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Preface

“Efficiency can only be attained through generality.”
— Jean-Louis Lauriere, [15]

This second volume of the Global Constraint Catalogue [10] is devoted to time-series
constraints. Within the context of Constraint Programming, time-series constraints go
back to the work of Goldin and Kanellakis [14]. This volume contains 719 constraints,
which are explicitly described in terms of automata with registers [7]. Checkers and
propagators for all these constraints were synthesised [8] from 22 transducers [20, 12,
16, 19] given in the second chapter of this volume.

As in the first volume, the global constraints described in this second volume are
not only accessible to humans, who can read the catalogue when searching for some in-
formation. It is also available to machines, which can read and interpret it. This is why
there also exists an electronic version of this catalogue where one can get, for all time-
series constraints, a complete description in terms of metadata used in the first volume.
In fact, unlike the first volume, all the metadata of the electronic version, as well as
all text and figures of this second volume, were automatically generated. While this
second volume is by no means supposed to contain all possible time-series constraints,
it contributes in the context of time-series constraints to the systematic reconstruction
of the Global Constraint Catalogue that we have previously advocated [11]. This re-
construction is based on the following methodology:

o First reuse, adapt or come up with abstractions, which allow to concisely repre-
sent structures and properties of time series as abstract combinatorial objects. In
our context these abstractions essentially correspond to:

1. Transducers where letters of the output alphabet are interpreted as phase
letters indicating the different steps for recognising pattern occurrences de-
noted by regular expressions.'

2. Transducers glue matrices expressing the relationship between the prefix,
the suffix and the full sequence passed to a transducer.

3. Properties associated with regular expressions corresponding to fragments
of the input language of our transducers.

Note that an approach developed by R. Alur named qualitative regular expressions is presented in [1].
This approach focusses essentially on the mining aspect: given a fixed time series, the question is how to
efficiently evaluate a quantitative regular function. However, it does not consider the question of generating
a time series verifying a conjunction of quantitative regular functions.
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e Second, create from these abstract combinatorial objects a database of concrete
combinatorial objects.

e Third, synthesise concrete code for various technologies, languages, tasks from
this database. In this context, correctness and efficiency [15] of the synthesised
code are essentially side product of:

— The correctness of the formulae of our database, which is itself based on
well-formed abstractions.

— The generality behind our abstract combinatorial objects.
The time-series catalogue is done in the following way:

e All time-series constraints are now defined in a compositional way from a few
basic constituents, i.e., patterns, features, aggregators, and predicates, which
completely define the meaning of a constraint, where patterns are defined us-
ing regular expressions.

e Constraint names are now constructed in a systematic way as the concatenation
of pattern name, feature name, and aggregation or predicate name.

e Given a pattern p, checkers and constraints are now systematically synthe-
sised from a transducer that, given an input sequence over the input alphabet
{<,=,>}, compares two adjacent values of a time series and determines an
output sequence over an output phase alphabet describing how to recognise the
occurrences of p.

e For each time-series constraint associated with a pattern p, the generation of an
automaton with registers is completely driven by the transducer associated with
the pattern p, as well as by decoration tables describing for each phase letter of
the output alphabet of the transducers how to generate register updates. Code
optimisation is ensured by using decoration tables that depend on properties of
the pattern, of the feature, and of the aggregator associated with the time-series
constraint.

e Lower and upper bounds of characteristics of time series that appear in the re-
striction slot of a time-series constraint are synthesised from a few parameterised
formulae that only depend on a restricted set of characteristics of the regular ex-
pression associated with the pattern [6].

e Parametrised glue matrices are provided for each transducer that corresponds
to reversible time-series constraints. A concrete glue matrix is given for each
reversible time-series constraint.

e Linear invariants are systematically obtained by applying the Farkas Lemma [13]
to the automata with registers that were synthesised. They consist of linear
constraints typically linking consecutive register values, e.g., see the legend
of the second automaton of the MAX_MAX_PEAK, MAX_RANGE_DECREASING,
MAX_RANGE_INCREASING, MAX_WIDTH_STRICTLY_DECREASING_SEQUENCE,
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MAX_WIDTH_STRICTLY_INCREASING_SEQUENCE, MIN_MAX_PEAK,

MIN_WIDTH_PLAIN, MIN_WIDTH_PLATEAU, NB_BUMP_ON_DECREASING_SEQUENCE,
NB_DIP_ON_INCREASING_SEQUENCE, NB_GORGE, NB_PEAK, NB_SUMMIT, NB_VALLEY,
and NB_z1GzAG constraints, which are generated even with non-linear register
updates.

e Last but not least, time-series constraints were used for generating time series
verifying a conjunction of constraints both in the context of Constraint Program-
ming [3] and in the context of Linear Programming. The latter gives a linear
reformulation [2].

e In the context of sequential pattern mining, time-series constraint checkers can
be used to identify and extract patterns from fixed sequences. Specialised code
was synthesised for SICStus, C and Java. While the time-series catalogue may
need to be extended in order to capture more patterns, having a possibly large set
of fixed time-series constraints is a natural safeguard to prevent overfitting when
dealing with few sequences, at a price of not finding patterns that are not covered
by the catalogue.

e SICStus code is synthesised and MiniZinc code is available. The latter allows
using time-series constraints on many plate forms such as Choco, Gecode, OR-
tools, Cplex or Gurobi and is available from the Electronic Constraint Catalogue
in Appendix A of this document.

The catalogue contains the following types of figures, which were all synthesised by
computer programs producing TikZ [21] code:

e Figures representing the logo of each pattern.

e Figures for visualising the transducer associated with each pattern. The follow-
ing scheme was consistently used over all transducers:

— An arc labelled by the output symbol out, maybe, found, or in is re-
spectively coloured in red, orange, blue, and violet.

— If all input transitions of a state have the same colour, then the state uses
this colour, otherwise it is coloured in black.

— The name of a state is preceded by all input symbols of the transitions that
enter this state. We use special characters for representing combinations of
input symbols, e.g. < for < and =.

o Figures giving time series illustrating lower and upper bounds of the VALUE ar-
gument of a time-series constraint.

o Figures illustrating each constraint on a relevant time series.

e Figures providing the synthesised automaton with registers associated with each
constraint. Such automata use the same graphical scheme as the transducers from
which they were generated.
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e Figures displaying the linear and non-linear invariants linking the result variables
of two time-series constraints.

In order to see PDF annotations and attached files, you are advised to use Adobe
Acrobat Reader with the PDF version of the catalogue.” If you do not see on your
screen a small yellow bullet at the beginning of this paragraph, you are using a PDF
viewer that does not fully support PDF annotations.

To get started the reader should first consult Chapter 2 which presents a short overview
of the available constraint classes of this volume, their naming conventions and their
arguments, and some of their potential uses. Then to get a more precise idea of the
different objects used in this volume the reader may look at Chapter 3, which defines
the notions of a pattern, of a feature, of an aggregator, of a seed transducer and of a
glue matrix used throughout this document, as well as the conventions used for drawing
time series.

The initial work on synthesising automata with registers from transducers was done
by N. Beldiceanu, R. Douence, and H. Simonis. The generation of the catalogue was
done by H. Simonis except, for most examples and figures, which were handled by
N. Beldiceanu. The code generation part dealing with constraint checkers was rewrit-
ten by M. Carlsson for getting optimised checkers that do not use any constraint. The
creation of dedicated decoration tables that depend on properties of patterns, features,
and aggregators was done by E. Arafailova under the supervision of N. Beldiceanu
and R. Douence [3]. The bounds based on regular expression characteristics [6], the
among implied constraints [4], the linear [5] and non-linear invariants linking the
results variables of two time-series constraints, and the definition of constant size
finite automata encoding a restriction on the result variable of a time-series constraint
were done by E. Arafailova under the supervision of N. Beldiceanu; the generation of
the corresponding code was done by H. Simonis. The generation of linear invariants
linking consecutive register values of a register automaton [17, 3], the generation
of parametrised glue matrices [9, 2], and the generation of seed transducers from
their regular expressions [18] were done by M. A. Francisco Rodriguez under the
supervision of P. Flener and J. Pearson.

The authors have benefited from the following support:

e E. Arafailova and R. Douence were supported by the European H2020
FETPROACT-2014 project “GRACeFUL” (project number 640954).

e From 2014 to 2018 N. Beldiceanu was partially supported by the Gaspard
Monge Programme for Optimisation and Operations Research (PGMO), as well
as by the European H2020 FETPROACT-2014 project “GRACeFUL”. In 2018
N. Beldiceanu was also partially supported by the HYDDA project.

e M. Carlsson was supported by SICS.

e P. Flener, J. Pearson and M. A. Francisco Rodriguez were supported by grants
2011-6133 and 2012-4908 of the Swedish Research Council (VR).
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This chapter, taken from the first volume of the global constraint catalogue [10], recalls
how to describe a global constraint and its arguments.

Since global constraints have to receive their arguments in some form, no matter
whether we use the graph-based or automaton-based description, we start by describ-
ing the abstract data types that we use in order to specify the arguments of a global
constraint. These abstract data types are not related to any specific programming lan-
guage like Caml, C, C++, Java, or Prolog. If one wants to focus on a specific language,
then one has to map these abstract data types to the data types that are available in the
considered language. Second we describe all the restrictions that one can impose on
the arguments of a global constraint. Finally, we show how to use these ingredients in
order to declare the arguments of a global constraint.

1.1 Basic data types

We use the following basic data types:

e atom corresponds to an atom. Predefined atoms are MININT and MAXINT,
which respectively correspond to the smallest integer and largest integer.

e int corresponds to an integer value.

e dvar corresponds to a domain variable. A domain variable V is a variable that
will be assigned an integer value taken from an initial finite set of integer values
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denoted by dom(V'). V and V respectively denote the minimum and maximum
values of dom(V).

e fdvar corresponds to a possibly unbounded domain variable. A possibly un-
bounded domain variable is a variable that will be assigned an integer value from
an initial finite set of integer values denoted by dom (V) or from | — oo, +00.

e sint corresponds to a finite set of integer values.

e |svar corresponds to a set variable. A set variable V is a variable that
will be assigned to a finite set of integer values. Its lower bound V denotes
the set of integer values that for sure belong to V', while its upper bound
V denotes the set of integer values that may belong to V. Let dom(V) =
{Vi,.-+yVn,Unt1,...,Umn} be a shortcut for combining the lower and upper
bounds of V' in a single notation:

— Bold values designate those values that only belong to V.

— Italic values indicate those values that belong only to V.
e mint corresponds to a multiset of integer values.

e mvar corresponds to a multiset variable. A multiset variable is a variable that
will be assigned to a multiset of integer values.

e real corresponds to a real number.

e rvar corresponds to a real number variable. A real number variable is a vari-
able that will be assigned a real number taken from an initial finite set of inter-
vals. A real number is usually represented by an interval of two floating-point
numbers.

1.2 Compound data types
We use the following compound data types:

e 1list(7T) corresponds to a list of elements of the type T, where T is a basic or
compound data type.

e collection(A;,As,...,A,) corresponds to a collection of ordered items,
where each item consists of n > 0 attributes Ay, Ao, ..., A,. Each attribute is
an expression of the form a — 7', where a is the name of the attribute and 7" the
type of the attribute (a basic or compound data type). All names of the attributes
of a given collection should be distinct, and different from the keyword key,
which corresponds to an implicit' attribute. The value of the key attribute is
the position of an item within the collection. The first item of a collection is
associated with position 1.

IThis attribute is not explicitly defined.



1.3. RESTRICTIONS 3

The following notation is used for instantiated arguments:

1.3

A list of elements eq, ez, . .., e, is denoted by [e1, ea, . .., e,].
A finite set of integers i1, 42, . .., iy, is denoted by {i1, 2, ..., i}

A collection of n items, each item having m attributes, is denoted by

(a1 — V11 ... @m —Vim, @1 — V21 ... 8m —V2my -« 81 —Upl...&m — Unm)-
Each item is separated from the previous item by a comma. If the items of the
collection involve a single attribute aj, then (v11, v21, ..., v,1) can be used as a
shortcut for (a; — v11, a3 —v21, ... ,a1 — Up1).

Item i of a collection c is denoted by c[i].

The value of the attribute a of the it" item of a collection c is denoted by c[i].a.
Note that, within an arithmetic expression, we can use the shortcut c[i] when the
collection c involves a single attribute.

The number of items of a collection c is denoted by |c|.

Restrictions

When defining the arguments of a global constraint, it is often the case that one needs
to express additional conditions that refine the type declarations of its arguments. For
this purpose we provide restrictions that allow the specification of these additional
conditions.

Currently the list of restrictions is:

in list(Arg,ListAtoms)

— Arg is an argument of the type atom,

— ListAtoms is a non-empty list of distinct atoms.

This restriction enforces Arg to be one of the atoms specified in ListAtoms.
in list(Arg,Attr,ListIntOrAtom)

— Arg is an argument of the type collection,
— Attr is an attribute of the type int or atom of Arg,

— If Attris an attribute of the type int, then ListIntOrAtom is a non-empty
list of distinct integers; if Attr is an attribute of the type atom, then
ListIntOrAtom is a non-empty list of distinct atoms.

This restriction enforces, for all items of Arg, the attribute Attr to take its value
within ListIntOrAtom.

in attr(Argl,Attrl, Arg2 Attr2)

— Argl is an argument of the type collection,
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— Attrl is an attribute of the type dvar or int of Argl,
— Arg?2 is an argument of the type collection,
— Attr2is an attribute of the type int of Arg?2.
Let Sy denote the set of values assigned to the Attr2 attributes of the items of

Arg2. This restriction enforces the following condition: for all items of Argl,
the attribute Attr1 takes its value in the set Ss.

distinct(Arg, Attrs)

— Arg is an argument of the type collection,
— Attrs is an attribute of the type int or dvar, or a (possibly empty) list of
distinct attributes of the type int or dvar of Arg.

For each pair of distinct items of Arg, this restriction enforces that there be at
least one attribute specified by Attrs with two distinct values. If Attrs is the
empty list, then all items of Arg should be distinct.

increasing seq(Arg, Attrs)

— Arg is an argument of the type collection,
— Attrs is an attribute of the type int or a list of distinct attributes of the
type int of Arg.

Let n and m respectively denote the number of items of Arg, and the num-
ber of attributes of Attrs. For item ¢ of Arg let ¢; denote the tuple of values
(vi,1,Vi2,...,Vm) Where v; ; is the value of attribute j of Attrs of item ¢
of Arg. The restriction enforces a strict lexicographical ordering on the tuples
t1,to, ...t

non_increasing size(Arg, Attr)

— Arg is an argument of the type collection,
— Attr is an attribute of the type collection of Arg.
This restriction enforces for each pair of consecutive items Arg|i], Arg[i + 1]

that the number of items of Arg|i].Attr is greater than or equal to the number of
items of the collection Arg[i + 1].Attr.

required(Arg, Attrs)

— Arg is an argument of the type collection,

— Attrs is an attribute or a list of distinct attributes of Arg.
This restriction enforces all attributes denoted by Attrs to be explicitly used
within all items of Arg.

This restriction is usually systematically used for every attribute of a collection.
It is not used when some attributes may be implicitly defined according to other
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attributes. In this context, we use the require_at_least restriction, which we
now introduce.

e require_at_least(Atleast,Arg, Attrs)

— Atleast is a positive integer,

— Arg is an argument of the type collection,

— Attrs is a non-empty list of distinct attributes of Arg. The length of this
list should be strictly greater than Atleast.

This restriction enforces that at least Atleast attributes of the list Attrs be
explicitly used within all items of Arg.

e same_size(Arg, Attr)

— Argis an argument of the type collection,
— Attr is an attribute of the type collection of Arg.

This restriction enforces that all collections of Attr have the same number of
items.

e Term; Comparison Termp
— Term; is a term. A term is an expression that can be evaluated to one or
possibly several integer values.
— Comparison is one of the comparison operators <, >, <, >, =, #.
— Terms is a term.
Letvy1,v1,2,...,01,n, and va 1,V2.2, ..., V2 p, be the values respectively asso-

ciated with Term; and Terms. The restriction Term; Comparison Terms en-
forces vy ; Comparison vz ; to hold for every ¢ € [1,n:] and every j € [1,no].

A term is one of the following expressions:

— e, where e is an integer. The corresponding value is e.

le| , where c is an argument of the type collection. The value of || is
the number of items of the collection c.

- first(c.a): first(c.a) denotes the value assigned to the attribute a of
the first item of the collection c. It is equal to 0O if the collection is empty.

- last(c.a) : last(c.a) denotes the value assigned to the attribute a of the
last item of the collection c. It is equal to 0 if the collection is empty.

- sum(c.a) : sum(c.a) denotes the sum of the values assigned to the attribute

a of the collection c; it is equal to 0 if the collection is empty.

- sum(¥) : sum(¢), where ¢ is a list of collection attributes, each of the form

ci.a; (with ¢ € [1,n)), is the sum of the values assigned to the attributes a;
of the collections ¢; (with i € [1,n]).



1. DESCRIBING GLOBAL CONSTRAINTS

range(c.a) : range(c.a) denotes the difference between the maximum
value and minimum value plus one of the values assigned to the attribute a
of ¢; it is equal to O if the collection is empty.

range (/) : range(¢), where ¢ is a list of collection attributes, each of the

form ¢;.a; (with ¢ € [1,n]), is the difference between the maximum value
and minimum value plus one of the values assigned to the attributes a; of
the ¢; (with i € [1, n]).

minval(c.a) : minval(c.a) denotes the minimum of the values assigned
to the attribute @ of the collection denoted by c: it is equal to O if the
collection is empty.

minval(¢) : minval(¢), where ¢ is a list of collection attributes, each of

the form ¢;.a; (with ¢ € [1,n]), is the minimum of the values assigned to
the attributes a; of the ¢; (with ¢ € [1,n)).

maxval(c.a) : maxval(c.a) denotes the maximum of the values assigned
to the attribute a of c; it is equal to 0 if the collection is empty.

maxval({) : maxval({), where £ is a list of collection attributes, each of

the form ¢;.a; (with i € [1, n]), is the maximum of the values assigned to
the attributes a; of the ¢; (with i € [1,n]).

nval(c.a) : nval(c.a) denotes the number of distinct values over the val-
ues assigned to the attribute a of ¢, it is equal to 0 if the collection is empty.

nval(¢) : nval(¥), where ¢ is a list of collection attributes, each of the

form ¢;.a; (with ¢ € [1, n]), is the number of distinct values over the values
assigned to the attributes a; of the ¢; (with ¢ € [1,n)).

prod(c.a) : prod(c.a) denotes the product of the values assigned to the
attribute a of ¢, it is equal to 1 if the collection is empty.

prod(¢) : prod(f), where ¢ is a list of collection attributes, each of the

form c¢;.a; (with ¢ € [1,n]), is the product of the values assigned to the
attributes a; of the ¢; (with i € [1, n)).

pfdc(c.a) : pfdc(c.a), where pfdc is a pure functional dependency con-
straint of the form pfdc(v, col) that computes a value v from a collection
of variables col, and where c.a is a collection with attribute a denotes the
pfdc of the values assigned to the attribute a of c; it is equal to O if the
collection c is empty.

pfdc(f) : pfdc(¥), where pfdc is a pure functional dependency constraint

of the form pfdc(v, col) that computes a value v from a collection of vari-
ables col, and where ¢ is a list of collection attributes, each of the form
ci.a; (with i € [1,n]), is the pfdc of the values assigned to the attributes
a; of the ¢; (with ¢ € [1, n]).
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— t, where t is an argument of the type int. The value of ¢ is the value of
the corresponding argument.

— v, where v is an argument of the type dvar. The value of v is the value
assigned to variable v. Note that restrictions are defined on the ground
instance of a global constraint.

— |5, where s is an argument of the type sint or svar. The values denoted
by s are all the values of the corresponding set.

— c.a, where c is an argument of the type collection, and a an attribute
of c of the type int or dvar. The values denoted by c.a are all the values
corresponding to attribute a for the items of c. When c.a designates a
domain variable we consider the value assigned to that variable.

— c.a, where c is an argument of the type collection, and a an attribute
of c of the type sint or svar. The values denoted by c.a are all the values
belonging to the sets corresponding to attribute a for the items of c. When
c.a designates a set variable we consider the values that belong to that set.

— 11 op ta , where t; and t5 are terms and op one of the operators +, —, *,

/ or mod.” Let V; and V; denote the sets of values respectively associated
with the terms ¢; and ¢». The set of values associated with ¢; op t2 is
Vio ={v:v=wv opva,v; € Vy,v9 € Va}.

[t , where t is a ferm. Let V denote the set of values associated with the term ¢.
The set of values associated with |t is V = {v : v = |val|, val € V}.

e min,epp,(t) . where v is a variable that occurs in the term ¢, and /, u are two

terms. The value of min, ¢, (t) is the smallest value among all possible values
of the term ¢ where v is assigned a value in the interval [£, u].

® maxX,c[y,y)(t) , where v is a variable that occurs in the term ¢, and £, u are two

terms. The value of max, ¢z, (%) is the largest value among all possible values
of the term ¢t where v is assigned a value in the interval [£, u].

e Using the V connector we can express a disjunction between two restrictions .

o Using the = connector we can express an implication between a restriction (or
a conjunction of restrictions) and a restriction.

e We can also use a constraint C' of the catalogue for expressing a restriction as
long as that constraint is not defined according to the constraint under consider-
ation. The constraint C' should have a graph-based or automaton-based descrip-
tion so that its meaning is explicitly defined.

For instance the AMONG(NVAR, VARTABLES, VALUES) constraint holds if NVAR is
the number of variables of the collection VARIABLES that are assigned a value
from the collection of values VALUES.

2/ denotes a floor division, that is a division in which the result is rounded to the nearest integer that is
smaller or equal.
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Within the restriction slot it is possible to define local variables to designate intermedi-
ate expressions. This is done by using the where statement after the set of restrictions.

1.4 Declaring a global constraint
Declaring a global constraint consists of providing the following information:

e A term constraint(A;, As,...,A,) . where constraint corresponds to the
name of the global constraint and A1, As, ..., A, to its arguments.

e A possibly empty list of type declarations , where each declaration has the form
type:type_declaration; type is the name of the new type we define and
type_declaration is a basic data type, a compound data type, or a previously

defined type.
e An argument declaration ATy, As:Ts, ..., Ay:T, giving for each argument
Ay, As, ... A, of the global constraint constraint its type. Each type is a

basic data type, a compound data type, or a type that was declared in the list of
type declarations.

o A possibly empty |list of restrictions , where each restriction is one of the re-
strictions described in Section 1.3.

1.5 Keywords

This section lists the keywords used in the time-series catalogue.

e added: Denotes the fact that, even though the same constant is added to all
variables of the VARIABLES collection, the corresponding constraint still holds.

o functional dependency: A constraint that allows for representing a functional
dependency between possibly several domain variables and a single domain

variable. A sequence of variables X7, Xs,...,X,, is said to functionally de-
termine another variable Y if and only if each potential tuple of values of
Xy, Xo,...,X, is associated with exactly one potential value of Y (i.e. Y is

a function of X7, Xs,..., X,,).

e reversed: Denotes the fact that, even though the variables of the VARIABLES
collection are reversed, the corresponding constraint still holds.

e reverse of a constraint: A constraint which has a reverse constraint, where
the reverse is defined in the following way. Consider two constraints

e(eol,ry,...,ry) and ¢ (col,rq, ..., ry,) for which, in both cases, the argument
col is a collection of items that functionally determines all the other arguments
T1yeee3Tn.

The constraint ¢’ is the reverse constraint of constraint c if, for any collection of
items col, we have the equivalence c(col,r1,...,7,) < ¢ (col™ 1, .., 1),
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where col™" denotes the collection col where the items of the collection are
reversed. When constraints ¢ and ¢’ are identical, we say that constraint c is its
Own reverse.
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This chapter provides a brief overview of the available constraint classes of this volume.
Each constraint class is described in the following way:

e We give the naming convention used to construct systematically the constraint
names.

e We provide the common argument pattern of all constraints belonging to a class.
e We state the purpose of the constraints of a class.

e We illustrate the use of such constraints with an example where we compute
some information from a fixed time series, and another example where we gen-
erate time series satisfying a given property.

No matter to which class they belong, all constraints of this volume have a finite time
series X = (x1, 9, ..., x,) as one of their arguments, where each z; is a fixed integer
or a domain variable (see Section 1.1). We derive from X the sequence of signature
values S = (s1,82,...,8,—1) via the signature constraints (z; < z;y1 < §; =
VN (T =i S 8 = = )N (2 > x441 & 5= >) foralli € [1,n— 1].

Names of constraints are systematically constructed using the following grammar,
where terminals use lowercase that are shown in quotation marks, even if all constraint
names will be capitalised.

11
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CONDITION = ‘all_equal’ | ‘decreasing’ | ‘increasing’
EXTREMEAGG = ‘max’ | ‘min’

AGGREGATOR EXTREMEAGG | ‘sum’
NONCONSTANTFEAT ‘max’ | ‘min’ | ‘range’
FEATURE = NONCONSTANTFEAT

‘width’

‘surf’
‘one’

MONOTONICPATTERN

‘decreasing’ |
‘decreasing_sequence’ |
‘increasing’ |
‘increasing sequence’ |
‘strictly_decreasing_sequence’
‘strictly_increasing sequence’

CONSTANTPATTERN = ‘decreasing terrace’ \
‘increasing terrace’
‘plain’ |
‘plateau’ \
‘proper_plain’
‘proper_plateau’
‘steady’ \

‘steady_sequence’

PATTERN = MONOTONICPATTERN |
CONSTANTPATTERN |
‘bump_on_decreasing_sequence’
‘dip_on_increasing sequence’
‘gorge’ |
‘inflexion’ |
‘peak’ |
‘summit’ |
‘valley’ |

‘zigzag’

An extended presentation of the semantics of patterns, features, and aggregators can
be found in Chapter 3. Also, to get a more precise idea of how constraint arguments
are described, refer to Chapter 1.

Note that in what follows, the ‘range’ feature is only used with monotonic patterns,
and the ‘min’ feature is renamed ‘height’ when used together with constant patterns.

The time-series constraint catalogue contains four constraints classes respectively
called predicate, function, feature, and extreme, which we now describe. All examples
of this chapter use the ‘peak’ pattern, where a peak is a maximal occurrence of the reg-
ular expression ‘< (< | =)*(> | =)* >’ in the sequence of signature values associated
with a time series.
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2.1 Predicate

The class' of constraints PREDICATENAME(VARIABLES) enforces a binary com-
parison operator to hold between the feature values of consecutive maximal pattern
occurrences in a time series given as a collection VARIABLES of variables. The name
of such a constraint is constructed in the following way:

PREDICATENAME ::= CONDITION ‘_’ FEATURE ‘_’ PATTERN

where CONDITION gives the binary comparison operator, i.e. ‘all_equal’,
‘decreasing’, ‘increasing’, used for comparing FEATURE values of consecutive
maximal occurrences of PATTERN.

For example, using the ‘increasing’ condition, the ‘max’ feature, and the ‘peak’
pattern, we illustrate two possible uses of the constraint

INCREASING_MAX_PEAK (VARIABLES)

| e |

CONDITION PATTERN
namely:

e checking mode: are all peaks of a given time series sorted by increasing maxi-
mum value?

For instance, INCREASING MAX_PEAK((5,1,2,3,2,2,2,3,4,6,1,1,6,1))
holds since the signature of the time series (5, 1,2,3,2,2, 2,3,4,6,1, 1,6,1 )
contains three peaks highlighted in yellow, whose respective maximum values
3, 6, and 6 form an increasing sequence, namely [3, 6, 6].

e generation mode: generate all time series of five elements, all in the set
{0, 1,2}, where peaks are sorted by increasing maximum value. Searching for
all solutions to the constraints

0<=z; <2 (i€[L,5])
INCREASING_MAX_PEAK({x1, x2, T3, T4, Ts5))

gives 241 solutions, 11 of which have two peaks, as shown in red below:

e (0,1,0,1,0) e (0,2,0,2,0) e (0,2,1,2,1) e (1,2,1,2,0)
e (0,1,0,2,0) e (0,2,0,2,1) e (1,2,0,2,0)
e (0,1,0,2,1) e (0,2,1,2,0) o (1,2,0,2,1) o (1,2,1,2,1)

!'The name of such class may sound a little bit weird but simply means that, unlike the other classes of
time-series constraints, there is no functional dependency between arguments of such class of constraints.
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2.2 Function

The class of constraints FUNCTIONNAME (VALUE, VARTABLES) restricts VALUE to the
aggregation of feature values of all pattern occurrences in a time series given as a
collection VARIABLES of variables. The name of such a constraint is constructed in the
following way:

FUNCTIONNAME ::= AGGREGATOR ‘_’ FEATURE ‘_’ PATTERN

where AGGREGATOR is the aggregator used to aggregate the FEATURE values
of the maximal occurrences of PATTERN.

Using the ‘one’ feature, the ‘sum’ aggregator, and the ‘peak’ pattern, we illustrate
two possible uses of the constraint

SUM_ONE_PEAK (VALUE, VARIABLES)

| rutoee |

AGGREGATOR PATTERN

abbreviated as NB_PEAK where ‘nb’ is a shortcut for ‘sum_one’, namely:

e checking mode: test whether VALUE can be restricted to the number of peaks of
a given time series.
For instance, NB_PEAK(3,(5,1,2,3,2,2,2,3,4,5,1,1,6,1)) holds since the
signature of the time series (5, 1,2,3,2,2, 2,3,4,5,1, 1,6,1 ) contains three
peaks highlighted in yellow, as stated by the first argument of NB_PEAK.
Also, VALUE € [0,9] A NB_PEAK(VALUE,(5,1,2,3,2,2,2,3,4,5,1,1,6,1))
sets VALUE to 3 since VALUE is functionally determined by the second argument
of NB_PEAK.

e generation mode: generate all time series of five elements, all in the set {0, 1,2},
containing two peaks. Searching for all solutions to the constraints
0<z;<2 (i €]1,5))
NB_PEAK(2, (1, %2, T3, T4, T5))

gives 13 solutions:

e (0,1,0,1,0) e (0,2,0,2,0) e (1,2,0,1,0) o (1,2,1,2,1)
e (0,1,0,2,0) e (0,2,0,2,1) e (1,2,0,2,0)
e (0,1,0,2,1) e (0,2,1,2,0) e (1,2,0,2,1)
e (0,2,0,1,0) e (0,2,1,2,1) o (1,2,1,2,0)

2.3 Feature

The class of constraints FEATURENAME(VARIABLES, FEATURES, DEFAULT) con-
straints the feature values of all maximal pattern occurrences in a time series given as a
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collection VARIABLES of variables. More precisely, if position ¢ of VARTABLES is not
the first position where a maximal pattern occurrence is identified (even if this maximal
pattern occurrence is not yet completed), then FEATURES[] is forced to the default
value DEFAULT; otherwise, FEATURES[(] is the feature value of the corresponding
maximal pattern occurrence. The name of such a constraint is constructed in the
following way:

FEATURENAME ::= FEATURE ‘_’ PATTERN

where FEATURE and PATTERN respectively are the feature and the pattern we
focus on. Within this class of constraints, the feature ‘one’ is renamed ‘index’ for
reasons of readability.

Using the ‘max’ feature and the ‘peak’ pattern, we illustrate two possible uses of
the constraint

MAX_PEAK (VARIABLES, FEATURES, DEFAULT)
1
PATTERN

FEATURE

namely:

e checking mode: fest whether the non-default values that occur in the FEATURES
argument correspond to the maximum values of the different peaks of a time se-
ries, in addition check that the positions of these non-default values coincide
with the positions where a peak is discovered, i.e. the first decrease after a se-
quence of increases.

5,1 2,2,2 1,1 1
For instance, MAX_PEAK | (0,0,4,0,0,0,0,5,0,0,0,0,0,6,0,0), holds
since the signature of the time series (5, 1,4,3,2,2, 2,54,4,1 , 1,6,6,4,1 ) con-

tains three peaks highlighted in yellow, whose maximum values 4, 5, and 6

where the three peaks are first identified, are positions 3, 8, and 14 as reported

by the non-default values in the FEATURES argument. Note that the position

where the third peak is identified corresponds to the last occurrence of value 6,
namely the first decrease in the third peak.

Also, with the same time series and the same default value as first and third ar-
guments, MAX_PEAK(5,1,4,3,2,2,2,54,4,1,1,6,6,4,1), FEATURES, 0) sets
FEATURES to (0,0,4,0,0,0,0,5,0,0,0,0,0,6,0,0), since FEATURES is func-
tionally determined by the first and third arguments of MAX_PEAK.

e generation mode: generate all time series of seven elements, all in the set
{0, 1,2}, with peaks of heights 2 and 1 at positions 2 and 6, and no peak for
which the first decrease is located at position 4. Searching for all solutions to
the constraints
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o o
IAINA

2 (i e[1,7])
2 (i € [1,7))
<x1,x2,x37x4,x5,x6,x7>,

MAX_PEAK | (f1, f2, f3, fa, f5, f6, fr),
0

fo=2,f1=0,fc =1

gives 12 solutions, all of them having two peaks located at positions 2 and 6, of
heights 2 and 1, as well as no peak at position 4, as shown below:

Ty <
fi <

e (0,2,0,0,0,1,0) e (0,2,1,0,1,1,0) e (1,2,0,1,1,1,0)
e (0,2,0,0,1,1,0) e (0,2,1,1,0,1,0) e (1,2,1,0,0,1,0)
e (0,2,0,1,1,1,0) e (1,2,0,0,0,1,0) e (1,2,1,0,1,1,0)
e (0,2,1,0,0,1,0) e (1,2,0,0,1,1,0) e (1,2,1,1,0,1,0)

2.4 Extreme

The class of constraints EXTREMENAME(VALUE, VARIABLES, FOUND) constraints the
maximum (or minimum) feature value VALUE of the maximal pattern occurrences in a
time series given as a collection VARIABLES of variables. In addition it restricts the
positions of those maximal pattern occurrences achieving the corresponding minimum
or maximum feature values. More precisely, if position ¢ is not the first position
where a maximal pattern occurrence with a maximum (or minimum) feature value is
identified (even if this pattern occurrence is not yet completed) then FOUND[:] is 0; oth-
erwise FOUND[:] is 1. The name of such a constraint is constructed in the following way:

EXTREMENAME := ‘POS_’ EXTREMEAGG ‘_’ NONCONSTANTFEAT ‘_’ PATTERN

where EXTREMEAGG denotes the maximum or the minimum non-constant fea-
ture NONCONSTANTFEAT value over the maximal pattern occurrences of pattern
PATTERN.

Using the ‘max’ feature, the ‘peak’ pattern, and the fact that we are interested in
the minimum feature value, we illustrate two possible uses of the constraint

POS_MIN_MAX_PEAK (VALUE, VARIABLES, FOUND)

| e |

AGGREGATOR PATTERN

namely:

e checking mode: test whether VALUE can be restricted to the altitude of the lowest
peak of a time series; in addition check that the positions of the occurrences of 1
in FOUND coincide with the positions of all the lowest peaks.

For instance, POS_MIN_MAX_PEAK [ (5,
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holds since the signature of the time series (5, 1,4,3,2 ,2, 2,54,4,1, 1,44,3,1)
contains three peaks highlighted in yellow, where two of them are peaks that
have the smallest maximum value, i.e. value 4. These two peaks are identified
in positions 3 and 14 as reported by the two occurrences of 1 in the FOUND
argument. Note that the position where the last peak is discovered corresponds
to the last occurrence of value 4 in the time series since the first decrease takes
place at this position.

Also, with the same time series as second argument,
POS_MIN_MAX_PEAK(VALUE, (5,1,4,3,2,2,2,5,4,4,1,1,4,4,3,1), FOUND)
sets VALUE to 4 and FOUND to (0,0,1,0,0,0,0,0,0,0,0,0,0,1,0,0), since
VALUE and FOUND are both functionally determined by the second argument of
POS_MIN_MAX_PEAK.

e generation mode: generate all time series of seven elements, all in the set
{0, 1,2}, starting and ending with a ‘1’, where the first decreases of peaks of
minimum height are located in positions 2 and 6.

0<v <2

0<z; <2 (iell,T])

0<fisl (1e[l7])

,U7
<l‘1, T2,X3,T4,T5, L6, J)7>,

<f17f2af37f47f5af67f7>

POS_MIN_MAX_PEAK

331:1,1’7:1
f2:17f6:1

gives 17 solutions, with peaks of minimum height in positions 2 and 6, as shown
below:

(1,2,0,0,0,2,1)
(1,2,0,0,1,2,1)
(1,2,0,0,2,2,1)
(1,2,0,1,1,2,1)
(1,2,0,1,2,2,1)
(1,2,0,2,0,2,1)

1,2,0,2,1,2,1
1,2,0,2,2,2,1
1,2,1,0,0,2,1
1,2,1,0,1,2,1
1,2,1,0,2,2,1

(
(
(
(
(
(1,2,1,1,0,2,1

)
)
)
)
)
)

(1,2,1,1,1,2,1)
(1,2,1,1,2,2,1)
(1,2,1,2,0,2,1)
(1,2,1,2,1,2,1)

(1,2,1,2,2,2,1)
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3. PATTERNS AND CORRESPONDING TABLES

3.3.1 Big-width . . . ... ... ... ... . 122
332 Height . . .. .. ... . . e 124
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Patterns focus on the topological aspect of subsequences of a time series. They are
defined by two components:

e First, a regular expression over the alphabet {<, =, >}.

e Second, two non-negative integers b and a, that are intended to respectively

delete a prefix and a suffix of the pattern that should be discarded for computing
a characteristic of an occurrence of a pattern.

Given a pattern and a time series x1, o, ..., X, Of integer constants, called the
input values, and forming the input sequence, a single integer is computed as follows:

L

IL.

III.

Iv.

Compare each pair of adjacent input values in order to build a sequence
81,82, ..., Sp—1 Of signature values over the alphabet {<,=, >}, as follows:

(IEi<$i+1<:>$i:‘<’)/\($i:i]]i+1<:>8i: :’)/\(xi>xi+1<:>5i:
¢ > 7). The signature values form the signature sequence.

Within the signature sequence, find all maximal words matching the regular ex-
pression associated with the pattern.

For each found pattern occurrence, discard its prefix and suffix of length b and a
to obtain an integer sequence e for which we compute an integer feature value,
so that we obtain a feature sequence. The features we currently consider are one,
width, surf, min, max, and range, and correspond respectively to the value 1,
to the number of elements of e, to > . __ x;, to min;e, x;, t0 Max;ece &;, and to
maX;ce T; — MiNjece T;.

i€e

Aggregate the values of the feature sequence into a single integer value. The
aggregators we currently consider are taking the sum (Sum), taking the minimum
(Min), and taking the maximum (Max). The feature one only makes sense with
the Sum aggregator.

Definition 1 (s-occurrence, i-occurrence, e-occurrence). Given an input sequence
XT1,X2, ..., Ty, its signature sequence S = S1,S2,...,Sp—1, a pattern <’I“, b, a), and
a non-empty signature subsequence s;, s;11,...,58;, withl < i < j < n —1, form-
ing a maximal word that matches r, the s-occurrence (i..j) is the index sequence
i,i 4+ 1,...,J; the i-occurrence [(i + b)..j] is the index sequence i + b, ..., j; and
the e-occurrence [[(i + b)..(j + 1 — a)]] is the index sequence i +b,...,5+1 — a.
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Figures representing time series use the following convention for denoting
i-occurrences, s-occurrences and e-occurrences:

e Positions belonging to an i-occurrence are represented by a red circle eo.

e Positions belonging to a s-occurrence, but not to an i-occurrence, are represented
by a circle o.

e Positions of an occurrence of pattern corresponding to an e-occurrence have a
background coloured in yellow.

When an i-occurrence and an e-occurrence of two consecutive occurrences of a pattern
coincide a red circle e is used.
Figures representing transducers and automata use the following conventions:

e An arrow coming from nowhere denotes an initial state.
e A double circle indicates an accepting state.

e The acceptance function of a register automaton is depicted by a box connected
by dotted lines to each state of the register automaton.

e On the transitions of a transducer, a colon separates the consumed input letter(s)
from the produced output letter(s).

e A transition labelled by the input letter < is a shortcut for two transitions respec-
tively labelled by the letters < and =. The same convention is used for the letters
>, Z, ;, which respectively represent a set of transitions, each of them labelled
by a letter of {>,=}, {>, <}, {>,=,<}.

The name of a constraint is defined by the concatenation of the aggregator func-
tion, the feature name and the pattern. For each pattern, a so-called seed transducer
recognises all pattern occurrences.

Definition 2 (seed transducer). A seed transducer is a transducer for which all states
are accepting with input alphabet {<,=, >}, output alphabet, also-called phase al-
phabet, {out, maybe,, out,, found, maybe,, in, out,, found. }

Definition 3 (t-occurrence). Given an input sequence s over the input alphabet {<,=
, >} the t-occurrence of s wrt a given seed transducer corresponds to the indices of
the phase letters of a maximum word in the generated output sequence that matches
‘maybe; found, | maybe;found(maybe in™)*".

Definition 4 (well-formedness). A seed transducer is well formed if (1) all output
sequences it produces are recognised by the finite deterministic automaton depicted
in Figure 3.1, and if (2) the t-occurrence for any input sequence s coincides with the
i-occurrence of the pattern for s.

Well-formedness of seed transducers guarantees that the automata with registers
obtained by applying the decoration tables for replacing phase letters of the output
alphabet by register updates compute the expected result [8].
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Figure 3.1: Automaton describing the output language of a well-formed transducer;
states ¢, ?, € respectively mean that (1) we are outside an occurrence of pattern, (2) we
are potentially inside an occurrence of pattern, (3) we are inside an occurrence of pat-
tern that is not yet finished.

Following the presentation in [9, 2], we introduce the notion of glue matrix. A
glue matrix for a reversible time-series constraint ¢ specified by a seed transducer o, an
aggregator g and a feature f is a matrix indexed by the states of ¢ and the states of o™,
and parametrised by g and f, where 0™ is a seed transducer of the reverse of constraint
c. Consider the automaton A, (respectively AXY) with registers R, C and D obtained
by applying the decoration table 3.37 to the seed transducer o (respectively o™"). Let

A, reach state 5 and register values <8, B, §> on a prefix of a word w. Similarly let
— — —
ALY reach state () and register values < C, %, R> on the reverse of the corresponding

<_
suffix of w. The value returned by .4, on the entire word w is gbg(ﬁ, R,T), where
I" is the entry of the glue matrix corresponding to row 6 and column (. That entry

cBontgins an expression parametrised by g and f involving a subset of the registers C',
9 C 9
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3.1 Patterns, Seed Transducers and Parametrised Glue
Matrices

Feature f idy miny maxy ¢y (53} 5}

one 0 0 1 max 1 -1
width 0 0 n+1 + 1 -1
surf 0 —00 +o00 + T, —T;
max —00 —00 +00 max x; n/a
min 400 —0 +o00 min x; n/a
range 0 0 +00 nfa z; nla

Table 3.1: Features: identity, minimum, and maximum values; the operators ¢ and 5}
recursively define the feature value v,, of a time series @y, . .., &, by v¢ = ¢ (idy, 6;)
and v; = ¢f(v;_1, 5}“) for i > ¢, where 5} is the contribution of x; to v,; 5} cancel
out the contribution of x; within a feature value so that this contribution is not counted

twice; n and n/a respectively stand for the length of the time series and for not avail-
able.

Aggregator g ¢y  defaultys
Max max miny
Min min maxy
Sum + 0

Table 3.2: Aggregators: operators and identity values relative a feature f.

Predicate 0 defaulty

< —00

= x (free variable)
> +o0

Table 3.3: Default value for a predicate 6 used in the decoration table 3.3
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3.1.1 BUMP_ON_DECREASING_SEQUENCE

Given a sequence S over the alphabet {‘<’, ‘=", *>"}, an occurrence of the pattern
BUMP_ON_DECREASING_SEQUENCE is the subsequence of S which matches the reg-
ular expression ‘>><>>". Part (A) and parts (B,C) of Figure 3.2 respectively depict
the seed transducer associated with the BUMP_ON_DECREASING_SEQUENCE pattern
as well as one example of its execution on a time series.

The pattern DIP_ON_INCREASING_SEQUENCE = ‘<<><<’ is not the reverse
of the pattern BUMP_ON_DECREASING_SEQUENCE even though ‘>><>>’ is the
mirror word of ‘<<><<’.! This is because the constants b = 2 and ¢ = 1 (see
Figure 3.2) used for trimming the regular expression ‘>><>>" are different, which
makes the two corresponding e-occurrences different. As a consequence we do not
have any glue matrix for the BUMP_ON_DECREASING_SEQUENCE pattern.

ITo get the mirror of a word w over the alphabet {‘<’, ‘=", “>"}, first reverse the word w, second swap
the >’ with the ‘<.

> > < > >
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=:out

S-occurrence C)
(i.-3) = (10..14)

210 211 <12 213 214
I

N

output o o m, m, f o m, o o o o m, m f o
states S T t u v t t u s r t t u v t s "
input | > > < > >|> < < >|> > < > >|=

x;

(B) |

S

Via Viz Vi
i-occurrence (o)

[(6 +)..5] = [(10 + 2)..14]
e-occurrence (o)

[GE+b)..( +1—a)]
I_;L =[[(10+2)..(14 + 1 — 1)]]

Vi Vo V3 Vy Vs Vg V7 Vg Vo Vig Vi1 Viz Viz Vig Vis Vie

1

|
|
1
|
t
|
1
T
|
2
|
)
|
|
1
I

[N

1 1

Figure 3.2: (A) Seed transducer for the BUMP_ON_DECREASING_SEQUENCE pattern:
‘>><>>" with b = 2 and a = 1; (B) Illustrating the execution of the seed transducer
on a time series (within the output o, o,, my, f. are shortcut for out, out,, maybe,,
found,); (C) Illustrating the relation between the s-occurrence, the i-occurrence and
the e-occurrence.
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D « idy
R < default,y

{ C < default,s

Figure 3.3: Parametrised automaton for any functional time-series constraints of the
BUMP_ON_DECREASING_SEQUENCE pattern obtained by applying the decoration ta-
ble 3.37 to the corresponding transducer



3.1. PATTERNS, SEED TRANSDUCERS AND PARAMETRISED GLUE MATRICES27

F < defaulty

C + defaulty
D <+ idy
J —>
R+ 1

<

Figure 3.4: Parametrised automaton for any predicate time-series constraints of the
BUMP_ON_DECREASING_SEQUENCE pattern obtained by applying the decoration ta-
ble 3.38 to the corresponding transducer, where 6 is the predicate (i.e. <, =, >) used
for comparing two consecutive feature values
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3.1.2 DECREASING

S v ¢

Given a sequence S over the alphabet {‘<’, ‘=", *>"}, an occurrence of the pattern DE- .~
CREASING is the subsequence of S which matches the regular expression ‘>’. Part (A) \
and parts (B,C) of Figure 3.5 respectively depict the seed transducer associated with

the DECREASING pattern as well as one example of its execution on a time series.

l s-occurrence (©)
(A) > :found. <:out (i..3) = (2..2)
~2

output o f o o o o f o f f o o o f o
states s s s s s s s s s S s s s S S8 S8

input < | >|= < < =[|>|=|>|>|= < <|>]|=
4 4 4
Vo V3
5 i-occurrence (o)
e ) ;

(B) 2 2 2 2 [G+b)..5] = [(2+0)..2]

e-occurrence (e o)

[[G +b)..(G + 1 — a)]]

t t ] = [[2+0)-(2+1—0)]
Vi Vo Vi3 Vi V5 Vo V7 Vs Vo Vig Vi1 Viz Vig Via Vis Vig

Figure 3.5: (A) Seed transducer for the DECREASING pattern: ‘>’ with b = 0 and
a = 0; (B) Ilustrating the execution of the seed transducer on a time series (within
the output o, f, are shortcut for out, found,); (C) Illustrating the relation between the
s-occurrence, the i-occurrence and the e-occurrence.

s | ¢,(C,0)

Table 3.4: Parametrised glue matrix for any g_f_DECREASING constraint; the state
associated with each row corresponds to a state of the DECREASING transducer — see
Figure 3.5, while the state associated with each column corresponds to a state of the
reverse of the DECREASING transducer, i.e. the INCREASING transducer — see Fig-
ure 3.20.
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C < defaultgy
D <« idy
R < default,y

¥

>
D « idy o @ <
{ R ¢g(R, ¢s(¢5(D,5%),845H1)) }

Figure 3.6: Parametrised automaton for any functional time-series constraints of the
DECREASING pattern obtained by applying the decoration table 3.37 to the correspond-
ing transducer

C < defaulty
D «+ idy
F <+ defaulty
R+ 1
> ¥

C « ¢7(6s(D,5%),85 )

D «+ idy ) ) <
F «— ¢5(¢5(D,85), 85

R RAO(F, ¢5(s(D,58%),87 )

RAO(F,C)

Figure 3.7: Parametrised automaton for any predicate time-series constraints of the DE-
CREASING pattern obtained by applying the decoration table 3.38 to the corresponding
transducer, where 6 is the predicate (i.e. <, =, >) used for comparing two consecutive
feature values
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3.1.3 DECREASING_SEQUENCE

Given a sequence S over the alphabet {‘<’, ‘=", *>"}, an occurrence of the pattern
DECREASING_SEQUENCE is the maximal subsequence of S which matches the regular
expression ‘> (> | =)* > | >’. Part (A) and parts (B,C) of Figure 3.8 respectively
depict the seed transducer associated with the DECREASING_SEQUENCE pattern as
well as one example of its execution on a time series.

s-occurrence (©)
(i--§) = (7..10)
l Z7 =8 9 ~10
| 4 i
(A) <:out : :
I 2 I
| |
I ]
| NS
| |
< :out, > : found : i ]

Ve Vs Vo Vig Via
i-occurrence (o)

[(i + b)..5] = [(7 + 0)..10]
=: maybe, > :in e-occurrence (o 0)
([(G+0)..G+1—a)]

= [[(T 4 0)..(10 + 1 — 0)]]

output o f my og o o f my jn in My ©3 o f m
states S s t t s s s t t t t t s s t t

input < | > < < | >

I I
| |
i i
|

I

T

|

I

|

|

|

I

4 4 4

B)

1

|

1

Vi Vo V3 Vy Vs Vg V7 Vg Vo Vip Vi1 Viz Viz Viga Vis Vie

Figure 3.8: (A) Seed transducer for the DECREASING_SEQUENCE pattern:
> (>]|=)*>|> with b = 0 and a = 0; (B) Illustrating the execution of the
seed transducer on a time series (within the output o, f m,, o, are shortcut for out,
found maybe,, out,); (C) Illustrating the relation between the s-occurrence, the

i-occurrence and the e-occurrence.



3.1. PATTERNS, SEED TRANSDUCERS AND PARAMETRISED GLUE MATRICES31

C <+ defaultgyy
D <+ idy

R < default,y

<
< >
C < defaultyy P it1
D+ idy g:‘?z(‘ﬁf(Dv‘sf)*‘sf ) }
R+ ¢4(R,C) idy

(D + ¢;(D, 651

>
{ C + ¢5(C,¢5(D,65MY) }
D + idy

Figure 3.9: Parametrised automaton for any functional time-series constraints of the
DECREASING_SEQUENCE pattern obtained by applying the decoration table 3.37 to
the corresponding transducer

C' < defaulty
D « idyg
F <+ defaulty

R+ 1

<
< >
Feo 0 prlen.ap 5 |
R+ RAO(F,C) D < 1d¢

{ C+ ¢f(C7Z’f(Dv5}+l)) }

= 41
(D ¢;(D, 67} EORNES

Figure 3.10: Parametrised automaton for any predicate time-series constraints of the
DECREASING_SEQUENCE pattern obtained by applying the decoration table 3.38 to the
corresponding transducer, where 6 is the predicate (i.e. <, =, >) used for comparing
two consecutive feature values
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S t
s | ¢,(C,0) 6,(C', C)
t | 6,C.C) | ¢,(@. 0B, D&M

Table 3.5: Parametrised glue matrix for any g_f_DECREASING_SEQUENCE con-
straint, where the cell annotation M stands for merging two existing decreasing se-
quences sharing an element; the state associated with each row corresponds to a state
of the DECREASING_SEQUENCE transducer — see Figure 3.8, while the state associated
with each column corresponds to a state of the reverse of the DECREASING_SEQUENCE
transducer, i.e. the INCREASING_SEQUENCE transducer — see Figure 3.23.



3.1. PATTERNS, SEED TRANSDUCERS AND PARAMETRISED GLUE MATRICES33

3.1.4 DECREASING_TERRACE

Given a sequence S over the alphabet {‘<’, ‘=", “>"}, an occurrence of the pattern >=*>
DECREASING_TERRACE is the maximal subsequence of .S which matches the regular L _
expression ‘>=">". Part (A) and parts (B,C) of Figure 3.11 respectively depict the \

seed transducer associated with the DECREASING_TERRACE pattern as well as one
example of its execution on a time series.

< :out

S-occurrence (C)
@ (i..5) = (5..7)
>5 6 >

6
=: > :out ;

o : <

output o or o % o o o o i
states S T t t S T t T s s s T t T t t
input > = = < > = > < = < > = > = = V6 V7
i-occurrence (o)
[(i+b)..5] = [(5+1)..7]
B) e-occurrence (o)
[[GE+86)..(G+1~a)]
11 1 1 1 11 =[[6+1).(7+1-1)]]

Vi Vo V3 Vy Vs Vg V7 Vg Vo Vig Vii Viz Viz Vig Vis Vie

Figure 3.11: (A) Seed transducer for the DECREASING_TERRACE pattern: ‘>="17>’
with b = 1 and ¢ = 1; (B) Illustrating the execution of the seed transducer on a
time series (within the output o, my, oy, f. are shortcut for out, maybe,, out,,
found,); (C) Illustrating the relation between the s-occurrence, the i-occurrence and
the e-occurrence.
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C < default,y
D < idy <
R < default,y
~
LKK’M
Y
¢g(R, C)
= {D + ¢5(D,8}3)}
>

(D« ¢,(D,60)} =t

>
{ D <+ idy ) }
R« ¢g(R, ¢s(D,3%))
Figure 3.12: Parametrised automaton for any functional time-series constraints of the

DECREASING_TERRACE pattern obtained by applying the decoration table 3.37 to the
corresponding transducer

IN

C <+ defaulty
D + idy
F' < defaulty

R+ 1

{D « ¢5(D,5%)} =1

>.
C «+ ¢¢(D,d%)
D < idy )
F « ¢5(D,0%) _
R« RAO(F, ¢5(D,5%))

Figure 3.13: Parametrised automaton for any predicate time-series constraints of the
DECREASING_TERRACE pattern obtained by applying the decoration table 3.38 to the
corresponding transducer, where 6 is the predicate (i.e. <, =, >) used for comparing
two consecutive feature values
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S r t

s | 6,(C,0) 6,(C, T) 6,(C, T)

r | ,(C.0) 6,(C, T) 6;(D, D, o5t ©
t | 6,(C.C) | 65D, D5 6B, D5 €

Table 3.6: Parametrised glue matrix for any g_f_DECREASING_TERRACE constraint,
where the cell annotation ¢ stands for creating a new decreasing terrace occur-
rence from no existing decreasing terrace; the state associated with each row corre-
sponds to a state of the DECREASING_TERRACE transducer — see Figure 3.11, while
the state associated with each column corresponds to a state of the reverse of the
DECREASING_TERRACE transducer, i.e. the INCREASING_TERRACE transducer — see
Figure 3.26.
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3.1.5 DIP_ON_INCREASING_SEQUENCE

L3

Given a sequence S over the alphabet {‘<’, ‘=", *>"}, an occurrence of the pattern
DIP_ON_INCREASING_SEQUENCE is the subsequence of S which matches the regular
expression ‘<<><<’. Part (A) and parts (B,C) of Figure 3.14 respectively depict the
seed transducer associated with the DIP_ON_INCREASING_SEQUENCE pattern as well
as one example of its execution on a time series.

The pattern BUMP_ON_DECREASING_SEQUENCE = ‘>><>>" is not the reverse
of the pattern DIP_ON_INCREASING_SEQUENCE even though ‘< <>< <’ is the mirror
word of *>><>>".7 This is because the constants b = 2 and a = 1 (see Figure 3.14)
used for trimming the regular expression ‘<<><<’ are different, which makes the
two corresponding e-occurrences different. As a consequence we do not have any glue
matrix for the DIP_ON_INCREASING_SEQUENCE pattern.

2To get the mirror of a word w over the alphabet {*<’, ‘=", >}, first reverse the word w, second swap
the >’ with the ‘<.

<< > KL
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=:out

s-occurrence )
(i.4) = (10..14)

<10 <11 >12 <13 <14

\‘L I

o

./

I
T
|
|
output o o m, W, f o W, o o o o Wy WMy f o T
|
|
|
I
Il

states s r t w v t t w s r t t uw v t S
inmput | < < > < << > > << < > < <

1

[

Via Viz Vi
i-occurrence (o)
B)

e-occurrence (o)
[GE+0)..G +1—a)]]
= [[(10+ 2)..(14 + 1 — 1)]]

17

Vi Vo V3 Vy Vs Vg V7 Vg Vo Vig Vi1 Viz Viz Vig Vis Vie

; s 3/

L

\ [(i + b)..5] = [(10 + 2)..14]

1 1

Figure 3.14: (A) Seed transducer for the DIP_ON_INCREASING_SEQUENCE pattern:
‘<<><< with b = 2 and a = 1; (B) Illustrating the execution of the seed transducer
on a time series (within the output o, o,, my, f. are shortcut for out, out,, maybe,,
found,); (C) Illustrating the relation between the s-occurrence, the i-occurrence and
the e-occurrence.
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D « idy
R < default,y

{ C < default,s

Figure 3.15: Parametrised automaton for any functional time-series constraints of the
DIP_ON_INCREASING_SEQUENCE pattern obtained by applying the decoration ta-
ble 3.37 to the corresponding transducer



3.1. PATTERNS, SEED TRANSDUCERS AND PARAMETRISED GLUE MATRICES39

F < defaulty

C + defaulty
D <+ idy
/ —
R+ 1

>

Figure 3.16: Parametrised automaton for any predicate time-series constraints of the
DIP_ON_INCREASING_SEQUENCE pattern obtained by applying the decoration ta-
ble 3.38 to the corresponding transducer, where 6 is the predicate (i.e. <, =, >) used
for comparing two consecutive feature values
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3.1.6 GORGE 1> E=1>)>)

. << (=197 <
Given a sequence S over the alphabet {‘<’,‘=",‘>"}, an occurrence of the pat- (cl=E=1=7)

tern GORGE is the maximal subsequence of S which matches the regular expression \ - ,/
‘(> (> (= | >)* ) (< (< (= | <)* <))’. Part (A) and parts (B,C) of Figure 3.17 N
respectively depict the seed transducer associated with the GORGE pattern as well as

one example of its execution on a time series.

<:out > : maybe,

Ss-occurrence (C)
(ir-d) = (2..5)
2 <3 T4 <5
=: maybe, : ;
i i
| |
I I
T —
I 21
|
output o o f m; in mM; 03 mMp my oOf o my £ in in T 1
states s s r t t t t Tr r w s r r© t t t ‘ ;
imput < | > < = <|= > > = <|> > < < < ] ]
1] 1
4 L L
Vs Vi Vs

i-occurrence (o)

[G6 + b)..g] = [(2 + 2)..5]
e-occurrence (o)
[[(Gi+06)..G+1—a)]
=[C+1..6+1-1]

1 1
1 1
t t
1 1
1
T T
2] !
1
1 1
1 1
1 1
1 1
1 1

(B)7§

1

|
|
t
I
|
T
|
2
[
|
1
I
|
I

L 1 1 1

Vi Vo V3 Vi V5 Vg V7 Vs Vo Vig Vi1 Viz Vig Via Vis Vig

Figure 3.17: (A) Seed transducer for the GORGE pattern:
‘CleEI=) )< (=]1<*<) with b = 1 and ¢ = 1; (B) Tllus-
trating the execution of the seed transducer on a time series (within the output o,
f, m,, o,, my, o, are shortcut for out, found, maybe,, out,, maybe,, out,);
(C) Ilustrating the relation between the s-occurrence, the i-occurrence and the
e-occurrence.
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D < idy

C < defaultyy
R < default,y

{ C 4+ ¢1(C,05(D,6})) }
= D <+ idy

{D + ¢;(D,5ff)}

Il
S

{D + qs;(D,&;)}

Figure 3.18: Parametrised automaton for any functional time-series constraints of the
GORGE pattern obtained by applying the decoration table 3.37 to the corresponding
transducer (transition v — 7 has the same register update as transition r — )
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> .
{D « ¢5(D,5%)}

IN

D <« idy
F < defaulty

{ C <+ defaulty
R+ 1

{ C + ¢5(C,¢5(D,5%)) }
. D + idy
{D «+ ¢f(D,§})}

{D + ¢;(D,6})}

Figure 3.19: Parametrised automaton for any predicate time-series constraints of the
GORGE pattern obtained by applying the decoration table 3.38 to the corresponding
transducer, where 6 is the predicate (i.e. <, =, >) used for comparing two consecutive
feature values; transition « — 7 has the same register update as transition » — u.
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s T t U

s | 6,(C,0) 6,(C.0) 6,(C.0) 6,(C.0)
v 6,(C.0) | 6B, D5 | 60,3, DY 6,(C.0)
t asq(? C) | ¢(C.D.D.si) Y 6,(C.0) 6;(C.D, Do) "
u | 6y(C,0) 6,(C. ) 6;(C. D, D5t " 6,(C. 0)

off af| at

Table 3.7: Parametrised glue matrix for any g_ f_ GORGE constraint, where cell annota-
tions have the following meaning: ¢ stands for creating a new gorge occurrence from
no existing gorge, R stands for extending to the right an existing gorge, L stands for
extending to the left an existing gorge; the state associated with each row corresponds
to a state of the GORGE transducer — see Figure 3.17, while the state associated with
each column corresponds to a state of the reverse of the GORGE transducer, i.e. the
GORGE transducer — see Figure 3.17.



44 3. PATTERNS AND CORRESPONDING TABLES

3.1.7 INCREASING

S v ¢

Given a sequence .S over the alphabet {‘<’, ‘=", >}, an occurrence of the pattern IN- <
CREASING is the subsequence of S which matches the regular expression ‘<’. Part (A) /
and parts (B,C) of Figure 3.20 respectively depict the seed transducer associated with

the INCREASING pattern as well as one example of its execution on a time series.

l s-occurrence ©)
(i..7) = (2..2)
(A) < :found, >:out 72%:
output o fe o o o o fe o fo fe o o o fe o f
states s S S S S S S S S S S S S S S S
input > | < | = > > =|<|=|<|<]|]= > >]|<]|= ]
i I
Vo Vs
i-occurrence (o)
— . .
(B) 2 2 2 [(i +b)..5] = [(2+0)..2]

e-occurrence (o o)
[[GE+06)..G+1—a)]
11 1 =[[2+0)..2+1 - 0)]]

Vi Vo Vi3 Vi V5 Vo V7 Vs Vo Vig Vi1 Viz Vig Via Vis Vig

Figure 3.20: (A) Seed transducer for the INCREASING pattern: ‘<’ with b = 0 and
a = 0; (B) Ilustrating the execution of the seed transducer on a time series (within
the output o, f, are shortcut for out, found,); (C) Illustrating the relation between the
s-occurrence, the i-occurrence and the e-occurrence.

s | ¢,(C,0)

Table 3.8: Parametrised glue matrix for any ¢g_f_INCREASING constraint; the state
associated with each row corresponds to a state of the INCREASING transducer — see
Figure 3.20, while the state associated with each column corresponds to a state of the
reverse of the INCREASING transducer, i.e. the DECREASING transducer — see Fig-
ure 3.5.
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C < defaultgy
D <« idy
R < default,y

¥

<
D « idy o @ 2
{ R ¢g(R, ¢s(¢5(D,5%),845H1)) }

Figure 3.21: Parametrised automaton for any functional time-series constraints of the
INCREASING pattern obtained by applying the decoration table 3.37 to the correspond-
ing transducer

C < defaulty
D «+ idy
F <+ defaulty
R+ 1
< ¥

C « ¢7(6s(D,5%),85 )

D «+ idy ) ) >
F «— ¢5(¢5(D,85), 85

R RAO(F, ¢5(s(D,58%),87 )

RAO(F,C)

Figure 3.22: Parametrised automaton for any predicate time-series constraints of the
INCREASING pattern obtained by applying the decoration table 3.38 to the correspond-
ing transducer, where 6 is the predicate (i.e. <, =, >) used for comparing two consec-
utive feature values
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3.1.8 INCREASING_SEQUENCE

Given a sequence S over the alphabet {‘<’, ‘=", *>"}, an occurrence of the pattern
INCREASING_SEQUENCE is the maximal subsequence of S which matches the regular
expression ‘< (< | =)* < | <’. Part (A) and parts (B,C) of Figure 3.23 respectively
depict the seed transducer associated with the INCREASING_SEQUENCE pattern as well
as one example of its execution on a time series.

s-occurrence (©)
(ir-g) = (7..10
l <7 =8 <9 <i10|
i i
) >iout || :
T T
| |
| |
I ]
| l
| |
> : out, < : found : 1 ]

Ve Vs Vo Vig Via
i-occurrence (o)

[(i + b)..5] = [(7 + 0)..10]
=: maybe, < :in e-occurrence (o 0)
([(G+0)..G+1—a)]
=[[(7+0)..(10+1—0)]]
output o f my o o o f My in in My O © f m

states s S t t s s s t t t t s s t t
input > | < < = < <| > > | <
| |
1 1
| |
| |
T T
| |
|
I
1
|
|
1

4

B)

1 L L 1

Vi Vo V3 Vy Vs Vg V7 Vg Vo Vip Vi1 Viz Viz Viga Vis Vie

Figure 3.23: (A) Seed transducer for the INCREASING_SEQUENCE pattern:
‘<(<|=)*<| < withb = 0 and a = 0; (B) Illustrating the execution of the
seed transducer on a time series (within the output o, f, m,, o, are shortcut for out,
found, maybe,, out,); (C) Illustrating the relation between the s-occurrence, the
i-occurrence and the e-occurrence.
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C <+ defaultgyy
D <+ idy

R < default,y

>
> <
C < defaultyy P it1
D+ idy g:‘?z(‘ﬁf(Dv‘sf)*‘sf ) }
R+ ¢4(R,C) idy

(D + ¢;(D, 651

<
{ C + ¢5(C,¢5(D,65MY) }
D + idy

Figure 3.24: Parametrised automaton for any functional time-series constraints of the
INCREASING_SEQUENCE pattern obtained by applying the decoration table 3.37 to the
corresponding transducer

C' < defaulty
D « idyg
F <+ defaulty

R+ 1

>
> <
Feo 0 prlonap 5 |
R+ RAO(F,C) D < 1d¢

C« ¢f<c;f<D,5}+1>>
{ J

= 41
(D ¢;(D, 67} EORNES

Figure 3.25: Parametrised automaton for any predicate time-series constraints of the
INCREASING_SEQUENCE pattern obtained by applying the decoration table 3.38 to the
corresponding transducer, where 6 is the predicate (i.e. <, =, >) used for comparing
two consecutive feature values
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S t
s | ¢,(C,0) 6,(C', C)
t | 6,C.C) | ¢,(@. 0B, D&M

Table 3.9: Parametrised glue matrix for any g_ f _INCREASING_SEQUENCE constraint,
where the cell annotation M stands for merging two existing increasing sequences
sharing an element; the state associated with each row corresponds to a state of the
INCREASING_SEQUENCE transducer — see Figure 3.23, while the state associated with
each column corresponds to a state of the reverse of the INCREASING_SEQUENCE
transducer, i.e. the DECREASING_SEQUENCE transducer — see Figure 3.8.
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3.1.9 INCREASING_TERRACE

Given a sequence .S over the alphabet {‘<’, ‘=", “>"}, an occurrence of the pattern
INCREASING_TERRACE is the maximal subsequence of .S which matches the regular

expression ‘<=7 <. Part (A) and parts (B,C) of Figure 3.26 respectively depict the «

seed transducer associated with the INCREASING_TERRACE pattern as well as one
example of its execution on a time series.

A
6 > :out
[+
o+
<r
s-occurrence ©)
(i-.§) = (5..7)
<5 =6 <1
= < :out
output o or o % o o o o i
states s r t t s r t r s s s r t t r t
input < = = > | < = <|> = >|< = = <|=

$ 4
VG V7

i-occurrence (e)

(B) 2 2 2 2 2 2 2 (i +b)..5] =[(56+1)..7]
e-occurrence (o)
[GE+b)..(G+1-a)]

1 1 1 =[(G+1).(7+1-1)]

Vi Vo V3 Vy Vs Vg V7 Vg Vo Vig Vi1 Viz Viz Vig Vis Vig

Figure 3.26: (A) Seed transducer for the INCREASING_TERRACE pattern: ‘<=7 <’
with b = 1 and ¢ = 1; (B) Illustrating the execution of the seed transducer on a
time series (within the output o, my, o, f. are shortcut for out, maybe,, out,,
found,); (C) Illustrating the relation between the s-occurrence, the i-occurrence and
the e-occurrence.
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C < default,y
D < idy >
R < default,y
~
7(&6%
Y
¢g(R,C)
= {D + ¢5(D,8}3)}
<

(D« ¢,(D,60)} =t

<
{ D <+ idy ) }
R« ¢g(R, ¢s(D,3%))
Figure 3.27: Parametrised automaton for any functional time-series constraints of the

INCREASING_TERRACE pattern obtained by applying the decoration table 3.37 to the
corresponding transducer

C <+ defaulty
D + idy
F' < defaulty

>
R 1
- 7 a1
{D « ¢5(D,5%)} =1 <
<.
C « ¢5(D,8%)

D < idy )
F « ¢5(D,0%) _
R <+ RAO(F, ¢5(D,d%))

Figure 3.28: Parametrised automaton for any predicate time-series constraints of the
INCREASING_TERRACE pattern obtained by applying the decoration table 3.38 to the
corresponding transducer, where 6 is the predicate (i.e. <, =, >) used for comparing
two consecutive feature values
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S r t

s | 6,(C,0) 6,(C, T) 6,(C, T)

r | ,(C.0) 6,(C, T) 6;(D, D, o5t ©
t | 6,(C.C) | 65D, D5 6B, D5 €

Table 3.10: Parametrised glue matrix for any g_ f_INCREASING_TERRACE constraint,
where the cell annotation ¢ stands for creating a new increasing terrace occur-
rence from no existing increasing terrace; the state associated with each row corre-
sponds to a state of the INCREASING_TERRACE transducer — see Figure 3.26, while
the state associated with each column corresponds to a state of the reverse of the
INCREASING_TERRACE transducer, i.e. the DECREASING_TERRACE transducer — see
Figure 3.11.
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3.1.10 INFLEXION <(<]=)>|

Given a sequence S over the alphabet {‘<’, ‘=", *>"}, an occurrence of the pattern /'/ \

INFLEXION is the maximal subsequence of S which matches the regular expression

‘<(<|=)*>1]>(>]|=)* <. Part (A) and parts (B,C) of Figure 3.29 respectively \

depict the seed transducer associated with the INFLEXION pattern as well as one exam- \/

ple of its execution on a time series. >(>1=)" <
The pattern INFLEXION is not its own reverse as illustrated by the following ex-

ample: when scanned from left to right, the regular expression ‘<<<>>’ contains

the inflexion ‘<< <>’, which does not coincide with the inflexion ‘<>>" obtained by

performing a scan from right to left. As a consequence we do not have any glue matrix

for the INFLEXION pattern.

(A)

s-occurrence (C)

(i) = (4.7)
>, =5 ¢ <7

5 ~6 =7
< : maybe, > : maybe,

I
I
T
|
output o my my, f my, my, f, f fo £ f fo M, fo My ]
I
]
1
I
I

states s r r r t t t
input << =T ] L

I 4 4'! Prglnfr g I 4 i
: - S EE L FE Y O IL Vs Vs Vi
i N AN 3N : i-occurrence (o)
(B) P | TN TN l [(G +b)..5] = [(4 +1)..7]
: n n :\ AN ‘/: n : e-occurrence (o)
| - N ([ +8)..(5 4 1~ a)]
. | IR IR I Y =(@+D.+1-1j
Vi Vo Va3 Vi Vs Vg Vi Vg Vg Vig Vi1 Viz Vig Vig Vis Vig
Figure 3.29: (A) Seed transducer for the INFLEXION pattern:

‘<(<|=>]>C|=)< withb = 1 and a = 1; (B) Illustrating the ex-
ecution of the seed transducer on a time series (within the output o, my, f. are shortcut
for out, maybe,, found.); (C) Illustrating the relation between the s-occurrence,
the i-occurrence and the e-occurrence.
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D < idy

C < defaultgy
R < default,y

z
{D < ¢5(D,55)}

(D + ¢4(D,5})} @

{ D <+ idy v }
R ¢4(R,05(D, %))

Figure 3.30: Parametrised automaton for any functional time-series constraints of the
INFLEXION pattern obtained by applying the decoration table 3.37 to the corresponding
transducer (transition r — ¢ has the same register updates as transition t — r)

C < defaulty
D + idy
F < defaulty

R+ 1

s
{D = o5(D,55)}

z
{D = é5(D,55)}

C + ¢5(D,8%)

D + idy

F + ¢5(D, %)

R+ RAO(F,¢5(D,5%))

Figure 3.31: Parametrised automaton for any predicate time-series constraints of the
INFLEXION pattern obtained by applying the decoration table 3.38 to the corresponding
transducer, where 6 is the predicate (i.e. <, =, >) used for comparing two consecutive
feature values; transition  — ¢ has the same register updates as transition ¢t — r.
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3.1.11 PEAK

Given a sequence S over the alphabet {‘<’, ‘=", >"}, an occurrence of the pat- < (=|<)"(>|=)">
tern PEAK is the maximal subsequence of S which matches the regular expression N

‘< (=] <)*(>]=)* >. Part (A) and parts (B,C) of Figure 3.32 respectively depict e ~N
the seed transducer associated with the PEAK pattern as well as one example of its

execution on a time series.

(A) < :out

s-occurrence ©)
(i..7) = (4..6)
<4 <5 >4
I I
< :maybe, =: maybe, l I
T T
:‘
output o o o o m, £ m; o, My M, §f o0y my my £ I
states s s s s T r t t T T Tr t T T T ¢t B |5
input > = > | < < >]|=|< < < >|< = = > \\I
| |
4 L I

Vs Vs
i-occurrence (o)
(i + b)..5] = [(4+1)..6]
e-occurrence (o)

(B) 2 2
i (G +b)..(G+ 1= a)]

P i ] =l D641 )

Vi Vo Vi3 Vy Vs Vg V7 Vg Vo Vig Vi1 Viz Viz Vig Vis Vg

Figure 3.32: (A) Seed transducer for the PEAK pattern: ‘< (= | <)*(> | =)* >’ with
b =1 and a = 1; (B) Illustrating the execution of the seed transducer on a time series
(within the output o, my, f, m,, o, are shortcut for out, maybe,, found, maybe,,
out,); (C) lllustrating the relation between the s-occurrence, the i-occurrence and the
e-occurrence.
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C < defaultgyy
D <+ idy >
R < default,y
C « ¢5(D,d%)
< - D + idy > v
< ; <r C <+ ¢s(C,ps(D, s
{D « (D, 8})} { DHJf 1(D.63))
< =
C < defaultyy D« D. st
D« idy { d’f( s f)}
R < ¢4(R,C)

Figure 3.33: Parametrised automaton for any functional time-series constraints of the
PEAK pattern obtained by applying the decoration table 3.37 to the corresponding trans-
ducer

Y

C' < defaulty
D + idy
F < defaulty

R+ 1

{ C « ¢5(D,5%) } K .
< . D < idy .
{D « ¢;(D,s%)} @ { g:ﬂ;c',d)f(D,éf)) }
< =
SR (D« ¢;(D,5))}
R+« RAO(F,C)

Figure 3.34: Parametrised automaton for any predicate time-series constraints of the
PEAK pattern obtained by applying the decoration table 3.38 to the corresponding trans-
ducer, where 6 is the predicate (i.e. <, =, >) used for comparing two consecutive
feature values
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S r t
s | 9,(C.T) 6,(C.C) 6,(C,C)
r | ¢,(C,C) os(D,D,6:) | ¢,(C, B, D5t "
t | 6,0, 0) | ¢p(C. B, D5 4,(C.0)

Table 3.11: Parametrised glue matrix for any g_ f_PEAK constraint, where cell annota-
tions have the following meaning: ¢ stands for creating a new peak occurrence from
no existing peak, R stands for extending to the right an existing peak, L stands for
extending to the left an existing peak; the state associated with each row corresponds
to a state of the PEAK transducer — see Figure 3.32, while the state associated with
each column corresponds to a state of the reverse of the PEAK transducer, i.e. the PEAK
transducer — see Figure 3.32.
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3.1.12 PLAIN

S v ¢

Given a sequence S over the alphabet {‘<’, ‘=", ‘>"}, an occurrence of the pat-
tern PLAIN is the maximal subsequence of S which matches the regular expression
‘>="*<". Part (A) and parts (B,C) of Figure 3.35 respectively depict the seed trans-
ducer associated with the PLAIN pattern as well as one example of its execution on a
time series.

@

\Y
6 < : founde
=1
L
=: maybe, K
>T
s-occurrence ©
} > : out, S . (i..5) = (3..4)
= . maybe,; ou
. >3 <4
| |
| |
output o o o fo o my o fe o o o my fe o o T[T
states s s s r s r t r s § r r t S§ § T A
inmput < < | > <[> =|> < | = >|> = <|= > DE
| |
A{L A{L P

$ 4
" Vi

; i-occurrence (o)

V [(i +b)..5] = [(B+1)..4]
e-occurrence (o)

| [(G+0)..(G+1 - a)]

| —[[B+1)..(4+1—1)]]

B)

1 |

Vi Vo Vi Vi Vs Vg Vi Vg Vo Vig Vi1 Vi Vig Vig Vis Vig

Figure 3.35: (A) Seed transducer for the PLAIN pattern: ‘>=*<’ with b = 1 and
a = 1; (B) Illustrating the execution of the seed transducer on a time series (within the
output o, f., my, o, are shortcut for out, found., maybe,, out,); (C) Illustrating the
relation between the s-occurrence, the i-occurrence and the e-occurrence.



58 3. PATTERNS AND CORRESPONDING TABLES

D <« idy
R < default,y

\ C « defaultyy }

<
D <+ idy _ }
R ¢4(R,05(D, %))

D gDy

(D« ¢;(D,5%)} =t

>
{D + idf}

Figure 3.36: Parametrised automaton for any functional time-series constraints of the
PLAIN pattern obtained by applying the decoration table 3.37 to the corresponding

transducer
L,N C < defaulty
Oﬁ@ D + idyg
@&K% 3 ) F' < defaulty
3 - R« 1
o as
¥ ({?” - <
s € 9y(D.5))
D + idy _
B F<—¢f(D,§}) v
D e 005y R RAO(F, 4(D, 7))
(D + 0s(D.6)) . N g
{D < idf}

Figure 3.37: Parametrised automaton for any predicate time-series constraints of the
PLAIN pattern obtained by applying the decoration table 3.38 to the corresponding

transducer, where 6 is the predicate (i.e. <, =, >) used for comparing two consecutive
feature values
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s r t
= = =
s | 9(C.0) | 4,(C.C) #,(C.C)
= 5 C i C
r | 6(C.0) | 65D, D6 | ¢p(B, Do)
= i C i C
t | 6(C.C) | ;B D5 | ¢;(D. D5}
Table 3.12: Parametrised glue matrix for any g_f_PLAIN constraint, where the cell
annotation ¢ stands for creating a new plain occurrence from no existing plain; the
state associated with each row corresponds to a state of the PLAIN transducer — see

Figure 3.35, while the state associated with each column corresponds to a state of the
reverse of the PLAIN transducer, i.e. the PLAIN transducer — see Figure 3.35.
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3.1.13 PLATEAU

S v ¢

Given a sequence S over the alphabet {‘<’, ‘=", *>"}, an occurrence of the pattern
PLATEAU is the maximal subsequence of S which matches the regular expression <% ~
‘<=">’. Part (A) and parts (B,C) of Figure 3.38 respectively depict the seed trans-

ducer associated with the PLATEAU pattern as well as one example of its execution on

a time series.

()

A
5 > : founde
[
L
= : maybe, K
T
< s-occurrence ©
(i..7) = (11..13)
<11 T12 ~1
< :out, - 13
=: maybe, < :out : P :
T T
|
output o o o f o m, o ff o o o m, f o o T T
states s s s r s r t r s s r r t s s T el |5
input > > | < >|< =]< >]|= <|< = >]|= < \\1
| |
4 '4 L I

Viz Vi
i-occurrence (o)
(i + 8)--4] = [(11 + 1)..13]

i e-occurrence (o)
| lG+b).G+1—a)]
11| =1+ D.a3+1-1)

|

Vi Vo V3 Vy Vs Ve Vi Vg Vo Vig Vi1 Viz Viz Vig Vis Vig

1

(B) ]

Figure 3.38: (A) Seed transducer for the PLATEAU pattern: ‘<="*>" with b = 1 and
a = 1; (B) Illustrating the execution of the seed transducer on a time series (within the
output o, f., my, o, are shortcut for out, found., maybe,, out,); (C) Illustrating the
relation between the s-occurrence, the i-occurrence and the e-occurrence.
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D <« idy
R < default,y

_ \S C « defaultyy }

>
D <+ idy _ }
R ¢g(R,67(D,6%))

{D —op(D5Y)}

(D« 65(D,5})} =t

<
{D «+ idf}

Figure 3.39: Parametrised automaton for any functional time-series constraints of the

PLATEAU pattern obtained by applying the decoration table 3.37 to the corresponding
transducer

D < idy )
F(—(ﬁf(D,(S}) )
R« RAO(F. 6;(D.5)))

7 AN C' < defaulty
9§ i
R D + idyg
Q&K A F < defaulty
¢ PR . R+ 1
Y ‘//Qi
¢ % - >
@< RAG6(F,C) C + ¢5(D,8%)

{D — ¢;(D,5§)} ;

(D + ¢7(D,5%)} =t

<
{D «+ idf}

Figure 3.40: Parametrised automaton for any predicate time-series constraints of the

PLATEAU pattern obtained by applying the decoration table 3.38 to the corresponding

transducer, where 6 is the predicate (i.e. <, =, >) used for comparing two consecutive
feature values
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S r t
s | 8,(C,0) 6,(C, 0) 6,(C,0)

r | 6(C.0) | ¢;(B, D6 | ¢p(B, Do) €
t ¢£](8’ <5) ¢f(37 37 6?_1) c ¢f(37 37 5?_1) c

Table 3.13: Parametrised glue matrix for any g_ f_PLATEAU constraint, where the cell
annotation ¢ stands for creating a new plateau occurrence from no existing plateau;
the state associated with each row corresponds to a state of the PLATEAU transducer
— see Figure 3.38, while the state associated with each column corresponds to a state of
the reverse of the PLATEAU transducer, i.e. the PLATEAU transducer — see Figure 3.38.
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3.1.14 PROPER_PLAIN

S v ¢

Given a sequence S over the alphabet {<’,‘=’,‘>’}, an occurrence of the pattern ~ _ . _
PROPER_PLAIN is the maximal subsequence of S which matches the regular expres- *\ /’
sion ‘>=7 <. Part (A) and parts (B,C) of Figure 3.41 respectively depict the seed -
transducer associated with the PROPER_PLAIN pattern as well as one example of its

execution on a time series.

o0

< :out

mo: <

=: maybe, K s-occurrence ©)
>T (i-5) = (7..9)
[>7 =5 <4

I I
I
> :out, t
=: maybe, > : out :
T
I
|

[\

output o o m ff o o o m, f o o o m, m, f

states s s T t S T r ¢t s s r r t t s }

imput <[> = <[> <|> = <|< >|> = = < ]
|
1

1 1

1 Vo Vo
; i-occurrence (o)
i [(4b)..5] = [(7T+1)..9]

B)

#
/

1

N

e-occurrence (o)
([ +0)..(G +1—a)]]
=[7+1)..0+1-1)]

1
|
t
I
1
T
|
2
|
T
|
I
1
I

1
|
t
|
1
T
|
2
|
T
|
|
.
I

1 L L L L L

Vi Vo Vs Vi Vs Vg Vi Vg Vo Vig Vi1 Via Vig Vig Vis Vig

Figure 3.41: (A) Seed transducer for the PROPER_PLAIN pattern: ‘>=" <" withb = 1
and a = 1; (B) [llustrating the execution of the seed transducer on a time series (within
the output o, my, f. are shortcut for out, maybe,, found.); (C) Illustrating the
relation between the s-occurrence, the i-occurrence and the e-occurrence.
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D <+ idy
R < defaultg,;

_ \\ C + default, }
§

D gD 5))

(D« 65(D,5%)) =t

>
{D «+ idf}

Figure 3.42: Parametrised automaton for any functional time-series constraints of the
PROPER_PLAIN pattern obtained by applying the decoration table 3.37 to the corre-
sponding transducer

L'N\ C < defaulty
\O 0§ D + idyg }
oy v F' < defaulty
6 n/‘/ 408 \O . . R+ 1
(P
¥ I'd

RAO(F,C)

{D ;D))

(D« 6;(D,5})} =t

>
{D «+ idf}

Figure 3.43: Parametrised automaton for any predicate time-series constraints of the
PROPER_PLAIN pattern obtained by applying the decoration table 3.38 to the corre-
sponding transducer, where 6 is the predicate (i.e. <, =, >) used for comparing two
consecutive feature values
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S r t

s | 6,(C,0) 6,(C, T) 6,(C, T)

r | 6,(C,0) 6,(C, T) 67(D, D, o5t ©
t | 6,(C.C) | 65D, D5 64D, D5 €

Table 3.14: Parametrised glue matrix for any g_f_PROPER_PLAIN constraint, where
the cell annotation ¢ stands for creating a new proper plain occurrence from no ex-
isting proper plain; the state associated with each row corresponds to a state of the
PROPER_PLAIN transducer — see Figure 3.41, while the state associated with each col-
umn corresponds to a state of the reverse of the PROPER_PLAIN transducer, i.e. the
PROPER_PLAIN transducer — see Figure 3.41.
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3.1.15 PROPER_PLATEAU

S v ¢

Given a sequence S over the alphabet {‘<’, ‘=", *>"}, an occurrence of the pattern N
PROPER_PLATEAU is the maximal subsequence of S which matches the regular ex- S
pression ‘<=7 >". Part (A) and parts (B,C) of Figure 3.44 respectively depict the seed « \
transducer associated with the PROPER_PLATEAU pattern as well as one example of its

execution on a time series.

()

> :out

mno : >

s-occurrence ©)
(i.-§) = (7..9)
<7 8>9

4 4!

=: maybe,

?\\

< :out,
= : maybe, < :out

N

I

T

|

|

output o o my fy o o o my fy o o o my mp f T
states s s r t s r s r t s s T r t t s ;
inpput > | < = >|< >|< = >|> <|< = = > [
I

Il

4

t t Vs Vo
i-occurrence (o)

[ +b)..5] = [(T+1)..9]
e-occurrence (o)
[[G+06)..G+1-a)]
=[[(7+1)..(9+1-1)]

1

®) \ /

ReRk

Vi Vo V3 Vy Vs Ve V7 Vg Vo Vig Vi1 Viz Viz Vig Vis Vig

Figure 3.44: (A) Seed transducer for the PROPER_PLATEAU pattern: ‘<=7 > with
b =1 and a = 1; (B) [llustrating the execution of the seed transducer on a time series
(within the output o, my, f. are shortcut for out, maybe,, found,); (C) Illustrating
the relation between the s-occurrence, the i-occurrence and the e-occurrence.
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D <+ idy
R < defaultg;

\S C « defaultyy }

PR R TR B

(D« ;(D,5%)) =t

<
{D — idf}

Figure 3.45: Parametrised automaton for any functional time-series constraints of the
PROPER_PLATEAU pattern obtained by applying the decoration table 3.37 to the corre-
sponding transducer

7 & C < defaulty
89 -
D D « idyg
@&K A F < defaulty
¢ PR . R+ 1
< ps
D &

{D “op(D, 50}

(D + ¢7(D,5%)} =t

<
{D «+ idf}

Figure 3.46: Parametrised automaton for any predicate time-series constraints of the
PROPER_PLATEAU pattern obtained by applying the decoration table 3.38 to the cor-
responding transducer, where 6 is the predicate (i.e. <, =, >) used for comparing two
consecutive feature values
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S r t

s | 6,(C,0) 6,(C, T) 6,(C, T)
6,(C, T) 6,(C. T) o5(D, D, 50t ©

t (b!](aa 6) ¢f(37 37 6?_1) ¢ ¢f(37 37 5jf+1) ¢

Table 3.15: Parametrised glue matrix for any g_f_PROPER_PLATEAU constraint,
where the cell annotation ‘¢ stands for creating a new proper plateau occurrence from
no existing proper plateau; the state associated with each row corresponds to a state
of the PROPER_PLATEAU transducer — see Figure 3.44, while the state associated with
each column corresponds to a state of the reverse of the PROPER_PLATEAU transducer,
i.e. the PROPER_PLATEAU transducer — see Figure 3.44.

r
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3.1.16 STEADY

Given a sequence S over the alphabet {‘<’, ‘=", *>"}, an occurrence of the pattern ,=,
STEADY is the subsequence of .S which matches the regular expression ‘=". Part (A)
and parts (B,C) of Figure 3.47 respectively depict the seed transducer associated with

the STEADY pattern as well as one example of its execution on a time series.

l J-?Cclurrence (C)
(A) =:found. 2 :out (i..7) = (6..6)
~ 6

ouput £ o o f o f f o o f fo o o o fo
states s s s s s s S s s s S s s s S S

input | = | < >|=|< =|l< >|=|=]< > <|=
4 4 4
Ve V7
J i-occurrence (o)
(B) [(Zer)j] = [(6+0)..6]
/ \ e-occurrence (o o)
T A [(i +b)..G + 1 = a)]]
B! 1 = [[(6 +0)..(6 + 1~ O)]]

Vi Vo Vi3 Vi V5 Vo V7 Vs Vo Vig Vi1 Vie Viz Via Vis Vie

Figure 3.47: (A) Seed transducer for the STEADY pattern: ‘=" with b = 0 and ¢ =
0; (B) Illustrating the execution of the seed transducer on a time series (within the
output f., o are shortcut for found,, out); (C) Illustrating the relation between the
s-occurrence, the i-occurrence and the e-occurrence.

s | 0,(C,0)

Table 3.16: Parametrised glue matrix for any g_ f_STEADY constraint; the state associ-
ated with each row corresponds to a state of the STEADY transducer — see Figure 3.47,
while the state associated with each column corresponds to a state of the reverse of the
STEADY transducer, i.e. the STEADY transducer — see Figure 3.47.
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C < defaultgy
D <+ idy
R < default,y

¥

{ D < idy - ) ) } @ 2
R« ¢g(R, ¢ (¢5(D,8%),657))

Figure 3.48: Parametrised automaton for any functional time-series constraints of the
STEADY pattern obtained by applying the decoration table 3.37 to the corresponding
transducer

C < defaulty

D « idyf

F <+ defaulty
R+ 1

‘: 141 +
C <« ¢5(d5(D,85),6,77)
D <+ idy ) ) 2
F < ¢p(¢5(D,6%),657)
R RAO(F, ¢5(65(D,6}),8;11) g

Figure 3.49: Parametrised automaton for any predicate time-series constraints of the
STEADY pattern obtained by applying the decoration table 3.38 to the corresponding
transducer, where 6 is the predicate (i.e. <, =, >) used for comparing two consecutive
feature values
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3.1.17 STEADY_SEQUENCE

Given a sequence S over the alphabet {‘<’, ‘=", “>"}, an occurrence of the pattern
STEADY_SEQUENCE is the maximal subsequence of .S which matches the regular ex- =
pression ‘=7". Part (A) and parts (B,C) of Figure 3.50 respectively depict the seed
transducer associated with the STEADY_SEQUENCE pattern as well as one example of

its execution on a time series.

s-‘occ‘urrence ©)
(i..7) = (5..6)
“5 "6
(A) Z:out
2 :out, =: found Vs Vo Vz

i-occurrence (o)
[+ b)..5] = [(5 + 0)..6]
e-occurrence (o o)

Cin [1G+6)-G +1 - a)]
=[I(5+0)..(6+1 - 0)]]

output o f o3 o f in o1 o £ oy f o1 o o f
States s S T S S T T S S s S
input > | = | < <|= =|< >|=|<]|=

(B)

L 1
Vi Vo V3 Vi Vs Vs Vi Vg Vo Vig Vi1 Vig Vig Vig Vis Vig

Figure 3.50: (A) Seed transducer for the STEADY_SEQUENCE pattern: ‘="’ with
b = 0 and a = 0; (B) Ilustrating the execution of the seed transducer on a time series
(within the output o, f, o, are shortcut for out, found, out,); (C) Illustrating the
relation between the s-occurrence, the i-occurrence and the e-occurrence.
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C < defaulty
D <+ idy

R < defaultyy

I\

2 _
C <+ defaultyy (P siy sitl
D « idy gtf£(¢f(D’5f)’5.f ) }
R <+ ¢4(R,C) !

{ C  ¢;(C,¢5(D,55H1)) }
D + idy

Figure 3.51: Parametrised automaton for any functional time-series constraints of the

STEADY_SEQUENCE pattern obtained by applying the decoration table 3.37 to the cor-
responding transducer

C < defaulty
D + idyg
F < defaulty

R+1

A\

2

D <+ idy
F+C
R+ RAO(F,C)

C « ¢;(6s(D,85),87)
D + idy

{ C+ ¢5(C, ¢f(D)§}+1)) }
D <« idy

Figure 3.52: Parametrised automaton for any predicate time-series constraints of the
STEADY_SEQUENCE pattern obtained by applying the decoration table 3.38 to the cor-
responding transducer, where 6 is the predicate (i.e. <, =, >) used for comparing two
consecutive feature values
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s | 6,(C,0) 6,(C', C)
r| 6,0, 0) | ¢,(C,C,B, D5t

Table 3.17: Parametrised glue matrix for any g_f_STEADY_SEQUENCE constraint,
where the cell annotation M stands for merging two existing steady sequences shar-
ing an element; the state associated with each row corresponds to a state of the
STEADY_SEQUENCE transducer — see Figure 3.50, while the state associated with each
column corresponds to a state of the reverse of the STEADY_SEQUENCE transducer,
i.e. the STEADY_SEQUENCE transducer — see Figure 3.50.
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3.1.18 STRICTLY_DECREASING_SEQUENCE

Given a sequence S over the alphabet {‘<’,‘=",‘>"}, an occurrence of the pattern . -+
STRICTLY_DECREASING_SEQUENCE is the maximal subsequence of S which matches \
the regular expression ‘>1". Part (A) and parts (B,C) of Figure 3.53 respectively depict ™
the seed transducer associated with the STRICTLY_DECREASING_SEQUENCE pattern

as well as one example of its execution on a time series.

Ss-occurrence (C)
(i..5) = (11..12)

l 211 212

<:out, > : found %

Vi1 Viz Vis
i-occurrence (o)

[+ 0)..5] = [(11 + 0)..12]
> :in e-occurrence (o 0)
(G +8)-G+1-a)]

= [[(11 +0)..(12 + 1 — 0)]]

output o o f in %@ ©o o o o o f in o1 o f
states S S S T T S S S S S S T T S S T
input = < | > >|= < < = < > > |= <|>

B)

L

Vi Vo V3 Vy Vs Ve Vi Vs Vo Vig Vii Viz Viz Viga Vis Vig

Figure 3.53: (A) Seed transducer for the STRICTLY_DECREASING_SEQUENCE pat-
tern: ‘>7" with b = 0 and a = 0; (B) Illustrating the execution of the seed transducer
on a time series (within the output o, f, o, are shortcut for out, found, out,); (C) Il-
lustrating the relation between the s-occurrence, the i-occurrence and the e-occurrence.
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C « defaultyy
D <+ idy

R < default,y

<
< >
C < defaultgyy iy sitl
D + idy gif£(¢f(D*5f)v5f ) }
R <+ ¢4(R,C) !

>
{ C 4+ ¢5(C,05(D,551Y) }
D + idy

Figure 3.54: Parametrised automaton for any functional time-series constraints of the
STRICTLY_DECREASING_SEQUENCE pattern obtained by applying the decoration ta-
ble 3.37 to the corresponding transducer

F <+ defaulty

C' < defaulty
D « idyg
R<+1

<
< >
Feo 0 prlen.ap 5 |
R+ RAO(F,C) D < 1d¢

>
{ C + $5(C,05(D,65TY) }
D + idf

Figure 3.55: Parametrised automaton for any predicate time-series constraints of the
STRICTLY_DECREASING_SEQUENCE pattern obtained by applying the decoration ta-
ble 3.38 to the corresponding transducer, where 6 is the predicate (i.e. <, =, >) used
for comparing two consecutive feature values
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s r
= =
s | ¢,(C.0) ¢,(C.C)
= = cir1 M
r| 6(C,0) | ¢;(C,C, D, D,
Table 3.18: Parametrised glue matrix for any

g_f_STRICTLY_DECREASING_SEQUENCE constraint, where the cell annota-
tion M stands for merging two existing strictly decreasing sequences shar-
ing an element; the state associated with each row corresponds to a state
of the STRICTLY_DECREASING_SEQUENCE transducer — see Figure 3.53,
while the state associated with each column corresponds to a state of
the reverse of the STRICTLY_DECREASING_SEQUENCE transducer, i.e. the
STRICTLY_INCREASING_SEQUENCE transducer — see Figure 3.56.
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3.1.19 STRICTLY_INCREASING_SEQUENCE

Given a sequence S over the alphabet {‘<’, ‘=", “>"}, an occurrence of the pattern L
STRICTLY_INCREASING_SEQUENCE is the maximal subsequence of S which matches <
the regular expression ‘<1, Part (A) and parts (B,C) of Figure 3.56 respectively depict /
the seed transducer associated with the STRICTLY_INCREASING_SEQUENCE pattern

as well as one example of its execution on a time series.

o

s-occurrence ©)
(i--g) = (7..10)
<7 <8 <9 <10
] |
| |
l ! o
I I
| 4 |
(A) >iout ;
I I
T T
| |
| |
i |
> : out, < : found : ) :
I I
Il Il

Vo Vs Vo Vip Vi1
i-occurrence (o)

<:in [(i4b)..3] = [(7+ 0)..10]
' e-occurrence (e o)
[([G+0)..(G+1—-a)]
=[[(7+0)..(10 + 1 — 0)]]

output o f ©a o o o f in in in ©1 o o f in

states s s r s s s s r r r r s s § T T
input > | < > > | < <

] ]

I I

I I

I I

I

I

T

I

Lo

(B)

L L L

\

I
I
|
I
|
|
>—i
|
|
1
|
|
|
|
J

Vi Vo Vi Vi Vs Vg Vi Vg Vo Vig Vii Via Vig Viga Vis Vig

Figure 3.56: (A) Seed transducer for the STRICTLY_INCREASING_SEQUENCE pat-
tern: ‘<™’ with b = 0 and a = 0; (B) Illustrating the execution of the seed transducer
on a time series (within the output o, f, o, are shortcut for out, found, out,); (C) Il-
lustrating the relation between the s-occurrence, the i-occurrence and the e-occurrence.
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C < defaulty
D <+ idy

R < defaultyy

>
2 <
C <+ defaultyy P i1
D « idy gtf£(¢f(D’5f)’5.f ) }
R« ¢4(R,C) !

D <+ idy

C<—¢f(cj¢f(D,6}+1))
{ j

Figure 3.57: Parametrised automaton for any functional time-series constraints of the
STRICTLY_INCREASING_SEQUENCE pattern obtained by applying the decoration ta-
ble 3.37 to the corresponding transducer

C < defaulty
D + idyg
F < defaulty

R+1

>
= <
D <+ id i i
Feo C = 67(65(D.6}), 67 }
R+ RAO(F,C) D« 1idy

<
{ C + ¢5(C,¢5(D,87)) }
D « idf

Figure 3.58: Parametrised automaton for any predicate time-series constraints of the
STRICTLY_INCREASING_SEQUENCE pattern obtained by applying the decoration ta-
ble 3.38 to the corresponding transducer, where € is the predicate (i.e. <, =, >) used
for comparing two consecutive feature values
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s r
= =
s | 6,(C.0) 6,(C', 0)
= = it M
r | 6(C,0) | ¢;(C,C, D, D,
Table 3.19: Parametrised glue matrix for any

g_f_STRICTLY_INCREASING_SEQUENCE constraint, where the cell annota-
tion M stands for merging two existing strictly increasing sequences shar-
ing an element; the state associated with each row corresponds to a state
of the STRICTLY_INCREASING_SEQUENCE transducer — see Figure 3.56,
while the state associated with each column corresponds to a state of
the reverse of the STRICTLY_INCREASING_SEQUENCE transducer, i.e. the
STRICTLY_DECREASING_SEQUENCE transducer — see Figure 3.53.
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3.1.20 SUMMIT (<] <(=]<)" <)
Given a sequence S over the alphabet {‘<’, ‘=", *>"}, an occurrence of the pattern ===
SUMMIT is the maximal subsequence of S which matches the regular expression ,/\,
(< 1(< (= | <)* <))(> [(> (= | >)* >))". Part (A) and parts (B,C) of Figure 3.59 AN

respectively depict the seed transducer associated with the SUMMIT pattern as well as
one example of its execution on a time series.

> :out < : maybe,

Ss-occurrence (C)

(i..3) = (2..5)
<2 >3%4°>5

ou[put o o f m; in my; 03 mMp my  of o my, £ oy f
states S s T t t t t T T u s T T t T t
input > | < > = >|= < < = >|< < >]|< >

4 4

Vs V4 Vs
i-occurrence (o)
[(i+0)..5] = [(2+ 1)..5]
e-occurrence (o)

®) /
3 [[(i +b)..(j + 1 — a)]]

A} | ] =ie+DG+1- )

Vi Vo Vi3 Vi V5 Vo V7 Vs Vo Vig Vi1 Viz Vig Via Vis Vig

Figure  3.59: (A) Seed transducer for the SUMMIT pattern:
‘<< =1<* <) (=]>)*>)) withdb = 1 and ¢ = 1; (B) Tllus-
trating the execution of the seed transducer on a time series (within the output o,
f, m,, o,, my, o, are shortcut for out, found, maybe,, out,, maybe,, out,);
(C) Ilustrating the relation between the s-occurrence, the i-occurrence and the
e-occurrence.
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D < idy

C < defaultyy
R < default,y

{ C 4+ ¢1(C,05(D,6})) }
= D <+ idy

{D + ¢;(D,5ff)}

Il
S

{D + qs;(D,&;)}

Figure 3.60: Parametrised automaton for any functional time-series constraints of the
SUMMIT pattern obtained by applying the decoration table 3.37 to the corresponding
transducer (transition v — 7 has the same register update as transition r — )
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< .
{D « ¢5(D,5%)}

\Y%

D <« idy
F < defaulty

{ C <+ defaulty
R+ 1

{ C +— ¢5(C, ¢7(D, %)) }
. D + idy
{D «+ ¢f(D,§})}

{D + ¢;(D,6})}

Figure 3.61: Parametrised automaton for any predicate time-series constraints of the
SUMMIT pattern obtained by applying the decoration table 3.38 to the corresponding
transducer, where 6 is the predicate (i.e. <, =, >) used for comparing two consecutive
feature values; transition « — 7 has the same register update as transition » — u.
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S r t u
s | 6,(C,0) 6,(C.T) 6,(C.T) 6,(C.T)
v 6,C.0) | 6B, Doy | 60,8, D6 4,(C.0)
t | 0,(C.C) | ¢;(C.D. Do) 6,(C.0) 67(C. D, D6 "
u | ¢,(C,0) 6,(C.0) 6:(C. B, D57 " 4,(C.0)

Table 3.20: Parametrised glue matrix for any g_ f_SUMMIT constraint, where cell an-
notations have the following meaning: ¢ stands for creating a new summit occur-
rence from no existing summit, R stands for extending to the right an existing summit,
L stands for extending to the left an existing summit; the state associated with each
row corresponds to a state of the SUMMIT transducer — see Figure 3.59, while the state
associated with each column corresponds to a state of the reverse of the SUMMIT trans-
ducer, i.e. the SUMMIT transducer — see Figure 3.59.
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3.1.21 VALLEY

Given a sequence S over the alphabet {‘<’, ‘=", ‘>"}, an occurrence of the pat-
tern VALLEY is the maximal subsequence of S which matches the regular expression
‘> (=] >)*(< | =)* <. Part (A) and parts (B,C) Figure 3.62 respectively depict
the seed transducer associated with the VALLEY pattern as well as one example of its
execution on a time series.

(A) > :out

s-occurrence (©)
(i..5) = (3..5)
| >3 >4 S sl
|
I
T
|
|
I,
|
|
D |
Il

a

> : maybe, =: maybe,

states s s
input < <

T
I
I
T
|
output o o o my £ m; o0, My My My f in my; my; in 1
I
1
]
I
I

4

Vi Vs
i-occurrence (o)
(GG +b)..5] = [(3+1)..5]
e-occurrence (o)
[G+0)..(G +1—a)]]
— [[(3+1).(5+1-1)]]

(B)

L ]

Vi Vo Vi Vi Vs Vg Vi Vg Vo Vig Vii Via Vig Viga Vis Vig

Figure 3.62: (A) Seed transducer for the VALLEY pattern: > (= | >)*(< | =)* <’
with b = 1 and @ = 1; (B) Illustrating the execution of the seed transducer on
a time series (within the output o, my, f, m,, o, are shortcut for out, maybe,,
found, maybe,, out,); (C) Illustrating the relation between the s-occurrence, the
i-occurrence and the e-occurrence.

>(=1>) (<=

N

)" <
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C < defaultgyy
D <+ idy <
R < default,y
C « ¢5(D,d%)
N - D + idy < v
2 ; > C <+ ¢s(C,ps(D, s
(D« 6;(D.5}1)) { G on®on)
> =
C < defaultyy D« D. st
D« idy { d’f( s f)}
R < ¢4(R,C)

Figure 3.63: Parametrised automaton for any functional time-series constraints of the
VALLEY pattern obtained by applying the decoration table 3.37 to the corresponding
transducer

IN

C' < defaulty
D + idy
F < defaulty

R+ 1

{ C « ¢5(D,5%) } K <
> . D < idy .
{D « ¢;(D,s%)} @ { g:ﬂ;c',d)f(D,éf)) }
> =
SR (D« ¢;(D,5))}
R+« RAO(F,C)

Figure 3.64: Parametrised automaton for any predicate time-series constraints of the
VALLEY pattern obtained by applying the decoration table 3.38 to the corresponding
transducer, where 6 is the predicate (i.e. <, =, >) used for comparing two consecutive
feature values
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S r t
s | 9,(C.T) 6,(C.C) 6,(C,C)
r | ¢,(C,C) os(D,D,6:) | ¢,(C, B, D5t "
t | 6,0, 0) | ¢p(C. B, D5 4,(C.0)

Table 3.21: Parametrised glue matrix for any g_f_VALLEY constraint, where cell an-
notations have the following meaning: ¢ stands for creating a new valley occurrence
from no existing valley, R stands for extending to the right an existing valley, L stands
for extending to the left an existing valley; the state associated with each row corre-
sponds to a state of the VALLEY transducer — see Figure 3.62, while the state associ-
ated with each column corresponds to a state of the reverse of the VALLEY transducer,
i.e. the VALLEY transducer — see Figure 3.62.
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3.1.22 ZIGZAG (<>)T(< | <>) |

/kv
Given a sequence S over the alphabet {‘<’, ‘=", >"}, an occurrence of the pat- /\/ \/
tern ZIGZAG is the maximal subsequence of S which matches the regular expression ‘\/‘\\ ,\
3 —+ + 3 . . . v
(<>)T(< | <>) | (><)T(> | ><)’. Figures 3.65 and 3.66 respectively depict the
seed transducer associated with the ZIGZAG pattern as well as one example of its exe-
cution on a time series.

AT ><)
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< :out > :out

laqhewr : >

laqheur : <

< :out, G > :out,
< :in
Figure  3.65: Seed  transducer for the  ZIGZAG  pattern:
(<>)T (< | <>)|(><)T(> | ><) with b = 1 and @ = 1; missing transi-
tions from a, d to s are labelled by = : out, missing transitions from b, e to s are

labelled by = : out,, and missing transitions from c, f to s are labelled by = : out,.
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S-occurrence (B)
(i.-3) = (5..7)

< 5 > 6 < 7
4 1

\[/

1

>

output o ™y f in ©y My f ©y o ™y, f in in in in
states s d e f ¢ a b ¢ s d e f ¢ f ¢ f
input | > < > <|< > <|=]> < > < > < >

4

Ve V7
i-occurrence (o)
[+ )..g] = [(5+1)..7]
e-occurrence (o)
[[G+0)..(G+1-a)]
{ =G+ +1-1)]

Vi Vo Vs Vi Vs Vs Vi Vg Vo Vig Vi1 Via Vig Vig Vis Vig

@\

L L L L

e

1
|
t
I
1
T
|
2
|
)
|
I
1
I

Figure 3.66: (A) Illustrating the execution of the seed transducer associated with the
ZIGZAG pattern on a time series (within the output o, my, f, o, are shortcut for out,
maybe,, found, out,); (B) Illustrating the relation between the s-occurrence, the
i-occurrence and the e-occurrence.



90 3. PATTERNS AND CORRESPONDING TABLES

s a b c
s | 9,(C.0) 6,(C, 0) 6,(C, C) 6,(C, )
a | 6,(C.0) 6,(C. 0) 6,(C, 0) 6;(C.B, D57 "
b | 6,(C.0) 6,(C., 0) 6;(D. D57 © 6,(C., 0)
¢ | 6,(C.C) | (@ B. Do) 9,(C.0) 0;(C.C.D. Do)
d | ,(C.0) 6,(C.0) 65(D, D57 © 6,(C.0)
e | 9,(C,0) | ;DD | 9,(C.0) 6;(C. D, D5 *
N (eRe) 6,(C, 0) 65(C.D. Do) " 6,(C., )
d e f

s 6,(C, ) 6,(C.0) 9,(C, C)

a 6,(C, C) 65(D, DoY) © 6,(C, )

b 67(D,D,5it) © 6,(C, C) 67(C,B, D5t~

c 6,(C.C) 65(C. D, D, " 6,(C.0)

d 6,(C.0) 6,(C.0) 0;(C.D. DoY) *

e 9,(C, ) 6;(D. D5t © 6,(C, )

f | ¢n(@B, Dot " 6,(C.0) 6;(C,C, D, D5 ™

Table 3.22: Parametrised glue matrix for any g_ f_ZIGZAG constraint, where cell an-
notations have the following meaning: ¢ stands for creating a new zigzag occur-
rence from no existing zigzag, R stands for extending to the right an existing zigzag,
L stands for extending to the left an existing zigzag, M stands for merging two ex-
isting zigzags; the state associated with each row corresponds to a state of the ZIGZAG
transducer — see Figure 3.65, while the state associated with each column corresponds
to a state of the reverse of the ZIGZAG transducer, i.e. the ZIGZAG transducer — see
Figure 3.65.
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D < idy

C < default,y
R < default,y

<

>
{ C < defaultyy }
D < idy
R+ ¢4(R,C)

C < defaultyy
D < idy
R < ¢4(R,C)

ot g
(e‘a)fe — o
<

>

{ C + ¢5(C,¢5(D,5%)) }
D < idy

)

<

{ C « ¢5(C,¢4(D,6%)) }
D < idy

Figure 3.67: Parametrised automaton for any functional time-series constraints of the
ZIGZAG pattern obtained by applying the decoration table 3.37 to the corresponding
transducer; (1) missing transitions from a, b, ¢, d, e, f to s are labelled by =; (2) on
transitions from b, ¢, e, f to s the register D is reset to its initial value; (3) on transitions

from c, f to s the register R is updated wrt C' and the register C is reset to its initial
value.
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C <+ defaulty

D <« idy

F < defaulty
R+ 1

<

{Uo'a)fo — a}
>

<

D < idy D <+ idy
rec’ U (sh e L RAB(E,C) | Feoo
R+ RAO(F,C) R+~ RAO(F,C)

ot > g
(e‘a)fe — o
<

>

{ C « ¢5(C,¢5(D,6%)) }
D < idy

)

<

{ C + 65(C,¢5(D,6})) }
D < idy

Figure 3.68: Parametrised automaton for any predicate time-series constraints of the
ZIGZAG pattern obtained by applying the decoration table 3.38 to the corresponding
transducer, where 6 is the predicate (i.e. <, =, >) used for comparing two consecutive
feature values; (1) missing transitions from a, b, ¢, d, e, f to s are labelled by =; (2) on
transitions from b, ¢, e, f to s the register D is reset to its initial value; (3) on transitions
from ¢, f to s the register F' is reset to C, and the register R is updated wrt C and F’
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3.2 Decoration Tables

This section provides different decoration tables used for synthesising the automata
with registers of this catalogue. While no automaton of this catalogue relies on ta-
bles 3.34 and 3.36, these two decoration tables may be used for generating distance
constraints between consecutive occurrences of a pattern.
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Table 3.23: Table for Type: cDRFoundEOut
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Table 3.24: Table for Type: cDRFoundEOutNoMA
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Table 3.25: Table for Type: cRFoundEOutA

initialization C <+ defaultgyy R < defaultyy
return ¢q(R,C)
Semantic Letter Decoration
After  Update of C' Update of R
out
out, C < defaultgyy
out, C < defaultyy R+ ¢4(R,C)
maybe,
maybe, 0
maybe, 1
found 0 C  ¢5(85,85)
found 1 C <+ 6}
in 0 C « ¢5(C, 5%
in 1 C + ¢5(C,8Y%)
found, 0 C < defaultyy R <+ ¢4(R, &f (5;, 6}+1))
found, 1 C < default,y R+ ¢4(R, 5})
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Table 3.26: Table for Type: dRFoundFoundEInA

initialization D <+ idy R < defaultgy
return R
Semantic Letter Decoration
After  Update of D Update of R
out
out, D <+ idy
out, D <+ idy )
maybe, D« ¢y(D,d%)
maybe, 0 D« ¢5(D,85)
maybe, 1 D « ¢¢(D, %) ‘
found 0 D « idy R« ¢4(R, ¢5(¢5(D, 5%), 5}“))
found 1 D «+ idy R« ¢4(R, ¢5(D,d%))
in 0 Deidy R 64(R,¢5(D, 6} ))
in 1 D «+ idy R+ ¢g(R, (D, 0%))
founde 0 D «+ idy R+ ¢g(R, 65 (¢ (D, 5%, 5;“))
founde 1 D «+ idy R+ ¢4(R, d)f(D,&}))
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Table 3.27: Table for Type: dRFoundFoundEInB

initialization D <« idy R < defaulty,y
return R
Semantic Letter Decoration
After  Update of D Update of R
out
out, D <« idy
out, D <+ idy
maybe, D «+ ¢5(D, 5;)
maybe, 0 D« ¢;(D,57)
maybe, 1 D «+ ¢4 (D, 5})
found 0 D ¢ (¢5(D,5%),85) R ¢g(R, ¢y (¢5(D,5%),55))
found 1 D« ¢5(D,5%) R« ¢4(R,¢5(D,5%))
in 0 D « ¢5(D,6}) R« ¢4(R,¢5(D,5;))
in 1 D« ¢;(D,3}) R« ¢4(R,¢5(D,8}))
found, 0 D + idy R <+ ¢g(R, d(¢5(D,6%), 5}*1))
found. 1 D «+ idy R« ¢4(R, ¢5(D,5%))
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Table 3.28: Table for Type: dRFoundFoundEInMonMB

initialization D <+ idy R < default,;

return R

Semantic Letter Decoration
Update of D Update of R

out

out,

out,

maybe, D «+ 5}
maybe,

found

in

found,. R+ ¢4(R, ¢f(D75jc))
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Table 3.29: Table for Type: dRFoundFoundEInNoMA

initialization D <« idy R < defaultyy
return R
Semantic Letter Decoration
After  Update of D Update of R
out
out, D <« idy
out, D <+ idy
maybe, D + ¢5(D, 5;)
maybe, 0 D« ¢5(D,85)
maybe, 1 D «+ ¢5(D, 6})
found 0 D « idy R« ¢g(R,ds(ds(D,5%), 5}“))
found 1 D «+ idy R« ¢4(R,¢5(D,5%))
in 0 D <« idy R« ¢4(R,871)
in 1 D «+ idy R« ¢4(R, %)
found, 0 D « idy R« ¢4(R, ¢5(¢5(D,585),65t))
found, 1 D « idy R« ¢4(R, ¢5(D,5%))
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Table 3.30: Table for Type: dRFoundFoundEInNoMBA

initialization D <+ idy R < defaultyy
return R
Semantic Letter Decoration
After  Update of D Update of R
out
out, D <« idy
out, D <+ idy
maybe,
maybe, 0 D+ ¢5(D, 57
maybe, 1 D « ¢f(D,5})
found 0 D « idy R < ¢4(R, m(é},é}“))
found 1 D «+ idy R+ ¢g(R,5%)
in 0 D « idy R ¢g(R, ¢5(D,55))
in 1 D « idy R« ¢4(R,¢5(D,0%))
found, 0 D « idy R ¢g(R, 67 (5%, 54t1))
found, 1 D « idy R+ ¢4(R,5%)

101
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Table 3.31: Table for Type: dRFoundFoundEInNoMBB

initialization D <« idy R < defaulty,y
return R
Semantic Letter Decoration
After ~ Update of D Update of R
out
out, D <+ idy
out, D <« idy
maybe,
maybe, 0 D« ¢5(D, 85
maybe, 1 D <« ¢£(D,5%)
found 0 D¢s(87,67"") R ¢g(R,61(57,65)
found 1 D « &% R« ¢4(R,5%)
in 0 D« ¢5(D,5%) R+ ¢g(R, ¢5(D,55 1))
in 1 D+ ¢5(D,8%) R+ ¢g(R, ¢5(D, %))
found,. 0 D « idy R+ ¢4(R, ¢f(5i75}+1))
found. 1 D + idy R+ ¢4(R,5%)
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Table 3.32: Table for Type: features
initialization C +idy D < idy
return fn = default

e, =C
Semantic Letter Decoration

After  Guard Update of C Update of D

out fi = default, e; = default
out,. fi = default, e; = default D «+ idy
out, fi = default,e; = ¢ C < default,y D < idy
maybe, fi = default,e; = e;41 D « ¢¢(D, 6})
maybe, 0 fi = default,e; = e;41 D «+ ¢5 (D, J}Jrl)
maybe, 1 fi = default,e; = e;41 v D+ ¢5(D,d%)
found 0 fi=ei,ei = eit1 C<—¢f(¢f(p,5}),5}+1) D «+ idy
found 1 fi =eie; =eip1 C<—¢f(D75}) D <+ idy
in 0 fi = default,e; = e;t11 C « ¢5(C,¢5(D,5Y)) D« iy
in 1 fi = default,e; = €it+1 C(—gf)f(C,Qﬁf(D,(S})) D <+ idy
found, 0 fi = ¢5(ds(d, %), 5;*1), e; = default D «+ idy
found,e 1 fi = ¢z(d, 6}), e; = default D «+ idy
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Table 3.33: Table for Type: footprint

initialization C+0
return pn =0
Semantic Letter Decoration

Guard Update of C'
out i =
out, pi =0
out, pi =0
maybe, Pi = Pi+1
maybe, Pi = Di+1
found, pi=C+1 C+—C+1
found pi=C+1 C+—C+1
in pi =C




3.2

DECORATION TABLES

Table 3.34: Table for Type: footprint_distance

initialization C +id, D+ 0 F+«0 M + 0
return C
Semantic Letter Decoration

Guard Update of C' Update of D Update of I Update of M
out D+ D+1
out, D+ D+ M M+ 0
out, D+ D+1
maybe, M+ M+1
maybe, D« D+1
found, F=1 C<+ ¢4(C,D) D+0
found. F=0 D+ 0 F«+1
found F=1 C+ ¢4(C,D) D+ 0
found F=0 D+ 0 F<+1

in

D+ 0
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Table 3.35: Table for Type: found (< stands for < when g = min and > when g = max)
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Table 3.36: Table for Type: found_distance

initialization C +idy F+0
return C
Semantic Letter Decoration

Guard Update of C' Update of F’
out
out,
out,
maybe,
maybe,
founde F>0 C<+¢4(C,i—F) F<+«i
found, F=0 F« 1
found F>0 C<+ ¢4(C,i—F) F 1
found F=0 F <1

in
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Table 3.37: Table for Type: function
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Table 3.38: Table for Type: predicate
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Table 3.39: Table for Type: rFoundFoundE

initialization
return

R < default,y
R

Semantic Letter

Decoration

Update of R

out
out,
out,
maybe,
maybe
found
in
founde

a

R+ ¢4(R, %)

R+ ¢4(R,6%)
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Table 3.40: Table for Type: rFoundFoundEIn

initialization R < defaulty,y

return R

Semantic Letter Decoration
Update of R

out
out,
out,
maybe,
maybe,
found
in

found,

R ¢g(R, 65 (5%, 541))
R« ¢g(R, 65"
R ¢g(R, ¢5 (5%, 5%))
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Table 3.41: Table for Type: rFoundInSWZigzag

initialization R < defaultgy

return R

Semantic Letter Decoration
Update of R

out

out,

out,

maybe,

maybe,

found R ¢g(dg(R,6%),05")
in R+ ¢4(R,5%)

found, ’
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Table 3.42: Table for Type: rangeCHRFoundEOutA

initialization C < default,y H < VAR; R < default,y
return ¢q(R,C)
Semantic Letter Decoration
Update of C' Update of H  Update of R
out H «+ 5}+1
out, H + 6}+1
out, C « defaulty,y H «+ 5jr+1 R+ ¢4(R,C)
maybe,
maybe, )
found C <+ H - 5}+1
in C« H-§t
found, H 8% R« ¢4(R,H =8
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Table 3.43: Table for Type: rangeCHRFoundEOutB

initialization C < defaulty H <+ VAR, R < default,y

return ¢q(R,C)
Semantic Letter Decoration
Update of C' Update of H  Update of R
out H + 6}+1
out, H + 6}‘*’1
out, C < default,y H <+ 5;+1 R <+ ¢4(R,C)
maybe,
maybe,
found C «+ S}Jrl —H
in C « 5}“ - H

found, H « 5}“ R «— ¢4(R, 5;’;“ — H)
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Table 3.44: Table for Type: rangeHRFoundFoundEInA

initialization H < VARy R < default,;
return R
Semantic Letter Decoration
Update of H  Update of R
out H + 6}+1
out, H + 6}‘*’1
out, H + 5;+1
maybe,
maybe,
found R ¢g(R,H—6;)
in R ¢g(R, H -85
found, H < 8% R ¢y(R,H =5
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Table 3.45: Table for Type: rangeHRFoundFoundEInB

initialization H <+ VAR, R < defaulty

return R
Semantic Letter Decoration
Update of H  Update of R
out H + 6}+1
out, H + 6}"'1
out, H + 5}+1
maybe,
maybe,
found R« ¢4(R, 65 — H)
in R ¢g(R, 65 — H)

found, H <8 R ¢y(R, 64T — H)




3.2. DECORATION TABLES

Table 3.46: Table for Type: rangeRFoundFoundEInA

initialization R < defaultgy

return R

Semantic Letter Decoration
Update of R

out
out,
out,
maybe,
maybe,
found
in

found,e

R+ ¢g(R, max(0, 5} — 53))
R ¢ ¢g(R, max(0, 5% — 55tt))
R+ ¢g(R, max(0,5; — 35H))
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Table 3.47: Table for Type: rangeRFoundFoundEInB

initialization R < default,y

return R

Semantic Letter Decoration
Update of R

out

out,

out,

maybe,

maybe, ] )
found R+ ¢g(R, max(0, 55 — 65))
in R < ¢4(R, max(0, 5}“ - 5}))
found. R + ¢4(R, max(0, 5}+1 —4%))
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Table 3.48: Table for Type: range_function

initialization C + defaultyy H <+ VAR, R < defaultyy
return ¢q(R,C)
Semantic Letter Decoration

Update of C' Update of H  Update of R
out H + 6}+1
out, H « 5;{*’1
out, C < default,y H «+ 5}+1 R+ ¢4(R,C)
maybe,
maybe,

i+1 i+1

found, H &5 R« ¢g(R,|H —6577])
found C «+ |H — 6;+1|

in C « |H -5
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Table 3.49: Table for Type: range_predicate
initialization C < defaulty F <« defaulty H < VAR, R+ 1
return RAO(F,C)
Semantic Letter Decoration
Update of C' Update of F' Update of H  Update of R
out H «+ 6}+1
out, H « 5ttt
out, F « |H — 5% H 8% R« RAO(F,C)
maybe,
maybe,
found, c«-\H—zsff“\ F— |H=-§T H<«6&M R« RAOF|H-5T)
found C« |H -5

in

C« |H-351
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3.3 Tables of Regular-Expression Characteristics

This section provides the different tables of regular-expression characteristics
defined in [6, 4] used to come up with concrete bounds and concrete AMONG
implied constraints. The notation system used for these characteristics was de-
scribed in [6]. Within these tables Bump, Dec, DecSeq, DecTer, Dip, Inc,
IncSeq, IncTer, PropPlain, PropPlateau, SteadySeq, SDecSeq, SIncSeq
are respectively shortcuts for BumpOnDecreasingSequence, Decreasing,
DecreasingSequence, DecreasingTerrace, DipOnIncreasingSequence,
Increasing, IncreasingSequence, IncreasingTerrace, ProperPlain,
ProperPlateau, SteadySequence, StrictlyDecreasingSequence,
StrictlyIncreasingSequence.
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3.3.1 Big-width

Definition 5. Consider a regular expression o, and a time series X of length n over

an integer interval domain [¢, u]. The big width of o wrt (¢, u,n), denoted by Bs {frum)

is a function that maps an element of Rs, X Z x Z x NT to N. It equals the maximum

width of a o-pattern in X. If X cannot have any o-patterns, then ﬁff’“”” is 0.

name o illustration ((7€7u>

3

Bump / \Q

,ifu—02>ns

0, otherwise

yifu—~0>
Dec Nlr

Aw

0, otherwise

yifu—~0=mn,

ZE

DecSeq n, ifu—420>n,

0, otherwise
2, ifu—¥02>n,

DecTer
0, otherwise

N g

,ifu—02>n,

Dip

0, otherwise

t
¢
= |
18
t
e { e
!
7\
:

S@

0, otherwise

,ifu—20>n,
0, otherwise

Inc

N gH

yifu—~0=n,
IncSeq

n, ifu—40>n,

0, otherwise

Nw

n

2, ifu—02>n,

0, otherwise

IncTer

2, ifu—40>n,
0, otherwise

Inflexion

2, ifu—~02>n,

0, otherwise

Peak
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n—2,ifu—~0>n,

Plain ﬁ a)
Plateau Q %

0, otherwise

n—2 ifu—~0>n,
0, otherwise

n—2,ifu—~0>n,

PropPlain (ﬁ é’
PropPlateau Q %

Steady T_?
SteadySeq

SDecSeq %

0, otherwise

n—2 ifu—~0>n,
0, otherwise

3
I
N
N e — NN~

u—C+1,ifu—~0>n,

0, otherwise

u—4£+1
STncs % u—LCl+1 ifu—"0>n,
ncSeq
w1 0, otherwise
Summit m g% 2, iffu—4¥0>n,
1

0, otherwise
n—2 ifu—~0>n,

Valley
0, otherwise

|
{ ifu—0=n,
{,
=

. n—2,ifu—~0>n,
Zigzag M

n—2 0, otherwise

Table 3.50: Regular-expression short names ¢ and corresponding big-width (see Defi-
nition 5) shown as thick orange horizontal line segments, where 7, stands for the height
characteristics of the corresponding o (see Definition 8)
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3.3.2 Height

Definition 6. Consider a regular expression o and an integer interval domain [, u].
The set of supporting time series of a word v in L, wrt (£, u), denoted by Qb (v), is
a function that maps an element of Ry, X Z X Z X ¥* to Z*. Each element onﬁf’m (v)

is a time series over [{,u] whose signature is v, and is called a supporting time series
of v wrt (¢, u).

Definition 7. Consider a regular expression o and an integer interval domain [{, u].
The height of a word v in L, denoted by n,(v), is a function that maps an element
of Ry, x ¥* to N. It is defined by n,(v) = min  (u—¥).

Q8H™) (v) 20

Definition 8. Consider a regular expression o and an integer interval domain [, u].
The height of o, denoted by 1., is a function that maps an element of Ry, to N. It is
defined by 1, = miﬁn Ny (V).

vELS
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Table 3.51:

name o illustration No
Bump ! ] 2
IN
Dec N 1
DecSeq N 1
DecTer m 2
Dip l/T 2
Gorge m 1
Inc Vi 1
IncSeq Vi 1
IncTer @ 2
Inflexion m W 1
Peak m 1
Plain sz’ 1
Plateau m 1
PropPlain W 1
PropPlateau m 1
Steady B 0
SteadySeq i 0
SDecSeq N) 1
SIncSeq VI 1
Summit m 1
Valley m 1
Zigzag N m 1

thick orange vertical line segments (see Definition 8)

125

Regular-expression short names ¢ and corresponding height shown as
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3.3.3 Interval of interest

Definition 9. Given a g_f_o(X, N) time-series constraint with X being a time series

over an integer interval domain [¢,u). The interval of interest of (g, f, o) wrt (¢, u),

denoted by Ifg:’;?oy is a function that maps an element of T X 7. X 7 to 7. X 7, where T

denotes the set of all time-series constraints, and the result pair of integers is consid-

ered as an interval. If u — { < 1, then the interval of interest of (g, f, o) wrt {{,u) is
undefined. If u — £ > 1, then

e The upper limit of Ié;:;?ﬂ’ denoted by féz’f}?@, is the largest value in [{,u] that

can occur in a o-pattern of a time series over [£, u).

e The lower limit of Ig:;?@, denoted by Zéz’f}?@, is the smallest value v

in [max(¢, u —ny — 1), u] such that for any n in N, the number of occurrences of

v in the union of the o-patterns of any maximal time series for g_f_o of length n

over [{,u), is a non-constant function of n. If such v does not exist, then Z Eé’?g)
=(lu)

equals i, ¢ -y — Mo

name o illustration Téz’f}?@
i [ | {[u—2,u], ifu—0>n,
Bump s 1 .
[Tl 'S undefined, otherwise
-1 ifu—+~¢>
. [w =Ll itu— £ >,
undefined, otherwise
DecSeq o [u—1,u], 1fuftizno
P undefined, otherwise
u Q .
DecTer ¥l | {[u—l,u—l], ]“.L_EZ%
RErY undefined, otherwise
] “ ] 1 [u—2,u], ifu—"¢>n,
Dip w—2 I .
11 Ta ] undefined, otherwise
“ QR Vi [u—1,u—1], ifu—£€>n,
Gorge CES .
o undefined, otherwise
4
[u—1,u], ifu—€>n,
Inc .
undefined, otherwise
IncSeq u—?%% e = 1, lfu_tiz%
. undefined, otherwise
u 0 .
IncTor o] [u—1,u—1], 1f1f—€2770
undefined, otherwise
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Inflexion

Peak

Plain

Plateau

PropPlain

PropPlateau

Steady

SteadySeq

SDecSeq

SIncSeq

Summit

Valley

Zigzag

£

~

g

&
|
e oo

~

e

SERDICIED

2

°
Lo

5 4

[w,u], ifu—2€>n,
undefined, otherwise
[w,u], ifu—2€>n,
undefined, otherwise
[u—1,u—1], ifu—~€>n,
undefined, otherwise
[u,u], ifu—€>n,
undefined, otherwise
[u—1,u—1], ifu—€>n,
undefined, otherwise
[w,u], ifu—2€>n,
undefined, otherwise
[w,u], ifu—2€>n,
undefined, otherwise
[u—1,u], ifu—€>n, ANg=Sum
[u,u], ifu—4€>n, A(g=MaxV g =Min)
undefined, otherwise
[u—1,u], ifu—"20>n,
undefined, otherwise
[u—1u], ifu—"~€>n,
undefined, otherwise

undefined, otherwise

{[u—l,u], ifu—»0>n,

[u—1,u—1], ifu—~€>n,
undefined, otherwise

[u—1,u], ifu—"~€>n,
undefined, otherwise

Table 3.52: Regular-expression short names o and corresponding interval of interests
(see Definition 9) of (g, f, o) wrt (£, u), where 7, stands for the height characteristics
of the corresponding o (see Definition 8); ¢ and u resp. stands for the minimum and
maximum value of the variables of the time series.
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3.3.4 Maximum-value-occurrence-number

Definition 10. Consider a regular expression o, and a time series X of length n over

an integer interval domain [¢,u). The maximum value occurrence number of v in Z

wrt (£, u,n), denoted by uff’u’m (v), is a function that maps an element of Rs; X Z X

Z x Nt x Z to N. It equals the maximum number of occurrences of the value v in
one o-pattern of X.

name o illustration pdEm (p)
T\l 1, ifu—_C=1,
£ .
Bump u y 1, ifu—C>n, Ave{liu—1u}

2, ifu—€>n, Avell+1,u—2]

Dec

u 1
N
u ¢ 1
DecSeq En —2
£
DecTer u%” —2
£

bip “I]

1,Vv € [¢,u]
1, ifv e {lu}
n—2ifve[l+1,u—1]
0, ifve {{u}
n—2ifve[l+1u—1]

|
{1 ifu—"0=n,
{, .
|

1, ifu—C>n, ANve{ll+1,u}
2, ifu—L€>n, AveE[l+2,u—1]

0, ifv=u
n—3,ifve[l+1u—1]

Gorge ME%H -3
¢ ! 1, ifv="{

Inc i 1,Yv € [¢,u]
Inceq . E* {1, ifv e {¢,u}
e . n—2 ifvell+1,u—1]
FocTer u%ﬂ# {0, if v e {£,u}
' n—2,ifvell+1,u—1]

£
u n—2

Inflexion “m n—2, Yo € [¢,u]
£

0, ifv="~(

Peak u n — 2
TN n—2, ifvel+1,q

0, ifv=u

Plain “
NI . . n—2, ifvellu—1]
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Plateau u ne 0, ifv ="~
(TN, n—2,ifve[l+1,u
0, ifv=u
PropPlain “
P A\ n—2, ifvel,u—1]
ProbPlat . o, 0, ifv="2¢
ropplatean — LUITN n—2,¥vet+1,u
Steady “p2 2, Yv € [¢,u]
4
SteadySeq e n, Yv € [¢,u]
SDecSeq uﬁl 1, Yv € [, u]
12
SIncSeq u% 1, Yv € [, u)
14 1
1, ifv=u
Summit ug%}i7;; n—3,ifvell+1,u—1]
¢ 0, ifv =¢

0, ifv=u
Valle “
y eWH,72 {n—2, if’l)ewau_]-}

. |252]
Zigzag :’M |22, Yo € [, 4]
CNAND (1

Table 3.53: Regular-expression short names o and corresponding maximum value
occurrence number of a value v (see Definition 10); for each pattern o it assumes that
the range of possible values is big enough to have at least one occurrence of pattern,
i.e. u — ¢ > n, where u and ¢ are the largest and smallest value that can be used.
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3.3.5 Overlap

Definition 11. Consider a regular expression o and an integer interval domain [¢, u].

The set of superpositions of two words, v and w in L,, wrt ({,u), denoted

by Ty (v, w), is a function that maps an element of Ry, X 7 X Z X ¥* X ¥.* 10 P(X*),
where P(X*) is the power set of X2*. Each element z in Ty (v, w) is a word over %,

called a superposition of v and w wrt (¢, u) and satisfying all the following conditions

(i)z & L,, (i) Qf,e’w(z) %+ (0, (iii) v is a prefix of z, (iv) w is a suffix of z,
(v) |z| < Jowl.

Definition 12. Consider a regular expression o and an integer interval domain [{, u].
The overlap of two words, v and w in L,, wrt ({,u), denoted by 05f’u> (v,w), is a

function that maps an element of Ry, X Z x Z x ¥* X ¥* to N. It is defined by

of

) () = <vw— mi“,,,w>'z'>“ if 05" (0,0) £0 (.1

zEFff’u) (
0, otherwise. 3.2)

Definition 13. Consider a regular expression o and an integer interval domain [{, u].
The overlap of o wrt (£, u), denoted by off”” , is a function that maps an element
of Ry X Z X Z to N. If there exists a constant c in N such that for any pair words v, w
in L, the value of odbw (v,w) is bounded by c, then the overlap of o wrt ({,u) is

defined by oW — max oS (v, w). Otherwise, oS is not defined.

. . ‘
name o illustration oSt

Bump “E&ﬁw N 3
{e I
“ 0 ifu—2¢<mn,
Dec .
. % 1 otherwise

DecSeq . m 0

v Q 0 ifu—2¢<mn,
DecTer h .
, Lelllal otherwise
Di “ \e \e T/ 3
P A INANA]

Gorge AV !
I w 0 ifu—2¢<mn,
nc
. % 1 otherwise
IncSeq ’ZW 0

* 2 0 ifu—2¢<mn,
otherwise

IncTer
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Inflexion LN 2
Peak NN, 1
Plain NS 1
Plateau LANAN |

u Q 1 2 > O
PropPlain NN 1
PropPlateau ¢ m 1

3

Steady ¢

SteadySeq [ m
SDecSeq
SIncSeq : m

Summit . m 1
Valley : W 1

) w : : 0 ifu—t0<n,
Zigzag : } .
‘ %ﬁj 1 otherwise

Table 3.54: Regular-expression short names o and corresponding overlap between
two consecutive pattern occurrences ©® and @ illustrated in red, i.e., ® or o (see Defini-
tion 13), where 7, stands for the height characteristics of the corresponding o (see Def-
inition 8)

~ 8
o o o
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3.3.6 Range

Definition 14. Consider a regular expression o and a time series length n. The range

of o wrt {n), denoted by gbf,n), is a function that maps an element of Ry, x NT to N.

It is defined by gzﬁf,n) = min N, (v), where 1, (v) is the height of the word v.
1

vEL,, |v|=n—

If L, does not contain any word of length n — 1, then the value of ¢§"> is undefined.

(n)

name o (€g,Co) illustration o)
9 ifn=w, + 1
Bump undefined | nn w +
™Ne undefined  otherwise
1 ifn=w, +1
Dec undefined Y) nn w +
2 undefined otherwise
1 ifn=w,+1
DecSeq (0,1) W 1 n=wo t
Y) 2 n>2 2 ifn>w,+1
DecTer (0, 0) W) 2

2 ifn=w,+1
Dip undefined %% nn w +
6 undefined otherwise

1 ifn=w,+1
Gorge 0,1
g < > C@s Cg%)n>3 {2 ifn>w,+1

Inc undefined A {1 ifn = %}JU 1
2 undefined otherwise
1 ifn=w,+1
IncSeq (0,1) V)2Wn>2 {2 itn > w41
IncTer (0,0) W 2
Inflexion (0,0) ATN. 1
Peak (0,0) Mn 1
Plain (0,0) N7, 1
Plateau (0, 0) ATN. 1
PropPlain (0,0) N1, 1
PropPlateau (0,0) AN 1
Steady undefined 9 {O in = o 1
2 undefined otherwise
SteadySeq (0, 0) IRAaN: 0

SDecSeq (1,0) E n—1
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SIncSeq (1,0) g n—1

s it 0, 1) 1 ifn=w,+1
umm3i , .
msmms 2 ifn>w,+1

Valley (0,0) 1

Zigzag (0,0) AN 1

Table 3.55: Regular-expression short names o and corresponding range shown as
thick orange vertical line segments (see Definition 14); for a non-fixed-length regular
expression o and for any n > w,+1, d)gn) = e, (n—1-n4)+co+ny, Where w, and 7,
respectively correspond to the size (see Definition 18) and the height (see Definition 8)
of the corresponding o.
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3.3.7 Set-of-inducing-words

Definition 15. Consider a disjunction-capsuled regular expression o. The (unique)
non-empty shortest word of L is the inducing word of L.

Definition 16. Consider a regular expression o thatisinthe formof ¢ =
o1l...lot with t > 1 , where every oi (with 7 IS
[1,¢]) is a disjunction-capsuled regular expression. The set of inducing words
of o, denoted by ©, is a function that maps an element of R, to P(¥X*), where P(X*)
is the power set of ¥*. Each element v of O, is a word, called an inducing word of o
such that all the following conditions are satisfied

(i) visin{ws,..

(ii) No word in {w1,ws, ..

., Wy }, where w; is the inducing word of o;.

., W } is a proper factor of v.

name o regular expression O,

Bump S>> {f>><>>7}
Dec > i {*>"}
DecSeq > =)) > {*>"}
DecTer | >= il > | {*>=>"}
Dip > {f<<><<}
Gorge =) ><(<]=) <" {r><}
Inc = {*<’}
IncSeq (< (< =)< {*<’}
IncTer Bl ="K {*<=<"}
Inflexion (<= > >0 )< {f<>’,"><"}
Peak (<= =) > {*<>"}
Plain 1> Bl < | {*><"}
Plateau f = > {f<>"}
PropPlain C>= =* <7 {>=<"}
PropPlateau ‘<= =* >’ {f<=>"}
Steady =y {*="}
SteadySeq B =" {*="}
SDecSeq > > {*>"}
SIncSeq < {*<"}
Summit (< (<=)) <> (=) > {*<>"}
Valley > )< =) < {*><"}
Zigzag (<) <<l ) ><> (<) {"<><, ><>

Table 3.56: Regular-expression short names ¢ and corresponding inducing words
(see Definition 16)
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3.3.8 Shift

Definition 17. Consider a regular expression o and an integer interval domain [, u].
The shift of o, denoted by &, is a function that maps an element of Ry, to N. It is

defined by 6, = min
’UGEH t€Q<O [v |>(’U) 7.6[1+b,7 ‘tl ag]

supporting time series of v wrt [0,

min

|v| — i, where Qv |>( ) is the set of

|, and |t| is the length of the time series t.

name o

Bump

Dec
DecSeq
DecTer
Dip

Gorge

Inc
IncSeq
IncTer
Inflexion
Peak
Plain
Plateau
PropPlain
PropPlateau
Steady
SteadySeq
SDecSeq
SIncSeq
Summit
Valley
Zigzag

H O RFR PP OOOF O, OOFFFFENRF = =N

Table 3.57: Regular-expression short names o and corresponding shift of o (see Defi-

nitions 17)
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3.3.9 Size

Definition 18. Consider a regular expression o. The size of o, denoted by w,, is a
function that maps an element of Ry, to NT. It is defined by w, = miﬁn |v].
veLls

name o regular expression Wo
Bump CS><>> 5
Dec EY 1
DecSeq > 1=)M > 1
DecTer C>= =% > 3
Dip C<<><< 5
Gorge (S>> =) >)(<I<(<|=)<) 2
Inc = 1
IncSeq (< (< =) < 1
IncTer <= Bl < | 3
Inflexion (=) > < 2
Peak (<)) > 2
Plain > = < 2
Plateau < = > 2
PropPlain >= =" < 3
PropPlateau ‘<= =* >~ 3
Steady = 1
SteadySeq =] =* 1
SDecSeq > > 1
SIncSeq << 1
Summit (<< ]=2A(>]>0C]=)*>) 2
Valley > > < 2
Zigzag (<) <>< (> ) | (<) ><> (<) 3

Table 3.58: Regular-expression short names o and corresponding size (see Defini-
tion 18); within each regular expression subparts corresponding to a smallest length
word are highlighted in yellow.
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3.3.10 Smallest-variation-of-maxima

Definition 19. Consider a regular expression o and an integer interval domain [, u].
The shift of a proper factor w in a word v in L, wrt (€, u), denoted by pibw (v, w,1),
is a function that maps an element of Ry, X Z X 7. x ¥* x ¥* x N to N. It is defined by

vy,w (v7 w, Z) = min min (max(t) - 33)7

teQSf;“) (v) TE€Lw,

where max(t) is the maximum value of a time series t, a supporting time series of v
wrt (€, u), and t,,, is a subseries of t corresponding to the i" extended o-pattern whose
signature is w. If w is not a proper factor of v, or 1 is strictly greater than the number
of occurrences of w in v, then S (v, w, 1) is undefined.

Definition 20. Consider a regular expression o and an integer interval domain [{, u)].
The smallest variation of maxima of superpositions of two words w and v in L,
wrt (€, ), denoted by ssb) (v, w), is a function that maps an element of Ry, X Z %
7 x ¥* x ¥* to N. It is defined by

Uo(24,0,1) — Uy (24, w, 1), if v # wand T (v, w)

# 0
686 (v, w) = Vo (2ax, 0, 1) — Ug(24s, 0, 2),  if v =w and Ty (v,w) #0
0, if 5 (v, w) = 0

where the words z. and z.. both belongs to I‘ff’u>(v,w), and the value

min [Ty (z,v,1) — To(z,w,1)| (respectively min  [Us(z,v,1)
zEFff'u)(v,w) znge’u>(v7w)
Uy (z,w,2)|) is reached when z is z, (respectively z..).

Definition 21. Consider a regular expression o and an integer interval domain [{, u].

The smallest variation of maxima of o wrt (¢, u), denoted by 856 is a function that
maps an element of Ry, X Z x Z to N. It is defined by

o

stew _ 58" (v, w,), if Jv,w € L, such that 55" (v, w) # 0
N 0, otherwise

where the words v, and w, both belong to L, and the value mir}: \5(<,€’u> (v, w)|
v,weEL s
is reached when v is v, and w is w,.
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name o illustration (5((7&“)

“ 0 ifu—~0<mn,
Dec .

. ﬁ —1 otherwise

DecSeq [ m 0

Q .
“ 0 ifu—/<
DecTer { herwi =T
, ol Jal —1 otherwise
Dip oA l/‘f 0
4

Gorge . W 0
. w 0 ifu—?0<n,
nc
. % 1 otherwise

IncSeq v M 0

IncTer ’ 7 {0 ifu—"£<mn,
, .7l lal | otherwise

Inflexion Zm m 0
Peak [ M 0
Plain . W 0
Plateau . M 0
PropPlain L W 0
PropPlateau [ m 0
Steady Tola 0
SteadySeq [ m m 0
SDecSeq [ m 0
SIncSeq [ m 0
Summit [ M’ 0
Valley [ W 0

0

e 74,

Table 3.59: Regular-expression short names ¢ and corresponding smallest variation
of maxima (see Definition 21), where 7, stands for the height characteristics of the
corresponding o (see Definition 8); maxima of two consecutive pattern occurrences @
and @ are shown in red, i.e., ® or o.
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CONDITION

ALL_EQUAL_HEIGHT_DECREASING_TERRACE

FEATURE PATTERN

ALL_EQUAL_HEIGHT_DECREASING_TERRACE

> >

Origin
Constraint

Argument

Restriction

Purpose

Example

Typical

—_+

>=1>
DESCRIPTION AUTOMATON \—~ - \

Based on the DECREASING_TERRACE pattern.

ALL_EQUAL_HEIGHT_DECREASING_TERRACE(VARIABLES)

VARIABLES : collection(var—dvar)

required(VARIABLES, var)

Succeeds if the minima of the values in each occurrence of the DECREASING _TERRACE
pattern in the time-series given by the VARIABLES collection are all the same.

An occurrence of the pattern DECREASING_TERRACE is the maximal subsequence
which matches the regular expression ‘>=7>".

Assume that the occurrence of the pattern DECREASING_TERRACE starts at position ¢
and ends at position j. The feature MIN, called HEIGHT in the name of the constraint
since all feature values are identical, computes the minimum of the values from index
i+ 1 to index j.

((6,3,3,1,5,4,3,3,2,4,4,5,3,3,1,1))

Figure 4.1 provides an example where the ALL_EQUAL_HEIGHT_DECREASING_TERRACE
(16,3,3,1,5,4,3,3,2,4,4,5,3,3,1,1]) constraint holds.

|[VARIABLES| > 3
range(VARIABLES.var) > 2



Origin
The origin of the constraint: reference to a paper, to a person, to an other constraint or to a system.


Constraint
The constraint name and its arguments.


Argument
Argument of the constraint and its corresponding type.


/*
    The contents of this file are subject to the Mozilla Public License
    Version  1.1  (the "License"); you may not use this file except in
    compliance with the License. You may obtain a copy of the License at:

    http://www.mozilla.org/MPL/

    Software  distributed  under  the License is distributed on an "AS
    IS"  basis,  WITHOUT  WARRANTY  OF  ANY  KIND,  either  express or
    implied.  See  the  License  for  the  specific language governing
    rights and limitations under the License.
    The Original Code is the contents of this file.
    The  Initial  Developer  of  the  Original  Code is SICS, Swedish
    Institute of Computer Science AB (SICS).
    Portions  created  by the Initial Developer are Copyright (C) 2007
    of the Initial Developer. All Rights Reserved.
    Contributor(s):
    _____Mats Carlsson <matsc@sics.se>
    _____Nicolas Beldiceanu <Nicolas.Beldiceanu@emn.fr>

    Alternatively, if the contents of this file is included as a part of
    SICStus Prolog distribution by SICS, it may be used under the terms of
    an appropriate SICStus Prolog License Agreement (the "SICStus Prolog
    License"), in which case the provisions of the SICStus Prolog License
    are applicable instead of those above.
*/

:- multifile
    ctr_predefined/1,
    ctr_date/2,
    ctr_persons/2,
    ctr_origin/3,
    ctr_usual_name/2,
    ctr_synonyms/2,
    ctr_types/2,
    ctr_arguments/2,
    ctr_exchangeable/2,
    ctr_restrictions/2,
    ctr_typical/2,
    ctr_typical_model/2,
    ctr_pure_functional_dependency/2,
    ctr_functional_dependency/3,
    ctr_contractible/4,
    ctr_extensible/4,
    ctr_aggregate/3,
    ctr_example/2,
    ctr_draw_example/9,
    ctr_cond_imply/5,
    ctr_see_also/2,
    ctr_key_words/2,
    ctr_derived_collections/2,
    ctr_graph/7,
    ctr_graph/9,
    ctr_eval/2,
    ctr_automaton_signature/3,
    ctr_glue_matrix/2,
    ctr_glue_matrix1/2,
    ctr_specialisation/3,
    ctr_sol/6,
    ctr_logic/3,
    ctr_application/2.

ctr_date(all_equal_height_decreasing_terrace,['20141203']).

ctr_origin(all_equal_height_decreasing_terrace, 'Based on the \\hyperlink{Pdecreasing_terrace}{\\pattern{decreasing\\_terrace}} pattern.', []).

ctr_arguments(all_equal_height_decreasing_terrace,
               ['VARIABLES'-collection(var-dvar)]).

ctr_restrictions(all_equal_height_decreasing_terrace,
                  [required('VARIABLES',var)]).

ctr_typical(all_equal_height_decreasing_terrace,[size('VARIABLES')>3,range('VARIABLES'^var)>2]).


ctr_example(all_equal_height_decreasing_terrace,all_equal_height_decreasing_terrace([[var-6],[var-3],[var-3],[var-1],[var-5],[var-4],[var-3],[var-3],[var-2],[var-4],[var-4],[var-5],[var-3],[var-3],[var-1],[var-1]])).


ctr_key_words(all_equal_height_decreasing_terrace,[]).

ctr_eval(all_equal_height_decreasing_terrace, [checker(all_equal_height_decreasing_terrace_c),
    automaton(all_equal_height_decreasing_terrace_a),
    automaton_with_signature(all_equal_height_decreasing_terrace_a_s)]).

% these are currently not used in time-series
ctr_cond_imply(-,-,-,-,-):-fail.
ctr_contractible(-,-,-,-):-fail.
ctr_extensible(-,-,-,-):-fail.
ctr_aggregate(-,-,-):-fail.
ctr_sol(-,-,-,-,-,-):-fail.

all_equal_height_decreasing_terrace_c(VARIABLES) :-
        collection(VARIABLES, [int]),
        get_attr1(VARIABLES, VARS),
        VARS=[First|_],
        length(VARS, N),
        N1 is N+1,
        Default=na,
        all_equal_height_decreasing_terrace_c(VARS, Default, s, _, 1000000, _, 1).

all_equal_height_decreasing_terrace_c([_], Default, _, CLast, DLast, FLast, RLast) :- !,
        FLast=CLast,
        1 is RLast.
all_equal_height_decreasing_terrace_c([Xi,Xj|Xs], Default, s, C, D, F, R) :-
        Xi=<Xj, !,
        all_equal_height_decreasing_terrace_c([Xj|Xs], Default, s, C, D, F, R).
all_equal_height_decreasing_terrace_c([Xi,Xj|Xs], Default, s, C, D, F, R) :-
        Xi>Xj, !,
        all_equal_height_decreasing_terrace_c([Xj|Xs], Default, r, C, D, F, R).
all_equal_height_decreasing_terrace_c([Xi,Xj|Xs], Default, r, C, D, F, R) :-
        Xi>Xj, !,
        all_equal_height_decreasing_terrace_c([Xj|Xs], Default, r, C, D, F, R).
all_equal_height_decreasing_terrace_c([Xi,Xj|Xs], Default, r, C, D, F, R) :-
        Xi=:=Xj, !,
        A1000 is min(D,Xi),
        all_equal_height_decreasing_terrace_c([Xj|Xs], Default, t, C, A1000, F, R).
all_equal_height_decreasing_terrace_c([Xi,Xj|Xs], Default, r, C, D, F, R) :-
        Xi<Xj, !,
        all_equal_height_decreasing_terrace_c([Xj|Xs], Default, s, C, D, F, R).
all_equal_height_decreasing_terrace_c([Xi,Xj|Xs], Default, t, C, D, F, R) :-
        Xi=:=Xj, !,
        A1000 is min(D,Xi),
        all_equal_height_decreasing_terrace_c([Xj|Xs], Default, t, C, A1000, F, R).
all_equal_height_decreasing_terrace_c([Xi,Xj|Xs], Default, t, C, D, F, R) :-
        Xi>Xj, !,
        A1000 is min(D,Xi),
        B1000 is min(D,Xi),
        (   F is min(D,Xi) ->
            C1000=R
        ;   C1000=0
        ),
        all_equal_height_decreasing_terrace_c([Xj|Xs], Default, r, A1000, 1000000, B1000, C1000).
all_equal_height_decreasing_terrace_c([Xi,Xj|Xs], Default, t, C, D, F, R) :-
        Xi<Xj, !,
        all_equal_height_decreasing_terrace_c([Xj|Xs], Default, s, C, 1000000, F, R).

ctr_automaton_signature(all_equal_height_decreasing_terrace, all_equal_height_decreasing_terrace_a, pair_signature(2,signature)).

all_equal_height_decreasing_terrace_a(Flag,VARIABLES):-
        Default = na,
        all_equal_height_decreasing_terrace_a(Flag,VARIABLES,Default).

all_equal_height_decreasing_terrace_a(Flag,VARIABLES,Default):-
        pair_signature(VARIABLES, Signature),
        all_equal_height_decreasing_terrace_a_s(Flag,VARIABLES,Default,Signature).

all_equal_height_decreasing_terrace_a_s(Flag,VARIABLES,Default,Signature):-
        collection(VARIABLES, [dvar]),
        get_attr1(VARIABLES, Xs),
        length(Xs, N),
        gen_pairs(Xs, XPairs),
        Xs = [First|_],
        LT = 0, EQ = 1, GT = 2,
        automaton(XPairs, Xi-Xj, Signature,
        [source(s),
        sink(s),
        sink(r),
        sink(t)],
        [arc(s,LT,s,([C, D, F, R])),
        arc(s,EQ,s,([C, D, F, R])),
        arc(s,GT,r,([C, D, F, R])),
        arc(r,GT,r,([C, D, F, R])),
        arc(r,EQ,t,([C, min(D, Xi), F, R])),
        arc(r,LT,s,([C, D, F, R])),
        arc(t,EQ,t,([C, min(D, Xi), F, R])),
        arc(t,GT,r,([min(D, Xi), 1000000, min(D, Xi), R #/\ (F #= min(D, Xi))])),
        arc(t,LT,s,([C, 1000000, F, R]))],
        [C,D,F,R], [_,1000000,_,1], [CLast,DLast,FLast,RLast]),
        (1 #= RLast #/\ (FLast #= CLast)) #<=> Flag.
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Restriction
Additional condition refining the type declarations of one or several arguments of the constraint.


Purpose
Definition in natural language of the meaning of the constraint.


Example
One or several examples of ground solutions of the constraint.


Typical
Typical conditions on the arguments of the constraint.
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Figure 4.1: Illustrating the ALL_EQUAL_HEIGHT_DECREASING_TERRACE constraint

of the Example slot
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Automaton Figure 4.2  depicts the automaton  associated with the  constraint
ALL_EQUAL_HEIGHT_DECREASING_TERRACE.

C+ X
D <+ 400 <
F+— X hS
R+ 1
_ " {D « min(D, VAR:)}
{D « min(D, VAR:)} =t >

>
C < min(D, VAR;)
D+ +oo
F < min(D, VAR;)
R < R A (F = min(D, VAR;))

Figure 4.2: Automaton for the ALL_EQUAL_HEIGHT_DECREASING_TERRACE con-
straint obtained by applying decoration Table 3.38 to the seed transducer of the DE-
CREASING_TERRACE pattern



Automaton
Explicit description in terms of automaton of the meaning of the constraint.
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CONDITION FEATURE PATTERN

+ + +
ALL_EQUAL_HEIGHT_INCREASING_TERRACE

<=t<
> > < DESCRIPTION AUTOMATON /—~ - /
Origin Based on the INCREASING _TERRACE pattern.
Constraint ALL_EQUAL_HEIGHT_INCREASING_TERRACE(VARIABLES)
Argument VARIABLES : collection(var—dvar)
Restriction required(VARIABLES, var)

Succeeds if the minima of the values in each occurrence of the INCREASING _TERRACE
pattern in the time-series given by the VARIABLES collection are all the same.

An occurrence of the pattern INCREASING _TERRACE is the maximal subsequence which
matches the regular expression ‘< =" <.

Purpose ) o e
Assume that the occurrence of the pattern INCREASING _TERRACE starts at position ¢
and ends at position j. The feature MIN, called HEIGHT in the name of the constraint
since all feature values are identical, computes the minimum of the values from index
i+ 1 to index j.

Example ((1,4,4,6,2,3,4,4,5,3,3,2,4,4,6,6))

Figure 4.3 provides an example where the ALL_EQUAL_HEIGHT_INCREASING_TERRACE
([1,4,4,6,2,3,4,4,5,3,3,2,4,4, 6, 6]) constraint holds.
Typical |VARIABLES| > 3

range(VARIABLES.var) > 2



Origin
The origin of the constraint: reference to a paper, to a person, to an other constraint or to a system.


Constraint
The constraint name and its arguments.


Argument
Argument of the constraint and its corresponding type.


/*
    The contents of this file are subject to the Mozilla Public License
    Version  1.1  (the "License"); you may not use this file except in
    compliance with the License. You may obtain a copy of the License at:

    http://www.mozilla.org/MPL/

    Software  distributed  under  the License is distributed on an "AS
    IS"  basis,  WITHOUT  WARRANTY  OF  ANY  KIND,  either  express or
    implied.  See  the  License  for  the  specific language governing
    rights and limitations under the License.
    The Original Code is the contents of this file.
    The  Initial  Developer  of  the  Original  Code is SICS, Swedish
    Institute of Computer Science AB (SICS).
    Portions  created  by the Initial Developer are Copyright (C) 2007
    of the Initial Developer. All Rights Reserved.
    Contributor(s):
    _____Mats Carlsson <matsc@sics.se>
    _____Nicolas Beldiceanu <Nicolas.Beldiceanu@emn.fr>

    Alternatively, if the contents of this file is included as a part of
    SICStus Prolog distribution by SICS, it may be used under the terms of
    an appropriate SICStus Prolog License Agreement (the "SICStus Prolog
    License"), in which case the provisions of the SICStus Prolog License
    are applicable instead of those above.
*/

:- multifile
    ctr_predefined/1,
    ctr_date/2,
    ctr_persons/2,
    ctr_origin/3,
    ctr_usual_name/2,
    ctr_synonyms/2,
    ctr_types/2,
    ctr_arguments/2,
    ctr_exchangeable/2,
    ctr_restrictions/2,
    ctr_typical/2,
    ctr_typical_model/2,
    ctr_pure_functional_dependency/2,
    ctr_functional_dependency/3,
    ctr_contractible/4,
    ctr_extensible/4,
    ctr_aggregate/3,
    ctr_example/2,
    ctr_draw_example/9,
    ctr_cond_imply/5,
    ctr_see_also/2,
    ctr_key_words/2,
    ctr_derived_collections/2,
    ctr_graph/7,
    ctr_graph/9,
    ctr_eval/2,
    ctr_automaton_signature/3,
    ctr_glue_matrix/2,
    ctr_glue_matrix1/2,
    ctr_specialisation/3,
    ctr_sol/6,
    ctr_logic/3,
    ctr_application/2.

ctr_date(all_equal_height_increasing_terrace,['20141203']).

ctr_origin(all_equal_height_increasing_terrace, 'Based on the \\hyperlink{Pincreasing_terrace}{\\pattern{increasing\\_terrace}} pattern.', []).

ctr_arguments(all_equal_height_increasing_terrace,
               ['VARIABLES'-collection(var-dvar)]).

ctr_restrictions(all_equal_height_increasing_terrace,
                  [required('VARIABLES',var)]).

ctr_typical(all_equal_height_increasing_terrace,[size('VARIABLES')>3,range('VARIABLES'^var)>2]).


ctr_example(all_equal_height_increasing_terrace,all_equal_height_increasing_terrace([[var-1],[var-4],[var-4],[var-6],[var-2],[var-3],[var-4],[var-4],[var-5],[var-3],[var-3],[var-2],[var-4],[var-4],[var-6],[var-6]])).


ctr_key_words(all_equal_height_increasing_terrace,[]).

ctr_eval(all_equal_height_increasing_terrace, [checker(all_equal_height_increasing_terrace_c),
    automaton(all_equal_height_increasing_terrace_a),
    automaton_with_signature(all_equal_height_increasing_terrace_a_s)]).

% these are currently not used in time-series
ctr_cond_imply(-,-,-,-,-):-fail.
ctr_contractible(-,-,-,-):-fail.
ctr_extensible(-,-,-,-):-fail.
ctr_aggregate(-,-,-):-fail.
ctr_sol(-,-,-,-,-,-):-fail.

all_equal_height_increasing_terrace_c(VARIABLES) :-
        collection(VARIABLES, [int]),
        get_attr1(VARIABLES, VARS),
        VARS=[First|_],
        length(VARS, N),
        N1 is N+1,
        Default=na,
        all_equal_height_increasing_terrace_c(VARS, Default, s, _, 1000000, _, 1).

all_equal_height_increasing_terrace_c([_], Default, _, CLast, DLast, FLast, RLast) :- !,
        FLast=CLast,
        1 is RLast.
all_equal_height_increasing_terrace_c([Xi,Xj|Xs], Default, s, C, D, F, R) :-
        Xi>=Xj, !,
        all_equal_height_increasing_terrace_c([Xj|Xs], Default, s, C, D, F, R).
all_equal_height_increasing_terrace_c([Xi,Xj|Xs], Default, s, C, D, F, R) :-
        Xi<Xj, !,
        all_equal_height_increasing_terrace_c([Xj|Xs], Default, r, C, D, F, R).
all_equal_height_increasing_terrace_c([Xi,Xj|Xs], Default, r, C, D, F, R) :-
        Xi<Xj, !,
        all_equal_height_increasing_terrace_c([Xj|Xs], Default, r, C, D, F, R).
all_equal_height_increasing_terrace_c([Xi,Xj|Xs], Default, r, C, D, F, R) :-
        Xi=:=Xj, !,
        A1000 is min(D,Xi),
        all_equal_height_increasing_terrace_c([Xj|Xs], Default, t, C, A1000, F, R).
all_equal_height_increasing_terrace_c([Xi,Xj|Xs], Default, r, C, D, F, R) :-
        Xi>Xj, !,
        all_equal_height_increasing_terrace_c([Xj|Xs], Default, s, C, D, F, R).
all_equal_height_increasing_terrace_c([Xi,Xj|Xs], Default, t, C, D, F, R) :-
        Xi=:=Xj, !,
        A1000 is min(D,Xi),
        all_equal_height_increasing_terrace_c([Xj|Xs], Default, t, C, A1000, F, R).
all_equal_height_increasing_terrace_c([Xi,Xj|Xs], Default, t, C, D, F, R) :-
        Xi<Xj, !,
        A1000 is min(D,Xi),
        B1000 is min(D,Xi),
        (   F is min(D,Xi) ->
            C1000=R
        ;   C1000=0
        ),
        all_equal_height_increasing_terrace_c([Xj|Xs], Default, r, A1000, 1000000, B1000, C1000).
all_equal_height_increasing_terrace_c([Xi,Xj|Xs], Default, t, C, D, F, R) :-
        Xi>Xj, !,
        all_equal_height_increasing_terrace_c([Xj|Xs], Default, s, C, 1000000, F, R).

ctr_automaton_signature(all_equal_height_increasing_terrace, all_equal_height_increasing_terrace_a, pair_signature(2,signature)).

all_equal_height_increasing_terrace_a(Flag,VARIABLES):-
        Default = na,
        all_equal_height_increasing_terrace_a(Flag,VARIABLES,Default).

all_equal_height_increasing_terrace_a(Flag,VARIABLES,Default):-
        pair_signature(VARIABLES, Signature),
        all_equal_height_increasing_terrace_a_s(Flag,VARIABLES,Default,Signature).

all_equal_height_increasing_terrace_a_s(Flag,VARIABLES,Default,Signature):-
        collection(VARIABLES, [dvar]),
        get_attr1(VARIABLES, Xs),
        length(Xs, N),
        gen_pairs(Xs, XPairs),
        Xs = [First|_],
        LT = 0, EQ = 1, GT = 2,
        automaton(XPairs, Xi-Xj, Signature,
        [source(s),
        sink(s),
        sink(r),
        sink(t)],
        [arc(s,GT,s,([C, D, F, R])),
        arc(s,EQ,s,([C, D, F, R])),
        arc(s,LT,r,([C, D, F, R])),
        arc(r,LT,r,([C, D, F, R])),
        arc(r,EQ,t,([C, min(D, Xi), F, R])),
        arc(r,GT,s,([C, D, F, R])),
        arc(t,EQ,t,([C, min(D, Xi), F, R])),
        arc(t,LT,r,([min(D, Xi), 1000000, min(D, Xi), R #/\ (F #= min(D, Xi))])),
        arc(t,GT,s,([C, 1000000, F, R]))],
        [C,D,F,R], [_,1000000,_,1], [CLast,DLast,FLast,RLast]),
        (1 #= RLast #/\ (FLast #= CLast)) #<=> Flag.
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Restriction
Additional condition refining the type declarations of one or several arguments of the constraint.


Purpose
Definition in natural language of the meaning of the constraint.


Example
One or several examples of ground solutions of the constraint.


Typical
Typical conditions on the arguments of the constraint.
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Figure 4.3: Illustrating the ALL_EQUAL_HEIGHT_INCREASING_TERRACE constraint
of the Example slot
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Automaton Figure 4.4  depicts the automaton associated with the  constraint
ALL_EQUAL_HEIGHT_INCREASING_TERRACE.

C+ X
D <+ 400 >
F+— X 2
R+ 1
_ " {D « min(D, VAR:)}
{D « min(D, VAR:)} =t <

<
C < min(D, VAR;)
D+ +oo
F < min(D, VAR;)
R < R A (F = min(D, VAR;))

Figure 4.4: Automaton for the ALL_EQUAL_HEIGHT_INCREASING_TERRACE con-
straint obtained by applying decoration Table 3.38 to the seed transducer of the IN-
CREASING_TERRACE pattern



Automaton
Explicit description in terms of automaton of the meaning of the constraint.
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CONDITION FEATURE PATTERN

1\
ALL_EQUAL_HEIGHT_PLAIN

> >

Origin
Constraint

Argument

Restriction

Purpose

Example

Typical

< DESCRIPTION AUTOMATON

Based on the PLAIN pattern.

ALL_EQUAL_HEIGHT_PLAIN(VARIABLES)

VARIABLES : collection(var—dvar)

required(VARIABLES, var)

Succeeds if the minima of the values in each occurrence of the PLAIN pattern in the
time-series given by the VARIABLES collection are all the same.

An occurrence of the pattern PLAIN is the maximal subsequence which matches the
regular expression ‘>="<".

Assume that the occurrence of the pattern PLAIN starts at position ¢ and ends at position
7. The feature MIN, called HEIGHT in the name of the constraint since all feature values
are identical, computes the minimum of the values from index ¢ + 1 to index j.

((1,6,3,3,7,6,6,3,3,5,5,4,3,3,6,3))

Figure 4.5 provides an example where the ALL_EQUAL_HEIGHT_PLAIN
([1,6,3,3,7,6,6,3,3,5,5,4, 3,3, 6, 3]) constraint holds.

|VARIABLES| > 2
range(VARIABLES.var) > 1



Origin
The origin of the constraint: reference to a paper, to a person, to an other constraint or to a system.


Constraint
The constraint name and its arguments.


Argument
Argument of the constraint and its corresponding type.


/*
    The contents of this file are subject to the Mozilla Public License
    Version  1.1  (the "License"); you may not use this file except in
    compliance with the License. You may obtain a copy of the License at:

    http://www.mozilla.org/MPL/

    Software  distributed  under  the License is distributed on an "AS
    IS"  basis,  WITHOUT  WARRANTY  OF  ANY  KIND,  either  express or
    implied.  See  the  License  for  the  specific language governing
    rights and limitations under the License.
    The Original Code is the contents of this file.
    The  Initial  Developer  of  the  Original  Code is SICS, Swedish
    Institute of Computer Science AB (SICS).
    Portions  created  by the Initial Developer are Copyright (C) 2007
    of the Initial Developer. All Rights Reserved.
    Contributor(s):
    _____Mats Carlsson <matsc@sics.se>
    _____Nicolas Beldiceanu <Nicolas.Beldiceanu@emn.fr>

    Alternatively, if the contents of this file is included as a part of
    SICStus Prolog distribution by SICS, it may be used under the terms of
    an appropriate SICStus Prolog License Agreement (the "SICStus Prolog
    License"), in which case the provisions of the SICStus Prolog License
    are applicable instead of those above.
*/

:- multifile
    ctr_predefined/1,
    ctr_date/2,
    ctr_persons/2,
    ctr_origin/3,
    ctr_usual_name/2,
    ctr_synonyms/2,
    ctr_types/2,
    ctr_arguments/2,
    ctr_exchangeable/2,
    ctr_restrictions/2,
    ctr_typical/2,
    ctr_typical_model/2,
    ctr_pure_functional_dependency/2,
    ctr_functional_dependency/3,
    ctr_contractible/4,
    ctr_extensible/4,
    ctr_aggregate/3,
    ctr_example/2,
    ctr_draw_example/9,
    ctr_cond_imply/5,
    ctr_see_also/2,
    ctr_key_words/2,
    ctr_derived_collections/2,
    ctr_graph/7,
    ctr_graph/9,
    ctr_eval/2,
    ctr_automaton_signature/3,
    ctr_glue_matrix/2,
    ctr_glue_matrix1/2,
    ctr_specialisation/3,
    ctr_sol/6,
    ctr_logic/3,
    ctr_application/2.

ctr_date(all_equal_height_plain,['20141203']).

ctr_origin(all_equal_height_plain, 'Based on the \\hyperlink{Pplain}{\\pattern{plain}} pattern.', []).

ctr_arguments(all_equal_height_plain,
               ['VARIABLES'-collection(var-dvar)]).

ctr_restrictions(all_equal_height_plain,
                  [required('VARIABLES',var)]).

ctr_typical(all_equal_height_plain,[size('VARIABLES')>2,range('VARIABLES'^var)>1]).


ctr_example(all_equal_height_plain,all_equal_height_plain([[var-1],[var-6],[var-3],[var-3],[var-7],[var-6],[var-6],[var-3],[var-3],[var-5],[var-5],[var-4],[var-3],[var-3],[var-6],[var-3]])).


ctr_key_words(all_equal_height_plain,[]).

ctr_eval(all_equal_height_plain, [checker(all_equal_height_plain_c),
    automaton(all_equal_height_plain_a),
    automaton_with_signature(all_equal_height_plain_a_s)]).

% these are currently not used in time-series
ctr_cond_imply(-,-,-,-,-):-fail.
ctr_contractible(-,-,-,-):-fail.
ctr_extensible(-,-,-,-):-fail.
ctr_aggregate(-,-,-):-fail.
ctr_sol(-,-,-,-,-,-):-fail.

all_equal_height_plain_c(VARIABLES) :-
        collection(VARIABLES, [int]),
        get_attr1(VARIABLES, VARS),
        VARS=[First|_],
        length(VARS, N),
        N1 is N+1,
        Default=na,
        all_equal_height_plain_c(VARS, Default, s, _, 1000000, _, 1).

all_equal_height_plain_c([_], Default, _, CLast, DLast, FLast, RLast) :- !,
        FLast=CLast,
        1 is RLast.
all_equal_height_plain_c([Xi,Xj|Xs], Default, s, C, D, F, R) :-
        Xi=<Xj, !,
        all_equal_height_plain_c([Xj|Xs], Default, s, C, D, F, R).
all_equal_height_plain_c([Xi,Xj|Xs], Default, s, C, D, F, R) :-
        Xi>Xj, !,
        all_equal_height_plain_c([Xj|Xs], Default, r, C, D, F, R).
all_equal_height_plain_c([Xi,Xj|Xs], Default, r, C, D, F, R) :-
        Xi>Xj, !,
        all_equal_height_plain_c([Xj|Xs], Default, r, C, D, F, R).
all_equal_height_plain_c([Xi,Xj|Xs], Default, r, C, D, F, R) :-
        Xi=:=Xj, !,
        A1000 is min(D,Xi),
        all_equal_height_plain_c([Xj|Xs], Default, t, C, A1000, F, R).
all_equal_height_plain_c([Xi,Xj|Xs], Default, r, C, D, F, R) :-
        Xi<Xj, !,
        A1000 is min(D,Xi),
        B1000 is min(D,Xi),
        (   F is min(D,Xi) ->
            C1000=R
        ;   C1000=0
        ),
        all_equal_height_plain_c([Xj|Xs], Default, s, A1000, 1000000, B1000, C1000).
all_equal_height_plain_c([Xi,Xj|Xs], Default, t, C, D, F, R) :-
        Xi>Xj, !,
        all_equal_height_plain_c([Xj|Xs], Default, r, C, 1000000, F, R).
all_equal_height_plain_c([Xi,Xj|Xs], Default, t, C, D, F, R) :-
        Xi=:=Xj, !,
        A1000 is min(D,Xi),
        all_equal_height_plain_c([Xj|Xs], Default, t, C, A1000, F, R).
all_equal_height_plain_c([Xi,Xj|Xs], Default, t, C, D, F, R) :-
        Xi<Xj, !,
        A1000 is min(D,Xi),
        B1000 is min(D,Xi),
        (   F is min(D,Xi) ->
            C1000=R
        ;   C1000=0
        ),
        all_equal_height_plain_c([Xj|Xs], Default, s, A1000, 1000000, B1000, C1000).

ctr_automaton_signature(all_equal_height_plain, all_equal_height_plain_a, pair_signature(2,signature)).

all_equal_height_plain_a(Flag,VARIABLES):-
        Default = na,
        all_equal_height_plain_a(Flag,VARIABLES,Default).

all_equal_height_plain_a(Flag,VARIABLES,Default):-
        pair_signature(VARIABLES, Signature),
        all_equal_height_plain_a_s(Flag,VARIABLES,Default,Signature).

all_equal_height_plain_a_s(Flag,VARIABLES,Default,Signature):-
        collection(VARIABLES, [dvar]),
        get_attr1(VARIABLES, Xs),
        length(Xs, N),
        gen_pairs(Xs, XPairs),
        Xs = [First|_],
        LT = 0, EQ = 1, GT = 2,
        automaton(XPairs, Xi-Xj, Signature,
        [source(s),
        sink(s),
        sink(r),
        sink(t)],
        [arc(s,LT,s,([C, D, F, R])),
        arc(s,EQ,s,([C, D, F, R])),
        arc(s,GT,r,([C, D, F, R])),
        arc(r,GT,r,([C, D, F, R])),
        arc(r,EQ,t,([C, min(D, Xi), F, R])),
        arc(r,LT,s,([min(D, Xi), 1000000, min(D, Xi), R #/\ (F #= min(D, Xi))])),
        arc(t,GT,r,([C, 1000000, F, R])),
        arc(t,EQ,t,([C, min(D, Xi), F, R])),
        arc(t,LT,s,([min(D, Xi), 1000000, min(D, Xi), R #/\ (F #= min(D, Xi))]))],
        [C,D,F,R], [_,1000000,_,1], [CLast,DLast,FLast,RLast]),
        (1 #= RLast #/\ (FLast #= CLast)) #<=> Flag.
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Restriction
Additional condition refining the type declarations of one or several arguments of the constraint.


Purpose
Definition in natural language of the meaning of the constraint.


Example
One or several examples of ground solutions of the constraint.


Typical
Typical conditions on the arguments of the constraint.
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Figure 4.5: Illustrating the ALL_EQUAL_HEIGHT_PLAIN constraint of the Example
slot
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Automaton Figure 4.6  depicts the automaton  associated with the  constraint
ALL_EQUAL_HEIGHT_PLAIN.
C <+ X
D + +oco
o\ F+ X
© R+ 1
0] (( X&\ﬂ\
Y v <
¥ C < min(D, VAR;)
w D« +o0
F < min(D, VAR;)
= e R + R A (F = min(D, VAR;))
{D ¢ min(D,VAR;)}

{D « min(D,VAR:)} =t

>
{D + +o0}

Figure 4.6: Automaton for the ALL_EQUAL_HEIGHT_PLAIN constraint obtained by
applying decoration Table 3.38 to the seed transducer of the PLAIN pattern



Automaton
Explicit description in terms of automaton of the meaning of the constraint.
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CONDITION FEATURE PATTERN

1\
ALL_EQUAL_HEIGHT_PLATEAU

> >

Origin
Constraint

Argument

Restriction

Purpose

Example

Typical

< DESCRIPTION AUTOMATON

Based on the PLATEAU pattern.

ALL_EQUAL_HEIGHT_PLATEAU(VARIABLES)

VARIABLES : collection(var—dvar)

required(VARIABLES, var)

Succeeds if the minima of the values in each occurrence of the PLATEAU pattern in the
time-series given by the VARIABLES collection are all the same.

An occurrence of the pattern PLATEAU is the maximal subsequence which matches the
regular expression ‘<=">".

Assume that the occurrence of the pattern PLATEAU starts at position ¢ and ends at po-
sition j. The feature MIN, called HEIGHT in the name of the constraint since all feature
values are identical, computes the minimum of the values from index ¢ 4 1 to index j.

(7,2,5,5,1,2,2,5,5,3,3,4,5,5,2,5))

Figure 4.7 provides an example where the ALL_EQUAL_HEIGHT_PLATEAU
([7,2,5,5,1,2,2,5,5,3,3,4,5,5,2,5]) constraint holds.

|VARIABLES| > 2
range(VARIABLES.var) > 1



Origin
The origin of the constraint: reference to a paper, to a person, to an other constraint or to a system.


Constraint
The constraint name and its arguments.


Argument
Argument of the constraint and its corresponding type.


/*
    The contents of this file are subject to the Mozilla Public License
    Version  1.1  (the "License"); you may not use this file except in
    compliance with the License. You may obtain a copy of the License at:

    http://www.mozilla.org/MPL/

    Software  distributed  under  the License is distributed on an "AS
    IS"  basis,  WITHOUT  WARRANTY  OF  ANY  KIND,  either  express or
    implied.  See  the  License  for  the  specific language governing
    rights and limitations under the License.
    The Original Code is the contents of this file.
    The  Initial  Developer  of  the  Original  Code is SICS, Swedish
    Institute of Computer Science AB (SICS).
    Portions  created  by the Initial Developer are Copyright (C) 2007
    of the Initial Developer. All Rights Reserved.
    Contributor(s):
    _____Mats Carlsson <matsc@sics.se>
    _____Nicolas Beldiceanu <Nicolas.Beldiceanu@emn.fr>

    Alternatively, if the contents of this file is included as a part of
    SICStus Prolog distribution by SICS, it may be used under the terms of
    an appropriate SICStus Prolog License Agreement (the "SICStus Prolog
    License"), in which case the provisions of the SICStus Prolog License
    are applicable instead of those above.
*/

:- multifile
    ctr_predefined/1,
    ctr_date/2,
    ctr_persons/2,
    ctr_origin/3,
    ctr_usual_name/2,
    ctr_synonyms/2,
    ctr_types/2,
    ctr_arguments/2,
    ctr_exchangeable/2,
    ctr_restrictions/2,
    ctr_typical/2,
    ctr_typical_model/2,
    ctr_pure_functional_dependency/2,
    ctr_functional_dependency/3,
    ctr_contractible/4,
    ctr_extensible/4,
    ctr_aggregate/3,
    ctr_example/2,
    ctr_draw_example/9,
    ctr_cond_imply/5,
    ctr_see_also/2,
    ctr_key_words/2,
    ctr_derived_collections/2,
    ctr_graph/7,
    ctr_graph/9,
    ctr_eval/2,
    ctr_automaton_signature/3,
    ctr_glue_matrix/2,
    ctr_glue_matrix1/2,
    ctr_specialisation/3,
    ctr_sol/6,
    ctr_logic/3,
    ctr_application/2.

ctr_date(all_equal_height_plateau,['20141203']).

ctr_origin(all_equal_height_plateau, 'Based on the \\hyperlink{Pplateau}{\\pattern{plateau}} pattern.', []).

ctr_arguments(all_equal_height_plateau,
               ['VARIABLES'-collection(var-dvar)]).

ctr_restrictions(all_equal_height_plateau,
                  [required('VARIABLES',var)]).

ctr_typical(all_equal_height_plateau,[size('VARIABLES')>2,range('VARIABLES'^var)>1]).


ctr_example(all_equal_height_plateau,all_equal_height_plateau([[var-7],[var-2],[var-5],[var-5],[var-1],[var-2],[var-2],[var-5],[var-5],[var-3],[var-3],[var-4],[var-5],[var-5],[var-2],[var-5]])).


ctr_key_words(all_equal_height_plateau,[]).

ctr_eval(all_equal_height_plateau, [checker(all_equal_height_plateau_c),
    automaton(all_equal_height_plateau_a),
    automaton_with_signature(all_equal_height_plateau_a_s)]).

% these are currently not used in time-series
ctr_cond_imply(-,-,-,-,-):-fail.
ctr_contractible(-,-,-,-):-fail.
ctr_extensible(-,-,-,-):-fail.
ctr_aggregate(-,-,-):-fail.
ctr_sol(-,-,-,-,-,-):-fail.

all_equal_height_plateau_c(VARIABLES) :-
        collection(VARIABLES, [int]),
        get_attr1(VARIABLES, VARS),
        VARS=[First|_],
        length(VARS, N),
        N1 is N+1,
        Default=na,
        all_equal_height_plateau_c(VARS, Default, s, _, 1000000, _, 1).

all_equal_height_plateau_c([_], Default, _, CLast, DLast, FLast, RLast) :- !,
        FLast=CLast,
        1 is RLast.
all_equal_height_plateau_c([Xi,Xj|Xs], Default, s, C, D, F, R) :-
        Xi>=Xj, !,
        all_equal_height_plateau_c([Xj|Xs], Default, s, C, D, F, R).
all_equal_height_plateau_c([Xi,Xj|Xs], Default, s, C, D, F, R) :-
        Xi<Xj, !,
        all_equal_height_plateau_c([Xj|Xs], Default, r, C, D, F, R).
all_equal_height_plateau_c([Xi,Xj|Xs], Default, r, C, D, F, R) :-
        Xi<Xj, !,
        all_equal_height_plateau_c([Xj|Xs], Default, r, C, D, F, R).
all_equal_height_plateau_c([Xi,Xj|Xs], Default, r, C, D, F, R) :-
        Xi=:=Xj, !,
        A1000 is min(D,Xi),
        all_equal_height_plateau_c([Xj|Xs], Default, t, C, A1000, F, R).
all_equal_height_plateau_c([Xi,Xj|Xs], Default, r, C, D, F, R) :-
        Xi>Xj, !,
        A1000 is min(D,Xi),
        B1000 is min(D,Xi),
        (   F is min(D,Xi) ->
            C1000=R
        ;   C1000=0
        ),
        all_equal_height_plateau_c([Xj|Xs], Default, s, A1000, 1000000, B1000, C1000).
all_equal_height_plateau_c([Xi,Xj|Xs], Default, t, C, D, F, R) :-
        Xi<Xj, !,
        all_equal_height_plateau_c([Xj|Xs], Default, r, C, 1000000, F, R).
all_equal_height_plateau_c([Xi,Xj|Xs], Default, t, C, D, F, R) :-
        Xi=:=Xj, !,
        A1000 is min(D,Xi),
        all_equal_height_plateau_c([Xj|Xs], Default, t, C, A1000, F, R).
all_equal_height_plateau_c([Xi,Xj|Xs], Default, t, C, D, F, R) :-
        Xi>Xj, !,
        A1000 is min(D,Xi),
        B1000 is min(D,Xi),
        (   F is min(D,Xi) ->
            C1000=R
        ;   C1000=0
        ),
        all_equal_height_plateau_c([Xj|Xs], Default, s, A1000, 1000000, B1000, C1000).

ctr_automaton_signature(all_equal_height_plateau, all_equal_height_plateau_a, pair_signature(2,signature)).

all_equal_height_plateau_a(Flag,VARIABLES):-
        Default = na,
        all_equal_height_plateau_a(Flag,VARIABLES,Default).

all_equal_height_plateau_a(Flag,VARIABLES,Default):-
        pair_signature(VARIABLES, Signature),
        all_equal_height_plateau_a_s(Flag,VARIABLES,Default,Signature).

all_equal_height_plateau_a_s(Flag,VARIABLES,Default,Signature):-
        collection(VARIABLES, [dvar]),
        get_attr1(VARIABLES, Xs),
        length(Xs, N),
        gen_pairs(Xs, XPairs),
        Xs = [First|_],
        LT = 0, EQ = 1, GT = 2,
        automaton(XPairs, Xi-Xj, Signature,
        [source(s),
        sink(s),
        sink(r),
        sink(t)],
        [arc(s,GT,s,([C, D, F, R])),
        arc(s,EQ,s,([C, D, F, R])),
        arc(s,LT,r,([C, D, F, R])),
        arc(r,LT,r,([C, D, F, R])),
        arc(r,EQ,t,([C, min(D, Xi), F, R])),
        arc(r,GT,s,([min(D, Xi), 1000000, min(D, Xi), R #/\ (F #= min(D, Xi))])),
        arc(t,LT,r,([C, 1000000, F, R])),
        arc(t,EQ,t,([C, min(D, Xi), F, R])),
        arc(t,GT,s,([min(D, Xi), 1000000, min(D, Xi), R #/\ (F #= min(D, Xi))]))],
        [C,D,F,R], [_,1000000,_,1], [CLast,DLast,FLast,RLast]),
        (1 #= RLast #/\ (FLast #= CLast)) #<=> Flag.
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Restriction
Additional condition refining the type declarations of one or several arguments of the constraint.


Purpose
Definition in natural language of the meaning of the constraint.


Example
One or several examples of ground solutions of the constraint.


Typical
Typical conditions on the arguments of the constraint.
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Figure 4.7: Illustrating the ALL_EQUAL_HEIGHT_PLATEAU constraint of the Exam-
ple slot
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Automaton Figure 4.8  depicts the automaton associated with the  constraint
ALL_EQUAL_HEIGHT_PLATEAU.
\\ C <+ X
q i D <+ +oo
R F <+ X
x5
y © R+ 1
@) v X&\ﬂ\
Y e >
¥ C < min(D, VAR;)
w D« +o0

F < min(D, VAR;)
R <+ R A (F = min(D,VAR;))

{D <+ min(D, VAR;)}

{D « min(D,VAR:)} =t

<
{D + +o0}

Figure 4.8: Automaton for the ALL_EQUAL_HEIGHT_PLATEAU constraint obtained
by applying decoration Table 3.38 to the seed transducer of the PLATEAU pattern
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Explicit description in terms of automaton of the meaning of the constraint.
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CONDITION FEATURE PATTERN

4\
ALL_EQUAL_HEIGHT_PROPER_PLAIN

> >

Origin
Constraint

Argument

Restriction

Purpose

Example

Typical

< DESCRIPTION AUTOMATON AN /

Based on the PROPER_PLAIN pattern.

ALL_EQUAL_HEIGHT_PROPER_PLAIN(VARIABLES)

VARIABLES : collection(var—dvar)

required(VARIABLES, var)

Succeeds if the minima of the values in each occurrence of the PROPER_PLAIN pattern
in the time-series given by the VARIABLES collection are all the same.

An occurrence of the pattern PROPER_PLAIN is the maximal subsequence which matches
the regular expression ‘>=" <.

Assume that the occurrence of the pattern PROPER_PLAIN starts at position ¢ and ends
at position j. The feature MIN, called HEIGHT in the name of the constraint since all
feature values are identical, computes the minimum of the values from index ¢ + 1 to
index j.

((2,7,3,3,6,6,3,7,3,3,5,6,5,3,3,5))

Figure 4.9 provides an example where the ALL_EQUAL_HEIGHT_PROPER_PLAIN
(12,7,3,3,6,6,3,7,3,3,5,6,5,3, 3,5]) constraint holds.

|[VARIABLES| > 3
range(VARIABLES.var) > 1



Origin
The origin of the constraint: reference to a paper, to a person, to an other constraint or to a system.


Constraint
The constraint name and its arguments.


Argument
Argument of the constraint and its corresponding type.


/*
    The contents of this file are subject to the Mozilla Public License
    Version  1.1  (the "License"); you may not use this file except in
    compliance with the License. You may obtain a copy of the License at:

    http://www.mozilla.org/MPL/

    Software  distributed  under  the License is distributed on an "AS
    IS"  basis,  WITHOUT  WARRANTY  OF  ANY  KIND,  either  express or
    implied.  See  the  License  for  the  specific language governing
    rights and limitations under the License.
    The Original Code is the contents of this file.
    The  Initial  Developer  of  the  Original  Code is SICS, Swedish
    Institute of Computer Science AB (SICS).
    Portions  created  by the Initial Developer are Copyright (C) 2007
    of the Initial Developer. All Rights Reserved.
    Contributor(s):
    _____Mats Carlsson <matsc@sics.se>
    _____Nicolas Beldiceanu <Nicolas.Beldiceanu@emn.fr>

    Alternatively, if the contents of this file is included as a part of
    SICStus Prolog distribution by SICS, it may be used under the terms of
    an appropriate SICStus Prolog License Agreement (the "SICStus Prolog
    License"), in which case the provisions of the SICStus Prolog License
    are applicable instead of those above.
*/

:- multifile
    ctr_predefined/1,
    ctr_date/2,
    ctr_persons/2,
    ctr_origin/3,
    ctr_usual_name/2,
    ctr_synonyms/2,
    ctr_types/2,
    ctr_arguments/2,
    ctr_exchangeable/2,
    ctr_restrictions/2,
    ctr_typical/2,
    ctr_typical_model/2,
    ctr_pure_functional_dependency/2,
    ctr_functional_dependency/3,
    ctr_contractible/4,
    ctr_extensible/4,
    ctr_aggregate/3,
    ctr_example/2,
    ctr_draw_example/9,
    ctr_cond_imply/5,
    ctr_see_also/2,
    ctr_key_words/2,
    ctr_derived_collections/2,
    ctr_graph/7,
    ctr_graph/9,
    ctr_eval/2,
    ctr_automaton_signature/3,
    ctr_glue_matrix/2,
    ctr_glue_matrix1/2,
    ctr_specialisation/3,
    ctr_sol/6,
    ctr_logic/3,
    ctr_application/2.

ctr_date(all_equal_height_proper_plain,['20141203']).

ctr_origin(all_equal_height_proper_plain, 'Based on the \\hyperlink{Pproper_plain}{\\pattern{proper\\_plain}} pattern.', []).

ctr_arguments(all_equal_height_proper_plain,
               ['VARIABLES'-collection(var-dvar)]).

ctr_restrictions(all_equal_height_proper_plain,
                  [required('VARIABLES',var)]).

ctr_typical(all_equal_height_proper_plain,[size('VARIABLES')>3,range('VARIABLES'^var)>1]).


ctr_example(all_equal_height_proper_plain,all_equal_height_proper_plain([[var-2],[var-7],[var-3],[var-3],[var-6],[var-6],[var-3],[var-7],[var-3],[var-3],[var-5],[var-6],[var-5],[var-3],[var-3],[var-5]])).


ctr_key_words(all_equal_height_proper_plain,[]).

ctr_eval(all_equal_height_proper_plain, [checker(all_equal_height_proper_plain_c),
    automaton(all_equal_height_proper_plain_a),
    automaton_with_signature(all_equal_height_proper_plain_a_s)]).

% these are currently not used in time-series
ctr_cond_imply(-,-,-,-,-):-fail.
ctr_contractible(-,-,-,-):-fail.
ctr_extensible(-,-,-,-):-fail.
ctr_aggregate(-,-,-):-fail.
ctr_sol(-,-,-,-,-,-):-fail.

all_equal_height_proper_plain_c(VARIABLES) :-
        collection(VARIABLES, [int]),
        get_attr1(VARIABLES, VARS),
        VARS=[First|_],
        length(VARS, N),
        N1 is N+1,
        Default=na,
        all_equal_height_proper_plain_c(VARS, Default, s, _, 1000000, _, 1).

all_equal_height_proper_plain_c([_], Default, _, CLast, DLast, FLast, RLast) :- !,
        FLast=CLast,
        1 is RLast.
all_equal_height_proper_plain_c([Xi,Xj|Xs], Default, s, C, D, F, R) :-
        Xi=<Xj, !,
        all_equal_height_proper_plain_c([Xj|Xs], Default, s, C, D, F, R).
all_equal_height_proper_plain_c([Xi,Xj|Xs], Default, s, C, D, F, R) :-
        Xi>Xj, !,
        all_equal_height_proper_plain_c([Xj|Xs], Default, r, C, D, F, R).
all_equal_height_proper_plain_c([Xi,Xj|Xs], Default, r, C, D, F, R) :-
        Xi>Xj, !,
        all_equal_height_proper_plain_c([Xj|Xs], Default, r, C, D, F, R).
all_equal_height_proper_plain_c([Xi,Xj|Xs], Default, r, C, D, F, R) :-
        Xi=:=Xj, !,
        A1000 is min(D,Xi),
        all_equal_height_proper_plain_c([Xj|Xs], Default, t, C, A1000, F, R).
all_equal_height_proper_plain_c([Xi,Xj|Xs], Default, r, C, D, F, R) :-
        Xi<Xj, !,
        all_equal_height_proper_plain_c([Xj|Xs], Default, s, C, D, F, R).
all_equal_height_proper_plain_c([Xi,Xj|Xs], Default, t, C, D, F, R) :-
        Xi=:=Xj, !,
        A1000 is min(D,Xi),
        all_equal_height_proper_plain_c([Xj|Xs], Default, t, C, A1000, F, R).
all_equal_height_proper_plain_c([Xi,Xj|Xs], Default, t, C, D, F, R) :-
        Xi>Xj, !,
        all_equal_height_proper_plain_c([Xj|Xs], Default, r, C, 1000000, F, R).
all_equal_height_proper_plain_c([Xi,Xj|Xs], Default, t, C, D, F, R) :-
        Xi<Xj, !,
        A1000 is min(D,Xi),
        B1000 is min(D,Xi),
        (   F is min(D,Xi) ->
            C1000=R
        ;   C1000=0
        ),
        all_equal_height_proper_plain_c([Xj|Xs], Default, s, A1000, 1000000, B1000, C1000).

ctr_automaton_signature(all_equal_height_proper_plain, all_equal_height_proper_plain_a, pair_signature(2,signature)).

all_equal_height_proper_plain_a(Flag,VARIABLES):-
        Default = na,
        all_equal_height_proper_plain_a(Flag,VARIABLES,Default).

all_equal_height_proper_plain_a(Flag,VARIABLES,Default):-
        pair_signature(VARIABLES, Signature),
        all_equal_height_proper_plain_a_s(Flag,VARIABLES,Default,Signature).

all_equal_height_proper_plain_a_s(Flag,VARIABLES,Default,Signature):-
        collection(VARIABLES, [dvar]),
        get_attr1(VARIABLES, Xs),
        length(Xs, N),
        gen_pairs(Xs, XPairs),
        Xs = [First|_],
        LT = 0, EQ = 1, GT = 2,
        automaton(XPairs, Xi-Xj, Signature,
        [source(s),
        sink(s),
        sink(r),
        sink(t)],
        [arc(s,LT,s,([C, D, F, R])),
        arc(s,EQ,s,([C, D, F, R])),
        arc(s,GT,r,([C, D, F, R])),
        arc(r,GT,r,([C, D, F, R])),
        arc(r,EQ,t,([C, min(D, Xi), F, R])),
        arc(r,LT,s,([C, D, F, R])),
        arc(t,EQ,t,([C, min(D, Xi), F, R])),
        arc(t,GT,r,([C, 1000000, F, R])),
        arc(t,LT,s,([min(D, Xi), 1000000, min(D, Xi), R #/\ (F #= min(D, Xi))]))],
        [C,D,F,R], [_,1000000,_,1], [CLast,DLast,FLast,RLast]),
        (1 #= RLast #/\ (FLast #= CLast)) #<=> Flag.
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Restriction
Additional condition refining the type declarations of one or several arguments of the constraint.


Purpose
Definition in natural language of the meaning of the constraint.


Example
One or several examples of ground solutions of the constraint.


Typical
Typical conditions on the arguments of the constraint.
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Figure 4.9: Illustrating the ALL_EQUAL_HEIGHT_PROPER_PLAIN constraint of the
Example slot
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Automaton Figure 4.10  depicts the automaton associated with the constraint
ALL_EQUAL_HEIGHT_PROPER_PLAIN.

C+— X
D +— 4o
F+— X
R+ 1

{D « min(D, VAR:)}

>
{D + 400}

Figure 4.10: Automaton for the ALL_EQUAL_HEIGHT_PROPER_PLAIN constraint ob-
tained by applying decoration Table 3.38 to the seed transducer of the PROPER_PLAIN
pattern



Automaton
Explicit description in terms of automaton of the meaning of the constraint.
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CONDITION FEATURE PATTERN

ALL_EQUAL_HEIGHT_PROPER_PLATEAU

> >

Origin
Constraint

Argument

Restriction

Purpose

Example

Typical

< DESCRIPTION AUTOMATON /—1 BN

Based on the PROPER_PLATEAU pattern.

ALL_EQUAL_HEIGHT_PROPER_PLATEAU(VARIABLES)

VARIABLES : collection(var—dvar)

required(VARIABLES, var)

Succeeds if the minima of the values in each occurrence of the PROPER_PLATEAU pat-
tern in the time-series given by the VARIABLES collection are all the same.

An occurrence of the pattern PROPER_PLATEAU is the maximal subsequence which
matches the regular expression ‘< ="1>’.

Assume that the occurrence of the pattern PROPER_PLATEAU starts at position ¢ and
ends at position j. The feature MIN, called HEIGHT in the name of the constraint since
all feature values are identical, computes the minimum of the values from index ¢ + 1 to
index j.

((7,1,5,5,2,2,5,1,5,5,3,2,3,5,5,3))

Figure 4.11 provides an example where the ALL_EQUAL_HEIGHT_PROPER_PLATEAU
([7,1,5,5,2,2,5,1,5,5,3,2,3,5,5, 3]) constraint holds.

|[VARIABLES| > 3
range(VARIABLES.var) > 1



Origin
The origin of the constraint: reference to a paper, to a person, to an other constraint or to a system.


Constraint
The constraint name and its arguments.


Argument
Argument of the constraint and its corresponding type.


/*
    The contents of this file are subject to the Mozilla Public License
    Version  1.1  (the "License"); you may not use this file except in
    compliance with the License. You may obtain a copy of the License at:

    http://www.mozilla.org/MPL/

    Software  distributed  under  the License is distributed on an "AS
    IS"  basis,  WITHOUT  WARRANTY  OF  ANY  KIND,  either  express or
    implied.  See  the  License  for  the  specific language governing
    rights and limitations under the License.
    The Original Code is the contents of this file.
    The  Initial  Developer  of  the  Original  Code is SICS, Swedish
    Institute of Computer Science AB (SICS).
    Portions  created  by the Initial Developer are Copyright (C) 2007
    of the Initial Developer. All Rights Reserved.
    Contributor(s):
    _____Mats Carlsson <matsc@sics.se>
    _____Nicolas Beldiceanu <Nicolas.Beldiceanu@emn.fr>

    Alternatively, if the contents of this file is included as a part of
    SICStus Prolog distribution by SICS, it may be used under the terms of
    an appropriate SICStus Prolog License Agreement (the "SICStus Prolog
    License"), in which case the provisions of the SICStus Prolog License
    are applicable instead of those above.
*/

:- multifile
    ctr_predefined/1,
    ctr_date/2,
    ctr_persons/2,
    ctr_origin/3,
    ctr_usual_name/2,
    ctr_synonyms/2,
    ctr_types/2,
    ctr_arguments/2,
    ctr_exchangeable/2,
    ctr_restrictions/2,
    ctr_typical/2,
    ctr_typical_model/2,
    ctr_pure_functional_dependency/2,
    ctr_functional_dependency/3,
    ctr_contractible/4,
    ctr_extensible/4,
    ctr_aggregate/3,
    ctr_example/2,
    ctr_draw_example/9,
    ctr_cond_imply/5,
    ctr_see_also/2,
    ctr_key_words/2,
    ctr_derived_collections/2,
    ctr_graph/7,
    ctr_graph/9,
    ctr_eval/2,
    ctr_automaton_signature/3,
    ctr_glue_matrix/2,
    ctr_glue_matrix1/2,
    ctr_specialisation/3,
    ctr_sol/6,
    ctr_logic/3,
    ctr_application/2.

ctr_date(all_equal_height_proper_plateau,['20141203']).

ctr_origin(all_equal_height_proper_plateau, 'Based on the \\hyperlink{Pproper_plateau}{\\pattern{proper\\_plateau}} pattern.', []).

ctr_arguments(all_equal_height_proper_plateau,
               ['VARIABLES'-collection(var-dvar)]).

ctr_restrictions(all_equal_height_proper_plateau,
                  [required('VARIABLES',var)]).

ctr_typical(all_equal_height_proper_plateau,[size('VARIABLES')>3,range('VARIABLES'^var)>1]).


ctr_example(all_equal_height_proper_plateau,all_equal_height_proper_plateau([[var-7],[var-1],[var-5],[var-5],[var-2],[var-2],[var-5],[var-1],[var-5],[var-5],[var-3],[var-2],[var-3],[var-5],[var-5],[var-3]])).


ctr_key_words(all_equal_height_proper_plateau,[]).

ctr_eval(all_equal_height_proper_plateau, [checker(all_equal_height_proper_plateau_c),
    automaton(all_equal_height_proper_plateau_a),
    automaton_with_signature(all_equal_height_proper_plateau_a_s)]).

% these are currently not used in time-series
ctr_cond_imply(-,-,-,-,-):-fail.
ctr_contractible(-,-,-,-):-fail.
ctr_extensible(-,-,-,-):-fail.
ctr_aggregate(-,-,-):-fail.
ctr_sol(-,-,-,-,-,-):-fail.

all_equal_height_proper_plateau_c(VARIABLES) :-
        collection(VARIABLES, [int]),
        get_attr1(VARIABLES, VARS),
        VARS=[First|_],
        length(VARS, N),
        N1 is N+1,
        Default=na,
        all_equal_height_proper_plateau_c(VARS, Default, s, _, 1000000, _, 1).

all_equal_height_proper_plateau_c([_], Default, _, CLast, DLast, FLast, RLast) :- !,
        FLast=CLast,
        1 is RLast.
all_equal_height_proper_plateau_c([Xi,Xj|Xs], Default, s, C, D, F, R) :-
        Xi>=Xj, !,
        all_equal_height_proper_plateau_c([Xj|Xs], Default, s, C, D, F, R).
all_equal_height_proper_plateau_c([Xi,Xj|Xs], Default, s, C, D, F, R) :-
        Xi<Xj, !,
        all_equal_height_proper_plateau_c([Xj|Xs], Default, r, C, D, F, R).
all_equal_height_proper_plateau_c([Xi,Xj|Xs], Default, r, C, D, F, R) :-
        Xi<Xj, !,
        all_equal_height_proper_plateau_c([Xj|Xs], Default, r, C, D, F, R).
all_equal_height_proper_plateau_c([Xi,Xj|Xs], Default, r, C, D, F, R) :-
        Xi=:=Xj, !,
        A1000 is min(D,Xi),
        all_equal_height_proper_plateau_c([Xj|Xs], Default, t, C, A1000, F, R).
all_equal_height_proper_plateau_c([Xi,Xj|Xs], Default, r, C, D, F, R) :-
        Xi>Xj, !,
        all_equal_height_proper_plateau_c([Xj|Xs], Default, s, C, D, F, R).
all_equal_height_proper_plateau_c([Xi,Xj|Xs], Default, t, C, D, F, R) :-
        Xi=:=Xj, !,
        A1000 is min(D,Xi),
        all_equal_height_proper_plateau_c([Xj|Xs], Default, t, C, A1000, F, R).
all_equal_height_proper_plateau_c([Xi,Xj|Xs], Default, t, C, D, F, R) :-
        Xi<Xj, !,
        all_equal_height_proper_plateau_c([Xj|Xs], Default, r, C, 1000000, F, R).
all_equal_height_proper_plateau_c([Xi,Xj|Xs], Default, t, C, D, F, R) :-
        Xi>Xj, !,
        A1000 is min(D,Xi),
        B1000 is min(D,Xi),
        (   F is min(D,Xi) ->
            C1000=R
        ;   C1000=0
        ),
        all_equal_height_proper_plateau_c([Xj|Xs], Default, s, A1000, 1000000, B1000, C1000).

ctr_automaton_signature(all_equal_height_proper_plateau, all_equal_height_proper_plateau_a, pair_signature(2,signature)).

all_equal_height_proper_plateau_a(Flag,VARIABLES):-
        Default = na,
        all_equal_height_proper_plateau_a(Flag,VARIABLES,Default).

all_equal_height_proper_plateau_a(Flag,VARIABLES,Default):-
        pair_signature(VARIABLES, Signature),
        all_equal_height_proper_plateau_a_s(Flag,VARIABLES,Default,Signature).

all_equal_height_proper_plateau_a_s(Flag,VARIABLES,Default,Signature):-
        collection(VARIABLES, [dvar]),
        get_attr1(VARIABLES, Xs),
        length(Xs, N),
        gen_pairs(Xs, XPairs),
        Xs = [First|_],
        LT = 0, EQ = 1, GT = 2,
        automaton(XPairs, Xi-Xj, Signature,
        [source(s),
        sink(s),
        sink(r),
        sink(t)],
        [arc(s,GT,s,([C, D, F, R])),
        arc(s,EQ,s,([C, D, F, R])),
        arc(s,LT,r,([C, D, F, R])),
        arc(r,LT,r,([C, D, F, R])),
        arc(r,EQ,t,([C, min(D, Xi), F, R])),
        arc(r,GT,s,([C, D, F, R])),
        arc(t,EQ,t,([C, min(D, Xi), F, R])),
        arc(t,LT,r,([C, 1000000, F, R])),
        arc(t,GT,s,([min(D, Xi), 1000000, min(D, Xi), R #/\ (F #= min(D, Xi))]))],
        [C,D,F,R], [_,1000000,_,1], [CLast,DLast,FLast,RLast]),
        (1 #= RLast #/\ (FLast #= CLast)) #<=> Flag.
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Restriction
Additional condition refining the type declarations of one or several arguments of the constraint.


Purpose
Definition in natural language of the meaning of the constraint.


Example
One or several examples of ground solutions of the constraint.


Typical
Typical conditions on the arguments of the constraint.
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Figure 4.11: Illustrating the ALL_EQUAL_HEIGHT_PROPER_PLATEAU constraint of
the Example slot
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Automaton Figure 4.12  depicts the automaton associated with the  constraint
ALL_EQUAL_HEIGHT_PROPER_PLATEAU.
\\ C+ X
N

D +— 4o
F+— X
R+ 1

{D « min(D, VAR:)}

<
{D + 400}

Figure 4.12: Automaton for the ALL_EQUAL_HEIGHT_PROPER_PLATEAU con-
straint obtained by applying decoration Table 3.38 to the seed transducer of the
PROPER_PLATEAU pattern



Automaton
Explicit description in terms of automaton of the meaning of the constraint.
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182 ALL_EQUAL_HEIGHT_STEADY

CONDITION FEATURE PATTERN

ALL_EQUAL_HEIGHT_STEADY

> > < DESCRIPTION AUTOMATON -
Origin Based on the STEADY pattern.

Constraint ALL_EQUAL_HEIGHT_STEADY (VARIABLES)

Argument VARIABLES : collection(var—dvar)

Restriction required(VARIABLES, var)

Succeeds if the minima of the values in each occurrence of the STEADY pattern in the

time-series given by the VARIABLES collection are all the same.

An occurrence of the pattern STEADY is the subsequence which matches the regular
Purpose expression ‘=’.

Assume that the occurrence of the pattern STEADY starts at position ¢ and ends at position

7. The feature MIN, called HEIGHT in the name of the constraint since all feature values

are identical, computes the minimum of the values from index ¢ to index j + 1.

Example ((4,4,4,2,6,4,4,4,4,3,2,1,4,4,3,4))

Figure 4.13 provides an example where the ALL_EQUAL_HEIGHT_STEADY
([4,4,4,2,6,4,4,4,4,3,2,1,4,4, 3,4]) constraint holds.

Typical |VARIABLES| > 1



Origin
The origin of the constraint: reference to a paper, to a person, to an other constraint or to a system.


Constraint
The constraint name and its arguments.


Argument
Argument of the constraint and its corresponding type.


/*
    The contents of this file are subject to the Mozilla Public License
    Version  1.1  (the "License"); you may not use this file except in
    compliance with the License. You may obtain a copy of the License at:

    http://www.mozilla.org/MPL/

    Software  distributed  under  the License is distributed on an "AS
    IS"  basis,  WITHOUT  WARRANTY  OF  ANY  KIND,  either  express or
    implied.  See  the  License  for  the  specific language governing
    rights and limitations under the License.
    The Original Code is the contents of this file.
    The  Initial  Developer  of  the  Original  Code is SICS, Swedish
    Institute of Computer Science AB (SICS).
    Portions  created  by the Initial Developer are Copyright (C) 2007
    of the Initial Developer. All Rights Reserved.
    Contributor(s):
    _____Mats Carlsson <matsc@sics.se>
    _____Nicolas Beldiceanu <Nicolas.Beldiceanu@emn.fr>

    Alternatively, if the contents of this file is included as a part of
    SICStus Prolog distribution by SICS, it may be used under the terms of
    an appropriate SICStus Prolog License Agreement (the "SICStus Prolog
    License"), in which case the provisions of the SICStus Prolog License
    are applicable instead of those above.
*/

:- multifile
    ctr_predefined/1,
    ctr_date/2,
    ctr_persons/2,
    ctr_origin/3,
    ctr_usual_name/2,
    ctr_synonyms/2,
    ctr_types/2,
    ctr_arguments/2,
    ctr_exchangeable/2,
    ctr_restrictions/2,
    ctr_typical/2,
    ctr_typical_model/2,
    ctr_pure_functional_dependency/2,
    ctr_functional_dependency/3,
    ctr_contractible/4,
    ctr_extensible/4,
    ctr_aggregate/3,
    ctr_example/2,
    ctr_draw_example/9,
    ctr_cond_imply/5,
    ctr_see_also/2,
    ctr_key_words/2,
    ctr_derived_collections/2,
    ctr_graph/7,
    ctr_graph/9,
    ctr_eval/2,
    ctr_automaton_signature/3,
    ctr_glue_matrix/2,
    ctr_glue_matrix1/2,
    ctr_specialisation/3,
    ctr_sol/6,
    ctr_logic/3,
    ctr_application/2.

ctr_date(all_equal_height_steady,['20141203']).

ctr_origin(all_equal_height_steady, 'Based on the \\hyperlink{Psteady}{\\pattern{steady}} pattern.', []).

ctr_arguments(all_equal_height_steady,
               ['VARIABLES'-collection(var-dvar)]).

ctr_restrictions(all_equal_height_steady,
                  [required('VARIABLES',var)]).

ctr_typical(all_equal_height_steady,[size('VARIABLES')>1]).


ctr_example(all_equal_height_steady,all_equal_height_steady([[var-4],[var-4],[var-4],[var-2],[var-6],[var-4],[var-4],[var-4],[var-4],[var-3],[var-2],[var-1],[var-4],[var-4],[var-3],[var-4]])).


ctr_key_words(all_equal_height_steady,[]).

ctr_eval(all_equal_height_steady, [checker(all_equal_height_steady_c),
    automaton(all_equal_height_steady_a),
    automaton_with_signature(all_equal_height_steady_a_s)]).

% these are currently not used in time-series
ctr_cond_imply(-,-,-,-,-):-fail.
ctr_contractible(-,-,-,-):-fail.
ctr_extensible(-,-,-,-):-fail.
ctr_aggregate(-,-,-):-fail.
ctr_sol(-,-,-,-,-,-):-fail.

all_equal_height_steady_c(VARIABLES) :-
        collection(VARIABLES, [int]),
        get_attr1(VARIABLES, VARS),
        VARS=[First|_],
        length(VARS, N),
        N1 is N+1,
        Default=na,
        all_equal_height_steady_c(VARS, Default, s, _, 1000000, _, 1).

all_equal_height_steady_c([_], Default, _, CLast, DLast, FLast, RLast) :- !,
        FLast=CLast,
        1 is RLast.
all_equal_height_steady_c([Xi,Xj|Xs], Default, s, C, D, F, R) :-
        Xi=\=Xj, !,
        all_equal_height_steady_c([Xj|Xs], Default, s, C, D, F, R).
all_equal_height_steady_c([Xi,Xj|Xs], Default, s, C, D, F, R) :-
        Xi=:=Xj, !,
        A1000 is min(min(D,Xi),Xj),
        B1000 is min(min(D,Xi),Xj),
        (   F is min(min(D,Xi),Xj) ->
            C1000=R
        ;   C1000=0
        ),
        all_equal_height_steady_c([Xj|Xs], Default, s, A1000, 1000000, B1000, C1000).

ctr_automaton_signature(all_equal_height_steady, all_equal_height_steady_a, pair_signature(2,signature)).

all_equal_height_steady_a(Flag,VARIABLES):-
        Default = na,
        all_equal_height_steady_a(Flag,VARIABLES,Default).

all_equal_height_steady_a(Flag,VARIABLES,Default):-
        pair_signature(VARIABLES, Signature),
        all_equal_height_steady_a_s(Flag,VARIABLES,Default,Signature).

all_equal_height_steady_a_s(Flag,VARIABLES,Default,Signature):-
        collection(VARIABLES, [dvar]),
        get_attr1(VARIABLES, Xs),
        length(Xs, N),
        gen_pairs(Xs, XPairs),
        Xs = [First|_],
        LT = 0, EQ = 1, GT = 2,
        automaton(XPairs, Xi-Xj, Signature,
        [source(s),
        sink(s)],
        [arc(s,LT,s,([C, D, F, R])),
        arc(s,GT,s,([C, D, F, R])),
        arc(s,EQ,s,([min(min(D, Xi), Xj), 1000000, min(min(D, Xi), Xj), R #/\ (F #= min(min(D, Xi), Xj))]))],
        [C,D,F,R], [_,1000000,_,1], [CLast,DLast,FLast,RLast]),
        (1 #= RLast #/\ (FLast #= CLast)) #<=> Flag.
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Restriction
Additional condition refining the type declarations of one or several arguments of the constraint.


Purpose
Definition in natural language of the meaning of the constraint.


Example
One or several examples of ground solutions of the constraint.


Typical
Typical condition on the arguments of the constraint.
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Figure 4.13: Illustrating the ALL_EQUAL_HEIGHT_STEADY constraint of the Exam-
ple slot
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Automaton Figure 4.14  depicts the automaton associated with the  constraint
ALL_EQUAL_HEIGHT_STEADY.

C+— X

- v

C <+ min(min(D, VAR;), VAR; 1)
D+ 4+ 2
F < min(min(D, VAR;),VAR; 1)

R+ RA (F = min(min(D, VAR,;), VARi+1))

Figure 4.14: Automaton for the ALL_EQUAL_HEIGHT_STEADY constraint obtained
by applying decoration Table 3.38 to the seed transducer of the STEADY pattern



Automaton
Explicit description in terms of automaton of the meaning of the constraint.
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186 ALL_EQUAL_HEIGHT_STEADY_SEQUENCE

CONDITION FEATURE PATTERN

+ + +
ALL_EQUAL_HEIGHT_STEADY_SEQUENCE

> >

Origin
Constraint

Argument

Restriction

Purpose

Example

Typical

< DESCRIPTION AUTOMATON e

Based on the STEADY_SEQUENCE pattern.

ALL_EQUAL_HEIGHT_STEADY_SEQUENCE(VARIABLES)

VARIABLES : collection(var—dvar)

required(VARIABLES, var)

Succeeds if the minima of the values in each occurrence of the STEADY SEQUENCE
pattern in the time-series given by the VARIABLES collection are all the same.

An occurrence of the pattern STEADY SEQUENCE is the maximal subsequence which
matches the regular expression ‘="".

Assume that the occurrence of the pattern STEADY SEQUENCE starts at position 7 and
ends at position j. The feature MIN, called HEIGHT in the name of the constraint since all
feature values are identical, computes the minimum of the values from index ¢ to index
Jj+1

((4,3,5,5,5,3,1,5,5,6,5,5,5,5,3,5))

Figure 4.15 provides an example where the ALL_EQUAL_HEIGHT_STEADY_SEQUENCE
([4,3,5,5,5,3,1,5,5,6,5,5,5,5, 3, 5]) constraint holds.

|[VARIABLES| > 1



Origin
The origin of the constraint: reference to a paper, to a person, to an other constraint or to a system.


Constraint
The constraint name and its arguments.


Argument
Argument of the constraint and its corresponding type.


/*
    The contents of this file are subject to the Mozilla Public License
    Version  1.1  (the "License"); you may not use this file except in
    compliance with the License. You may obtain a copy of the License at:

    http://www.mozilla.org/MPL/

    Software  distributed  under  the License is distributed on an "AS
    IS"  basis,  WITHOUT  WARRANTY  OF  ANY  KIND,  either  express or
    implied.  See  the  License  for  the  specific language governing
    rights and limitations under the License.
    The Original Code is the contents of this file.
    The  Initial  Developer  of  the  Original  Code is SICS, Swedish
    Institute of Computer Science AB (SICS).
    Portions  created  by the Initial Developer are Copyright (C) 2007
    of the Initial Developer. All Rights Reserved.
    Contributor(s):
    _____Mats Carlsson <matsc@sics.se>
    _____Nicolas Beldiceanu <Nicolas.Beldiceanu@emn.fr>

    Alternatively, if the contents of this file is included as a part of
    SICStus Prolog distribution by SICS, it may be used under the terms of
    an appropriate SICStus Prolog License Agreement (the "SICStus Prolog
    License"), in which case the provisions of the SICStus Prolog License
    are applicable instead of those above.
*/

:- multifile
    ctr_predefined/1,
    ctr_date/2,
    ctr_persons/2,
    ctr_origin/3,
    ctr_usual_name/2,
    ctr_synonyms/2,
    ctr_types/2,
    ctr_arguments/2,
    ctr_exchangeable/2,
    ctr_restrictions/2,
    ctr_typical/2,
    ctr_typical_model/2,
    ctr_pure_functional_dependency/2,
    ctr_functional_dependency/3,
    ctr_contractible/4,
    ctr_extensible/4,
    ctr_aggregate/3,
    ctr_example/2,
    ctr_draw_example/9,
    ctr_cond_imply/5,
    ctr_see_also/2,
    ctr_key_words/2,
    ctr_derived_collections/2,
    ctr_graph/7,
    ctr_graph/9,
    ctr_eval/2,
    ctr_automaton_signature/3,
    ctr_glue_matrix/2,
    ctr_glue_matrix1/2,
    ctr_specialisation/3,
    ctr_sol/6,
    ctr_logic/3,
    ctr_application/2.

ctr_date(all_equal_height_steady_sequence,['20141203']).

ctr_origin(all_equal_height_steady_sequence, 'Based on the \\hyperlink{Psteady_sequence}{\\pattern{steady\\_sequence}} pattern.', []).

ctr_arguments(all_equal_height_steady_sequence,
               ['VARIABLES'-collection(var-dvar)]).

ctr_restrictions(all_equal_height_steady_sequence,
                  [required('VARIABLES',var)]).

ctr_typical(all_equal_height_steady_sequence,[size('VARIABLES')>1]).


ctr_example(all_equal_height_steady_sequence,all_equal_height_steady_sequence([[var-4],[var-3],[var-5],[var-5],[var-5],[var-3],[var-1],[var-5],[var-5],[var-6],[var-5],[var-5],[var-5],[var-5],[var-3],[var-5]])).


ctr_key_words(all_equal_height_steady_sequence,[]).

ctr_eval(all_equal_height_steady_sequence, [checker(all_equal_height_steady_sequence_c),
    automaton(all_equal_height_steady_sequence_a),
    automaton_with_signature(all_equal_height_steady_sequence_a_s)]).

% these are currently not used in time-series
ctr_cond_imply(-,-,-,-,-):-fail.
ctr_contractible(-,-,-,-):-fail.
ctr_extensible(-,-,-,-):-fail.
ctr_aggregate(-,-,-):-fail.
ctr_sol(-,-,-,-,-,-):-fail.

all_equal_height_steady_sequence_c(VARIABLES) :-
        collection(VARIABLES, [int]),
        get_attr1(VARIABLES, VARS),
        VARS=[First|_],
        length(VARS, N),
        N1 is N+1,
        Default=na,
        all_equal_height_steady_sequence_c(VARS, Default, s, _, 1000000, _, 1).

all_equal_height_steady_sequence_c([_], Default, _, CLast, DLast, FLast, RLast) :- !,
        FLast=CLast,
        1 is RLast.
all_equal_height_steady_sequence_c([Xi,Xj|Xs], Default, s, C, D, F, R) :-
        Xi=\=Xj, !,
        all_equal_height_steady_sequence_c([Xj|Xs], Default, s, C, D, F, R).
all_equal_height_steady_sequence_c([Xi,Xj|Xs], Default, s, C, D, F, R) :-
        Xi=:=Xj, !,
        A1000 is min(min(D,Xi),Xj),
        all_equal_height_steady_sequence_c([Xj|Xs], Default, r, A1000, 1000000, F, R).
all_equal_height_steady_sequence_c([Xi,Xj|Xs], Default, r, C, D, F, R) :-
        Xi=\=Xj, !,
        (   F is C ->
            A1000=R
        ;   A1000=0
        ),
        all_equal_height_steady_sequence_c([Xj|Xs], Default, s, C, 1000000, C, A1000).
all_equal_height_steady_sequence_c([Xi,Xj|Xs], Default, r, C, D, F, R) :-
        Xi=:=Xj, !,
        A1000 is min(C,min(D,Xj)),
        all_equal_height_steady_sequence_c([Xj|Xs], Default, r, A1000, 1000000, F, R).

ctr_automaton_signature(all_equal_height_steady_sequence, all_equal_height_steady_sequence_a, pair_signature(2,signature)).

all_equal_height_steady_sequence_a(Flag,VARIABLES):-
        Default = na,
        all_equal_height_steady_sequence_a(Flag,VARIABLES,Default).

all_equal_height_steady_sequence_a(Flag,VARIABLES,Default):-
        pair_signature(VARIABLES, Signature),
        all_equal_height_steady_sequence_a_s(Flag,VARIABLES,Default,Signature).

all_equal_height_steady_sequence_a_s(Flag,VARIABLES,Default,Signature):-
        collection(VARIABLES, [dvar]),
        get_attr1(VARIABLES, Xs),
        length(Xs, N),
        gen_pairs(Xs, XPairs),
        Xs = [First|_],
        LT = 0, EQ = 1, GT = 2,
        automaton(XPairs, Xi-Xj, Signature,
        [source(s),
        sink(s),
        sink(r)],
        [arc(s,LT,s,([C, D, F, R])),
        arc(s,GT,s,([C, D, F, R])),
        arc(s,EQ,r,([min(min(D, Xi), Xj), 1000000, F, R])),
        arc(r,LT,s,([C, 1000000, C, R #/\ (F #= C)])),
        arc(r,GT,s,([C, 1000000, C, R #/\ (F #= C)])),
        arc(r,EQ,r,([min(C, min(D, Xj)), 1000000, F, R]))],
        [C,D,F,R], [_,1000000,_,1], [CLast,DLast,FLast,RLast]),
        (1 #= RLast #/\ (FLast #= CLast)) #<=> Flag.
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Restriction
Additional condition refining the type declarations of one or several arguments of the constraint.


Purpose
Definition in natural language of the meaning of the constraint.


Example
One or several examples of ground solutions of the constraint.


Typical
Typical condition on the arguments of the constraint.
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Figure 4.15: Illustrating the ALL_EQUAL_HEIGHT_STEADY_SEQUENCE constraint of
the Example slot
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Automaton Figure 4.16  depicts the automaton associated with the  constraint
ALL_EQUAL_HEIGHT_STEADY_SEQUENCE.

C+— X
D <+ +oco
F+ X
R+ 1

N

2 _
Dose C + min(min(D, VAR; ), VAR; 1)
D + +
R+ RA(F=C)

C < min(C, min(D, VAR; 1))
D +— 4o

Figure 4.16: Automaton for the ALL_EQUAL_HEIGHT_STEADY_SEQUENCE con-
straint obtained by applying decoration Table 3.38 to the seed transducer of the
STEADY_SEQUENCE pattern



Automaton
Explicit description in terms of automaton of the meaning of the constraint.
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190 ALL_EQUAL_MAX_BUMP_ON_DECREASING_SEQUENCE

CONDITION FEATURE PATTERN

+ +
ALL_EQUAL_MAX_BUMP_ON_DECREASING_SEQUENCE

> > <> >
> > < DESCRIPTION AUTOMATON

Origin Based on the BUMP_ON_DECREASING_SEQUENCE pattern.

Constraint ALL_EQUAL_MAX_BUMP_ON_DECREASING_SEQUENCE(VARIABLES)

Argument VARIABLES : collection(var—dvar)

Restriction required(VARIABLES, var)

Succeeds if the maxima of the values in each occurrence of the
BUMP_ON_DECREASING_SEQUENCE pattern in the time-series given by the
VARIABLES collection are all the same.

An occurrence of the pattern BUMP_ON_DECREASING_SEQUENCE is the subsequence
which matches the regular expression ‘>><>>".

Assume that the occurrence of the pattern BUMP_ON_DECREASING_SEQUENCE starts
at position ¢ and ends at position j. The feature MAX computes the maximum of the
values from index ¢ 4 2 to index j.

Purpose

Example ((7,6,5,6,5,4,1,4,7,5,4,2,6,5,4,4))

Figure 4.17 provides an example where the ALL_EQUAL_MAX_BUMP_ON_DECREASING_SEQUENCE
([7,6,5,6,5,4,1,4,7,5,4,2,6,5,4,4]) constraint holds.

Typical |VARIABLES| > 5
range(VARIABLES.var) > 2



Origin
The origin of the constraint: reference to a paper, to a person, to an other constraint or to a system.


Constraint
The constraint name and its arguments.


Argument
Argument of the constraint and its corresponding type.


/*
    The contents of this file are subject to the Mozilla Public License
    Version  1.1  (the "License"); you may not use this file except in
    compliance with the License. You may obtain a copy of the License at:

    http://www.mozilla.org/MPL/

    Software  distributed  under  the License is distributed on an "AS
    IS"  basis,  WITHOUT  WARRANTY  OF  ANY  KIND,  either  express or
    implied.  See  the  License  for  the  specific language governing
    rights and limitations under the License.
    The Original Code is the contents of this file.
    The  Initial  Developer  of  the  Original  Code is SICS, Swedish
    Institute of Computer Science AB (SICS).
    Portions  created  by the Initial Developer are Copyright (C) 2007
    of the Initial Developer. All Rights Reserved.
    Contributor(s):
    _____Mats Carlsson <matsc@sics.se>
    _____Nicolas Beldiceanu <Nicolas.Beldiceanu@emn.fr>

    Alternatively, if the contents of this file is included as a part of
    SICStus Prolog distribution by SICS, it may be used under the terms of
    an appropriate SICStus Prolog License Agreement (the "SICStus Prolog
    License"), in which case the provisions of the SICStus Prolog License
    are applicable instead of those above.
*/

:- multifile
    ctr_predefined/1,
    ctr_date/2,
    ctr_persons/2,
    ctr_origin/3,
    ctr_usual_name/2,
    ctr_synonyms/2,
    ctr_types/2,
    ctr_arguments/2,
    ctr_exchangeable/2,
    ctr_restrictions/2,
    ctr_typical/2,
    ctr_typical_model/2,
    ctr_pure_functional_dependency/2,
    ctr_functional_dependency/3,
    ctr_contractible/4,
    ctr_extensible/4,
    ctr_aggregate/3,
    ctr_example/2,
    ctr_draw_example/9,
    ctr_cond_imply/5,
    ctr_see_also/2,
    ctr_key_words/2,
    ctr_derived_collections/2,
    ctr_graph/7,
    ctr_graph/9,
    ctr_eval/2,
    ctr_automaton_signature/3,
    ctr_glue_matrix/2,
    ctr_glue_matrix1/2,
    ctr_specialisation/3,
    ctr_sol/6,
    ctr_logic/3,
    ctr_application/2.

ctr_date(all_equal_max_bump_on_decreasing_sequence,['20141203']).

ctr_origin(all_equal_max_bump_on_decreasing_sequence, 'Based on the \\hyperlink{Pbump_on_decreasing_sequence}{\\pattern{bump\\_on\\_decreasing\\_sequence}} pattern.', []).

ctr_arguments(all_equal_max_bump_on_decreasing_sequence,
               ['VARIABLES'-collection(var-dvar)]).

ctr_restrictions(all_equal_max_bump_on_decreasing_sequence,
                  [required('VARIABLES',var)]).

ctr_typical(all_equal_max_bump_on_decreasing_sequence,[size('VARIABLES')>5,range('VARIABLES'^var)>2]).


ctr_example(all_equal_max_bump_on_decreasing_sequence,all_equal_max_bump_on_decreasing_sequence([[var-7],[var-6],[var-5],[var-6],[var-5],[var-4],[var-1],[var-4],[var-7],[var-5],[var-4],[var-2],[var-6],[var-5],[var-4],[var-4]])).


ctr_key_words(all_equal_max_bump_on_decreasing_sequence,[]).

ctr_eval(all_equal_max_bump_on_decreasing_sequence, [checker(all_equal_max_bump_on_decreasing_sequence_c),
    automaton(all_equal_max_bump_on_decreasing_sequence_a),
    automaton_with_signature(all_equal_max_bump_on_decreasing_sequence_a_s)]).

% these are currently not used in time-series
ctr_cond_imply(-,-,-,-,-):-fail.
ctr_contractible(-,-,-,-):-fail.
ctr_extensible(-,-,-,-):-fail.
ctr_aggregate(-,-,-):-fail.
ctr_sol(-,-,-,-,-,-):-fail.

all_equal_max_bump_on_decreasing_sequence_c(VARIABLES) :-
        collection(VARIABLES, [int]),
        get_attr1(VARIABLES, VARS),
        VARS=[First|_],
        length(VARS, N),
        N1 is N+1,
        Default=na,
        all_equal_max_bump_on_decreasing_sequence_c(VARS, Default, s, _, -1000000, _, 1).

all_equal_max_bump_on_decreasing_sequence_c([_], Default, _, CLast, DLast, FLast, RLast) :- !,
        FLast=CLast,
        1 is RLast.
all_equal_max_bump_on_decreasing_sequence_c([Xi,Xj|Xs], Default, s, C, D, F, R) :-
        Xi=<Xj, !,
        all_equal_max_bump_on_decreasing_sequence_c([Xj|Xs], Default, s, C, D, F, R).
all_equal_max_bump_on_decreasing_sequence_c([Xi,Xj|Xs], Default, s, C, D, F, R) :-
        Xi>Xj, !,
        all_equal_max_bump_on_decreasing_sequence_c([Xj|Xs], Default, r, C, D, F, R).
all_equal_max_bump_on_decreasing_sequence_c([Xi,Xj|Xs], Default, r, C, D, F, R) :-
        Xi=<Xj, !,
        all_equal_max_bump_on_decreasing_sequence_c([Xj|Xs], Default, s, C, D, F, R).
all_equal_max_bump_on_decreasing_sequence_c([Xi,Xj|Xs], Default, r, C, D, F, R) :-
        Xi>Xj, !,
        all_equal_max_bump_on_decreasing_sequence_c([Xj|Xs], Default, t, C, D, F, R).
all_equal_max_bump_on_decreasing_sequence_c([Xi,Xj|Xs], Default, t, C, D, F, R) :-
        Xi>Xj, !,
        all_equal_max_bump_on_decreasing_sequence_c([Xj|Xs], Default, t, C, D, F, R).
all_equal_max_bump_on_decreasing_sequence_c([Xi,Xj|Xs], Default, t, C, D, F, R) :-
        Xi=:=Xj, !,
        all_equal_max_bump_on_decreasing_sequence_c([Xj|Xs], Default, s, C, D, F, R).
all_equal_max_bump_on_decreasing_sequence_c([Xi,Xj|Xs], Default, t, C, D, F, R) :-
        Xi<Xj, !,
        A1000 is max(D,Xi),
        all_equal_max_bump_on_decreasing_sequence_c([Xj|Xs], Default, u, C, A1000, F, R).
all_equal_max_bump_on_decreasing_sequence_c([Xi,Xj|Xs], Default, u, C, D, F, R) :-
        Xi=<Xj, !,
        all_equal_max_bump_on_decreasing_sequence_c([Xj|Xs], Default, s, C, -1000000, F, R).
all_equal_max_bump_on_decreasing_sequence_c([Xi,Xj|Xs], Default, u, C, D, F, R) :-
        Xi>Xj, !,
        A1000 is max(D,Xi),
        all_equal_max_bump_on_decreasing_sequence_c([Xj|Xs], Default, v, C, A1000, F, R).
all_equal_max_bump_on_decreasing_sequence_c([Xi,Xj|Xs], Default, v, C, D, F, R) :-
        Xi=<Xj, !,
        all_equal_max_bump_on_decreasing_sequence_c([Xj|Xs], Default, s, C, -1000000, F, R).
all_equal_max_bump_on_decreasing_sequence_c([Xi,Xj|Xs], Default, v, C, D, F, R) :-
        Xi>Xj, !,
        A1000 is max(D,Xi),
        B1000 is max(D,Xi),
        (   F is max(D,Xi) ->
            C1000=R
        ;   C1000=0
        ),
        all_equal_max_bump_on_decreasing_sequence_c([Xj|Xs], Default, t, A1000, -1000000, B1000, C1000).

ctr_automaton_signature(all_equal_max_bump_on_decreasing_sequence, all_equal_max_bump_on_decreasing_sequence_a, pair_signature(2,signature)).

all_equal_max_bump_on_decreasing_sequence_a(Flag,VARIABLES):-
        Default = na,
        all_equal_max_bump_on_decreasing_sequence_a(Flag,VARIABLES,Default).

all_equal_max_bump_on_decreasing_sequence_a(Flag,VARIABLES,Default):-
        pair_signature(VARIABLES, Signature),
        all_equal_max_bump_on_decreasing_sequence_a_s(Flag,VARIABLES,Default,Signature).

all_equal_max_bump_on_decreasing_sequence_a_s(Flag,VARIABLES,Default,Signature):-
        collection(VARIABLES, [dvar]),
        get_attr1(VARIABLES, Xs),
        length(Xs, N),
        gen_pairs(Xs, XPairs),
        Xs = [First|_],
        LT = 0, EQ = 1, GT = 2,
        automaton(XPairs, Xi-Xj, Signature,
        [source(s),
        sink(s),
        sink(r),
        sink(t),
        sink(u),
        sink(v)],
        [arc(s,LT,s,([C, D, F, R])),
        arc(s,EQ,s,([C, D, F, R])),
        arc(s,GT,r,([C, D, F, R])),
        arc(r,LT,s,([C, D, F, R])),
        arc(r,EQ,s,([C, D, F, R])),
        arc(r,GT,t,([C, D, F, R])),
        arc(t,GT,t,([C, D, F, R])),
        arc(t,EQ,s,([C, D, F, R])),
        arc(t,LT,u,([C, max(D, Xi), F, R])),
        arc(u,LT,s,([C, -1000000, F, R])),
        arc(u,EQ,s,([C, -1000000, F, R])),
        arc(u,GT,v,([C, max(D, Xi), F, R])),
        arc(v,LT,s,([C, -1000000, F, R])),
        arc(v,EQ,s,([C, -1000000, F, R])),
        arc(v,GT,t,([max(D, Xi), -1000000, max(D, Xi), R #/\ (F #= max(D, Xi))]))],
        [C,D,F,R], [_,-1000000,_,1], [CLast,DLast,FLast,RLast]),
        (1 #= RLast #/\ (FLast #= CLast)) #<=> Flag.
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Figure 4.17: Illustrating the ALL_EQUAL_MAX_BUMP_ON_DECREASING_SEQUENCE
constraint of the Example slot
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Automaton Figure 4.18  depicts the automaton associated with the constraint
ALL_EQUAL_MAX_BUMP_ON_DECREASING_SEQUENCE.

Figure 4.18: Automaton for the ALL_EQUAL_MAX_BUMP_ON_DECREASING_SEQUENCE
constraint obtained by applying decoration Table 3.38 to the seed transducer of the
BUMP_ON_DECREASING_SEQUENCE pattern



Automaton
Explicit description in terms of automaton of the meaning of the constraint.
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CONDITION FEATURE PATTERN

1\
ALL_EQUAL_MAX_DECREASING

> >

Origin
Constraint

Argument

Restriction

Purpose

Example

Typical

< DESCRIPTION AUTOMATON \

Based on the DECREASING pattern.

ALL_EQUAL_MAX_DECREASING(VARIABLES)

VARIABLES : collection(var—dvar)

required(VARIABLES, var)

Succeeds if the maxima of the values in each occurrence of the DECREASING pattern in
the time-series given by the VARIABLES collection are all the same.

An occurrence of the pattern DECREASING is the subsequence which matches the regular
expression ‘>’.

Assume that the occurrence of the pattern DECREASING starts at position ¢ and ends at
position j. The feature MAX computes the maximum of the values from index ¢ to index
j+ 1

((1,6,6,1,1,4,6,6,4,4,4,5,5,6,1,5))

Figure 4.19 provides an example where the ALL_EQUAL_MAX_DECREASING
([1,6,6,1,1,4,6,6,4,4,4,5,5,6, 1, 5]) constraint holds.

|[VARIABLES| > 1
range(VARIABLES.var) > 1



Origin
The origin of the constraint: reference to a paper, to a person, to an other constraint or to a system.


Constraint
The constraint name and its arguments.


Argument
Argument of the constraint and its corresponding type.


/*
    The contents of this file are subject to the Mozilla Public License
    Version  1.1  (the "License"); you may not use this file except in
    compliance with the License. You may obtain a copy of the License at:

    http://www.mozilla.org/MPL/

    Software  distributed  under  the License is distributed on an "AS
    IS"  basis,  WITHOUT  WARRANTY  OF  ANY  KIND,  either  express or
    implied.  See  the  License  for  the  specific language governing
    rights and limitations under the License.
    The Original Code is the contents of this file.
    The  Initial  Developer  of  the  Original  Code is SICS, Swedish
    Institute of Computer Science AB (SICS).
    Portions  created  by the Initial Developer are Copyright (C) 2007
    of the Initial Developer. All Rights Reserved.
    Contributor(s):
    _____Mats Carlsson <matsc@sics.se>
    _____Nicolas Beldiceanu <Nicolas.Beldiceanu@emn.fr>

    Alternatively, if the contents of this file is included as a part of
    SICStus Prolog distribution by SICS, it may be used under the terms of
    an appropriate SICStus Prolog License Agreement (the "SICStus Prolog
    License"), in which case the provisions of the SICStus Prolog License
    are applicable instead of those above.
*/

:- multifile
    ctr_predefined/1,
    ctr_date/2,
    ctr_persons/2,
    ctr_origin/3,
    ctr_usual_name/2,
    ctr_synonyms/2,
    ctr_types/2,
    ctr_arguments/2,
    ctr_exchangeable/2,
    ctr_restrictions/2,
    ctr_typical/2,
    ctr_typical_model/2,
    ctr_pure_functional_dependency/2,
    ctr_functional_dependency/3,
    ctr_contractible/4,
    ctr_extensible/4,
    ctr_aggregate/3,
    ctr_example/2,
    ctr_draw_example/9,
    ctr_cond_imply/5,
    ctr_see_also/2,
    ctr_key_words/2,
    ctr_derived_collections/2,
    ctr_graph/7,
    ctr_graph/9,
    ctr_eval/2,
    ctr_automaton_signature/3,
    ctr_glue_matrix/2,
    ctr_glue_matrix1/2,
    ctr_specialisation/3,
    ctr_sol/6,
    ctr_logic/3,
    ctr_application/2.

ctr_date(all_equal_max_decreasing,['20141203']).

ctr_origin(all_equal_max_decreasing, 'Based on the \\hyperlink{Pdecreasing}{\\pattern{decreasing}} pattern.', []).

ctr_arguments(all_equal_max_decreasing,
               ['VARIABLES'-collection(var-dvar)]).

ctr_restrictions(all_equal_max_decreasing,
                  [required('VARIABLES',var)]).

ctr_typical(all_equal_max_decreasing,[size('VARIABLES')>1,range('VARIABLES'^var)>1]).


ctr_example(all_equal_max_decreasing,all_equal_max_decreasing([[var-1],[var-6],[var-6],[var-1],[var-1],[var-4],[var-6],[var-6],[var-4],[var-4],[var-4],[var-5],[var-5],[var-6],[var-1],[var-5]])).


ctr_key_words(all_equal_max_decreasing,[]).

ctr_eval(all_equal_max_decreasing, [checker(all_equal_max_decreasing_c),
    automaton(all_equal_max_decreasing_a),
    automaton_with_signature(all_equal_max_decreasing_a_s)]).

% these are currently not used in time-series
ctr_cond_imply(-,-,-,-,-):-fail.
ctr_contractible(-,-,-,-):-fail.
ctr_extensible(-,-,-,-):-fail.
ctr_aggregate(-,-,-):-fail.
ctr_sol(-,-,-,-,-,-):-fail.

all_equal_max_decreasing_c(VARIABLES) :-
        collection(VARIABLES, [int]),
        get_attr1(VARIABLES, VARS),
        VARS=[First|_],
        length(VARS, N),
        N1 is N+1,
        Default=na,
        all_equal_max_decreasing_c(VARS, Default, s, _, -1000000, _, 1).

all_equal_max_decreasing_c([_], Default, _, CLast, DLast, FLast, RLast) :- !,
        FLast=CLast,
        1 is RLast.
all_equal_max_decreasing_c([Xi,Xj|Xs], Default, s, C, D, F, R) :-
        Xi>Xj, !,
        A1000 is max(max(D,Xi),Xj),
        B1000 is max(max(D,Xi),Xj),
        (   F is max(max(D,Xi),Xj) ->
            C1000=R
        ;   C1000=0
        ),
        all_equal_max_decreasing_c([Xj|Xs], Default, s, A1000, -1000000, B1000, C1000).
all_equal_max_decreasing_c([Xi,Xj|Xs], Default, s, C, D, F, R) :-
        Xi=<Xj, !,
        all_equal_max_decreasing_c([Xj|Xs], Default, s, C, D, F, R).

ctr_automaton_signature(all_equal_max_decreasing, all_equal_max_decreasing_a, pair_signature(2,signature)).

all_equal_max_decreasing_a(Flag,VARIABLES):-
        Default = na,
        all_equal_max_decreasing_a(Flag,VARIABLES,Default).

all_equal_max_decreasing_a(Flag,VARIABLES,Default):-
        pair_signature(VARIABLES, Signature),
        all_equal_max_decreasing_a_s(Flag,VARIABLES,Default,Signature).

all_equal_max_decreasing_a_s(Flag,VARIABLES,Default,Signature):-
        collection(VARIABLES, [dvar]),
        get_attr1(VARIABLES, Xs),
        length(Xs, N),
        gen_pairs(Xs, XPairs),
        Xs = [First|_],
        LT = 0, EQ = 1, GT = 2,
        automaton(XPairs, Xi-Xj, Signature,
        [source(s),
        sink(s)],
        [arc(s,GT,s,([max(max(D, Xi), Xj), -1000000, max(max(D, Xi), Xj), R #/\ (F #= max(max(D, Xi), Xj))])),
        arc(s,LT,s,([C, D, F, R])),
        arc(s,EQ,s,([C, D, F, R]))],
        [C,D,F,R], [_,-1000000,_,1], [CLast,DLast,FLast,RLast]),
        (1 #= RLast #/\ (FLast #= CLast)) #<=> Flag.
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Definition in natural language of the meaning of the constraint.
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One or several examples of ground solutions of the constraint.


Typical
Typical conditions on the arguments of the constraint.


ALL_EQUAL_MAX_DECREASING 195

values

decreasing | decreasing 2 decreasing 3
< =|l>]= < < =|>|= = < = <|>|<

=
o

L 1 1
\

(4
Vi Vo V3 Vy Vs Ve Vi Vg Vo Vip Vi1 Viz Vis Viga Vis Vie VARIABLES
- - -~ feature values

6 = 6 = 6 (MAX)

Figure 4.19: Tllustrating the ALL_EQUAL_MAX_DECREASING constraint of the Ex-
ample slot
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Automaton Figure 420  depicts the automaton associated with the constraint
ALL_EQUAL_MAX_DECREASING.

> ¥
C <+ max(max(D, VAR;), VAR; 1)
D + —oc© <
F <+ max(max(D, VAR;), VAR; 1)
R <+ R A (F = max(max(D, VAR;), VAR;41)) :

Figure 4.20: Automaton for the ALL_EQUAL_MAX_DECREASING constraint obtained
by applying decoration Table 3.38 to the seed transducer of the DECREASING pattern



Automaton
Explicit description in terms of automaton of the meaning of the constraint.


ALL_EQUAL_MAX_DECREASING 197



198 ALL_EQUAL_MAX_DECREASING_SEQUENCE

CONDITION FEATURE PATTERN

+ + +
ALL_EQUAL_MAX_DECREASING_SEQUENCE

>(>1=)" >
\ >
> > < DESCRIPTION AUTOMATON f\
Origin Based on the DECREASING_SEQUENCE pattern.
Constraint ALL_EQUAL_MAX_DECREASING_SEQUENCE(VARIABLES)
Argument VARIABLES : collection(var—dvar)
Restriction required(VARIABLES, var)

Succeeds if the maxima of the values in each occurrence of the DECREAS-
ING_SEQUENCE pattern in the time-series given by the VARIABLES collection are all
the same.

An occurrence of the pattern DECREASING_SEQUENCE is the maximal subsequence
which matches the regular expression ‘> (> | =)* > | >’.

Assume that the occurrence of the pattern DECREASING _SEQUENCE starts at position
¢ and ends at position j. The feature MAX computes the maximum of the values from
index ¢ to index j + 1.

Purpose

Example ((1,6,6,1,1,4,6,6,4,4,2,1,3,6,1,5))

Figure 4.21 provides an example where the ALL_EQUAL_MAX_DECREASING_SEQUENCE
([1,6,6,1,1,4,6,6,4,4,2,1,3,6,1,5]) constraint holds.

Typical |VARIABLES| > 1
range(VARIABLES.var) > 1



Origin
The origin of the constraint: reference to a paper, to a person, to an other constraint or to a system.


Constraint
The constraint name and its arguments.


Argument
Argument of the constraint and its corresponding type.


/*
    The contents of this file are subject to the Mozilla Public License
    Version  1.1  (the "License"); you may not use this file except in
    compliance with the License. You may obtain a copy of the License at:

    http://www.mozilla.org/MPL/

    Software  distributed  under  the License is distributed on an "AS
    IS"  basis,  WITHOUT  WARRANTY  OF  ANY  KIND,  either  express or
    implied.  See  the  License  for  the  specific language governing
    rights and limitations under the License.
    The Original Code is the contents of this file.
    The  Initial  Developer  of  the  Original  Code is SICS, Swedish
    Institute of Computer Science AB (SICS).
    Portions  created  by the Initial Developer are Copyright (C) 2007
    of the Initial Developer. All Rights Reserved.
    Contributor(s):
    _____Mats Carlsson <matsc@sics.se>
    _____Nicolas Beldiceanu <Nicolas.Beldiceanu@emn.fr>

    Alternatively, if the contents of this file is included as a part of
    SICStus Prolog distribution by SICS, it may be used under the terms of
    an appropriate SICStus Prolog License Agreement (the "SICStus Prolog
    License"), in which case the provisions of the SICStus Prolog License
    are applicable instead of those above.
*/

:- multifile
    ctr_predefined/1,
    ctr_date/2,
    ctr_persons/2,
    ctr_origin/3,
    ctr_usual_name/2,
    ctr_synonyms/2,
    ctr_types/2,
    ctr_arguments/2,
    ctr_exchangeable/2,
    ctr_restrictions/2,
    ctr_typical/2,
    ctr_typical_model/2,
    ctr_pure_functional_dependency/2,
    ctr_functional_dependency/3,
    ctr_contractible/4,
    ctr_extensible/4,
    ctr_aggregate/3,
    ctr_example/2,
    ctr_draw_example/9,
    ctr_cond_imply/5,
    ctr_see_also/2,
    ctr_key_words/2,
    ctr_derived_collections/2,
    ctr_graph/7,
    ctr_graph/9,
    ctr_eval/2,
    ctr_automaton_signature/3,
    ctr_glue_matrix/2,
    ctr_glue_matrix1/2,
    ctr_specialisation/3,
    ctr_sol/6,
    ctr_logic/3,
    ctr_application/2.

ctr_date(all_equal_max_decreasing_sequence,['20141203']).

ctr_origin(all_equal_max_decreasing_sequence, 'Based on the \\hyperlink{Pdecreasing_sequence}{\\pattern{decreasing\\_sequence}} pattern.', []).

ctr_arguments(all_equal_max_decreasing_sequence,
               ['VARIABLES'-collection(var-dvar)]).

ctr_restrictions(all_equal_max_decreasing_sequence,
                  [required('VARIABLES',var)]).

ctr_typical(all_equal_max_decreasing_sequence,[size('VARIABLES')>1,range('VARIABLES'^var)>1]).


ctr_example(all_equal_max_decreasing_sequence,all_equal_max_decreasing_sequence([[var-1],[var-6],[var-6],[var-1],[var-1],[var-4],[var-6],[var-6],[var-4],[var-4],[var-2],[var-1],[var-3],[var-6],[var-1],[var-5]])).


ctr_key_words(all_equal_max_decreasing_sequence,[]).

ctr_eval(all_equal_max_decreasing_sequence, [checker(all_equal_max_decreasing_sequence_c),
    automaton(all_equal_max_decreasing_sequence_a),
    automaton_with_signature(all_equal_max_decreasing_sequence_a_s)]).

% these are currently not used in time-series
ctr_cond_imply(-,-,-,-,-):-fail.
ctr_contractible(-,-,-,-):-fail.
ctr_extensible(-,-,-,-):-fail.
ctr_aggregate(-,-,-):-fail.
ctr_sol(-,-,-,-,-,-):-fail.

all_equal_max_decreasing_sequence_c(VARIABLES) :-
        collection(VARIABLES, [int]),
        get_attr1(VARIABLES, VARS),
        VARS=[First|_],
        length(VARS, N),
        N1 is N+1,
        Default=na,
        all_equal_max_decreasing_sequence_c(VARS, Default, s, _, -1000000, _, 1).

all_equal_max_decreasing_sequence_c([_], Default, _, CLast, DLast, FLast, RLast) :- !,
        FLast=CLast,
        1 is RLast.
all_equal_max_decreasing_sequence_c([Xi,Xj|Xs], Default, s, C, D, F, R) :-
        Xi>Xj, !,
        A1000 is max(max(D,Xi),Xj),
        all_equal_max_decreasing_sequence_c([Xj|Xs], Default, t, A1000, -1000000, F, R).
all_equal_max_decreasing_sequence_c([Xi,Xj|Xs], Default, s, C, D, F, R) :-
        Xi=<Xj, !,
        all_equal_max_decreasing_sequence_c([Xj|Xs], Default, s, C, D, F, R).
all_equal_max_decreasing_sequence_c([Xi,Xj|Xs], Default, t, C, D, F, R) :-
        Xi>Xj, !,
        A1000 is max(C,max(D,Xj)),
        all_equal_max_decreasing_sequence_c([Xj|Xs], Default, t, A1000, -1000000, F, R).
all_equal_max_decreasing_sequence_c([Xi,Xj|Xs], Default, t, C, D, F, R) :-
        Xi=:=Xj, !,
        A1000 is max(D,Xj),
        all_equal_max_decreasing_sequence_c([Xj|Xs], Default, t, C, A1000, F, R).
all_equal_max_decreasing_sequence_c([Xi,Xj|Xs], Default, t, C, D, F, R) :-
        Xi<Xj, !,
        (   F is C ->
            A1000=R
        ;   A1000=0
        ),
        all_equal_max_decreasing_sequence_c([Xj|Xs], Default, s, C, -1000000, C, A1000).

ctr_automaton_signature(all_equal_max_decreasing_sequence, all_equal_max_decreasing_sequence_a, pair_signature(2,signature)).

all_equal_max_decreasing_sequence_a(Flag,VARIABLES):-
        Default = na,
        all_equal_max_decreasing_sequence_a(Flag,VARIABLES,Default).

all_equal_max_decreasing_sequence_a(Flag,VARIABLES,Default):-
        pair_signature(VARIABLES, Signature),
        all_equal_max_decreasing_sequence_a_s(Flag,VARIABLES,Default,Signature).

all_equal_max_decreasing_sequence_a_s(Flag,VARIABLES,Default,Signature):-
        collection(VARIABLES, [dvar]),
        get_attr1(VARIABLES, Xs),
        length(Xs, N),
        gen_pairs(Xs, XPairs),
        Xs = [First|_],
        LT = 0, EQ = 1, GT = 2,
        automaton(XPairs, Xi-Xj, Signature,
        [source(s),
        sink(s),
        sink(t)],
        [arc(s,GT,t,([max(max(D, Xi), Xj), -1000000, F, R])),
        arc(s,LT,s,([C, D, F, R])),
        arc(s,EQ,s,([C, D, F, R])),
        arc(t,GT,t,([max(C, max(D, Xj)), -1000000, F, R])),
        arc(t,EQ,t,([C, max(D, Xj), F, R])),
        arc(t,LT,s,([C, -1000000, C, R #/\ (F #= C)]))],
        [C,D,F,R], [_,-1000000,_,1], [CLast,DLast,FLast,RLast]),
        (1 #= RLast #/\ (FLast #= CLast)) #<=> Flag.
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Example
One or several examples of ground solutions of the constraint.


Typical
Typical conditions on the arguments of the constraint.
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Figure 4.21: Illustrating the ALL_EQUAL_MAX_DECREASING_SEQUENCE constraint
of the Example slot
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Figure 422  depicts the automaton associated with the constraint
ALL_EQUAL_MAX_DECREASING_SEQUENCE.

Automaton

<
< >
D= ~oo C + max(max(D, VAR;), VAR; 1)
F <+ C D —
R« RA(F=0C) o

>
{D « max(D, VAR; 1)} { C « max(C, max(D,VAR; 1)) }

D+ —

Figure 4.22: Automaton for the ALL_EQUAL_MAX_DECREASING_SEQUENCE con-
straint obtained by applying decoration Table 3.38 to the seed transducer of the DE-

CREASING_SEQUENCE pattern



Automaton
Explicit description in terms of automaton of the meaning of the constraint.
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202 ALL_EQUAL_MAX_DIP_ON_INCREASING_SEQUENCE

CONDITION FEATURE PATTERN

+ +
ALL_EQUAL_MAX_DIP_ON_INCREASING_SEQUENCE

<< > <<
> > | DESCRIPTION AUTOMATON
Origin Based on the DIP_ON_INCREASING_SEQUENCE pattern.
Constraint ALL_EQUAL_MAX_DIP_ON_INCREASING_SEQUENCE(VARIABLES)
Argument VARIABLES : collection(var—dvar)
Restriction required(VARIABLES, var)

Succeeds if the maxima of the values in each occurrence of the
DIP_ON_INCREASING_SEQUENCE pattern in the time-series given by the VARIABLES
collection are all the same.

An occurrence of the pattern DIP_ON_INCREASING_SEQUENCE is the subsequence
which matches the regular expression ‘<<><<’.

Assume that the occurrence of the pattern DIP_ON_INCREASING SEQUENCE starts at
position ¢ and ends at position j. The feature MAX computes the maximum of the values
from index ¢ + 2 to index j.

Purpose

Example ((0,1,2,1,5,6,7,3,0,2,3,5,0,2,3,3))

Figure 4.23 provides an example where the ALL_EQUAL_MAX_DIP_ON_INCREASING_SEQUENCE
([0,1,2,1,5,6,7,3,0,2,3,5,0,2, 3, 3]) constraint holds.

Typical |VARIABLES| > 5
range(VARIABLES.var) > 2



Origin
The origin of the constraint: reference to a paper, to a person, to an other constraint or to a system.


Constraint
The constraint name and its arguments.


Argument
Argument of the constraint and its corresponding type.


/*
    The contents of this file are subject to the Mozilla Public License
    Version  1.1  (the "License"); you may not use this file except in
    compliance with the License. You may obtain a copy of the License at:

    http://www.mozilla.org/MPL/

    Software  distributed  under  the License is distributed on an "AS
    IS"  basis,  WITHOUT  WARRANTY  OF  ANY  KIND,  either  express or
    implied.  See  the  License  for  the  specific language governing
    rights and limitations under the License.
    The Original Code is the contents of this file.
    The  Initial  Developer  of  the  Original  Code is SICS, Swedish
    Institute of Computer Science AB (SICS).
    Portions  created  by the Initial Developer are Copyright (C) 2007
    of the Initial Developer. All Rights Reserved.
    Contributor(s):
    _____Mats Carlsson <matsc@sics.se>
    _____Nicolas Beldiceanu <Nicolas.Beldiceanu@emn.fr>

    Alternatively, if the contents of this file is included as a part of
    SICStus Prolog distribution by SICS, it may be used under the terms of
    an appropriate SICStus Prolog License Agreement (the "SICStus Prolog
    License"), in which case the provisions of the SICStus Prolog License
    are applicable instead of those above.
*/

:- multifile
    ctr_predefined/1,
    ctr_date/2,
    ctr_persons/2,
    ctr_origin/3,
    ctr_usual_name/2,
    ctr_synonyms/2,
    ctr_types/2,
    ctr_arguments/2,
    ctr_exchangeable/2,
    ctr_restrictions/2,
    ctr_typical/2,
    ctr_typical_model/2,
    ctr_pure_functional_dependency/2,
    ctr_functional_dependency/3,
    ctr_contractible/4,
    ctr_extensible/4,
    ctr_aggregate/3,
    ctr_example/2,
    ctr_draw_example/9,
    ctr_cond_imply/5,
    ctr_see_also/2,
    ctr_key_words/2,
    ctr_derived_collections/2,
    ctr_graph/7,
    ctr_graph/9,
    ctr_eval/2,
    ctr_automaton_signature/3,
    ctr_glue_matrix/2,
    ctr_glue_matrix1/2,
    ctr_specialisation/3,
    ctr_sol/6,
    ctr_logic/3,
    ctr_application/2.

ctr_date(all_equal_max_dip_on_increasing_sequence,['20141203']).

ctr_origin(all_equal_max_dip_on_increasing_sequence, 'Based on the \\hyperlink{Pdip_on_increasing_sequence}{\\pattern{dip\\_on\\_increasing\\_sequence}} pattern.', []).

ctr_arguments(all_equal_max_dip_on_increasing_sequence,
               ['VARIABLES'-collection(var-dvar)]).

ctr_restrictions(all_equal_max_dip_on_increasing_sequence,
                  [required('VARIABLES',var)]).

ctr_typical(all_equal_max_dip_on_increasing_sequence,[size('VARIABLES')>5,range('VARIABLES'^var)>2]).


ctr_example(all_equal_max_dip_on_increasing_sequence,all_equal_max_dip_on_increasing_sequence([[var-0],[var-1],[var-2],[var-1],[var-5],[var-6],[var-7],[var-3],[var-0],[var-2],[var-3],[var-5],[var-0],[var-2],[var-3],[var-3]])).


ctr_key_words(all_equal_max_dip_on_increasing_sequence,[]).

ctr_eval(all_equal_max_dip_on_increasing_sequence, [checker(all_equal_max_dip_on_increasing_sequence_c),
    automaton(all_equal_max_dip_on_increasing_sequence_a),
    automaton_with_signature(all_equal_max_dip_on_increasing_sequence_a_s)]).

% these are currently not used in time-series
ctr_cond_imply(-,-,-,-,-):-fail.
ctr_contractible(-,-,-,-):-fail.
ctr_extensible(-,-,-,-):-fail.
ctr_aggregate(-,-,-):-fail.
ctr_sol(-,-,-,-,-,-):-fail.

all_equal_max_dip_on_increasing_sequence_c(VARIABLES) :-
        collection(VARIABLES, [int]),
        get_attr1(VARIABLES, VARS),
        VARS=[First|_],
        length(VARS, N),
        N1 is N+1,
        Default=na,
        all_equal_max_dip_on_increasing_sequence_c(VARS, Default, s, _, -1000000, _, 1).

all_equal_max_dip_on_increasing_sequence_c([_], Default, _, CLast, DLast, FLast, RLast) :- !,
        FLast=CLast,
        1 is RLast.
all_equal_max_dip_on_increasing_sequence_c([Xi,Xj|Xs], Default, s, C, D, F, R) :-
        Xi>=Xj, !,
        all_equal_max_dip_on_increasing_sequence_c([Xj|Xs], Default, s, C, D, F, R).
all_equal_max_dip_on_increasing_sequence_c([Xi,Xj|Xs], Default, s, C, D, F, R) :-
        Xi<Xj, !,
        all_equal_max_dip_on_increasing_sequence_c([Xj|Xs], Default, r, C, D, F, R).
all_equal_max_dip_on_increasing_sequence_c([Xi,Xj|Xs], Default, r, C, D, F, R) :-
        Xi>=Xj, !,
        all_equal_max_dip_on_increasing_sequence_c([Xj|Xs], Default, s, C, D, F, R).
all_equal_max_dip_on_increasing_sequence_c([Xi,Xj|Xs], Default, r, C, D, F, R) :-
        Xi<Xj, !,
        all_equal_max_dip_on_increasing_sequence_c([Xj|Xs], Default, t, C, D, F, R).
all_equal_max_dip_on_increasing_sequence_c([Xi,Xj|Xs], Default, t, C, D, F, R) :-
        Xi<Xj, !,
        all_equal_max_dip_on_increasing_sequence_c([Xj|Xs], Default, t, C, D, F, R).
all_equal_max_dip_on_increasing_sequence_c([Xi,Xj|Xs], Default, t, C, D, F, R) :-
        Xi=:=Xj, !,
        all_equal_max_dip_on_increasing_sequence_c([Xj|Xs], Default, s, C, D, F, R).
all_equal_max_dip_on_increasing_sequence_c([Xi,Xj|Xs], Default, t, C, D, F, R) :-
        Xi>Xj, !,
        A1000 is max(D,Xi),
        all_equal_max_dip_on_increasing_sequence_c([Xj|Xs], Default, u, C, A1000, F, R).
all_equal_max_dip_on_increasing_sequence_c([Xi,Xj|Xs], Default, u, C, D, F, R) :-
        Xi>=Xj, !,
        all_equal_max_dip_on_increasing_sequence_c([Xj|Xs], Default, s, C, -1000000, F, R).
all_equal_max_dip_on_increasing_sequence_c([Xi,Xj|Xs], Default, u, C, D, F, R) :-
        Xi<Xj, !,
        A1000 is max(D,Xi),
        all_equal_max_dip_on_increasing_sequence_c([Xj|Xs], Default, v, C, A1000, F, R).
all_equal_max_dip_on_increasing_sequence_c([Xi,Xj|Xs], Default, v, C, D, F, R) :-
        Xi>=Xj, !,
        all_equal_max_dip_on_increasing_sequence_c([Xj|Xs], Default, s, C, -1000000, F, R).
all_equal_max_dip_on_increasing_sequence_c([Xi,Xj|Xs], Default, v, C, D, F, R) :-
        Xi<Xj, !,
        A1000 is max(D,Xi),
        B1000 is max(D,Xi),
        (   F is max(D,Xi) ->
            C1000=R
        ;   C1000=0
        ),
        all_equal_max_dip_on_increasing_sequence_c([Xj|Xs], Default, t, A1000, -1000000, B1000, C1000).

ctr_automaton_signature(all_equal_max_dip_on_increasing_sequence, all_equal_max_dip_on_increasing_sequence_a, pair_signature(2,signature)).

all_equal_max_dip_on_increasing_sequence_a(Flag,VARIABLES):-
        Default = na,
        all_equal_max_dip_on_increasing_sequence_a(Flag,VARIABLES,Default).

all_equal_max_dip_on_increasing_sequence_a(Flag,VARIABLES,Default):-
        pair_signature(VARIABLES, Signature),
        all_equal_max_dip_on_increasing_sequence_a_s(Flag,VARIABLES,Default,Signature).

all_equal_max_dip_on_increasing_sequence_a_s(Flag,VARIABLES,Default,Signature):-
        collection(VARIABLES, [dvar]),
        get_attr1(VARIABLES, Xs),
        length(Xs, N),
        gen_pairs(Xs, XPairs),
        Xs = [First|_],
        LT = 0, EQ = 1, GT = 2,
        automaton(XPairs, Xi-Xj, Signature,
        [source(s),
        sink(s),
        sink(r),
        sink(t),
        sink(u),
        sink(v)],
        [arc(s,GT,s,([C, D, F, R])),
        arc(s,EQ,s,([C, D, F, R])),
        arc(s,LT,r,([C, D, F, R])),
        arc(r,GT,s,([C, D, F, R])),
        arc(r,EQ,s,([C, D, F, R])),
        arc(r,LT,t,([C, D, F, R])),
        arc(t,LT,t,([C, D, F, R])),
        arc(t,EQ,s,([C, D, F, R])),
        arc(t,GT,u,([C, max(D, Xi), F, R])),
        arc(u,GT,s,([C, -1000000, F, R])),
        arc(u,EQ,s,([C, -1000000, F, R])),
        arc(u,LT,v,([C, max(D, Xi), F, R])),
        arc(v,GT,s,([C, -1000000, F, R])),
        arc(v,EQ,s,([C, -1000000, F, R])),
        arc(v,LT,t,([max(D, Xi), -1000000, max(D, Xi), R #/\ (F #= max(D, Xi))]))],
        [C,D,F,R], [_,-1000000,_,1], [CLast,DLast,FLast,RLast]),
        (1 #= RLast #/\ (FLast #= CLast)) #<=> Flag.
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Restriction
Additional condition refining the type declarations of one or several arguments of the constraint.


Purpose
Definition in natural language of the meaning of the constraint.


Example
One or several examples of ground solutions of the constraint.


Typical
Typical conditions on the arguments of the constraint.
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Figure 4.23: Illustrating the ALL_EQUAL_MAX_DIP_ON_INCREASING_SEQUENCE
constraint of the Example slot
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Automaton Figure 424  depicts the automaton associated with the  constraint
ALL_EQUAL_MAX_DIP_ON_INCREASING_SEQUENCE.

Figure 4.24: Automaton for the ALL_EQUAL_MAX_DIP_ON_INCREASING_SEQUENCE
constraint obtained by applying decoration Table 3.38 to the seed transducer of the
DIP_ON_INCREASING_SEQUENCE pattern



Automaton
Explicit description in terms of automaton of the meaning of the constraint.
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CONDITION FEATURE PATTERN

+ +
ALL_EQUAL_MAX_INCREASING

<
> > < DESCRIPTION AUTOMATON /
Origin Based on the INCREASING pattern.
Constraint ALL_EQUAL_MAX_INCREASING(VARIABLES)
Argument VARIABLES : collection(var—dvar)
Restriction required(VARIABLES, var)

Succeeds if the maxima of the values in each occurrence of the INCREASING pattern in

the time-series given by the VARIABLES collection are all the same.

An occurrence of the pattern INCREASING is the subsequence which matches the regular
Purpose expression ‘<.

Assume that the occurrence of the pattern INCREASING starts at position ¢ and ends at

position j. The feature MAX computes the maximum of the values from index ¢ to index

j+ 1

Example ((6,1,1,6,6,6,5,6,5,3,3,6,4,1,6,2))

Figure 4.25 provides an example where the ALL_EQUAL_MAX_INCREASING
(16,1,1,6,6,6,5,6,5,3,3,6,4,1,6,2]) constraint holds.

Typical |VARIABLES| > 1
range(VARIABLES.var) > 1



Origin
The origin of the constraint: reference to a paper, to a person, to an other constraint or to a system.


Constraint
The constraint name and its arguments.


Argument
Argument of the constraint and its corresponding type.


/*
    The contents of this file are subject to the Mozilla Public License
    Version  1.1  (the "License"); you may not use this file except in
    compliance with the License. You may obtain a copy of the License at:

    http://www.mozilla.org/MPL/

    Software  distributed  under  the License is distributed on an "AS
    IS"  basis,  WITHOUT  WARRANTY  OF  ANY  KIND,  either  express or
    implied.  See  the  License  for  the  specific language governing
    rights and limitations under the License.
    The Original Code is the contents of this file.
    The  Initial  Developer  of  the  Original  Code is SICS, Swedish
    Institute of Computer Science AB (SICS).
    Portions  created  by the Initial Developer are Copyright (C) 2007
    of the Initial Developer. All Rights Reserved.
    Contributor(s):
    _____Mats Carlsson <matsc@sics.se>
    _____Nicolas Beldiceanu <Nicolas.Beldiceanu@emn.fr>

    Alternatively, if the contents of this file is included as a part of
    SICStus Prolog distribution by SICS, it may be used under the terms of
    an appropriate SICStus Prolog License Agreement (the "SICStus Prolog
    License"), in which case the provisions of the SICStus Prolog License
    are applicable instead of those above.
*/

:- multifile
    ctr_predefined/1,
    ctr_date/2,
    ctr_persons/2,
    ctr_origin/3,
    ctr_usual_name/2,
    ctr_synonyms/2,
    ctr_types/2,
    ctr_arguments/2,
    ctr_exchangeable/2,
    ctr_restrictions/2,
    ctr_typical/2,
    ctr_typical_model/2,
    ctr_pure_functional_dependency/2,
    ctr_functional_dependency/3,
    ctr_contractible/4,
    ctr_extensible/4,
    ctr_aggregate/3,
    ctr_example/2,
    ctr_draw_example/9,
    ctr_cond_imply/5,
    ctr_see_also/2,
    ctr_key_words/2,
    ctr_derived_collections/2,
    ctr_graph/7,
    ctr_graph/9,
    ctr_eval/2,
    ctr_automaton_signature/3,
    ctr_glue_matrix/2,
    ctr_glue_matrix1/2,
    ctr_specialisation/3,
    ctr_sol/6,
    ctr_logic/3,
    ctr_application/2.

ctr_date(all_equal_max_increasing,['20141203']).

ctr_origin(all_equal_max_increasing, 'Based on the \\hyperlink{Pincreasing}{\\pattern{increasing}} pattern.', []).

ctr_arguments(all_equal_max_increasing,
               ['VARIABLES'-collection(var-dvar)]).

ctr_restrictions(all_equal_max_increasing,
                  [required('VARIABLES',var)]).

ctr_typical(all_equal_max_increasing,[size('VARIABLES')>1,range('VARIABLES'^var)>1]).


ctr_example(all_equal_max_increasing,all_equal_max_increasing([[var-6],[var-1],[var-1],[var-6],[var-6],[var-6],[var-5],[var-6],[var-5],[var-3],[var-3],[var-6],[var-4],[var-1],[var-6],[var-2]])).


ctr_key_words(all_equal_max_increasing,[]).

ctr_eval(all_equal_max_increasing, [checker(all_equal_max_increasing_c),
    automaton(all_equal_max_increasing_a),
    automaton_with_signature(all_equal_max_increasing_a_s)]).

% these are currently not used in time-series
ctr_cond_imply(-,-,-,-,-):-fail.
ctr_contractible(-,-,-,-):-fail.
ctr_extensible(-,-,-,-):-fail.
ctr_aggregate(-,-,-):-fail.
ctr_sol(-,-,-,-,-,-):-fail.

all_equal_max_increasing_c(VARIABLES) :-
        collection(VARIABLES, [int]),
        get_attr1(VARIABLES, VARS),
        VARS=[First|_],
        length(VARS, N),
        N1 is N+1,
        Default=na,
        all_equal_max_increasing_c(VARS, Default, s, _, -1000000, _, 1).

all_equal_max_increasing_c([_], Default, _, CLast, DLast, FLast, RLast) :- !,
        FLast=CLast,
        1 is RLast.
all_equal_max_increasing_c([Xi,Xj|Xs], Default, s, C, D, F, R) :-
        Xi>=Xj, !,
        all_equal_max_increasing_c([Xj|Xs], Default, s, C, D, F, R).
all_equal_max_increasing_c([Xi,Xj|Xs], Default, s, C, D, F, R) :-
        Xi<Xj, !,
        A1000 is max(max(D,Xi),Xj),
        B1000 is max(max(D,Xi),Xj),
        (   F is max(max(D,Xi),Xj) ->
            C1000=R
        ;   C1000=0
        ),
        all_equal_max_increasing_c([Xj|Xs], Default, s, A1000, -1000000, B1000, C1000).

ctr_automaton_signature(all_equal_max_increasing, all_equal_max_increasing_a, pair_signature(2,signature)).

all_equal_max_increasing_a(Flag,VARIABLES):-
        Default = na,
        all_equal_max_increasing_a(Flag,VARIABLES,Default).

all_equal_max_increasing_a(Flag,VARIABLES,Default):-
        pair_signature(VARIABLES, Signature),
        all_equal_max_increasing_a_s(Flag,VARIABLES,Default,Signature).

all_equal_max_increasing_a_s(Flag,VARIABLES,Default,Signature):-
        collection(VARIABLES, [dvar]),
        get_attr1(VARIABLES, Xs),
        length(Xs, N),
        gen_pairs(Xs, XPairs),
        Xs = [First|_],
        LT = 0, EQ = 1, GT = 2,
        automaton(XPairs, Xi-Xj, Signature,
        [source(s),
        sink(s)],
        [arc(s,GT,s,([C, D, F, R])),
        arc(s,EQ,s,([C, D, F, R])),
        arc(s,LT,s,([max(max(D, Xi), Xj), -1000000, max(max(D, Xi), Xj), R #/\ (F #= max(max(D, Xi), Xj))]))],
        [C,D,F,R], [_,-1000000,_,1], [CLast,DLast,FLast,RLast]),
        (1 #= RLast #/\ (FLast #= CLast)) #<=> Flag.
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Restriction
Additional condition refining the type declarations of one or several arguments of the constraint.


Purpose
Definition in natural language of the meaning of the constraint.


Example
One or several examples of ground solutions of the constraint.


Typical
Typical conditions on the arguments of the constraint.
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Figure 4.25: Illustrating the ALL_EQUAL_MAX_INCREASING constraint of the Exam-
ple slot
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Automaton Figure 426  depicts the automaton associated with the constraint
ALL_EQUAL_MAX_INCREASING.

< ¥
C <+ max(max(D, VAR;), VAR; 1)
D + —oc© >
F <+ max(max(D, VAR;), VAR; 1)
R <+ R A (F = max(max(D, VAR;), VAR;41)) :

Figure 4.26: Automaton for the ALL_EQUAL_MAX_INCREASING constraint obtained
by applying decoration Table 3.38 to the seed transducer of the INCREASING pattern



Automaton
Explicit description in terms of automaton of the meaning of the constraint.
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CONDITION FEATURE PATTERN

+ + +
ALL_EQUAL_MAX_INCREASING_SEQUENCE

<(<1=)" <]
< /
> > < DESCRIPTION AUTOMATON /—
Origin Based on the INCREASING_SEQUENCE pattern.
Constraint ALL_EQUAL_MAX_INCREASING_SEQUENCE(VARIABLES)
Argument VARIABLES : collection(var—dvar)
Restriction required(VARIABLES, var)

Succeeds if the maxima of the values in each occurrence of the INCREAS-
ING_SEQUENCE pattern in the time-series given by the VARIABLES collection are all
the same.

An occurrence of the pattern INCREASING_SEQUENCE is the maximal subsequence
which matches the regular expression ‘< (< | =)* < | <.

Assume that the occurrence of the pattern INCREASING SEQUENCE starts at position
¢ and ends at position j. The feature MAX computes the maximum of the values from
index ¢ to index j + 1.

Purpose

Example ((6,1,1,6,6,3,1,1,3,3,5,6,4,1,6,2))

Figure 4.27 provides an example where the ALL_EQUAL_MAX_INCREASING_SEQUENCE
(16,1,1,6,6,3,1,1,3,3,5,6,4,1,6,2]) constraint holds.

Typical |VARIABLES| > 1
range(VARIABLES.var) > 1



Origin
The origin of the constraint: reference to a paper, to a person, to an other constraint or to a system.


Constraint
The constraint name and its arguments.


Argument
Argument of the constraint and its corresponding type.


/*
    The contents of this file are subject to the Mozilla Public License
    Version  1.1  (the "License"); you may not use this file except in
    compliance with the License. You may obtain a copy of the License at:

    http://www.mozilla.org/MPL/

    Software  distributed  under  the License is distributed on an "AS
    IS"  basis,  WITHOUT  WARRANTY  OF  ANY  KIND,  either  express or
    implied.  See  the  License  for  the  specific language governing
    rights and limitations under the License.
    The Original Code is the contents of this file.
    The  Initial  Developer  of  the  Original  Code is SICS, Swedish
    Institute of Computer Science AB (SICS).
    Portions  created  by the Initial Developer are Copyright (C) 2007
    of the Initial Developer. All Rights Reserved.
    Contributor(s):
    _____Mats Carlsson <matsc@sics.se>
    _____Nicolas Beldiceanu <Nicolas.Beldiceanu@emn.fr>

    Alternatively, if the contents of this file is included as a part of
    SICStus Prolog distribution by SICS, it may be used under the terms of
    an appropriate SICStus Prolog License Agreement (the "SICStus Prolog
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:- multifile
    ctr_predefined/1,
    ctr_date/2,
    ctr_persons/2,
    ctr_origin/3,
    ctr_usual_name/2,
    ctr_synonyms/2,
    ctr_types/2,
    ctr_arguments/2,
    ctr_exchangeable/2,
    ctr_restrictions/2,
    ctr_typical/2,
    ctr_typical_model/2,
    ctr_pure_functional_dependency/2,
    ctr_functional_dependency/3,
    ctr_contractible/4,
    ctr_extensible/4,
    ctr_aggregate/3,
    ctr_example/2,
    ctr_draw_example/9,
    ctr_cond_imply/5,
    ctr_see_also/2,
    ctr_key_words/2,
    ctr_derived_collections/2,
    ctr_graph/7,
    ctr_graph/9,
    ctr_eval/2,
    ctr_automaton_signature/3,
    ctr_glue_matrix/2,
    ctr_glue_matrix1/2,
    ctr_specialisation/3,
    ctr_sol/6,
    ctr_logic/3,
    ctr_application/2.

ctr_date(all_equal_max_increasing_sequence,['20141203']).

ctr_origin(all_equal_max_increasing_sequence, 'Based on the \\hyperlink{Pincreasing_sequence}{\\pattern{increasing\\_sequence}} pattern.', []).

ctr_arguments(all_equal_max_increasing_sequence,
               ['VARIABLES'-collection(var-dvar)]).

ctr_restrictions(all_equal_max_increasing_sequence,
                  [required('VARIABLES',var)]).

ctr_typical(all_equal_max_increasing_sequence,[size('VARIABLES')>1,range('VARIABLES'^var)>1]).


ctr_example(all_equal_max_increasing_sequence,all_equal_max_increasing_sequence([[var-6],[var-1],[var-1],[var-6],[var-6],[var-3],[var-1],[var-1],[var-3],[var-3],[var-5],[var-6],[var-4],[var-1],[var-6],[var-2]])).


ctr_key_words(all_equal_max_increasing_sequence,[]).

ctr_eval(all_equal_max_increasing_sequence, [checker(all_equal_max_increasing_sequence_c),
    automaton(all_equal_max_increasing_sequence_a),
    automaton_with_signature(all_equal_max_increasing_sequence_a_s)]).

% these are currently not used in time-series
ctr_cond_imply(-,-,-,-,-):-fail.
ctr_contractible(-,-,-,-):-fail.
ctr_extensible(-,-,-,-):-fail.
ctr_aggregate(-,-,-):-fail.
ctr_sol(-,-,-,-,-,-):-fail.

all_equal_max_increasing_sequence_c(VARIABLES) :-
        collection(VARIABLES, [int]),
        get_attr1(VARIABLES, VARS),
        VARS=[First|_],
        length(VARS, N),
        N1 is N+1,
        Default=na,
        all_equal_max_increasing_sequence_c(VARS, Default, s, _, -1000000, _, 1).

all_equal_max_increasing_sequence_c([_], Default, _, CLast, DLast, FLast, RLast) :- !,
        FLast=CLast,
        1 is RLast.
all_equal_max_increasing_sequence_c([Xi,Xj|Xs], Default, s, C, D, F, R) :-
        Xi>=Xj, !,
        all_equal_max_increasing_sequence_c([Xj|Xs], Default, s, C, D, F, R).
all_equal_max_increasing_sequence_c([Xi,Xj|Xs], Default, s, C, D, F, R) :-
        Xi<Xj, !,
        A1000 is max(max(D,Xi),Xj),
        all_equal_max_increasing_sequence_c([Xj|Xs], Default, t, A1000, -1000000, F, R).
all_equal_max_increasing_sequence_c([Xi,Xj|Xs], Default, t, C, D, F, R) :-
        Xi>Xj, !,
        (   F is C ->
            A1000=R
        ;   A1000=0
        ),
        all_equal_max_increasing_sequence_c([Xj|Xs], Default, s, C, -1000000, C, A1000).
all_equal_max_increasing_sequence_c([Xi,Xj|Xs], Default, t, C, D, F, R) :-
        Xi=:=Xj, !,
        A1000 is max(D,Xj),
        all_equal_max_increasing_sequence_c([Xj|Xs], Default, t, C, A1000, F, R).
all_equal_max_increasing_sequence_c([Xi,Xj|Xs], Default, t, C, D, F, R) :-
        Xi<Xj, !,
        A1000 is max(C,max(D,Xj)),
        all_equal_max_increasing_sequence_c([Xj|Xs], Default, t, A1000, -1000000, F, R).

ctr_automaton_signature(all_equal_max_increasing_sequence, all_equal_max_increasing_sequence_a, pair_signature(2,signature)).

all_equal_max_increasing_sequence_a(Flag,VARIABLES):-
        Default = na,
        all_equal_max_increasing_sequence_a(Flag,VARIABLES,Default).

all_equal_max_increasing_sequence_a(Flag,VARIABLES,Default):-
        pair_signature(VARIABLES, Signature),
        all_equal_max_increasing_sequence_a_s(Flag,VARIABLES,Default,Signature).

all_equal_max_increasing_sequence_a_s(Flag,VARIABLES,Default,Signature):-
        collection(VARIABLES, [dvar]),
        get_attr1(VARIABLES, Xs),
        length(Xs, N),
        gen_pairs(Xs, XPairs),
        Xs = [First|_],
        LT = 0, EQ = 1, GT = 2,
        automaton(XPairs, Xi-Xj, Signature,
        [source(s),
        sink(s),
        sink(t)],
        [arc(s,GT,s,([C, D, F, R])),
        arc(s,EQ,s,([C, D, F, R])),
        arc(s,LT,t,([max(max(D, Xi), Xj), -1000000, F, R])),
        arc(t,GT,s,([C, -1000000, C, R #/\ (F #= C)])),
        arc(t,EQ,t,([C, max(D, Xj), F, R])),
        arc(t,LT,t,([max(C, max(D, Xj)), -1000000, F, R]))],
        [C,D,F,R], [_,-1000000,_,1], [CLast,DLast,FLast,RLast]),
        (1 #= RLast #/\ (FLast #= CLast)) #<=> Flag.
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Restriction
Additional condition refining the type declarations of one or several arguments of the constraint.


Purpose
Definition in natural language of the meaning of the constraint.


Example
One or several examples of ground solutions of the constraint.


Typical
Typical conditions on the arguments of the constraint.
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Figure 4.27: Illustrating the ALL_EQUAL_MAX_INCREASING_SEQUENCE constraint
of the Example slot
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Automaton Figure 428  depicts the automaton associated with the  constraint
ALL_EQUAL_MAX_INCREASING_SEQUENCE.

>
> <
D= ~oo C + max(max(D, VAR;), VAR; 41)
F+C D —
R« RA(F=0C) o

{D — maX(D,VARi+1)} D+ —o0o

<
{ C + max(C, max(D,VAR;41)) }

Figure 4.28: Automaton for the ALL_EQUAL_MAX_INCREASING_SEQUENCE con-
straint obtained by applying decoration Table 3.38 to the seed transducer of the IN-
CREASING_SEQUENCE pattern



Automaton
Explicit description in terms of automaton of the meaning of the constraint.
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CONDITION FEATURE PATTERN

+ + +
ALL_EQUAL_MAX_INFLEXION

<<= >>C1=9)7 <
> > < DESCRIPTION AUTOMATON // /
Origin Based on the INFLEXION pattern.
Constraint ALL_EQUAL_MAX_INFLEXION(VARIABLES)
Argument VARIABLES : collection(var—dvar)
Restriction required(VARIABLES, var)

Succeeds if the maxima of the values in each occurrence of the INFLEXION pattern in

the time-series given by the VARIABLES collection are all the same.

An occurrence of the pattern INFLEXION is the maximal subsequence which matches the
Purpose regular expression ‘< (< | =)" > | > (> | =)" <.

Assume that the occurrence of the pattern INFLEXION starts at position ¢ and ends at

position j. The feature MAX computes the maximum of the values from index ¢ + 1 to

index j.

Example ((5,5,4,4,3,2,2,3,3,3,4,4,2,2))

Figure 4.29 provides an example where the ALL_EQUAL_MAX_INFLEXION
([5,5,4,4,3,2,2,3,3,3,4, 4,2, 2]) constraint holds.

values

inflexion 1 inflexion 2
=|1> = > > =rMz5;= = < = >1=
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! n \
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! s ) feature values
4 = 4 (MAX)

Figure 4.29: Illustrating the ALL_EQUAL_MAX_INFLEXION constraint of the Exam-
ple slot



Origin
The origin of the constraint: reference to a paper, to a person, to an other constraint or to a system.


Constraint
The constraint name and its arguments.


Argument
Argument of the constraint and its corresponding type.
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    Version  1.1  (the "License"); you may not use this file except in
    compliance with the License. You may obtain a copy of the License at:

    http://www.mozilla.org/MPL/

    Software  distributed  under  the License is distributed on an "AS
    IS"  basis,  WITHOUT  WARRANTY  OF  ANY  KIND,  either  express or
    implied.  See  the  License  for  the  specific language governing
    rights and limitations under the License.
    The Original Code is the contents of this file.
    The  Initial  Developer  of  the  Original  Code is SICS, Swedish
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    Portions  created  by the Initial Developer are Copyright (C) 2007
    of the Initial Developer. All Rights Reserved.
    Contributor(s):
    _____Mats Carlsson <matsc@sics.se>
    _____Nicolas Beldiceanu <Nicolas.Beldiceanu@emn.fr>

    Alternatively, if the contents of this file is included as a part of
    SICStus Prolog distribution by SICS, it may be used under the terms of
    an appropriate SICStus Prolog License Agreement (the "SICStus Prolog
    License"), in which case the provisions of the SICStus Prolog License
    are applicable instead of those above.
*/

:- multifile
    ctr_predefined/1,
    ctr_date/2,
    ctr_persons/2,
    ctr_origin/3,
    ctr_usual_name/2,
    ctr_synonyms/2,
    ctr_types/2,
    ctr_arguments/2,
    ctr_exchangeable/2,
    ctr_restrictions/2,
    ctr_typical/2,
    ctr_typical_model/2,
    ctr_pure_functional_dependency/2,
    ctr_functional_dependency/3,
    ctr_contractible/4,
    ctr_extensible/4,
    ctr_aggregate/3,
    ctr_example/2,
    ctr_draw_example/9,
    ctr_cond_imply/5,
    ctr_see_also/2,
    ctr_key_words/2,
    ctr_derived_collections/2,
    ctr_graph/7,
    ctr_graph/9,
    ctr_eval/2,
    ctr_automaton_signature/3,
    ctr_glue_matrix/2,
    ctr_glue_matrix1/2,
    ctr_specialisation/3,
    ctr_sol/6,
    ctr_logic/3,
    ctr_application/2.

ctr_date(all_equal_max_inflexion,['20141203']).

ctr_origin(all_equal_max_inflexion, 'Based on the \\hyperlink{Pinflexion}{\\pattern{inflexion}} pattern.', []).

ctr_arguments(all_equal_max_inflexion,
               ['VARIABLES'-collection(var-dvar)]).

ctr_restrictions(all_equal_max_inflexion,
                  [required('VARIABLES',var)]).

ctr_typical(all_equal_max_inflexion,[size('VARIABLES')>2,range('VARIABLES'^var)>1]).


ctr_example(all_equal_max_inflexion,all_equal_max_inflexion([[var-5],[var-5],[var-4],[var-4],[var-3],[var-2],[var-2],[var-3],[var-3],[var-3],[var-4],[var-4],[var-2],[var-2]])).


ctr_key_words(all_equal_max_inflexion,[]).

ctr_eval(all_equal_max_inflexion, [checker(all_equal_max_inflexion_c),
    automaton(all_equal_max_inflexion_a),
    automaton_with_signature(all_equal_max_inflexion_a_s)]).

% these are currently not used in time-series
ctr_cond_imply(-,-,-,-,-):-fail.
ctr_contractible(-,-,-,-):-fail.
ctr_extensible(-,-,-,-):-fail.
ctr_aggregate(-,-,-):-fail.
ctr_sol(-,-,-,-,-,-):-fail.

all_equal_max_inflexion_c(VARIABLES) :-
        collection(VARIABLES, [int]),
        get_attr1(VARIABLES, VARS),
        VARS=[First|_],
        length(VARS, N),
        N1 is N+1,
        Default=na,
        all_equal_max_inflexion_c(VARS, Default, s, _, -1000000, _, 1).

all_equal_max_inflexion_c([_], Default, _, CLast, DLast, FLast, RLast) :- !,
        FLast=CLast,
        1 is RLast.
all_equal_max_inflexion_c([Xi,Xj|Xs], Default, s, C, D, F, R) :-
        Xi=:=Xj, !,
        all_equal_max_inflexion_c([Xj|Xs], Default, s, C, D, F, R).
all_equal_max_inflexion_c([Xi,Xj|Xs], Default, s, C, D, F, R) :-
        Xi>Xj, !,
        all_equal_max_inflexion_c([Xj|Xs], Default, t, C, D, F, R).
all_equal_max_inflexion_c([Xi,Xj|Xs], Default, s, C, D, F, R) :-
        Xi<Xj, !,
        all_equal_max_inflexion_c([Xj|Xs], Default, r, C, D, F, R).
all_equal_max_inflexion_c([Xi,Xj|Xs], Default, r, C, D, F, R) :-
        Xi>Xj, !,
        A1000 is max(D,Xi),
        B1000 is max(D,Xi),
        (   F is max(D,Xi) ->
            C1000=R
        ;   C1000=0
        ),
        all_equal_max_inflexion_c([Xj|Xs], Default, t, A1000, -1000000, B1000, C1000).
all_equal_max_inflexion_c([Xi,Xj|Xs], Default, r, C, D, F, R) :-
        Xi=<Xj, !,
        A1000 is max(D,Xi),
        all_equal_max_inflexion_c([Xj|Xs], Default, r, C, A1000, F, R).
all_equal_max_inflexion_c([Xi,Xj|Xs], Default, t, C, D, F, R) :-
        Xi>=Xj, !,
        A1000 is max(D,Xi),
        all_equal_max_inflexion_c([Xj|Xs], Default, t, C, A1000, F, R).
all_equal_max_inflexion_c([Xi,Xj|Xs], Default, t, C, D, F, R) :-
        Xi<Xj, !,
        A1000 is max(D,Xi),
        B1000 is max(D,Xi),
        (   F is max(D,Xi) ->
            C1000=R
        ;   C1000=0
        ),
        all_equal_max_inflexion_c([Xj|Xs], Default, r, A1000, -1000000, B1000, C1000).

ctr_automaton_signature(all_equal_max_inflexion, all_equal_max_inflexion_a, pair_signature(2,signature)).

all_equal_max_inflexion_a(Flag,VARIABLES):-
        Default = na,
        all_equal_max_inflexion_a(Flag,VARIABLES,Default).

all_equal_max_inflexion_a(Flag,VARIABLES,Default):-
        pair_signature(VARIABLES, Signature),
        all_equal_max_inflexion_a_s(Flag,VARIABLES,Default,Signature).

all_equal_max_inflexion_a_s(Flag,VARIABLES,Default,Signature):-
        collection(VARIABLES, [dvar]),
        get_attr1(VARIABLES, Xs),
        length(Xs, N),
        gen_pairs(Xs, XPairs),
        Xs = [First|_],
        LT = 0, EQ = 1, GT = 2,
        automaton(XPairs, Xi-Xj, Signature,
        [source(s),
        sink(s),
        sink(r),
        sink(t)],
        [arc(s,EQ,s,([C, D, F, R])),
        arc(s,GT,t,([C, D, F, R])),
        arc(s,LT,r,([C, D, F, R])),
        arc(r,GT,t,([max(D, Xi), -1000000, max(D, Xi), R #/\ (F #= max(D, Xi))])),
        arc(r,LT,r,([C, max(D, Xi), F, R])),
        arc(r,EQ,r,([C, max(D, Xi), F, R])),
        arc(t,GT,t,([C, max(D, Xi), F, R])),
        arc(t,EQ,t,([C, max(D, Xi), F, R])),
        arc(t,LT,r,([max(D, Xi), -1000000, max(D, Xi), R #/\ (F #= max(D, Xi))]))],
        [C,D,F,R], [_,-1000000,_,1], [CLast,DLast,FLast,RLast]),
        (1 #= RLast #/\ (FLast #= CLast)) #<=> Flag.
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Restriction
Additional condition refining the type declarations of one or several arguments of the constraint.


Purpose
Definition in natural language of the meaning of the constraint.


Example
One or several examples of ground solutions of the constraint.
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Typical |VARIABLES| > 2
range(VARIABLES.var) > 1



Typical
Typical conditions on the arguments of the constraint.
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Automaton Figure 430  depicts the automaton associated with the constraint
ALL_EQUAL_MAX_INFLEXION.

< >

{D « max(D, VAR;)} ST

>

{D <+ max(D,VAR;)}

<
C <+ max(D, VAR;)
D <+ —o0
F < max(D, VAR;)
R + R A (F = max(D,VAR;))

Figure 4.30: Automaton for the ALL_EQUAL_MAX_INFLEXION constraint obtained
by applying decoration Table 3.38 to the seed transducer of the INFLEXION pattern
(transition r — t has the same registers updates as transition t — r)



Automaton
Explicit description in terms of automaton of the meaning of the constraint.
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CONDITION FEATURE PATTERN

t +
ALL_EQUAL_MAX_PEAK

> > < DESCRIPTION AUTOMATON _ /

Origin Based on the PEAK pattern.

Constraint ALL_EQUAL_MAX_PEAK(VARIABLES)
Argument VARIABLES : collection(var—dvar)
Restriction required(VARIABLES, var)

Succeeds if the maxima of the values in each occurrence of the PEAK pattern in the
time-series given by the VARIABLES collection are all the same.
An occurrence of the pattern PEAK is the maximal subsequence which matches the reg-

Purpose ular expression ‘< (= | <)* (> ] =)" >".
Assume that the occurrence of the pattern PEAK starts at position ¢ and ends at position
J- The feature MAX computes the maximum of the values from index ¢ + 1 to index j.
Example ((1,2,2,7,7,1,2,4,5,7,1,2,3,6,7,1))
Figure 4.31 provides an example where the ALL_EQUAL_MAX_PEAK
([1,2,2,7,7,1,2,4,5,7,1,2,3,6,7,1]) constraint holds.
Typical |VARIABLES| > 2

range(VARIABLES.var) > 1



Origin
The origin of the constraint: reference to a paper, to a person, to an other constraint or to a system.


Constraint
The constraint name and its argumen