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Abstract: This paper introduces the indirect substitutability relation for the first time to provide a practical solution for estimating
semantic similarity. Proposed method is an unsupervised semantic similarity estimation method, which is benefitted from taking into
account the indirect substitutability relation. This method recognizes the substitutability between two terms by considering a third
term, which has similar lexical context with each of them separately. To model this relation, we generate a graph using substitutable
pairs of terms. The strength of the relation between each pair of terms is approximated by propagating semantic score through the
substitutability graph. This method is language independent and uses only textual corpora to generate the substitution graph.
Furthermore, it supports semantic similarity estimation in languages suffering from lack of dense corpora. Results of our experiments
using RG-65 Persian dataset show that the proposed method outperforms the baseline algorithms. The proposed method improves the
estimation from 0.03 Spearman's correlation up to 0.13 in comparison with the baseline algorithms.

Keywords: Semantic similarity, lexical substitution, substitution graph, random walk, corpus, wikipedia.
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Algorithm 2: MapReduce substitutable pair generator.

Input: ~ Ngram Set G,
Maximum Context Length |

Output: Substitutable pairs.

1 function map (G, , k)

2 foreach g inset G, do

3 for k«1 to | do

4 (Key , Value )= K-Subs (g, k);
5 emit (Key, Value);

6 end

7 end

8 end

9  function reduce (Key, List (value))

10 foreach Key do

11 foreach v; in List (value)do
12 foreach v2 in List (value)do
13 if vi<v, then

14 emit ((va vy, 1);
15 end

16 end

17 end

18 end

19 end
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Algorithm 3: MapReduce substitutable pair counting.

Input:  Substitutable pairs.
Output: Substitutable pairs and their counts.

1  function map (Key, Value)

2 emit (Key , Value);

3 end

4 function reduce (Key, List (value))
5 int freqe—0

6 foreach Key do

7 foreach v in List (value) do
8 freq « freq+1;

9 end

10 emit (Key , freq);

11 end

12 end
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Algorithm 1: K-Subs generates the (Target , Context) pair from
the Ngram g.

Input:  Ngram g =¢(wi W ... W, )
Context Length k

Output: key-value pairs of target and context from Ngram g.

1 function K_Subs (g, k)

2 Key ¢« (W1 Wy ... Wy W) oo Wino) Wn )
3 Value — Wk+1) - Wink)

4 return (Key, Value)
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Algorithm 5: Semantic Similarity Estimation (SSE).

Input:  Substitutable pair set, E

Seed and Sink words, i.€. Wseed , Wink
Size of Vocabulary, N

Graph diameter, diameter

Output: Semantic_Sim(Wseed , Wsink)

1  function SSE (.)

2 del-¢;

3 Ssink¢— GraphScore(E , Weeeq ,\Wsink ,N,d,diameter);
4 Sseed¢— GraphScore(E , Weink ,Wseed ,N,d,diameter);
5 Semantic_Similarity ¢-0.5*(Sseea+Ssink);

6  return Semantic_Similarity;
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Algorithm 4: Substitution score propagation algorithm.

Input:  Substitutable pair set, E

Seed and Sink words, i.e. Wseed , Wsink
Size of Vocabulary, N

Damping factor, d

Graph diameter, diameter

Output: Score[Wsin]

1 function GraphScore (.)

2 foreach e =((w; ,wj) , f) in E do

3 outdeg[w;] « outdeg[w;i]+f ;

4 outdeg[w;] «— outdeg[w;]+f ;

5 W;.Neighbors.add(w; , f);

6 w;.Neighbors.add(w; , f);

7 end

8 foreach w; in Vocab do

9 Sim[wi] « 1/N;

10 end

11 SiM[Wseeq] ¢~ SiM[Wseeq]+1;

12 it «1;

13 while it<diameter do

14 foreach w; in Vocab do

15 foreach n in w;.Neighbors do

16 Sim[w;] «— Sim[w;]+
d*(Sim[n]/outdeg[n]);

17 end

18 Sim[w;] « Sim[wi]+ (1-d ) / N ;

19 end

20 ite—it-1;

21 end

22 return Sim[Wsin];
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