain lines of code during 
compilation.

– Others
• `ifndef
• `elsif 



5.2 Compiler Directives

• 5.2.3 `include
– allows the entire contents of a source file to be inserted into 

another file during Verilog compilation.



5.2 Compiler Directives

• 5.2.4 `timescale
– `timescale unit/precision
– Example, time unit is 1ns and simulation has 1ps precision
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5.3 Functions and Tasks

• Functions vs. Tasks
– Tasks are invoked in a non-blocking manner, meaning that their 

execution does not hinder the progress of the rest of the code.
– Conversely, functions are blocking, and they must complete 

their execution before the remaining code can proceed.

• 5.3.1 Functions
– Cannot include delay control statements, such as @posedge, 

@negedge, # delay, or wait(). In other words, a function must be 
executed with zero time delay.

– Can have one or more input arguments but cannot have any 
argument declared as output or inout. A function is designed to 
return a single value to the calling function.

– Cannot enable tasks. In other words, functions cannot be used 
to trigger or initiate tasks.



5.3 Functions and Tasks

• 5.3.1 Functions
– A. IEEE 754 Format

– B. Function of IEEE 754 to FP Conversion



5.3 Functions and Tasks

• 5.3.1 Functions
– C. Call the Function in testbench



5.3 Functions and Tasks

• 5.3.2 Task 
– Can include delay control, such as @posedge, @negedge, 

#delay, and/or wait().
– Can have any number of inputs and outputs.
– Can call other tasks or functions.



5.3 Functions and Tasks

• 5.3.2 Task 
– A. Tasks of Bus 

Control 
Operations
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5.3 Functions and Tasks

• B. Call the Tasks in 
testbench
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5.4 Verilog Delay Control

• Delay control: delay and event expressions
– Delay expressions:

• Can be used to model the propagation delay of signals 
and specify timing constraints. 

• However, timing descriptions that use delay expression 
are not synthesizable. 

– Event expressions:
• Can be used to specify events that trigger a block of code
• Can be used to model combinational/sequential logic and 

to synchronize events between different design/simulation 
modules.



5.4 Verilog Delay Control

• 5.4.1 Delay Expression
– Introduces a delay before executing the following 

statements in Verilog. 
– Its syntax is ``# delay value''. The delay value for each 

statement is based on the time unit defined in the 
`timescale directive.

– Nonsynthesizable 



5.4 Verilog Delay Control

• 5.4.2 Event expressions:
– A. posedge and negedge events

• Synthesizable design: flip-flops/registers
• Testbench: allows the signal ``a'' to be synchronized within the 

clock domain.

– B. level events:
• Synthesizable designs: combinational logics and latches
• Testbench: In a testbench, a wait statement can be used to add a 

delay until a condition becomes TRUE. It is commonly used to 
synchronize signals across different blocks or modules. 
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5.5 Automated Simulation Environment and 
Verilog Testbench

• Verilog Design on Testbench 
– Verilog HDL is a versatile language that enables us not only 

to describe hardware modules but also to create 
testbenches for the purpose of verifying the functionality of 
those design modules. 

– The primary objective of a testbench is to simulate the 
behavior of the design module under specific input stimuli in 
order to validate its correctness

– The simulation results can be further analyzed using 
waveform viewers to visualize signal behavior and ensure 
that the design functions as intended.

– Simulators:
• Synopsys VCS, Cadence NC-Verilog, Siemens EDA Modelsim



5.5 Automated Simulation Environment and 
Verilog Testbench

• 5.5.1 Structured Project Directory
– The project directory can grow in complexity, encompassing 

a multitude of files such as design code, testbenches, 
constraint files, scripts, golden models, and various files 
generated during simulation and synthesis. 

– Simulation and debugging often involve repetitive tasks.



5.5 Automated Simulation Environment and 
Verilog Testbench

• Establish A Basic Simulation Environment
– A. dut, tb, and filelist: 

• ``dut'' folder contains all the ``.v'' design files.
• ``tb'' folder contains the testbench.
• To keep track of all design files and the testbench, a ``filelist.f'' 

file is located in the ``filelist'' folder.
– Ex: ``../dut/FP_adder.v'' and 
``../tb/tb_FP_adder.v''.



5.5 Automated Simulation Environment and 
Verilog Testbench

• Establish A Basic Simulation Environment
– B. sim and syn: 

• The TCL script for automating simulations is located in the ``sim'' 
folder, while the synthesis project is located in the ``syn'' folder.

– C. constraint:
• The constraints file, also known 
as the Xilinx Design Constraints file 
(XDC file), is used to inform the 
software about the resources 
(such as physical pins, switches, 
buttons, VGA interface, LEDs, 
etc.) that will be used or connected 
to the HDL design in the FPGA. 
• Ex: Nexys-4-DDR-Master.xdc 
for the AMD/Xilinx Nexys 4 FPGA.



5.5 Automated Simulation Environment and 
Verilog Testbench

• Establish A Basic Simulation Environment
– D. golden: 

• golden models: C, Matlab, etc. can be embed with API/DPI in testbench
• golden results: inputs -- 0xE0E22B56 and 0x618C06A1 (-

1.30377713877e+20 and 3.22877729169e+20), output -- 0x6126F797 (in 
decimal representation is 1.92500015293e+20



5.5 Automated Simulation Environment and 
Verilog Testbench

• 5.5.2 Automated Simulation Testbench Utilizing BFM 
and Monitor
– Design-under-test instantiation (DUT)
– Bus function models (BFM) to drive and respond to the design
– Monitor to check the results.



5.5 Automated Simulation Environment and 
Verilog Testbench

– Another option is to embed 
golden models, such as C code 
and Matlab code, into the 
Verilog testbench 

• BFM randomizes the input 
stimulus and feed them into 
both the DUT and the golden 
model simultaneously 

• The results from the golden 
model serve as the expected 
output, which will be compared 
to the DUT results to determine 
testing success or failure. 

• Since the golden model doesn't 
incorporate clock timing, the 
monitor must control the 
comparison at specific clock 
cycles.



5.5 Automated Simulation Environment and 
Verilog Testbench

• 5.5.3 Verilog Design on Automated Simulation Testbench
– Ex: The design is a single-precision FP adder that takes one clock 

cycle for each addition
– A. Load Memory Array and Instantiate Design-under-Test



5.5 Automated Simulation Environment and 
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• 5.5.3 Verilog Design on Automated Simulation Testbench
– A. Load Memory Array and
Instantiate Design-under-Test
– B. Bus Functional Model



5.5 Automated Simulation Environment and 
Verilog Testbench

• 5.5.3 Verilog Design on Automated Simulation Testbench
– C. Monitor and Test Plan

• IEEE-754 standard, a single-precision FP number is stored in 32 bits and can 
be divided into a sign bit (the MSB), an 8-bit exponent (the middle 30-23 
bits), and a mantissa of 23 bits (the least significant 22-0 bits). 

• The sign bit and exponent bits must be exactly the same. 

• The comparison of mantissa bits involves four tolerance levels: 
– m: error tolerance #0 requires all the mantissa bits to be the same; 
– n: error tolerance #1 requires only the least significant 22-4 bits to be the 

same; 
– o: error tolerance #2 requires the least significant 22-8 bits to be the 

same
– p: error tolerance #3 requires the least significant 22-16 bits to be the 

same. 
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5.5 Automated Simulation Environment and 
Verilog Testbench

• 5.5.3 Verilog Design on Automated Simulation Testbench
– C. Monitor and 
Test Plan



5.5 Automated Simulation Environment and 
Verilog Testbench

• 5.5.3 Verilog Design on 
Automated Simulation 
Testbench
– D. Simulation Log:
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