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[Abstract]

This study examines how retrieval-augmented generation (RAG) and soft prompt tuning jointly
influence performance and efficiency in lightweight large language models. Using an SBA policy QA
benchmark, we compare a Liquid-based model and a Transformer-based model across 18 experimental
configurations covering precision settings, RAG modes, and soft prompting. Results reveal
architecture-dependent effects: soft prompting improves both answer quality and latency stability in the
Liquid model, whereas it introduces a quality?efficiency trade-off in the Transformer model.
Category-level analysis identifies numeric and criteria-based questions as persistent bottlenecks,

highlighting the need for normalization-oriented improvements in lightweight LLM deployment.

» Key words: Lightweight large language models, Retrieval-augmented generation, Soft prompt tuning,
4-bit quantization, Liquid architecture, Transformer architecture
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I. Introduction
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II. Preliminaries

1. Lightweight LLMs, Model Families, and
Quantization
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2. Retrieval-Augmented Generation and Mode
Definitions(OFF / NAIVE / ADV)
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3. Soft Prompt and Efficiency Considerations
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III. The Proposed Scheme

Al 22Jal VRAM ARGt %4 78”011 UWL Oé‘%k
2 59 2L FAG vl A7) sl Bfete] B4
ZEERCEE DEEESI RLEAC NOLERE B
A1} FmA 8]y olHlAel mEmE o]y r]Fgat
Wh U 27 4R BE WA YelolA Bl Wowe
ARz wAlste] #EH AlolS ¥ijl AjA|Q aufet
NEAEOR s14 7hseb sk o gt
1. Reproducibility Policy and Environment
Snapshot
Model Families (Ultra-lightweight LLMs)
qulml-h;wni LFM2-1.2B Transformer-based: Qwen2.5-1.5B

Quantization (Precision)

bf16: higher stability /quality nfd (4-bit): lower VRAM, higher sensitivity

RAG Modes (Evidence Injection)

OFF: no retrieval

NAIVE: retrieve + simple merge (minimal rerank/policy

ADV: rerank + constraints (doc-cap/length/policy) for precise evidence selection

Soft Prompt (Prompt Tuning)
Learn virtual tokens while freezing base weights (PEFT)
May alter output distribution (length/repetition) affecting latency/stability

|

Measured Outcomes (Multi-objective)
Quality: F1, ROUGE-L, SBERT(SemSim)
Efficiency: latency p50, VRAM peak. tokens/sec
Stability: hit_cap, output_tokens

Fig. 1. Experimental design overview of quantization,
RAG modes, and soft prompt tuning across Liquid and
Transformer lightweight LLMs
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2. Experimental Setup and Factorial Design
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Fig. 2. Configuration count tree of the controlled
experimental design
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4. RAG Pipeline: Indexing, Retrieval, and Mode
Definitions
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Fig. 3. Hybrid Retrieval and RAG Modes
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5. Model Adaptation and Soft Prompt
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6. Decoding Guards, Output Stability, and
Evaluation/Logging
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IV. Experiments and Analysis

1. Performance, Cost and Output Stability
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Table 1. Performance across 18 controlled configurations

Model |Prec|SP |F1-O |F1-N |F1-A |SS-0 |SS-N [SS-A
LFM2 bf16 | 0 |0.139|0.147 | 0.156 |0.321 | 0.333 | 0.348
LFM2 nf4 |0 |0.171|0.1590.174 |0.435|0.390 | 0.394
LFM2 nf4 |1 ]0.206|0.211|0.230 | 0.555 | 0.569 | 0.582
Qwen25 |bf16 | 0 |0.19910.210|0.224 |0.513 | 0.534 | 0.557
Qwen25 [nf4 |0 |0.197]0.200 |0.205|0.494 | 0.517 |0.532
Qwen25 [nf4 |1 |0.183]0.168|0.175|0.485 | 0.505 |0.512
Note. F1: token-level F1 score, SS: SBERT cosine similarity

_u.K]O

o] Auf& n]Fo] & ], AAA o= ADVE 27 A
2 Jefsto] Wdshe 42 Eelon, 53]
LFM20JA= nf4o]A] AZE ZE2mES
OFF(0) — NAIVE(N) — ADV(A)°] ©x 7j41 mj&io]
oA TR Y.

SHH Table 2= ADV REo|d EAE 671 AR
88744 54 A%E AAlst ok o] S E5 LFM2,
nf4 J2]31 ATE DTEITEQ Z3lo

urh b 943 88 HolL 9gE HAT 2 Urk

Table 2. System cost and output stability (ADV mode only)

Model |Prec| SP|p50(ms)| VRAMpk(MB) | OutTok | HitCap%
LFM2 bf16| 0 | 1,017.9 6,430 80.36 60.13
LFM2 nf4 | 0 | 1,106.7 6516 78.16 72.15
LFM2 nf4 | 1 4295 6,464 28.88 0.63
Qwen25 | bf16 | O 603.7 11,235 27.09 0.32
Qwen25 | nf4 | O 656.8 6,494 | 2359 0.63
Qwen25 | nfd | 1 645.9 6,426 | 22.62 0.95

Note. p50(ms): latency p50; VRAMpk(MB): peak VRAM;
OutTok: mean output tokens, HitCap%: hit cap rate.
Rows 1-2 (LFM2 SP=0) have large p50 due to
over-generation and cap hits (OutTok [', HitCap% ).
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2. Soft Prompt and RAG Effects: Architecture-
dependent Asymmetry
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F1 SemSim

Latency pS0Output tokens Hit_cap

Fig. 4. Soft Prompt Effect under nf4 and ADV condition
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