Square Packing Search Strategies Results Almost Square Packing

Modelling We plan a tournament with 8 teams, where every team plays every other team exactly once. The tournament is played on 7 days, each team playing on each day. The games are scheduled in 7 venues, and each team should play in each venue exactly once. As part of the TV arrangements, some preassignments are done: We may either fix the game between two particular teams to a fixed day and venue, or only state that some team must play on a particular day at a given venue. The objective is to complete the schedule, so that all constraints are satisfied. Rooms Puzzle, (Thomas G. Room, 1955) Place numbers 1 to 8 in cells so that each row and each column has each number exactly once, each cell contains either no numbers or two numbers (which must be different from each other), and each combination of two different numbers appears in exactly one cell.

X 1 , Y 1 W 1 H 1 X 2 , Y 2 W 2 H 2 A X 2 , Y 2 W 2 H 2 B Y 2 ≥ Y 1 Y 2 + H 2 ≤ Y 1 + H 1 D X 2 ≥ X 1 X 2 + W 2 ≤ X 1 + W 1 D
Rooms Puzzle, (Thomas G. Room, 1955) Place numbers 1 to 8 in cells so that each row and each column has each number exactly once, each cell contains either no numbers or two numbers (which must be different from each other), and each combination of two different numbers appears in exactly one cell.

Puzzle presented by R. Finkel How do the models differ? The pair involving teams 5 and 7 must take value 5, fixes variable

D Days T Teams L Locations G Games Idea Mapping D × G × {f , s} → T D × L × {f , s} → T ∪ {0} D × G × {f , s} → T D × G → L D × L → T T ∪ {0} T × D × L → {0, 1} T × T × D × L → {0, 1} T T → D × L T T → D T T → L
Handling of hints (II) Link pair variables P i to 0/1 variables Y j as value-index

(∃i s.t. P i = v ) ⇔ Y v = 1
Propagation:

P i = v ⇒ Y v = 1 Y v = 0 ⇒ ∀i : P i = v (∀i : v / ∈ d(P i )) ⇒ Y v = 0 Y v = 1 ⇒ occurrence(V , P 1 ...P n , N), N ≥ 1
Search tree with redundant constraints xsi:noNamespaceSchemaLocation="tree.xsd"> <root id="0"/> <try id="1" parent="0" name="S" size="1" value="9"/> <fail id="2" parent="1" name="E" size="4" value="4"/> <try id="3" parent="1" name="E" size="4" value="5"/> <try id="4" parent="3" name="N" size="1" value="6"/> <try id="5" parent="4" name="D" size="1" value="7"/> <try id="6" parent="5" name="M" size="1" value="1"/> <try id="7" parent="6" name="O" size="1" value="0"/> <try id="8" parent="7" name="R" size="1" value="8"/> <try id="9" parent="8" name="Y" size="1" value="2"/> <succ id="9"/> <fail id="10" parent="1" name="E" size="4" value="6"/> <fail id="11" parent="1" name="E" size="4" value="7"/> </tree> <?xml version="1.0" encoding="UTF-8" standalone="yes"?> <!-Helmut Simonis (University College Cork) -> <tree version="1.0" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xsi:noNamespaceSchemaLocation="tree.xsd"> <root id="0"/> <try id="1" parent="0" name="S" size="1" value="9"/> <fail id="2" parent="1" name="E" size="4" value="4"/> <try id="3" parent="1" name="E" size="4" value="5"/> <try id="4" parent="3" name="N" size="1" value="6"/> <try id="5" parent="4" name="D" size="1" value="7"/> <try id="6" parent="5" name="M" size="1" value="1"/> <try id="7" parent="6" name="O" size="1" value="0"/> <try id="8" parent="7" name="R" size="1" value="8"/> <try id="9" parent="8" name="Y" size="1" value="2"/> <succ id="9"/> <fail id="10" parent="1" name="E" size="4" value="6"/> <fail id="11" parent="1" name="E" size="4" value="7"/> </tree>

d i * r i ≤ L * E E ≥ d i * r i L + E + < d i * r i L + ⇒ inconsistent E -< d i * r i L + ⇒ missing prop

Visualization

  

  up with a model What are the variables/what are their values? How can we express the constraints? Do we have these constraints in our system? Does this do good propagation? Day × Game (7 × 4) Each cell contains two variables, denoting teams Easy to say that team plays once on each day, alldifferent Columns don't have significance Model does not mention location, how to add this? How to express that each team plays each other once? Helmut Simonis Modelling Idea 2, Change problem structure Matrix of Day × Location (7 × 7) Each cell contains two variables, each denoting a team How do we avoid symmetry inside cell? Need special value (0) to denote that there is no game In one cell, either both or none of the variables are 0 Easy to say that each row and column contains each team exactly once Except for value 0, can not use alldifferent Link between two variables in cell to state that game needs two different teams How to express that each (ordered) pair occurs exactly once? location variables Model as in Idea 1, matrix Day × Game Each cell contains two variables for teams and one for location Easy to state that games on one day are in different locations How to express condition that each team plays in each location once? Also, how to express that each team plays each other exactly onceUse variables for pairs Matrix Day × Location Each cell contains one variable ranging over (sorted) pairs of teams, and special value 0 (no game) Each pair value occurs once, except for 0 Special constraint alldifferent0 Or use gcc How to state that each team plays once per day? How to state that each team plays in each location? If all else fails, use binary variables Binary variable stating that team i plays in location j at day k Three dimensional matrix Each team plays once on each day Each team plays once in each location Each game has two (different) teams, needs auxiliary variable Each pair of team meets once, needs auxiliary variables Helmut Simonis Modelling Idea 6: An even bigger binary model Use four dimensions Team i meets team j in location k on day l 3136 = 8*8*7*7 variables Constraints all linear Why use finite domain constraints? A different mapping Each team plays each other exactly once, one variable for each combination (8*7/2=28 variables) Decide when and where this game is played, values range over combinations of days and locations (7*7=49 values) All variables must be different (no two games at same time and location) Each team plays 7 games, by construction How to express that each team plays once per day?How to express that each team plays in each location once?

  Teams plays once on a day (at a location) Select those variables which correspond to Team i Exactly one of those variables takes its value in the set 1..7 Same for all other days Same for all other teams 56 Constraints over 7 variables each Similar for teams and locations, another 56 Mapping games to days and locations For each game to be played, we have two variables One ranges over the days The other over the locations Easy to state that there are four games per day and location Easy to state that each team plays once per day and location How do we express that no two games are played at the same location and the same time? If we had an alldifferent over pairs of variables... Not in ECLiPSe Helmut Simonis Modelling We have four games on each day Each row value is taken four times amongst the variables gcc([gcc(4,4,1),...,gcc(4,4,7)],Rows) Similar for columns: gcc([gcc(4,4,1),...,gcc(4,4,7)],Cols) Helmut Simonis Modelling Reminder: gcc(Pattern, Variables) gcc global cardinality constraint Pattern is list of terms gcc(Low, High, Value) The overall number of variables taking value Value is between Low and High once per day For the seven variables which describe games of a team Each row value is taken exactly once amongst the variables Could use gcc([gcc(1,1,1),...,gcc(1,1,7)],Vars) But alldifferent(Vars) is more compact

  Link pair variables to row and column variables Pair variable uses cell numbers 1-49 as values Row and column variables indicate on which day (row) and in which location (column) the game is played Pair value 23 = row 4, column 2 element constraint to link the variables Two projections from D × L space onto D and L Helmut Simonis Modelling This is one common type, a projection Another common type is the inverse Link a variable A → B to another B → A Typically used for bijective mappings Built-in inverse/2 Also used: Boolean channeling Link variables A → B and A × B → {0, 1} Built-in bool_channeling/are 8 teams, seven days and seven locations Two sets of variables (Req 1, 2, 3, 6, by construction) Pair variables (T T → D × L) alldifferent (Req 9) Day and Location variables (T T → D), (T T → L) team plays in each location exactly once Two sets of variables (Req 1, 2, 3, 6, by construction) Pair variables (T T → D × L) alldifferent (Req 9) Day and Location variables (T T → D), (T T → L)

  not be used by pairs not involving team 8 One of the pairs involving team 8 must use this value These values can not be used by any pair involving team not be used by pairs not involving team 8 One of the pairs involving team 8 must use this value These values can not be used by any pair involving team not be used by pairs not involving team 8 One of the pairs involving team 8 must use this value These values can not be used by any pair involving team not be used by pairs not involving team 8 One of the pairs involving team 8 must use this value These values can not be used by any pair involving team not be used by pairs not involving team 8 disequalities One of the pairs involving team 8 must use red value occurrences(gcc) constraint Yellow values can not be used by any pair involving team version="1.0" encoding="UTF-8" standalone="yes"?> <!-Helmut Simonis (University College Cork) -> <tree version="1.0" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"

  

  

  

  

  

  

  

  

Helmut SimonisModelling

Rooms Problem

No interaction between constraints, only between constraints and variables

We do not detect that value 1 can not be used Example Log for Cumulative Constraint </visualizer_state> <visualizer_state id="6" > <argument index="tasks" > <tuple index="1" > <dvar index="start" domain="1 .. 8" /> <integer index="dur" value="1" /> <integer index="res" value="1" /> </tuple> <tuple index="2" > <dvar index="start" domain="1 .. 8" /> <integer index="dur" value="1" /> <integer index="res" value="1" /> </tuple> <tuple index="3" > <dvar index="start" domain="1 .. 8" /> <integer index="dur" value="1" /> <integer index="res" value="1" /> </tuple> <tuple index="4" > <dvar index="start" domain="1 .. 8" /> <integer index="dur" value="1" />