
Resear
h Statement D. Ja
ob Wildstrom1 Resear
h interestsMy primary resear
h interests are problems in optimal lo
ation of limited resour
es on graphs.This �eld in
ludes the 
lassi
 operations-resear
h problems in 
apa
itated and un
apa
itatedfa
ility lo
ation, k-median lo
ation, dynami
ally relo
atable resour
es, and sear
h problemssu
h as graph sweeping. These problems 
ross several dis
iplines, using traditional tools of
ombinatorial optimization, game theory, and the stru
tural underpinnings of �nite semi-rings.2 Current Resear
hMy resear
h at present 
on
erns the dynami
 resour
e relo
ation problem. This problemdeals with a resour
e whi
h 
an relo
ate or re
on�gure in response to servi
e requests atlo
ations distributed throughout a system. In the most general form, our resour
e has a�nite set of states S, while requests are drawn from a set R. Relo
ation of the resour
eis asso
iated with a 
ost fun
tion 
r : S � S ! R, while servi
e is asso
iated with a 
ost
s : S � R ! R. If a request sequen
e r1r2 : : : rn and an initial state s0 is served with thesu

essive 
hoi
e states of s1s2 : : : sn, the servi
e plan is said to have 
ostnXi=1 
r(si�1; si) + 
s(si; ri)In traditional framings of this problem, the 
on�guration is presented as a graph G, withS = R = V (G) and 
r(u; v) = 
s(u; v) = dG(u; v). Two questions are frequently askedrelating to this 
ost-valuation:� What is the minimum non-negative integer k yielding a fun
tion f : S � Rk ! Ssu
h that si+1 = f(si; ri+1; : : : ; ri+k) will always produ
e minimum-
ost sele
tions ofs1; : : : ; sn?� Given the 
ondition si+1 = f(si; ri�`+1; : : : ; ri+k), what 
hoi
e of f minimizes the worst-
ase ratio between the 
ost of this sele
tion and a minimum-
ost sele
tion of s1; : : : ; sn,and what is the aforementioned ratio?The �rst question has been 
ompletely answered over undire
ted graphs with unweightededges [6, 7℄; the se
ond has been subje
ted to preliminary 
onsideration [5℄. My work pla
esboth of these questions into a more generalizable framework in whi
h algebrai
 tools 
an beused e�e
tively.The underlying 
ombinatorial optimization problem allows any given request sequen
e tobe represented as a produ
t of representative matri
es in the min-sum algebra. While min-sum and the related max-sum algebra have traditionally been explored primarily with respe
tto geometri
al properties, they have been 
entral in several appli
ations to 
ombinatorialoptimization and queueing theory problems, in
luding the traveling salesman problem [1℄and industrial system 
ontrol theory [2, 8, 9℄.When request-sequen
es are represented as matri
es, whether a minimizing fun
tion fexists for a given request-sequen
e is determined by the existen
e of a row in the matrixPage 1 of 3
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h Statement D. Ja
ob Wildstromdominated by all other rows, so the value of k in the �rst question above is determinedthe maximal number of terms in a produ
t of representative matri
es without a dominatedrow. This 
an be investigated via walks in the Cayley graph of the semigroup of min-summatri
es. In parti
ular, the presen
e of 
y
les in the Cayley graph is indu
ed by eigenve
torsof min-sum matri
es, whi
h has been the subje
t of system-
ontrol theory investigations,and 
an be expli
itly determined via a method of Cunninghame-Green [10℄. The presen
eof 
y
les in the Cayley graph indi
ates the impossibility of 
hoosing a value of k satisfyingour 
riterion, while the absen
e of 
y
les ne
essarily implies the existen
e of su
h a k. This
onsideration of min-sum eigenve
tors as the de�ning feature in a 
ombinatorial optimizationproblem is profoundly di�erent than traditional matrix investigations used in 
ombinatorialoptimization, whi
h 
onsider matrix rank rather than eigenspa
e [11℄. My resear
h hasbeen devoted to identifying the ne
essary and suÆ
ient 
onditions for the existen
e of su
h
y
les in the Cayley graph, and using these 
onditions to build a novel approa
h to dynami
lo
ation problems based on traditional results in 
ontrol theory.3 Areas of future resear
hThere are several 
ompelling areas of a
tive resear
h 
onne
ted to the dynami
 lo
ationproblem. Most notable among these is the k-server problem, whi
h has been 
onsideredlargely in the 
ontext of algorithm design for the 
ase where only a single request is known,and in whi
h a server must move to the lo
ation of the request [3, 12, 4℄; these algorithmi
results are not generally known to o�er the best 
ompetitive ratio, and the 
ompetitive ratiofor lookahead of more than one request is a largely unexplored problem, even in the 
aseof a single server. Competitive ratios may also be able to be pla
ed into the framework ofmin-sum algebras; sin
e the minimum 
ompetitive ratio has been thus far explored only interms of spe
i�
 graphs or algorithms, a new algebrai
 approa
h may allow for more generaldeterminations of the ratio's bounds.Certain other arti�
ialities in the traditional problem des
riptions, when dis
arded, allowfor a greater generalization of the underlying problem and a greater appli
ability to real-worldservi
e-relo
ation problems. For instan
e, in all formulations of dynami
 lo
ation problemsthus far, remote servi
e has either been prohibited or penalized with a 
ost equal to themovement 
ost; that is, in the language of our original problem generalization, the servi
e
ost 
s(u; v) has been identi
al to the movement 
ost 
r(u; v). In investigations peripheralto my 
urrent resear
h, I found that allowing 
s to be a 
onstant multiple of 
r displayeda behavioral threshold between admitting of a simple optimization and not admitting ofany limited-knowledge optimization at all. Further exploration into both the parti
ularsof this threshold and into the result of more general sele
tions of 
s would allow greatergeneralization of the dynami
 lo
ation problem.In addition, sin
e 
ontrol theoreti
 and dynami
 optimization investigations explore manysimilar properties of min-sum matri
es, there is a distin
t possibility that these results willexpand knowledge not only of dynami
 optimizability, but also of industrial systems 
ontrol.One of my a
ademi
 priorities is to develop a resear
h program in whi
h undergraduates
an be a
tively involved: optimization problems on graphs are highly suited for this purpose,as they take on a wide array of forms from highly spe
i�
 problems in algorithm designPage 2 of 3
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ob Wildstromto extremely open-ended problems of determining ne
essary lookaheads for large 
lassesof graphs. Students 
an thus be guided to problems suitable for their abilities and givenpromising avenues for exploration and dis
overy. The fundamental papers in this �eld uselargely elementary methods, and introdu
tory examples for dynami
 optimization problemsare highly visual. These fa
tors make dynami
 graph-lo
ation problems, as well as othersear
h problems on graphs, ideally suited for introdu
tion into an undergraduate independentstudy or resear
h program.Referen
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