
ANN Graph Indices

Keyidea Preprocess thedata and create
disability A graph G V E is navigable

if for each pair of nudes
a GooD graph for ANN Suchthat i and j as querythere must

a GREEDY Search over the graph
exists an edge Xi u EE
wherereturns an approximate NN
dist u Xj dist Xi Xje g

If G is navigable the GREEDY

parch

for 9 1 always findsXj
GREEDY G q

start from a node VEVCG Monotonicity Every path P foundUntilthere exists ue Neighbors u on thegraph G V E by following
dist u q dist v q

a best_first_Search
approach

vea should be Monotonic
Return v

Thatis dist Ving dist Ving
Immediate requirementPropertiesofG

Deg v shouldbe Small for all wiiiiiiiiit.I.aeThe graph Should have a Small
numberof edges is thepath found by Greedy

let 141
Monotonicity of can be any point in Rd butPExpected lengthof the GreedyPath maybediff from theonefound byGreedyis small J logn bestfirstsearch can backtrack andexamine alternative

Greentina a.ae ean.IIiIiiiiiiiiiimonotonic Graph with IE 0 n
and 18 1 log D

Delunay Triangulation Graph

Stept Build the VoronoiDiagram

Step2 Connect the
neighboringcells



A Greedy Search on Delunay Triangulation Always
find the exact nearest neighbic in log n



Constructing ANN Graphs in HD Navigable Smallworld NSW gra
KNN Graph A graph GCV E has the Smallworld
Goal at least be able to find the Property if The length of itsKNN of existing data Points Characteristic Path G is 0 hgn

Construction L G s Σ lunulforeach UEV
ULVEVConnect V to its KNN

Unu The ShortestPath withIssues

Connected X
min numberof hops
from u to U

Navigable X not connected

Monotonic X Goal to build a graph that is
navigable and has the SmallwTime

Complexity n2 Property

Approx KNN to reduce thetime
complexity Initialize G as an

emptyGraph

gg.gg i
best first_Search paths are monotonic is different from the shortestpConstruction Even if lunal is in Oclog nInitializeG Vit usually a connectedAKNN

the Path taken byGreedy maybe longReflect
a random pair u v CV

P bestfirstSearch u u Hierarchical NSW UNSWIf P is not monotonic Goal Build a multi layer NSWgraphI argmin dist u u such that the path taken byadd cux to E Greedy is of small lengthTrimextra edges Details in thepaper ideally logn



Construction

Initialize G as an
emptyGraphfor

random number in range o maxlayerAdd Ui to every layer l
Connect Ui to its KNW
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querying

for i 0 to max layers
V GREEDY 9 G v7 a Gi the graph of layerreturn

Wayagug starting thegreedy searchfro
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