Supplementary Information
Multidimensional semantic retrieval of classical Chinese poetry for literary heritage discovery
Supplementary Note 1 Query instructions and input construction
The same dimension-specific instructions and input formats are used during model fine-tuning and retrieval. Queries combine a Chinese instruction with the query text, whereas poems are encoded without an instruction. The exact instructions are reproduced in Supplementary Table S1. English translations are provided for reference; the original Chinese instructions were used in model training and retrieval.
[bookmark: SupTable1]Supplementary Table S1 | Dimension-specific query instructions
	Dimension
	Chinese instruction and English translation

	Emotion (情感)
	给定古典诗歌的情感分析，检索情感相同或高度相近的古典诗歌
Given an analysis of the emotions expressed in classical Chinese poetry, retrieve classical Chinese poems expressing the same or closely similar emotions.

	Authorial intent
(创作意图)
	给定古典诗歌的创作意图分析，检索创作意图相同或高度相近的古典诗歌
Given an analysis of the authorial intent of classical Chinese poetry, retrieve classical Chinese poems with the same or closely similar authorial intent.

	Theme (主题)
	给定古典诗歌的主题分析，检索主题相同或高度相近的古典诗歌
Given an analysis of the themes of classical Chinese poetry, retrieve classical Chinese poems with the same or closely similar themes.

	Thought (思想内涵)
	给定古典诗歌的思想内涵分析，检索思想内涵相同或高度相近的古典诗歌
Given an analysis of the underlying ideas expressed in classical Chinese poetry, retrieve classical Chinese poems expressing the same or closely similar ideas.


Query input
Each query combines the corresponding instruction from Supplementary Table S1 with the query text:
Instruct: {dimension-specific instruction}
Query:{query text}
Document input
Each poem is encoded without an instruction, with its metadata followed by the poem text:
Dynasty·Author·Title
Poem text

Supplementary Note 2 GLO performance under LoRA fine tuning
Experimental settings and main results
We evaluate GLO using six cumulative ablation configurations based on Qwen3-Embedding-0.6B. All configurations start from the same base model and are trained for one epoch with seed 42 and a learning rate of 2×10⁻⁵. LoRA is applied to the attention q/k/v/o projections, with rank 16 and scaling factor 32. Maximum query and document lengths are 192 and 256, respectively. The saved adapter contains 4,587,520 parameters, accounting for approximately 0.76% of the combined base-model and adapter parameters.
Compared with the highest-grade-only listwise baseline, full GLO increases nDCG@10, MRR@10 and Recall@10 from 0.200886, 0.347792 and 0.191908 to 0.265079, 0.455086 and 0.254402, respectively, corresponding to relative improvements of 31.95%, 30.85% and 32.56% (Supplementary Fig. S1a). These results demonstrate improved retrieval through low-rank adaptation.
Cumulative component ablations
The listwise term assigns target weights according to relevance grades, whereas the ordinal term constrains similarity-score margins between grades. The six configurations are: (1) highest-grade-only listwise, with gains [0,0,0,7]; (2) four-grade gain listwise, with gains [0,1,3,7]; (3) addition of ordinal constraints with equally spaced grade positions; (4) replacement with nonuniform grade positions [0,0.20,0.75,1.00]; (5) replacement of the ordinary ordinal penalty with temperature-scaled Softplus; and (6) full GLO, which additionally averages penalties within each grade-pair type and then across types. Each configuration retains the preceding changes except for the explicitly replaced component. Results are summarized in S2.
[bookmark: SupTable2]Supplementary Table S2 | Component ablation
	Configuration
	nDCG@10 rel3
	MRR@10
	Recall@10
	nDCG@10 rel1

	Top-grade listwise
	0.200886
	0.347792
	0.191908
	0.182223

	Four-grade gain listwise
	0.263562
	0.451689
	0.252845
	0.255325

	Uniform ordinal margins
	0.264335
	0.453967
	0.253491
	0.255962

	Non-uniform ordinal margins
	0.264342
	0.453013
	0.253452
	0.255932

	Scaled Softplus ordinal
	0.264601
	0.453866
	0.253950
	0.256240

	Full GLO (pair-balanced)
	0.265079
	0.455086
	0.254402
	0.256842


Contribution of four-grade relevance supervision
Replacing the highest-grade-only target with four-grade gains raises nDCG@10 to 0.263562, an absolute increase of 0.062676 (Supplementary Fig. S1b). Intermediate relevance grades provide useful ranking supervision and account for the main improvement in this LoRA setting. Under threshold-1 evaluation with graded gains, full GLO increases nDCG@10 from 0.182223 to 0.256842, a relative improvement of 40.95%.
Ordinal constraints and performance across dimensions
Progressive refinements of the ordinal constraints further increase nDCG@10 from 0.263562 to 0.265079, a cumulative gain of 0.001517 (Supplementary Fig. S1c). Full GLO achieves the highest values for all three threshold-3 macro-averaged metrics among the six configurations.
Relative to highest-grade-only listwise, full GLO improves nDCG@10 by 52.22%, 13.39%, 38.18% and 86.40% for emotion, authorial intent, theme and thought, respectively (Supplementary Fig. S1d). For thought, the score rises from 0.074630 to 0.139109. Four-grade supervision supplies the main gain, while successive ordinal refinements further improve the final retrieval configuration.
Parameter sensitivity
Single-factor scans use the full GLO defaults: ordinal weight λ_ord=0.25, in-batch denominator weight ρ=0.10, margin scale α=0.16, ordinal smoothing temperature τ_ord=0.05 and listwise temperature τ_list=0.06.
Increasing λ_ord to 50 yields nDCG@10 of 0.292139, 10.21% above the default configuration; increasing it further to 1000 reduces the score to 0.278190 (Supplementary Fig. S2a). This pattern reflects the balance between listwise fitting and ordinal separation. Setting ρ to 0.50 yields 0.270505, a 2.05% improvement over the default. Setting τ_list to 0.10 yields 0.266658, whereas increasing it to 1.00 reduces the score to 0.164842 (Supplementary Fig. S2b,c). Ordinal weight, in-batch denominator weight and listwise temperature therefore warrant particular calibration during LoRA fine-tuning.
All results use full-corpus retrieval on the silver test set, with equal weighting across the four dimensions and seed 42. Threshold 3 is the primary evaluation setting; threshold-1 results with graded gains are also provided. The relevance threshold for Recall is fixed at 3.
[image: ]
[bookmark: SupFig1]Supplementary Fig. S1 | GLO component ablations. a Threshold-3 macro-averaged metrics for highest-grade-only listwise and full GLO. b Cumulative configurations incorporating four-grade gains, equally spaced ordinal constraints, nonuniform ordinal constraints, temperature-scaled Softplus and grade-pair balancing. Each configuration retains preceding changes and replaces the corresponding component. c Detailed comparison from four-grade gain listwise to full GLO, with a nonzero vertical-axis origin. d Dimension-specific relative improvements in nDCG@10 for full GLO over highest-grade-only listwise. Results use full-corpus retrieval on the silver test set with seed 42.
[bookmark: SupFig2][image: ]Supplementary Fig. S2 | GLO parameter sensitivity. a–e Effects of ordinal weight λ_ord, in-batch denominator weight ρ, listwise temperature τ_list, margin scale α and ordinal smoothing temperature τ_ord, respectively. Open diamonds denote threshold-3 results for the default full GLO configuration; numerical labels identify the highest threshold-3 score in each panel. Panels use separate vertical-axis ranges, and λ_ord and τ_list use logarithmic horizontal axes. f Evaluation coverage of the parameter grid.
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