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Design of Programming Failure Feedback System Based on Control Flow

of Test Case to Support Programming Training

Sunghee Lee' - Deok Yeop Kim' - Kang Bok Seo' - Woo Jin Lee™

ABSTRACT

Programming judge systems for programming training support are typically built on the Web, where the examiners uploads a
programming problem, which the student reads and submits an answer to the problem. The judge system executes the submitted answer
of source code to provide feedback such as pass, failure, and error messages. Students who receive the feedback except for the pass
continues debugging the source code until they are judged to pass. We developed an online judge system to support programming training
and analyzed answers submitted by the students and found that many of the students who were not judged to pass that test did not
know exactly where they were wrong but continued to solve the problem. The current judge system generally feeds runtime error
messages back to students. However, with only runtime error message, it is difficult for student who train to find the wrong part of the
answer. Therefore, in this paper, we propose a system that provides the feedback of programming failure by analyzing the control flow of
the test cases used in the source code submitted by the student. The proposed system helps students find the wrong parts more quickly
by feeding back the paths where faults in the control flow may exist. In addition, we show that this system is applicable to the answer
source code that the actual student submitted.
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1. An examiners uploads 2. A learner submit the 3. The judge system executes the answer source
a problem and open it. answer source code.  code and shows the result of the executi

TEST - Life the Universe, and Everything

4. The learner reviews the result.
(if an error message exist,)
G ard ST

45 bt

|
5. if the learner have an failure,
retry the modified answer.

Fig. 1. The General Process of Using Judge System
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Table 2. Feedback Contents of Online Judge Systems
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Table 1. Analysis Result of Students’ Submission History
[Problem ]

1% day: 1 won, 2 day: 2 won, 3 day: 4 won,

Like this, daily wages become double compared with the last
day. Write a program that calculates the sum of the wages
during the working day which is entered.

(if input value is less than 0, print “wrong” and retry to enter
the input value.)

# of the submission of incorrect answers # of people

25/40 (62.5%)

at least one time

at least two times / at least one times 10/25  (40%)

at least three times / at least one times 6/25 (24%)

Online judge system When pr?iga;itnijféﬁe ac;zcurs, LS
ACM UVA compile error messages

BOJ compile error messages

Codeupl12] compile/runtime error messages, tip
DOMjudgel[14] compile error messages

AO][15] compile/runtime error messages
Programmers|16] compile/runtime error messages
SPOJ[17] compile/runtime error messages
KOI[18] compile/runtime error messages
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(a) Correct structure of CFG

(b) Wrong structure of CFG

Fig. 2. The Control Flow Graphs of the Answer Source Codes
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Table 3. The Problem of ‘If Statement’ for Training

[Problem]

Write a program that receives the x and y coordinates of the
two-dimensional space and outputs the quadrants to which the
coordinates belong (note that x and y are non-zero values).

TC# Test Input Expected Value
1 3 5 Quadrant 1
2 -3 5 Quadrant 2
3 -3 5 Quadrant 3
4 -5 Quadrant 4
5 N/A
1 1) 1
2 (3 5 & 2 3
4 5 /L \ @
P o LYW J 8 f
o & 9
(a) (b)

Fig. 3. The Possible Control Flow Graphs of the ‘If Statement’
Problem of the Table 3
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if(x >0&&y >0 {
printf(“Quadrant 17);
) else {
if(x <0 &&y >0 {
printf(“Quadrant 2”)
} else {
ifx <0&&y <0 {
printf(“Quadrant 3")  // 3" print statement
} else {
printf(“Quadrant 4")  // 4™ print statement

// 1% print statement

// 2" print statement

Fig. 4. The Answer Source Code of the ‘If Statement’ Problem
of the Table 3 with Faults

Judge result

# of testcases : 4 --- Control flow graph based on runtime path ---

# of passed testcases : 2 3
| B & TCH#1: 1-2-8 Result: Pass
TC#2: 1-3-4-8 Result: Pass
TC#3: 1-3-5-6-8 Result: Failure

4 5

Result: PASS
Tnput: 12 8 @ To#a: 1-3-5-7-8 Result: Failure
Output: Quadrant 1
Answer: Quadrant 1

&
All nodes are covered.
But the failures occur in the paths of TC#3, TC#4.

So you may find a cause or hint of the failures in
the node 1,3,5,6,7,8. Check the nodes carefully.

Result: PASS
Input: 5 -7
Output: Quadrant 2
Answer: Quadrant 2

--- Structural Branch ---

if(x > 8 & y > 8) {

————— TCH3 -----]
Result: FAILURE printf(“Quadrant 1”); // 1st print statement
Input: -16 -4

Output: Quadrant 3
Answer: Quadrant 4

if(x < @ & y > @) {|
printf(“Quadrant 2*); /f 2nd print statement
// 3rd print statement

[N AGVECENI RN // 4th print statement

Result: FAILURE
Input: -3 6
Output: Quadrant 4
Answer: Quadrant 3 }

Fig. 5. The Feedback of Programming Failure Based on the
Control Flow Graph
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(a) Execution path covered by TC#i(pass) (b) Execution path covered by TC#2(failure)

Fig. 6. The Execution Paths of the 1% Submitted Answer

int main() {

return 0;
}

Fig. 7. The Source Code Feedback of the 15 Submitted Answer
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(a) Execution path covered by TC#17(pass) (b) Execution path covered by TC#2(failure)

Fig. 8. The Execution Paths of the 2 Submitted Answer

(b) Execution path covered by TG;Z(pass)

(a) Execution path covered by TC#'I’(pass)

Fig. 10. The Execution Paths of the Final Submitted Answer
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int main() {

Fig. 11. The Source Code Feedback of the Final
Submitted Answer
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