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Bin PakingInput:I Items with sizes s1; : : : ; sn 2 [0; 1℄Goal: Pak items into minimum number of bins of size 1.bin 1 bin 2 inputsi101I First Fit Dereasing [Johnson '73℄: APX � 119 OPT + 4I Asymptoti PTAS [de la Vega & L�uker '81℄ :APX � (1 + ")OPT +O(1="2) in time O(n) � f(")I Asymptoti FPTAS [Karmarkar & Karp '82℄:APX � OPT +O(log2 n) in poly-timeI Strongly NP-hard even if 14 < si < 12 ! 3-Partition



The Gilmore Gomory LP relaxationI Feasible patterns:P = fp 2 f0; 1gn j sTp � 1gI Gilmore Gomory LP relaxation:minXp2P xpXp2P p � xp � 1xp � 0 8p 2 P
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Disrepany theoryI Set system S = fS1; : : : ; Smg; Si � [n℄I Coloring � : [n℄! f�1;+1gI Disrepanydis(S) = min�:[n℄!f�1gmaxS2S j�(S)j:where �(S) =Pi2S �(i).Known results:I n sets, n elements: dis(S) = O(pn) [Spener '85℄I Every element in � t sets: dis(S) < 2t [Bek & Fiala '81℄Conjeture: dis(S) � O(pt)
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Matrix disrepanyI Matrix Adis(A) := minx2f0;1gn kAx�A � (12 ; : : : ; 12)k1
i S A = 0�1 1 00 1 11 0 11A set Sidis(S) = 2 � dis(A)I Linear disrepany:lindis(A) := maxy2[0;1℄n minx2f0;1gn kAx�Ayk1
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Redution: Gap ! LinDisLemmaSuppose lindis(A) � O(1) for any 3-monotone matrix A.Then the 3-Partition gap is O(1).I Sort items: s1 � s2 � : : : � snI y be opt. frational 3-Partition sol., B pattern matrixI Add up rows 1; : : : ; i to obtain row i for new matrix A.Append row (3; : : : ; 3)I A is 3-monotone ) x 2 f0; 1gm : kAx�Ayk1 = O(1)I Due to last row: 1Tx = 1T y �O(1)I Biy = 1 ) Aiy = i ) Aix = i�O(1)I Due to ith row: x reserves i�O(1) slots for items 1; : : : ; iB = 0BB�1 0 11 1 00 1 10 1 11CCA ! A = 0BBBB�1 0 12 1 12 2 22 3 33 3 3
1CCCCA
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I Bipartite graph G = (V _[U;E) with (i; j) :, si � sjI Halls Marriage Theorem: There is a V -perfet mathing i�for any V 0 � V , Pv2N(V 0) deg(v) � jV 0jI x + O(1) extra bins is feasible (osts � OPTf +O(1))
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Redution: LinDis ! Perm.Dis.LemmaLet A be 3-monotone. Bek's Conjeture ) lindis(A) = O(1).I Let x 2 [0; 1℄n be given.I Goal: Find y 2 f0; 1gn with Ax � Ay



Redution: LinDis ! Perm.Dis.LemmaLet A be 3-monotone. Bek's Conjeture ) lindis(A) = O(1).I Let x 2 [0; 1℄n be given.I Goal: Find y 2 f0; 1gn with Ax � AyTheorem (Lov�asz, Spener & Vesztergombi '86)There is always a submatrix B of A withlindis(A) � 2 � dis(B):I Intuitively: Worst ase is x 2 f0; 12gnI It suÆes to show: dis(A) = O(1)
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Redution: LinDis ! Perm.Dis. (2)I Write A = B1 +B2 +B3 with Bi 1-monotone
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Redution: LinDis ! Perm.Dis. (2)I Write A = B1 +B2 +B3 with Bi 1-monotoneI Column order of Bi indues permutation �iI Let � : [n℄! f�1g be oloring that's good for �1; : : : ; �3.dis(A) � kA�k1 triangle ineq� 3Xi=1 kBi�k1| {z }=O(1) = O(1)
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The end
Thanks for your attention

I Bin Paking via Disrepany of Permutations(F. Eisenbrand, D. P�alv�olgyi, T. Rothvo� - to appear inSODA'11; http://arxiv.org/abs/1007.2170)


