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W, 2 DFTY =27 VRERIERY ML TRBHINDS
L2 RhoTWB D, EHRERNT LT —XEHS X
TLAPHFEINTWS., ZOEMAIHY, P RTLDOFE
RABHED 1 O TH 2 MELFEHER (ANNS) RRENIH
PEOTVDE. BRI TE, X7V 27 FBERITTRY
ML EBOREEEET 2R EREL, BEHRNOS &
T ANNS %175 FIEICE D fHEe. Z ORI, BHHE
WA 7927 v Ohhs, IMREFHEHERTZ L
PHWE T 2. ZOFREITHERPDELICHICB W THERE
HTH 30, BEMETIRETOEEICHI D2 Z %
HELTWSHDPZ L, #Hr—BHIETE 2 FHRED
W, KT, Ho—BICHETES Y Fu—F %R
R, EMRFT—ZEHVEEBRICED, #E7 13V X
LOBNIMEE RS

1 EL®HIZ
MWAEEETNVDERICED, 29, 74 74, HiR, B
SV RFa R EDFTI 27 FRERTTRY bk
LTRHEIND Z e~ o TV, ZOEANICHE
W, Milvus [26], Vearch [1], Vespa [2], Weaviate [3], Pinecone
[4], BX U ADBV [32] HEDRT FLTF—XEHS X5 45D
HEMEPEIML TV 5. SERREERER (ANNS) k2 s
DIYRAT LB B FERERED—DTHD, £ DI
TIPSR v & 2 [24, 25,33, 38], Bk [13-15, 31],
BROERESZ S 7 [6, 12, 19, 22] D ANNS BIEIZHS 5 &
FEERRENBINCGTE T2 71T ) XL EINT
W3, (BRITEMICB % BERFLEFRRICN T 5K
HOTNAY ZLIIEAF ¥ TH 720, BEEMRDET
BITEWV[18].) 2073 Y X 4, Microsoft [9, 23],
Apple [20], B KK Alibaba [32] FDZ L DREDHRRKRT >
DUTHHIN TV Z BN TW3.

AR, IR E RIS 2 729, BRI N T D ANNS
MIEDEH T W3S [16, 17, 21, 27, 34,35, 37]. & DRIEIZ
BWT, 4727 FMiEIRT Mk EBEHESBEEMST SR
TEY, 7Y OBHHINIC T 247022 FDHT
BHRZ PAPELT b 00AaBHIENE. ZoEM
HFNCIE ) 22V TORBE 2 BERIE LTHEE
L, TRTOBHIBNTZ Y MBEET 2B MHMHE L —3K
T34 7V 20 bOAREREME T EEEEESK, B
Gi) 7z VR —EoEMEEHlIe LTHREL, IBESh
FEEOMENS 7 ) TIHREINZDD—KHTEATY
=7 bOAEFERME T M BTN 2 BE DD, E
MADZLLL DI FVATHRHEINTWS. HIZIX, R
RILV YT, BRESPIFRICKZ 74 V2 YV IHT
bbb, F72, Amazoncom D XS e a~v—XAH¥ A +T
W&, kg, 73V, BLUFHICE2 7420 70
AHETHD. ZOBBICEKZ 74 LR Y EZhEDY
— VP RICBY AEMENREETH L e o, EREES
BB X OERy B MIEHIFI R To ANNS A EETH 5 2
LB, R TIE Z OREIICE D .

1.1 BEFEOHE

JEMEFRNCNIS T E 2 AR FEE LT, Prefilter [26,
32], Post-filter [36], ¥ & ¥ inline processing [16] & FEIX4L
353007 TR —FHPEFELET 5. Prefilter 1%, FTIEE
IR -T2 ToAr T 27 PERIGL,
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ZDR, INLDATI 2T VOEEEMRERAF Y T
5. ZO77u—F I EHERERON DD, EiL
RBFTI 27 DR NI WVIEEICDAIRNTDH 3.
Post-filter 1%, & 754 Y TANNS A4 VT v 7 RAEHEHEL
JIVNEZONLZZIDA Ty 7 AHET 3
ANNS 743V XL %FITL, MBREED S BRI %
72BN ATI 7 Y ERNT S, ZOMROEEY A X
DY AT VG A, BREAL AT 572010k >k %
L, ANNS 2B THEITT 5. AU, BRI % R
FTEkEOA T2 bDELNZETHEDIREING. 2D
7 78 —F 1% ANNS 2 EEISEITT 2[R0 H D, GE
WD) RERhK ERELRITINERSRVWETEERNT
372w, ZOIENRMEZ S 2 728, inline processing T
X, A VT I REEERL, TI7RRAEINEATI =T b
NEEHNIC—RT2H5E50AHEMEHET 2. LaL,
inline processing THZ K DRERA T =2 7 M7 7k
AT 37D, FHEaR IR KRELE-TLES.
JEPERIRI R T D ANNS BIEICEIR D A ZFiEE LT,
Filtered-DiskANN [16], NHQ [27], 3 & UF CAPS [17] EHHTE
f£5 5. Filtered-DiskANN B X TN NHQ 13 &5 & bifi#E
Z7%FHALI271aY XL TH5. Filtered-DiskANN 1
AT 7 ABERICA T 27 FOXRY FIOVEOFEL
PR THRL, BEEEGOZERL T I 7Sl s %
T, HEEIREALEXIETVWS. LaL, ATV
FRE—BE L 2R RVWEED 7 LT ) XL ULEN
TV, NHQ IXEMEEMOEMEERL, 7Y
=7 METORZ SOVRIFEEEE 2 R R R A L
BREEHEE D YOS S TRERITS AT Y X AT
b3, LrL, B7ALTYXLTOREEMESXESEE
FIR 2R e L7-BERECH 2 720, SR BIEHEN 3G
L TWRW . CAPS X, Pre-filter ¥ inline processing DN A
TV R7Fu—FERHALTED, BUEO HBRERIC
HONWTHREREMET 2FETH 2. BRI, TVE
KD/ — RenET 58, BRDHEECHRET 2 EMEMELS
Bgefhy LTHvEERS. ZHhICkD, TERDZ ., — K
BRGNS A T2 VB RIS, L
L, CAPS dE2EERWERRe LTED, fHEL TV
RWBENDIESEGE Y L TRESNTOWIEENEHER
WIRAT 5. 20 X5 BRI TD ANNS fEZEICE D
MHAZBEIZRE, E—EHED L E2E R % it
e LTHBY, B> O RS TTO ANNS BEIZ I
FHH LTV,

12 Hk

LR & iz, BHFEFOIEER D BRI AN DIERIE &
SHIRPEVEFH IR N OFENRD 2. AHEIN5D
AR RIR L, (EE D& 8RR U TR
TEMIREEY 77 2RRT 5. ol 7 7%
FWT, 82 7/13 Y X 41X Prefilter, Post-filter, B X
inline-processing D 7 L3V X & & D b J& MM &2 i 72
TRNVWATI 27 bADT7 7R (BE—BF2v b8
) BB X CERMEGRZHZT4 7Y =7 b e DRk
HEE 2 KIEICHITR S 5.

KX DEBIFA T D@D TH 5.

o B ERIFIC ST & 3 EE O EFEE A ANNS
FNLITY X LEERT S,
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o EHRDF -ty FEAVWEEREITY, BE7
NV XLPIEFREERTHD, BE7LITY XL
 FE2ZMEETHD e BR L.

1.3 KR

KL OMBIILLTO@ED TH 2. 2B TARBXIZBITFS
BEERTS. 3BTEEPOBEELR LI X L%
RET L. sBETERERLIME T 2. sETHEMIEEE
rL, 6B TR DN imEIRND.

2 Hitd

O nflADA T =7 FOEELL, &4 TV 227 boeO
i d RIERZ b L e R B LU m HOBIEICEEMN T 5h
TVW3b0r35. BRIE m=2DFREITITV L
BrwvozEENIEZLNE.) ZZ2Td=001) E+7ic
K&EL, OFEN2DORAM LICHEET 25D LEET S
[10, 12, 17, 19, 21, 22, 27, 34, 37]. %7z, 0w id o DT L,
0 A o M EXINTVWAEMED VA NTHD, 04; 13
oD iFZHOBEMDOME (BE) 2RTdbOLT3. A7V
=7 ko ¥ o OHEEET dist(o,0’) ¥R, 00 & o’v DL—
70y FEEMEZEE S 52, T, AREXHELD M TR
FEDRERE ERT 5.

> >
[W,

EFH 1 (BRI, 0, q BIUBMMEDY R A=
(AL ... g AR DEZ SN2 T 5. £/, iFHDOE
TEDME q.A; 25 null DFE, Z OBEMEHIRID 720
DL T3, ZDLE, OA) ZLULRD XS ICERT
3.

O(A) ={o]|o € O,Vi€ [1,m]s.t.q.A; # null,0.A; = q.A;}
1)
J

N

%ﬁzﬁﬁﬂ%Tfmﬁﬁﬁﬁﬁyaq,Eﬁ@\
DYRMA = [qA1...qAnm], BIERERY A Xk
NEZoht & BUHRKNTTOREHFEHERIE
IS*| =k 22D Vo € S* BXU Vo' € O(AN\S* IZxF LT
dist(0,q) < dist(o’,q) /=T S* ZHKRT2HDTH

% (FMEDBZEREEDHETESLE DT 3).

MEER. AR TR EZOBEDELREZEZ %, T
Pl fERTR (ANNS) X, SCO(A) 2EtETZ L
THY, S|=kEZBSHLT LD S* RO TRV,
S DREERMN B 7012 a—b (Recall@k) ZLLTFD XS
IZEFKT 5.

IS N S*|

Recall@k = .

@

3 RETNTY XA

ARETE, BE7 L3V XLDFEMIOWCHAT 5. b
PEOEFBRRICB VT, 7 7 7 EHWEFIREZ, 20
HELBEORE»S, EALROANTDH S ZeHRE
NTW3 [18]. AT, #H0EERIFIC D FITHG
TELRET S 7RHAGDEREHLWT — X G E iR
£35.

7AF7. ¥3, ETCOBMHEIIEErHZ 7)) %
25, IOGEERGE1LT3. 5851 TE, oA T
Pz FVAWMDBEZETORBBEOHAGDOEICHNLT
7S 7 RHEETE, 7o) TR B ERENC
FMT BB 7R M5 ok b, B aRkE (2
IV IZRBITVBEEESICWUS 2 2 DRI HIE) 2

DEGHEE M2 FFA S 5 & & CREGHBIC A 7 — LATRETH 5.
HERT TV X LR OFREERE D (AT RETH 5.

%

2

2
AN

WT ANNS 2EfTTE 3. X512, 47V 27 ME—>
DT 5 71 LB W=D, 75 7 O EERL
72354, ZEHERIZON) THD, KEF—XIZAFr—
NFB. R, HEE—DREMEICOAFNND LT ) %
Bz, BE2r35. ZOBER, SEEOREELROL
TVl POBEARIHLTEE Y T 7 BRI ER V.
IDLE, EATTV 7 MEImBEOLE ST 7ICEHAS
728, ZERFTEEIX O(nm) TH 3. BB, 1<m <mfl
DOFEMEEOHNIND 2GEEEZ, A3 T 5. HE
1BXU 2074772 AT 256, SFBEO X4
FA XD E y 2T 28, O™ HOEES S 7 HHE
THY, ZRHHEROBSE» O REF—XIZAF— L LA
WZ RIXHHATH S, oF b, EREHTHEMGRY
WEHET RS 7 72 2 NP R T 2 HIEEREN
TR,

2T, BEIOBEHNIESE 1O Ty P EX
BZEeNTE, FMIC, BE2DRA—1—ky bEEZS
s, FlziZ, Ai=x, As=vy, .., Am=2THILTY
=7 P OEED ORI NTLIES T T Gry,. . DIFIET
2L, Ai=x, Ay=v, .., Am=null DJEEHIFIERE
LT UDEZ0607 55, TDLE, Gy, - ND
F 7Yz PR ETIHREINEBURKER-377-9, &
DTS 72 MHT 2 e BEENTH L e oh
5. L»L, ZOEMERNEMZ-T7Y 27 bOFENE
DB, Ai=x, Ay=vy, .., Am=2 A =x, Ay=y, ..,
An=72" THHLLDHHFET 2720, Gry,... DAHATHERK
TR ICERERREZE 23 LW, 22T, iz
& Gyy,..z & Gay,..r DENCADFET UL, LRLOEM
iR Lo ) i3imWw (F-130°5) A7V
b TOA) BHRTEL 2005, (0Fh, BED
BTy b3 BEBHHIRICHYTI2ETOEES S 7
WL CEAMER ZITT 208NV, ) EREFIEEOH
KEFMELODZD XS RIAREAT 272, HEH2T
VERR I N0 7 5 7 ol & 5E& 1 TER I =T
#B727108M3 5. — I mid/hEL 8], TS
TTREMLEA T 27 MENCHBPER S NG, 7z,
BE20®E 77D (D) Xz ne 35k, &
F7Y 27 MiE CEET) Omp) HOZDA TP =2 M
T 24727 bADBERD. HEORBEEICHITIH
HBGEEITBVWTH, ZNSDPOFTHIFEK T4 7
V2 bDAEWBZvizk D, EEKR RSB Ao
DZIVIZIEVWA T 27 MITEDL TN TES.

3HIT, BT L27—XMEB XU Z ORI
OWTHIHT 2. 20, 32828\, 07— X
ZIEFA LT ANNS 713 R L RIRET 3.

3.1 F—XRE

F9, IBRETILITYXATE, X727 bOEKEED
fEE—EO#A T GEAEE) cEHBxhTnwsdorid
EFT B, KT, 04; Gel[Lm]) BZ20HANTFERT
b3 5.

B IR 702 ) XA THWS 7 — 28R HHT 212
DY, Ai=x, Ag=y, .., Ap=zTHBAT7T =7 b
DEE Ox,y,...z %25, (ZZT, x,y, BLUFzIZONA
THOYEIERTHD.) TOXATP2r VEGDEHES
5 7 % Gx,y,...,z = (Ox,y,,.,,z, Ex,y,,,,,z) tﬁfﬁj—é : 0) t %,
Oxy,..z 377 7DHK (=479 =2 1) OREEZEK
U, Exy,.: @7 N ERMLOEEZERT. (01
DWTIERICHAT 5.) IBE7 V3V XL THWS 7—
2, O NTHEDIES x,y,...z DAGDLEZRZN
WA U THR I N B T 7 Gy, DRTER—IL
7257 GTHAB.
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614 Gis BHE1MMDs 77
01 04 06 05 01 04
/g' - . rf:j-'t O¢ o o: D16
/- / PR L Sy 3
032 \ /o 033 \“'*/f-———:x- 32017 19
'3

K 1:m=2DBEDEERT 7 7°—0f. BEhtTY
=7 b, HRA, FEH, BEUREABPLZY D%, &
NEBLZYTZDIANAEBRLTNVS.,

FRNVNELY Y, HBEHET T 7 G,z W2 DDTER
0 BEW o) IFIETEHDE L, (04,0p) € Exy. .83

5. ZDIHDZ NIV (0g,0p) 1F
1 (if 04.A = 0p.A)
l = 3
(0a. 05) {ob.A (otherwise) ®)
TH5.

B 1. BIZE, m=2, JEM 1 OME» 258E, B 2 oy
SFMETHAGEREZS. ZORKICEZ NS BHEMED
HAEDEIE, {11}, {12}, {1,3}, {21}, {22}, BXU
{23} TH B, ORI {12} BRSO 7V 27+ BXU
{22 ZREOF 7V 27 bR WER, ZhoDiiEs S
ZIZOWTIERMEE LRV, K2, {1,1} BXU{1,3} I
U TR LS S 7 Gy BX U Gis ZEM 1 OfEH 1
TH2A7I=z7b (0FD (L1} BIXU{1,3}DEES
MIETEA T2 ) IS L THERINmE S S 7
Do Te—VF 2823, BE10EN 10D
57@:314‘1, F 7T b 010 @:gﬁj—é Z, 010 5
011 BJ:U‘ 016 c:\ﬂﬁlgﬁgﬂflﬂé 011 3;03016 @E‘I‘i‘t
3 {1,1} TH27D, IR % {1,1} & L7234 (010,011) B
i) (010, 016) PENT2. 2hz22TOF 7T b

IZOWTITS Ze THEI I 78~ —IF 5.

Gry,..: D&M BET VTV XLTIE, Gyy,.. & LTI
BB OER DY 7 7 BFIHFIRETH 5. R TI,
Gxy,...z ZIEWEGERE 77 70 T 2.

F7294YTNITY XL, BET LTV X LORTLE %
Algorithm WZ/RS. 2 THEINZ 7 — XBEIZEED
TV UTHIHEETH b, sl —ER 3 Thbih
3.

FTF, B O0xy..: COWXNLT Gy, ZIENT 2. &K
LTI, Gay,.... & LOEMEERE S 2 7 2 W5 . B
a2 7 DI 0(n?) RN ELTH A5, NNDEs-
ceNT [11] @R E ISR MEGRRE 2 F 7 % O(n) REE CHESE
TE5. INHDIEET T T Gyy,... BX—I LT T 7
GEHEETS. ZOLE, B2TDecEDTNILI(e) 1T L
35,

R, 4727 boe0EmlAOLF T 27 VES
WCANS. BRI, O(ixy = {00 €0,0.A; = x} L EFR
L, &ie[Lm IZHLTo% Ogoa,) CAND. ZDE,

%

2

3
AN

Algorithm 1: PRE-PROCESSING

Input: O, m, K (initial graph degree), K’
(hyper-paramter)
1G«— @
2 for each possible Oy, y,.... € O do
Gux,y,...z < NNDESCENT(Oy,y,....z, K)
| G GUGxy,. z//Ve€E]l(e) =L

5 foreach o € O do
foreach i € [1,m] do
| H[(i,0.A1)] — H[(i,0.A;)] U {0}

3

4

6
7

8 foreach key h of H do
Gy, < NNDEscenNT(H[h],K")
foreach (04,0p) € Ej, such that (04,0p) ¢ E do
L E «— EU{(0q,0p)} with I(04,0p) = 0p.A

9

10
11

12 return G

% Oixy DILMIRILRE 7 7 ZEL, ZDT 7 7DHFT
v e=(0g0p) MEXEENTOVRWVIEE, Il(e)=0p.A ¥
LTEIZEMT 3.

FEHEHRE. 24 fTHTCE & nflOA 7Y = 7 MiTHL
C NNpescenT ZFEITLTED, K=0(1) 235¥, 2D
BRI O(n) RV ETH 5. 5-71fTHTIE, AT =7
FemEDOATY 27 VEBFBALTWS 72D, 0(nm)
R4 T 5. 8-111THIX, At nm @04+ 72 =7 MiC
%f LT NNpEscent 2 FEITLTED, K/ =01) £33,
O(nm) REHIDMAET 5. £72, ZOBIETHEL 2 LOBEZ
O(nm) TH 378, Algorithm 1DREFTERIX O(nm) & 7
3.

ZHEEHERE. FORMEEEDHD S, Algorithm 135 X
U G DZEMEIREZ O(nm) 725,

3.2 TV

iz, SAHITRE L7 — X MEZIEH S % ANNS 71
IV ALERET S, Algorithm 2I2FDFIEE/RT. 22
T, e (1) FERFHELBED L - FAT7ZWE %7
X—RTH5.

EHhERET L. Zorx, EERK A PN null 23740
NE, AZRMETATIS2 7 YORENS T VR LKA
TV NeBEE s 2T 5. —F, AW null BE
EFNBGE, null TH2ENEOEE ZDBHICEET 2E
MBETVRLRDBDIILIE A 2EZ, nul BFEELRZV
BE AR DITIET os ZIRD 5.

RIZGIZBWT, oy OERIBIC K 2HEREBD S, o
ERBEALT TS 27 VEBVIZ, (o dist(os,q)) B
fEFa—p (HEMRE BIXOP ERFTIx7 PO
MES) ITHAT 3.

L P OREERBF T2 R0 L, P ERYS
T3, FOE, o DRHEEA T 27 P THRIBHDB D o
K778 F3. ZOFTV7 M VIGBINL, Bl
AL T DRI, 1(0,0) DT~ILD L DA, dist(o),q) &
FHEL, ThPEEMROBIME - RiTHIUL, PBIUP
12 (o, dist(o’,q)) ZBIIL, t ZFHT 3. £/, |P/|>e-k
THIUX, PP DRDE TIVEHIBRT 5. —7, 1(0,0") DTN
A L THRWEGE, o AW A EZHETHEIZDA 1(0,0)
DT OLH L DFE L AEONEEITS. ZOHEE P’
MINZIRBETHEDIREL, POEED kHOF 7Y =7 b+
PHNT 3.
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Algorithm 2: ANNS
Input: G, g, A = {q.A1,...q.-Am}, € (= 1), and k
/* Determining a start node
1A« A
2 for alli € A’ such that q.A; = null do
3 L Replace q.A; with a random value in the domain of
the i-th attribute
4 05 < arandom node in {o |0 € 0,0.A = A’}
/* Traversing the graph from the start node =*/
5 V « {os} // V is a set of visited nodes
6 P,P’ « (os,dist(0s,q)) // P and P’ are sorted by
dist(-,q))
7 T ¢— OO
s while P’ # 0 do
0 « the top element in P’/
Pop P’
foreach o’ such that (0,0’) € E ando’ ¢ V do
VeVu{o}
if [(0,0”) =L then
if dist(o’,q) < r then
Add (0’,d(0’,q)) into P and P’
Update 7 // the € - k-th dist(-, q) in P
if |P| > € - k then
L Erase the last element in P

*/

9
10
11
12
13
14
15
16
17

18

else
if o’ A satisfies A then
L Run lines 14-18

19
20
21

22 return the first k elements in P

4 FHMiSEER

AT, BERERICOWTENS . £ TOEERIZ, Ubuntu
24.04.1 LTS, Intel Xeon Gold 6254@3.10GHz CPU, 3 & T 768GB
D RAM ZHEEH L /=51 EECcHEM L 7-.

4.1 PE

F—&tv b, EEIZIX, ANNS EEOBIET— RN H
Aan3%EF—Xty b TH3 Deep [7], GIST [5], B &
(N SIFT [5] Z{#FH L 7= [16, 18, 21, 27, 30]. Deep & 1,000 /7
PED 96 KITIERIBRFMA 2 F L, GIST I 100 D 960 X
JC GIST Ff#-_ 7 b v, B XU SIFT iX 100 F 1D 128 KT
SIFT R Z P SR XN 5.

BETERRZE [16, 17, 21, 26, 32, 34] L AIREIZ, %% 0.A; 2Kk
DD 7V B LRMEICHRELZ. 22 Tm=321L,
A % 100 FEEOIFATER, A, & 10 EEOIFEEE, X
D As 7 R2EHEOIEAEEY L. £/, A BTRT
—FEDMRITHES K OZEL T,

Deep, GIST, BL U SFT IRTDOT =Xty MZBW
T, #FNEFNDOY —ATHIZONEZ 7 ZYRT ML BT
YR L2 1,000 HEFEATHEHLZ. T2, BEHSGEIE L
THETA2EEEZLUTO LS W3 EERELR. (1) B¢
T3EME 122 L, POBUEIBETINIET VE LI
BN, ) FBET3EMZ 202 L, YOEMEEETS
PIET YR LGER. 3) 2 ToRMERIEE. 72V DR

> =

HEDF— &ty b OFRE LRI, —HOMHIZES 5>
2 LNIAECEE LT,
M7 AT XA, FHERYE L7 XL

DEHTH 5.
o Prefilter . 1B TN L7 LTV X A,

%

2

4
éj\

# 1: FILBEN R [sec)

F—&tLy b ETLERRE [sec]
Deep 9271.710
GIST 3126.192
SIFT 885.805

7 2: Pre-filter DFERINFH [msec]

F—Xty b ZTV)OREE BERFFRE [msec]

Deep 1 B E 433.104
2 B E 51.821
3 JBEEE 33.099

GIST 1 EMEE 63.106
2 JBHEIEE 9.544
3 JBRMEIEE 3.030

SIFT 1 BIEEE 31.919
2 JBMEIEE 4.286
3 JBIEEE 2.946

e Post-filter : 1IETHN L7 3Y X, ANNS A ~
Ty 7R LGEMEEFE ST 7 (K=30) THW
7=.

e Ours | 3ETHZELZE7NLIV L. K=30BLY
K' =20 E%E LT

INSDTNTY X LIE C++ THREX RN, g++13.3.0 T-03
RELA 7> a v EHOWTay f VL ZhbD7L
TYRXLDT — RFEER, faiss’ZHWT<LF AL v F
NAR=2V T4 v ZEAVET2AL Y R) TFH7 S
A VMR L=, —J7, ANNSIES Y LA Ly RTHEITL
7z

FHOFEEE, {72V X LDOETEHMEBEO L —F
F 7 BHE T 285 X — & e ZELE RN, FHFET
RS e Y a— LR RIE L.

4.2 HLBRIREE

F1UZ, FF—ZEy MIBIFREET LY XL DRI
MR % 7R3, Deep X7 — X EH3 1,000 T TH D, GISTH
K ONSIFT @ 100 /5 & LB U CIEHIC R 2 W=, AiULER
IR o TW3., £z, GISTBXUSIFT D7 —X&
BUIF T 72H3, GIST I 960 XL ¥ SIFT O 128 XJT & LLER
LTREVWRYD, AILEREDEL Lo TW3. ZOME
X, 3AHICHM L -REERIER Y KT 5.

43 “FEHEREH L FYa—nL

RETE, 7LV VIE (FrF74 ) K
e RBEZFNS. 203 Pre-filter DIERFFEZ/R L TV
%. Prefilter IZFIEMRDFERTH 5728, Va—nld1 T
3. K2(a), H2(b), B & TUK2(c)l&, ZH 24 Deep, GIST,
BEXUSIFT 77— &+t v b ETO Ours D FEHEHEZRRR &
) a—LolBRERLTWS., ZhHDOEBTII k=10
L7,

Ours NTOHE., I XRTOTF—&Zty MZBWT, 38
HRETOREAEED FL—FA 70 1 BEEEB XU
2B ETOREEREL LA -TWw3. 3 EEEEIX
SERBMRETH D, l(e) =L 2 2UDAHWB Y, &
HEHEHE 2T ATV 27 bOBBL R e LDk
ROEHTH L. £/, IRTOTF—XE vy MZBWT, 2

Shttps://github.com/facebookresearch/faiss
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FEEIZBWT, Oursidl(e) =L R 2UDAZMWB Z LT
ANNS #4795 Z e BT %, BRI EN DR WD T
H35.

¥ 7z, Deep, GIST, BIU SFTDT7T—&X+t v MZEBWL
T, 1 BHEEDH A Prefilter KX LTZHRERN,

%

2

5
AN

54 %, #3715, BXOWosBoEdbeEHRLTWS
(Recall@10 ~ 0.95) . LA L, 2 @BHEIREDHETIEN 9.2
%, #2015, BLUOW175k-oTED, 1 BEHEED
LEeHBLT, REDTHHRELR>TVS (Recall@10
~0.95). ZAUL, 2 BIEEEICE W TR 72 3 RO EE
1 B E b el LT v, il B TE R o B FEi
REVWZEHFEREEZ SN 3.,

Deep IF7— Xty FATHRD GBE(LICKIT LTV 3.
ZR, S 7 DMBROREXERLTED, Ours
KT — Xty MZELTWA Z bbb, GIST D
R LD SIFT WX L THRE D 3 2 DIERTEIC & 3%
PrEZL., BEEERICBWT, HRICED 3R
DEEFREREV. 20D, T—REPFRILTH-TH,
RICENC D DAVITERENC R E R EET 5.

Ours & Post-filter DI, K212BWT, 1 EBEIEEDS
BI2BIT 3 Ours & Post-filter DEFE-FEE (Va—n) o+
L— A 72T 5L, Ours DHEED AT BERNT Y
5B, Post-filter W XBIERIF 2 E B L2 HERD
TERWD, FEREEIRZ V. 2, BHERWICEE
N3 BN Z 5 L Post-filter DEERIFEINEEMNT 2 =
CEEHATH D, 2 BEICHIIID D 255 D Post-filter D
BRI 1 BB E LD b (FREEDY a—-1T) #
{723, (2078, Postfilter TD 2 JBMEB X3 BMAE
EOEBREZEHELTWVWS.) —JF, Ours HliNcEEh 3
SRS 213 Y ERRRFENEE < 72 D, Post-filter 1T
N BENMEDD B.

5 BHEnFsE

ANNS. Z < DIFELPIRPID» OEFEE R ANNS 712
U X ADBRICE D HATE . BFMESERI Ny & 213
MY T u—FTH 20, REMNZMMo 7 o —F &
DBV [18]. BFLIEZEEIRENR VD, S0y a—L
PR TERV 31]. ST 7I3BEORSLHD 7 I u
—FTHDY [30], BEFET T IRRRAE—NLT— L RT S
TANZ M XN S, Vamana [23] B & X HNSW [19] 2305
W7o 7 ThY, FAZhiiEBLUBREICET
5. IhsidBtEMNE sy — 2RI TV S,

JEPERIRT & ANNS. BITFEME 02 3L 7 7 7 &2 #
FALTHED [16,21,27,34,37], H—@EzuifEr LTy
JBINERES 2 TSR3 3 Z & T Post-filter DEHEALZ X - T
W3, —F, TNSDEES T 7R EREREROATY
=7 FAEER T 2 AU EBATIX RV,

7 4 AZNX—2R ANNS. ffE, 7—EZRXR—ZADT—XHI A4
RRFAIERLTWS. ZHUfEVn, T4 2714 F v
AL, IRB LR EZITS 7 4 A7 X=X ANNS D
FEBITOITVS [9,16,28,29]. T4 AZICTF — R %K
MTEREANDRET VTV XL DILRIZSHDHEET
H5.

6 A

AT, BUHIK T TR FHRREEICE D
A2, ZORBIESEMRETHRZ S DIEHEND 203, BHET
N3 XL TRERINE 7 B EFRRNCIE T E RV,
DOREZfRIRT 270, KX TEH LW T LI Y Ao %
BELE. ¥7, FHMliERICBVT, BE7LITY ZXLD
HREAEEE T LTV X A DMRER FRIB Z 2 2R LT,

AEE
AWFFEDO—ENE, AP JIEHERE (JPMJCR23U2) DOXIER 52
372 DThH5.

-

EE L

Copyright © 2025 by

The Institute of Electronics, Information and Communication Engineers and
‘H:H' Information Processing Society of Japan All rights reserved.



FIT2025 (%5 24 EEWBFRM I+ —5 L)

[10

[11]

[12

[13]

[14]

[15

[16]

[17

[18]

[19

[20]

[21

[23]

[24]

[25]

[26]

[27

[28]

[29]

[30

[n.d.]. http://corpus-texmex.irisa.fr/.

Yusuke Arai, Daichi Amagata, Sumio Fujita, and Takahiro Hara. 2021. LGTM:
A Fast and Accurate kNN Search Algorithm in High-dimensional Spaces. In
DEXA. 220-231.

Artem Babenko and Victor Lempitsky. 2016. Efficient Indexing of Billion-
scale Datasets of Deep Descriptors. In CVPR. 2055-2063.

Yuzheng Cai, Jiayang Shi, Yizhuo Chen, and Weiguo Zheng. 2024. Navigat-
ing Labels and Vectors: A Unified Approach to Filtered Approximate Nearest
Neighbor Search. Proceedings of the ACM on Management of Data 2, 6 (2024),
1-27.

Qi Chen, Bing Zhao, Haidong Wang, Mingqin Li, Chuanjie Liu, Zengzhong Li,
Mao Yang, and Jingdong Wang. 2021. SPANN: Highly-efficient Billion-scale
Approximate Nearest Neighborhood Search. In NeurIPS. 5199-5212.

Wei Dong, Charikar Moses, and Kai Li. 2011. Efficient k-nearest Neighbor
Graph Construction for Generic Similarity Measures. In World Wide Web.
577-586.

Wei Dong, Charikar Moses, and Kai Li. 2011. Efficient K-nearest Neighbor
Graph Construction for Generic Similarity Measures. In WWW. 577-586.
Cong Fu, Changxu Wang, and Deng Cai. 2021. High Dimensional Similarity
Search with Satellite System Graph: Efficiency, Scalability, and Unindexed
Query Compatibility. IEEE Transactions on Pattern Analysis and Machine In-
telligence 44, 8 (2021), 4139-4150.

Yujian Fu, Cheng Chen, Xiaohui Chen, Weng-Fai Wong, and Bingsheng He.
2024. Optimizing the Number of Clusters for Billion-scale Quantization-
based Nearest Neighbor Search. IEEE Transactions on Knowledge and Data
Engineering (2024).

Jianyang Gao and Cheng Long. 2024. RaBitQ: Quantizing High-Dimensional
Vectors with a Theoretical Error Bound for Approximate Nearest Neighbor
Search. Proceedings of the ACM on Management of Data 2, 3 (2024), 1-27.
Tiezheng Ge, Kaiming He, Qifa Ke, and Jian Sun. 2013. Optimized Product
Quantization. IEEE Transactions on Pattern Analysis and Machine Intelligence
36, 4 (2013), 744-755.

Siddharth Gollapudi, Neel Karia, Varun Sivashankar, Ravishankar Krish-
naswamy, Nikit Begwani, Swapnil Raz, Yiyong Lin, Yin Zhang, Neelam Maha-
patro, Premkumar Srinivasan, et al. 2023. Filtered-diskann: Graph algorithms
for Approximate Nearest Neighbor Search with Filters. In Web Conference.
3406-3416.

Gaurav Gupta, Jonah Yi, Benjamin Coleman, Chen Luo, Vihan Lakshman, and
Anshumali Shrivastava. 2023. CAPS: A Practical Partition Index for Filtered
Similarity Search. arXiv preprint arXiv:2308.15014 (2023).

Wen Li, Ying Zhang, Yifang Sun, Wei Wang, Mingjie Li, Wenjie Zhang, and
Xuemin Lin. 2019. Approximate Nearest Neighbor Search on High Dimen-
sional Data—Experiments, Analyses, and Improvement. IEEE Transactions
on Knowledge and Data Engineering 32, 8 (2019), 1475-1488.

Yu A Malkov and Dmitry A Yashunin. 2018. Efficient and Robust Approx-
imate Nearest Neighbor Search Using Hierarchical Navigable Small World
Graphs. IEEE Transactions on Pattern Analysis and Machine Intelligencee 42, 4
(2018), 824-836.

Jason Mohoney, Anil Pacaci, Shihabur Rahman Chowdhury, Ali Mousavi,
Thab F Ilyas, Umar Farooq Minhas, Jeffrey Pound, and Theodoros Rekatsinas.
2023. High-throughput Vector Similarity Search in Knowledge Graphs. Pro-
ceedings of the ACM on Management of Data 1, 2 (2023), 1-25.

Liana Patel, Peter Kraft, Carlos Guestrin, and Matei Zaharia. 2024. ACORN:
Performant and Predicate-Agnostic Search Over Vector Embeddings and
Structured Data. Proceedings of the ACM on Management of Data 2, 3 (2024),
1-27.

Yun Peng, Byron Choi, Tsz Nam Chan, Jianye Yang, and Jianliang Xu.
2023. Efficient Approximate Nearest Neighbor Search in Multi-dimensional
Databases. Proceedings of the ACM on Management of Data 1, 1 (2023), 1-27.
Suhas Jayaram Subramanya, Devvrit, Rohan Kadekodi, Ravishankar Kr-
ishaswamy, and Harsha Vardhan Simhadri. 2019. DiskANN: Fast Accurate
Billion-point Nearest Neighbor Search on a Single Node. In NeurIPS. 13766~
13776.

Yao Tian, Xi Zhao, and Xiaofang Zhou. 2022. DB-LSH: Locality-Sensitive
Hashing with Query-based Dynamic Bucketing. In ICDE. 2250-2262.

Yao Tian, Xi Zhao, and Xiaofang Zhou. 2024. DB-LSH 2.0: Locality-Sensitive
Hashing With Query-Based Dynamic Bucketing. IEEE Transactions on Knowl-
edge and Data Engineering 36, 3 (2024), 1000-1015.

Jianguo Wang, Xiaomeng Yi, Rentong Guo, Hai Jin, Peng Xu, Shengjun Li, Xi-
angyu Wang, Xiangzhou Guo, Chengming Li, Xiaohai Xu, et al. 2021. Milvus:
A Purpose-built Vector Data Management System. In SIGMOD. 2614-2627.
Mengzhao Wang, Lingwei Lv, Xiaoliang Xu, Yuxiang Wang, Qiang Yue, and
Jiongkang Ni. 2023. An Efficient and Robust Framework for Approximate
Nearest Neighbor Search with Attribute Constraint. In NeurIPS. 15738-15751.
Mengzhao Wang, Lingwei Lv, Xiaoliang Xu, Yuxiang Wang, Qiang Yue, and
Jiongkang Ni. 2023. An Efficient and Robust Framework for Approximate
Nearest Neighbor Search with Attribute Constraint. In NeurIPS. 15738-15751.
Mengzhao Wang, Weizhi Xu, Xiaomeng Yi, Songlin Wu, Zhangyang Peng,
Xiangyu Ke, Yunjun Gao, Xiaoliang Xu, Rentong Guo, and Charles Xie.
2024. Starling: An i/o-efficient disk-resident graph index framework for high-
dimensional vector similarity search on data segment. Proceedings of the ACM
on Management of Data 2, 1 (2024), 1-27.

Mengzhao Wang, Xiaoliang Xu, Qiang Yue, and Yuxiang Wang. 2021. A Com-
prehensive Survey and Experimental Comparison of Graph-based Approxi-
mate Nearest Neighbor Search. Proceedings of the VLDB Endowment 14, 11

%

2

6
AN

[31]

(32]

[33]

[34]

[35]

(36]

(37]

[38

it

(2021), 1964-1978.

Runhui Wang and Dong Deng. 2020. DeltaPQ: Lossless Product Quantization
Code Compression for High Dimensional Similarity Search. Proceedings of the
VLDB Endowment 13, 13 (2020), 3603-3616.

Chuangxian Wei, Bin Wu, Sheng Wang, Renjie Lou, Chaoqun Zhan, Feifei Li,
and Yuanzhe Cai. 2020. AnalyticDB-V: A Hybrid Analytical Engine Towards
Query Fusion for Structured and Unstructured Data. Proceedings of the VLDB
Endowment 13, 12 (2020), 3152-3165.

Jiuqi Wei, Botao Peng, Xiaodong Lee, and Themis Palpanas. 2024. DET-LSH:
A Locality-Sensitive Hashing Scheme with Dynamic Encoding Tree for Ap-
proximate Nearest Neighbor Search. Proceedings of the VLDB Endowment 17,
9 (2024), 2241-2254.

Wei Wu, Junlin He, Yu Qiao, Guoheng Fu, Li Liu, and Jin Yu. 2022. HQANN:
Efficient and Robust Similarity Search for Hybrid Queries with Structured
and Unstructured Constraints. In CIKM. 4580-4584.

Wen Yang, Tao Li, Gai Fang, and Hong Wei. 2020. Pase: Postgresql Ultra-high-
dimensional Approximate Nearest Neighbor Search Extension. In SIGMOD.
2241-2253.

Shangdi Yu, Joshua Engels, Yihao Huang, and Julian Shun. 2023. Pecann: Par-
allel Efficient Clustering with Graph-based Approximate Nearest Neighbor
Search. arXiv preprint arXiv:2312.03940 (2023).

Weijie Zhao, Shulong Tan, and Ping Li. 2022. Constrained Approximate Sim-
ilarity Search on Proximity Graph. arXiv preprint arXiv:2210.14958 (2022).
Bolong Zheng, Zhao Xi, Lianggui Weng, Nguyen Quoc Viet Hung, Hang Liu,
and Christian S Jensen. 2020. PM-LSH: A Fast and Accurate LSH Framework
for High-dimensional Approximate NN Search. Proceedings of the VLDB En-
dowment 13, 5 (2020), 643-655.

Copyright © 2025 by

The Institute of Electronics, Information and Communication Engineers and

Information Processing Society of Japan All rights reserved.



