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Abstract

We haveconstructed learningsystemby organizingproceduregor learningprogramcre-
ation. However,manuallycreatingproceduredor learningsystemsrequiresa significant
amountof time. In this study,in additionto automaticallygeneratingprogramprocedures
using naturallanguageprocessingwe generatenew programcontentand proceduresy
learningprogram code and commeritsough deep learninigng short-term memory
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1 Introduction

Training the ability to utilize informationis importantfor the progressof an information
society. In schooleducation,it is importantto enrich information and communications
technology(ICT) educationat everystage. Preparatiorhasalreadybegunin elementary,
middle,andhigh schoolsfor example programmingeducationn elementaryschoolswill
be compulsoryby 2020in Japan[1]. Consideringprogrammingeducationfor university
studentsandthe connectionto ICT educationin elementarymiddle, and high school, it
is necessaryo preparecontentfor programmingeducationand study its supportsystem.
In particular,it is importantin ICT educationto operateprogramsdirectly on computers;
howeverlearningcomputationathinking [2] is moreimportantthanlearningprogramming
grammarsMany studieson programmingeducatiorhavebeendone[3]. As arelatedstudy,
thereis research on programmirmglucatiorfor beginneraising operatiotogs [4, 5].

In computationathinking, we havediscussioron the relationshipbetweencomputa-
tional thinking and logical thinking. Relationshipwith languagemanagemenis being
debated6]. Though,the purposeof this studyis to aid in understandinghe procedures
for solving problems,we have constructedan algorithm learning systemthat rearranges
algorithmprocedure®n atabletPC[7]. This systemis intendedfor studentstudyingpro-
grammingat the universitylevel. It differs from learningprogramminganguagegrammar
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andaimsto simplify learningalgorithms.We haveevaluatedhe useof this systemby in-
ternationalstudentsat Okayamalniversity of Sciencein Japan.Creatingmanyexercises
requirestime and effort on the part of the lecturer;therefore,a systemfor automatically
generatingheseexercisess beneficialandnecessaryAs arelatedwork in thefield of soft-
ware engineeringesearchthereis researcton the generatiorof nounsfor programming
commentgeneratiori8]. However,it is not study on the generatiari comments.

As the first step,a summarizationtechnology[9, 10, 11] of division, merging,and
paraphraserocessings usedfor programcodecommentsSinceproceduresresimilarto
commentsbothcanbegeneratedutomatically.Thedevelopmenbf amethodusingneural
networkshasled to the developmenbdf naturallanguageranslationand sentenceyenera-
tion. In particular,an encoder—decoddranslationusinglong short-termmemory(LSTM
[12]) hasbeenproposedwhichimprovedthetranslatioraccurag. As thesecondstep pairs
comprisingoneline of programcodeandits commentsarelearnedn the encoder—decoder
translatiormodelusedfor thetranslatiorof programcodeto commentsin addition,LSTM
generatea commentfor a new pieceof programcode. In this study,we used53 programs
writtenin the C languageusedin first yearuniversitylecturesin Japan While learningthe
computationathinking, it is importantto be ableto summarizeanddisassembl¢he expla-
nationof analgorithm.Althoughit is notnecessaryo understandariablesn thefirst stage
of learning,it is necessaryo understandhe programmindanguagén thesecondstage.In
particular,it is necessaryo understanc&changesn variables. In addition, sinceinforma-
tion aboutthe variablesis insufficientfrom the programcodeoriginally usedfor learning,
the flow relatingto the programvariablestendsto be difficult to understand.Therefore,
the commentgeneratiomprocesdncludesthe addedconversionof variableinformation of
learningprogram code and variablemes to generatmmmentdy LSTM.

2 Algorithm learning system

Programmingnvolvesa numberof proceduressuchasdeclaringvariables,nputting val-
ues, performing calculations,and outputting results. This programmingproceduretest
involves convertingprogramminginto Japanesand dividing the proceduresnto several
parts. Thereis text thatrearrangeshe divided proceduresn sequentiabrdersothatthey
matchthe flow of the programming.This textis utilized for understandindearningsitua-
tionsin lectures.

For examplewe consideraforeign currencyconversiorproblemthatinvolvescreating
a programthat takesan amountin yen asinput andreturnsits conversionto US dollars,
pounds,or eurosas output. The procedurefor solving this problemcan be divided into
sectionsasshownin Figurel(a). In this study,we havedeveloped systemnfor testingthe
problemof rearranginghis text,as showrn Figure 1(b).
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Figure 1: Procedure learnirigst and sorting procedures

3 Procedure generation through comment synthesis using pro-
gram structures

In the algorithm learning system, procedures are generated by summarizing comments
based on their vocabulary and degree of association with the lecture. material and the
program structure, as shown in Figure 2.

Program code
(C programing language)
1~ Programing 'angud

EARO-DRR]

ﬂmmm SPRHOELTERR Processin [P
e 6/ RVMOR R g | _ Generate | |t iabl
of program | ype variable
imt main(void){ /*mainBIMOEE*/

‘#define MAX 100 /’rlxlvlil "/
h‘u,A--anmxa~/ structure comment %&ﬂﬂ)ﬁ%ﬁ%ﬁ?

I:l> i ]E |:> (2) Entering Numbers
HEDOAD
it — ""”"r 777777 B - (3);#1@@ Ilill j]

‘ E Output of outliers

ko] >= MIN 88 ] <MAX)/* B 105 BXTLL B8]

Program Structure Generated Comments

- - - B
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PSR T 5~ i) T3~

)
rotun(0);
Jmain BB KDY/

_ J
Lecture material _/l F

PPT  PDF
@ #A Comments with high
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g materials are obtained

E = by F value.

Word ~ Text

Figure 2: Outline ofprocedure generation system by comment Synthesis
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3.1 Evaluation ofcomment priority

Comment priority can be evaluated based on the following procedure. The overlap of im-
portant words between the comments in the program code and the lecture materials is given
by the F-value, as shown in Figure 3.

(1) Obtain the term frequency inverse document frequency (TF-IDF) in the course material.
(2) Obtain the F-value for important words in the course material and program comments.
(3) Determine the comment evaluation value, which is the total F-value for the words in-
cluded in the comment. This value selects comments with F-values over a certain threshold.

i-th lecture
Program codes : — =~ : .
/ program code Word rating of comment \| program codes
. - Extract comments o Tl T
comment I
+
1 - |
1st lecture | TF-IDF value (important word) ‘ i
i | Harmonic i ’
‘ Lecture material :' — mean(F Value) 1 oPT
PPT
| TF-IDF value (important word) ‘ |
I UI I 13 I I i.’l
| . |
1st lecture I \ /I 15th lecture

Figure 3: Important wrd shared by program comments and lecture material by F-value

3.2 Procedure generation using program structure

After deleting the comments , we merge the remaining comments using the merging condi-
tions shown below. An example of the procedure generation is shown in Figure 4.

(1) For an unused function, the comments at its beginning and end are deleted.

(2) Parallel integration: comments at the same level in the program code in which the same
noun is at the end of the statement are summarized as one statement.

(3) Deletion based on F-value: comments with small F-value s are deleted.

(4) F-value priority: lower layer comments are preserved for comments with large F-values.

Figure 5 illustrates the comment synthesis results, using an example of source code.
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Figure 4: Extraction ofmportant comments by F-value

Program code(C programing Ianguage)

End of main function
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#include <stdio h>
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Figure 5: Comment synthesissults
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3.3 Procedureevaluation based on comment synthesis using program struc-
ture

The deletion rate of the program comments extracted for evaluation was approximately
60%. Additionally, nine participants studying the program participated in a questionnaire
with a five-point rating system (ranging from 1 [bad] to 5 [good]) regarding the following
two questions:

(1) Evaluation of procedure text

(2) Program understanding related to the procedure

The results of this questionnaire are shown in Table 1. In the text evaluation of the question-
naire, half or more of the participants evaluated it as ordinary text; however, when asked
to evaluate their understanding of the content of the program based on this text, many par-
ticipants awarded a rating of 2, which is considerably low. We conjectured that the large
amount of low ratings resulted from the fact that the procedure generation ended with an
initial declaration of variables.

Table 1: Evaluation of generated procedure by F-value

Evaluation(1-5)
1 2 3 4 5
(1) Evaluation ofprocedure| 0% | 27% | 62% | 11% | 0%

(2) Program understanding 0% | 46% | 439% | 9% | 206
related to the procedure

Questionnaire

4 Proceduregeneration with LSTM

In casesvherethe programcodecontainscommentsit is possibleto generatgrocedures
usingthe summarytechnologydescribedn the previoussection;howevernot all program
code hasattachedcomments. Therefore,it is necessaryo learnto generatecomments
on programcodelacking commentgrom the programswith attacheccomments Previous
studiesconsideredisinganencoder—decodéranslatiormodel[13, 14] thatusedeeplearn-
ing LSTM to translate.In addition,sentncesummarizatiorby neuralnetworkis proposed
by Rush [15].

In this study,we usethis translatiormodelto translateheprogramcodeinto comments
andattemptto generateommentsandproceduresTherearetwo stepsto the processThe
firstis thegeneratiorof proceduresneline atatime from theprogramcode.Theseconds
thegeneratiorof procedureselatedto programblock unitsacrosamultiple lines, suchasif
andwhile constructsProceduregertainingto the programcodearegeneratedby learning
usingtheencoder—decodéranslatiormodelvia LSTM onthe programcodeandcomment
pair discussedn the previoussection.In addition, proceduresregeneratedor programs
that do not haveattachedcomments.To generatgroceduresisingthe encoder—decoder
translationmodel, it is necessaryo performpreprocessingn the learneddata,definethe
encoder—decodédranslationmodel,andlearnthe data. The generafflow of the procedure
generatiormodelis shownin Figure 6.
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Figure 6. Encoder—decodedranslationmodel for neuralmachinetranslationfrom com-
mentsto procedure

4.1 Preprocessingof learning data of program code and comments.

To learnusingthe encoder—decoddranslationmodel, it is necessaryo separatehe pro-
gram sourcecode from the comments. The LSTM modeltakesa sequencef program
sourcecodetokensasinput anda word sequencef commentsasX = Xi,... X ,.... The
tokenis convertedo thetokenID numberandsimilarly, thewordis convertedo theword
ID number.

4.2 Encoder—Decodettranslation model using LSTM

With LSTM blocks,a sigmoidlayeris usedandtheinformationthatshouldandshouldnot
be considereds setto 0 and1, respectivel. Furthermorethe errorfrom the datasavedn
advancdor thetranslationpair is lost, andthe lossfor eachLSTM block is accumulated.
Finally, the parameterare learnedby performingan errorbackpropagatiormethod orthe
loss.

(1) With encoder—decodéranslationrmodela;, a normalizationof the degreeof similarity

is performedfor outputht in relationto y;, andh; onthe encoderside. ¢; createscontext
vectorsusing the degreef similarity obtainedwith a; andh.

(2) In the LSTM outputusingthe encoder—decoddranslationmodel, ¢ andh, arelinked
to createa vector,andweightis appliedwith alinearoperator.By applyingthe activation

functiontanhto this, theintermediatéayerﬁijs outputin relationto y;. Finally, aweightis
appliedwith alinearoperatomwith respecto h;, andy; is outputwith the softmaxfunction.

4.3 Data learning with a sourcecode comments pair

Learningis performedmultiple timesusingthedefinedprocedurageneratiormodel.LSTM

is usedfor learningdata,and screeningoccursusingthe sigmoidlayerto selectwhether
inputx; is required.Furthermorethelosswith theaccuracydatathatwassavedn advance
is obtained.Theaccumulatedbssis obtainedandtheparameters retainedafterperforming
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anerrorbackpropagatiormethod.Theretainedparameters passedo the nextmodeland
learningoccurs. Additionally, in the LSTM implementationsand algorithms,thereare
modelsthat generategoroceduredearnedfrom the tokensandcommentgor eachline and
block of program code.

4.4 Proceduregeneration and evaluation

Examplesof generatind20, 100,and500learningtimesfor the modellearningby line and

by block are showrin Figures 7 and 8, respectiyel

(1) Evaluationof proceduregeneratedy line For proceduregeneratedy line, learning

in termsof commentswas not achievedat all after severallearning attempts;however,
nearly20 learningattemptgesultedn thedesiredporoceduresAfter 100learningattempts,
proceduresvereproperlygeneratedh relationto approximately80%of all of theprogram
code. After 500 learningattempts the proceduregenerationconverged, butin the case
of other proceduresepeatedlygeneratedn an unstableway, therewasa decreasen the

numberof procedures generat&dth a correctmeaningn Japanese.

(2) Evaluationof procedures generatéy block

In contrastto proceduregeneratedy line, proceduregeneratedby block weregenerated
aftera smallernumberof learningattempts.Thosewith simpleandshortblocksor alarge

portionof codesimilarto thelearningdatawereableto generategoodcode.In contrastthe

procedurageneratioriextthatfailed eitherincludedmanywordsthatwerenotregisteredas

dataor lackeddistinctterms.Theresultswerealsodependentn thevolumeof thelearning

data.

4.5 Rating using a questionnaireon proceduregeneration

The resultsof the manuallyconductedjuestionnair@re shownin Tables2 and3, andthe

following observationgan be made based on the ratings.

(1) Whenrating by line, the participantsoften understoodhe meaningof the procedures.
Theprocedures were considered easy to understand regaodlidssflowof the program.

(2) Therewas a significant difference mesults dependingn whetherall blockshadeither

differentor nearlyidenticallearningdata. This accountdor the cleardifferencesdn ratings

indicatingwhetherthe proceduresvereunderstandable-However,therewasa poorresult

becaus¢he meaningf the importansections of the processing wast understood.
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1: #include <stdio.h>

2: #idefine MAX 80

3:int main(void){

4:  charstring[MAX] = {'¥0'};
inti;

scanf("%s",string);

5:

6:

7:  print(“3XFEF“);

8:

9:  print(“%sHh A FAENFELS=. ", string);

10:}

(a)Test program

(1: Include header N
ANy —D IR
2: Define the maximum value
SAEDOEEDT
3: Declare the integer type array
BB OESNEES
4: Forinputstring
ANF 3 A
5: Declare the integer type variable
BYREHOEE
6:
7: Displaytexts prompting input processing
ANNBERIXEEZRR
8:Make an integer

BHETS
9: Displayinput characterstring

ANSNI=XFHERT

fl: Include header

NS —DEEFHIAF

2: Define the maximum value
BAEEEERDIT

3: Declaration of main function
mainf#IDEE

4: For input string
ANXFIH

5: Declare an integer type variable
BURTHEES

6:

7: Display texts prompting input processing
ANNEBERETXELZRT

8: Enter characterstring

XFHEAN
9: Displaythe input character string

10:
N J

(b)20 learning times

ANENE=XFHZERT
\10: Y,

(c)100 learning times

q: Include header
~YHE—DEEHIAH
2: Define the maximum value
BAEEZEEDSITS
3: Declaration of main function
mainfEBDEE
4: Forinput string
AFXFIHA
5: Declaration of integer variable
BEHULTHOES
6:
7: Display sentence urging input processing
ANNBEETXEEZRT
8: Enter characterstring

XFIEAN
9: Display text to prompt input processing

ADNBERTXEEZRT
% J
(d)500 learning times

Figure 7: Example of procedugenerations
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1:#finclude <stdio.h>
2:#define MAX 80

3:int main (void){

char string[MAX]={"¥0"};
inti;

printf(“3ZF51");
scanf(“%s”, string);

9: printf(“%sM A AN FEL =, " string);
10:
11:for(i = O;string[i] != ‘¥0’ ; string);

12: if(string[i] >= ‘a’ && string[i]<="Z'){

13: string[i] = string[i] —‘a’ + ‘A’;

14: J}else if(string[i] >= ‘A’ && string[i]l<="Z')}{
15: string[i] = string[i] — ‘A" +'a’;

16: }

17:}

18:

19:protf(“ZE % %s¥n”, string)
20:return 0;

21:}

(a)Test program

Figure 8: Procedure generatitor each block
tion model

Lines 1 to 5: none

Lines 7 to 9: input processing A 7118

Lines 11 to 17: Output of standard weight
BEFEOHN

Lines 19 to 21: outputthe result ¥R D H 7

(b)20 learning times

Lines 1 to 5: none

Lines 7 to 9: input processing A J14LIE

Lines 11 to 17: Output of outliers
EEEOLEN

Lines 19 to 21: outputthe result R D H A

(c)100 learning times

Lines 1 to 5: none

Lines 7 to 9: input processing A 71402

Lines 11 to 17: open filename by write mode
filenameEZFAHE—F THIK

Lines 19 to 21: outputthe result &R D H A

(d)500 learning times

of source code by encoder—decoder transla-

Table 2: Evaluation of generated procedure by line

Line Evaluation(1-6)
number Generated procedure 17573741516

Include standard input outpfite

1 . p
AT 7 7 A VD3t 01001010715
Definition of maximum alue

2 0/0|0|0|0]|5
B RAE D RE

3 De_claraio:nofmaln ololololols
mainDE 5
For input string

4 0/013/2|0]1
AJIXEF A
Declare the integdype variable

° | wpowsmas 019]19]1°19)°
Display text prompting

7 input processing 0/0/0|0|0]|5
ATIIH 2 4 X % Fow
Enter a character string

8 0/0(0|0|0]|5
X5 % A
Display the input charactestring

9 - 0/0|0|0|0]|5
A N % TR
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Table 3: Evaluatiof generated procedure by each block

Line Generated procedu Evaluation(1-6)

()

number 1/2|3|4|5|6
1-5 | none 1/0/{0|1(03
7-9 i;‘\‘;‘j‘;i’;gcessmg olojo|o|ol|s
11-17 ;E%p{gg;é’;‘jt“ers o|5/0/0l0]o
19-21 %‘;ﬂp;tt‘éfj;esu't ojo[3[2|0]0

5 Proceduregeneration with addition of variable information

In computationathinkinglearningiit is necessaryo beableto summarizeanddisassemble
the explanatiorof analgorithm. Althoughit is not necessaryo understandiariablesin the
first stageof learning,it is necessaryo understandhe programminganguagen the sec-
ondstage.In particular,it is necessaryo know aboutvariablechangesin addition,since
informationaboutthe variablesis insufficientwith only the programcodeoriginally used
for learning,the flow relatedto the programvariablestendsto be difficult to understand.
Therefore the procedurageneratiomprocesds introducedin addedconversiorof the vari-
ableinformationof the learningprogramcodeandvariablenamesto generatgrocedures
by LSTM. Theproces®f generatingprocedureincludingvariableds explainedseparately
for the conversiomf learningdata and the conversiani test data.

(1) Process learning data variables.

(1-1) Convertthelearningprogramvariablesnto temporaryariablenamessuchasstringl
for x(stringl— x) and i for x(i — Xx).

(1-2) Convertthe learningdata variabléo a temporaryariablename (x).

(1-3) Learndata thaprocesses variablaformationrepeatedly

(2) Process test data variables.

(2-1) Obtainthevariableinformationof eachline from thetestdatato applyit to procedure
generation.

(2-2) Convertthe test data variabke a temporaryariablename.

(2-3) Generatgorocedures from the test data whose variablesreturned using LSTM.
(2-4) Restorethe original variablenamefrom thetemporarynamein the generategroce-
dure.
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Test Tro Comment generzted Comment generation vanable Procedure Evaluation | Vanable Evaluation
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€ | oatmax ERIRARER@oER | Ememamesaaowd | 00001 1000 °
- . Declaration of Acating pointix) Declarztion of foating pomiiix) 4
7 )
Boat wNUMBER]: ER B AR T ous | eeegenEneoors |00 OO H]O[0%]3]32
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. P Dhsplay result Dhoplay result -y
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Figure 9. Proceduregeneratiorby LSTM and procedureconversionafter variablename
processing

Figure9 showsthe procedureggeneratiorby LSTM, thecommentonversioraftervari-
able nameprocessinggorrectnes®f generategrocedureand correctnes®f addition of
variableinformationby five students.We evaluateceachline of the generategrocedure.
Two questionnaires/ereadministeredo five participantsn thefourthgrade gachquestion-
naireevaluatingthe validity of the programandthe variableinformation. The evaluations
of the procedurggeneratiorandvariableinformationhadhigh ratings,andthe accuracyof
complementindhe variablanformationwasalso high.

6 Conclusion and future work

In this study, we generatedprocedurego simplify understandingalgorithms. We used
sourcecodeandcommentsaspairsof learningdata. It is possibleto generatgorocedures
from a sourcecodewhen the purposeof the programis limited, suchasin the caseof
coursematerial. Structureinformationis not usingin learningdatapairs. Using parse
dataasstructureinformationis anremarkabldmprovementor generatingoroceduregor
blocking sourcecode. In future researchwe would like to extendthe translationmodel
beyondsourcecodesandgeneratd STM commentsn a mergedform, from bothtextbook
andcourse information.
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