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Invited Talks

How serious is Godel's in
ompleteness theorem?Gregory ChaitinIBM T.J. Watson Resear
h CenterYorktown Heights, NY
haitin�us.ibm.
omThis year is the 
entenary of Godel's birth, but we still do not know how seriously we shouldtake his famous 1931 in
ompleteness theorem, and whether it implies that mathemati
s should bedone somewhat di�erently. I will review Godel's original "I'm unprovable" proof, Turing's versionderiving in
ompleteness from un
omputability, and my own approa
h to in
ompleteness based onnotions of information, 
omplexity and randomness, and I'll also dis
uss a new quasi-empiri
alapproa
h to mathemati
s emphasizing the similarities between mathemati
s and physi
s ratherthan the di�eren
es.
Some Combinatorial Problemsin Statisti
al Design of ExperimentsChing-Shui ChengDepartment of Statisti
s, University of California BerkeleyBerkeley, CA 94720-3860
heng�stat.berkeley.eduExperimental design is 
on
erned with the planning of experiments to 
olle
t valid informationas eÆ
iently as possible. Combinatorial design, graph theory, �nite geometry and 
oding theoryprovide important tools. I will review some of these 
onne
tions. Examples will be provided toillustrate appli
ations of results from these areas.



2 Vizings Conje
ture on Dominationand Related ProblemsBert Hartnell* and Doug RallDepartment of Mathemati
s & Computing S
ien
e, Saint Mary's UniversityHalifax, Nova S
otia, B3H 3C3 , CanadaBert.Hartnell�smu.
aOne of the most tantalizing (and frustrating!) open problems in domination is that posed by V.G. Vizing in 1963. Namely, is the domination number of the Cartesian produ
t of any two graphsat least as large as the produ
t of the domination numbers? In 1968 he posed it as a 
onje
tureand it appears as elusive as ever. Some of the atta
ks on this problem and related questions willbe outlined.
Graph Re
onstru
tion by PermutationsWilliam Ko
ay* and Pierre IlleDepartment of Computer S
ien
e, University of ManotobaWinnipeg, MB, Canada R3T 2N2bko
ay�

.umanitoba.
aLet G and H be graphs with a 
ommon vertex set V; su
h that G� i is isomorphi
 to H� i; forall i 2 V: The Graph Re
onstru
tion Conje
ture states that G and H must be isomorphi
 graphsin this situation, whenever jV j � 3: We study the graph re
onstru
tion problem from the point ofview of the isomorphism mappings relating G � i and H � i: Let pi be the permutation of V � ithat maps G� i to H � i; and let qi denote the permutation obtained from pi by mapping i to i. Itis shown that 
ertain algebrai
 relations involving the edges of G and the permutations qiq�1j andqiq�1k ; where i; j; k 2 V are distin
t verti
es, often for
e G and H to be isomorphi
. The relationsbetween the algebra and 
ombinatori
s of graph re
onstru
tion are investigated.
My Conje
tures on Edge-gra
eful TreesSin-Min LeeDepartment of Computer S
ien
e, San Jose State UniversitySan Jose, California 95192sin min lee�yahoo.
omGiven a (p; q)-graph G; an edge gra
eful labeling of G is a one-to-one map from set of all edgesof G to the positive integers f1; 2; � � � ; qg su
h that, for every vertex x of G; the sum of the labelson all edges 
ontaining it (mod p) are distin
t. These labelings have been 
onstru
ted for manyfamilies of graphs. We give here a survey of theory of edge-gra
eful graphs. I 
onje
tured that alltrees of odd orders admit edge-gra
eful labelings twenty years ago. The progress of some of my
onje
tures in these �elds will be reported.



3More on De
ompositions of Edge-ColoredComplete GraphsRi
hard M. WilsonDepartment of Mathemati
s, California Institute of Te
hnologyPasadena, CA 91125rmw�its.
alte
h.eduGiven a simple graph G with m edges, let d be the greatest 
ommon divisor of the degrees ofits verti
es. With �nitely many ex
eptions, the edge set of the 
omplete graph Kn on n verti
es
an be partitioned into (edge-disjoint but not ne
essarily vertex-disjoint) 
opies of G provided thatn(n� 1) � 0 (mod 2m) and n� 1 � 0 (mod d). This is a result of this writer from 1975.We are 
on
erned with extensions of this result. Many 
ombinatorial problems 
an be seen to beequivalent to 
ertain de
ompositions of edge-
olored 
omplete graphs, K(�1;:::;�r)n in whi
h any twodistin
t verti
es are joined by �i edges of 
olor i, i = 1; 2; : : : ; r. In general, we are given a familyG of graphs whose edges are 
olored with elements of f1; 2; : : : ; rg and we wish to �nd a familyof subgraphs of K(�1;:::;�r)n , ea
h isomorphi
 to a member of G, so that ea
h edge of the 
ompletegraph is in exa
tly one of the subgraphs.For the 
ase when the graphs in G are simple (i.e. have at most one edge of 
olor i joining anytwo distin
t verti
es, i = 1; 2; : : : ; r), ne
essary and asymptoti
ally suÆ
ient 
onditions on n interm of G were given by E. Lamken and the writer in 2000. At the time, we thought this would besuÆ
ient for all reasonable appli
ations to problems in design theory, but it be
ame apparent thatit would be useful to have results for the 
ase when the graphs in G are not ne
essarily simple.We 
an give an answer (ne
essary and asymptoti
ally suÆ
ient 
onditions for the existen
eof a de
omposition) in the general 
ase, but it is mu
h more 
omplex, 
omputationally. This isjoint work with Anna Draganova and Yukiyasu Mutoh. Re
ently, we have extended our results todire
ted edge-
olored graphs.We will give examples of 
ombinatorial problems that 
an be put into this framework, give apre
ise des
ription of the main result, and brie
y dis
uss 
ertain points of the proof.



4 Contributed Talks
Random Logisti
 ModelingReza Ahangar and Ernest Ballenger*Department of Mathemati
s, Kansas Wesleyan UniversitySalina, Kansas 67401-6196ballengerern�yahoo.
omIt is well known that the environment 
annot provide unlimited resour
es and it is subje
tto random 
hanges. A dis
rete dynami
al system that 
an des
ribe a population density in adeterministi
 environment is(0.1) Pn+1 = pn(1 +A�BPn) and P (0) = P0;where A is the growth rate per individual in the absen
e of over-population pressures, and BPn theover
rowded population for
e fa
tor whi
h redu
es the birth rate. If Pn represents the populationat stage n then by (0.1) the population 
an be determined in the (n + 1) stage. Suppose, in asimple 
ase, that random variation 
ausing 
hange in the population is linearly proportional to thepopulation(0.2) Wn = rPnfor a random number 0 � r � 1: By dis
rete systems (0.1) and (0.2), we introdu
e a random logisti
model(0.3) Pn+1 = pn(1 +A�BPn) +Wn and P (0) = P0:The solution to this random di�eren
e equation will be studied. The stability of the equilibriumpoint will also be investigated. We will use an algorithmi
 approa
h and 
omputer algebra systemto introdu
ed a 
urve �tting method to random logisti
 data.

On Integer-Magi
 Spe
tra of TreesEbrahim Salehi and Patri
k Bennett*Department of Mathemati
al S
ien
es, University of Nevada Las VegasLas Vegas, NV 89154-4020pbennett9�gmail.
omFor any h 2 IN ; a graph G = (V;E) is said to be h-magi
 if there exists a labeling l : E(G) !ZZ h � f0g su
h that the indu
ed vertex set labeling l+ : V (G)! ZZ h de�ned byl+(v) = Xuv2E(G) l(uv)is a 
onstant map. For a given graph G; the set of all h 2 ZZ+ for whi
h G is h-magi
 is 
alledthe integer-magi
 spe
trum of G and is denoted by IM(G): In this presentation, the integer-magi
spe
tra of trees of diameter �ve and 
aterpillars will be dis
ussed.



5On Integer-Magi
 Spe
tra of the GeneralizedTheta GrphsDharam V. Chopra*, Sin-Min Lee, and Hugo SunDepartment of Mathemati
s & Statisti
s, Wi
hita State UniversityWi
hita, KS 67260-0033dharam.
hopra�wi
hita.eduFor k>0, we 
all a graph G=(V,E) as Zk-magi
 if there exists a labeling l:E(G)! Zk* su
h thatthe indu
ed vertex set labeling l+: V(G)! Zk de�ned by l+(v)=� fl(u,v) : (u,v) in E(G)g is a
onstant map. We denote the set of all k su
h that G is k-magi
 by IM(G). We 
all this set asthe integer-magi
 spe
trum of G. The theta graph �(l1,l2,: : :,lk) is the graph 
onsisting of kpairwise internally disjoint paths with 
ommon end verti
es and length l1,l2,: : :,lk. We determinethe integer-magi
 spe
tra of all generalized theta graphs.Generalized Pseudo-Chara
teristi
 of Kp;q;rChao-Chih Chou* and Chin-Mei FuSt. John's UniversityTamsui, Taipei Shien, Taiwan, ROC
hao�mail.sju.edu.twLet G be a graph and T be a de
omposition of 2G into 
y
les, say 2G = m1Ck1 +m2Ck2 + � � �+mtCkt . Then the Euler 
hara
teriti
 �T (G)
orresponding to the de
omposition T is given by�T (G) = jV (G)j � jE(G)j +m1 +m2 + � � �+mt.The generalized pseudo-
hara
teristi
 of G is given by�00(G) = maxf�T (G)jT is a de
omposition of 2G into 
y
lesg Then�00(Kp;q;r) = � (p+ q + r)� [(p+ q)r + 1℄=2 if (p+ q)r is odd:(p+ q + r)� (p+ q)r=2 otherwise:On the Super Edge-Gra
eful Trees of Even Orders (II)Ping-Tsai Chung*, Sin-Min Lee, Wen-Ying Gao and Karl S
ha�erDepartment of Computer S
ien
e, Long Island UniversityBrooklyn, New York 11201p
hung�liu.eduA (p; q)-graph G is said to be edge gra
eful if the edges 
an be labeled by 1; 2; � � � ; q so thatthe vertex sums are distin
t (mod p): It is shown that if a tree T is edge-gra
eful then its ordermust be odd. Lee 
onje
tured that all trees of odd orders are edge-gra
eful. J. Mit
hem and A.Simoson introdu
ed the 
on
ept of super edge-gra
eful graphs whi
h is a stronger 
on
ept thanedge-gra
eful for some 
lasses of graphs. A graph G = (V;E) of order p and size q is said to besuper edge-gra
eful if there exists a bije
tionf : E ! f0;�1;�2; � � � ;�(q � 1)=2g if q is oddf : E ! f�1;�2; � � � ;�q=2g if q is evensu
h that the indu
ed vertex labeling f� de�ned by f�(u) = �ff(u; v) : (u; v) 2 Eg has theproperty:f� : V ! f0;�1;�2; � � � ;�(q � 1)=2g if q is oddf� : V ! f�1;�2; � � � ;�q=2g if q is evenis a bije
tion. The 
onje
ture is still unsettled. In this paper we exhibit trees of even orderswhi
h are super edge-gra
eful.



6On the Conne
tivity of Unbordered Words in the N-CubeLarry J. CummingsDepartment of Mathemati
s, University of WaterlooWaterloo, Ontario, Canada, N2L 3G1lj
ummin�math.uwaterloo.
aWe 
onsider �nite words, or strings, over the binary alphabet. A word w is unbordered ifw = xy = zx for non-empty words x; y; z always implies x is empty. No periodi
 word 
an bebordered. The set of unbordered binary words of length n form two disjoint subgraphs in then-
ube. A word w is primitive if it is not of the form w = uk for some integer k > 1: A primitiveword is a Lyndon word if it is lexi
ographi
ally least in its 
y
li
 equivalen
e 
lass. Every Lyndonword is unbordered but the 
onverse is not true. We dis
uss the 
onje
ture that every unborderedword whi
h is not a Lyndon word is at Hamming distan
e 1 from at least one Lyndon word in theN -
ube.On the Number of Linear Independent Ve
torsOver a Finite Field of Prime OrderSteve Damelin*, G. Mullen, V. Reiner, G. Mi
halski, and J. TaylorDepartment of Mathemati
al S
ien
es, Georgia Southern UniversityStatesboro, GA 30460-8093damelin�ima.umn.eduGiven a set of n ve
tors over a �nite �eld of prime order (for simpli
ity one might 
onsider thebinary 
ase where we work with ve
tors with entries 0s and 1's), we are interested in 
ounting thenumber of ve
tors from this 
lass whi
h are linear independent k � n at a time. Appli
ations to
ombinatorial designs, graphs, 
oding and net designs will be dis
ussed.Dis
rete Computational Approa
hfor a Lethal Re
essive Gene of Cysti
 FibrosisReza Ahangar and Paul Dierks*Department of Mathemati
s, Kansas Wesleyan UniversitySalina, Kansas 67401-6196paudie�kwu.eduCysti
 Fibrosis is a geneti
 disease, whi
h threatens about thirteen million of the U.S populationwith about 500 deaths every year. A healthy gene fGg will be mutated to a gene fgg whi
h is are
essive gene that 
auses the disease. The mutant gene initially will appear in the next generationin the form of genotypes GG-normal, Gg-hybrid or 
arrier, and gg-re
essive. A nonlinear di�eren
eequation model will be developed. The behavior of the solution of the systems of equations will bestudied in several sub-populations of white, bla
k, and Asian 
arriers. We apply some numeri
alalgorithms to analyze the frequen
y of the re
essive allele of the Cysti
 Fibrosis gene in populationvs. 
arrier gene. We dis
uss the behavior of the system by imputing variables of the probability oftwo 
arriers mating, the probability of produ
tion of 
arriers, and the probability of diseased infants.The termination of the disease in the population is based on assumptions i) no new mutations ofthe gene arise, ii) a fra
tion r of the GG and Gg newborn genotypes survive to the end of thegeneration, but non of the gg genotypes survive to adulthood. The 
omputational simulation willhelp us to show how the evolution slowly but surely will 
lean up the population from this deadlydisease.



7On the Edge-Magi
ness of Zykov Sum of GraphsDharam Chopra, Rose Dios*, and Sin-Min LeeDepartment of Mathemati
al S
ien
es, New Jersey Institute of Te
hnologyNewark, New Jersey 07102dios�adm.njit.eduA (p,q)-graph G in whi
h the edges are labeled 1; 2; 3; � � � ; q so that the vertex sums mod p isa 
onstant, then G is 
alled edge-magi
. In this paper, we investigate edge-magi
 (p,q)-graphs Gwhi
h are of the form G1 + G2. Using the Zykov sum 
onstru
tion of graphs we provide in�nitefamilies of edge-magi
 graphs. A 
onje
ture is proposed in this paper.
Judgment Aggregation and the Greedy AlgorithmChristopher EarlesDepartment of Mathemati
al S
ien
es, Bethel CollegeNorth Newton, Kansas 67117
earles�bethelks.eduThe judgment aggregation problem is an extension of the group de
ision making problem,wherein ea
h voter votes on a set of propositions whi
h may be logi
ally interrelated (su
h asp; p ! q; and q). The simple majority rule 
an yield an in
onsistent set of results, so more
ompli
ated rules must be developed. Here I 
ast the problem in terms of matroids and apply theGreedy Algorithm to obtain a "best" result.

Some Suggestionsfor Nonabelian Group Based CryptographyBenjamin Fine*, Gilbert Baumslag, and Gerhard RosenberegrDepartment of Mathemati
s, Fair�eld UnviersityFair�eld, CT 06840Ben1902�aol.
omThe Anshel-Anshel-Goldfeld and Ko-Lee 
ryptosystems initiated a broad line of resear
h into
ryptosystems based on nonabelian groups. The main sour
e of platforms for su
h systems are
ombinatorial group theory and linear groups. In this talk we present three general s
hemes forusing 
ombinatorial group theory to develop en
ryption proto
ols. We also mention potentialplatforms for use with these systems. One �rst method is a translation to the nonabelian grouptheoreti
 setting of the 
lassi
al DiÆe-Hellman proto
ol. The se
ond is a similar translation butto a non
ommutative ring format. Here a power series ring in several non
ommuting variablesprovides a very 
exible platform. The �nal system is based on the diÆ
ulty of identifying di�erentfree subgroups of a given �nitely presented group. Fine-Baumslag and Xu developed a systembased on this using the Modular Group as a platform.



8 Computer Simulation for Mutationand Natural Sele
tion in Tri-Allele GenotypesReza Ahangar and Janet A. Franklin*Department of Mathemati
s, Kansas Wesleyan UniversitySalina, Kansas 67401-6196janfran55�sb
global.netThe prin
iples of Darwinian evolution are based on variation and natural sele
tion. Assumingthere are three types of alleles fG;B;Rg; the 
olors green, blue and red will represent G, B, and Rrespe
tively. Let g(n); b(n); and r(n) be the proportions of G-, B-, and R-alleles in generation (n).A dis
rete dynami
al system will be developed to �nd the proportions of g(n + 1); b(n + 1); andr(n + 1) for the next generation. The behavior of the dynami
al system and the stability of theequilibrium point of the system will be studied. Numeri
al simulation and graphi
al des
riptionsof the model will be presented. Examples of the evolution of the dynami
al system with mutationand natural sele
tion of advantageous genes will be demonstratedOrthogonal Double Covers of Complete Graphsby Lobsters of Diameter 5Dalibor Fron
ekDepartment of Mathemati
s and Statisti
s University of MinnesotaDuluth, MN 55812-3000dalibor�d.umn.eduAn orthogonal double 
over (ODC) of the 
omplete graph Kn by a graph G is a 
olle
tionG = fGiji = 1; 2; : : : ; ng of spanning subgraphs of Kn, all isomorphi
 to G, with the property thatevery edge of Kn belongs to exa
tly two members of G and any two distin
t members of G shareexa
tly one edge.A lobster of diameter �ve is a tree arising from a double star by atta
hing any number of pendantverti
es to ea
h of its verti
es of degree one. We show that for any double star R(p; q) there existsan ODC of Kn by all lobsters of diameter �ve (with �nitely many possible ex
eptions) arising fromR(p; q). Allian
e Partition Number in GraphsLinda Eroh and Ralu

a Gera*Department of Applied Mathemati
s, Naval Postgraduate S
hoolMonterey, CA 93943rgera�nps.eduLet G be a graph with vertex set V (G) and edge set E(G). A defensive allian
e in G is a subsetS of V (G) su
h that for every vertex v 2 S, jN [v℄ \ Sj � j(V (G) �N [v℄) \ Sj. A global defensiveallian
e is an allian
e that is also a dominating set. We de�ne the allian
e partition number, ap(G)(global allian
e partition number, gap(G)), to be the maximum number of sets in a partition ofV (G) su
h that ea
h set is a defensive allian
e (gloabal defensive allian
e). In this paper, we giveboth general bounds and exa
t results for the allian
e partition number and for the global allian
epartition number, as well as 
onne
tion between the two.



9Solving Dis
rete Logsfrom Partial Knowledge of the KeyK. Gopalakrishnan*, Ni
olas Theriault, and Chui Zhi YaoDepartment of Computer S
ien
e, East Carolina UniversityGreenville, NC 27858-4353GOPAL�ECU.EDUFor Ellipti
 Curve based Cryptosystems, the dis
rete logarithm problem must be hard to solve.But even when this is true from a mathemati
al point of view, there are other aspe
ts to take intoa

ount for pra
ti
al appli
ations. If proper 
ountermeasures are not used, side-
hannel atta
ks
ould be used to reveal information about the key. If the whole key is revealed, then the se
urityproblem is obvious. In this talk, we 
onsider the situation when a side 
hannel atta
k reveals onlypartial information about the key.We provide algorithms to solve the dis
rete log problem for generi
 groups with partial knowledgeof the key, whi
h are 
onsiderably better than using a square-root atta
k on the whole key and anexhaustive sear
h using the extra information, under two di�erent s
enarios. In the �rst 
ase, weassume that a sequen
e of 
ontiguous bits of the key is revealed. In the se
ond 
ase, we assumethat (in
omplete) information on the \Square and Multiply Chain" is revealed.
On a Question of S�os About 3-UniformFriendship HypergraphsStephen G. Hartke* and Jennifer Vandenbuss
heDepartment of Mathemati
s, University of IllinoisUrbana-Champaign, IL 61801hartke�math.uiu
.eduThe well-known Friendship Theorem states that if G is a graph in whi
h every pair of verti
eshas exa
tly one 
ommon neighbor, then G has a single vertex joined to all others (a \universalfriend"). This property uniquely de�nes the graph for a given number of verti
es. V. S�os de�nedan analogous friendship property for 3-uniform hypergraphs, and gave a 
onstru
tion satisfyingthe friendship property that has a universal friend. She also asked whether any other 3-uniformhypergraphs satisfy the friendship property. We answer this question aÆrmatively by demonstratinghypergraphs without a universal friend that satisfy the friendship property. These hypergraphs werefound using integer programming.



10 An Anonymous e-Voting Algorithmwith Partial PKI solutionWen-Jung HsinInformation and Computer S
ien
e, Park UniversityParkville, MO 64152wen.hsin�park.eduIn this paper, we propose an Ele
troni
 Voting (e-Voting) s
heme that provides fun
tionality
losely resembling to a paper voting s
heme without the need of a global PKI support. Ourproposed s
heme is eÆ
ient in that the 
omputation load for establishing an e-Vote is distributedinto o�-line and on-line phases, and the on-line signature generation requires only a linear modular
omputation. The proposed s
heme o�ers many prominent se
urity features, in
luding voter'sidentity anonymity, unforgeable e-Vote, unlinkable signature, external and internal undeniability,unusable lost or stolen e-Vote, and double 
asting resolvability.The number of 4-
y
les in 2-fa
torizations of Kn;nYo-Feng Hsu and Wen-Chung Huang*Department of Mathemati
s, Soo
how UniversityTaipei, Taiwan, Republi
 of China.w
huang�math.s
u.edu.twA 2-fa
tor of the 
omplete bipartite graph Kn;n is a 2-regular spanning subgraph of Kn;n. A2-fa
torization of Kn;n is a partition of the edge set of Kn;n into 2-fa
tors. Let Q(n) be the set ofall x su
h that there exists a 2-fa
torization of Kn;n 
ontaining exa
tly x 4-
y
les. And we de�neFC(n) = (f0; 1; : : : ; n2=4� 2; n2=4g if n is even,f0; 1; : : : ; (n� 1)(n� 3)=4g if n is odd.In this talk, we will dis
uss the identity Q(n) = FC(n).Some Results on Total Domination Criti
al GraphsDoost Ali Mojdeh and Nader Jafari Rad*Department of Mathemati
s, University of MazandaranBabolsar, IRAN, P.O. Box 47416-1467n.jafarirad�umz.a
.irA graph G with no isolated vertex is total domination vertex 
riti
al if for any vertex v of G thatis not adja
ent to a vertex of degree one, the total domination number of G�v is less than the totaldomination number of G. These graphs we 
all 
t-
riti
al. If su
h a graph G has total dominationnumber k, we 
all it k-
t-
riti
al. We verify an open problem of k-
t-
riti
al graphs and obtainsome results on the 
hara
terization of total domination 
riti
al graphs of order �(G) + 
t(G).



11A-magi
 Cartesian Produ
tsDawn M. JonesDepartment of Mathemati
s, SUNY Bro
kportBro
kport, NY 14420djones�bro
kport.eduIn this talk we will dis
uss 
ertain 
artesian produ
ts of A-magi
 and non A-magi
 graphs. Inparti
ular we will fo
us on 
artesian produ
ts of trees with regular or nearly-regular graphs.
Exa
t Maximum Expe
ted Di�erential and LinearProbability for 2-Round Advan
ed En
ryption StandardLiam Keliher* and Jiayuan SuiDepartment of Mathemati
s and Computer S
ien
e, Mount Allison UniversityNew Brunswi
k, Canada E4L 1E6lkeliher�mta.
aA blo
k 
ipher is a fundamental 
ryptographi
 primitive that is often used for the en
ryptionof large volumes of data. The most powerful atta
ks against blo
k 
iphers are generally 
onsid-ered to be di�erential 
ryptanalysis and linear 
ryptanalysis. Provable se
urity against di�erential(resp. linear) 
ryptanalysis requires showing that the maximum expe
ted di�erential (resp. linear)probability, MEDP (resp. MELP), over 2 or more rounds is suÆ
iently small. Over the past fewyears, several papers have provided in
reasingly tight upper and lower bounds on these values for2 rounds of the Advan
ed En
ryption Standard (AES), a blo
k 
ipher standardized by the U.S.government that is one of the most widely used 
iphers worldwide. In this work, we determine theexa
t values of the 2-round MEDP and MELP for the AES. This immediately gives us the bestknown upper bounds on the AES MEDP and MELP for 4 or more rounds.

The Computational Complexity of Balan
ed LabelingsM. Kong*, Sin-Min Lee, Eri
 Seah, and Alfred S. TangDepartment of EE and Computer S
ien
e, University of KansasLauren
e, Kansas 66045kong�ee
s.ku.eduLet G be a graph with vertex set V(G) and edge set E(G), and let A =f0,1g. A labeling f :V(G) ! A indu
es an edge partial labeling f* : E(G) ! A de�ned by f*(xy) = f(x),if and only iff(x)=f(y) for ea
h edge xy 2 E(G). For i 2 A, let vf (i) = 
ardfv 2 V(G) : f(v) = ig and ef�(i) =
ardfe 2 E(G) : f*(e) = ig. A labeling f of a graph G is said to be friendly if j vf (0) - vf (1) j �1. If j ef (0) - ef (1) j � 1 then G is said to be balan
ed. A ne
essary and suÆ
ient 
ondition forbalan
ed graphs is given. We also show that to de
ide whether a graph admits a balan
e labelingis NP-
omplete.



12 On Friendly Index Sets of Generalized BooksHarris Kwong* and Sin-Min LeeDepartment of Mathemati
al S
ien
es, State University of New York at FredoniaFredonia, NY 14063kwong�
s.fredonia.eduLet G be a graph with vertex set V(G) and edge set E(G). A labeling f : V(G) ! Z2 de�nedby f*(xy) = f(x) + f(y), for ea
h edge xy 2 E(G). For i 2 Z2, let vf (i) = 
ardfv 2 V(G) : f(v) = igand ef (i) = 
ardfe 2 E(G) : f*(e) = ig. A labeling f of a graph G is said to be friendly if j vf (0) -vf (1) j � 1.The friendly index set of the graph G, The balan
e index set of the graph G, BI(G), isde�ned as fj ef (0) - ef (1)j : the vertex labeling f is friendlyg. We 
onsider the friendly index setsof generalized books.Spanning Cy
les in Regular MatroidsWithout M�(K5) MinorsHong-Jian Lai*, B. Liu, Y. Liu and Y. ShaoDepartment of Mathemati
s, West Virginia UniversityMorgantown, WV 26506hjlai�math.wvu.eduCatlin and Jaeger proved that the 
y
le matroid of a 4-edge-
onne
ted graph has a spanning
y
le. This result 
an not be generalized to regular matroids as there exist in�nitely many 
onne
ted
ographi
 matroids, ea
h of whi
h 
ontains a M�(K5) minor and has arbitrarily large 
ogirth, thatdo not have spanning 
y
les. In this paper, we proved that if a 
onne
ted regular matroid withouta M�(K5)-minor has 
ogirth at least 4, then it has a spanning 
y
le. This is a joint work with B.Liu, Y. Liu and Y. Shao.
Combinatorial Methodsfor the Analysis of Learning ProblemsAndrew C. LeeComputer S
ien
e Department, University of Louisiana at LafayetteLafayette, LA 70504-1771
xl9999�louisiana.eduLet X be a non-empty set and C � 2X . One may think of X as the 
olle
tion of en
odings ofall instan
es in a learner's universe. Given some rules of interest, the 
olle
tions of instan
es thatpositively exemplify them are simply subsets of X. Hen
e, ea
h subset of X is termed as a 
on
eptand the obje
t C is often referred as a 
on
ept 
lass in 
omputational learning theory.It is plausible that some 
ombinatorial properties of C may help the study of learning. Onewell known example is Vapnik Chervonenkis dimension. It assigns to ea
h 
on
ept 
lass a singlenumber whi
h helps to determine the sample size needed to learn the 
on
epts in C. Motivated bythese developments, in this talk we will review some notions of 
omputational learning theory andtheir 
onne
tions with the 
ombinatorial properties of a set system C.



13On Balan
edness of Some Graph Produ
tsSuh-Ryung Kim, Sin-Min Lee* and Ho Kuen NgDepartment of Computer S
ien
e, San Jose State UniversitySan Jose, California 95192sin min lee�yahoo.
omBalan
edness of the Cartesian produ
t and 
omposition of graphs is studied in the paper S-M.Lee, A. Liu and S.K. Tan, On balan
ed graphs, Congressus Numerantium, 87 (1992), 59-64. Weprovide some new families of balan
ed graphs using produ
t 
onstru
tions. An example is shownthat tensor produ
t of two balan
ed graphs need not be balan
ed.
Removing Guilt By Asso
iation with AdditiveHomomorphi
 En
ryption S
hemes in Symmetri
Private Information Retrieval Proto
olsLaura Beth Lin
olnDepartment of Computer S
ien
e, Ro
hester Institute of Te
hnologyRo
hester, Ro
hester, NY 14623lbl6598�
s.rit.eduSuppose you are interested in wat
hing pay-per-view, but are s
ared that the 
able 
ompanywill sell your information, or the asso
iation of your name to that pur
hase 
ould hinder your
areer, relationships, or in
rease the amount of time you spend 
leaning SPAM out of your mailbox.Private Information Retrieval (PIR) will allow you to retrieve a parti
ular feed without the supplierknowing whi
h feed you a
tually re
eived, and Symmetri
 Private Information Retrieval (SPIR)will assure the supplier that you re
eived only the feed you pur
hased. Now the paranoid buyer
an pur
hase without risking his good name, and the supplier 
an harvest the 
ash of the on
eparanoid 
ustomer. This paper will present how additive homomorphi
 probabilisti
 en
ryptions
hemes, su
h as Paillier's, 
an be used in a one round SPIR proto
ol, and present a proto
ol thatimproves upon those that have been previously published.

Weights Modulo a Prime Power in Divisible Codesand a Related BoundXiaoyu LiuDepartment of Mathemati
s and Statisti
s, Wright State UniversityDayton, OH 45435-0001xliu�math.wright.eduA divisible 
ode is a linear 
ode whose 
odewords all have weights divisible by some integerlarger than 1. In this paper, we generalize the theorem give by R. M. Wilson about weights modulopt in linear 
odes to a divisible 
ode version. Using a similar idea, we give an upper bound forthe dimension of a divisible 
ode by some divisibility property of its weight enumerator modulo pe:We also prove that this bound implies Ward's bound for divisible 
odes. Moreover, we see that in
ertain 
ases, our bound gives better results than Ward's bound.



14On the Edge-Gra
eful Spe
tra of the Cylinder GraphsSin-Min Lee, Claude Levesque, Sheng-Ping Bill Lo*and Karl S
ha�erCis
o Systems, In
., 170, West Tasman DriveSan Jose, CA 95134bill lo1�hotmail.
omLet G be a (p,q)-graph and k�0. A graph G is said to be k-edge gra
eful if the edges 
an belabeled by k,k+1,...,k+q-1 so that the vertex sums are distin
t, mod p. We denote the set of all ksu
h that G is k-edge gra
eful by egI(G). The set is 
alled the edge-gra
eful spe
trum of G. Inthis paper the problem of what sets of natural numbers are the edge-gra
eful spe
tra of 
ylindergraphs is studied.
The Edge-gra
eful Spe
tra of Conne
tedBi
y
li
 Graphs Without PendantW.C. Shiu, M.H. Ling, and Ri
hard M. Low*Department of Mathemati
s, San Jose State UniversitySan Jose, CA 95192low�math.sjsu.eduLet G be a (p; q){graph and k a non-negative integer. G is k{edge-gra
eful if the edges of G
an be labeled with k; k + 1; : : : ; k + q � 1 so that the vertex sums are distin
t modulo p. The setof all su
h k where G is k{edge-gra
eful is 
alled the edge-gra
eful spe
trum of G. We determinethe edge-gra
eful spe
tra of 
onne
ted bi
y
li
 graphs without pendant.

Fall Coloring of Cartesian Produ
ts of GraphsRenu Laskar, Jeremy Lyle*Department of Mathemati
al S
ien
es, Clemson UniversityClemson, SC 29634-0975slyle�
lemson.eduThe question of whether a graph 
an be partitioned into k independent dominating sets is
onsidered. For k = 3, it is shown that a graph G 
an be partitioned into three independentdominating sets if and only if the 
artesian produ
tG�K2 
an be partitioned into three independentdominating sets. The graph K2 
an be repla
ed by any graph H su
h that f : Qn ! H, where fis a type-II graph homomorphism. In
luded in this set is any 
artesian produ
t of any number ofpaths and stars on any number of verti
es.The 
artesian produ
t of two trees is 
onsidered, as well as the 
omplexity of partitioning abipartite graph into three independent dominating sets, whi
h is shown to be NP-
omplete. Forother values of k, repeated 
artesian produ
ts are 
onsidered, leading to a result whi
h gives thepossible values of k for whi
h the hyper
ubes 
an be partitioned into k independent dominatingsets.



15Gra
eful Labelings of Dire
ted GraphsAlison M. MarrDepartment of Mathemati
s, Southern Illinois UniversityCarbondale, IL 62901-4408amarr�siu.eduA dire
ted graph D with e edges has a gra
eful labeling if there exists � : V (D)! f0; 1; : : : ; egs.t. �(y) � �(x) mod (e + 1) is distin
t (and nonzero) for every (x; y) 2 E(D). This talk willexamine some properties of gra
eful digraphs and then explore some new results for 
ertain 
lassesof digraphs.
Strong Vertex-Magi
and Edge-Magi
 Total Labelings of 2-Regular GraphsDan M
QuillanDepartment of Mathemati
s, Norwi
h UniversityNorth�eld VT 05663dm
quill�norwi
h.eduA total labeling of a graph is a bije
tive assignment of integers 1; 2; � � � ; jV j+ jEj to the verti
esand edges of the graph. The weight of an edge is the sum of its label and its two end vertex labels.The weight of a vertex is the sum of its label and all of its in
ident edge labels. A total labelingis edge-magi
 if the weight of every edge is the same. The labeling is vertex-magi
 if the weight ofea
h vertex is the same. For 2-regular graphs, it is an easy matter to obtain a vertex-magi
 totallabeling from an edge-magi
 total labeling and vi
e-versa. A vertex-magi
 total labeling is said tobe strong if the largest labels are on the verti
es. We introdu
e a new method for the 
onstru
tionof strong vertex-magi
 total labelings for 
ertain dis
onne
ted 2-regular graphs. However, there isstill mu
h work to be done. We will a highlight a few open problems.

Con�gurations and Symmetries in Classi
al GeometryJames M. M
Quillan* and Aiden A. BruenDepartment of Computer S
ien
e, Western Illinois UniversityMa
omb, IL, 61455JM-M
Quillan�wiu.eduWe investigate various questions relating to 
on�gurations in 
lassi
al planes. One su
h questionis the following: Given two triangles in perspe
tive from a point V, is it possible that V is on theDesargues line?



16 A Note on Non-Regular Planar GraphsNutan Mishra*, Dinesh Sarvate, Adrienne Chisholm,and Jesse J. RaabDepartment of Math and Statisti
s, University of South AlabamaMobile AL 36688NMishra�usouthal.eduWe give 
onstru
tive and 
ombinatorial proofs to de
ide why 
ertain families of slightly irregulargraphs have no planar representation and why 
ertain families have su
h planar representation.Several non-existen
e results for in�nite families as well as for spe
i�
 graphs are given, for examplethe nonexisten
e of the graphs with n = 11 and degree sequen
e (4; 5; 5; ::; 5) and n = 13 and degreesequen
e (6; 5; 5; :::; 5) is shown.
On the Balan
e Index Sets of GraphsAlexander Nien-Tsu Lee, Sin-Min Lee, and Ho-Kuen Ng*Department of Mathemati
s, San Jose State UniversitySan Jose, CA 95192ng�math.sjsu.eduLet G be a graph with vertex set V (G) and edge set E(G); and let A = f0; 1g: A labelingf : V (G) ! A indu
es a partial edge labeling f� : E(G) ! A de�ned by f�(xy) = f(x); if andonly if f(x) = f(y); for ea
h edge xy 2 E(G): For i 2 A; let vf (i) = 
ardfv 2 V (G) : f(v) = igand ef�(i) = 
ardfe 2 E(G) : f�(e) = ig: A labeling f of a graph G is said to be friendly ifjvf(0)� vf(1)j � 1: If, jef (0)� ef (1)j � 1 then G is said to be balan
ed. The balan
e index set ofthe graph G, BI(G), is de�ned as fjef(0)ef(1)j : the vertex labeling f is friendlyg: Results parallelto the 
on
ept of friendly index sets are presented.
On the Integer-Magi
 Spe
tra ofEulerian Graphs of Odd SizesSin-Min Lee and Kam-Chuen Ng*Eastman Kodak CompanyRo
hester, NY 14650-2216kam.ng�kodak.
omFor k>0, we 
all a graph G=(V,E) as Zk-magi
 if there exists a labeling l:E(G)! Zk* su
h thatthe indu
ed vertex set labeling l+: V(G)! Zkl+(v)=� fl(u,v) : (u,v) in E(G)gis a 
onstant map. We denote the set of all k su
h that G is k-magi
 by IM(G). We 
all this setas the integer-magi
 spe
trum of G. Low and Lee showed that the integer-magi
 spe
trum forany eulerian graph G of even size is equal to N. In this paper we investigate integer-magi
 spe
traof some eulerian graphs of odd sizes.



17Swit
hing Operations for Hadamard Matri
esand D-Optimal DesignsWilliam P. Orri
kDepartment of Mathemati
s, Indiana UniversityBloomington, Indiana 47405worri
k�indiana.eduI will dis
uss the 
reation of new 
ombinatorial designs from old. If one's goal is to produ
e adesign with parameters for whi
h no design was previously known, one strategy is to try to 
ombineknown designs with smaller parameters in a 
lever way so as to produ
e a new design with theparameters in question. Many 
onstru
tions along these lines have been dis
overed over the years.On the other hand, if one wishes to produ
e many non-equivalent designs with the same parameters,a possible strategy is to try to modify an existing design with those parameters so as to produ
e adesign in a di�erent equivalen
e 
lass. In this talk, I will des
ribe a number of elementary movesthat are very useful for doing exa
tly this. My main example will be Hadamard matri
es, butI will also dis
uss blo
k designs and D-optimal designs. I expe
t these moves, 
alled \swit
hingoperations" to be very useful in the 
lassi�
ation of designs. Applying these to Hadamard matri
esof order 36, one 
an easily produ
e tens of millions of equivalen
e 
lasses.
New One-way Compression Fun
tion forCryptographi
 Hash Appli
ationsDhiren R. PatelComputer Engineering Department, National Institute of Te
hnology,Surat Gujarat India 395007dhiren29p�gmail.
omOne-way hash fun
tion is a transformation (with inherent size redu
tion) that takes input of arbi-trary length and returns a �xed size string h (usually referred as hash 
ode, hash value, messagedigest, thumbprint or �ngerprint). H : f0; 1g� ! f0; 1gnA hash fun
tion is 
hosen su
h that it is 
omputationally infeasible to �nd an input that produ
es agiven hash output. Further, it is very diÆ
ult to modify the input message su
h that the modi�edmessage has the same hash as the original message. This property is 
ru
ial for the 
onvenientauthenti
ation of large amount of information. Thus hash fun
tions speed up the data integrityveri�
ation pro
ess.We introdu
e a new one-way 
ompression fun
tion that is useful for design of 
ryptographi
 hashfun
tion and various 
ryptographi
 appli
ations, viz. data and software integrity, RNG, one-wayfun
tion, entity authenti
ation et
. For 
ore 
ompression, we use C-SAT expressions in a novelCNF matri
es form. We apply a variant of the Merkle-Damgard transformation to extend H toarbitrarily long inputs. Due to elegant design and very simple operations; in 
omputation of digest,its eÆ
ien
y is greater.Se
urity of this fun
tion is dire
tly related to the properties of Clause Satis�ability (C-SAT) Prob-lems. We argue that defeating this fun
tion is equivalent to solve instan
es of NP hard problems.Along with provable se
urity, signi�
ant simpli
ity is maintained due to straight forward 
ompu-tation 
ow and absen
e of 
omplex arithmeti
 operations. S
alable variants of this hash fun
tion
an be generated to 
ater appli
ations of di�erent se
urity requirement and levels.



18 On Distan
e Two Magi
ness of GraphsEbrahim SalehiDepartment of Mathemati
s, University of Nevada Las VegasLas Vegas, NV 89154-4020salehi�unlv.nevada.eduGiven an abelian group A; a graph G = (V;E) is said to have a distan
e k magi
 labeling in A ifthere exists a labeling l : E(G)! A� f0g su
h that the indu
ed vertex labeling l� : V (G)! Ade�ned by l�(v) = Xe2Ek(v) l(e) is a 
onstant map, where Ek(v) = fe 2 E(G) : d(v; e) < kg: The setof all h 2 ZZ+ for whi
h G has a distan
e two magi
 labeling in ZZ h is 
alled the distan
e k magi
spe
trum of G and is denoted by DkM(G): In this talk, the distan
e two magi
 spe
tra of 
ertain
lasses of graphs will be dis
ussed.On the Balan
e Index Sets ofOne-point Unions of GraphsHarris Kwong, Sin-Min Lee, and Dinesh Sarvate*Department of Mathemati
s, College of CharlestonCharleston, SC 29424sarvated�
of
.eduLet G be a graph with vertex set V(G) and edge set E(G), and let A =f0,1g. A labeling f :V(G) ! A indu
es an edge partial labeling f* : E(G) ! A de�ned by f*(xy) = f(x),if and only iff(x)=f(y) for edge xy 2 E(G). For i 2 A, let vf (i) = 
ardfv 2 V(G) : f(v) = ig and ef�(i) = 
ardfe2 E(G) : f*(e) = ig. G is said to be a balan
ed graph or G is balan
ed, if there is a vertex labelingf of G that satis�es the following 
onditions :(i) j vf (0)-vf (1)j � 1 and(ii) j ef (0)-ef (1) j � 1.The balan
e index set of the graph G, BI(G), is de�ned as fj ef (0) - ef (1)j : the vertex labeling fis friendlyg. In this paper, exa
t values of the balan
e index sets of six new families of one-pointunion of graphs are obtained , all of them form arithmeti
 progressions .
On H-Mat
hable TreesLane Clark and Andrew S
hwartz*Department of Mathemati
s, Southern Illinois UniversityCarbondale, IL 62901-4408Fix a nontrivial tree H. We 
all fH1,. . . ,Hng a perfe
t H - mat
hing of a tree T if and only ifH1,. . . ,Hn are subtrees of T where ea
h Hi ' H and fV (H1); : : : ; V (Hn)g partitions V (T ). Thena perfe
t P2 - mat
hing of T is a perfe
t mat
hing of T . A tree is H - mat
hable if and only if ithas a perfe
t H - mat
hing. We �rst �nd the number of labeled H - mat
hable trees and then �ndthe degree distribution of a random vertex in a random labeled H - mat
hable tree.



19Revisiting Chromati
 Polynomialsof Some Sequen
es of GraphsAmir Barghi and Hossein Shahmohamad*S
hool of Mathemati
al S
ien
es, Ro
hester Institute of Te
hnologyRo
hester, NY 14623hxssma�rit.eduThe 
hromati
 polynomial of a graph �, C(�;�), is the polynomial in � whi
h 
ounts the num-ber of distin
t proper vertex �-
olorings of �, given � 
olors. By applying the addition-
ontra
tionmethod, 
hromati
 polynomials of some sequen
es of 2-
onne
ted graphs satisfy a number of re
ur-sive relations. We will show that by knowing 
hromati
 polynomial of a few small graphs, 
hromati
polynomial of ea
h of these sequen
es 
an be 
omputed by utilizing either matri
es or generatingfun
tions.
Pan-Conne
tedness of Graphs withLarge Neighborhood UnionsYehong ShaoArts and S
ien
e, Ohio University SouthernIronton, OH 45638shaoy�ohio.eduLet G be a simple graph with n verti
es. For any v 2 V (G), letN(v) = fu 2 V (G) : uv 2 E(G)g,NC(G) = minfjN(u) [N(v)j : u; v 2 V (G) and uv 62 E(G)g, and NC2(G) = minfjN(u) [N(v)j :u; v 2 V (G) and u and v has distan
e 2 in E(G)g. Let l � 1 be an integer. A graph G on n � lverti
es is [l; n℄-pan-
onne
ted if for 8u; v 2 V (G), and any integer m with l � m � n, G hasa (u; v)-path of length m. In 1998, Wei and Zhu have proved that for a 3-
onne
ted graph onn � 7 verti
es, if NC(G) � n � Æ(G) + 1, then G is [6; n℄-pan-
onne
ted. They 
onje
tured thatsu
h graphs should be [5; n℄-pan-
onne
ted. In this paper, we prove that for a 3-
onne
ted graphon n � 7 verti
es, if NC2(G) � n � Æ(G) + 1, then G is [5; n℄-pan-
onne
ted. Consequently, the
onje
ture of Wei and Zhu is proved as NC2(G) � NC(G). Furthermore, we show that the lowerbound is best possible and 
hara
terize all 2-
onne
ted graphs with NC2(G) � n� Æ(G) + 1 whi
hare not [4; n℄-pan-
onne
ted.



20On the Se
urity of Sti
kler's Key Ex
hange S
hemeMi
hal SramkaCenter for Cryptology and Information Se
urity, Florida Atlanti
 UniversityBo
a Raton, Florida 33431sramka�math.fau.eduIn 2005, Eberhard Sti
kel proposed a variation of the DiÆe-Hellman key ex
hange s
heme basedon non-abelian groups. In parti
ular, he des
ribed a key ex
hange s
heme that uses exponentiationsof two group elements that do not 
ommute. The proposal also 
ontains implementation details forsome spe
i�
 subgroup of a general linear group of prime degree n. Although the proposal la
ksa rigorous se
urity analysis, the author 
laims that the brute-for
e atta
k of an instan
e wouldrequire to sear
h through a spa
e of size (2n � 1)2.We will present results showing that the proposed key ex
hange s
heme 
an be in fa
t su

essfullyatta
ked with 
onsiderably smaller 
omplexity. We will show that the s
heme 
an be in fa
t brokenby sear
hing through a spa
e of 
ardinality 2n � 1. Also, for the general s
heme with two non-
ommuting elements of order n1 and n2 (n1 � n2), we show that the time 
omplexity of breakingthe s
heme in the worst-
ase is O(n1 � log n1) group operations while requiring storage of O(n2)group elements. As a result, this atta
k uses square-root less operations than the previous knownatta
k.How Can NP Graph Problems be Moved Into P?George Sta
ey Staples* and Ren�e S
hottDepartment of Mathemati
s & Statisti
s, Southern Illinois University at EdwardsvilleEdwardsville, IL 62026-1653sstaple�siue.eduA well-known result in graph theory states that the 
losed k-walks 
ontained in a graph areenumerated along the diagonal of the kth power of the graph's adja
en
y matrix. By 
onstru
tingthe adja
en
y matrix over an appropriate nilpotent-generated algebra, the k-
y
les are re
overedin the same manner.Using this method, the k-
y
les, k-
ir
uits, and k-paths 
an be enumerated in any �nite graph.Applying this approa
h to random graphs yields expe
ted numbers of these stru
tures. Propertiesof the algebra 
an also be used to 
ompute the permanent of an arbitrary matrix.Moreover, these problems are of polynomial 
omplexity in the number of algebra multipli
ationsperformed. In this way, the Hamiltonian 
y
le problem is among problems moved from 
lass NPinto P, while 
ounting the perfe
t mat
hings of a bipartite graph is among problems moved from
lass #P into P. The Conje
ture of El-ZaharHong WangDepartment of Mathemati
s, University of IdahoMos
ow Idaho 83844-1103hwang�uidaho.eduLet G be a graph of order 5k with minimum degree at least 3k. Then G 
ontains k disjoint
y
les of length 5. This was 
onje
tured by El-Zahar in 1984.



21On the Balan
e Index Sets of the (p,p+1)-GraphsSin-Min Lee, Yung-Chin Wang*, and Yihui WenDepartment of Physi
al Therapy, Tzu-Hui Institute of Te
hnologyTaiwan, Republi
 of Chinaja
kwang91�hotmail.
omLet G be a graph with vertex set V(G) and edge set E(G), and let A =f0,1g. A labelingf : V (G) ! A indu
es an edge partial labeling f� : E(G) ! A de�ned by f�(xy) = f(x); if andonly if f(x)=f(y) for ea
h edge xy 2 E(G): For i 2 A; let vf (i) = 
ardfv 2 V (G) : f(v) = igand ef�(i) = 
ardfe 2 E(G) : f�(e) = ig: A labeling f of a graph G is said to be friendly ifjvf(0) � vf(1)j � 1: If jef (0) � ef (1)j � 1 then G is said to be balan
ed. The balan
e index set ofthe graph G, BI(G), is de�ned as jef (0) � ef (1)j : the vertex labeling f is friendly. In this paper,exa
t values of the balan
e index sets of seven families of (p,p+1)-graphs are obtained.On the Balan
edness of the Galaxieswith At Most Four StarsSin-Min Lee, Linh Vu, Li Wen*, and Danhong ZhangDepartment of Computer S
ien
e, San Jose State UniversitySan Jose, CA 95192iwensdf�yahoo.
omLet G be a graph with vertex set V(G) and edge set E(G), and let A =f0,1g. A labeling f :V(G) ! A indu
es an edge partial labeling f* : E(G) ! A de�ned by f*(xy) = f(x),if and only iff(x)=f(y) for ea
h edge xy 2 E(G). For i 2 A, let vf (i) = 
ardfv 2 V(G) : f(v) = ig and ef�(i) =
ardfe 2 E(G) : f*(e) = ig. A labeling f of a graph G is said to be friendly if j vf (0) - vf (1) j � 1. Ifj ef (0) - ef (1) j � 1 then G is said to be balan
ed. The balan
e index set of the graph G, BI(G),is de�ned as fj ef (0) - ef (1)j : the vertex labeling f is friendlyg. We show that the 
onje
ture thatthe numbers in BI(G) for any galaxy G forms an arithmeti
 progression is true for galaxies with atmost four stars. On Balan
e Index Sets of Treeswith Diameter At Most FourYong-Song Ho, Sin-Min Lee, Yihui Wen, and Danhong Zhang*Department of Mathemati
s, Uti
a 
ollegeUti
a, NY 13502-4892dzhang�uti
a.eduLet G be a graph with vertex set V(G) and edge set E(G), and let A =f0,1g. A labeling f :V(G) ! A indu
es an edge partial labeling f* : E(G) ! A de�ned by f*(xy) = f(x),if and only iff(x)=f(y) for ea
h edge xy 2 E(G). For i 2 A, let vf (i) = 
ardfv 2 V(G) : f(v) = ig and ef�(i) =
ardfe 2 E(G) : f*(e) = ig. A labeling f of a graph G is said to be friendly if j vf (0) - vf (1) j �1. If j ef (0) - ef (1) j � 1 then G is said to be balan
ed. The balan
e index set of the graph G,BI(G), is de�ned as fj ef (0) - ef (1)j : the vertex labeling f is friendlyg. In this paper we investigatethe balan
e index sets of trees with diameter at most four.


