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𝑃𝑖 𝑘𝑖

𝑃𝑖 = {𝐵𝑖,1, 𝐵𝑖,2, … 𝐵𝑖,𝑘𝑖
}

𝐵𝑖,𝑙

𝑚𝑖,𝑙

𝐵𝑖,𝑙 = (𝑢𝑖,𝑙
1 , 𝑢𝑖,𝑙

2 , … , 𝑢𝑖,𝑙

𝑚𝑖,𝑙) 𝑢𝑖,𝑙
1 , 𝑢𝑖,𝑙

2 , … , 𝑢𝑖,𝑙

𝑚𝑖,𝑙 ∈ 𝑆

𝑁𝑗 = {𝐵𝑥,𝑦 ∈ ⋃ 𝑃𝑖𝑃𝑖∈𝑆 |𝐵𝑥,𝑦 𝑟𝑒𝑠𝑢𝑙𝑡𝑠 𝑓𝑟𝑜𝑚 𝑛𝑎𝑣𝑖𝑔𝑎𝑡𝑖𝑜𝑛 𝑒𝑙𝑒𝑚𝑒𝑛𝑡 𝑁𝑗}

𝐵1,1  𝐵1,2 𝐵1,3

𝑁1

𝑊 = (𝑉𝑊, 𝐸𝑊)

𝑉𝑊



Representing Navigation Elements as Block Graphs 

𝑢𝑥,𝑙
ℎ

𝐸𝑊 = {(𝑃𝑥 , 𝑃𝑦) ∈ 𝑆2|∃𝑙, ℎ ∈ ℕ: 𝑢𝑥,𝑙
ℎ = 𝑃𝑦}

𝐸𝑊 𝑃𝑥 𝑃𝑦 𝑃𝑥 𝐵𝑥,𝑙

𝑃𝑦

𝑊𝑗 = (𝑉𝑗 , 𝐸𝑗)

𝑁𝑗

𝐸𝑗

𝑁𝑗

𝐸𝑗 = {(𝑃𝑥 , 𝑃𝑦) ∈ 𝑆2|∃𝑙, ℎ ∈ ℕ: 𝑢𝑥,𝑙
ℎ = 𝑃𝑦 ∧ 𝐵𝑥,𝑙 ∈ 𝑁𝑗}

𝐿𝑗 = (𝑉′𝑗 , 𝐸′𝑗)

𝑉′𝑗

𝑁𝑗 𝑃𝑥 𝑃𝑦 𝑁𝑗

𝑃𝑦 𝑃𝑥

𝐵𝑖,𝑙 = (𝑢𝑖,𝑙
1 , 𝑢𝑖,𝑙

2 , … , 𝑢𝑖,𝑙

𝑚𝑖,𝑙) (𝑢𝑖,𝑙
1 , 𝑢𝑖,𝑙

2 ) (𝑢𝑖,𝑙
2 , 𝑢𝑖,𝑙

3 ) (𝑢𝑖,𝑙
3 , 𝑢𝑖,𝑙

4 )
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𝐸′𝑗

𝐸′𝑗 = {(𝑃𝑥 , 𝑃𝑦) ∈ 𝑆2|∃𝑧, 𝑙, ℎ ∈ ℕ: 𝑢𝑧,𝑙
ℎ = 𝑃𝑥 ∧ 𝑢𝑧,𝑙

ℎ+1 = 𝑃𝑦 ∧ 𝐵𝑧,𝑙 ∈ 𝑁𝑗}

 

 

 

 

𝑊𝑗 𝐿𝑗

𝑊𝑗

𝑆𝑅𝑗 𝑁𝑗

𝑇𝐺𝑗 𝑁𝑗
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𝑆𝑅𝑗 = {𝑃𝑥 ∈ 𝑆|∃𝑦: (𝑃𝑥 , 𝑃𝑦) ∈ 𝐸𝑗}

𝑇𝐺𝑗 = {𝑃𝑥 ∈ 𝑆|∃𝑦: (𝑃𝑦, 𝑃𝑥) ∈ 𝐸𝑗}

𝑆𝑅𝑗 𝑇𝐺𝑗

 𝑆𝑅𝑗 ∖ 𝑇𝐺𝑗 𝑁𝑗

𝑁𝑗

 𝑆𝑅𝑗 ∩ 𝑇𝐺𝑗 𝑁𝑗  

𝑁𝑗

 𝑇𝐺𝑗 ∖ 𝑆𝐺𝑗 𝑁𝑗 

𝑁𝑗

 𝑆 ∖ (𝑆𝐺𝑗 ∪ 𝑇𝐺𝑗) 𝑁𝑗 

𝑁𝑗

𝑊𝑗

𝑁𝑗
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𝑊𝑗 𝐿𝑗

𝑆𝑅𝑗 .

𝑆𝑅𝑗 ∩ 𝑇𝐺𝑗 . 𝑆𝑅𝑗 ∩ 𝑇𝐺𝑗 𝑆𝑅𝑗 ∩ 𝑇𝐺𝑗

𝑆𝑅𝑗 ∩ 𝑇𝐺𝑗

𝑆𝑅𝑗 ∖ 𝑇𝐺𝑗 𝐿𝑗

    

𝑆𝑅 ∖ 𝑇𝐺 𝑆𝑅 ∩ 𝑇𝐺 𝑇𝐺 ∖ 𝑆𝑅 
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𝑆𝑅𝑗 ∩ 𝑇𝐺𝑗

𝐿𝑗

    

𝑆𝑅 ∖ 𝑇𝐺 𝑆𝑅 ∩ 𝑇𝐺 𝑇𝐺 ∖ 𝑆𝑅 
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𝑊𝑗 𝑆𝑅𝑗 ∩ 𝑇𝐺𝑗

𝐿𝑗

𝐿𝑗

𝑊𝑗
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𝑆𝑅𝑗

𝑇𝐺𝑗

𝐿𝑗

𝑊𝑗 𝐿𝑗

𝑊𝑗 𝐿𝑗
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𝑆𝑅𝑗

𝑆𝑅𝑗 ∩ 𝑇𝐺𝑗 𝐿𝑗

    

𝑆𝑅𝑗 ∖ 𝑇𝐺𝑗 𝑆𝑅𝑗 ∩ 𝑇𝐺𝑗 𝑇𝐺𝑗 ∖ 𝑆𝑅𝑗



Towards a Solution 

87 

𝑊𝑗 𝐿𝑗

𝑆𝑅𝑗 ∩ 𝑇𝐺𝑗 𝑊𝑗

𝑊𝑗

𝐿𝑗
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𝑊𝑗 ∪ 𝑊𝑖

𝐿𝑗 ⊂ 𝑊𝑖

𝐿𝑗 𝑊𝑖 𝑊𝑖  

𝐿𝑗
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𝑆𝐼𝑀𝐽𝑎𝑐(𝐴, 𝐵) =
|𝐴∩𝐵|

|𝐴∪𝐵|

𝑆𝐼𝑀𝑀𝑜𝑑(𝐴, 𝐵) =
|𝐴∩𝐵|

max (|𝐴|,|𝐵|)

𝐴 ⊆ 𝐵 𝐵 ⊆ 𝐴 𝑆𝐼𝑀𝐽𝑎𝑐 = 𝑆𝐼𝑀𝑀𝑜𝑑 𝐴 ⊆ 𝐵

|𝐴| ≤ |𝐵| |𝐴 ∪ 𝐵| = |𝐵|

𝑆𝐼𝑀𝐽𝑎𝑐(𝐴, 𝐵) =
|𝐴∩𝐵|

|𝐴∪𝐵|
=

|𝐴∩𝐵|

|𝐵|
=

|𝐴∩𝐵|

max (|𝐴|,|𝐵|)
= 𝑆𝐼𝑀𝑀𝑜𝑑(𝐴, 𝐵)

|𝐴 ∖ 𝐵| > 0 ∧ |𝐵 ∖ 𝐴| > 0

Item 1

Item 2

Item 2.1

Item 2.2

Item 2.3

Item 3

Item 4

Item 1

Item 2

Item 3

Item 4

Item 1

Item 2

Item 2.1

Item 2.2

Item 2.3

Item 3

Item 4

Item 1

Item 1.1

Item 1.2

Item 1.3

Item 2

Item 3

Item 4

𝑆𝐼𝑀𝐽𝑎𝑐 = 𝑆𝐼𝑀𝑀𝑜𝑑 =
 

 
𝑆𝐼𝑀𝐽𝑎𝑐 =

 

10

𝑆𝐼𝑀𝑀𝑜𝑑 =
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𝑆𝑇𝑃𝐴 𝐷𝐼𝐹𝐹

(𝑆𝐼𝑀𝑀𝑜𝑑(𝐿𝑖𝑛𝑘𝑠𝐴, 𝐿𝑖𝑛𝑘𝑠𝐵) > 0.5 ∨ 𝑆𝐼𝑀𝑀𝑜𝑑(𝑇𝑒𝑥𝑡𝑠𝐴, 𝑇𝑒𝑥𝑡𝑠𝐵) > 0.6) ∧ 𝐷𝐼𝐹𝐹(𝑆𝑇𝑃𝐴, 𝑆𝑇𝑃𝐵) ≤  
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•

•

•

•

•

•

•

•

•

•
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𝑊𝑗

𝑆𝑅𝑗 ∩ 𝑇𝐺𝑗
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Mining Hierarchical Menus with GRABEX 

𝑆𝐶

𝑆𝐶

𝑆𝐶

𝐵𝑖,𝑙 𝐵𝐴 𝑆𝐶

𝑆𝐶 = {𝐶 ∈ 𝒫(𝐵𝐴)|∀𝐵𝑖,𝑙 , 𝐵𝑗,𝑘 ∈ 𝐶: (𝐵𝑖,𝑙 ≠ 𝐵𝑗,𝑘 ⇒ 𝑖 ≠  ) ∧ 𝑃𝑖 ∈ 𝐵𝑗,𝑘 ∧ |𝐶| > 2}

𝐶 𝑆𝐶

𝐶

𝐶

𝑆𝐶∗ ⊆ 𝑆𝐶

 𝐶𝑖 ∈ 𝑆𝐶

∀𝐶𝑗 ∈ 𝑆𝐶: |𝐶𝑖| ≥ |𝐶𝑗| ∧ (|𝐶𝑖| = |𝐶𝑗| ⇒ 𝑟(𝐶𝑖) ≥ 𝑟(𝐶𝑗))

𝑆𝐶 𝑆𝐶∗

 𝐶𝑖 𝑆𝐶∗

 𝑆𝐶 𝐶𝑖 𝐶𝑖

𝑆𝐶 ≔ 𝑆𝐶 ∖  𝒫(𝐶𝑖)

 𝑃𝐶𝑖
𝐶𝑖 𝑆𝐶

𝐶𝑖

𝑆𝐶 ≔ 𝑆𝐶 ∖ {𝐶𝑗 ∈ 𝑆𝐶: |𝑃𝐶𝑖
∩ 𝑃𝐶𝑗

| ≥ 2 ∧ |𝐶𝑖 ∩ 𝐶𝑗| ≥ 1}

 |𝑆𝐶| > 0 𝑆𝐶∗
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𝐶𝑖

|𝐶𝑖 ∩ 𝐶𝑗| ≥ 1
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𝑅𝐶1,𝐶2 =
𝐴

𝐴+𝐷
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𝑚𝑖,𝑙
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𝐹𝑁𝑢𝑚𝐿𝑖𝑛𝑘𝑠 =
∑ 𝑚𝑖,𝑙𝐵𝑖,𝑙∈𝑁𝑗

|𝑁𝑗|

𝑟(𝑥) = {
  1   𝑖𝑓 𝑥 > 1       
0   𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

𝑠𝑏𝑗(𝐵𝑖,𝑙)

𝐵𝑖,𝑙

𝐹𝐿𝑜𝑔𝑖𝑐𝑎𝑙𝐷𝑒𝑝𝑡ℎ = 𝑟 (|{𝑥 ∈ 𝑉𝑐𝑗|∃𝑖, 𝑙: 𝐵𝑖,𝑙 ∈ 𝑁𝑗 ∧ 𝐵𝑖,𝑙
1 = 𝑥}|) +

∑ (𝑚𝑖,𝑙+𝑟(|𝑠𝑏𝑗(𝐵𝑖,𝑙)|))𝐵𝑖,𝑙∈𝑁𝑗

|𝑁𝑗|



Mining Breadcrumbs with GRABEX 

𝐹𝐷𝑒𝑝𝑡ℎ𝐷𝑖𝑓𝑓 = 𝐹𝐿𝑜𝑔𝑖𝑐𝑎𝑙𝐷𝑒𝑝𝑡ℎ − 𝐹𝑁𝑢𝑚𝐿𝑖𝑛𝑘𝑠

𝐹𝑁𝑢𝑚𝐵𝑟𝑎𝑛𝑐ℎ𝑒𝑠 = ∑ 𝑟 (|{𝑥 ∈ 𝑉𝐶𝑗
|(𝑣, 𝑥) ∈ 𝐸𝐶𝑗

}|)𝑣∈𝑉𝐶𝑗

𝐵𝑖,𝑙 = (𝑢𝑖,𝑙
1 , 𝑢𝑖,𝑙

2 , … , 𝑢𝑖,𝑙

𝑚𝑖,𝑙)

𝐵𝑖,𝑙 𝑝𝑟𝑗(𝑢)

𝑢

𝑝𝑟𝑗(𝑢) = {𝑥 ∈ 𝑆|𝑖, 𝑙, 𝑘 ∈ ℕ: 𝐵𝑖,𝑙 ∈ 𝑁 ∧ 𝑢𝑖,𝑙
𝑘 = 𝑥 ∧ 𝑢𝑖,𝑙

𝑘+1 = 𝑢 }

𝐹𝑃𝑟𝑒𝑑𝑒𝑐𝑒𝑠𝑠𝑜𝑟𝑠 =
∑ 𝑝𝑟(𝑢)𝑢∈𝑆

∑ 𝑟(𝑝𝑟(𝑢))𝑢∈𝑆
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