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Pre-class conversations

• Last class summary
• Please ask questions directly (not in chat)
• Alloy: seems to be declarative, why RA?

• today: 
- Datalog with stratified negation

• next time:
- Datalog with negation (stable models)

https://northeastern-datalab.github.io/cs7240/
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Source: https://souffle-lang.github.io/docs.html

https://northeastern-datalab.github.io/cs7240/
https://souffle-lang.github.io/docs.html
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Source: https://souffle-lang.github.io/tutorial

https://northeastern-datalab.github.io/cs7240/
https://souffle-lang.github.io/tutorial
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Grounded variables

Source: https://souffle-lang.github.io/rules

503

?What can be done

Datalog example available at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/souffle

https://northeastern-datalab.github.io/cs7240/
https://souffle-lang.github.io/rules
https://github.com/northeastern-datalab/cs3200-activities/tree/master/datalog
https://github.com/northeastern-datalab/cs3200-activities/tree/master/souffle
https://github.com/northeastern-datalab/cs3200-activities/tree/master/datalog
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Grounded variables
503

Datalog example available at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/souffle
Source: https://souffle-lang.github.io/rules

https://northeastern-datalab.github.io/cs7240/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/datalog
https://github.com/northeastern-datalab/cs3200-activities/tree/master/souffle
https://github.com/northeastern-datalab/cs3200-activities/tree/master/datalog
https://souffle-lang.github.io/rules
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Grounded variables
souffle -F. -D. fibonacci.dl

.decl fib(key:number, value:number)

.output fib

fib(1, 1).
fib(2, 1).
fib(id+2, x+y) :- fib(id, x), fib(id+1, y), id <= 13.

finbonacci.dl

fibonacci

Datalog example available at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/souffle
Source: https://souffle-lang.github.io/rules

?

https://northeastern-datalab.github.io/cs7240/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/datalog
https://github.com/northeastern-datalab/cs3200-activities/tree/master/souffle
https://github.com/northeastern-datalab/cs3200-activities/tree/master/datalog
https://souffle-lang.github.io/rules
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Grounded variables
souffle -F. -D. fibonacci.dl

.decl fib(key:number, value:number)

.output fib

fib(1, 1).
fib(2, 1).
fib(id+2, x+y) :- fib(id, x), fib(id+1, y), id <= 13.

finbonacci.dl

Datalog example available at: https://github.com/northeastern-datalab/cs3200-activities/tree/master/souffle
Source: https://souffle-lang.github.io/rules

fib.csv

1 1
2 1
3 2
4 3
5 5
6 8
7 13
8 21
9 34
10 55
11 89
12 144
13 233
14 377
15 610

fibonacci

https://northeastern-datalab.github.io/cs7240/
https://github.com/northeastern-datalab/cs3200-activities/tree/master/datalog
https://github.com/northeastern-datalab/cs3200-activities/tree/master/souffle
https://github.com/northeastern-datalab/cs3200-activities/tree/master/datalog
https://souffle-lang.github.io/rules
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Outline: T1-4: Datalog

• Datalog
– Datalog rules
– Recursion
– Recursion in SQL [moved here from T1-U1: SQL]
– Semantics
– Datalog¬: Negation, stratification
– Datalog±
– Stable model semantics (Answer set programming)
– Datalog vs. RA
– Naive and Semi-naive evaluation (incl. Incremental View 

Maintenance)
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What is a principled process to determine if a program is recursive?

Based on material by Benny Kimelfeld and Oded Shmueli for 236363 Database Management Systems, Technion, 2018.

1

2

3

Local(x) :- Person(x,y,'MA').
Relative(x,x) :- Person(x,y,z).
Relative(x,y) :- Relative(x,z),Parent(z,y).
Relative(x,y) :- Relative(x,z),Parent(y,z).
Relative(x,y) :- Relative(x,z),Spouse(z,y).

Invited(y) :- Relative('myself',y),Local(y).

Local(x) :- Person(x,y,'MA').
Relative(x,x) :- Person(x,y,z).

Invited(y) :- Relative('myself',y),Local(y).

MayLike(x,y) :- Close(x,z),Likes(z,y).
Visit(x,y) :- MayLike(x,y).

Close(x,z) :- Visit(x,y),Visit(z,y).

?

?

?

https://northeastern-datalab.github.io/cs7240/
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Dependency Graph

• The dependency graph of a Datalog program is the directed graph 
(V,E) where
- V is the set of IDB predicates (relation names)
- E contains an arc S ⟶ T whenever there is a rule with T in the head and S

in the body

• A Datalog program is recursive if its dependency graph contains a 
cycle

https://northeastern-datalab.github.io/cs7240/
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Which of these programs is recursive?

?

Based on material by Benny Kimelfeld and Oded Shmueli for 236363 Database Management Systems, Technion, 2018.

1

2

3

?

?

Local(x) :- Person(x,y,'MA').
Relative(x,x) :- Person(x,y,z).
Relative(x,y) :- Relative(x,z),Parent(z,y).
Relative(x,y) :- Relative(x,z),Parent(y,z).
Relative(x,y) :- Relative(x,z),Spouse(z,y).

Invited(y) :- Relative('myself',y),Local(y).

Local(x) :- Person(x,y,'MA').
Relative(x,x) :- Person(x,y,z).

Invited(y) :- Relative('myself',y),Local(y).

MayLike(x,y) :- Close(x,z),Likes(z,y).
Visit(x,y) :- MayLike(x,y).

Close(x,z) :- Visit(x,y),Visit(z,y).

https://northeastern-datalab.github.io/cs7240/
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Local(x) :- Person(x,y,'MA').
Relative(x,x) :- Person(x,y,z).
Relative(x,y) :- Relative(x,z),Parent(z,y).
Relative(x,y) :- Relative(x,z),Parent(y,z).
Relative(x,y) :- Relative(x,z),Spouse(z,y).

Invited(y) :- Relative('myself',y),Local(y).

Local(x) :- Person(x,y,'MA').
Relative(x,x) :- Person(x,y,z).

Invited(y) :- Relative('myself',y),Local(y).

MayLike(x,y) :- Close(x,z),Likes(z,y).
Visit(x,y) :- MayLike(x,y).

Close(x,z) :- Visit(x,y),Visit(z,y).

Which of these programs is recursive?

?

Based on material by Benny Kimelfeld and Oded Shmueli for 236363 Database Management Systems, Technion, 2018.

1

2

3 ?

Local Relative

Invited

https://northeastern-datalab.github.io/cs7240/
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Which of these programs is recursive?

?
Based on material by Benny Kimelfeld and Oded Shmueli for 236363 Database Management Systems, Technion, 2018.

1

2

3

Local Relative

Invited

Local Relative

Invited

Local(x) :- Person(x,y,'MA').
Relative(x,x) :- Person(x,y,z).
Relative(x,y) :- Relative(x,z),Parent(z,y).
Relative(x,y) :- Relative(x,z),Parent(y,z).
Relative(x,y) :- Relative(x,z),Spouse(z,y).

Invited(y) :- Relative('myself',y),Local(y).

Local(x) :- Person(x,y,'MA').
Relative(x,x) :- Person(x,y,z).

Invited(y) :- Relative('myself',y),Local(y).

MayLike(x,y) :- Close(x,z),Likes(z,y).
Visit(x,y) :- MayLike(x,y).

Close(x,z) :- Visit(x,y),Visit(z,y).

https://northeastern-datalab.github.io/cs7240/
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Which of these programs is recursive?

Local Relative

Invited

Local Relative

Invited

MayLike Close

Visit

1

2

3

Based on material by Benny Kimelfeld and Oded Shmueli for 236363 Database Management Systems, Technion, 2018.

Local(x) :- Person(x,y,'MA').
Relative(x,x) :- Person(x,y,z).
Relative(x,y) :- Relative(x,z),Parent(z,y).
Relative(x,y) :- Relative(x,z),Parent(y,z).
Relative(x,y) :- Relative(x,z),Spouse(z,y).

Invited(y) :- Relative('myself',y),Local(y).

Local(x) :- Person(x,y,'MA').
Relative(x,x) :- Person(x,y,z).

Invited(y) :- Relative('myself',y),Local(y).

MayLike(x,y) :- Close(x,z),Likes(z,y).
Visit(x,y) :- MayLike(x,y).

Close(x,z) :- Visit(x,y),Visit(z,y).

https://northeastern-datalab.github.io/cs7240/
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Outline: T1-4: Datalog

• Datalog
– Datalog rules
– Recursion
– Recursion in SQL [moved here from T1-U1: SQL]
– Semantics
– Datalog¬: Negation, stratification
– Datalog±
– Stable model semantics (Answer set programming)
– Datalog vs. RA
– Naive and Semi-naive evaluation (incl. Incremental View 

Maintenance)
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1. A simple recursive query

WITH RECURSIVE T(n) as (
values (1)

UNION ALL
select n+1
from T
where n<=3)

SELECT n FROM T

Example slightly adapted from: https://www.postgresql.org/docs/current/queries-with.html#QUERIES-WITH-RECURSIVE

non-recursive part recursive part, contains reference to the query's output

? ?
Step

Intermediate /
Working Table

1.
2.
3.
4.
5.

Results
same as "select 1"

https://northeastern-datalab.github.io/cs7240/
https://www.postgresql.org/docs/current/queries-with.html
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1. A simple recursive query

WITH RECURSIVE T(n) as (
values (1)

UNION ALL
select n+1
from T
where n<=3)

SELECT n FROM T

Example slightly adapted from: https://www.postgresql.org/docs/current/queries-with.html#QUERIES-WITH-RECURSIVE

non-recursive part recursive part, contains reference to the query's output

Step
Intermediate /
Working Table

{1}1.
{2}2.

3. {3}
4.
5.

{4}

Results
{1}
{1,2}
{1,2,3}
{1,2,3,4}
{1,2,3,4} ∅

same as "select 1"

https://northeastern-datalab.github.io/cs7240/
https://www.postgresql.org/docs/current/queries-with.html
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2. Fibonacci numbers: 0, 1, 1, 2, 3, 5, 8, 13, ...

WITH RECURSIVE Fib as (

UNION ALL

SELECT * FROM Fib
LIMIT 10;

Example slightly adapted from: https://www.cybertec-postgresql.com/en/recursive-queries-postgresql/

Fib

?

?

https://northeastern-datalab.github.io/cs7240/
https://www.cybertec-postgresql.com/en/recursive-queries-postgresql/
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2. Fibonacci numbers: 0, 1, 1, 2, 3, 5, 8, 13, ...

WITH RECURSIVE Fib as (
select 0 as n,

0 as "fibₙ",
1 as "fibₙ₊₁"

UNION ALL

SELECT * FROM Fib
LIMIT 10;

Example slightly adapted from: https://www.cybertec-postgresql.com/en/recursive-queries-postgresql/

Fib

?

https://northeastern-datalab.github.io/cs7240/
https://www.cybertec-postgresql.com/en/recursive-queries-postgresql/
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2. Fibonacci numbers: 0, 1, 1, 2, 3, 5, 8, 13, ...

WITH RECURSIVE Fib as (
select 0 as n,

0 as "fibₙ",
1 as "fibₙ₊₁"

UNION ALL
select n+1,

from Fib)
SELECT * FROM Fib
LIMIT 10;

Example slightly adapted from: https://www.cybertec-postgresql.com/en/recursive-queries-postgresql/

Fib

?

https://northeastern-datalab.github.io/cs7240/
https://www.cybertec-postgresql.com/en/recursive-queries-postgresql/
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2. Fibonacci numbers: 0, 1, 1, 2, 3, 5, 8, 13, ...

WITH RECURSIVE Fib as (
select 0 as n,

0 as "fibₙ",
1 as "fibₙ₊₁"

UNION ALL
select n+1,

"fibₙ₊₁",

from Fib)
SELECT * FROM Fib
LIMIT 10;

Example slightly adapted from: https://www.cybertec-postgresql.com/en/recursive-queries-postgresql/

Fib

?

https://northeastern-datalab.github.io/cs7240/
https://www.cybertec-postgresql.com/en/recursive-queries-postgresql/
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2. Fibonacci numbers: 0, 1, 1, 2, 3, 5, 8, 13, ...

WITH RECURSIVE Fib as (
select 0 as n,

0 as "fibₙ",
1 as "fibₙ₊₁"

UNION ALL
select n+1,

"fibₙ₊₁",
"fibₙ" + "fibₙ₊₁"

from Fib)
SELECT * FROM Fib
LIMIT 10;

Example slightly adapted from: https://www.cybertec-postgresql.com/en/recursive-queries-postgresql/

Fib

https://northeastern-datalab.github.io/cs7240/
https://www.cybertec-postgresql.com/en/recursive-queries-postgresql/
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2. Fibonacci numbers: 0, 1, 1, 2, 3, 5, 8, 13, ...

WITH RECURSIVE Fib(n,"fibₙ","fibₙ₊₁") as(
select 0, 0, 1

UNION ALL
select n+1,

"fibₙ₊₁",
"fibₙ" + "fibₙ₊₁"

from Fib)
SELECT * FROM Fib
LIMIT 10;

Example slightly adapted from: https://www.cybertec-postgresql.com/en/recursive-queries-postgresql/

Fib

https://northeastern-datalab.github.io/cs7240/
https://www.cybertec-postgresql.com/en/recursive-queries-postgresql/
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3. Recursion on graphs

5

3

4

2

1
501

A(S,T)A for directed edges ("arcs")

1 2
1 4
2 1
2 3
3 4
4 5

A

“Find all paths (transitive closure)”

S T

?

https://northeastern-datalab.github.io/cs7240/
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3. Recursion on graphs

5

3

4

2

1
501

A(S,T)A for directed edges ("arcs")

1 2
1 4
2 1
2 3
3 4
4 5

A

“Find all paths (transitive closure)”

x z y

S T

1. Create a path for every arc

2. An arc + a path can make another path

https://northeastern-datalab.github.io/cs7240/
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3. Recursion on graphs

5

3

4

2

1

For all nodes x and y: 
If there is an arc from x to y, 
then there is a path from x to y.

For all nodes x, z, and y:
If there is an arc from x to z, and there is a path from z to y
then there is a path from x to y.

501
A(S,T)A for directed edges ("arcs")

1 2
1 4
2 1
2 3
3 4
4 5

A

“Find all paths (transitive closure)”

x z y

P(x,y) :- A(x,y).   
P(x,y) :- A(x,z), P(z,y).

S T

https://northeastern-datalab.github.io/cs7240/
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3. Recursion on graphs
501

A(S,T)

1 2
1 4
2 1
2 3
3 4
4 5

A
S T

1st iteration

P(x,y) :- A(x,y).   
P(x,y) :- A(x,z), P(z,y).5

3

4

2

1

?

https://northeastern-datalab.github.io/cs7240/
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3. Recursion on graphs

5

3

4

2

1
501

A(S,T)

1 2
1 4
2 1
2 3
3 4
4 5

A
S T

1st iteration 2nd iteration
1 2
2 1
2 3
1 4
3 4
4 5

P=A from
1st rule

P

P(x,y) :- A(x,y).   
P(x,y) :- A(x,z), P(z,y).

?

https://northeastern-datalab.github.io/cs7240/
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3. Recursion on graphs

5

3

4

2

1
501

A(S,T)

1 2
1 4
2 1
2 3
3 4
4 5

A
S T

1st iteration 2nd iteration 3rd iteration

1 1
2 2
1 3
2 4
1 5
3 5

1 2
2 1
2 3
1 4
3 4
4 5

1 2
2 1
2 3
1 4
3 4
4 5

1st rule

2nd rule

P=A from
1st rule

P P'

P(x,y) :- A(x,y).   
P(x,y) :- A(x,z), P(z,y).

P
?

https://northeastern-datalab.github.io/cs7240/
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3. Recursion on graphs

5

3

4

2

1
501

A(S,T)

1 2
1 4
2 1
2 3
3 4
4 5

A
S T

2 5

1st iteration 2nd iteration 3rd iteration

1 1
2 2
1 3
2 4
1 5
3 5

1 2
2 1
2 3
1 4
3 4
4 5

1 2
2 1
2 3
1 4
3 4
4 5

1 1
2 2
1 3
2 4
1 5
3 5

2nd rule

1st rule

2nd rule

P=A from
1st rule

P P'

P(x,y) :- A(x,y).   
P(x,y) :- A(x,z), P(z,y).

P P'

P

https://northeastern-datalab.github.io/cs7240/
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3. Recursion on graphs

5

3

4

2

1
501

A(S,T)

1 2
1 4
2 1
2 3
3 4
4 5

A
S T

P(x,y) :- A(x,y).   
P(x,y) :- A(x,z), P(z,y).

In SQL ?

https://northeastern-datalab.github.io/cs7240/
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3. Recursion on graphs

5

3

4

2

1
501

A(S,T)

1 2
1 4
2 1
2 3
3 4
4 5

A
S T

P(x,y) :- A(x,y).   
P(x,y) :- A(x,z), P(z,y).

WITH RECURSIVE P AS (

UNION

SELECT * 
FROM P

?

?

https://northeastern-datalab.github.io/cs7240/
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3. Recursion on graphs

5

3

4

2

1
501

A(S,T)

1 2
1 4
2 1
2 3
3 4
4 5

A
S T

P(x,y) :- A(x,y).   
P(x,y) :- A(x,z), P(z,y).

WITH RECURSIVE P AS (
SELECT S, T 
FROM A

UNION
SELECT A.S, P.T 
FROM A, P
WHERE A.T = P.S)

SELECT * 
FROM P

https://northeastern-datalab.github.io/cs7240/
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3. Recursion on graphs

5

3

4

2

1
501

A(S,T)

1 2
1 4
2 1
2 3
3 4
4 5

A
S T

P(x,y) :- A(x,y).   
P(x,y) :- A(x,z), P(z,y).

WITH RECURSIVE P AS (
SELECT S, T 
FROM A

UNION
SELECT A.S, P.T 
FROM A, P
WHERE A.T = P.S)

SELECT * 
FROM P

Recursion and Iteration both 
repeatedly execute a set of 
instructions. 
• Recursion (self-similarity) is 

when a statement in a 
function calls itself 
repeatedly. 

• Iteration (reptition) is when 
a loop repeatedly executes 
until the controlling condition 
becomes false.

Strictly speaking, this process is iteration, not recursion:

https://northeastern-datalab.github.io/cs7240/
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Challenge

• Write a query that finds the shortest path to each node from a 
starting node

• Create an interesting minimum database instance
• Show interesting variations
• https://www.postgresql.org/docs/14/queries-with.html

???

?

https://northeastern-datalab.github.io/cs7240/
https://www.postgresql.org/docs/14/queries-with.html
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Outline: T1-4: Datalog

• Datalog
– Datalog rules
– Recursion
– Recursion in SQL [moved here from T1-U1: SQL]
– Semantics
– Datalog¬: Negation, stratification
– Datalog±
– Stable model semantics (Answer set programming)
– Datalog vs. RA
– Naive and Semi-naive evaluation (incl. Incremental View 

Maintenance)
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Semantics of Datalog Programs

• Let S be a schema, D a database over S, and P be a Datalog program 
over S (i.e., all EDBs predicates belong to S)

• The result of evaluating P over D is a database I over the IDB schema
of P

• We give 2 definitions:

1. Fixpoint semantics

2. model-theoretic

operative (think procedural)

declarative

https://northeastern-datalab.github.io/cs7240/
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1. Fixpoint semantics via the chase (operative definition)
Pseudo-code of a chase procedure:

I :=	empty
repeat	{
if(D∪I satisfies	all	the	rules	of	P),	then	return	I
Find	a	rule head(x)	:- body(x,y)	and	constants	a,b
s.t. that	D∪I contains body(a,b)	but	not	head(a)

I :=	I∪ {head(a)}
}

Chase(P,D)

Notice since rules are monotone, I is also monotonically increasing
Based on material by Benny Kimelfeld and Oded Shmueli for 236363 Database Management Systems, Technion, 2018.

("D∪I" is here just a set of tuples)

https://northeastern-datalab.github.io/cs7240/
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Church-Rosser property (defined for term reduction):
If term a can be reduced to both b and c, then there 
must be a further term d (possibly equal to either b or c) 
to which both b and c can be reduced.

Nondeterminism

• Note: the chase is underspecified (i.e., not fully defined)
- There can be many ways of choosing the next violation to handle
- And each choice can lead to new violations, and so on

• We can view the choice of a new violation as nondeterministic

Also see: https://en.wikipedia.org/wiki/Church%E2%80%93Rosser_theorem , https://en.wikipedia.org/wiki/Confluence_(abstract_rewriting)

https://northeastern-datalab.github.io/cs7240/
https://en.wikipedia.org/wiki/Church%E2%80%93Rosser_theorem
https://en.wikipedia.org/wiki/Confluence_(abstract_rewriting)
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Example
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1
Path(x,y) :- Arc(x,y).   
Path(x,y) :- Arc(x,z), Path(z,y).
Reachable(y) :- Path('1',y).

Arc Path Reachable
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2. Minimal model semantics (model-theoretic definition)

• We say that IDB I is a model of Datalog program P (w.r.t. EDB D) if
D∪I satisfies all the rules of P

• We say that I is a minimal model if I does not properly contain any 
other model

• Theorem: there exists one minimal model

∀var Head(IDB) ⇐Body(EDB, IDB)

https://northeastern-datalab.github.io/cs7240/
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Illustration with our example Path(x,y) :- Arc(x,y).
Path(x,y) :- Arc(x,z), Path(z,y).

1. Fixpoint semantics

2. Minimal model semantics: smallest Path s.t.

https://northeastern-datalab.github.io/cs7240/
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Illustration with our example

Path(0) :=	∅,	t:=0
Repeat	{
inc(t)
Path(t) x, y := Arc(x,y) ∪ Πxy(Arc(x,z) ⋈Path(t−1)(z,y))

until	Path(t)=	Path(t-1)}

1. Fixpoint semantics

2. Minimal model semantics: smallest relation Path s.t.

"immediate consequence operator"

Path(x,y) :- Arc(x,y).
Path(x,y) :- Arc(x,z), Path(z,y).

https://northeastern-datalab.github.io/cs7240/
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Illustration with our example

Path(0) :=	∅,	t:=0
Repeat	{
inc(t)
Path(t) x, y := Arc(x,y) ∪ Πxy(Arc(x,z) ⋈Path(t−1)(z,y))

until	Path(t)=	Path(t-1)}

1. Fixpoint semantics

2. Minimal model semantics: smallest relation Path s.t.

∀x,y [Arc(x,y)	⇒ Path(x,y)]	⋀
∀x,y,z [Arc(x,z)	⋀	Path(z,y) ⇒ Path(x,y)]	

"immediate consequence operator"

Path(x,y) :- Arc(x,y).
Path(x,y) :- Arc(x,z), Path(z,y).

https://northeastern-datalab.github.io/cs7240/


116Wolfgang Gatterbauer. Principles of scalable data management: https://northeastern-datalab.github.io/cs7240/

Datalog Semantics & equivalence b/w the definitions

1. The fixpoint semantics tells us how to compute a Datalog query
2. The minimal model semantics is more declarative: only says what we get

Proof sketch: 
1. If I1 and I2 are models, so are I1∩I2
2. Every chase returns a model

3. Pick a chase and prove by induction: If I' is a model, 
then every intermediate I is contained in I'

The minimal model is the result, denoted P(D)

THEOREM: For all Datalog programs P and DBs D
there is a unique minimal model, 
and every chase returns this model

(nondeterministic)

(finite)

(monotonicity)

Based on material by Benny Kimelfeld and Oded Shmueli for 236363 Database Management Systems, Technion, 2018.

https://northeastern-datalab.github.io/cs7240/
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Source: Zaniolo et al. Advanced Database systems. 1997. Section 8.9. https://dl.acm.org/doi/book/10.5555/260822

https://northeastern-datalab.github.io/cs7240/
https://dl.acm.org/doi/book/10.5555/260822


120Wolfgang Gatterbauer. Principles of scalable data management: https://northeastern-datalab.github.io/cs7240/

2 minimal models 1 least model

{a} {b} {c}

{a,b} {a,c} {b,c}

{a,b,c}

{ }

https://northeastern-datalab.github.io/cs7240/
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Semantics Summary

1. Fixpoint-theoretic
- Most "operational": Based on the immediate consequence operator for a 

Datalog program. 

2. Model-theoretic
- Most "declarative": Based on model-theoretic semantics of first order logic. 

View rules as logical constraints.  



128

Semantics Summary

1. Fixpoint-theoretic
- Most "operational": Based on the immediate consequence operator for a 

Datalog program. 
- Least fixpoint is reached after finitely many iterations of the immediate 

consequence operator.
- Basis for practical, bottom-up evaluation strategy.

2. Model-theoretic
- Most "declarative": Based on model-theoretic semantics of first order logic. 

View rules as logical constraints.  
- Given input DB D and Datalog program P, find the smallest possible DB 

instance D' that extends D and satisfies all constraints in P.
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Expressiveness of Non-recursive Datalog

If we restrict selection to σ= (i.e. selection with a single equality), this 
fragment is also called at times UCQs (Union of Conjunctive Queries)
or USPJ (Union-Select-Project-Join) queries.

THEOREM: Non-recursive Datalog with built-in 
predicates (<,>,≤,≥,!=) has the same expressive 
power as the positive algebra {σ,π,×,∪}

https://northeastern-datalab.github.io/cs7240/
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Monotonicity

• Can Datalog express difference?

- Answer: No!

• Proof: Datalog is monotone, difference is not
- That is, if D and D' are such that every relation of D	is contained in the 

corresponding relation of D'	(D⊆	D'), then P(D)⊆	P (D')

D⊆	D' ⇒			 P(D)⊆	P (D')

https://northeastern-datalab.github.io/cs7240/
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Outline: T1-4: Datalog

• Datalog
– Datalog rules
– Recursion
– Recursion in SQL [moved here from T1-U1: SQL]
– Semantics
– Datalog¬: Negation, stratification
– Datalog±
– Stable model semantics (Answer set programming)
– Datalog vs. RA
– Naive and Semi-naive evaluation (incl. Incremental View 

Maintenance)
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What should be the Semantics?

?Friend(x,y) :- Likes(x,y),¬Parent(y,x). 

Alternative notations to “¬ Parent(y,x)” are “! Parent(y,x)” or “~Parent(y,x)” or “NOT Parent(y,x)”

Likes (1,2). Parent (2,1).
Likes (1,3).

https://northeastern-datalab.github.io/cs7240/
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What should be the Semantics?

?Box(x) :- Item(x), ¬Box(x).

Alternative notations to “¬ Parent(y,x)” are “! Parent(y,x)” or “~Parent(y,x)” or “NOT Parent(y,x)”

Friend(x,y) :- Likes(x,y),¬Parent(y,x). Likes (1,2). Parent (2,1).
Likes (1,3). Friend(1,3)

Item('ball')

https://northeastern-datalab.github.io/cs7240/
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What should be the Semantics?

LeftBox(x) :- Item(x), ¬RightBox(x).
RightBox(x) :- ¬LeftBox(x).

Item('ball') Box('ball') ???Box(x) :- Item(x), ¬Box(x).

Friend(x,y) :- Likes(x,y),¬Parent(y,x). 

Alternative notations to “¬ Parent(y,x)” are “! Parent(y,x)” or “~Parent(y,x)” or “NOT Parent(y,x)”

Likes (1,2). Parent (2,1).
Likes (1,3). Friend(1,3)

?Item('ball')

https://northeastern-datalab.github.io/cs7240/
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What should be the Semantics?

?

Friend(x,y) :- Likes(x,y),¬Parent(y,x). 

LeftBox(x) :- Item(x), ¬RightBox(x).
RightBox(x) :- ¬LeftBox(x).

LeftBox(x) :- Item(x), ¬RightBox(x).
RightBox(x) :- Item(x), ¬LeftBox(x).

Item('ball') Box('ball')Box(x) :- Item(x), ¬Box(x). ???

Alternative notations to “¬ Parent(y,x)” are “! Parent(y,x)” or “~Parent(y,x)” or “NOT Parent(y,x)”

Likes (1,2). Parent (2,1).
Likes (1,3). Friend(1,3)

Item('ball')

Item('ball')

unsafe!
LeftBox('ball') ???

https://northeastern-datalab.github.io/cs7240/
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What should be the Semantics?

⇒ Adding negation to Datalog is not straightforward!

Item('ball') Box('ball')

Item('ball')
LeftBox('ball')

RightBox('ball')

???

Friend(x,y) :- Likes(x,y),¬Parent(y,x). 

LeftBox(x) :- Item(x), ¬RightBox(x).
RightBox(x) :- ¬LeftBox(x).

LeftBox(x) :- Item(x), ¬RightBox(x).
RightBox(x) :- Item(x), ¬LeftBox(x).

Box(x) :- Item(x), ¬Box(x).

Alternative notations to “¬ Parent(y,x)” are “! Parent(y,x)” or “~Parent(y,x)” or “NOT Parent(y,x)”

Likes (1,2). Parent (2,1).
Likes (1,3). Friend(1,3)

unsafe!
Item('ball') LeftBox('ball') ???

https://northeastern-datalab.github.io/cs7240/
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What should be the Semantics?

Later discussed "stable model" semantics
(intended models = answer sets)

Item('ball') Box('ball')

Item('ball')
LeftBox('ball')

RightBox('ball')

Friend(x,y) :- Likes(x,y),¬Parent(y,x). 

LeftBox(x) :- Item(x), ¬RightBox(x).
RightBox(x) :- ¬LeftBox(x).

LeftBox(x) :- Item(x), ¬RightBox(x).
RightBox(x) :- Item(x), ¬LeftBox(x).

Box(x) :- Item(x), ¬Box(x).

Alternative notations to “¬ Parent(y,x)” are “! Parent(y,x)” or “~Parent(y,x)” or “NOT Parent(y,x)”

Likes (1,2). Parent (2,1).
Likes (1,3). Friend(1,3)

unsafe!
Item('ball') LeftBox('ball')

no "stable" model

https://northeastern-datalab.github.io/cs7240/

