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Abstract

Vector quantization, a problem rooted i11|Sha1mon"s source coding theoryl aims to quantize
high-dimensional Euclidean vectors while minimizing distortion in their geometric structure. We
propose TURBOQUANT to address both mean-squared error (MSE) and inner product distor-
tion, overcoming limitations of existing methods that fail to achieve optimal distortion rates.
Our data-oblivious algorithms, suitable for online applications, achieve near-optimal distortion
rates (within a small constant factor) across all bit-widths and dimensions. TURBOQUANT
achieves this by randomly rotating input vectors, inducing a concentrated Beta distribution
on coordinates, and leveraging the near-independence property of distinet coordinates in high
dimensions to simply apply optimal scalar quantizers per each coordinate. Recognizing that
MSE-optimal quantizers introduce bias in inner product estimation, we propose a two-stage ap-
proach: applying an MSE quantizer followed by a 1-bit Quantized JL (QJL) transform on the
residual, resulting in an unbiased inner product quantizer. We also provide a formal proof of
the information-theoretic_lower bounds on best achievable distortion rate by any vector guan-
tizer, demonstrating that] TURBOQUANT closely matches these bounds| differing only by a small
constant (= 2.7) factor. Experimental results validate our_theoretical findings. showi
for KV cache quantization, |we achieve absolute quality neutrality with 3.5 bits per channel|and
marginal quality degradation with 2.5 bits per channel. Furthermore, in nearest neighbor search
tasks, our method outperforms existing product quantization techniques in recall while reducing
indexing time to virtually zero.
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10.1
51.2

PER('24P)

64.4
69.7

16.1
10.5
15.8
90.6
139
64.3
0.0
16.7
216
1,571.7
857
43.0
275.0
69.8
52.1
194
144
320
324
436
138.6
214
16.8
263.1

139

234
147
144

263
454
231

w004
PER('25F)

26.3
336

6.9
48
6.4
6.5
31.0
107.3

114
24.7
81.2
30.1
200
859
271
249
11.5
119
294
268
224
280
137
200
395
103
15.0

20.2
149
116.2

242
26.3
456
15.2

PSR(‘25F)

76
125
336

2.0
27
39
34
7.6
194

3.1
40
40
7.0
1.1
30.7
13.8
76
2.1
20
89
107
3.1
22
36
37
7.2
29
24

94
2.8
6.0

20
15
18
1.6



Memory Watch

£H7.  F8 Global Y| HH| F7t S L BR[O H-2

e 7t A7 27} Performance(%) WZoflold
&= E3)) (US$M) 1w 1™ 6M 14 PER(24P)  PER(25F)  PSR(25F)

[
ASML =g EUR 1,146 512,297 16 7.1 410 832 350 388 118
AMAT =2 usb 337 267,581 56 94 65.3 1324 244 303 85
Lteat 3 <" CHY 453 47512 34 4.0 00 470 370 46.0 84
LRCX usb 211 264,003 74 96 64.7 1912 236 39.7 11.8
TEL ot PY 39,290 115,570 0.1 -10.7 480 82.5 17.0 331 76
AMAT o usb 337 267,581 56 94 65.3 1324 244 303 85
AMEC CHY 306 27,691 1.2 -133 5.4 65.8 72.5 88,5 156
KLAC usb 1,443 189,171 37 53 356 1143 269 394 14.1
Ell2ictel LA usb 296 46,281 16 76 1185 257.1 497 476 1.1
OERE|AE PY 22,070 100,756 80 -17.8 52.5 2149 296 491 152
(221 2Z]
2| rois EUR 425 226,740 02 0.1 54 02 - 274 6.4
ofloj2lHE “7:: EUR 173 115,341 34 30 -14 -1.9 263 24.7 36
oojZ2HE usb 292 65,058 40 6.0 95 00 225 24 52
S=mETES L=ES usb 114 17,294 09 -14.2 220 280 473 333 5.1
U7~ = CHY 30 2,093 3.1 285 536 62.2 700 55.8 43
Aloj= Y 6,140 76,013 37 05 279 393 15.7 234 48
M3 PY 1,851 4,041 100 13 296 67.7 - - 15
S2EYo|H gllojm TWD 448 6,696 -4.6 -16 -1.8 290 266 205 32
ME2Y EUR 55 1,898 55 43 234 294 - - 13
AeIEradte CHY 18 8413 35 -19.0 303 34 - - 16.0
Toppan PY 4,553 8,368 23 -15.1 16.6 84 137 19.1 0.7
TERLA Dﬁ; usb 40 2,335 90 58 70.5 22 105 175 26
S0t PY 27,280 57,577 -1.9 35 337 55.4 289 37.0 98
DOW usb 41 28,809 114 328 778 188 - 2319 07
ISR Y - - - - - - - - -
ADER PR PY 524 5415 84 8.1 12.1 414 153 16.4 04
2@t PY 7,984 6,364 34 -134 63.6 1455 208 269 39
=MD KRW 45700 1,553 83 -16.8 13.1 523 30.1 15.0 18
AQIHIT 25t PY 10,755 12,402 -4.0 938 1125 2453 407 242 15
Sugjol Tl KRW 389,000 2,000 95 -129 358 102.0 255 19.1 29
Sefet MLCC PY 3,745 45,849 0.1 838 334 54.9 184 308 4.1
YAGEO TWD 260 16,868 -4.1 -12.8 56.6 1039 20.1 162 33
FLoIE2 PCB WD 505 24,900 88 49 2416 4141 50.2 427 47
[7IEq
= 2 Y 3,237 8,151 0.7 126 447 116.7 - %4 27
CREE S| usb 15 696 54 217 #N/A - - - 1.0
Mel2ed SSD usb 110 3,740 -11.1 -14.8 215 117.0 307 192 30

A}2: Bloomberg, SRIEA=ZH
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Compliance Notice

PAh= 24z 2HY 71222 2|t 370 2t siYE=0l CishA 7715 Lalol 2tofst

PAh= £ Az YUHYES 7IR 22 IR FAIZ 1% Ol ERst UA| S&UCt
2]

YAtE S ARE 7IBTAL EE A 320 AR AIS T ARO] S LI

ZARZMEYE ARAGY T S ST BUSI0) AL OfSHAP ST

S 20| ARAE HBS2 ZARRMEEAL 2R19| oS FRSHH LYot o, o/Fo| st &0\t 21 §l0] 2YEIUSS SIRLICH

S ARE AR AREEM 2E HAHS FAOAH ASHCH

S ARE GA 9| §{0] Ofwet FR0l= Ofmet FEHZE FA, HIE, 1E, HY, g 4 ELICt

S A0 +5E W2 GAF 2IMRIHIE} A2(S Bret 212 2 ZE2RE A0- 2oL FAks O YEGO|L dgE BEEE 4 SlgUCh TRtM o
ot RO Az = n7HO| FAERIO| Aoy Cheh 2] AU Chet SYARZ ALEE 4 BiEUICt

ZE2H U HERA E2PIZE 1271 (RAV|12Y Z7I0iH| 2HEF9| ol SHESUES 90 YA SO H HIE(%)
STRONG BUY(@H%) 227|2Y ZIICHH| +50%0|A 0%

- BUY(@H4) ZH7|2Y ZTICHH| +15%0]4 ~ +50%0]| 2t 98%

- HOLD(E%) 27|12 Z7|CHH| -10%0|AF ~ +15%0|2t 2%

- REDUCE(OH%) FA712Y Z71CH] -10%0(2¢ 0%

(2025.12.31 7|1&)

14_ Eugene Research Center



