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Exploratory Data Analysis
▪ Interactive analysis of large volumes of data

▪ Outcome:  a sequence of meaningful queries

▪ Challenge : how to produce this sequence automatically?
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Comparison Queries

π
a,val,val’

 ((γ
a,agg(m)→val

(σ
b=val

(R))) ⋈ (γ
a,agg(m)→val’ 

(σ
b=val’

 
(R)))) 

sum of cases

Comparison is a common activity for 
data analysts (Zgraggen 2018)
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Comparison queries - Limit the search space
Schema : A categoricals 
attributes, M measures, 
G aggregations {min, 
max, sum, avg}

Instance (103 lines)

Active Domain : v values
πa,val,val’ ((γa,agg(m)→val(σb=val(R))) ⋈ (γa,agg(m)→val’ (σb=val’ (R))))

Search space = (⅀
i ϵ[1 ... n]
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C
2
) ᐧ (|A|-1) ᐧ |G| ᐧ |M|

4



Problem statement

Given all possible comparison queries on a database :

- Find the sequence of queries 
- Maximizing interestingness 
- Such that it can be executed in limited time budget
- The distance over the sequence is minimal.

- The distance can be turned into an epsilon-bound.
- The execution time is given by DBMS
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Distance between queries
❑ Metric adapted from [Aligon 14]

Age Group
Average deaths

India UK

0-18 4 2

18-25 43 12

25-50 641 607

50-65 3000 3777

65+ 5600 4286
Eye color

Average deaths

Germany UK

Blue 23 34

Green 43 45

Brown 567 345

Age Group
Average deaths

Germany UK

0-18 4 2

18-25 43 12

25-50 641 607

50-65 3000 3777

65+ 5600 4286

Q1

Q2

Q3

Intuitively, d(Q1, Q2) < d(Q1, Q3)
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Interest of a query

❑ Interest = p-value of statistical tests validating the query result as   
evidence of an insight (Zgraggen 18)

Age Group
Average deaths

India UK

0-18 4 2

18-25 43 12

25-50 641 607

50-65 3000 3777

65+ 5600 4286

- Insight -> H0“Deaths are independent of Age”
- One evidence: average deaths in UK and India by 

Age Group
- Verification -> Statistical test
- Interest -> 1 - p-value
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Problem Formulation
❑ Extension of the Orienteering Problem, with a service time

❑ Model based on formulations from (Kara 16, Gunawan 16)
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Variables

Data



Model
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Influence of epsilon-constraints

❑ Distances (integer) drawn from uniform distribution U(1,10)

❑ Interestingness (real) drawn from U(0,1)

❑ time (integer) drawn from U(5,50)

❑ Epsilon constraints expressed as a fraction of expected queries 

based on distribution mean
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Influence of epsilon-constraints

11Linux 5.11.13-200, CPLEX 20.10, Xeon 5118 (Single threaded), 64 GB

Time to Solve for 300 queries
Time to Solve for 500 queries
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Time OUT : 3600s



Constraint generation strategy

- Constraint generation strategy for subtour elimination (Pferschy 17)
- Preliminary experiments shows substantial speedups on hard instances
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Perspectives

- Exact solution is still tractable for smallest real instances (> 103 

queries)

- Mathheuristics (VPLS) for large instance (> 104 queries)

- ‘Faster’ Heuristics for larger instances of the problem (> 106 queries)

- Addressing more generic query pattern (> 109 queries)

- Extension of the problem where a limited disk space can be used 

(indexing) to speed up some queries
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