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5.50 changecontinuity

DESCRIPTION LINKS GRAPH

N. Beldiceanu

NB_PERIOD_CHANGE,
NB_PERIOD_CONTINUITY,
MIN_SIZE_CHANGE,
MAX_SIZE_CHANGE,
MIN_SIZE_CONTINUITY,

h o ti it
change-contintity | yax SIZE CONTINUITY,

NB_CHANGE,

NB_CONTINUITY,

VARIABLES,

CTR
NB_PERIOD_CHANGE . dvar
NB_PERIOD_CONTINUITY : dvar
MIN_SIZE_CHANGE . dvar
MAX_SIZE_CHANGE . dvar
MIN_SIZE_CONTINUITY . dvar
MAX_SIZE_CONTINUITY . dvar
NB_CHANGE . dvar
NB_CONTINUITY . dvar
VARIABLES . collection(var—dvar)
CTR . atom

NB_PERIOD_CHANGE > 0

NB_PERIOD_CONTINUITY > 0

MIN_SIZE_CHANGE > 0

MAX_SIZE_CHANGE > MIN_SIZE_CHANGE
MIN_SIZE_CONTINUITY > 0
MAX_SIZE_CONTINUITY > MIN_SIZE_CONTINUITY
NB_CHANGE > 0

NB_CONTINUITY > 0

required(VARIABLES, var)

CIR € [=,#,<,>,>,<]

AUTOMATON



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.


Arguments
Arguments of the constraint and their corresponding types.


Restrictions
Additional conditions refining the type declarations of one or several arguments of the constraint.


Purpose

Example
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On the one hand achange is defined by the fact that constraint
VARIABLES[i].var CTR VARIABLES[: + 1].var holds.

On the other hand acontinuity is defined by the fact that constraint
VARIABLES[i].var CTR VARIABLES[: + 1].var does not hold.

A period of change on variables

VARIABLES[i].var, VARIABLES[; + 1].var, ..., VARIABLES[j].var (i < j)

is defined by the fact that all constraiW&RIABLES[k].var CTR VARIABLES [k + 1].var
hold fork € [i,5 — 1].
A period of continuity on variables

VARIABLES[i].var, VARIABLES[; + 1].var, ..., VARIABLES[j].var (i < j)

is defined by the fact that all constraiW&RIABLES|k].var CTR VARIABLES [k + 1].var
do not hold fork € [i, 5 — 1].
The constrainthange_continuity holds if and only if:

e NB_PERIOD_CHANGE is equal to the number of periods of change,
e NB_PERIOD_CONTINUITY is equal to the number of periods of continuity,

e MIN_SIZE_CHANGE is equal to the number of variables of the smallest period of
change,

e MAX_SIZE_CHANGE is equal to the number of variables of the largest periol of
change,

e MIN_SIZE_CONTINUITY is equal to the number of variables of the smallest period
of continuity,

e MAX_SIZE_CONTINUITY is equal to the number of variables of the largest pe-iod
of continuity,

e NB_CHANGE is equal to the total number of changes,
e NB_CONTINUITY is equal to the total number of continuities.

var — 1,
var — 3,
var — 1,
var — §,
var — 8§,
3727274727476747< var — 4, >7;£
var — 7,
var — 7,
var — 7,
var — 7,
var — 2

Figure 5.95 makes clear the different parameters that are associatdd the given

example for the collectioMARIABLES = (1,3,1,8,8,4,7,7,7,7,2). We place character
| for representing a change and a blank for a continuity. Onafphe solution we

represent the different periods of change, while below wavsthe different periods of
continuity. Thechange_continuity constraint holds since:



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


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


Typical

Symmetry

Remark

See also
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e |ts number of periods of changi®_PERIOD_CHANGE is equal ta3 (i.e., the3 periods
depicted on top of Figurg.95),

e |ts number of periods of continuityB_PERIOD_CONTINUITY is equal ta (i.e., the2
periods depicted below Figufe95),

e The number of variables of its smallest period of chanfjé SIZE_CHANGE is equal
to 2 (i.e., the number of variables involved in the third perid@loange7 2 depicted
on top of Figures.95),

e The number of variables of the largest period of chamge SIZE_CHANGE is equal
to 4 (i.e., the number of variables involved in the first periodcbingel 3 1 8
depicted on top of Figurg.95),

e The number of variables of the smallest period of continMity_SIZE_CONTINUITY
is equal to2 (i.e., the number of variables involved in the first pertod depicted
below Figure5.95),

e The number of variables of the largest period of continMity_SIZE_CONTINUITY
is equal to4 (i.e., the number of variables involved in the second pefidtd7 7
depicted below Figuré.95,

e The total number of chang&i8_CHANGE is equal td5 (i.e., the number of occurrences
of charactet in Figure5.95),

e The total number of continuiti@éB_CONTINUITY is equal tod.

<———— ><——=> <>
1/3]1(8 8|47 7 7 7|2
<> <————— >

Figure 5.95: Periods of changes and periods of continuities

NB_PERIOD_CHANGE > 0
NB_PERIOD_CONTINUITY > 0
MIN_SIZE_CHANGE > 0
MIN_SIZE_CONTINUITY > 0
NB_CHANGE > 0
NB_CONTINUITY > 0
|[VARIABLES| > 1
range(VARIABLES.var) > 1

One and the same constant carableedto thevar attribute of all items o7ARIABLES.

If the variables of the collectionARIABLES have to take distinct values betweeand the
total number of variables, we have what is called a permartatin this case, if we choose
the binary constraink, thenMAX_SIZE_CHANGE gives the size of the longest run of the
permutation; Arun is a maximal increasing contiguous subsequence in a petionuta

common keyword: group, group_skip_isolated_item,
stretch_path (timetabling constraint).



Typical
Typical conditions on the arguments of the constraint.


Symmetry
A mapping (e.g., permutation of arguments, permutation of items, permutation of attributes, permutation of values, translation of attributes) that preserves the solutions of the constraint.


Remark
Miscellaneous comments about the constraint that do not fit in the other slots.


See also
Related constraints grouped by semantics links.
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Keywords characteristic of a constraint: automatonpautomaton with counters
combinatorial object: sequencgrun of a permutationpermutation

constraint network structure: sliding cyclic(1) constraint network(2)
sliding cyclic(1) constraint network(3)

constraint type: timetabling constraint
final graph structure: connected componerdpartition acyclig bipartitg no loop
miscellaneousobscure



Keywords
Related keywords grouped by meta-keywords.
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Arc input(s) VARIABLES

Arc generator PATHwscollection(variablesl, variables?2)
Arc arity 2

Arc constraint(s) variablesl.var CTR variables2.var

Graph property(ies) e NCC= NB_PERIOD_CHANGE

e MIIN_NCC= MIN_SIZE_CHANGE
o MIAX NCC= MAX_SIZE_CHANGE
e N ARC= NB_CHANGE

Graph class e ACYCLIC
e BIPARTITE
e NO_LOOP
Arc input(s) VARIABLES
Arc generator PATHwcollection(variablesl, variables?2)
Arc arity 2
Arc constraint(s) variablesl.var— CTR variables2.var
Graph property(ies) e NCC= NB_PERIOD_CONTINUITY

e MIIN_NCC= MIN_SIZE_CONTINUITY
o MIAX NCC= MAX_SIZE CONTINUITY
e NARC= NB_CONTINUITY

Graph class e ACYCLIC
e BIPARTITE
e NO_LOOP
Graph model We use two graph constraints to respectively catch the @nt on the period of

changes and of the period of continuities. In both case eaciog corresponds to a
connected componeof the final graph.

Parts (A) and (B) of Figur&.96 respectively show the initial and final graph associated
with the first graph constraint of ttiexample slot.



Graph model
Explicit description in terms of graph property of the meaning of the constraint.
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(A)

Figure 5.96: Initial and final graph of théhange _continuity constraint



Automaton
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Figures5.97, 5.98, 5.101, 5.102, 5.105, 5.106and 5.109 depict the automata asso-
ciated with the different graph parameters of #tenge_continuity constraint. For
the automata that respectively compute PERIOD_CHANGE, NB_PERIOD_CONTINUITY
MIN_SIZE CHANGE, MIN_SIZE_CONTINUITY MAX_SIZE CHANGE, MAX_SIZE CONTINUITY
NB_CHANGE andNB_CONTINUITY we have &-1 signature variablg; for each pair of con-
secutive variable$VAR;, VAR, 1) of the collectionVARIABLES. The following signature
constraint linksVAR;, VAR, 1 andS;: VAR; CTR VAR; 1 < S;.

{c=0}

VAR, not CTR\VAR
VAR CTR VAR !

VAR, not CTi|31VAR
VAI% CTF} +\iAR

t:
NB_PERIOD_CHANGE=C

Figure 5.97: Automaton for theNB_PERIOD_CHANGE parameter of the
change_continuity constraint



Automaton
Explicit description in terms of automaton of the meaning of the constraint.
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{c=0}

VAR; CTR VAR

VARi not CTiE]}/AR )

VAFﬁ CTR +\iAR

VARi not CTiE_{lVAR

t.
NB_PERIOD_CONTINUITY=¢

Figure 5.98: Automaton for theNB_PERIOD.CONTINUITY parameter of the
change_continuity constraint

Q-

| G,_fNB_PERIOD_CHANGE

Figure 5.99: Hypergraph of the reformulation correspogdathe automaton of the
NB_PERIOD_CHANGE parameter of thehange_continuity constraint

Figure 5.100: Hypergraph of the reformulation correspogdo the automaton of the
NB_PERIOD_CONTINUITY parameter of thehange_continuity constraint
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{c=0,0=1}

VAI% not CTHRlVAR

VAR CTRMAR
{o=2}

VAR, not CTRVAR VAR

{D=2

CTRMAR
}

VAR CTR\MAR
{D=D+1}

VAR CTRMAR

VAR not CTR\VAR ,
{D=D+1}

R
{c=D}

VARi not C1'iI31VAR
{C=min(C,D)}

$

Figure 5.101:  Automaton for theMIN SIZE CHANGE parameter of the
change_continuity constraint

{c=0,0=1}

VAR CTRMAR

VAR not CTR\VAR
{D=2}

VAR CTRMAR VAR not CTR,VAR
{D=2}

VAR not CTiBlVAR ,

VAR not CTR\VAR
{D=D+1}

+1
{D=D+1}

VAR CTR)MAR
{C=D}

VAR CTRMAR ,
{C=min(C,D)} 5,

Z;_D} .w {C=min(C,D)}

Figure 5.102: Automaton for theMIN_SIZE_CONTINUITY parameter of the
change_continuity constraint

Q1

| G,_fMIN_SIZE_CHANGE

Figure 5.103: Hypergraph of the reformulation correspogdo the automaton of the
MIN_SIZE_CHANGE parameter of thehange_continuity constraint
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Figure 5.104: Hypergraph of the reformulation correspogdo the automaton of the
MIN_SIZE_CONTINUITY parameter of thehange_continuity constraint

{c=0,0=1}

VAR CTR\AR ,
{D=D+1}

VAR; not CTR\VAR

VAR not CTR\VAR , VAR| CTRMAR
{C=max(C,D),D=1} {D D+1}

- max(con\

Figure 5.105: Automaton for theMAX_SIZE_CHANGE parameter of the
change_continuity constraint

{c=0,0=1}

¢

VAR, not CTRVVAR
{D=D+1}

) VAR CTRMAR

VAR CTR)MAR , VARI not CTR\VAR ,

{C=max(C,D),D=1} {D D+1}
MAX_SIZE_| CONTINUITY C

Figure 5.106: Automaton for theMAX_SIZE_CONTINUITY parameter of the
change_continuity constraint

{c max(C,D)}
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P QT
| G,_yMAX_SIZE_CHANGE

‘D

Figure 5.107: Hypergraph of the reformulation correspogdo the automaton of the
MAX_SIZE_CHANGE parameter of thehange_continuity constraint

Q1

| G,_JMAX_SIZE_CONTINUITY

Figure 5.108: Hypergraph of the reformulation correspogdo the automaton of the
MAX_SIZE_CONTINUITY parameter of thehange_continuity constraint

{c=0} {c=0}

j VAR not C'I}_IBlVAR VAR not C'I;BlVAR , j VAR CTI?_'_YAR

{c=C+1}

VAR CTRYAR |,
{C=C+1}

t:
NB_CHANGE=C

t:
NB_CONTINUITY=C

Figure 5.109: Automata for theB_CHANGE and NB_CONTINUITY parameters of the
change_continuity constraint
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RET

' G,INB_CHANGE

Figure 5.110: Hypergraph of the reformulation correspogdo the automaton of the
NB_CHANGE parameter of thehange _continuity constraint

Qe

Cn—iN B_CONTINUITY

Figure 5.111: Hypergraph of the reformulation correspogdo the automaton of the
NB_CONTINUITY parameter of thehange _continuity constraint



