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Invited Talks

Monday, March 2, 2009
Ralph Stanton
Butterfly Factorization (9:30 AM)

Ron Mullin
A Framework for Factoring and Counting Certain Polynomials over Finite Fields
(2:00 PM)

Tuesday, March 3, 2009
Ron Graham
(9:30 AM)

Fan Chung
New Directions in Graph Theory (2:00 PM)

Wednesday, March 4, 2009
Heiko Harborth
Some Graph Drawing Problems (10:30 AM)

Stephen Milne
Sums of Squares, Jacobi Elliptic Functions, Continued Fractions, and new
Formulas for Ramanujan's tau Function and other Classical Cusp Forms
(2:00 PM)

Thursday, March 5, 2009
Fred Roberts
(9:30 AM),

Friday, March 6, 2009
Donald Kreher
(9:30 AM)



Monday, March 2, 2009 (9:30 AM)

Butterfly Factorization
Ralph G. Stanton, University of Manitoba

Butterfly factorizations are defined, and a constructive method is given for
creating them.

Monday, March 3, 2008 (2:00 PM)

A Framework for Factoring and Counting Certain Polynomials over Finite
Fields
RC. Mullin* FAU, J.L. Yucas SIU, G. L Mullen, PSU

Finite fields have applications in several areas of mathematics such as
combinatorics, coding theory and cryptography. In turn, these often lead to new
questions about finite fields. This talk involves such a situation. It leads to a
combinatorial counting problem. The method used to solve this problem can be
generalized to a method of a wider class of such problems.

This method involves a transform on the set of rational functions over the finite
field F,. For a subclass of these functions, the transform yields a polynomial and
its factorization as a product of the set of monic irreducible polynomials all of
which share a common property P that depends on the choice of rational
function. We derive a formula from the factorization for the number of monic
irreducible polynomials of degree n having property P. However it is also
possible in some instances to exploit the properties of the factorization to obtain
a "closed" form of the answer more directly. We illustrate this with examples.



Tuesday, March 3, 2009 (2:00 PAM)

New directions in graph theory
Fan Chung, University of California, San Diego

Nowadays we are surrounded by numerous large information networks, such as
the WWW graph, the telephone graph and various social networks. Many new
questions arise. How are these graphs formed? What are basic structures of
such large networks? How do they evolve? What are the underlying principles
that dictate their behavior? How are subgraphs related to the large host graph?
What are the main graph invariants that capture the myriad properties of such
large sparse graphs and subgraphs.

In this talk, we discuss some recent developments in the study of large sparse
graphs and speculate about future directions in graph theory.

Wednesday, March 4, 2009 (10:30 AM)

Some Graph Drawing Problems
Heiko Harborth, Techn. University Braunschweig, Germany

For realizations of graphs in the plane there arise many combinatorial problems.

How many different drawings are there? What are minimum and maximum numb
ers of crossings? Which numbers of crossings in between are

possible? Can all edges have the same number of crossings? How many edges

can occur without crossings? Also rectilinear drawings and such drawings

with edges of integer lengths are of interest. Partial results and several open pro
blems are presented.



Wednesday, March 4, 2009 (2:00 PM)

Sums of squares, Jacobi elliptic functions, continued fractions, and new
formulas for Ramanujan’s tau function and other classical cusp forms
Stephen C. Milne, The Ohio State University

We first recall the "'tyoach" from his epic "Fundamenta Nova" of 1829. We then
discuss our infinite families of explicit exact formulas involving either squares or
triangular numbers two of which generalize Jacobi's (1829) 4 and 8 squares
identities to 4n? or 4n(n+1) squares, respectively, without using cusp forms such
as those of Glaisher or Ramanujan for 16 and 24 squares. We derive our
formulas by utilizing combinatorics to combine a variety of methods and
observations from the theory of Jacobi elliptic functions, continued fractions,
Hankel or Turanian determinants, Lie algebras, Schur functions, and multiple
basic hypergeometric series related to the classical groups. We also note our
derivation proof of the two Kac and Wakimoto (1994) conjectured identities
concerning representations of a positive integer by sums of 4n? or 4n(n+1)
triangular numbers, respectively. These conjectures arose in the study of Lie
algebras and have also recently been proved by Zagier using modular forms.
Related and subsequent work of Don Zagier, Ken Ono, Getz and Mahlburg,
Rosengren, Imamo\=glu and Kohnen, H.-H. Chan and K S. Chua, and, H.-H.
Chan and C. Krattenthaler is very briefly reviewed.

We conclude with a short discussion of our new formulas for Ramanujan's tau
function, including one in terms of the Leech lattice. If time allows, we then
present analogous new formulas for several other classical cusp forms that
appear in
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Wednesday, March 4, 2009
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INonday. Narch 2, 2009, 11:00 AM

2) Randie Index an<l Extremal Cacti

DLmid Grays: Hua \Vang. Georgia Southern llniver:,;ity

A cadll is Heomtded graph with each block bdug; an edge or a cycle. The Randit
iudex ,,fa graph G is the sml ol ((d(-u.\)(d{;)\J" Oler all ,odg,s ¥ cf C, whrP ti(,,) dlnot<s
tle dg,r,,e of tlw vrrt(ex 1, o E [-1,1] is not Z<mo. A cucttts is c,laem'T if it achieves the
maxiimllll Imiuimmn} wlllle f)r the? Randie; Index mldkr <xrtaill n striction.. Tht: <:xtrcmal
(1<d nf the llandif. index huve Hdll fXfTLivfly studied Iwforr-. W.. will pnwidc a simple
t((shniglw fur finding t:xtimal cacti il thi~ atc a = 1 (the weight vfa graph). A fomlllu for
tl' jidight of the graph ca"ily follow:, Wt will tilso explore variotl) a-K  of iextnernal nwti
with given IJmubcr ..f vdJtircs | pendant <dg<s aud <'yclcs.

K,eyw,mb: n,udi(: index, Cacru,. Extremal

3) Guideposts in the Cyclic Towers of Hanoi Problem
Joh!, W. Em,ert. lloger 13 :\"clsoH", Fa tk W. OwNt, (Ball State University)

TI<' multipl<e tOWK8 <f Hunoi pllzz<!with a llirctt'<] cyd<' tron.-jitiou graph b a varilltiou
of th" dassk :l-post t.,,wers of Hanoi pmzke to a puzzl, with p posts, wllcre p > 2. umber
Liu posts so that 0.1,2..... p-1,0is a dircct,,l cycle called the tnuisit.ion graph of the puz,lc.
Dcsiguau' onf post as sonrce. post S and anotlwr p,,st as rlt-;tination post. D. TherP dlc n
di8ks. no two of which ha-( the 8amc diw-ntter: 1lluh—md 1:... 11 iu or<er of incn.:asing
diarnct.cr. Eacli disk has a hole in the center so thut it will tit cvir a prost. Initiullv. ull 1
disk, arc ou post S. A disk may be moV<d f'om the top of post i to till' top of post ; if
und ,11ly if thr mov,, will not resnit in thc disk being phwed on top of & disk will smalk-r
diameter and post i is the pred.-<icssor of post J il the tnmsition grttph. Tlw problem i;
to detcrullll<' the ruinimmn munbcr of moves HJHNA to trawsfer all the disk to post D.
Eqttlvilleutl:v. oue Slks a :-hortcst path (gco<lic) bdwt'<lI vertices in the t-tatc g'aph of the
preblem corn-;sponding to 5aud D. This ,tat,, gmpll <onsists of p" Vlrti,c., reprr;<Illting
slat.  tog,ther with dirN'ted edg n presenting ltegal moves I)(t\vecn xtL1tPS The lidblk
stat graph is a fibrati,n over the (n - 1)-disk state graph. This structure and rdat<xl
s_ynulwtric; ar. exploited to id<'utify <Ibtinglliillt'd p>ints (bllid,sp>:-t5) such that ut lent Vi<
(Oth=ir. Iwtwtl1 sollrcc and k-stim-Jti<]JI] :-ttite <Ombts vfa Imion of .odlics  bltwccll flice
giuidept,sts. 1-eyivords: nmltiplc. towcr» IaJlok: transition graph. tihration. symmetry.

4) An Extension oft.he Bell Numbm- to Graph Theory

Dr vn\ Duncan: Auhurn Un.i\'¢niity

R a finite sd.. th* rnunbn nf pfirtitioniu  or tlw Ck-tniJltts into non-cJnpty sds is Kligwil
a, tle Bell nnmhcr. Ext,ending this to grnphs, the Bell nnmhcr ,11" 5rnph is th,: 1lumlwr ,,f
panit,iunings of the vertt'x set iuto noll-tmpty indcpreudtnt S<t. Th<: Oell number fur C<rtaiil
clnsos of gmplic i known. thCugh tcdmiqm:s for (ntUHcratilm \-ary by d a.d

N\c_v\or<b: HIHph theory. d partitions




I\fouday. March 2, 200!), 11 :20 A¥M

6) Powers of Paths and Planarity

Gm-y Chart.nwd. \V(st<rn ).fichigan Uuivcrsity, Flitaha Okamotoe, University of \Vbcou in
- La Cross<, Ping Zhallg W&">ttm -lidligan Uniwr,ity.

Variot> mcaemres of uoupla.uarity of certain powers of paths art; inve:-tigatcd. Some
resldts and cl)U problelns arc prtscllted.

K ord : powcrs of paths, uonplanarity.

7) Image and Video Compression Based on Permutations
Amy '\lihnrn. Florida .-\tlruitic University

PPrmutations nm Iw applied to compns"i fairly -taticc vidX> S{<lmeuc  1i<h us thos<'
usted in vidcoconfor,mcing, llrVl'illanrc vid,eo monitoring and medic,! nmltinwdiu videos.
An effidr:int way to reprtS\mt H pcrmutn.tiou resulting from an image is iutrodure<l. hHsed
on th€ plittern.s found in such permutations. \Ve rompar<' somP. types of regression 10 see
which giw-s the best approximation of tlw inverse pcrmutativH. It<Xkd to recover un image
f'om ibi sort<-d VI'rsiou and we disr11ss the po ibility of u,;ing momc retrkt("(] p<rmutatioll-;;
which ae dlcap to represent. We rxtend an 1llgorithm by D. SoC<k N, al. 12006) tlwt ucs
permut11ti{)]1S (ft.he pixds of .nth franw to triltlsmit a video S{(tlC]Irte.

Keyword: }H'mlultioll: vidt< <:onlprcssion

8) Approxhn.ation algoritbrus ror the ruiuhnurn rainbow subgraph probleln

St<'phan \lato. C:ullad10, Ingo Sdiisrrn<eyers. Zsolt TItl/a T<'<:Imi;clic Univ<'rsitiit !3crgakad<'mic
Fneibcrg, Gertlially

\Ve conid<r tlw \Ciniwmn Hainhow Snbgraph problem p.IHS): Givf’n n rapli G. wh(SC
edg-s are col,uml with p ctlonrs. Fiu<l a ;mbiTaph F - G of G of mininnuu order alld
with J c<lt"'S s11dl that each colour occiur exnctly OUC(. H lhb talk wP will pr<(mt IIPIHT
aud lowter homuh, for the ordt?r of tht millfil1lHl rllinbow ubg'aph F: F)r graphs with
nwximllm degree- LI(G) there is a fleudy po}ynmnial-time approximation allith111 for tlu:
:\JRS problem will, "" 1lppruximatioll rntio of (G): W, will pre=clit a p,)!-11lomial-tiul<-
apprt>ximation algoril1111 with an <lpprt)Ximati<Jfl rati() uf .

KCywordls: Colouring. iinimurn rainbow sllbgraph: approximati<,11 itlgurithm




I\fonday, March 2. 2009. J20 PM

13) Graphs \,Vith Neighbor-Distinf,'l.tishiug Sets of Vertices
F\ltaba Okamoto. Uuiv(;rsity of Wisc(Jr,in - La Cross<, Bryan Phinezy- 1id Ping Zlwng.
\V(:skrn )did1li1tn Iniver ity.

Sets of v<ertice; in a comll'<t('(] gnl-ph ane studied thilt wsl: dbtr'Ul<;: ts distin&ltbh every

tw, adja<ient wrtir,!s in the graph. We prr-s;nt som results ill this urea of resardl.

I\cyword: dit-ultc; <lhitinguihin:; vati<e:-,.

14) Cyclically Simple Tournaments
Ikhkd Santnna-: I<. B. Rdd; Cnlifornill Statl' Ulliwtir-ily S,w -falTos

\Ve gh-t a n:vixl proof of Zdiukm, \'huradcrization of t-ydically imple tmrwirncuts.
The,e an' orieutatiqus of <;ompk:k gniph-: in which tlw intersection of an¥twn cydt.., is
tlither rempty or a path. Thie uwln result diarndt."Iriz * tournnmc:ut thnt Mr both strong nnd
<ydi("1dl,, simple, und it is nsxI to complete the full ("huracteri>»tion. We d cThee that there
is thon\ is a uuiquc strong rydically simple tournament of eadl order.

Neyworl:  tvlmanl<>Jits, eydically slnl>h- tournl)m(nts. tran.itivc tolirnarncnt, strong
tournm1lent

15) On the Couverg,mce of Roots of Generalized Fibonacci Polynomials

RulN t \foliu,- (Alirm College), Akliht ZIil"k(e (Lym1ln Brigi-i; C>llcgc. \Jidligan St11t< Uni-
var!'>ity)

Pork_:: 1 dcfinP th" genrnliw>d FibonAc-d polynomill! s.-p,c-nce (C} hy Gfi(x) = -],
Gt"tD)=t- 1MH for 12 . G(r) = ¢GM1 () + 0,1-2(c). Lel 9 ckdlolt. tit<' MIn<ilitwil
root. of C,,. \Vewill prove that for each k 1 there ,:xist j umnb<er 01 with the pr(Jijirfy
theit the odd-iudc."{cd 9ry converge monot. mkullv to 0% from bcl,w and the cven-index(>il
gf}'s convtrgi= monotonicilll, to tt;. from above'.

Kleywon]Js: Fihonuc;ci poljd0mial rt)(t. <\nlvertl<t

16) Generalized Chromatic Numbers of Graphs with Bipartite Complements

r,ut!Mm A. \-Ic-K,In. (s1111Kticul Coll<eg,

Tlw cm,d,tional dm,11iatic rnunber c(G, H) of a graph C: with rcspt'Ct to" snhgrnph H
is the mininmm nnmbcr or r.olors nce(Kled to color thP verlirPS of(: sndl thut uo r(lor cliss
c11will'< a subgraph of C iornorphic lo H. i.e,, His a fo-biddm .;ubgupl, il <11 <ulur dnss.
W< itW(.">tigll<e the parllmeUr 1"(G.1/) wlrr<: th Tlomplcllwnt of th, graph G is a bipartite
grnph ,ind th,, ubgraph H is t Immber of varions famili(.-, of graphs ind11ding patlis and
cycles.

Keyv:unls: v(elI’X <:0krittK gellenllized d1n,rnatic wuulwr. hipartitt. gmph:—-



Ivlonday. [\Jareb 2, 2009, 11 :40 A'l

10) The Infiuigon aud Its Properties
R,lwrt A. Bed,er, Alb.,a A. Rockn<'ys, Cassi<' E. Yl'urwood. East Tcmless<'<' Stat,, Uni,wsii.y

Tue il1filli, okt is a )raph Ct)IL)trndred by irlscribing i triangle into a drrlc, folow<—l by
a LGjlla'C: follow('d. by ji circlt. and & on. In cadi ihirMioJl1, we iucrca.,c tiw nnmlwr of
idl' (f th(' polyg:ou by ulc. A grnph can hs ohtniucd hy pladng n vertex nt each poiut nf
inter!l<'djion. \\; n>toV- pvlvhom; wlwn Iw<c-stlry € avoid O\'Prlnpping \PrtirC'1 [ this t<lk
we will <bcllss prup<erri, of tlw infinigou: indtulillg vertex iuld edge counts. nerh-x degree,
Euler aud Hamilton tyd(:-, Virttl'( and (:d{L; cliromath mlmhers: and pr<Jpertics related tc,
di-tmet’ allt ccnncctivity.

11) d-Strong Edge Colorings of Graphs
Arnfried k(aimitz., llifossirniliano !llarnngio, Tedrn. Univ. 13ram1,dlwcig. GrrmaJl,Y

If <: E - {12, ..,k is " proper r,Jgc <olorin!( of n;ruph G = (F.£) then the palette
S(u) of avcllex ¢ E Y is thr set of Nk,rs of the incident ,<lg'8: 5(1) = {c(c) :e —w E E}.
An <lg  coloring c distinguishes V<Ttic-s u and v if S@,) ;f S(,»). A d-strong c<lge coloring
ur G is a prolwr edg- coloring tlat, distinguisll'S all pairs of vertic-; u an<l % with distance
d(u. 43 =5 d The miniimun munlwr of culors of n destrong <dge <o)orittg is callc.d ,I-strong
diromnti<.: il1<kX )C/C) of G

\Ve will presnlt 101111 gtmcra) results on d-slrong cdgf! coloring-. as \\d as spC'ritk results
for paths and cycle ;uul a garlPml conjectur<.'.

hceywords: edge c-oloring-s: 8tron{ dlromatie indt-x

12) Hamiltonian Labcliugs of Graphs
\Villein Rtni'c111a* alld Piug Zhang. \V(ziteru Hcliigau Uniwjrs-ity.

A Hamiltonian Inbtling; <f f graph G of ,xdOr n it a vertex hdl:-liu; ¢ for whkh thP smu
of Ic(uj - c(vil and th(> Ingth of I lon"st & - v pllth in G is at least n 1 every pair ","
of two db;tind. vertke:, in(;. \Ve inv<iitigltt\ the: minimum k for which G has a llarniltoniul1l
labding. all labds of wilieh Iwlong; to ttw sd f1, 2, .. ,k}. Scme re,ult, and cp<u qtt,:sticns
invohillg this concept ar dcsnibcd.

Keywords: dPtonr distarH'<": Hamilt<rliul lahding.



Mond, s larch 2. 2009. :3:40 PI\!

18) Reachability in Arc-Colored Tournaments

Vli<had \klchcr*. Ii. B3 R, id. California State University Sarl \'larcos

A monodirornatic :-ink in nn arr--evlorcd tcumainent b K vert(ex that <l be r<wht<l
Uy every othN vertex in the tournament. by a mollO<hromittic puth. A raiubow k-tyc:le iu
an arc--olorc<l tournruncnt is a cycil' with k arc; sudl that 10 tyvo ar in the cyck- huvc
the sclinc color. :Vlotivate<l by a conj'Xtnn- of P. Enlo"s aud § (-mj<'rturc hy Siinds, Sauer,
and \Voodrow, we investigate the <'Xistf]lct of monoduomatic ink+; in CCrtain tournaments
without raiubow 3-cycl; the tournaments considcn-d urc tournaments obtain(;-d from spt<(itLl
lc r<vermls of trarnitive tournanHeut,, Among the tOIU'TULmPnb inn-stigat<'<l ute ups<'t
tanrnainrnt:;; tournarfiC'llts that mp ohtailwd by rcver-jing the nrg, in a p:uh fom the solllge
to tlw sink in a tr;miitive> tonrmam1,:nt, Hesult:; from the likratun:: and 0lfic open probl(ems
will al,o be <lig-u;,L-<l.

Ecyword: toilrnanwnt, arc- olorinbrs. nlonodH"orrnltir path.;. upset tourniullents

19) Arrangements of \efarked Dominoes
Rall>l1 Grimaldi. Rosfe-H1llmall [n-titut<e cif Tl<lmolugv

\VO considn tWe tvpc of markal domino: (1) Tho- with two dots un ,adl facte: alid.
(2) Thos{\ with me dot on one flH» aJld two drts on dIP vther. Th<: Sfond type can hnvr.
th,, fac, witl, one <ot on ither the 1ft fan, or tls right fa<’c (and one ,ud, dolniuo can be
rotti.t<] er:al-to-cud to prodnne the other).

For ca.di posit.iv, integer n WP eount the munbcr of ways W cnn am&llge 1 ¥ tlc-;, two
typlz- of dominoes in a line so ttnt tjw number of d<ls on the ritht face- 1f t;Kh domino
(except for Lh, lust) is th<' swle a; thl' numlr of dots uu lhe 1dl face of the dorniuo tltat.
folkjWS it. Thi:- providc:i another :-jitnation where th{' Fihouac:ei rnuuhcr:, tub(e.

Then, collsi<lering all tli<' p<JSsible ways ,vc can armutg<' thc u domillt<' Imder thlte
coHditi<Jn: W tonnt (i} the total munlwrs of face:; ,vith one: dot and thP t<Ufl rnunbcr with
two dcts: (ii] thP. number of kevrb, that oc<'ur thllt i; the 1I1lmher of times we have a
dei< wiivl\ pair of fac; with the sanle nmnber of dots; (iii) the nnmber of ris rhut oczcur
that is: the rnunbcr of timt-, we hw<' t CHS<-Ilfivc pair uf fa<( with oni dot Of tla first foce
and two <lots on tlec s1rortd face; (ivi the mm,h,r,,f descents that ccenr tirnt is. th, 1IUIIThN
uf timess t1,Ne H n con:--ecutive pair uf foecs with two rkts on tlu: fin,t and vin- on the s<'fo(m]:
fmd (v) tlu numbtr of nms that ocrnr tivit i th< numk)(r timl-, wt have eon-e-cutivc lists
of fut>= with OIlI' dot (two dot;;) wht'rc each such list i pn"--cdt] by nothing or t fact' with
two <lots (cm' dor) and is followN] hy uothin or a fa(<' with til) <<Jb I0H< dot).

Palindromii-: arrungCTnCJlt/i <f thPsc di>milllH'S ar. iJso cnlLjidtnd.

Keywords: Fib,ruwd nurnhcrs. dominVI'8. arnmgcnwnts. l<vd- 1 ri ('S, <ll>sccut.

20) From Checkerboards to Graph Colorings

Gary Chrrt.rnnd, \1\ssuern lidiils1n Univ<ersitv. Fntaha Okamoto. University of Wisrnn.sin -
La Cr°";._e: Ebrahil]l Saldii, Univer:-ity of \"evada Lns V<'ga.,. Pill Zhang-. \Vcstcrn \[idtignn
UJLiV(fSily.

A dw\'’knh(HLrd probkln is introduccx]. Frum tllis, a “L1t.x coloring of gral)hs is s11ggf-sthl
whidl rceemlt; in om(e c-vloring probl<erns.

I<reywords: dieekerhoard. vertecx coloring.
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21) 4-cycle systems of the line graphs of completle multipartite graphs

Dr. C.A.Ro<li;cr, Ni<lhi Schi;al*. Auhurn Uuiversity

In our lat talk W bridiy r<'viewed the neces."iary and suffici<'nt couditions for 1hc cxbtCl1<e
of el-rydc ysterrl; of Uw line rn\phs of (X)rplctc multipartitt' gruplL). \Ve htld con<;tentrate<]
on th" G< where ,ach part of th,: omplctc rnultipartil<' grapli had ryven siZ(. In this talk
the avd1 ca’( is r<svhewod thCJl w- will introd11cl: omc colltruction; for the ettse whrn each
part has odd size.

Keyword::-: ryde ::yltCn. line graph

22) Monotone Reachability with Short Paths
Jone-lle Hook, Gnrth baake:. Lhil(h Uniwr,itv

If we { color the arcs of illl) nitc tonrmmwnt cnn wend a sink it of 3 vertic  sudl that
therc i: a mono<thm;1 natic path from every vert X into the st" rrhis b a sp(-cial rase of tlw
monotone reachability problem. A :;ink &% of,;,., I can be fowul if only 2 colors are 1lsd
on 1V(ry triangle. \Vt Ui a simple reductiou to sho\\ thut n ink set of size 3 cxits if the
trnnsitive dn,11rc for om of th<: color!; ha il pl th-, of length J or no inckpcn<leut set of size
4.

Keyword: t01lnmments

23) Graphs and .I'vleta-Fibonacci Recnrsious

Abrabarn h guri David Reiss ivld Stcp}wu Tanuy*. Dcpartrm:ut of :\lutu'mntic-. lluiw-r:.ity
uf Torouto

for I > 1 1 nonncglltiv0 paramctns a, b, p = 1./, rl'fin<, lhe recmsion C(u) =
I::(n-aC(11 - bu)). dmot<'d 1 short by (ulhya,.bt,...,a,.bl). -hwy welkllowll mela-
Fibonacd rt'<lmion: with nppropriatc iuitial C(Jnditiow;, are =pl<ial cH-(s iududing the
HofstmlU'r Q-rcemsion (0,1.0.2) and tbl! C111olly rx-nrsi<>n ((1,1,1.2). w., fonLs on particlllar
choic,; for the pllrameters and initinl conditions that k<Id w solations (eqncllr<'S) tliat
arc lo\y zv-o\ving that is. thie st<JI'UC( ;ut- rnonotonc uon-<lcnr-asing nnd slifxcssivt: tPrm:-
diffrr by { or 1 VW< discov<'r u dlar:tct<.rization of :(lmc families If pariill'H'th for \vlidl
Y Gl demourrotl* a fasdrll\ting COJUN\X:tion IH'twrecu the<' low growillg metu-Fihonucci
scqllmecs and iufinite: u-Ocs with special lahcling sdwmcs for the nodss: in (lih (o< the
SCGI'MI'UCC connts tht! 1111mir of lah,.b ou the lcav<-s in particular sub tf\", of the CPS. This
work et<enlls ull] wlitics solllp recent contributions by Rtt-kt\y and D1.ugau cuid Balarnuhan.
Zhigiang <Ud TiUlny.

Key \Vord:: 1'1'tttF ibona(si recllrsioll; Conully reclirsi,l; slow growingst<IiiTic; infolite
Linory tr¥<.

24) The Set Chromatic Number

Crai. Rltsmnsscn. fia\-al P(l:-itgradnatc Sd1ool

Gin'n n nontrivial gnlph C = (I/,EL Izt <: V -e ¥ be a Clloriug in which ndjh:<;nt
virrtices arc ajlkwe<] to hav, tlw ;rune <0101: For cadl vat<X # # F . define th(e nrldlhorlH<d
color & NC{'F) to be the =t v( <thr- \l#d in th,, ncighhorh1)1]l oft!. Thfe coloring,; is u
#L colorini; if I>E £ implies NC(,,) /, NC(+,:). The 111ijlinllm nlimher of r-olvrs neqnircd
of a set. C\Jloriug b ,\,(0). th set chromatic uurnl,n of G. Thb talk will pr<(eut erm' hasic
n-snlts.

Keywords: Graph culoriug. et eoloring: ndghbor--dbtiugl Lishing d luriug;.
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25) C-4 FactorizatiorLs with Two Associate Classes

C. A. Ro<llla; L A. Ti<'lIlicycr*. Auburn University

Let ,J; = L(a.p:1+>4 1, tbc multigraph with: the number of vertic,-s in tach part
equal to w rhe umnlwr of puts equal to p: the nmnlwr >f ("(lges joining any two vertil:<hki
of the Slim{ part (‘qtwl to )\ 3 zind the nurnhcr of <'figl' jlJilling any two vertirr:s of differ<int
parts C<Jllal to ,\. Tbi grnph was of int(n:t t.>Boe- and Shimmnoto in thdr study of
group divbible dffiign-, \Vith two as’oc.iate dasses. ¢C(,a ¥ and sutficir-nt conditions for
1< existence of ,:-cycle- d<\'Omposition!) vf thi;; gJaph havl\ IHxn found whteu.: E {3. 4}. The
exi kuc<." of n-;olvubl<e -1-cydc de<;ompo,'itions of [ ( lws bell »(ettled wh<'n ,tis t:ven. Jmt thl
odd caf' & mudl IMadi diffknlt. In this papcr; m'ces-ary Hild sufficient conditions for th<'
existenc of,, C4-fa(-toriz,tion of A'(a.p: >.,:,\,) ure found when a = 1 (mod -] and >qis
even, ulld suhslautial prugrces, is made in the case where > 1is odd.

L,rywords: factorie>1tion. grapli thory . J-c-des

26) Equal Full {0, I}-Matrix Ranks of Local Out-Tournaments with Tournament
Strong Components

Zachary C. Huclow' and Kirn A. S. Fuctor, zVlarquctle Ullivcrsily

Find dassc"- of <lilphs whoM: ndjilcenry m,ltrirf-s have (qtml {0,1}-ma.trix rnks hns
k-G approa<'h(:d from several diffir<Int augle'j. In this talk, \W look at the real. 3cljietul,
r, mncgutive ind'geer aild t<tm rimk-, 1)f adjac<_ncy matril'¢:-i of local out-tumwmerd-i. A local
ont-tourm.ulwnt is a dip,Taph where tllfe 011t<ct uf <VAY Vt!rtex bu. tollrlirunrnt Hl'rc qwe limit
the ront rurtion of thc out-tournuml:'nt:-. tf tLtCN wh<JSe strong cornponfelus ar{ tonramel1t's.
\Ve explorte corLstruccions where N ranks afe (Juul arid the matrix b uonsingular.

E,s,-words: {0.1)-matrix runks. Boolenn rank. nnnnPgatiw integer rank. tern, rank, local
tullmalllent out-tourrlluntut

27) Valuations on Graphs and Their Direct Products
Rob(rt A. B,-eler, East Tclul;s:c Stale University

A dccolllposition of a ifmph H liy a grapll G is a partiti,11 of LiP ,11;c ,et of H sndl
that, th snbaph indll<'Ni hy the Led{S in cad\ p-1t of the pllrtitifin is isomorphic: to(;. It
is well known that ¢ graceful hll<lling of a graph O illdll¢> ¢ cydi<: G-<IPcurnpositioll of a
rornplirc graph. B<ltlr ,md .Jamison cxt<'flded thi-~ notiou of grncl'ful lahcllint h> that of 1
genlr,il vuhttition iu a cyclic ;roup. Thte\ yidd cydi<' lICCJJJ1positiOll<; of cirCufmt rllph-,
In thb, taJk, we will 1.xamine tlw prl.lbkm of Vtlhullious il all arhitrHr,v group. Thb, will yiflq
a d("<:omposition oft\ Cuylcv grnplL ns wdl ws tlle structure: of the asst,datC'd iutersr'<:tiun
graph. \: ¢ will ttlso cxrunirw the problem of <:onstructiug: raw valuation::- fnun old 11:ing din=t
produs;ts of th(;ir ussocillted groups. Ju tbis way. W{ will ckfiHe new prodttd on ,raph:-.

28) Star Avoiding Ramsey Numbers

M1rl<! Hook-\ Garth bititk, Colton f\lllgmult. Ld-ligh Univer:.ity

Th (grnph] Rams(\Y nurnhrr R(C. H) is tH' :malle-t illh\\lr H sndt that every 2-cnlori]]
Jf tlu (dsl. of 1(; (‘ontains cithrer a red eopy of Gor a him: opy <f H imd therc exist,; a
2-coloring of J<,I-1 that docs not rontnin a red copy of GOr n blue \lpv of fl. \Vhat is thr-
largiest tar A'4k that (au Oe nlnovt<l from K,, ;0 Lhat thl' uu<lerlying graph is still forn'(l
tJ havte eith<r n red copv Gf Gor n bhw <{bY of H? Tlmt hi determine the laqt--t iut<:ger
/ such tli;1t (VI'ry 2-,-oloring of A, - h-u: has I'ithcr n 1d Gori\ him- Ha.ad tllrrc exist- a
2-ft>loring of (. - J(li+1 withont a rt (:(Jr a blue H. \Vt Hav(e detC'rmined thi- iutcger for
some dns.es of graphs Gand £/ wilar U(G,H) is kuown.

Kcvwor<ls: Ham<y umnbcr, rdge-CON)tfd grnph
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29) A special list coloring problem
Vlargit Voigt. Uniwrsil.)' of Applied Sci(:nccs Dre,dm. Germauy

A list wyigmnenl. f. of C is a ftmction that assigns to "1y vertex,: of G o sd (list) L(vj
of <:olor,. Tlw grnph G & mill<d L-list t:Olornble if there is e <:oloring,; of the ,wticcs of C
sudl th>1t ,(,:) E L(v) for nil 0 E V(G) aml p1) @ ,:w) for "Il Iw E E(G).

Jonn H1ltdlinson mentioned th, followini; gn,-stim ak<'<l by 13ma- ltichtcr whrne d(v)
denotc-s the degree of v in G

Let G te o plulul-; 2wdlinckted graph which is not a comvlek graph. Is G Lelisl colmnhlc
Jo, <vgy /it assigwHnl L w1 jl(teJl = min{i(t),6} fur 111, EV ?

fore gientn] we may askad for \vhidl pairx (k) tlu follvwing gncstion is aulwenll in
the «ffirmative. 1\otc that a Gallai tree is a graph C surh that. <vPry block 0f C is Pitlwr a
compll'k gTaph or an od<l cyclt\.

let r nnd k te i,deger, alld let G ke a }'Immr . -cumected yrnph which is not a Callai
tnes. /; G L-li,t culmble fm: w171 1ot assiyll1lent L with IL(,)1 = min{d(v), k} 1

The talk Hnmmuri%c: some nent r<ults arid op<en problerns<, C:(JBC<min this gm:ition.

I(cyworcb: list coloring. plauar tr;\phs

30) Imbedding Partial Tournaments

Le:Roy B. Wa,sle. Utah State University

Lfst, D 0 1-0pIPSs dighu frec dirc("ted grnph on Ilvurticcs. I3ttsed on row and/or colnmn
;mus: what. is thc smalk’'5t, N such that D can be imhcd<le<l il a rpgular tuuma.nwnt on N
vertie;(..,, This gmestilm is auswat'<l in sonw S])(fific <:ascs.

Key wonh,: 'lollnlaulent :tlbronnlillllent imbce<tcling of <ligr.phs.

31) A kind of conditional vertex conuectivity of Cayley graphs generated by
transposition trelS

E<ldi’ Cheng-. L;\,zlo Liptak, Oakland Ifniwrsity

Ld G II't flph. Tlien T G F(G) b <fllkd an U2-dkltcenll if G - Tis disctmlw<tted
and eachv,-nex in I'(G) - T ha, iit lcat '"'" ueihbor,, in G- 7. Ti< size of I sl1lal<$t
R2-vurt(ex-cutb tH fi*lev<-11n;-Gvun,ditlty of C: and & dcuohd hy i* (C). \V, determiuc this
number for Ca, le& trnplu, gicencrated b, tnmspositiou trCf-.

I<eywl)rd;: CiVle ygniph>: t"ullditional \"Prtcx cotuH\'ti\-it,

32) The Distinguishing Chromatic Number for the Product of GraplL'i
Robrrr. A. B"dcr. Jackie L. Ewrh11PIt I11'. E>Ist 'frnnesse<:, Stat(e Uniwrsit.y

Tlw distinguithi1lg chromr;ti; numlxr of n a raph C i tht' ininimum munher i)f color:i
edllircd to lab,d the vertice:;, of G in ndl t waY that JiJ two adja<«went \'Ptticl:- utne tltc
same cdor anti no autornorphism tif thc graph pre;<rves aJl thr- colors. Thb tlotull was
intro<ine<’'<] bv Colil$ and TreJlk wliC'rc thl:y gane §H' distillgubhillg cllnjinittit- nurnlwr fOr
st'Y<Tal clakISCl of simple b'Taphs. 111 this tdlk: wt c-xpau<l ti1b lo tlie Curtcsiall prodttd .r nw,
i;rnphs. Tlissc graphs will inrludc tiw path, titfe eydc, #H ,tar. md the ¢milpkst<, gmph.
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33) Choice numbers of some complete multipartite graphs

A.J. Allagall" and P.DJoluts<Jn .Jr.,, Auburn Uuiver,ity

E timak:--. ,u,d 1l some cail?, (xa<t values. ;up 11lhtaillad oft.he choice numbers of some
<compl<'h’ multipartit<- grnplis in which all parts excpt on,' arc ;Isizes 1 or 2. Th>s<' n,.,ults
also ,timat<; nud MJHPGm(:~ & rmilkc. tlu- Ollbl 1M of twse? graph-. Tlic Ohha
nllmiwr ,,f | (finite simple) graph is the srnnll-st order of a cliqul' sud, tluit the choice
mllllber alld the dlrom1Hk number of the- join nf the graph with a cligne of thut ord(?r arc
I'<tllul.

I<0y wordH aud phrasCt>: rhoi<t” number. rhromatie nnmb(er: Ibt coloring

34) Small Chords in Mix Graphs

Rob<rt E. Jamison. Ckm.,on Univ,rsit)'

hmy ;riiph dli,.—s ran J{ fiemill-dd usin roughly tfle following paradigm: flich vPr-
t'< b assigniz<l s1Jtn<'thiug nleatiuring its Sl.e alld soml.thing: nuecliing it~ tolenmcc. ff the
<ombinctl sizl' aG<C< the QJmbinst1 to Icmunees; 1th<'n tithn' b u gmfH<;t un<l the corr<-spow.1-
ing vrrtice Twe 11dilltat in a conflict J1Ylph In tbi;; paper tlw fnnetiom, rombini]] sizes
dlld tolerances are 1 fnnction. ; which integ)<elat(’ hnw(t'l 1fn and nwx. Thb work &
an <xtcnivn or ,vork by .Jacobson. Lehel, find Lt-sniak on ¢-tolPrancc graphs. Strnc-tttnil
prop('rtit'S. <'SJ)(ecially th'! existence of dttfr<l-: nnd ronn(e(‘tions with othvr graph dtcs= will
he dbcllsced.

l<ceyw(rlb: iutcrscctiun graph. interval grapll, #lr<Shold grapll, tol<.rancc grapll, .:p-tolerauc<'
graph: lwrcditary gnlph da. grlipl rnpn'S<'nhltion.

35) Cyclic decoruposit.ion of cornplct< g:raphs into 1:,,1+ , :the rnissing case

Dalibor Frolleek, UniV<'rsity of :\Jirm,sotu Duluth

A 1smph Gis cnlled alrrwst hiprutitf- i ther exists"" Nlge e E E(G) sudl 1Imt C - ¢ is
hipartitc. In 2004. A. Bline,,. S. El-Zan,iti. ,ind C. v,.nd,-n Eyndcn dcefin,d a mw typ<' "f
lal>!'ling. G111x , - 1 1thd ing. Wliosc (o<istolC< t;,. a graph Cwith p '<Ige; gnuraute-cs a cydic
0-decomp)sition of I<;,,. | for any positive int<gler x.

In" m,cnt prreprint, S. EI-Znnnti. W. ()'Hanlon. ann E. Spicer """I tbc lalwliu to shlw
thylt if In > 2 and ]("," +,. ;uisrs from A4';,, hy addin,; d CJ( illto thc prtite s<t of
sbie ml then Ky,,, + ehas a')' - lubcliug und tht-njore c-y<licallv 1lt'Compos, K1l yjl<re
k = nm-- 1. fur uly po.-itiv<' integ<r .c. Thcy also bowc'tl thllt for 1= 2 He 5-111hteling ,;xist:-.
How,;ver. il the coudw,ion of tl«<ir pap(:r thc ' cexpr-rl  a b<'lif that. a c:ydir dccnmpt):sjitiou
exists. G thih t,lk. we nn going to confirul thdr h,-lid.

36} A Survoy of Mixed Decompositions

Robert A. 13,el(r. Adam \L \'leadow, East Tcnw-,sc'€ Sta.tc lJ1liversity

'Iripl(" Lystcnu, hav(' hren stmjiled for more than n HultdrO1l ;44 in both (iil(n th-ory nud
in graph d</Comp<;iti)ns. I is will known that tlic :,olution to I<irkrn:ul's Sdu,olgirl Pn,lilt'Hl
b cquival<erlt to exiskllC<' uf a A-s-<lccornpositiou of J\-j;. 'This nnlt. was later g<.ncralizf'd
to d<'COIlJ)Ositiom; of D, hy oritlltntiull- of Ks hy r.dellddmhn in 1971. Thi- wa’ further
Pc.ucraliz--d to dC(-dmpoitions of th<' mixed c:ompl:t<' gl-apll iuu] parti;il orieHtLtilms df I(,
hy Glirdner in JUIO!. [i1this talk. w will give a short snrvcy ,,f tripOsy,t,-ms an,l their
relation to ckr.0111prition.. \M' will also givc new re,mlts for the d e\>mpo iti,,n of a mixed
ailllpht(> gr:1ph irlto panial orientations uf variol simpl<' gT;\phs.
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38) Graph Amalgamation and Hamiltonian Decomposition of Multigraphs
vlohumrrwd Amin Bahmanian*. Chris A. Rodger, Aubttrn Ur]\1'rsity

A Hamiltonian d(-composition is a dc-compoxition of a rpgular graph into spanning eyd<.s.
Amalgamatiug a graph H am be thought of a; taking H: purtition.iug it;; v<stk&s then for
arh dem<Jlt of th< partition squashing thl: vertkr-s & form a Ding<e vertex iu the >Imnlga-
matcd gmph C. Any <fi<e incidmt with th,; origiual wrticcs in H arc thr h ind<rent with the
(Orresp\Inding Iww vertex il G and any ede joining two v(ertkes that. nP sqnaslw,i. together
in fl bdSom=" a loop on the new \'trkx n G. Graph mnnlganlatiun has bl<it provf< very
[mw<arfil in cml.tructing Hamiltonian decompositions of varivtts class(-; of graphs.

Jn thi; Utk we describe this tcdutlqgne Hu wt givi? H gimcralization 'Jf aif pr(?vion
reh £ in graph am'-lgamation. Then wp give a necfSsary Imd sufficient cxndition for
1o(@jeeees a,;).1-A) to bl' Hamiltoninn <it,ompooahlce using thb gfencrali4ation. and linally
we giv(' some NXHU- sions for almost-regular graphs.

Kt>ywords: Graph homomorphism. Lhulliton (‘ycles, Amalgamutiun, Edge coloring

1n
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41) Circular (n, k) games

)fotthi<11 D11follr;1, Univerlity of QuCLeq at )Jolltial Silviu Htul>ach. Californill Srat<e Uni-
ver,ity LS Angel-:,;

\Ve (kscribe a game coHisting (Jf 5 pilx of t<kPns pla<<tl il a drdce. A 1llo# comyists of
<hoo-sdng k (On<;<-cntivc , ih : and tnkinp; at Il'ast one token ffom th,, k pil('S. ione prC'i dy;
if t; is thy mnubrr of t->kms in pile j. aud Q is the nnmb<r ,if tOkclls tlw playN sdc<its
from pile J. then the mirs arc M follows: Pick pilEs i i+ Ly, .. i+ k- 1 (mud 1§ and s<lect
0:; i $ | rvkeus from pil<' j = i+ 1 -i+k- 1will ...‘1aj 2. 1. \Ve 1an\ cxpk,nxl
this glunc for mall case and ckt<>rmined the e of losing stat.f's. \\\e pnesr-ut tl<'se result
an\l some conj0<tl1n.

KII'\vorch: Combinatorial guru.ss.

42) Coloriug of Distm,ce Graphs
wregan Ingrnha.m*. Hirf]1 ‘\Jaharnj. Clctnh'Jll llnivCl'lity

It h1 pneviow;i? Leen provm: A distance grnph C: (D)with distanc, ,ct D={,],, d ...}
has the set Z -If intcgrrs 3" thd! veertsx S 1with tvo V<ttit(e 1:y E Z a'e adjacent if aud
ouly if Ix - MME £ Thm the dlromntic nnmber of G(J]J) is finitc whm<?wr inf ;ﬂ-’ o
W,. will genernlire this rf'Snlt to a distance !IILPh C(D) with dist>Ince set D = {d,.d;....}
which ha,; tht' set Z" as thc vPrit’x sd. Let D = {d,,de, ...} 1, an infinite distuleP set such
that there exist inttelen, r, E Zforall 1 i n :-llitbfying L; 1 < b {then G(D) hit, a
prop<er coloring usiug at HtO:it -;zll-, c-olors.

Kcyw, rds: distance- grnph. proper coloring

i

43) J.uduced sub-di, raphs with large girth of influence di, raphs of t,ime-stamp<:d
, raphs

\fare J. Livrnalle, Judiaua ll-Purdur ' Fvrt \Vaync, Dnew .. Liplllan, Oakland

A Timi-—-Stunpf-<l G:i , h & a grnpb with nmltiplc cdfes hut no loops, 17, 1i- eadl .die is
lab<i-d with" tim(.-tamp. A timcstamp cul be thouglit. of as the tim," whm a ccllahorntirn,
or intceractiou \W<ury hctw(:cn tH: v<ertiy, joiucd b, the ed, e. Gvt1l a tim(-tcunp(-d gropli
H. tbr. nsod . ted Mftlrence dip;rph cf H i t1- digraph Off fw \'tert,x set > H witL &l mT
from vertex J to vertex I( if and onl, if thter{! + n path from Q to R with 1lon-dt'<rcasin
tirnstrtrnp;.  We say that ¢ illflumcPs R. Ollle questiou that can be 1lskad is: Giv<'ll a
digraph G. what b tlitl' smalk-t tinl!-stunp d gritph H so that G is Mllincluc<\l snbgrnph (f
thr; a-sodatP<l intilWHCI' digraph nf H'.' In tliis pap<ir w& providte a <:orn:trtt(tiun of-11<h au H
for auy giv,n Jligraph G, 1Id show that if the uud,rlviug graph of C ha, 1irtl, great<er thru,
-t thi constru<-tion is bt pJs.silJi<.

ICYt\'Onh; timc-1-tmnped graph. ufillcu(s( digraph: lItlrge girth

44) The ]\ faximum Rectilinear Crossing Number of the n Dimensional Cube
Graph, Q,

:)Jultbcw Alpeert (Harvard University). Eli,» F,-der' (Killgsbonugll Golm111111iy Colle!(teCLil\'Y),
Hriko Harborth (Tt-clmisrb,, Uniw:rsital't) and Shddon Kldn' (RmnLam .\lesivtn High Sd1ool)

[, This nli<:trd: we find and prove tl(e maxirnurn rcetilimear crussiug number vf (e t.tm:c
dimensional ,:ihc 9mph (Q:). WP <IPmonstrah, a rnthod of drawing tlllI' n-cuh,- b'rnph. Q,,,
with mauy cr->ssings: aml thw, find 1 low(sr hound for the mnximmn rectilimerH <'r-hsing
Ityither ,,f O., \Ve conjcdm<: that thi hound is sharp. \Ve ,ilso prove ,m 1lpper h=1Ind for
thr maximum rec-tilincu- crossing mi11tlpr of @,

Keywords: 11laimllm nectiliucar rrossing: 11mniwr, clihc graJ>h, 11(ube raph




Tuc day, March 3, 2009. 9:00 A1Y

45) The Competition Numbers of Regular Polyhedra
Yoshio SA:\O. Kyoto lluivcrsity

Tiu' (:ompttition grmph ,,f udigraph Dis u (simpl<' undimct<<l) graph whi<h ha; thl- sam(e
vertex set a° D mid ba; ;w ctly< hltven two distiJlct vaticre!- © and I if and only if thl.rc
Ixists a vertex vin D swh tlnll (¢, v) ad (y. ») arc arcs of D. F,r nny iraph G, G together
with snflicientl,y many isol11t,I wrt.irc,; is the compctiti,n gmph ,,f some a,,ydic <liiraph.
The competition numhN k(G) of a l(raph C is defined to be thc smallest number of such
isola ted veJti<es. It is au NP-ljard probk:¥l to < mypute the eurnpctition ullmba k(G) for
a graph C aud it has been omx of important rts!urch problems in tlw study of lompctition
graphs to chnractcrizce a glnplt by ifi competition nnmher. [t is well known that there ozt
5 kinds of nfiUlar polvhedra i the three dirnmsional space: a ttrnhcdwn, a hexahedron.
an o<tah<<ron, a dodc<ahedron. an icosalwdron. \Ve mgMd a polylwdron as a graph. The
compPtition nmnbsers of a t<etrahcdrou, a hrxahcllrort. an octal,edrou, and a dodecahedron
aC lu~ilv computed b, known r<Sult, oo C<)mpdition tnunber. In thi;, talk, \( fo<l on au
Kilsa ledron aud give the txnct vuue of the comp,tilion 1lmnbir of au irosaht. ‘dron.

Key, onhe: compl'tition graph,; compl.tition munbter. edge diquc <owe: n-gular poly Iw-
dron: icohahedron

46) Dist,ance-2 Labeling of Threshold
Arunclhati llayd11ludhuri. Dept of '\-J,tliematir-, College of Stat.,,i Isaud, cc:,.-y

In thiH rmpecr. we prosat, some 1, nlt - Il dbmJ1Ct-2 labding of grapb:- with di-imetlr
tivo. 1 <istmee—2 lahdinp; of a gn:ph. each vPiCx of G is as.ign~d Hnon-nC'gative inte ter
/(x) such that if the dist,uwc bawlren two vertiic;, ¢ and ¥ is 1. th<n !'J(,) - /(vii 2 if
this dislUJI(< is '".thcu If(;;"! - J()! 2 1 and if this distuncc is L Teater tlwu 2 tlwr,! is no
<oustraint on their hlbds. The pHn p2(/) of a distauc<. 2 labeling f b the maxiumilll value
»»f /(.c) ovyr "I the vertices = of G. The minimum span of ,i distance- lal>ding, 12(C) i, the
minimum value of sp2(/] owr all distan<ee-2 labeling; of 0. h this talk, we will provide"
polynomial algorithm for finding /2(C). wlitr<' G is "spLxi,I dass of dillm,t -2 graphs, the

.dc-s of tim-,hold gmplLs.

2i

47) On the Relationship Between Node and Edge Component Order Cormectiv-
itjics
C.L. Snffcl', L. Jyuzmicrc,-uk. St(s\tn: InstiLute ol'Trchnologv. D. Gross..1 Saccoma.ti, Sctun
Hall Umvt-n,lty

Ve d<Stribe two vulntrubilily paranlcttr!S whidl inodel rHpwork, that are vnlneral>lf
H)xe or (g< foilune bnt an' d1l=idten-l to be opernlle provided the urviving retw<gk luv
l-lzmﬁidciutly hnge (Ontrh!  piXI. \\\ discuss somc COUNILT and ditftfilfICX<t behvc(su
themn.

48) The Orchard crossing uunlber of complete bipart.ite graphs

Eli» Fedn (Kiniojliorough Comnmumnity Coll<'g-C:U\Y, USA). .,nd Dlvid Garb,r* /folull
lu,tittJtc ,,l Trdmology. Israel)

\:\I' continue our r=Rilrh rcg:rding the Ordlnrd cring  nurlltwr. which is <etined n a
Himilar way to th(; wel-kuo,-.n re<dilimecft cros-ing: munbter. \V;: ¢ omputl tlw Ordl,ud uossirig
mumb<tr for <<mpltc bipmtitr: grnphs. To a,e@iplish this, we first. illust.rnfr wn upper liom,d
by prclmntinf]l a configuration of 1;,.1with n Mull mmilh<r ,,f Ordund crossiug. Ve th,n
pr<!I<llt a rigorous proof flLlt Ulis h>Imd is shllip. In th;, last plld of th, tnlk w;, will pre-s<nt
S drawings of I<,n, graphs that shvw thc cornplications iu fie compnlatious of Ordlard
<roing mlmber i the genyral <HY of Ky,,u gmphs whene m % 11

K,eywords: crossing number, l'ompletc bipartil<e graph

2)
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-i9) Cycles and 71-cornpetition b'l"aphs
Bonuo PARJ(e (55111 I\atioual llnivcersity). Yr,;hi, SAKO {hyot.o Univ<'rsity)

Tlue notion of a 7J-ciornpetitiou graph and Mk p--t-ornpctitiou nurllber of a graph w(ef
ilttrc\liHcd by S. -R. J{in1, T. A. 1<:Ktt, F. R. -[cforrb: and F. S. Robert:, as a gttitrtllizHtiou
of u c,rnp<'lition graph Hnd tir. roulptit<H1 nurnbcr of a grnph. rt:-ipNtivdy. Let 1 he
a pnsitiw integer. Thl: p-compct,tion graph C,{D) of" <li(raph D = (V. A) is ,, (simple
11ndirc'tcd) [\TAph which ha, the same vertex set V and has ;n ,-dg- Lctwl¥en distinct vertices
:candy if and only if thfn: exist. JJ distinct verticf vl eeee 11, E Y sudl tilat (c t)). (y. L)
arc ,u-cs of dIF digrnph D for <ach i =L ... A

\Ve (Hi r;,sily t>hs)rvc thnt. for any graph G. G togethPr with :11ffi<ithuly many isolHtt]
verti<es is thP 11-rompftitiOn numb(r of some a.cydk digraph. Tiue 1,-r.omprlition mnnbrr
k, (G) of a g'taph G is ddiu(e<l to be th- miuitrnun number k sudl tlat G with k isolated
vert ice, is the J>-Compl>titiou number of a a.cyclic dlgn:tph.

In this pript-r. we giv<' a me<>ssm) mul suSfficicut condition for a eiyde and for th<' (Orm-
pklmeilt of a cyd(' th he a J>-cornpretition grliph. Wt ,ilw giv,s a dlanlcrerization of graplti
whosr- Jrcompc-titkm numbers are nt most m. wluere m i n givr.n nonn<sgtttive integer. Then.
W cornputl' the p-comp('titivH numbers vi' a cycle al!d the cornplemcllt of a cyd<.:

l<eywcrds: J>-C-Ompetition gT1lph p-eompetihon mlmher. J>edg<: rligne cov,,r

50) The paranoid watchlnan: a search probletn on graphs

Jjul<r Dalzell, Ivy TI<h Cornmuuity Culllgte: Davi<l Leach, Univcr:ily of \ ‘c;1 Gi-orgia:
\ecttthPy \'\\tl;h+: Irnliuua.-Purdtte Univeriry Fort \Vayll(e

A wal<hmau is touring a graph tu cllsune that it ii frc of intntd('rs; Iw is aware of auy
iutrndrs within his inrnediah’ ncii;hbourhood ii.c. witbin ditanc:c I ¢f his positim) and
wilws to find a rout<e that will mrantec that any iutrud<wrs will br: dl'ICcti\l. \V, liivc
UN'CSemuy and uftici(ent c:mlditi,u for such a route to <xht iu a given graph. aud CXiWlinc
smlle g<lilcralization.;; of thP. problcJ-n. \WC ttlso compare- thb with <fher sea'ch problem. ,n
graplL.., such as cops & rubbers and durninutiou Stilrd1

Keywords: plirsllitevasion. graph sOardling, inkrwU groph-;

51) On Some Properties and Algorithms of the Hyper-Star

Fan Zltang*. J.c Qiu. Brock llniv(r:sit.v

Tlw Hyper St ir graph b a rwwly propzy,1-d intar-Hmr-c:tion 1wtwfrk in ordtff to improve
tJC nctw<rk ant dl'fiued as th product of it;, tk-grfe 1ind diamr-h'r. \VP study tle Hamil-
touicily probliern and d,evdop 1 rtdghborh.od lir.,adca".ing ..1gorithm for the Hyper-St 1l
Slt-cificaJly: wt ldow rhat thl' Hyper Star graph H Hurniltoniau if ond only if middk cnht'S
I'C Huwniltonhh by (tnhlbhin m isomorphism bdwcen the \\o. \Ve thln <l<'vd<p a ucigli-
borh.lod bl't)adcasting algorithm by fin<lin tht! node--dioint. pttths of <YHistar I'n th hc-
P11 tlle neighbor:; of the broudca.sting nod-:. In vt\W of tice lower boml< impo:icd by the
siugle-p<rt rnodd: our algorithm b IL.") 'mptorkally optimal.

Keywords: Hyp<'r-Star. Jforniltcuicit v. 1\'dghborhvod Broad<"astiug.

52) Graphs as Linked Cycles

Roger Eg:&h:ton*. Illinois Stutc Univt.ritVj Pctter Admri:-. Uuiv<rity {If Qll<<enshultl. JaJllt'N
\I1c:Dougall: Uuiversity of t:wed.)tc.

Giv<;n a tinitc graph C: kt 1y, and I\'1ht- isomorplik ind1la”() proper subgraphs (f G,
ndt nt<<h-fldy <Ibtiuct. ChoosP an bomorphism fl : 1o -¢ A'1 Extzelld ; tn &l iOBh)rpllbrn
,r: Co->C,, wlen” G, = G and CON G, =K,. Tlw Ulmph 11 = Go UC, is a linked poi,.
\Vith i1liull i1k G, krnu:l K, pre/:eric k. ond £hit g Iteration tf thb (eorn;tn irti,) Iyit!<l5
n linked dwin Gy UG; UG; u... UGl fur any , ? 1. with G;-1 NG, Ki firl.is; 1
For :initablc n we (UB require that G = Cy: producing du nlinked f-yde. lany grnpll' o<
actually linko:I c:ycks. and thi!, vi?\\i=oint gives ;1 foctori;, 1tio11 of tlicm.

K(#9wortb: graph. isornoivhism, fol;torization. liuke<l duiin. linked cycll'.
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53) Rungc-Kutta-Fehlbcrg Integration Methods of the Newton-Cot<-:> Type

Charle-; E. Rob,rt.,. Jr.. [udia.ua State Uuivcrsity

\Ve dtvtlop a fourth-ord'-r :md a fifth-orde-r Rungc-Kutta-Fehlbt'rg nwnpri<-al int.cgralion
prowdur,eof th¢ -j,\Vton-Cotc, typ(' whidl have small nmncrical factors as:;odat<ed with the
trmu.-ation errors. The umnterirul foctors of thc trurication lemors of th ¢ mpth<Xi'i of int"gra-
tion arc compared with thc nmncric;] factors of thee trnncJtion ,rolss of the corresponding
[Tl<thods derived by Fehlhcrg. For the fourth-orrll'r method. the absolute valnrs <fall of the
nurn<?rical factors arc mailer than those of the corresponding Fc-hlberg methods. Fur tlte
fifth-orckr rMthod, ,;ix of the tw<'llt)’ murt<'rical factors of trw tnmca.tjion errors ar< zero and
th1 absolute valnc:e of fonrt<"<H of tlw twenty muucri<:al ©.~tors 1lic smnlk-r tul0 tliosc <i tlw
com:-spondinr; Im,t Fchlberg meth(KL I\ltmerical results are presEnted.

1(<)'Words: initiul vnln_, prohlcirn;; mlmcrical inwgration, Rnng<"-Kut1Henlct]11ods

*54) Some results on the watchman nwnber of trees

David Jj:,;,eh*, Dni\'lI'rsity of \VCSt Georgia. ;\fatt Walsh, India.na-PnrdlW University Fort
\Vayuc, Jmwt Dal-\'11. Iv, Tech Couunmiity Coll<'ge

W< 119 a rymph as a me<d of a sealed facility that n"',Js to he semrhed for intruders.
A ivatdlman at vertex I elm obs(‘rvf Al vfrti<' in 1V[t] Intrnders are agum to have
perfr, 1 information about tlw location of ull wat.cluucn, and tlw ability lo Pe'rfoctly predict
their mov<emeut. \Ve <kfinc the watchman rmmbcr of a graph C to b rhe minimum Inullber
of watchnlcn n'gnired to ,ensnr<' that. ther 1Ihc no illtmders in G. IIl thb talk w, lojik at th<
ca-f' where Ci:; a tnx-. S, w.ific8ll,. we dlara<-h.rile the trees with f watdtman numhCr of 1
andl give some upper bounds for other catiCS.

55) Subdivision of the Cube

R»ben. A. [kckr. ;.!khael fl. 0(ren. '\lathunid \:LE. Wilson-. Eust Tciurss,., State: Uni-
ver=ity Thi' cube is a grapl, that apu<ear-, vfi<on as in <Xillltlt. of computer uctworkiug

structures. In this taJk wt CXJJISidfr subdividing of the dllhe and connt'Xlting 1t new points
when tlw ir associillt'l.] (ligc"i sharl’ a common endpoint. \Vt: will Iw <lbcussiug J1< properties
of thrsc gr;;phs. WE will also be disclL"ing lhhsibk applicatiol1s of these gYaplis to the lidd
of quantum cornpnting.

56) k-cycle free one-factorizations of complete g 'aphs
\forilt=z wvieszk'l. AGH Ljnivfersity of SClencc and Te<hnol<1ly. Krak1>W, Polttrnl

A 0111;factorizi\ti:HI of a regular gapL G is nuiforrn if the: union of any t-> onc-foc:tors
is isomorphic t< the amge two-fartor H. whidl is a disjoint nuion of Pven cydt-s. There
are onl, SQ\etral infinite clL.;( of Klloall uniform ont'-fa<;torizativin> of completee graphs. Au
oppO=itt: prop'.rty mliy be d-alt ,vith: Olw (UU ask ubtmt the cxbt<:incc of O’ f atorization
such that the union of any two orw-facror-, doc; rt)t includP cyvde <f giv<H l<ength-. A Jm
foC'torizati<]H F = [F;:12,... . F,) of G is sitid k-crj<le Jr<<e if thc tmion of any I\0 OL1( - fact<r;
does mvL, includ the cyd™ Cl as a component, CotN'<]IWntly, F is k;-cyclc #~ if tlw union
of any two ow.--fodvn; does not. illdnclc all cycl(8 of I<eugtlis . k. It is prov(<l {11t for ew:ry
n ;: ] and <very <wm k 72 4 where k # 2t: there cxist, 4 kecydc f'e(' 01H.-focu,riza.tiou of
the complete graph (5. lorcover, smlw illfinite da~:=cs ©f k <-<tyd<e fir't' ;mo-factorizntiou:-;
of K;, arc constnlcted.

Keyword-.:: onc-fH-toriz,1tion: k-cyd<-. two-factvr
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57) R ,gular antichains
vfo.tthias Di)lun. Uuh-crsitiit Rustock

I<t 6 be a :;uh,cl of P([w)). the power ,d of [m] := {l.2..... m}. The sirc uf L, i
n := i6l. \Ye call B nn aHticha.in if then' arc ac, two scr, iu L wiliiclt arc comparable uu<ler
set indusiou. An ,mtidia.in B i, called k-rci;ular 1k E N), if for cad, i E [m] th,re arc texu:tly
I: bi><Ki Bi,.Bu..... :Bh- E 6 rontaiuing i. Il thi caSi’ we say that.Bi . (ki m. n)-1l1ntichaiu.
\Vg analyl—c if for a givr-n pttramctn-pair {m. n) an (m, In u)-antidmin <xi=t H not. Oar
mithl r._.ult is a sutlici(ent condition: Let 1t n E N arhitrary with #, G and with

{ m+:1:;n:c; 1G) - m] if T11=0,1,34 modS5
'"+:l$n'SlG = FmJi= Wooif k=02 mod 5.

Then there exists an (72 m, n)-auticllriin 6.
K<eywonb: (R(=gnlnr) antidlain, Compll‘kly :;cparating system. Extr<ina] St theory

58) Graphs in which each indepencfont dominating set intersects c,ach minimum
dominating set

P<itcr Johnorl !Jld Davi<l Prier”: Auhtlfn Univ<ersity

Every graph with an isolattCl vertex has thl. proplerty gvcll in the title. Let slich a
graph with no bohttxl wrtic-s bs calhl DI-patlu,luj\ical, for sh"rt. Pr<'violLsly it w;,, dis-

-c-eVlred thiit the only Dl-padlologi<;ij( graphs with dominHti<>n umnl>It 10 gneot-er thnn 2

are the complete hip rtitP. pymphs A-(11, 1) with m. n > 2 Her<' wP describe" larg<' da»s of
Dl.-pathol,,gical counx-t<'d graphs, uld prove that thP smllkst D1-pathological grapll with
dorninatiou rnutiler 3 tOnsi-t, of two 4-cyd<es juilwd by a path of l<-ugth 2

r<oyy words and phrases: durnina.tion. duiniraation munb(er. rninimnm <hmillutiug s<t

il

59} Low-dimensional Cross Comparison GraptLs
=t J. Calkin; Robert E. fomi:\11, J. BowlllcIn Light". Ch:uisorl Univt.ritv

A eros. rompar,5011 gnLph mvdcl is onP in whidl cadl vert Cx v is as.,iwned a rank r,. and a
tolenmee t, (both from li(ll{’ partially ordi-n<l fCt P). Hd tws, vtirti £ alld v ilt- in confiict;
iftt, 2 twand ., 1,-.Jlambon showl< thut tht: rr11jr'OHIJ(1risou rnodd is wdvcral. using
u-dirncnsiorwl reul vector imd coor<liuat<..i-isc cornparist)ll to rtpn:-teut a gra.pb on n nirti<:tes.
This talk will fo<IL’ 4J tffiriclt;] of reprt’ltttnti(JliS - the srnulk:,t vnlm. ti >néh tllat a mph
rIm Iw t(epresented using d-climensional v(,ctors. and will alt empt. tg clessi(v those grnphs for
which d S 2

J<(ey;-ords: conHicl-t(lern.11c<' hrnphs, c<rTT graph:-. c'(tor rr-pn‘hentutiMi1s

60) Irnbcddint,"S of Graph Products where one of the Factors is Q,,: a Survey
Ghickw<,n Abay-Asmecrom: Virginia Conunouwcalth Univer;;ity

Th this talk \\( will survey rninirnum imbcddings of gravh products whtk' one of the
factors is Q, . ti<' n-tltbe. Thf prodncb we will cow,ider iudllde: cartciall. turnpositiull,
t<ensor: mid :;trung tensor pr0d11(ts.

lL,cywnrd,;: 1Taph products, gmus irnbt'<lding,;
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61) Zero-Sum-Theory in affine plam-s over finite fields

Christiall Reill<'<. UuivNsity of Rostock

Supposee that. p iHdkatces a prime nlunbcr. We ure interested in qtwstions falling 11wkr
the followir')\ general srhmlc: A-sw]lc that a eclmencc P = (P,, P,,..., Pn) of points in the
attin f! plan¢ ovyr tiw firld contl:lining J d<'ments is given. \Vhat <an be inf,m"<l from its
Im!(th ahom the existence >f a n3U-empty snb,<'qnenr-e of P whose tPjLs sum np to zero?
Provided that 11 is s11ffidm1tly larg(e. one might: also think of adding some con,traint.s on the
wize of mu<b a sub -quencO.

F<r iWtUI<C. it I be<n conj<'(;turc<l tweuty year ago by KEMNITZ that in casc n = 4.p-3
m<' g1 gd. slidl i =11b=<quencc of l<mgth 7; necentl, . this hs bP(ll provrn.

Anotlwr line of r=arch is roncemed with extl'llSion., of ul old re;nlt: dne to OLSEN about
thc DAVENPOR" cousttull of v-bl"oup:; implying in particular thitt if you tak(' = '2p- 1in
the above situation. tu'n the <xiittnce of some non empty zcro SIUL -subsc<1llencc follO\vs.
This. hows<y<r, does uot remain true if we attempt to rgJ/i\rc 2p == 1 b, 2I'- 2 But some
intcrr ting  things rtegndiug th<: <ltts."\itlfatiou ")f comit<.'H?x,unplcs cun bt' sti<l.

Kcywor<b.: Co mbiuatoria] ZNo SlUn -Tli('CJry. Kemuit;-' Conjectun-. Davc'uport eom.tunt:
Property B

62) Neighborhood Homomorphisms
John Pfahz*. Univ. of Virini:, JQSCf Sb,pal, Brno Univ. of Te<h.

A ncighhorhnod homomorphism is Llnatural <Xtsenion of the familiar graph lwruomor-
phism. \Ve Pxplore thf> ways SH<h mappings inlcra<t with d,1mimtting Sfts. In pnrtir1llttr. w
y=ttblish crit(rit t'1"turiug that a n<eighborlioo<] homomorphism will Irlk rninim,tl dolninutiug
sets outo minimal domirmting: st'ts. Con..;idcring invariml<'t' tuldcr tnu:isformatiou provide:-; a
s<nnewlwt diffonent wiY of looking at Im old <>zgablbhCli  probl<:m.

J\.eywonl: homomorphish. domiuatiug set

63) Greedoids on Vertex Sct:s of Unicycle Graphs

Vadim E. Levite. Arid Uuiv. C.nter, Isnu-1: Eugen Ma.udrcsrn. llolon [nst. of T<xfo,.. Israd

A marillmm :table set in ograph Ci astHhk- = of m;D:immn =jze. S is a local 111uimum
stl1ble s!''t of G. and w, wriw S E >I1\G) if Sis a rnaximum sttthlc' sd oft.he snbgrapl, im/11ed
by SU N(S), wh<I, N(S) is th< neighborhood of S. G is a tilligl<f yrnph if it owns ouly
ox cyde. It is Inmwll that tiir family w(T) of a forc;t T limns a g-recloid on its vertex s<t.
In this ptiper we c(mplPtPl, d+ ruterizC mlkyde pmphs whose falllii(- nf local mllxmlim
stuhke s.ts form gmxloid,;. In particular. 1j/((i) is u grccdoid for e\lry graph G will, the
uilig ne cyd<- of ijizc 3.

k<ywords: 111licyde graph. Lme, bip Lrtitl' bTaph. 1\Onig-Egerv<.iry graph. nld maxinmm
talke =1 gnxxloil lui,ud, rc-;lrict<'ll maximltm rnaldting

64) Finding a Biplrulcu- Inlbeddiug of C,. x C'y > C, x I,
Joshitll ], Lambert. 1'<rth Dakota Stat<; University

DclC'rlltining t)(" bipl:urnr \'r(issing 1Imnlr or th(e graph(\ X clx eLl/ P, WAS 1 probk:1ll
propos<id in a paper I, Czah.ukl. SYkorn: SzCkdy. aud Vrt\). \V, fiud as a t'((UOllary to the
m;iin tw-on'm of thi talk thnt th{- hipl<mtir croillg nnmher of tHe afonerucutioned grnph
is ©10. This n"Snlt follow from the ck<ompoiti-111 of C1 / C,, x C, x f1 into HW r.pv or
el x Pi,,. |- 2 copi<S of Gt X Py, and a <opy of C,,A P

I<csy\\Ords: 11 1irknBSs, biplanar rro.,sing numbO.r, decc1111hJSition
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65) Local Motions aud More
H. Sternfdd*. !SU; D. host<'r, UWLC: R. Killi;n:.\e, r,tiwd

A quadr:mglc- is four pe)ints. no thrr-c colin<'ar. L<t ABC D 1,, a quadranghe in a proj>ctive
pluw. The diai;onal points ,,f AI3CD me E = ABnCD. F'= ACnBD. G= ADnBC. If
thn diaJ{onnl point arc not colin<-eu- we <an perform a ))rul motiou hy moving from A B CD
to any of four new rpladranl;l0s: AEFG, 13FFG5, CEFG. DEFG. A proje<tiV<' plane
is s'lid tv he )11 motion conner.tKI if i is possiblP to readl any quadrangle frcm a given
<Jlla<lranglt hv a sterh: of !>Cal motivn. It (earlifor work we :showf<l that. the plane of i,rdN 3
is )mmyx-t,,]. Ifot.er proved that the plane of order 127 i, not loc;] cwtiou comw<tad We
continu<' to study lo.~al m<Aion eljmHxhed11cs"i

66) On the Domination of Kings
Jolie Bamlum111 Xortheastern University :\cil Calkin. Clemson Univrrsity Jtrerny Lylt-* The
IIniwr,ir.y of Southern Jississippi

In this pnper. wf fonsidt:r connting lhc numlwr of r-ontigur.,tions vf kings on an kx n
chl;=;-board sueh tall every squuP is dumirrnted hy a king. L(t f(k: 1) he the 1lwllkr of
tk11linuting configurat.ions. \Ve corider tlw asymptotics of th< fundion J(& 1) 1liug t Ily-
hrid of tie tran for matrix method and 1 pn,lul,ilistic pprouch.

I<<eywurds: dulllinatiilg :<'ts, chesslx{u-d problems, tnnsfor Inatrix 111ethud

—

67) The corupetition munber of a graph G with exactly one 1naxitna] cliquo of
size ]

JungYcull Lte)- (Seoul >lational Unin'rsit,v]. Scog-Jin I<irn(Konkuk Ullivcrsity) Sult-Hyurrg
Ki111(S1'0Ul «-Jatiowtl Univ('rsity). Yo;llio Szuo(I<yvoto UrliVIl'-ity)

Given a <ligruph D. it <compctiliou graph C(D) 1la the sarw: vvrtex =t as D uml ull
<0 bdw<'<fl two vorti<<S ¢ Imd y if tlicI'(: b a V<nrttex ¥ < dwt. (T: 1) rmd (x ;v) an: ar<s of D.
Roberts !U178) observed that. if C i; HIY graph, C togethcr with ;11ffidclitly mnny i,0lnt,,I
\Pttir<>S is the r-ornpetition graph of fH acycli<" digraph. Tlwn he drfined tlu ;0111ptlitin
number k(G) of figraph G to lw thc srnall<'st runlwr k sueh that G togthcr with k bolat<'il
\\'ticc;; addl*I ii, ttu, cornpf:titim gntph of un acyclic <ligrnph.

Rolwrb, [19i8j gav<' a fonrmla for tlic compt.'titiuu umulwr of G<1lmeckd grnphs witll Ho
trinngk and Kirn and Robert:-: '1f]97j romput<'<] the compttitioll 11111y of C<Jfllf<tc'<I {raphs
with <Xa<tly OIC tiallgle In rhb Uilk we \ give the rompdit.ion munhnr of n gnlph witll
cxaetly JIP maximal diqw.: of ;i%c 2 3. which adc'11tls their rrnlrs.

Keywords: comtl\:tititm graph. comp<\titicn numhcl\ m;iximal cliglw

68) On the system of multiple alL.different predicates

Scrg Kruk, Susan Tvn,ae, Oakland llniv rsir.y

Jn this paptr. wr rxpksrfe tht' propert ics oft he r-otnh structiirr- &f thi. mnlt iplc rtl. diJjrirent
predicates by pn-st\nting t\vo clas<'s of foect-indndng iucqualiti(-=; uf tile euuvex hnll vi feit-siite
illtcgpr iolution:s. Siucc the munb,r of facets is <:xpouCntial: we giv<' 1 pcllyr'llllllial-tirnc
scparnthm  tlg<rithrn that <ldd (ht' fo<'t't-indndng ilH'<)tUlitk4, L, they be<om(e vioLitnt\.

Keyworlls: Simnltancou Inardlillgs: Polyh<(Iral MtructurC; Fa<et

JJ
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69) Optimal Rankings and Labeling,, of Graphs

Roh<rt .Jami:iou. Ckemsou Uuivrrsit)' Darnr.i A. arayan*: Roclu-suer ltbtit.11tc ofT<'<thnolog v

Given u gmph G, u fwlttion f: 1:(G) {l.2....,k} i ,i k-ranking; of G if J(v.) = f('I)
impli<'-~ every u--v p,1th contain— a vLitlx wsuch that /(wj > /(1r). A k-ranking; & milillwl
if the rcxhwtion of noy lllbcl greater than 1 violat,  th< d'hCrib<XI nmking prop(erty. \Ve
<Onsider two norms for rninimnl rankin&- In the tifit norm \w- minimize thl" lari;est label
of a rninimal ranking and in the se0lld norm we minimize the ;Um ov,r all labd:is. The
11111:coptimal norm IIJ(G)!L,., i the smyt!lcst k for whith C lw.,;, minimal k-ranking. This
vitluc is abo nefonc<l to as rlw rnnk number x,(G) i previous work,. The sm11-optimal norm
11f1GJ11, I th minimum sl of all luh{'b over all millimli rankini;;. We will investigatE’
similaritit-"i-i and differPnt-<,;, betwt'<ll the two 1lomms. In particular we shO\v that patlls mid
cyclt that. an: sLun-optirnal are- abo max-eoptimaL
Finally we will present new results an<l qu,stiuns involving other wrt<ex labclinl; prolMrrL,.

I\<:ywords: k-rankillg. vertex lab<liug: verl('X coloring.

70) Graph theory of single-molccult> conductors
Patri<:k W. Fowler. Dcpartrucut of Chemistry, UnivNsity of Shcffil'i<l, UK

Conrluction )r an dc'Ctron through a n,.Jx-ular ,ekctronic device: i modelled by an <x
!ff<"ion iuvolving chttra<:tcristic polynomials of Hu' mole<:nlar gnjpb :md thrce w.rtx-dcl<;tt(i
suh-gTflph<;. Two IJS))<Cts when.! gnipli tht-vry <l give insight an- ""<}til:onduction and dl:c-
tivr: 01n-1dty.

Equicou<l11rtors are non-isomorphk f-ontluctors with rnodd trnnsmiiOH fimftiolls that
arc idteuticu} ut ull ek'<:tron <eHargic- Their ;xistem<<' follows from that of isosp<>etral graphs:
i{>m-poctral vPrticc:- <0d pairs. IufinitP fomilie of c-quicim<lucting mok'<-ular grnph arP p<'-
srnt<l.

Opacity of I rnok:ule to pa,slgc of clectrons ht spc-ifk mergi,.,_is !(lvemC<J b, th eigm-
Villitl:: spectr<l of the four charul-t(erb.th.: polyr,ornials. K<seees-orv and sutfici<nt condition for
opacity of molecular gmplLs I gi\'lll. aml emcstrudiotLS for comp,>sitc i;rnphs ,u- ,xhibitcd.

™filis hllk is bIMt 0 joint. work witli Barry T. Pickup, Ts:wk;i z. Todorov<L: Sam lling
(SheffiPld). 'Thm" Pi,;,n. ki (Ljubljana), Wendy :\-Jyrvold (Victoria).

I(<-ywonb: cheminll graplis: udjarcnr-y matrin; cil(<nvalucs: is>SHt'Ctrnl gn:1ph

'il) Twin Graphs
ILgnul<l :--jussbami* Dr. Abdol-Hossc-in P.stiil,mii<u, Michigan State Ulliversily

This pap<r inlroducps a me\; tVPf' ¢f Tnphti knO\wn I uvin graphx. Givf'n a graplt
proprrty .P. a sitnple non--elf:rompl<'m(entary raph G is called a twiu l'mph with rr-spect
lo P, if G and il, (Omplcnwut satb(y propyrty P For ,1,.. purpose-, of this paper, we focus
on the \I\Y where P i tlesfincd as the wnnb<er of slmnlling t<fd <€ G. Tlwsc graphs: whidt
we refer to a; sp-twin graphs. are dd:incd thth 0 simpl, 1101-Mf-eompl<'lif,ntary gri-tph C
ve,o complern€nt. hos th<' same nurnb,r of slnwning trCN a; 0. “\o Mf>-tviu rHph - with
fawver titan S vertices exist. However. milny p-twin graphs (exist s 8 or more vPrtiet:;. In
this paper, we provid<e an c xtaust ivs kn)k ,it aJl sp-twiu gruphs on 1 or fewer vcrticPs, and
for <:trtaiu -YI'-, of grnphs uv t> 17 vertices. Sp('<:itkully. we con:id(er sr,edal (-1, of =p-twin
graphs whidl arc also trianglo-ficc. gnadril»tcral-free, hip,utitc. Eulcriru,, (. rcgulitr. \Ve
alto <'Xamine th< number (j¢ -Ige;; for sp-twin graphs (I a particular 1111M4r of wertice.;,
which vari:5 rtelaUvelv litt].... & well as the nwBber of sptuuling tr{-¢, for -ip-twin grapll"4 w
a pmti('uhu rnunber \f vertk..,..; ,vliich varic;, considerably. Finally. we corlj<d<r uther graph
fli(1ftunes :mdl a rmilhti;, diarnctl'r. uld girtlt in relation to sp-twin gruph.

Kcy,\\nds: bTnph. twiu graph. <:omplcttl('tlt. spanniug tn,{

72) Quantum co<les from caps
Vladimir D. Tond1cv, :di<higan Tr-hnological I'nivcrsity

Caps iu a finite projective: gr'<)mllry oxer GF{4) are usx«d tiw th(' c-orntrudiou <f ~<HH
quMt,um ,,rror-c>1-re<ting codes, including In optimal [[27. 1], »Jj code.

I\eywords: crr<r-c;orrN:tiug <H<\ quailtillll Cote finite iE"tmestry.




Tuesrlay, Ivlarch 3, 2009, 3:40 Plvl

73) On Edgt'-Balance ITuckx Sets of Cubic Trees

Piug-Tsui Chlmg. Long Island univcr,ity, Sin-Mfol L"- Sau Jose State uaivcr,ity. H,in-Hua
Hiblwt, SUNY Dowllstate: Icdicnl - Centrr

Let, G= (V, E) b asimpl ;raph. md k& A= {Q 1}. Auy tllxe labeling/ : E -+ A in-
dnt\!S" partial vrrt,x lahding 7” .V > A that "ssiins Oor 1tr, /"(1;). <g><IHill\ an wl,cther
th(en! wo NIHC 0 or 1e<dgeh incident to : and HIVCS J-(1.i) nnlahtle<l othcrwist.. For <ath i E
4 W fJ/i) = w EE: f(uv) =i and t,{i) =~ EV:/'(le) = 1. Th, NigEhalancc index
set Gisddin(-d a; EflI(C:) = 1"1(0) - ¢1(1)1: the xige labeling f satblics 1<1(0) - "r(1)I < 1
A tnP i called cubig if all internal vl'rtices arc of desgnx 13, ‘Tt thi pap(:r: <Xurt valllci of the
eddcbtiall<d - illdx set5 of (uhi<; txH nn- obtaiued. ull ¢f th\JJl forru arithructic progres..;ions.

kw \Vwr<b: Ed.ccfriendly labeling, t-lgt-halttnc:c iwkex st:t. Ollt—poillt tUlion ring of ring:-

74) On the Spectrum of Middle-Cubes

Y. Jiirng. Univ(erSity of SciPncc < Technology of China, K Qiu*. Br,kk University. Carrndfl,
R Qiu, Utliversily of Science and T>chnology - China, J. Sli(n. Ttxas Stat,e lfuivcraity

A mid<llc-Cubf is m indllft sllbgraph consisting of nod at, the middl(" two layrer, of i
h vp<rnbe. The mi<ldlc-mbes o relat,,] to th,, well-known [h-volving Door (Middi<" I<v<H
(Onje-cture.  \V( study tht" middk-.lubc graph by completfely chamrtswiziug ib sfHxnfin
Speyifically, we first prs<nt. a simpll; proof of its sptd.nun utilizing th, fact that tll¢ g<ph
is rdated to Johwion gnlph, wlLidl Mg dstmCer<e{Hlllr graphs uld whose dgenvnhw:- cin
b0 acmplIfNI 1lsing th(? fs-isocdation sdlPntes. \\e thun give a second proof flom a pun.
grupli tht=Irv point of view WHlout uing its distailce r(gular property and thc tedmigne
of 1MoOdaion ~d1Pm(@i Tutlr-tingly. H multiplidtirz; of the dgnvnltas:- coim.-idc with the
sofUUXs A05(lIti6 <ird A0J9598 from Sloan<'s m-lilw <;nrydopedia of iutcger "1"u<:c,-,.

I\cywords: middlt- cuh<: liy!Jt. r(UL(. sp(<:trum, int<gtr sXJUIG<

17

75) \Vcll Covered Circulant Graphs
Art Finbow- and flania \lollssi. Saint \larv-s Ullivtrsity, Halifax :JS

A graph C is said to he Ie[/-romnY:d if NV Illaxuld indosp\ THent sct of verticfS Ini
thf same <-nrdinality. In thb papn the lllith<;rs discuss what is known uhnut wtll-cuverM
circubmt grupllz.

[\eywonb: wellrovind mijdmal indPptndclit srt. drrulnnt graphs.

76) An optimal class of binary codes for permutation decoding
Pani Scnt'viratnl, Amt\ricau Univcrsity of Sllarjah.

13inary codrs dtfilHxl throngh tht row-span of inddenfe matric  of deil2ils (i adjacOlwy
matricli of ngnlar graph hnve 111a11y properti(..., that <an be Johld< I from the combiuatorial
propertie; nr tht: design or Tttph. aud <fku have a great. d(eal of smm<el ry aid lar;ic
automorphbm gronps. In thi) paper we <\mstnct n class of binHy roday; from the row
span of an adin({am<y matrix of tlte completf rnulti-pnrtitc graph and show that these (:odes
oolltain Ininimnl PD-set;, for perrnulation <letodiug.

[\evwords: @dC's gn,plls. permlltation df<odin.
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77) On Edgec Balance Index Sets of Generalized Theta GraptLs

Hurri:i I\wong*, SUXY Fn'tlonitij Sin-J*lin L<{(. Stui Jo:(' Stutc Uuiversity; and Diuc."jh G.
Sarvatc, Collcce Hf Cllarlcston

Let. G = (1,£) b: a simple graph. Any edge lubcliug / : E .., Z2 ,If G indnccs a
vertex Inbding Inhclin!( JT : V -e Z. dcfin,1 by j+(,-) = 9§ if # is inci<knt to moree 0-
cxlge, thnn 1--dges. uil< j+(,') = 1 if a is incident tv more 1-Iges th/ll 0-e<lges. \c
lewe j+(:r) 1mlabell'd if a is inrideJlt to an equal nnmhN .r (} and 1-t'dges. We '"Y f is
<-<lg,frim<lly if le,(0) - el()I 5 1 and ddiuc the ,<lg-lalancc ind,ex sci or G a, the S<t
{\t:J(0)- ,-1(1)i: the exlge labeling f b edge-friendly}. \Ve study the eclgrbalulcl; index sPts
of cturalit<-d theta baph .

K<eywords: tedg,fri('tldly lalwling. cxlg-balane<; indcx sest, th<jta graphs

78) Unicyclic and Bicyclic Graphs of fumk 5
Wai Cbro Shin*, Jianxi Li and \V1i H,mg Ch,ul. Hong l<onf\ Baptist Uni vcrsity

TL,e sp<<ttnm of a 1)mph C i, tlw colltx-tion of cigenvuhws of its adjacmcy matrix A(G).
The?rauk of 0, dcuotecl hy rlGJ. is tlc number of non-zero (ig{uvaltl<=, iu it sp<'Ctrnm: or
<dltli-aim1tly, th.- mnk of A(G). The nullity of a grnph G is the mnltipliciLy of the dg,'nvalue
7(oro in it- :;ype<tmlm. 1t is known that the rank is <<Jng to the different<. fiOJn tile fi<ler
to the nullity of the graph. Hn el 1/ in [On the nullity <f bi<iyclic graph,, Lin. Alycbm
Ayl 129 (2<)08). 1387-1301] clwrneteriz'<I bicydic grnphs ,f onkr I with nullity n .. 4.
That b. tliPv ©anrmherized hiryclic raphs of rauk 4 nut thPy mi.ed ome <<lis In this
paper: we ‘will C<JmplPtce 1heir pronf nnd dluractf:-ril,e nnicyclic nnd hieydic gnlph~ of rank 5.
re-p<x-tivdy.

hywor,Ls: Spr.:trnm. nullity.

J1

79) Minimal k-rankiugs and the Rauk Numb<« ofa Prism Graph

Andrew zernks" aml Darr@ A. =arayllll H"dicojter Jrntitllt, of Tewhnlllole(y, Juan Ortiz,
Lehigh University Hula Killg California L11therM1 Uniwrsity

A krankillg of a raph is " eol-ring /(\/(C:)) - {1,, ...k} whrir my p>ith bel ween ti\.,
vertices of thc sam(e rallk courains a vertex of :;trktl, larger rank. A k-ranking is minirfl(r/
if the Kdtwctioll of uny label gneat(r than 1 violutc tue de:;_rilwd riulking prop<erty. Th('
mnk 1t of a graph )\ ,! G) is the: 111illimnn k slidl that. C ha,, a minirn1l k-rnnkiug. Vle
invN>tigate the rallk nm11h(r or the prism i;raph P x G, lu plirtirnlnr w= provP vlicn 1, 2 t
;L(P,x €)= [log,(j- JIl + liog0 (j-1 - (21"’-..721-15 "8 wil<ergj = 214 /j.

Ke-ywords: k-rulking, prisrn graph. vntf'x coloring

80) Perfect Hash Families of Strength Three with Three Rows

Ryoh Fuji-Ham. Univ<'rsity of Tsukul>a

A perfc<t lwyh famil, PHF(N;k:v:1j is mn NA k army on 4 ymh:>ls wirh t 2. t il
whieh in (\'(tY ;V x ¢ subarmy (tis cak-d, strcngth); at Icaa om: row ¥ C(1J11prisrl of dbliuct
symbol,. Perfrct hash funiilito; have many applications in t-rypttgn:iphy. S('Clirc fram<-proof
codcsi datul,azc managemc:nt and software t<ting. The ms<st baii<; non-trivial ca-; i, the
strrngth tlue,: with tlm," rows. N = t = :1. H A. Walk,r 1J all] C. J. Colllmirtl (Pcrfi<:t.
Hash Families: Constrnc-tiorn, and Exist,s!lc . .J. M»th. Crypt. 1 (2007). ]237) lwvc shown
a tublle of <existing PHF in tlw casc 5 N =t "' 3. \Ve shvw con,itrnctimLs of P H F(3; L= v, 3)
whil'h exceCd some vahl<s of thl' tahl<,

Ke, words: P<'rfoct ha8h familv. iutcraction tcstiug: th1'((.stcrin arithrru:tie prugn-,-jon
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81) On (1, 1)-Strongly In<lexablc Gr;,phs Associated with Sequences of Positive
Integers

Alexander :\im-T,11 Le<s, Gra.,,, In.titntr, of Pcrfllm<'ry and Siu-lin Le<, San Jo;,.s State
Univl.rity

E>r HIY integrr k ds:: 1 1 (p.q)-graph G with wrwx set V1.G) and ,lg(e set E(G), J] =
[L'(G)j and q = iE(G)i, is #11d to be (ktl)-strongly indmrnhle (in short (k,d)-Sl) if there
Pxbits I fnndioJ] pair (/,j+) whirh a&signs intfgrr 1l1bcdh to the verticcs nnd cdgei, iti,
£ \/(G {0.1...,p-1}andj'T: E(G) - {kk+d,k+ d ..., k+ (q-1)d} a< 01\O
where I®IU, v) =/(11) £ /(v) for any (5, ;) 5 E(G). Given uny S{GICICF (n,, Lig ..., ur) of
posit.iv,. i11tcg-rs we eonstmcte<l a (1, 1)-SI graph Z(al.n2ee. ,a..). We include 'he rr-nlt of
S.\L Hc;de aml Shctty a, a special ease-

N\()'\VOHh;: graceful: inchXlhii?1 Llritlimmic pr,p;n=ssilJlll odd nnmber. spidter.

82) Disjoint. paths in (n, /,;)-arrangement 1,''aphs.
Jeff Boats. Vizl1ros Kik,is', JoJul OIPksik and :>art Shawllsh, University of Detroit: 1,rry

The stud,, of intcrcol1nC<'tion network” has at.tractc,l a great, ckal \f rcardl in the mht
n'w decades. Exist('ncc of K-disjoint paths Iwui":ecn r sourcfS and A destinations guaralltet
r-onCltrf(«Ot con1111m1iC;ltion \\fithin the net\\'Ork Thb problem ha; befn addrc-"iscd ill hypt.r-
enbcs I+ Gonlales and Serena in 2001. 111 1998 Gu and Pmg show'(! that star graphs -S,, on

th" splii-stlir S luc, the (n - !-disjoint. path prop-rty. I<ikc, in 2(K@ tStahllsh,,I that the
Altf--rnating group grnph A,, hilj the (n - 2)-disjoint parh property. The (n. k)-aJTangt'ment
graphs vr :1,.;.. \\Wt' proposC'd by Day and Tripahi 1 1992 tu address th,, gruwth pruhINn of
the umnbt'r of wrtiet"> in the star grnph. The Star uud 1lltcrnating group grnplLs are both
spedal eascs of am111gemmt !(rphs. Wi extend the n'fnlts of Kik,,s 'A)(J to show that A,k

bu, tw [':"!lci!)-disjoint path propt'rty.

Keywords: <li-joillt path: ioterconn(/(;tiou fll'twork-i, arnwgeemcut Taph

83) J\foltit.hreshold Graptcs

Rubert E. J uui;sson. Clemsull Ihlivi.n;ity an] Uuiven,ity \)fHuifn Akll P. SpntgU<'. llniv,r ity
of Alabami'\ at 13irrningharu

\Y. ay that !;rapl1G is an <,cld-nmltithrcshold hrilph witll regard to thrr<,hold 0L < 0 <
.. < 0 if it is pos-ihle- to asig:n a ntnk r(l') to feach n\rtex % such that V(rti<t v aml
w arc: adjac:<'ut itf the nmnlwr of tlu=-hold;; that CXQAl(< r(v) + r(w) i, ,,dd. Au luiulog(U.i
ddinition yidds thi' rv(n threshold !(rnphs, which an' msily se<n to b, complernr nts of the:
ildd threshold PTnph- For example, tlw sf'SNICP ,If runks O, t;-1:2 -'2: .. =howk.
that every patitis u mnltithre;hold )iraph wit!l two tirn>sholds 04 -.5 und (I) =0 15 Thr
da'tical thre,s;hold grpllii introduced hv Chvatnl aud Harmn{r urc thte cak of Oi< thn hold.
\Ve will show: (1) for (‘Wry grnph on" wrtic<a, r(r, - 1)/'! thrc,holds suffic, for C to le
rq.m:s<-ntahle as n mnltitlu-eshold graph. (2) Tlicr,, texist grnpl,s on" wrtkc,;, such that " - !
thr hokb are nfl :ufifirient for G to be a Inllltithreshrld graph. A fl111<kl11Pial q110titm fbr
whid1iwe haweno arlswlr arises fulll #1< gap lct\Vt'Cl << twu nwults: in urder to n.:pn<lit
<V(ty gruph on n verti<:{'S as a rrutltitliHe bold grnph. i the mlmher )f thrc:-lwlds d<X<ted of
order 0(11). or O(ri"), or in bctwem{:

Keyw,>rd:,;: tlln-shold graph:,

84) Relations in finite non-abelian groups and inlportance of short relations in
the context of cryptography

Ivana nic": Spyro,. ;\[agliveras Florida Atlantic Ul iversity: Bo(a Haton

Finite ,:ydic groups, in pa.rticular r<eprcscutntiorn, arc wir\dy wjed in cryptography. f,ti-
vitte<I hy, thP al:;d>m. of cxpouents in finiue cydic grollps: we dcfiw:' thl: <rcratiou ,,f rnh;ing
a tnploe 1,f gencratl)r of a finite (11t111-1-lbeian) group t< al Lte jr. \\\e (hdille thc opt>niisil
of £5<Udo addition of cxpuneuts oft.he gencrntillg tupit' an<l show tital Il< sa of ull i11tgtrs
to;;ether ,,itle tllis or><Tratiou form'i 3 gT<ttp. Dy mil>illg tiw !':l<'rnting tnphe t(, diff('nent
intel(rir. gJllp relation™ "IC ohtni]<XI whidl illdllr< a gruup pr,:ntat ion m tH' Kiven «
of generators. \W explone relations in the spl'ria] linf:w- gronp SL(2.p™). J a prirnP, and
prove thc ,xisu,uce of short rdatiolls in the generalcH'S. \Ve furthcr determine h,-mist.ie,]Jly
particular § ort n:lations in th<: gcu<.'rato given in the coustru<ition of the: Z -ulortT illifh
cryptographic ba,h funr:tiou. for J111J1 vtitu', ,,f th< parameters. Th<: Z<"mor-Tillich h, ,h
forn:tion t. still nnhrokr11 if thi; panunet(rs .tn' dloscll \\eid,. \We al~o cvrnuHmt ml the
lengtl, of the relation.,, whih are ,1htailml by solving 111)ntrnditional gewraliz<'ll dis,'rcte
log:arithln problem iu th{' finite :iroup SL('2,J]) witll rt'spoct to g(n(erntor; of :pedal furrn.
whar: we ., sWIK' that ths g<ncralized <li;;<;rck logarithm is defintxl as in [J.

Keywords: noualwlian finitte groups, r<lutiorl~: sllort nelutions; gronpu pnescntatiulls,
crypt,,- grnphil' hash fl111<tidlS Zernor-Tillich ha,h fmlctiol1l
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85} On (1, 2)-Strongly Indexable Spiders with Few Legs
Sin<"1din Lee, Stn Josi' State Uuiversity, aud Sh,mg-Ping Bill Lo*. Cisco SystenLs, Inc.

For auy integer f:d 2 I. a (p.<J)-graph G with vertex set F(GJ Qud e<lgc set E(G), 1=
W(CO)I ,ud q =iE(C}. & slid to w (ktl}-stroni;ly iudxl11hi<' (iu short (l:d]-SI) if there
exists"- fun<iion pi<ir (J,]J+1 whirh as.igil, integ'r Inhcb to the vertices ond edges, i.e.,
F V(G) . {01....p- ]} nnd J+: E(G) -- {Juk+dk+ 2Ad.... : + (q- Dd} ,re- om,,
where J+(u,1:j = J(u) +/(11) for any (u.,) E E(G). Wr dct;,rminP here rim,,,_ <f spidPrs
tlat ore (1 2)-SI grnphs.

r<eywryds: gra('efol. indexable. arithmetic progression, odd munher. spider.

86) Diameter of Star Graphs with many Faults
Eddie Cl,mg, Dnew Lipmane, Oakland lluivcrsity.

An important issue h compntfr <-ommunication networks is fault-tolerant routin. Civesn
i LTtiph If 111id a set of faults F £ V(H) suclt 1hat H - F &5 comwctcd, a routing
two venicth in H - F is alld<I a fault tolcnwt routiug. A popular grnph topology for
intcrcomwction networks & the stnr graph. It is known thiit when :In - 8 vcrtines 1€
deleted, thr resnllini; graph has a sinpjle large component and & mc,t two other cvrnponcnts
of size & mo-t two. Jn thi trdk ,vc give a Fhtlld on th diaretcr oft he largc romptment H
wdl a;, ruuling in tlis faultt:d raph. This will also provide 1 alt.cruak proof of tJC abov<'
rl'sult.

K<eywords: Iutcrconm.'<-tion uctworks, :;tar graphs: ,xt(en<ILxl fault-tolcrant rollting

87) 1'-linimal Rankings of Certain Classes of Graphs

Jobby Jucvh* and Rt'UIl Laskllr; Clernsou Univprsity. Dau Pilull<. Puturnwan Sdtut]l alld
Gillwrt Eyahi. Audorson Uuinersity

f aa !(raph G, (V.C). Ufunction/ : V(G) w. {l.2..... k) is a k-ranking if /(u) = /(1)
ilnplic; that every u.-v paih contains a V<'i<- wdlldl tltat /(u,) > /(11). TIH' rank rnnnber
Xr(G") and th< amnk ntuuher ¢y (G ) of Gane rnspcdivdy, the minimum and thP muxhmull
value of k 11dl that G has a millillld kerallkilly, In thi talk W will e tnhlbh mon proplertis>s
of minimal ranking. give h0Imd; for tlw rank m1mb r of tlle rooks gmph of wn 11> 1d.1esshoar|
and <lI'tI'rmin th, amnk munb<er of tim rooks graph.

I<eywords: minimal ranking:-;, rank mnnher. arnnk mmihfr nnd rooks graph.

88) Il-iangular Numbers and Difference Syst(,;rus of Scts

Larry Curnrnings: University of \:Vatarloo

A differcnre systems of wts & a rollcdion of subsets of Z, with thfe property that cad,
11011mo demt\nt of Z; apJxar:, at lea-t once a; the <litfir¢.ncc of plarneuts fulll different set-,
Diffinen<.:c :systenl~; of sets tiris< nalllmly i thl: study of sy:;ternatk comrna-fo-c <okl \Ve
UY triul ular umnbers mod sttituhlt- n tc, tousttt™t julinitl’ familiPs (Jf difforcnct> systems of
stts and study thdr prr,pNtir-,.

Keywords: diffir<ncc ct. triungular numl)('rs. comma-fit'<: rode
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89) Infinite FamiliL-s of Super Edg<. Graceful 'frees

S.C.Lockc" and \.V.Wd. Florida Atlantic Univcrsit)'

We (ei-pan] tlw collcritiou of snper <lge-gra<ieful tree; prodn<<tl by Le,. Wd. \\len and
Liu (C'GTC 200S) an.J provi<k Ilower bound on th, nmHh<'r ,,f snpcr edg<>-1,Tacefnl lalwlinb.-;
for I snbclass of thesc d<CI'

I{cywords: ftlgsr>1(cflll, upcr Xlg<egraaflll tre<: praph Inhdillgs

90) On the diameter of the Unidirectional Hyper-Stars

Eddie C'h'll;;. Laszlo Liptak-. Oakland UnivPrsity. and Sarnh AndPrson. Presbyteri,in Col-
lege. ,u,d i,;,Uy Christ>rLS<'l, A-bury College, and Jcuuil'c-r Dicrnunsch, University of Dayton

Star g'aphs w,re int r<sluced Is a compel'iti,-c modPI 10 the LypPrr-ubes. Recently. hypt'r-
st111, were imroduc<.Cl to I a competitive model to holh hypcrcub<.-; and star gruph. The
vertex sd of t]If’ Iqrprr-star HS(n. k) is the S<t of all {0, I}-strings of lml<th n with exactly k
lis: and two \'(rtk<!S arc tidHremt if tmd ¢nly if one (Oll b< (htnin<ed b, cxclianging the first
symbol with a ditfrrcnt symbol (1 with O. or O with 1) in another prsition. These aphs
have nice coml<xtivity and structural propcrtic.—: and tJwir ed,es can be oricnte<! 10 obttlhl
uni<lir,-ctioual hyper-stars UHS(u.k). 1l this paper we pn's<;lt comlmtational rtsuits ,n
finding tb,; dircstexl path hPtw<'cu two v<irtke in UHS(n:k). nnd prov(' an upper botmd on
ifs diruHct<r.

Ileywt)rd)): Inkrcoumec-tion ndwork:;, Luli<lin:tiorui} h ;>er-stars. routing. <iamrt<er

15

91) k-long Graphs
A. Ddgadue. Purd,a.-;c Coll<g<. SUI\Y. 1. L,ewiutcr, L.Qniutas. Pac< Uuiversity, \'ew Y.,rk

A poritiwe int<:glr is k-1<u if it ran hl' writtc1l 401 +1) for 12 10H k n A nontrivial
;;mph is /-long if: (1) the v,'rtice; ar labeled bv distiurt k-l,11g inueg(irs. (2) cad, edlic is
labelro by thc product of its I'ldvc-rr ke:s and (3) (HCh edge lalwl is a distinct. klol1lg tmmber.
Vario 1 theorcuis Tue pr:-cutttl judtlding th.: n'>hlttou tlwt ull tre(;; us 1-lmig.

Keywords: J.:-lorlg k-long graph. lalteliug

92) Priifor Code for Chordal Graphs

Liliun 1 a rkenzou*: Univ(ersichicke Ft:dl'ral do Rio th .hwdro. Pimlll Rcuato dd Ctr,ta. P<:n:ini:
Instiinto Slilita, &< Engenlwria

Tlw idea of ,t'isodatiug <:od<wortls to t11( lah€'iled gruplt'i of a ,p, ;itk family is not n-ent.:
iu Prilfer's <Irtiele frorn 1918, n om'-ttHJJJC comn-;.r,ondclwe bd\VtX'Jl the )t{ of (n - 2)-tuplc.;
of the inteers {1.2..... n} and tht! set ) illl labrlh'<l k{et>; ,,n n ver''icrs \Vi; ar{>ndy proved
to hold. Du<' to several applirutiotl, of tltis kiud of cod<' in m11thmlati..s

and cornput<er science, 8Gwl1] Priifcr- like codes wene stuclh-d after 1970. Jn this pap(er. we
<Xt<end the original PriifPr code to dlorda] grapttio. A lit'lu- t'nc:odiug ;Jgorithm is pre;lellttd.
Two inwn--ring pn>blkm’> arc solvt,i iu onher to av-mm: thlA linl'ltrity (Jf 1In al nritlun: tH:
d, wmic mttintenanfe of the maxirnul dique—. under thf' dd tion of impliia.l vertices; and
rth(: sPketion of tht: laist simplicial vertex 11ling a moditit'<l prioritv qlltuc Fiuallv. Wt how
how tH: frndmewo rk d(;vdopl'<i <an be ucful in the codifkc\tilm Df ,Jthcr Prilfir-likte C)dt' for
dlordal :-mph’>.

Kt'ywo rd;: <hordaJ grnph. co<lc. al, oritluns

Jt
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93) Graceful Fore,;ts
Wendy lyrvOld e. Aaron Williuns and Lucus Panjer. UniV<'rsity of Victoria

A graph on 11 v(ertiets and 1 ¢-dges is _gmeefl1l if there Is a labeling of it. vtertirt? with
<litiuct l«cLs sd-ct(1l f'om the set (I 1 2 ... m such that when #lldl odgc is labd,'<l by
tli(! ahsolut.cvnn<: of ths; difforctH-c. of its Pndpointsq thC («dl< Inbt]s one distinct”. By this
ddinit.ion, :i forest is not graceful nnkss it b a t<IC (there is uot enmigh LibsL, for all the
verticf-sL H<]\\'ever: <-:msidPring fIn.""s is an nbviom ttpproarl for seardlinp; for ritlwr an
indu<ttiw- proof for 1lhc graceful (" conjecturc or an tljgorithm for gracefully labeling a
trex-. A forct is /Ivttollup gr,ccful if its veniic-s c,u, he lalwle<l with unique labOls from
(00 (75 n - 1 so that it indnces a labding of the ,<Iges with distinct. value; from I, 2...., m.
\Ve dlarnctcrize au infinite family of forests whid1 arc. not bottom-up gracC'ful due 1(J Hpnrity
coudition.

I\ ywor,ls: Gra, h labeling pn)bl<ITL", gfild11l grtlphs 4 gracf'ftll tret: conj(-c11lre.

94) !Vlatching preclusion for the (n, k)-huhble-sort graphs
Eddie: Ch,,ng. L,cszl, Liptak, Oakland Univcr;ity and David Sherman-, Groves High Sd,_ 01

The mittching pr(iclusion nllnbl'r of a graph is the minimum mlmhi?r of r-ig:s "-"hfsC
delet ion results in" i;raph that Has nither p<rfect matdlings nor almost-1x-rfcn milt<hings.
We find this nwnb,er for the (11 k)-bubbhsort graphs and cla.ssify all tiw opUmal solutious.

Keyw, yd=: CHyk'y graphs: conditional n\rtt\x corn1Pctivir v

95) I\linimum Color Sets of T!'ipartite Graphs

A. Ddgadu, Purd,asc Colkge:, SUXY, \'. Lwintcere, L.Quilltas, Pte<' UJliwrsity, \'ew Y-rk
A mph C is tripartile” if it; dlromilti<- 1mh#r r:(G) = J. Let f(G} hC §H? cllrdirwlity vf

a 11linimum color St of 0. Vnrisns extrernal pt:>bifm"i illw>lving /(G) eff stndied, including

tlle spLi<ial ca,c for which f(G) " I

Key"vords: miniml1m color set. maximum planm:, tripartiU-

96) Defining Parameters for Countably Infinite Grap)Ls
Pt1Cr J. Slutter. Urtiv<'rsity uf Alabama in Huntsville

Because on0 riIn til0 the infinite sqnare grid Z x Z that is reular of degre<' fom with
stars A1, it :seems rcasonubh: to de:fiue the dor.niuativn ptircentag. pamm<'tter of Z x Z tv Ir
19%9Z xZ) = 1/5. llsing a difkrmt tilini( of ZxZone <an ugll(' that tl<' loc1]ting-d,>rninatiug
pN<centtlge VIIWK is LD%(Z x Z] = 3/10. It also s,erns ohvi,us that for indcpmclem:,, we
haw :!(Z x Z) =1/2.

Howev<'T. as ,vill be <liscus'lr] lirrc- it b kb5i tIMn obvimt; how to ddinc ptITI'Ufage
parameters for ciHmtahl, infinite graph:-, <ven wiH'l tlwy are 1<<ally finitte. are of bouu<le<l
Ikgrtec, or (VLT arc neguhu of degTcx: thrce!

Keyword : percentage panuncr.crs: countably infiaitc ( raphs
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98) The Annihilator Graph of a Ring
Trevor }-kGuin< )kw Coll<'l<! of Florida

Jn recent y<ars: tile tuols of graph #1<VI"} havt' becu nted ts stud,' r-ornrnutativc ring;, In
an <VIf incn-aing munUter ,Jf flHpcr:s. wwarchcers are scckiuf n<iv graphi<:al I'<'pns,(ut ntiou:-i
of rings based ¢JJ tht! zero divi-~or tructnre of tlw rings. Some of thcisc grnph.-, arc foiit.c if
and only if ttw mmb<r of zcre, divisor;, Of thee ring is finite. The A-nmhiJator (;,up!, of a Ring
se<k to lift this, mild other re,trictions. Succinetly, thes<' graphs have verticc-s d,fined by
antichaius of monurnials with rt-spcct to le.xicographife wrul ord<r. and edge-; <ldinN by a
111011mjul 8d pmd-11d ,if O bdwtxen two antidrnins. ThL<c graph;, arc finit.c for all rings. and
uniquely define ring, with Krull dim,ension O H this paper, we will lay the futmdatic,n, of the
annihilator graph, and discuss the proof of their unigneness \ia run.diains. As mot ivation
for thts< graphs, WP will brieH, pnevit:w the futurP of allllihilttor grnphs. which arc the
AQ0110111 Am1lhl/ator Graph and the Grobrer- Ar/1/ihilator Groph. aml M< the topics of
cnrn:ot ncarch.

h,ywords: Am1ihilat-or, Pulynomiol Rings, Grohncr BastS. Zero Divisor Graph, An-
tichaitL,

99) A Variety of Algorithms for Matchings on Trees

Alrul C. Jarnicsou. St. M.r_ys Coll<we nf ).laryland

In 200G: S. T. Hektni(:mi pr(‘sceutt<l a tLorongh 1Y of many :mh,d JKIft\Hlctcr <n
tnA\S that did not have algoritluui<.: :-olntion.. Thh, papcr spc<ifiiUl, n)tod three mah"hing:
variants, first introdnrex] b, Goddard & al. in 2005, rvnnc:tcd, isolljt, fce and disroll-
1latt<l matdlings. In thii paper we =etlP thn"(; un:o)ved algorithmic problems over tiwe
<4 of rnatdling hy providing al,,Hitluns utilizillg the \Vim(r (\lg{' viu-iaut. \Ve will also
- krnonstrate a new tfedm.iquc required for tlw development of our alg:orithm for di-;comH\'tcd
ma.trjting.

K<, yword: disc:onncdf\l matching. comlpfitcd matdliug. mnkhing:,. al,oritluns: \Vim<r
style alf\Orithms, cdg<: subset prohkems

49

100) Obstructions to shellability and related properties in dimension 2

\.laaJiiro Hadtimori.. Univ(en,ity of Tsukuba
I\cnji l{a.shiwabara. Uuivvrity of Tokyo

for a property P cf sirnplicial complexe, nn \)hstructich to P b Hsirnplid11l compl<-=
whid: does nor satbfv P but all vf its prop<er r,;triclions satisfy 'P. W,1.d1s(2000) showed
tha t 2-<litn(rtiou(ll ohstructims t) :}wlhtlility L; at mJgS 7 verti<t:-: thns th(rt' &' only
finitt? number of2-dilncn.ional ohhtnletitms to sht-llubility. (Thcrr: arc only 0llc 1-dimcusicmul
obstruction, and no O-<limPnsiollal 1.lhstrndku.) Jn lhi- talk \\e :pecify tle cc,wplftl list >
2-<limensional obs thid iv 1k to slicllability. F11rd1(r. wP d10\V that the id of ob=trltltion- to
hcll ; hilityi t> portitionability and to Cohcn-;v[acauhiyu(:::, ore the sames in dimeu.;i"n 2

k(}'Words : siinplicia 1 ov111pli. shdla.bility: pa.rtitional,ility. Clt\11-\fit<aillay11c"SS. (1ir
struction

40
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102) Some Generalizations an Counting Binary Strings
-Josh Ahhctt. -w Colleg<' of Florida

Extending R Grimaldi's work on Binary Strill,’> and Jacobsthal numbers for the: Innguagc
A= {u,01.11}, we will cxaillime some gmi<ral properties for I'<ltmtiug binary languag<'s. We
cmtmerntP thr,mgh srnall lanKtUJgcs and fonts ,m e,mnts for the ntnnb,er of strings of length u
insid<' the I<Je<7le closure of u ven langiwge. We will di><ltss how th<'St' comlts an, afft-ctcd
when ridding additional clemfnts to a longuag(e. \Ve also pr<Sent c-ounts for §1( munber of
Os and 1 and tH' uumber of nms im;idc the-e binary :trings of length H.

Keywords: binary strings, Jacol:,,;tb, I nurnbPrs, symbol cod,-s

103) I\-faximurn matchings in vertex-weighted graphs

Yliklos 13artha\ :vkrnorial U1liversity of 1\'ewfonndlaud

The vertke; of a grnph ane nssigrnxl a nonneglltivP intfger ,veight. and a rnau-hiug i
songl,t that. costers ,i S<t of vertices with maximum total w,eight. The simp!CSt spex'id cas<' of
this probleln t">;<mtill, different f'om the tUlw(eightcd <re b wher('by all weight:-: are Uor 1
The rorr0,pondin mockl. mllexi. soliton gTaph; hllli h'<U studkd hcforn in e<nn c<tion with
el,ctronic swit<'hing at the mol&ttlar Jew!. As part of that study, thP Gallai-Edmo11ds (G-E)
dc'(‘'omposition has bf('n <xtenriNI # solitem gmptt.;, pr(Jviding a solution to tlw maduritlm
mttlclling prvhi<'m for udl t)Taphi5.

Jt is i-hown that lhe problem of titiding a ma-edrmmn-weight. rnatdling in a general vertex-
weighted grnpl, G can be solved b- a rep<ar-<l arplkittiun of rhe G-E dc-c0111p;sitiou for a
SKIUEUCe G, = G1G q:... of —olitlm uhgrapli-i > G T <ach soliton graph G: thl) ;tt011dary
verticc.; (i.e., wrtic-cs with weight()) ere d10scn as tlw ones with smll<-st weight in C,, atH]
G., 1 h sett™> A(GJ UDtG,) fi<'Cordiug t§ tlw G-E dC<0Inpmijtioll of C;. ThP- proc<"ss stops
when this gi-aph bex-om,s <mpty.

Keyvmrdi~: vertex-w(eighwd. grHph, pnrfect/ma.-edmum 11latdfinp; Gn.llui-Ednlonds <ICCOm-
p\1l-ition: mMiximllm mat.ching alg'lritl11n.

104) Optimal Stopping Time on a Delinority Color n a 2-color Urn Scheme
Ewa I<ul,i,‘ka:, Gr,<'gorn I<uhi<-ki. Univ<'rsity of Lvnisvillt'

Chnsider an urn (-ontaining an odd nuruhcr of bolll) in 1wo ,.:lon;. \\he< 4JC nllml.r nf
ball; in a spedfk <olor is pivren bv a hinvmial distribution with p = k \Ve pi‘k th balls
randoml, om' b onewitl wut r<plarl(ut r<VPHiing tbcir colo. \Ve wa(lt to stop the pro cess
maximir,in,: the probability that the <<l of th<' sd"-t,ed \all is the rninorit)' ol)I' \\( filld
tlw optiral st<,ppiug tilnt. the prob,ihility of suc<;ss. and its 11svmptoti<: behavior.

Keyword:;: urn dl<iIn<. optinud :-topping timc
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106) On Jacobsthal Binary Sequences
S. Mai;livem, uld W. W<, Fl<ridu Atlantic Univ,ersitv

Ld. I: = {0.]} be dit' billary alplab<'l, ,wd 4 = {0.0L 11} tw s<t tf IJm-c stillg,
D.(JL 1L >er L Let ..i- dmot<' the Kh,uc dosure of A. ,uni z+ the st of po,itin' int<g<rs.
A s<luesrrP 1 A" is <nktl a Jarohsthal binary SSJHAGs: TI(' munlwr of J11,-)bthal birwry
SCUIMACS of length n E Z* b tbt n™ Jacobstlrn] number. L¢t k E Z*; 15 k L The
nnmh<l of Jacoh,rhal hMt). soqllenCc, with 1 /& the 1.1 positinn f'om tlw left s drnoted
v "suk A formula for this munber ha; b<Nl dcdve<l r<Y-cntly. Il lhis paper we cousidl'r
th( general ctlf ufa(n; t4,k;,....k,.). the munhcr of Jaeobsthal binay s Jutue<s with I at

{adl vfthe kh (1:;i m) positii™ from the kft wlum- mk EZ; 1:; m<n 1% kg <

k <...<k, u. \Ve pt's€lly #t>mmih for ¥l(11k,, ky, .. k.. and study slme otlwr
sp'l'ial types of Jac:obstloal binary scqu<slctl Some ic,Initic-s involving th<™ nwnbjers arc
also giv<n.

NteyworL.: JHC-1ehsthal mnnl>(fl". r-Olnhinatoril1l id<ntiti(’-; ; comhinatori:U. enlim<imtioll

107) Decompositions of Prisms into 1\efatchings
IiraJldy Hieb'. nobert E. Jamison. Clm,son UnivNsity

If G is any graph. a G-decompo,ition of a hast mph H = (V. E) is n part tion of th< edge
Lt of If into subgn,phs of H witich arc isomorphic to G The subgniphs indueed by rhc parts
Df th< (<dge de<compositi<tt art’ aill(l blodkl;, The dfCompoziition .Jfll'h i)f a G-dfe<:ompo:-ir ion
i tlw vertex int<rM<tion graph of the hlockx. In this talk wt will ktml, the ca'c of regular
<l< omplJsition graph:: whtire the prolotyp(e C i d mat<hilg and tw- host His n prism.

1<t>y\vonb: dccompositiOll: prism. reglllar, rnatrLiug

108} A class of generalized RN A arrays that are psendo involntions in the Rior-
dan group
Asnmlah \"kwantu: =vtorgHn Stah- Ifi- liver-ity

\Ve pnient j das; oI peneralizft] H\A ammyhi that Jwve combinllitria] m(ellning ;ind are
of psNHloor<lar  iu th< Riurdtm gronp.
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112) On Lhe Dclaunay Tessellation of Proteins

Vine,, Crohnu;,-+, R;,fad (rdiig.
Eotviis tJniv,rsity, :\'yirc-g yhlz, Hungary

Tiue c-xruninatiou of struighlforwllrdly ddinahlc <liscrette jtmcttu'<'> in nucleic a<ith, and
pn,tcins turm,i ont ro he p<ib>Ips th< mo.t imp,rtallt devdopJHent. in cur presenr kur,wlc,Jgc
and undart1111din  the thdr form and foucticll in ¢,111smpornrv biology. These di,crctc
structure,,, 11'¢ Sf<ltt,nces <f nudmtidc,; and amino acid mjidue:-, rc,;p,-ctively. [3i,linformaties
was burn a, the :ei<encc of anal, "iug thtc MTUmcct Thf' liscrcti,..ution of the: |,iologicul
inforrnution into ,s1ty-to-11ludlc sx11lmee; ,,[' 4 Or 20 symb,ib mad,e po,.iblc- the 11pplicarion
of derep rnntht. muitic-Al. cumhillatoriltl awl l-itatistical tool with ,-normons sllcas;;. The tools.
resnhinls fw,n tlis prO</css, dlanged I pl'recption of gPrwtics. mol,-cnlar billcgy, and th<
lifte itself.

Straightforward discrl'te srlldttr<—s can ulso II(' ddincd in the svatial de-;criprivils of pro-
tcil, and nudcic twids. The dcfiuiti<,u aud <xmllirution of diliCrt>tc objc'<:its It"iiug thee :—pntial
structmc of prot<'ins illst\d of alllino acid M<JKIC<I< wonld intercl'pt. splitia] drnractcristic:s,
that arc mor<' ccnscrvetive evolutionary th:\ll lhe pclyj><'Ptidc " HI('IICI'S.

[ th< p()CI1( wi-rk we anttlyl-: tjw D<'launay t -llatiome  of more thall 5700 prutciu
stmrtum, f'om the Prctcsin Oma D,uk. Th< Djelatmuy tc.:cllations of the Iwuvy atoms
of these protein 8trnnnn.-s give' r.:rtainl, a M c)mphx u~tructur than tle pol, mer so-
quenc,- th,m.,dws. hut th,;c tcs.,dlation, arc still m.ily rnunacahlc mathematically ilDd
tttiblirall .- an<l Thry nV> \\el <hrhr  tJ1f lopologir.tl simplidal r,111phex: of th, prottin.

J(c-ywonh;: di crctization nf prot<-in stntrtttrc:,;. DelmmH, tr<fellntio]1
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u,i) Primes, Lucas Pscudoprimes and Generalized Repuuits

J<lut H. laroma, Ave \faria Uuiwrsit.y

A repmlit Ry is an inttg<r thal fan be writttm as a string of # O> Almost thirty
Years ago. \V. L Suy<ler IXhUdtd the notion of a nfHmir Rn ) timt which for auy h sitive
integer b Ry(b) hes u frndic (ATamj im i, <xmshgs bf (nly axt He <alled sueb muubrrs
iclleraliz(<l replutits. Inthis tllk we shall pr<S<llt divisibility properties , ssociated with the
OHnlidd: rr-pnnits. @' Wil as pay partknlnr ath'ntion lo primes and Iurlls p—<?udoprimes
distrihut,'(l among lhcn.

115) Graphs 2-cell embedded in non-orientable surfaces and their coding se-
quences

Cvlif\ X. {aug Ennj<dng Yi'. Texlls AM Ullivarsity-Gl1lveston

Coding seqmences arc a sirnplc and uatuml miluls of repr<cuting glaphs. In applvin]
¢Jding seqllrenccs to grapllii in 11L.m-ori(ntebl- sllfa<xs W( clarify on whnt it nHan for a rapll
to hr 2-ull embedded i the fobills band and in th, pWjN-ive plu,c; in pltlticlllal, rxamples
arc g\(U of tlw degeucrat.(: situation wlwn: the complenumt of 5 face in the proje<-rive plnJil is
mut a tru< :\fobiu  ban<l. Tttking the matrla of dPgc.neraty intv accowit. via Lodiug s<<tllIC(S,
we give nigortlt'i ptttS of Euler <harnct(eristk formulas for uou-(lrielltahlc surftHIIS. Th<
milter of d<gmaml<y had not bc,n proviomdy <onsideend in this conteext.

<)\Wil: -nll cwlwddillg: codint Nigmuc<. dgellaasy :\lobitti hand: nou-oritttutbk
snrfoces

116) .Plylogenetic Networks for Human mtD.NA Haplogroup T
David A. Pike, I<-mvrial liviversit.y of Acwfl1Indulld

Phvlogrenel ic networke; arr gmphs (preferably t-t-s) that show thr foMll1titllary hnmdling
al the rnrresp<nding historicul development of g-dl<tic divnsity within a ptpllkal ion. Using
data from an oulinc r(spositrff) \P develop phylogsli<itic uClworks for mrD\fA hoplliBTollp T.
which b ow: of MVIral known part!- within a partithm IIf hluwmity wstd upuu mat<emsl

Tupsl ry By 1UIHbysing the st md Ihc oft he rosl1ltillg networks forth- hnpl.>Awp \( irr.- il 1+

) learn abont §IP order in which (in0tif lllations oerurre-d witldu sids vf il sllhe yonps
\\(: st(C abo able o i<lenti(y unstalk- IU(dooti<ks and previottsly ultid<entifi((I gt-uelic du-t<s,

K,ywords: mitodlOndriul D>A. plylog<'ndic networks
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118) Power Domination in Cylinders and Tori
R\>b,erto D,uT('ra: Daniela Far<;n>. T<xas Statt- llnivcrsity

A crucial task for dcctric power companic— consist, of thP conlinil011s 11lonitoring of
thcir power rasti-erk. Thi mcmitoring lan bl {fficierltl,s a<<:<>mplished by pladu phL'e
me<easl11l,mut. units (P).lls) ut s,kctcd n<etwork loclltions. Jfowcver. cw t, the high cost
vf tht P+1Us, their munbcr mm't be minimized. The power domination problr.m c:ousist of
finding thP rniuimnm munl>IT ¢f PMUs n<edfCl to monitor a given power n('twork, as well
as to det<xrrniuc th": location.-; whtrD tlit'Y :;;honld bt' placct’l. In terms of graphs. Itt(' probkin
(Ortsists of finding miuirnal seb of verticss tlliit dominate tlw entire 1'ntph ae<:ordius to some
given prop lgation rule;; impo,;ed by the nflture of the power n(it work.

Tlw power rk,1ninaling poblcfll b P-c:omplPte. However. dot—<l formula"i for the pmv.-r
dominatilJn number of {'Cllaiu families of graphs. such as re:ctaugular grid haw! blscn fonud.
\Ve extcud the ne,ults for grids to otl,er families of graph proclucts: the cyliu<ler, P, x C,.
for integer, 1?7 2,m 2 J, ,u,d the tvri C,, x Cr. for integers n.m 2 J.

E<iywords: pmvcr dorninaliou: grid: <-yliuder. torus

119) Discrep,Uicy of Homogeneous Arithrrwtic Progressions

Rohut Hodiberg, Ea,t Cu-olirn, University

Iu the H)JOs. Paul Erd>ti fik<d if ll<r<' wa:;, emlr romstrult Band t 2-cokiriug uflhc natural
ntUJlhcr o that tV('ty finite aritlimtetic: prugressiou <conti\iuillg Z('to (ZAP) HHL ,ithill B ; th(e
sm<e mlmb<r of term  of ;-Hh col>r. 11ii qllltiou n;main- op('n. In this talk ' will bridiy
mcntion surnf rffeent results on qunsienrithml.stic progres.-ion. ,vhere 10 snch B Pxists; and
then :om partial n-sults along thcsc lin<'s: For a set X of positive int<egcrs, define dist’ X)
to lw tit(; flat B so that for ornc coloring of tlw uatllrol mmtbtzrs: all ZAPs with tliffcreucc
in the set .Y haV(. withiu D: th< =amt; nllmhtr of (ach color. Sum<e thclm.ms in<:udP:

e For auy set X = {o.b.c} with a< b< c and gec<l(a.b,c) =-1, disc(X) = I if and only
ifa+ b3 corct odd

o disc((1,2...,12)) =2
e dic({l."!....28}j 2 3.

K<)"-">rch: tlbcrcpalley. bom<gend]lt arithmctie progn !-iions

L]

120) A new proof of the four-color theorem

John Stdnbcrger. Uuiw,rsily of llritisli Columbia

\Ve givP a new proof of tli » four-color lheorern hy r-xhibitinl; nit Imavoidttbk- sft of 28a:!
D-reduf'ible configurations. This provfS a 1970 ccuj<">\:tnrc or Stromqnb,t also mneit.n1:1, I by
Rulxensull, Sau<lers: Seymour awl Thurruls;.

Keywords: 1ilur-(okr tlt,-on-m. rcd11dhility
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122) Secondary Domination Graphs: An Introduction
Lim A. S. Factore. '\forqu:tte Univ,ersity ,md Larry j Langley, University of th,, P:cifi<"

Using Th, graph dl'finit-ion of secondar v dorminlltion by Ifrdctnim,i ct al, wc extcm! th,
<ongept to <lirmphs. In partit:ular. we consider tlli' (1.2)-dmnination flrtljih of a tournaut(ltt
T. dsm1) (T). Given v<ettkl: x )jnd yin a digraph D ;c .uid y m< a i1.2)-dMnillatin9 ptlir if
and only if for IUJY (Jthcr veeruex :: z i at mSt ont? FSUP JIway from r or y; Imd is at mCYt
two =#CH away from th(' ather of x or y. A (1.2)-dmuinati011 groph of a dirnph Dis ddinec-1
to by, tw grnph G = i\'. E) wh<i< F(G) = V(D). and & i, an roi(c of G whenever r and y
nrc a (1.2)-domilatilly pail- iu 2 \V< <exumitt' th<: :-tructun- of (1.2)-domillotion Jrfph; of
tUlIfllajUfNL:-i.

K4wunb: tlorninntion graph: st'(ondluy <fomination. (1::n-d,)m.ination

123) A Fl-obenius problem in the Gaussian integers

Peter Jolmson*. Auburn liniwrsity. Christoplwr Mllire; Univer, ity of 'frxas, Dalli, all(!
Jordon Pasc-hkr-. Uniwliity of R((h-st.-r

It is wdl Imown th»t if a(] Je.eo(k) an' pooitiw: intcgryrs with gTcatc,;t comrnon di,isor
1 thn Nlrh sntlkit'ntly, lart;t: pnsitivc IntregPr <an br. exprP"iSNI as a nonnPgative intrgrr
r,)mbina.tion of tlw a(ij. The problPm of finJin/( the bi(E8L positive illtcger not so xpm,;.,iblr,
as a fun,'tion of the a(i). is ¢lk'<'I tbc Frol,enius problem in honor of th, rnathernatician who
solvexl it iu tlu: case k = 2 \\c sn)w that in that case. k = 2;dl mumlg,mts prohk-m (Hn
be f amuluted il thi' Gaus<bm iuteger:-. and elve it in thr- sp{cinl casr. when orus of tlu. twv
rdari\'Pl,, prime Gnmsiall intl-ger:, = pnn\ly real am] othcr ii purdy irnaginnry.

k<Y word;; aud plrmMh: Glwsiall intregers. Enclideun dorwtin. Frolx-nim: problem

Gl

124) Hercditarily Equivalent Graph Properties
Terry '\KkI<t,'. \\'right Stat(e lluin-rsit.y

Fur any grlph property P. define a grnph ts b, hertdilanly, P if every ill- dncCll nh-
pntph satishcs P.  Defirr hvo graph properties P :Uld Q to he hnrd- itoril11 ,eglfivatenl if
hi'ing hcn, Jitarily-P is eqllivakm k> hdllg hcr<'llitarily-Q. For instaite<- the propertic'S I'
= *very Vtrtex has cvtll degne, uld Q = -lthc mlmh<r of cdg<$ is ef11% are hen.:ditar-
ily, edlliwdel]t illsked: in this <HS' her(-litnrilv-P 1ind luen lit;irily-Q an" -m-h cqnivalcut. to
being nn f(Igcks®gnlph. This talk ,vill txmnint1l tlw g'aph mttItwory bf hPr'<litary CiJliiv-
alPn<:, indud- ing it$ iutimatt. relationship to M'mirnol Iquinlellce and UH n-:ultiug 1lglion
of <om71llemmtar}] plv11cltiCs in the corr<.pondiug lh)Dll'an algd>rn.

kayywords: hereditary property. minimal pn;p(ertv. graph nwta.theory
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126) Graffiti.pc on the total domination number of a tree

Ermelind11DeLaVina*, Ryll]l Pcpp<er ,md nill Walkr, Uuivcr,ity of Houton - DJ\\1lltown

TIf rotal domiuatiun number of a graplt G is the minimum cardinality of a sub,et of
vertic:es S url that every vertex of die graph Ch; adjac<ent to omc vertex in S. GrnJ-fiti.pc. a
program t!mt make graph theor<'tical <"<mj/Ctnres (utilizing tw, conjectune making strategics,
one of whidl is similnr to S. Fajtlowi, z-s Grnffiti): wns qtll'rit'O for conj,_:fitnrcs i)a the toull
domination nurnhcr of <'onnPCted graph. In 2007: scevern] of Graffitip<"s Nmj(>(itnr on
t P total domiuatiuu were Iwnoun<<:d aud rcsolv,:<l. In this talk. ws nwiliit ©l11< uf thvsc
conjc-ctun>s ,uid iww onys. made m<in' rccrntly, spl-cifically for trc,-,

127) A computational approach to inequivalence, isomorphism, and excluded
nlinors iu nlatroids

Sandra h:ingan. Brooklyn C)1!Pge, CUNY

Although us of compntrr in proviu!h tlFnclm; is widel, ac<<pted iu comhintltoric;s,
matroid theorists hilve b,'('Jl some what slow to th,nge with the timffi. We pr"S:Dt a compu-
tational approadt to rnatroids th1lt mdlle; some lengthy pnblisiited proofs to straightforward
cornputCr cukulations thut cut be ceaiily urvler:;tood. while k<"-Ping and (s141wciug §1t geo-
mctrie irisight thDt is o impt)'ttUtt in wotroid theory intact.

I<eyw1.Wlb: matroid:-:. graph!->. ill((Jlli\'alent-P. isomorph.ism: cornhirifltorial catakg:-i

128) PC-Labeling of a Graph and its PC-Set
8hrahi111 Snlshi: JJuiv, rsity of :\evnda La.; V<egas

F<r Tlgraph C = (V, £) and a binary wert<X oloring (labeling) J: VIG) {0 1} let
vlU) = IJ-1(i)I. fissaid lo bfconlil1l ifl-'v1(1)-1¢1(C])! ;. 1. TheC'oloring.f: V(C) (0.1}
illd 1t<s all -.Igl' Ltlicling ) oN:{(9)| (0.1} ddilwd by J'(.ClJ) = 1f(,)- f(y)I Vicy E £(G1.
Let ; 14i] = Ir-'(;)t A graph G is said to lw <or<lial if it admits a <" mli;] la.bding such that
Ir1(1) - r1(0)i S 1. [n this talk tlw ,conccpts of PC-labdin!( aud PG-s<sts ,,f Isigds will lw
introd 1r<-d aml the PC-sPts of r-rt]in das<<s ,,f graphs will be d;tennin0,L

J<-ywjirds: cordial labcliug, Mrdial grraphs, PC-lahdiui,;. PC-sets
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130) Set-siz<.CI (1,3)-Domination for Trees

wimnd!l R, 13,wk. University of :\orth Alabama
Pctir J. Slater: 1Jniverity of Ahbmyl in HIlllltsvik

Thw duminJ.tion continuum plrulttlr /r\r, o3 a(G) arc dfiHé] under th< r((uir<emcuts
that Path :-ubsct S J V(G) tf size i Iw dominated it lca,t ¢ tlll. A :=mbat D V(C) b
a set-sized ("> r,....)(G)-dominating sd if for (adl snbsct S of I'(G) nfsizc i, tlw dosed
nPil(hborhood of S inwrsiyts D < least r; times, IN[S| n I 2 ¢, for cach i € 1 Then
7% d 5y J(G) is the minimum tardinnlity of a st—sizt-d k1,ViC3....)(Gj-dornirwling sPt

Yor tre, T. 'ti(,,i5(T) is diflkd if and onl, if ¢, 2 and 2 3. Ju thi- pap<r
we ;-onidr sct-siwd (J 3)-dominition for tree; We show, for ¢ tric T of order 1L that
(3/49)u + (1/2) 5 "Yrtii(T) 5 u. aml we dwractcri,-,, IIf trws that uchi<W thl'st’ bouuds.

hc'yword;: tr<ves domini:ltion eonfinl11lm

131) Fixing uulllbers for rnatroi<ls
Gary Gordone, Jmuifrr "\K?lult-. :san(’y :\tendau'r. Lafoylttte College

Given , matrnid Al th fixing numlwr fM) is the size of hP smallc;t subset S I
elements JI' the mntroid so that the only uutornorphism fixing eadl llernmt of S is the
ithutit v, (Fixiug nmnhPrs hav< bt;n studicd ror gruplls) We distcrmim: tile fixing numlwrs
d som( matroids with large allh)mvrphim groups, including pr,,j,etiv(; and affiue plume. In
11dditim. w; COmprk M) for lad(< dli<; of trmnwsrsal rwuwids arising from  hiprirtit,-
grapll.

132) On Computing Edge-Magic Grap}L and tlwir applicatiious in Cryptography
Pillg-T:ai Chung*. Long bla nd llniwensity, Sin fin It< Ridlard Lvw, Sau Jose Stat<' Uni
verit

Fira I:y chnotc

Q -1 {ra, ... +(a-T+q/2]) if lisev<'1
(u)-  {0,%xa,.. . +(u-1+(q-1)/2)} if,lisodd

A ip, ,1)-irph Gin wliid, the ,Jcs arte lalwk<l by (J(a) s,, thult tlll' wruex sllms mod pis
a cnustnnt, + calfCI q(a) Balnncc Edgl- 1Gngk ffC b n (J,.])-graplt in which the «dd arc
labcled 1,2::3, ....] 3 thnt the vertex simls I( \Onscant mod p, tlwn G is Cal.d 41 Edf
\fogir (E\) graph. | this paper. we first inv, tigaw 1le rPlatiouslip between lhe §lliry of
8\1 graphs and the thiory of Q(w)-IIEf graplls. Several c..uj.-tun,., al(: propos,l \\; thn
aJluly zc the <tmpntationnl <omplexity for computing £js] gmph:i und db<Usti 1Hir poteutinl
1tpplidlti0l1ls in Crvptogn/}>kt y.

I<cyw,)lds: Q(a) Tlalnnre t<lge-magic, <<lgnwgic. Q(a)-otnplltational complesxity. <ryp-
togmphy.

Gt
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134) Independent Domination in Complementary Prisms

Erm,~t .hun*: Jod A. COngora, Tcr,-sa \V. H, yne;, East Tenll'S™)I't State University Johrn,ou
City

Let G be a graph and G he the Complem<nt of G. The c:omplcHlI'ntury prism O C of G
is the grnph formed from the disj,iint tmioll of C ,md C by adding tl,c «l!(es of a p,erfcct
matduug b<tw<Xu tlw <:orrcspomjing vcrtin-; of C aHd G We consider th inckpmdr:nt
domination nnmh<rs of romplementary prisms ,;nd present uppr and lower bounds. Among
other rc-sults we dtaracteri7,<e tlw grnplcs C G nttaiuinf; tlw lower bound mn:r{i(G),i{C)} @
i(GG).

I<eywvr<ls: Cartcsia.u Produ<-t. Cornph:mentary Prbm: I11<IPp(Jidmt D1,rninatioll.

135) A representation of the bias matroid in a projective phu,e.
Rigob(erto Florez. Univ('rsity of South Carolina Smntcr.

A gnasigroup eilxzn-ion 9mph of /(5 consists uf a :g-aph that. 1a,; a poralld edge to each
edge of K, for each clemmt il the quasigrol.lyn Each tli;c La a label in the gnasigrnup.
This gruph giw-s rise to two nulk-3 ma.troids: thee full bil, elilil the completF tift matroiil.

In thi, ttttk we discuss the 1llgebraic diaractni,ation for lhe rpr,>sentability of these
matroidi- in t projectivf plane in tPrms of qllasibremps and ternary rillg.

136} Zero-Surn !Vlagic and Null Sets of Planar Graphs
Ehraliim Snkehi uud Sarnwel HHH:£UY. Uuiv,rsity uf \\vada. Lu, Vega
For any h E N a grapl, G = (\,Bl is said w he /-magic if th:n: rxits a labeling
1: E(G) Z. - {0} slidl that the indl1cP<i vertex 111hln / : V(G Z, kfined hy
[tfisn=. L, Lpn

uver, ()

is a <ontulll uwp. \\1=<H #l;b <ontant is Owe call C: a ztr& um It-magic grapll. Thi: uull
ct. of G is Hi ft cfall Iwlnal numbers h E N for which G admit- a zcrer:zrun It-magic
labeling. A graph G i said to be uniformly null if tVPry magic labeling c¢f G induces z:m
sIf1H In this paper we will ideuli(y tll(" 111 sets ,,f <'Crtain plaJlar grnph.,.

Kilywords: magic: zero-sum: nnll set of a grnph

GS
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138) Role AssibTlments and Domination in Graphs
K111 Ltski,r*, Cemson University and Jenemy Lyh-. Uriiversity ,,f Southern :\lississippi

In this p.aper we illvizt iga.tc the coucPpt. of rolP as.-;igunwnb as a tool for \011:i({pring vt:rtex
partiti)W, of a gruph wha<: (Ud partiticn is cirher an indcpfndent or 4 total \krniulltiug
sfit.

Ifeywords: graph lwmomorphism: role .issigmm.!nt: iudep<Il(lcnt. and total dvmiuutin{
sd nd <loruatil' partitiorn;.

139) A Deletion-Contraction Theorem for Internally 4-connected Graphs

Car")lyn Clnm*. Loniiimul State Univr:rsity, Dillon 'layhcw. Victoria Uuivt rsity of \Vclling:-
t(m. James Oxley. Louisiana State University

1\1tte! \Vhffl-. Theorem HSJPs that. for a 3JLIC'U'ti i{fraph C tlwrc i an <Hge , in
G such that thte delrticll or rontraction of e fron, G & ;)-<onneder! and simple uni(., G is
a whelL In thi talk, we present a similar remk tr internally 4-comilx-te<l graphs. This
th(;oram i n :;p{<ial cu,l' of a rnon' gaxatll n-sult. for binary inutroids.

J.:.cywords: chain tllturlm. internally -1-corinectcxl. <ldt'tioll-contrndion, whexels tlworcm

140) Ou Z, ¥ Zy-magic Graphs
Yihni Weu, Suzhou Scilnc:c aud Tedl.Mlogy College, Sil1-Vill L., San JoS< Stat<' UuivNsity.
:wd Hsin-Hao Su', Stoncl,ill Coll<eg<.

Let G be a simpk pmph with wrt,:x set F(GJ alld ,!e- set E((!). For any ahdiru,
laop A writtcu additively w denote A - = A\ {O}. Any mapping1: E(G) A'iscallxl a
lah1'iing. Civ(U u labeling on lxgc sit. of G Wi tau indu<x a VIrtl'x set h.1lwling: t* : V(G) _. A
g folll.lws:

I" )= I)1(u. uI (LD EE(G))
A graph C is knOWU as A-mtlgic ift.herc is a labeling I: £(0) A" udl dHIt for earlt vertex
V: the sum of tlw lubd:-. vf the (Uges indd<ellt with v arc all equal to the ;am<. constant.. lu
tltb paper, w illV(."{i'Htl- grupfl’, which are z- f) z-ma.gic or a’: noe 2'i a ZHH-KC

Icywor<ls: vertex labCling. edg<' la.beling, magi<' gruph. Kk:iu fonr group

70
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1'12) Locating-Domination iu Complementary Prisms
Eristin R.S. Holm(e. O(enbc R. KoC-isler”. TLr)\ \V. Hayne. Dl-partrncut of :\latlwma.tic
Ea,t TcJutcs.,.i State University

Let, C= (V. B) he ugraph and Clw the ;omplrm<mt of G. The comrMmcntary prism of

.G, denote-d CG. is the gruph form,ed from th" dijjc,iut nnion of G ,md C by udding 1w edges

f » perf<<t mil<tdiing tw<m the c.om:sponding V<'ti.c; of G and C. A ,..t D.;;; V(C) ise
[0<'aLing-dominatil1lg Sft of G if for every LE V(G) \ D. its neighborhood N(t,]J intcrsectim
with Dis nonmlpty aud distinct from N(v) n D for all " E V(C) \ D wlitere ,, f- u. Tl,c
hwntiug-dornin,ttion number of C is t!,p minirniun cardin,ility of u locating-dominating sN
of C. W stncly locating-dominati, 111 iu r<>mpl-mmtary prisms. W; dl'termiuc the locating-
do mination nnmbe r of G (; for spP<itic: graphs G and rharactcrize the cornpl<'rnntary prisms
wilh small J,rating-dvrnina.tion number:,. \VC also 1Cx11t bounds on ti< lol'atiou-1],nlinatiou
muubters vf complt-ment,u, prism:;.

11?%ywords: C-omplementtirv Prism. 1,)('nting-Domiliation. Domim1tion

T

143) Variants of the Moore Graph Problem

GL'Offrcy Exou. Indialla Stat,, Uni\Trsity

Some variants of th. Muorc graph prohkm will he discussed. The 1,rlts will he on vnri,11s
mflL-If:S of h w duse we c.ui oome to cmts;trn(ting a '\'loon graph il the n,;t where Od
\foore 1'faplL. c.xist,. Cartoons will ))(' ,;hown.

Keyword:: '\-oon: mph. ra(\ dcegnC riumftt:er: <utsl-con

111) Vertex-magic 2-regular graphs

Dun :vll'Quillan*, T\orwich University and Jumps M. :\'lcQniUan, Wr-st'rn Illinois lluiw-rsit.'

It is well-known that each cyrlc has at IPu,t one vut.cx-mui;i total Inll'iiui; {V\"ITL).
Huwr:ver, not mud, is known negarding other 2-reegular gTaphs. "Ind)ougall ha., c<111jtd11ned
thal. ea<h rc-gnlar grnph )f,1,grPe at lsisl. 2 has aV ITL except for tlw disjoint il 2C:,. lu
tlib talk wh <lb.cuss n)cent prObT(s;5 ou this pruhl<lIL In particular W hov; that the: disjoint
m,i,n 6Ca ha, a V:\iTL for every., otlwr than'!. WP sh<w that. for s = (2)/3"1 (with k > 0)
the graph.,(’, bus u V:\\1TL with n magic con,tant of h if ynd oul; if (1i2)(15.; + 49 :Sh S
(1/2)(21s + 2).

Ke, ,\Drds: v<.rtexemngk. t'<ig<'-magk. 2-r<gllhH
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145) How Docs One Record Mathematics and Its History?

ObzenltiolL; axd Ik=ou; fi)ln Tlw fatlHematii:al Coloring Book.
Alomndir Stifer. Uuiv<srsty of C-Olorado orfifler(t 1 adi1

What is ma.thematic,? Will it exist. will it be pass;d O withont. I writtOn txt"!l lsnt
rHlh rmatic | in i sliffsg wlat is tXXJrdad ahout it? And how docs mic rt<or] ml1thiHl\tits?

I\ath, natics b ohjtecti\?. lorcovr-r. in the PlatDllit vhiw (shin-tli by mobt mathcmati-
dms), it exist:; vut there, and h)Ydy Ik ltlfrdy disrover it. Tims i mnkes scnsf to nforcr.
ohj(:ctivily n matlldlll-Itical writiug. Thi; obj(:ctivity ; cliforcf Taud p<<d m by editors or
j<uroal and book. ulwrvisors and advbor. au effix-t of ndentlPs tIHorem-pr))Oft hcorem-
proof book. = if writt<Jl by rohot; for rohot-, It thercforc eom< m litlll' urprisc that
majority of humul kind dislikes rnattwmatics.

If one were to aSUIlt th,1t mathemati<s is <om h Vrnatlu'matkiflllS, and furtlwr &t
that rnathcrnaticians an' human beinio. one wondci$ whether mathnnatic— B (SS(eutiully a
hnmau <lldedwy;  in<witably AbjE<tive.  If <» why should WEnot ntord it is a Hvz vital
Inmll tHtivity? Why uot writ< mathcmadtibi i, if it were ereatcd mid C<mdad hy hmnan
hdn v human beings?

Su. tuc we williug and te?ady to give mat)l(mutirs a human faec rd human aml scientific
hbtory? I« us =Jart thi conversathm in Boen iuid eoutinue heyorlll It i too ilnportant &
ncgle,t!

146) Independent Sets in Edge Closures of Bondy-Chvatal Type
Robert E Jamisvn, 13dl tlovick” G<ms;ll University

Let All he thr C>mphtc WIPh of order n aftd 0 1 pt>sitive intcgrnl titt-14old  Suppose
8is, U ¢f cdg., of J(, ard Id dcy;(") dmok’ the umniwr <l ddlss in S inridmit with
An o>di<y, A /. is /lI-depmdat A S i’ de9s(11) + dr9s(:) ? A Sis O-cltsed provide,! S
conlaits i cdged that art O-dtfiClich\nt Il S. Si-. Odllkp(IHlent iff no edge ut=uf Sisin tlic
d,Jsuw Df S\ 1. fu thi, paj)(r; we will illve_figate mwximal Itnd maximum O-ind<p;nd{nt
sd, ,f < The now dnssi<al ¢,w' i =1 wa, stndi"i by Bondy and Chv,,tal who pnV(d
that if the H-dosurte of;-, graph is BELmilt(1lian: tllan the original raph mwt lw HawilLonian.

l{eywon.b: closun\ independencre. HnmiltO11licity

147) On Balance Index Sets of Disjoint Union Graphs

Sin-IVHll L-c. San Jose State University. Hsin-Hao Su. Stonchill College. uld Yulg-Chill
Waug*, T IHII lustitllf(e of T{<Imology. Tniwun.

Let(,' ht a simple graph with wrt(X St \/(G) and c<he ct B((>). nnd 1t Z < (0,1}.
A labeling f : \[[G) - % indudls all ,dgc partin! labdillg £' : E(@G) -, Z, d<fincd bv
j'(1w) = j(u} if and cnly if J(u) = f-1) for $hh tlge W E E(Gj. For i E 72 let
1,0 =ifv EI(C) : /(;) =i} jnd «1(i) =le E E(G) : rl,-) =i}i. \\p call/is a
friendly labelin: if lo,(0} - 2/ 1J : 1 Tim bdance index sPt of G dsuot<l 13[(G). i, d<tinPd
as {11<(0} - 111(1)1: the viTlX labeling fis ficmlly}. [ 1hi, paper, we ,ludy tilt' bnlm,:
index (r of th{ tfojoiut union gnipbs.

[(pyword: vertfex lab<ling, fricudly labeling: balarnf{: illtPx set: aritlrmuerit prognion

148) Graph-theoretic generalization of the secretary problem; selecting a best
twin

Gzegorz Kulilki”. Ullivtersity of ThUiwils
Mid ud Aurayw.e. \r<daw University (f T(1ind>gl'

Gomi d<r a post't P conbtiug of two diaill:, cl HE :amte lenbith; the (Jliy JUICUlflwahic
delwnts arc ¥1'ments from the YAl h'VEE rcfrem'<d @' t\vius. Tht: demlTJt,;, of P nry ohl;nw:d
on,- fg<dW n some rtind emi pPamntation. At iV il LT WF obsJvr- the pnrtial (d<r iudurrl
by the <lemcHls thiit cunc up to that "'"'n<lit \Ve wmt to dluosc the prs(etil v obs-ervi, I
d<m<ut maximizin the prolahility that this d(mcut. i, orll of thc hV) maximaJ twiuz. Ve
fiud tlic optimal st,Jppin time nnl t+jtablish tbe N.ymptotic hphnvior \If th,; pn,bnbility <f
S

Keyword:;: c<in'tary problem. optimal stopping. partial ord\r
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11J) Bounds ou Some Ramsey Numbers Involving; Quadrilateral
Xiuodong Xu, Guallgi A<ildemy of Scicnc,s, \ilmliug, China
Zdmi Shao, HuazlOng Univt!rsity of Sden(-c iHi Technology, \:¥han, Chinn. StnnbJaw
Rnd iszowski’, [tocheslf]' Inslilme of Tedmology. \/Y, USA

For graphs G1,Ga, - » .G,,,, th(e rlamsty numh'tr R(G1,G2,- » .C,,,) is <sfined to lw the
smallc,,t int,wer n suh that any m-coloring of the <dges oft.he c,mpl<st, bntph /, mit in-
dude ;, monochromflti< G; in color i for some # Inthis talk we report on several low(er and vp-
per bowlds for sonw Rant>('Y nurnlwrs involving qua<lriluteral Cjeincluding R(Cle ],9) :; 32,
9 S R(C.,C,.A5) $ 22,31 S R(C1.C4.C,,L,,) $ I 2 $ RC1L:.L.) & 72
L2 $ RtC.,,C.,.I(,Ki) $ 7G and 87:,; R(C,,C.,.h-,1<.i) $179.

I<<yword-; Rwun:scy munbcrs. quadrilateral.

150) The D-indepenclence Number of a Graph
J. Louis SewcW, P<t<r J. Slutsr. University of Alallamn in Hnntsville

For a set D of positiv<' intcg,r,, we dd-inc ,, v,,rtex set. S;5; V(G) O be D-iU<kpm<imt
if 1y E S impli<es the distanes d(11,v) ¥. D. The D-indcpmd,:nrc munlwr ;io(C:) is the
ma'<igmm cardimdit v of a D-ndl.p<ndeilct set. In partkul[lf. tht ndCpendtfice mmlher
/A(C) , fipi(C). fl,rc. we forns an the odd-ind,pcmdmce nnmber 3, o, (C) where ODD=
L E}CT Boc I

Teew, rd:-;: indvI>C'ndenc<' muulwr, distance sd.

r ]

151) Extreme Friendly Indices of Cop, £ Pn
Wai Chee Shiu alld Fook S, Wong', Hout hong ILiptist University

Let G= (\".£) Iw" ronn<Y]<l simple grnph. A Inhdinl; /: V(G) - Z, indttc<S ilfl edge
lalwling f': £(G)  Z, ddilllgl hy f"V!!) , f(.r) + /(y) for each ay EE. For i E 2. let
V1@ = IJ-'()I ind r1U) = i)i. If v1(0) - vI(DI 5 1, W{ call it;\ fricudl- labeling
ulukr /. For a fiendl;, labcliu / of a imph G we define the fii(Jldly iud<x of G ,mdsr
f by iliG) = cI(1) - "J(O), "llc set {il(G)] f is ufrindly Intding: ,,f G} is caJlc] fl< fnll
friendly indrx ¢« of G. [ this pap<r. wt will presrnt thf txtn-mc 5P ndiQ% 1.1 th(
CarU-;i a1l product of a eyd<: alld a path.

I<Py,;ord FriHdl, lahCling; fimidl, index St CirtfsiuJl predilct of a gel<- and a path,

152) Tour Sets aud Tour Vertices ofa Graph
Garry L. Johrls. \Villiarn R. Vantaw", Saginaw Valky Stat,e Uniwrsity

Let (; be a connectCd. simpl(" graph. and let u and t be vertiCe~. \WV( detin, a u - v wollr
to b<" wu- , Lrai of mxilllun length. and for any subsd S < \'((."). w" denote hv h[S] the
set of all vertice lying an auy tour bitweell ully pair of verri(es in JJ. \Ve say tllat Sis a rvur
S(t if I, [S) = V(GL and that a vertex t is a t<fr V(<X if v B~ withiu every miuimum tour
ht of C. In thh, talk. we present, sonue bHsi; rult <Olleming tllr sds &K tonr vertic,.
ind 1w lillg some cvmrwrison:; of PSP <on(cpl; to gt1>detk SEts. gr,-,detic verticns, detollr et.
itnd detour vertices.

J<eywords: trail, tour. dctonr. geod tic




Thursday, I\farch 5, 2009, J1:30 Al\I

153) Cyclic perfect T(P2 U P2 U P2) triple systems
Danny D-er!. hiffi\)rii-il lniver ity of I\'(wfmuldlluhl foish finlz<r 1University of Vidoria
A T(G) triple is fiynwd by taking a gravlt G and replacillg every edge with a >-c'clc:
when' 11l of thr msw vertie,::-, arc dhitiue:t from ,Ul uther-, in G. All (tl t-diz,)int <lccumpm,itiou
,f:11,. into T(Gi triplc,; is called u T(C) triple sy,uesm of oHkr n. If we cru, 1kcomposc Kn
into <llpics of H setaph G. sudl that ,vc rul fHm # T(G") tripl0 from tlldl grnph in the
d,'<'ompoRitio n and produce a partition of the cdg of 3K, , thrm the rnsulting T\G) triple
swiclll is calhl perf<'ct. \Ve show that the spel'tnu-r, of pcrkct T(P2 u P2 u P'2j triple
YyA<IL for ,. at Ta-it Ui ,. — 13 (mod 6): uud iv(e cyrlit constrndi\nb for all admb ibk-
oriken,.

I<eywunl-: gn.,ph d((:ornpositi<us. tripl,.: yskrn:--

154) Colored-Independence

Anne C. Sinko, Ob,rliu Colleg,

Gi\'ert a partition $ = {S,.S,,...,S,} of the wotlx set V(G) for graph C whyn: S, is
solst 1uss i, nn S-indcp<'ndcut M¢ is uny Ht R V(C) wher R is ind(JWnllent and cither
RnS, =S; or //11S; =0 for ¢1h S; with "I, i _<;_LThe 6-indPpcmd,-ncc number ;t(C: 6)
is th ma'<iumm cardirnlity of an S-indcpmdem-e' set. Both tlw indg,cndenc(e partitirn
nwnlh.r,

3£, Ir (G) = rnin{,i(G; 15)! S is I partition of V(C) }

nnd
ip ;¥6) =max{i(C: 6)1 6 is a plldition of V (G)}

will Iw disemi'®l in dcta.l.

1,e, words: Indg>,endCJicl'. Colorcd-indep,-n<lence

155) On Balance Index Sets of Gcucralizc,d Friendship Graphs

Audrew Clnmg-Y<'11ng Lrl:\ Svra<HS< lJ1liverity: Si1<Vjill Lee. Sau JoSt- Slate Unin:r:-iry
and H,iu-Hao Su. Storwhill Colk-gp.

Let C:-=(V(G). £(G)) be" finite simple i;rap!, A (0,1} ;nd f b a vertex IH)(eliu 1f
G via 4. The lalwliug fulctic11 f is ,aid to be a friend/11 lalielwy if 1>¢1(0)- <1()1 1, where
11() <lmotc-, the gnantity i{;, : ) = i}[ ii=D, 1).

Given o vrthex hihelling/ of C: <JiC cau iltt:mpt to hibil th<: ed.;cs {f G hv tlw followillg
rnk 1r <eh cdye {u.,} E G, ifu and,: hnve the sanw lalwl I (i.e. /(') ™ f(-0) ™ 1j, tlim
rhe cdge {11.v} will be lab<led ly I Otllrrwis<!, no lalt1 will be asigrw<l. The rl'sulting <<lg,
labeling for G is a partial tirn(:tion ,md it is d<mnotc<l by V. We are iutzic-texl in rIr<:l'li,\Vior
for] - wh(ll / is a frin 1dly Inhding. [n particular. ws (Xmnirn' tu: bafoncc indci: et (c\hhrtV.
as BL(GJ) of a grnph C:

nTtG) = {ie1(0) - el(1][: f is a fricndl 1' labding}

where c1(i) =i{{u,v} E E(G): f"({1t,v}) =i}l ([ =f, 1). lu tib t"lk. we will pr<;<lt
nult8 rcgnrdin thc hialle<e indl'X sets for a mmillcr tf gamrali?1'tl fricencbLip LTI\plls.

J{cywonb: vertex lnbdillg: frii udl, labding: balan<:e index d. a.rithmdie pr<n-ou

15<i) Demidenko Conditions and the Vehicle Routing Problem

Yoshiuki 0<111, I<<i0 UniV(rsitv, .|, pan

Tit Travding Sak mwu Prsblem (TSP) b om: of the mot f<Im(lb PMhard prnbleulli.
Sg. much \Vorks hnve )(tn dmw tJ study p-IYI)[1liall, olvih}<!<H>h that b, t> find gJ<d
condlitio ns for distan<:<-:i WEW(<J1 <ith. sudl that an optimal tour g1 h, fomld in polynornial
tinw. Tl xst- good runditiow, give ,ml' restriction (Il the uptirnal tour: for <xarnplc. \lunge
prop<\ity aud Decmide nk¢ conditions. wrorfeovr.r: it is :-igniticaut t, fu<l ajg<ritluns witidl
\'Offif)llh’ tlw shyrt(st tonr with the r triction. A p_yrrunidal tour app<enrs f7-qflltly in th\t<
con<-€pts. Fo 4 given romple te wdghtf'<l digraph(;, a verlcx I of G. jrll a rh>sitive int(e1\r
k. 11, Vchid,, Nouting Probl,m (VRP) is to filld a rninirmrm weiglt r-innect((j snbp;n;ph F
of G sudl that P b a unio n of k <3<k sharing Olllv the vPrtex & Ju thL; tulk. we apply good
(:ontlition for the TSP to th, VH]'. The Ilnthor pri,v"i thtt if a giwn wecii\ht,~I dibernph
satizfift several coBdition: whidl ls kn\JWI for rhe TSP. thPn an optiuutl :-olntim \f HIl
VHP can also be compntcd in prlynominl time. In this telk, we shall focus ,m DcmidPnk1
(‘'vnditions and prove lhat tre VRP restri<'t<'d to Demid<'nko condition, is abo polyn,11nial
tirnl' ulva.ble.

Keyword;: tht Trawvding Salcsrnan Problem, th(: Vdlidc Ruutillg Problem. pynunidul
tollr: owd Detriidemko condition;

73




Thursday. March 5, 2009, 11:50 Ai\f

157) Embedding partial 4-cycle systems
A.J.W. Hiltone, Quc,eu '\fary University of L,mdon, und C.C. Litt<lmer, Auburn University

A parti: | 4-cycle systern S or ortkr I is a tict of f<lg<'disjoillt el-cyck wI10 mliou
(no~sibl, with om<e udditional bolukd vcrtic(*8) form:, a Jp:aph ,vith n vertices. Ifthc union i
the ¢>mpi<1< graph h-, ihen 5 is a 4-cyd<e system; in th"t ca,c it is kw,wtt that , ~ I(mod 8).
\Ve +hew that if n partill 4cirke sy;tem S of Ul'ier n —i(irn,d 8) has; a mhesin -cd , ¢ graph
(or lew,e) G with at lea,l. one isolnt('(I vntr-x 1Ind >t most one component wiLh 11gt,;, thgl 8
Affi be fmbc<d<ed in a 4-cyd<" systPm of order at most 11+2 + 12. where D & the rnaxhmun
Jkgr<-c of G .

Lir. A(Il} be tlw last int gN ,. ~ 1(mod SJ slidl that any p,u-tinl 4-<yde systelll of ord,er
n can be ,smbeddf\l in" J.cycle system (f order I for r.ad, I 2 z #~ I(mod 8).

Tiue nult abuv(: (an V(, used to sllow that

o+ n'/., Mn). o+ 120" s,
r.ywords: 4-<'yde systems. emb(xlding. designs

158) Competition-Independence Number of Special Cl, sses of Graphs

Suk Jai S,'<¥ :wliddlc Tam1('S.i" State Univ<'rsity P,-tcr J. Slater. llnivcrsity of Alabama in
Hm1tsvillc

Con:—ider t glufl( tl.-odatt-d with a wraph (; = (F,£) involving TWO play(rs (maxiuli7<r
md miu.imizcr} who alterllatdy sck—t wlirtics to go into a set S, which is reqlliro:J to haw<' a
certain prop<.rty. Play stops wheJl 1lhe 1,ddition of any vertx nm. already in S de,trovs the
property. The maxirniier att,.mptf, to rllaximize the siZ> of 8, while the millimizer attt'mpts
to ntiuirnb (" it. If botli plitycrs play optimall, : titeu the siz(e of tlil' r(."tUting set is fix1-d. The
p:lrahetcrs that assigu a vallle to each graph in thi-, luanncr urc callo.] <omp,stitiv<' parnm-
ci.Ns. For the Comlwtiti<n-111dcp, ed"n;'C G, mc the r(.-sulting s"t S must w independent.
The cnrnplitition purrunnters ;1; 11m and iJ,;,, @, denote the size? of thf' resulting set Sin
the: Comp<>titiun-Ind1.:;pcndcucP Carlle when tbc nwxirnizl.r and millimizcr; npc-cLivcly. play
first. \\e dPtermin<; /jr;n(cl and @ for PP<ial du,s,- ufgrnphs.

[(<'Y™onl;: Irnlepen<knt :-et (Ompctitiv. parameters

7)

159) Ou Edge-Balance Index Sets of Some Complei.e k-partite Graphs

\[a n l<ong", Univ<'rsity of K. nsas. Sin-Mill il'e: San Joc- State UnivPrsity, and Yung-Chiu
Wall,. Tzu-Hui Institute uf Tl:d111ology.

Let C: hP a simple graph with wrr«x st V(CJ aml adij< set E(G). nn] kt. Z, **(0, 1}.
Any edge LIwliug f induce,; a partial verl<X Itllwliug J* : V(C:) -, Z assigniug O,r 1
to j+(,1). u being au d<mcut of V(C). dep<li<illg 0l \l-hcther tlwre ane mort <tgte <
1->dg., inc-ident with o. awi no Inhd is piven to re-1e] otlwrwisc. for Glch i E Z2 kt
L) =10= V(G): J+(i:) ¢ i}l mid let elti) o. I, E E(GJ: !(r] = i}I. An <Ip;c-lahlinp;
J of G i; Mid to b« L-<lgL-frimdly if !cJ(0) - CJ()I S L. Th( (lg-h;.Jarlcc index set of the
graph C is dcfim>d as EIJI(G) = {-uf(0) - vf/1)j : fis Lsigleficraily). In thi, paper.
we iuvpstiga.tc amt pr<"I(Ut nesmlts rollrcmill! tlw t'(Ige-ballUtt'C iud, x Sl'ts of som<' compl,efle
k-p,wtitc graplc,.

Keywords : V<rt<x L I liug. c-dgc lalwling. friendly lab<'ling. e<,nliulity. ¢'<lhe-baL.1.ncc index
sct; complete k-partitc

160) Condit.ions on The Distillation for Determining Optimal Chain Lengths of
A Graph
Audréw Clt(:J1, "\litn(.ota St,itc Uniwr,;ity \!ourhc,ad

A dlain is n path who se int<lrmU Vfrtk-<-s are uf degrcP two nnd whoe . did vlrticcs ane
not uf degrl’C two: and the ltngith of a dluin Iy thc 1ltnhfr of edgC’) in it. Tu (‘L)llract a <hain
is to contn\<t togcther all tlw s<iges in a <hain int) onc @, « Tlw distillation of n graph
C is dmot,'Cl by D(G). The distillalion b thi: H,11lt ,,f c,utrncting every dtnin m h",om,,
a single cd, . In pn_evioni work it \MB mcuti01led tmt tberc i a formuln for th, 11111 <f
spruming tree, rf a grnph in terms of the I('ligths of the dMins of tlw graph. That formul,i
has a nullllr of term, that is equal to tltc mnnber of spanning tree; of D(C). If w; wunt
to tind an optimal a-;signment of i<enln, to chain for a particular <Ibtilhltiun nud partkuhu
size (m = JE(C)I) and mller (n = JV(G)!). thm 3 first intuition would l:nd 11, to rymsi<l<r
the ;Jpplica.tion of optimi%ntifiD Le‘hni, nes (sudl as th( Lacrnnge mnltiplicr uwthrnl ffit"thod)
to thi particular formula. \Ve pri'stnt conditions 0l D(G) that al: Jt<CC:i'ary and suflki(:]lt
for the applicc:ttion of thesc tt:etlmiques tu converge. v,’¢ will tlbv prisciit 41 o, nltW 1If how
this fits in with tlw lag;er pitlttrc <f linditlg t-c,ptimul graph,.

I(py,vords: graph, panning tr('(S: thxe mwlher. optimixution

/ill
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163) On Edge-Bal.u,c' Index Sets of Fans and Broken Faw;

Dlimw1 Choprn,, Wid,ita Stat<' Uniwrsity. Siu-\lin L,,, San Jose State llnivcrsity. and
Hsin-H™ S11. St<>uehill College.

Let. G ¥ a sirnpk graph Lith vat<x ot V(G) md cdlr. set EG),ud let = {0 !}.
Auy eJic 1h Wil J induec u pnrtial vertex labding: Jt : V(C} -, 2 a—ilin 0 or 1
to j*(1D), 1 heing an demellt of V(C). dcJJCuling on whrthPr tlierc aH maC 0-xdgr vr
Flplt incdent with E and no hi is given to J *\'i) otlwnvise. For each i E Z! let
vIU) "' 1L, € V(G): j+(u) = i}l and lt. 11() = K E E(G): J(e) = i}J. Ar, Pdg,-labliing
f of G1i, slid to Iw ;-dg,-frimdly if {1"J(0) - 1:(1)] & L Tlw ,]Jg bulai,n' ind,x ,ct of th,
Y(raph G is defimI Js EB/(G) = {i-1(0) - :1(11 : f is cdgo-fricndly.}. h, this paper. w,
investigale and present re;nlts (On(cnling the clg(-halance ind x sets of frms :wd hroken
faus.

I'<eywords: vrtex labeling. edge labPling, friJHIL1- lalwling, Nrdialit.y, ,-!gc halance index
sci: fn
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165) Effects of Exchanging Sub-1>lock of Sorting Permutations over Elltropy
Ziya Aruavut. SU'Y Fn.<iouia, ziyu.a.rnavufO-fn,'<ionia..;du

Siucp 19U7. perrnutations and inversiom, havte been tSf'l for gerw.ml dala comprcssiou.
In thb; work: W trtat the <lata as a ume diuwHsional ;urav and (XJ>lQn' sortirl pcrmutcttiom,
of <luta and th< df<-ct nf ,exduutl(ing snb-blol;k of th, sortin!( pcrmntations over <ntrupy.
Ex, «cimeutul r1lis how thut there m.iy he &UH' improv<emc1it in C<Jmprsi(n.

Kcywonb: Data cornpressiou. Lo-;Kh-., Application:-i of Permutatitn:-,

166) The Single Sink Location at Periphery for Min-]\fax Betweenness in WSN
Y\1:;hihiro Kallcke/". Gifn University. kancko linfo.gitit-u.nc.

In wirli,'SI' selLsor nctwork(WS!'(). data informn.tion is colb:t<,<l by Mnsor n<dcs Olld
is transmitted to th(e ink nocke via scn-or nod<. Kod<; dose to inks nrt eay to dcpk-k
enPrgy benmsC' of so many tnuLsmissicn times of dnta infom1ation. Shortest: pmhs arc usually
chosen us data. tn1JlsmiSiion route. The: Hjfke bctwe<ennes., baed on <dbtaU<<' is rcgardfed a;
the rate that the uodc appears ou shortest p ,th nmtcs. which forces that node > trau;1Hit
datn informn.tion. 11(r,forC' the hlrger tlw b<>twtClw,e, of the node is. th,, <'nrli,r th,t uoclc
ckeplet-es merf{ v. In this @k, ,w consider the pr, ,blcm of locating tlw sin!(le sink at periphery
fIf \VS\' 0 nlinimizc the maxirnurn of tt3 hfelwtcmu:-ss of all nod(s. lJndl-r some r-.1rnlithjns,
we shoyv the bl location. whidl Ifti, ht kad to prolong ndwork lifctirru..

I<rywnrds: sN1=vr network. Linglc: sink hxe;tir,n, network lifr. dit\ILl"f, betwCCnnes!'.

167) A new class of functions and their rclatiouship to compositions and n-
Fibonacci numl>ers

Pliylli, Chim,e, Hurnboldt Stale U.. Gn'g Sirnay, 13nrbHnk PowN "'"" Liglit
Thi5 papr.r giv0S -omt: mhllls on
e patt,m- rulloug thP numb<er of or.cnrrfn(-{s >f string of Is in cornp, xit ion." of 1:
e pnttcrn:; mnong rompru,itiOllS ilf n r.untnining a =ullullalld that # gneut,r dHul n/2;

e form11l1 for t(r. N), tlu- 1111mbr of comp<)siti<mk. thult rt,'tllit whten r idteutical .c are
append(-dto thP ccollll)tbitit,]]s of J\/. whae r i greahir tall N.
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169) Alg;orithnL for Secondary Domination
Linls,;,- H. Jmni,;011e, Ahn C. Jami<.5on, St. Vlarys Colk.- of larylnml

At thte 3'Jth So Ith Isttem Intl'r11lational Conferenc on Corubiuatorks, Caml' Theory. and
Compntiug: H<xltetnilllli introdu<-(-d the idea of ;<ecothh\tv domination dPnot<-d !J(ir: y) wl'wre
r and y ttn: pJ;itivC' integers and * < = y. Thh, colJccpt concrns the lo(:ntion of th(! —e<Ond
mtemhcr of th< WY frotu the p<;rsiwctivc of v, rti<x not il th, et I\hmy subset puraJ11(t'r <dl
be <kescrihCd utilihinh set"ondary dominat.ion. For instance, distance-two do11bl0 domination is
OHK suhs,st pllrametl'r that cau be d,scribed as a g(2,2) parnmetcr. \V( rm>sut a 'vVimer-st:vlc
ulgorithrn for 9(2. 2) as well a) obS<ervtitions m tde during the I'xploraticjn of tlw rclation-hip
betwem (1.1 an<l 9(2.2).

l<z, ,,ords: doubke domilmtiorl. d(mirl11tim. algiritluns. s(x-ondary d<rninatiou, Wimcr-

tvle algoritll111s

170) Some Results on the Labeling of the r-Path with a Condition at Dist:ance
Two
John GtvrgL-s, Kalill Gc-hfeve, D«vid :\fouro ( Tinity Col.), Yan Witng (Millsaps Col.)

For non-ne-gative real numhcr 1, th« \.-number of graph G & the mininrnrn span over
all real-vlllued v(irt(ex L1btlings of G' for which l;ibds of L1dj)((mf \(ertiet diffrr by at INLt
c and labels of vertices at distallC<' two differ h- at least 1 For r 2 2. tlw r-path on ,,
VItices. <I'1lod Py(r), is thr graph of ord_r n -with vertex :;d {4, 1:v3: ..., llJ uud ((ig<
set fit-izt - jl S r- I). (-lotc that P, (2) is P,.) He,.ently, Gri ;ud Jin dctennirl<
the behavior ,if ,\,(.P,) for;- C 0, and Gé<>1g<'s lamo and WaJJg obtain.ed partial rc,ults
on ,\,.(P.(rl) for;-?: 1 Thb paper pr<os<nts mC'tl10b that lead to ucw rg1llts ou this topi(:
illdttdill th<: contplrtr- dct<'rminatioll 1f the bdlavior of .\+(P, (:])).

Keywords: labdiug with a distance two ,-oudition, Jl,-numhcr of G, .\,-Inbcling of C,
-r-path

171) Ou a Coin-flipping Problem

\V.IL. Chane, W.C. Shiu. K.Y. Wan. Hullg .Iong illlptisl lluivrsity. Clina, fl.!. L,,w". Sm,
Jo,e State Ulliver,ity, USA.

A collcaue uf tlv- third author pvi—cd thle followin prohlcin: Sllppohl: tilat yli1 hilve au
ft x n squane array of t-oins. wh(f(sall ,-f the coiu-. Jlavr HEADS fa<ing up. A m,vc c-onsbts
(If ttippiug (Il (;Utire row or In <entin’ <joluum of coius. Fur wlwt villH'> <fr, i; it possibl: to
hove exllctly one HEAD fodllg IP; nfttr a finik 11111Ha of mIWs"? This part icnlar prohl,!m
h an cXitmple of a switch-setting; prohhem. The-c typ< vf Imihlrms nne of mathfematieal
intl]"(st as Py havl' coml<ttivils to Fibonacci pulynvmials over OF(2). and <:omplexity
theory. Herc. ws give ,i 50l 1kion to this parti<cular qu;,;tion a, willll, provid<' an analysis of
tly; morl geucral k-stHte coin-ftippiu{ problcui.

Kl\ywords: witch-sPrting prol>h em.

172) Some Remarks mld Problems on Matrix Enumeration
Slianzhcu Cao. I{;;mwth I\lathtei;;~, Floridu Atlantlt' Ullivlerity.

The <'mLmcration of Int.g;:cr-mntric(e hHs txI(n twe 11bj(<l of c(miidPrahlle study: and il is
nnlikdy that silnpke formuls tXbt excpt for H#dmc verv trivicil rast. \Ve will prl(lit. some
nemnrks Il :-oml! existing results, sonic ucw rt:sults. alld Hvnw IIW JHr>l(tm 1 thi;, lnea

I(cywords: L:U{orithm. matrix <:onutiug, irwtrix 'Olllfl('1'Htion
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173) The Time-Complexity of Shear Sort
Greg Starling*. Gordon D<savcr. Univer ity of Arkan.-as

Slear Sort is a paralll'l algorithm for sorting nl x n numbers. \Vithont loss of ger'Crnlity
we appl, it to dtement- of Sy, Shl'ur Sort i\raugt!i a permutation of S into a matrix of
m rows by t COlnmns. Them rows urr sort.] in S<rpentinc order (tllt<:rnntingly s,irtcd up
and then sort,-d down) and tlcn the, n <olmnns arc sortxl np. This scqnmecc of nlfions is
repeatro [y, (m)] times. and Thm them rows arc sorte<I n sclr,entine order one final time.
The rows an' then read a.ltcrna.tingly right tht1l !(«ft The result. b the itkntitv permutation
>f Sm, This paper cxpauds tlw ,llgorithm r tnrsivcly by fottiring mn = Ni=, m, The
time-complexity of th,, resulting algorithm is shown to be

Kk 5
T(IJm,) = T (IJrn,)(flg(rn,)] + 1) + T(11<i)flg(mi)l
=1 =
k-1 Ja-1 T-1
= T(md IJ([ig(m;)] + 1) + 2)T(m,)flg(m;)"] IJ([ii((m,)] + 1)}+
il B2 =l

T(m,)flg(rn)l
Kc_ywcrds: Sh(‘ar Sort. pcrmutat ion. sorting network

174) Oriented Graph Saturation
Michad Jacoh-;on. Craig Tennenhonsces. Univ<isity of Clllorado DtenvPr

For aples G and H, H is s;il to b0 G-saturated if it does not c@t:ain a snhgraph
isornorphk to G, but for any edge ¢ E J/€ the complement o[ H.H +<contains a subgraph
isomorphk to G Th(e ruininnun 1lumb(r uf tdg(8 in a G-saturat<-d bmlph on 1 w'rtke, i;
denoted ,afr. G). Ve <xoul the- concept. of saturu.tiou > oriNltred graphs; that is, simple
grnphs with orient<(i edges. Firt we prove thut for any oricmtcd gTaph D; ttwn.e <exist D-
sanmt<<-1 oriented grnplcs. and hence show thar .eat(n, [). the minimum nnmber of arcs
n a D-,aturau,d ori,/nhxl graph on Il V(rti<ccs, is well ddint-d. Additionally, we' det.cnnille
suit(n: D) for scme orient(.(} graph-, D: 4Hi examine soml' issic ., tmigllc to ,wkutcd grnplu,.

Ke_vwurch: oricnt(ed graphs, saturation. graph avoidance

175) Orthogonal Latin Squar<>- of Sudoku-t.ype

Hirg-Dirkh Growtll. Univt n;ity uf Ro:.tod;:. Gennany

We consid,r orthoi(lllal Letin Squares of Smkku-typcs i.e., every sqnare of the \IOLS
lla. thr- additional Sudokll property. \Ve will prent. remlts on rnaximal 1llloher ~f NOLS
of Sudoku-typ¢ aud venll forttwr <ontraclions. not for urder Il Jnr also fir othtr ur<lers.
We h<, ge-ueralize the nults t0 c<'rtain orthogollal Latin Recta.ugles of S11<lokll-type.

Keywords: Latin ,;quare,;. ,JOLS, Sndoku

176) New proofs for J\/{n, ) =$(11, 2) and a bijection
Shanzhlrt Gao. Florida Atlemtic Univ<ersity

L't 1\Mfi(n. s) lw tla\ nllmb"r cl I x I @ 1)-marri<-c-i witll row sum alld colnllln snll ,
arul whOM rows an: iu lexk vgr:qhical omcel; rutd let S(n.) bf i : mlmh<r of :-yttunl'tric arnl
trace 0. 1, x 5 (0. L 2)-mlttri<r-;, with row imm 2. P. A. #lac>:ahon ,.btllined a t>mnllhL
fur 8(2). J.E. Jul,iski and .\".J. Calkin prS<ni?d a formula for M\n.8) and notCI<I rhrt:
M(n,2) = S(n). And They conj<Cturc-d that th!'re is a hijeclion I>It\WW1l the two st'ts vn
CCTC39. The, thbtuin<'l a hijec:tiou aft<r thit roufcrcllce.

\Ve will [Ji<S<IL twu straightforwarcl proofs for M(n, ) and S(1t), u bijection, awl rdHt<,1
nenlts,.

8§
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1i7) Au Approximation Algorithm For The Coefficients Of The Reliability Poly-
nomial
Isnbd !Jrid1l (C\IST), Briim Cl<>tcaux' (KIST). Fbu,cis SnllivaJl1 (IDA/CCS]

Tl r<linbility pol, nomial gv{= the- probuhility ttwt a graph nemdiu-. conmect<d gh/(n Unit
rwh (< in it mn fail indep("deurly with a prohnbilit y p While in [((Hem! dcten1lilling
{H: <odfident; )f this pol, nomiul & #P-compIN.t\ we giv( a randomiz(<i algorithm fmn
approximnting it;, cocfliciexlts. \\then com pared to the known approximation method of
Colb,,um. Debruni and :lyrvold, onr method has I'tnpirically shown a much faster rate of
I'Unvergence.

Kcyv:Onls: rPliabilitv polynomial, randolniz(,<l algorithm

178) Pattern avoidance of type (2, I) multi-permutation patterrLs in compositions

Silvia HlLumdch*: Califoruia State Uuivcrsity 16> Ang<eltss Tonfik lausour. luiv<rsity of
Hhnifo
Two plttym:-, T and r' &K \iVilf-quivaknt ¥ the nnmba of compoition avOiding the
pattern r GJllb tlc wunl)(r of compositiOll; avoiding thc pattern T. A gm<emliled type
(2.1) patt,rn T 5 TI2I; has an adjarmcy reqlliremeut for tlie parts in the (Omposition
that. <orTespnnd to 1, Hd T, hnt llr. part correspondillg to 8 ma- WP adjacent or not. ler
<>unpl:. the eornf>tsitou a == ulul ---ai = 1212235 hai two orcurrclld=~ wr thl pattern
r =11 - 2 vamdy a,ata; = 22J and ala;a7 = 25: jm the othter hiwd. ala3a-, = 112 is
uot m occnrr-nee o f, a- tht: two 1 on: not adjacent. Hcubach, lansour and -Imlag han'
- determinf(l hE' \Vilf-equivalt>nce class  mid gfnenit- ing fanrtiOns for th€ ix permutation
pataris of tiw (2, !). Wb comnpllte tlw pidur<' by investigating the type (2,1j mill-
p<mmlltation pattenL, namdy 11 - I, II- 2 R2-1, 12- 22 - L 2 - /;md 21 - 1 Ve
will show tllat. th!y fall into fiw Wilf-cquivakncc dass<’s. aud will tive ar <1lki LjC<tion
for th, cq uivaknee of thes pattm— 12 - 2nnd 21-. Wlidl <tll br vi&mib(ed very uitly. lu
addition: W(llave derived g<-nt>mting function— for cach of lhe five \Vif-N1llivalence: das,.es.

Kcyviord:  Patt<em avoidul<t. gourrajizc-i mltlti-penllutatitm [JattmH.  <Ol1lpitioni—

179) The uumbnr of Latin squares of order 11

Alc<atlder Hnluke, Pdf<eri Kaski-. Patric R. J. OslagMd . lluiv.-rsity of Hd,h,ki

WO cslablish hy mwllrs of a aslnpllter S<ardl that there 1In 20:Jfi0'.2%:i2¢,82885]: 1 HIGAT)
maill da'-e't of Latin gnarcs arordor U. Tlw fmtmerMion is roni<tmetiw- for Iw I tr, 166G04 t
lllar dnysi witlt an autoparatopism gruup of order at Iet 3.

Igvwords:  Cntlnterntion, Latin sqllard\ nHln da s

180) Z-cyclic DTWh(p)/OTWh(p) - The Empirical Study Continued
St.(phallie Costa, :-lormau J. Finizio", Chris.opher Tcixdra, University of flhodc Islaud

ExistInce of Z-cyrlic DTWh(p) aml OTWh(p) will he discmgsed for pilll<, "ft.he form
T=,51211+251.
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181) Methods for placing data and parity in disk arrays using the complete
bipartite graph
Tomokc, Adachi. Toho UniVI'rsity. Jiip,m

Tiu- <leine to :pfX<d up t'<condnry storag(’ :ystems ha,; keud to the d(evdl>pm('Ut uf n-dun-
clant irrays of indcpclicknt disks (n}dD;. To minimuze the accc;; cost in RAID. Cohen,
C,lbonrn 1md Froncek (001) introduced (<1,/J-dnttere,i ordcriug, of vjriotLS sd. syst<H for
po dtivc Intcgers . # Jn ca.e of a graph this ansllilits to an ordfring of the edgf' set :ll<h
tliat the munber of poiuti, <;ontailwd in any d corl:>C<utivc edges is X0lmd<<d by the nwnber /.
For the completes grnph. Cohm I't al. gm-c some' cyclic c:onstmcr.ions of cluttcr'<] ordcringo
hns"1 on wrnppced 1>-lahclling;;.

Miil!gl, Adochi and ,Jimbo (2005) investigated dntten>d ordrings for thP eomplele bi-
partitee grnph. Iliiller et al adapt'<l the eoncept of wmpJK<l -labdliugs tu the bipartit<,
ca,;; inst<a<l of wrapped [>-labellings, and gavc th, cxplicitt' constnictiou of several infinit"
fanuli<s of wrapiwd .C.-lal><'lling. Herc, WR investigate mone gmcrnl ,ustes of the complete
hipartitc graph. In this tnlk we ,viii give some <'on,trncitions of wrapped .C,.-lahelins for
su<h ca-es.

182) Uniformly !.:-limited packings
B(rt Hartn,1l: Saint ).-lary's Uuivierity. Cunada

A k-lirnit;ed pilrking in a n.ph. which genC'mlize:s a pilfeking in a grnph. i n et 1 vfrtir--
S :mcll that 10 w-rttx iu thi- graph hilli more tllan k mc111b(ers of Sin its cloe<l ucighhourhood.
This might mod() thl' sitnation willfr{ no onl' wauts too many oml>xi<sme fodlities (gnrlmgc
dumps. for instrulcc) uOarhy. \Ve first e011sider gniph<’, whi're cvl.ry mHximnl 2-limit<xl rm<king
is a mavjmmn 2-limit,'ll pa{’king. tind chflractt:rizl' those of girth %4 or morr- (joint with R.
Callllnt. G. Gunther and D. Hall). Thm son,(f prelimirnry obscrv,ticns for hii;hcr L will be
inrlicatt>]

[{e:ywords: parking:-. ma~inla]

nl

183) Halls condition for p:u-tial latiu squares
A. J. W. Hilton and E. R. Vaugjlwn". Queen -fury. University of London

A pluthll latin square cornpl<'tion problem can hfe nutllrally cxprs((l #is n mph Il
cvloring problitJL. A 1IP(:csstry condition for n li-t-c=oring probl\'nt 1 have 1 Sll1ltiru i
that, it utisfir Holls condition. This culldition is an ,-xtl'llsion of tlw wdl-knuw1l 1lcedz-ar) !
aud sulticcient conditi()n for a biptl1tit; graph to lwvc: 1 tHif<Yt matchilll- 11<\V<E it b not
in g(eneral H suffid,-nt condition. Crnppcr 1Lked whether it might 111111y he sufticient in
the rale thfit tli: Iht-coloring: pr,lhlem ai<-S fulll 1 partial lalin gnarc. A neltive TInMIfr
was rtec<ntly given by J. CoJ<lwass<:r \vho fonnd an irl(-orrlpldable partial briu squnrc Hlat
suti;fic Hnlls cou<lition. \Ve I'xtend this uegativ, result by showiug that it i; XP-complctc
to determine if a partial latiu square i; completable ne1l 1 it . rtisffo. HalLi comlitim1. For
some spC'dnl dass<$ of partial latin squ,m’. it is known that Halls condition is both HccessJl')'
anr sufficient. HthP filled cells form u rfl:tanglf then Halls con<lition is fl1livniml lo H:vser;
cundition. !3obga and J<>Im,on have shown that Hall,; 'undition b also sitfiici<'llt in the case
where the filled <"di form a r<CtlutglP miuu; nt empty cdl. \Ve extend tlti nult by liowin}};
th,Jt Hall condition is #tlfidm11 in tht> ca;;c that till' filled ccl-i form » nctrullle minus Olwe
(nlpty cPlls, no hvo of whidl an: in th\ same c-olnmn. Thi' airn ¢,f this work is to explore tiw
hmmdnry whffre Hitlls condition fajls to he :mftiri(nt for curnplPtahility.

I<s\\Or<ls Halls ¢mditilul, hitin qu:rr-. pa.'ti,lllatin sqllarc: li:-t-coloring

184) Trees, Logs, and the Riordan group
Lou Sktpiro. Howar,l University. Ishapiro'l.ihowa.'d.ed11

The_ni itn: milll)' das-es of i)rckrr-d Pt ,-here tlinr- am 1Inflmtl c<,nditions on tlw elilt
d :ce for vertil'cs. Tlwre indndc: ,rdercd tr<"cs, binary Irees, <V<n trecs, 0 - J - 2 (1,1zkillj
tref. and k-ury ut'tS. For th--c dusc. of trecs thl' t<JHaliou V % TL hohls. F b the
gclwrating fom:tion {yr the munlwr of trcies. while V and L art' tH: geencratillg fmilctiom, for
the' same tr'’X's, bnt \Vth a distingllisjwd viruex or leaf n-spe<;tivcly. O fc1F nnd T nif: ca.y
to find while- List.he key bllilding block. Compnrillg two dilfertnt 11lcthod flr c":omputing
V leads to tilte logurithrni.. dcrivativP.

1{rey\qords: c'U(>rating fullctin ; ordnf'<i tcl—s vertex: k;if. niordall group
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185) Temporal Orderings in Asynchronous Distributed Environments

Tom Altman*. ll1liw.rity of C<Jlonido Denver; Yo:-hihi<Il' Igiu-ashi, Gnnma Ulliveerity ; Kiry11 ,
Japan: lidliko Omori. I\EC Corp., .Japan

\Vc ccmsidisr )\ dywunk set of U'JJ's/pro<t>-<S \b:hiug ro n'cciv(; a ervicte in jm asyn-
du-oncme di&trilmt<*\i/0lwmmntillg sy t.em. mmeroll; alt\>rithms bnld on tinv'-stnmg: or in-
t<rpr<)C(S'i cmunlulic'ution via. multi-wriusr /fcadlesr :hnred meruQry had bC(n pr<Jpo.,cd UG

- address thc "b,we pr,blem. Sudi 1lpproadles Hllow each process w ccsily ckecidc if it is the
lul OHI to elltr th(’ systcrn. making it trivial to solve problems concerning their r!'Sp<'ttive
t<'mpornl order and implmient virious nmtual (or 1.-) <c'<dlision alg(lrithms. \\# propos<'
u distribnu-d algoritlun for the ordering of tt<4ers/procc’Sc<es which can lw impl<'mcutcd in
the nsynrhronous sing].,..writer/multi-re, der &hior<d memory model. SubS<'<JH<"ntly, this ap-
proadimay th,n b, uscd to implement mutuul <xchlsiou algorithms in various (distribtiwd)
cuvironments. It b mud, simpler than the general method tluit sirnulitt-s the operatiorLs on
umlti-wrih!r/n-a<kr lhared varia.bl(;, hy using a bounded concurn.ent ti111t.!-turnp :edtt’mc in
the inglt'-WritPr/mnlti-rcad.cr bared rnmory tnd(keL

V5 shmv th< correctlwss of <ir aJgoritllm and diMIL% its dtidfnc-y and fonlt tolenntf'C.

Keywords: tfo,trihnted algoritluns. 1)ckout fn-cdom mutu<ll t.xdnsion: haro.l memory

186) A Note on the Yao Graph ); for Points in Convex Position

+1in°h1 DawiruL \"liwar 101! 3, Villanova University, Val Pind11* Sonthc-rn Counc('ticut State
Univc_ersity

GiV(en n ¢t of points in the plane, the Ynr, graph }' is dffincd Jg follows. At cadl uode tt
any k k<11lalstparated rays originat(-<l at u defil p k mnt-s. In <ach <wone: c-hovsc the shorte-.;t
<dle ul among ull Llg-s from u, if th<'rc an' lilly. ,md add a dircct"i 1'lp; iw to ¥ The
Yao-Y:\0 graph Y Y, tarts \Vith tlw din:tc<l Yao graph. ud n:ducc; the maxlrmun decegn-c
fIif nrnks N follow5. At each nodt- \t all int()ming <<ig(S f'dm cadl \mP nrP discarded, I'XCCpt
Iwv the shortest onr. riL. The re,nlt. is trca.ted ,., an undirected graph. A gc'Ometrie graph is
a t-spannl'r if: for Lvay pair of node. thc sltortc.t . distance bdw('<H the nodc~ following the
1dS™- of the gntph i nt most ¢ time, the Eudidcan distall<'l' IwtwN:n them.

It is known th;.t )b is spllln<'r for k > 6. It is still op,n whtlwr YY, is a spunner. In
thi paper wil sh)w thlt is spannej- in the special (HM' of points in ronvex position. \Vis
1ls1 ;how tllat YI'4 b 1l a spanner.

1()"\tonb: Yml graph. pannPr

Uil

187) Generation in the Bingo Closure
J. Dsy<rl*. Rvhcrt E. Jamison: J. nowllHIrl Li ht, Ckrnsult Univ(erily

Bino is playr'l <ma 5> 5 grid. cohmuls lalwlf-i A, IJ. C. D: E anci mwv- labelO<I 1121 3 ol :.
from t1p ) bottum. Trkc the 25 squares th he the ground s-t A squnrv:, is dcpPndtint (Il
a stt 5 of squares iff s c;rnpkh:'i a linl' ¢ njw. cvlurnn. or dittgoual with jqllar<: tllat arc
already in .S For th(' 7 x u Billgo board. W} ;hall addn3i gn<Mtiom; rl:glt'diug Hut g'tTifrathm
tf dosed S(LM th(e miniumIH sl/f of a g;ntrtiting M'L nnd tlw UHLXimum sizl’ of a fif\! (d)S1:4
And indPp,11dent) ,,1.

J{-ywords: 13iug0, rJo.,nm system:,. pucrathm of rloknme. ind"pcnd,-ncc

188) A Catalan-Hankel Determinant Evaluation
Omer Egedoglu. Uni\'c>rsity of California, Sultl1 Barbara
<t 1

C, k+'i k

be th<? Al Cat 1lan munbn and pm akfx) =L*=C__p+_ Dehn<' H,.(.r) = dct[0;+1(+)]05,, s n-

First fow of tlws,- dnerminants ar as fullows:

H;(c) = LH,(.c) = I - 1=H,(r) =1---3:c+.c?: H(1) =1 - Lr+ 02 - "

H,(c) =1-10.c+ 15¢c -7.r."+.c"1: H5(c) =1-151-+:1,,., -28x%+ 9%'-,,;°

Even thongli ff, (.c) docs not admit a product cvuhwtion for arbitrnry .c. w( sliuw that the
I(("Cntly iutrodnced ted.uliqu(' vf ")-op.ratur- is 1lpplieabl<. \Ve 1Ly rut: thil) ted11liquc by
(evaluntinf}; this Hank<e! fkWrmiwmt m

H,,(.f‘)= ‘l(_lt(:ﬂj—l')/

1:::0

Keywords: Catalan 1luwle<r. Hankel dclerl.1linant: p,Jlynvntial: altrh,st frte<I11If.
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189) Fault Hamiltonicity aud Fault Hamiltonian Connectivity of the
(n,k)-bubble-sort Graphs

Eddie Cheng and :Mnit Shaw,1,h-. O,ikland University, University of Dctrnit 1m.v

Tlw (11, 1.:)--bubhl-sort graph is a gemeralization ofth,e bubbk-sort graph in a way ,iinilar
to the genlernlization of the stu- grnph into (n.k)-star graph. Monxiver (n.2)-hnhhlc
sort grnph is is,111orphic to (11, 2)-star graph. Hamiltonian conlle<:tivity mellns cxisteuc<' of
Hamiltonian path btwcen any two vertices of" N\Tnph. and is a highly desired propcrty in
int<r<'Ollflt\ction net\vorks. In this work we titudv Hamiltouicity nnd Hamiltonin.n corn1Pctivitv
of (n. k)-bubblc--sort. grnph with faulty edges "uul foity vlticles. We cxheud the results 01
fault. Hnmiltonii:tlt r.MJjle<-tivity of Htmg-Clllm Hn ct al rcgurding (n:k,)-star gmph<; to
(n, k)-huhbl,-sort graphs.

Awwonh: illtar<onnOCtion nd\\'Orloi buhblr—c:wt p;mph. 1tlr gn\ph. Hmnitoltiall anl-
nectivity

190) Polarity and rigidity in the plane
Drigiltc Servatius, WP!, worc<stN, :\1A, USA

If the c,iges of a grnph. G. are interprethi os rigid bodies and vrrtic<"S of Gare intcrprete<l
as pin joints: then the rigidity of a gOn(eri( rr-nlitation is a (-ombinat<irhl pr<lpertv, which is
well studied. \V texalrline th(: behavior of tlw rigidity propertic-; under the polar ,-onstruction
in ttl; plame whidl takr; lines to points t ' poiuts t< lines. To PVPI') graph il thc piUl{ \W
P, a corO-ipondinj} line nrraigcuwnt and W cljn now vilW thl- lint. as rigid b<dit. which
an- pinnt-d at c<rtain intersection point<. namel, the which arc polar imagl. of the edgffi
of G. \o give a lOrmula. for the <dgl<kS of f'eedom of this 1ille arriHtgPnu.nt derived from
ths; rigidity prmp<'tie; of th< |'Taph G

T\tywords: g<-ncric rigitlit'- linP arrallgarunt. polarity

0)

191) Three surprises

R. Sterntdd. ISIl: D. Kog,-r. IWLC; 11 Killgrow:, ntirc'<L L. "foylor. CSUD: H. l<al/,
CSULA: E. Jona,, nv U.

I. A mst of sqllurles yii:ld, all odd ririrn,,_ and 1wfortmat,sly more.

2. CDnc(rtdS in £,. G P:(0.0). Q:(J.0). R(1lv). 0 < 1< 1, v> O wit, P' Ol Qn, q' @
RP, R' on f>Q with coordinates r-sp<'<'tivdy (t+(l-t)11,(I-t.)v). (Itl.tv),(I-t.U) ,0 timt
rollimsitim x'=Ax+By+£. )'=Cx+ Dy+ G (F, Field) wlicn A=u-1, 13=(n-1-n")/v

E=1. Cc=V. n,=-u, GacU yi'lJ]s p--,Q-,n r and
likewist- for P', Q', H'. AD-BC=1, am! thc tlworem
auy collirwatiou with AD-IIC=-.:1 prt(T\'tS are,i e."<plain our surprbt-.

. Thm: p;iW]l primr- powr q. q:e mrd 31, <r/2. GF(q) plane is ordere<I b_v:: while GF(1])
is tlot. ordered by <.

192) Derangements of the Facets of th<' >t-cuhe

Elizalwth :Vle:\fohon-. Gary Gor,lon. Lafa_vcltc Colleg<:

Thé munber of automorphi:-;ru-i of O u-cnbe b 2",d. Of #105e antO11lorplis11ls. wk <an
ask how mony arc derangem(nt on the fac:1 of the cuhr. that b: an the fmts of dimt-uion
n -+ 1. The andiw<r b a ;{([lint<' tliat hn, hecll ~tudi<<d in sr:vfral thh<er context:— \Ve giYt
emibillatoria] proo6; (f the rtl11lvnllllc of two of th<St' formulHs ;mrl hwk 1} other nipc<ts
of th" situation.

Ke:vwor<ls: h.nwrc-ttbe deran1?ternent
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194) Some Inequalities on the Exbtence of Some Balanced Arrays

D.V. Chopra. Widlit,, St.ate Uninersity, Wichita. R1-. Low, San Jo,,(' Stat!' Univ,\rsity. San
JOSC, fl. Di(s¥, \<w J<asiy Institnt.(e cf Tr,dmolor,:y

Dabn<<< arrays (D-arruys) are g<ncralizatiorL'i of orthoi;Inal ,u-rays (O-arrnys}. ulld a< rt”
lated to other combinatorial strncture,;. A B-array T with s symbols (0,1, ....,<- 1),
strcnpith t. In rows (gonsl n.lints). and N cohmms b merely a matrix T of izz: (m x N) with ¢
(Ocm nts (U.1.2.....s-1) such thllt in (vrery (Ix N.t 2. m) snbmatrix T- of T, the following
ronditiou is satistic<l: ,\(Q.:T"] = >.(Plrr):T") where r is any @& 1) vector of Y-, P(Q) is u
(t x 1) veestor obt.aiu"l by permuting the denwnts (If g, aud ,\(Q: T") (il'notes th,, fraqllln(y
of Qiu ,hf snbmatrix T-. In this pap,er. we n trict onnsclvcs to the cnsl whim s =2 tic. 7'
bits (LY two dlmynt8, 0 and 1J. In this case, one can dt?fine tlle above rnndition il tenm:
of tlw wlight of thc vector Q dcnotl'd b- w(Q) aud defined to J,, tlw uwnlwr of Is n Q It
is quil< ob\ious that w(Q) = w[Pw_)]. Thu, 0 S w(rr) St, where n is any (t x 1) vctor. If
3G =;,then NQ: T-) = X P(r): T") =, say J i3 25t Th( vo<0r Gy o v e - - - an<d
the: umnhtr of Mmv m ane dilk<ti the Jnin-uneusrtH of T. Herc. w¢ obtain some ine<111aliiC 5 on
thP r dstan<e(e ¢f some O-arrayi--. and disfus-; thrir applical ioru;.

[{cyw<)rd: : vrthogvnal array:-. balrHa'<i arrnys. :-trength IF Ml am.ly, <<ustraints.

N7

195) Counting the 2-disarrangt.. ments in S'1"
Gorclm 13c-awers’, Gneg Starling, UllivPrsity tif Arka.nsas

A pernmtatim Ot ;i 2-dimITang(anclkt if (nd ;mly ru,, = ou <l < {} ; -+ <
On-lelly = #, <ons-1<nztl <+ <rti;.- 1nlvl mor(eovrff, uny inttertshangt of n- and (uk
will IH(tlh the order of n,. and/or or O This notioll: iutrudn<ied il a pap(er pn-scutt-d at
thb confaeJH< in 20{IS: i, iustnnn<ental in C(lluting tlw da--sr of ptnlmtati<i[Ix in S?, as
tlwy arc sorte<l hy thee Slt.r,irSort tilgorithm. In that pap, r. a n{llmlsll<f rdaticlll wis iv,m
thttl. counted tlw 2dix."arnulg<Hhnts

for n =Oorn-:.-=-1
for 1 =2

0
B=1 14 It
B, +°B,_- LY Cu,_ " fru>2

,.here: C. b the 4m GhibLll numbt!f. I this pap(r, we k-tdl thl proof of tOHPCtnes, of thre
n<lllalle fr B, and then go on to olfeer au iCoathls sulution for tht" mem—awP. rdation.

0 o for 1=0vr 1= 1
0 - Uy, o D taklkoak g 2

Wiwe T, = (E:26T V200 o pp ihrer.
fleywords: Sln ar Sort. p(;rmutatiol1, 2-disarnutg<-Infllt, . netrnTcrn-e rdat.it)ll. Cutaliul mun-
h,r. Pell munber

196) An Excel-Ba ed Graph Drawing Package
L04lh: Gardner®. Ortavin]l :\icoli<,. Ullivrrsity of I11dianapolis

\Ve pnest1lt a 2-dimrttii<Jnal graph vii-ualizati,m pa<klg: with varitelh tmph ;dgorithmw,
in Excel writt<ll n Vi:uil Bal)i- for ne in DisrrrtP AHJL and <)fhar illlrodurtory (Ollrfs;
thnt, trar:h graph theory awl cOlnplltrr alhorithm. DPml)rjtratin  graph algoriUlnls with ;i
upprupriat.<: layout of llw graph aud hTaphic; for 1H' algoritll1n fa<'iliUlks ;tudcut. lcaruiug >f
how Higorithm. W(ik Celwrntiug su<lziv<: graph.~; for IclIL sl(sp 1f all algorithm call lw tiuh'
Dll-nlnng arni cllllthmomt "lirn douc bv haud on I dia.lkhoanl (r rvru whlll eurrat.-d
with a raph drawin rw(kag<. Thi- package present. <Jlljmt for the algorithms in a visual
tvrmat A tlw !felflh.

Keyword,: gritph vbllalizati. 1l tTaph nlgorithrns
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197) A new look at the tree decomposition

Farlm<l Shahrokhi, UJ\T. farua<l5c;.11ut,!du

Let G = (V: E) be a graph. \Vl pnscllt new algorithms for r-ornputing 1l maximum
iudi'pend<flt sst uf G bu-icd on a variatil>n ,,f tlw tr<< decomrmHition method. The cla sical
al oritlun has O(IVi'?'-] time compk '<ity, where M is the numlwr of verlice, alld / is the
tre<, width, ,,r tlw s7le of lar/i<St hag in a tH,: dc(‘omposition of C' \Ve pn-;ent ,in nlgoritluu
with thi nm1ling time of O(\/j,1+2]: wh(re s the si.e of a Inaxinlmn illrlepcndent -t G which
in:iskk: of ally ba  of the t(-C dccomp ition.  HfIICI. wiln j is a c-onstain.. one difl compute
th<' rnaximwn indgq>endem st in polyrlQ)mial time. Combining chis remit with th,! shifting;
mcthgd. w <htnin more gentnil y -t improved version of sornc W(ll knnwn approximation
algorithm, for solving J\P lad problfms. In rullition. we dt'riv(' upper bounds 41 the ratio
of the clignc- cov<r tu #1< maxirrmrn iudep,-ndent 3d (dlromatic 1Mullkwr to rnaxinnun diquc)
in(; 11,ing sucdl ratios insi<le of hags. Th,e hotu,ds show tllct ratil of the diquc cover to the
maximum indpprimhent bt (chroinutic number to the maximum clique) is small. in rmmy
intcre<-tion grHph’; arising from (Otnet ric ohjed.s. Finally we disew. more genreral chscs 4
"hCJl non-adjac.<'nt vertPx pairs of G mP COvercd by small numb,r of partial ordCrs and relate
¢ cac to lhc pruhl'mS discuss abovt'.

I<ywrrds: Graph Theory, Tr<f Width. Alg,rithrns, Chordal Grnphs

199) On a Coin-flipping Problem

W.H. Clllrn. W.C. Shiu. ICY. \Vall, Hong Kong Baptist Uni\-ersity, China, R:I'L Low*. San
Ju;,e Stat<' llnivcersity, 11SA.

A olkagll< of the third author posed tHe following problm1: Suppose that you have an
n x n squar array of ,oircs, whene all of the wills uavie HEADS fudng up. A movr consists
of flipping au <'ntine row tr an (lltirc column of coius. Fdr what values of n b it po&;:ihlc to
haw cxactly our HEAD facing up, after 1lfinite number ,,f 1110w<S: This pnnkulnr prohim11
is an Pxainple of a \\itch-&stting pn:iblnm. Tht=se types of problems arf of mllthPmtlti<al
inltertst as the have <-onnections to Fibonm"(i pulynomials over GF(2). aud curnplexity
di(O]'y. Heerts Wt givc a Sl)lutiou to this partlt'ular qu(.,tion as well a; provide uu annly:b of
thte tnllH: tencral k-stalc C(>i11-lippiu; pr<Jblcm.

K<\ :-witd1- Lttiug prvhl<'m.

200) A Method for calcnlat;ing the knights tot,ll tour count
Ls ky Lam, Institute vf :nthl'rruti<. > and i) Ap1>lications

Th : au<lienc(e will Lp given a brief ontlin(" (,fa. method for tin<ling the total nmnher (f
romplft(e toun- M kniht. nm I[HAke rmnd 1 dwssh,ard of sixty-lillr sqllan visitillg cad,
!>quan: OIC< ;\ml only on,e. It involves the use of a recursive algorithm. whirh could he
irmplemc-utl'tl on a computl?r u.ing an appropriat<. pri)gituorniug: Lulglttge ru tiud it.

J0O
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210} I'vlulti-User Detection: au Algorithmic Approach

H"a. Tran . Fordham Uni\ Prsity

f\fultiplc afe<ess kd1luiques an' empl, ed in (:(Uular ¢linmnllnicati(n networks wht'rt! SI'V-
cra] 1ler; hare thf: amc bandwidth. Dirrect- COU(JIG(' CD}LA i nse<] to tnubmit :evcral
<"><hitmwl UMTs at th< rune time. A focns on a multi-tMge nr(hit<>etmc of Suce<:iv;: [nflr-
fertn<(e Culc<'’kr \SIC) b observt<i to rccoYesr CD1v1A signals. Bit Error Ha.tc expns.ilms arc
dcrh-"I to evaltvt<' pprfornllulc of the SIC and its 1]gorithm.

Key words: CD:1:IA. BER, SIC, Optimm11 Dctectnr, Linear Det,'Ctor. Signature Wav,
form, Err,)r Probahility

211} I<-domiuation and k-tuple domination on the rooks graph

Paul Burchette, Dr. David Lam'. Jason Lud,ni,et.

Considpr0d ill this J)flpcr arc k i'nd k-tnplc rlornination on thf rook's graph. E a graph
G = (V.£) a s<t 8 is a k-tupl<' dominating set if t'vcry vertex in Y is dorninlltxl at il'ast
k tim. Giv<'n tl<' mam gmph C. a set S is a k-domirwting ct if <\<ly vertex iu F \ 5 i;
dominated at least, k times. Upp,r alld kiwcr bnmd > given for both "tdR,.) and "1,dR,.).
Thcse hotmds are nscd 1] solve the k-tnplP domillation numk><r on tliP rook-s graph for the
(dSC8 wh(ere k H odd. alld when k =2 and k :: 2n - 2. [n u similar fashion. thl' prrviderl
bound aw abv nsed lo solve tlie k-<lominarivn number on th(" rook- graph \VhiU n =~ 3ZA-
and k b ,wcu. and the cases where k= 2 k= 3and k 'o.- i1
Lastly, 2+t11ple domination. als<) known a. donhlP thunirmti</B. i C'msid(rtx1on thP. qwlen's
graph an<d solwed. on th rook's gnlph. ThP bound fi(1t - 1) dd(Q1) t H ormiv<id at
,dung witlt d,1(Q,i-valuc:; for 2 5 n ', JO.

I\t'ywords: roleKs gr:lph: glINn" grnph. 1.-domination. k-tuple <lomin,ltion, doubl(i di111-
inariun

212) VVheu constraiJlts in BIB O constructions are 1.1tonlorphisrus

\+[ario Osvill Pavhevi<: ITuivc.rsity of Zagreb. Croatia

Asnming an antomisrphi-,m gronp tel act on n balanced imol11pl(’k block design (,x. 111l
generally, to a t=lesifin) b a natnrnl but i'trdng additional c.onditiou on tlw d -,ign structure.
\WI' want to find out huw :trung this ;tsllmuldon # iwd whidt m"(Csnry cou<lilious arc
th<' con-iequeotial vutc<Jrra: )f it. \-'/pan: d<;vdopiug ul ttltorithrn fur (;01Ltr11ctinf fedPins
in a renen\l scttillg: arcording tc, the collLitraint!, givin by tlie mltnl1lorphi;w !Q mp mtion.
hllving iii 11lind the exec-lieut DISCHETA writtPn hy a rollp of nrntht-m;1tidnn in Bayrpllf h.
Germany. and trying to huprove it ifjut n littlP bit. Thfe algorithm b haed ou tit<' ]{rauwr-
kencr method. i which we want {J include i uumy nte<;yiry coudition;i a~ Wt sIid .iw;uce
<lat. the mom(:nt. Tlie alt>rithm juvolv<'s the kilmvk-dgc )f ta.ctitlll dt'<:omposition mat.rin.
lwing axe w<\KK110wn to(} in thii- ctting:. bt:<Jlliugz IWH a cOllstmint ,vhidi n'<hles, the
mlmlcr of rohlmm, of tlu linr-ar equatioll :yst<m for quite HlargP facLor. Tiu\ ruain tool for
our algoritilln is GAP.

Keyword.: t-dcsign: BlI3D, aul.omorphbm group. Enwwrivil.>=ner 1111ltix tactical <.
ColI>vsilion

102
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214) Community Discovery Algorithms: An Overview

Heamant Bulakri h mm. itrsingh D<o. -Jahadeviul Vasm<levul*. Cl)lkg<' tJf Engiul'<ring and
C,uupnkr Scic'uce. University of C,ntral Fl,rid 1

R,,al-world cornpl,-x nctw<,rk, (q;. Soe:ial ndwork.s, Biol<,gical networks, Internet. WvV\V.
j(<\). whirh arc mLitly I»If\ organizP duiulsclvcs into dc)sdy-knit group (0<Llly '-knsc
:emt)-grapl ). Such d,)sc--knit g:roups ane termed <I)mmlmitits. :'Jod = within n <0lrunlmity
share crtain  com.hon propcrti, which bind thein togCther. Oftfn Comrmmity sfrnctllres
reft.ct 1latural divit-ion.s within complex. networks. The ntunlH'r uf such colmnwliti<. in a
Liv,11 network i, wmally not known. Various methods haw b'<n propo&-d for C.<trnctiug
1x,nummitics il a m.t\l,ork. In this pApdr. W& mlIkP a c(,mpnr tive 1 udy of the: nlgorithms
for comnnmity dft('(:tion and provide a taxonomy. \\"e also discus.; th ptrfornulru-e of fHS.
methods vn wcll-kuowu real-\vorld uctworks and ct rtain bendnnitrk { yntll('tic ) graphs.

I<eyword:: Community StructurP. C.Inntnlllity Discovry: [lcal-world Nftwt:,rk

215) Cent:ral and Local Limit Theorems for Generalized Rook Polynomials
Laue Clark, Durin Johnson : Southenl Illinois University

We prove central and lorul liluit ©<<IPTIL, for crertain dmS(-S of generalized rook pol_yno-
mi,ils intrr,d11,,c by J. Goldman and J. Halund (2000).

Kcyworcb: Hf)\)k Pnlyllomial. Centrnl Limit Thhu(;ms

21G) .Edge Chromatic Villainy

Atif Abuicda, {.Inivcrsity of Dayton,
Sarah Hullida.y". Soutlwrll F\llyt<'cltnii- State Ulliversity:
David Leach. Univer ity cf \Vct Ct'orgia

A simple gniph (; i prop4:ly I<iges <ol<)thPfl. An cllany penn.utc:, tlue label un tlit- edge:,
o that iH; graph ha tlw siurue labLT set. liut is no koniilr prop,;rly I'llgf' ol,lirP<l. Tlw Edw-
ChrornHtfr- Villainy is th¢swinimmn 111111 of h\Vtips, tirnt mecd to Iw made lo tile p<rmlitl:(l
lul>ds =u tlmt thP gilph b mo-th((T 10 a pmplr "dge- Colollinfl, Some n‘mhs will be givNi.
and cxIIT18iuns tt, tlu: vertex \-llain ' will be showll.
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218) Finding an Approximate Minimum Defensive Alliance

G Gord<,n \Vorlty III". Uuiven ity of CentnLl Florida

Givpn a simp],, graph G = (V E), a dcfrnsiv,s allillllfc i < V is a set of V<rtin-, will, the
propeaty that for cv<ary " E 5. IN[,j - S! 5z IN(V) nii-' - 8)1- Tlw mininnull cai-diualit.y of
a JeforLsiv,e alliance in C is r:alh! th (ckfmsivc) 1Jlliance nnmbcr ,,f C dmoted «(G). and
a dC'fonsive HlliaJlc<' with cardillality o(G) b caJlcd + minimum defl!'m,i\'f: llllinnrc. Herein we
will look nt the prohlcm of tillding < 1lpprodmlltc minimum dcfrensine allianct' in a graph
since fiudiHg a mivimurn ckfe.nsivc alliitrd(t: b known to be in ;\P. eomplctc. \Ve will give a
lowcer boun<l on the a.pproimatit>u fact<,r of ul a,uproxfrnte minimmn lkfrnsi\'P aliml<f: and
con.,idcr algoritlun:; for finding iHidl mi ilpproximate.

I((sywon.h,: npproximation ttlgorit'un: dtsfcu.)ivc alli1lli'e

219) Path coverings with prescribed end in faulty hypercubes, I

S Cn,rnu,bi ' L Cot(hev's F.Latour. Cyntral Connecticut Sr.ate University. V. Gr>ch<V',
Trinity C.llpgc. Coonnecticut

A path <oviering of a grnph is a sd I Y<ertPx-disjoint sirn})iie paths that gov<er all rhc

vertic,:,,, of the £TLlph. We cousider the graph Q,, then-dimensional hypcrcnbc. The vertices
of Q, ar< "N4HpICS <f G find Is: we say that a \'ert(ex is ewn if it bns an e,-m rnunb,r of Is
aucl odd othcrwis('.
M Q,, let :FYYcact, of/; 0odd und h even verrkt. cwd kt P le a set of Intir of vertie('8,
cc,ntaining p; even f)Hin, JW odd pairs imd /i mixed pllis. In :Path r.ovterings ,vith pro-
scrihr,! ends in faulty hyperc-uh,s", Cnstruieda ond Gotdiev ttddmss the question: Snppos.-
/1. /,. ), W mld 7\ arc fixd. How Lirge does I have to be in ordN to gn,rant'<' that,
regardless tf the choic<e of :F and 'P. thtere exit a path covering of J, - :F udl tliut the
pair Of I'Udpoints (ir the paths H'c pnedsr.ly the pairs in 'P? carly. the answ,:r depends
ul dw values of /:. JI, Pi. pi .uid JJ» Some of thn' kWU HWiVas t,, thb qucstirln ,vill he
pr’'SCnt<'d and sollw open questions will Iw p,,sed.

Kc_vwords: Path covering. pre,crih<d ends. h,p(rclbrs H.uniltoninn p Jthy Hnmilt.onia]l
JTIC.

220) .Edge Colorings of Hypergraphs \.Vithout 1\-1lonochrornatic Snbhypergraphs
Horulv I<fmanu FnklllUit fiir Inforrrmtik, Chernnirz Ilnh\r:-it v of Todlnl.1llogy. Gamml _.

Fork-uniform hypcrpsn,ph, F jmd Hand inkCAAS r let cc.1,(H] dm11P u,, nnmhN of
r-c-0lorings vr thP set of hyprtt'tigt: of f1 with » L1lonodnomuti<- <opy nf F and bl r,vlIn) 3
mudl s ipc,. .. H). wiwrC' tlw IHtximllm ruus over all k-unifonll h Jwrgraph on H veni<:es.
Ld ;r(lt;F) be th,; Iitwl "71.tr6.1fmzdion fur F. Ev('ry Pdge eoloriug. tf d(V Pxtremul Tnrill-
h:qlcrraph H for F ("Ontains no monodirorrnu.ic ropy of F aJl() y corn-scqllcntly x, F(n)
r,°driF) forr ; 2 Fork= 2 nnd _tht triungle F = 'y Yigstfr shnwNl, that 6l<, ,,, == 2t2in X, J.
wliid, wa., culljictured by Erdi; and H.tbcliild. Alon. rlalogh. I<t<wasli. and Slldako"
extend,! this by provilll, that c,A-(11) = ,,,,,r.,.AJ for r = 2,3 and any fix,xl L 011 th< otb,-r
haud. they obs<irved that <rKn) ji» $%i(hs’ ior + ). Hen: WR givte a firsr I Xt(nim of
thr:se £ mlts ) hypcr ruph . ir:, for F hrein tlic unifonu llypergruph ,.f thli Fnno pla.ne.
This is joint work with Y. POrson, V. Hiidl and L Schar],t.

keywords: hypcrgrnplLs, rcgularit.y L111na, >,tahility.
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222) Permancut of matrices with restrictted entries over finite fields
L,, Anh Viuh. "Moth(euu,tics DcpMtm<11t. Hurvnr<l University

For a prime power g¢. W( study the distribution of pc>rmmwnts of d x d matric('S with
(:ntric, in a subsd A of F, More precbcly. 1;t PiA) <lmote the set of p<nnmlcllt, uf c>. d
matrices with entries in A. \'/'c show that if 1 C E, and !Al » JU+ i) twn 1'(2) covers
E;,. '\for'wcr. sllppm<' that !Al>> ./1i2d- t),, for smw , > 0. tlicu IP(A)I 2 (J -o(1))I]. We
also stud, similiH prohlesms in ;1 more gOnenil ...,uinp;

Keyword:,;; pPrmtln<eut. matrices lwar finitt fi€ld

223) Path coverings with prescribed ends in faulty hypercubes, 11

". cstaii,da’, I G"tdwv'!. F.Lat.om, CeJltrnl ConnCCtirut State Univ rsity. V. Godlcv".
Trinity College, Connccticnt

Lét Q he the n-dijHensiona.l hypercl1b( let u;, I2 nnd 1B be e<n vPrtires ,.f Ga and
let ,,,, w and v, b< odd wrtic:e; Wl Q,. W, will prove that if 1I 2. 4. the" there cxitit thn'<:
paths in ' one joining: u uud v,. Il joining v2 aud ¥ and qlt joining v Iwl 3, uch
that <wvery v(ertex cl Q, £ on sxtlcl, om' ofthte patits.
Thi- is n contimu).tion of the talk -I'» th <Werings with pn."SCribed ends in fnulty hyl:wreuhcs,
[". presmt<'<i hy Vasil GodHe,.

Keywords: Path roveriug, prc;<rilwd ends, h,’p<rmhe, Harniltoniun puth, Hmnilt@ia.n
<yde.
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224) How Many ‘ways Can You Color Your Turkey?
Gary E. Stevteris. Hurtwiek Colleg<i: ()1lceonta: y

A strightforw 1rd couuting prohlt m a.,=il(li to a <lisrrct<: nrn.th(rnatics das; lagt fall
ht'Camc mll<h L, s sinpl wlvin eneraliztd. In lhi- paper We dCVA))p a rr-ceursion thnt ;llmwvis
us to cuttlll tlie umnber of prolwr <:olurings of = 3 An grid graph w)HI k liokrs arc available.
Wi'vill also indicatt;] the cornplicati<;ris that arisP whlll attempting b> do th<: =afH for d
x1 grid graph:-.

Keywords: prop(r coloriug. grid mph
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227)Critical Squarefrec Sub, ,apllL of a Five Dimensional Hypercube

Sitl-y,)wlg Choi, I< \ioyne College, -SY, Plllllla Guul*, Univrsity of Pu,rto Rico, Rio
Pihln:t, Pucrl0 Hico.

A sqwwefr<-c grclph is Hgraph without a Rt-cycle. A sub, raph i nllfCl a crith:al s<lllarefr<<!
subgraph if t¥s slth n Iphitst!If i SfilliiH fr<-c: hIWC\rr ; when ;in cdpe b mkled. it is nil longer
sqnardr<Xe. It hls been proved that th,, size (i.c., thre nnrmbcr of ,dg<s) of a ,riti<;al sqlu-,fnec
sllhgraph of i tive dimPnsioniil hvptreulw )% at Iliost 56. Tllc knmvn :-mallest size of andl
sllhgraph i, 42 1 this talk we preicnt critical sqWltt'fn,e subgraphs of a tivc dirnfeusional
hyp,ereulw with siz.e k for cach /4 Iwtwe,m 122 and 56.

r<eyw,rds: S, mirefn,.:subgraph: Five <limcrlshllal hyjhrcub<
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