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Abstract— Distance learning systems, particularly 

Learning Management Systems (LMSs), have evolved from 

basic content-sharing tools into comprehensive platforms that 

support assignments, assessments, and virtual lectures. Their 

importance became especially evident during global 

disruptions, ensuring educational continuity. However, one 

major challenge in such systems is minimizing turnaround 

time, particularly in grading and verifying assignments in 

courses with large enrollments.  This paper introduces an 

automated assignment verification technique designed for 

digital logic design courses, where multiple functionally 

equivalent circuit implementations make manual evaluation 

time-consuming and inconsistent. The proposed approach 

employs a signature analysis method known as the 

Concurrent Intermediate Checking (CIC) register, which 

verifies circuit behavior at predefined checkpoints through 

diagnostic signatures. By embedding this self-testing 

mechanism into students’ workstations, the system delivers 

immediate feedback, reduces erroneous submissions, and 

enhances self-learning. Experimental validation using high-

level synthesis benchmarks demonstrates the reliability, 

efficiency, and scalability of the proposed approach, 

improving both instructional productivity and student 

outcomes in distance learning environments. 

Keywords— Medical Images, Augmented Reality, 

Visualization , 3D Reconstruction, Segmentation. 

I. INTRODUCTION 

Computer engineering curricula are designed to ensure that 

students acquire both theoretical knowledge and practical 

skills relevant to the discipline. While programming has 

become a standard component of computer science education, 

the integration of circuit design techniques in computer 

engineering courses has progressed more slowly. This lag is 

largely due to the cost and complexity of hardware design 

tools compared with software compilers [1], [2]. Courses 

such as Logic Design introduce students to sequential circuits, 

Boolean methods, and memory structures. Assignments in 

these courses should ideally include practical design tasks 

involving various digital circuits. Traditional paper-and-

pencil design approaches, however, are often error-prone and 

discouraging for students, reducing motivation and 

engagement. In contrast, the use of circuit design systems 

such as Verilog and PSpice greatly enhances learning 

outcomes. Through simulation, students can identify and 

correct design errors, increasing both their confidence and the 

quality of their work. Additionally, students gain valuable 

experience using professional tools employed in the field. For 

instructors, the use of such systems improves the readability 

of student submissions and enables automated correctness 

checking, especially in courses with large enrollments. This 

allows teachers to focus on evaluating the quality and 

efficiency of designs rather than verifying basic correctness. 

Testing VLSI circuits remains one of the most time-

consuming challenges in digital system design. Engineering 

students, besides learning how to design, also need to know 

how to test their designs effectively. Yet, only the most 

dedicated students typically pursue this skill independently. 

As modern engineers increasingly engage in System-on-Chip 

(SoC) technologies, they must have a strong understanding of 

Design-for-Test (DFT) and Built-In Self-Test (BIST) 

methodologies as applied to the Circuit Under Test (CUT) [3], 

[4]. 

A further challenge in distance learning environments is the 

significant time required to check and correct students’ digital 

design assignments, particularly in large classes. Several 

approaches have been proposed to automate or simplify this 

process. For instance, the WebAssign system [6], [7], [8] 

provides modules for automatic grading of numerical, 

true/false, and multiple-choice questions submitted as HTML 

documents. While effective for theoretical exercises, it is less 

suitable for complex circuit design tasks. 

Many studies have attempted to automate the testing of digital 

circuit design assignments using conventional compaction 

methods. Their approach depends on applying a massive 

number of test signals to the CUT and compacting the outputs 

into a final signature using a linear feedback shift register 

(LFSR) that is compared with a golden reference [2], [5], [9], 

[10].  However, the limitations with this method are a high 

time delay in generating the signature and the instructor 

dependency (since teachers must perform fault simulation to 

generate test inputs) [11]. 

Agarwal [12] analyzed the area and power consumption of 

Transmission Gate-based TSS LFSR and found it more 

efficient than other LFSR architectures. The design required 

fewer gates, reduced power, and minimized area usage. While 

the study used the traditional stuck-at fault model, delay 

testing based on delay fault models is becoming increasingly 

important for verifying timing specifications. Despite several 

low-power methods proposed for stuck-at testing, few 

address low-power delay testing, which remains crucial for 

modern systems. Research in [13] examined Moodle’s 
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functionalities in a private higher education institution during 

the COVID-19 pandemic, highlighting the UTAUT-3 

constructs as key to understanding Moodle adoption. The 

study found performance expectancy to be a major factor 

influencing lecturers’ perception of Moodle’s usefulness. 

Similarly, [14] provided evidence that motivation and 

perceived usefulness drive the use of intelligent tutoring 

systems, offering insights into student engagement in digital 

learning. Kasakowskij [15] identified major limitations in 

feedback practices in distance education, such as difficulty 

formulating feedback and managing multiple responses. A 

bidirectional feedback model was developed and 

implemented in Moodle, showing promising results, though 

further validation across disciplines is needed. In [16], the 

authors discussed the technical and psychological challenges 

faced by higher education institutions during the COVID-19 

pandemic, emphasizing Moodle’s effectiveness in supporting 

temporary distance education despite its limitations. 

These challenges highlight the need for more efficient, 

automated, and reliable methods for evaluating digital circuit 

designs in distance learning environments. The present study 

addresses these challenges in evaluating digital circuit 

designs in distance learning environments by proposing a 

new student assignment method that reduces turnaround time 

and enhances both student learning and instructional 

efficiency. The approach integrates a Verilog simulator into a 

Moodle-based course management system developed for the 

faculty of Engineering and Computing at the University of 

Science and Technology. It uses online assignments and 

feedback that ensure improved learning outcomes. The 

proposed system enhances students’ skills in digital hardware 

concepts by considering the students’ own needs and also 

achieves the availability of course material independent of 

time and location. 

The main contributions of this study are (i) proposing a 

checkpoint-based automated verification method for digital 

logic assignments in distance learning, (ii) introducing the 

CIC register for concurrent intermediate signature 

comparison with reduced aliasing, (iii) implementing a self-

testing, LMS-integrated framework with personalized 

assignments and immediate feedback, and (iv) validating 

effectiveness through benchmark circuits, showing high fault 

coverage and scalability. 

II. TEACHER–STUDENT INTERACTION MODEL IN THE 

PROPOSED SYSTEM  
In this teaching environment, teachers are able to personalize 

an assignment for each student through a different set of 

testing parameters and adjust the working period (accessing 

the assignment and submitting the solutions). Here, the 

student can download his design assignment, start to develop 

a solution for it, and run a pretest process before submitting it 

back to the server. He also has the chance to repeatedly update 

his solution and resubmit it before the end of the working 

period is reached. There are no predefined measurements; 

instead, students must carry out the testing process 

themselves to verify the correctness of their designs. Since 

the self-test is executed on the student’s own computing 

device, the system provides immediate feedback on whether 

the circuit functions correctly. Consequently, this approach 

helps reduce the number of faulty solutions submitted by 

students. Figure 1 illustrates the preparation of a Verilog 

testing template that is sent with an assignment for students 

to solve and test. 

 

 

 

 

 

 

 

 

Figure 1. Preparing an assignment in CMS.  

III. CHECKPOINT-BASED  SIGNATUREM 

VERIFICATION SCHEME 

 Let  𝑟1
∗, … , 𝑟𝑛

∗  be the fault-free responses of the 

digital circuit after applying 𝑛 test patterns which are 

compacted by the MISR register into a single signature 

𝐺𝑛 (refer here as the golden signature).   Let  𝑟1 … 𝑟𝑛 be 

the corresponding outputs of the CUT and their 

compacted output be 𝑆𝑛. The CUT is declared faulty, if 

there are any differences between the outputs 𝐺𝑛 and 𝑆𝑛.  

However, it is also valid to declare the design faulty if 

any output signal 𝑟𝑗   differs from the corresponding 

correct signal  𝑟𝑗
∗   (referred here as a partial golden 

signature). 

This testing scheme, where multiple intermediate 

signals are compared with the respective partial golden 

signatures (instead of comparing only the final signature 

𝑆𝑛) improves the confidence of the testing process and 

reduces the probability of aliasing, where the signature 

of the faulty CUT matches the golden signature. 

However, this scheme has the problem of the storage 

and comparison of many signatures.  In this study, a 

solution is presented to this problem based on the 

concept of checkpoints. The essential idea is that there 

exist several time instants, denoted as i, at which the 

golden partial signature can be indirectly derived from 

the responses of the CUT. 

Let Boolean function 𝐹𝑖 refer to a function that maps 

an input to an output, where bit at jth position is flipped 

iff the binary representation of 𝑖 contains a 1 in the jth 

position  1 ≤ 𝑗 < 𝑚 . The proposed model is based on 

functions 𝐹𝑖(𝑟𝑖
∗) =  𝐺𝑖−1

̃  , at  instance 𝑖. This instance 𝑖  
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is  referred to as a correct, golden CP  𝐺𝐶𝑃𝑖 .   There are 

2𝑚  possible functions, we denoted them as 𝐹0,

𝐹1 … 𝐹2𝑚−1 .  A check point  𝐶𝑃𝑖   is called a faulty 

check point if 𝑟𝑖 ≠  𝑆𝑖−1̃  for any function 𝐹𝑥 and the 

signal at this instance is High and called an error bit. 

There must be at least one faulty check point to declare 

that the CUT is faulty. Our proposed scheme based on 

the availability of these nearly free check points. Figure 

2 demonstrates the concepts of the partial signatures and 

the error bit generation. 

 

Figure 2. Generating the Error bit Y.  

We modified the MISR register to implement the 

error bit, and referred to it as the “Concurrent 

Intermediate signature Comparison Register” (CIC) and 

is illustrated in Figure 3. The corresponding Verilog 

CIC register design is shown in Figure 4. 

Figure 3. CIC register design. 

At the instant 𝑖  the error bit 𝑌  is calculated as    

𝑌𝑖 = {
0    𝑖𝑓      𝑟𝑖 =  𝑆𝑖−1 
1      𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒       

.   

And with an indicator bit X at the time instant 𝑖, 

𝑋𝑖  = {
0    𝑖𝑓  𝑐𝑝 𝑖𝑛𝑠𝑡𝑎𝑛𝑐𝑒 𝑖

1      𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                                  
 

Faulty CUT is declared when at time instant 𝑖, the 

logical AND of the indicator bit X and the error bit Y is 

1 (a faulty check point  𝑆𝑖−1  ≠ 𝑟𝑖).   

Figure 4. A Verilog module of an 8_bit CIC register. 

IV. ASSIGNMENT SOLVING USING THE CIC-BASED 

TEST TEMPLATE 

The test template is illustrated in Figure 5. It is 

designed for the self-testing of a simple adder/subtractor 

circuit provided to students. The template includes two 

CIC register modules that generate input test vectors, 

and students can modify the feedback configuration 

settings as needed. In this mode, they must define the 

initial state, configure the feedback structure, and 

specify the length of the test sequence. During the test 

generation phase, students can also select a target fault 

and execute tests for different experimental objectives.   

4.1. Personalized Assignment Tasks 
Every student, after solving the assigned task of a circuit 

design, has to update the downloaded test template by 

injecting his own code in between the pattern generator and 

the CIC register code and running the test process. Reaching 

the non-faulty checkpoint and the circuit working correctly, 

the student can now submit his solution (design files) to the 

faculty server. 

The teacher in our proposed scheme can use different initial 

seed values for the CIC registers to personalize the exercise 

for each student. The main advantage of this self-testing 

method is the fast feedback to the student. However, for 

complex designs, such as sequential complex circuits, this 

https://journals.ust.edu/index.php/JST
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scheme also greatly reduces the time of checking the students’ 

assignments.  

 
Figure 5. Test template which can be accessed by students. 

 

4.2. Timing-Aware Evaluation of Student 

Designs 
The simulator includes checking of time and gate delay. For 

example, if the assignment asks the students to design a 

carry-select adder from a given 8-bit adder and multiplexer 

blocks, the correct solution to this assignment does only 

differ in the clocking time, but not the functionality of the 

circuit. And by running the testing at a clock speed, the 

teacher can easily detect the slower (i.e., the wrong) design 

solution, without the need for additional timing checks. 

4.3. Alarm Check Points (ACPS) 
Our simulation process has shown that the compaction of a 

faulty design may generate many similar instants to that of 

the original fault-free check points but occur at different 

time instants. These instances are referred to here as alarm 

checkpoints. While the basic golden CPs for a particular 

digital circuit are determined only by simulation, no 

simulations are required to determine the Alarm Check 

Points. 

This study has shown that 𝐴𝐶𝑃𝑠 have a property that is 

superior over basic CPs, where only a single 𝐴𝐶𝑃 is 

sufficient to declare designed circuit developed by the 

student as a faulty one.   Table 1 shows the existence of 

many of such signals, basic, faulty, and alarm check points, 

in the testing of a number of benchmarks circuits, which had 

been infected by a stuck-at-one fault in a wire. As shown in 

the table, there are adequate number of the fault check 

points and the alarm check points.   

Table 1. Number of  CPs for faulty circuits. 
Benchmark circuits 
(CUTs)

 Fault_free circuit 
BCPs       FCPs      ACPs 

Faulty circuit (stuck at 1) 
BCPs       FCPs        ACPs 

Adder/Subtractor 40 0 0 40 5 8 
Differential Equation 18 0 0 18 3 6 

Chinese R. Theorem 16 0 0 16 4 5 

AR filter 4 0 0 4 8 9 

Exponential Func. 19 0 0 19 12 3 

S713 35 0 0 35 8 3 

S1196 36 0 0 36 11 6 

The fault coverage percentage for CUT computed as 

𝐹𝐶 =  
𝑁𝑜.  𝑑𝑒𝑡𝑒𝑐𝑡𝑒𝑑 𝑓𝑎𝑢𝑙𝑡𝑠

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐶𝐾𝑇 𝑓𝑎𝑢𝑙𝑡𝑠
× 100% 

 

Table 2. Fault coverage of stuck_at faults in the 32 primary 

inputs of 8-bit subtractor (1, 2, 6 = x + 𝑥2 + 𝑥6). 

Ch/s Polys 
Fault coverage (%) 

BCPs FCB FCA FCT 

𝟏 + 𝒙 + 𝒙𝟐 + 𝒙𝟓 + 𝒙𝟖 32 81.45 96 100 

𝟏 + 𝒙 + 𝒙𝟑 + 𝒙𝟓 + 𝒙𝟕 21 83.75 84.7 91.75 

𝟏 + 𝒙𝟑 + 𝒙𝟕 + 𝒙𝟖 18 68.0 87.0 91.75 

𝟏 + 𝒙𝟐 + 𝒙𝟒 + 𝒙𝟖 26 84.20 92 90 

Table 3. CPs o f  particular benchmarks for 4000 test patterns 

Benchmark circuits (CUTs) No.  basic CPs   

𝐹1    𝐹8   𝑭𝟏𝟔   

Adder/Subtractor  40 8 16 

differential equation  18 12 20 

Chinese Reminder Theorem  16 22 18 

AR filter  4 11 6 

exponential functions  19 11 35 

ISCAS’89 Benchmark circuits  

S420 42 22 32 

S713 35 31 44 

S1196 36 29 30 

In the context of automated assignment verification, 

ACPs are particularly important for grading fairness, as 

they provide a deterministic indicator of faulty designs 

independent of implementation variations. By requiring 

only a single ACP to reject an incorrect solution, the 

proposed system ensures consistent and unbiased 

evaluation of all student submissions. 

V. EVALUATION 

Each circuit under test can have up to 22𝑏  sets of the 

BCPs (2𝑏  different sets of BCPs in an b-bit CIC and 2𝑏 

possible functions).  Table 2 illustrates the stuck-at-

zero/one fault coverage of an 8-bit subtractor (32 

primary inputs) for the functions 𝐹𝐶𝐵,  𝐹𝐶𝐴, and 𝐹𝐶𝑇 and 

for the fault coverage due to the Basic check points, 

Alarm check points and due to both, respectively.  The 

proposed technique enhances the process of checking 

logic circuit assignments by varying the length of the test 

patterns from 1 to 5000.  

https://journals.ust.edu/index.php/JST
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The simulated CPs for certain high-level synthesis 

benchmarks (including some of ISCAS’89 circuits) are 

shown in Table 3 for functions 𝐹1,  𝐹8 , and 𝐹16  tested 

with 4000 test patterns. There exists at least 
𝑛

2𝑏  CPs for 

n test patterns, irrespective of the characteristic 

polynomial and the function.   

VI. CONCLUSION 

This paper presented and implemented a novel approach 

to address key challenges in distance education for 

digital circuit design courses. The proposed method 

improves the teaching and evaluation process by 

introducing the concept of partial checkpoints as a basis 

for verifying student designs. The approach involves 

observing CPs generated during testing and tracing 

alarm points in defective circuits to localize faults 

efficiently. The main contribution of the proposed 

scheme is an improved reliability and the fast fault 

circuit detection at a responsible number of 

computational resources. The test frame can also be 

available to the students. They can utilize it for either 

self-training or observing the circuit behavior. 

Furthermore, the system proves particularly effective for 

large sequential circuits. Overall, the proposed approach 

shortens the correction cycle, supports scalable teaching, 

and enhances the overall quality and efficiency of 

distance learning in digital design education. 
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