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Elliptic curve cryptography is widely accepted due to its fascinating feature of having smaller key
Jength than RSA key length to provide same level of security. The basic building block of most
elliptic curve cryptosystems over a finite field are computation of scalar multiplication kP and
multi-scalar multiplication k; P; + kP2 +...+ k, P,,, where P; is an elliptic curve point, and k; is an
arbitrary integer. These computations are direct application of exponentiation and multi
exponentiation, respectively. In the following four sections, we discuss the efficient computations
by utilizing addition chains.

In section 1, the author proposes a strategy to find doubling-free (SPA resistant) short
addition-subtraction chain for an arbitrary integer by utilizing a precise golden ratio. The proposed
method, named the golden ratio addition-subtraction chain method (GRASC), has attained 12% to
28% reduced in the average chain length compared to other doubling-free addition chain methods.

In section 2, an efficient and secure (SPA resistant) elliptic curve scalar multiplication
algorithm over odd prime fields, called golden ratio addition chain method (GRAC), is proposed
as an application of GRASC. A GRAC based scalar multiplication algorithm can compute faster
by 3% to 18% over the previous methods.

In section 3, GRAC in section 1 is extended to two-dimensional case. Simultaneous methods
could be the most efficient for multi exponentiation, while efficiency of the cryptosystems is based
on multi exponentiation. The author proposes a novel method to construct an addition chain for
simultaneotis multi exponentiation, then discusses the strategy for the two dimension case, a° b’ and
assume that such strategy could be generalized for arbitrary cases.

In section 4, the author has generalized the result of section 3 and applies a novel algorithm
for simultaneous multi-scalar multiplication to cryptosystems. The previous methods utilizes
double-and-add algorithm with binary representations, while the proposed method utilizes an
efficient empirical method for finding addition chains. .

The search for shortest addition chain is known to be an NP-complete problem. However, the
challenge still remains to find shorter addition chains in order to enbance further efficiency, i.e. the
further storage capacity reduction for the proposed algorithms can have greater impact on elliptic
curve cryptosystems.
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The progress of semiconductor manufacture process {echnology has made it possible to mount a huge
number of transistors on a chip that includes a perfect system on it. IP (Intellectual Property)
reuse plays an important role in modern IC design. Nevertheless, while the re-useable design
so—called IP, is effective in reducing both the SOC design cost and TAT (Turn Around time) of
development, the design method also exposes the risk on security. As most IP designs need a great
deal of time and efforts for development or verification, the IP owners desire some guarantees that
those contents are not iilegally re-distributed by the consumer. IP users also desire scme guarantee
that the contents they bought are legal. Therefore IP Protection {IPP) technique is get concerned
inevitably. : ,

In recent vears, watermarking technology has become an effective fashion for IPP, both in
pre-processing and posi-processing Most of the techniques converge on the pre-processing that the
watermark-constrained IC design is designed form the top stage so that it leads to extra design costs
such as wire-length, interconnection delay, etc. There are several watermarking techniques om
post-processing which try to add watermark constraints into the designed 1C without damaging the
origin. But the extra cost brought by the watermarking is really a trouble to the desigmers.

In this thesis, the author introduced a new and different watermarking system for IPP on post-layout
design stage. - The author conducted the watermarking system in such process:

First, the signature of the designer is encrypted with a secret key by DES (Data Encryption Standard)
to produce a bit string Second, the bit string is then embedded into the layout design as constraints
by using a specific incremental router. Third, the signature can be extracted accurately from the
watermarked design by the sysiem

The proposed IPP svstem also has a strong resistance to the attack on waterimarking due to the DES
functionality. This watermarking technique uniquely identifies the circuit origin, vet is difficult
to be detected or fabricated without our tool.

We evaluated the watermarking system on IBM-PLACE 2.0 benchmark suites. The experimental results
show the system robustness and strength: the system success probability achieves 100% in suitable
time with no extra area and wire length cost on design performances.’




WX BEDBRROEE

53 MPost Lavout Watermarking Design Method for IP Protection) ¥, XE#E{LTBL
S TRETHBNT, FREINDEGFREIEE (1P REHNEHE) OLEROEEERS IR
EFRIER L) TTERGMEEEE /2 EREIEEEZIZDNT, L1 77 hEEHR TRIOER waE g F
HEOIER L ORI OVWTOREEREELOEDDTHS.

EEEORBREREIERE () 1L, WRRBORS > PAYERATHL S 1 &t 2 HEIT D
BETAMKERD, INORFEEFDRICHES B 2R AR LR NE E N
TWa, ZN5EHBUT 1P Protection (I PP) HiffEIRIINTWA. —4, 1P PHiOE

AITHEVY, BRET DX S OISR TADRENERE L2 5.

EBRLIZBNWT, BHEEINS I PPHIlNICDOWT, L1777 MREMEIC EBFENML

(Watermarking) | ZF1E 2T, BLY, IS Z2EEMICTERT 272D OB & BRI
FTOBEHT AT LORRER EHERY AT AT AT R I D W TH 2 2 R 2R
TN,

ARSIORRRIE, 81 BIoBWTHEONRELBL S [ REATAERGEE (I OF
FEOHH, BIUWERNE L TEFEML Watermarking) OHEEIZDWTRR, KHFLDH
7l A T FEREHBROBETEN LIEOBRZ RTINS,
$28L, LS IR ATLRBIS L1707 MRS EHEBRE T2V 7 My T HEificD
WT, LS THFEEL ~Lh SEFLERELIE TR BN DREENY — ERETE TORMZIRN,
AT G & T ARKNY —8E (L7 hRED DR ENAT, BN, R
FEiCHRREIND Z EICDWTHEZSEAL TS,

5 3 EI, AT AR OMERRN L, INENETRE TORERITOREN
FIFTL S I T AT AOHRLGHZ NI, FORTBEICBNTEAINTWS Z ST LU 7-FE
SRHEABEL TBRRTWA, ILIEHRERTHD L1 7 Mt UBOEMETEFEN L
HEFETEZEOREIT DN THALTNS.

B ABEE, AP TIRETS L1 7 MREE (Post-Layout) OBEFBEMN LU HEICDONT, &
A AR OWE, FINEEORELARIIDONWTORE L FEFEONE, X5B8FENL
FERT A7 DICEL U ESREETREIC DWW T NIU XL, BHEES TN THENML, L
S 11177 hRET—FITEREEINT 251 (T O0—%), INEGHHTEE Ga—5%)
IZOWTEIIZEHRI L TWA.,

ELED EBEISIPPOEDHOEFENEE, V77 ATALELTEEL, 6
BEhRBRAT - ERWEER, ERET Y EAWERREEBRECEEIB IR I L
FHAL, &BIRFOREEPEIIEIZ DV TEHICIHEL T 5.

AABZEFENL, BRERICDOWT, £ AT ARG E L TER - BRSH TREINE WEHR
EHTTWA, B, LS I#ETBY 7 by 2 7B TER LNV ESNTWAEES
2% Design—Automation Conference IZBWTEHREIN/ZEREL, HETESZHDOTHA.

LA b7n & A I@EEE&%&%<®%@%%%EMﬁi(@%)@%ﬁﬁﬁ&bT+ﬁﬁﬁﬁ
EHTL5bO LTINS,




S0AE

P X R 4
S | wE E asw

- | LGB
aiaie RIS 24 &
oy FATHRRAISE 4 4958 | TR

TR WEIRUHA

- Effect of Soft Modes on the Shear Viscosity of Quark Matter
(74— WEDTIUWHEITH T2V 7 b E— ROZR)

{I) Phys. Rev. D 72, 094016 (2005)

F L SR H
R W A
BEERE IE BR Ala EF

A B N BiE
B B L RE

WLDATDER

Bk - BEBERERH L OERE TERTEOIC. BRI 4 RERIGED
53 RENL T Iy I NT ARSI O EREIE o L Ezeiiimszs RHICH T3k CiADHEERE
REFBA-ELZZOLNTNWD, TOERBT—YI, TTERENET 30 - TNF TS
AT EINBMEN, TRFETTFRINTWES®ROL 57D TII RS, EEITITHEMNE L
AETTWERIED XL SITIRAED ZEERL TS, ‘

ZOWEES. BTAhFOERO—DTHS Nambu-Jona-Lasinio BFHIOSH & T, HERE

L DARARERANWTY + — E O R ERIE L 2 bOTH 5.

PRAEN S HFEL T, RIEEE RS ) — B TR Ui, OB ) — B R
BT A R UK TR P ATER U TEHE LR, Wity 2 —20 - AT MIVBEETERRA
3 AEARANER. JOMEREERD DAL V3 —0 - AR MBI 2 8z T
FINF—EEHRBITHEL TR T A TEL5NTRY., 73— WEOEHREL. 74— -
ARG MIVBIEERET B EELRINF M NUIFHE TESL Z B2 RLTVWS,

HA IV ORERSO—D & U TR REEZBA A THEET S EEA5NTNDS
VI NE—R (3 —7 « KT 3—T]OHEMTE—R) IR ROHERT-& U TR E, i
FEEEUMARRICREREEL 52 5 EE X 5N5, BLAEBY +— I DACTFRNF—NID
V7 M= REDQHY ) I VEEENSELUTEHEL. HEIRILE—Z2Y T M E—FD
ART FVER OB ELTELE. ' '

LI EOfERZRWT, MERIREREZ AEETOY +— 7 B O RERUFOLY o —
LoRESHEET oz, MEBIREERZ AL (161<TQ200 MeV) TDY 7 M E— RITBIT 2%
MARBGTIIE—BE T, OIS E U-RTFE— RICBI 2 RE L 0 b 14—t
INE L, ERASRIE T AT WIRA RN E BT AR 2GR, UL, Ja—I 7

FE—=REDHY T AL OREBREHCIRNF—ZEEL, FOIANT MVEEDHIHIE
BRERE UTHEREDVNE < Bo TS LIRS NS, —5., ZOEEEBA TRENERTS
&, HREEREITHEA LRI RIC KA EIGE TR . CHUIREOERICHENY 7 ME—RiEE |
L. FOZERK ST =7 « AR MUVBEAMEART B Z S L TS, {EERT v
NS R TRIEOEZTo 200 KRS RT 2 v MR ERE Lo /2. Th
W17 ME— ROBA MGG EERT 2 v NRELRWZ ETHE N5, ZR5ORRIL
27 F— 7 B ORI H LT, V7 M- ROFERSERBZEZ R LTS T E%5E<
SR LT3,




MXBEDERDES

FED RHIC TORIINF—BA A WRERIC LD E, IA—IWE D 3—0 - TNAT -
75 X)) MR EI. LD EOREBIIFRICR LT, M EE - 20EeREISENnsDTH
AT EDHESNC ST, ZOMEIL. BFEEOFIMERIO—DTHS Nambu-Jona-Lasinio
BRIDS & T, SRR EERICEAARARERNWTY 1 WEOFMEREESTE L.
X AYEMEREALMNILED ETEHOTHB,

?ﬂﬁﬁi_ﬁﬁéﬁﬁﬁﬁ%mﬁﬁUF/%ﬁfﬁb-ﬁfﬁﬂﬂﬂwﬂlUm%ﬂJEﬁ
WTEHE LSRR, WL 5 —2 « AT FVEED 2 X OBaHTETLH ZE2RL
Fro L7t Ty MSHEEEORENE, 74 —2 « ART MVBEERETZ L. DEDIx—
DETTRNE—DOPIUTRE D 2 EASRENT, BT OREERTY +—7 OEHEmFRE
£, BRI < BRT B Z EANRRE S .

BRI T. 74— OFEBEHTEC TV E—ERET AFELRERE LTI SR
OFERSFD—DTHBY 7 Me—F (I 3—r « R 4 —rHOEHEHT—R) EALk.
Thbb, J4—rOEETINF-NIOY T M- REOEAITL DIREIND SEL T,
| BEIRNF—2Y 7 ME—ROARY MBI OES E L TR LU

PLEORERZERWT, 1 SNBIEBEEERA SRERETO Y 4+ — 7 E O REB L
FOLY MO ORISR T o /e, HHERBEEERA AT (170 MeVT<200 MeV) TV
7 ME— RICBI 28EREIIZIE—EE T, ERIVRET A eRERGEWRA N EBET S
WEREE, HRORDIZ, BIFE— REDERIT X > TEHESNIREEREL DD LA —F—
AINE L T2 TWB T EEENDTI-, THUL. 7 a—0ERRNEY 7 b E— REDIEWESIZ X
DRERETDTINF—EEEL, ZOANRY NUEBEN T O— RAMICBHERE L THEES N
%, —H, BENISICERETSE, VT ME— RiEEE< A0 AT MBI E BRTF DAY
RVBEEITEDE, MEMEREISAT S, Tz 7a—UBE ULFERT v ) 2RESLUTH
BOHE R =0 RN + — 7 BEIHEVERE Lo/, ZHUIY 7 FE— RO
AL ENERT > v NHREFELIRNWZ & THREND, AZICED, 70— JPEDNE N
FEHERENI Y + — 7 WPE DN A I NABEBICED Y 7 b E—RIZX DFIAE NS 2 %5 OV
emtoit I OIEREFET, TR REGRREO RS S HITENT 3] EWSEHERT

FEREEL TWAEHDBEETH D,
ux;@ $mWKMAbn/%@%ﬁﬁkﬁtmﬂﬁ&MK%%®T%D ﬁi SN ELTOR
SIHEEET 5 D0 LR 5, ,

10




BN TE: S

K 4 (&8 Min Lwin 0o (R % <)

FEMMOBME L (559

EMNEEES PRI 05 5

ENIR G DEHF EAATIRAIE 4 495 | B

FAIFESERH Rk 20E3 H 24 H

AR E The stable extendibility of the power of the normal bundle associated
to an immersion of £7 and its complexification
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(1) Hiroshima Math. J. 37 (2007

RERE ¥E M5 AR 4
BiE #iE A AR
Bl #iE AT HE

MXDABTDES

Let Fstand for either the real number field & or the complex number field £ Let X be
a space and 4 its subspace. A /~dimensional Avector bundle Zover 41is said {o be extendible
to X if and only il there is a /~dimensional Avecior bundle over X whose restriction to
A 1s equivalent to €. The first purpose is to study the extendibility and stable
extendibility on the power v=0 ® ---® v (r~fold) of the normal bundle v of #” in £ and
its complexification cv, where r0 and A£0. Then we have the following results.

Theorem A Let £ »z and r be positive integers with sKk" Then, the following three
conditions are equivalent:
(1) v’ is extendible to #7 for every m>n
(2) o’ is stably extendible to 27 for every #>1n
(3) There is an integer 2 satisfying
(Zntktd "k < 279 < (In#etd ™ + &
Here, P(# is the number of integers s such that 0<s<zand s= 0,1, 2 or 4 mod &

TheoremB. Let £ 7and rbepositive integers with (nlz)s K, where (x) is the smallest |

integer 2with x<unfor a real number x Then, the following three conditions are equivalent:
(1) cv’is extendible to 7 for every z=a
(2} cv” is stably extendible to &7 for every #>n
(%) There is an integer b satisfying
(InHtd -k < b4 < (Inthtd) " + K-
Here, [4 demotes the largest integer z with #<x for a real number x

Furthermore, we give an example of a Adimensional #vector bundle over £% which is stably
extendible to £7” but is not extendible to #% The second purpose is to study the maximum
s{v) of the dimensions  such that v is stably extendible to A7
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