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Abstract 
 
Many studies on modeling of fuzzy inference systems have been made. Their aim is to construct automatically fuzzy 
systems from learning data based on steepest descent method [1]. Further, there is difficulty for learning with high 
dimensional spaces [2]. In order to overcome them, learning methods using VQ and SDM are proposed and they are 
superior in the number of rules to other methods, but they need a great deal of learning time [3]. The cause seems to be 
both local searches. On the other hand, it is known that learning method of RBF (Radial Basis Function) networks using 
Vector Quantization and Generalize Inverse Method is much fast compared to other learning methods. 

In this paper, we propose a new learning method composed of iterating three stages. It starts by breaking the method 
into three stages: learning in the first stage, intermediate stage of adjusting the center and width parameters, and the next 
stage of updating the weight parameters using the generalized inverse method. As for final stage, three parameters are 
updated by learning based on SDM. In order to demonstrate the validity of the proposed method, numerical simulations 
for function approximation and pattern classification problems are performed. 
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Abstract 
 
This paper investigated and clarified the contribution of a Multi-Input-Multi-Output (MIMO) wireless power transfer 
(WPT) system to the energy transmission efficiency on short distance WPT system. To evaluate the improvement of the 
energy transmission efficiency, a 4x4 MIMO WPT system was employed. The MIMO system effectively enhances the 
power transfer efficiency and expands the power transfer coverage in our investigation. The effective coverage of the 
MIMO wireless power transfer is 1.6 times wider than that of the 4x4 array system without MIMO control.  
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Abstract 
 
Recently, the terahertz (THz) frequency band has been focused and investigated for developing new applications, such 
as an ultra-high-speed wireless system, and so on. These new system have demanded a highly integrated and compact 
IC, such as CMOS ICs. Transmission loss on the ICs is the most important issue due to insufficient device 
performances in THz band. This paper models grounded CPW line with loss characteristics, including anomalous skin 
effect. The anomalous skin effect is characterized by the proposed donut-style conductor structure. The calculated loss 
of a grounded CPW line constructed by the donut-style conductor model is 2.5 times higher than those of previous 
models.  
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Abstract 
 
Now that networking is advanced, a variety of information is transmitted through its information network all over the 
world. Therefore confidentiality of the information is very important, and a variety of security technology has been 
established. A block cipher algorithm is also one of them. In order to be used secure, it needs to be evaluated its security 
by a third party. In this study we focus on the block cipher PRINCE and evaluate its security. PRINCE is an SPN-type 
64-bit block cipher with a 128-bit key proposed by Borghoff et al. in 2012. The number of round functions of PRINCE 
is designed as 12. Although the designers have stated that differential attack, linear attack, algebraic attack, and biclique 
attack would not be a threat to the security of PRINCE, we evaluate its security against truncated differential attack 
from a third party standpoint. Differential attack was proposed by Biham et al., and it is based on the stochastic event of 
differential path caused by the property of nonlinear function used for an encryption process. Truncated difference 
attack was proposed by Lars Knudsen, and it considers a difference that is only determined to a limited extent, e.g. zero 
and nonzero difference. In 2014 Anne et al. reported the truncated differential attack on 10-round PRINCE, which 
requires 2 to the 57.94th power pairs of chosen plaintext and ciphertext, and 2 to the 118.56th power times of 
encryption operation. This time, we apply multiple round-elimination method to the 1st and the 2nd rounds of PRINCE. 
From the 3rd round to the 9th round, we construct differential path. On the 10th round, we construct truncated 
differential path. As a result, we can attack 11-round PRINCE with 2 to the 62.81th power pairs of chosen plaintext and 
ciphertext, and 2 to the 106.82th power times of encryption operation.  
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Abstract 
In the membrane structure, a structural stiffness is given by introducing the geometric rigidity. Therefore, the 

form-finding analysis is necessary to obtain the structural stiffness effectively. In the form-finding process of the 
membrane structure, the minimal surface is used for a design prefiguration shape. Because, the shape of the minimal 
surface is equivalent to the curved surface of the uniform stress field. The discretization procedures with finite element 
technique are generally adopted and are used for the minimal surface analysis (as shown in reference [1]). However, in 
some ill-conditioned cases, these procedures are difficult to obtain a solution of the minimal surface without the special 
approach such tanas reduction of variables. 

In other hands, discrete differential geometry is enthusiastically researched in mathematics for applied digital 
geometry processing and physical solution. The Willmore energy is one of the functional of discrete differential 
geometry. This energy of a surface is defined as the mean and Gaussian curvature (as shown in reference [2]). It is 
shown that the minimal surface exists at the critical point of the Willmore energy. In addition, the Willmore energy can 
be described as a discrete curved surface preserving invariant of a continuum curved surface. In the computation using 
this energy, a numeric steady approximate solution is obtained with simple algorithm. 

In this paper, at first, we introduced the Willmore energy by the continuum and discrete formulation, and evaluate 
this energy in comparison with the area functional. This functional is computed on the discretized catenoid model. 
Furthermore, we show the form-finding analysis method of the membrane structure with cable, and verify accuracy of 
solutions and effectiveness of this method. 
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Abstract 
 
Heparan Sulfate (HS) belongs to glycosaminoglycan (GAG) superfamily is a liner sulfated polysaccharide and is widely 
distributed in various tissues as components of cell membrane or extracellular matrix. HS is often sulfated 
heterogeneously owing to the multiple and random enzymatic modifications in the biosynthesis. The specific 
microdomain structure in HS chain is considered to be responsible for their specific binding interaction. However, the 
elucidation of the structure-activity relations of HS with HS-binding protein is very difficult due to their naturally 
occurring structural diversity. For that reason, structurally defined partial structures are required to analyze the 
functions at the molecular level. In this study, we systematically synthesized HS disaccharide structures containing 
glucuronic acid from a common intermediate and analyzed structure-activity relations of HS with HS-binding proteins 
using surface plasmon resonance (SPR) imaging. 
 

 

Figure 1. Syntheis of ligand conjugate containing HS partial disaccharide and flow of the interaction analysis 
using SPR imaging 
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Abstract 
 

Keratan sulfate (KS) is a sulfated polysaccharide belonging to glycosaminoglycan (GAG) superfamily. KS is mainly 
distributed in cornea, cartilage, bone, and brain as components of cell membrane or extracellular matrix. Recently, KS 
was found on the surface of iPS and ES cells, and a role of KS for the maintenance of cells has attracted attention.  
KS chain is composed of repeating disaccharide consisting galactose (Gal) and N-acetylglucosamine (GlcNAc) and is 
sulfated heterogeneously owing to the multiple and random enzymatic modifications during the biosynthesis. The 
resultant microstructure of KS is related to the specific interaction with KS-binding proteins to regulate their activity. 
Therefore, the analysis of the structure-activity relations of KS with KS-binding protein at the molecular level is very 
important for clarifying their biofunction. In this study, we addressed systematic synthesis of KS disaccharide library to 
evaluate the binding property of KS against KS-binding proteins by surface plasmon resonance (SPR) bio-sensor.  
Gal donor 1 and GlcNAc acceptor 2 were synthesized from D-galactose and D-glucosamine, respectively. The 
glycosylation of 2 with 1 gave the disaccharide intermediate 3, which possesses orthogonally removable protecting 
group and can be converted to KS disaccharides with sulfation. The disaccharide 3 was then condensed with the glucose 
(Glc) moiety 4, which works as a hydrophilic spacer at the immobilization on SPR sensor chip1) to prevent unexpected 
non-specific interaction. Currently selective deprotection and sulfation of trisaccharide intermediate 5 are on-going. 
 

 
Fig. Schematic image of synthesis of KS disaccharide library. 
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Abstract 
 
Adult T-cell leukemia (ATL) is a blood cancer caused by the infection of retrovirus human T-cell lymphotropic virus 
type-1 (HTLV-1). For an individual infected with HTLV-1, the risk of developing ATL is estimated about 5%. 
Approximately 10 to 20 million individuals are estimated to be infected with HTLV-1 worldwide. In Japan, about 1 
million individuals are infected with HTLV-1, and ca. 1,000 patients of ATL are died each year. Mechanism of 
carcinogenesis has not yet been revealed, and antibodies for therapeutic use of ATL have not been established. In this 
study, we developed single chain Fv antibodies (scFv) which recognize O-glycans (O-linked sugar-chains, O-SCs) on 
ATL cell surface for an effective marker or its novel drug for targeted therapy of ATL using our nano-biotechonology. 
O-SCs were extracted from cell surface of S1T, which is HTLV-1 infected T-cell line established from an ATL patient. 
To prepare a fiber type Sugar Chip, obtained O-SCs were conjugated with our original fluorescent linker molecule 
(designated as f-mono) [1]. O-SC ligand conjugates were then immobilized on the terminal of optical fiber (diameter: 
50 mm) via gold nano-particles. Human B-cell derived phage library was firstly negatively screened using peripheral 
blood mononuclear cells (PBMC) of the healthy volunteer to eliminate phages which bound to PMBC. The phages were 
then applied to the Sugar Chip to screen the phages specifically bound to O-SCs on S1T cell by the localized plasmon 
resonance (LPR) method. Obtained O-SC-binding phages were transfected to Escherichia coli, TG1 to prepare 
monoclonal phages according to the standard protocol. The monoclonal phages were transfected to E.coli, HB2151 to 
express scFv, and eight kinds of scFvs were isolated and purified. The all purified scFvs showed single band (about 27 
kDa) in the SDS-PAGE stained with CBB. By flow cytometry analysis, one scFv, named TS1T-1, bound to S1T and 
other ATL cell lines, but did not to CEM or other leukemia cell lines, suggesting specific binding to ATL cells. The 
precise structure of the TS1T-1 binding sugar-chain is currently evaluated with our array-type Sugar Chip and surface 
plasmon resonance (SPR) imaging. 
 

 
Fig. Schematic image of preparing O-SC binding scFv. 
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Abstract 

Bubble size is an important parameter for the reactor model of fluidized beds. Therefore, many researchers 
have measured bubble size and proposed the equations to predict bubble size (Karimipour and Pugsley, 2011). 
However, almost all the measurements were carried out using air at ambient temperature, and so the 
proposed equations ignore the influence of the gas properties such as density and viscosity. As the results, 
these equations cannot correctly predict the bubble size in fluidized catalyst beds. It has been reported that 
bubble size is affected by the apparent viscosity of the emulsion phase (Kai et al., 1987b). In addition, the 
emulsion phase voidage is greater than that at minimum fluidization for the fluidized bed with fine particles, 
and the apparent viscosity decreased with an increase of the voidage (Kai et al., 1991). Furthermore, because 
the emulsion phase voidage is affected by the gas properties (Kai et al., 1987a), hence the gas properties affect 
the bubble size in the fluidized catalyst beds. In this study, the expansion ratio of the emulsion phase and 
bubble size were measured in a two-dimensional fluidized bed. Five types of gases were used as the 
fluidizing gas; argon, helium, carbon dioxide, nitrogen and hydrogen. The measurement was carried out 
using two optical probes, and the bubble size was calculated from the signals from these probes.  

The emulsion phase voidage was strongly affected by gas viscosity. The voidage was high for high 
viscosity gas. The bubble size was small 
for high viscosity gas, while was large 
for low viscosity gas such as hydrogen. 
The binarized images of the beds 
fluidized by argon gas and hydrogen gas 
are shown in Figure 1. This figure 
indicates that the bubble size were 
affected by the type of fluidizing gas. 
The relationship between the apparent 
viscosity of the emulsion phase and 
bubble size was obtained using the 
correlation of the apparent viscosity 
considering the emulsion phase voidage. 
The relationship agreed with the 
theoretical formula introduced by 
Kurooka et al. (2008).  
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Abstract 

Ionic liquids have been widely studied for their remarkable potential. However, little has 
been reported regarding the preparation of ionic liquids containing inorganic frameworks. 
Recently, cage-like oligosilsesquioxane (POSS) with an ionic liquid nature was developed by 
Chujo et al.1 More recently, we have also reported the preparation of ionic liquids containing 
random- and cage-structured oligosilsesquioxanes by the hydrolytic condensation of quaternary 
ammonium-group-containing and imidazolium-group-containing organotrialkoxysilanes using 
superacid catalysts, such as bis(trifluoromethanesulfonyl)imide (TFSI).2  

In this study, as a new siloxane based ionic liquid, imidazolium-group-containing cyclic 
siloxane was prepared by the hydrolytic condensation of 
1-[3-(dimethoxymethylsilyl)propyl]-3-methylimidazolium chloride (DSMIC) using superacids, 
such as TFSI and trifluoromethanesulfonic acid (TFSA), as catalysts.3 

Imidazolium-group-containing cyclic siloxane with TFSI anion (Im-CyS-IL-TFSI) was 
prepared by the following procedures: DSMIC was stirred in water/methanol mixed solvent of 
TFSI at room temperature. The resulting solution was heated in an open system until the solvent 
completely evaporated. The resulting crude product was heated at 100 oC for 2 h, washed with 
water, and then dried to obtain Im-CyS-IL-TFSI. 1H NMR, 29Si NMR, and MALDI-TOF MS 
results of Im-CyS-IL-TFSI indicated that this product was a mixture of cyclic tetra- and 
pentasiloxanes. Im-CyS-IL-TFSI showed fluidity at 0 °C. 

   On the other hand, when the hydrolytic condensation of DSMIC was performed using 
aqueous TFSA, we also found that ionic liquid containing cyclic tetra-, penta-, and 
hexasiloxanes (Im-CyS-IL-TFSA) was obtained. Im-CyS-IL-TFSA showed obvious fluidity 
over 20 °C.  
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Abstract 

Amphiphilic molecules can form reverse micelles in non-polar organic solvents. Most 
of these molecules are organic compounds. On the other hand, the amphiphilic 
molecules containing inorganic components may become the materials capable of 
forming reverse micelles with exotic functions. 

So far, we have reported the preparation of water-soluble ammonium 
group-containing ladder-like polysilsesquioxanes (PSQs), as soluble inorganic materials, 
by the sol-gel reaction of 3-aminopropyltrimethoxysilane (APTMS) in aqueous 
hydrochloric acid.1 

In this study, we prepared an amphiphilic silsesquioxane (Am-SQ) capable of 
forming a reverse micelle by the sol-gel reaction of a mixture of APTMS and 
triethoxysilane containing ether-chain (TES-EC) in aqueous hydrochloric acid.2 

First, TES-EC was prepared by the reaction of 3-(triethoxysilyl)propyl isocyanate  
with triethyleneglycol monomethylether. Then, the sol-gel reaction of a mixture of 
TES-EC and APTMS was performed by stirring in aqueous hydrochloric acid at room 
temperature, followed by heating in an open system until the solvent was completely 
evaporated. After the resulting solid product was washed with acetone, chloroform was 
added into the product. The soluble-part was isolated by filtration and the solvent was 
removed. The resulting product was dried under reduced pressure to obtain Am-SQ. 
  In the DLS and GPC measurements of Am-SQ in chloroform, there was a correlation 
between the particle sizes or excluded volumes (molecular weights) and the 
concentrations, i.e. larger particle sizes or higher molecular weights for higher 
concentrations. These results indicate that Am-SQ can form reverse micelle at relatively 
higher concentration in chloroform. The reverse micelle of Am-SQ can incorporate 
hydrophilic dye compounds. 
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Abstract  

Chitin is widely distributed in nature and an important renewable resource. However, 
it has been difficult to provide various material applications from chitin, due to lack of 
solubility and processability. Derivatization of chitin is one of the efficient methods for its 
material applications. Recently, we found that an ionic liquid of 1-allyl-3-methylimidazolium 
bromide (AMIMBr) dissolved or swelled chitin, which was also used as a solvent for 
acetylation of chitin with acetic anhydride under mild conditions [1,2]. Furthermore, we 
found that self-assembled chitin nanofiber film was obtained by regeneration from a chitin ion 
gel with AMIMBr using methanol, followed by filtration [3]. In this study, we performed the 
preparation of self-assembled chitin nanofiber-based composite materials through surface 
modification (Scheme). First, a self-assembled chitin nanofiber dispersion was prepared 
according to our previous publication [3]. Then, surface acetylation of the product was 
performed by reaction with acetic anhydride for 12 h at rt in a dispersion with DMF to obtain 
partially acetylated chitin 
nanofibers, which was 
isolated by filtration to give 
a film. The film showed 
compatibility with 
hydrophobic polymers. For 
example, the composite 
film of chitin nanofiber 
with polyethylene was 
obtained. 
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Scheme. Preparation of partially acetylated chitin nanofiber film by 

surface modification 
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Abstract 

Amylose is a well-known helical host compound that forms inclusion complexes with relatively lower 

molecular weight guest compounds by noncovalent interaction. However, little has been reported regarding 

the formation of inclusion complexes between amylose and polymeric compounds. The main difficulty in 

incorporating polymeric compounds into the cavity of amylose is that the driving force for the binding is 

only caused by hydrophobic interaction. Amylose, therefore, does not have sufficient ability to include the 

long chains of guest polymers into its cavity. By means of the enzymatic method for direct construction of 

amylose, we have developed a new methodology, named “vine-twining polymerization”, for the preparation 

of inclusion complexes composed of amylose and synthetic polymers, which was achieved by the 

phosphorylase-catalyzed enzymatic polymerization forming amylose in the presence of guest polymers [1-3]. 

In this study, we found that amylose-poly(D-alanine) inclusion complex was obtained by the vine-twining 

polymerization using poly(D-alanine) as a new guest polymer [4] (Scheme). The XRD pattern of the product 

showed the typical diffraction peaks due to inclusion complex composed of helical conformation between 71 

and 61 of amylose. Although the 1H NMR spectrum of the product showed both the signals assignable to 

amylose and poly(D-alanine), the integrated ratio of the poly(D-alanine) signal was lower than the theoretical 

value. This result suggested that amylose partially included poly(D-alanine) in the product. 
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Abstract 

Phosphorylase is the enzyme that catalyzes phosphorolysis of α-(1→4)-glucans at the nonreducing 

ends, such as glycogen and amylose, giving α-D-glucose 1-phosphate (Glc-1-P). By means of the 

reversibility of the reaction, α-(1→4)-glucans can be prepared by phosphorylase-catalyzed enzymatic 

polymerization of Glc-1-P as a monomer using a maltooligosaccharide primer according to the 

manner of successive glucosylations.  Because of loose specificity for the recognition of substrates, 

furthermore, thermostable phosphorylase recognizes α-D-glucuronic acid 1-phosphate (GlcA-1-P) and 

α-D-glucosamine 1-phosphate (GlcN-1-P) as glycosyl donors, and accordingly, catalyzes 

glucuronylation and glucosaminylation, respectively, to give oligosaccharides having glucuronic acid 

(GlcA) and glucosamine (GlcN) residues at the nonreducing ends. On the other hand, glycogen, a 

natural polysaccharide, acts as a multifunctional glycosyl acceptor for the phosphorylase catalysis 

because of the presence of a number of nonreducing α-(1→4)-glucan ends interlinked by 

α-(1→6)-glycosidic bonds. In this study, we performed the thermostable phosphorylase-catalyzed 

subsequent enzymatic glucuronylation and glucosaminylation of glycogen to give an amphoteric 

glycogen having GlcA/GlcN residues at nonreducing ends. Furthermore, cross-linking of amylose 

chains elongated from the product was conducted by the phosphorylase-catalyzed enzymatic 

polymerization of Glc-1-P to give a hydrogel (Scheme 1) [1].  
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Scheme 1. Synthesis of amphoteric glycogen gel by thermostable phosphorylase catalysis  
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Abstract 

Amylose is a natural glucose polymer linked through α-(1→4)-glycosidic linkages. It acts as a host molecule and 

forms polysaccharide supramolecules by inclusion complexation with various guest molecules of relatively low 

molecular weight owing to the helical conformation. However, only limited studies have been reported regarding 

the direct construction of inclusion complexes composed of amylose and polymeric molecules. We have already 

reported the polymerization method for the architecture of amylose-polymer supramolecular inclusion complexes 

be named “vine-twining polymerization”. In this method, amylose-polymer inclusion complexes were obtained 

with the progress of phosphorylase-catalyzed enzymatic polymerization, which was conducted using 

α-D-glucose1-phosphate (G-1-P) as a monomer from a maltoheptaose (G7) primer in the presence of the guest 

polymers [1-3]. In this study, we performed the preparation of supramolecular gel materials by the vine-twining 

polymerization using poly(γ-glutamic acid-graft-ε-caprolactone) (PGA-g-PCL) as a new guest polymer. When the 

enzymatic polymerization of G-1-P from G7 primer was performed using the graft copolymer, a supramolecular 

hydrogel was obtained (Scheme 1) [4]. The resulting hydrogel, purified by immersing in water, had a self-standing 

property. The XRD result of a cryogel obtained by lyophilization of the hydrogel indicated the presence of 

inclusion complexes of amylose with the PCL graft-chains between intermolecular (PGA-g-PCL)s, which acted as 

supramolecular cross-linking points for the 

hydrogelation. Macroscopic healing of two 

hydrogel pieces was achieved by the 

formation of inclusion complexes at their 

interfaces through the enzymatic 

polymerization. Furthermore, an ion gel was 

fabricated by immersing the hydrogel into an 

ionic liquid, 1-butyl-3-methylimidazolium 

chloride. 
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Scheme 1. Preparation of hydrogel by vine-twining 
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Abstract 

Phosphorylase catalyzes enzymatic polymerization of α-D-glucose 1-phosphate (Glc-1-P) as a monomer 
using a maltooligosaccharide primer according to the manner of successive glucosylations to produce 
α-(1→4)-glucan with liberating inorganic phosphate [1]. Because of loose specificity for the recognition of 
substrates, we previously reported that α-D-glucosamine 1-phosphate (GlcN-1-P) could be used as a glycosyl 
donor in potato phosphorylase-catalyzed enzymatic glucosaminylation to give oligosaccharides having a 
glucosamine (GlcN) residue at a nonreducing end [2]. Because it is known that thermostable phosphorylase differs 
in recognition ability of substrates from potato phosphorylase, in this study, we performed the thermostable 
phosphorylase-catalyzed enzymatic polymerization of GlcN-1-P as a monomer using a maltotriose primer under 
the conditions with removal of inorganic phosphate from the reaction media to give α-(1→4)-linked glucosamine 
polymer, that is, chitosan stereoisomer (Scheme 1) [3]. To produce chitin stereoisomer, furthermore, we also 
carried out N-acetylation of the obtained chitosan stereoisomer by using acetic anhydride and sodium carbonate. 
The 1H NMR spectra of the products supported the structures of the chitin/chitosan stereoisomers. 
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Abstract 
The average size of displays sold was stable at around 29.5-inch to 30.5-inch in period of 
2011 to 2012, but rapidly increased in 2013, and the average display size reached 
34.6-inch in Sep. 2014 as shown in Figure 1A [1]. We investigate the changes in figure 
size of news presenter(s) from two viewpoints; “impression” represents subjective size, 
i.e. the observer’s “impression” of figure size when viewing contents, and “area” 
represents objective size, i.e. judgment of physical area occupied by figure(s) in the 
whole screen. In Figure 1B, for example, the left panel is larger than the right panel in 
“area”. However, the right panel is larger than the left panel in “impression”. Result 
clearly indicates that “impression” was decreased whereas “area” was not changed in 
the period between 2011 and 2014 as shown in Figure 1C. The mean size estimation of 
“impression” was significantly lower than that for “area” in weather forecast scenes as 
shown in Figure 1D. Because the amount of information in the weather map is basically 
same in 2011 and 2014, it is considered that the difference in “impression” of figure size 
of news presenter is indicative of a change in the television receiver’s environment. We 
detected some indications of the composition changes that were considered to be 
induced by the enlargement of display size in the last three years, from 2011 to 2014.

 
A                     B                      C                  D 

Figure 1. Figures used in the poster. 
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