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Algorithm 1: KNNSearch

Input: query g, number of result k, start node s and
candidate set size [
Output: approximate k nearest neighbors
1 candidate set C' «+ {s}
2 while true do
3 i < the index of the first unchecked node in C
4 if i = | then
5 L break

6 v 4— i-th candidate
7 for Yu € v.neighbors do
s | cecufw
9 sort C' in ascending order of the distance to ¢
10 if |S| > [ then
11 L C.resize(l)

12 return top k candidates in C'
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Algorithm 2: BuildNSG

Algorithm 3: FindNavigatingNode

Input: AKNNG G, max out-degree m and candidate set
size [
Output: NSG
1 n < FindNavigatingNode
2 for Vv € G do

3 candidates of neighbor D < KNNSearch(v, 1, n, I) U
{all nodes checked along the KNNSearch}
4 sort D ascending order of the distance to v
5 po < the closest node to v in D
6 v.neighbors < {po}
7 for Vu € D do
8 if Conflict then
9 L continue
10 v.neighbors < v.neighbors U {u}
11 if |v.neighbors| = m then
12 L break

13 build NSG with nodes and edges

14 while true do

15 DFS from root n

16 if not all the nodes linked to n then
17 d < unlinked node

18 w — KNNSearch(d, 1, n, 1)

19 d.neighbors < d.neighbors U {w}
20 else

21 L break

22 return NSG
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Input: candidate set size [, kNN graph G
Output: Navigating Node

1 r < random node in G

2 ¢ < centroid of nodes in G

3 return KNNSearch(c, 1, r, [)

Algorithm 4: Conflict

Input: process node v, neighbor candidate u and neighbor
candidate set D
QOutput: Boolean
1 if luney, N D = () then
t return false

N

4]

for Yw € {luneyy N D} do
4 L if w € v.neighbors then

t return true

w

6 return false

IZOWTH INFETIREEIN TR,

4. REFLIUIL

RETNTY ZLTIE, XYy 7 ZRICHER L 72 NSG %2
HCGABEHEERE 2179, UTFTIE, NSGDOX Y v 72
BINDIRIR & 77 7 2 -G 78R 7L ) X Lo »Til
5%,

4.1 NSG DX MY v I7ZRANDILE

4.1.1 X MY vy 7Z%EMICEIT % Navigating Node

A MYy 7T, BLPERTE LA, Navigating
Node Z X Y v 7 Z2MIIEET 2 088D 5, UTICA Yy
7 222 81} % Navigating Node Z EFKT 5.

E# 4 (Navigating Node) .

VpeP

Navigating Node = argmin ( Z distance(p, q))
VqeP

4.1.2 X MYy 7%EMIcE TS5 MRNG
ARV 7ZEEICE TS MRNG 2 TD & J ISERT 5.
S5 (A MYy 7ZEIZEITS MRNG) . X kY v 7 %]
MTERSNLT 772G L, u % GILAENSERD
IyP LT3, GHRUTZEMATLEE, GIEMRNG TH5LE
(2
uh ¢ G, Yw € G,
distance(u, w) < distance(w,v) and
distance(w,v) < distance(u,v) or
uth, wd € G, Yw € G,
distance(u,w) > distance(u,v) or

distance(w,v) > distance(u,v)
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Algorithm 5: ConflictInM

Input: process node v, neighbor candidate u

Output: Boolean

1 for Yw € v.neighbors do

2 if u ¢ w.neighbors then
3 L continue
4 if distance(v, w) < distance(v, u) and distance(w, u)

< distance(v, u)) then

5 L return true

6 return false
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Algorithm 6: GraphRangeSearch
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Input: query g, search range r, start node s and candidate

set size [

Output: points in search range
result set R = ()
// Global Range Search
candidate set C' < {s}
while true do
i < the index of the first unchecked node in C
if i = [ then

L break

v 4 i-th candidate in C
for Yu € p.neighbors do
C «+ CuU{u}
if distance(q,u) < r then
R+ {u}
L break

if |[R| > 0 then
L break
sort C' in ascending order of the distance to ¢
if |S| > [ then
L C.resize(l)

if |[R| =0 then
L return ()

// Local Range Search
while true do
i < the index of the first unchecked node in R
if checked all nodes in R then
L return R

v 4— i-th result in R
for Vu € v.neighbors do
if distance(q,u) < r then
| Re RU{u}
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