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ABSTRACT:  This paper describes the development of a computer based teaching software module, called DigiTrace.  DigiTrace is 
designed to simulate the operation of a digital logic circuit, by displaying the visual trace of the logic level signals throughout the 
simulated circuit.  The DigiTrace module forms an addition to an existing software suite, developed by the author, for teaching 
digital logic circuit design.  This complete software suite is known as WinLogiLab.  WinLogiLab, was initially developed to perform 
digital logic design.  Feedback from the student users of the software, indicated that it would be beneficial to include final 
simulation capabilities to the software suite.  Although the DigiTrace module performs similar tasks to existing software for digital 
logic simulation, the existing software is not compatible with our already designed and successful teaching suite, WinLogiLab. 
 

 
 

INTRODUCTION  

Computer based education is used extensively in the electrical 
engineering subjects lectured by the author.  Within the 
introductory digital logic subject, students are expected to 
become proficient in the design of combinatorial digital logic 
circuits.  To design the digital logic circuits, the students are 
required to master the concepts of Boolean algebra, truth 
tables, and logic minimisation techniques.  The author has 
previously developed a suite of educational software, called 
WinLogiLab, that performs these design techniques, as step-by-
step tutorials [1,2,3]. 
 
To asses the educational use of the WinLogiLab suite, the 
preliminary modules of the suite were incorporated as part of 
the digital electronics curriculum in a second year subject.  
Student feedback indicated the software was educationally 
useful, beneficial to their studies, and that it conveyed the 
desired information.  The feedback also provided valuable 
suggested improvements [1,2,3]. 
 
A distinct theme in the suggested improvements, indicted that 
it would be beneficial to add capabilities to perform the final 
testing of the designed circuit.  This required a software 
module that performs circuit simulation.  The simulation is 
performed by displaying the trace of the digital logic signals 
through the circuit.  The tracing of the logic levels through the 
circuit is sufficient visual indication of the circuits function. 
 
This paper thus presents the development of this additional 
software module, called ‘DigiTrace’.  The DigiTrace module 
allows the user input of a digital logic circuit, or the retrieval 
from disk of a saved designed logic circuit.  The  DigiTrace 
module will then simulate the logic circuit operation, by 
tracing the logic level signals throughout the user supplied 
circuit.  The logic tracing is provided by simulated LED 
displays, and via displayed square wave pulses. 
 

 

 

EXISTING DIGITAL SIMULATION PACKAGES 

From the initial development of the WinLogiLab Digital Logic 
teaching suite, logic circuit simulation was not considered.  
This was due to the numerous existing, and successful, 
commercial and shareware digital logic simulation packages. 
 
Some examples of the existing Digital Simulation software are: 
Logic Works [4], Logisym [5], The SIMIC Logic simulator 
[6], Electronics Workbench [7], and WinPSpice Mixed Mode 
Simulator [8]. 
 
The use and operation of the above listed software examples,   
are also introduced within the Author’s introductory digital 
logic lectures.  Although these similar commercial and 
shareware digital logic packages are available, they are not 
compatible with our Windows based circuit design learning 
environment WinLogiLab.  Thus the circuits produced by the 
WinLogiLab suite do not readily link with these commercial 
and shareware packages.  The developed DigiTrace module 
enables students to directly simulate the designed circuits in 
WinLogiLab, without requiring the additional effort of 
transferring the designed circuit to alternative simulation 
software. 
 
DESIGNED SOFTWARE 

The DigiTrace software module provides the user input of a 
digital circuit, and displays the visual trace of the logic levels 
through each component of the circuit. The logic levels are 
indicated by simulated LED lights.  A red light represents a 
logic low (0), and a green light represents a logic high (1).  
 
There are one to four inputs included within the circuit, and 
these inputs can have varying logic levels.  Thus the logic 
levels throughout the circuit can be traced through for all 

 



  

  

possible combinations of the input logic levels.  The flow 
diagram of the software structure is shown in Figure 1.  

Figure 1:  Flow diagram of the DigiTrace Software 

 
The software can take as input a digital logic circuit designed 
by one of the other software modules, [1,2,3].  Alternatively 
the software allows the user to enter their own circuit 
schematic, using the toolbar design icons and the mouse 
pointer.  An example screen image of a user input logic circuit 
is shown in Figure 2.  The example also shows the LED lights 
tracing the logic levels through the circuit. 
 

 
Figure 2:  Example Circuit input with logic level traces 

 

The user can manually modify the logic inputs by using the 
mouse to press the buttons available on the input boxes.  
Alternatively, each consecutive sequence of input logic levels 
can be stepped through by use of the Stepping Controls.  An 
example of the controls available to the user to select the 
current input logic levels is shown in Figure 3. 
 

 

Figure 3:  Example user selectable logic level input controls 
 
If the user desires a complete list of all inputs and the 
corresponding outputs, then the Trace - ALL Inputs menu item 
will provide this function.  On this selection, the Trace of ALL 
Inputs windows opens to display the complete trace list.  An 
example screen image of the Trace All Inputs  window is given 
in Figure 4. 
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Figure 4:  Example of the Trace ALL Inputs window 
 

The Trace ALL Inputs list is actually a different form of the 
input logic circuits truth table.  The truth table is used in the 
initial design of the logic circuit, specifically by the other 
software modules [1,2,3].  Therefore the Trace ALL Inputs list 
can be used to compare against the original design 
requirements, and check for correct logic circuit function. 
 
The Trace ALL Inputs provides a list of all the possible inputs, 
with the corresponding outputs.  If the user desires a more 
complete list of the digital logic levels from each component in 
the circuit, from all the possible input logic levels, then the 
Timing window can be used.  An example screen image of the 
Timing window is given in Figure 5.  Note that all the 
individual logic gate components of the circuit are listed in the 
timing window, as well as the variable inputs and logic output. 

 

 



  

  

Figure 5:  Example of the Timing window  
 

The previous Trace ALL Inputs window, displays the logic 
levels as coloured LED lights.  However the Timing window 
uses digital square wave pulses.  In this case a peak in the 
wave represents a logic high (1), and the base line represents a 
logic low (0).   
The Timing window’s logic waveform output is within the 
more conventional square wave form.  This square wave form 
is also the output display obtained from many commercial and 
shareware logic simulation packages  The inclusion of this 
conventional output format was incorporated to allow this 
modules output to be compatible to the existing simulation 
software. 
 
 
CONCLUSION 

This paper presented  the development of a software module, 
called ‘DigiTrace’, that forms the final phase of an existing 
computer based educational software suite called 
‘WinLogiLab’.  The DigiTrace module completes the software 
suite, by providing the simulation of a digital logic circuit.  The 
simulation is performed, by tracing the logic level signals 
throughout the user supplied input circuit. 
Although this software module performs similar tasks to 
existing software for digital logic simulation, the existing 
software are not compatible to our implementation and 
successfully trialed circuit design learning environment 
WinLogiLab. 
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