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Platinum (Pt) and Pt nanoparticles are of great interest due to their high catalytic activity in a number
of chemical and electrochemical reactions. In recent years, aprotic ionic liquids have gained much attention as
an attractive alternative media for electrodeposition of various metals and metal nanoparticles owing to their
several excellent physicochemical and electrochemical properties. Bis(acetylacetonato)platinum(ll)
(Pt(acac)2) is a well known precursor for preparation of Pt nanoparticle. However, electrochemical reduction
of Pt(acac), has not been studied in depth in ionic liquids yet. In the present study, preparation of Pt
nanoparticles by electrochemical reduction of Pt(acac)> has been attempted in aprotic
bis(trifluoromethylsulfonyl)amide (TFSA-)-based ionic liquids composed of trimethylhexylammonium
(TMHA"), and pyrrolidinium cations with different alkyl chain length, 1-butyl-1-methylpyrrolidinium
(BMP™), 1-hexyl-1methylpyrrolidinium (HMP*) and 1-decyl-1-methylpyrrolidinium (DMP*). The aim of the
present study is to understand the formation mechanism of Pt nanoparticles from Pt(acac). and have an insight
on controlling the size of the nanoparticles.

Chapter 1 presents a brief description about the metal nanoparticles, ionic liquids and possibility of
preparation of metal nanoparticles in ionic liquids.

Chapter 2 describes the general experimental techniques used in the present study.

In chapter 3, electrochemical reduction of Pt(acac), has been investigated in TFSA™-based ionic
liquids using various electrochemical techniques. Pt(acac), was found to exist as a square planer complex in
each ionic liquid. Pt(acac), was suggested to be reduced to metallic Pt via a two-electron transfer process at a
glassy carbon (GC) electrode. Deposition of Pt on a stationary GC electrode was possible by electrochemical
reduction of Pt(acac), in TMHATFSA and BMPTFSA. In addition, Pt nanoparticles were obtained after
cathodic reduction of Pt(acac),, probably due to the hindrance of the surface process related to
electrodeposition by the accumulation of cations of the ionic liquid on the electrode surface.

Chapter 4 is concerned with the investigation of the effect of electrochemical parameters on
controlling the size of the Pt nanoparticles prepared by electrochemical reduction of Pt(acac), in BMPTFSA,
HMPTFSA and DMPTFSA. The average size of Pt nanoparticles prepared by using a glassy carbon rotating
disk electrode was found to be independent of the electrode potential, rotation rate or current density. The
average size of Pt nanoparticles increased slightly with increasing the alkyl chain length of cations of the ionic
liquid, probably related to the stabilization of the Pt nuclei by the ions of the ionic liquids.

Chapter 5 summarizes the present work and describes the perspectives on the control of the size of

the metal nanoparticles by careful choice of electrochemical parameters and the ionic liquids.
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DNA sequencing has enabled the determination of genome sequences of a plenty of organisms. From
Sanger of the first-generation sequencing, through second-generation sequencing, DNA sequencing has
come a long way foraging more recently into third-generation, single molecule sequencing. Although,
second-generation sequencing helped resolve the genomes of a numerous organisms, the assembled
genomes were mostly fragmented with long unresolved bases termed as gaps. A major caveat of the
second-generation sequencers is the short read length, which is incapable of resolving repetitive genomic
sequences, leading to fragmented genome assemblies. In general, if a repeat sequence is longer than
that of the sequenced read, it would be impossible to assemble the genomic region enclosing such
repetitive regions. The biggest advantage offered by third-generation sequencing is the exponential
increase in average read lengths, which are generally longer than most genomic repeats. With the third-
generation sequencing on the rise, the development of a number of long-read based de novo assembly
tools also came into the scene.

In this dissertation, several computational methods and pipelines for genome assembly of third-
generation sequencing data were developed, along with the annotation of genomic features such as
genes and repeats, and the evaluation of the quality of assembled genomes using third-generation
sequencing. In the first study, the design and development of computational pipelines using third-
generation sequencing data was applied to assemble the genome of Ipomoea nil, a popular flowering
plant from Japan, producing various mutational patterns. Several parameters were needed to be adjusted
to obtain the desirable assembly. Hence in the second study, the focus was on tuning parameters in the
pipeline and applying the same to the genome assembly of a variety of organisms, and in the process
evaluating all the available long-read assemblers. As no such evaluation study was attempted using third-
generation sequencing reads, the study was designed in such a way to guide researchers on which
assembler to choose for their respective assembly projects.

Chapter 1 introduces the concepts of sequencing and de novo assembly.

Chapter 2 discusses the pipeline constructed in this thesis for long-read assemblers.

Chapter 3 reports the assembly of a pseudo-chromosomal level draft genome of I. nil. The draft genome
has a scaffold N50 of 2.8 Mb, and a contig N50 of 1.8 Mb, and hence the quality of the assembly is
comparable to those achieved using Sanger sequencing reads. The draft genome has enabled the
identification and the cataloguing of the Tpnl family transposons, known as the major mutagen of I. nil,
and analysing the dwarf gene, CONTRACTED, located on the genetic map published in 1956.
Comparative genomics analysis has suggested that a whole genome duplication in I. nil's Convolvulaceae
family, distinct from the most recent Solanaceae event, has occurred after the divergence of the two sister
families.

Chapter 4 reports the evaluation of ten long-read assemblers using a variety of metrics on PacBio
datasets from different taxonomic categories, with considerable differences in genome sizes. The
evaluation also serves as a guide on efficiently tuning parameters for a genome assembly. The results
helped narrow down the list to a few assemblers that can be effectively applied to eukaryotic assembly
projects. Moreover, it is demonstrated how best to use limited genomic resources for evaluating the
genome assemblies of non-model organisms.

Chapter 5 presents an overall summary of the thesis. Also, future research projects stemming from this
research are discussed.
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Thesis Title
Thermodynamic Properties of a Strongly Interacting Ultracold Fermi Gas and Application to
Neutron Star Equation of State

In this thesis, | theoretically investigate thermodynamic properties of an ultracold Fermi gas.
Including pairing fluctuations within the framework of the theory developed by Noziéres and
Schmitt-Rink (NSR), I examine strong-coupling corrections to the internal energy, as well as the
specific heat at constant volume Cv, over the entire BCS (Bardeen-Cooper-Schrieffer)-BEC
(Bose-Einstein condensation) crossover region. Using the similarity between a superfluid Fermi
gas in the unitary regime and the crust regime of a neutron star interior, | also show an application
of the former atomic system as a quantum simulator for the study of the latter.

In the normal state of an ultracold Fermi gas, Cv is found to be sensitive to pairing fluctuations.
From the detailed temperature dependence of Cy, | identify the region where pairing fluctuations
dominate over the system, as well as the region where most atoms form bound molecules, in the
phase diagram with respect to the strength of a pairing interaction and the temperature.

Although properties of the crust regime of a neutron star is expected to be similar to a superfluid
Fermi gas in the unitary regime far below T¢, one cannot immediately use results obtained in the
latter for the study of the former, because the magnitude of the effective range res is very different
between the two. That is, while resr is negligibly small in ultracold Fermi gases, one cannot ignore
rest =2.7 fm in the neutron star case. In this thesis, | theoretically make up for this difference, to
examine the neutron star equation of state (EOS). For this purpose, | first show that the NSR
internal energy agrees well with the recent experiment on a superfluid 6Li Fermi gas far below Te.
I then extend this theory, to include the non-vanishing effective range ress =2.7 fm. The calculated
EOS by this extended NSR scheme is found to well reproduce previous results in the low-density
regime, obtained in nuclear physics. This agreement indicates the validity of a superfluid Fermi
gas as a quantum simulator for the study of the low-density crust regime of a neutron star interior.
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Thesis Abstract

Registration o .
“KOU” No.4799 Name Heidari, Mehdi
Number

Thesis Title
Material Removal Mechanism and Surface Integrity in Ultraprecision Cutting of Porous
Materials

Porous materials have received great interest not only in medical science but also in a variety of industrial
applications due to the special properties of porous materials, such as high surface area, reduced volumetric density, and
increased permeability. These materials are generally manufactured by powder metallurgy or chemical etching, however,
to achieve the high performance of porous materials, precision processing of complex three-dimensional shapes is a
necessary. During the machining of porous parts, surface integrity, mechanical properties, and porosity are significantly
changed by the cutting process, which may influence their applications. Nevertheless, the researches carried out on the
mechanical machining of porous materials are few especially in nanometer scale, thus, the machining mechanism has not
been revealed. In this research, ultraprecision cutting in micrometer and nanometer scales for three types of porous
materials, porous carbon, porous single crystal silicon, and porous titanium is performed with single crystal diamond
tools. Microscopic material removal mechanism is investigated and machining conditions to improve surface integrity is
discussed.

Chapter 1 provides the introduction and overview of the issues regarding research. The research significance and
also the research objectives were included in this chapter.

Chapter 2 provides an introduction to ultraprecision cutting technology and an overview of the mechanism of
cutting of hard brittle materials like ceramic and ductile materials like metallic materials, as well as past research works
on the machining of porous materials.

Chapter 3 presents the results of the investigation on the fundamental mechanism of surface formation in the
ultraprecision diamond turning of porous carbon. Influence on surface roughness by observed deformation, fracture, and
rotation of carbon grains on a tool tip is revealed.

Chapter 4 contains the discussion of the fundamental mechanisms of material removal in the ultraprecision
diamond turning of porous silicon. Influence of anisotropy and cutting stress field near the edge of a pore is investigated
and cutting condition to accomplish flatness in nanometer scale is presented.

Chapter 5 presents the discussion of the fundamental mechanisms of material removal and surface integrity in
ultraprecision cutting of porous titanium in comparison with pure titanium which has no pore. The transition of cutting
chip shape, shear angle and machined surface hardness caused by the presence of pores are identified and evaluated.

Chapter 6 presents the general modeling for machining of the porous materials based on their material and
mechanical characteristics which provides a guideline to decide cutting parameters.

Chapter 7 consists of the overall conclusion of the research. The future of this research area is also included.

-17-




WMABRENEST

W E 54799 K4 ~BY, ATF

AR AN T BERBRTFEER it (%) [ AChE

Al BERBRTFEER (%) KeE  IER

BE ESEH R A% (%) |

BEERA R MERR o (T5) fi gL

4 (L27), &+ (IL%%) HEIDARI, Mehdi (™~ Z U, 2 75 ¢ ) BHEH O ALK 301X [Material
Removal Mechanism and Surface Integrity in Ultraprecision Cutting of Porous Materials | (£ fLEZ £ DR
FEECIHNC I 1T DA EIER LM & R sair) L, 7 ELOHER I TV,

ZIEMEHIRmER RS, REEEEB I OERENEE W ol RAERWEE L & o7, BT
TR R TESBFICBWTER SN TETWA. ZILUEMBHI - RICH RIS ET v F
T EOTEC Lo TRIE STV 03, EHEREIL D T2 DI IR = Oe BRI B N T 24T 5
VBN S %, INTT 2 EBERET T B X 2 YIHIWER TN L PR, $rOfetEd X OV L 7e &3
RESEL, BB OBREICHEL X DREENRD S, LI LERND, ZHVETICZLEM
BEOBEWON T, &0 DT+ A— MR — L OBEEYIHNCET 228131 & A E1Th T b
T, LA =X LA SN TOROVONRBURTH H. ABFFETIE, REMRZILVEMEE LT
R—=TAN—R, R=F ALV avBILOR—FZAFZ U 2WHIM & LTHAL, BT 1Y
FY FLEZHAW A 70 A= uinb T/ A— MV AR 7 — )L OBIEEEIHIIN LER A 1T > T
W5, LTI 72 M BIBR B 2 iR 32 & & b, REaiizm ESE 57200 T4M4%
AL TW5.

FLEIIFmTHY, AT REZRS, AMFROREREMLE HNZELHTND.

2w, BEEYHIOFEHICOWTHB LIS 2T, ¥7 I v 7 2 Eomf ks L0 R
72 EOIEMEMEL O ENEINDOI T A T = XL &G L, ZALUEM BN TIZEE 3 2 B TEIc D0 T
WARTND.

B3| TIEL, A—T A —AR L OBEEOIHIFEREZITV, REEED A =X LD TIRRT
W5, THHEICLDRFRLTOLER, W, AR KOWE e EOBL 2B, REHI~0
WAL SILTWND.

FATETIE, R—T7 AT arO@RETHIEREZITV, MEERE A 1 = XA OWTRFT 21T
S TW5D. ZZILEEDBRE A 1 = X ATHT 5 B L OUIEIG 13508 Sl W TRE %
TV, T A= bV bV O E AR T D2 I LA A2 R LTV d.

FSETIE, N—TAF ¥ OBMEUIEIERZITV, 224% bT2RWHT # o L R L7223 5
MERERB L OREKD A B = XL O TR ZT> T 5. E, ZHOFEICL D80 <
FTIRECEAMA R X O TRE O S OB{b72 E2 R L TN 5.

%56 ECIE, MOEHME & BRI O ZAUEM BRI O — iR ET VA RE L, YIHINT A—4
ERET DO TmE AE5HEZH SN LTV D.

BTEIIRTHY, AR THOLNTRRE T LD DL LB, SHOBLEIZOVTRERTY
5.

PLEEEF 212, KT ALVEM B OB E RN U TR R B R B 2 i L, £
AL % ) R SE D7 OO TEME%E T & & bIg, MEHMDME & B0 & 2 LA BT
D—ET NI O WNTHIHINT A —ZREREREL, TOAIMEZHLNICLTELEDTHY,
ARETTFBIORMENLFZOSHICBN T LY R, TEEFGTLEZABD7 0. Lo,
AR L OFEF I L (T%) O EZTIEERRH LD LR D.

_18-




WEE T 254800 = K 4 KK HEE

Investigation on Surface Integrity in Ultra-precision Cutting of
Single Crystalline Optical Materials for Microcavity
(PN ERER OO 72 6O O HFS FOG M B OB E IR 361 D i sa L2 B3 2 #F5E)

Hea /NS RZERICEA UIAD D 2 E N TE HMU/INEIERHE., e —a A8 E 5
RLERER D K 5 IR HERIET S, 228 > THRERTFI R Th 5, 5 Q EMyINE IR
X, SEFERHEOBLE D 7 v b 1T T A (CaF) 0 7 7 A 7 7 E RS d A R
ZHAWD Z ENBE L S, FORLEITITEEEEEOIN T3 FE L LTHOY BTV S,
UL, HAESCEARNIMaE RSB A/ T 5720, OUIHIVERE IR % 7%
LCW5D, AMFFETIL, Hfkdh CaF, &7 7 A 7 OMKEEUIEN BT 5 Fm b & 5
FACHRAT L, ZORERIIS X BEEYEIINTIC L 280N EREZS OERIC A E LT
AV

51 B ClX, AFEOREGR IR T\ D,

552 FCI, IVEIERER & BiS S AR O BREEHON T2 B3 o R am L, AR
D HMZIRRTND,

3 I, HREEUHICRWCRmAMAZE AL 5.2 DM EHER 23 LT b, #E
EEFFNORHTET L & U COSIIET VE G, T30 ~ZB, BEOTER L3 8%
FRNT 272012, BEMTE T 23 v MAT-E~ZBIEE T A —X 2R RZ LD,

554 TR B lohE iR AMETEN BRI D CaF DYIHIMBEDFHliFE B2~ LT D,
BIHI9 2k & Ak s U CREMOTER R | RiPE, RS, ATV IALGES
DFEEERREI IS U T 5 Z L 2B LN LT D, BRI AR S O bMER LI-
HATF T 2y MAT-E—Ed DA ZR L, {1003<011>9x 0 A, {1113~ B &0z
{110}~ X BAMNS A EN T 595 2 & ZFHRANICHH BN LTV D,

%5 T TIL, (Q00)EY 7 7 A T D5 |- EFBROFHIEHER 27~ LT\ %, CaFp LIAkE #
HSLDEIHEAANAR T T D Z L 2R L, BRI IABIR S DA EADIT o = Iy A
EEFEE NG A= D & X< BT HRE R LTV D, SIS OFREREFIZIED
X, BLARASRIABE, B LRNRINAAER, 7Y X7 1 v 7 ~Z DR HESE)
IZBWTEHIRITH S = & TR SN LT 5,

556 B O, MREETHIINTIC L 28 INEREROEEEIZBI LT, Kifdhir & SRR
HIRMAEIC G- 2 DA D Z LT, 2OaMEER L QWD AWFSRIZIT D fm Q i &
LT 46x10°00 Q fia% b o INEHRER S D, FI-RE a5 6 RO
TERUZ B Eh LTS, F S, BOEAREIHI O 7212, CaF- B A 7'V v IR ARG -
FEL, FHl LTSRS W TR RTW D, 1EROE—FPEIOf NEHRERIZ S, BYEL -
NAT Y RIRER ISV ZENE AT 5 2 LR L TnD,

WTETIE, SROBEEED, ARG L, famfti s,

-19-




WMABRENEST

& H % 4800 5 K 4 KA HEE

AOCEAENE . A BERIUCAEERR () RGN = TIN

RIE  BEERBANTEHIR {4 (25) GLRE

BEMESEAN AR {4 (25) [

BEERAR MR (T I il

T (L), B4 (L) KR I EE #2 H O P55 K im SCIE lNnvestigation on Surface Integrity in
Ultra-precision Cutting of Single Crystalline Optical Materials for Microcavity | (/N ILIRERD 7= D HL
f eGP B O BEE ORI T 2 K mm BT 241%8) LBEL, 7TENDHEEINATND.

Hea /NS RZEMICHA CIAD 2 Z L3 TE DMUMEIIRERE, Yol — 3 A00E SRR O K
I RWMARIET A AL > TREARR R TH L. i\ Q EMUINEIRERIZIX, e FrEDBLE N D
T oAb I (CaFe) RV T 7 A T ERFERICEM B VD Z LR L Sh, ZofbE
WITBREEEMN T AL LTHOLLRTWD. L L, HiESEEM BN &Rt
T 5720, TOPHIMEICRREZR L T\ D, K XOFHL, Hiihh CaFo &V 7 7 A 7 Ok
BIHNC 31T 2 R dn i Z 5ERICIRAT U, 2 OfERICES &, EREEUIHDINTIC X 280N iREg o
TERUZEI L TV 5.

BLEIFmTHY, AmXOWMEZHONTRATND.

%2 WX, ARMEOAMESIT &, MutRes & BRI E RN TIZRE 21
FAZOWTRL, AFEO BRI Z IR TN 5.

3 ETIE, EEETHNCRE W CRE ML E L 52 DM EMEERZHH L T 5. Mk
ZEEOFITET V& L THISIIET VR W, 70, ~ZBH, HEOEERT I 257
WIZ, BEAFET 2 Iy MNAFEA~EBERT A —F ZREL TN D.

B4 TETIE, SlonEiBR, SMVEREAIRRERIC 31T 2 Bk dh CaF O BIEIMERE D FFmAS F 2 7~ LT
%. YIHIT DR s & T MICRTE L CRITMALIT R Y, REFRE, RS, BRYVIALES
DRSS U T LT 2 L 26T LTV, ERUIV IALIES OBLNRE LIZEARD
Fi2y FRTFE BT MM Z R L, {100}<011>F =0 &, {111}~X 58 & #0912 {110}~ =
BN B R BN 595 2 L 2 EBRAICH LI LTS,

%55 FETIE, (0000)fY 7 7 A 7 D5 o E B OFnR R4 m LT\ 5. CaFy & [, K dnfir
UG AR ET D 2 & 2R L, BREIVIABIRS OEDEH DT v 2 Iy MNERF &~ Bk
BRI A—2 D)L L T HEmERL TS, SIS OHEKEICESE, v AR~ FR
TR, BLRNRINANER, 7V XA~T 4 v 7 ~EBBNRTABESEEN BV TR TH
52 EHRERITHLNILTND.

%6 BT, MREUIEIINLIC X MU HREs OFRIC B U T, Rindnfir & R IR 2N AR
MREIC G X DB ERRD LT, TOHAMEEZRLTWD. AIFEICEIT 25 QEL LT 4.6
X105 Q fEZ b ORI G b, FRESBE AT 2 BN RS OERIZ Ak
L TWD. B, BOLRIREH OO, CaF,—BiA 7'V v IR 2R L OMUYEL,
PTG U725 SRIZ DWW TR TN D RO MBI OMU/NEIRERIZ A, #YE LT 7Y v R
IR LB VB LEMEEZ AT 2 2 L 2 ERMITRL TV 5.

BTEIIMERTHY, BONTHRREZRIEL, ABOBZIZOVWTERTNS.

PLEEES 212, Aams0E, B P HE OB R ORI A RIS G 2 D B2 62 L,
PR ORLEIISA L2t DO TH Y, AFEM TSI T IR, TEEFFTLED
AR, Ko, KX OFEH I L (L) O a2t 5 BENRHH LD LD 5.

-20-




WEES 254801 & K 4 B Kt

e B9 P
KR FRIERICHT 52 7 AL— bt F— FOMTEEIES & ORI

REm L DKE FIREEICBITA 7 7 AL — b KL — O SSME L OMR
P EEL, KA TFIRERICBWTYZ 7 2 L— b R b— MNMEFGROF 5 1
BLOBPHEE TS D B bRFENA FL— FORFEEZRIEL, 77 AL — kA
N L — F OB XL OERSEOBRFEIC OV TER U TN 5.

7T AL— kA RL—hELF A R L— MIFKD FRKRBREEICEVIED LK
FEIREE OWNERICH O F NIV IAE N TTE ZKIROEBLAEHTHD. A KL
— MIEWT AN, REWVERDREAZRD, B ORITE & PRI A KR T IRE K
TR ) FEWNCAR L ERIREE B W T H R IH SN DBENH 5T A
Rl — F AW XX —HITRPBMDIE SN TN D, oA R — MIHIERR K
B EORKIZEBWN TS BRITHE L RIEO KRB L OKOIFEFRED —D L7z -5
TWTEWT AEERMEIC L0 KUEZENCREE L T A AR R ST D, o
R L— N OB SRR E R RO BRI IZ A R L— R0 B HlFB R 8 &
ORIRBREBEFREO AL L 722 KGHLTlInA RL— b x X —HilF R HiEE &
FEE SO RRIREEICAR YS9~ 2 0k s FIRERIZEB T 581 K L— ks O 54
BLORGHERIEZIT - 72,

1 ETIEIANA FL— kO & BERATIC DWW TR L, Aiasco B L iRk, BF
ZEDEFRITHONTIRR TN,

2 WTIINA RL— FDOb— MR AEERER, THAAE L TORHASLKE - Z A
2B DK RKRDGFEEDOEMD -, “EbRFENA RL— FEBIUX
2 A R b— NMERCROFNES S 2 Z 241 199.1 K-247.1 K 35 X TV 197.3 K-238.7
KIZEBWTHIE L7z, & L7 St oIS NG — B ERS L OSCHE & o —
B RSz N FL— MEBGROAR S = % )L ' — % Clausius-Clapeyron
XA HE LA PR IFICEH 5 2 & TR LT,

3 ECITEE RS E L TO/NNA KL— NOFIHO - & 732 1k
RFENA R L— FORFEEZRIE L, BEEN AN, FL— FOHORIFEICE 2 DB E%
ER LT, RFRE, BEOMEEICL > TEDbSL A RL— b 7 b oE KA
R, WMHKOIFAED A R L OWEFKIER DFEER A R L— b ORI S
HERD—D>THDH I LN RINT.

4 FCIEARTMSLOMIEZITV, fmz il T\ 5.

PLEBERT D EARmLIENA RL— F 2 AW 3L —#HilfE L 0RO %
ROEKE - RO KRKIEER OB AT, FEFHSRA R L ORIFIERNE 217V KA R
FESRIZ 35 1) B B3 KX OV R 22 0 iR D ENRRIE 2 B & 02 LTz,

-21-




WXBECEE

& %5 4801 5 K 4 S PN !
AR AN ThE  BERRR TR [t (5) KAF e
Al BEERRR PR Ph. D. Y [

®
B2 EFE RN A % it (B7) ik "

BEERS AR MR 1l () W

F(T5), BEH(T5), BERRMEBRE ORGSO DS FRERICBIT S
7 T AL — hnA RL— FOMEHEMAB L OMRTEME] L, £24FNhDR5.

7 AL — A Rl— FELTF A R L— MIZAKD TR HEEAIT L0 1ED R
B EONEIMM O+ PRV IAEFN TTE kIR EmTHD. 1 R
— MI@mWT 2, KREWERDHEERZRD, HORMEE FREI 2K A TR
TIEFBS)FRICAZRERIREENZB DT ORI SN LBR N H D72/ 1 K
L— M &AW R F—HIFCRMBIRRIN TN D, N RL— MIHERS KR
72 EDRIKITENT S HARITIFE L RIKD KKIB L OUKDIFERED —D & 72 > T
TEWH AEEMIC & 0 REEENCH B L T D AR ER S TS, N R L
— N ORI AN RO BT A N L— R R 3hb 5 Hfli B 35 L O
BRETBURORME L 72 D, R TIEANA FL— b3 F — Al ORI R & 485 &
VDD RARIRFE (S 9~ 2ok FIREIRIC B T 581 R L— kO Eli 4t L O
FFHERNE 24T > TV 5.

1 TETIEANA FL— b OFRE L BB O W TR L, AGaCo B &Rk, #f

TDOEFTRITONWTIRRTN S,
2 BTIINA Rb—FrDe— bR 7EEIIA - JHAH & L TORHASOAR - 24
HATRBIT DK - RROIFEFEOBMEO =012, —bikF A FL— B IR

B A R b— NERR O &R %2 2240 199.1 K-247.1 K 38 10 197.3 K-238.7
K IZBWTHIE LHE LTWD. HIE LA I — BN S 0 SCkE S b
—HLTWDZE0D, ZOFBEMENRZRFEN TS, A FL— MERCROA KRSy
fig . > % )L & —% Clausius-Clapeyron 24 i L 72 AR EB SR IC# 32 2 & TR L
TW5.

3 ECTIHERRBEREME LTDO/NA RL— hOFH O OHE L 545 kb
R#FENA Rb— MORGFHEZRE L, #EEA N R — FOHCORFIZE 2 DL
ERLTWD. RFERE, BEOMEICL > TEDbS /A KL — MU 7ok
KR, WIS EIK DIFEEDOF R L OB /KSR OREE RN NA B L — b DRI
B LHWRDO—DTHDHI EERLTND.

4 FCIIARM L OMEEZATVYY, Famz il ~~TW\ 5.

VLB 5 &R LE A RL— b E AV 2 —Hilis L OR MmO
A - R ORKIEER OB, P RARIE R X ORAERE 21702 b
DI L 72 20K TR B T 2 8WMES X O R 2 i OB 2 B S M LT
HOTHY, THFEFEGTLHHEONDRIRN. Lo TARMXOEZEF I (T5)
DN EZTHERNH DL LD LD D.
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WEEE B 54802 & K 4 Ji FES

T SO A4
LA O B BERRIZ AT 7o BT L — I & A A T EBROREIZL D
H CALEHEE (SR D098

HENE O HENERCHEE LR AT AOEBOT=0, BENETTDH L —r E @m0 E
ECHRBT HDRLENDH D, Lo Ll bR 2 R0A I8 2 & Lo -0 i &
HW TR L W —ond D, 20, L— RS if# S ETL—
VX A e L, B S M A RE TS 2 L THIN EToECNBEEZHE L TL— I
WEBRT D HERNFIITHS.

AMETIHE =2 A D TERBERL—URBEOFETELHNE LT, B EREDHIE
I O HEVAERIEZTRE T D.

FTHONBEHEEDO HELE LT, B SNT-EEO D X T EiE» S Lo R
CHIKAERAET D LT, HOMNEZBREEICHET 5 FiEsRET 5. B OMERE
DFNNY &2 EO B/, H, BERER, AR ERRDREE, 2 RockKm
FOBSEEE L CTR—MICERBT 5. & OITH0 R B B R I ST 5 =
ET, AT OBRIKFET HEONMNEOHEEICHWD Z ENTE 5.

AT U —TFH S 7z Z Rt B e b ARG 2 FH L CHiIX 2 B8 ARk 5 ik
BRET A, HENEIR CEDILAET L — HIKOER T 22 A ZEAAf L v B S
VAT AL D L—TEHIE, AFICE DD — oD AT v TInBEREND . KA
BTIEITANORAEDEEDDHANFICL DK bZBE LT 57280, L—FEHllEh =
WOt mBE 2 ABLERICEE L, oM ESREEAT 5 2 & CEaBE MK EZERT 5.

ARFEOFHEE L CHBMH SN X E A FIC K2 X2 L2 25, 91.9%
DFEE T 83.9%DHIK ZE I TE 7. ZHIFATO R FDKI 70% & HIE L7- 2 & I2FF
Y95, SIOICHCOAEHEE VAT NI RGHRIBE S UCEREHL, VT A
LIZHEEN ATRE T D . M T mnd-=Ch i HlC 36 1 2 ETTRHMIIC K > TH OALIED
BEZHELZE ZA, BEREIEOERELIY b ERERE CAENE L.
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WXBEENDEER

W& 2 4802 = K 4 & Fr
AR AN TAE  BEERDRATHEER it (T ik ok
RIE  BEERBATEHIR Bt R —pk

BRSNS M (%) A Rl

BEMESS AN AR it (T5) FA il

Fb (L5, B (%) FENBRBOEAGERR X, THifjo AENERIC T 72 ET7 L —
VHIRK & B A T EGORAIZ LD B OALEREEICE T A8F%0) LA L, 9 EORER STV D,

HEHE O H BRI E LR AT ADOEBO =02, Bl A T OBEi) & Hl AN EFT AT RE/
L— % IEMECRBRR PTREZR B AR D BTV 5, L L L — U AR DMEHE Tl & B35
X9 e i I, H R ERES TL— Ui EET A Z LR TH D, ZhE i
Pt B=01iE, L= TR s SR S e B T L — U i A e i U, g & X A2 RAE TS
LT X ECTOROALEAHEL TCL—VBRESRT L2 HFIENRENITHL EELZ NS, K
I, OO LT B OALEHET O )71k & KO BBV ERIEEZ B ICIRE L, IRETEOR
ERCN R E FEBRICL VR LR RIZONWTE EDTE D TH D,

%1 E T, BENERETICRT 2BUROT D AT DWW TR L. RFaSClHriz It 24 5 h
HHCHS T mnEIZ 6 1 AT L — U HIKIC K 5 A CALEHEE FIEO FEARJFEL L MRk 2R LT 5,

B2 BT, BEMNEL B OB EICHWAS Y LI OEMZ X > TEH L, Fhub okt
T HARMIEDOALE DT WM L TV 5D,

%3 FETIE. HOALEHEE O KLHE & 72 2 BHE OEEE T /IO W CHEARN R ERAL 21T, HiX
FCTOHOABORRAEZER L, IEEI L~ 7 o X IERIEE/N T EMEIC LA H OB O/
EFEEZRLTWD,

FAELE 5 ECIIARCCRET S HONMEWE HIEERLTWD, ETHAETIEYALT D
A TR ORI L7 2o T, BOAIEEZMET D HFEEZREL TV D, RITH 5 BETIEA
FCTESNIREOD WIS T 5720, HIXOBIRS 2R CTETVLL, TV &fH-
7= HENLEHEEEE R LTV D,

EOHETIIEAE L FEHETH > - HENEIE D 20 DET L —  HIKTER D =2 2 SO REBS % 5
DHANFICLAEULE HEMET A7, L—VFHI Sz ZRoc Al E A2 ARSI A8 L, #O0M
HEsziH 95 2 & CTHIKEZ BEIERT 2 FIEZIREL WD, T LT, HTETITHEARK L
HIKOF O =D BB SN K E AFICLA2MHZ T 22 2120, 91.9%DKE T
83.9%PDHIXNE L TEX DI L &R L, TN AFTOIA FOK T0%ZHIK L7=Z SIS 35
ZEERLTVND,

%8 ETIIARM L TIRE L- HCALEREESIEOFHME 2~ L, BENERO BAE & L7251 Oz
DO2MELTFTHLZ L, BERU TNV A AELZERTEDHILEEIFELTWDH, S HICHENT
AR LTI TH NFERZEDOH OALEREEREN TS 2 & 2R L, AfmCTRET 5 H AL
EHEEDOFIEE KO BEVERIENE THOALZ 2R L TN5D,

WZIZE 9 ETIIARGRM L CTH OB EfEmmE £ &, RimSUTIRE L FIEIC L 0 EBLATEE
72 HEREERORFSRELIC OV Tiin L T\ 5,

DL BB DICARRFEIL, TigTHCa T mE Tl o B EiEiR 2 BB 5 2 LA BB LT, EfT L
— UHIX & BT A T EBORAIZ XL D B O EREETFIEE | TOTOOETL— o HIK O BEME
RPIEEZFTIRE L, ATECL Y BERERICAIT 72 L — il 2 K0 LI a A FCEET
XL ETB LD THY . T EHFGTDHEZABD e,

LoT, KproFEE I L (T%) ORMEZTIERNH DD LR 5,
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F w4
Correlation analysis of subcellular ATP dynamics and changes in cellular morphology
GRlaPy ATP Bk & HaZREZ L O FRBEEAT)

HAIEF ORSREI IS UT-TRER & A, TEREIRIRIUTIS U T2 L3575, & @Rl 2l AN = L —
WETT =) B (ATP) OBGAVNREIN TS, L 2D DOFNRO KR 3 ZRR A %
U2 R LA OFE RU IS < T2, ARSI R ComE ORIRITIA S TIdany, F7-RE
ZAEOIEHE SITHIEN TR Tl 2, ATP bR ZEfiafREE TOtrd 2 Z AR BILDHA, ZivE
THIENDRIFTC ATP 2T L7632 < 720> T AGRSC IR BT 722 & DT EOH FvE
\ZF5H L, ATP LTPREDRIFHEIZNZ Z i DT HEA A5 2 & ¢, AESRIE FIcBT Hilla)s
FHE S ATP LUl & OFEEE AR LT,

BT £ MIEREICE BT 5B A HIERRE & OBSE) DRk~ 7e, RIZ, T GHERED
2 - FERIZEBT D ATP OBIEZHOWT, BENOARIZf=Dh, RAERERNEE LC) A%t
T, i) FRET I D ATP IIE, A#56T 7=, IRUWNTHEZ O ATP JIETEZ I E 2 72 BT, RS
NS L7 R ATP £ 2o T, mid i), i) &g L 9 2 T4EE U TR Uiz, &&IC, A
i), i)D X 5 22T 7TV OTIZIN T, EEAEREARBIT A8 ) 172 T L 70 D T & HoR LTS THFSE
RO L, ATP & o th— L G - fHBIRNT A fHA G5 = & T, ARROSE N TR C T 5
ATP - AIZRERHBEN B 5 &\ D AL 782k~ 7,

BRI, ARSI CH D Hela o 2 AE BG4 T CRIZR LIRER AR~ Ml & v
I JRFNZRW T, ATP 28, R L L D0y THAE T DRI EHS Sy 1 EED 3 FIZ W THHEIZ G~
7o, AR 2 G2 & 0 . ED 5 BRI MR PREZ KISy NE DALY . 24U ATP
ERE STz, BIZZ 0 ATP 258 & SMAREI O TEAEZA LIRS E % | AZPRAOSIHRE & B &Sy 7 ERERH
Rf& CHHET % 2 & C, MlEHs 17 7 F 0 EPvINET IS % AN ATP OEEN R 5 Z L &R LTz,

5O, TERE L HSRE & OBIRINESE B & L CHESHiiaZ B 1T, #RZSERIFT T ATP PEAERS
B hay R 7 OSMHE & Z2ifids & ORS#E AT, AFISE T\, EmoiihE Ch Dk
EHHEERT A L. Z5EEy LR UCEMSECRBIT DI bary RYUTEELOMI ha KU T
ATP LU TED T, ZOf ATP Loy UIZSE ORI S EOMBER®H Y | sEM#ENI b R

U7 D ATP HMIYRRIZIB W TEETH S Z L D3bhoT-,

PEPURECIX, G & FEBRARNT 2 VN CAEBRISR: TIZ301T 2 )R ATP - TEREMBAD rId L2 S8 L
T2 E VIO AGHLORGEE. TE, ZETH LM LIEROAYFHIEIRIC OV Gl =, F7-410H 5
INZTpoT= TARRAGIRIE] & ZNF CTISHRONTE T XAV ZZ T 720008 OfiCH D EEZD
o, ZA=UNE|ERIIHED [T mt 2] O RTREMESHC OV T, Aaa O RA £ 2 T
sk,
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WXBECEE

A& I 25 4855 & K 4 Ak FH
AR AN TA  BERRTER Tt fi] {5 ARB
BIA  BERBRRFER  RPEEL A IERR
BERRICFHIR W (ERREERY) R (B
BERBNRTFUERESE i+ (T5) s &

2 (%), B+ (B BARZEE B O K 301X Correlation analysis of subcellular ATP
dynamics and changes in cellular morphology GHiffdPy ATP BEhiE & MR L OARBAMENT) SR L,
EIFETHER N TN D,

AR E OEERICIS CToBRER & 5, FERBIIRIICIE U T LT 523, 2 ORI ITMIfEN = %
NX—WET T )=V U (ATP) 23535, LLIivd DA%  IXHERSEZH
722X —EAMN T TORMR RIS 720, APNSEH T TomE OBRIZIH L TIE R,
F - REZ L DTESE SITHIBN TR TIZR W =D, ATP IBE & S 220 fRRE THOoMrd 5 = L vk
DHNDEMN, ZTHETHIRREITT ATP 2t L72Blix% < otz 8 1T ALEE R B fiftT
REOFEOFHAMICER L, ATP LIERERORIFFEIZIZ Z b FliE A G bE 5 2 & T, &
FRAISE TICBT AHBARTERE S ATP LV & OfBZ 7T 2 L 2B LTV 5,

B-m T, ETMRERICEB T2 BELMIBERE & OBEIC OV TR, WIZ, ZHbHl
JaJERe DZEAL « TR BT D ATP DG HOWT, FEATIZR BN LT, MRS s LT
i) AEFLROSME T, i) MIRRATICE T B ATP JIE, 22T CTnd, IRWTHERD ATP JIlE Tk % 4
F A, THERR Iz X o ERLATP £ o —I2 oW T, ), )& ATRE R Bk & LT
LTS, &BIT, 1), )DL DRy 7 FIVOMHTICEHB T, B ALESCFE BT 23 L TR &
2% T BHEATIIGE L BE ST TR Lz, ATP & o — & G ALE « FHEAfAT 2 /S b 5 =
& T, BT - MRRETCO ATP - Ml REAE B8 D A28 i #t 2 ik~ T 5,

BT, AEMRERMIL TH D Hela Mifld a2 ABROSRM FCRIE LR EZ IR TW1 5,
AR & 0 RFTIZE W T, ATP 2288, JEREZR (L & 2 00y TR Th DMl &0 TEifED 3 #F (1
DUWTHBZ T, ML 2 BigEL L 0, 20 5 GNRITEIR O N BB LIZHMUINE O
ANBITHEEY . 2T ATP ERZ2fE-7-, BIZZ 0 ATP 28 & AMAIREIK DO TEREZ L DR 258 4
AEFRAOSR R & RS Sy T ENERLSE R & T 5 2 & T MR E R 7T 7 F o U INVE IR &
FaN ATP OEENCEEDH Z L &R LT,

TR, PR L AERE & OBIRMERE B & LT IIE &2 B Y i, MR 2L R FT T > ATP
PEAZE I hay RU 7 OERE L EEME & OBEIZ OV TR TV 5, APPSR Tz T2
A~ MNI T har RUT O ATP LoLEEW T 2R Lz, E2EELmOIETH DRk
EM#EICER TS &, 2 L g U CREM#EIICBIT A hary RUTHEERORI ha v R
U7 ATP LULTE Do T, T O ATP LIRS EOMBENSH Y | ik M H#EN
R har KU TOATP MR BRBICBWTEETHDL Z AR LT,

FUUEE T, B ALEE & AR BEARNT 2 O CAEBRRISME TSR 1T 2 JRPT ATP - IEREFHBI O Al fi L &
FH LI EWIARGGLOME L, 5, ZFETHLMZ LIEROAEMFEHEIRIZOW TR TV
5o FTAEIBHLMNNI o7 TABPRIE] L INFETEIHARONTE T X A=V EZIT TR
B OMICHDLEZONDZ LD, X A—URGXEZTMAD B at 2] AT
% AREMEIZOWT, R COREREZREZ TELLTWD,

VL EAGG ST HOA A=Y 0 7 EFBT 2 AW 5 Z LI R0 | ABSME T CoMuERE L =%
xR L DBRREI LT 2 Z LTI L TR Y | MIEDT: « B B RUVICH BR
TLHLDTHD, Lo T, KX OEZIIELEF) DT E2Z T LEEBHL LD LD L.
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WEES F 54856 = K 4 g kb
T X E 4

v 7T YA REOER & EWiErE

WELEE W s & BB S D KERERAL B WL, I 7ot & A2iEtEn B2 < DA
(LWL FE OB Z G|\ CTE T2, LLann, < OMERRYHBILE
NI E IR DS OMGEN D 72 < SRR AR OW TOMZER 43I ST
RN, FDOX D RRIEA R T A FED oL LT, 2AEMMELZE T LNTE
Do
HEIX. 2009 AEICIHFRIREED T 2 37 7 U 7 Lyngbyasp. & ¥ B S 7= 18 B
~7nul REEARE ) 7734 RBLSIZHEH L7z, BLS Hix, B =AM
AURIRE Hela (2% U CRIfasEFi L EIE %27~ L7z, 2015 45121 BLS EO AW IE M5
IR/ MaERE E oo Ca?* R 7T D SERCA ZPHET S Z L THEMIEMEZ 3
THZENHLMNE o7, & 51T, BLS & SERCA D3t X SRS fHTIC L » ¢
oL X7, EHIX. BLS HOLARIC L A5 EMEBAZITV. & BICH R
RIS & N THEBRRE G - AR L2 D OAEMIEEORME 21772 - 7=,

HBW1ETIH, BV 74T A K B (BLLB)OEAKIZOW TR, £9,
IRDFEFEIE T Y & R—ViFEk LD 2 X o F v T A R LT, AX T
Y7 X MTH HMEEERS X, Horner-Wadsworth-Emmons Fiaic k- TEA T 7=,
Flo, Ik =t A NI, BEHORFEEME L VFEE ST VT B RIZ
KL TAFH YV ERARE— MEARERET D Z E TRk LTz, 5oz
ODB T AL M, HEAREERAWEZZ AT UBIC L > TEE L= bHIZ, 5F+NT
Stille 7 v 7)) 7%4T5 Z L TI8EBERZMEL, BLLB 2155 Z LN TET,

W 2ETIL, BLS O2AKIZHOWTik~_7z, 727U arThs BLLB & HWCEHE
WEZBEANTHZ LT TERroTe, 22T, BOFHE T Y 2 VU LRIEZIT/e -
7o El2, ZOHBORE T OEFEICEBNTIR, 77 Y a0l L 3R 0 HES
JEEEATH Z EIETERNoT-D T, RIESINZE > Tlie 7 A v b &EERE LT,
ZD%DLFA Stille 1y 7V 7 L BRGEARTBLS #1552 LMW TE 7,

%3 E T, AN THRIKRZ W A& TSR B8l DWW Tk 7e, 97, T L
RNV — 2D Z LT, ~F U THERAD Ca? AR I ~OBIFER L2 B &
L TSI B AR EEH L2 A L7- BLLB O AN TH&EEREZ SR L=, T bD AN TH
FIRIZ O WTAEDIENERBR 21772 o722 2 A, b b ORI RT 2 Mifu 2 Kig iz
WO EEDZENTE, — ., TROOEZRKOH~Z U 7Rk, KRB L0 55
D EVIFEREST,

WL CHESL L7 BLS 3O 2A /L — MIATEHRZEAROAFEICLFHTHL Z &
MRS, ZOX D BRI, & 5RDFHEMRDE K & AYTEEFHNIC X 28777
EHL T — FOBBIZR LSO EEZ LD,
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WXBECEE

A& I 25 4856 K 4 Yok Sk
AR AN TAE  BEERDRATHEER it (B A7k B
RIE  BEERBATEHIR Bt TH FF

BEMEFE BN AR it (B2 JEA D

BERIR AN it (T5) it RO

Fh (%), Bt (%) EEERERRHOZBMGERR L et ) 7 e7 ¥4 FEO G
EAEWIEMED EEEL, Frin, A, iR I OEREI VRS TN D,

WELEA D & HEE S LD RIEBIL AW, IR 72t & AEMIETEN S 2 < ORI LS EY
{EFEZEOBIKEZ S NTE Tz, LNLRNG, < OWERRMAEEMIEA KRR 5 OEED
D7 BRI AETEYEIZ O W T ORFZEN TS STV RV, D K 5 72 E iR+ 2 FEO
—D & LT, BARMEEZRITH 2 ENTE D, KX OFEHIL, 2009 FIJFREIRFED T 7
277 U7 Lyngbyasp. & 0 B Sz 18 Bff~ 27 vl REMfEREEY > 77314 K (BLS) 04
WIEMEICHEE L, BLSEHO AR EER Lz, S50, NTERIKRZHE - Gl L., HivT ) 7T
ZHam U2 A iE MR A 1T - 72,

BT TH Y . RIMEH A A L U2 AIEE BLS 3L & AiErEic B+ %
WFEDSWNTIR R TS, BLS HDOAEMEMEOIER) T () /IR Lo Ca2 AR 7 Th %
SERCA Th V| bl X #EEMATIC X > THEF S 7172 BLS & SERCA DSR2 ik~ 54T
W5, 2, o7 N—T712 X5 BLS OB RME LB ST b,

5 B TIL, BLS OB & b2 WRRE®RAR, vk 7474 KB (BLLB) O&ARK
WZOWTIHRTWD, F9°, HIROEFHEES ) ¥ R—AFEKR LI ) AEA X7 A FaAm L
72 & OIEHERSY1Z. Horner-Wadsworth-Emmons SR L » CEAT L Z ENTE 2, F/2, U
fbe= 7 2 MI, BEONRFAEEME L VFEINAT AT E R LA U
ERARF— FZNARERET 52 L TR LTIz, Boe oD 7 A M, HEAREZH W
T AT IRIC E » CEFE LT Bz, 0 FWNTStille v 7)) U G EITH 2 LT 18 BER AR
L. BLLB &Gk A #EK LT,

BTl BLS ORI OVWTHRR TS, 77V arThsd BLLB ICHEHBEHAZEAT S Z
EIXTERD ST, AROFE TS 228 AL, £70, TOHO SO 7 Ak OHfh
WZBWTIE, BLLB &8k & 13872 VA ISNEL T LR o 7a Tz, WIERKISIZ X » Tk
A N ERERE LTz, &5, FHN Stille B 7Y v 7RO & B E R T BLS D2 A A ERR
L7z,

FHWETIE, ATHBREORGE « B & EFIERBEIEIC OV TR ~TWnW5, =7 U 7FHRO
CaZ* N> T ~OFFER Lo AR & LT, MBITBUKPEREIAIE A8 U7e N TR 2 ieat L, Bl
SELTEBRERV— MTEDE G L, B LI N TERIRIC OV TAEMEN: (MiflaEE, fiv o
UTHEME) 2R L& 24, b P ORI 2@ E RIS S8 2 enTEz, —h,
ZNOOEREOH~ T U TIEEZM LS Z LI TERD o, Hiv T U 7RI~y 7 e Z
7 B ERROMER e E O - BRI b LETH D Z ENo T,

VL b, AHFZECHESE L 7= BLS O 2/ /L — MIFE~ O N THEFEOAEIC L FHTHD Z &
DRENT, ZTOXDRFAIT, S HRDIFEERDO G & AYIEMERHMIC K 287z o= — R
DBRFEITENL D H D LB 2 AL, RIFFEERRII KRR TF O 78 & T RIE B O AISRL 5 - AmFt
FICHEBT 2D THD, LoT, KX OFEF I L YY) OFNEZTLERBHLH D
LRDD,
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W 554857 & K 4 Pl i

T SO A4

St

SRR LS 5 1 2 A 72

ZOFHIFEET DIEE A EOINIL, ZOHNT 106100 KEFEEOBKERET 7 v 7 h—/L
(supermassive black hole; SMBH) M AL TN B2 BTV D, ZHLH 0 SMBH ~WED AT 5 & &,
ZOE) TN —HART D 2 & TR TS <, e T o > R UBRRY (FE) LRSI
DMEHTT HBRAEEE) % ER 25A G 2t hisE b 5, FA=HOfEEe TROJIEH ERTR) |
DOHILME S F 2, 4X 105KB7E D SMBH 2695753, ZONEFITT > FRRD 1085 FTH D,
Z D 8 HiLh L7 2 BAEEN DR X, EEREROE NSRS 5 b O EHEIIS DD, Eive
e A YPRERN I TH 5, Nz T, Fuls SMBH O A S ASEA T 5, —uc Jiu,
W&~ » 7 7n—/Uintermediate-mass black hole; IMBH) 23 &K Z#8: 0 9~ Z & TSMBH 2MERL SIS &%
ZHITND, L LA s, IMBH OfFEZ RS PRERIZRRHIU IR G D7y,

FRIPTHUMEA~ O EAIEFESS SMBH OREiA RS 1 C, i b a7 2Bl T RE7 28R OHLLNRIEIE
WG T D, SRIRIVIEE WO A* ) (32 P (circumnucelar disk; CND) & R 52
P2 38—t OFEHEEHET 5 U o ZHSEICEY PHEN TR Y . ZHUTFEA~OEEHHAR S % 2 5T
W5, T, ) 300 23—t 7 LINOREI T, sl =237 % high-velocity compact cloud; HVCC)
EIHIN D BT E AT D FERDR RSN TS, FUE, P~ EfHERE & SMBH O
FEIRAMFIAT % = & 2 HAZ, CND & HVCC TR SN A mdiEEsy TEDBINAIRIZE 21T~ 1=,

ARIETIFIET . CND BLOEDFEFICH L, Bl 45 m Bmsia i Ui /A7 L
PR L DERA A— T RIIEAT T, ZOREF, CND & AUl 5 E K5y 752 M-0.13-0.08
DYER A9 “oridge” REEZ R LT-, Ziut, M-0.13-0.08 NHIMETEHCE F L C& -2 &%
RTHOTHY, ZDX D7l I > GEEf— /L —0OHuk & MmO = 0 | EEiHe)s
TESND FTREEZ R T DO TH D, ZIUTRRHUMEA~DOE B O—Iaa R 2 T HER R CTh 5,

E BICARIZECIE, /U A O James Clerk Maxwell Telescope 2/ LT, 43 A~ hUHEERIO R A
HLLD 20 7 3—8 7 OFEICE TR LTz, ZOREFIZIHBNT,  TWTHE A 2268910 7 ~—1 7 D)7
\ZERR 1/ — 7 REO/ NI HVCC % 2 D5 UT-, ZAL L ORI « j##) &L — 2 LT
FIGRIRE DTN 50D, [BREEET T v 7 IR—/U @il Oy FEIZEA LT 2 & T S
HO LIRS ID, ZIUTKY | SRR A DT T - 7 35—V iSTEONE - T DRI D
TEHFNTRES -, BEAIICIT, S5 RNIC 108109 D7 T v 7 IR—ADMEET 5 & TRISITE
0. ZORENIEINLL TND EBZBNTND, ZDOXIRINLT T v 7 v—/UE, HVCC DX H
TR R L U TRHTTE A RTREMEI VR ST,

FAUTINZ T WTEE A" 226945 7 3—E 7 OAMEIC, Fef/aEd) 27~ HVCC, CO-0.31+0.11 Z#7
7oA LT, CO-0.314+0.11 OB X HVCC O THENL > TRE L, R NEE— L —%F7
5, T L CEOENL, 2X 10K SE Y Or 77— T o E<HHTE 2 Z L0bhoT,
ZOFTIUIREZIT. 0.1 35— 7 10 &/ SV EKIC 2X 108 KBV E &L OB EEFT L TWA T L2
%, BEIRGAE UL, B KEEEMDE IMBH 23580 S 57208, [RFANCI M ER SR A
DR TERVY, DE D . CO-0.31+0.11 PRI 2 X 105 KBYE & IMBH 25 A CWNA RIREME N 8 5, =
NDHERSAUE, CO-0.40-0.22% 2RV N CERRN CH LS 72 2 5 H O IMBH BRIk & 72 %,
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RWXEBEOEE

A& 25 4857 & K 4 i
AMOCEAMNE . A BERBRTEIR [t (B [
Al BERBRTEHR B+ R

BEEFE RO TR [ (B) s RIOKRR

BEMEFE RN A% it (5 FAR AT

T (), B (B M) B RN OPAEE RS, TR R H ORI 3817 5 s
STE] L, K6 EIL VBRI TWD, RIR & 133k 4 OETe KBERDNE T D KO ER-
DZETHY, HTELIERBNILN D HTE 2 W ANREBICEE LERO - L Th b, —#D
SR DSBS IZ B 2 WD 2 A5 2 L1 1940 SR B BTV Y, 1963 D 7 =—H—D
PR L 1970 ERICHRE SN T-BEMBRET LORNC LY, THOENBERT T v 7 HR—L
(supermassive black hole; SMBH) ~DE BRI 1E D) B RV X —REICERNT 815 TH D =
EN—RIZZITANSGND L )T o7, BAEOHMTIL, 1T AEETOEM OB NI EEH
DO ERAKGEED SMBH 2355 L E2 5N TEY . 10 HTLL RIS D O E O SIS
BREEROEWVICLDZ LD LRI TND, — T, TOEEREROYPEER & .08 SMBH
DOFFARBFRIZ OV TIE, ZNENEEORBIBE SN THND 0D, Wb o7 @Esfgic i
ESTWRVWORBIRTH D, ZOX I 2R TICBWT, FEHIXENIMNCS 2EHOI ) KT~
XU PRI BT A Bk U CERIASR O HUZ RN BRIE OB 72 0y 7 A N VMBI A& FEBE L | Ak
ORI A B Lo e 2 HitE LT D,
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Safety Surgery and Quantitative Pathological Evaluation Based on Haptic Technology
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Thesis Abstract

Registration

“KOU” No.4874 Name Syahrial, Bin Erialdi
Number

Thesis Title
The Impact of Serviceability on Service Operations Performance, Service Cost and Customer
Satisfaction

In this thesis, three empirical studies on serviceability were performed in Japan toward investigating the
effect of serviceability in manufacturing industries, exploring the important of service cost (after-sales
service cost and ownership cost), and identifying the serviceability impact on customer satisfaction
during experiencing serviceability-oriented products in after-sales service. The first research empirically
examines the importance of designing products for serviceability and derives a framework that links
management practices, design for serviceability practices, and operational performance in after-sales
service. The developed structural model was tested with structural equation modelling (SEM) and the
results show strong empirical evidence for most hypothesized relationships. This first research
demonstrates the strategic value of designing products for serviceability and guides top management in
adopting the necessary management and design practices to support product service operational
performance goals. The second research investigates the customer’s perspective on product
serviceability, including its impact on after-sales service cost and satisfaction/loyalty when experiencing
service or repair on two products (automobiles and air-conditioners). Based on SEM results, this second
research identified four serviceability-oriented dimensions: tangibles dimension of serviceability,
assurance dimension of serviceability, responsiveness dimension of serviceability and after-sales
service cost. Hypotheses were tested for both products and were found to be supported. As
contributions to the product serviceability literature, after-sales service cost was found to act as a
mediating variable by which customers viewed the product. Thus, these results provide insight to
scholars and practitioners for strategizing after-sales service requirements during new product
development and for offering customer-friendly practices in after-sales service. The third research
investigates the influence of ownership cost on automobiles customers’ perspective through
maintenance, service and repair. SEM was also employed for examining the relationships between
various constructs, including six different dimensions of product quality, ownership cost, customer
satisfaction, and customer loyalty. Most of the hypotheses were supported, and the ownership cost
factor was revealed as playing a significant role in enhancing customer loyalty. Thus, serviceability
contributes in producing service-friendly products and also supports in achieving less after-sales service

cost as well as low ownership cost for customers.
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