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Motivation: 
Folks are often charged with getting information out of templated PDF documents
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and numerous (hundreds or thousands of documents).

and 1,225 more



Under-resourced folks lack the tools to process messy documents at scale.
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LLMs (e.g., GPT-4o)?



Running our benchmark suite of 1,227 
documents took ≥14.5 hours and cost us 
$1,675.05.
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LLMs (e.g., GPT-4o)? Traditional program synthesis?

def extract_info(doc): 
    line = get_line(4, doc) 
    label = search_for("Station:", line) 
    return rest_of_line(label)

Under-resourced folks lack the tools to process messy documents at scale.
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LLMs (e.g., GPT-4o)? Traditional program synthesis?

def extract_info(doc): 
    line = get_line(4, doc) 
    label = search_for("Station:", line) 
    return rest_of_line(label)

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

Under-resourced folks lack the tools to process messy documents at scale.
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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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Ringer's scorers contend with webpage heterogeneity.
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User-provided example

Unseen webpage

Ringer's scorers contend with webpage heterogeneity.
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User-provided example

Unseen webpage

⋮

Same tag?     ❌ 
Same ID?      ✅ 
Same classes? ✅ 
---------------- 
Common attrs: 2

Attribute comparisons

Ringer's scorers contend with webpage heterogeneity.
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Hundreds or 
thousands of 
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But they require structured documents.
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???

~17 billion 
OCR node 
subsets

Projected Ringer 
benchmark 
completion time: 
the year 4105



Ringer's scorers require structured documents.
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Program sketches with scorer holes adapt traditional synthesis for messy data.



Ringer's scorers require structured documents.
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Program sketches with scorer holes adapt traditional synthesis for messy data.
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Our intervention

Contribution 1 Composing multiple scorers with 
scorer program sketches

Contribution 2 Adapting scorers for heterogeneity 
with sum-then-rank scoring

Contribution 3 Improving scorer resilience with 
whole dataset features



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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Synthesize scorers to find the edges of the field, then use 
those results to find the field itself.

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

Marshall 
(our tool)

left = scorer_l(nodes) 
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Concrete scorer program

Program sketches with scorer holes adapt traditional synthesis for messy data.
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Program sketches with scorer holes adapt traditional synthesis for messy data.
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def two_times(num): 
    result = num << ?? 
    return result

??

Program sketch

sketch 
synthesizer

b
def two_times(num): 
    result = num << 1 
    return result

Concrete program

sketch synthesis
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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.

Synthesize one scorer to rank OCR boxes by likelihood of 
field inclusion, then synthesize another scorer to find the 
field itself.
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Program sketches with scorer holes adapt traditional synthesis for messy data.
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Different program sketches 
with scorer holes...

...yield different extraction 
tools for many domains.

Tools for PDFs

cccDOM node =  scorer (nodes)scorer

Tools for webpages

ccclandmark =  scorer (nodes) 
target =  scorer  (landmark)scorer

scorer

... ... ...
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Our approach achieves 
precision and accuracy 
parity with GPT-4o...

while running ≈120× 
faster and ≈95,700× 
cheaper.
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Does this work for actual datasets?

versus LLMs

versus traditional synthesis

Our approach achieves 
precision and accuracy 
parity with GPT-4o...

while running ≈120× 
faster and ≈95,700× 
cheaper.
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Our intervention

Program Sketches with Scorer Holes an approach for retrieving info from 
heterogenous data by synthesizing multiple 
scorers. 
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