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【Purpose and Background of the Research】 
We are witnessing an ever-increasing demand for 

translation. Many graduate-level translation schools have 
been established. Neural machine translation recently 
caused a social sensation. Translation theories provide 
translation norms and competence lists. Quality assurance 
schemes have been established for industrial translation.  
These developments notwithstanding, translation practice 
as a whole has not advanced as much as expected because 
these developments have not been fully integrated with one 
another. One of the most fundamental problems is that the 
concept of translation has not been shared among different 
players. This reflects the lack of granularity in the 
descriptions of translation process, translation competences 
and norms.    

Against this backdrop, our project answers the following 
questions: (a) what sort of actions to what kind of items by 
which actors constitute translation process? (b) what sort of 
norms and competences are related to these actions? By 
answering these questions, our project defines a translation 
process model in which each step in the detailed process 
descriptions is linked to relevant norms and competences.  

We define a meta-language set used for describing the 
model and facilitating communications in translation 
training and practice. We also automatise what can be 
automatised among the process steps. The model, the 
meta-language and the automatic methods are to be 
evaluated in terms of their effects on translation training 
and translation practice. 
 

【Research Methods】 
The research consists of four main stages: (a) the 

construction of a translation process model; (b) the 
development of automatic methods, (c) the development of 
an integrated translation environment, and (d) the 
evaluation of models and other elements.  
While we put more emphasis on (a) and (b) in the first half 
of the project period and on (c) and (d) in the second half, 
these four phases are to be carried out simultaneously 
throughout the project; we need to construct the model by 
repeating the cycle of model construction, validation and 
improvement as the translation process model attains a 
normative nature. 

We use literature review and interviews with qualitative 
analysis for constructing the translation process model. We 
describe and model the process while at the same time 
developing a meta-language. We assign to each step in the 
translation process due translation norms and competences.    

The core tasks to be automatised are identification of 

constituent elements/items of the source language texts, 
construction of translation hypotheses and resources, and 
evaluation and correction of MT results. We use 
supervised machine learning and knowledge-based 
methods. 

The integrated environment is to be developed based on 
the systems we have developed so far, i.e. Minna no 
Hon’yaku and Minna no Hon’yaku for Translator 
Training. 

To evaluate the models and related elements, we use 
participant-based empirical evaluation. We evaluate the 
automatic methods by using evaluation data sets and also 
through participant-based evaluation of their effectiveness 
in the translation process.  
 

【Expected Research Achievements and 
Scientific Significance】 
This project connects the fruit of translation theories to 

translation practice and teaching, making the norms and 
competences objectively sharable among different players 
involved in translation. It contributes to solving practical 
problems involved in translation such as the mismatches 
between clients’ requirements and the translation quality.    
It also clarifies the role of MT in the real-world translation 
workflow and takes MT and related technologies out from 
in vitro to in vivo. 

The model, the meta-language, the integrated 
environment and the data will be made publicly available 
and/or accessible. This will help further promote research 
in translation and translation technologies. 
 

【Publications Relevant to the Project】 
Kyo Kageura (2019) “Assessing the status of technical 
documents as textual materials for translation training in 
terms of technical terms,” Meta 63(3), pp. 765-784. 
Kyo Kageura and Piao Hui (2018) “The status of 
explanation and the role of meta-language in translation 
training and translation,” Ewha GTSI Conference, Seoul, 
Korea, November 17, 2018. (Keynote Talk) 
 

【Term of Project】FY2019-2023 
 

【Budget Allocation】136,700 Thousand Yen 
 

【Homepage Address and Other Contact  
Information】 
http://edu.trans-aid.jp/ 
kyo@p.u-tokyo.ac.jp 
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【Purpose and Background of the Research】 
The purpose of this research project is to reveal the 

mechanism for evoking the sense that the joint action with 
others is due to one's own contribution (sense of agency) 
and the mechanism for transforming the latent knowledge 
necessary for performing the physical action (body 
scheme) in the virtual environment where two person 
perform physical action as not only "I" but also "We" by 
using one embodied avatar (Co-embodiment). Based on 
them, this project also aims to realize efficient skill 
transfer methods using virtual reality settings. 
 

【Research Methods】 

 
Interdisciplinary research for understanding "we-mode" 

and realizing its application in skill transfer will goes on 
as following; 
 
(A) Realize the basic co-embodiment technology which 
can establish we-mode during joint action from first 
person perspective. 
 
(B) Clarify the conditions and mechanisms that cause 
sharing of intention in action and transferring body 
scheme between actors under unconscious level. 
 
(C) Develop the method for physical skill transfer using 
co-embodiment technique, and reveal its performances 
and limitations. 
 

【Expected Research Achievements and 
Scientific Significance】 
This is a multidisciplinary research project. From the 

viewpoint of cognitive science, this project propose a new 
experimental system by utilizing virtual reality which is 

able to make us use any kind of body to investigate the 
mechanisms of we-mode and body scheme. From the 
viewpoint of engineering, this project aims to develop 
effective skill transfer systems based on the clarified 
mechanisms of we-mode and body scheme. Expected 
research Achievements are following; 
 
- Elucidation of the mechanisms of sence of agency in 
joint action and we-mode with a new experimental 
method that allows others to intervene their own bodily 
actions by using virtual reality. 
 
- Elucidation of the mechanisms of action intention 
sharing and body scheme transformation through 
experiments which investigate the effectiveness of the 
learning with the proposed method with controlling 
parameters of co-embodiment. 
 
- Realizing the novel physical skill transfer system that 
fully utilizes the characteristics of we-mode by 
establishing we-mode in a situation where two people 
work on the same action with the same viewpoint and the 
same body 
 

【Publications Relevant to the Project】 
Ogawa, N., Ban, Y., Sakurai, S., Narumi, T., Tanikawa, T., 
& Hirose, M. (2016). Metamorphosis hand: dynamically 
transforming hands. In Proceedings of the 7th 
Augmented Human International Conference 2016, 
Article 51, ACM. 
Kojima, T., Hiyama, A., Miura, T., & Hirose, M. (2014). 
Training archived physical skill through immersive 
virtual environment. In International Conference on 
Human Interface and the Management of Information, pp. 
51-58, Springer, Cham. 
 

【Term of Project】FY2019-2023 
 

【Budget Allocation】154,200 Thousand Yen 
 

【Homepage Address and Other Contact  
 Information】 
 http://cyber.t.u-tokyo.ac.jp/ 
 hirose@cyber.t.u-tokyo.ac.jp 

 

 
Figure 1 Understanding “We-mode” with 

Co-embodiment and its application in skill transfer
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【Purpose and Background of the Research】 
The performance of the fastest supercomputer will reach 

Exa-FLOPS (1018 FLoating point Operations Per Second) 
in 2021. Towards the end of Moore's law, we need to 
develop not only new hardware, but also new algorithms 
and applications. In this study, we propose an innovative 
method for computational science for sustainable 
promotion of scientific discovery by supercomputers in the 
Exascale Era by combining (Simulation + Data + Learning 
(S+D+L)), where ideas of data science and machine 
learning are introduced to computational science. 
 

【Research Methods】 
The BDEC system (Big Data & Extreme Computing), 

which is scheduled to be introduced to the Information 
Technology Center, the Tokyo University in 2021, is a 
Hierarchical, Hybrid, Heterogeneous (h3) system, which 
consists of computing nodes for computational science and 
those for data science/machine learning. In this study, we 
consider the BDEC as the platform for integration of 
(S+D+L), develop an innovative software platform 
“h3-Open-BDEC” for integration of (S+D+L), and 
evaluate the effects of integration of (S+D+L) on the 
BDEC. The h3-Open-BDEC (Figure 1) is designed for 
extracting the maximum performance of the 
supercomputers with minimum energy consumption 
focusing on (1) innovative method for numerical analysis 
with high-performance/high-reliability/power-saving based 
on the new principle of computing by adaptive precision, 
accuracy verification and automatic tuning, and (2) 
Hierarchical Data Driven Approach (hDDA) based on 
machine learning. 

 
 
 
 
 
 
 
 
 
 

 
Figure 1 Overview of h3-Open-BDEC 

 
In Data Driven Approach (DDA), technique of machine 

learning is introduced for predicting the results of 
simulations with different parameters. DDA generally 
requires a lot of simulations for generation of teaching data. 

We propose the hDDA, where simplified models for 
generating teaching data are constructed automatically by 
machine learning with Feature Detection, MOR, UQ, 
Sparse Modeling and AMR (Figure 2) 
 
 
 
 
 
 
 

Figure 2 Generation of Simplified Model by  
Hierarchical DDA (hDDA) 

 
【Expected Research Achievements and 

Scientific Significance】 
The h3-Open-BDEC is the first innovative software 

platform to realize integration of (S+D+L) on 
supercomputers in the Exascale Era, where computational 
scientists can achieve such integration without supports by 
other experts. Source codes and documents are open to 
public for various kinds of computational environments. 
This integration by h3-Open-BDEC enables significant 
reduction of computations and power consumptions, 
compared to those by conventional simulations.  
 

【Publications Relevant to the Project】 
K. Nakajima, T. Furumura, T. Iwashita, T. Katagiri et al., 

ppOpen-HPC: Open Source Infrastructure for 
Development and Execution of Large-Scale Scientific 
Applications on Post-Peta-Scale Supercomputers with 
Automatic Tuning (AT), Mathematics for Industry 13, 
15-35, Springer, 2015 

K. Fujita, T. Ichimura, K. Nakajima et al., Wave 
propagation simulation of complex multi-material 
problems with fast low-order unstructured 
finite-element meshing and analysis, ACM Proceedings 
of HPC Asia 2018, 2018 (Best Paper Award) 

 
【Term of Project】FY2019-2023 
 
【Budget Allocation】152,700 Thousand Yen 
 
【Homepage Address and Other Contact  

 Information】 
 http://nkl.cc.u-tokyo.ac.jp/h3-Open-BDEC 
 https://github.com/Post-Peta-Crest/ppOpenHPC 
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【Purpose and Background of the Research】 
e-Testing, a computer based testing that enables to 

measure abilities of examinees who take different test 
forms on the same scale, has been used in various testing 
organizations, such as the information-technology 
promotion agency (IPA) and the common achievement 
tests organization (CATE). e-Testing requires uniform test 
forms for which each form comprises a different set of 
items but which still have equivalent accuracy. Our group 
has developed a uniform test assembly method that 
maximizes the number of generated test forms with the 
best measurement accuracy. The proposed method has 
been used in various testing organizations such as IPA and 
CATE. However, we found a critical problem that the 
measurement accuracy deteriorates over time because IRT 
item parameters with high exposure frequency tend to be 
changed dynamically. To resolve this problem, this study 
develops a platform that ensures sustainable high 
reliability for e-testing which includes performance test 
such as essay test, practical skill test, and so on. This 
study also operates the platform on some actual large 
scale tests to show the effectiveness.   
 

【Research Methods】 
Our platform consists of the following four subsystems.  

1. Uniform test assembly system that increases the 
number of assembled equivalent test forms drastically. 

2. Item bank management system that predicts the 
number of deteriorated items and generates uniform 
test forms efficiently from the item bank after new 
items are appended.  

3. Uniform adaptive testing system with item exposure 
control using the uniform test assembly system 

4. Performance testing system that ensures equivalent 
and reliable measurement using the item response 
theory and automated essay scoring methods.  

Furthermore, we will operate the developed platform on 
several actual tests, such as the common achievement 
tests for medical and dental students, writing tests in the 
National Center for University Entrance Examinations, 
and OSCE in the Tokyo Medical and Dental University, to 
evaluate the effectiveness and to develop the guidelines.  
 

【Expected Research Achievements and 
Scientific Significance】 
Ensuring sustainable reliability is a new important 

problem that we found through our long experience. 
Therefore, our research will contribute to technical 

innovation and widespread use of e-Testing in actual 
society. Furthermore, our proposed methods are new 
technologies that integrate various research fields, such 
as artificial intelligence, computer science, mathematics, 
and statistics.  

ISO standard obliges to evaluate test forms equivalence 
and the measurement accuracies although the details of 
the evaluation results have not been reported from the 
test organizations in the world. However, in Japan, 
several testing organizations, such as CATE, has reported 
these indices. Furthermore, almost all test organizations 
in Japan consider to introduce this CATE e-testing 
operation.  
 In the future, we expect that such the Japanese style 
e-testing will be a world standard. In this study, we will 
develop a high quality e-Testing system for making a 
good chance to create a new testing market from Japan.  
 

【Publications Relevant to the Project】 
Maomi Ueno, Yoshimitsu Miyazawa (2018) IRT-Based 
Adaptive Hints to Scaffold Learning in Programming, 
IEEE Transactions on Learning Technologies, IEEE 
computer Society, Vol.11, Issue 4, 415-428 
Masaki Uto, Duc-Thien Nguyen, Maomi Ueno (in press) 
Group optimization to maximize peer assessment 
accuracy using item response theory and integer 
programming, IEEE Transactions on Learning 
Technologies, IEEE Computer Society. 
 

【Term of Project】FY2019-2023 
 

【Budget Allocation】123,900 Thousand Yen 
 

【Homepage Address and Other Contact  
 Information】 
 http://www.ai.lab.uec.ac.jp 
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【Purpose and Background of the Research】 
Soft error originating from cosmic ray is a serious 

concern for reliability demanding applications of integrated 
systems. According to device miniaturization, muon could 
become a major source of soft error, and the error rate may 
drastically elevate. This research aims to investigate 
whether muon would be the dominant error source in the 
future. For accurate prediction, this research will obtain 
fundamental physics data of muon-Si nuclear reaction and 
measure the error rate of state-of-the-art SRAM. With these, 
we will establish a simulation platform that reproduces 
physical phenomena and contributes to Society 5.0. 
 

【Research Methods】 
This research will establish a word-first simulation 

platform that accurately understands and evaluates 
muon-induced soft error and predicts the error rate of 
future devices. With fundamental physics data, which will 
be acquired by this research, and verification of 
hardware-simulation correlation, we will improve the 
accuracy and reliability of simulation technology.  

 
Figure 1 Organization of this research project 
 

Figure 1 shows the organization of this research. 
Researchers who cover nuclear physics to system work 
together for this project. For establishing a reliable 
simulation platform that can be applied to future prediction, 
we will experimentally obtain muon-Si nuclear reaction 
data (Task 1: Niikura, Watanabe, Sato) and provide it to 
simulator developers. We will perform soft error 
measurement experiments with state-of-the-art SRAM, 
investigate physical phenomena contributing to soft error, 
and characterize its soft error rate (Task2: Hashimoto, Sato, 
Niikura). We will develop a multi-physics simulator that 
includes nuclear physics, radiation physics and device 

physics (Task 3: Abe, Kamakura, Niikura). The physics 
data obtained by Task 1 will be exploited in simulator 
development, and the hardware-simulation correlation will 
be verified with the soft error data measured by Task 2. 
Finally, we will predict soft error rate of future devices 
using the developed simulation platform and investigate 
the impact of muon-induced soft error on future 
information technology (Task 4: Hashimoto, Watanabe, 
Abe, Kamakura).   
 

【Expected Research Achievements and 
Scientific Significance】 
We will be able to correctly understand the physics of 

muon-induced soft error and reveal how serious 
muon-induced soft error would be and how urgent its 
countermeasure development is. This project develops an 
error evaluation platform, and distributes it to academia 
and industry so that countermeasures to muon-induced 
soft error can be developed. 

Overall, this project prevents unexpected reliability 
degradation due to muon-induced soft error, and 
eliminates reliability degradation sources that prevent 
Society 5.0 from being actualized.  
 

【Publications Relevant to the Project】 
・W. Liao, M. Hashimoto, S. Manabe, Y. Watanabe, K. 

Nakano, H. Sato, T. Kin, K. Hamada, M. Tampo, and 
Y. Miyake, "Measurement and Mechanism 
Investigation of Negative and Positive Muon-Induced 
Upsets in 65-nm Bulk SRAMs," IEEE Transactions on 
Nuclear Science, 65(8), pp. 1734-1741, August 2018. 

・S. Manabe, Y. Watanabe, W. Liao, M. Hashimoto, K. 
Nakano, H. Sato, T. Kin, S. Abe, K. Hamada, M. 
Tampo, and Y. Miyake, "Negative and Positive 
Muon-Induced Single Event Upsets in 65-nm UTBB 
SOI SRAMs," IEEE Transactions on Nuclear Science, 
65(8), pp. 1742-1749, August 2018. 

 
【Term of Project】FY2019-2023 

 
【Budget Allocation】156,300 Thousand Yen 

 
【Homepage Address and Other Contact  

Information】 
http://www-ise1.ist.osaka-u.ac.jp/ 
hasimoto@ist.osaka-u.ac.jp 
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【Purpose and Background of the Research】 
In recent years, various research and development aiming 

at the realization of the “super smart society” utilizing IoT, 
wireless communication, AI and big data have been 
advanced. In order to realize such super smart society, it is 
important to spread battery-less, maintenance-free IoT 
devices (hereafter referred to “zero-energy IoT devices”). 
Generally, IoT devices consume power for sensing, 
processing and communication where the power 
consumption for communication is very high (sensing is on 
the order of tens of μW, while wireless communication is 
on the order of mW to hundreds of mW). The key 
technology for the Internet connection of IoT devices is the 
spread of ultra-low power communication mechanisms. 

In recent years, Wi-Fi based backscatter communication 
technology (power consumption of about 10 μW) that can 
transmit and receive at a distance of several tens of meters 
at several Mbps and RFID communication technology that 
can transmit and receive data from a distance of several 
meters have been developed. In addition, IoT devices using 
only the power obtained by environmental power 
generation and their sensing technology have been devised. 
However, many of those existing sensing devices and 
technology remain in the development of relatively simple 
context recognition technology such as the presence or 
movement of humans at the target point. 

In this research, by utilizing knowledge of cross layers of 
the application layer and physical layer in zero-energy IoT 
device networks, and building machine learning 
mechanisms using many zero-energy IoT devices, we aim 
to create advanced context recognition technology. 
 

【Research Methods】 
In this research, first, by combining (i)zero-energy IoT 

devices, (ii)backscatter/RFID communication devices, and 
(iii)electronic circuits made by 3D printers, we will create 
zero-energy IoT devices for context recognition of humans 
and objects. In addition, we will build zero-energy IoT 
device networks combining these devices in mesh forms 
and create more advanced context recognition technology 
such as trajectory estimation and behavior recognition of 
humans and objects. 

Then, using such zero-energy IoT devices applicable to 
context recognition of humans and objects, we create new 
context recognition technology for (i)watching over the 
elderly at the nursing facilities, (ii)understanding the 
activities of athletes, (iii)trajectory estimation of human 
and objects, (iv)construction of sociograms for grasping 
human relations of children, (v)understanding of wind 

power and ground movement, and (vi)air conditioning 
management in commercial facilities (Fig.1). 

 

 
Fig.1 Context recognition using zero-energy IoT devices 
 

【Expected Research Achievements and Scientific  
Significance】 
By developing various context recognition systems using 

zero-energy IoT device networks as described above, and 
evaluating and examining their effectiveness, we expect to 
contribute the design and development of context 
recognition technology of humans and objects for the 
realization of the “super smart society” promoted by the 
government. We think we also contribute to the spread of 
various context recognition systems by realizing the 
design development environment of such context 
recognition systems. 
 

【Publications Relevant to the Project】 
[1] T. Higashino, A. Uchiyama, S. Saruwatari, H. 

Yamaguchi and T. Watanabe: “Context Recognition 
of Humans and Objects by Distributed Zero-Energy 
IoT Devices”, Proc. of 39th IEEE Int. Conf. on 
Distributed Computing Systems (ICDCS 2019), 
pp.1787-1796, 2019. 

[2] Y. Fukushima, D. Miura, T. Hamatani, H. 
Yamaguchi and T. Higashino: “MicroDeep: 
In-network Deep Learning by Micro-sensor 
Coordination for Pervasive Computing”, Proc. of 
4th IEEE Int. Conf. on Smart Computing 
(SMARTCOMP 2018), pp.163-170, 2018. 

 
【Term of Project】FY2019-2023 

 
【Budget Allocation】154,000 Thousand Yen 

 
【Homepage Address and Other Contact  

Information】 
http://www-higashi.ist.osaka-u.ac.jp/kibanS-2019 
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