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Key transformation for data platforms
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Data is stored in 
open formats like 
Parquet.
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The new world for data platforms

Data not under the direct 

control of the platform.

The platform 

has no pre-

built statistics 

on the data 

being queried.

Pay-as-you-go pricing 

model.

Fierce 

competition 

for 

performance.

Storage is even further 

away from compute.

And there is a 

storage mesh 

not a storage 

hierarchy.
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Key challenges: Efficiency

• Build efficient query processing mechanisms 

that don’t rely on pre-built statistics.System

• Search/query the data lake using natural 

language.Human
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SELECT d_year, s_city, p_brand1, 

       SUM(lo_revenue - lo_supplycost)

FROM date, customer, supplier, 

     part, lineorder 

WHERE lo_custkey = c_custkey 

  AND lo_suppkey = s_suppkey 

  AND lo_partkey = p_partkey 

  AND lo_orderdate = d_datekey 

  AND c_region = ’AMERICA’ 

  AND s_nation = ’UNITED STATES’

  AND (d_year = 1997 

       OR d_year = 1998) 

  AND p_category = ’MFGR#14’ 

GROUP BY d_year, s_city, p_brand1 

ORDER BY d_year, s_city, p_brand1;

Query 
Optimizer

Cardinality 
Estimation

Cost Estimation

Plan Space 
Enumeration

SSB Query 4.3

30+ year old problem: Cardinality 
estimation errors grow exponentially over 
successive joins.
Y. E. Ioannidis and S. Christodoulakis. On the propagation of errors in the size of join results. SIGMOD, 1991.

Equijoin Query Optimization
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⋈

σ(F) σ(D1)

⋈

σ(D2)

1. Build a filter with the  hash table for each dimension table

2. Pass all filters to the fact table scan operator

3. Adapt the filter order on a sample using a multi-arm 
bandit algorithm

R

Observation: Adaptive filtering converges to the “optimal” join order

Implication: No need to optimize a linear equijoin subtree

Zhu, Potti, Saurabh, Patel: Looking Ahead 
Makes Query Plans Robust. VLDB 2017

Swap

Lookahead Information Passing (LIP)

4. Apply the filter before probing the hash table
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No need to optimize linear equijoin subtrees

Optimizer 
Search 
Space

p2

p1

pi

pn

p3

Join order search
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Going beyond star schema join trees

For any acyclic conjunctive query, the query can be evaluated 

in polynomial time w.r.t. the size of the database!

The Yannakakis Algorithm [VLDB’81]

R S T

⋈

⋈

Execution Plan

R S

T

Join Graph
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The Yannakakis Algorithm [VLDB’81]

• Join Graph: 

• Pick up the join graph at some node: 

• Upward pass: 

• S’ = S ⋉ R (filter S to only include tuples that match with R).

• S’’ = S’ ⋉ T (further filter S to only include tuples that match with T).

• Downward pass:

• R’ = R ⋉ S’’ (filter R).

• T’ = T ⋉ S’’ (filter T).

• Join phase: 

R S T

R’ S’’ T’

S

R T

S’’

S ⋉ R S ⋉ T

S’’ = S ⋉ R ⋉ T

R’ T’

R ⋉ S’’ T ⋉ S’’

T’ = T ⋉ S’’R’ = R ⋉ S’’
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Open research questions

How far can we push 1-pass algorithms to cover more general 

query shapes? 

If two passes are needed, what is the impact of the “schedule” on 

making these two passes when the query graph is more complex?

Are there better summary structures than bloom filters for these 

cascaded semijoin operations?
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Key challenges: Efficiency

• Build efficient query processing mechanisms 

that don’t rely on pre-built statistics.System

• Search/query the data lake using natural 

language.Human
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Querying data using natural language

Which country had the 

most cyclists finish 

within the top 10?

Key challenge: Work with messy data.

Initial Scope: Single tables, e.g. Wikipedia tables or CSV files.

Cyclist Rank

Alejandro (ESP) 1

Alexandr (RUS) 2

… …
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Answer:

Italy

SELECT Country, COUNT(*)

FROM T2 

GROUP BY Country 

ORDER BY COUNT(*) 

DESC LIMIT 1;

ReAcTable: Overview

Overview of ReAcTable: Use the LLM as a Data Scientist

Tabular data (𝑻𝟎)

Cyclist Rank

Alejandro (ESP) 1

Alexandr (RUS) 2

… …

Cyclist

Alejandro (ESP)

Alexandr (RUS)

…

Question:

Which country had the most 

cyclists finish within the top 10?

SELECT Cyclist from T0 

WHERE Rank<=10;

Intermediate table (𝑻𝟏)

LLM 

Iter #1

Cyclist Country

Alejandro (ESP) ESP

Alexandr (RUS) RUS

… …

def get_country(s): 

  return re.search("\((.*?)\)",

    s).group(1)

T1['country'] = T1.apply(lambda x:

  get_country(x['Cyclist']),     

axis=1)

Intermediate table (𝑻𝟐)

𝑻𝟏

LLM 

Iter #2

𝑻𝟐

LLM 

Iter #3

Country COUNT(*)

ITA 3

Intermediate table (𝑻𝟑)

𝑻𝟑

LLM 

Iter #4

Dealing with exceptions.Key Design

Majority voting methods.Key Design

Prompting the LLM step by step.Key Design
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Evaluation
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Data Disco: Data discovery over data lakes

Problem: Data 

lakes often 

have thousands 

of table. 

Task: Help the 

user identify 

which tables 

are relevant.

Joint work with Leon Lu, Yunjia Zhang and Theo Rekatsinas.

Relevant Tables

organizations

research_staff

Large Data Lake

“What type of 
organization employs the 
most research staff?”

Natural Language Query
                        
                     

Data 
Disco

Partition the 
data.

Train an expert 
for each 

partition.

Entailment to 
reconcile 

conflicting 
answers.
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Key challenges with using LLM in data platforms

Effectiveness

Especially 

when dealing 

with complex 

data and 

messy data

Efficiency

Especially 

when the 

calls are in 

the “inner 

loop.”

Repeatability

Make the 

overall 

system 

deterministic 

or as close to 

it as possible.  

NL Task

DSL

Code
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