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1. def trainWord2Vec(subject, datasetType):

2 #load training data

3. trainingFileName = 'corpus-' + subject + '-'+ datasetType +'.json'

4 trainingArticles = json.load(codecs.open(trainingFileName, 'r', 'utf-8-
sig'))

5

6. # create word2vec model and save it
7. datasetAllWords = []

8 word2vecInput = []

9 for article in trainingArticles:

10. articleWords = []

11. normalizedTitle = normalize(article['title'])

12. wordList = word_tokenize(normalizedTitle)

13. articleWords.append(wordList)

14. normalizedAbstract = normalize(article[ 'abstract'])

15. sentencelList = sent_tokenize(normalizedAbstract)

16. for sentence in sentencelist:

17. sentencelWords=[]

18. wordList = word_tokenize(sentence)

19. for word in wordList:

20. sentenceWords.append(word)

21. articleWords.append(sentenceWords)

22. flatList = [item for sublist in articleWords for item in sublist]

23. word2vecInput.append(flatList)

24, logging.basicConfig(format="%(asctime)s : %(levelname)s : %(message)s', le
vel=logging.INFO)

25. model = gensim.models.Word2Vec(word2vecInput)

26. trainingModelFileName = ‘'word2vec-' + subject + '-' + datasetType + '-
model.wv'

27. model.wv.save_word2vec_format(trainingModelFileName)

28. newModelName = subject + '-word2vec.model’

29. model.save(newModelName)

30. return model
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def normalize(text):
# Normalize
normalizedText = hazmNormalizer.normalize(text)

# Replace some characters

'?‘,").replace( Yy ).replace("

normalizedText = normalizedText.replace(
3 3

nn n,un un

).replace(":","").replace("/",

lace("", ).replace("¢",

).replace("!", ).replace("?", ).rep

).replace(";", "").replace("(",
place("«", "")
# Remove stop words
wordList = word_tokenize(normalizedText)
newWordList =[]
for word in wordList:
if word not in stopwordList:
newWordList.append(word)
# Stemming
resultWordList =[]
for word in newWordList:
#tword = hazmStemmer.stem(word)
word = hazmLemmatizer.lemmatize(word)
if (word.find('#') != -1):
word = word.split('#')[0]
resultWordList.append(word)
newText = " ".join(str(x) for x in resultWordList)
return newText

).replace(")", ).replace("»", "").re
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def findSimilarArticle(keywordNumberThreshold, beta, alpha, subject, word2vecM
odel, trainingArticles,

testArticles, articleAvgVectors, resultFileName, similarArticleCount):
f = codecs.open(resultFileName, "w", "utf-8-sig")

f2 = codecs.open('pValueResult.txt', "w", "utf-8-sig")

articleIndex = @

precisionSum = @

recallSum = @

articleCount = len(testArticles)
print('number of test articles:

+ str(articleCount))

tfidfScores = getTFIDFScore(trainingArticles, testArticles)
CurrentArticleCounter = 0
for i in range(len(testArticles)):

article = testArticles[i]

currentTestArticleld = article['id']

articleIndex+=1

print('article ' + str(articleIndex) + ' of ' + str(len(testArticles))

f.write('test article:' + os.linesep)
f.write(article['title'] + os.linesep)
f.write(article[ 'abstract'] + os.linesep)
f.write('similar articles:' + os.linesep)
f. '
k

write('article keywords:' + os.linesep)
eywords = getArticleKeywords(currentTestArticleId)

currentArticleOriginalKeywords = keywords

print('test article keywords:"')

print(keywords)

currentArticleKeywordCount = len(currentArticleOriginalKeywords)

for keyword in keywords:
f.write(keyword + ', ")
f.write(os.linesep + 'similar keywords:' + os.linesep)

articleDistance ={}

# extract top similar articles
articleAvgVector = calculateVector(word2vecModel, testArticles, curren

tTestArticleld)

currentIndex = @

for currentTrainingArticleId in articleAvgVectors:
word2vecDist = distance.cosine(articleAvgVectors[currentTrainingAr

ticleId], articleAvgVector)

tfidfScore = tfidfScores[int(currentTrainingArticleId), int(curren

tTestArticleld)]

if tfidfScore >1:
tfidfDist = ©
print('tfidf >1")
else:
tfidfDist = 1 - tfidfScore
currentIndex += 1

dist = (1-alpha) * word2vecDist + alpha * tfidfDist

articleDistance[currentTrainingArticleId] = dist
print('retrieval finished************************************')
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54. sortedDistance = sorted(articleDistance.items(), key=operator.itemgett
er(1))

55.

56. for i in range(similarArticleCount):

57. articleId = int(list(sortedDistance)[i][@])

58. articleDis = float(list(sortedDistance)[i][1])

59. similarArticle = getArticle(trainingArticles, articleId)

60. f.write('similar item: '+ str(i) + os.linesep)

61. f.write('article Id: '+ str(articleId) + os.linesep)

62. f.write('article Score: '+ str(articleDis) + os.linesep)

63. f.write(similarArticle['title'] + os.linesep)

64. f.write(similarArticle['abstract'] + os.linesep)

65. f.write(os.linesep)

66.

67. allKeywords = []

68. recommendedKeywords = []

69. articleKeywords = {}

70. firstScore = {}

71. Xj = {}

72. Y = {}

73. secondScore = {}

74. sumScore = {}

75. # extract keywords

76. for i in range(similarArticleCount):

77. articleIld = int(list(sortedDistance)[i][@])

78. articleDis = float(list(sortedDistance)[i][1])

79. keywords = getArticleKeywords(articleId)

80. articleKeywords[articleId] = keywords

81. for keyword in keywords:

82. if keyword not in allKeywords:

83. allKeywords.append(keyword)

84. allKeywordsList=allKeywords

85. allKeywordsCount = len(allKeywordslList)

86. allSum = @

87. selectedSum = @

88. for i in range(allKeywordsCount):

89. print('keyword ' + str(i) + ' of ' + str(allKeywordsCount))

90.

91. # first sorting method

92. currentKeyword = allKeywordsList[i]

93. for j in range(similarArticleCount):

94. articleld = int(list(sortedDistance)[j][@])

95. ##tretrieval score of each document

96. score_retrieval = calculateScore(word2vecModel, testArticles,
articleAvgVectors, articleId, currentTestArticleld)

97. keywords = getArticleKeywords(articleId)

98. if currentKeyword in keywords:

99. selectedSum += score_retrieval

100. else:

101. allSum += score_retrieval

102. currentScore = selectedSum / allSum

103. firstScore[currentKeyword] = currentScore

104.

105. # second sorting method

106. Y[ currentKeyword] = calculateY(currentKeyword, word2vecMode
1, testArticles, currentTestArticleld)

107. secondScore[currentKeyword] = Y[currentKeyword]

108. if (secondScore[currentKeyword]>0):

109. sumScore[currentKeyword] = (firstScore[currentKeyword]+

beta * secondScore[currentKeyword]) / 2
110. else:

111. sumScore[currentKeyword] = firstScore[currentKeyword]
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112.

113.

114.

115.
116.
117.
118.
119.
120.
121.

122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.

133.
134.
135.
136.
137.
138.
139.
140.

141.
142.

143.

144.
145.
146.
147.
148.

sortedSumScore = sorted(sumScore.items(), key=operator.itemgett

er(1), reverse=True)

sortedSumScore2 = sorted(secondScore.items(), key=operator.item

getter(1), reverse=True)

sortedSumScorel = sorted(firstScore.items(), key=operator.itemg

etter(1), reverse=True)

urrentFirstScore) + ', SecondScore: '+ str(currentSecondScore) + ', Score: '+

for i in range(len(sortedSumScore)):
keyword = list(sortedSumScore)[i][0]
keywordScore = float(list(sortedSumScore)[i][1])
currentFirstScore = firstScore[keyword]
currentSecondScore = secondScore[keyword]
f.write('similar item: '+ str(i) + os.linesep)

f.write('keyword: '+ keyword + ', + 'FirstScore: '+ str(c

str(keywordScore) + os.linesep)

# save recommended keywords
if (keyword not in recommendedKeywords):
recommendedKeywords.append(keyword)

for i in range(len(sortedSumScore2)):
keyword = list(sortedSumScore2)[i][@]
keywordScore2 = float(list(sortedSumScore2)[i][1])
currentSecondScore = secondScore[keyword]
f.write('similar item: '+ str(i) + os.linesep)

f.write('keyword: '+ keyword + ', + 'SecondScore: '+ str(

currentSecondScore) + os.linesep)

for i in range(len(sortedSumScorel)):
keyword = list(sortedSumScorel)[i][@]
keywordScorel = float(list(sortedSumScorel)[i][1])
currentFirstScore = firstScore[keyword]
f.write('similar item: '+ str(i) + os.linesep)

f.write('keyword: '+ keyword + ', + 'FirstScore: '+ str(c

urrentFirstScore) + os.linesep)

)

149.

150.
151.

#calculate similarity between original keywords and the article
currentArticleKeywordCount = len(currentArticleOriginalKeywords

similarityOriginalKeyword = ©

avgSimilarityOriginalKeywords = ©

originalKeywordW2VSim = ©

similarityOriginalKeywordsVector = []

for j in range(currentArticleKeywordCount):
currentOriginalKeyword = currentArticleOriginalKeywords[j]

print(currentOriginalKeyword)
originalKeywordW2VSim = calculateY(currentOriginalKeyword,

word2vecModel, testArticles, currentTestArticlelId)

152.

im)

153.
154.

m

155.
156.

similarityOriginalKeywordsVector.append(originalKeywordW2Vvs

print(similarityOriginalKeywordsVector)
#similarityOriginalKeywordsVector[j] = originalKeywordW2VSi

similarityOriginalKeyword += originalKeywordW2VSim
avgSimilarityOriginalKeywords = similarityOriginalKeyword / cur

rentArticleKeywordCount

157.
158.
159.
160.

# calculate recall
commonKeywordCount = ©
recall = @



ay

O

161.
162.
163.
164.
165.
166.
167.
168.
169.
170.

171.
172.

173.
174.

175.

176.
177.
178.

179.
180.
181.

182.
183.
184.
185.
186.

187.

188.

il 03lgadS” Sl gl delign g, &)

recommendedKeywordsCount = len(recommendedKeywords)

if recommendedKeywordsCount > keywordNumberThreshold:
recommendedKeywordsCount = keywordNumberThreshold

similarityRecommendKeywords = ©

similarItemsCount = ©

similarityRecommendKeywordsVector = []

avgSimilarityRecommendKeywords = 0

for i in range(recommendedKeywordsCount):
#calculate averaged semantic similarity between recomm keyw
ords and est document
currentRecommendedKeyword = recommendedKeywords[i]
secondScoreRecommenKeyword = secondScore[currentRecommended

Keyword]
if secondScoreRecommenKeyword > ©O:
similarityRecommendKeywords += secondScoreRecommenKeywo
rd
similarityRecommendKeywordsVector.append(secondScoreRec
ommenKeyword)
similarItemsCount += 1
if (currentRecommendedKeyword in currentArticleOriginalKeyw
ords):

commonKeywordCount += 1

avgSimilarityRecommendKeywords = similarityRecommendKeywords /
similarItemsCount

## Kolmogorov Smirnov Test
## HO= same distribution, Hl=not the same distribution
pValue = ©
[KSstatistics, pValue] = stats.ks_2samp(similarityOriginalKeywo
rdsVector, similarityRecommendKeywordsVector)
f2.write('p-
value ' + str(CurrentArticleCounter) + ' = ' + str(pValue) + os.linesep)
CurrentArticleCounter += 1

189.

190.
191.
192.
193.
194.

195.

196.
197.
198.
199.
200.
201.
202.
203.

if (currentArticleKeywordCount>®):
recall = commonKeywordCount / currentArticleKeywordCount
f.write('recall: '+ str(recall) + os.linesep)
f2.write('recall: '+ str(recall) + os.linesep)
f.write('Original Keywords Similarity: ' + str(avgSimilarityOri
ginalKeywords) + os.linesep)
f.write('Recomm Keywords Semantic Similarity:
rityRecommendKeywords) + os.linesep)
recallSum += recall
recallAll = recallSum / articleCount
f.write('recall all: '+ str(recallAll) + os.linesep)
f2.write('recall all: '+ str(recallAll) + os.linesep)
f.write(os.linesep)
f2.write(os.linesep)
f.close()
f2.close()

+ str(avgSimila
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## calculte the average distnace between a keyword and an article,
## based on the distance between the keyword and every term in the article

def calculateY(currentKeyword, word2vecModel, testArticles, currentTestArticle
Id):

result = @

currentKeywordVector = [0] * 100

currentKeywordVector = calculateXj(word2vecModel , currentKeyword)
currentKeywordExist = sum(calculateXj(word2vecModel , currentKeyword))

#i# currentKeywordVector = word2vecModel.wv.word_vec(currentKeywo
rd)
if currentKeywordExist ==
pass

else:
similarity = @
sumSimilarity = @

currentTestArticle=getArticle(testArticles, currentTestArticle
Id)

articleWords = []

normalizedTitle = normalize(currentTestArticle['title'])

wordList = word_tokenize(normalizedTitle)

articleWords.append(wordList)

normalizedAbstract = normalize(currentTestArticle['abstract'])

sentencelist = sent_tokenize(normalizedAbstract)
for sentence in sentencelist:
sentencelWords=[]
wordList = word_tokenize(sentence)
for word in wordList:
sentenceWords.append(word)
articleWords.append(sentenceWords)
articleWordsList = [item for sublist in articleWords for item
in sublist]
similarWordCount = @
for word in articleWordsList:
try:

wordVector = word2vecModel.wv.word_vec(word)
similarity = spatial.distance.cosine(wordVecto
r, currentKeywordVector)
sumSimilarity += similarity
similarWordCount +=1
except:
pass
wordCount = len(articleWordsList) ## number of all terms in t
he new article
result = sumSimilarity / similarWordCount
return result



ABSTRACT

Keyword Extraction is known as a key step in document indexing. Keywords are
semantic and contenet-based descriptors of a document, which can be used in
document retrieval and representation. In databases containing scientific documents,
such as Ganj in Irannian Research Institue for Information Science and Technology
(IranDoc), it is even more critical to assign meaningful keywords for documents,
since the documents are from different academic disciplines and contain technical
terms.

As the number of scientific documents grows exponentially, having an automatic
and intelligent keyword extraction technique is getting more critical. There are
various keyword extraction techniques which are either based on statistical features
of the text or machine learning approaches, and sometimes a combination of both. In
this research, we are proposing a new keyword extraction method for Persian
scientific documents based on recommender systems and case-based reasoning. The
proposed method is designed based case-based reasoning in which the main
assumption is that similar documents share similar keywords. There are two main
steps in the proposed approach: first, similar documents to a given new document are
retrieved based on TFIDF and word2vec model, second, the candidate keywords are
extracted from retrieved documents and ranked based on a new scoring scheme, and
a set of keyword are selected from the candidate keywords based on their score. The
proposed method is tested and avaluated on a set of documents of Ganj database in
three different subject areas (Art, Humanities and Engineering), based on precision,
recall and expert panel.

Keywords: keyword extraction; recommender systems; case-based reasoning;
word2vec embedding; information retrieval; machine learning.
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