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Enforcement report on educational lecture describing a simple, inexpensive fog chamber

TAKEUCHI Norio, MORITA Keiichi, SAMESHIMA Tomoko and SAKAI Takeshi

A science educational lecture for elementary and junior high school teachers was held at

National Institute of Technology, Ariake College. At this event, we lectured on radiation, and

proposed a cheap and simple fog chamber that can be constructed from materials available at

home centers or uniform 100-yen stores. We proposed a radiation source that can be easily

obtained and used to create radiation tracks in the fog chamber. The lecture attracted

favorable comments from the participants.
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Effects of the project to support the personal research in summer vacation for students

—Exciting experience at the laboratories in Ariake Kosen—

YOSHIDA Masamichi, HARAMAKI Shinya, IWAMOTO Tatsuya, SHINOZAKI AKira,
ISIKAWA Yohei, EGASHIRA Naruto, DEGUCHI Tomoaki, FUJIMOTO Daisuke,
TAKEUCHI Norio and OKUZONO Toshiko

A project to support personal research for elementary and junior high school students

was carried out in the last summer vacation. The participating students performed their

researches with help of the laboratory staffs in Ariake Kosen. In this paper, the detail and

effects of this project are described, and results of the analysis on the survey to the students

are shown. According this survey, almost participants were satisfied with this project.
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A Method Estimating the Postures of a Hand with a Single Camera for “Hand Posing Rally System”

SUGANUMA Akira and KUNITOMO Yuuichi

In recent years, Natural User Interface (NUI) is attracted as the technique to operate a
machine by human motion. If a human speaks (touches, moves and so on) naturally, a
machine obeys his indication. NUI begins to be used in medical field, business field, and so
on. We have focused on the gesture recognition in the NUI. On the other hand, a stamp
rally is useful to make customer travel some shops. We are developing “Hand Posing Rally
System” that does stamp rally without a stamp card. Our system identifies the player with
the several posture of player’s hand, which is pre-registered in the system. In this paper, we
describe a method estimating the posture of a human hand. From the image of the hand, our
method detects fingertips and inter-digital spaces, recognizes some stretched fingers, and

estimates the posture of his hand. Finally, we have evaluated the method with 12 testers.
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Evaluation of a Long Path Absorption Laser Radar

UCHIUMI Michihiro and SAKATA Ryosuke

A random modulated continuous wave laser radar has been developed. As the first step,

we performed a trial experiment to evaluate the LIDAR system. A long path Differential

Optical Absorption Spectroscopy method was used for the water vapor measurement.

Moreover, measurement errors of this method are also discussed. Although the atmospheric

humidity was measured, it is not in good agreement with hygrometer measurement. It is

found that the wavelength dependence of the transmittance of an interference filter should be

taken into account.
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Report on Holding of experience course in the Shopping mall

MORI Shintaro, HARA Takeshi, GAUTHIER Lovic, MORIYAMA Hideaki,
ISHIKAWA Yohei, and SUGANUMA Akira

This paper reports the experience course carried out at the shopping mall on the 14th
September 2013. This event was the first held in commercial facilities, but there were visitors

of 43 people in three hours in the end.

experience using an optical sensor and temperature sensor.

The contents of the event was a programming

In future, it is necessary to

increase the visitors of junior high school students.
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Abstract : This paper presents a simple and flexible processor architecture whose instruction
set can be completely redefined using an extensible and easy-to-use tool. The aim of this
framework is to show undergraduate or graduate students how concretely a processor works,
and how it is designed.

I. Introduction

Processors are more and more widely used. Therefore, processor architecture is an important field to
teach to both electronics and computer science students. While there are a lot of good materials for
theoretical teaching [1, 4], practical teaching is more difficult: the lack of openly available
architectures and tools makes it difficult to study or modify actual processors.

This paper presents a simple processor architecture designed for educational purpose. Its main feature
1s that its instruction set can be completely redefined using a processor design tool developed for being
used by students. This tool is easy to use and extensible in order to match many education purposes.
A gate-level model of the processor have been implemented using the Simulink modeling platform [2]
so that the students can easily visualize the execution process within the processor, and the effects of
change applied onto the instruction set or the architecture.

The rest of the paper is organized as follows: section II presents some related works and section III
gives an overview of the proposed architecture. Then, section IV explains the specificities of the
architecture, and section V details the proposed design tool. Finally, section VI and section VII give
respectively an example of instruction design and an overview of the Simulink model of the processor,
before section VIII, which concludes the paper.

II. Related work

There are a few education-oriented processor architectures: we can cite the DLX [3], which is a well-
known RISC (Reduced Instruction Set Computer) pipelined processor. Otherwise, it is very common to
use for education old processors like the Z80 or the 68000. However, they are commercial processors so
that their architectures have irregularities (for sake of efficiency) and it is difficult to study their
internals. As for the tools, there are multiple processors simulators, e.g., [4, 5], including processor
simulator generation tools [5]. Compared to these tools, the one proposed in this paper targets a real
processor architecture and supports any kind of instruction sets, for the simplest and most regular
RISC ones to the most complex and irregular CISC ones.

III. The global architecture of the processor

The proposed processor is microprogrammed, i.e., its sequencer (which generates the signals
controlling the whole processor) is implemented with a ROM (Read-Only Memory). The content of
this ROM is called the microprogram, and each of its rows, called microinstruction, contains the values
of the control signals. The current address for accessing this ROM is also the state of the processor,
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and is stored into a register called microprogram counter and noted uPC.

The global architecture of the processor is shown in Fig.1. It comprises a control unit and a
processing unit. The control unit includes one 16-bit instruction register called IR, a microprogram
ROM and two original ROMs used for the redefinable decoder and its management. The processing
unit includes eight 16-bit general purpose registers (GPR), eight 32-bit address registers (AR), one 16-
bit status register, one 16-bit arithmetic and logic unit (ALU), used for data computations, and one
32-bit adder-subtractor, used for address computations. For the inner communications, the processor
includes three 16-bit data buses and one 32-bit address bus. The data buses comprise the X bus, which
1s connected to the first input of the ALU, the Y bus, connected to the second input of the ALU and
the W bus, connected to the output of the ALU ; the address bus is called A and is connected to the
32-bit adder-subtractor. For the output communications, one address buffer (ADDR) and one data
buffer (DATA) make the interface with the outer address and data buses.

IV. The specificities of the architecture

1. The basic design choices

Even if the most irregular instruction sets are supported, the goal was to achieve a processor whose
instruction set can remain regular (so that it is easy to understand) when instructions contain
numerous fields. For that purpose, the instruction register (IR) has been made 16-bit wide, while the
number of general purpose registers has been limited to eight. This way, an instruction using three
registers as arguments has still seven bits available for encoding the operation.

2. The specificities of the control unit

2. 1. The architecture of the control unit

While it is common for processors to use a ROM for implementing the sequencer, the decoder is
usually hard-wired for sake of efficiency. In our case, efficiency is secondary compared to flexibility
and simplicity. Hence a ROM 1is used for the decoder too. This architecture is given in Fig. 2. In the
figure, the black arrows represent control signals and the grey ones represent address signals driving
the ROMs. The microprogram ROM is addressed by a register, noted ¢ PC, which gives the address of
the current microinstruction. The decoder ROM 1is addressed by the instruction register (IR) and
produces control signals too, which are combined with the tROM’s ones using the mode ROM as it is
explained in the next subsection. From here, the microprogram ROM 1is noted ©ROM, the decoder
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ROM 1s noted dROM and the mode ROM 1s noted mROM.

2. 2. The operating of the control unit
Each row of the ytROM has the following fields :

ctrl imm Imode pctrl

In the above figure, ctrl comprises the 60 control signals of the processor, imm 1s the immediate value,
Imode is the lower part of the mROM’s address and uctrl comprises the signals controlling ©PC.
Similarly, each row of the decoder ROM has the following fields :

ctrl imm paddr hmode

The meanings of the abbreviations are the same as with the uROM, while hmode is the higher part
of the mROM’s address and paddr is the address to assign to y#PC is case of branch within the
microprogram.

The processor’s actual control signals and immediate value are obtained by selecting between the
corresponding output bits of the xROM and the dROM. For generating the immediate value, a bitwise
OR is performed between the tROM and dROM imm fields. Hence, it is enough to set the yROM’s imm
field to 0 to select dROM’s one, and reversely to set the dROM’s imm field to 0 to select xROM’s one.
Generating the control signals is more complex : multi-cycle instructions require selecting them one by
one and differently according to the clock cycle. For that purpose, the Imode and the hmode fields of
the respective #ROM and dROM are concatenated for addressing the mROM. The selected row of the
mROM 1is then used to mask the control signals of the dROM through a bitwise AND, the result
being combined with the tROM control signals through a bitwise OR. For instance, if the selected row
of the mROM contains only zeros, the control signals of the dROM are disabled which selects the
signals of the tROM. In the current implementation, Imode and hmode contain four bits each so that
the mROM includes 256 entries.

Section VI gives concrete examples of how to program these ROMs for implementing instructions.

3. The specificities of the processing unit

Apart from the four communication buses, there are two other specificities about the processing unit.
First, there is no special register. That is to say that registers like the stack pointer register or even
the program counter (noted PC, and whose value is the address of the software instruction to execute)
are not defined. Instead, they are to be assigned to one of the address register when designing the
instruction set. This gives great flexibility for implementing complex instruction sets.

Second, the status register is also partially configurable: it is a 16-bit register where each bit can be
accessed individually. In details, this register includes five fixed flag bits (containing the state of the
previous ALU operation), three fixed interrupt bits, and eight configurable bits. The configurable bits
can be used to encode user and super user modes, multiple instruction sets (like the ARM processor
with its normal and thumb mode [6]), or any other specific state.

V. The processor design tool: instruction set and microprogram generation

1. Overview

This tool generates the contents of the three ROMs of the control unit. Its inputs include one macro
definition file and one description file per ROM. The ROM description files are similar to assembly or
RTL (Register Transfer Language) programs: the approach is to describe for a ROM, one or several
rows per line of the corresponding file. Concretely, one line includes a list of bit configurations, each
giving the value of a group of bits of the corresponding ROM’s row. A bit configuration can be
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described as the list of bits which are to be set to 1, or alternatively, as the value of a range of bits
(called bit range) interpreted as a binary number. For instance, the following sample line sets to one
the first five bits of the row, and the next line sets the value of the 2 to 56 bit range to 567 :
0,1,2,3,4,5
2..56 = 567
In this paper, we qualify this approach as raw. While simple, it is tedious and error-prone so that
macros has been added which allows describing bit configurations with a redefinable human-friendly
language.

2. The macro language
The macro language allows to map character strings, called macro string, to a list of bit
configurations or ranges, which can be raw, made of previously described macros, or executable blocks.
For instance the two lines bellow map respectively the string “AR” to a raw bit range and the string
“A0” to a bit configuration (the operator which maps strings to bit configurations is noted ‘=>’):
“AR” => 19..21
“AQ” => AR=0
The macro engine recursively replaces the macro strings by the corresponding values, selecting the
longest matching macro string in case multiple matches. Additionally, for sake readability, spaces
within macros are expendable : they actually match any number and any kind of space. For instance
“A @ B” is equivalent to “A@B” or “A @ B”. This engine supports in theory any line-based grammar,
but is especially well suited for ones where the order of the statements does not matter. This is the
case when describing the bit configurations since each line gives a list of signals to set in parallel.
The executable blocks are there for extending the macro language. They consist of functions in the
Ruby programming language [7], which are executed when the corresponding macro string matches
and whose result is recursively interpreted. The use of Ruby permits any kind of extension, including
new grammatical structures or the usage of a GUI.
Sections V.5 and VI give concrete examples of how to define simple macros, and show that even basic
macros are enough to provide an easy to understand language for describing the ROMs.

3. The micro program description file
In this file, each line that is neither a comment nor a label corresponds to exactly one row of the
#ROM, starting from address 0. Such a line contains bit configurations described using raw
representations or macros. The label lines are used for the micro branches: they are converted to
macros giving the address in the tROM of the following bit configurations line. Bellow is an example
of one label line followed by one comment line and one (raw) bit configurations line :
PROCESSO:
# This is a comment
0,1,2,3,4,5

4. The decoder and the mode description files

These files describe the content of, respectively, the dROM and the mROM. For both, each line, if not
a comment, corresponds to one or several rows of the respective ROM, and has the following format:

<address>: <bit configurations>

In this format, <bit configurations> is a list of bit configurations and <address> indicates which
rows of the ROM the bit configurations are to be mapped to. For the case of the dROM, this address
is actually the machine code of a processor instruction since a row of the dROM describes the control
signals to set in order to execute the corresponding instruction. For the case of the mROM, this
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address is actually the concatenation of the Imode and hmode fields of the dROM and the uROM (cf.
section IV.2.)
The address field is described as a bit vector, each bit being 0, 1 or x. An x bit stands for don’t care
which means that the bit configurations are applied to each row whose address matches the rest of the
address field. For instance, the bit vector 000000x0 corresponds to rows 0 and 2 of a ROM.
The bit configurations field is similar to one line of the micro program’s file, but it also allows to
map bits of the ROM address (i.e., of the machine code instruction) to some control signals. This
mapping is to be used for defining operand fields within an instruction. For instance, if the three
upper bits of a 16-bit instruction are used for selecting one GPR to write to', the following bit
mapping is used, where ‘<=" is the mapping operator:

10..12 <= 15..13

5. The default macros

While the macro language brings flexibility, it can be too abstract for the students. Hence, a default
set of macros has been added which allows describing the bit configurations using a register transfer
language.

The default macros include four categories: the register names, the connections, the writes and the
execution operations. The registers names are “uPC” for the uPC, “GPR” for the bit ranges selecting
GPR, “R0” to “R7” for each single GPR, “AR” for the bit ranges selecting one AR, “A0” to “A7” for
each single AR, “IR”, “sTATUS”, “IMM” for the immediate value (considered as a read-only register),
“ADDR” and “DATA” for respectively the address and the data buffers. The connections indicate to which
bus the outputs of registers are connected, and are noted “<source> @ <destination>". For example,
the connection of RO to the X bus is noted “RO@X”. The elements of the write category indicate
writing on registers and are noted “-> <register>". For example, writing to R0 is noted “->R0”.
The execution operations are represented by the corresponding operators, e.g., “+” for an addition.
Also, 32-bit operations are prefixed by “$”, e.g., “s+” is a 32-bit addition. Finally, memory access

operations are represented by “[ ADDR J” for reading and “-> [ ADDR ]” for writing.
VI. Illustrative example

1. Objective
In this section, the design of the following two instructions is detailed:
(a) add d,s add GPR d to GPR s and write the result into GPR d
(b) add d,[s] add GPR d to the content of the memory at the address given by AR s

and write the result into GPR d
For easing the description, a few macros are added. They are given in Fig. 3, where “PC” stands for
program counter, “Rd” for destination GPR, “rRs” for source GPR and “As” for source AR. The two
first macros respectively maps “pPC” to A7 and “As” to “AR”. The third and the fourth macros
respectively map the three upper bits of an instruction to the connection of a GPR to the X bus and
the three following bits to the connection of a GPR to the Y bus. Finally, the fifth macro maps the
write to a GPR with “-> Rrd”.
The microprogram, the mode and the decoder description files are given in Fig. 4, Fig. 5 and Fig. 6,
and are explained in the following subsections.

' The corresponding control signals are number 10 to 12.
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1. “pC” => A7 1. FETCH:
2. “As” => AR 2 PC@a -> ADDR
3. “Rd @ X” => GPR@X <= 15..13 3 [ADDR] -> DATA
4. “Rs @ y” => GPR@Y <= 12..10 4 DATA@Y -> IR
5. “=> Rd” => -> GPR 5. lmode=1 -> uPC

Fig. 3 Macro definition sample 6. REGMEM:

7 [ADDR] -> DATA

1. xxxx 0000: disabled 8 lmode=2 DATA@Y 0->uPC
2. 00010001: all controls Fig. 4 Microprogram sample
3. 00020001: address controls
4. 00020002: data controls

Fig. 5 Mode description sample

1. xxxxxx 0000010000: RA@X + Rs@Y -> Rd hmode=1 FETCH
2. xxxxxx 0000010001: As@yY -> ADDR Rd@X + -> Rd hmode=2 REGMEM

Fig. 6 Decoder description sample

2. Instruction fetch

The instruction fetch is described in the 4 first lines of the micro program (Fig. 4). The first line is
a label, the second sends the contents of PC to the address buffer, the third reads the main memory
(the result being written to the data buffer) and the forth sends the content of the data buffer to IR.

3. Instruction execution

Depending on the content of IR, a single-cycle, or a multi-cycle execution has to be performed. For
that purpose the mROM is used. As given by Fig. 5, when Imode is 0 (line 1), the decoder signals,
including raddr (the uPC address), are all disabled. When both Imode and hmode are 1 (line 2), all the
decoder’s signals are enable, including the paddr. Hence, instruction (a), described in line 1 of the
decoder’s file, is fully executed from line 5 of the microprogram, and ¢PC is set to FETCH for starting
the next instruction. When Imode is 1 and hmode is 2 (line 3), the decoder’s only enabled signals are
the ones related to the address processing (including paddr) so that for instruction (b), line 5 of the
microprogram sends the content of As to the address buffer and sets REGMEM to ¢PC. However, the
remaining processing is not performed yet. Finally, when both Imode and hmode are 2 (line 4), the
decoder’s only enabled signals are the ones related to the data processing, so that for instruction (b),
line 8 of the micro program performs the addition described by the decoder with the value previously
read from the memory and stored into the data buffer. In this line, “0->uPcC” sets the uPC to 0, i.e.,
to the beginning of the fetch.

VII. The Simulink model

For validating the architecture and providing an easy to use implementation of the processor, a gate-
level model has been described using the Simulink modeling platform [2]. An overview of the model
executing a simple program is shown Fig. 7. The graphs on the left of the figure represent the value
of the GPRs and the ARs depending on the time and the chart on the right is the actual model. With
this model, each gate of the processor can be inspected or modified at will. Moreover, the model is
accurate to half a clock cycle time. This high accuracy, high flexibility and high level on details have
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Fig. 7 The Simulink model

however the drawback of poor performance since the model execution speed is about 500 clock cycles
per second on an icore7-based PC. Moreover, the lack of support for bidirectional signals by Simulink
required approximating the buses of the processor with combinations of wired OR and multiplexers.
Hence, the model is not hardware synthesizable.

VIII. Conclusion

In this paper we presented the architecture of an education-oriented processor and the corresponding
design tool. The main specificity of this architecture is the control unit, made of three ROMs, which
allows redefining the instruction set and the corresponding microprogram. The flexibility of the
architecture makes it possible to support regular or irregular instruction sets, RISC, CISC, and
multiple execution modes. In order to easily design or modify an instruction set, a tool is also
provided for generating the ROMs contents from assembly-like or RTL-like descriptions. A gate-level
model of the processor has been implemented using the Simulink modeling platform. It allows
studying or modifying freely any part of the processor and visualizing its execution half cycle by half
cycle.

While functional and illustrative, the Simulink model is slow and not hardware synthesizable. Hence,
we plan as future work to write a fast software model of the processor and a synthesizable model
using a hardware description language. We also plan to map the processor to an FPGA (Field-
Programmable Gate Array) board.
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Education Problems of Ariake Kosen

HIMURO Shozo

In 2000, a new educational program was introduced to our college.

Under this program,

students are educated to be technological engineers characterized by creativity, self-

development, interdisciplinarity, and internationality on the basis of extensive knowledge of

basic technology as well as high culture. There is an aim at coping with problems flexibly for

the goal of developing human friendly technology harmonized with natural environment.

However, there are a lot of students who lost interest in their work. The program should

produce the more interest of students and improve their learning motivations. This paper

describes some education problems of Ariake Kosen.
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A Design and Prototype of Feedback Speed Controller Using Microcontroller
— Speed PI Control of a DC Motor for Solar Boat —

OKAZAKI Tomohiro, AKASHI Koji and IZUMI Katsuhiro

This paper describes a speed PI controller of the DC motor. In the student experiments,
motor control is the most basic. However, it is difficult for students to understand motor
control. They are not interested in motors in the experimental rooms.

So, we have developed a DC motor controller for Solar Boat using a microcontroller. The
MPU of this controller is an ARM microcontroller (Cortex-M 4 core) with a floating point
unit (FPU). By using a solar boat in the experiment, students would be interest to motor
control. Therefore, it is expected that students have a good understanding of motor control.
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Kankebunss, an anthology of Chinese poetry written by Sugawara Michizane,

which is stored in Matsudaira Library in Shimabara City, Nagasaki Prefecture

— a translated version (2) —

YAKIYAMA Hiroshi
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Reprinting Notes of letters to Ozu Keiso (A merchant of Edo period) owned by Mootori Norinaga Memorial Hall.
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On the construction of wavelets and its application to numerical

analysis of differential equations
(V=T vy bOBEE LV EOHNHEXDORERT~DERICOWT)

1 [FL®IC

BUEMETIZ S « B - /e SR 2 O T2 B CIRH SN, SHEEOAIED OF EEIHZH 2 R LT
B, B, o IR E RS EE L, COAUMEGLIDDETH LI VIVvE Vik « HIREFRIEL,
o X OBEMEE UCORRICMNIERTH S, file LT, SiAERE

dZ
dx2u+u:f, 0<x <1,

(1)
u(0) =u(l) =0

REZD, :@Fﬁ%@:ﬂpﬁ%%@ﬂéﬁu<u,u>Lzm_1>+<jxu,jxu> ={f 010 0 ThBD. vETZ NEHRENS.
20, 1)

BIB @ W/ LT, @, (1) =0(2x—k) 3. 20 ¢ HREEREMETS. (DORELUR L DI5, 4= w9,
RAHBDHDEKRDIZ. ZDIHIZ, FIHACH LT 2 MK E L To; (k=01 N) ZIFEKHEH L
Bonlz@y HEAZENTHER u, ZRkDDH. 22T, NZeIKFLTIRESAARKTHSH. HARWIZIZ,

MU= F
EIRL ZXiTle D, 22T, BREATIIM @ (k, 0 B3 <o), 00 0o+ 0500 THABNS. X
7=, F=" 000 & fET 2 MEBONBNHIREDFIX2 MIVTHY, U= "{ul iZRDNRED
S HRHDINNT bV ThHD, ZONHRERZMS (M OMfr7laked ) 2 & TGRS TEZ T VIV
FoAEEN, KT, HE -« 72 M E UTXSNEHRNZH WD LIV AEERREREE VD,
HARBn 26 LT, nikB2T T4 UmRIZEK > TRANICERT 5 -
N (x) = x¢.0(x),

N,(x) = N,_*N,(x), n=2.
B B RERRIZHAWS N A FEEERIE, Ny BB (2%kDB 2754 V)
e(x) = Ny(x)

HZEDDNG Fw
2/3 ifk =4,
Cor=11/6 ifk=0+1,

0 otherwise,
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(a) N,

Figure 1 1%REXV2KOBRXTFA

—2 itk =1/,
=4 1 ifk=14%£],

Ap.y

0 otherwise,

2 EREXIXT7T—) > JEHOFA

Ve —7 Ly ML, SEMMLEMYT (Multiresolution Analysis, MRA) O#EZAY Mallat, Meyer 12 X -
TEHIN LR, Him - CHOWAICE O CRBIZRRE L TE TS, JEHETIE A, HEAE s E 0
BIZEATHY, T EMECIAICHAINTWS, F2, 7o —7 Ly MU & DEWVBIERN
HV, 7 x—T Ly FEBOMGE AW BUEENT B X O Z OFRZEFHIICEE I SR & 8% < FAET 5.

KX ClE, "x—7 Ly MERAIGHTHZEICXY, BEMTIC XD A RILEREB AR T 5. W,
EEREM e mIRDEHIZE S

e(x) = & (x).
CZTOWRERBERZZT =) VI7ERTHY, SIEZLR—9 = INIENTHAH. T LUIVF VEDHRK
BE¥CIE a2 /87 YR — P FEORM IR I NS, 2D XD RRERERKT, 2kROB X774 VN,
KWL RLDOERT H-dIiZ, ©E LT, a3 2/37 bR — k%&F> Daubechies O 27 —1) > 7 B#[1]
ZHW5A:

@5 (x) = N7 (x). (2)
ZZC, ®213 2 %k® Daubechies 27—V v 7B, N3 1kDB 2754~ (Haar ® 247 — V) v 7B
Thb. @) IZOWT, KOHETLT S

FE (6D ¢ = <o =k, 07 C =00y, @y = <C§lx¢§<-k>, jxw?(-e>> E¥h ZOEX,
LAR)

131/180 ifk = £,

37/240  ifk = £+1,
Cor =1 —11/600 ifk = £+2,
1/3600 ifk = £+3,

0 otherwise,

ESPENG
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(a) @ (b) Y = N*0P

Figure 2 Daubechies 27—V v 7B ©2 & o7

—2 ifk=1U,
a =1 1 ifk=1=+1,
0 otherwise,
DI DAL,
(100 13 Hk 7 EIERI2 D HIET o) ZHER LTS, F7=, {(pl(x—k) k€ B} 13— ZHEEIZ /2> T 5[9].
3 WMERRT— > JEHOFHA

AUV E AEOFREEEBE 7 2 NEBIE, F—0B¥ Oy 7 N EHAWSON—RIITH S0, i LBz
RIS, 7 2 MBS WD (CEBEAME®ELRE WD) 28T, WHELRr—) v 7B b, ¢ DA LI
FUBANDOMEAREZDHZENTE S, F5Z, 2 k® Deslauriers.Dubuc 27 —1) v 7% 2P [2—5] & 2 %k
DB ZTFA4 2 NAZHR U CRDENLT D

B2 (7)) o, = @ ), Nl — D s = — (o), NG -0)  erm Zors,
LAR)

131/180 ifk = ¢,

37/240 ifk = 4+1,
Cor =1 —11/600 ifk = £+2,
1/3600 ifk = £+3,

0 otherwise,
ESENON
—2 ifk =14,
Qg = 1 ifk=/(0%1,
0 otherwise
NS AORVASY

AR EH21IZBWTC, o, DR, EHE1IOZNIZ—EHLTW5A. FiL, Deslauriers-Dubuc BI# &
Daubechies 27 — 1) v 7% & ofiziZ, BB

0" (x) = [ PO (t—x)dt

MBI [8]. ZOBRANSMEN KT 52 EZAENTE 5.
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EHL 2005, EBIMKE T 2 MBS LT o) ZRWEA S, o KB, N, % T 2 NS L
BT, B/ETINE T E08bnb. BiZ, BEDOEAE, N, %5 2 MEBUCERA L TWB 205X k
WV F OFEREHIC Y, SN ERTx 5.

4 &b

FdoEREMNS LXK, Ve —T by MERZIEH Lo RO PMOMBS TS 25, &
TEmC T, TPEABOMBIZOWTHRER L, 2ok, W LB OBIEE, BN PMORE, #iric
LY 72 HIEE 2 EIZOWTCFEL KX TWn 5.
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