al - Cyprus Algorithms 1 al - Cyprus Algorithms 2¥Problem formulation:—¥Exact algorithms:——g—Reversible DACs——¥Approximate algorithms:—Local search approaches— al - Cyprus Algorithms 3———Constraints: )—0(iiD (ii—P—F—CP—CPFre variables—F— t: current assignment— t[ii al - Cyprus Algorithms 4¥Soft CSP: (X,D,C)—X n— D0(2), ... , D0(n—C soft constraints˛ i ˛ var(f) D(i)tf f (tty ftf (tof ft¥Goal: �f ˛ f t ) al - Cyprus Algorithms 5¥Depth-first tree search:——¥At each node:dist t)f ˛ C f ) ¥ Simplest LB: dist (t) 2n1

al - Cyprus Algorithms 6

cost of past variableslocal cost of future var because past varinconsistency countslocal cost of future variablesdirected arc-inconsistency countsglobal cost of future variablesrussian doll searchLB quality: past future

al - Cyprus Algorithms 7¥Branch and Bound + Lookah¥abecause constraint:( ti (t˛i ˛ var(f) D ) t[i (t˛�i ˛ var(f) D0 (i)¥: —inconsistency counts on future values are comp—inconsistency count i :) = �f ˛ cost )CPF al - Cyprus Algorithms 8ICabd cinabdc2240IC. . .. . .abdc2324IC3112�i ˛ Fa (ic (i,a

contributions to the lower bound

al - Cyprus Algorithms 9¥New lower bound:t,F(i˛ F˚a { (cost from P cost from jb ) = dist )+ (˛ F˚-{ja { (¥Future value pruning: jb() —t(——when backtracking to i, () must be restored al - Cyprus Algorithms ¥DAC: (directed arc-inconsistency counts) on future values—n—Fdac (i,af () = (ij), jij

abc201abc121�i ˛ F dac ( contributions to

al - Cyprus Algorithms ¥New lower bound:) = t �˛ F˚a {ic (i,a (i cost from P cost from CPF Fjb (t,F) = dist ( + ((˛ F˚-{j}a {ic (i,a(ij

ai:abc

al - Cyprus Algorithms i j fa a 1a b 2b a 3b b ij fdac i j a b 3 2 (i (jf(,dac i j a b 3 0 (i (jij fC by static variable order al - Cyprus Algorithms ¥Directed constraint graph GF—GFF—) | Fj}¥DAC based on G: (GF f 0 () = (, j j, i˛ G)¥New lower bound:(tGF) = dist (i˛ F˚a { () + dac (i ,GF) = dist (t) + () + dac (j,b,GF˛ Fja ic ( ( al - Cyprus Algorithms Reversible DAC¥—GF—Dynamically selects a GF (optimal NP-hard, greedy search)—on: ¥Maintaining DAC: 0 GF f cost ) = (, j, i˛ (F)——¥C¥ al - Cyprus Algorithms

Russian Doll Search¥ replace one search by successive searches on subproblems

1innnni321 n rds (subpr) = optimal cost of subpri+1 costs of i al - Cyprus Algorithms Russian Doll Search¥New lower bound:(t,F) = dist (i˛a ic (i)} + ()cost from P cost from CPF cost from F¥ Solving subproblem i+1:

n-in-in-in-in-in-in= i-1 n-in-in-inF = subpr 1

al - Cyprus Algorithms ]¥Dynamic programming/ Variable elimination:—no tree search——n¥Bucket k: ki¥Operations on constraints:—f (t) + g (t) = (f)]) + g ((g—e : (f �k) (a˛ ) f (t) [k al - Cyprus Algorithms ] from bucket kf1, f2}1pgkg �kh:of constraints fpP with one less varnnn1bucket nbucket nbucket nbucket 1 al - Cyprus Algorithms ]

Solution: from var 1 to nigsmax arity of new constraints al - Cyprus Algorithms Search + Variable Elimination]¥¥Combining strategy: k iki abka al - Cyprus Algorithms Local Search¥Optimization problem: �f ˛ f t )¥Local search approaches: produce an upper bound——]—tabu search —¥——moves, . . .— al - Cyprus Algorithms ¥———] is narrow enough, stop search

[1]2[ . . .[k]1] . . .¥Anytime bounds:—: local search approaches—: three strategies¥¥¥