
Aaron
(assignment) problem

Aaron
s it possible to find d permuta- tions in such a way that the permuted array becomes a Monge array?

Aaron
肯定的 affirmative

Aaron
and Y to Z and W

Aaron
route from X and the route from Ymust not intersect.

Aaron
Cij + Cr, < Cis + Crj Vi < Y, Vj< S.

Aaron
對角和 <= 反對角和

Aaron
Monge property-n



Aaron
CsIs2...sd + CtIf2...fd 6 Cili2...id + cj,j,...jd2

Aaron
sk := min{i,, jkf and t, := max{ik, jk}.

Aaron
lexicographical greedy algorithm

Aaron
dTP)

Aaron
n, x n2 x ... x nd array C,

Aaron
d-dimensional axial assignment problem,(dAP),ifn,

Aaron
0 (C;f= 1 nk) time if C fulfills (2)

Aaron
We ask whether an array can be permuted into a Monge array just by renumbering the occurring variables in a different order.



Aaron
4 and $

Aaron
O(n’).

Aaron
d-tuples ($i, 42,. . . , &) of permutations,

Aaron
the algorithm of Deineko and Filonenko

Aaron
the set of all permutations (4, $)

Aaron
d dimen- sions.

Aaron
Deineko and Filonenko

Aaron
integer j

Aaron
elk - cjk # cl1 - cjl

Aaron
C is a “constant”

Aaron
sorting (cli - cji):

Aaron
maximal value of m

Aaron
Cij + Ci+l,j+l < Ci,j+l+ Ci+l,j



Aaron
minimal value of M

Aaron
auxiliary vector

Aaron
sorting ri

Aaron
sorting (c+(i)i - c+(,)i):

Aaron
(n - 1)2 inequalities

Aaron
O(nm + n log n),

Aaron
every two-dimensional submatrix is a Monge matrix.

Aaron
If at least one submatrix cannot be rearranged as a Monge matrix, then C can never be a Monge array (refer to Lemma 3.1)

Aaron
pair of permutations (pi, ~j)

Aaron
all permutations PC

Aaron
(4% @)I c#%, is a Monge matrix}



Aaron
4 be a permutation

Aaron
reverse permutation of 4,

Aaron
equivalent

Aaron
cil+a=Cj

Aaron
兩列/行差固定，則稱為等價

Aaron
4, $)EPc c> (4-9 K)EPc.

Aaron
順<->逆

Aaron
change their position in C not losing the Monge property

Aaron
對調等價

Aaron
1 d i < j < k d n

Aaron
row i and row k

Aaron
row j

Aaron
夾擠等價

Aaron
occur consecutively in a block

Aaron
arbitrary order



Aaron
reversing of the matrix is the only way to permute it without destroying the Monge structure.

Aaron
對於沒有等效行和列的 n x m 矩陣，矩陣的反轉是在不破壞 Monge 結構的情況下對其進行反轉的唯一方法。

Aaron
I, the identity permutation

Aaron
3 x 3

Aaron
2 x 3

Aaron
PC1 {(I,, I,),(I,> I;)}.

Aaron
no other possible pair of permutations exists.

Aaron
Exchanging other pairs of columns leads again to contradictions.

Aaron
c2r + c32 < cjl + c22

Aaron
only two possible pairs of permutations



Aaron
If a matrix C is already a Monge matrix then the only way to permute it without losing the Monge property is to reverse the total matrix.

Aaron
如果矩陣 C 已經是 Monge 矩陣，那麼在不丟失 Monge 屬性的情況下對其進行置換的唯一方法是反轉整個矩陣。

Aaron
PC = {(I,, IIn)>(I,> 1, )>

Aaron
1 < i < j < k < m

Aaron
n x 3 matrix

Aaron
$(i), $(j) and $(k) (in this order) can never be a part of a Monge matrix.

Aaron
And since I, and 1; are the only permutations not fulfilling both (a) and (b) the theorem is proven.

Aaron
PC := ((4, $) 1(c#-‘, I+-~)EP~}.

Aaron
all equivalent rows (columns) occur consecutively.

Aaron
a compact form.

Aaron
Within a block no order is fixed, but the ordering of the blocks is fixed.

Aaron
:= l,si+,:=si+biforalli=l

Aaron
block-permutation

Aaron
sj ~ 4(i)-’ < s~+~

Aaron



Aaron
block-permutation S

Aaron
four

Aaron
1*2*1*2=4

Aaron
PQ-trees

Aaron
determine a pair (4, $) E PC

Aaron
blocks of 4- ’

Aaron
blocks of I+-’

Aaron

Aaron
nm + m log m

Aaron
Algorithm 2.1

Aaron
intersecting block-permutations

Aaron
how to construct the corresponding new block-permutation S3 := S1 n S2



Aaron
suppose C1 c Dr

Aaron
n x n x n array C

Aaron
4 and $

Aaron
4 and rc

Aaron
$ and rc

Aaron
i’

Aaron
the intersection of two pairs of block-permutations can again be represented by a new pair of block-permutations.

Aaron
(S(+,) n S(cj,), S(t,bl) n S($J)

Aaron
either one set is empty or both sets are equal).

Aaron
two pairs of block-permutations again as a pair of block-permutations

Aaron
d = 3



Aaron
4 x 4 x 3

Aaron
If p = 8, the array C cannot be arranged as Monge array,

Aaron
3).

Aaron
IZtimes Algorithm 3.11.

Aaron
Sik, Sil

Aaron
checking if a global solution can be found.

Aaron
($).nd-’

Aaron
2nd).

Aaron
n’)





Aaron
Testing for the consecutive ones property, interval graphs, and graph planarity using PQ-trees algorithms,

Aaron
On simple linear programming problems, in: Convexity, Proceedings of Symposia in Pure Mathematics


