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Some definition
1. bipartite graph (ZEBE])
A graph G = (V, E) with vertex set V and edge set E € V x V is called

bipartite if there is a partition of V into two disjoint non-empty sets L,
and L, such that V = L;UL, and E € L; XL,.
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Some definition

2. some properties of the bipartite graph:
@In these drawings the vertices are arranged on two “layers”.
(@Edges are drawn straight between vertices on adjacent layers.
(®Edges between vertices on the same layer are not permitted.
@ No point between layers may lie on more than two edges.
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1-Sided Crossing Minimization problem

Instance: a bipartite graph G = (L,, L,; E), an integer k, and a fixed
ordering m, for the vertex set L, on the top layer.

Question:ls there a 2-layer drawing of G that respects rt; and that has
at most k crossings?(At first,we don’t consider multiple edges.We will
handle it in the end.)
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Some Facts and definitions

Definition 1:Consider a problem instance <G, m,, k>, and let vand w be
vertices in L,. The crossing number c,,, is the number of crossings that
edges incident with v make with edges incident with w in drawings
having v < w; the crossing number ¢, is for w < v. (¢, ,JUEN)
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An Efficient FPT Algorithm

Input: |L>| x |L;| adjacency matrix A of G
Output: |L,| X |L,| matrix C . .

1. Augment adjacency matrix A as described above.
2.forv=1to|L,|
3. forw=1to]|L,|
4. ifv#w
5 Crw=0 /* initialize ¢, */
6 w' =1, /* start examining the neighbors w’ of w
starting with the leftmost neighbor, /,, */
while w’ < r, and w’ < ry and ¢, ,, < k do
8. Cow = Cyw + Ty /* increment c, ,, by the number of
crossing points on edge (w, w’) MR IR HIATRYE,
created by edges incident to v */  NYFIFREETE, RATERLEN
9. W' = puw /* advance to the next neighbor of w */ R, IRE— ATk, BB
AFREIRL, FTLAKRTFHEIE, R
ERBfbLLRRIRT, AHEERE
BRI,

N
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one-si ded cross ing minimization — heuris tics

dynamic programming
BE#2A dp K&EMAEE, O(poly(n)2™)

Insert(3,0) "
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Insert(4,2) |
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Swap(5,6) ’
BE—TRIRD dp EETHEIRME.
PREIFATREMAVIRIE. KERMAERY dp PEATRAINETNSIENE
a7, MRBNMBANXEIREEES, 1REZ BB
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dp

dp(i) FRAI i TRRXXBRDEZDN. 6(i,j) RinEHRIHE
SITESR  TRIBAZIE j TRETAENRXABDE.

0, if §=1,
dpy, (i) = q 9k (1,2), if i =2,
Klzlggc_l{dpk (q) + k(g +1,7)}, otherwise.

FAMEF] dp 2 O(n?)
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one-sided crossing minimization — heuristics

preprocessing
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one-sided crossing minimization —exact

FTP

EEZEOBE OSMC MIHIEIA, TR ABEENFETF &
BILNER:

o 0(1.618F)

o 0(1.46%)

° ~0(20(*@1‘)5%’“)) subexponential — weighted feedback arc set.
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one-sided crossing minimization —exact

1.618 and 1.46
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An Efficient FPT Algorithm L

Step 3. Building and exploring the search tree. - .

(DLabel the root of the tree with (D, B) where D <’ v #ED) and D

=Dgand B=B, /\

@In general, for a non-leaf node labeled (D, BG clos fh D = trans. clos D
choose a pair (v, w) such that D contains no PP

edge joining v and w and such that c,,, # ¢,

(REBHATESESCHR, thARTEDR, B—

Cuw # Cuufiunsuited pair)

G TFIEHANVIW BRI BEATHES !,
vewRlw<v, FFLASZRM ERIE N REE™
MFER



An Efficient FPT Algorithm

@D, = transitive closure of DUvw
B1=B = Cyu =~ Xpq Coar FLHCoq #Cop
D, = transitive closure of DUvw
~Cw ~ qu Cpqr HEFICPQ ¢qu
OERRERFM:

( I )ATFE{Eunsuited pair (v, w)& C
(II)B,<0 HEB,<0
OBMEREFERE T M(solution
leaf), {E1BV(v,w) N5 vw & D and wv & D,
BBA (v, w) € C, BIRTERIRXIHIFFIEA
£, BAKECH, RTEACRFER
HEFRI RS,

@UEREB—Psolution leaf, ABA
B DRYFLIMNER, WRBLES
HAIEDT, REEXL A TR
HEFIRIRZ R EF T, aILAE
I=tz[27IR

1<3=&natural ordering,

(1,2)LAR (2, 3) RTEEAC

&,
B,

2RIET LR ER



An Efficient FPT Algorithm

(®update the minimum number of crossings found so far to k - B,
where B is the budget of the leaf, and update the best ordering so far

to T, BITIX NI, ATLAKEI— P E&IHES.



one-sided crossing minimization —exact

weighted feedback arc set
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