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Organizations have lots of data and intelligent
data analysis needs

Analyzing Unstructured Data is Hard

* These require teams of human annotators 2

Consider a big hospital &
Lots of data, e.g,,
e Patient records

* Documentation (medicines, illnesses, etc.)

ML is promising but hard

)
M

EExtract medication side effects

Classify diseases based on x-rays

|
' Annotate unstructured clinical notes



LLMs Enable Unstructured Data Analysis

Extract medication side effects

/

Annotate unstructured clinical notes Classify diseases based on x-rays

N /

LLaMA g
by OQGMetq @ >

ANTHROP\C ; » ~ Summatrize
L-' outcomes of drug
I treatments

* LLMs enable intelligent data processing
pipelines without training models

* Significantly simplifies the ML lifecycle



Example: Map Operation on Doctor-Patient Visit Transcripts

[patient] i'm doing well . i've been
traveling a lot recently since things have
, have gotten a bit lighter . and i got my

|nPUt , my vaccine , so i feel safer about
Dlelatlagl=la1s | traveling . i've been doing a lot of hiking
. uh , went to washington last weekend
to hike in northern cascades, like

around the mount baker area Medications mentioned:

Lisinopril, Lasix
Side effects: No specific

side effects were reported.

Please review the following patient
transcript and extract two pieces of
information:

Prompt
Templ ate 1. All medications mentioned by the
patient
2. Any side effects the patient reports
experiencing from these
medications

“Map” = I
input to 0 or
more outputs




LLMs Make Unpredictable Mistakes

* Hallucinations, bad formatting, ignoring instructions, & more.Tasks can be hard.

[patient] i'm doing well . i've been traveling a lot
recently since things have , have gotten a bit lighter .
and i got my , my vaccine, so i feel safer about
traveling . i've been doing a lot of hiking . uh , went
to washington last weekend to hike in northern
cascades, like around the mount baker area

Input
Document

Medications mentioned:
Lisinopril, Lasix

‘E‘ Side effects?

Please review the following patient transcript
and extract two pieces of information:

Pl‘ompt 1. All medications mentioned by the patient
2. Any side effects the patient reports
Template

experiencing from these medications
List each medication and its associated side

effects (if any are mentioned).

Hard task with lots
of instructions!



LLMs Make Unpredictable Mistakes

* Hallucinations, bad formatting, ignoring instructions, & more. Data can be hard.

Long input?

[doctor] i know that you were
Input having some nasal congestion

Blofallia[slhtal  from some of the fall pollen

and allergies

Medications mentioned:

Lisinopril, Lasix
Side effects: Nasal
congestion

dielnglois .. extract medications & side

1110412150l effects of them... Not a side

effect of
medication!




Challenges in Al-Powered Document Processing

e Tasks can be hard. Data can be hard.
Sometimes both!
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* Accuracy also depends on models.

* How do we take a complex task on complex
documents & break it down?

* Joday: we propose agentic rewriting—have an
LLM rewrite the pipeline for better accuracy!
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The ones who s thins diferentky
Theiyre not fond of rukes. And they

DocETL

* DocETL (docetl.org) is a declarative system for optimizing & executing complex document

processing pipelines

“src": "[doctor] hi , martha . how are you ?\n[patient] i'm doing okay

how are you ?\n[doctorg i
about dax . i'd like t@pown quite a bit because , yeah , we said we have to make some , you know ,

okay .\n[doctor] martH uhanges as you get older \n doctor] yeah \n[patlent] so i would say it's
significant for conges ab '
presents nedvy menscy apt é ing \ dO J Gf:l gy !
seen you i've noticed \n patlent probably once a day , yeah octor we're get g close \n
travelinglllat all , or [patient] yeah .\n[doctor] that's awesome .\n[patlent] mm-hmm .\n[doctor]
and i gotfllweight loss Fhat s great news . um , and then how's yogr depression doing ?\n[patient1
doing a Ul led to me pd i have my moments .\n[doctor] yeah .\n[patient] there are some days when i
dizziness . feel , you know , i wake up and everything was great .\n[doctor] uh- .\n
northern ight 1 [patient] and then there are times , i do n't , i do n't know whether it's
Fhétls 9 Weia7 iéi jot to do with the weather or what else kind of triggers it .\n[doctor]
B JUStflo goliizge ;i: veah .\n[patient] there are some days when i feel extremely low .\n[doctor
more of a
[doctor]

heart fai

bkay . and you had been taking the effexor for your depression . are you
diverticulod@ptill taking that ?\n[patient] yes , i am .\n[doctor] okay , great . and
since then JEEhen , um the chronic back pain , we've been giving you the gabapentin
about wat know , you HEheurontin for that . is that helping control the pain ?\n[patient] i think
[patient] congestive HEt is .\nldoctor] yeah .\n[patient] it is ... it's definitely , um , i feel
could , fi intake ? i WWbetter .\nldoctor] uh- .\n[patient] but it does come every now and then .\n
foods thall , , it's pdlldoctor] right . what do you do when it's really bad ?\n[patient] um , i
[doctor] went up to KTy to just get as much rest as i can .\n[doctor] okay . and you had talked
taking yolthe way i s{Bbout doing yoga . are you doing yoga anymore ?\nlpatient] i wish i said
symptoms M and so , i M¥es , but i have n't really made it a habit .\n[doctor] pkay . oka
legs ?\n[®my legs . ufell , um , you know , said ... you said you were coming in with shortness
and then \n[doctor] ¢@pT breath , so we sent you to get some pulmonary function tests .\n
medicatiof flat at nigfMlpatient] mm-hmm .\n[doctor] so let's just look at those . hey , dragon ,
problems [doctor] okd®show me the pulmonary function tests . okay , so it looks like ... , it's

three years

is that hithat you haglinteresting . it says that you might be having a little bit of asthma or ,
going evel have you hag®uh , copd . and if you are , we'll talk about that .\n[patient] mm-hmm .\n
that's belll [patient] ng [doctor] let's look at our x-ray . hey , dragon , show me the most recent
that you've @k-ray . okay , i said it wrong . hey , dragon , show me the most recent
well , i knglkchest x-ray . okay , this is interesting . your ... kind of your diaphragm
in . and we s a little bit flatter , and we'll see that in some , uh , copd , which
know , your @happens with smokers often . so let's just do a quick physical exam . i

no feelin
nothing U
high bloo
past with
how are yj
blood prej
stressful
has work

that i mighfknow my nurse did the review of systems with you . is there anything else
throat , cofbothering you that we need to talk about today ?\n[patient] no other

just becausgMissues .\n[doctor] bkay . great . let's do the exam . all right , so your
everything @bhysical exam looks pretty normal other than you've got kind of these mild
na go ahead @lvheezes in all your lung fields . and so i think you do have copd from your
[doctor] heWlailmono o fuociion toctc Sone o Snd thot co ilo oon oo diocooco
today , your vital signs LOOK great . your Dlood pressure 1s tine . your

heart rates r- right where it should be , which is good , okay ? i'm just

gon na do 2 guick exam _and 4'11 let vou know what __what 4 find __okay 2\p

* Declarative = users speci

Norvasc

Uses:

* Hypertension

Prescribed to manage high blood pressure
..you're on two . five of norvasc for your

high blood pressure.

Side Effects:

* Swelling in the ankles

Reported by multiple patients

'l have had some swelling in my ankles..."

"...started maybe...a month or two after |

started the norvasc.”

For each medication,

summarize what it’s

prescribed for & the
side effects

Extract

medications

fy only the ops & DocETL optimizes it to work correctly & efficiently

* LLM operators (map, reduce, resolve, filter, equijoin) & non-LLM operators (split, gather, unnest
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Unclear How To Make Pipelines More Accurate

* For our map operation (extract meds & side effects), we could rewrite it many ways. E.g.,

jfown quite a bit because , yeah , we sald we have to make some , you KNow ,

thanges as you get older .\n[doctor] yeah .\n[patient] so i would say it's

probably , um , maybe , maybe a couple ... probably a coup- i do n't know

brobably once or day or something .\n[doctor] just couple cigarettes a day 7

in[patient] probably once a day , yeah .\n[doctor] we're getting close .\n

[patient] yeah .\nl[doctor] that's awesome .\n[patient] mm-hmm .\n[doctor] » 3 T WE Nave O Mare
that's great news . um , and then how's your depression doing ?\n[patient] i et older .\n{doct 2ah .\nlpatient] s ’ : ° ° °
| have my moments .\n[doctor] yeah .\n[patient] there are some days when i v . hing .\n[doct uole o : Extract med Icatlons & Slde
feel , you know , i wake up and everything was great .\n[doctor] uh- .\n n[pa r once / , yeah . t ‘re g g close

patient] and then there are times , i do n't , i do n't know whether it's atien . that* ’ e "“—lm"‘!‘j‘”"“:; ' 0 o

jot to do with the weather or what else kind of triggers it .\n[doctor] 1 y Y ‘ s ‘\yv:l. t] there are s effects fr'om thls Chunk

eah .\n[patient] there are some days when i feel extremely low .\n[doctor] , e o . 0 .

bkay . and you had been taking the effexor for your depression . are you atie 3 l c s, idon't, idon'tkn h s

5till taking that ?\n[patient] yes , i am .\n[doctor] okay , great . and

then , um the chronic back pain , we've been giving you the gabapentin

heurontin for that . is that helping control the pain ?\n[patient] i think ° X ‘7 ' i _“”\l;i; ‘::UJW' e
it is .\n[doctor] yeah .\n[patient] it is ... it's definitely , um , i feel ' ' y . couple ... ac n't . M M M
petter .\nl[doctor] uh- .\n[patient] but it does come every now and then .\n X I ‘ X I ‘ SI e y ord +\nldo just couple cig es 4 Xtract me Icatlons SI e
doctor] right . what do you do when it's really bad ?\n[patient] um , i niee ! /onee h -\nldoctor] we're getting close .

atien . 1 mn-hmm .
[ry to just get as much rest as i can .\n[doctor] okay . and you had talked h your on doing
hbout doing yoga . are you doing yoga anymore ?\n[patient] i wish i said

come . you R

nlde

pf breath , so we sent you to get some pulmonary function tests .\n

patient] mm-hmm .\n[doctor] so let's just look at those . hey , dragon ,
thow me the pulmonary function tests . okay , so it looks like ... , it's
interesting . it says that you might be having a little bit of asthma or ,

ooty e octon yean ! a e X . . . .
bh , copd . and if you are , we'll talk about that .\n[patient] mm-hmm .\n  foatie ° 1y : nldoctor] we' ¢ ’ . / Extract medlcatlons & Slde

. . T e effects from this chunk
medications effects — Chunk r.esults

e TavE O TaRe SOMe 7 you RIow 7

[doctor] let's look at our x-ray . hey , dragon , show me the most recent
k-ray . okay , i said it wrong . hey , dragon , show me the most recent 2 - um, and t your depression doing 7\nl[p .

thest x-ray . okay , this is interesting . your ... kind of your diaphragm ve my mone [doctor] yeah . ,‘,l,':,"‘, ””:h“:“ ""‘[ ””m e effects from thls Chunk
s a little bit flatter , and we'll see that in some , uh , copd , which 2 ‘ “the , i rm‘r‘r, d r'wr ) thy ) s

happens with smokers often . so let's just do a quick physical exam . i

know my nurse did the review of systems with you . is there anything else

bothering you that we need to talk about today ?\n[patient] no other

Issues .\n[doctor] okay . great . let's do the exam . all right , so your

bhysical exam looks pretty normal other than you've got kind of these mild

theezes in all your lung fields . and so i think you do have copd from your

Lo e S o i

nlp 1 mm-hmm .

Chunk up data — apply map to each chunk

Map task one = map task two — reduce the results

* How do we decompose the task!? How do we validate accuracy? Automating this is hard!



Agentic Optimizer for Intelligent Data Processing

Officer A,
’ . . fabricating
3 (new!) ingredients to cvidence \ User-Defined | _ Officer A
h o . User-Defined Map Sat. B geduce' ; > exhibited
If “no change” is For each police officer gt. b, ummarize &
t e OPtI m IZer good enough (as - - e = involved in this case, extract ; excessive > ml_scon.duct for
determined by an b | ey any cases of misconduct. use of force this officer.
. . . LLM agent), we stop - o e —— e in Case X | Cite specific... [N ...
 Rewrite directives applying rewrites for | e — | I
. the relevant - R vovftf:]ceesrsc,
(implemented by LLM operation. £ Apply Rewrites (Agent) tampenng | APplY Rewrites (Agent)

Key

a— ge n tS) P i / l \ v v v
an to evaluate

. . Plan selected No change (NC) Pro;ecuqn 5 Decommosition i
® Valldatlon agents to Plan evaluated (but Synthesis Data D position (Chunking)
. not selected) viap Map || Map Split »| Gather )| Map | Reduce
come up with task- =75 , ‘
. . N7 3 L 3
specific evaluation NG| [N NG e
criteria NONC

* Comparing & evaluating
candidate plans

Optimizing a pipeline for identifying officer misconduct in police records
obtained via FOIA requests initiated by journalists at UC Berkeley.

10



Agentic Optimizer

|. Generating Plans with |3 Rewrite Directives

 Data decomposition: breaking down
the unit of data fed into the LLM call

* Document chunking (map)
* Multi-level aggregation (reduce)

* Projection synthesis: breaking down

. . For each medication, Extract only medication- Oricinal reduce
the tGSk (l.e., PI‘OI ] 'Pt) IntO heIPfUI summarize what it’s prescribed related conversation info £ )
. : ) operation
for & the side effects from this transcript

intermediate step(s)

 LLM-centric improvements:

° ° ° ° ° ap
|te ratlve reﬁ nement (I-e°’ IOOPI ng u ntll the Extract all medications, what Did this extract all

. . . they’re prescribed for, and medications, conditions, and
output is good), duplicate key/entity P e e effects?

resolution How to come up with these validators?

1 More generally: how do you pick the right plan?



Agentic Optimizer

2. Validation Agents

" . . Sample inputs & output
* In addition to generation, agents also validate plans O?Trfoep::?nﬂ‘:z: ) o::rzl:i;n

* TJo validate an operator, we use LLM agents to:
Operation prompt

(list all medications
and their reported
side effects)

* Synthesize validation criteria

* Evaluate a candidate plan’s sample outputs given this
criteria

Example rubric:

* Are all medications in the input reflected in the output?

* For each medication, are its side effects reported!?

* Are there medications or side effects in the output not in the
input document?
P Rubric

12



Agentic Optimizer
3. Evaluating (Ranking) Candidate Plans

Comparison Details:
Input 1: an_1" because Plan 1 output provides a clear and concise extraction of the medications,
their purposes, and side effects mentioned in the transcript, without unnecessary duplication. In
contrast, Plan 2 repeats entries for each medication multiple times with slight variations, leading
to redundancy and potential confusion. Plan 1's approach is more organized and aligns better with
the task requirement to list medications and their details accurately and succinctly.
Input 2: "plan_2" because Plan 2 provides a more comprehensive output by including both the
ibuprofen and wrist splint in the list of interventions for carpal tunnel syndrome. The task prompt
¢ s * o asks for a list of medications and their uses, and while the wrist splint is not a medication, it
IC (I ng t e eSt P an Invo ves is a significant part of the treatment plan discussed in the conversation. Therefore, Plan 2
° captures a fuller picture of the treatment strategy outlined in the transcript.
Input 3: "plan_2" because Plan 2 performed better because it identified additional medications
mentioned in the transcript, specifically the MMR vaccine and the Shingles vaccine, which were both
overlooked by Plan 1. Plan 2 also provided a more detailed explanation of the vitamin D3 dosage.

® Rati ng each Plan’s Outp ut On I (bad) to 5 (good) gggguglzgsigaia:aigﬁee?s;lig;-format, but Plan 2 had a more comprehensive extraction of medications

Input 4: "plan_2" because Plan 2 is better because it captures both medications mentioned in the

conversation: Tylenol and the potential steroid injection. It also provides more detailed
Scal e descriptions of their uses and effects. Plan 1 only includes Tylenol and misses the mention of

steroid injection, which is a significant consideration for the patient's treatment plan.

Input 5: "plan_2" because Plan 2 provides a more detailed extraction of the medication use and
patient adherence to each, which aligns well with the requirement to list medications along with
their uses. It also captures the dosage of Prozac and the patient's stability on it, offering a
more comprehensive view of the medication management. Plan 1 is accurate but less detailed compared

* Pairwise comparisons of the top k plans
“Plan 2 provides a more comprehensive output by

including both the ibuprofen and wrist splint...”
Top-performing plan is listed | | th!

Plan Evaluation Results for extract_medications (map, 15 plans, 5 samples):

Coarse-grained ratings are not perfect, but they
are scalable in O(n)

oo lo e To Moo Too BTN IE e
(SIS

(SIS RS TS BEGS T S B TS IS

Pairwise comparisons are too expensive in O(n”2)

Best of both worlds: O(n) + O(k”2)

NNNNNNWWWWW

5
6
4
8
3
4
3
2
1
2
9
0
0
0
0
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Towards Agentic Data Processing

This is more that just optimizing accuracy...

For each side effect reported,

* Agent = LLM executing on behalf of :
summarlze all the medications : &

human
and illnesses associated
° We a re in a n ew WO rl d O f. » :.. o .-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.; -------------------
* Agents looking directly at the data f
:Stomach upset...
» Agents synthesizing information i s

across document boundaries Actually, first, categorize the 5|de

:effects by physiological system and
/ SEVETty. TREN. .. e
e Catch-22: Users need to see the

outputs of an operation before they @ i
write the operation . cight nausea: ... ..

| 4



Towards Agentic Data Processing

Roles of Humans; Role of Agents

What should the human do!? Steer the artifact towards their goal

What should the optimizer do? Solve the steered (sub)-task as
accurately and efficiently as possible

DocETL pipelines are low-code (written in YAML) and
optimized interactively in the terminal

Towards no-code

» Natural language specification of pipelines 8

* Interactive optimization in a web app &

15



Growing Traction

¥ Fork 78 > vy Star 798 v

* Launched 14 days ago!
e Some use cases so far About X

* Civic engagement: reports on why & how council members A system for agentic LLM-powered data
voted on issues processing and ETL

* Email analysis

* Forensic psychiatry

0] README 5 MIT license = docetl
® M i n i ng Iaw a rti C I es Ilzicl)ozllii':"t;Powering Complex Document Processing 33 Online 178 Members
o o . . . Z\(I)er:rsT:Leni(tI;!c)I:Jg::zte(r:;)r:]:nt;o;:;;r:](!e)ntation Discord | NotebookLM Podcast (thanks Shabi ie from our D iscord
* Mining climate reports to make policy recommendations

* Please join our community! Always looking for contributors &
users.

o, o . . ' e |
* Exciting research & engineering ahead! S—

|6



Takeaways

* Building data processing pipelines around LLMs
requires experimentation and validation

* Optimizers have to be human-centered and agentic!

* DocETL is a low-code, declarative LLM-powered data
processing system (docetl.org) |
ab
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Shankar, Shreya, Aditya G. Parameswaran, and Eugene Wu. “Complex Document Processing with DocETL: An Agent-Based Query Rewriting and Evaluation System.” In progress.
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