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Motivation:
Folks are often charged with getting information out of templated PDF documents
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Motivation:
Folks are often charged with getting information out of templated PDF documents

that are heterogeneous (differences in formatting or alignment, PDF artifacts, ...).
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Motivation:

Folks are often charged with getting information out of templated PDF documents
that are heterogeneous (differences in formatting or alignment, PDF artifacts, ...).
and numerous (hundreds or thousands of documents).
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Under-resourced folks lack the tools to process messy documents at scale.



Under-resourced folks lack the tools to process messy documents at scale.

LLMs (e.g., GPT-40)?

ChatGPT v

What can | help with?

© @




Under-resourced folks lack the tools to process messy documents at scale.

LLMs (e.g., GPT-40)?

ChatGPT v

What can | help with?

© @

Running our benchmark suite of 1,227
documents took 214.5 hours and cost us
$1,675.05.



Under-resourced folks lack the tools to process messy documents at scale.

Traditional program synthesis?

What can | help with? def extract_info(doc):
. line = get_line(4, doc)
label = search_for("Station:", line)
return rest_of_line(label)
Excuse me, could you get the station name out of this document please??

Running our benchmark suite of 1,227

documents took 214.5 hours and cost us
$1,675.05.



Under-resourced folks lack the tools to process messy documents at scale.

Traditional program synthesis?

What can | help with? def extract_info(doc =

X line = get_line(] ¢

label = search f == oo
return rest_of_l

Excuse me, could you get the station name out of this document please??

Traditional synthesis techniques don't work
with messy PDF data.



Can we adapt traditional synthesis techniques for messy data domains?
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Let's use insights from Ringer and web automation.
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Let's use insights from Ringer and web automation.
Ringer's scorers contend with webpage heterogeneity.

Electronics » Camera & Photo > Digital Cameras > Mirrorless Cameras
g Electronics > Camera & Photo > Digital Cameras > Mirrorless Cameras

Nikon Z6 Il | Full-Frame mirrorless
Stills/Video Camera with 6K/60p
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Ringer's scorers contend with webpage heterogeneity.

Unseen webpage

Electronics » Camera & Photo » Digital Cameras > Mirrorless Cameras

Electronics » Camera & Photo » Digital Cameras > Mirrorless Cameras

Nikon Z6 Il | Full-Frame mirrorlessl o Canon EOS R6 Mark Il Mirrorless
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6 VIDEOS Pay $208.08/month for 12 months, interest-free upon
approval for Amazon Visa FREE Returns v

User-provided example



Electronics » Camera & Photo » Digital Cameras > Mirrorless Cameras
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User-provided example

Nikon Z6 Il | Full-Frame mirrorless|
Stills/Video Camera with 6K/60p
Internal RAW Recording | Nikon
USA Model

Visit the Nikon Store
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100+ bought in past month

*2,496°

Or $98.82 /mo (48 mo). Select from 1 plan

FREE Returns v
Save up to 2% with business pricing. Sign up for a free
Amazon Business account

Pay $208.08/month for 12 months, interest-free upon
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Attribute comparisons

Unseen webpage

Electronics » Camera & Photo > Digital Cameras » Mirrorless Cameras

Canon EOS R6 Mark Il Mirrorless
Camera (Body Only), Full-Frame
Camera, 24.2 Megapixel CMOS
Sensor, Photo and Video
Capabilities, Black
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Ringer's scorers contend with webpage heterogeneity.

Electronics » Camera & Photo » Digital Cameras > Mirrorless Cameras
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Roll over image to zoom in
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User-provided example

Nikon Z6 Il | Full-Frame mirrorless|
Stills/Video Camera with 6K/60p
Internal RAW Recording | Nikon
USA Model

Visit the Nikon Store
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Or $98.82 /mo (48 mo). Select from 1 plan

FREE Returns v
Save up to 2% with business pricing. Sign up for a free
Amazon Business account
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approval for Amazon Visa
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"t Same classes?

Attribute comparisons

Unseen webpage

Electronics » Camera & Photo > Digital Cameras » Mirrorless Cameras
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But they require structured documents.

Hundreds or
thousands of
nodes

Unseen webpage

Electronics » Camera & Photo > Digital Cameras » Mirrorless Cameras

Canon EOS R6 Mark Il Mirrorless
Camera (Body Only), Full-Frame
Camera, 24.2 Megapixel CMOS
Sensor, Photo and Video
Capabilities, Black

Roll over image to zoom in

10 VIDEOS

Visit the Canon Store
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Search this page

-20% 1,999

List Price: $2-499-00 @

Or $79.11 /mo (48 mo). Select from 1 plan
FREE Returns v
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Unseen webpage
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Electronics » Camera & Photo » Digital Cameras » Mirrorless Cameras

Ringer's scorers require structured documents.
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Ringer's scorers require structured documents.
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nodes

Unseen webpage
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Electronics > Camera & Photo » Digital Cameras » Mirrorless Cameras

Canon EOS R6 Mark Il Mirrorless
Camera (Body Only), Full-Frame
Camera, 24.2 Megapixel CMOS
Sensor, Photo and Video
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Unseen webpage
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Electronics > Camera & Photo » Digital Cameras » Mirrorless Cameras
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Ringer's scorers require structured documents.
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Unseen webpage
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Electronics » Camera & Photo » Digital Cameras » Mirrorless Cameras

Canon EOS R6 Mark Il Mirrorless
Camera (Body Only), Full-Frame
Camera, 24.2 Megapixel CMOS
Sensor, Photo and Video
Capabilities, Black
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Program sketches with scorer holes adapt traditional synthesis for messy data.

Our intervention

labeled documents

unlabeled documents
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Program sketches with scorer holes adapt traditional synthesis for messy data.

unlabeled documents

Our intervention

Contribution 1

Contribution 2

Contribution 3

Composing multiple scorers with
scorer program sketches

Adapting scorers for heterogeneity
with sum-then-rank scoring

Improving scorer resilience with
whole dataset features

labeled documents
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Program sketches with scorer holes adapt traditional synthesis for messy data.
In particular, we can synthesize multiple scorers to identify information!
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Program sketches with scorer holes adapt traditional synthesis for messy data.
In particular, we can synthesize multiple scorers to identify information!
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Program sketches with scorer holes adapt traditional synthesis for messy data.

In particular, we can synthesize multiple scorers to identify information!

Program sketch with scorer holes

left = scorer_1(nodes)

right = scorer_r(nodes)

top = scorer_t(nodes) Sta 404
= (nodes) o

station = scorer_s(left, right, top, -
:ISUMONT |F ' O:F|CIA_ B._

Concrete scorer program

- - e
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Program sketches with scorer holes adapt M for messy data.

Program sketch with scorer holes
Program sketch

return result

—

Marshall sketch

(our tool) synthesizer
left = scorer_1(nodes)
right = scorer_r(nodes)
top = scorer_t(nodes)

= (nodes)

def two_times(num):

result = num «< 1
return result

station = scorer_s(left, right, top,

Concrete program

Concrete scorer program



Program sketches with scorer holes adapt traditional synthesis for messy data.

In particular, we can synthesize multiple scorers to identify information!

Synthesize one scorer to rank OCR boxes by likelihood of
field inclusion, then synthesize another scorer to find the

field itself.

clo KBTV

PO Bax 206270
Dallas, TX 753206270

AKPD Message & Media
730 N Franklin
Ste 404

Beaumont (KBTV)
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Program sketches with scorer holes adapt traditional synthesis for messy data.

Different program sketches
with scorer holes...

Pete Buttigieg for President-D (132717)
Nikon Z6 IlI | Full-Frame mirrorless

Stills/Video Camera with 6K/60p
Internal RAW Recording | Nikon

...yield different extraction T = 77N

4.4 Yok kKA (59) | Search this page

tools for many domains. A | N | o

Or $98.82 /mo (48 mo). Select from 1 plan
FREE Returns v

Save up to 2% with business pricing. Sign up for a free
Amazon Business account

Pay $208.08/month for 12 months, interest-free upon
approval for Amazon Visa

Tools for PDFs Tools for webpages




Does this work for actual datasets?
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Does this work for actual datasets?

versus LLMs
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while running =120x
faster and =95,700x
cheaper.
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Does this work for actual datasets?

versus LLMs
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Program Sketches with Scorer Holes

unlabeled documents

Our intervention
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an approach for retrieving info from
heterogenous data by synthesizing multiple

scorers.

labeled documents

David Minh-Duy Cao, Sarah E. Chasins

dmcao@berkeley.edu



