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I Seeking Academic Metadata

Query: How many times has New York University's Yann LeCun's most cited publication been cited?

Step 1: Typing Keywords in the searching box

Google

@, Yann Lecun| X

0,

Google #% FETE



Seeking Academic Metadata

Query: How many times has New York University's Yann LeCun's most cited publication been cited?

Step 2: Find the probable item in the results list.

Yann Lecun X } Q
Google

Google Scholar
https:fscholar.google.com : citations

Yann LeCun

Yann LeCun. Chief Al Scientist at Facebook & Silver Professor at the Courant Institute, New
York University. Verified email at cs.nyu.edu ...

O Wikipedia

https:/fen.wikipedia.org » wiki » Yann_LeC...

Yann LeCun

Yann André LeCun is a French-American computer scientist working primarily in the fields of
machine learning, computer vision, mobile robotics and ...

@, Yann Lecun|

lecun.com
®

Google !
http:/fyann.lecun.com

Yann LeCun's Home Page

Yann LeCun, VP and Chief Al Scientist, Facebook Silver Professor of Computer Science, Data
Science, Neural Science, and Electrical and Computer Engineering, ...

Yann's DjVu Page - MNIST handwritten digit - Fun Stuff - Publications

X
hitps:fitwitter.com » ylecun

Yann LeCun (@ylecun) / X

Professor at NYU. Chief Al Scientist at Meta. Researcher in Al, Machine Learning,
Robotics, etc. ACM Turing Award Laureate.




Seeking Academic Metadata

Query: How many times has New York University's Yann LeCun's most cited publication been cited?

Step 3: Seek the target information on the page

@, Yann Lecun|

= Google Scholar Q,  SsiGNN
Go : g|e Yann Lecun
Yann LeCun ‘ GET MY OWN PROFILE |
Google Scholar
hitps:/fscholar.google.com » cit Chief Al Scientist at Facebook & Silver Professor at the Courant Institute, New York
- - - University
Yann LeCun Verified email at cs.nyu.edu - Homepage Cited by G
ann LeCun. Chief Al Scientist a Al machine learning computer vision robotics image compression
A 2 % All Si 2019
York University. Verified email at nee
o AR Citations 356553 245740
{UILE h-index 148 115
Wikipedia i10-index 382 305
https:/fen wikipedia.org » wiki » Deep leaming 79904 2015
¥ LeCun, Y Bengio, G Hinton
Yann LeCun nature 521 (7553), 436-444 49000

Yann André LeCun is a French-2
machine learning, computer visic

© lecun.com
http:/fyann.lecun.com

Yann LeCun's Home Pi

Yann LeCun, VP and Chief Al Sc
Science, Neural Science, and Eli
Yann's DjVu Page * MNIST hand

X

hitps:fitwitter.com » ylecun
Yann LeCun (@ylecun’
Professor at NYU. Chief Al Scier
Robotics, etc. ACM Turing Awarc

Gradient-based learning applied to document recognition 65097 1998
¥ LeCun, L Bottou, Y Bengio, P Haffner
Proceedings of the IEEE 86 (11), 2278-2324

Backpropagation applied to handwritten zip code recognition 16702 1989
¥ LeCun, B Boser, JS Denker, D Henderson, RE Howard, W Hubbard, ...
MNeural computation 1 (4), 541-551

Convolutional networks for images, speech, and time series 8129 1995
¥ LeCun, Y Bengio
The handbook of brain theory and neural networks 3361 (10}, 1995

OverFeat: Integrated Recognition, Localization and Detection using Convolutional Networks 7710 2014
P Sermanet, D Eigen, X Zhang, M Mathieu, R Fergus, Y LeCun
International Conference on Learning Representations (ICLR 2014)

The MNIST database of handwritten digits 7592 1998
Y LeCun, C Corles

Efficient backprop 7145 2002
¥ LeCun, L Bottou, GB Orr, KR Miiller
MNeural networks: Tricks of the trade, 9-50

Character-level convolutional networks for text classification 6704 2015
X Zhang, J Zhao, Y LeCun
Advances in neural information processing systems 28

Handwritten digit recognition with a back-propagation network 6384 1990
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I Academic Information Systems API Calling

Query: How many times has New York University's Yann LeCun's most cited publication been cited?

ID APIname Type Parameter(s) Return

1 searchPerson fuzzy name, organiza- [person_id, name, num_citation, interest,
tion, interest num_pubs, organization ]

2 searchPublication fuzzy publication_info [pub_id, title, year]

3 getCoauthors exact person_id [id, name, relation]

4 getPersonInterest exact person_id list of interests

5 getPublication exact pub_id abstract, author_list, num_citation

6 getPersonBasicInfo exact pub_id person_id, name, gender, organization, posi-

tion, bio, education_experience, email
7 getPersonPubs exact person_id [authors_name_list, pub_id, title,

num_citation, year]

[{ person_id: ecOf***jsk,

Yann LeCun, NYU > “searchPerson > person_name: Yann LeCun, ... }]

[{ pub id : aldk***8fa, ..},
CCOPK**jSk > getPersonPubs > { pub_id : 79pa***rjk, },
{ pub 1d : g2f4***n3c, ...}...]

al4k***8fa o [{ title: Efficient Backprop, citation: 7145},
79pa***rjk >  getPublication > iiyjo. Deeplearning, citation: 799041,
q2f4***n3c { title: The Minist Database, citation: 7592}...]



I Academic Information Systems API Calling

Query: How many times has New York University's Yann LeCun's most cited publication been cited?

Academic API Features:

Coupling: Specific API calling order
Efficiency: High efficiency requirement

Yann LeCun, NYU » searchPerson > getPersonPubs  »  getPublication > 79904

ID API name Type Parameter(s) Return

1 searchPerson fuzzy name, organiza- [ person_id, name, num_citation, interest,
tion, interest num_pubs, organization |

2  searchPublication  fuzzy publication_info  [pub_id, title, year]

3  getCoauthors exact person_id [id, name, relation |

4  getPersonlnterest exact person_id list of interests

5 getPublication exact pub_id abstract, author_list, num_citation

6  getPersonBasicInfo exact pub_id person_id, name, gender, organization, posi-

tion, bio, education_experience, email
7 getPersonPubs exact person_id [authors_name_list, pub_id, title,

num_citation, year|




| LLM API-Using

Query: How many times has New York University's Yann LeCun's most cited publication been cited?

Retrieval & Execution:
Failed to handle
API Coupling

DFSDT Reasoning:
Could not meet
the Efficiency needs

\

"Functions to call":
[searchPerson, getPersonPubs, getPublication]
"parameters":

[..., person_id: not available, ...]
Could not get person_id

-

Thought: get the num_citation
of each Publication.

Observation: ......

%

Action Input...

Action Input.
Observation...

-

[solution]:
searchPerson -> getPersonPubs -> getPublication

[program]:

person_list = searchPerson(name = ‘Yann LeCun’)
if len(person_list) > 1:

person_list = searchPerson(name = ‘Yann LeCun’,
organization = 'New York University')
target_person_info = person_list[0]
target_person_id = target_person_info['person_id']l
target_person_pubs = getPersonPubs(person_id =
target_person_id)

target_publication_dict = sorted(target_person_pubs,

key=lambda x: x['num_citation'], reverse=True)[0]
target_publication_id =
target_publication_dict{'pub_id']
target_publication_info = getPublication(pub_id =
target_publication_id)
target_citation_count =
target_publication_info['num_citation']

final_result = target_citation_count

“ correct

Yann LeCun's most cited publication has been cited

[answer]:

74731 times.

~N

SoAy:

Pre-defined Solution

&
Solution-based Program
Generation

J

Fig.1 Different API-using sturctures facing the same academic question.



I S0Ay: SOAPIs Applying Framework

Query: How many times has New York University's Yann LeCun's most cited publication been cited?

il A4 - . R 4 . )
Solution Library Reasoning Code Generation LLMs Alignment
1 - Head API Input Combination Formulation Tail API Output ! | ) I |
 Supervised Tuning
|0rgan:7auon name [searchPerson | » [getPersonPubs] » |getPublication| citation count ! : :
———————— ettty TTTTTTTTTA - o TTTEEEEEEEE T o D e ' Open-source £~ :
: API Library : *.'".;."'i't':g’"'é """ t T"':.‘ """"" ! """""" i ; LLMs {’;’ "@ :
' @ OO . | SINPIRLE-HETY S GIALON ¥ Code Generation ] o ;
------------------ 1 Y . 1 =
: 1, person_list = searchPerson(name = i [N
hd : :: ‘Yann LeCun’, organization = 'NYU') : g ‘
I ', target_person_info = person_list[0] | S0 |I
API Graph ! ; ; : ! target_person_id = ! Q -
1 Q: How many times has XX 's XXX 's most |1 g ; o ] c c Bt sy timen i
' ited paper been cited? ' target_person_info['person_id'] | O 9 Query  NyU's Yann's most
! ’ ! target_person_pubs ' ] ...heen cited?
S i i i * getPersonPubs(person_id : E 3 Solution O)O»O
] . ] = — = °
: Academic Data Source : ' target parson_id) ! < ®» b8
O ! | organization: NYU; name: Yann Lecun | ¢! ... ! UQ) | (Code gl
9 i & '\ target_publication_id = N g final_result = ... g
...... i ! : ‘ 1! target_publication_dict['pub_id'] !
r "~ Solution Library 1 ! How many times has NYU 's Yann | ! karaat_publication info : g_ ',
; I ; Lecun 's most cited paper been cited? Hy BEEBUBIEEEER( pub_id i o R S S
! : i L _1a = | !
] 1 & P o 1 1
E , L :-Iow e c:ta.ttm; > does :YU.,S Y""":: E?tﬁ?cgﬁnggﬁitf " | . In-Context Learning !
I .ecun's most cited paper have? 1 - I
' O>O0 : | ) . Bep |1 target_publication_info['num_citation'] ! :Closed—source .
) : : : Entity Filling & :: final_result = citation_count : L LMs @ ‘ Pll‘gmpt !
At | Semantic Expansion ¥ 77352 ] ! Librery
\ J - -"--"-"-"-"""-""""""=""=""=""=""="="""" J/ -~ ---"""""""=""="="" w,

Fig.2 SoAy Framework.



I SoAyBench

To assess API utilization capabilities, it 1s essential to publish the foundational APIs of AMiner for LLMs to
invoke and provide a test set composed of academic {Query, Code, Answer} triplets for evaluation.

However, given the dynamic nature of academic data, with scholar and publication information rapidly
changing, maintaining a test set with static answers proves challenging.

To address this challenge, we clone AMiner's SOAPIs at a specific point in time to create a static service,
from which we generate a corresponding static test set.

SoAyBench now are open-sourced at : € Hugging Face:
https://huggingface.co/datasets/frederickwang99/SoAyBench

Question statistics in SoAyBench.

Question Type | One-hop Two-hop Three-hop Total

Scholar 540 1,800 540 2,980
Publication 180 180 720 1,080
Total 720 1,980 1,230 3,960




I SoAyEval

We outline five types of evaluation metrics.

* EM: Both the retrieved solution and answer Exactly Match the ground truth.
* DS: The answer is correct, but a Different Solution 1s retrieved compared to the ground truth.

* WS: The answer is wrong due to a Wrong Solution.

* WP: The solution is correct but the answer 1s wrong, due to a Wrong Program generated for the solution,

which can be executed but yields the wrong answer.

* EE: Execution Error, which may by caused by the generation of a nonexecutable program or network

errors during the APIs request.

ACC = EM + DS

wq + ACCy + wg * -ACCo + w3 - ACCy
wi + wo + w3

Score =




Results on SoAyBench - Part 1

Results on SoAyBench. DS, WS, WP and EE are differenct types of error, ACC denotes a accurate answer, EM means
exact match, not only the answer but also the solution. Score is a weighted sum of the ACC score on different question types.

4 ; Error Rate|
Method Version Question Type DS@) WS(%) WP(%) EE(®) EM(%) ACC(%) Score
one-hop 12.50+8.00 24.31+13.26 1.39+0.00 54.17+16.01 7.64+5.20 20.14
ToolLLaMA 7B two-hop 10.10+4.10 47.22+12.28 0.76+2.27 38.13+9.62 3.79+£2.92 13.89 16.72
three-hop 11.51+6.53 38.10+14.27 1.19+3.57 43.25%+13.07 5.95+4.59 17.46
one-hop 55.56+21.06 15.28+7.80 4.86+£0.00 21.53+10.67 2.78%0.00 58.33
3.5 two-hop 29.55+11.47 34.34+9.23 4.29+3.64 25.76%8.65 6.0614.11 35.61 43.22
three-hop 38.10+15.09 28.57+11.35 3.17£2.50 25.00+8.87 5.161£6.19 43.25
one-hop 25.69+10.91 9.72+5.00 2.78+0.00 22.92+9.47 38.89+15.60 64.58
GET-DESDT 3.5-16k two-hop 16.92+7.76 15.91+6.05 3.28%+1.31 46.97+7.13 16.92+4.99 33.84 43.67
three-hop 18.65+7.37 15.48+5.63 2.78+0.00 38.49+10.43 24.60+8.53 43.25
one-hop 27.78%+9.60 2.08+0.00 4.174+5.00 28.47+6.82 37.50+10.91 65.28
4 two-hop 26.26+8.89 9.60+4.88 17.93+£5.40 15.15+5.39 31.06£9.12 57.32 58.16
three-hop 22.22+£8.65 7.5414.46 17.06£6.96  19.05+6.45 34.13+9.87 56.35
one-hop 27.78+8.70 15.97+7.73 3.47+0.00 13.19+£7.80 39.58+9.12 67.36
3.5 two-hop 33.84+4.94 9.60+4.75 6.06+£2.81 13.13+£7.12 37.37+5.06 71.21 67.30
three-hop 22.22+6.43 12.70+5.91 9.52+4.42 13.10+6.72 42.46%6.00 64.68
one-hop 28.47+11.67 15.28+6.12 1.39+0.00 17.36+7.78 37.50+9.07 65.97
GPT-SoAY 3.5-16k two-hop 35.86%6.01 7.32+3.41 5.30+2.18 15.91+£7.16 35.61+4.65 71.46 66.76
three-hop 23.02+7.16 10.32+4.99 8.33+£3.42 17.46+7.37 40.87+6.26 63.89
one-hop 0.00+0.00 0.00+0.00 1.39+0.00 2.78+0.00 95.83+5.70 95.83
4 two-hop 15.91+4.71 1.2610.00 9.34+1.07 2.02+1.69 71.46+3.74 87.37 86.57
three-hop 6.75%0.00 0.40+0.00 14.68+1.68 1.98+0.00 76.19+3.25 82.94




Results on SoAyBench - Part 11

Results on SoAyBench. DS, WS, WP and EE are differenct types of error, ACC denotes a accurate answer, EM means
exact match, not only the answer but also the solution. Score is a weighted sum of the ACC score on different question types.

one-hop 27.78+8.70 15.97+£7.73  3.47+0.00 13.19£7.80  39.58+9.12 67.36
3.5 two-hop 33.84+4.94 9.60+4.75 6.06+2.81 13.13£7.12  37.37+5.06 71.21 67.30
three-hop 22.22+6.43 12.70+£5.91 9.52+4.42 13.10£6.72  42.46+6.00 64.68
one-hop 28.47£11.67  15.28+6.12 1.39+0.00 17.36£7.78  37.50£9.07 65.97
GEISant 3.5-16k two-hop 35.86+6.01 7.32+3.41 5.30+2.18 15.91+7.16  35.61+4.65 71.46 66.76
three-hop 23.02+7.16 10.32+4.99  8.33+£3.42 17.46+7.37  40.87+6.26 63.89
one-hop 0.00+0.00 0.00+0.00 1.39+0.00 2.78+0.00 95.83+5.70 95.83
4 two-hop 15.91+4.71 1.26+0.00 9.34+1.07 2.02+1.69 71.46+3.74 87.37 86.57
three-hop 6.75£0.00 0.40+0.00 14.68+£1.68  1.98+0.00 76.19+3.25 82.94
one-hop 0.00£0.00 0.00£0.00 0.00+£0.00 0.69+0.00 99.31+£2.94 99.31
Chat-7B two-hop 0.00£0.00 0.00£0.00  20.20+£3.84  2.53%1.97 77.27+£2.70 77.27 85.76
three-hop 0.00£0.00 0.00£0.00 9.92+3.56 3.17+2.50 86.90+2.72 86.90
one-hop 0.69+0.00 0.00£0.00 0.69£0.00 5.56+4.37 93.06+7.50 93.75
SeAYLLaMA Code-7B two-hop 0.25+0.00 3.28%0.00 7.07+2.75 4.80+3.69 84.60%5.18 84.85 88.95
three-hop 0.40+0.00 0.00£0.00 4.76%2.14 5.16+4.57 89.68%6.54 90.08
one-hop 0.00+0.00 0.00£0.00 1.39+0.00 0.00+0.00 98.61+4.03 98.61
Code-13B two-hop 0.00+0.00 2.27+0.00 14.14+2.14  0.51+0.00 83.08+3.32 83.08 92.74
three-hop 0.00£0.00 0.00£0.00 2.38+2.86 0.40+0.00 97.22+4.28 97.22




I Efficiency & Online Evaluation

To evaluate how efficient are SoAy, we compare the average response time of different methods (second).

Method | 7B 13B 3.5 3.5-16k 4
ToolLLaMA 45.10 / / / /
GPT-DFSDT / / 39.12 53.73 70.92

SOAYGPT / / 6.15 6.40 26.05
SoAYLLaMA-Code | 1.12 1.35 / / /

To test weather SoAy could meet the need of real-world user requirement, we implement SoAy as an online
application, gather 56 real user demands from the logs, and invite 10 annotators to conduct human

evaluation.

1 SoA Human mm ChatGPT
35 1-hop Y

301

2-hop

N
(0]
L

N
o

3-hop

#Questions

Exact

= =
o wn

ul

Ambiguous

20 40 60 80 100

l-Hop 2-I"10p 3-Hop Exact Ambiéuous 0
Votes for the preferred answer (%)

Fig.3 Online Gathered Question statistics. Fig.4 Results of Online Human Evaluation



I Deployment on other Academic Platforms

AMiner APIs are NOT the only that face the coupling challenges.
We also deployment SoAy on two other open-sourced scenarios: OpenLibrary and CrossRef

Solution Parameter(s)  Return Question Template
ID  APIname Type  Parameter(s)  Return searchPublisherBySubject subject publisher_name Please list some publishers in the
1 searchPublisherBySubject  fuzzy  subject [publisher_name, doi_count] XXX field.
2 searchWorksByTitle fuzzy  work_title [type, author, doi, publisher] searchPublisherBySubject — get- subject publisher_id Please give me some publishers’
3 searchWorksByAuthor fuzzy author_name [works_[h_le, WOrkS_dOi] publisher_name 5 PublisherBasicInfo id of crossref about the field of
4 getWorksByDoi exact  doi [author_name,  work_title,  pub- N XXX.
lisher_name, type, reference_count] 5 seachPublisherBySubject — get- subject doi Can you list some articles’ DOI
5 getPublisherBasicInfo exact  publisher_name [publisher_id, current_dois, back- ‘5;' PublisherBasicInfo — getPublish- numbers in the field of XXX?
file_dois, total_dois, doi_prefix] g erWorks
6 getPublisherWorks exact publisher_id [works_title, doi, works_author] searchWorksByTitle work_title type I want to know the type of work
(a) CrossrefAPI Library XXX.
(b) CrossrefAPI Graph (c) Solution Library (partly shown)

ID API name Type Parameter(s) Return

1 searchBook fuzzy book_info [book_key, title, author_name, year]

2 searchAuthor fuzzy author_info [author_key, name, list of alternate_names]

3 getBook exact book_key description, list of author, title, first_publish,

list of subjects
4 getAuthorBasicInfo exact author_key name, list of alternate_names, birth_date,
work_count, top_work, top_subjects
5 getAuthorWorks exact author_key, amount [book_key, title, subjects]
6 searchSubject fuzzy subject [book_key, title]
(a) SoAPI Library

Solution Parameter(s) Return Question Template

searchSubject subject list of books Please list some books on XXX topic.

searchAuthor—getAuthorWorks author_info list of books Which works were written by XXX?

searchBook—getBook book_info book_description Introduce some information about XXX.

searchBook—getBook— getAuthorWorks  book_info list of books What other books has the author of XXX written?

(c) Solution Library (partly shown)

(b) SoAPI Graph



I Conclusion

Impact and Beneficial Groups

In the context of LLLM tool-learning, our contributions are as follows:

® We propose a method of enabling large-scale models to understand SoAPIs with complex interrelationships by
utilizing pre-defined solutions.

® By employing code generation techniques, we enable LLM not only to execute multiple APIs but also to support
the execution of APIs using sequential, branching, and looping structures.

® We release a benchmark for evaluating the ability to use SOAPIs with a cloned environment from AMiner.

® We propose a automation tool-aware data constructing method and release a model SoAyLLaMA, which is
trained on these data.

For developers working on Specific Domain applications, our contributions are:

® We provide a framework that allows for the rapid construction of applications, facilitating natural language
Interactions between users and service-specific data, using the existing data system APIs (SoAPIs).

® We have applied this framework in practice on the AMiner academic information system and validated its
feasibility through real user requirements.
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