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Weight Residual Vector Quantization: Vector Compression and Hierarchical Indexing
Structure

JIANG Yu-Xuan, YAO Jun-Jie, HOU Yu-Xuan
(East China Normal University, Shanghai 200062, China)

Abstract: With the widespread application of multi-source, heterogeneous, and multi-modal data in scenarios such as large models and
data lakes, there has been a significant growth in vector-based data retrieval and storage management. By mapping heterogencous data into
high-dimensional vector representations and leveraging vector indices, vector databases facilitate the unified management of diverse data
types and enable high-quality similarity search, establishing them as a crucial foundation for applications like generative retrieval and Al-
native databases. However, existing vector databases face significant bottlenecks in terms of storage and indexing efficiency, index
construction complexity, and retrieval accuracy. Specifically, massive high-dimensional vectors lead to increased storage overhead and
maintenance costs for indices. Furthermore, vector index structures are often bloated, resulting in substantial memory consumption.

Moreover, the degradation of retrieval accuracy caused by distortion from compression techniques remains an unresolved challenge. This
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study proposes a framework based on weight residual vector quantization (WRVQ). This method achieves efficient compression and
storage with very low distortion by decoupling the quantization direction from the residual magnitude. It stores the residual direction as a
unit vector and appends a weight marker. For indexing, a three-layer inverted index structure tailored to the characteristics of WRVQ is
designed, comprising an exact match layer, a fuzzy match layer, and a search layer. This structure organically integrates asymmetric
distance computation (ADC) with nearest neighbor search techniques to realize approximate nearest neighbor (ANN) search that balances
both high accuracy and high efficiency. Experimental results on large-scale datasets demonstrate that, compared to traditional low-
dimensional embedding models and existing quantization methods, WRVQ achieves significant improvements across key metrics, including
quantization loss, storage compression ratio, and retrieval recall. Furthermore, it exhibits considerable advantages in both index construction
and query performance.

Key words: vector database; vector quantization (VQ); approximate query processing

AR, A5 BB R Pos R e DUR R e 48 m i 3 I, A5 A3kl o 20U E U8, B T80 %
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XoF S5 R A () 2 — A B, A B8 AN SR A EH SR EURFAE, DA RHAT VSR AN LS. ) S A P T AR A R A1 2
TTZ R, SR RHE R AL RE 77178 SR T B AR A 2R 0 T i, I A REHOR, N N B4
HE 7S BAR O AR
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AR B M E ST AR 2 YRS, AT i) ) S8R A6 TR R 2 F2 A I DL Pk
(1) BEEEE A0 2 BRI R WG, A8 R 51 IZ D T B, JFE MU T B8 3 55 T i SR8 I 4 A
(2) SR BB ITEL M K B R 2%, SEE R T F R WA FEE S B) B BT ik i3 e &
SR AR A R0 25028 7 TR TR 1 B8 Kk

AR, W2 W FiAR T 2 Fhsodt 7 2 CARAL [ 52 B35 P 78 XRS5 4 A7 i A 2o 2 v [ 2 e 1) 7. B4
AN g — P S B[] 2 LR 45 AN 5 2R B 1A 2T BUAS B 2 R0 Xiao 28 N VB H IR0 A5 0 A UKL BE SCRY R R
OB B A R RN, SZEL TR R L A% 4 2 R, Zhang 25 N BT RO SR I 4 TR B 51 & K
ZEARE R, AR VA @ 2R 5, ARG T E R IR AU A . R B IR T AR AR S Sy
AT T —E ik, Hod A AAAE — € R, 55, 400 R R A T 8O R UER ME AR, 15 RE7E m ks
FERR R F TR, FIR, R E R AEAABONE A, WAEEFENE 2, ELm S0 R e DU 2SS PEEER; &
J&, AL IR B RIGVEA 2, BRI T 7 2 R [ i A5 i E I s S A

EEXT UL M A, AR SRR T — R E TR 22 19 2 B4k (weight residual vector quantization, WRVQ) J5i%, B 1Efif
TR IS S5 46 B3 A 2w P AT i 5 A0 2R 1 . AR SO DA Sk A AL RAE . A7 R 51 A RUIT RLIX 3 A4
WG SO 1 s, RSB, AT T &R WRVQ AL 3 EEIHER 5 45 ——FE U E . 0
VLA )Z 5 R 2. EH RICE T, AL A JEXTFREE S 115 (asymmetric distance computation, ADC) 5T 48 &
FiR, ST e B R A B R R R AR R R AR S ik E I K ) AL SR R R 4T (approximate
nearest neighbor, ANN) 2 i F2 73 15, #4 tH 56 T AL I I EERAE, SEI0 48 R W, BT 7 i MU TE B R H R T
ST A FOAEA, TR SCRFET 0 AS RIS B4 8 A0 8 WAL AL AE, BRI T RANR R RiEHS
3R, AR R AR T — AR D

1 HAXTEMERHS

1.1 EEFRE

A GE IR SCAS I NS TR S 1 e PR3] RN, B 7 VR AL word2vect AT GloVel™, ix He iRl /3 5l % I 3 T
FERE R A GE T TN TR B B R TRIN TV, 18 i T Z 6k R SO B R R, AR DU IR R 1
AL Z T, Transformer i i3 9% 2 FJ LI EERE 0 28 AR 3, 4 241 S5 0E O IR AR T 25 5 7 3B LAt 1 33 3 /1L
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BERT (bidirectional encoder representations from Transformers) {E A4 V2 {f F {1 SCA R AR RS, SR 3T
Transformer 45 F) (X1 4 #5328 71, 51 A R IR (1 IS BR I 45 S5Emes, 78 1 2818 5 A BT 45 IS T RaFiERe D
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A LA TR SCE SRR TN, T I A A SR AT LA . e ab, S AR SR A — S S 5N B 3] ik, AR
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TR AR R 5 B Gao S A MR (K SimCSE T — 25 51 A% b2z STRESE, FI ] Dropout #4% IE41,
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ST e S I O, RO R AR ORAG B T R RIS 4, T B LR R T PASENY A
AnalyticDB-V!""), Facebook J& T Faiss'"® LASCRERZL A A iHEL . B AIRE 2R, b, $oiE PEI6 2 = 4 Zilliz!"™
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H A0, 1) & 0 BT 2 2 B e s e A e s Ol R R s R\ R e, T
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B IR T M ESIE A R SRER, RetS s R A IE B SR B e, AHECC T, 8 =L
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all)” %28 & %2, 4 PASE 1 AnalyticDB-V. 3X 504 PERO L34 75 T Be s S8 U3 I 5% R AU R AE S R 4,
MR R Y, A WEIRED e, HREERINS, 8 % — )RR PS4 oA, SR, BT
LA O R A, P i B B 2 A i R R ) 2 R B D T R RE AT AR — SRR I 2R .

TE ) SO FE T 72 TAE F, M EAR R EE R OHE G . o, KZHOEIRITAT (ANN) R HIEE T
F T 1) B R AL FKE R J77% (embedding-based retrieval, EBR). 5 AR 5 3= R H 1 2 A1 %I 4 F AR BAT [H) i A B
B, UARTFHE R R, 11 KD-Tree™ il K-means Tree'). 3 {HHF 78 I B 22 Hh5G3E: 56T & ALA 7% (0 IVFADCP,
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(B AR AEB LTS IR 52 BIRS AN 2507 AN s, HBEE TS A JZ 50 (B0 RVQ TR REEAR ) I I, A2 R &
ANET B Gt R B, — SSAi AT 22 iE R T AAHEFR BT R (LBS-pruning) F3EHTZ 1L (early termination, ET) AL A% Al
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FEARA A AT S5 RRAR, E AT BE 22 51 NBOR R B4 0%, AT B AERAS 2R st S A i 28 3 T8 4 P A T T 8 3 35
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DX 43 BATARTR] D5 TR R BEFR B 22, 3 50 25 1 08 1 Bl SR AR Z I AL RE 7). R SR I 2, 12T A i 1k T
Wt L T RN, B0 i ) Bk 22 A A BRSSP ) L. e 3 S Ay 3, A s A ek — SR ST X AR [ SR 2R (1
x5, it kAL T X 87 B, BEE SRR ORI, R 22 I 40 K BB, T SR AL AR 1< R SR

Z A 2 1A — 13 LU R

5 IR - e B A R 1) B I R v, 2 RIS AR o 2 9 81 5 AR 0 2 [ B 0, FRATIAR AR G bR i oz
— R B AT A R, P S RS I R e AN, fe A B G 1R R BRI T, AT
IRA L g 1 A48 RVQ J5ik b R, BIBEFE A A K i3 n, B RE ) T B 8L Jhsems B 2% 3271 7 RVQ

FB L .

K2 eom 7 WRVQ EALI S AR, fEXT R K [ B RAEEAT B 2 )5, WRVQ 20 B 24T IH— 1k
KeBE, FFiLsRbrichn, DU tR T B S RE U SO AL &, R, X TR ZEE, WRVQ AP
By A A AR 7 B 2, 3 C Bl 7 RS IR ZE AR, T I €80 748 20 U s IR Z2 1A 77 170, 41 T B A o By — A B ]

=L
==0
=L
==X

AR AR I AE R PRI R,

i+1 3B
= T
[FLATPATELT]  LLr] ST

AT
EA R
| r’m| ),’Ul| r’m| r‘m| y’m‘ r’[51| |,,’wu‘ i | mEE - 4£5n
e FLE L L
' 1 [25/0.4]45;
PP ] [ ] HEA—TL P

L wE

(2] (3] .14 (51
ol sl CEA ],

AR (+1)

2 BLCEMALR R R RAE

XA R A RO IR B PR ZEROTT 1A R, R, Sl AR C A B AR R, IR IR E A R, 32T

f£ WRVQ EWEHT, S M7 GEdf 17— AR T 0N — M 7 380R, BRI BN d, 19
TR n, AR s. WRVQ HIEAL LI 2 30 (9) P, B 753 51 AR B2 ) B A (B X iR D)
TR, SEBL T AR St RVQ B R AL R B, SRATAMEIE T J5 1A (A i £ e, ki 1K A5 2. fEA
[FIR LT, WRVQ KA ELZ08 RVQ B 173 J A7, BTSSR TT LUK v 4 [7) B £ 153 SR WA AR 175 00 1 s 4 R A

UFER 27
g d
WRYQ ™ 1x(16 +10g,5)

3 ETINEEURMENRIIWESKHR

31 EXNFRHEEEEHE

©)

FRAIAE 17 2 N A RA G (A PR S T SR PSR A 1 AR AR B RS THER T ik, B S0 PR EE B 5 (symmetric distance

© hRBIEB IR

http:// Www. jos. org. cn



1110 HAFFIR 2026 F5F 37 AF 3 A

computation, SDC) H Fi A [F], FEHE S A A B W M E T 2R E, MRt EERNmES CEdmiS e
AP B 7 7 O M SR Ll Bl 4R % & (approximate nearest neighbor search) 3735t HH, JATiE R ADC
SR, WA RAE RS I A2 rh (0 e 2 11 B R A
SDC: d(x,y) ~ d(g(x),q(y)) (10
ADC: d(x,y) ~ d(q(x),y) (11)
RVQ F1 PQ 7EFH 25 1155 A 114 3 2 X SR ILLE R PR 25 R0 L2 BE RS I H 52077 . X F PQ M S A 45 R, il 4
TSR A A I PR R B, I HL R B 2E St ke, i nT DB SR AR B A G S A A AN EE RS, T PQ
KR T ARG 7 2, VR R A H AL
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SUL2 PEE. AR, I 51N — AN B 00 BE R SRR AN AR P — I R, AT 5 RVQ TEBE S 1H 5 7 T
[FIRE T, MRS TE L2 FER TR R RIS A A = 2. X — AR HEI BT LS T RVQ MIRERE, A
TRAN TG ITERIA .
1E RVQ BT 5 T, i RIS R B BN A BE S, S8 5 1 HAR 0 AR e S R g R WA BE S v
IR, 5 L2 PEES T EAAM DR, R bk, 187 S A BE B o430 A 2 1) 2 AT DA e ax AN R il

d(x,y) = llx=yII* = llxlP + [IylI* = 2xxy (12)
XFT RVQ, A3 (12) 24
d(g(x),y) = llgIF* +1yII* = 2g(x)xy = llg(OIF + Iyl —22 Xy (13)
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d(g(x),y) = IIq(x)IIZ+||y||2—2iciXyXﬁd_,v 14
par

TEAR (14) 5, FATAT DLW ZR 258 1 TU0] LAZE 2R 51 A9 LI F Hh TS 1 52, 10 56 2 TR7E 38 28 b i v 4 A 25 1o
2 R T E IR X AARERATRE S LU 7155 N R E RS AH [R] R [R) 52 2% B 50 L2 BE .

TEMRUR T IR P B B T A3 A N B G, RATERIL, AT PQ, RVQ B — MR M, B ¥
HAGEAMF. RIETE OPQ H, BTG5t B 4EE A, SBULZ Z [HHA e M EE, BARREEE — 2 P
1752 2. R, RVQ 7EIX J7 [H F2 D15 58 Ry e, RVQ MRS 728 U 4B R T — AN B4 M AN 5 B0 D 7 AR R
R — MDA T, BATTE SRS AR P T — NGRS FE I P S B A RS A R, B R R
PEm. X —4 S RVQ ER 5 Mg B MR35, R R/ AR R BER BT, REms 58 A i d@ 25 R 2.
32 ELERESIEE

RIS, AV, S TARM k< n, 57 k NS0T UAERZR A G, R n—k A5 0 KA 5T
TR OHIRE. X — R TA TR M E 2P SRR T, Hok FR AT ) R TR B i) S R R

BT xR, AT R T —F T WRVQ AL 4RI 2 (ANN) 5k, %R 5B m = RRI58 k
ANX IR, FEAS ) f L X et [ B AR 2 KR . 7E WRVQ BALGRID IR R T, 4 1 MG RRE O, 5 4260
FMFRIRZE. SHE5H IVFPQ BIEAF, /£ WRVQ H, RoR ik 2 M R G810 7 RS A F AR, X —HE
A5 AT LS T EIHER 51— R0 5k 2, [EIR, R4y J5 15k 22 3R s B T DAgk 82 4m 4y, BRARIE LT, SAD A% A 2
7RI, AT AT n MSAME— D n EHR SRR

SR, S P FEAEDIR A5 76 SE B3 RG4S Y11 5 Ao LLIA 3. 75 5256 7, an S BT I g AR 3 R A s 5 4 R 51, 38
AR BER MR TIRIA B A, B T RDAR (I 25T BE T8 BT 1) & IE A b Rl 40 B B2 A 107 23 [m) 4F, 4L
PR & SEAE ST 5 2 R 3 BT AN E 2 BT AL XAMUES RS L R i AR L 2 (T
B, AR 3 RGN IR R KRR a0, 78 10 AN SR8 R S0, ARAE A LETE 8 MW

© TEBREEEEIEDT  htp/ www. jos. org. cn



TIFHF RERLAET TN ATAE LSS ELTIEH 1111

BT R,

PRI, FEIA B (0 e, FATHIRE I ZR 5 i I A B A 2 Sk, AR T AR, FRATEHSR A T Top-k
HWREE, IR R RE AR,

ATV EEAR DI R 70 3 A JE, IR 3 B FERRILECZ . BOBI LR 2 A R 2, 22 i 1) Bk A 25
I, B LS HILEZ. ZZ A TR s 1 AT ATRA — DA IR, & ST AIL
PeAL, FFAE R AR i i 5k 22, DALSE S DL IRC T — RS A, JRALIE b — B ERE. X — B EHR T TR
(KIR5 5, HOF R R SEBR RN IG 28— 3 2 T3 1 M7, JAT i 7 — MEFER S, BHERSIRIEm A B WA ES
B rh s R VT E PR FF B T B A rp e X — P IR B AR/ MY ZTE L, IR 15 B R AR, JR IR IRA TS

PR ERA.
e mm e e e o - - a3
]
Frifl Rt HRLER
AL (BRI AR

R UG i
Blohn s | R R

o |

M- Ny IR, Top-k i & Tt

K3 T REFRERELNRI S

- W

/
A=t \

1
I 1
I 1
1 1
I 1
%ﬂ%ﬁﬁﬂ_ﬁﬂﬂ 1 I
1 1 T
= 1 1
A A7 . .
I 1
1 1
I 1

b (L)

33 KMZESH

I ) BB MU R G, BAVRIE T HHER SR R—28 | BRSO ZE R, )G, k%
lia) 20 I ST DU 2. S5 SR DG 3 T 7 R 2 A 1, SR T i 4 09 /N AR (1) K /N e T4 K I R A
BRI B AR, ARV IC 2 AT g AU N — AN, B T AR i, AR SR R v R B X — Z IR .

YT 1 EREAREL, BT E & — MRS, sl R ZE 2 A 2 BT L. ShERTE
F, %F WRVQ, M 2 MBFH U6, BUERA 8. XEWE, WM, ARSI MR R K EAZD
AR, RN SR B R, IR 51 vl R B oA B IR, RE R IEGE I R R IR, (A
HWESITE NN

T RPN — R, 7EZR B E AR R, TSRO VT G2 AR X R BT S A, AT S — AN ME R
B4 SR 6 (0D 2 A I R AL R (K0 5 22 h) B 1) g VR IR A L X R, (ST DC P2 9 £ 2 B 12— B 4
HRVEE. MUV LY, &5 1 28R, B R & X Hak 2 107 TR T TR, N T Ik,
OBV Z A DA R G R 2.

TESE 3 2, B T RE WAV 105k 22 n) B idh AT BE B o1 B, H TR T AL 223045 H AR 1] S35 7E (1 2 AN Y6 B 75 1),
TR X e ), 12 AR B 98 5] B 0 3 DL R 4R ) B AR SR AR B 1 R,

B3R L NEBENRAEM R SRR A,

BN AR g
fi - AR AT 1) = v,

1. IASHHILECE
2. for each c in codebook[1] do
3. centralli] = WRVQ(c) //iC 35 BFAMD 75 B 24k [H] 2
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4 distance[i] = L2_distance(central[i], q) /iCxEH M E 58N 2H A2 RIE S
5. end for

6. code_1 = find_min(distance) /142 5 E ] 7 5 BF 55 5 R A b O i 57

7. residual = g — WRVQ(code 1) /[TT5HZE 1 |25 %

8. /IBHIILIL)Z

9. r=residual x d //¥&5RFETe LB HE, 1ZAHE 2 B Z 5| LI, ARAE R ZoRG FE AN 2 (W) VH FEAUT 50 € 250
10. for each ¢ in codebook[2:n+1] do // WK ILHC Z 55 B (1] n ARG A A [ fir G 40 &
11 centralli] = WRVQ(c) /e BN A %) B Ak 1]

12.  distance[i] = L2_distance(central[i, r) /103552 58 w0 ) & A FE B

13. end for

14. code_2 = find_min_k(distance, k) 18R 55 2B il k N2 =

15. code = [ (code_1, n) for each n in code 2] // it 5L 25 ] [X 35}

16. /{4 %7

17. for each c in data index do /i JJ; 345 & 5

18. if ¢[:n+1] in (code 1, code 2) then

19.  central[i] = WRVQ(c) /1 L FL S0 %

20. distance[i] = L2_distance(central, q) // 1T H B 5L H 2

21.  endif

22. end for

23. code = find_min(distance) //rerank /7

24. v=WRVQ(code)

25. return v

MEER) ERATRT DA B, 2Rk T BOMIILIE 2 I, B 4 54 R EHER AL, R2@id WRVQ &4
RERTE T HERG AR, TR TS S s M. SR, FESEIe R AT I, BOMITLELE I TS 2R T WRVQ 1)
FEAReE, TR T MR AR, SO VL AC s S Ay 24/ T A R VG, IR R S 2 S e 14
FAEFVERIPRAR, (HAEZE 3 Z A0SR R b, TIREAS R A I T3 B 2.

TER A 20 |, WRVQ & 5| e R i [0 &2 22 B 5 55 F TVF (inverted file) 12 51 45 # B [] 52 2% B i 0L, 32 243
3 AER S AETRILIER R AESS 1 AN A B R AW ) & R A T O, X RN [ 2R 2 O(logN),
o N A 1AM AR, M TG JE A T VE SR, I B 52 24 FE R O(nxlogN), e, n ARSI VT IC J2 X5 B
A A4, R Z AT B AS AR T, X TR AR A 10 &, %525 B ) 8 5 B R BT LU, I 1)
T RN OUxNxd), For, k R R EX BT ARAEL, d Fona B 4ERE R/, Bk, SRR 5 4% ana =
(15) Fioi:

O(logN +nxlog N + kxNxd) (15)
55T H AR R 5 454 (n HNSW) 1977 RAHEL, WRVQ K5I IR 45/ (R 8 T R 5 MR R4 RI1Em
FHBR AR AR 35 383X — 254, FRATVRE S AE DRl & BRI 2R AT IR T 0 3 SR R A
4 KIS

4.1 BIREEXWRE

AR SO FEE FSEE MTEB S 3RATTHTR H B0 b AR AT R R I 45 A VA 7EVERE D7 1T, FRA T3
BARALS. BBRMLS. EHFAES. B UHMUEES . URZHETS . BITE. BN FTEX 7 MES.
FE SR T, FRATTNS LT B 23 25 R A i o M RE 25 5, W0ER 1 TR,
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R RALRE ST VPAS B £ e i B b ife
2% LGS fir ihrie

AmazonReviews

Classification MTOPDomain Accuracy
MTOPIntent
AskUbuntuDup
Reranking MindSmall MRR@10
SciDocs
SICK-R
STS STS12 Pearson
STSBenchmark
Bornholm
Tatoeba
arXiv

BittextMining Accuracy

Clustering bioRxiv V_measure
medRxiv

SprintDuplicateQ
PairClassification TwitterSemEval Accuracy
TwitterURLCorpus
ClimateFEVER
Retrieval moPedia MRR@10
FiQA2018

HotpotQA

N7 R B T, FAI K Faiss R 51 ZE S ) PQIndex. IVFPQIndex. HNSWiIndex. Chroma [A] 3R HER
SUWERSHRE, LR GI WA EZ, AR SR, W T PQIndex. IVFPQIndex MF LT &R, 3,
AT FSHUMBIER 55 WRVQIndex Z 18] [0 & 44 BE R H5F— 80 N TIRE 53IE WRVQ BRI R R
MIPETE, BAIIEF LR 2 o DL B R 2 S 5 T M 5 3] S A IR B R 2 2 50 7 0% WRVQ BALRAFEAT T %
ZRPE.

ot T AL RAE e BT SS, AT LR T ARPVQM 7741 Pt RVQ. PQ. AVQ 1E AR ZEMIM S
To W B2 S G A LA B R UHERE RY . DL K, vector-quantize-pytorch 75220 PP i) RVQ. PQ 1 2R METR 22 e it
PLZH S VAR Y. 7RI — AT 45, FATME ] Alpaca_data 5 MS MARCO % 8E4E A IR GG R 42, 722480 FERtHR A
Bi7d bge-large-en-v1.5 J5 IR &L, AE N EALBER (K N, 2 a5t B AR (i 5 A T S R AR AT
b,

Xt T2 MR ZE A X — R0 A2 ) 7 3, FRAT LR K A AR A N SRS AT I 25, I HH T ik = A 5
Brag ) g AX — AT R, T RN ERATT ¥ 77 v v 2 3T B JT IR AL, FRATT B SR HEAT T AR A R B R A
FNNEREE, I REWB I ZREE B E N 1000, 3318 75R0 A 1| S5 04 B 18] 3 FEA% R ) 75— 2 Ve L B 5 0k R, 20>
B SBAS RIS O, T AR I RN R R 7 5, SRS ROMERE =28 T — & M2 . MO 261X — RAE S5, B T
B AR RE, H SRR (RIS RE ) AR RN B R AR N &R, 721X — 34y, RAVE % RN
0.001 FIERIASHL Adam PRAL B8R USRI UGRIE 24 STRCR AR G —, MG AR S HOA ) 4 (DA% R) <256 (19
ARAERE NI R A 5, FATME % 2130 0.01 FIERIN S0 Adam DLA62S 6 BHIN S 363E 4T 068 EL. [AIE, 433847 100
YCIEAR, BT 2 i 28 ke 22 B ot R A R AT 12 24

A g i 52561 4 AMD EPYC 7R32 48-Core Processor, 22454 3.00 GHz, N 7£4 512 GB.

42 BRERRIINIBERSHI

AR e 2T o 2 0 5 T IR B 2 ) S A AR 2 20 0 UK WRVQ (T) FIEE 28 14 % 2= i i A 2% 3] )5 5K

) WRVQ (L) BRIk R, SHAVR ST IR, IR . RSB ] SRR MNE 2 Fior.
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K2 AREERSINENERHER R (%)

LAETE S EGlWIRA AR (Recall@l)  BAFIZE (Recall@5) HIRIZH (Recall@10)
PQIndex (Milvus) 75.75 79.94 80.25
IVFPQIndex (Milvus) 94.30 94.33 94.39
HNSWIndex (Milvus) 95.71 96.59 97.10
Alpaca
Chroma 94.23 94.30 94.40
WRVQ (L) 95.65 95.34 94.26
WRVQ (T) 96.64 95.87 95.03
PQIndex (Milvus) 67.19 70.13 71.86
IVFPQIndex (Milvus) — — —
MSMARCO  TINSWindex (Milvus) 90.23 90.98 91.02
Chroma 90.11 90.39 90.56
WRVQ (L) 84.52 83.65 83.02
WRVQ (T) 90.97 89.02 88.87

TEIX—AH, PQIndex. IVFPQIndex FFHEE T RMUAIZER 515 WRVQ HIH AR 5| Bl id A% B v 4 (R A%
) x 256 (ABAAERE I M B4, AR NBOAERE. HAl ) LR 51 35 8B % B AT L.

5, FAMTMEE Alpaca HdE 5 _E KRR, 78 Recall@l F1 Recall@5 T6¥7 L, F£T WRVQ (T) HIZCR B
FHAMW R RS, 7€ Recall@10 1, H{LH HNSW FiEIRME T EMA A B R, f£FK 2 FRATT LUK, T
WRVQ MZFI7E 3 N H R B2 0 R, R R R 5 RS R IR, JA18E A Top-k HEx ik
G5 BT B, (R R 4 BRI, FR, AT T Z2 4008 f 55 R 1) MSMARCO #l & R R AR, &A%
BIHERG 2R 3RAT T IR %, /£ MSMARCO R 4E 1 [ S2 38 341 A 3R 13 IVFPQ HISRIG 4 R, X R FINTE
LI EEHIZ T, IVFPQ R 5| A RE 52 B N A TE. AL 2R, DLEALRAE A R WRVQ B AR REL T A
LLIRI B, AR SRAR L b 58 A T MR ANAG 22, FRIRAT T B I HETI 2R, 7 Recall@S 1R bR 45 3 T BRI,

PAVE— 25V NA R ) 2R 5] AR SRR AR, I3k 3 Fivw.

* 3 AFEFER G 7R A 2R

HEE Rl J5k MR (s) KB (ms/query)
PQIndex (Milvus) 152 5.31
IVFPQIndex (Milvus) 4 0.27
Alpaca HNSWIndex (Milvus) 42 0.003
Chroma 844 0.84
WRVQ (L) 5 0.29
WRVQ (T) 5 0.29
PQIndex (Milvus) 193 35.82
IVFPQIndex (Milvus) — —
MSMARCO HNSWIndex (Milvus) 102 0.003
Chroma 12507 20.6
WRVQ (L) 44 5.16
WRVQ (T) 44 5.16

2, TATRIAG R R B BR AT T, X T Alpaca BB 4E, IVE R KR S ERE 545 TR
M2 R, PQIndex. HNSWIndex LA K Chroma {8 F T 5K MR A 2R 5] 7ESLI0 R AR I, WRVQ LK
Chroma 2 5| FIAE B 1] 5 B 55K /N BN 95, IX R B 5 R 45 K /N RER R K, R 5| BRI ALK 22K
M BEAEG, AEL55 e RV, 3R 28 51 % A5 60 R 2 1 /0N s 61 8 307 B v K. 5 22 AT L, A B9 () ) AR 5 i 4
KANFIRE PR B/, X R R A X B 2R 51 W] BB AN I S A B SR AN (03 =, FERT R AR 7 T, HNSW BEIR1S
TERIRS, HRAT TAEF T K2 REI S — 8 W54 ). R RSE b, TR T EHR51E
RELEM, AT T7725 TVE RE I 75 0T (8] 52 2% 5 AH R, DR PE ARG 28 AR IR B Lt AR ALL.
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B, BATEAFZR 51 IHER A8 R BT 7 VFIN, X B A o5 IR A2 IR A 120 R R A A
JIe], e BR 51 LA BIR R 5, TR L BRI KN TR, W3k 4 Fors.

R4 AFEFERGIITER A BEFECE

EVEIIES R Ik WAF AR 1 #E (GB) EVEIIES Rl Ik WAF AR 1 #E (GB)
PQIndex (Milvus) 8.6 PQIndex (Milvus) 12.3
IVFPQIndex (Milvus) 6.7 IVFPQIndex (Milvus) —
Alpaca HNSWIndex (Milvus) 15.2 MSMARCO HNSWIndex (Milvus) 22.7
Chroma 5.4 Chroma 7.1
WRVQ (L) 5.9 WRVQ (L) 9.9
WRVQ (T) 5.9 WRVQ (T) 9.9

AT LAE H, PQIndex F1 WRVQ J772: I PN A7 #6352 B4 SR L M 52 A 50K, 12 f T IR B 7 VA SR 7 &=
R HE S MR %0 R 5L, BALRESEE RORD A2 it 75K, (E7E AL EE 58 KBB4 T, R = S 8— B RE NN
AR BIHER B I T4 WU 2 Bt o s US04 K, DRI S 7 v AR A7 A AR _F o 0 2 DR /N B k.

FHELZ T, HNSWIndex Al Chroma FJ PN A7 V4 8T S0 B A2 A AR A BURK. Chroma TE /MR 4R B3
BRI ARG TR K, R H R 5 4 M7E Rt SRR AL Z A EUS T R U745, HNSWindex FHT-2E 4545 € 45
FIREATH 22, 2R B 32 B T4 2 50 R B A 1, T AN A2 B4 2 B 2 U ) 4R M 3G K Sg ). [ o, RV G
Tl AR ZZ BN, (B HNSW AR 5 IR 51 45 TR BR8N A, 3 80T SR 48 U0 R L.

PRI, 76 F PO BERER SR, AR E K777 (WRVQ) 18RRI H R IARST 3. WRVQ TEA7fEFF
# L #Er Chroma HAET HNSWindex A1 IVFPQIndex, 3 W HAE XM H 75t~ A& B I i 258 50%. i, 18
TR SR R YRR R S s b, TRATR AR T HAh T =R R 52477,
43 ENFENENENIRERS SR

T HRFL WRVQ X [ & RAE W EARE 71, ATER AN EARSE EX & AR E BRI R IHT TR L. K 4
JEIR T LR ZE R X L 4L TR AR R b bt SR

0.5 0.5
- WRVQ
- RVQ
04 ¢ PQ 04 b«
03 t 0.3
~ 02} 02t
0.1 0.1 |
O 1 I I 1 I I 1 1 0 I I I I I 1 1 1
2 4 6 8 10 12 14 16 2 4 6 8 10 12 14 16
Number of quantizers Number of quantizers
(a) Quantization loss (Alpaca) (b) Quantization loss (MSMARCO)

K4 T2 = BOR A B AL S E A B 4R LBk

FESBH, FATTDO A T A BRSO T B B HEAT IR, T A, RN ZEROR PR A AN ZRTTVE R,
PQ MIRBLIF A RAF. BE D AR RGN, BIAELE 8 A1 16 PiARY AL EERITE AL T, PQ HIE SR HILA 0.03
FEARIFEAR. MELZ T, PR RVQ TR T BOKIIIRTY, (B BCA SRS B S R, X 2 R TR B
AN GRoEng. (BT — S A2, B A A BCR G N, an B —FE, M58 RVQ X [ B S AL RE I 32T IZHT I8 59,
1M WRVQ 3R AR AL RE JI3RTT, 75 15 AAZE] 16 fA K2R, RVQ HITERESRTH LT/l LLZBE AN, {H WRVQ
IBRIRAF T 0.05 Ze A7 1Tt

R AR A I ZR RS B SRS AS I SRR KRS TT, BIREAE 16 A ARUR AIE AL T, Alpaca FIEHE SRk
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TR 17 s, 10 20 i Edii 42 K/ MSMARCO FIIZRI TR {0 223 s, IXAEAF XA ISR iEAE RS E 3 5 T B
AAHE R
T IR ZE S 5 T B 2 2] S5 A EU A, FRATT R AE X P B £ B BEAT T 4T A B, 8 e, FRATBENLA:
1000 2% ) A Bt 1) A4 BN ZREE AT U 2R, 2 Jm R I SRt RO A 9 A Bl B B HEAT VP Al 723X — 870, R
AR N B R 64. 2R U1EK 5 PR,
RS BEMIERIERBAASE NN SR LR ERRTIK

) o WAL
AR B T HR 2 T H 3 T HL 4
PQ 0.0171 - 0.0091
AVQ 0.0163 0.0126 0.0089
Alpaca
RVQ 0.0169 0.0131 0.0092
WRVQ 0.0009 0.0009 0.0009
PQ 0.0172 = 0.0092
AVQ 0.0164 0.0127 0.0090
MSMARCO RVQ 0.0170 0.0131 0.0092
WRVQ 0.0009 0.0009 0.0009

M 5 HBATAT UM S ], WRVQ TEBEHLEE I ZRAOTEOL T, X & A ER LB AL RE Tk B 1% KT,
T S5 ARRI B RVQ LA S H A R AL 2, B BURFEARE] T 1/10. 1328 T WRVQ XA ) — 4L i %,
HAEARRDAS (5 00 T 5 BE At ANEE OO, TR T 5, At SRR B A B AR A 38 BB RO R S AT 35 7T LA
RIN, 22T 5 T B 2 2] S 0] PR BT St ik 22 T s BB e BA e V0 B T ORI BE R 4R T

ZJE, A AR A EAE SR HEAT RE LA RE, %11 1000 S BRI RIE, 7EA RS A S HUK 5 50 F X &
ASHEAT ISR, FHd A Elade it AT Bk, 2R alEl 5 pros.

10°°
Il WRVQ I WRVQ
5371 - RVQ ] RVQ
52 A(\Q’Q AVQ
S5t g I
5.0
4.9 . L :
2 3 4
Number of quantizers Number of quantizers
(a) Alpaca$f(#fi 56 I B AL AL 0 B AL R I 20 (b) MSMARCO¥ 4 42 - & A0 A0 ] B Ah 451 5K (1 54 )
5.1 10 o
' EE WRVQ HEEIRVQ PQ 60 | HEWRVQ HEIRVQ PQ
Code blts Code bits
(c) AlpacaXJuHh £ 14 it L0 2% 115 1) (d) MSMARCOHKH £ |- i % 2 A1 404 2K RIS 1]

K5 AFERSAK/ N A I SR A S0 P Bl 4 B EAL Rk
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1EE 5(a) R, IATHEL T 4 AL B AEAR RS A K/ (32) K, ARG A S 70 i Fh St 4 - I RE R I, &
B WRVQ FX R BIRAT T S AF (R I (A 7E S0 I F2 R 3RATT R I, 19 A I RIS SO BE B PR, 32 BRI DA 2K /)
TN FEEEA B IR A B AR, X FEURALS REEA K. R 5(b) MsLierh, FATHRSS T 1A%
ESHCA 4, B PRERD 5 1 KNS AR KN T VAR, YA TEEAR G A KN (2°-2°) F &R TERE, T BAK
W, WRVQ LT R — A3 A I g7 i FAh =23 K13 T B 2 1048, 12 Alpaca FUREMUIZRI R, X MR
1E 256 FHAS K/ T HIL T HIES, SEHVIZREE AR 3 T R4 W52 2, Mi7E MSMARCO #iE4EH, 18 FHE 512 54
KANTIGE. mATEMFBN T, WRVQ TEF 7 S UIER SR8 T 10%-20% 283508/, Rei B8 in A th
TR ERIL.
44 EURMEMRMERENIHRERS SR

X s, BRATVE SRR R ) L ) SR AR AT VY, VAl BRI MR AR AR

WAL RN ALERE 6 AT ER. NIRRT LB EF H, IATRIR RS AT 7 BT 45 3 7 4
IEEEMERT R G R RATHER R, FE02. EFHT . BRI 43 AT 5, BRR IR B E M fe—E
FaetE R, BAR R H A A B E0E FUARAEB AT RE. AR, A 3 WL (KK . STS  BittextMining)
W, B JRAA R A 0] BE 2 B SRR TR RE I RIR T B, TEIXSSAT45 Hp, FRATBTEAL 77 v B AR T HAh B Ak 5 7.

1.0 [-mmm BGE-bascline
E=IRVQ

| =2 PQ
=T weight RVQ

0.6 -

S

XXX

0.8

Score
XX XX

04 -

Q

02 -

>
(XXX

0

1.0 |mmm BGE-baseline
E=RVQ 4
| T2 PQ K
0.8 = weight RVQ :0‘
K
L 0.6 "4
. o
4 w
04 %4
}’4
02 + "4
o
0 X
&
N
&
Q’é\*‘& X S
S Q Q7 $ .
z:§\ eﬁ'&\ -o"ﬂk ¥ _‘&\ e & ) %%&
& & e e & & & &
oS o o < 8 o

6 HEWKRIELE MTEB LIRAERE JJIR

45 BURICEEFTHIRLERS O

N T DV WRVQ JHEAAESERRN ] H (103 S RE 7, FRATR AR R 5 M s 5 T IO E e R Lt
177 RS, BART S, FATRAA FFHE BN WRVQ R 51 BEATHEE IS4 N, 10 AR B ERT R
ST EIR RIS 8] & 1257 CUDA A AETHAE. Bl oy Rt N (0 1) S, 7 ARION LR RERT (s), A Y 277
AL (MB). 8 T8 T R 2 51 G B R AL REARAL, 45 R DU AT b B4 U os.
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ik 7 RIS TR, B SRR N UL SR T, WRVQ 7572 (¥ 28 51 38 55 45 A 78 B 1) A0 2% (8] FF84 _E 38R 00
H R AP AR AT R, T B I PR RE AR BOMER, J0AE T WRVQ X385 2 51 M ER I R A3 B .

0.084 F 2.00 g

_ W L R AR . 3
ﬁ 0.080 F | CUDA W& E 117 Py
%:(\;( 0.076 F A 1 150 ==
= i / +
= 0.072 < 125 <«
B 068 1.00 2
£ ,<<( ©
< 0.064 d 075
E: b
X 0.060 \ 0.50 <
B- ) i
0.056 0.25 _\{g
5000 10 000 15 000 20 000 25 000 B

e

7 AFEERALRRAE T VAL RG] (S T

Rk B TZINEAOE R T 2B R 5| VAR, BRENEAT RIS R MU A B R I 24 e 5335
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