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| Query-Aware Context Compression for Better Snippets
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| &l Raw Context”} &A|Q17}?

Noisy context: accuracy, latency, costE FA|of| 2t3HA|Z]
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| Snippet Generation Reframing (1)

Snippet 29FF 0] oty 2} evidence layerth

UHHA 0 2 snippets THE = 2 A F 7R Us.

1. selection-based method.
Al Qtofl A & Qo] Bol= window, chunk, sentence, passageS A 813514 downstream modeloll AEstct o] BAl 2 w21 7S 5%
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QAT Mel T 7} 2 coarsestH A 2o = Q3 A& evidenceRt Y7]7] o2&
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2. generation-based method.

= 5
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| Snippet Generation Reframing (2)
2 A]?
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| Query-Aware Extractive Compression®| 3j4] ofo|t]o]
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| Model Architecture

Bidirectional Encoder 7|¥t Context Compressor
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| Supervision Pipeline

LLM-as-a-Judge 7|5t span labeling

Context compression< F55t#HH document-level relevance label?Fo == F=3t
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| Production Latency Optimization

Compressor+ #2X%] gt o oJu]7} gl-&
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| Results

SimpleQA accuracy vs tokens (Eﬁl

PPER EFT IS BETTEF
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SimpleQA+ 4,326719] factual questionS 2 -4 ¥ single-step factuality benchmark.
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gt

i3 % 0 2 medium preset with compression< 95% accuracys 24311, Hw 200
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lookupoll A= G324 ¢]-S Hojx.
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Figure 5. Change in per-snippet token composition from compressi aged across 1,000 queries. The
proportion of vital content increases, with corresponding decreases i-‘ non-vital content categories
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| Takeaways

HA/RAG A Ao B B2 context”t @7 B 2 BHE 2u|shA] = &=
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| Introduction

Background
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| LooComp
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| Problem Formulation & RAG Pipeline

Problem Formulation

- RAG®7oll A 2lo] Bl 4 o} A 24 W& DE vhgroz g 4. M(y | g, D)

- BA HAE 24 D7F 2 7%, Token budget®} 914+ H|-80] 34 Z7},
- B3 S e BESHL S5 A7Ste OF &g eofl AL ARl S =Y CE AAdsk= A

argmax M(y | ¢,Cx), Cr = (g, Di),

RAG Pipeline with Compression [Retriever => Compressor => Language Model]
- &7 B (Evidence Retention): J&st g S st 4+ HH 74
- A2 &4 (Processing Efficiency): A|AR] Hotet XA (Latency)< =7] St 7 L w2 %] 2]

- EZ 984 (Token Efficiency): EZ &= A4S SO H| S A0 9 22 55 P
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| Sentence-level Pruning & Leave-One-Out Delta

1. Sentence-level Pruning (23 @9 71x1x]7])
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R

>
il
ro
ol
it
10
i
s
ok

2. Leave-One-Out Delta-based Sentence Classification
- BERo 29rE =0 g Wyl oAl "sig EAS AARES w] MA EA]o] g 7h5Alo] duh SAE| =T E =

- A FHE 7| o & HERF(Delta)S AlatstE =, MR Q1 ofu] o]&/d(Semantic dependencies)< o+t 4= 215
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| Formal Loss Function
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| Formal Loss Function

Lrank‘g‘] 37]‘X] -?-}\6] —‘9*/\

T A 2w epA > wjalA) 2

d B 2k 4 AxH(Margin) S AA| EHY]
L, = SJ P max(O,ml - (Az AJ))
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T2 B: e A 24 wiwl 4 ztoteh [ B AlA Al 4t 2 Eo 2 sl E k]
k:yp=1
T2 C: vl A F

FAA AN Fa HE 7 AR = wEE Fod]

L,,, = Z max(0, Ay + m3)
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| Efficiency & Adaptability

Lightweight Encoder-only Model
- LOO-Delta H4-& Aitste ™ 24 7t 2d 22 THesfokgt,
- LLM o4l ModernBERT 7|5§+e] 7}H2- Q15 ] H-8(Encoder-only) +2& €.

- HEe AREFES ZASFSHHA], Parallelized Scoring= 539 Latency 4 4.

Adaptive Gap-based Selection

- 712 715X ™ "9 30% T &2 "0.5% o] AT F7]= 1 H JAZH(Threshold) AFHE X

L

. PASS Delta d4 02 T 5, 714 H47} & Hojx| = 714 (Gap) & Hot 1 A HS 54 Ao 4.
=S

- AR oL} BAY] R Uio] 2, 2 2shE /)40 BAU S5 10 2Este] 2R AHAE
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| Training Details

1. 8t dlo]g ¥ 2P (Data & Labeling Strategy)
- gk dlo] Al HotpotQA

- Augmentation: 24 U] 7t B-S A7, A4 Hek llAETL T 2L Label 122, gl 242 Label 022 215 2huy

2. Hardware & Finetuning
Single NVIDIA RTX 4090 GPU, 21h

LoRA (Rank=64) / bfloatl6
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| Setup

1. g7} EllolgAl
- LooComp®] ¥-82%l =1 = 5= A53H7] #lsl 5714 QA HA|nt25 28

- Natural Questions (NQ), TriviaQA, HotpotQA, MuSiQue, 2WikiMultihopQA

2. 4| =g 3 Y7} X F (Baselines & Metrics)
- B Ho]AERRI: &% LLMLingua, EXIT, Provence &
A4/33: RECOMP, CompAct, Refiner 5

T8 7 A &
Quality: Exact-Match, F1 Score

Efficiency: &9 &%-&(Context Saved %) ¥ 2 A& *{2] £ (QpS, Latency)
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I NQ I TQA I HQA | 2Wiki I Musique EM Fl Time Rate
|EM F1 Time Rate|EM Fl1 Time Rate|EM FI Time Rate|EM FI Time Rate |EM Fl1 Time Rate CompAct 322 416 3670 177
Llama-3.1-8B Instruct Top-5 retrieved chunks EXIT 320 413 0.921 45
Raw 354 473 - 100|609 698 - 100302 409 - 100|235 302 - 1000|43 108 - 100 RECOMP-abs 304 397 0910 4.3
CompAct  [31.4 420 2.573 12.1[60.0 69.1 2.594 12.0|28.1 37.5 2.517 11.9|22.1 288 2354 106 | 6.1 13.6 2781 119 RECOMP-ext 29.1 380 0.023 304
EXIT 338 450 0359 56.1[60.1 682 0.340 50.9(289 39.4 0.347 48.6(213 27.4 0.380 426 | 40 108 0349 453 oo 316 409 3218 85
RECOMP-abs | 33.5 45.1 0.765 7.8 |53.8 635 0.578 7.6 |28.3 39.4 0527 7.0 [24.4 29.6 0436 55 [43 118 0499 6.6 ) : = ;
RECOMP-ext | 33.8 45.1 0.009 47.4[57.4 657 0.009 47.7|267 365 0.010 50.6|19.2 259 0.008 50.1 | 42 105 0.009 486 LongLLMLin 323 417 0.853 418
Refiner 332 449 2403 153|603 69.4 1967 13.2(29.7 405 1.624 104|222 282 1325 83 |53 120 1436 89  Provence 324 420 0.126 179
LongLLMLin |29.8 41.2 0345 462|59.6 682 0.344 459|286 385 0329 47.1|215 27.0 0.339 369 |44 109 0347 463  Ours 340 436 0.098 128
Provence 334 448 0059 26.459.9 69.1 0.056 25.4|28.7 39.4 0.056 19.5|21.5 27.7 0.059 155 |45 112 0056 14.7 S—
Ours 334 449 0.036 20.0|60.6 69.7 0.037 20.1|31.0 42.0 0.038 159223 288 0.037 122 |57 127 0.038 10.8
Top-20 retrieved chunks
Raw 372 493 - 100|640 727 - 100|311 417 - 100|256 320 - 100 |46 111 - 100
CompAct 338 454 4312 3.7 |60.0 69.0 4102 3.5 (309 42.1 4.696 3.7 [21.6 282 4905 3.5 |53 124 5869 4.1 - 7]2 Extractive &% 22(LLMLingua, EXIT)E2 tests g9 Aot
EXIT 34.6 458 1414 51.6|58.6 66.4 1452 454(299 39.8 1474 41.9(23.1 289 1619 376 | 42 109 1.480 419 = ’ = o
RECOMP-abs 32,9 449 1223 2.1 [559 653 1.332 2.0 (285 39.8 1206 1.8 |224 282 1145 14 [52 119 1393 16
RECOMP-ext {30.9 41.3 0.036 11.4(54.8 62.6 0.037 11.5|23.3 32.1 0.035 124158 223 0.036 122 |40 97 0.037 120 (Exact—MatCh, Fl)g 7| &.
Refiner 31.0 420 6727 88 |59.1 68.0 5013 65 [29.1 393 3915 4.4 (222 281 3219 37 |51 116 4551 50
LongLLMLin |33.4 455 1335 39.0|62.8 70.8 1.436 39.1|30.9 41.7 1357 39.1|24.9 307 1.357 393 [ 47 114 1343 394 i} - L
22 ==l A= A 1] O =L =] o
Provence  |34.2 462 0.188 208|632 717 0.189 189|30.0 405 0.199 138|225 286 0197 119 |53 119 019 122 - ©O|= Z&o] T3t Thof i 7t ofe}l e =20 23t A 242
Ours 344 465 0.153 13.8(63.9 722 0.161 129324 437 0.158 8.5 [25.0 308 0.159 64 |65 138 0.164 7.0
Llama-3.3-70B Instruct Top-5 retrieved chunks —%:;i] Z] (B_BI_'_'_]_I__ %—I;Hjl '8]—7“ %E]—I;:I}'I\%—% _C_),] EI] .
Raw 368 511 - 100|658 752 - 100|356 478 - 100|272 349 - 100 |82 168 - 100
CompAct 353 484 2573 12.1]652 74.6 2.594 12.036.6 48.6 2517 11.9|27.0 34.6 2354 106 |92 17.8 2781 119
EXIT 350 48.5 0.359 56.1[64.4 73.8 0340 509|342 456 0.347 486(243 312 0380 426 | 7.5 16.1 0349 453
RECOMP-abs |33.9 46.6 0.765 7.8 [56.9 66.9 0578 7.6 |322 443 0527 7.0 [26.7 323 0436 55 |65 142 0499 6.6
RECOMP-ext |36.4 49.1 0.009 474650 74.1 0.009 477|327 44.1 0.010 506220 300 0.008 50.1 | 7.0 153 0009 486 o] 1 D jo] X 04 O] AH(AFO] 2070 TLA] 7] =)©. o= 5] A =T} %
Refiner 35.1 48.6 2403 153656 752 1.967 132|358 47.6 1.624 10.4[257 327 1325 83 |83 166 1436 89 Az Ao 2o 93% ol (3] 207 24 71E) & UFIUAE, 21 A
LongLLMLin |32.8 46.3 0345 462|657 749 0.344 459|344 462 0329 47.1[25.1 31.8 0339 369 | 7.9 165 0347 463
Provence 358 49.8 0.059 26.4|66.1 75.6 0.056 25.4 352 473 0.056 19.5[27.0 33.7 0.059 155 |69 163 0.056 14.7 g A A A|7HE 0.2% o|uk g,
Ours 351 488 0.036 20.0|66.8 763 0.037 20.1|37.3 50.1 0.038 159|312 37.6 0.037 122 | 9.5 188 0.038 10.8
Top-20 retrieved chunks S = =] = = =
: - HERFwEAG EE go] SHe 7| E BUEY IS Hol, HHE 4
Raw 39.1 534 - 100|688 779 - 100382 503 - 100|306 385 - 100 [10.0 189 - 100
CompAct 352 485 4312 3.7 |64.9 74.0 4.102 3.5 [36.1 47.8 4.696 3.7 [26.5 332 4905 3.5 |84 159 5869 4.1 o 6 oo
EXIT 37.0 513 1414 516|663 758 1452 454362 482 1474 419|274 347 1619 37.6 | 87 17.7 1.480 419 5-£& 0] S EFH S 2R
RECOMP-abs [34.2 472 1223 2.1 [60.2 69.9 1332 2.0 |33.1 454 1206 18 (277 334 1145 14 |67 148 1393 L6
RECOMP-ext [33.5 457 0.036 11.4[64.0 72.6 0.037 115|283 389 0.035 12.4[17.1 24.6 0.036 122 | 60 14.1 0.037 120
Refiner 334 464 6727 88 [64.1 736 5013 65 |33.4 450 3915 4.4 (257 320 3219 37 |78 161 4551 50
LongLLMLin [36.2 50.8 1.335 39.0|67.9 77.2 1436 39.1|36.6 48.9 1357 39.1(29.4 37.1 1357 39.3 | 89 182 1343 39.4
Provence 37.0 513 0.188 20.8|66.6 76.0 0.189 189|354 475 0.199 13.8|263 330 0.197 119 | 87 180 0.196 122
Ours 363 50.5 0.153 13.8|67.3 769 0.161 129|385 512 0.158 8.5 [314 37.5 0.159 64 |10.7 20.1 0.164 7.0
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| Robustness at Larger k
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Figure 3: Performance analysis on HQA at increasing top-k = {5, 10, 20, 30} by reader Llama-3.1-8B Instruct, comparing EM,
compression latency, and compression ratio between baselines and our proposed method.
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| Analysis

A NQ TQA HQA | 2Wiki | Musique
Variants | pve g1 [EM FI [EM FIL |EM FI [EM FI
Full 36.8 51.8/69.2 76.7|38.6 51.1]30.8 35.4|10.6 18.8
-BCE 33.7 46.8|67.8 75.9|35.0 46.3(28.1 332| 8.8 183
-crit 35.6 49.3/69.2 76.8/37.6 50.1[29.8 34.0|10.3 17.9
-BCE -crit|32.6 46.4|68.4 76.2|34.6 46.6(24.6 30.1| 72 172

Ablation Study
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NQ

Variants ‘

EM FlI

TQA HQA 2Wiki | Musique
EM Fl |EM Fl |EM Fl |EM Fl

Adaptive-gap
Margin-based

36.8 51.8|/69.2 76.7(38.6 51.1
36.5 504

30.8 354(106 188
303 344(99 183

68.7 76.5(38.8 51.2

Strategy Comparison

1. Margin-based (17 7]%):
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i, Leave-One-Out (LOO) A 2Fx} 712 Q15T #-8(Encoder-only)
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