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Stock market models help researchers predict animal

behavior Date: November 12, 2014

In an unexpected mashup of financial and mechanical engineering,
researchers have discovered that the same modeling used to forecast
fluctuations in the stock market can be used to predict aspects of animal
behavior. Their work proposes an unprecedented model for in silico -- or
computer-based -- simulations of animal behavior. The findings were
published in the Journal of the Royal Society Interface.

The team, led by Maurizio Porfiri, professor of mechanical and aerospace
engineering and director of the school's Dynamical Systems Laboratory, is
more accustomed to studying the social behavior of zebrafish -- a freshwater
species often used in experiments due to its genetic similarity to humans.
Porfiri has drawn considerable attention for his interdisciplinary research on
the factors that influence zebrafish collective behavior.

However, designing procedures and conditions for animal experiments are
time-intensive, and despite careful planning, many experiments yield mixed
data. Porfiri and his team, comprising postdoctoral fellow Ross P. Anderson,
doctoral student Violet Mwaffo, and former postdoctoral fellow Sachit
Butail (now assistant professor at Indraprastha Institute of Information
Technology Delhi), set out to develop a mathematical model of animal
behavior that could predict the outcome or improve the effectiveness of
experiments and minimize the number of fish used in them.

When mapping the movement of zebrafish as they swam, Porfiri and his
colleagues observed that the species does not move in a continuous pattern;
rather, it swims in a signature style characterized by coasting periods
followed by sharp turns. As they plotted the turn rate of the fish over time,
the

researchers noticed that their data, with its small variations followed by
large dips (reflecting fast turns), looked very different from the turn rate of
other fish but very similar to another type of data, where such volatility is
not only common but well studied: the stock market.

The team embraced the mathematical model known as a stochastic jump
process, a term used by financial engineers and economists to describe the
price jumps of financial assets over time. Using many of the same tools
employed in financial analysis, the researchers were able to create a
mathematical model of zebrafish swimming, mining video footage from
previous experimental sessions to seed what they hope will become a robust
database of zebrafish behavior under varying circumstances.

"We realized that if we could simulate the swimming behavior of these fish
using a computer, we could test and predict their responses to new stimuli,
whether that is the introduction or removal of a shoal mate, the presence of
a robotic fish, or even exposure to alcohol," Porfiri said. "In behavior
studies, you can easily utilize thousands of test subjects to explore different
variables. This will allow researchers to replace some of that
experimentation with computer modeling."

Porfiri emphasized that this mathematical model of animal behavior will
also allow researchers to make better use of their data following
experiments, not just beforehand. "The data that result from zebrafish
experiments look quite messy initially," Porfiri said. "Giving researchers a
model they can use to compare, filter, and refine their analysis afterwards
will allow them to maximize data for better results."

Porfiri and his team plan to continue to add data to their model with the
hope of creating a toolbox that all researchers engaged in this field of study
can utilize.

The idea of incorporating financial engineering to model zebrafish behavior
came from Mwaffo, now a doctoral student in Porfiri's lab who had earned
his master's degree in financial engineering from the NYU Polytechnic
School of Engineering.

Source: New York University Polytechnic School of Engineering
From:http://www.sciencedaily.com/releases/2014/11/141112120158.htm
When vaccines are imperfect: What math can tell us about
their effects on disease propagation

Date: November 20, 2014

The control of certain childhood diseases is difficult, despite high
vaccination coverage in many countries. One of the possible reasons for this
is "imperfect vaccines," that is, vaccines that fail either due to "leakiness,"
lack of effectiveness on certain individuals in a population, or shorter
duration of potency.

In a paper publishing in the SIAM Journal on Applied Mathematics, authors
Felicia Magpantay, Maria Riolo, Matthieu Domenech de Celles, Aaron King,
and Pejman Rohani use a mathematical model to determine the
consequences of vaccine failure and resulting disease dynamics.

"We examined the effects of individual-level vaccine failure on the
propagation of a disease through a population," says author Felicia
Magpantay. "Specifically, we took into account different ways in which
vaccines may fail. We distinguished between vaccine-induced immunity
that is 'leaky', whereby vaccination reduces the probability of infection upon
exposure but does not eliminate it; 'all-or-nothing', which leads to perfect
protection in some individuals, but none in others; and 'waning', which
reflects transient protection--or some combination of all three."

While leakiness, degree and duration of coverage have direct effects at the
individual level, the protection from imperfect vaccines and reduced disease
transmission at the population level is not easy to determine. "By carefully
ensuring a like-with-like comparison of the differences in the mechanism of
vaccine failure, we identified distinct epidemiological signatures at the
population-level and explored their implications for disease control,"
Magpantay explains.

The group of professional applied mathematicians considers a systematic
analysis based on the "susceptible-infectious-recovered" model used in
epidemiological studies. This model allows one to calculate the number of
susceptible, infectious and recovered individuals in a population, factoring
in infection and recovery rates as well as contact between susceptible and
infected individuals. The authors adapt this model with an added vaccine
component to compare the dynamics of the three aforementioned types of
imperfect vaccines.

The critical proportion of the model population that needs to be vaccinated
in order to drive the disease to extinction is seen to be the same in all three
cases. When vaccination coverage is maintained below the critical ratio, the
disease remains endemic in the population at a higher level for leaky
vaccines, compared to the other two imperfect vaccines. "Among vaccines
that exhibit the same level of individual-level effectiveness, the purely leaky
vaccine always leads to the highest prevalence of infection in the long run.
The purely all-or-nothing and purely waning vaccines lead to the same
levels of prevalence," Magpantay elaborates.


http://www.sciencedaily.com/releases/2014/11/141112120158.htm

The authors then extend their ordinary differential equation model to
account for age distribution in the population using a system of partial
differential equations for age-specific transmission. "The age distribution of
the infected class depends on the type of vaccine failure, the age-specific
contact rates and the vaccine coverage. In the cases that we have considered,
the waning vaccine leads to the highest mean age of first infection,"
Magpantay says.
The authors also show that the three imperfect vaccines have distinct
transient dynamics following the initiation of vaccination in a population.
"Numerical simulations suggest that vaccination with leaky and waning
vaccines can bring about a long honeymoon period: a temporary period of
low disease prevalence after the onset of mass vaccination," Magpantay
explains. "This provides an alternative explanation for the observed
resurgence of some diseases like pertussis in regions that maintain high
vaccination coverage." All-or-nothing vaccines appear to show a more
stable transition.
Topics for future work include examining the role of seasonality on
transmission rates as well as the effect of a vaccine on infectiousness of an
individual.
Source: Society for Industrial and Applied Mathematics
From:http://www.sciencedaily.com/releases/2014/11/141120183602.htm
THRFRB
Evolution Software Looks Beyond the Branches

November 19, 2014

Software by scientists at Rice University aims to reveal far more about
species’ evolutionary histories than traditional tree models can.

Credit: Luay Nakhleh/Rice University

Rice University researchers have developed PhyloNet, an open source
Java-based program that accounts for both the horizontal and vertical
inheritance of genetic material among genomes.

The researchers also have developed a "maximum likelihood" method that
enables PhyloNet to infer network models that better describe the evolution
of certain groups of species than do tree models.

Inferring means analyzing genes to determine their evolutionary history
with the highest probability of connections between species. The software
infers the probability of variations that phylogenetic trees cannot illustrate,
such as horizontal gene transfers, which circumvent simple
parent-to-offspring evolution and enable genetic variations to move from
one species to another by means other than reproduction.

"We are the first group to develop a general model that will allow biologists
to estimate hybridization while accounting for all these complexities in
evolution," says Rice researcher Luay Nakhleh.

The researchers used two data sets to test the program. One was a
computer-generated set of data that mimics a realistic model of evolution
and enabled the researchers to evaluate the accuracy of the program, while
the other involved multiple genomes of mice found across Europe and Asia.

From Rice University

Self-Repairing Software Tackles Bugs
November 17,2014

Researchers at the University of Utah have developed a software suite

that can detect and eliminate malware from computers running the Linux

operating system.

Credit: emeryblogger.com

University of Utah researchers have developed the Advanced Adaptive
Applications (A3) software suite to detect and eliminate malware. They say
A3 instantly repairs damage and prevents malware from infecting the

computer again.

A3 works with a virtual machine that emulates the operations of a computer
without dedicated hardware. The software is designed to monitor a virtual
machine's operating system and applications, notes University of Utah
professor Eric Eide. A3 is intended to protect servers or similar
business-grade computers that run on the Linux operating system, along

with military applications.


http://www.sciencedaily.com/releases/2014/11/141120183602.htm

There are no plans to adapt A3 for home computers or laptops, but Eide

says this could be a possibility in the future.

A3 can detect new, unknown viruses or malware automatically by sensing
that something is occurring in the computer's operation that is not correct.
A3 stops the virus, determines a repair for the damaged software code, and

learns to permanently block that malware from entering the machine.

To test A3's effectiveness, a team from the university and Raytheon BBN
used it against the Shellshock malware. A3 was able to discover Shellshock
on a Web server and repair the damage in four minutes, while six other

pieces of malware also were successfully handled by A3, Eide notes.

From University of Utah News

'Flight Simulator' for Surgeons: Project Joins Computer
Science With Medicine

November 14,2014

University of Wisconsin-Madison investigators are working on the

development of a surgical simulator as a teaching tool.

Credit: Sarah Morton

University of Wisconsin-Madison investigators are developing a simulator
to help medical students virtually practice surgical procedures.

Professor Eftychios Sifakis is collaborating with professor Timothy King, as
well as with Dr. Court Cutting, an international expert in cleft lip and palate
procedures, and computer sciences graduate student Nathan Mitchell.

In early November, the team used the tool to demonstrate how to make and
close incisions on flat areas of skin, make scalp incisions, and suture them
using flap techniques.

The simulator emphasizes biomechanical accuracy. Surgeons must predict
how soft tissue will respond to a procedure based on factors such as age,
type of tissue, and its location on the body. The simulator's
three-dimensional renderings eventually will demonstrate how real skin will
react under actual conditions, which will require further development as
well as the acquisition of more information about live tissues. Sifakis says
the end goal is to create an agile, portable system for use on tablets or other
mobile devices.

The U.S. National Science Foundation is funding the team's efforts through
its three-year Smart and Connected Health grant awarded in July 2014. The
researchers say the simulator has significant potential to curb errors and
post-surgical complications.

From University of Wisconsin-Madison
News
WA
Enzymes And Metals Enable Regiodivergent Organic
Reactions
By Stephen K. Ritter
Divergent regioselectivity, in which the same reaction can lead to different
products depending on the catalyst and reaction conditions, is a particular
challenge for synthetic organic chemists. Two research teams have reported
findings that provide new insight on how to make directional selectivity a
little easier. Frances H. Arnold and coworkers at California Institute of
Technology engineered two variants of a cytochrome P450BM3 enzyme to
control nitrogen atom transfer and enable regiodivergent C—H aminations.
One enzyme favors ring-closing amination at the a-position of an alkyl
substituent on a benzene sulfonyl azide. The other enzyme favors amination
at the B-position (J. Am. Chem. Soc. 2014, DOI: 10.1021/ja509308v).
Meanwhile, Chao-Jun Li’s group at McGill University, in Montreal, has
discovered a selectivity switch in ring-forming coupling reactions between
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2-hydroxybenzaldehydes and terminal alkynes. With a gold catalyst, the
researchers obtain an isoflavanone skeleton, whereas a rhodium catalyst
produces a coumarin skeleton (Angew. Chem. Int. Ed. 2014, DOI:
10.1002/anie.201407589). According to the researchers, enzymes represent
a versatile platform for solving selectivity problems in organic synthesis,
either through synthetic biology or through inspiration to develop
metal-catalyst enzyme mimics.

Researchers Try Out A New Thin-Film Material For Transistors

By Katherine Bourzac



promise for making flexible electronics. But so far, none of these materials
has hit the sweet spot of electrical properties needed to compete with silicon.
Now researchers have shown that films of black phosphorus can be used to

make radio-frequency transistors, components found in many
telecommunication devices (Nano Lett. 2014, DOI: 10.1021/n15029717).
Black phosphorus, the most stable form of the element at room temperature,
has a structure that looks like a wrinkled version of graphite. Although black
phosphorus has been known for a long time, it wasn’t until this past year
that researchers started exploring the use of the material for electronics.

Han Wang, an electrical engineer at the University of Southern California,
says researchers are excited about black phosphorous because, unlike other
two-dimensional materials, it both has a band gap and conducts charge
fairly well. A material with a band gap can be switched between conducting
and insulating states, lending devices such as transistors well-defined on and
off states. This produces high-quality signals and saves power when the
transistor is off. Materials with high charge mobility conduct charges well,
and transistors made with them can switch on and off rapidly. Graphene has
no band gap, but it does have superlative charge mobility. Meanwhile, other
2-D materials, such as molybdenum disulfide, have a band gap but have low
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charge mobility.

On the basis of what they and other researchers recently have learned about
the material, Wang, Fengnian Xia of Yale University, and their colleagues
built transistors made from a few layers of black phosphorus. These
transistors can operate in the gigahertz range, switching on and off 20
billion times per second. Their performance is similar to that of transistors
used in radio-frequency telecommunications circuits, such as those found in
cell phones. Those transistors are made from silicon and other rigid
semiconductors.

To make the devices, the researchers mechanically cleaved bulk black
phosphorus into flakes. They selected flakes 6 to 10 nm thick and placed
them on silicon wafers topped with a layer of silicon dioxide. To complete
the transistors, they then used conventional methods to grow metal
electrodes and a gate. The new transistors were quite large, about 300 nm
wide. Simulations run by the team predict that if they can shrink the devices
to 50 nm or smaller, the transistors should operate above 100 GHz.

Many challenges remain for developing black phosphorus electronics, Wang
says. For example, researchers need to find ways to grow large-area thin
films of the material because working with flakes is not practical.

But the new report shows that it’s worth taking the time to solve these

problems, says Wei Ji, a physicist at Renmin University of China who
published one of the early papers describing the electrical and optical
properties of black phosphorus films. Such high performance with a first
attempt, he says, “suggests the huge potential of black phosphorus gigahertz
transistors.”
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