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Information at Scale

* Many missions and efforts require analyzing
vast information resources, much of whose
contents are not machine-readable. These
resources:

* Inform the design, targets, and parameters of
new experiments

» Serve as context for interpreting and comparing
results

e Offer opportunity to perform large-scale
analyses

* Massive scale limits effective use, inhibits
full potential

* e.g., millions of existing articles, publication rates
accelerating

* Impossible to manually survey all relevant works
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Some of my Motivating Applications
m' KBase National Nuclear

PREDICTIVE BIOLOGY Data Center
* Biology
* Genetic toolkit and protein-protein 2 R [ ] e t

interaction (PPI) discovery

e Chemistry

e Parameterization of isotopes separations
experiments

Nuclear Physics

c
* Curation of experimental nuclide structure
quantities into authoritative resource jo A t o
* Commonalities: ¥ g
* Overcome highly manual workflows

. PSA =2,923 ng/mL PSA =0.26 ng/mL PSA < 0.1 ng/mL

* E Na ble Obse rvat|0n Of emergent patterns Top-left: BER KBase project components and applications; top-right: visualization

of BNL NNDC’s managed nuclide data; bottom: highly successful prostate cancer
clinical trial with Actinium-225, one of the isotopes of interest at BNL's Isotope

~, ;
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A highly visible success story: Natural
Language Processing

* Large Language Models (LLMs) have @ ChatGPT

demonstrated great knowledge retrieval
capabilities; kicked off new Al race

YV
* Transformer architecture (2017) enabled scale 7 | L)
. . - Claude
* First LLMs in 2018 (GPT-1, BERT) N A\
e Public attention in 2022 (ChatGPT) “ Pa LM 2
* LLMs are pretrained with simple language 0N\
modeling objective using vast text corpora LLAMA?2

* Limited to machine readable text..

I L‘,‘ Brookhaven
National Laboratory



Why Scale Matters for NLP

* LLM performance has power-law j
relationship with each of: &,
« Compute time P kAR Y - - e ——
 Training data (# tokens) S pataser >ee Riietiohid

* LLM parameters

 Similar properties hold for other
modalities
e e.g., “Foundation models”

Test Loss 10

+<——103 Params

. i\
4 D

* Exploiting these properties requires that
training data is machine readable
* Web text is easy, other sources are not

107 109 10m
Tokens Processed
Top: Chinchilla scaling laws? showing power-law relationships (lower test loss is
better, note that plots are log-log); bottom: GPT-3 experiments? showing sudden drop
in loss (i.e., performance jump) after sufficient training data.

¢ Brookhaven RO | .
National Laboratory 1. Jordan Hoffman, et al. (DeepMind) “Training Compute-Optimal Large Language Models”, arXiv:2203.15556, 2022.

2. Jared Kaplan, et al. (OpenAl) “Scaling Laws for Neural Language Models”, arXiv:2001.08361, 2020.




Documents as scans and PDFs

. Ifdable Accessible nteroperable Reusable
* Increasingly common to encourage Py
or mandate open data & machine- Q."

readable documents

 These standards are still not the norm
* Huge historical archives

e Scanned documents are not trivial to
process

* Naive OCR enables text search, but not

nnnnnnnnnnnnnnnn
aaaaaaaaa

easily changed

eeeeee

organization; misses other contents

Top: FAIR data principles are gaining usage but remain far from common; bottom-left:

® Eve n bO rn -d |g|ta | P D FS a re n Ot scanned documents (as images or PDFs) are significant component of many archives;
. bottom-right: digitally sourced PDFs are not a silver bullet.
actually machine readable..

L? Brookhaven

National Laboratory




PDFs

50 narrows the field of possibi-
. That the requirement can
by the intermediate MiaB
in, which contains THF but no

iaB activity—and hence YgiZ
ve reached that of the wild type
level (Table 2) caused substrate

A 01 e [Mutations Predicied fotate prenctype activity in the AfolE AthyA strain may have been below wild

1 1 . : . we o pwonerocpur | 0P e (o low folate evls (B .

. folP No folates or pteroates y cannot sy i2
gevP glyA  Essentially no C, folates 2 &.lk‘l d (Table 2).
folE thyA*  No DHF, pteroates, o ) therefore argues

* Expressing a folate carrigigiVeh 5-CHO-THF
-
P
- STHoTHE

PDFs is exactly as limiting as from OCR

€ folate:

ivity ]

s its 18-fold elevate

scans %
~ inhibition (19). -,
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ygfZDeletion imgSi and h on Mini-
mal Medip. S YiZ is induced by oxidative stress (12) we tested
- the spasttivity of the AygfZ strain to plumbagin or paraquat added
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» (Fig
- Wih @hicesc, wyceTO], DT aT

— om0l A = ﬁl;_\:‘“mllhsl(::elﬂ“dkﬂilw\ o

¢ R t t d h i t. II :C?r e s s === == T dehyd and fumard

dW 1ext, parse euristically Er PR——

2 a0 2 2 Mutation. The above growth ph

. = § 19 < tion tests of COGO0354 genes fi

) s = fungal, animal, and plant sourc
rdering & structure not guarantee TG
& == spectirelfPredicted to be mitochandetal Td plastidial. All seven
0 genes tested complememted the oxidati ress hypersensitivity
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ettt — — Arabidopsis genes also the growth y
Fig. 3. Mutational analysis of the folate requirement of E. coli YgfZ. on minimal medium, but the archacal gene did not and the yeast
lementation results were

Spurious artifacts are common (headers, line
numbers, captions, etc. B

fom ouse or Leishmania
ised the ratio compared to

* Impedes text processing (and LLM training) e

ground.

wvery low. thereby impli-
? right). Pardwthetically, this
ouse or Leighmania pro-

Tables are treated as unstructured text : bt
 Structure inferred with heuristic rules -

B54 genes showed that,
bther) with genes encodling
\

Figures and charts are generally ignored < e ,

1
~ N\
~ - 1 Folates, pmolmg™' protein* !
I
] . . ~ ! strain THF CHy-THF CH = THF + 10-CHO-DHF" SCHO-THE . Total 1
. ~ ~ | Wid type 4812107 106219 738293 68.9 + 10.9 {62114 )
! afole <0.05 <0.05 <0.05 <0.05 <{z )
& 1 afolp <0.05 <0.05 <0.05 <0.05 B2
. . - . | 4gop aglya 845 2171 <0.05 <0.05 <0.05 s N1 |
~ |0 AfolEathyA + 5-CHO-THF* 152 = 100 71207 14435 58+ 15 180 = 98 \'
0 S Wieans and standard errors of 3-7 replicates. TH, tetrahydroTolate; CHy-THF, 5-methyl-THF, CHTHF, 5, 10-methenyI-TH, 10-CHO.ORF, 10-Tormyl OHF;
® 5-CHO-THF, 5-formyl-THF. The detection limit for each folate was 0.05 pmolmg ™' protein.
¥ "10-CHO-THF is converted to CH = THF and 10-CHO-DHF during analysis.
§ ‘Dihydrofolate not detected (detection limit 0.25 pmolmg' protein, allowing for 20% recovery).
} 10414 | www.pnas.org/giidoi/10.1073/pnas. 0911586107 Waller et al.
i
i
i
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Document Layout Analysis

To extract contents of different types (text,
tables, figures, captions, etc.) documents must be
reliably and automatically segmented.

®* Large portion of information and knowledge
in documents takes non-text form

* Article PDF files have highly varied underlying
formatting (even among digital productions)

®* Most extraction tools rely on analyzing
document metadata and markup; results are
often very noisy
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Research article

Epidermal growth factor suppresses induction by prog{
the adhesion protein desmoplakin in T47D breast canc|
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neurobiological understanding
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Document Layout Analysis

PDF Feature-
extraction Title

network Classifier
IV ~ — f
Image = |j| > Abstract

Features

&

Authors

JPEG

Our ML approach? is purely vision-based

Main Body Text

® We adapt an object detection method to : g
exploit the structured nature of scientific S B
articles oroporais || H

® This approach enables processing tables Mean Average Precision per-class Average Precision (Ours)
and figures, which contain valuable o3
information, yet are inaccessible to most i
methods i

® Our method achieves 94%+ detection R I R T
precision on full-text articles, with 14x - —Foser e s
faster document processing than prior e B

R — e A e

methods

L? Brookhaven

National Laboratory 1. Carlos X. Soto and Shinjae Yoo, “Visual Detection with Context for Document Layout Analysis.” Empirical Methods in
Natural Language Processing (EMNLP), 2019.




Automated Table Extraction

Tables are theoretically excellent data containers for machine
processing, however PDF-embedded tables are often very
challenging to extract.

e Standard extraction tools (e.g., Tabula) require manual table
selection, produce many extraction errors (sample with
annotated errors at right)

e Poor performance and manual intervention make such methods
unscalable

We pursued two approaches to ML-based table extraction: mixed

modality, and image-only

* Mixed modality approach used pipeline of adapted and custom
models, used image and text data

* Achieved excellent table and cell detection (98.8 and 96.0 F1,
respectively); but poor structure prediction

National Laboratory
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for the low negative-parity bands in the “tetrahedral
doubly-ma; 154Gd and '°Yb [6] nuclei. In each of
these cases, the quadrupole moments of the low-spin,
negative-parity sequence were determined to be consis-
tent with those measured in the ground-state bands of
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However, as noted in Refs. [6, 21-23], these bands are
likely octupole vibrations based on different K values,
where the odd-spin sequence is assigned the K = 0 prin-
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Automated Table Extraction 6 () o (| s [ 0]
Androidrobet | | o . ] |
Feel enicyable 4 5 gl 2 35 | arslasse] 002
Feel embarrassed | 3 S 7] 25 5 7.5 | 42.00 | 0.90
Foal stressed 1 3 5:1:2:25 35 G 1:36.501 0:55
Feel bored 1 2 3 2 3 575 | 27.CC| 0.18
Image-only approach uses a Transformer-based R ] B T W T
. . 2 Feeal anjoyable 5 6 g 2 5 5.75 | 17.50 | 0.03]]
Feel embarassed |1 4 i) ] 3 3 101 031
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° Treats StrUCtu re pred ICtlon taSk aS a l:leRo:(idd) [ Column (odd) [ Spanning cell Projected row header

Row (even) [ Column (even) &z Column header

specialized image task
*  Previous approach was sequence to sequence text
prediction (with LSTM or Transformer)
* Pretrained on “1M machine-annotated tables
* Fine-tuned on tables from ~100 LaTeX-PDF

17 | P 1P ]

document pairs
* Improves structure prediction from 78.1 to
98.5 (grid table similarity metric)

1388.3] (13/2%) [113
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T474.0 |15/2

] pris |2 (2)
3 |[100
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2130.6|[15/2 | [222
14740 15727 | [378.

k}‘ Brookhaven

National Laboratory 1. Nicolas Carion, et al. "End-to-end object detection with transformers.” European Conference on Computer Vision
(ECCV), 2020.




Automated Table Extraction

PDF pre-processing ML-based table detection, segmentation, and structure parsing OCR, post-processing
(previous pipeline above; new method below)

LaTeX source)
e Addressable to some degree with domain adaptation

Paired table annotations

CascadeTabNet LGPMA Custom structure

(high-res table  (cell detectionand  correction model

detection, (" global alignment, «  (alignment in text

e segmentation) output markup) space) im2latex
TableTransformer
(DETR model tuned on PubTables, SciTSR)
Lo - ) ¢ Physics Documents 4~ TBiology Documents ~
Structure prediction is a key challenge, particularly for I' j i I’ i
. . . . . PDF LaTeX PDF

domains without structure-resolving annotation pairs (e.g., ! v I
I v ¥ L :
I I I I
\ \ /

Trained ML model for Biology-tuned structure
Y - structure predictions rediction ML model
le Brookhaven P P

National Laboratory




Reverse-engineering Data Charts

« Automatically extracting data chart contents
could enable new large-scale analysis and
knowledge discovery tools

» Charts/plots are currently inaccessible to
automated document processing

* |ldentifying charts in articles is straightforward

« Can use whole document layout analysis tool, or
simple object detection

« >95% mAP with standard object detection models
(e.g., YOLOv3?

» Imperfect alignment, need to oversample; so
value extraction must be robust to artifacts

¢ Brookhaven

National Laboratory
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Fig. 3. Mutational analysis of the folate requirement of . coli YgfZ
(4) Outline of THF biosynthesis and C, -folate metabolism showing the muta-
tional strategy and its predicted effects on folate pools. DHF, dihydrofolate;
H, pterins, ; H; pteroate, ; PABA, p-amino-
benzoate. (8) LC-MS/MS quantification of the tRNA nucleoside 5-methylami
nomethyl-2-thiouridine (mnm*s?U) in wild type and deletant strains grown
in Antibiotic Medium 3 supplemented as described in Materials and Methods
Data are means and standard errors for three independent samples.
(O LG-MS/MS quantification of the tRNA nucleosides i*A and ms?i“A in wild
type and deletant strains, and the ms?i®A/i*A ratio. Other details as in 8.

activity decreases the ms*i®A /i®A ratio (9 and 10). This ratio was
measured in the four strains described above and in ygfZ and
miaB deletants as benchmarks; the latter forms no ms*i*A
(Fig. 3C). Deleting folE lowered MiaB activity almost as much
as deleting ygfZ itself, which establishes pterin or folate depen-
dency. A role for pterins was excluded because: (i) the folP
deletant—which has pterins but no folates—showed greatly
lowered MiaB activity, and (ii) the AfolE AthyA strain given
5-formyl-THF—which has folates but no pterins—did not. MiaB

activity in the AfolE AthyA strain may have been below wild
s (Table 2).

strain given S-formyl-THF cannot synthesize

ally (Fig. 34) and none was detected (Table 2).

The high MiaB activit in (Fig. 3C) therefore argues

ainst a DHF requirement, and so narrows the field of possibi-

suggested by the intermediate MiaB
/A strain, which contains THF but no
C, folates (Table 2 and Fig. 3B). MiaB activity—and hence YgfZ
activity—in this strain may not have reached that of the wild type
because its 18-fold elevated THF level (Table 2) caused substrate
inhibition (19).

ygfZDeletion Impai st d Growth on Mini-
mal Media. As YgfZ is induced by oxidative stress (12) we tested
the sensitivity of the AygfZ strain to plumbagin or paraquat added
to LB medium. The deletant showed only a slight growth
defect on LB alone but was more sensitive to both stress agents
(Fig. $34). It also grew poorly on minimal A salts or M9 medium
with glucose, glycerol, or acetate as carbon source (Fig. S3B); this
fits with the lowered activities of the Krebs cycle enzymes succi-
nate dehydrogenase and fumarase (Table 1).

Eukaryotic and Prokaryotic C0G0354 Genes Complement the ygfZ
Mutation. The above growth phenotypes allowed complementa-
tion tests of COGO0354 genes from bacterial, archaeal, protist,
fungal, animal, and plant sources. Two plant genes were tested,
Arabidopsis At4g12130 and Atlg60990, whose products are re-
spectively predicted to be mitochondrial and plastidial. All seven
genes tested complemented the oxidative stress hypersensitivity
phenotype (Fig. 4 acterial, Leishmania, mouse, and
Arabidopsis gen P the growth yp
on minimal medium, but the archaeal gene did not and the yeast
gene did so only weakly. As the complementation results were
obtained in darkness, Cl not depend upon light.

To check that eukaryotic COG genes also complemented
the MiaB activity phenotype, the ms*i®A/i®A ratio was deter-
mined for cells harboring the genes from mouse or Leishmania

Fig. 4B, left). Both genes greatly increased the ratio compared to
the vector-only control. To probe folate dependency, the mouse
and Leishmania genes were tested in a AfolP 8ygfZ background.
The ms*i®A/i®A ratio for both remained very low, thereby impli-
cating folates in their activity (Fig. 4B, right). Parenthetically, this
assay does not test the activity of the mouse or Leishmania pro-
teins with these species’ native pterin cofactor tetrahydrobiopter-
in since E. coli has y plerin as its | i
pterin (18 and 20).

Comparative Genomics Links COGO0354 to Fe/S Clusters, Folates, and
Oxygen. Analysis of the phyletic distribution and chromo-
somal clustering of prokaryotic COG0354 genes showed that they
cooceur (ie., are present or absent together) with genes encoding

Table 2. Folate profiles of E. coli strains

Folates, pmolmg™' protein*

Strain THF CH;3-THF CH = THF + 10-CHO-DHF' 5-CHO-THF Total
Wild type 48.1 2107 106219 738293 68.9 = 109 866 = 114
afol€ <0.05 <0.05 <0.05 <0.05 <02
afolp <0.05 <0.05 <0.05 <0.05 <02
AgavP aglyA 845 = 171 <0.05 <0.05 <0.05 845 2 171
AfolEathyA + 5-CHO-THF' 152 = 100 71207 144235 58+ 15 180 = 98

*Means and standard errors of 3-7 replicates. THF, tetrahydrofolate; CHy-THF, S-methyl-THF; CH=THF, 5,10-methenyl-THF; 10-CHO-DHF, 10-formyl-DHF;
S-CHO-THF, S-formyl-THF. The detection limit for each folate was 0.05 pmolmg™' protein

'10-CHO-THF is converted to CH = THF and 10-CHO-DHF during analysis.

"Dihydrofolate not detected (detection limit 0.25 pmolmg-" protein, allowing for 20% recovery).

10418 |  www.pnas.org/cgiidoir0.1073/pnas. 0911586107

Waller et al.
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Extracting Values in Charts

Point Proposal Network (PPN): an
extensible model for robust data plot value
extraction

« Directly predicts location and type of
salient data points

 Extensible to new chart types (e.g., pie
charts, line graphs, etc.) and chart
features (e.g., error bars)

« Synthetic data generation enables
efficient model pre-training

« 87.05 F1 on complex scientific charts

L? Brookhaven

National Laboratory 1. Carlos Soto and Shinjae Yoo, “An extensible point-based method for data chart value detection.” arXiv:2308.11788, 2023.




PPN Results and ongoing work

400 Nucleic Acids Research, 2006, Vol. 34, No. 2 probiology 2007, 7:4

>
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* Working on extensions

>
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Vision

e Scalable information retrieval is
only beginning

* Build knowledge graphs at scale
* Explore and interact with NLP

* Transform and visualize previously
disparate data

* Include programmatic interfaces
(APls) for accessing curated
databases, and to feed back into
them

csoto@bnl.gov
I L? Brookhaven

National Laboratory



