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Many different RDBMSs...
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Many different RDBMSs...

...same specification of structure
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CREATE TABLE T (
A CHAR, B CHAR, C CHAR,
CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)

)

1

2

3

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)

0

10 )

Database Schema
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Tables

CREATE TABLE T

A CHAR, BACHAR, C CHAR,
CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)

) ;
CREATE TABLE S)(

1
2
3
4
5
6
7 X CHAR, Y CHAR, Z CHAR,

8 CONSTRAINT RefToColsAandB FOREIGN KEY (X, Y)
9 REFERENCES T (A, B)

0

10 )

Database Schema
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Columns
r

CREATE TABLE T

A CHAR B CHAR C CHAR,

CONSTRAINT UnlqueOnCols%andB UNIQUE (A, B)
) i

X CHAR, Y CHAR, Z CHAR,

1

2

3

4

5

6 CREATE TABLE S ( J'
7

8 CONSTRAINT RefToColsAandB FOREIGN KEY (X, Y)
9 REFERENCES T (A, B)

0

10 )

Database Schema
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Constraints

CREATE TABLE T (
A CHAR, B CHAR, C CHAR,

CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)

)

X CHAR, Y CHAR, Z CHAR,

CONSTRAINT RefToColsAandB FOREIGN KEY (X, Y)
REFERENCES T (A, B

Database Schema

1
2
3
4
5
6 CREATE TABLE S (
7
8
9
0

10 )
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How do we know this is correct?

CREATE TABLE T (
A CHAR, B CHAR, C CHAR,
CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)

)

1
2
3
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)

0

10 )

Database Schema
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Why Test Database Structure!
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Why Test Database Structure!

Database Schema
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Why Test Database Structure!

Database Schema

DBMS
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Why Test Database Structure!

Database Schema

DBMS
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Why Test Database Structure!

Application

Database Schema

DBMS
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Why Test Database Structure!

Application

Web Server

Database Schema DBMS
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Why Test Database Structure!

Third Party

5 b 4

Application Web Server

Database Schema

DBMS
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Third Party
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Why Test Database Structure!?
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erver
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Mutation Analysis
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Mutation Analysis

Test Suite Application
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Mutation Analysis

Test Suite Database
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Mutation Analysis

Insert Statements Database
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Mutation Analysis

Insert Statements

Database
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Mutation Analysis

Insert Statements

CREATE TABLE T (
A CHAR, B CHAR, C CHAR, Database
CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)

)

1
2
3
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)

0

10 )
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Mutation Analysis

Insert Statements

Database

CREATE TABLE T (

A CHAR, B CHAR, C CHAR,

CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
)i

CREATE TABLE S (
X CHAR, Y CHAR, Z CHAR,
CONSTRAINT RefToColsAandB FOREIGN KEY (X, Y)
REFERENCES T (A, B)

O Voo JOoYUL b WDN R

);
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Mutation Analysis
Insert Statements

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

CREATE TABLE T (
A CHAR, B CHAR, C CHAR,
CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)

)i

CREATE TABLE S (
X CHAR, Y CHAR, Z CHAR,
CONSTRAINT RefToColsAandB FOREIGN KEY (X, Y)
REFERENCES T (A, B)

O Voo JOoYUL b WDN R

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



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

Mutation Analysis

Insert Statements

Database

1 CREATE TABLE T (
2 A CHAR, B CHAR, C CHAR,
3 CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
INSERT INTO T(A, B, C) i’?
VALUES('a', 'a', 'a'); 6 CREATE TABLE S (
7 X CHAR, Y CHAR, Z CHAR,
8 CONSTRAINT RefToColsAandB FOREIGN KEY (X, Y)
9 REFERENCES T (A, B)
0

);
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Mutation Analysis

Insert Statements

Database

CREATE TABLE T (

A CHAR, B CHAR, C CHAR,

CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
)i

CREATE TABLE S (
X CHAR, Y CHAR, Z CHAR,
CONSTRAINT RefToColsAandB FOREIGN KEY (X, Y)
REFERENCES T (A, B)

O Voo JOoYUL b WDN R

);

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

Insert Statements

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

CREATE TABLE T (
A CHAR, B CHAR, C CHAR,
CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)

)i

CREATE TABLE S (
X CHAR, Y CHAR, Z CHAR,
CONSTRAINT RefToColsAandB FOREIGN KEY (X, Y)
REFERENCES T (A, B)

O Voo JOoYUL b WDN R

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

Insert Statements

Database

CREATE TABLE T (

A CHAR, B CHAR, C CHAR,

CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
INSERT INTO T(A, B, C) )i
VALUES('a', 'a', 'a'); CREATE TABLE S (

X CHAR, Y CHAR, Z CHAR,

CONSTRAINT RefToColsAandB FOREIGN KEY (X, Y)

REFERENCES T (A, B)

O Voo JOoYUL b WDN R

);

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

Insert Statements

Database

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

X
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Mutation Analysis

Insert Statements

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

O Voo JOoYUL b WDN R

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

Database

CREATE TABLE T (

A CHAR, B CHAR, C CHAR,

CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
)i

CREATE TABLE S (
X CHAR, Y CHAR, Z CHAR,
CONSTRAINT RefToColsAandB FOREIGN KEY (X, Y)
REFERENCES T (A, B)

);

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

X
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Mutation Analysis

Insert Statements

Database

CREATE TABLE T (
A CHAR, B CHAR, C CHAR,
CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)

1

2

3

INSERT INTO S(X, Y, Z) i”

VALUES('a', 'a', 'b'); 6 CREATE TABLE S (
7 X CHAR, Y CHAR, Z CHAR,

8

9

0

CONSTRAINT RefToColsAandB FOREIGN KEY (X, Y)
REFERENCES T (A, B)

);

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

X
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Mutation Analysis

Insert Statements

Database

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 );
INSERT INTO S(X, Y, Z)
VALUES('a', 'a', 'b');
INSERT INTO T(A, B, C) INSERT INTO T(A, B, C)
VALUES(IaI, lal, lal); VALUES(IaII Iall Ial);
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Mutation Analysis

Insert Statements

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

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 );
INSERT INTO S(X, Y, Z)
VALUES('a', 'a', 'b');
INSERT INTO T(A, B, C) INSERT INTO T(A, B, C)
VALUES(IaI, lal, lal); VALUES(IaII Iall Ial);

X
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Mutation Analysis

Insert Statements

Database

1 CREATE TABLE T (
2 A CHAR, B CHAR, C CHAR,
3 CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
INSERT INTO S(X, Y, Z) i”
VALUES('a', 'b', 'a'); 6 CREATE TABLE S (
7 X CHAR, Y CHAR, Z CHAR,
8 CONSTRAINT RefToColsAandB FOREIGN KEY (X, Y)
— SE— 9 REFERENCES T (A, B)
10 );
INSERT INTO S(X, Y, Z)
VALUES('a', 'a', 'b');
INSERT INTO T(A, B, C) INSERT INTO T(A, B, C)
VALUES('a', 'a', 'a'); VALUES('a', 'a', 'a');

X
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Mutation Analysis

Insert Statements

Database

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 );
INSERT INTO S(X, Y, 2) INSERT INTO S(X, Y, Z)
VALUES('a', 'a', 'b'); VALUES('a', 'b', 'a');
INSERT INTO T(A, B, C) INSERT INTO T(A, B, C)
VALUES('a', 'a', 'a'); VALUES('a', 'a', 'a');

X
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Mutating the Structure

CREATE TABLE T (
A CHAR, B CHAR, C CHAR,
CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)

)

1
2
3
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)

0

10 )
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Mutating the Structure

CREATE TABLE T (
A CHAR, B CHAR, C CHAR,
CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)

)

X CHAR, Y CHAR, Z CHAR,

CONSTRAINT RefToColsAandB FOREIGN KEY (X, Y)

1

2

3

4

5

6 CREATE TABLE S (
7

8

9 REFERENCES T (A, B)
0

10 )
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Mutating the Structure

CREATE TABLE T (
A CHAR, B CHAR, C CHAR,
CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)

)

X CHAR, Y CHAR, Z CHAR,

CONSTRAINT RefToColsAandB FOREIGN KEY (X, 2)

1

2

3

4

5

6 CREATE TABLE S (
7

8

9 REFERENCES T (A, B)
0

10 )
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Mutating the Structure

CREATE TABLE T (
A CHAR, B CHAR, C CHAR,
CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)

)

1
2
3
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)

0

10 )
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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 );
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Mutation Analysis

CREATE TABLE T (

A CHAR, B CHAR, C CHAR,

CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
)i

CREATE TABLE S (
X CHAR, Y CHAR, Z CHAR,
CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
REFERENCES T (A, B)

O Voo JOoYUL b WDN R

);
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Mutation Analysis

Database (mutated)

CREATE TABLE T (

A CHAR, B CHAR, C CHAR,

CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
)i

CREATE TABLE S (
X CHAR, Y CHAR, Z CHAR,
CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
REFERENCES T (A, B)

O Voo JOoYUL b WDN R

);
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Mutation Analysis

Insert Statements

Database (mutated)

CREATE TABLE T (

A CHAR, B CHAR, C CHAR,

CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
)i

CREATE TABLE S (
X CHAR, Y CHAR, Z CHAR,
CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
REFERENCES T (A, B)

O Voo JOoYUL b WDN R
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Mutation Analysis

Insert Statements

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

Database (mutated)
CREATE TABLE T (

A CHAR, B CHAR, C CHAR,

CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)

)i

1

2

3

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)

0

10 );
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Mutation Analysis

Insert Statements

Database (mutated)

CREATE TABLE T (
A CHAR, B CHAR, C CHAR,
CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)

INSERT INTO T(A, B, C) )i

VALUES('a', 'a', 'a'); CREATE TABLE S (
X CHAR, Y CHAR, 7 CHAR,
CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
REFERENCES T (A, B)

O Voo JOoYUL b WDN R
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Mutation Analysis

Insert Statements

Database (mutated)

CREATE TABLE T (

A CHAR, B CHAR, C CHAR,

CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
)i

CREATE TABLE S (
X CHAR, Y CHAR, Z CHAR,
CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
REFERENCES T (A, B)

O Voo JOoYUL b WDN R

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

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



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

Mutation Analysis

Insert Statements

INSERT INTO T(A, B, C)
UALUES('a’ . mr ey Database (mutated)

CREATE TABLE T (
A CHAR, B CHAR, C CHAR,
CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)

)i

CREATE TABLE S (
X CHAR, Y CHAR, Z CHAR,
CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
REFERENCES T (A, B)

O Voo JOoYUL b WDN R

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

Insert Statements

Database (mutated)

CREATE TABLE T (

A CHAR, B CHAR, C CHAR,

CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
INSERT INTO T(A, B, C) )i
VALUES('a', 'a', 'a'); CREATE TABLE S (

X CHAR, Y CHAR, 7% CHAR,

CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)

REFERENCES T (A, B)

O Voo JOoYUL b WDN R

);

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

Insert Statements

Database (mutated)

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, 2Z)

9 REFERENCES T (A, B)

10 );
INSERT INTO T(A, B, C) INSERT INTO T(A, B, C)
VALUES('a', 'a', 'a'); VALUES('a', 'a', 'a');

X

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

Insert Statements

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

O Voo JOoYUL b WDN R

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

Database (mutated)

CREATE TABLE T (

A CHAR, B CHAR, C CHAR,

CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
)i

CREATE TABLE S (
X CHAR, Y CHAR, Z CHAR,
CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
REFERENCES T (A, B)

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

X
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Mutation Analysis

Insert Statements

Database (mutated)

CREATE TABLE T (
A CHAR, B CHAR, C CHAR,
CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)

1

2

3

INSERT INTO S(X, Y, Z) i”

VALUES('a', 'a', 'b'); 6 CREATE TABLE S (
7 X CHAR, Y CHAR, Z CHAR,

8

9

0

CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
REFERENCES T (A, B)

);

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

X
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Mutation Analysis

Insert Statements

Database (mutated)

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, 2Z)

9 REFERENCES T (A, B)

10 );
INSERT INTO S(X, Y, Z)
VALUES('a', 'a', 'b');
INSERT INTO T(A, B, C) INSERT INTO T(A, B, C)
VALUES(IaI, lal, lal); VALUES(IaII Iall Ial);

X
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Mutation Analysis

Insert Statements

INSERT INTO S(X, Y, Z)
UALUES('a'. ‘b a')) Database (mutated)

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, 2Z)
9 REFERENCES T (A, B)
10 );
INSERT INTO S(X, Y, Z)
VALUES('a', 'a', 'b');
INSERT INTO T(A, B, C) INSERT INTO T(A, B, C)
VALUES(IaI, lal, lal); VALUES(IaII Iall Ial);

X
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Mutation Analysis

Insert Statements

Database (mutated)

1 CREATE TABLE T (
2 A CHAR, B CHAR, C CHAR,
3 CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
INSERT INTO S(X, Y, Z) i”
VALUES('a', 'b', 'a'); 6 CREATE TABLE S (
7 X CHAR, Y CHAR, Z CHAR,
8 CONSTRAINT RefToColsAandB FOREIGN KEY (X, 2Z)
— 9 REFERENCES T (A, B)
10 );
INSERT INTO S(X, Y, Z)
VALUES('a', 'a', 'b');
INSERT INTO T(A, B, C) INSERT INTO T(A, B, C)
VALUES('a', 'a', 'a'); VALUES('a', 'a', 'a');

X
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Mutation Analysis

Insert Statements

Database (mutated)

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, 2Z)

9 REFERENCES T (A, B)

10 );
INSERT INTO S(X, Y, 2Z) —
VALUES('a', 'b', 'a');
INSERT INTO S(X, Y, Z)
VALUES('a', 'a', 'b');
INSERT INTO T(A, B, C) INSERT INTO T(A, B, C)
VALUES('a', 'a', 'a'); VALUES('a', 'a', 'a');

X
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Mutation Analysis

Insert Statements

Database (mutated)

CREATE TABLE T (
A CHAR, B CHAR, C CHAR,
CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)

)i

CREATE TABLE S (
X CHAR, Y CHAR, Z CHAR,
CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
REFERENCES T (A, B)

O Voo JOoYUL b WDN R

);

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

o e 20 4, 8 Results
are different
INSERT INTO T(A, B, C) INSERT INTO T(A, B, C)

VALUES('a', 'a', 'a'); VALUES('a', 'a', 'a');

X
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Mutation Analysis

Insert Statements

Database (mutated)

CREATE TABLE T (
A CHAR, B CHAR, C CHAR,
CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)

)i

CREATE TABLE S (
X CHAR, Y CHAR, Z CHAR,
CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
REFERENCES T (A, B)

O Voo JOoYUL b WDN R

);

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

T G Mutant
is killed

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

X
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Mutation Operators
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Mutation Operators

Primary Key

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



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

Mutation Operators

Primary Key

Not Null
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Mutation Operators

Primary Key Not Null

Check
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Mutation Operators

Primary Key

Not Null

Check

Unique
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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 );

—

Chris ].Wright - c.wright@dcs.shef.ac.uk
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The Problem!?

CREATE TABLE T (
A CHAR, B CHAR, C CHAR,
CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)

CREATE TABLE S (
X CHAR, Y CHAR, Z CHAR,
CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
REFERENCES T (A, B)

O W OO JOo U1 i LWDN B

=

R — e

CREATE TABLE T ( 1 CREATE TABLE T ( 1 CREATE TABLE T ( 1 CREATE TABLE T ( 1 CREATE TABLE T ( 1 CREATE TABLE T ( 1 CREATE TABLE T ( 1 CREATE TABLE T (

A CHAR, B CHAR, C 2 A CHAR, B CHAR, 2 A CHAR, B CHAR, C C 2 A CHAR, B CHAR, C ( 2 A CHAR, B CHAF 2 A CHAR, B CHAR, C CE 2 A CHAR, B CHAR, 2 A CHAR, B CHAR, C CHAR,

CONSTRAINT Uniquel 3 CONSTRAINT Unig 3 CONSTRAINT UniqueOn 3 CONSTRAINT UniqueOr 3 CONSTRAINT Uni 3 CONSTRAINT UniqueOnC 3 CONSTRAINT Unigqt 3 CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
)i 4); 4); 4); 4; 4); 4); 4);

5 5 5 5 5 5 5

CREATE TABLE S ( 6 CREATE TABLE S ( 6 CREATE TABLE S ( 6 CREATE TABLE S ( 6 CREATE TABLE S ( 6 CREATE TABLE S ( 6 CREATE TABLE S ( 6 CREATE TABLE S (

X CHAR, Y CHAR, Z 7 X CHAR, Y CHAR, 7 X CHAR, Y CHAR, Z C 7 X CHAR, Y CHAR, Z (C 7 X CHAR, Y CHAF 7 X CHAR, Y CHAR, Z CE 7 X CHAR, Y CHAR, 7 X CHAR, Y CHAR, Z CHAR,

CONSTRAINT RefToC« 8 CONSTRAINT Refl 8 CONSTRAINT RefToCol 8 CONSTRAINT RefToCol 8 CONSTRAINT Ref 8 CONSTRAINT RefToCols 8 CONSTRAINT RefTc 8 CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)

REFERENCES T (A, ! 9 REFERENCES T (2 9 REFERENCES T (A, B) 9 REFERENCES T (A, B) 9 REFERENCES T ( 9 REFERENCES T (A, B) 9 REFERENCES T (A, 9 REFERENCES T (A, B)
)i 10 ); 10 ); 10 ); 10 ); 10 ); 10 ); 10 );

)dcs.shef.ac.uk
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The Problem!?

Many mutants
to analyse

CREATE TABLE T ( 1 CREATE TABLE T ( 1 CREATE TABLE T ( 1 CREATE TABLE T ( 1 CREATE TABLE T ( 1 CREATE TABLE T ( 1 CREATE TABLE T ( 1 CREATE TABLE T (
A CHAR, B CHAR, C 2 A CHAR, B CHAR, 2 A CHAR, B CHAR, C C 2 A CHAR, B CHAR, C ( 2 A CHAR, B CHAF 2 A CHAR, B CHAR, C CE 2 A CHAR, B CHAR, 2 A CHAR, B CHAR, C CHAR,
CONSTRAINT Uniquel 3 CONSTRAINT Unic 3 CONSTRAINT UniqueOn 3 CONSTRAINT UniqueOr 3 CONSTRAINT Uni 3 CONSTRAINT UniqueOnC 3 CONSTRAINT Uniqt 3 CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
)i 4 ); 4 ); 4 ); 4 ); 4 ); 4); 4 );
5 5 5 5 5 5 5
CREATE TABLE S ( 6 CREATE TABLE S ( 6 CREATE TABLE S ( 6 CREATE TABLE S ( 6 CREATE TABLE S ( 6 CREATE TABLE S ( 6 CREATE TABLE S ( 6 CREATE TABLE S (
X CHAR, Y CHAR, Z 7 X CHAR, Y CHAR, 7 X CHAR, Y CHAR, Z C 7 X CHAR, Y CHAR, Z (C 7 X CHAR, Y CHAF 7 X CHAR, Y CHAR, Z CE 7 X CHAR, Y CHAR, 7 X CHAR, Y CHAR, Z CHAR,
CONSTRAINT RefToC« 8 CONSTRAINT Refl 8 CONSTRAINT RefToCol 8 CONSTRAINT RefToCol 8 CONSTRAINT Rei 8 CONSTRAINT RefToCols 8 CONSTRAINT RefTc 8 CONSTRAINT RefToColsAandB FOREIGN KEY (X, 3Z)
REFERENCES T (A, 9 REFERENCES T (2 9 REFERENCES T (A, B) 9 REFERENCES T (A, B) 9 REFERENCES T ( 9 REFERENCES T (A, B) 9 REFERENCES T (A, 9 REFERENCES T (A, B)
)i 10 ); 10 ); 10 ); 10 ); 10 ); 10 ); 10 );
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The Problem!?

A time consuming
brocess

CREATE TABLE T (
A CHAR, B CHAR, C
CONSTRAINT Unique

CREATE TABLE S (
X CHAR, Y CHAR, Z
CONSTRAINT RefToC
REFERENCES T (A,

CREATE TABLE T (
A CHAR, B CHAR,
CONSTRAINT Unig

CREATE TABLE S (
X CHAR, Y CHAR,
CONSTRAINT Refl
REFERENCES T (2

CREATE TABLE T (
A CHAR, B CHAR, C C
CONSTRAINT UniqueOn

CREATE TABLE S (
X CHAR, Y CHAR, Z C
CONSTRAINT RefToCol
REFERENCES T (A, B)

CREATE TABLE T (
A CHAR, B CHAR, C (
CONSTRAINT UniqueOr

1

2

3

4

5

6 CREATE TABLE S (
7 X CHAR, Y CHAR, % (
8 CONSTRAINT RefToCol
9 REFERENCES T (A, B)
0

)i

CREATE TABLE T (
A CHAR, B CHAF
CONSTRAINT Uni

CREATE TABLE S (
X CHAR, Y CHAR
CONSTRAINT Retf
REFERENCES T (

-

CWVWOUNOU B WN

CREATE TABLE T (
A CHAR, B CHAR, C CE
CONSTRAINT UniqueOnC

CREATE TABLE S (
X CHAR, Y CHAR, Z CE
CONSTRAINT RefToCols
REFERENCES T (A, B)

CREATE TABLE T (
A CHAR, B CHAR,
CONSTRAINT Unigqt
)i

CREATE TABLE S (
X CHAR, Y CHAR,
CONSTRAINT RefTc
REFERENCES T (A,
)i

ris

CREATE TABLE T (
A CHAR, B CHAR, C CHAR,
CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)

CREATE TABLE S (
X CHAR, Y CHAR, Z CHAR,
CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
REFERENCES T (A, B)

right - c.wright(@dcs.shef.ac.uk
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The Solution?
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The Solution?

Mutant Schemata

Chris ].Wright - c.wright@dcs.shef.ac.uk
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The Solution?

-

Mutant Schemata

Combine mutants
into a ‘meta-mutant’

Chris ].Wright - c.wright@dcs.shef.ac.uk
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The Solution?

-

Mutant Schemata

Combine mutants
into a ‘meta-mutant’

Parallelisation
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The Solution?

-

Mutant Schemata

Combine mutants
into a ‘meta-mutant’

|

mutants simultaneously

Parallelisation
Analyse multiple

J

Chris ].Wright - c.wright@dcs.shef.ac.uk
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Mutation Analysis Approaches

4 )
Normal
Mutant “Original”
\_ J
Representation
Parallelisation
Strategy

Chris ].Wright - c.wright@dcs.shef.ac.uk
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Mutation Analysis Approaches

Schemata

~

Normal
Mutant  Original™ /
Representation f
Full
:‘FuII Schemata™
Parallelisation
Strategy
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Original Approach
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Original Approach

Create structure
in database

Chris ].Wright - c.wright@dcs.shef.ac.uk
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Original Approach

Create structure
in database

v

Execute insert
statements
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Original Approach

Create structure
in database

v

Execute insert
statements

v

Drop structure
from database
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Original Approach

Create structure
in database

v

Execute insert
statements

v

Drop structure
from database
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Mutant Schemata Approach

Create structure
in database

v

Execute insert
statements

v

Drop structure
from database
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Mutant Schemata Approach

[

Create structure
in database

v

Execute insert
statements

v

Drop structure
from database
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Mutant Schemata Approach

[

Create structure
in database

v

Execute insert
statements

v

Drop structure
from database

Reduce
time
creating/

dropping
database
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Full Schemata Approach
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Full Schemata Approach

CREATE TABLE T (
A CHAR, B CHAR, C CHAR,
CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)

) ;

1
2
3
4
5
6 CREATE TABLE S (

7 X CHAR, Y CHAR, Z CHAR,

8 CONSTRAINT RefToColsAandB FOREIGN KEY (X, 2Z)
9 REFERENCES T (A, B)

0

10 );

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



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

=

=

SO VWoo JoOL b WD K

O VWoOo JOoOUL b WD K

Full Schemata Approach

CREATE TABLE T (
A CHAR, B CHAR, C CHAR,
CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)

CREATE TABLE S (
X CHAR, Y CHAR, Z CHAR,
CONSTRAINT RefToColsAandB FOREIGN KEY (X, 2Z)
REFERENCES T (A, B)

CREATE TABLE T (
A CHAR, B CHAR, C CHAR,
CONSTRAINT UniqueOnColsAandB UNIQUE (A, C)

CREATE TABLE S (
X CHAR, Y CHAR, Z CHAR,
CONSTRAINT RefToColsAandB FOREIGN KEY (X, Y)
REFERENCES T (A, B)

Chris ].Wright - c.wright@dcs.shef.ac.uk
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Full Schemata Approach

CREATE TABLE mutant 1 T (
A CHAR, B CHAR, C CHAR,
CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)

CREATE TABLE mutant 1 S (
X CHAR, Y CHAR, Z CHAR,
CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
REFERENCES mutant 1 T (A, B)

CREATE TABLE mutant 2 T (
A CHAR, B CHAR, C CHAR,
CONSTRAINT UniqueOnColsAandB UNIQUE (A, C)

CREATE TABLE mutant 2 S (
X CHAR, Y CHAR, Z CHAR,
CONSTRAINT RefToColsAandB FOREIGN KEY (X, Y)
REFERENCES mutant 2 T (A, B)

Chris ].Wright - c.wright@dcs.shef.ac.uk
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Full Schemata Approach

CREATE TABLE mutant 1 T (
A CHAR, B CHAR, C CHAR,

CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)

CREATE TABLE mutant 1 S (
X CHAR, Y CHAR, Z CHAR,

CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)

REFERENCES mutant 1 T (A, B)

CREATE TABLE mutant 2 T (
A CHAR, B CHAR, C CHAR,

CONSTRAINT UniqueOnColsAandB UNIQUE (A, C)

CREATE TABLE mutant 2 S (
X CHAR, Y CHAR, Z CHAR,

CONSTRAINT RefToColsAandB FOREIGN KEY (X, Y)

REFERENCES mutant 2 T (A, B)
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Full Schemata Approach

CREATE TABLE mutant 1 T (
A CHAR, B CHAR, C CHAR,

CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)

CREATE TABLE mutant 1 S (
X CHAR, Y CHAR, Z CHAR,

CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)

REFERENCES mutant 1 T (A, B)

CREATE TABLE mutant 2 T (
A CHAR, B CHAR, C CHAR,

CONSTRAINT UniqueOnColsAandB UNIQUE (A, C)

CREATE TABLE mutant 2 S (
X CHAR, Y CHAR, Z CHAR,

CONSTRAINT RefToColsAandB FOREIGN KEY (X, Y)

REFERENCES mutant 2 T (A, B)
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Full Schemata Approach

Insert Statements

[ooTNEN e NG, B OSSR

NN RREHERRRBR B &
HOWVWWOWNOU S WNROLV

Database (mutated)

CREATE TABLE mutant_1_T (
A CHAR, B CHAR, C CHAR,
CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)

):

CREATE TABLE mutant_1_S (
X CHAR, Y CHAR, Z CHAR,
CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
REFERENCES mutant_1 T (A, B)

):

CREATE TABLE mutant_2_ T (
A CHAR, B CHAR, C CHAR,
CONSTRAINT UniqueOnColsAandB UNIQUE (A, C)

):

CREATE TABLE mutant_2_S (
X CHAR, Y CHAR, Z CHAR,
CONSTRAINT RefToColsAandB FOREIGN KEY (X, Y)
REFERENCES mutant_2 T (A, B)

):

Chris ].Wright - c.wright@dcs.shef.ac.uk
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Full Schemata Approach

Insert Statements

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

0 N U W

NN RREHERRRBR B &
HOWVWWOWNOU S WNROLV

Database (mutated)

CREATE TABLE mutant_1_T (
A CHAR, B CHAR, C CHAR,
CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)

)i

CREATE TABLE mutant_1_S (
X CHAR, Y CHAR, Z CHAR,
CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
REFERENCES mutant_1 T (A, B)

)i

CREATE TABLE mutant_2_ T (
A CHAR, B CHAR, C CHAR,
CONSTRAINT UniqueOnColsAandB UNIQUE (A, C)

)i

CREATE TABLE mutant_2_S (
X CHAR, Y CHAR, Z CHAR,
CONSTRAINT RefToColsAandB FOREIGN KEY (X, Y)
REFERENCES mutant_2 T (A, B)

)i

Chris ].Wright - c.wright@dcs.shef.ac.uk
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Full Schemata Approach

Insert Statements

INSERT INTO mutant 1 S(X, Y, Z)
VALUES('a', 'a', 'a');

0 N U W

NN RREHERRRBR B &
HOWVWWOWNOU S WNROLV

Database (mutated)

CREATE TABLE mutant_1_T (
A CHAR, B CHAR, C CHAR,
CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)

)i

CREATE TABLE mutant_1_S (
X CHAR, Y CHAR, Z CHAR,
CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
REFERENCES mutant_1 T (A, B)

)i

CREATE TABLE mutant_2_ T (
A CHAR, B CHAR, C CHAR,
CONSTRAINT UniqueOnColsAandB UNIQUE (A, C)

)i

CREATE TABLE mutant_2_S (
X CHAR, Y CHAR, Z CHAR,
CONSTRAINT RefToColsAandB FOREIGN KEY (X, Y)
REFERENCES mutant_2 T (A, B)

)i
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Full Schemata Approach

Insert Statements

INSERT INTO mutant

VALUES('a',

a

1 S(X, Y,
, ra');

Z)

0 N U W

NN RREHERRRBR B &
HOWVWWOWNOU S WNROLV

Database (mutated)

CREATE TABLE mutant_1_T (

A CHAR, B CHAR, C CHAR,

CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
)i

CREATE TABLE mutant_1_S (
X CHAR, Y CHAR, Z CHAR,
CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
REFERENCES mutant_1 T (A, B)

)i

CREATE TABLE mutant_2_ T (

A CHAR, B CHAR, C CHAR,

CONSTRAINT UniqueOnColsAandB UNIQUE (A, C)
)i

CREATE TABLE mutant_2_S (
X CHAR, Y CHAR, Z CHAR,
CONSTRAINT RefToColsAandB FOREIGN KEY (X, Y)
REFERENCES mutant_2 T (A, B)

)i
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Insert Statements

Full Schemata Approach

INSERT INTO mutant 1 S(

VALUES('a',

1

a

1

y a');

4

14

Z)

0 N U W

NN RREHERRRBR B &
HOWVWWOWNOU S WNROLV

Database (mutated)

CREATE TABLE mutant_1_T (

A CHAR, B CHAR, C CHAR,

CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)
)i

CREATE TABLE mutant_1_S (
X CHAR, Y CHAR, Z CHAR,
CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
REFERENCES mutant_1 T (A, B)

)i

CREATE TABLE mutant_2_ T (

A CHAR, B CHAR, C CHAR,

CONSTRAINT UniqueOnColsAandB UNIQUE (A, C)
)i

CREATE TABLE mutant_2_S (
X CHAR, Y CHAR, Z CHAR,
CONSTRAINT RefToColsAandB FOREIGN KEY (X, Y)
REFERENCES mutant_2 T (A, B)

)i
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Full Schemata Approach
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Full Schemata Approach

Create tables once...
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Full Schemata Approach

Create tables once...

...rewrite queries to match
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Mutation Analysis Approaches

Schemata

~

Normal
Mutant  Original™ /
Representation f
Full
:‘FuII Schemata™
Parallelisation
Strategy
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Mutation Analysis Approaches

4 )
Normal Schemata
Mutant “Original” / \
\_ J
Representation - N .
Full Minimal
:‘FuII Schemata”) \“Minimal Schemata”)

Parallelisation
Strategy
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18
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21

Full Schemata Approach

CREATE TABLE mutant 1 T (
A CHAR, B CHAR, C CHAR,

CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)

CREATE TABLE mutant 1 S (
X CHAR, Y CHAR, Z CHAR,

CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)

REFERENCES mutant 1 T (A, B)

CREATE TABLE mutant 2 T (
A CHAR, B CHAR, C CHAR,

CONSTRAINT UniqueOnColsAandB UNIQUE (A, C)

CREATE TABLE mutant 2 S (
X CHAR, Y CHAR, Z CHAR,

CONSTRAINT RefToColsAandB FOREIGN KEY (X, Y)

REFERENCES mutant 2 T (A, B)
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Full Schemata Approach

CREATE TABLE mutant 1 T (
A CHAR, B CHAR, C CHAR,
CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)

CREATE TABLE mutant 1 S (

X CHAR, Y CHAR, Z CHAR,

CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
REFERENCES mutant 1 T (A, B)

00 J o O d WD K-
N
e

Mutated
CREATE TABLE mutant 2 T ( Tables

A CHAR, B CHAR, C CHAR,
CONSTRAINT UniqueOnColsAandB UNIQUE (A, C)

17 CREATE TABLE mutant 2 S (

18 X CHAR, Y CHAR, Z CHAR,

19 CONSTRAINT RefToColsAandB FOREIGN KEY (X, Y)
20 REFERENCES mutant 2 T (A, B)

21 );
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=

Minimal Schemata Approach

CREATE TABLE mutant 1 S (
X CHAR, Y CHAR, Z CHAR,
CONSTRAINT RefToColsAandB FOREIGN KEY (X, 2)

REFERENCES mutant 1 T (A, B)

) Mutated
CREATE TABLE mutant 2 T ( Tables

A CHAR, B CHAR, C CHAR,

CONSTRAINT UniqueOnColsAandB UNIQUE (A, C)

O WO JOo Ol WD -

) ;
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Minimal Schemata Approach

CREATE TABLE mutant 1 S (
X CHAR, Y CHAR, Z CHAR,
CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
REFERENCES mutant 1 T (A, B)

) ;

1
2
3
4
5
6
7 CREATE TABLE mutant 2 T (

8 A CHAR, B CHAR, C CHAR,

9 CONSTRAINT UniqueOnColsAandB UNIQUE (A, C)
0

10 );
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Minimal Schemata Approach

CREATE TABLE mutant 1 S (
X CHAR, Y CHAR, Z CHAR,
CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
REFERENCES mutant 1 T (A, B)

) ;

1
2
3
4
5
6
7 CREATE TABLE mutant 2 T (

8 A CHAR, B CHAR, C CHAR,

9 CONSTRAINT UniqueOnColsAandB UNIQUE (A, C)
0

10 );
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Minimal Schemata Approach

CREATE TABLE mutant 1 S (

X CHAR, Y CHAR, Z CHAR,

CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
REFERENCES mutant 1 T (A, B)

1

2

3

4

> )i
6

7 CREATE TABLE mutant 2 T (

8 A CHAR, B CHAR, C CHAR,

9 CONSTRAINT UniqueOnColsAandB UNIQUE (A, C)
0

10 );
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Minimal Schemata Approach

CREATE TABLE T (
A CHAR, B CHAR, C CHAR,
CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)

CREATE TABLE S (
X CHAR, Y CHAR, Z CHAR,
CONSTRAINT RefToColsAandB FOREIGN KEY (X, Y)
REFERENCES T (A, B)

O VWO JOo O WD -

CREATE TABLE mutant 1 S (
X CHAR, Y CHAR, Z CHAR,
CONSTRAINT RefToColsAandB FOREIGN KEY (X, Z)
REFERENCES mutant 1 T (A, B)

CREATE TABLE mutant 2 T (
A CHAR, B CHAR, C CHAR,
CONSTRAINT UniqueOnColsAandB UNIQUE (A, C)

©C Voo JoMOL b WD K

L eee— E—
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Minimal Schemata Approach

00O o Ul WDN K

11
12
13
14
15
16
17
18
19
20
21

CREATE TABLE T (
A CHAR, B CHAR, C CHAR,
CONSTRAINT UniqueOnColsAandB UNIQUE (A, B)

CREATE TABLE S (
X CHAR, Y CHAR, Z CHAR,
CONSTRAINT RefToColsAandB FOREIGN KEY (X, Y)
REFERENCES T (A, B)

CREATE TABLE mutant 1 S (
X CHAR, Y CHAR, Z CHAR,
CONSTRAINT RefToColsAandB FOREIGN KEY (X, 3Z)
REFERENCES T (A, B)

CREATE TABLE mutant 2 T (
A CHAR, B CHAR, C CHAR,
CONSTRAINT UniqueOnColsAandB UNIQUE (A, C)

T ee— R—
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Minimal Schemata Approach
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Minimal Schemata Approach

Create tables once...
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Minimal Schemata Approach

Create tables once...

...only mutated tables...
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Minimal Schemata Approach

Create tables once...
...only mutated tables...

...reduce queries executed
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Minimal Schemata Approach

Create tables once...
Plus one copy for

..only mutated tables... foreign keys

...reduce queries executed
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Mutation Analysis Approaches

4 )
Normal Schemata
Mutant “Original” / \
\_ J
Representation - N .
Full Minimal
:‘FuII Schemata”) \“Minimal Schemata”)

Parallelisation
Strategy
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Mutation Analysis Approaches

Normal Schemata

Mutant \ “Original” )

Representation - / - \ X
Full Minimal
:‘FuII Schemata”) \“Minimal Schemata”)
Parallelisation Up front
Strategy “Up-Front Schemata’
- y
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Mutation Analysis Approaches

4 )
Normal Schemata
Mutant “Original” / \
\_ J
Representation - N .
Full Minimal
“Full Schemata” \“Minimal Schemata”)

""""""""""""""""""""" 7 \

g )

Parallelisation Up front Just in time
Strategy “Up-Front Schemata™|| “|ust-in-Time Schemata™]
- J )
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Parallelisation

Just-in-Time Schemata’
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Parallelisation

Just-in-Time Schemata’

Make the ‘Original’
approach parallel
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Parallelisation

Just-in-Time Schemata’|| ‘Up-Front Schemata’

Make the ‘Original’
approach parallel
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Parallelisation

Just-in-Time Schemata’|| ‘Up-Front Schemata’

Make the ‘Original’ Make the ‘Full Schemata’
approach parallel approach parallel
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Original Approach

Create structure
in database

v

Execute insert
statements

v

Drop structure
from database

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



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

Just-in-Time’ Approach

Create structure
in database

v

Execute insert
statements

v

Drop structure
from database

Parallel
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Just-in-Time’ Approach

Create structure
in database

v

Execute insert
statements

v

Drop structure
from database

Parallel
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Mutant Schemata Approach

[

Create structure
in database

v

Execute insert
statements

v

Drop structure
from database
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‘Up-Front’ Approach

Create structure
in database

Execute insert
statements

Drop structure
from database

Parallel
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Empirical Study
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Empirical Study

Evaluation Metric

Mutation Time
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Empirical Study

Evaluation Metric

Mutation Time

Approaches

5
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Empirical Study

Evaluation Metric Mutation Time
Approaches 5
Case Studies 6
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Empirical Study

Evaluation Metric Mutation Time
Approaches 5
Case Studies 6
DBMSs 2
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Empirical Study

Evaluation Metric Mutation Time
Approaches 5
Case Studies 6
DBMSs 2
Repetitions 30
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Empirical Study: Approaches

4 )
Normal Schemata
Mutant “Original” / \
\_ J
Representation - N .
Full Minimal
“Full Schemata” \“Minimal Schemata”)

""""""""""""""""""""" 7 \

g )

Parallelisation Up front Just in time
Strategy “Up-Front Schemata™|| “|ust-in-Time Schemata™]
- J )
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Empirical Study: Case Studies

Primary| Foreign = Unique
Keys Keys | Constraints

Case Study | Tables [Columns
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Empirical Study: Case Studies

Primary| Foreign = Unique
Keys Keys | Constraints

Cloc 2 [0 0 0 0

Case Study | Tables [Columns
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Empirical Study: Case Studies

Primary| Foreign = Unique
Keys Keys | Constraints

Case Study | Tables [Columns

Cloc 2 |10 0 0 0
JWhoisServer| 6 49 6 0 0
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Empirical Study: Case Studies

Primary| Foreign = Unique
Keys Keys | Constraints

Case Study | Tables [Columns

Cloc 2 [0 0 0 0
JWhoisServer| 6 49 6 0 0
NistDMLI82 | 2 32 | [ 0
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Empirical Study: Case Studies

Case Study | lables [Columns Pﬁ:\;\/ Fi:/[fn C:lifjmuz
Cloc 2 |0 0 0 0
JWhoisServer| 6 49 6 0 0
NistDMLI82 | 2 32 [ [ 0
NistDMLI183 | 2 6 0 ] [
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Empirical Study: Case Studies

Case Study flables||€olumns PTES;“/ Fi:/[fn C:lmﬁjizmu
Cloc 2 |0 0 0 0
JWhoisServer| 6 49 6 0 0
NistDMLI182 | 2 32 [ [ 0
NistDMLI83 | 2 6 0 [ [
Risklt |3 56 | | [0 0
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Empirical Study: Case Studies

Case study lables Columns Pﬁ:\;\/ FT\/L:/%H C :;LZE%L&
Cloc 2 |0 0 0 0
JWhoisServer| 6 49 6 0 0
NistDMLI82 | 2 32 [ [ 0
NistDML183 | 2 6 0 [ [
Risklt |3 56 [ [0 0
UnixUsage 8 32 / / 0
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Empirical Study: Case Studies

Case study. - —.Qtau. : -O.w .
Constraints MUEanEs
Cloc 0 30
JWhoisServer 50 | 84
NistDML 182 2 66
NistDMLI83 2 | 8
Risklt 36 160
UnixUsage 23 69
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Empirical Study: DBMSs
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Empirical Study: DBMSs

PostgreSQL
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Empirical Study: DBMSs

PostgreSQL

SQLite
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Empirical Study: DBMSs

PostgreSQL [ SQLite

Client-Server Model
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Empirical Study: DBMSs

PostgreSQL [ SQLite
Client-Server Model Local Client Model
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Empirical Study: DBMSs

PostereSQL || SQLite
Client-Server Model Local Client Model

Simultaneous Read/Write

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



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

Empirical Study: DBMSs

PostereSQL || SQLite “
Client-Server Model Local Client Model
Simultaneous Read/Write Locking on Write
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Empirical Study: DBMSs

PostereSQL || SQLite
Client-Server Model Local Client Model

Simultaneous Read/Write Locking on Write

Prevents Parallel
Approaches
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Results
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Results

® Median of repetitions
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Results

® Median of repetitions

® | ower-is-better metric
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Results

® Median of repetitions
® | ower-is-better metric

® Split by...
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Results

® Median of repetitions
® | ower-is-better metric
® Split by...

...case study
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Results

® Median of repetitions
® | ower-is-better metric
® Split by...

...case study

...DBMS
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Results

® Median of repetitions
® | ower-is-better metric
® Split by...

...case study

...DBMS

® Full details in paper (including statistics)
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Mutation Analysis Time (ms)

Postgres — Cloc

Original

Full Schemata
Minimal Schemata
Up—-Front Schemata

Just—-in—-Time Schemata

Original  Full Minimal Up-Front Just-in-Time

Mutation Analysis Technique
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Mutation Analysis Time (ms)

Postgres — Cloc
~3.27s

Original

Full Schemata
Minimal Schemata
Up—-Front Schemata

Just—-in—-Time Schemata

Original  Full Minimal Up-Front Just-in-Time

Mutation Analysis Technique
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Mutation Analysis Time (ms)

Postgres — Cloc
~3.27s

~2.085 Original

Full Schemata

Minimal Schemata
Up—-Front Schemata

Just—-in—-Time Schemata

Original  Full Minimal Up-Front Just-in-Time

Mutation Analysis Technique
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Mutation Analysis Time (ms)

Postgres — Risklt

Original

Full Schemata
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