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Executive Summary
• Large language models (LLMs) show remarkable results on natural language processing (NLP) tasks

• Usually trained on open source general purpose data
• Usually in encoder, encoder-decoder, decoder form factors
• Tasks include Document Classification, Named Entity Recognition, Information Retrieval, QA, Summarization, Paraphrasing

• LLMs trained using domain-focused corpora perform better on specialized tasks
• Finance, Biology, Cybersecurity, Science

• Need for LLMs focused on earth science, biology, physics, heliophysics, planetary sciences , astrophysics and space science 
domains
• An encoder model trained using domain-specific vocabulary and corpora to address natural language understanding tasks
• A contrastive-learning-based general text embedding model to address information retrieval tasks 
• Smaller versions of these models created using knowledge distillation techniques to address applications which have latency or resource 

constraints. 

• Need for benchmarks in these domains
• CLIMATE-CHANGE NER (entity-recognition)
• NASA-QA (extractive QA) 
• NASA-IR (IR) to accelerate research in these multi-disciplinary fields. 
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Encoder Models Like BERT
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Decoder Models Like GPT2
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Decoder Models Like GPT2
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Encoder-Decoder Models Like T5/BART
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Overall Collaboration Picture 
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NASA Encoder Model : slate.nasa.125m.english

! ,-(./00/+"(1+2%"#
! 3414(5&+6(74&/+8#(9+64/"#

! General (Wikipedia)
! Biology (Pubmed, PMC)
! Astronomy, Astrophysics, Physics, 

Maths, General Science (ADS)
! Earth Science (AMS, AGU, NASA)

! :8#1+6(7+*4.
! ;+<=;>4 <4#%(*04##
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Tokens in Roberta  & NASA Tokenizer: 50265

Common Tokens in Roberta and NASA Tokenizer: 22355
!"!#$!%&'!()* '+,#-)*.'/0/$-)*'%1!%+!2)*345)*(6/#!)*#!,(/%
0/&,+'/%)*$,(/0'%!)*7(,&#'8'&!2)*'9!#)*,'2()*,+!#()*:%'8'!2)*;5<=

Tokens in Roberta Tokenizer that are not in NASA tokenizer: 27910
>0'!%)*?@+'/%,0)*A!&!%+0-)*A!&+)*BC)*!#,02)*&6,%+)*D+6!#)
DE6'.'+)*D%,.0!2)*2!0'$6+8:0)*F!08)*,0G-)*H!,#%!2)*C6!-

Tokens in NASA Tokenizer that are not in Roberta tokenizer: 27910 
'"":%/6'(+/&6!"'(+#-)*,%+'8:%$,0)*2',"!+!#()*
@/0-&#-(+,00'%!)*(@0'&!2)*:%&/,+!2)*&'#&:0,+'%$)*,E!(

>&<.8$9&"0?&'@/$#1A*21'-.B$'.>;C;..D$%&2+
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Climate Change NER

See paper for more results : 2405.10725 (arxiv.org)

https://arxiv.org/pdf/2405.10725


INDUS Embedding Models for Retrieval
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Embeddings Training Data:

! ?,-@(3414(A4/&#
! A4/&#(+5(9414(/"9/*41%(&%0%74"*%

! Naturally available in text + 
Annotated

! Includes domain-specific pairs
! Title-Body, QA pairs, Duplicates, 

Entailment pairs
! Each component could be a 

Sentence or Paragraph
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! D!)!()@=(4""+141%9(4(0/#1(+5(EF--(G!(H4/&#
! <=I;(;%1&/%740(5+&641J

! queries = questions
! corpus = gold answer paragraphs + 200K sampled NASA Abstracts

! )H%*/5/*#J(K,,(H4##4C%#(4""+141%9($/1B(F(L8%#1/+"#(M?(4"#$%&4.0%'(N(
8"4"#$%&4.0%OP(Q%(8#%(+"0R(!"#$%&!'(%)L8%&/%#(5+&(1B/#(14#2

! S#%(;%*400(5+&(%740841/+"(MK(&%0%74"1(H4##4C%(5+&(%4*B(L8%&RO

Open Sourced: https://huggingface.co/datasets/nasa-impact/nasa-smd-IR-benchmark
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https://huggingface.co/BAAI/bge-base-en-v1.5
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! Indus-
Base substantially helps 
NASA-IR (12%) over using 
the general Roberta Encoder

! NASA data substantially 
helps in the NASA IR tasks 
(6% improvement over using 
only General Data)

! Overall 18% gain relative 
over using a general model 
with general purpose data
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Models are Open Sourced on HuggingFace
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Sentence Transformers : 
Base: https://huggingface.co/nasa-impact/nasa-smd-ibm-
st-v2
Small: https://huggingface.co/nasa-impact/nasa-ibm-
st.38m

Encoder Models:
Base: https://huggingface.co/nasa-impact/nasa-smd-ibm-
v0.1
Small: https://huggingface.co/nasa-impact/nasa-smd-
ibm-distil-v0.1

http://Basehttps:/huggingface.co/nasa-impact/nasa-smd-ibm-st-v2
http://Basehttps:/huggingface.co/nasa-impact/nasa-smd-ibm-st-v2
https://huggingface.co/nasa-impact/nasa-ibm-st.38m
https://huggingface.co/nasa-impact/nasa-ibm-st.38m
https://huggingface.co/nasa-impact/nasa-smd-ibm-v0.1
https://huggingface.co/nasa-impact/nasa-smd-ibm-v0.1
https://huggingface.co/nasa-impact/nasa-smd-ibm-distil-v0.1
https://huggingface.co/nasa-impact/nasa-smd-ibm-distil-v0.1

