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[ Nearest Neighbors for a High-dimensional Data

MUKARRAMAH YUSUF,! CHiEMI WATANABE!!
and JUuN Sesef!

Similarity search for high-dimensional data such as gene expressions and im-
age pixels has a vast application in many fields. In this paper, we propose a
method for finding similar top I points for a query point, from a point database.
In this research, we specially focus to manifold data. By using neighborhood
graph to present the manifold data, we can save the intrinsic similarity between
two arbitrary points5). There are many researches that using neighborhood
graph as a method for mining and finding nearest neighbor, but finding nearest
| neighbors on a neighborhood graph has not been researched yet. There, in
searching top [ points, we propose to use neighborhood graph. First, we search
k nearest neigbors of the query point, then add a temporary edge from the
query point to them. Last, we then find the top I nodes by using adjacency
relationship between nodes.
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Fig.1 Tenenbaum’s ”Swiss Roll” data

BTHru— I —F T =TI 2mplp2 £ 7TV g BI—2 Vv REEEEDIE A,
d(p2,q) < d(pl,q) LW I BRICIZZ D, LA L TOREBOSEAE, dpl,q) < dp2,q)
IK75%. 2R TOMKREIE, COZEKLETORBTCGLIEZELT LWV & THS. D
E0, pl DN g ITHEUL TV 3.

3. B9 E 3L

AHITIERIEY 5025 & IR FIE TR S 2 8 23T 5.

3.1 M-Tree

M-Tree?) X REBEITCT — 2 ZEM] « 77X AT 5 10DHF [ THB. 2—7)
RZERRANT R VZER ECRERTERVLDDDITHE S N, Wb 2 Bk GE
arE, WFRE, ZAAERZTER) ORGTHS. M-tree DL, FastMap,VP-
tree, MVP-tree, GNAT 7% & DIRBEZERZRS IFIRE S NI, £THINGERI I TH B0, #i
LW T — XD ARE 5307 — X DHIBRD T E R,

M-tree ¥/ — R34 T2 v, i/ —R3V—T 1 T4 T 27 N EEEN
ZHLDEMET D, V=T 4V TA TV NIEHDARDORA V2= T 5. HoAKic
BENTVWRETD/—REI—T 4 2 TA TV bOANERENINIET 5.

OB ERT LR U X DI, M-tree 3R M L7 v THRITRE LTV L. KEBHTE,
T/ = ROEMNTHRDIEEBNUE, /— RDNERI NS> THEITS. =2 b
U OASREOM, HIRREEITZ %, F/2, M-tree THIROBWL VY7 TR kEfE
JITUMNTZES.

(© 2009 Information Processing Society of Japan



IPSJ SIG Technical Report

K 2 Tenenbaum DH— L7 —FF—& L7202 XL LR (O mi)

Fig.2 Tenenbaum’s ”Swiss Roll” data and it’s two dimensional cmbcdding(from6))
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3 M-Tree O
Fig.3 An example of M-Tree
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Fig.4 Processing the top | query

5.

COBERBOKRT &, kiEfEELTa, bEROEND. TORITIE, 1DD/—KH
1DDOR=ITHBLHEZB5HH, MEDI/O IAMEI3 THS.

4.2 M-Tree & kiRET S 72G0E AL

4.1 OB TNz L 512, M-Tree TERW [ TN FEHTES. LA L, M-Tree
DHTHRERITIGA, K1DXS7%, 757 LTOHMOSMEESZT—ZICRLT,
LT HEEMRRPIEMLTLES. 22T, TR, kIHET 57 M-Tree 2 L 1=
MERTFIERIRET 5.

M 4 IREFEOWIOFNERT. £7, AilEE LT, BEIICDMT— 2D M-tree
LRSS T ERERL, MELTHEL. RIS, =BTV q D LEEEEOED
BBWE, q7% kiET S TIGHBAL. ZUT, ¢ BHMAENT kiifET 5 7 ETHizE
75, k5757 BT, 1IEERRETE1DIKIE, ZFATANITEERVS. X147
AN TiER, ARBEREEZROZ12DO7)VIY XLER, 7IIdVXLHh5LT, H
FERMNHIEWVIRICHZEEL TV DT, MRS HEEMROENE WS T Licks.
CCiF, JZVEERREEL, JZVUEDNOERLEVEDKEERS.

q 7% kRS S T ICHPABIRIEICE, DO RS EHRENDH .

(1) qO kiEfEERD, TLTqhb, TALDEN, WUEES.
(2) kEHETITOHZ/—RD, ¢ NEFOMD REFCEENED, ZTOMD EFHD
WEHIRRL, ZUT g~ \UEES. D%, UOBFEI #{T5.

QLB (1) 1& 4.1 i CHHLZTETRD, B ZETH 5. M (2) KBL T

BTD/—RICRLT, ¢ N EEFECEENZIENZF 2y 7T B X, T—28xE

Vo0l.2009-MPS-76 No.47
Vo0l.2009-BIO-19 No.47
2009/12/18

1 function ModifiedDijkstra1(Graph, querypoint):
2 for each vertex v in Graph: I Initializations
3 dist[v] := infinity /I Unknown distance function from querypoint to v
4 previous[v] := undefined 1l Previous node in optimal path from querypoint
5  dist[querypoint] := 0 /I Distance from to querypoint
6 S :=the set of all nodes in Graph
/I All nodes in the graph are unoptimized - thus are in S
7  while Sis not empty or Inn has not been found: /1 The main loop
8 u :=vertex in S with smallest dist[]
9 if dist[u] = infinity:
10 break 11 all remaining vertices are inaccessible from querypoint
11 remove u from S, uis one of Inn
12 for each neighbor v of u (except the kth neighbor ):  // where v has not yet been removed from S.
13 alt := dist[u] + dist_between(u, v)
14 if alt < dist[v]:
15 dist[v] := alt
16 previous[v] :=u
17 for the kth neighbor v of u
18 alt := dist[u] + dist_between(u, v)
19 if dist_between(u,v) < dist_between(u,query) //checking edge(u,v),whether it is a virtual edge or not
20 dist[v] := alt
21 previous[v] :=u
22 else
23 remove edge(u,v)
24 set a new ege (u,querypoint) /I querypoint as the kth neighbor of u

5 7)VdU L1

23k, IHENTHS. 20T, AHIXFERERL, RGN (2) B4 A 5 Ak TiE
THS T %1 E DN SMHAONIRETS < & & Ui,

HA DA NSHETY S TR A%y > LSH DI (2) 974 3 Fike LT, UFD2D
PEZBNG. Tk | BHAETET, Tk 2 GEEMREZET 2 TETHS.

FiE1

T RL 1 EFE 1 27T, FELTE, /— REAFv VT 38, ¢ EHEDE S
WeF v U, 25 THeEE, WORFHARITS. Tk 1 ZHEFICTE S FERED,
J— REAF % VBT ¢ ~OEMERN S EFNEVIF RN, EHLE L HOLORR
K BHE, AF Y VT3 — RIEELLED, o T3 F— 2 BE R T — 2 DIt
I X 13 BRI N

LUF, B 7ICH LT T 1 ORI (k=2, 1=4) ZHHTS. £, YyTUHQ #X
Fodh. AX—FACHLTIE, Fxv 2155 REAEN. RS, Q 5 I
B CRAFY TR, Fov IR, QU C O EEHETSHS LS BEMIENS.
Z0RY, COkEFAOLEHIRL, Q ~"FLLERS. LT, Qh DIk
BHO G REAFY VTS, Fav VETSRED, SRELTEREZOEETHS. O
BIERBDIEL, BEE LHD/ — FHRE 725, MBAIMETTS.

F3%2

(© 2009 Information Processing Society of Japan



IPSJ SIG Technical Report

function ModifiedDijkstra2(Graph, querypoint):
for each vertex v in Graph:
dist[v] := infinity

1

2 Il Initializations
3

4 previous[v] := undefined

5

6

/1 Unknown distance function from querypoint to v
1/ Previous node in optimal path from querypoint
dist[querypoint] := 0 1/ Distance from to querypoint
S :=the set of all nodes in Graph

/1 All nodes in the graph are unoptimized - thus are in S

7  while Sis not empty or Inn has not been found: /1 The main loop

8 u = vertex in S with smallest dist[]

9 if dist[u] = infinity:

10 break /1 all remaining vertices are inaccessible from querypoint
11 if dist_between(previous[u],u) < dist_between(previous[u],q) /checking whether the edge to u is a virtual edge or not
12 remove u from S, uis one of Inn

13 else

14 dist[u] := min(all_dist[u]) /I remove edge from previous[u] to u

15 previous[u] := min(prev_for_all_dist[u]) Illprevious node on path of dist[u]

16 set a new ege (u,querypoint) 11 querypoint as the kth neighbor of previous[u]

17 for each neighbor v of u (except the kth neighbor ): // where v has not yet been removed from S.

18 alt := dist[u] + dist_between(u, v)

19 if alt < dist[v]:

20 all_dist[v][i]=dist[v] 1l save all computed dist[v]

21 prev_for_all_dist[v][i]=previous[v] 1/l save all visited previous[v]

22 dist[v] := alt

23 previous[v] :=u

24 else

25 all_dist[v][i]:=alt

26 prev_for_all_dist[V][i]:=u
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Fig.7 an example of checking/deleting edge process
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Fig.8 kNN graph(k=2). (1)Built with method A, (2)Built with method B, (3)Built with method
C-1, (4)Built with method C-II
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Fig.9 Experimental result for artificial data(k=10)
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Fig.10 Experimental result for artificial data(k=10)
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Fig.11 Experimental result for artificial data(k=10)
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Fig. 13 Experimental result for gene expression data(k=10)
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Fig.12 Experimental result for gene expression data(k=10)

Lix%. NRITA—ZFREBIANTT—ZELERICT, k=10, 1I1Z0H5 6308 £ THB. EHH
RaEX 12, 13, 141R9.

FF— 2 UTREB T3, Method B ORI TO ISR LT 172D, BAR
F2DDMEZFFD. I Wk KD/NEVIE, BEERIE 1 THD, Ak KD RKREVRFFERIE
0.99 TH 5. ThlF, RDIZVEIEZRTHRETELD, RIETEZVEDEMRERE
LTELTWEWERTHS. Method C-1 & C-ITIFHIHREWARIIFEIC 1 TH 5.
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Fig.14 Experimental result for gene expression data(k=10)

5.3 £ : Method B QLY

RTINS A — R BTN OIEICZEE L, Method B DIF4MEMET L7z, Method B @
T57 LTORZBERIEEIC 2SS, £9, HESMES TV, HEFIEKkES
KiF, RDIZNVEDXDE, KESTHERN 1A, 2 @DEN
IEFBEEZARESTLRNETZIRNT, MBRVHITEDOK S ICKRZEEE, WOBITFHZ
ZITOREMNZV. DXD, ROGHEZITS RENTL

BEICEL TR, ESENEVEIIEWVYISZ ENTERY. HTHICK ST, Kbz
WE DK DIREFERD DR THRERFENZW I8, Method B ZFIFH L TH KKK
BEbHBLEZD. TUCHELTIE, ZNFNOIHATE COMRRIDRERZ EEZS.
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6. b Yic

AWZEOHNISEEITTT — X DRz @b s 5 2 L TH5. BEaRTT —RId %
Bz 2 D07 — AL I TEX . BEXTT — 2 DA ZEERT 550, WS
MiTH% M-Tree ZRIHT 2 LMW TES. TLULTHEIILT — 2 NSk e HETHA,
kRGBT 27 #MAT B FERE L. REFEZTET 57201, MEEERZTo 2
FRELT, BEXoTT— 2 OPMRIC kLt 75 7 3FIHTE 3.

UL, FEBEORETIE, WREBRET—2DWRERSD, kiEfE7 TN —EIAEY
Fico—FRTEROVETHEND. MRZ2ITI DI, kBT I 720, stRTHE
BARIDRAE) =IO TRENDH S LEX L. BROBNREKRZITI 2D, ki
TS5 7% EDXITENT BDDAHERDGHRDFETH 5.
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