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This month our research highlights focus on
industrial engieers who work to improve the
reliability of systems — in both the small scale
and the large scale. The fivst paper uses process
information to predict the failure occurrences
of medical equipment, like a CT scanner. The
second paper discusses metrics for estimating
reliability of extremely large networks, such
as the Internet. These articles will appear in
the September issue of TIE Transactions
(Volume 43, No. 9).

Modeling and predicting

medical equipment failures
When your computer crashes, it may
just be an inconvenience. When medical

diagnostic imaging equipment, such as
a computed tomography (CT) machine,

fails, it's an expensive debacle. The lead-
ing providers of medical equipment,
such as General Electric Healthcare, have
been well aware of this and have strived
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1o minimize unexpected equipment fail-
ures through sophisticated after-sales
maintenance and service operations. A
critical component of an effective after-
sales service operation is 1o p_redict
correctly the impending occurrence of
the failure with statistical confidence.
Unfortunately, predicting such failures
in medical diagnostic equipment is
currently a complex, imprecise process.

In “Event Log Medeling and Analysis
for System Failure Prediction,” doctoral
student Yuan Yuan and professor Shiyu
Zhou from the University of Wiscon-
sin-Madison and Crispian Sievenpiper,

Kamal Mannar and Yibin Zheng from

the Global Service Technology group of

GE Healthcare developed an effective
way 1o use data from the GE Health-
care automated information system to
predict failure occurrences.

The data, called “system event logs,”
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Yibin Zheng (from left), Shiyu
Zhou, Yuan Yuan and Crispian
Sievenpiper visit GE Healthcare
in Waukesha, Wis.

include various machine activities
and behaviors, critical system failures,
operator/user actions, task status, etc.
Although the data contain rich informa-
tion about the equipment condition, the
overabundance of dara makes it difficulr
to determine critical events that actually
indicate machine problems. Engineers
must study the entire event sequence — a
time-consuming and unreliable exercise.

In order to establish a more practi-
cal method, the research team applied
data mining techniques and a statisti-
cal model typically used in biomedical
studies to determine which treatment
options have the best patient survival
rates. By rreating the machines like
human patients, with system failure
equaling death, the team described the
relationship between machine activities
and fai}ure events and used t]'l'em to

predict failures. Intheirarticle, numerous



technical issues from variable selection
and model fitting to model-based failure
prediction are discussed in detail. The
developed technology thus enables GE
Healthcare to identify opportunities to
fix a medical device before it breaks.
CONTACT: Shiyu Zhou;
szhou@engr.wisc.edu; (608) 262-9534;
Department of Industrial and Systems
Engineering, University of Wisconsin-
Madison, Madison, W1 53706-1572

Network reliahility metrics
for modern systems
The last decade has seen an immense
increase in the size of systems that
support our way of life. Consider,
for example, the Internet, the power
orid and interconnected critical infra-
structures and social networks. These
systems can contain millions of inter-
acting elements. From our perspective,
these systems have a common network
structure consisting of nodes and links
to provide a benefit to society, such as
enabling communication, delivering a
service or supporting social interaction,
In “A New Holistic Method for Reli-
ability Performance Assessment and
Critical Components Detection in
Complex Networks,” doctoral student
Chi Zhang and professor Jose Emman-
uel Ramirez-Marquez from Stevens
Institute of Technology point out that
when considering the reliability of
these large-scale networks, traditional
metrics likely will fail to provide rele-
vant information at the network level.
For example, two-terminal, k-terminal
and all terminal reliability metrics are
not adequate to provide a description
of reliability in these types of networks.
Due to the size of the networks, tech-

niques such as minimal cut/path set
identification, reliability simulation and
compenent importance ranking may
prove difficult to implement.

So how can reliability engineers help
in answering questions such as: What
are the most critical contributors to a
social network? How do failures in the
transportation network affect the flow
of exports and imports through our
nation’s ports? The reliability techniques
presented in the article are a starting
point for answering such questions.
The article provides an approximarion
approach for the reliability of a complex
network and uses multiobjective opti-
mization to identify sets of components
that can cause the highest damage ro
network behavior. These new techniques
can be used as a guide to prioritize
component/design improvements or to
build protection in the most vulnerable
parts of the nerwork,

CONTACT: Chi Zhang;
czhang5@stevens.edy;

Jose Emmanuel Ramirez-Marquez;
imarquez@stevens.edu; (201) 216-8003;
System Development & Maturity Lab,
School of Systems & Enterprises,
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Chi Zhang (left) and professor
Jose Emmanuel Ramirez-Marquez
worked on reliability technigues
for complex networks.
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