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Overview

� Basic introduction to CHR using examples
� Rule types and their behavior
� Logical variables and built-in constraints
� Concrete syntax
� Informal description of rule execution in CHR
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Rules (I)

� Parts of a rule:
� Optional name
� Left-hand side (l.h.s.) called head, with optional guard
� Right-hand side (r.h.s) called body

� Head, guard, and body consist of constraints
� Three different kind of rules
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Rules (II)

Example (Rules)
rain ==> wet.

rain ==> umbrella.

� First rule: “If it rains, then it is wet”
� Second rule: “If it rains, we need an umbrella”
� Head of both rules is rain
� Bodies: wet and umbrella

� No guards
� Also called propagation rules (==>)

� Do not remove constraints, only add new ones
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Queries

� Posing query initiates computations
� Rules applied to query until exhaustion (no more changes

happen)
� Rule applications manipulate query by removing and adding

constraints
� Result (called answer) consists of remaining constraints

Example (Query)
rain ==> wet.

rain ==> umbrella.

Posing query rain results in rain, wet, umbrella
(not necessarily in this order)
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Top-down execution

� Rules applied in textual order
� In general: If more than one rule applicable, one rule is chosen
� Rule applications cannot be undone like in Prolog
⇒ CHR is a committed-choice language

Example (Top-down execution)
Two simplification rules

rain <=> wet.

rain <=> umbrella.

� Application of first rule removes rain

� Second rule never applied
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Simplification rules

� Propagation rules
� Drawing conclusions from existing information

� Simplification rules
� Simplify things
� Express state change
� Dynamic behavior
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Example

Example (Walk)
� Walk expressed by movements east, west, south, north
� Multiplicity of steps matters, order does not matter for walk
� Simplification rules express that steps can cancel out each other

(i.e. east and west)

east, west <=> true.

south, north <=> true.

� Rules simplify walk to one with minimal number of steps
� Query east, south, west, west, south, south,

north, east, east

yields answer east, south, south
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Logical variables

Logical variables
� Featured in declarative languages like CHR
� Similar to mathematical unknowns and variables in logic
� Can be unbound or bound
� Bound variables indistinguishable from value they are bound to
� Bound variables cannot be overridden
� Languages with such variables called single-assignment

languages
� Other languages like C and Java feature destructive (multiple)

assignments
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Example

Example
� Two constraints with one argument representing men (e.g.
male(joe)) and women (e.g. female(sue))

� Assigning men and woman for dancing with simplification rule

male(X), female(Y) <=> pair(X,Y).

� Variables X, Y placeholders for values of constraints matching
rule head

� Scope of variable is rule it appears in
� Given query with several men and women, rule pairs them until

only people of one sex left
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Types of rules

Example (Propagation rule)
� Computing all possible pairs with propagation rule

(keeps male and female constraints)

male(X), female(Y) ==> pair(X,Y).

� Number of pairs quadratic in number of people
⇒ Propagation rule can be expensive

Example (Simpagation rule)
� One man dances with several women expressed by simpagation

rule

male(X) \ female(Y) <=> pair(X,Y).

� Head constraints left of backslash \ kept,
head constraints right of backslash removed
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Built-in constraints

� Two kinds of constraints in CHR
� CHR constraints (user-defined constraints)

� Declared in current program and defined by CHR rules

� Built-in constraints (built-ins)
� Predefined in host language or imported CHR constraints from

other modules

� On left hand side CHR and built-ins constraints separated into
head and guard

� On right hand side freely mixed
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Example (I)

Example (Mergers and acquisitions)
� CHR constraint company(Name,Value) represents company

with market value Value

� Larger company buys company with smaller value expressed by
rule
company(Name1,Value1), company(Name2,Value2) <=>

Value1>Value2 | company(Name1,Value1+Value2).

� Guard Value1>Value2 acts as precondition of rule applicability
� Only built-ins allowed in guard
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Example (II)

Example (Mergers and acquisitions cont.)
� In line arithmetic expression Value1+Value2 works for host

language Java
� In Prolog is has to be used leading to rule

company(Name1,Value1), company(Name2,Value2) <=>

Value1>Value2 | Value is Value1+Value2,

company(Name1:Name2,Value).

� Rule is applicable to any pair of companies with different value
� After exhaustive only a few companies will remain (all with the

same value)
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Informal semantics

� Description of current sequential implementation
� Based on so-called refined operational semantics
� Maybe different rule application in parallel, experimental and

future implementations
� Those implementations will still respect so-called abstract

operational semantics
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Constraints

� Constraint is active operation as well as passive data
� Constraints in goals processed from left to right
� When CHR constraint encountered:

� Evaluated like procedure call
� Checks applicability of rules it appears in
� Called active constraint

� Rules applied in textual order
� If no rule applicable to active constraint it becomes passive and

is put in constraint store
� Passive constraints become active again context changes (their

variables get bound)
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Head matching

� One head constraint of rule is matched against active constraint
� Matching succeeds if constraint serves pattern
� Matching may bind variables in head (not in active constraint)
� If matching succeeds and rule head consists of more than one

constraint, constraint store is searched for partner constraints to
match other head constraints
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� Head constraints searched from left to right
� Exception: simpagation rule

� Constraints to be removed searched for before constraints to be
kept are searched for

� If matching succeeds, guard is checked
� If several head constraints match active constraint, rule tried for

each matching
� If no successful matching exists, active constraint tries next rule
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Guard checking

� Guard is precondition on rule applicability
� Test that either succeeds or fails
� If guard succeeds, rule is applied
� If guard fails, active constraint tries next head matching
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Body execution

� When rule is applied, we say it fires
� Simplification rule: matching constraints removed, body executed
� Simpagation rule: similar to simplification rule but constraints

matching head part preceding \ kept.
� Propagation rule: Body executed without removing any

constraints
� Propagation rule will not fire with same constraint again
� According to rule type head constraints either called kept or

removed
� Next rule tried when active constraint not removed


