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Software Defined Networking (SDN) is an emerging
topic that tracts attention due to its paradigm, that splits the
control plane from data forwarding plane. According to which,
the control plane is realized as the network operating system,
which is responsible for controlling maintaining the state of
the whole network. And the data plane is realized as the
network equipment or devices that carry out instructions
from the control plane and forwards the data packets. Where,
SDN have defined OpenFlow as

software-defined networks and currently is the only

“key enabler for

standardized SDN protocol that allows direct manipulation of
the forwarding plane of network devices”.

OpenFlow was first introduced in 2008, as a part of
Stanford University’s clean slate project. OpenFlow provides
a specially designed way to control flows on the network
equipment by the OpenFlow controller (control plane)
through using the OpenFlow Protocol, and splits that form
the data plane (network equipment). According to OpenFlow;
decision making can be done and modified freely by the

OpenFlow controller according to layer 2,3, VLAN, and layer
4 headers while the forwarding is still done by routers or
switches, in addition to, their original functionality. Moreover,
OpenFlow defines actions to be performed on flows that can
be either collection of statistics or usage data, forwarding
packets, dropping packets, or manipulating packet’s headers.

Thanks to the flexibility provided by OpenFlow and SDN,
many researchers embarked on providing new smart
applications like; a virtualized network infrastructure,
detection of DDoS attacks, measurement-aware routing,
supporting QoS, run-time programming for network to
support big data applications, and many others. It is believed
that large number of new applications will be proposed to
enhance the operation of current technologies and to provide
even new applications.

At the beginning of the Internet, it served the role of
delivering contents using the simple client server model. But
as time passes number of users grew fast. As shown by
studies in AKARI project; that the traffic size increases by
factor of 1.7 every year. Thus, causing the content serves to
overload. Manny efforts were put to solve the server
overloading problem; among them the concept of Content
Delivery Network (CDN), which was introduced to provide
high availability of the contents, and solve the previously
mentioned problem by supporting multiple replica servers to
serve the same contents. And to enable the CDN many
technologies were introduced like, the concept of using DNS
resolutions to point to different replica content servers, other
way was to use routing based method as in the anycasting to
deliver traffic to different replica servers, other way was to
construct an overlay delivery network as in the P2P networks
to help the server in providing service. However, each of
those technologies had some advantages and disadvantages,
for example; overlay solutions induced an increase in
inter-network connections, because it lacked knowledge of
the undelaying network. While, the DNS and routing based
solutions lacked the ability to rapidly change the server
information due to their stability constraints and delays.

And thus, this study approaches the server overloading
problem using SDN, since it provides more flexibility, and
deeper ability to control and manipulate traffic. In this study,
Content Anycasting is proposed to be built on SDN, to
achieve; traffic locality and thus reducing inter-network
connections, fine granularity for more accurate redirection,
rapid updating to cope demands of some applications, while
protecting vital network topology information, and enable a
server driven CDN for a more server friendly service.

Our simulation shows that using content anycasting with
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only a single content server; load can be reduced to 20% (in
case that each client is capable of serving 4 other clients)
which is the same load using 5 replica content servers in case
of using the regular Anycast. Which means that according to
the simulation content anycasting is capable of achieving the
same load on content server as the regular anycasting while
reducing the number of servers by 80%. More over content
anycasting showed that it is capable of reducing the average
hop count needed prior getting the content by 74%(in the
case studied in this simulation), because it makes use of the
network to redirect packets and so helps to redirect requests
to a peer/server within the same network rather than
randomly choosing peers regardless of their location. Also,
content anycasting showed it can be used to take the process
of querying about peers/servers one step ahead by pre
installing redirections on the network rather than having the
server to reply to all of the queries. And thus it improves the
availability of the server in many cases and especially in case
of flash crowds.

However, the split of control and data planes comes with
some cost. For example, there is a probability that the
controller would be a source of bottle neck in the whole
system. This can be confirmed by, Michael Jarschel et al. who
concluded in his study titled “Modelling and performance
evaluation of an OpenFlow architecture” that “When using
OpenFlow in high speed networks with 10 Gbps links, today’s
controller implementations are not able to handle the huge
number of new flows.”. Moreover, the controller might be
assigned more tasks if it has to debug or check to protect the
network against malicious flow installations. Also, the
controller can be under more burdens if the network has to
support some service that produces a huge number of flows
like P2PTV or content anycasting. For example, some
statistics showed that PPTV — a popular P2PTV application —
have 34 million unique daily visitors. Knowing the flow table
size on the network equipment (router/switch) is also a
limited resource.

We considering the case that the controller is under load
to install and maintain huge number of flows; moreover, some
of the network equipment are also overloaded (having low
space in their flow table). To tackle the problem mentioned
previously, this study proposed a hybrid control model that
incorporates both centralized and distributed control plane.
Where it is intend to keep the main control role to be played
by the centralized controller, and provide some distributed
control as an aid for the centralized one. This is done by
proposing two features of SDN; aiming tackle problem in a

different manner by enhancing the behaviour of some flows

and by providing an enhanced control model for SDN. This
results in giving SDN more flexibility and more diverse
control methods. Those features will help to relieve some
load off the controller; also will help to make SDN self-aware
and able to react when under heavy loads. Those two features
are: Network equipment to equipment flow installation, and a
new type of flows that are the proactive flows. Also, this
study shows the proposed design of the required methods to
secure the proposed distributed behaviour of the hybrid
control plane. In order to assess the efficiency of the
proposed control model, simulation of a network with some
overloaded equipment is implemented, under the assumption
that the controller is also overloaded and cannot do any
further processing or relocation of the flows to be installed,
and thus continuously sends new flows to be installed into
network equipment. According to the simulation the
proposed hybrid control model was able to limit the growth of
the flow table size of the overloaded equipment to, while in
case of the original design, the table size of the network

equipment kept on growing.
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FALEM X4 Development of Slow Wave Structures
for Millimeter-wave CMOS Applications
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In current wireless communication system, market
demand on the high data rate services is becoming increasing.
In the next few years, wireless LAN and wireless PAN data
rates should be within the range of 1-10Gbps. High gain
antenna (10dBi) is needed for transmitting 10mW power for
10m range according to the recommendations from Wireless

HD industry consortium. Thus, with larger offered bandwidth,
higher data rate (>1Gbps), high transmit power and greater
range, unlicensed 60GHz frequency band technology is
preferable. Due to rapid progress and high demand,
Complemenatary Metal Oxide Silicon (CMOS) technology is
used in the millimeter-wave applications because it could
offer low cost, higher digital integration thus enabling easy
systems-on-chip solution.

In higher frequency design, silicon technology is the
dominant material for semiconductors design market
compare to GaAs process which remained very small. It
comprises about 95% of the semiconductor industry compare
to 5% of the arsenide market. The biggest challenges for IC
designers in designing passive devices in CMOS process are
higher insertion loss and lower selectivity. Lossy silicon
exists due to electrical coupling that degrade the quality
factor of the design. Thus, with proper coupling, this problem
could be solved. Another challenge in this technology is due
to thin silicon oxide layer and ground metal, thick metal layer
results edge and fringe capacitances and voltage/current
distributions is not the same. More rigorous approach is
needed in designing the filter. EM simulation with simplified
single homogenous susbtrate is applied in this design to
determine the EMF for multi-layer substrate.

In this thesis, both transmission line with coplanar
waveguide (CPW) structure and bandpass filters (BPFs) are
designed for 60GHz applications applying CMOS 0.18um
CPW s

preferred compared to microstrip due to lower dispersion,

technology. At millimeter-wave frequencies,

insensitivity to substrate thickness, easy connection to both
shunt and series element and losses can be solve by adjusting
the values of gap and width of the structure. Slow wave
patterned ground structure is design and optimized at the
ground metal, M1 of the CPW structure to exhibit the slow
wave propagation effect thus enhancing the performance of
CPW for higher frequency applications.

A low loss BPF with good selectivity and desired
bandwidth is important in reducing the burden of power
amplifier in 60GHz system. For the sake of obtaining
enough power gain in this mm-waveband, numerous
designers have to use complex multi-stage amplifier or even
use costly special production process to design a power
amplifier (PA). At the same time, the consumer market
compels the manufacture to produce electric and
communications products with low power and low cost. The
method regarding to improve the power added efficiency
(PAE) of mm-band PA becomes the focal point for RFIC

engineers in recent years. In the receiver part, BPF used to
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reject out-of-band interference and improve the receiver
sensitivity. Therefore, research on decreasing the insertion
loss of the BPF is of great importance. It is desired to have
filters which could be integrated with the transceiver to
reduce overall cost and form factor of the radio system. One
of the biggest challenges for IC designers from integrating RF
filters on CMOS is the lossy silicon substrate. Silicon
substrate induced higher resistive loss which occurs due to
deterioration of quality factors of resonators as the result of
electrical coupling which leads to higher insertion loss of
filters. In this thesis, BPFs are designed with and without
split ring resonator (SRR), one of the famous elements in
metamaterial structure. Slow wave propagation technique is
applied in the designed filter with the patterned ground shield
act as the ground metal below the filter structure. SRR is
placed in the second lowest metal, M2 to increase the
coupling thus enhancing the filter selectivity and bandwidth.
The thesis is organized in 6 chapters defining and
explaining the research process of both CPW and BPFs for

60GHz technology. Chapter 1 is the Introduction of the thesis.

It covers background of the study, motivations, design
objectives and thesis outline. Chapter 2 entitled, Design
theory for CMOS 60GHz mm-wave transmission line, discuss
on mm-wave transmission line. Among other type of
transmission lines, for example, microstrip and stripline,
coplanar waveguide (CPW) is selected in this design due to
several advantages mentioned in this chapter. This chapter
includes subtopics of CMOS, slow wave concept, mechanisms
of loss, introduction of metal shields and patterned ground in
the passive components design and recent researches in
60GHz mm-wave applications. Chapter 3 is Design theory for
60GHz bandpass filters (BPFs) with split rings and
methodology. 60GHz Bandpass filter (BPF) and split ring
resonator (SRR) explained hypothetical of 60GHz BPF with
SRR as one of famous metamaterial structures. BPF plays
very important role in mm-wave applications. In this chapter,
filter design methods, characteristics and tradeoffs are
explained. SRR is presented in this chapter as one of the
important characteristic in designing the filter. Beside, design
methodology is also included in this chapter. It includes
flow-chart of design procedure.

Chapter 4 is Design of low-loss 60GHz coplanar
waveguide transmission line with patterned ground shield. In
this chapter, CPW is design with patterned ground shield
design as the ground layer of the CMOS structure. Metal
strips’ space and and widths are first determined by using
calculation and simulation method before designing the
patterned structure to be applied in the CPW design. Both

measurement and simulation results are presented in this
chapter.

Chapter 5 entitled, Design of 60GHz bandpass filters
(BPFs) on patterned ground shield and split ring resonator
(SRR). In this chapter, the author introduces the concept of
SRR towards the design of the BPF in order to achieve better
performance of filter. Different considerations are well
explained in this chapter referring to the best way in choosing
the structure of SRR to be used for higher frequency
applications. Basically, BPF is constructed with open loop
resonators and folded structure with pattern ground shield.
Different structures and placements of SRR are designed
below the BPF structure either as ground shield or increasing
the numbers of SRR in order to examine the effect of the SRR
toward enhancing the performance of current BPF designed.
This chapter also includes measurement and simulations
results of BPFs consist of two poles and fourth poles BPFs, 2
and 5-quadrilateral SRRs on BPFs, 5-quadrilateral SRRs on
folded BPF, 5-conventional SRRs on BPF and BPF with
CSRR as ground shield.

Last but not least, Chapter 6 is the Conclusion and future
works. This chapter concludes this thesis with two main
designs, the CPW and BPFs which operates at mm-wave
frequency band. It is recommended that the structure of the
BPF should be decrease to quarter wavelength size to solve
the problem of area and also increase the performance of the
filter with different structure of ground. Thus, the lossy
silicon substrate is not a major issue in designing passive

components for higher frequency system.
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Magnetic nanoparticle (MNP), whose diameter is smaller
than a critical diameter, exhibits superparamagnetism as a
response to an applied magnetic field, having a high
saturation magnetization without any hysteresis in zero field
excitation. Since magnetic properties of MNP can be easily
controlled and manipulated using externally applied magnetic
field, it offers wide attractive possibilities in biomedical
applications such as hyperthermia, immunoassay, drug
delivery, and magnetic particle imaging (MPI).

In this study, a simple yet high-sensitivity MPI system
has been developed based on the second harmonic (B,,) signal
detection especially for the sentinel lymph node (SLN)
detection for breast cancer diagnosis. SLN, the first lymph
node in which cancer cells appear before they spread to other
lymph nodes, should be detected for in vivo application. To
detect the SLN, MNPs are injected into the human body, and
the signal from the magnetized MNPs is detected on the
body’s surface. The position of the MNPs is identified by
analyzing the contour map obtained from the signal field. A
highly sensitive system that can detect 100 pg of MNPs
located at depth of about 30 mm is required. Additionally, it is
also necessary to develop a method of accurately estimating
the position of MNPs from the contour map. High spatial
resolution is needed to distinguish the SLN from an adjacent
lymph node. To this end, the following three key issues have
been studied: (1) characterization of MNPs for MPI, (2)
development of MNP imaging system based on the second
harmonic signal detection, and (3) development of signal
processing method for high spatial resolution image
reconstruction.

In this thesis,

background and the motivation. Basic principle of MPI as the

Chapter 1 defines the research
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main focus of this study, and MNP imaging for the sentinel
lymph node biopsy are introduced. The main objectives of
this research and the thesis outlines are also described.

In Chapter 2, overview of MNP properties, such as
nonlinear magnetization, magnetic relaxation and harmonic
spectra, is introduced. Then, their potential in the biomedical
applications such as drug delivery, hyperthermia,
immunoassay, and MPI are introduced.

Next, Chapter 3 describes the characterization of MNP
sample for MPI. As the imaging system utilizes harmonic
signals, it is important to select MNP that can generate
strong harmonic signals. First, three types of evaluation
methods such as harmonic spectrum measurement, M-H
curve measurement, and AC susceptibility measurement
were applied to characterize several commercial MNP
samples. Several important parameters for harmonic signals
contribution from the MNPs were established using these
methods, i.e., distribution of the magnetic moment m and
anisotropy energy Ep, and their relationship. Conditions
required for MNP to generate strong harmonic signals have
been quantitatively clarified. Then, a numerical simulation
based on the Landau-Lifshitz-Gilbert (LLG) equation to study
the harmonic spectra is introduced. The portion of m which is
responsible for the harmonic signals generation in each
MNPs could be studied in details using the numerical
simulation results. A comparison between experiment and
numerical simulation on harmonic spectra was done to
comprehend the harmonic spectra properties in detail. Finally,
the fractions of MNP samples that contribute to harmonic
signals are discussed, and the best MNP sample for MPI is
evaluated. Resovist was chosen as MNP sample for the real
measurement using the MNP imaging system to be
developed.

In Chapter 4, the development of a harmonic
detection-based MNP imaging system is described. First,
each component of harmonic signals from Resovist was
evaluated. The experimental result was discussed to propose
the best detection method utilizing harmonic signals. As a
result, a second harmonic (B,) signal detection-based system
was chosen as a narrow-band MPI in order to obtain a high
signal-to-noise ratio (SNR) signal for imaging. Then, the MNP
imaging system was designed and constructed for the
sentinel lymph node biopsy application, including the MNP
sample preparation, excitation and measurement systems.

In Chapter 5, the MNP imaging measurement results
are presented. This chapter provides the position
identification of one and two MNP samples in xyz space

representing one and two SLNs in the lymphatic system, as

well as their localization and concentration relationship. First,
it can be shown that the present imaging system could detect
a 100-pg immobilized MNP sample located at z = 30 mm with
the SNR as high as 5. This detection sensitivity is adequate
for the SLN detection using MNPs. Next, the contour map of
the signal field was analyzed by using a mathematical
technique called singular value decomposition (SVD). Using
this technique, the contour map of the signal field could be
converted to the MNP density distribution map. The position
of MNPs could be accurately estimated with high spatial
resolution from the MNP density distribution map. The
robustness of the SVD method against an error in the depth
estimation is also demonstrated. A high spatial resolution of
MNP density distribution map was successfully obtained even
with error in depth information. The robustness of SVD
method is very important for the localization the MNPs with
Additionally,
immobilization method and MNP selection towards better

high spatial resolution. improvement in
imaging is introduced and discussed at the end of this
chapter.

Finally, Chapter 6 concludes and summarizes the work
in this thesis, and discusses on possible future research based

on this thesis.

MXHEEOEE

BB E L 0 b/ S RBER T b1 18w Bk
ERTZEBRMBNTEY, %< DA F 538~
mENTND., ZOHFO—20, ILFEO' L F LY L8
HRE~OIEHZ B LMK T /BT A A=V 7T
5. BrF Y o EIEMESRNICEET D Y
UARHIOZETHY, TNERET DI LR A FN
WCBWCUIBRT 28/ HLd. BIRTIE, @aFERK
BT A Y F—TE2ERNICEAL TR F R R
WEBIEDZ LIk AIRSEARE Izl 20
MEZRELTCWS. LHLARNRD, b OHIETIHEE
JERTSH RO BN BV, WRE CRARRELEORIEN
EENTW5S.

AFRLTIE, OB FFAY VoEIRE~DOIGHE
B LT, B2 @daliEEs Anizvr 7V CaRE R
BT I RAA A=Y T VAT LB LTWVD. B
7 REIE TIE, B TR R fICER T R a4
BEHE, MRALTF1bOMRIEEZEEEH CNET 52 &
RV, VU EiOMBERET L. OO, ®’S
30 mm ONLEIZHDES 100 pg FREORKT /RT3
HTEDEBERFE AT ARMEL RS, Z0D,
RFIEOHLE L 72 DR T /B OIERIE Rt % B &
WHIGNCT D E EBIT, BIELIZEBIZLI DA AV
TEBRICEOARFEORBEEZFFELTEBY, LTFTOR



R 26 459 A TUNRZFERFBE > AT WE R 2 -63 -
THHI T 5. LN

1S, BRT /BT OERE AT v, BdbsE, (F &) UNKRE K O RE EA
AL OPERERE AT 2 Z L2k, F /RO (7l #) v v wmH 2

A T RIS SN LTWA. £, KT/
KL DIEARNRTG A =2 ThDHHRE—A 2 b & BGHER
R[RERNF—OREINTOHA 2 RD, T OHABIERIE
Rl RIETREBZHOLPIZLTWVWDS. 51T,
Landau-Lifshitz-Gilbert (LLG) FREIABIEMTS S =
LIZLY, BRERETERESEDEOORMECEmMIE
FOREICHFG T IHREBNOBME T /085 % E &
HIZHLIC LTS, ZHUSEY, A A=Y U 7RO
T2 O DGR T/ i1 O E B FHE & EmtER b= 0
Rt WD THOMMZ LTV,

W21T, BERA A=V T DD DR E R 2T
LEFRELTWD. BRT /R &S 5 72 Ot v
AT A, BEHEDTZOD T TF 44 A= aA i,
BH I A b OE TR L0z OILRRNESE O
L ZATV, EHES2FH AT 22 RB LW, 2
R&E 72 B UM B B & 3T 2 BRI RE & 72
ZEhERER OO, 2 mIaEiEEZ VD 2
PICX Y KRIBIIEETE A2 L& RLTWD., ZHICED,
T 2 R0 b OEIIRER O mIEE 2R~ v 7 OfE
EFRIC L TWA.

B3I, B LIV AT AEZ MO THES 30 mm OFLEIC
HDHEE100 ug ORRT R+ 2555 HEE 5 THit
LTCWa. F, BB LA~y 70 BERT /) BitD
P& % B WM REE CHEE 2 7 — & M TIE 2 B %
L, 20 mm BEA72 2 2PTICHME LR/ BT o5 %
AHEE LTWA. ZhoOfERITIEoO'E TR LY
A ER SN D MREEZHIZ L CRY, Bkt
AT ALTHDHIEEFEFELTND.

PLEZET 21T, AFRIL, EANZE~OISHE B LT
WRT R A A= v TIEERRET D720, RFEOM
WL 7257 /b OIMIEREZ EEMICHAL2NCL, T
IR DEERRIEDO D DEHERA LT D E &b,
%2 MR EEE AV RS e E A RIEL, &
B TEWEMSRIEEL b OBRA A —V v 7R FFEL
THEY, EXREF LY EMEH L2 EETH L. Lo THHR
ST A OFLCET 2 L0 L RO D.

K & R fES

FALERFF U EHES29 5 (T9)
TG5O RAM FERi2643 A 25 H

2L R U RE 4 UNR—=ZREFFY T LEF L2l

—2aVEERALEMIAL Y AT LD
BRIEIZ B D WF9E

n N N M FnE
WXARNBEDODEF

HARHSITB W THIAL Y 27 AIgHEC A B H#, @(E
Xy NI = R BRI EXZ DAL T TANT I T
¥—O—HELTALELLTED, F@MAHEEICE N
THFEMAOBRMBROE IR L LTOERMERL
W ARV AT AP RIZB W TIAIEH SN A H T,
O AR DB ITFE L, %< OERELEWMERE A K
DD, FORERL L THIAL VAT KMTEFE, SRIZED
BUEZ LR L CHEMER S AT AL LT D, BIED
FIAB Y AT AORRIZINT, R R b & BRI
WL DR LW OTTIZH b, BRI b T~ R
AV A 7 N OFEEZT TR RDERICHD. 20k
I RBREIZB W THIAL Y AT AORFIZHIE R k&
BRISMMI S BLRHER:, & L ITHIS D CRE L D
THIC KB - BRI A L7e < TiEe S a0 iR
H5.

DFEYBUEOHIAL > AT LAORBICET 2 EHEARR
L, KREBEALT AHIABR T AT 2%, IR a A &R
WA ZNFETEEXTICHB LR TERLRNT &
Thd. FOEDITIFIINETL RICZORRBMNE % R D
HZEMMELRD.

Z 2 TAMIZETIE, LTI RTHZEEAT 5.

FIAZR S AT LOBABIZBWTRIDOME LD D Z
LEBENELTYARNR—RET VI RELEET L - VI
L—a Y ERAGDED I LT, ALV AT AOE
ZiFi4 5 Tk TH D SRMS (Systems development
method utilizing Reverse modeling and Model-based
Simulation) %##2ET 5. Z I T, AFEICBN TS E
T AP & 1X, FIABR AT AR O B TRRICE T
LEkEE, MERE, U Y —AEHE, R RLF—OFRET
REMETH 5.

F72, SRMS O HIC L » TESBEFEICE #EH ST
WDR MY TREOMERERRE LT, hy T FD
BARICAT T A Z LA BIEE T2 A Y Fr Y —% 42
BT 5. KETHND VA= EF Y v 7 Fik b, B
HOMAB Y AT DI L TY R—=RAZ =T Y 7
DOIEMTEAT @A 2 Z &L THLNTE/EREZHNT, mun
HMBEDETNEERT LI L THD.

WIZ, TNHORELEFELAY FrP—&2 T
FEEROMIATL > 2T MTEAH L CTIREFIEOFMZ1T 5.
MFP - Multi Function Peripheral/Printer(5" ¢ ¥ % WV EEHE)
(R W TIEMERERM OB AT, MFP IZ##isn 5
SoC-System On a Chip(3* A7 A LS TIZHE = L F—D



-64 - TUNRZFERFBE > AT DEERE A S B19E H2E

AT, BEVEIZHEHEH I LD CCS-Cruise Control
System(Z /L— Rz i —L 3 AT L) TR R OB
BT, VAT AL YLDET ) I al—vgilksd
M AATS. BTV - 2 b—a VORROZY MR
FEEERT D Z & CARIFFEOFIEE RT.

UEDZ Ene, BRFFIZEY, B LWEIFIOITT TOR
FR D BNDMIAA T AT LAHBEOME DM E &Sk
WCEBWTHEBP IR TE 5.

MXHAEOER

MUAZ Y AT 2T, BIHEE 2 2 2 sk oF
K% 729 Fli 4 OIFRIBERERCHELEE & LT, 2l A
T b, ERBEE AT L, EVRRAIE VAT A, BEX
B AT A, ERETEVAT LR EEED T T L0k
e B e L CIBASFIA ST D, EADAETRIC
BT, FENOKMELRLCERESR. 71774
VEMERFT D00 E LT, BRACE - THEL T
BROIRWV AT LERSTWDS, —F, e AD=—

iibmwﬂ@@%mﬁﬁ%kwTkD\mﬁﬁxzv

LCETETEL L OBBELCE VEREZER LTS, 20D
728 MOAI S 2T LBFEITIT, mﬁf@%&/XTA%
TEDLETIRVEZE =2 2 b & FRE OB B CHEZE
HITENRRDBID EIIT, EWEE OHERF & O SZAFR
TohTnd

AT, KB IAL Y AT AOBRBBE T, 7’1

VA=V — L LTHET—LE2FLDHTND
FHD, HOORBR LI TR SN T LB GiEEE

BRAYIZ LR L. BT L UWRLA S > 2 7 ABRRE O 715G
BEL., SEEOEVAT LAOMRBESICHEA L TEDR)
RERLEZLDOTHY, LLTD 3R THMTE 2,

FT, FFITBIEOMIASL > AT LOBRFIZIT 5 [HE
A, 2L OFEHERN LI LN L, VAT AORAEME
RMENBEL R VIO TS Z LI A 72 D LT
%, Z LT, ZOREBPERI DR b LT > TIPS & 7=
SHBOMAEEDRICHHZ LR, BOBR TR Y T b
R=V A PNEATOTEMCREREA L RARD 1 0 2
2 LB FEFE L LITHITLTWD, FEHIZ, AL
LI 2 TE D720 RS ETIC, Rt MEZ &
HZLEHMELTYN—REFTY VI FELET LY
R a2 b—v g aAA 7 SRUS (Systems development
method utilizing Reverse modeling and Model-based
Simulation) ERELTND, WEEROR N LT v 7%

BI2ESHBOBMBERELZ ORE TR Y= bO
%W%%ﬁ?é L THIREE L, £ ﬁTéAﬁ%ﬁﬂ
JEHE LT, SRMS 24 L T\ 5 I, AHEEEIC X
FLVBHRFIEOREL L TELFETE 2,

BEHDHRRE L7z SRMS 1X, A kAT v TR OMER %
RILT Ry XU UBRBICBAITT 2 2 L 28T 56

FHAY Fao—Thbh , BHFOMIAZ AT MIxLTY
N—=RZ V=T Vo 7O E#EAT2 2 & T5%
DNTERDP D E WG EDOET VEER L, ZDET L
ERHWEEfLL RNV TOYI 2b—a il oTEY
BRONEE THT D2 ENEARL 2D, B O &
LWl &G T, REFOIMEEOE WL~ (3
HERST —F T 7 F ¥ RFHOL~UL) ~LHRE - THRAE
TV, EHBRBOBRHBEROEBRESLE N LV TORR
FHARICER CTE, AFETES XD EBNT 5 THITE
B cxs2b0 L0 WHOREIZL DV RT
LDOREMEELEWVWIRE AV v MREZTED, 20O LX)
2, BUE, BREHBUE CRIA & 2 EA 2 BEME LT, BAXEL
HOHME OHERLHHZRM~OHEE L EE L T, &t
B A bS5 B FEE BARRCIRRE Lo S0y, ARHT
SE LFNICE LTI CTE 2 2 2BHDOARA » M TH D,

IHlT, FHEIZ, BRELEFELFEBEOMIAR Y AT A
REFBIGICEAL T, TORETML TV D, BRAIC
1, T4 VHANVBEAEBIOZEOFTHOYOND VAT A
LSI, BEEERO 7 V—XH AT A Sl A L, &£
RO OMIAL Y AT A Ta Yz 7 MIBWT, Wi
HIRET D SIS WA TH o722 b &, EVAT LFE
BLTOF—FEHVTHEIEL TWD, @EIL. FMERICIE
HLUIC WEHBISOERT -2 I L - T, LT 5 FEN
HRER B O 9 A v AT AFFHOWTRIZEB W T
LA THoT=Z LB LD EiE, TEERERRET
H5,

UERZERT 2 & ARBFSEE, MIAZR T AT LOBZIC
BWTHRHOREZEGODLZEEZEHMNELTY XR—2F
FTUUVITFHEEET ALY I a2 —Ya B lAEDED
ZET, ARV AT AONEEFMT LA EE2FLE L
TR LB FIELARE L, HHROFEV AT LOHRF 71
Ve MIBWTREFELZHEAL oA EZRL
72HDT, BRLFZHELGETDHEIABKREN, LoT,
Aiw I L (L%) OFMERIET 2 &RBD D

K 4 R e
N A I EHEE 530 B (T%)

ARG ORAM FA264-3 4 25 A
FALG LA MIABR Y AT AR B E Y A S
B9 B
WCHEZLE
(F &) JUNKY¥E # &% ®E %
(Bl #) n n AL i

n I n e N iF

MXHNBEBOEER
FLIAG Y AT A, BEMROENIZHIGLT, TOE



Rk 26 £ 9 H

TUNKRZFZRFBE S AT SAERE A -65-

D HENTODHIFIEEFLUINICLE 24T 5 L) ) TV H
A LEEFETED ZENEETHD. £ LT, BFEHR
DEACERZ DT DICEKFFEE 2RI 5. o i3
EHROBERBETD L, N—Fv=TEIVAL (LIt
EIVAH) A LT, CPU~NEILORAEZRIRZD. £ L
T, EHAAIZEY CPU »N— KU =7 M BIEOH S5 E
DIARRELZ X » T, 2RI U LB FITEND.

BEMRO S S ERBITHIET D720, BIDIARIC
ITERENR ST B, BVIALNMBEEITHIZ, K0 ELE
DEWVEN Y IAB DT LT GE X FEITH OEN Y A S LB
Z—BEIE LT, XD EREORWE Y A SR A
BT LI ZHEENVIALEZRH LZLEENMEIZ LT
WATILER 2 BT 5.

WATMEL AT O EBHIIF 7 VT o I vk va v (Uit
CS)DYEBHIE N MIETIH 5. CS &1, [FRFICIATT D &,
T—=FO—EWERN KRN DR EOREENFAET D ATHE
MRS —HEOMGRMOZ ETHY, CS Ot L
T =4 OREENETRNE T, BEHEOWITRE R
CS #RIFFIZFAT L2V D IZHIET A TH S.

F72, K 30%DHAL L 2T M, EI AL L~LDD
X, A NHE, JARIxTAMWE, ATV SR £
LCHEYA bRy 7 2B LDV TV Z A SRR O R
WH U TV A L 0S (LI RTOS) Z# 9, Fl0 A
ZRIH L CUWATLIEZEH L TV 5.

RTOS K%, & 27 fo CS oIzt~
+ AMEH Z i, RTOS AEHKRE, F0 AL D CS
O HIENZ 1225 v A Z %% 1E (Disable Interrupt, LA#% DI)
L 210 IAAFFA] (Enable Interrupt, LA ED2MER & 5.
LirL, B~ 7+ OPEEORED, Bl 5t~ 7+
ZRA LTV Z A7 MIZRESNDDITx L, DIEL I
X 2EN V0 IAHSAEEOYEMAIE 1L, PEMHIEIC MEBIER OE Sy
MBI N B WVERMROF W IALAIL O FEITE THAE
L, #EAB Y AT BN TIVH A LEEHE TERVGEE
BdHD.

72 z2i1E, EEHoT7 a0 Tl 60o=MET 10 A
U EDOENEORERELHEOEH OO a7 L
v Y —OHfI72 £ % RTOS 72 L TIT > T\ 5. /MK TH
DIAFIZ K o THT Rl 7 b 7Vl

- MPBEDOEHFIE (227 Ly Y —DHIH)

- RESMEENE O HIE

CRE, WER RGO T ey s

CBEOT vy

CRET —H DKM

cEBFRETOF= v

- EEPROM OEXIARL A LT T "OF = v 7

RESIITIES . BT, RTOS M LAaWEF AT
T arOEIMET 15 FIHOFIVIAZIZ LY AEETTo T
BV, PHfIE OO DIICX Y, HIFIRR LN &

FEEOEIVIABZIIGETE T, VT AZA AEORT-
WIZ O DRBABFEE LT

F72H2 100 HLL B &415 ECU (Electric Control
Unit) IZBWTH, 1FE AL RTOS IHMEMA ST, HVIA
I % DN THATAE 2 EBL$ 5. ECUIZBWTIE, /AN
5OEIVIABRNEE D D120, FHEIET L Tn5.

IS ORBEA RS 5 720120%, HE #2813
W 25 E 0 IASALBER] O AR B AL, KBS DE Y A
ALERAS R SE FE DEN 0 IAZALER D FAT 2 BRE L7eV, HEfth
B S RO EBNSBEL /b, ZF 2 TR TIE, KBl
E Y IAZRZBMETIZ, RTOS Ot~ 7 4 & [F% OFSHE
FAIIAATE . BN A ALERE 0> CS D PEMiIE % R 5
FREREL.

RTOS 23 Z 27 \Zx L TR L TV oDt~ 7+ L R%FD
FERE 2 HI D IALIBR B ERMEH TE 2D o T2 DI, KHFIY
ABERAREA D 7T F A AT, B0 AL
BHREEBE TN ThD. £ 2 THEEID AL
HICEBO I T XA EHZ 2L, fFFHIRES
FECH X oLz, ZLTCENREFALT, B0 iAHLME
Ne~v7 4 ERIEOKEAFATE AL 212U T, MiAA
VATADY T NEA LEERR EEET

Z DA % REMON(Real-Time Embedded Monitor) &
LT 7. E 512 REMON 121, /»~N— F 7 = 7 E Y A &
REEZFHALTY 7 by =T OETEMLTZ LI2L 3,
R A ) S DHEE, ATV YRV AV by
r (MMU) ZHLRWVWAK v 7 —"—T7a—0D3A4A
i SRR Y 5 A F iy eyl

%12, REMON # L O RTOS #[F U CPU A~— RIZ5E
TR LT, WEEEORE, H#iA1TV, REMON
OFRMEEHERE LTz,

MXHAEOER

FFE OB AAEN T, ZOHIEZIT) =2
Ea—H VAT L ThHDHMIAL T AT A1, TEFHIHET X
T A, BEHE, AT A AL — R A= ay, EYAT
L, IREHEER e B2 < OREENE B EARIEICRE L TE
D, EERIENSRE RS> TWD. AR AT AL, 4+
RINSDA R b (FMRA N2 ) (ICEREBTT 7 v a v
HEETTEDITNEA LMEORIEDEE L 72> TN D,
RLIAIR S AT DAS~DINBA X2 D OEFNE, FVIAH
WZEoThahsg., I6I2, EIVARLENTIE, RA45
WCEAT LWL R BRWS (2T ok r g
CS (Critical Section) ) MEFET 5

PERRCIE, BIARMENO €S EITICELT, KO
MENETCTNWD. JEROLLIE, N— U =7 BEftd
DB AR A VT, CSFATAMRIEL TV, L
DU D, B0 IAREE LA 2 AW FIE T, 47%CS
WZBIR D 7 WEWMBIEEOEIV IAHL E THRITHIT 5 Z



- 66 - TINRFERZERE S AT DAEFHF AL F19% E2E

EINTET, UTNAEALERRIETE 2V TW, 20
RIE AR5 HiED 1oL LT, 5o ¢S & BEff i
lek~7+ MWy 7 Ny =T IZ LD FERD LD, H

DIAZMBEN 3 T % 2 R R 7 VLB A CEIT S
B0, EVELEEOE O IALNIOH T, B~ 7 +IC
Lomy 7 PMERTERWES, B0 ALIIR M)
L, OWTiE, VAT ALEROMBENIEE->TLED £
IREENELDZ LT/ 5.

AL, AR Y AT DB 5 Lo R 2 i+
HHMT, UTNEA DL CS EITONTEEFET 572
DOEN AL G RN EREL, BRESFRERETDL L
Hiz, EEEL, IOICEFHMEEZEL T, RMERFEOFHME
HEEIELIZHDOTHY, LLFTORTIHMETE 5.

H—lo, FHX, EROMEE RS L7-01, [@ilo
IEBA R NI DEAI & BT 5V JA B LB L —
Frk, AYTXANEATLAL Yy RELTHEIATLHT
—X T I F Y EBRELTNWS. Thbb, El0ARHIET

KELT, 9 VFALYy KT —=FT 7 F ¥ ZREL TN 5.

SHIZ, UT A AEERFET 72012, FHALMLE L
—F IO CS EITHLRAET HHIE X E LT, #kD%
<MBEHLTWIEA— Ry = 7RO VAL E Mm-S
ERWEFATIERL, BT 1L B8Ry 7 by
TIZLBIRRFIERZRR LTS, &5, AERFEL
BEHEEEL, FHMIEWLTC, AT XTI F v R3EYT
HDHIEEEELTND. TNHITLD, B ALHIEIC
BT 20T AZA LML CS FATORFEICBE LT, EER
OBRNPOEMETELRBELELGZ TV,

AT, FFIL, FIVIALBIENCE LTSRN BB L
720 TN DL EEWHRELG (IR MRS 0D JLBRAS i VEE R
FEX 0 HEEINTHEITSNDME) Ofifik )ik R L
Wh. BRI, EREYERHGOMRGIEE LT, BE
FOEBIEERA T 1 S 2L (CS &2 FITL TV DHIRERED
BN AL LI —F o DS & — BRI < 375 7R
DOERBFEEREL TS, BARICIE, BEFOE IR
A7 haMg, kY 7 M =TI Lo THEBEINTE
v, Bl0IAHKBEOHFCHEAT 556, TOEB X MR
RIE & 72> TWNe, BHI, ~— R Y = 7 N 5%
EREBELZHANDZ LICLY, Y%7 baLoETa
Z P EHIT S FERZRRLTVD. 61T, AERFE
ZEkEHEIEL, FMICE Y, RRETIEOFETaA MR
FEAECBETED I LEEIEL TS, Zhicky, E
D) AT AVER DG FE R IR OfRIR S I B W T, EA{L
W2tz 5 A7 FEEZRE L, EERCH-2mRE 5
ZTW5D.

AT, FEE, BIVIALMFL—F U E ALy REL
T NVFAL Y RT—F%F7 7 F ¥ IZBNWT, ALy o=
VTXRAND—HTHDIAL v I DA — T u—[EHE
RS B HEEZRELTWA. BRI, A& v 7T

VU I FURERETHIEICLY, RE v T AT
n—ZRHTE D HFIELREL TN D, RIREFIEEZHG
SEEL, FMET 22 LIk, RBETFIENEITHD
TEHRFEFEL TS, ZhiZL D, B ALLBIZEIT S
AL 7 DFA =T v — ORI FIEH IR %
HZzTW5.

PLE, R#mE, #AR Y 2T DITRIT D E Y AL
WCBLT, UT7AZA LML CS EITONEZRET 5 H
T, BDABME L —F ALy RE LTETT D8
el s A EE axEH L, FEE Pl A U T, A
RFEOAEIEEZFGEL b OTHY, ERIL7 EHET
LEIARRKEV. LoT, K@mE, L (L% oF
FEIZEST 2 LB 5.

K %4 BE OEE

LR E T UF EHES S (L)

ARG ORAM FA264-3 H 25 A

EALER LA R L NGE(E & KB DAL E
ZRIRA LIZARTRRI RVD =7 O

R L ELGTlh
mGREZEE
(F &) JulR® & & mHE %
(@ %) " " M
z " " ABAR
" /U /U wl

MXAHNBEOEE

AL T, =—TFORE LN 5 HNREEE
LSAC (Line of Sight Ad-hoc Communication) & FETCX, LSAC
IR W TSR EFHRZFH L CRIEH T ORE % XH#
TOHAMMRRI AT =T 2 |ET D E L BIT, TOEE,
AW EATR D .

WA, &P LBEmOEENEET A A2 EHL, &
NoERRy N —7 THEMICKAG SN 2 XX RF
HBRENHEOLDOIZ/RD 205 5. KT, JEEET AN
A AL DR, EOFMEMEDOE I ND, 2% X2 X5
BEBBIOB L DT NA AL LT, Bix Ry Bo b o
B DED BN TS, Xt LTV A FIHE R T
WEICBWTH, TEHEEREE A%, L0 EACHH
SNDEITHRDEEZD. L2, BERYLENEE
ZRA L7 BRI T2 B R 2 INEE CTRE LY, B
FKETKANRERT O ADEBEZRLVERY L=V 45
K THD. ZoL 5 R ENT, BlFFA T USB
AE VIR EOMBPRS, EFA—NREDNNy T R—
LA —Fy NBEEFIH LT 7 A VAWK
ATHDN, AR TOMEREEHELFIE L-EHED 7
7 ANVKHENTOND Z LT, ZOERE L



Rk 26 £ 9 H

TR RFBE > 2T DAFRE AL -67 -

Tﬁﬁ%ﬁ%@@ﬂﬁﬁé@ﬁﬁ%ﬁ%ﬁ,%ﬁ@ﬁbb
ENFEF NG, BEMFERETH20IE, Xy bV
—7 RiZB T 2@EMEFOFHNT IP°MACT FLX)
EAY, TNEWMRICEEANTLI, bLIETr—F
v A MBRBEESZFHLCELICH DMmAOHRN—&
ERAL, ZOHFNDIEET D &) EMER FIESSLE T
B, AR TIIHAROEBEEFHR (TRb bR L OfxXt
HIZRALEE ) 2 HWT IR A MRS 5. RO B
JERDSEAROALERBRE R TH 2 & T, FAFIIEEFH
DHIBENRERDIRFET D LN TE D, AFETIE
22—V ORANIAFAET HMEM T, —RIEK Y T —
7 RFR L, HEIZIERARHE R8T 5 LSAC L
LSAC % T 2EMICOWTIRE, x2S, i
WEHEE XL B2 SEE L CHATEZ Lo ICT
52 & T, FIHBRLA3M LTV DRI AETEH LT
BB E NS B LI VITHAI TS ZE RIS 5.
AWFFED B9, LSAC BRERICKI 2 BEMTOREE
ETHETHD. ZORMNEERT D0, AR
TIXARER I RV =2 T 2ETH. ZOI KLy =T
1, REROLRTIERWD Z LITMAT, EIR L ot
N 2 BECHER L, LSAC BRELICHIT 2 BIEMF 0L
EEDREMICKETALDOTHS. BEI MLy =TI
ROFSEAETD. DREI KAy =T Oz, 77V
F—va YRERBICAATEL LS, YTk
API(Application Program Interface) & #2945 . (2)LSAC B
BCIEHEAY—"Z2Hb6 N UOEETH I LR TR,
BeoT, MEI NV =T IXZ DX 5 REHY — SFELE
LW CHLEMENRFEETH 5. F7=, PDA RBRE DN
FEAICHEMERFRETHD. QF ¥ VT L—ra v apnE
I, FEAPROEAROFRLE Z BE [ RETdh 5 WIPS
(Wireless LAN indoor Positioning System) % ~<X— 2 {Z L 7=
PR FEZHRA LTS, BEI NV =T 07 m M & A
TURT LERMEL, ST 07T AOVER L BT
liz1T> 7. FHMEOFERLD, PDA FEEE O MEREES) T4y
WIREI RV T 2BEHTEHZ L 2R L. EbIC
MEHEICBWCBE LI ROMEBEOAZFHALRE
FTIET, ATMORBEER L. ZORKE, BEbRD
FIE D 50%H1H% DL K E 70D 505 E ORSEMT
DRONTZ. £, BERKOBEGITHE L5 R AN %
BT 2R L. b0z &b, ##EL
BT TE CIIMEHEREE L S o REREIZIET 2
0, HEAMORME LTI EER L. £,
LSAC BRIERICKIT 2 LZRRIBE D= O FKIZ DWW,
“%%®M£®z%r_0wfimt.bﬁbﬁﬁ6 EN
WFFECHRIG & LTV BBRBEICB O T, RiaFRNEET S
E D ANWA A &%Lﬂ\m\%é}%*ﬁmﬁ“éf&b NG
FEIAE AR L7 ABERGEEFHTE D LIFRL 2.
Z ORBEE #5002, FIRE R 25 B C

LTWAZ EEFIHL, MAEIZAREEOIEEZIT/R ) Z &
DTELFELLT, TRBERMERFR] 2RELEZ. 2
DOFRIT, BAREHOWTITHAICERETRIEL, AWIZ
WRFE LT KB TR R b 2 T o 7o 7 7 A VIHE ZRBLL,

FICHHFE L L Ao TR~ DOERE B SR EFFO.
SR O A FBREIZ XA BHEER 5&2 H\V25 28, WIS §
ZRMBEHOGHEBERZ LV EZAE LT, FIABEREWN
DIFROANBRGEEME L 5 Z & C, AL EHT 5.
FAEFNED Iz N OMEFEIESE A 5 © 5 man-in-the-loop
Tra—FIlLoC, FIAEBSDBEEOG A 52N
WIkT D N TE D, FHMIERORER, REHFRITER
FREY bHERICET DRERPE N &R bhoT. fE
HHEFATIHMGFOT 7Y r—3 a VICHREE BN
2T, BEHFROFEEIT o bR, HHFERZHWT
%VU® BMEEMER T2 2 Llc kv, ARBORIEETT
U M@h%%%#f%é EDBERTE . b
ﬁﬁ_ L REI FAY =7 OEBRENE & A A A
~LTz.

MXHEEOEE

IR, &0 OHARCEENBET NA A EML, £
NoNRry NU—7 THHBUICHES SN2 B %% A5
BRBENRED LD L22-> TV, IS, BEEET A

AT L DEHHE, TOFRFEEOE S NS, 2 XX AFHEA
BREOKLIRDT NA AL LT, a8 b O
HEPED B TWD. ZOHT, xhE L TW AR H
FEOMT, RiBELWNEELZFIAL T2 e ¥ ¥ ZEREE A
FTHIELE, EVRRIBITAEE BIOSEREOR
M 57, WO THRERMESE Lo TND. 20
ﬁLLWLE"iéJE%axFﬁ&LT EHIT
BHFEZEET L7202, *y hT—7 RlicBiT 5i8(F
W$@%%%(w%wm7ﬂwa)%mﬁb,%ﬁﬁ%
TZFIAE A OB RAE T DR RICEE AT 5 0
bHrNFTe— Xy X MBEEEZFAL GEIZH D
RO F—EEZREL, TOFNLIEETEEVIE
MRFIERMLETHY, ZOEDLINLLT LB 43I
IFER L TELT, FIAZEIEVBEFED Wi B
MEFENRRD LN TND

AFSCE, LLEEERIC LT,%ELW@%%%mtn
B 2 ZABRERIC BT, FIRAEFICHEVEFO J VR
FAEMET 5 BT, FIHEOHENNITHEET DKM T,
—FNZ Ry b T — 7 B L, B TE R H 2 K5
LZRELANT Ry 7 @8R5 (LSAC : Line of Sight
Ad-hoc Communication) Z#§ZL L, LSACIZEIT D774
—Exéﬁﬁf%étb@ﬁ%&m%ﬁﬁ/mﬁb,é%

JLHE M A I U T, AREBEREAMNOFINEE FEFEL T2
LOTHY, UFOETIMETE .

—IZ, FHEIL, LSAC x5 L LT, KFIHAENHRA L



-68 -

TUNKRFRFBE S AT DAERE A F19E H2E

TV DR DOFR AL ERGHRAFIH LT, Sk o EAAL
EBEREATHZLICEY, FAIAFICENBETFO LOERE
T 2 FRAEREL TS, BARMICIE, KR o
B R EE I S IR L 7= v R R o0 My B A 7 (B HE T T 1 & TR
LRI LD = 7 2R LTV 5. é%:,ﬁ%
BRI Vo= T E#GH/EEL, fMiz@E U T, AER
Pw¢i7ﬁﬁﬁfhé &%%ﬁbfwé._ﬂgb
D, LSAC 28T 27 /et — v R4 AR DV T,
ﬁt&ﬂﬁ%ﬁsz

WA, FEIL, WERKOWBRNINLE & HEE T D Bifric Bl

SARDNBE T HEROHEE 2 A N 2 HIRT 5 LA

RLTWD. BRIICIE, Bl LIEROMEDRZFHEH
LaB T FEERET DL L big, e/ HEL, &b,
FHET D2l kY, HEaAMERNL 2108 TED
ZLERL, ARREBFEPANTHDLZLEFFELTND.
INBICED, LSAC OO FZRAMICEA LT, Hif-7z
MRAZEZTNWD

%3:,%%1 LSAC Z361F B L&A BIE D= DI
ki %#é“%%@wn_owf PREREMLEL LT
WiEEk FRAERE L, BIERELE L LWHi7= 723
FRERELTWD. BEMICIE, BEFIEOFIZ, AM
’iém@%aﬁ’iéim%%ﬂbr,@ﬁ%@#vv
ERAET AFEEICHAT A EZBEL TS, IBIT,
RIEBTIEERG S/ EIEL, FMEICL Y, REREFER
LSAC IZAERNTHDHZ L EFEEL TS, ZThbIiZky
LSACOEx =2 U T 4 ICBALT, HizMmizs52Tn5.
PLk, Agasuik, Bk z2 A3 2 8B OFHE B K]
THRBLAT FRy 7 BERREEXISRE LT, WAROM
SHCEFERAERA LT, YR OWEAIN & 2 TR
HTEITEY, YBREICRIT D — v R R A 17
BECTEBARMR I S0 = 7 28R G, F 5T
fliZz@CT, AERI NV 27 OFRAMEEIELZH O
THY, BRILFELEFSTHLIANKEZ V. LoT, K
o, ML (L%) OFMITET 2 LR/ 5.

s 4 B OBERS
R A = U MHE 532 5 (T.5)

ARG ORAN  PRk2643 0 25 H
FALEM 4 Maximum  Satisfiability Approach to
Game Theory and Network Security
(7 — LBl & mEHE DL M~ DK
RFERFRENEY 7' —F)
MOCRAZ R
(£ &) WXy #H & B E=
(@l ) " " BE B
N N N o N oy g

WXARNBEDODEF

The problem of determining whether a propositional
Boolean formula can evaluate to true is called Boolean
Satisfiability Problem (SAT). Maximum Satisfiability Problem
(MaxSAT), as well as its extensions: partial MaxSAT,
weighted MaxSAT, and weighted partial MaxSAT, are
optimization versions of the famous SAT problem. To date,
there have been a variety of MaxSAT applications such as
planning and scheduling. This thesis is concerned with a
well-suited way of representing and solving real-world
problems with MaxSAT, in terms of multi-agent systems and
cryptographic areas.

Generally, a propositional Boolean formula is expressed
in Conjunctive Normal Form (CNF), which is a conjunction of
clauses that are disjunctions of literals. A literal is either a
positive or negative Boolean variable. Weighted partial
MaxSAT (WPM) distinguishes clauses between hard and soft,
where each soft clause is associated with a positive weight.
The WPM problem is to satisfy all hard clauses and maximize
the sum of weights of all the satisfied soft clauses. The
positive weights in WPM sometimes become impediment to
solve problems where positive and negative weights co-exist.
To avoid this difficulty, in this thesis, an extended WPM
(EWPM) for handling non-zero weights is presented and the
relationship between EWPM and WPM solution is examined.
The design of EWPM paves the way for a wider range of
WPM applications.

One application of EWPM is the coalition structure
generation problem (CSG), which tries to partition a set of
agents into coalitions so that the total value of all coalitions is
maximized. In the CSG problem, values of coalitions can be
both positive and negative. This thesis provides two WPM
encodings for solving the CSG problem. The first encoding is
derived from the existing optimization frameworks and the
second one is a brand-new encoding making use of the
developed EWPM. Both encodings validate the effectiveness
of the WPM solvers in solving the CSG problem.

If all soft clauses in WPM have weight 1, the problem is
regarded as partial MaxSAT. The goal of partial MaxSAT is to
satisfy all hard clauses and the maximal number of soft
clauses. In this thesis, the potential of partial MaxSAT is
exploited for reconstructing corrupted key schedule images
of advanced encryption standard (AES) extracted from the
dynamic random access memory after power is removed. An
AES key is a series of 0-1 bits closely related to each other.
The relations among key bits are naturally expressed with a
set of Boolean formulas, and rectifying the faults in the

corrupted AES key schedule is formulated as a Maximum
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satisfiability problem which can be solved efficiently by
off-the-shelf MaxSAT solvers. Experiments show that the
partial MaxSAT encoding can greatly improve the efficiency
of AES key recovery from corrupted key bits.

Specifically, this thesis is organized as follows.

Chapter 1 presents the background and motivation of
this research, and also summarizes our main works and
contributions in this chapter.

Chapter 2 provides an introduction to the preliminaries
used in the remainder of the this thesis, including the basic
concepts and notions related to SAT and MaxSAT, various
techniques used for MaxSAT solving, and encodings that
transform from a propositional formula to CNF formula.
MaxSAT solving techniques play a crucial role in improving
the efficiency of problem solving, and the choice of CNF
encoding is as important as that of MaxSAT solving
algorithms, since currently, many MaxSAT solvers are
designed to solve problems represented typically in CNF
formulas.

In Chapter 3, WPM is extended for handling not only
positive weights but also negative weights. The original
intension of the extension is to describe the real-world
problems that are associated with both positive and negative
values, and then employ the off-the-shelf WPM solvers to
these problems. To this end, this chapter first shows the way
of transforming from EWPM to the standard one, and
provides a rigorous proof on the relation between EWPM and
WPM solutions.

Chapter 4 presents a WPM encoding on solving the CSG
problem. The encoding provided in this chapter is directly
derived from the previous work by Yokoo et. al. First an
overview of the previous work that is the most related to our
encodings is provided, which has been shown sound and more
efficient than other works. This forms the basis for the WPM
encoding discussed subsequently. A procedure to encode the
previous work into WPM formulas is provided, including the
encoding of the basic CSG problem as well as its extension.
Experimental results are used to show the efficiency and
scalability of the WPM encoding.

Chapter 5 provides a brand-new WPM encoding for the
CSG problem, taking advantage of the EWPM-to-WPM
transformation described in Chapter 3. The notion of agent
relations is introduced and the encodings of the CSG problem
based on agent relations are defined. In the rest of this
chapter, the WPM encoding towards solving the CSG
problem with positive values and negative values are
discussed step by step. Experimental data and comparison

results are provided to demonstrate the effectiveness of the

proposed encoding.

In Chapter 6, two propositional logical encodings for
recovering AES key schedules are provided. There are two
different assumptions for key recovery, i.e., perfect
assumption and realistic assumption. Perfect assumption
assumes all memory bits tend to decay to the ground state
after power is removed, while in the realistic assumption, the
phenomenon of decaying to the ground state and flipping to
the charged state may co-exist. The works for recovering the
AES keys under different assumptions are analyzed. Since
the realistic assumption is more suitable for the real-world
case, this chapter presents two approaches for recovering
AES keys under realistic assumption, respectively with SAT
and partial MaxSAT solvers. Experimental results and
comparisons are provided to demonstrate the effectiveness of
the proposed approaches.

Finally, Chapter 7 contains a summary of this thesis and
a discussion of some future research directions that may be

worth exploring.
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WIETIE, BETAHTIL—LT—I DT —FTF I F ¥
—IZOWTHHAL WS, v VFET—L )N A B —T = A
ADT —FT 7 F vy —& Web &uBBEMRMEL LT,
Linked Data THE 7= Web LDV VY —R (T 7 & AT
DD arR—xr MIOWTHBHLTWS., B P—
TNRAADLDT =X D ANHE IR EFTH PLH = R —
Xy hORMEICEY, TV =2 a VB TREL R D
a—F 4 T BEHITE 1T, SEBRRREE bR
T5.

BEoETIE, SHELEMEICET 5 Linked Data DAEZETF
EERELTWD. ZOFIETIE, 387 EORIEEICEHR
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L,%ﬂ%@mhm%EUT%XFﬂB %%%@Wbﬁ
IZ RV ENREE 11 EoEE T Y — iETZD. WA =
ST % i %mrﬁunﬁ‘mrﬁﬁTﬂ U—IZBT5m
JERRTIBIEME 2G5 L, BUEE L REOBR 2 £
¥ Linked Data % #%5E fE #8489 % . Z @ Linked Data %
FWTCEERIE Y AT L 2R L, HRE O ERGS R
%K7V%AU~7®ﬁﬁ@%fbfwé

HIUEECIE, AR & 5231 5 Linked Data OHEEE
FHRERRL VD ;@$&11,7@ﬁ®@%ﬁ73

WCHEERE O T — 2 2T L, BEORBS OMERH
LR T 2 Y — & DOBfREFLIR L7z Linked Data % #§
D, ZOMNTREROD Linked Data % i\ TGRS
BREITV, SRS ORI 2 EEEICE TS Linked
Data ZBIICHEEE L, Z4L &R RO Linked Data & Z#t
BTHIET, LVAVEETRMEREE LN TE
DT —HR—ARERETD.

PRI, STEIME LK IZH1T 5 Linked Data O
HEPREEREL TS, _0)${£’C %, BEOEMAER L
SWEMIICER L, 4 FEEORBE T Y —I2k L TR ED
NEDRET — 2 T+ 5. Z OISR S5 b 1E
WA D, BEAMOEEFHREBIENT 2TV — L OBFRE

%4 Linked Data Z#&4E4 2% . Z OfENT#5 5 @ Linked Data
Z W TR S R 21TV, BEBALOFRERIC I D BB
JEIZB9 % Linked Data ZBIICHEE L, Zh & MNTHERD

Linked Data & Z#&9 5 Z & T, KV @K E TRk =
ERDZENTEDLT— A RN—AEBET 5.
FARETIE, H_ETHATLIATE—FNA ¥ —
Tz AAHOT =% T 7 Fr—L, H=, WEOHETH
B3 5 J8fE 72 @ Linked Data % VN CBHZE U 7= &l 7T
UL AT LEREL TS, 2OV AT AL, BENE,
BERNE, BITEMEE AT —4 L LT, WEBRE ORRIE R
fez b+ 5.
ZOFMAERNBIRET D7 L—A U —7 Of A% R
L7

HEETIE, RO &S HROFBEIZ OV TRl L
TWb. £/, K7 L—2U—27 2R LIt ki 7 7
Vor—ya 2@ n422LT, #ETLH7L—LT—7
OEREICOWTER LTS

BLE®D X 5 ICAGHCTIE, Web *“‘EEZVH%)EHI/\K-WV%
T—HFNA U HE =T 2 ADEDODT —FT 7 F ¥ —%
BREL, FOA L2 —T =2 A ZAMBELNLLERANT

#1Zxf LC, Linked Data CReik ST — X & L7
DOMTZITH 2 LT, X0 EOKE CRIFREIENITA S
TEERL, INOEMRERET L7 L—LT— 0 &1
FELTWA.
MXHEEDOEE

A, BET— X EFRALicA v —7 = A AIZHE
T2HLDOTHD. MFEICBIT D HEREEREMTORECLY

ZDAHE Y AT K E T FEREITH,

EADOFEHREFIH LIk 2 R —E 2R ThRb X oI
o TRTHS. LnL, EADRIEIZET 5% FIH
L7bDIEE A L0, [EADRKE BT 215 a 5 A
FREETH I LICL D, MADBIEILS Clmiye—r
AERBHTEDLLHICRDEBLLND. ABOBEEHL
BB I OSEONED BIRIE 2T T2 729012
ZTNOLHEEBCRI BB L OSEONEE A FHER
BV =T N ARMETHDS. LinL, Z0OL ) Sk
eV =T N ANLT = EANHEELTH VAT
DIHEHEL 720, ZOBF = X MIFEFICRERbD L2
B, IO NTFT—EINA A —T 2 AEAHRT-
VX?‘AF%%%i*Eﬂ_E)?*‘%??%?ﬁn&gf“%é. ES
%ﬁﬁtyﬁ~?ﬂ4z»E%Ené?~&%%mb
@A@WM% DAk D72 0IciE, BAOKIEICET 2T —
&«~x@%%ﬂz£1%é T, AT, RS
—ZEFRA LIV FE—X VA VX —T = A A
@kb@7v~AU%7kLT,%%Té?%5Nﬂxm
FIEEZAWEAADOEEICET L EROT —F =2 &,
EINEMHATREL T I~V FE—LNA L H—T oA A
DI=ODT —%T7 7 F ¥ HREL TN D.

KB L TIRET H 7 L— LU —7 OF#IE, Websocket
JH{EX° Linked Data 73 & O Web EHERS fiF 2 FEMRADICEL A L
TWAETHD. Linked Data TIX, X THOF—HITxS
LCURLI ZHHRA Z LI2 LY, HITP BEIC L 5T —F~D
77“EX7§§EIAEE7L£ZD F— X % Linked Data & L C#fk
FTHZELILEY, TXOEFEHECHESREICEN T
—&N—X#%%T%,ﬁﬁéﬁﬁ®7 HR— R L D
BHLRFIRD., LER-T, KL TRETHI 7 L—2A
U— 7 %FHT522LI1CL0, LOEWKBETT—#X—
AT D EWIETE D, Thbb, K0EVEET
TEHNDOENE ORAATREIC D B2 bLD.

9, KX TE, S VTFE—F VA E—T =2 AD
2ODOT—X%T 7 F X ERBEL TS, UL, $HEet
V=T RS AR LNAB AT —4 L, Linked Data
ELTWeb EITHEIN TWEREIET — 4 X—ADT —X
L O AR A 2 B — R METH D, BT
—TNAANLDOT—F DA B ELT P R
—3 hORMEIC K, 7TV r— 3 VRIS KE L R
La—T 4T EEHIBTES LIRS,

WIZ, AL TlE, S LEICRd 5 Linked Data @
%%%’ziﬁ%? ELTW5. 387 FEDEIEFEICOWT, JE&H
FEEELT XA PNEOWERE ERN G, KIFiEE QARG
&M§ﬁ%%_%o<uﬁﬁ®@MﬁT:J_ﬂﬁia
INERICKBIEENEE I T IV ICBT HMELRT
R TRIE 2 3 L, JUERE & EIE TRE O BIfR A KT Linked
Data ZH55E4 5. Z @ Linked Data ZJHW\T-EEBF L AT
LEBAS L, HBRE O ERBERNORT L—LT—7

OFREER L.
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Flo, KEmSLTIE, RN LN IZET % Linked Data
DOREEEFIEZRR LT\ 5. Ekman HOBETERMA SH T
WA TR T T VICoNT, ERIEORHSS DNT
BIEHRESBE LTI L OBFRETR L7 Linked Data
RS 4. Z O Linked Data % AW CRIG R E5r 21T
VY, SRS ORRRICBIT 2 EEEIZR T2 Linked Data
ZRNCHESE LA T A Z & T, L0 EWKSE TR R x
‘/HZENnTET.

I BT, ARFWXTIE, SHTEME L ENEICBI 3% Linked
Data DREETFIEZIRR L TVD . BIEORMEE LSV
HilcFE R L, Castellano HOHFZE TR ST 5 4 fi¥EH
DREAEH T VIR LT, FEMOREFREEFE LT I
U & DREA KT Linked Data #5595, Z D Linked
Data % FI\CREIERARFER 21T\, FHESOFRKICHKIT 5
EHE|ZBIT % Linked Data 2RI LA T2 2 & T,
LOREWHE TRBEREBEL &N TE .

BB, RRSUTI, ETDHT7 X7 7T v EHEL
TR ERER ] 0D 3 FRME D Linked Data & FVWT, FEEHHA,
R, TEMEE AT — & L LT, WBRE ORI OR
EEZ AT 52 27 ADBBIZHONTIRRTNG, 22—
FEHHER O RN OR-ET L7 L — LV — 7 OF MK
L7z,

PAEBEST BICAGR ST, Web BEUERT 2 W o~ v F T
— XNV H—T 2 A ADT=DDT —FF 7 Fx %
REL, BEICBET 2 AT —FIZ2 T, Linked Data
FRERENTEIETF — 2 R_R— 22 BB LT 2175 2L T
LRV CRIER#IMTAD Z 82, Znb &
WEHLTEHT L= T =7 ZBERLIZLOT, ERAT
MM H 2R TH D, Lo T, KRsridELt (FHEE)

DFNLFRSNMET 2 b D LFRD 5.
K 4 EWH &
TR E S U FEHEES0 5 (T3
FAERGOBAA SERL 26453 A 25 A
AL B 3L RE 4 L— WAL 7T X~ 7 AR LA O
o E b & BFEMEICET 285
MOCRAZ R
(£ &) UMy #H & WMB EkE
(Fl ) I I B4 IER
/i i /)l Ij‘]%?’ E#EB

WMXHANBEDODEE
eV Y 7T T 4 g, FEREREREI (LSD Mo
R & LT, LSI omfERibz &L L TE 7, BT,
KXV VT T 4iF R L= EIRE T DHIRESN
WYY TTT7 o NERAESNTWD, LSI O X 5725860
L&D D72, FEROBLEATE L THE 13.5nm O

uEE 4% (EUV: Extreme Ultra Violet) Z S¢IRICHA WS
EUV U Y777 s 0EREBREHEINTWND, 20 EUV
VY777 41, 32nm /— RUHIZI T D #EGECH
DHEIMERE STV 5,

B|PERFD EUV JEIRICITH ) 116W BL R 1 32k
INTRY, FAITIZETRBNEFER T D2 L HHRE
L7 %, EUV RIZIE, BET 7 A~ b O3 EFIH
LhERE, V—VERT T Ao 0REERMAT 55K
NHEDD, @EIHMEDNEG R —F T 7 X~ FANE
JRENTND, L—YAERT 7 X~ FRUL, BZEREEN
DW/NERIEFICEE N L — R 2ER L TT I A~ %
L, BELT EUV %2 77 X< TfFIckE L3 7
—ICRVENLT, Y Y ITT 7 4 FRITHET DMK
W7o TN, 2D, FTEENIL—FICTLVZEL
777 A~ AR L TR NEUVEEZ AT L L L b,
7T Rl fHCELE S D EUV X 77— 77 X<
LOREMIC L VIFERT 2028 T T —0EHML
ERHZENEELRRETH L, IHIT, EHTIHEE
13.5nm @& U OTROEN RIS T Dkt L Lo &
INZFEN, E=F—T 20 bEELEIGEETH 5,

AKiwsL, L—VAERT 7 A< HFRUITL D EUV Kk
BEORRIZBWT, Em EUV XOREICRA KRR T Z
A< ERAHORmE I L —F AT LOBRSE, HEE A
BRI DRRKOERD—DTHDHT T AvnbDFFEDIZ
ERTLENI T —ORHFIETEZY LT 572D DME
BHIEEATOBRFE, & DIZFEALIZER L TRAIX7e EUV 3
TRYEBE ORI AT DML 2 BAY & L THT o T2 FER R &
FLDHHLDOTHY, LLTD6 ENLREREND.

F1REIMFEMTHY, RO RE L ORI OESE
EWEE B RTND.

B2 E|TIE, L—VERT T X~<FK EUV RO H
JHRIZ KRR R E 725, EHS 7L 2 L—FRERICICE LT,
F 9 NAYAG Z W= & 17390 2 L—HFDRISsIZ oW T
5, IO UL A N YAG L — P 5EIRER I LD b
Nd:YAG #iligE#s % A5 MOPAMaster Oscillator Power
Amplifier) S Z A LT, EUVHELERTAL-DDOL—
YoV AH T E L CieR 1.5kW, 2L A1iE 15nsec, #0
LA RS 100kHz OMEREAES & L big, B—AmES
LEMR EORMEEZFM L=, UL, N&YAG L—H
2T LTI, ESEIEEROE— A REOHEBREL <,
S 57 B E I IR EE & B L7z,

F3ETHE, L—HAERT T X~HA EUV RO &
THEICAR AR &2 %, w173V A L —HFORZICBEIL T,
H O —HOFEME LTHEARI TS CO,L—H 2T
LORRRERETR~D, CO, L—F T 2T AE, /INAD
PV A REETT A L — VIR A A IS IR R T A L —
P AEELS & L CHWS MOPAMaster Oscillator Power
Amplifier) TR E#RE L, EUV &2 AERTDL—V UL A
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HE UTHRK 8kW, UL A1E 20nsec, #:0 iX LJAEAHEK
100kHz OMREZSD L & HIZ, B —AWERREMR L
OFEZFHIIL TV, Fiz, S%FAICLTE B2
2 VE IR O HR 2 =R Y & X > TEEEHAE DM/ IME & X
DUENH DN, RFETIEIAT T ZA 7D CO,L—F%
HIEG 2 EA L THEREZFM L, X774 47D CO,L—
FIIERR DA A IR LT,

%4 ETIL EUV O EHEN I 7 —~ ORI 1512 &
DIPRIET 2 ET 272912, ECR 2 W= PR+
A A ANEDOFEBRFERIZONTIRARTW D, KRR 1R
HERANWT, TR LORBMO I T —~OHEFE %
WE LI, ZOWR, BHEEHWTT I X<vHOA 4 O
BAEGIET 2 Z 212k D, I T —~DHEREITN 40%
T 52 & 2B L-, 7, EERMG THIEITE 20
7T A= DRMERF ORI A HIEST 5720, 4%
Ar7va bhrrHBTIXvEATHE, B Tar e
—VENTA T MNEEEIT 15 HITINT 52 L 2EIEL
T, THILERORBAFIE CTE 5 L E2HOTHIEL T,
ARECRIZE DA A A L VNI T —Fmik, 15FIC
B EHEIND,

%5 BETIX, ML —VAERT T X~ FHX EUV LR
DHEN T OISR T B A B3 L 72/ RIS OV Tk
N2, K 13.5nm @ EUV SGIE AT AR AR CTE e,
ETOFHMITEREBNTIT O LERD D, £z, KIS
PR STV B EREIE, 1R 13.5nm O O FHETiEie <,
TITRXT N SN D RANRYT MVIZHE S TORMEIC
DNTHLHESNTWD, BRHEDO L —WAERT T X~)7
FOEIROMERE % & H ) EUV YR CRERE L 72l <,
FEAFHIN & LTS 2 1T E ST & 5 il &
LT BNEENE B, L—F RS 7 X~ & vz EUV
Wiy AT K& EL T, EUV YU —, EUV Sz~
v, EUV e/ <% —>, EUV UADERETON/ D
— & L UL ORISR TR B B & AT L
7=

HOETIE, AFETHONIRREET LD, SHORE
HEBRRTND,

MXHEEDOEE

RO EEFRbTSIE, KRG AREREE R (LST)
DOWHMEIZ L D LST FEFOmEEREIIC I bbb I TE
72V YT T 0%, LS RIE S F — o % B EBR O R
WL =~ RICERTET 28 TH Y, LSI HEIZB T
BB OB &S L Ca BB chs. Y VT
T 7 4ZBNT, B b OYEREIZEAMITIZE R T 2 YR
ORI L - THIB SN D BIE, WSROI V7T
S IERITIE, R 193 nm O ArF =¥ v L— R X
TWAHD, LSI O X 722 58Mkizix, Lo EEEON
HERWDHY V7T 7 1 HEEORBPRLEARRKTH

5.

WD vV 7F 7 4 AN E LT, BaeflALiL
— WA 7T X~ (LPP: Laser Produced Plasma) > D%
£ 13.5 nm OMEERSL G (EUV: Extreme Ultraviolet) %l
95 EUV REAA AR EN TV 5. EUV RO ERbIC
X, 77 A~AERHOL—F L LTV ANE 10 5/ B
FECEHIH I 10 kW Z B2 5 ZNETIZRVEH L —
P RAT LD, BFHaCTRIER EUV IR % KB4 5
77T AT LB FRDIHEYE B 17 5 ik o5
FERRERRELE 725 TN D AU, # %2 FIH L7z Lpp
FRO EUV FPREEE O BRI I T, EUV SO PR & R
DAEESHN L=V RT AR L, EWEEMEHIRTS
RRKOERDO—>TH LML DENI T —DIHEEYIE
Flt, & SIOEIREEE ORI E AT I B9~ 2 AF FE s R %
FLOLEHLOT, KOETHMTE S.

F—1Z, LPP HFXEW AFEHOGEE L —F X7 AL
LC, /8 CO, L—VFIBERD H ) % i H ) oG dn i
CO, L — W IHIERR CHIME T 2 FREIR_EL, TOHEMNEE
FREL TV A, 1k, LPP FX EWV HEAHO&EH L —W
AT ALE LT, NAYAG L—HF AT AREREN T
=08, B L —YEE A2 DTV AT, B A~DOBEA N
12 &0 EEMERESEAL LT BUV YD RAE T L
HNCRARH D Z L2 ERIZEVHLNIL TS, Z
TUCK LT, R LK 00, L—Y 2T AcBNT, 2L
I 20 5/ B, FHIH T 8 kW THEEHHE I 7 S
EOMREEREOLPP T L =L AT AZEH L. K
MSCTCIRE SN 0, L=V VAT LD FHRIF, T D% LPP
FAEW NJRH & L THFUERE L 7p o TV .

FAZ, 87T A= bl S-SRI AY EUV ot
NI T~ EFETHOEYIET D70, BrHA7n8
ka2 RIINEN (ECR) 12 L 0 BRI 7% 1 A o fk LGS
WCROMEEBIET 2 520D TIREL, Z0EMEE
FIHEL TS, LPP F T, L—¥REICEY 75 X<
b L7283 7 & OFBM A EUV EX A 2 7 — o5 L
T T —ORPFROET, OWTITEEHMEHIRT S
ERREARMEIZR>TWD. FRC, ERES T OMEE)HIH
DEE L WHERL I X DV RE L o TV 5.
ECRIC X W @Dtk -5 A A b L, A4 %58 1.5 1%
WCHIINT 5 2 & BEIF L. ZhUE, REBIC LB A A R
Z o P EOEATIIE EWV G T —DFmd, 1.5 T
VD2 LTS5,

AT, LPP HR BUV IR O B FEEPERE AL Bl 2 BH 3
L, FEHL-UL0 EUV GIR T TRERIZR EUV SEIRFEAN
ZIEMEL, EROTZO OFHIHEIN &S LD, EWV
FEVREEE OVEREFTAMN L, HEE A2 BRI Lo S DOF
HHEEEATIEEZLOTHY, ERALOZDITIX
EUV SN I F—B M), KRV A X, A7 by, %
TEMEZR E OB TR 2R X < FHT 2 B A AR R K
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Thb. Kin L TIE, BB L-EEEz2 T
$HaFA Lz LPP 52U EWV IR OENMERBOFH NI WD T
KL TV 5.

PLEEF DI, Riwmstix, $%FIH L7 LPP 5o EV
FIRIEE OBHZICHE VT, LPP HIOEH I L—F T 25 A
ELTCO,L—HF VAT LEHWDFXERELTEOH
IMEEFEIT D L LB, 77 XA~nbitsnizg+
PRI 28 EUV REX I T —~ET 20201 T 5720,
ECR {2 & 0 &R 1 & A A oAb LI X 0 455 2 B5 1k
TEHEENO CTIRELZOAMEZ R+ 572 L, EWV
A DFEE LML LTe b DT, BRET LY HMifEdH
DEBTHD. Lo T, HE(T%H) ORMIHTITET DL
DEBDD.

K 4 Wi B
FAL D E T UE HELE 1055 ()

SR 50 B A
% i 0 S B 4

YRk 2643 A 25 H
R TR T X DO o
Fib & = DFEICEAT AR

A Z R
(E 1) AMKY R el R
CECRE

N N N

hEE

WMXABEDODEE

Fatiipe (CRT: Cathode Ray Tube) 72 & DFERT /31 R
WWEBWTHEEAREE ZH > TWAHEO 1 SR® KT
D, OB, mEEl, EIEKEEREEDO=
— R A DT, HNEEFET 2B EHOLBENED
B, BFE—ARBMEINT D L LBl — ABEIRSEEM
T52 T, WAERORREREENS EF LTS, @y
BB E CHOCRE I 32 &, BIEFZEEOKT (O
L) BEEET D, Lo T, FRT A ZADEE
PR RIS, SEEE RIS T 2R o E S L
OHFIIED CTEETH 5,

AFRICIE, EoRT A ZADOVPEREE PIE DI B8 ekt
IZDWT, I EFEAS B AL LT B EirEh A sehisd-
N EEEEFREEIC BT DR SRS OB A fif
T 5L ebic, ZOMEIFEZHGNNIT LI LA AM
LLIEbDTHY, BENDHERINTND,

FE1EIIFMTHY . AMCOMFEE L B, LUK
FRSCORERIZ DOV Tk 72,

2 BT, dOLROBRE AL A ERIICEHIT 5720,

T BE TR TR BN L 23 T BE 72 BB AR T R AR ME ORI 1 & |
BN AR U 72 8 RS b o0 R B VAL 0 BF A 25 1 %
BAZE L7e, JECAREREMEEE DR R, Bt BB E K O
AEHRE # JREPHIC A TE 22 Th D, ZHITED

HOGAR D FEIRE M AT T b B i & OFUEHRE o
A ERNNCEIMET D 2 L N REIC R o7, — 7. K
YT DR RIT, FIREEZ mEEICHE X5 2
ETHY, RMGEN 2 EREZRNTT 5 2 L3 FRE L Zr o Tz,
B3 T, BB OMELIUIC G 2 2 BIEE DR
Bl L7z, EOFER, HESIL, mAINTCY OEFHR
BHNEIETET 205 T, BEBREBEICHKET S
TEEHOMNMI LT, TNETERMZZE L TWEERKT
OHRFR 1L, BOEHEBRBES AV SN TV 83,
FHREREE 2 LR+ 5 2 LT, X ERERToS LA
MAGE L 7p 0Tz, DEIL, B HIHFEOE LD D DM
A EREROMBBAEBRF L, BRI X DERFE
BEDHEEELL DO BN THH Z L ERWE Lz, S5, B
LIS RIS T RO ER 7 0 & 2D B2 2 L .
FNIEDOE % L TERENEZ & #OLEORENE B
ST, EMESMLE R TEDLZ EEHLNILE,
BABETIE, BRI EE L CEERELNK
Y,(AL,Ga);0,,:Th** [P53(Ga)] D @& B - HA b X 5 K
FELACOMEZ T L=, £9°. P53(Ga)DREEHLIZ T,
ARG P OMRFEZEA (B NN Ec—1.5eV) A3
<BELTHY, BRI 0 @&FLAER L TR
PEIT 5 2 & BRI T mREEIC X0 22 4L
EEZEH CE 52 L 2W LM Lz, -, & (100ppm
FRE) O Yb* & Po3(Ga)lcifid 2 Z Lok v, HESL
DIHIEIND Z &2 RWE Lz, 512, ZOBZIL, YhT
DHEARE L IS TR T 2 B TN (Ec—1.1eV) 28
ARG SNTZEB T 2T 5720, AFRLEERT
HHENL (Ec—1.5eV) IC L 2ETHESIHIShS Z ki
BRTSEDEF L ERE L, Yb SELOBFHIEL %
F2 Eu X Sm IZOW T H RBROBRF 21T o 1o R, Zh
HOFTRIIC XV IEELLRIE SND Z &, Z O]
HRITA TR P E IR RPN T DM ORS & B
VAR A R 2 E AL NI R 5T, ThUE, FEROER
ETNEXFFT AR TH S, TIZ, SSTOUMIZLY .,
7 R TR L e V) B SR I HE I T O BEEE S (L N
LB TE D 22 RWET LB, ZoBST S
WINC & 2R ZEEE ORISR T2 2 L Z2H 50
iz L7z,

BOETIL, KmXERiEL, S%OBEL R LT,

WMXTENDEEF

EE AR OFRICH AR & iR~ ¥
—T 2R (F Y AT LA) OBEEENER L TN D, B
MU (CRT: Cathode Ray Tube) ZH\W\/27 4 A7 LA 1,
TLEY Ry = YRR R ORI - 7
OO, EVEEE, JRVREFA, J6 KON W IREHE &
BT D7, PEEIIROMIZEE 6 o AT L 7g L OFRTEE
L LT, KA mEEARMEL DTS, (RT T4 AF
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LA OBmEO KRR E . B3 fFF e RORER & TN T 5
7, HOLRERE T 2 ERRIT, Fe, RERILIND
L LBz, E—AROMEINRED BN TE T, TORE,
BT O M FE SN 5 2 & CHEDE IR~ D AT AN
KU, BEELERBHE LTS, L2 > T, S PERE CRT
T4 AT A OFEBUIE, BWBEHERBEIZRT 58
ROMELCOMHEZIRAT 2 & & b, BES{LZ Bk
T2 FIEORAIS NI & 725,

AWFGEIL. EPEEE CRT T4 27 LA DAIHZ B L. &
7 P R T & D OB IR o MR 5L D WA A AR
HEEblz, ZOMBFELHLNILELDTH D,

Kﬁ%f%%ﬂtﬁ%i\uTwﬁfﬂmf%&

1. BEEEETREIEIC X 28 RORERE S (L O+
BERICRIAT 21213, FRHEEE & BRATE T B % L4
#Oﬁ&_ﬂ@T%éﬁbmﬁﬁ%%@%%#%ET%
olz, TI T, RIKERZ WL U THWTZRUBHS KR
EEREAT D EE BT, B Y — & L2 E iR
Rk E BT Aol 2 2 & T REPHOREE

VZBUBHERE (80~600K) & Jiliid 78 it & (0. 1~100mA/mm?) %
BLTE DB TRIREEBEZBRE Lz, S5IT, 96 ED
G AFIA LT SO T O KBRHERL 2 3TN 9 5 %5
EABHSE LTz, IRIAVIREE RT3V TRURHE EE 0 H- 1R
JEZREBICHIET 2 Z & T WREERT — X fRHTH vl HE
Aoy

2. FREFENMELE U TEBEREOLIRY, (AL Ga) ;0,,:Tb™,
P53 (Ga) ] DML T 1 R 2 ME L, P53(Ga) H OB D
BEEE i, SRS b ORRERBHOER 5 2 & &
oMM LTz, 6T, MEOHEIT, BAmEEYZY
®%¥ﬁ%%%(PﬁﬂK%ﬁﬁéﬁﬁf&<\%%%m

ECHBIKFETHZ L2 RWE L, ZoBSI%, @i
%?L B E CITRARHEEN ERT5 2 Lic kb, 36K
b OBFNBEEOMREICER T2 26T LT,

3. P53(Ga) HIARDOEI N A MR L, BRFRZEAN
BT EYEN (= R VX —HENT: Ee-1. 5eV) 2T 5 2 &
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