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1. LOCALIZED ELECTRON STATES the study of which makes possible not only an understand-

The properties of electrons in liquid dielectrics have ing of peculiarities of electron behavior in liquids, but also

attracted the attention of experimentalists and theoreticians. ~ gathering of information on the properties of liquids them-
This topic is connected with variety of observed effects, selves. The latter is especially important because theoretical

ISBN: 1-58883-058-6/$35.00 Electronic Excitations in Liquefied Rare Gases
Copyright © 2005 by American Scientific Publishers Edited by Werner F. Schmidt and Eugen Illenberger
All rights of reproduction in any form reserved. Pages: 239-273

Copyright © 2005 M Tech-Net



TUTORIALS » imm

OPERATIONS RESEARCH

INFORMS-— New Orleans 2005 @ 2005 INFORMS ‘ 1SBN 0000-0000
D0110.1287/educ.1053.0017

Branch and Tree Decomposition Techniques for
Discrete Optimization

Illya V. Hicks
Department of Industrial Engineering, Texas A & M University, College Station, Texas
77843-3131, USA, ivhicks@tamu.edu

Arie M. C. A. Koster
Zuse Institute Berlin (ZIB), TakustraBe 7, D-14195 Berlin, Germany, koster@zib.de

Elif Kolotoglu

Department of Industrial Engineering, Texas A & M University, College Station, Texas
77843-3131, USA, elif@tamu.edu

Abstract  This chapter gives a general overview of two emerging techniques for discrete optimiza-
tion that have footholds in mathematics, computer science, and operations research:
branch decompositions and tree decompositions. Branch decompositions and tree
decompositions, along with their respective connectivity invariants, branchwidth and
treewidth, were first introduced to aid in proving the graph minors theorem, a
well-known conjecture (Wagner’s [124] conjecture) in graph theory. The algorithmic
importance of branch decompositions and tree decompositions for solving N P-hard
problems modelled on graphs was first realized by computer scientists in relation to
formulating graph problems in monadic second-order logic. The dynamic programming
techniques utilizing branch decompositions and tree decompositions, called branch
decomposition- and tree decomposition-based algorithms, fall into a class of algorithms
known as fixed-parameter tractable algorithms and have been shown to be effective in
a practical setting for NP-hard problems such as minimum domination, the traveling
salesman problem, general minor containment, and frequency assignment problems.
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1. Introduction

The notions of branch decompositions and tree decompositions and their respective con-
nectivity invariants, branchwidth and treewidth, are two emerging techniques for discrete
optimization that also encompass the fields of graph theory, computer science, and opera-
tions research. The origins of branchwidth and treewidth are deeply rooted in the proof of
the graph minors theorem, formally known as Wagner’s [124] conjecture. Briefly, the graph
minors theorem states that in an infinite list of graphs there would exist two graphs H
and G such that H is a minor of G. The algorithmic importance of the branch decom-
position and tree decomposition was not realized until Courcelle [50] and Arnborg et al.
[15] showed that several N'P-hard problems posed in monadic second-order logic can be
solved in polynomial time using dynamic programming techniques on input graphs with
bounded treewidth or branchwidth. A problem that is AP-hard implies that as long as
it is not proven that P = NP, we cannot expect to have a polynomial-time algorithm
for the problem. These techniques are referred to as tree decomposition-based algorithms
and branch decomposition-based algorithms, respectively. Branch decomposition- and tree
decomposition-based algorithms are important in discrete optimization because they have
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his is a survey designed for mathematical programming people who do not know molecular biology and
want to learn the kinds of combinatorial optimization problems that arise. After a brief introduction to the
biology, we present optimization models pertaining to sequencing, evolutionary explanations, structure predic-
tion, and recognition. Additional biology is given in the context of the problems, including some motivation for
disease diagnosis and drug discovery. Open problems are cited with an extensive bibliography, and we offer a

guide to getting started in this exciting frontier.
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1. Introduction

Although computational biology has been an increas-
ing activity in computer science for more than a
decade, it has been only the past few years that opti-
mization models have been developed and analyzed
by researchers whose primary background is oper-
ations research (OR). The purpose of this survey is
to demonstrate the applicability of mathematical pro-
gramming, from an OR perspective, to these problems
in molecular biology.

We begin with some vocabulary, but more, context-
dependent biology will be described in each section.
This will not be enough biology to develop your
own research in this exciting frontier, but it is enough
to understand many of the problems and make an
informed decision whether to pursue this field. The
appendix offers guidance to getting started.

One class of problems involves sequences from one
of the following alphabets:

1. Four nucleotides in DNA (one-letter code in bold
capital):

{Adenine, Cytosine, Guanine, Thymine}

Copyright © 2005 MaP Tech-Net
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2. Four nucleotides in RNA (one-letter code in bold
capital):

{Adenine, Cytosine, Guanine, Uracil}

3. Twenty amino acid residues in proteins:

Name Symbol ~ Name Symbol
Alanine A Leucine L
Arginine R Lysine K
Asparagine N Methionine M
Aspartic acid D Phenylalanine F
Cysteine C Proline P
Glutamine Q Serine S
Glutamic acid E Threonine T
Glycine G Tryptophan W
Histidine H Tryosine Y
Isoleucine I Valine v

From one sequence’s information, we would like
to recognize or predict structure. From multiple
sequences, we would like to compare structures and
determine if they are in the same “family.” It is
believed, with some reservation, that structure deter-
mines function, although this issue is still being
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1. INTRODUCTION

“Diamond,” first mined in India thousands of years ago, has
been known as the “king of gemstones” by the public for
its beauty for centuries. It probably will not be long until in
the 21st century the same diamond with a different morpho-
logical structure will be known as the “king of materials” to
engineers and scientists for its extreme properties with their
unique combinations and practical use in manufacturing in
the form of films and coatings [1, 2]. The extreme material
properties of diamond with some potential applications from
their unique combinations can be found in some review arti-
cles (for example, see K. V. Ravi in [1] and P. Chalker and
S. Lande in [2]), and in addition some new areas of applica-
tions such as surface acoustic wave (SAW) devices [2, 3], and
micro/nanoelectromechanical systems (MEMS and NEMS,
respectively) [4-6] have started emerging. In brief, diamond
is very hard and least compressible, is optically transpar-
ent from the deep ultraviolet (UV) to the far infrared, has
the highest known thermal conductivity of all materials at
room temperature, has low thermal expansion coefficient
at room temperature (0.8 x 10~ K) that is comparable to
that of invar, exhibits low or “negative” electron affinity,
and is biologically compatible and very resistant to chemical
corrosion [1, 2, 7, 8]. Diamond is much more resistant to
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X-rays, vy radiation, UV light, and nuclear radiation than the
other semiconductors such as Si and Ge. Also, it is a very
good electrical insulator (with room temperature resistivity
of ~10'% Q) cm). However, its resistivity can be changed over
the range 10-10° Q cm by doping, thus becoming a semi-
conductor with a wide bandgap of 5.5 eV. The great interest
in diamond also comes from its applications in electronic
devices as it has very high mobility (about 2000 cm?/V s),
breakdown field (10 MV/cm), and saturation velocity (about
2.5 x 107 cm/s) compared to other semiconductors [8]. At
the same time, there are other diamond related carbon
materials that have properties in between those of diamond
and graphite. The properties of these hard carbon materials
vary, depending on the concentration of sp*-(diamond) and
sp?-(graphite) bonded carbon in the films. A classification of
diamond and related materials in terms of their structure,
resistivity, and energy gap is given in Table 1. The energy
difference between thermodynamically stable graphite and
metastable diamond is 0.9 kcal/mole. Nanodiamond is a
metastable material with intermediate energy, close to ta-C
having sp? bonds more than 90% [9, 10]. Before progressing
further let us discuss diamond and related materials in some
more detail.

1.1. Synthetic Diamond

Scarcity and cost of the natural diamond led scientists to
find means of making diamond in the laboratory. Although
there have been several attempts to synthesize diamond
from various sources of carbon since it was discovered
to be an allotrope of carbon, two main techniques were
invented, both in the 1950s; high pressure and high tempera-
ture (HPHT) synthesis [1, 7] and chemical vapor deposition
(CVD) synthesis [1, 2]. To date, since its discovery, most
of the demands to supply diamond for industrial uses, pri-
marily for material cutting, grinding, and polishing, are met
by the HPHT technique. In this technique graphite is sub-
jected to tens of thousands of atmosphere and heated to
over 2000 K in the presence of some metal catalyst crys-
tallizing it in diamond. However, this process is intrinsi-
cally limited in its ability to cover surfaces in the form of
thin film coatings and to produce large sizes. These limita-
tion are overcome by another technique (i.e., CVD synthesis
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Consolidation of warehouses is a new trend in global logistics management, and the reduction in order processing and inventory costs is
often cited as one of the main motivations. In this note we show that when retailers face constant demand rates and their ordering costs are
independent of the warehouse that services them, consolidated systems are rarely suboptimal and always lead to close-to-optimal inventory
replenishment costs. In particular, we prove that using two (one) properly selected warehouses, the systemwide inventory replenishment cost

is in the worst case at most 2% (14.75%) more than the optimal.
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1. INTRODUCTION

Many companies are streamlining their distribution network
by consolidating and centralizing their logistics operations.
The Strategies 2005 Report prepared by leading food dis-
tributors in the United States suggested that warehouse con-
solidation is a key component of the logistic strategy in the
industry (Food Distributor 2000). Consolidation strategy is
also often pursued with great enthusiasm (Weiskott 1998)
in cases in which the products are of high value and low
weight type (as in most electronics components), and when
transportation costs are insignificant compared to inventory
and ordering costs.

Our intent in this note is to examine the benefits of con-
solidation on inventory replenishment cost. Given the pop-
ularity of the consolidation strategy and the common belief
that consolidation helps to reduce systemwide inventory
cost resulting from risk pooling and economies of scale,
we view that it is timely to scrutinize this belief based on a
quantitative model. In a single-echelon system with deter-
ministic demand in which holding and ordering costs at the
retailers are not considered, it is easy to see why consoli-
dation is optimal. In fact, in this case each warehouse acts
as a single-stage EOQ system, and it is well known that
the average inventory replenishment cost at each warehouse
is concave in the demand assigned. Exploiting concavity
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property, it is easy to see that the optimal strategy is to
consolidate all demand at a single warehouse.

We show in this note that the same qualitative insight
actually carries over to a two-echelon system in which
both the warehouses and retailers have inventory hold-
ing and ordering costs. In a stable demand environment,
where the retailer ordering costs are independent of the
warehouse that services them, we show that consolidated
systems are rarely suboptimal and always lead to close-
to-optimal inventory replenishment costs. In particular, we
prove that using two (one) properly selected warehouses,
the systemwide inventory replenishment cost is in the worst
case at most 2% (14.75%) more than the optimal. So the
suggestion to managers facing consolidation issues with
stable demand is that savings in inventory replenishment
cost can often be expected, and the spotlight should thus
be on the transportation costs.

We want to caution that the conclusion is reached with-
out consideration of the impact on the operating costs
in order processing, transportation, etc. We would imag-
ine consolidation might lead to increased economies of
scale in purchasing and transportation operations, but unit
transportation costs could increase because the goods are
now shipped over a longer distance. On another front, Teo
et al. (2001), building on the work of Gallego (1998) on
inventory replenishment cost approximation and bounds

Operations Research © 2003 INFORMS
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Nanoparticulate ferrites such as manganese zinc ferrite and nickel zinc ferrite hold great promise
for advanced applications in power electronics. The use of these materials in current applications
requires fine control over the nanoparticle size as well as size distribution to maximize their packing
density. While there are several techniques for the synthesis of ferrite nanoparticles, reverse micelle
techniques provide the greatest flexibility and control over size, crystallinity, and magnetic properties.
Recipes for the synthesis of manganese zinc ferrite, nickel zinc ferrite, and an enhanced ferrite are
presented along with analysis of the crystalline and magnetic properties. Comparisons are made on
the quality of nanoparticles produced using different surfactant systems. The importance of various
reaction conditions is explored with a discussion on the corresponding effects on the magnetic
properties, particle morphology, stoichiometry, crystallinity, and phase purity.

Keywords: Core—Shell Nanoparticles, Mixed Ferrites, Nickel Ninc Ferrites, Manganese Zinc Fer-
rites, Magnetic Properties.
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Syntheses and Applications of Mn-Doped II-VI Semiconductor Nanocrystals

though some 4f"-4f" transition-related emissions have been
observed in RE ion-doped nanocrystalline II-VI semicon-
ductors, it was speculated that their characteristic emissions
originate from RE ions adsorbed on the particle surface.!”
In contrast to RE ions, the chemical properties of Mn2* are
very similar to those of Cd** (or Zn?*), thus incorporating
Mn?* into II-VI semiconductor host much easier.

The Mn?* ion, used in many luminescent materials, has
a d° configuration. The Mn?* ion exhibits a broad emis-
sion peak, whose position depends strongly on the host
lattice due to changes in crystal field strength with host.
The emission color can vary from green to deep red, corre-
sponding to a *T,-®A, transition.!! Since this transition is
not spin-allowed, the typical luminescent relaxation time
of this emission is of the order of milliseconds.!'"** Bulk
ZnS:Mn has been widely used as a phosphor,'* particu-
larly in alternating current thin film electroluminescence

(ACTFEL) devices.'>™'7 Mn?* d-electron states act as effi-
cient luminescent centers while interacting strongly with
s-p electronic states of the ZnS host into which external
electronic excitation is normally directed. The subsequent
transfer of electron and hole pairs into the electronic level
of the Mn?" ion leads to the characteristic yellow emis-
sion from the Mn** *T,-SA, transition.'* Possible mech-
anisms for excitation of the Mn** in semiconductor hosts
(ZnS, CdS) have been suggested. In one mechanism a hole
trapped by the Mn®* ion is recombined with an electron,
leading to Mn?* in an excited state.'®!” Another suggested
mechanism is recombination of a bound exciton at the
Mn?* site, which again promotes the Mn?** to an excited
state.

Although the optical properties of doped semiconduc-
tor (Mn-doped ZnS) nanocrystallines were published in
1983,%! it was not until the publication by Bhargava’s
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