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Motivation

Basic language extensions

The expressiveness of a language can be enhanced by introducing
new constructs

To this end, we must address the following issues:

What is the syntax of the new language construct?
What is the semantics of the new language construct?
How to implement the new language construct?

A way of providing semantics is to furnish a translation removing the
new constructs, eg. classical negation

This translation might also be used for implementing the language
extension
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Core language Integrity constraint

Integrity constraint

Idea Eliminate unwanted solution candidates

Syntax An integrity constraint is of the form

← a1, . . . , am,∼am+1, . . . ,∼an

where 0 ≤ m ≤ n and each ai is an atom for 1 ≤ i ≤ n

Example

:- edge(3,7), color(3,red), color(7,red).

Example programs

{ a← ∼b, b ← ∼a }
{ a← ∼b, b ← ∼a } ∪ { ← a }
{ a← ∼b, b ← ∼a } ∪ { ← ∼a }
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Core language Integrity constraint

Embedding in normal rules

An integrity constraint of form

← a1, . . . , am,∼am+1, . . . ,∼an

can be translated into the normal rule

x ← a1, . . . , am,∼am+1, . . . ,∼an,∼x

where x is a new symbol
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Core language Choice rule

Choice rule

Idea Choices over subsets of literals

Syntax A choice rule is of the form

{a1, . . . , am} ← am+1, . . . , an,∼an+1, . . . ,∼ao

where 0 ≤ m ≤ n ≤ o and each ai is an atom for 1 ≤ i ≤ o

Informal meaning If the body is satisfied by the stable model at hand,
then any subset of {a1, . . . , am} can be included in the stable model

Example

{ buy(pizza);buy(wine);buy(corn) } :- at(grocery).

Example program

{ {a} ← b, b ← }
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Core language Choice rule

Embedding in normal rules

A choice rule of form

{a1, . . . , am} ← am+1, . . . , an,∼an+1, . . . ,∼ao

can be translated into 2m + 1 normal rules

b ← am+1, . . . , an,∼an+1, . . . ,∼ao
a1 ← b,∼a′1 . . . am ← b,∼a′m
a′1 ← ∼a1 . . . a′m ← ∼am

by introducing new atoms b, a′1, . . . , a
′
m
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Core language Cardinality rule

Cardinality rule

Idea Control (lower) cardinality of subsets of literals
Syntax A cardinality rule is the form

a0 ← l { a1, . . . , am,∼am+1, . . . ,∼an }
where 0 ≤ m ≤ n and each ai is an atom for 1 ≤ i ≤ n;
l is a non-negative integer (acting as a lower bound on the body)

Informal meaning The head atom belongs to the stable model,
if at least l positive/negative body literals are in/excluded in the
stable model

Example

pass(c42) :- 2 { pass(a1); pass(a2); pass(a3) }.

Example program

{ a← 1 {b, c}, b ← }
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Core language Cardinality rule

Embedding in normal rules

A cardinality rule of form

a0 ← l { a1, . . . , am,∼am+1, . . . ,∼an }

is translated into the normal rule a0 ← ctr(1, l) and

The atom ctr(i , j) represents the fact that at least j of the literals
having an equal or greater index than i , are in a stable model
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Core language Cardinality rule

An example

Program {a←, c ← 1 {a, b}} has the stable model {a, c}
Translating the cardinality rule yields the rules

a ← c ← ctr(1, 1)
ctr(1, 2) ← ctr(2, 1), a
ctr(1, 1) ← ctr(2, 1)
ctr(2, 2) ← ctr(3, 1), b
ctr(2, 1) ← ctr(3, 1)
ctr(1, 1) ← ctr(2, 0), a
ctr(1, 0) ← ctr(2, 0)
ctr(2, 1) ← ctr(3, 0), b
ctr(2, 0) ← ctr(3, 0)
ctr(3, 0) ←

having stable model {a, ctr(3, 0), ctr(2, 0), ctr(1, 0), ctr(1, 1), c}
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Core language Cardinality rule

. . . and vice versa

A normal rule

a0 ← a1, . . . , am,∼am+1, . . . ,∼an

can be represented by the cardinality rule

a0 ← n {a1, . . . , am,∼am+1, . . . ,∼an}
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Core language Cardinality rule

Cardinality rules with upper bounds

A rule of the form

a0 ← l { a1, . . . , am,∼am+1, . . . ,∼an } u (1)

where 0 ≤ m ≤ n and each ai is an atom for 1 ≤ i ≤ n;
l and u are non-negative integers

stands for

a0 ← b,∼c
b ← l { a1, . . . , am,∼am+1, . . . ,∼an }
c ← u+1 { a1, . . . , am,∼am+1, . . . ,∼an }

where b and c are new symbols

Note The expression in the body of the cardinality rule (1) is referred
to as a cardinality constraint with lower and upper bound l and u

Torsten Schaub (KRR@UP) Answer Set Solving in Practice October 20, 2018 116 / 544



Core language Cardinality rule

Cardinality rules with upper bounds

A rule of the form

a0 ← l { a1, . . . , am,∼am+1, . . . ,∼an } u (1)

where 0 ≤ m ≤ n and each ai is an atom for 1 ≤ i ≤ n;
l and u are non-negative integers

stands for

a0 ← b,∼c
b ← l { a1, . . . , am,∼am+1, . . . ,∼an }
c ← u+1 { a1, . . . , am,∼am+1, . . . ,∼an }

where b and c are new symbols

Note The expression in the body of the cardinality rule (1) is referred
to as a cardinality constraint with lower and upper bound l and u

Torsten Schaub (KRR@UP) Answer Set Solving in Practice October 20, 2018 116 / 544



Core language Cardinality rule

Cardinality rules with upper bounds

A rule of the form

a0 ← l { a1, . . . , am,∼am+1, . . . ,∼an } u (1)

where 0 ≤ m ≤ n and each ai is an atom for 1 ≤ i ≤ n;
l and u are non-negative integers

stands for

a0 ← b,∼c
b ← l { a1, . . . , am,∼am+1, . . . ,∼an }
c ← u+1 { a1, . . . , am,∼am+1, . . . ,∼an }

where b and c are new symbols

Note The expression in the body of the cardinality rule (1) is referred
to as a cardinality constraint with lower and upper bound l and u

Torsten Schaub (KRR@UP) Answer Set Solving in Practice October 20, 2018 116 / 544



Core language Cardinality rule

Cardinality constraints

Syntax A cardinality constraint is of the form

l { a1, . . . , am,∼am+1, . . . ,∼an } u

where 0 ≤ m ≤ n and each ai is an atom for 1 ≤ i ≤ n;
l and u are non-negative integers

Informal meaning A cardinality constraint is satisfied by a stable
model X , if the number of its contained literals satisfied by X is
between l and u (inclusive)

In other words, if

l ≤ | ({a1, . . . , am} ∩ X ) ∪ ({am+1, . . . , an} \ X ) | ≤ u
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Core language Cardinality rule

Cardinality constraints as heads

A rule of the form

l {a1, . . . , am,∼am+1, . . . ,∼an} u ← an+1, . . . , ao ,∼ao+1, . . . ,∼ap

where 0 ≤ m ≤ n ≤ o ≤ p and each ai is an atom for 1 ≤ i ≤ p;
l and u are non-negative integers stands for

b ← an+1, . . . , ao ,∼ao+1, . . . ,∼ap
{a1, . . . , am} ← b

c ← l {a1, . . . , am, ,∼am+1, . . . ,∼an} u
← b,∼c

where b and c are new symbols

Example

1{color(v42,red);color(v42,green);color(v42,blue)}1.
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Core language Cardinality rule

Full-fledged cardinality rules

A rule of the form

l0 S0 u0 ← l1 S1 u1, . . . , ln Sn un

where each li Si ui is a cardinality constraint for 0 ≤ i ≤ n

stands for

a ← b1, . . . , bn,∼c1, . . . ,∼cn

S0
+ ← a
← a,∼b0 bi ← li Si
← a, c0 ci ← ui+1 Si

where a, bi , ci are new symbols (and ·+ is defined as on Slide ??)
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Core language Weight rule

Outline

1 Motivation

2 Core language
Integrity constraint
Choice rule
Cardinality rule
Weight rule

3 Extended language

4 Intermediate formats

Torsten Schaub (KRR@UP) Answer Set Solving in Practice October 20, 2018 120 / 544



Core language Weight rule

Weight rule

Idea Bound (lower) sum of subsets of literal weights

Syntax A weighted literal w : k associates the weight w with literal k

Syntax A weight rule is the form

a0 ← l { w1 : a1, . . . ,wm : am,wm+1 : ∼am+1, . . . ,wn : ∼an }

where 0 ≤ m ≤ n and each ai is an atom;
l and wi are integers for 1 ≤ i ≤ n

Informal meaning The head atom belongs to the stable model,
if the sum of weights associated with positive/negative body literals
in/excluded in the stable model is at least l

Note A cardinality rule is a weight rule where wi = 1 for 0 ≤ i ≤ n
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Core language Weight rule

Weight constraints

Syntax A weight constraint is of the form

l { w1 : a1, . . . ,wm : am,wm+1 : ∼am+1, . . . ,wn : ∼an } u

where 0 ≤ m ≤ n and each ai is an atom;
l , u and wi are integers for 1 ≤ i ≤ n

Meaning A weight constraint is satisfied by a stable model X , if

l ≤
(∑

1≤i≤m,ai∈X wi +
∑

m<i≤n,ai 6∈X wi

)
≤ u

Note (Cardinality and) weight constraints amount to constraints on
(count and) sum aggregate functions

Example

5 { 4:course(db); 6:course(ai); 3:course(xml) } 10
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Extended language Conditional literal

Conditional literals

Syntax A conditional literal is of the form

l : l1, . . . , ln

where l and li are literals for 0 ≤ i ≤ n

Informal meaning A conditional literal can be regarded as the list of
elements in the set {l | l1, . . . , ln}
Note The expansion of conditional literals is context dependent

Example Given ‘ p(1..3). q(2).’

r(X) : p(X), not q(X) :- r(X) : p(X), not q(X); 1 { r(X) : p(X), not q(X) }.

is instantiated to

r(1); r(3) :- r(1), r(3), 1 { r(1); r(3) }.
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Extended language Optimization statement
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Extended language Optimization statement

Optimization statement

Idea Express (multiple) cost functions subject to minimization
and/or maximization

Syntax A minimize statement is of the form

minimize { w1@p1 : l11 , . . . , lm1 ; . . . ;wn@pn : l1n , . . . , lmn }.

where each lji is a literal; and wi and pi are integers for 1 ≤ i ≤ n

Priority levels, pi , allow for representing lexicographically ordered
minimization objectives

Meaning A minimize statement is a directive that instructs the ASP
solver to compute optimal stable models by minimizing a weighted
sum of elements
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Extended language Optimization statement

Optimization statement

A maximize statement of the form

maximize { w1@p1 : l1, . . . ,wn@pn : ln }

stands for minimize { −w1@p1 : l1, . . . ,−wn@pn : ln }

Example When configuring a computer, we may want to maximize
hard disk capacity, while minimizing price

#maximize { 250@1:hd(1); 500@1:hd(2); 750@1:hd(3); 1000@1:hd(4) }.

#minimize { 30@2:hd(1); 40@2:hd(2); 60@2:hd(3); 80@2:hd(4) }.

The priority levels indicate that (minimizing) price is more important
than (maximizing) capacity
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Extended language Optimization statement

Weak constraints

Weak constraints are an alternative to minimize statements

Syntax � l1, . . . , ln [w@l ]

where each li is a literal; and wi and pi are integers for 1 ≤ i ≤ n

Example

:~ hd(1). [30@2]

:~ hd(2). [40@2]

:~ hd(3). [60@2]

:~ hd(4). [80@2]
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Intermediate formats smodels format

Outline

1 Motivation

2 Core language

3 Extended language

4 Intermediate formats
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Intermediate formats smodels format

smodels format

The smodels format consists of

normal rules
choice rules
cardinality rules
weight rules
minimization statements

Block-oriented format

Note Minimization statements are not part of the logic program
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Intermediate formats smodels format

smodels format in detail

Type/Format

Normal rule Slide ??
1 ι(a0) n n−m ι(am+1) . . . ι(an) ι(a1) . . . ι(am)

Cardinality rule Slide 23
2 ι(a0) n n−m l ι(am+1) . . . ι(an) ι(a1) . . . ι(am)

Choice rule Slide 15
3 m ι(a1) . . . ι(am) o−m o−n ι(an+1) . . . ι(ao) ι(am+1) . . . ι(an)

Weight rule Slide 53
5 ι(a0) l n n−m ι(am+1) . . . ι(an) ι(a1) . . . ι(am) wm+1 . . . wn w1 . . . wm

Minimize statement2Slide 70
6 0 n n−m ι(am+1) . . . ι(an) ι(a1) . . . ι(am) wm+1 . . . wn w1 . . . wm

Disjunctive rule Slide ??
8 m ι(a1) . . . ι(am) o−m o−n ι(an+1) . . . ι(ao) ι(am+1) . . . ι(an)

The function ι represents a mapping of atoms to numbers
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Intermediate formats aspif format
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Intermediate formats aspif format

aspif format

The aspif format consists of

rule statements
minimize statements
projection statements
output statements
external statements
assumption statements
heuristic statements
edge statements
theory terms and atoms
comments

Line-oriented format
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Intermediate formats aspif format

Rule statements

Rule statements have the form 1 H B

Head H has form h m a1 . . . am
h ∈ {0, 1} determines whether
the head is a disjunction or choice,
m ≥ 0 is the number of head elements, and
each ai is a positive literal

Heads are disjunctions or choices, including the special case of
singular disjunctions for representing normal rules.

Body B has one of two forms
normal bodies have form 0 n l1 . . . ln

n ≥ 0 is the length of the rule body, and
each li is a literal.

weight bodies have form 1 l n l1 w1 . . . ln wn

l is a positive integer to denote the lower bound,
n ≥ 0 is the number of literals in the rule body, and
each li and wi are a literal and a positive integer
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Intermediate formats aspif format

Example

{a}.

b :- a.

c :- not a.

asp 1 0 0

1 1 1 1 0 0

1 0 1 2 0 1 1

1 0 1 3 0 1 -1

4 1 a 1 1

4 1 b 1 2

4 1 c 1 3

0
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Intermediate formats aspif format

[1] Y. Babovich and V. Lifschitz.
Computing answer sets using program completion.
Unpublished draft, 2003.

[2] C. Baral.
Knowledge Representation, Reasoning and Declarative Problem
Solving.
Cambridge University Press, 2003.
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Intermediate formats aspif format
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