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 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Y)
 9      REFERENCES T (A, B)
10 );
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 9      REFERENCES T (A, B)
10 );

INSERT INTO T(A, B, C)
VALUES('a', 'a', 'a');✓

INSERT INTO T(A, B, C)
VALUES('a', 'a', 'a');✗

Database (mutated)

Insert Statements
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Mutation Analysis

 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

INSERT INTO T(A, B, C)
VALUES('a', 'a', 'a');✓

INSERT INTO T(A, B, C)
VALUES('a', 'a', 'a');✗

INSERT INTO S(X, Y, Z)
VALUES('a', 'a', 'b'); Database (mutated)

Insert Statements
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Mutation Analysis

 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

INSERT INTO T(A, B, C)
VALUES('a', 'a', 'a');✓

INSERT INTO T(A, B, C)
VALUES('a', 'a', 'a');✗

INSERT INTO S(X, Y, Z)
VALUES('a', 'a', 'b');

✓

Database (mutated)

Insert Statements
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Mutation Analysis

 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

INSERT INTO T(A, B, C)
VALUES('a', 'a', 'a');✓

INSERT INTO T(A, B, C)
VALUES('a', 'a', 'a');✗

INSERT INTO S(X, Y, Z)
VALUES('a', 'a', 'b');✓

Database (mutated)

Insert Statements
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Mutation Analysis

 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

INSERT INTO T(A, B, C)
VALUES('a', 'a', 'a');✓

INSERT INTO T(A, B, C)
VALUES('a', 'a', 'a');✗

INSERT INTO S(X, Y, Z)
VALUES('a', 'a', 'b');✓

Database (mutated)

Insert Statements
INSERT INTO S(X, Y, Z)
VALUES('a', 'b', 'a');
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Mutation Analysis

 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

INSERT INTO T(A, B, C)
VALUES('a', 'a', 'a');✓

INSERT INTO T(A, B, C)
VALUES('a', 'a', 'a');✗

INSERT INTO S(X, Y, Z)
VALUES('a', 'a', 'b');✓

Database (mutated)

Insert Statements

INSERT INTO S(X, Y, Z)
VALUES('a', 'b', 'a');

✓
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Mutation Analysis

 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

INSERT INTO T(A, B, C)
VALUES('a', 'a', 'a');✓

INSERT INTO T(A, B, C)
VALUES('a', 'a', 'a');✗

INSERT INTO S(X, Y, Z)
VALUES('a', 'a', 'b');✓

Database (mutated)

Insert Statements

INSERT INTO S(X, Y, Z)
VALUES('a', 'b', 'a');✓
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Mutation Analysis

 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

INSERT INTO T(A, B, C)
VALUES('a', 'a', 'a');✓

INSERT INTO T(A, B, C)
VALUES('a', 'a', 'a');✗

INSERT INTO S(X, Y, Z)
VALUES('a', 'a', 'b');✓

Database (mutated)

Insert Statements

INSERT INTO S(X, Y, Z)
VALUES('a', 'b', 'a');✓

Results
are different
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Mutation Analysis

 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

INSERT INTO T(A, B, C)
VALUES('a', 'a', 'a');✓

INSERT INTO T(A, B, C)
VALUES('a', 'a', 'a');✗

INSERT INTO S(X, Y, Z)
VALUES('a', 'a', 'b');✓

Database (mutated)

Insert Statements

INSERT INTO S(X, Y, Z)
VALUES('a', 'b', 'a');✓

Mutant
is killed
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Mutation Operators
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Mutation Operators

Primary Key
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Mutation Operators

Primary Key Not Null
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Mutation Operators

Check

Primary Key Not Null
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Mutation Operators

Check

Primary Key Not Null

Unique
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 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

The Problem?

 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );
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 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

The Problem?

 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );
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 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

The Problem?

Many mutants
to analyse
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 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

The Problem?

A time consuming
process
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The Solution?
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The Solution?

Mutant Schemata
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The Solution?

Mutant Schemata
Combine mutants

into a ‘meta-mutant’
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The Solution?

ParallelisationMutant Schemata
Combine mutants

into a ‘meta-mutant’
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The Solution?

ParallelisationMutant Schemata
Combine mutants

into a ‘meta-mutant’
Analyse multiple

mutants simultaneously
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Mutation Analysis Approaches

Mutant
Representation

Parallelisation
Strategy

Normal
“Original”
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Mutation Analysis Approaches

Mutant
Representation

Parallelisation
Strategy

SchemataNormal
“Original”

Full
“Full Schemata”
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Original Approach
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Original Approach

Create structure
in database
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Original Approach

Create structure
in database

Execute insert
statements
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Original Approach

Create structure
in database

Execute insert
statements

Drop structure
from database
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Original Approach

Create structure
in database

Execute insert
statements

Drop structure
from database
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Mutant Schemata Approach

Create structure
in database

Execute insert
statements

Drop structure
from database
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Mutant Schemata Approach

Create structure
in database

Execute insert
statements

Drop structure
from database
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Mutant Schemata Approach

Create structure
in database

Execute insert
statements

Drop structure
from database

Reduce 
time 

creating/
dropping 
database
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Full Schemata Approach
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Full Schemata Approach
 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );
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Full Schemata Approach
 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
 3      CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
 4 );
 5 
 6 CREATE TABLE S (
 7      X CHAR, Y CHAR, Z CHAR,
 8      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 9      REFERENCES T (A, B)
10 );

 1 CREATE TABLE T  (
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Create tables once...

...rewrite queries to match

Full Schemata Approach
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Minimal Schemata Approach

 1 CREATE TABLE mutant_1_S (
 2      X CHAR, Y CHAR, Z CHAR,
 3      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 4      REFERENCES mutant_1_T (A, B)
 5 );
 6
 7 CREATE TABLE mutant_2_T  (
 8      A CHAR, B CHAR, C CHAR,
 9      CONSTRAINT UniqueOnColsAandB UNIQUE (A, C)
10 );

Mutated
Tables
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 1 CREATE TABLE mutant_1_S (
 2      X CHAR, Y CHAR, Z CHAR,
 3      CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
 4      REFERENCES mutant_1_T (A, B)
 5 );
 6
 7 CREATE TABLE mutant_2_T  (
 8      A CHAR, B CHAR, C CHAR,
 9      CONSTRAINT UniqueOnColsAandB UNIQUE (A, C)
10 );

 1 CREATE TABLE T  (
 2      A CHAR, B CHAR, C CHAR,
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 4 );
 5 
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 7      X CHAR, Y CHAR, Z CHAR,
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Create tables once...
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Create tables once...

...only mutated tables...

Minimal Schemata Approach
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Create tables once...

...only mutated tables...

Minimal Schemata Approach

...reduce queries executed
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Create tables once...

...only mutated tables...

Minimal Schemata Approach

...reduce queries executed

Plus one copy for 
foreign keys
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Parallelisation

‘Just-in-Time Schemata’

Make the ‘Original’
approach parallel
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Original Approach

Create structure
in database

Execute insert
statements

Drop structure
from database
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‘Just-in-Time’ Approach

Create structure
in database

Execute insert
statements

Drop structure
from database
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Mutant Schemata Approach

Create structure
in database

Execute insert
statements

Drop structure
from database
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‘Up-Front’ Approach
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in database

Execute insert
statements

Drop structure
from database

P
a
ra

ll
e
l

mailto:c.wright@dcs.shef.ac.uk
mailto:c.wright@dcs.shef.ac.uk


Chris J. Wright - c.wright@dcs.shef.ac.uk

Empirical Study

mailto:c.wright@dcs.shef.ac.uk
mailto:c.wright@dcs.shef.ac.uk


Chris J. Wright - c.wright@dcs.shef.ac.uk

Empirical Study

Evaluation Metric Mutation Time

Approaches 5

Case Studies 6

DBMSs 2

Repetitions 30
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Empirical Study: Approaches
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Empirical Study: Case Studies

Case Study Tables Columns Primary 
Keys

Foreign 
Keys

Unique 
Constraints

Cloc 2 10 0 0 0
JWhoisServer 6 49 6 0 0
NistDML182 2 32 1 1 0
NistDML183 2 6 0 1 1

RiskIt 13 56 11 10 0
UnixUsage 8 32 7 7 0
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