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Outline 

• The Authors 
• The Experiments (general idea and results) 
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- Concept and word 
- Bilingual word mapping 
- Bilingual concept mapping 

• Results and Discussion 
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The Experiments 
- General Idea - 

 English 
WordNet 

version 3.0 

The Great 
Dictionary of 

the Indonesian 
Language 

(KBBI) 

Parallel 
English-

Indonesian 
corpus (news 
article pairs) 

Bilingual 
English-

Indonesian 
dictionary 

Indonesian 
WordNet 
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How? 



The Experiments 
- General Idea - 
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The Experiments 
- Results - 

 English 
WordNet 

version 3.0 

The Great 
Dictionary of 

the Indonesian 
Language 

(KBBI) 

Parallel 
English-

Indonesian 
corpus (news 
article pairs) 

Bilingual 
English-

Indonesian 
dictionary 

Indonesian 
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LSA is bad  

LSA is good  



Concept and Word 
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Language     Concept        Word 

Indonesian  00464894-n  golf 

English                                 bank 08420278-n 
09213565-n 

Indonesian  00015388-n hewan 
binatang 



Bilingual Word Mapping 
- The Corpus - 

1. Define a collection of parallel article pairs  
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3,273 article pairs 

1,000 article pairs 

500 article pairs 

100 article pairs 



Bilingual Word Mapping  
- Latent Semantic Analysis - 

2. Set up a bilingual word-document matrix for LSA  
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ENG Article 1E Article 2E … Article 100E 

dog 5 0 … 0 

the 10 15 … 50 

car 4 0 … 7 

… … … … … 

IND Article 1I Article 2I … Article 100I 

anjing 5 0 … 0 

itu 12 10 … 30 

mobil 3 0 … 10 

… … … … … 

Each column is a pair of parallel articles 



Bilingual Word Mapping 
- Latent Semantic Analysis - 

2. Set up a bilingual word-document matrix for LSA  

10 

Article 1E Article 2E … Article 100E 

5 0 … 0 

10 15 … 50 

4 0 … 7 

… … … … 

Article 1I Article 2I … Article 100I 

5 0 … 0 

12 10 … 30 

3 0 … 10 

… … … … 

ME 

MI 



Bilingual Word Mapping 
- Latent Semantic Analysis - 

2. Set up a bilingual word-document matrix for LSA  

11 

Article 1E Article 2E … Article 100E 

5 0 … 0 

10 15 … 50 

4 0 … 7 

… … … … 

Article 1I Article 2I … Article 100I 

5 0 … 0 

12 10 … 30 

3 0 … 10 

… … … … 

M 

For each of these rows, 
compute the similarity 

to each of these rows 



Bilingual Word Mapping 
- Latent Semantic Analysis - 

2. Set up a bilingual word-document matrix for LSA  
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Article 1E Article 2E … Article 100E 

5 0 … 0 

10 15 … 50 

4 0 … 7 

… … … … 

Article 1I Article 2I … Article 100I 

5 0 … 0 

12 10 … 30 

3 0 … 10 

… … … … 

M 

However, there are 
irrelevant information 
and noise need to be 

removed 



Bilingual Word Mapping 
- Latent Semantic Analysis - 

3. LSA: Compute SVD (Singular Value Decomposition)  
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M     =     U        S        VT 

…  …  …  … 
…  …  …  … 
…  …  …  … 

…  …  …  … 
…  …  …  … 
…  …  …  … 

…  0  0  0 
0  …  0  0 
0  0  …  0 

…  …  …  … 
…  …  …  … 
…  …  …  … 

Matrix of left 
singular vectors 

Matrix 
containing the 
singular values 

of M 

Matrix of right 
singular vectors 



Bilingual Word Mapping 
- Latent Semantic Analysis - 

3. LSA: Compute SVD (Singular Value Decomposition)  
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Highly recommended if you want to know more! 
(especially for beginners) 



Bilingual Word Mapping 
- Latent Semantic Analysis - 

4. Compute the optimal reduced rank approximation 
(reducing dimensions of the matrix)  
 

- unearth implicit patterns of semantic concepts 
- the vectors representing English and Indonesian words that 
are closely related should have high similarity 
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10% 25% 50% 100% 
(no reduction) 

100 art.pairs 10 25 50 100 

500 art.pairs 50 125 250 500 

1000 art.pairs 100 250 500 1,000 



Bilingual Word Mapping 
- Latent Semantic Analysis - 

4. Words are represented by row vectors in U,  
word similarity can be measured by computing  
row similarity in US. 
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M     =     U        S        VT 

…  …  …  … 
…  …  …  … 
…  …  …  … 

…  …  …  … 
…  …  …  … 
…  …  …  … 

…  0  0  0 
0  …  0  0 
0  0  …  0 

…  …  …  … 
…  …  …  … 
…  …  …  … 



Bilingual Word Mapping 
- Latent Semantic Analysis - 

5. For a randomly chosen set of vectors representing 
English words, compute the n nearest vectors 
representing the n most similar Indonesian words 
using the cosine of the angle between two vectors 
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Article 1 

Article 2 

Article 3 

dog 

anjing 

mobil 

cos cos 



Bilingual Word Mapping 
- Some Experiments - 

6. Remove the stopwords from the matrix  
English: the, a, of, in, by, for, … 
Indonesian: itu, sebuah, dari, di, oleh, untuk, … 
and do SVD again. 

 
7. Apply two weighting schemes: 

- TF-IDF 
- Log-entropy  
and do SVD again. 
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Bilingual Word Mapping 
- Some Experiments - 

7. Apply TF-IDF 
- term frequency-inverse document frequency 
- TF: to measure how frequently a word occurs in a document 
 
 
 
- IDF: to measure how important a word is in a corpus 
 
 
 
- can be used for stopwords filtering 
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Number of word w in a document 
Total number of words in a document 

Total number of documents 
Number of documents with word w in it 

log 



Bilingual Word Mapping 
- Some Experiments - 

7. Apply TF-IDF (example) 
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Article 1 Article 2 … Article 100 

dog 5 0 … 0 

the 10 15 … 50 

car 4 0 … 7 

… … … … … 

Total 100 150 … 125 

TF IDF 
Number of word w in a document 

Total number of words in a document 
Total number of documents 

Number of documents with word w in it 
log x 



Bilingual Word Mapping 
- Some Experiments - 

7. Apply TF-IDF (example) 
 

21 

Article 1 Article 2 … Article 100 

dog 5 0 … 0 

the 10 15 … 50 

car 4 0 … 7 

… … … … … 

Total 100 150 … 125 

TF IDF      of dog 
5 

100 
100 

1 
log x =   0.05  x  log 100  =   0.05  x  2  =   0.1 



Bilingual Word Mapping 
- Some Experiments - 

7. Apply TF-IDF (example) 
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Article 1 Article 2 … Article 100 

dog 5 0 … 0 

the 10 15 … 50 

car 4 0 … 7 

… … … … … 

Total 100 150 … 125 

TF-IDF of the 
in article 1 

10 
100 

100 
100 

log x =   0.1  x  log 1      =   0.1  x  0        =   0 

TF-IDF of car 
in article 1 

4 
100 

100 
2 

log x =   0.04  x  log 50  =   0.04  x  1.7  =   0.07 

TF-IDF of car 
in article 100 

7 
125 

100 
2 

log x =   0.06  x  log 50  =   0.06  x  1.7  =   0.09 



Bilingual Word Mapping 
- Some Experiments - 

7. Apply TF-IDF and do SVD (example) 
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Article 1 Article 2 … Article 100 

dog 0.10 0.00 … 0.00 

the 0.00 0.00 … 0.00 

car 0.07 0.00 … 0.09 

… … … … … 

Stopwords filtering 



Bilingual Word Mapping 
- Some Experiments - 

7. Apply TF-IDF and do SVD (example) 
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Article 1 Article 2 … Article 100 

0.10 0.00 … 0.00 

0.07 0.00 … 0.09 

… … … … 

M     =     U        S        VT 

…  …  …  … 
…  …  …  … 
…  …  …  … 

…  …  …  … 
…  …  …  … 
…  …  …  … 

…  0  0  0 
0  …  0  0 
0  0  …  0 

…  …  …  … 
…  …  …  … 
…  …  …  … 

M  = 



Bilingual Word Mapping 
- Some Experiments - 

7. Apply Log-entropy and do SVD 
 
log         =  
 
entropy =  
 
                      gfi is the total number of times a word appears in a corpus, 
                          n is the number of documents in a corpus 

 
After getting a new matrix from log-entropy, do SVD 
(same as in TF-IDF) 
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Bilingual Word Mapping 
- Some Experiments - 

8. Do mapping selection 
Take the top 1, 10, 50, and 100 mappings based on similarity 
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GOOD BAD 

using 1,000 article pairs with 500-rank  
approximation and no weighting 

- billion is not domain 
specific 
- billion can 
sometimes be 
translated numerically 
instead of lexically 
- lack of data: the 
collection is too small 



Bilingual Word Mapping 
- Some Experiments - 

9. Compute the precision and recall values for all 
experiments 
 
 
P = 
 

 
R = 
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Σ correct mappings (check with bilingual dictionary) 
Σ total mappings found 

Σ correct mappings (check with bilingual dictionary) 
Σ total mappings in bilingual dictionary 



Bilingual Word Mapping 
- The Results - 

1. As the collection size increases, the precision and 
recall values also increase 

 
 
 
 
2. The higher the rank approximation percentage, the 

better the mapping results 
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Bilingual Word Mapping 
- The Results - 

3. On account of the small size of the collection, 
stopwords may carry some semantic information 

 
 
 

4. Weighting can improve the mappings (esp. Log-
entropy) 
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Bilingual Word Mapping 
- The Results - 

5. As the number of translation pairs selected 
increases, the precision value decreases and the 
possibility to find more pairs matching the pairs in 
bilingual dictionary (the recall value) increases 
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Conclusion: FREQ baseline (basic vector space model)  
                      is better than LSA 



Bilingual Concept Mapping 
- Semantic Vectors for Concepts - 

1. Construct a set of textual context representing a 
concept c by including (1) the sublemma words,  
(2) the gloss words, and (3) the example sentence 
words, which appear in the corpus. 
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Bilingual Concept Mapping 
- Semantic Vectors for Concepts - 

1. Construct a set of textual context representing a 
concept c by including (1) the sublemma words,  
(2) the definition words, and (3) the example 
sentence words, which appear in the corpus. 
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Bilingual Concept Mapping 
- Semantic Vectors for Concepts - 

2. Compute the semantic vector of a concept, that is a 
weighted average of the semantic vectors of the 
words in the set 
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Sublemma 
60% 
Gloss 
30% 

Example 
10% 

Sublemma 
60% 

Definition 
30% 

Example 
10% 



Bilingual Concept Mapping 
- Latent Semantic Analysis - 

3. Use 1,000 article pairs and set up a bilingual concept-
document matrix for LSA  
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ENG Article 1E … Article 1000E 

100319939 … … … 

201277784 … … … 

… … … … 

IND Article 1I … Article 1000I 

k39607 … … … 

k02421 … … … 

… … … … 



Bilingual Concept Mapping 
- Latent Semantic Analysis - 

3. Set up a bilingual concept-document matrix for LSA  
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Article 1E … Article 1000E 

… … … 

… … … 

… … … 

Article 1I … Article 1000I 

… … … 

… … … 

… … … 

Given a WordNet synset, 
look up in bilingual dictionary 

the Indonesian words 

select the most appropriate 
KBBI sense 

from a subset of senses 

e.g. for synset communication 

compare it with komunikasi  
and perhubungan only 



Bilingual Concept Mapping 
- Latent Semantic Analysis - 

4. LSA: Compute SVD (Singular Value Decomposition)  
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M     =     U        S        VT 

…  …  …  … 
…  …  …  … 
…  …  …  … 

…  …  …  … 
…  …  …  … 
…  …  …  … 

…  0  0  0 
0  …  0  0 
0  0  …  0 

…  …  …  … 
…  …  …  … 
…  …  …  … 

Matrix of left 
singular vectors 

Matrix 
containing the 
singular values 

of M 

Matrix of right 
singular vectors 



Bilingual Concept Mapping 
- Latent Semantic Analysis - 

5. Compute the optimal reduced rank approximation 
(reducing dimensions of the matrix)  
 

 
 
6. Compute the level of agreement between the LSA-

based mappings with human annotations 
(ongoing experiment to manually map WordNet 
synsets to KBBI senses) 
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10% 25% 50% 

1,000 art. pairs 100 250 500 



Bilingual Concept Mapping 
- Check the results - 

7. As a baseline, select three random suggested 
Indonesian word senses as a mapping for an English 
word sense 

 
8. As another baseline, compare English concepts to 

their suggestion based on a full rank word-document 
matrix 

 
9. Choose top 3 Indonesian concepts with the highest 

similarity values as the mapping results 
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Bilingual Concept Mapping 
- Results - 

10. Compute the Fleiss kappa values 
 
 
 
 
 
- LSA 10% is better than the random baseline (RNDM3) and 

frequency baseline (FREQ) 
- LSA 10% is better than LSA 25% and LSA 50% 

(cf. the word mapping results) 
39 



Bilingual Concept Mapping 
- Mapping results - 

40 

GOOD 

BAD 

The textual context sets both are 
fairly large -> provide sufficient 
context for LSA to choose the 
correct KBBI sense 

The textual context set for the 
synset is very small -> no 
sufficient context for LSA to 
choose the correct KBBI sense 



Discussion 
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• Initial intuition:  
LSA is good for both word and concept mappings 

• Results:  
1. LSA blurs the co-occurrence information/details  
    -> bad for word mapping   
2. LSA is useful for revealing implicit semantic patterns  
    -> good for concept mapping 

• Reasons: 
- The rank reduction in LSA perhaps blurs some details  
- A problem of polysemous words for LSA 

• Suggestion: 
Make a finer granularity of alignment (e.g. at a sentential 
level) for word mapping 
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 Special thanks to Giulia and Yukun  
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