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Phase-locked loop (PLL) is a clock generator. A radiation strike of high-energy particles on PLL
causes clock perturbation. The perturbed clock is propagated to all over the digital system and
attributed to a malfunction in the system. Thus, the performance related to radiation effect of the
PLL is important for high-reliability applications such as satellite systems, medical equipment,
vehicles, super computers et cetera. In this dissertation, an analysis of radiation effect on PLL and a
radiation-hardened PLL (RH-PLL) design to guarantee clock-perturbation immunity are presented.

Firstly, this dissertation discusses an analysis of radiation effect on PLL. The radiation effect on
PLL mainly depends on locations of radiation strikes, timings of radiation strikes, and PLL’s design
parameters. The analysis categorized radiation-induced errors based on locations of radiation strikes,
which is sub-circuits of PLLs. The sub-circuits area phase-frequency detector (PFD), a divider, a
charge pump (CP), and a voltage-controlled oscillator (VCO).The categorized errors were expressed
as a set of equations, which is called an analytical model. The analytical model is used to evaluate
quantitatively the amount of clock-perturbation. This value is evaluated immediately when a
radiation strike occurs. This dissertation presents a behavioral model to evaluate a recovery time
that is the time from the onset of the clock perturbation to that of settling. As a demonstration, a
PLL designed in a 0.18um CMOS process was evaluated using the analytical model and the
behavioral model. The evaluation results indicated the PFD as the most vulnerable part.

Based on the analysis of radiation effect, an RH-PLL design that guarantee clock-perturbation
immunity is proposed. The proposed technique can achieve an area-efficient RH-PLL due to the use
of dual modular redundancy (DMR), in contrast to the triple modular redundancy (TMR)
technique. The basic concept of the proposed RH-PLL is detecting errors and switching the output
from one PLL having error to the other. Two detectors, which are clock detector and pulse detector,
are developed to achieve high speed detection of the radiation-induced errors. The clock detector is
for detecting errors originated from the analog sub-circuits and the pulse detector covers the errors
originated from the digital sub-circuits. The proposed RH-PLL is fabricated in a 0.18um CMOS
process and verified by radiation-test. The clock perturbation immunity is confirmed in the

experiment.
Bwilehivg wigeal ’ et —
u-a"‘;.‘cﬂm':k o lm}ﬁ yllnjn vﬁ:’ il 1jl ‘ u“{ .‘- [:‘ I
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Fig.1 Micrograph of Fig. 2 Radiation test result of proposed RH-PLL when a radiation
proposed RH-PLL. strike occurs at PLL2. The RH-PLL output (Blue line) clock remains

constant clock period.
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[High-quality Knowledge Acquisition of Predicate-argument Structures for Syntactic
and Semantic Analysis]

(X - BB -HNERE kil
TR 28 3 A 23 HIRS

BIRBERMEDOER)

In computer science, people have been trying hard to march toward one of the very ultimate goals
which expects computers can truly understand human's language. This task is named as text
understanding. During the past decades, great efforts have been made to develop various kinds of
techniques to achieve text understanding, which can further provide us with the space to discover
more humanized ways for human-computer interaction. To complete this ultimate goal, it may
involve multiple domains such as cognitive science, linguistics and even psychology. In Natural
Language Processing (NLP), which is a field of computer science and artificial intelligence, for
computers to understand text in human language, the priority is to discover and clarify the internal
relations of the words within a sentence. In this thesis, it is considered to be crucial to acquire large-
scale knowledge for improvement of varieties of NLP tasks. Thanks to data explosion, unprocessed
data that potentially contain a large amount of useful information can be relatively easier to acquire,
and thus it is promising to acquire knowledge from these raw texts using automatic approaches.
Automatic knowledge acquisition is always dependent on the fundamental analysis such as syntactic
parsing and semantic analysis. Without considering the automatic analyzing errors, the knowledge
will be extremely noisy and may cause bad effects when we apply this kind of knowledge to NLP
tasks. In this thesis, we solve the abovementioned problems by proposing a framework of acquiring
high-quality knowledge from unlabeled raw text that contains less noise, and apply the knowledge to
syntactic and semantic analysis.

In this thesis, we present a framework for knowledge construction from high-quality dependencies
that are selected from automatic dependency parses. Figure 1 shows the overview of the proposed
framework. For the raw text, we apply dependency parsing and acquire automatic dependency
parses, which inevitably contain parsing errors. A high-quality dependency selection approach is
proposed to filter these erroneous automatic parses and only select those with high reliability. From
the high-quality dependency parses, we extract predicate-argument structures (PASs), which contain
the abstract of a sentence. PASs can be used as additional knowledge for other NLP tasks.
Afterwards, semantic clustering is applied to merge all the predicate-argument structures with
similar meaning. The clustered PASs are called case frames, which are regarded as another type of
knowledge. These are a type of semantic frames that distinguish between the different usages of
each predicate. The PAS knowledge
is then used to improve dependency
parsing. We also use case frames to Large

raw corpus II
dependenc
parsing

improve Semantic Role Labeling
(SRL). We apply a similar selection
approach to select high-quality
semantic roles for deep case PAS
extraction and deep case frame b
construction. Deep case frames are ‘ Auto- J[Hish-qualithii
used for further SRL improvement. | Parse || dependencies ]
The experimental results show that

the quality management of acquired
knowledge is beneficial for various ‘>~

PAS e R L T T i) 2
extraction

semantic role
labeling

selection

NLP tasks. Figure 1: High-quality knowledge acquisition overview
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[ Exploiting Vocabulary, Morphological, and Subtree Knowledge to Improve Chinese
Syntactic Analysis]
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Syntactic analysis in Chinese, including word segmentation, part-of-speech (POS) tagging, and
constituency and dependency parsing, has been actively studied since the publish of the first version
of Penn Chinese Treebank. However, evaluations in major natural language processing (NLP) tasks
suggest that the performance of state-of-the-art systems for Chinese is constantly lower than that for
European languages. This is largely due to the ambiguous nature of the definition of “word” , as well
as the lack of morphological inflection in Chinese, which have caused inconsistency and data
sparseness problems in existing Chinese treebank annotation.

To address these difficulties, this thesis investigates the strength and weakness of previous studies
and proposes new methods that improve the state-of-the-art systems. A consistent set of annotation
guidelines for Chinese word segmentation, POS tagging, and dependency labelling is proposed
(Figure l.a); an algorithm that extracts substrings as reliable word boundary indicators which
significantly enhance the accuracy of word segmenters is designed and implemented (Figure 1.b); a
tagset for character-level POS tagging is proposed, based on which the entire Penn Chinese
Treebank 5.0 is annotated (Figure l.c); a model that performs character-level POS tagging jointly
with word segmentation and word-level POS tagging is proposed (Figure 1.d); and a parse reranking
model which takes advantage of global subtree features with less restriction in the structure and the
size of the subtree context is proposed (Figure l.e). All these components are integrated in a single
Chinese syntactic analysis system, which is demonstrated to be effective through comprehensive

parsing and machine translation experiments.
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[Variability in BTIl-Induced Device Degradation: From Silicon Measurement to
SRAM Yield Prediction]
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[Study of magnetic field configuration effects on internal transport barrier formation
in Heliotron J]
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[Study on Beam Forming for Phased Array Antenna of Panel-structured Solar
Power Satellite]
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[Mathematical Model of Glucose-Insulin Metabolism Considering Meal Absorption
Rate and Model-based Blood Glucose Control for Prandial State in Type 1 Diabetes]
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Diabetes mellitus is characterized by high blood glucose (BG) levels above the normal range of 80—
130 mg/dL seen in healthy subjects. Depending on its etiology, diabetes is classified in different types
with type 1 diabetes mellitus (T1DM) being caused by the absence of insulin secretion, thus requiring
self-administration before every single meal with the necessary dose being directly proportional to
the amount of carbohydrates. Recently, model-based control algorithms, also known as artificial
pancreas, are expected to bring a ‘cure’ by automatic maintenance of BG levels within the
recommended range of 70—180 mg/dL the first 2 hours post-meal. Previous success obtained during
non-feeding overnight state aside, post-meal BG control imposes the greatest challenge due to the
rapid absorption of carbohydrates compared to that of insulin, which results in a very large BG spike
of >200 mg/dL within one hour post-meals, yet also followed by sporadic low BG episodes <70 mg/
dL afterwards. We hypothesize that the BG control performance depends largely on the accuracy of
the mathematical model of glucose-insulin metabolism and the impact of a meal on BG levels to
provide a summary of the present study (Fig. 1) in the following:

a)Mathematical Model | b) Semi closed-loop BG control Fig. 1 The present study

Insulin —| Sgtﬁgg%?ﬁ,%us of carbohydrates Meé\émcm consists of a ) novel
l “_9_‘,‘_99‘.’-9 """""""""" Meal »e mMmathematical model of

P B glucose-insulin metabolism

Meal »| Carbohydrate =—=»  Glucose K<=P g&?ﬂi;ﬁgﬁ —> from carbohydrates for its
INprew— 1> Triglyoerids T utilization in b) modgl-based

‘ ‘ - \ BG control for prandial state,
et y z —n and c) further model

¢)Mathematical | Fatty acid 2 Model-predicted BG axtension to include dietary

Model of dietary fat Time

fat metabolism as well.

a) Mathematical model of postprandial glucose-insulin metabolism in TIDM: We propose a novel
mathematical model of gut transit of carbohydrates to obtain a more accurate mathematical
representation of the impact of a meal on BG levels by including several parameters of food-
specific carbohydrate absorption including the glycemic index (GI) of foods, which provides a
quantitative assessment of food-specific absorption rate as a single number. The model proposed
is able to reproduce post-meal BG excursion in T1DM accurately given the carbohydrate amount
of the specific food type to be consumed—hence the very first model with such detail—and the
insulin bolus dose at any specific time.

b) Semi closed-loop BG control algorithm in T1DM for prandial state: We propose a novel control
strategy that comprises a pre-meal bolus (either continuous or as single-bolus) 1 hour in advance,
followed by model predictive control for post-meal automatic BG control. The model in a) is
utilized for BG predictions as part of the insulin optimization computed for insulin requirements
throughout the prandial state. Simulation results in MATLAB demonstrate that BG levels can be
maintained effectively within the acceptable clinical recommendations 100% of the time, even
under a number of variability scenarios.

¢) Mixed meal model in TIDM: We propose a novel mixed meal model that includes the effect of
dietary fat on glucose-insulin metabolism by considering a comprehensive physiological
representation of glucose and fatty acid metabolism—which is beyond the current understanding
—. The proposal is an extension of the mathematical model in a) to include gut transit of dietary
fat, as well as post-meal triglycerides (TG) and non-esterified fatty acids (NEFA) dynamics. The
ability to reproduce clinical data in T1DM accurately despite its minimal compartmental approach
demonstrates its potential for utilization in BG control.

The present study thus demonstrates that diurnal BG control, albeit with only minimal restrictions

for patient safety, is feasible within 70—180 mg/dL provided an accurate mathematical

representation of the impact of a meal on BG levels. Based on these results, further clinical
implementation is expected to contribute to the development and commercial release of the long-
sought artificial pancreas in the forthcoming future.
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[ Strain-Controlled AIN Growth on SiC Substrates]
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[ Improving Statistical Machine Translation with Target-Side Dependency Syntax]
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Machine Translation (MT) is the application of Natural Language Processing that focuses on the
automatic translation between languages. Translation is particularly challenging for language pairs
with widely different grammatical structures, such as English and Japanese. Syntax-based MT is a
translation paradigm based on the principle of generalizing language with grammatical rules. This
additional layer of abstraction enables the design of more robust and flexible translation rules.
However, the majority of previous approaches to syntax-based MT have employed only source-side
grammar (known as ‘tree-to-string MT’). This is mainly because syntactic analysis is difficult, prone to
error and resulting systems can become overly complicated.

While there have been previous studies on exploiting target-side syntax (‘tree-to-tree MT’), results
have not been promising. Our aim is to analyze in detail the effectiveness of target-side syntax in the
modern world of machine translation. We ask whether the potential improvement in translation
quality is able to outweigh the increased complexity of employing a structured target-side
representation (in particular, dependency parses).

This thesis begins with an overview of machine translation, outlining the major paradigms and
methods of evaluation. We continue by outlining the case study of a state-of-the-art dependency tree-
to-tree system, KyotoEBMT (see Figure 1), which we have been developing as a core component of
our research on syntax-based MT. The design and extraction of dependency tree-to-tree translation
rules are discussed. Analysis of the system gives empirical evidence of the advantages and
disadvantages of syntax-based approaches and provides a starting point for our investigation. We
proceed to analyze two major aspects of translation where target-side syntax can be effective: word
order and translation fluency. We discuss our approaches to each of these areas, describing
experiments assessing the effectiveness of our proposed approaches and discussing the potential
impact of each method.

While this thesis concentrates on statistical syntax-based approaches, the field has recently seen a
surge in interest in translation methods based on neural networks. The final chapter presents an
overview of future work that could incorporate ideas from this paradigm. We conclude by discussing
the potential impact and future directions of our work.

AR T R o K R ~— Example based machine translation system
2 BWEIIR AT 0% AT 5, [>> | |based on dependency structure are
introduced in this paper .
2
*** Input and Output Dependency Trees ***
o r[0] A%
1 r[0] T r[4] an*
2 |r[0] K& r(4] examp le
3 r(6] {REF r[3] based
4 rl6] i r[2] machine
5 r[5] K r[2] translation
6 r(5] BI< r[1) system
7 | r[4] AH |L{5) based
8 || r =R | k(5] on
9 [I lr[2) #% | 1lr[6] dependency
0[] 21 #IR | _IL(6) structure
11/l r[1] ¥AFA | b[5) .*
12(k(1)] % k(0] arex*
13([0) BN 0] introduced
14/k[0)] T3 (0] in
15/L{7] o | r(0] this
L[{0] paper

L[7] .*

*#** List of Used Translation Examples ***

[0] NICT JE_SP-train-G-0654753

0 r[0] &H ré(7] in

1 rro] T [bx8] ,

2.r[0] & tare

3ke7) % |[26] introduced
4/ b*(8] Fin

5(26] #BN |llr(0] this

6 FLE |l *{0] paper
7/t*[27] o L[27] .

[1] NICT JE_SP-train-R-0064303

0 ré[5] &3 #which

1 | _r*[(6] CAD |L8[8] explains

7 Irxcgr / I lrargr can/oam

Figure 1: An example translation with KyotoEBMT showing translation examples with dependency trees.

67



No.37

A Il BEER RLUEIHRER)

[Semantic Interpretation of Eye Movements Using Author-designed Structure of
Visual Content]
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[Sum Rate Analysis and Dynamic Clustering for Multi-user MIMO Distributed

Antenna Systems|
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With the ever-growing demand for higher data
rates in wireless communication services,
recently, various techniques have been proposed
to increase system capacity. Among these
techniques, multiple-input multiple-output
(MIMO) transmission has attracted considerable
attention. It has been verified that, in an
independent and identically distributed Rayleigh
flat-fading channel, the MIMO capacity increases
linearly with the smaller of the number of
transmit and receive antennas. In practice,
however, because of physical constraints, the
number of antennas on a user cannot be made
arbitrarily large that may prevent the realization
of MIMO transmission.

Fortunately, using precoding techniques on a

Optical fiber

@ Sub-processor
(30
BS

Fig. 1: An example of DAS with dynamic
clustering.

transmitter equipped with multiple centralized

antennas, the required computational complexity and the number of antennas on each user can be
reduced because multiple users can demodulate the signals without using any detection scheme
while retaining the advantages of MIMO transmission. Because of these merits, the sum rate of the
so-called multi-user (MU) MIMO transmission has been widely studied over some simple channel
attenuation models. However, since it is hard to average the sum rate over the shadowing
distribution and spatial correlations further complicates the distribution, the theoretical analysis on
MU-MIMO sum rate over correlated composite fading channels has not been studied.

To bridge this gap, we concentrate on the sum rate distribution of MU-MIMO systems employing
linear zero-forcing precoding, accounting for both Rayleigh fading and shadowing effects, as well as
spatial correlation at the transmit and receiver sides. In particular, we consider the classical spatially
correlated lognormal model and propose closed-form bounds on the distribution of the achievable
sum rates in MU-MIMO systems. With the help of these bounds, we found that, for instance, the
effect of spatially correlated shadowing can be considered to be independent when the inter-user
distance is approximately five times the shadowing correlation distance.

On the basis of the above analysis results, a distributed antenna system (DAS) has been proposed
to further decrease the access distance and spatial correlations. To verify the sum rate improvement
in MU-MIMO DASs, we investigate and compare the characteristics of sum rates in both centralized
antenna systems (CASs) and DASs under the effects of correlated composite fading channels and
inter-cell interference. One of the computer simulation results indicates that the DAS can
significantly improve the performance of the sum rate compared to the traditional CAS in the case
under the consideration, therefore confirms the speculation.

Finally, combining MU-MIMO transmission and DAS with precoding techniques, the advantages of
both MIMO and DAS can be achieved. However, by establishing a large-scale MU-MIMO DAS, such
as, Fig. 1, to increase multiplexing gain, the use of a dynamic clustering scheme (CS) is necessary to
reduce computation in precoding. In the last of our research, we propose a simple multi-carrier based
method for dynamic clustering to establish a large-scale MU-MIMO DAS and investigate its
performance. We also compare the characteristics of the proposal to those of other schemes such as
exhaustive search, traditional location-based adaptive CS, and improved norm-based CS in terms of
sum rate improvement. Additionally, we further introduce spatial correlation to the considered
system. Computer simulation results indicate that the proposed CS provides better performance than
the existing schemes and can achieve a sum rate close to that of exhaustive search but at a lower
computational cost.
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[ Spatial Signal Processing on Distributed MIMO Systems]
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FAE, A4 v — 3y NOBRNRERIHEY, ENLUEMEICEAT—F N T 74 v 2 HEL B
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[Robust adaptive beamforming for clutter rejection on atmospheric radars|
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[ Coupled-resonator-based metamaterials emulating quantum systems|
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