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o BEHINTA—RZTHBHIEDTEDY ST
— Treewidth
o JSIOMEDLLNKRIITEWVEEZFH>TLSD
— Pathwidth
o JSIIMEDKBW AR JITEVNVEEZF>TLNSD

o {tree/pathlwidth D431
— EART S35 & xxxwidth = n
— XXXWIAth=SK DT ST DN TWVAWNWALEENDPE#ES &
O(2 poly(n)) B CHEITA(Ex. ZRI. AT AER)
— EZ5N=5570 xxwidth Bk LT THAINESI I EHITET B
8%
o« —RRICIZ NP E2
o« K MEHLS (n D) ZIEAFFfE (KRAZE5RE) TREITS
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o BHANTA—ATRBDIEDTEST T
—  Treewidth: TSN E DS R JITEWMEEZE ST
LNBH

—  Pathwidth: 570 E DS SR JITIEWVMEESEZEHE-
TWLSH

1. Chordal graph G @ treewidth (X G D&z K%Y
)—ODHA4X

2. Interval graph G @ pathwidth [& G D& K%Y
)—ODH 4 X

[EERIE] LEEn1,2(54E?



ZILdYVXLWIZERGZY 795X

o BEET D (nan) T STV REEICET S

— Ryuhei Uehara and Yushi Uno: Laminar Structure of
Ptolemaic Graphs with Applications, Discrete Applied
Mathematics, accepted, 2008.

— Yoshihiro Takahara, Sachio Teramoto, and Ryuhel
Uehara: Longest Path Problems on Ptolemaic Graphs,
IEICE Transactions, E91-D, No. 2, pp. 170-177, 2008.

— Ryuheil Uehara and Yushi Uno: On Computing
Longest Paths in Small Graph Classes, International
Journal of Foundations of Computer Science, 18(5),
PP.911-930, 2007.
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o HBINTGA—RTRDZIEDTESLT ST
— TIIMNEDLLNNRRJTEWLVBEZF TS D
— J57DERZTLEFICHIRIZEETD/INTA—A
e Bandwidth
— FSODIEENE DLSNEEN TS
Ryuhei Uehara: Bandwidth of Bipartite Permutation Graphs, 19th
Annual International Symposium on Algorithms and

Computation (ISAAC 2008), Lecture Notes in Computer
Science Vol. 5369, pp. 825-836, 2008/12.

e Cutwidth
— JS57%FHERLIZEEIZENGLDBA T 6N HH
Pinar Heggernes, Daniel Lokshtanov, Rodica Mihai, and Charis

Papadopoulos: Cutwidth of split graphs, threshold graphs, and
proper interval graphs, WG 2008, LNCS, Springer. 2009.




Bandwidth &(4...

e 57 G=(V,E) M Layout &I V DIBF{+
I+ 0 (v, Vo, oy V) D&,
» Layout o @) bandwidth bw( o)

Def

< >max; {i — j||{v;,v,} € E}

e Graph G (V,E) @ bandwidth bw(G)
> min_ ow(a)}

SRl




Cutwidth &1%...

e Layout o @ cutwidth cw(0)
s max, {{v,,v,}eEi<k< j}
. Graph G=(V,E) ® cutwidth cw(G)
> min_{cw(o)}

@QT" I
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—JST7DTEREZ EFICHRIZEZTD/INSA—4
e Bandwidth
— JS7DIEANREDLSWNEEN TS D
e Cutwidth
— IS5 LI=EEICENS DALY SN EH

— OLETTER D &R#A Layout ZK& D |37
DERBIEENINPTE

—BRBEINF-5S5T7H55KXMD Cutwidth 2DV TIE
FNIFEEDLIDOTULVELY . e85



Bandwidth of
Bipartite Permutation Graphs

Ryuhei UEHARA
uehara@jaist.ac.|p
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Bandwidth &(4...

e Graph G=(V,E) ® bw(G)

«==—min_max, {i— j||{v,,v,} € E}




Bandwidth &(4...

e Graph G=(V,E) ® bw(G)

«=—>min_max, {i— j||{v,,v,} € E}

e bw(G)Z kO HMEREIL...
—- NP5E2fEE[Papadimitriou 1976] even for...

e trees of max degree=3[Garey, Graham, Johnson,
Knuth 1978]

e caterpillars with hair length at most 3
e caterpillars with at mWattached to every

vertex in the body [N WAL 7 )LT1) X Ls...many papers.

e Exact 7JL31) X L...0(10")—0(5") (2008)
« J27%HIBTDHE...




bw(G)ZK & HIZIE
O(n % min{ log n, bw(G) } X log bw(G))BfE] ___

Band

. bW(G)yé;k : ZzEERDDS
. — 1| Inf& Comp. Open: bw(G)ZE 3 FZILdYX L
- UTDY5! mgocan

. Zﬁﬂﬁ\ay \/é
[Kratsch 1987][Mahesh, Rangan, Srinivasan 1991]
[Kleitman, Vohra 1990][Sprague 1994]

A i

SIAM J. of Comput. SIAM J. of Comput.
O(bw(G) % n) for given bw(G) O(n log n) for given bw(G)

« chain graph [Kloks, Kratsch, Miller 1998]

A R
Band(G): bw(G)Z &t E I S8 Inf. Proc. Let.
k-Band(G): bw(G)=k Z##I|EJ S [1zE O(n? log n), but it uses [Spr94] as subroutine.

BAEGSFETIZE>TREHRIITNNS...?



Classes and New

Permutation k-Band(G): O(n % min{ log n, bw(G) }) B3]
Band(G): O(n X min{ log n, bw(G)} X log bw(G))Rsf&
Open: bw(G)ZxE#&KHHT7ILT) X Ls

* k-Band(G)ZO(n) ¥ i
« (Band(G)ZO(n X log bw(G)) B fEi) Interval

Band(G)Z & $%0(n) B T
fE<7 LY X L

Band(G)ZO(n) B &l Threshold
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XEY 57T, RED
REINITRTELIZ

O @ @ b T340
« U357 G:I(IV,IEI) I prloperl mte%élg;\;tlon F &I,
ECSF T G'=(V,F) A proper interval graph IZ%53%0

e G=(V,E) ® minimum prop. int. comp. F &lE,. G D p.i.
D HT G M maximum clique size NER/NMNIE2EL0

« T 5&... bw(G) = (max. cligue size of min. p.i.c of G) -1
[Kaplan, Shamir 1996]

.. DFY max clique size A/MEL% S prop. int. comp. /R 2T (L
KLY,

... prop. int. comp. @EFaﬁ%Ei%’&llLﬁﬁl W ARNIL, B
bandwidth #5251 7N EFLN5,




Catalogue of Algorithms...

. Algorithm for an interval graph
(Outline)

. Algorithm for a threshold graph
. Algorithm for a chain graph

. Algorithm for a bipartite permutation
graph (Outline)



1. Alg.| @

O © @ 3 4

(5)>—5 2 J

k-Band(G) ’Zrﬂq:(?)l/:l ')Zj_\ -

1. RET 520

XBIRTWEEAT D

2. EMbAIZ sweep L.

1. 9 TIZHALAT O GEERE | [THIZ 7217
NIEELIENWERES S ZHEMAT 5

2. ECHADITS A k (23 L CHEsELT-5 % B

3. index &x/PD S, BV, TDOHTEHHELR
BOEWERZELATILDRRIZMAZS

N

1. BIZRBHEL
2. 1&AIZ

RIBHELN




1. Alg. for an interval graph
(Outline)

e XEYUZT7DAIGMLDENR:

- FI(EED)REKRIFZIDEELT. £
DIERZBEL TgreedylZMI A LIE KLY,

— BEELE-REIRBFIZENT, XA |, A,
FYLEIZCEIZH AL, v<u€wﬁ7‘*‘d’l/
AT NEITEEBEZNILKLY,

~ OKI! OKIl! How can we...?
L(1,) <L(l,)

R(W<RA) | [——]—=—)—]

N _




2. Algorithm for a threshold

graph
e Threshold graph &I1%...? Xﬁﬁw“(“ii

— G=(V,E) » Threshold graph &  \/
JEH w(), BEt, s.t. {uv}EE iff wu)+w(v)=t
— TERZBEVVANSEESTTETHE. HHITHLTR

DXERRZ=FFO:
VI+l
Ivi :[J1I] ....... Vis2
Vit
\ "
T T o T T |, =[i,i]
ViV, Vg Vie VY I




2. Algorithm for a threshold
graph

« Threshold graph: IERZ8WVANLEBESTITET
5E.HBITHLTRORERBRIEZHFD:

Vi o TP AT blEESRTE L TELY

\/

....... {V1<V2 <V <<V, <Y,

\/

Vi <V <<V, <Viy

\/

— R - ZD20DFIER—SF BHEE

l 1 1 —e s —l— I— \
1

gy P N 1]~ e L

w
-l><
u1<
<
)
<
)
<
iR
<

v, V, V.

@ max. clique 75\3/] [Z 7&64:973 proper interval completion Z3R &N (X kLY,
v Vn’vn— I+2 I+l liﬁ%l E' 1‘*“3:'&"3‘-::]:[:\
vV, Ve vI VI
> HBMERDFTHoT, Voo Vo (X ERAS 127D KD,
VATA = .7y N et A P 3] Pl a7 S8




2. Algorithm for a threshold
graph

e RPLAFZDBIEEHSRTE L TELLD

....... {V1<V2<V3<°--<V|_1<V|

Vi <V <<V, <Viy

e+t R + SO200NET—IT RIS

—z a1 L
l | 1 F— A ANl e L,

Vv

H
<

N

<

=<

=<
<

(]

<

N

<

L

<

@ max. clique DIEH
v V...V ] [EmDOERID clique DHTHERXK
vV mOERIZECDHICIET
o #REEE7ILIIX L
1. form=1,2,...1do
o BEIDEFOHAX =m-1DEEDHEAIDIFEFHD YA X-1
o ERIDOBRHFBOHA X =m-1DEEDERDIEHED YA X+1 &
RV TBEWTEHEINACliqued KELV
2. output min . max{& A DI=FH v.s. ZE I D%}



3. Algorithm for a chain graph

« Chain graph: 2889 27G=(X,Y,E)T. X, Y B’&
DEBZEEI=T OICIEFFTHIEMNTES:
N(x,) = N(x,) =< N(x) € N(x)(=Y)
N(Y,) = N(Y,) << N(Y,) = N(y)(= X)
¢« LLRORERHZTEHD.ELEZAS:
Yo




3. Algorithm for a chain graph

e Chain graph: 289 57G=(X,Y,E)C. RDXEZXK

IRZFrD:

X, X 4 X

n n-1 “n-2 7

« Def:G, ¢ G TUTDESEZ clique [CLT=

X2 X

{X1’ Xyrees Xin Yii Yoo oens ym}(m ::‘N (X|)‘)

[E ¥E] (Kloks, Kratsch, Miller 1998)
1) & G IEIXBTZ7TH5,
(2) bW(G) = min . bw(G) &7 5.

yn'—l

y GlEE Ati
y RMRBER D
y, ° (C RETSIEOH??

o

Naive!l _

[KKM98] ®O(n2log n)7JLT1) X Ls
Foreachi=1,2,...,n

G ZHERL T bw(G) ZRH5B
min bw(G)) ZHi A.




clique [CIB T 59 R THDTERILZ. HHIRZEED,

3. A|90rit [Helly property] &Y. G DRRIRBI=HUT,

Def: G, & G TLLTD&EZ clique [CL1=3D
{Xl’XZ""’Xi’yl’y2""’ym}(m ::‘N(Xi)‘)

REETIV Yo
yn'—l

Vo

XHEFRIR

ym+l" yn'—l yn'

22D Threshold Graph
=R Xou 31,
Xn Xn—l




[Note] ZE D clique, H R D clique %

FRED k LUTIZHIA 1= prop. int. cmp. F -
LR ETES. HTHEVET . or a chain graph

7
B o o 220 Threshold Graph
o IREERZILIUX L EEUEEEHD

G EDEDEx LiEER

L Foreach — ¢ roznigaLry
1. G %5 e
2. max{ZAldmax.clique, FRD max. clique,

ABID max. clique} #&x/IMET 3 Y1 Yo
EDEEADAETHETS e
2. G, M min. max. clique A F/MZ 7‘&53<

| % H D1 Thw(G)-1%H 71

X.

G EIFEmABIZYS

7L (X max. cligue of

Left, Center, Right

DENETZELFICEET S
~—

/\_/

O(n) time & space




4. Alg. for a bip. perm. graph
(Outline)

e Permutation graph:
—  G=(V,E) with V={1,2,...,n} A% permutation graph
& % permutation o s.t. {i,j} €E iff (i-)( o (i)- 0 (j))<O0
— ROXREETILHFET S

VRROOO®D®
z /i
L 2345 678

@ © _o(2)  =o(l)

Bipartite permutation graph: Bipartite N Permutation

IEXK




4. Alg. for a bip. perm. graph
(Outline)

Bipartite permutation graph: Bipartite N Permutation

JREXE

Chaln graph: 2“57 57G=(X,Y,E)C. RDXEREZHF

l_‘

Bipartite permutation graph ZZEh 5 EFIZHBEL TUL &, EfLT-
chain graphs [IZT& 4, [Brandstadt, Lozin 2003][Uehara, Valiente 2007]




4. Alg. for a bip. perm. graph
(Outline)

« Bipartite permutation graph: Bipartite N Permutation
NNy W
@ ® ® ® | =
— Bipartite permutation graph G=(X,Y,E) [Z2LYT
e V,:={x}; leftmost LTE &

Vi:={v]|d(X,Vv)=1}
G :=G[V,UV,, ] =G(V, UV, E)

Thm:
G=(V,,V,,,E) [& chain graph.




4. Alg. for a bip. perm. graph
(Outline)
»  k-Band(G)I=xt9 DR EFRT7 LI X L

Input: G=(X,Y,E), K

Output: (Mintraum) proper interval completion of G
supporting bw(G) =Kk if it exists
1. XUY#%V,V, ..V, [Z5ET5

2. Foreachi=0,1,2,...,mdo
« chain graph G, IZxL T “E® clique” & “F RO clique” & k IZBEL T
AJRE7ZPR Y pack L= completion 5
—  JBHRTHENGGEST=6 bw(G)>k
— g‘cd)chque X >0 EBd TIZHLRFLOTWS...BEENSIEHRMENE R
- BREBETHENE=SZND bW(G) =K DEFEEZ S,

NFETERIERDT IO THREEREMT7ILIY X LELTEERRE,




Bandwidth Problem

or KYINSWWISRITHTHNPFE

k-Band Tl %<

k-partite &L T
f(k) poly(n) ?

Band %
EEBITEM? |
: Interval
Threshold "
Cograph
— | Bipartite
Chain permutation

 Exact Algorithm for {these|general} gra
O(10M) (R4 Ff) — O(5") (WG 2008)

Permutation?

Biconvex? | Convex? |~

Interval
bigraph?

nhs



Cutwidth Problem

The cutwidth problem:

o Bandwidth ICET ALUTDHERDTI=vI%

Ryuhei Uehara: Bandwidth of Bipartite Permutation Graphs, 19th
Annual International Symposium on Algorithms and Computation
(ISAAC 2008), Lecture Notes in Computer Science Vol. 5369, pp.
825-836, 2008/12.

e LTFDMHIXDEER(Cutwidth)[TERTAZENTEES...?
Pinar Heggernes, Daniel Lokshtanov, Rodica Mihai, and Charis

Papadopoulos: Cutwidth of split graphs, threshold graphs, and
proper interval graphs, WG 2008, LNCS, Springer. 2009.

Exact Algorithm for some graph classes
— Bandwidth @ O(5") Bfal 7)L3 ) X L%IHFH?



