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[Performance Modeling and On-Chip Memory Structures for Minimum Energy
Operation in Voltage-Scaled LSI Circuits
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ER29FE 11 B 24 HIRS

TEHREBNOBZR LR 2T RIS, BT AV F—7 LSI (Large Scale Integration) DFEIATKD
6hfwéoﬁmm;bﬁw JREEE (B 2. 1£400 mV) TLSIZEfE & &5 2 & TRIFICTHE = A )L F—
ZHIR T & 5 A%, HARTEE SEIS L8N THA (RN 5 LST o:hg %Oéﬁﬁﬁﬂbfﬁmi
DAMETF T 5, FREVEHAEL RV SATANVF—8E2 EH T 570012, KEERBEOM:RE
DEDETFTINLETH 5o AL Tl iTuTwzﬁéambﬁA\ﬁ B M oM %Tw%
BB X OREETHEAN B F I ) LA 72,

P, WEEEIMET S LSIDDORBIEIESDEXETIV: b TV IV AY OFGERFFEIES D X1
0. T — N OEWGREAEICIE S D o @Y — MHAKORBIEIZ S DX 52 O 2R 5 t
SUM@MAX£®hJ@ﬁ%ﬁDﬂT ECHIBAEERD 7 ) F 4 VIR ZBIEDIE SO X504 & R
LDHIENTEDL, AT, BT — b OEEIX SO X AWAKTEE $HIS T BUE B 6 1268 ) F92
WD & WEOEH \%ﬁwﬁnT{mﬁ%*ﬁﬁpE< ERT 2B EIRE LA (M1 “Analytical
Model") o REETINVIZHEDE, 70ty H DL TITA4 VEES, KiETHRRDF v F v T AEY

DA LN Z B, MESE T (BEREIH L CEREERE Z /-3 HEEOHE) 2505
(TR o] BE A 8 % B & 2 L7z,

P 2. WIREIEEEICHE L2 v F v T AR iR — i 7 LSTICH AR T T b SRAM (Static
Random Access Memory) &, 7507 HZTZEEL2 X ) R TH 5720, WAKTEE IR THRE)
TETAMEZIZ TWbh, SRAM O3 L LT SCM (Standard-Cell Memory) OffZex471o720 A%

YEF—=FEIViE, K2 (a) L) ICESIPBEBILENIRmETS—FTHY . T4 /57)1/%?“@&%0)?&21(
HREZETH L, SCMIZAY v ¥ — FELOATET SN 720, BIKET %I WREFEDS
TREF SN — HEBEBREIZZ LV, ELOESEZWREZRIELS L2 SCM BEHA Y /57 — N Vi
(2 (b)) ZIEL. B SCM L0 20% ORI HEEZFEH L72o SCM ##Rk L7y 4%
P 65-nm 7ot A THIEL, 300 mV OBIFETE CLEBET A L 2FIF L7,

W AR ClE, WMSEIERED S MHz £ TIR T $ 5720 HEDRRENTH 5, EAMAHEIC
L CLSIOBFRELE (VDD) ZEWICT—A T 52 LT, BlEEEE AN T —8{EL WL T
&%, Eit 2@ EE AT L CLSI® VDD B X BB (VBB) OBRYHIEIENT O BIFSICHL Y LA 72,
VBB HI#IC X D EEDOHM T Ot ZADMETH A2 RNERICE 2 T 2V F—HE %23 EAICHIIR T X
bo [H2ONEREMEHRED D & HBEZANVF—%i/MELT 5 VDD & VBB] # MEP (Minimum
Energy Point) & AKX TERT . fHEAMNRT v THER &, B4 BB 20 LT LSI 2512
MEP TEIVET 5 723 OB I HH A LA 35 %
RESE L 726
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[ Entity-Centric Discourse Analysis and Its Applications]
(Z>F 1T 10 \EBUEREBRE ZDICA)
ER29F 11 B 24 BRE

Discourse analysis is e

proposed to address various onee ] O TTTTE Once

. - N s ugon,
problems relating to building , A o 5| 2
meaning from a piece of text. there J T -
[t aims to extract the l | Reconstructsentences  Once upon a time there was a
information carried by a sing Entities princess who lived in a high
piece of text and present the s | - — -l tower and she was not
information in a computer- Cprincesse; | tower e3 [mother e3 allowed to leave because of

her mean mother. ...

understandable way. We
propose a bottom-up analysis
scheme of discourse ———> Back Propagation
understanding based on Generation

structuralism. The basic idea
is to draw meaning from
discourse by identifying the
components of discourse and the relationships between these components.

Discourse corresponds to scenarios in real world. Every discourse unfolds around one or several
entities and describes the state of each entity and the relations between them. Thus discourse
analysis equals understanding the states of entities and their relationships.

This thesis discusses the problems emerging in conducting bottom-up discourse analysis, including
identifying components of discourse, analyzing relations between entities and building meaning
representations using entities. To identify the elements in discourse, we firstly need to collect all the
entities, both explicit and implicit ones. Recovering implicit elements from discourse is referred to as
“empty category” detection. We use a neural network to encode tree-based features into a dense
vector and predict and recover empty categories based on the vector. After collecting all the entities,
we develop an entity-based meaning representation model. The proposed model encodes information
into entity-centric representations. In contrast to most neural network models which rely on an
encoder to represent text as vectors, and conduct reasoning or calculation (question answering/
translation) using the vector representations, here we focus on using entities to represent meanings
of text. With all the entities collected in text, we use a recurrent entity encoder to regenerate the
text. The loss is used to update the states of entities so as to encode information contained in text
into entities.

These entities and their states are then passed to downstream tasks. For example, In machine
translation, the mapping of entities across languages are less volatile, say, mappings like “I- A",
“apple- #4&” always hold no matter how the context changes. External resources like dictionaries can
be used to assist the mapping of entities across languages. Other information like the relationships
between entities are subject to change. We use an additional relation vector to represent the volatile
information. Translation is conducted from two different aspects, entity translation and relation
translation. The proposed meaning representation method can also be used in other tasks like
question answering as discussed in the thesis.

Our proposed entity-centric representations aim to map discourse to real world scenarios. It helps
build strong and robust representations for “general-purpose”. Besides, since most knowledge bases
are constructed as entity-centric, these external knowledge can be easily encoded into the proposed
scheme. In the future, we will focus on improving entity-centric representations using external
knowledge and the interpretability of neural models toward better discourse analysis.

Figure 1 Recurrent Entity Encoder
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[Study on spin-charge conversion and spin transport in two-dimensional systems]
(ZRTEFRICBTZAECERMERS SV AEEXICOVWTOHMR)
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[ Exploiting Multilingualism and Transfer Learning for Low Resource Machine Translation]
(EUY —ZXBEBBIERICH T35S EBE M EHBBFEDER)

Tk 303 A 26 HEE

Machine Translation (MT) is an application of Natural Language Processing (NLP) that focuses
on the automatic translation between languages. Even if a language pair is resource rich, the amount
of data, known as parallel corpora, for a specific domain is rather limited. One solution is to develop
techniques that can leverage the data for several different language pairs or domains to improve the
translation quality for a given language pair or domain by transfer learning. Another solution is to
develop techniques to obtain better translation system using no additional data and instead rely on
multilingualism as a form of redundancy.

While most research works claim that multilingualism is important, they do not explore more than
two or three languages at a time. Although, it is important to design and develop techniques that
improve upon existing models, it has been observed that black-box approaches that rely on simple
pre and post processing tend to work as well as other sophisticated techniques. In this thesis, we
focus on leveraging the power of multiple source and pivot languages, multiple domains, monolingual
corpora and linguistic redundancy in Neural Machine Translation (NMT) and Phrase Based
Statistical Machine Translation (PBSMT) settings to improve the translation quality in a resource
poor scenario.

We begin the thesis with a history of MT followed by a literature survey of PBSMT and NMT. We
then perform a case study of Japanese-Hindi translation and show how using multiple intermediate
languages in a N-lingual corpus setting can help improve the quality of translation. We then address
the problem of noise in the pivot language setting by statistical significance pruning followed by an
efficient post processing technique that relies on features obtained using a deep neural network.

We proceed to first develop simple but effective transfer learning techniques to develop a single
translation model for multiple domains for a particular language pair. We then attempt to leverage a
resource rich language pair to improve the translation quality of a resource poor language pair. We
exhaustively experiment with over 6 resource rich languages and 7 resource poor languages in a
number of settings which include monolingual corpora and quantitatively show how using related
languages is important. We then show that multi-source MT, a special case of multimodal NLP, can
be done by simply concatenating the multiple sentences instead of modifying the NMT architecture.
We also show how the multi-source model can be used for transfer learning.

Because NMT architectures are still evolving, our approaches will act as a guideline for studying
the relationships between languages as well as promote the development of multilingual resources.
Following a listing of the conclusions of our work, the final chapter gives an overview of the future
work taking this point into consideration.

Multilingual
corpus

/// \
> "
i /// \ =
_— | — N
Multipivot Pivoting, Pruning, Fast Domain Transfer Learning Black Boxing
Approaches for for NN Reranking for R anaban with focus on Multi-Source NMT
Low Resource Dictionary " rgaches Language and exploiting for
SMT Extraction PP Relatedness Transfer Learning
Towards robust frameworks for Towards exploiting most relevant ;%ﬁﬁ;%irce NLP
statistical machine translation by data for high quality neural machine applications and
effectively using all available data translation blackbox reusability

Figure 1: An overview of this thesis with its implications on the future of MT research
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[ Coexistence of Wireless Communication and Non-communication Systems |
(BIRBERVIFRIEY AT LOHTF)
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[Field Measurement and Analysis of Next-Generation Optical Access Network with
Optical Amplifiers]

7> TEERALUEERERET VXX FT—=0D7 1« —IVNEIE. RO
T 30FE3I A 26 HIES

BEEROET 72 A%y v 7 —2 A THs EPON (Ethernet passive optical network) (x 1Gb/s
DIEREREZETHDOD, FEEDZAME M v 7 OBANI WAL 5 72D 2 H 7 B IR LA BT
b, +ZTEPON ® 10 5 DI5%ME % 49 5 10G-EPON (10Gb/s-EPON) DR HEAAKEH ST
WABD, FOEAZIKELRIAINPLEIIR D, F I TRMBLTIE, 10G-EPONIZHT » 72 EH L
72500 - RIEALY AT A2 W THE 21T o 720 S0 ALIE BRI 7 7 4 Nz iR, Rk
WERBEZHRT AL EICIYDIZAMEEEZRALZ ENRNTESL (K1), AL TIXZ 50 - EIE{L
10G-EPON ® 7 4 — )V FEE#179 & &L THAMLOMEZ M L, MEFERICO W TR+ 2 &
FFRE L7z AFETHEONTELMAIEILUTO4ETH S,

1. ELZ00 - BELT 27 VL — b 10G-EPON ¥ 2 7 A2 X Ak FEBRE 1T, dimE I
% QoS (Quality of service) #A L7z AT ADPMKEWFETHLI L 2R LTz BT ¥ TOHFN
BER, BRI (L0 bEs) - 22—l (Fh2ES) ThEIIBT AiEEMREIZ DO W TR
AEL7z0 BICNIUE 70T 27 33 VICL o TH—EAM B NNERRARRNOY ) Bz T& L2 &
2R L. BEEESERINEET R R - BN, VY — ¥ RANFIZH AL 5L - BIELY 25 24
PWHEHTRETH 5 HE DY TR L7,

2. 7 v TN L7254 0 10G-EPON OIS EEAT Tk 2 I8 B L7 AN FTIX, 7 v 7
PO RTZBRME L —FHOI I A /85 A—% L L, % 0REFEEZ 2 RocIc~ vy €V 7 L
THHALT % T/, LN TFEIFEIRFRE BRIFIC—% 352 %2R L7

3T ARy FT—=ZIH LTOET v T ER#EA LA BT THFICH LTAEL A GEA
HOMEE, ZOMEOFEIIZAER % AC-OA (Autonomous-Configurable Optical Amplifier) % &
K720 AC-OAZ. WEL/UES MR AT A2 EMIEL L. X7 ¥ T~ONE5 % RdEfElc$
512D ENIRES. LR EMEZHET 23y va—5, ROREZGIREMZ G T 5 805!
P ROBRIBT = X—=2A05hb, £72AC-OA DBANIHEIEEZ I 2 —Ya vitks
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[Camera Calibration Based on Mirror Reflections]
(EERFEEFALEAASEFYUTL—232)
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[Mid-Wavelength Infrared Thermal Emitters using GaN/AlGaN Quantum Wells and Photonic Crystals]
(GaN/AlGaN EFHF E T + b2 v 7#HERICE S FERFIABEH LIREDORHR)
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[Polarization behavior of high-Tc superconducting terahertz emitters|
(GRBEEAT INIVYXEORELFHEICE T 21H%R)

Tk 309 A 25 HEE

The terahertz (THz) frequency range (100 GHz—30 THz) of the electromagnetic (EM) spectrum
has attracted a considerable amount of interest in the recent decades because of the numerous
vibrational and rotational molecular absorption lines it contains which are used as marking regions in
spectroscopy applications. Since intense terahertz radiation was achieved from a stack of intrinsic
Josephson junctions (IJJs) made from BisSr2CaCu20s+s (Bi-2212), many studies have been
performed to enhance its performance. Where the state-of-the-art Bi-2212 based THz devices are
having the features of being coherent, tunable, intense (=130 x W), and compact (< 100 gm? with
an operating temperature in the cryogenic range (= 77 K).

This thesis aims to conduct an experimental investigation of the polarization behavior of Bi-2212
based terahertz sources and to attempt to achieve polarization control over the emitted radiation.
Furthermore, to explore the electrical, and spectral characteristics of the target geometries, and
discuss it with regard to the measured polarization and electromagnetic simulation. Three types of
mesa geometries were investigated; a truncated-edge square mesa (Fig. 1(a)), a cylindrical mesa
with notched sides (Fig. 1 (b)), and a long rectangular mesa. The design method and
electromagnetic simulation were discussed for both first and second mesa geometries. All mesa
geometries were fabricated and characterized in terms of their temperature dependent c-axis
resistance, current-voltage curves, and detected THz emission. Simplified polarization
characterization method was used to study the polarization of first and second mesa geometries
resulting in a circularly polarized THz radiation with a low tunable axial ratio (AR) for both mesa
types, where ARmin = 0.2 dB (truncated-edge square mesa) (Fig. 1(c) left), and ARmin = 08 dB
(cylindrical notched mesa) (Fig.l (c) right) tunable in frequency ranges of (0.435—0.457 THz) and
(0450—-0525 THz) respectively. A more comprehensive approach utilizing Stokes polarization
parameters is used to study the rectangular mesa geometry, to unravel the effect of thermal
unbalance (hotspots) influence on the emission and polarization. Contrary to the common belief, the
emission of this geometry under the mentioned condition was found to be partially polarized with
varying dominant polarization components (linear and circular). Possible applications for polarized
terahertz sources introduced in this thesis may include circular dichroism spectroscopy, high-speed
telecommunication, and polarized biomedical imaging.
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Fig. 1 Microscope image of (a) truncated edge square mesa, (b) cylindrical notched mesa. (c)
Polarization properties of (left) truncated-edge square mesa in terms of axial ratio vs. applied bias
current, (right) cylindrical notched mesa in terms of axial ratio vs. applied bias voltage.
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