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Abstract Skip Graph, one of the structured overlays, constructs its own structure based on membership vectors
assigned to every node, and consequently it provides routing path lengths of O(log n) where n is the total number of
nodes. However, there is a problem that most of routing paths are not the shortest paths because each node knows
only its local information, rather than the global topology. We proposed Detouring Skip Graph, which shortens the
path lengths by means of utilizing detour routes. It does not require construction of extra links and modification of its
topology; thereby, we succeeded in shortening them while maintaining the advantages of Skip Graph. Our evaluation
experiments confirmed that the average path length was shortened by approximately 20% to 30% compared to Skip
Graph.
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1: Skip Graph
Fig. 1 An example of Skip Graph.
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2: 15 searchOp

Fig. 2 A searchOp routing from node A to search key 15.
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vcurrent searchMLOp vcurrent

vcurrent.maxLevel

searchMLOp Skip Graph

3 1 A ktarget = 15

1
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Algorithm 1 : searchMLOp in node vcurrent

� traversing from Max Level
1: upon receiving 〈searchMLOp, vstart, ktarget〉 then
2: if vcurrent.key = ktarget then
3: send 〈foundOp, vcurrent〉 to vstart; return
4: else if vcurrent.key < ktarget then
5: for lcurrent ← vcurrent.maxLevel downTo 0 do
6: vnext ← vcurrent.neighbors[R][lcurrent]
7: if vnext.key ≤ ktarget then
8: send 〈searchMLOp, vstart, ktarget〉 to vnext

9: return
10: end if
11: end for
12: else
13: for lcurrent ← vcurrent.maxLevel downTo 0 do
14: vnext ← vcurrent.neighbors[L][lcurrent]
15: if vnext.key ≥ ktarget then
16: send 〈searchMLOp, vstart, ktarget〉 to vnext

17: return
18: end if
19: end for
20: end if
21: send 〈notFoundOp, vcurrent〉 to vstart

22: end upon

3: 15 searchMLOp

Fig. 3 A searchMLOp routing from node A to search key 15.
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4: vcurrent

Fig. 4 Should node vcurrent select the detour route?

Skip Graph O(lMAX + H) = O(log n)
Algorithm 1 O(H · lMAX) = O(log2 n)

O(H log lMAX) = O(log n · log(log n))
Skip Graph

3. 2
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searchDROp Skip Graph

lprev

closeToRight(ktarget, kleft, kright) ktarget

kright mid(kleft, kright) kright

true false mid

V ∀k1, k2 ∈ K(k1 ≤
k2) 1 2

1 #{k ∈ K | k1 ≤ k ≤ mid(k1, k2) ∧∃ v ∈ V, v.key = k}
2 #{k ∈ K | mid(k1, k2) ≤ k ≤ k2 ∧∃ v ∈ V, v.key = k}

v.key
K = {0, 1, · · · , n − 1} P {v.key = k} = 1

n

mid(k1, k2) := k1+k2
2 K = {0, 1, · · · } P {v.key =

k} =
( 1

2

)k+1 mid(k1, k2) := − log2

(
2( 1

2 )k1 +( 1
2 )k2

3

)

Algorithm 2 : searchDROp in node vcurrent

� using Detour Routes
1: upon receiving 〈searchDROp, vstart, ktarget, lprev〉 then
2: if vcurrent.key = ktarget then
3: send 〈foundOp, vcurrent〉 to vstart; return
4: else if vcurrent.key < ktarget then
5: for lcurrent ← lprev downTo 0 do
6: vnext ← vcurrent.neighbors[R][lcurrent]
7: if vnext.key ≤ ktarget then
8: send 〈searchDROp, vstart, ktarget, lcurrent〉 to vnext

9: return
10: else if lcurrent > 0 then
11: vlower ← vcurrent.neighbors[R][lcurrent − 1]
12: if closeToRight(ktarget, vlower.key, vnext.key) then
13: send 〈searchDROp, vstart, ktarget, lcurrent〉 to vnext

14: return
15: end if
16: end if
17: end for
18: else
19: for lcurrent ← lprev downTo 0 do
20: vnext ← vcurrent.neighbors[L][lcurrent]
21: if vnext.key ≥ ktarget then
22: send 〈searchDROp, vstart, ktarget, lcurrent〉 to vnext

23: return
24: else if lcurrent > 0 then
25: vlower ← vcurrent.neighbors[L][lcurrent − 1]
26: if not closeToRight(ktarget, vnext.key, vlower.key)

then
27: send 〈searchDROp, vstart, ktarget, lcurrent〉 to vnext

28: return
29: end if
30: end if
31: end for
32: end if
33: send 〈notFoundOp, vcurrent〉 to vstart

34: end upon
35: function closeToRight(ktarget, kleft, kright)
36: kmid ← mid(kleft, kright)
37: return kmid < ktarget

38: end function

mid searchDROp
mid(vlower.key, vnext.key)

mid(vnext.key, vprev.key)
closeToRight

4.

mid(k1, k2) := k1 + k2

2

5 1 A ktarget = 15
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5: 15 searchDROp

Fig. 5 A searchDROp routing from node A to search key 15 where
mid(k1, k2) = k1+k2

2 .

Algorithm 2
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Detouring Skip Graph

Detouring Skip Graph

Detouring Skip Graph k

1
• (a1, a2, · · · ) :=
• Sk := {x ∈ K | x < k}
• Tk := {x ∈ K | x > k}
• ai ∈ Sk ai (ai)i

(as1 , as2 , · · · )
• ai ∈ Tk ai (ai)i

(at1 , at2 , · · · )
• Sk × Tk �k ≺k

– �k:= {(x, y) ∈ Sk × Tk | closeToRight(k, x, y)}
– ≺k:= {(x, y) ∈ Sk × Tk | ¬closeToRight(k, x, y)}

(ai)i

(ai)i

(asj )j , (atj )j k

(ai)i

(ai)i

mid
1 ∀x ∈ Sk,∀ y ∈ Tk

• x ≺k y ⇒

⎧⎨
⎩

∀x′ ∈ Sk, [x′ ≤ x ⇒ x′ ≺k y]
∀y′ ∈ Tk, [y′ ≤ y ⇒ x ≺k y′]

• x �k y ⇒

⎧⎨
⎩

∀x′ ∈ Sk, [x′ ≥ x ⇒ x′ �k y]
∀y′ ∈ Tk, [y′ ≥ y ⇒ x �k y′]

mid(x, y) = x+y
2

mid mid 1

1 ∀x1, x2 ∈ Sk,∀ y1, y2 ∈ Tk

•
[∃x ∈ Sk (x ≺k y1 ∧ x �k y2)

]
⇒ y1 < y2

•
[∃y ∈ Tk (x1 �k y ∧ x2 ≺k y)

]
⇒ x1 > x2

x ≺k y1 x �k y2 x ∈ Sk

y1 ≥ y2 x �k y2 1 x �k y1

x ≺k y1 y1 < y2

�

1 (asj )j , (atj )j

i

⎧⎨
⎩

sj = i j
[
j > 1 ⇒ asj >asj−1

]
tj = i j

[
j > 1 ⇒ atj <atj−1

]
(∗)

i

i
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1, 2, · · · , i ∗ I
ai = k i + 1

II ai ∈ Sk i ai+1 ∈ Sk ii
ai+1 ∈ Tk iii ai+1 = k iv ai+1

i ai < ai+1 iii
ai+1 /∈ Sk ∪ Tk i + 1 ∗ iv

i + 1
ii

tj = i + 1 j x > ai x ∈ Sk

x ≺k atj 1 ai ≺k atj j > 1
(atj′ )j′ tj−1

tj−1 +1, tj−1 +2, · · · , i−1
atj−1+1, atj−1+2, · · · , ai ∈ Sk

y < atj−1 y ∈ Tk atj−1+1 �k y

1 atj−1+1 �k atj−1

atj−1+1 < atj−1+2 < · · · < ai 1
ai �k atj−1 1 atj < atj−1

i + 1 ∗ III ai ∈ Sk

II i + 1 ∗ �

4.

3
•
•
•

membership vector
{0, 1}

4. 1
v.key P {v.key =

k} = 1
230 (k ∈ {0, 1, · · · , 230 − 1})

mid

miduniform(k1, k2) := k1 + k2

2

6(a)
100

ktarget ∈ {0, 1, · · · , 230 − 1}

100

6(b) n = 10000

searchDSGOp(mid:uniform) searchDROp(mid:uniform)
miduniform

1

searchDSGOp(mid:uniform)
searchDROp(mid:uniform) searchMLOp searchOp

searchDSGOp(mid:uniform) Detouring Skip
Graph searchOp Skip Graph

32%
4. 2

v.key
f(k) = ck10 (0 ≤ k ≤ 230) P {v.key ≤ k} =∫ k

0 f(k)dk (0 ≤ k ≤ 230)
c∫ 230

0 f(k)dk = 1
k ∈ {0, 1, · · · , 230 − 1}

mid

midpower(k1, k2) :=
(

k10+1
1 + k10+1

2
2

) 1
10+1

7(a)
100

ktarget ∈ {0, 1, · · · , 230 − 1}

7(b) n = 10000

searchDROp(mid:power) searchDSGOp(mid:power)
midpower

searchDSGOp(mid:uniform)
searchDSGOp(mid:power)

miduniform

2 n = 100, 1000, 10000

searchOp 20%

4. 3
Wikipedia 2 API 3

4 1
256(= 28)

8(a)

2 https://www.wikipedia.org/ (accessed Jan. 24, 2019)
3 https://www.mediawiki.org/wiki/API:Main_page (accessed Jan.

24, 2019)
4 2018 11 8
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searchOp Skip Graph Sec. 2. 1
searchMLOp Sec. 3. 1
searchDROp Sec. 3. 2
searchDSGOp Detouring Skip Graph Sec. 3. 3

1:
Table 1 A List of algorithms used as evaluation subjects.

(a)
(a) Average path lengths.

(b) n = 10000
(b) Distribution of path lengths where n = 10000.

6:
Fig. 6 Comparison of path lengths on a topology whose keys were generated by uniform

distribution.

(a)
(a) Average path lengths.

(b) n = 10000
(b) Distribution of path lengths where n = 10000.

7:
Fig. 7 Comparison of path lengths on a topology whose keys were generated by power-law

distribution.

8(b) n = 5000

searchDSGOp(mid:uniform) Detour-
ing Skip Graph searchOp Skip Graph

24% miduniform
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Skip Graph
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2) 2

20% 30%
2
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(a)
(a) Average path lengths.

(b) n = 5000
(b) Distribution of path lengths where n = 5000.

8:
Fig. 8 Comparison of path lengths on a topology whose keys are random English titles on

Wikipedia.

n = 100 n = 1000 n = 10000
searchOp 4.75 9.31 11.41
searchMLOp 4.59 7.87 10.31
searchDROp (mid:uniform) 4.46 8.38 9.76
searchDSGOp(mid:uniform) 4.35 7.14 9.05
searchDROp (mid:power) 4.44 8.37 9.70
searchDSGOp(mid:power) 4.34 7.15 9.03

2:
n = 100, 1000, 10000

Table 2 Average path lengths on a topology whose keys
were generated by power-law distribution where n =
100, 1000, 10000.
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