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Backgrounds

Citation network

« Critical infrastructure of modern science

- Enabling researchers to navigate among the past knowledge space

Citation prediction

- A query paper g and a candidate set C;, predicting which papers in C, will g cite

- Applications: recommending citations for drafts, supporting science of science studies
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Challenges

Various roles of citations

Core  Superficial
citations citations

Previous

Future Now
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(b) Overlap of keywords

Vast size of the candidate set Cq

- Existing works: 101~102
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Our work:|10%~105|
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Methods

{. Query ¥V Superficial citationsJ

O Core citations @ Non-citations

t=10 t;=3 t, =2 Phase 1-Retrieval
Candidate set {OVO@O@ODNOVeOO . :
C, { { } - Embedding model (<1B, finetuned)
G® — Rgt"e‘;?l ;mdme - Candidate set (10*~10°) -> Retrieval set (10?)
Embedding 0-0.0 netne
T (o’ <=
similarity O’
(Representative) o
Phase 2-Ranking
Retrieval set R, {@voem) _
v - LLM agents workflow (GPT-4 via API call)
Ranking module
G@® = = LM - Retrieval set (101) -> Final results
Textual ‘/¢>z <‘=-'>1
reasoning Guider Analyzer Decider
(Generative)

Final prediction {OOOVe@}
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Methods

Title + /-:\bstract Stage 1: Classification task Stage 2: Ranking task
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768-dimensional ~
embedding (b) Curriculum finetuning of the retrieval module
‘7 Guider (LLM) + Human supervision  Why g cites these? What is the best ranking?
1. A Neural Probabilistic Language Model 1. To acknowledge the historical context of... (almost irrelevant)
2. Attention is All You Need 2. on which Transformer-XL... ( ) 2->3->1
3. BERT @ g: Transformer-XL 3. ... within . ) (correct)
4. .. Example | (...
. Retrieval set R, {}
Phase 2-Rank|ng PREC@5=0.6 z Analyzer (LLM) <t— One-shot learning —> LDecider(LLM)
Ij Retrieved candidate 1_3] rD 1-3. of the query paper... ( ) )
|@ Retrieved candidate 4 | @ 4. ... provide interdisciplinary insights... (almost irrelevant) Improved
Eﬂet_rieied_Cﬂmd_idﬂei i » ¥V 5. To acknowledge the of... ( ) PREC@5=0.8
] Retrieved candidate 6 Os. .. in query paper... ( )
@ Query | _ )
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. . Trainine set Testine set
R eS l I ItS Scientific domain < < Total

Query  Candidate Query Candidate
Natural science 386655 3830273 48388 479596 4744912

Social science 13345 169727 1612 20404 205088
Superior performance in multiple domains Total 400000 4000000 50000 500000 4950000
Natural science Social science Overall

Model PREC@3/5 NDCG@3/5 PREC@3/5 NDCG@3/5 PREC@3/5 NDCG@3/5

Keywords overlap 0.334 0.267 0302 0.262 | 0402 0.322 0.359 0311 | 0.336  0.269 0.304 0.264

SciBERT [31] 0.053 0.046 0.056 0.050 | 0.083 0.069 0.087 0.076 | 0.054 0.046 0.057 0.051
METAG [6] 0.112  0.089 0.124 0.104 | 0.180 0.142 0.196 0.166 | 0.114 0.090 0.126 0.106
PATTON [5] 0.248 0.201 0.266 0.229 | 0.407 0.341 0429 0378 | 0.253 0.205 0.271 0.234

SciPATTON [5] 0.444 0.368 0470 0410 | 0.529 0448 0.548 0487 | 0447 0371 0472 0413

SPECTER |[3] 0.542 0457 0567 0502 | 0.620 0.537 0.641 0.579 | 0.545 0.460 0.570 0.504

SciNCL [4] 0.575 0495 0.598 0.537 | 0.634 0.558 0.655 0.597 | 0.577 0.497 0.600 0.539

SciMult-vanilla [33] 0.568 0.483 0.591 0.527 | 0.623 0.547 0.644 0.586 | 0.569 0.485 0.593 0.529
SciMult-MoE [33]  0.578 0.493 0.601 0.537 | 0.637 0558 0.658 0.598 | 0.579 0.496 0.603 0.539
SPECTER-2.0 [32] 0.600 0.512 0.625 0.558 | 0.654 0.579 0.674 0.617 | 0.602 0.515 0.627 0.560

BERT-base [18] 0.036 0.034 0.036 0.035 | 0.129 0.115 0.133 0.122 | 0.039 0.036 0.039 0.038
BERT-large [18] 0.025 0.027 0.024 0.026 | 0.055 0.062 0.051 0.057 | 0.026 0.029 0.025 0.027
OpenAl-ada-002 0.623 0.534 0.646 0.579 | 0.671 0.590 0.692 0.631 | 0.624 0.536 0.648 0.581
OpenAl-3 0.632 0543 0.655 0.588 | 0.671 0.592 0.691 0.632 | 0.633 0.545 0.656 0.589
GTE-base [16] 0.638 0.555 0.659 0.596 | 0.669 0.596 0.688 0.633 | 0.639 0.556 0.659 0.597
GTE-base-v1.5[34] 0.637 0.549 0.660 0.593 | 0.670 0.591 0.692 0.631 | 0.638 0.551 0.661 0.594
GTE-large [16] 0.640 0.556 0.661 0.597 | 0.669 0.593 0.690 0.632 | 0.641 0.557 0.662 0.599
GTE-large-v1.5 [34] 0.647 0.562 0.669 0.605 | 0.690 0.606 0.707 0.645 | 0.649 0.563 0.671 0.606

H-LM (GPT3.5) 0.725 0.644 0.734 0.677 | 0.743 0.661 0.751 0.693 | 0.725 0.644 0.735 0.677
H-LM (GPT40)* 0.736  0.655 0.743 0.686 | 0.756 0.670 0.763 0.702 | 0.736 0.655 0.743 0.686
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Results
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Natural science Social science
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- Superior performance on candidate sets with various sizes



Results

Natural science Social science
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- Trade-off effect

- Optimal balancing point of small-LM and LLM
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