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ÖL8g±cuL��c (Every single word I publish I write it at least six times)"�
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M�#dr/��`Ð,�¯§�½�k,¯`0(in order to say something well you

must have something to say) ����� first principle £1��K¤"¦\¡µMuch bad

writing, mathematical and otherwise, is caused by a violation of that first principle.£êÆ½
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�1��KµWhen you decide to write something, ask yourself who it is that you want to
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The basic problem in writing mathematics is the same as in writing biology, writing a

novel, or writing directions for assembling a harpsichord: the problem is to communicate

an idea. To do so, and to do it clearly, you must have something to say, and you must

have someone to say it to, you must organize what you want to say, and you must arrange

it in the order that you want it said in, you must write it, rewrite it, and re-rewrite it

several times, and you must be willing to think hard about and work hard on mechanical

details such as diction, notation, and punctuation. That’s all there is to it . . ..
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• K8 (Title)
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• Á� (Abstract)

• Úó (Introduction)

• ÌN £Main body of the article¤

• (å� (Conclusions)

• �� (Acknowledgments)

• ë�©z (References)

• N¹ (Appendix)"
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#��{§¿é(J½�{?1Ün�©Û½'�"ù�Ü©Óâ
©Ù��Ü©�Ì§�

¦�U84­:§=�¡�ÌKâÑ§Ø�À.Ü�§4Öö8Ø4¯K¡é�Ì�(JÚ

)û¯K�Ì�g´Ú�{"

3e¡�A!p§·�ò��©Ù�|�Ü©���äN�©Û"
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1.1 ©©©ÙÙÙ���KKK888

c¡®²J�§��
ó§��©Ù�K8¬�éõ<Ö�§
©Ù��¿Ø�½kõ�

<[Ö"�4�õ�d3Öök,��Öù�©Ù§Ò����{3©ÙIKþeõÅ"¤

±©Ù�K8�½�O(!°õ§¿�¦þU
áÚÖö�5¿å"Ð�K84ÖöJ#§

¿-åUY�Ö©ÙÁ�$��©��""ØL§ÏLK8¥áá��ü1iÒU¦Öö�

��©�Ì�8�Ú�z§�Ø´é{ü���¯"

1�§©Ù�K8AUD4�Öö��²
�'u/ù�©Ù´Z�o0�&E§§��

Ø¨��§�Ø¨�á"L��K8põ¹k�
Ã';�$�Ã^�c§ù
cé�UÒ

3K8�mÞ§� Studies on§Investigations on Ú Observations on"A¦�U;�¦^ù


c§Ï�§���þ¿vkw�?Ûk^&E",
§Lá�K8N´4Öö8Ø4©Ù

�Ì�§wØ�§�Ì�ØK½Ì�(J"

1�§Ø���´��nã©Ù (review or expository article)§©Ù�K8A'�äN!

²(§�ÐU�N©Ù�Ì��z§X

Hilbert’s tenth problem is unsolvable
F�ËA1�¯KØ�)

A proof of Minkowski’s inequality for convex curves
D�ÅdÄà­�Ø�ª���y²

Nonperiodic deterministic flows
�±Ï(½56

²~§¦¯ª�K8¬k�<%u�Û©�J"'X§©/�I Benoit Mandelbrot(1924-

2010) 1967cuL3{I5�Æ6(Science) ,�þ�Í¶Ø© [21] �K8

How long is the coast of Britain?
=I�°W�kõ�º

½{I©ÛÆ[ Ralph P. Boas (1912-1992)u1981cuL35{IêÆ�r6(The American

Mathematical Monthly) þ�©Ù [5] K8

Can we make mathematics intelligible?
·�U4êÆ´Ãíº

4Öö�efÒé©Ù�SNÐÛå5"Å=êÆ[ Mark Kac (1914-1984) ��K� Can

one hear the shape of a drum?£<Uf���/Gíº¤�©Ù [15] 1966c35{IêÆ�

r6þ�Ñ�§��ã�§�ûêÆ¯K�8
,§Ú<\�"§����:B´ÙØ�Ù

Ô%ªÙ(�ý©IK"ù�©©¦��öòüqøÙ (Chauvenet Prize Ú Lester R. Ford

Award) ¦ÂK¥"1992c§Carolyn Gordon �< [12] �
 Kac �¯K��Ä½�£�§¦

�35{IêÆ¬Ï�6(Bulletin of the American Mathematical Society) þ�©ÙK8��


�µOne cannot hear the shape of a drum£<ØUf���/G¤§� Kac ��8cc�

©ÙK8���A"ù3��´ñÄ{IêÆ.���#ª"

1n§©Ù�K8¥Ø�����L����§�
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Computational methods for the Navier-Stokes equations
Navier-Stokes �§�O��{

Numerical analysis for fluid mechanics
6NåÆ�ê�©Û

Theoretical studies for the ordinary differential equations
~�©�§�nØïÄ

��ÑØ´�oÐ�ÀJ"lù
K8ÖöÄ�Ø��\�Ì��z´�o£ù
�±´�

�Ö½;Í�Ö¶§�ØAT´©Ù�K8¤"�k�
K8§'X

An efficient numerical method for solving a class of delay differential equations
)�a�¢�©�§���k�ê��{

A new numerical method for solving optimization problems
¦)�`z¯K���#�ê��{

�uÖö�&Eþ�´�~k��"

,	§ØÓ�ïÄ+�¬kØÓ�ÀJIK�Ä�5K½Ï~S."X{êÆÚA^êÆ

�K8�{Ø¦��§A^êÆÚ��A^�ó§Æ��Ø©K8�{�k«O"�ÐU


õë�Óa©Ù�IK§2û½��o��K8"

e¡·��Þ�
ÐK8�{ü~f§øÖöë�"�
��M5�ó�§ÙØ©�IK

�±'�{ü²
µ

~ 1.1.1µ An algorithm for the machine calculation of complex Fourier series
ÅìO�EFp�?ê����{
£ù´�~kK��1��¯�Fp�C� (FFT) �©Ù�IK"§�Ñ
©Ù�Ì

�A:µ�{!Åì$�!9EêFp�?ê"¤

~ 1.1.2µ Good approximation by splines with variable knots
�kCþ!�^¼ê�Ð%C
£ù´ de Boor 1973c�©Ù§JÑ
^CÚ���{5���Ð�¼ê%C"¤

~ 1.1.3µ Multi-level adaptive solutions to boundary-value problems
>�¯K�õ�g·A)
£ù´ A. Brandt 1977c�©Ù§�Ñ
^õ­��O�>�¯K�g�Ú�{"¤

~ 1.1.4µ Methods of conjugate gradients for solving linear systems
)�5XÚ��ÝFÝ{
£ù´ Magnus R. Hestenes Ú Eduard Stiefel �@JÑ�^�ÝFÝ{¦)�5�§|

�©Ù"¤

~ 1.1.5µ A rapidly convergent descent method for minimization
^u4�z���¯�Âñeü{
£ù´ Fletcher Ú Powell �@JÑ�^��eü{¦)`z¯K�©Ù"¤
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~ 1.1.6µ Viscosity solutions of Hamilton-Jacobi equations
Ç��î-ä�'�§�Ê5)
£ù´ Crandall Ú P.-L. Lions �@���¡/ïÄÇ��î-ä�'�§�©Ù"¤

~ 1.1.7µ Period three implies chaos
±Ïn¿�X·b
£ù´oUñÚ J. Yorke 1975c�Ñ·bêÆ½Â�©Ù"¤

~ 1.1.8µ Yet another chaotic attractor
,��·báÚf
£ù´�'JÚ T. Ueta 1999c�Ñ#�ÛÉáÚf�©Ù"¤

XJ©Ù¤3�+�,��¡®²kéõó�§
©Ù�ù��¡��k'§ù�ÿK8

¥'��[�
�`²å��J¬�Ð"�é{`§�õ\�
`²c§r�µ`���[

�
"'Xµ

~ 1.1.9µ The optimization of convergence for Chebyshev polynomial methods in an unbounded

domain
Ã.«��'ÈÅõ�ª�{Âñ5��`z
£'�cµoptimization of convergence, Chebyshev polynomial methods, unbounded

domain. d©���¯lK8þwÒ'��Ù
"¤

~ 1.1.10µ On one-sided filters for spectral Fourier approximation of discontinuous functions
'uØëY¼êFp�Ì%C�ü>LÈì
£'�cµone-sided filter, spectral Fourier approximation, discontinuous functions. &

E�´v
õ
"¤

~ 1.1.11µ Generation of finite difference formulas on arbitrarily spaced grids
?¿©Ù��k��©úª�)¤
£'�cµfinite difference formula, arbitrarily spaced grids. ùp arbitrarily �c�~

­�§å�âÑ­:��^"¤

~ 1.1.12µ Boundary layer resolving pseudospectral methods for singular perturbation problems
ÛÉ�Ä¯K�>.�)Û�Ì�{
£'�cµboundary layer, pseudospectral method, singular perturbation problem. Ó

�§ùn�"�Ø��'�cr�ïÄ�¯K�½��������"¤

~ 1.1.13µ Iterative and parallel performance of high-order compact systems
p�;XÚ�S�Ú¿15U
£'�cµiterative, parallel, high-order, compact system. ùpJø�&E�´é

õ"¤

~ 1.1.14µ Overcoming corner singularities using multigrid methods
^õ­��{5�Ñ$�Û:
£'�cµcorner singularity, multigrid methods. �,'�cØõ§�¿g�v
�

Ù"ù«Ä¶c\ using �/ª�´�«�1�IK�{"¤
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��§·�Þ��I�U?�©ÙIK�~f"

~ 1.1.15µ Some residual bounds for approximate eigenvalues and approximate eigenspaces

CqA��ÚCqA��m��
íþ.

ù�K8^
ü� approximate§�±í�1��",	K8¥wØÑT©ïÄ�´Ý
¯

K§�\þ matrix �c�äN"ïÆU�

Some residual bounds for approximate matrix eigenvalues and eigenspaces

Ý
CqA��9A��m��
íþ.

���!�o(§·��ÑIK´©Ù�ò¡"éÖö5`§©Ù�IKû½

(1) ´ÄkUY�Ö�7�¶

(2) ©Ù�Ì��z½M#:¶

(3) ©Ù�a.µnã5!nØ5!A^5½¢�5"


é�ö5`§©Ù�IK

(1) �¹k�½�&Eþ§¦�Öö�±éN´ÏL|¢Ú�|�\�©Ù¶

(2) U
áÚÖö�5¿å¶

(3) ó{¿�/Lã©Ù��z¶

(4) Úyk�IKk�½�«O"
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1.2 ©©©ÙÙÙ���ÁÁÁ���

��©Ù�Á�Ü°�~­�§Ù8�Ò´�r©Ù�Ì�SN^°õ��óo(å5"

Öö��ÏL�Ö�Á�5û½´Äk7�5�Ö©Ù��Ü½Ü°SN"Ø©Á���Ò

´�����©Ù (minipaper)§kÙAÏ��^"

Ø©Á�AT

• V)©Ù�Ì�8�!g�Ú(J¶
• ¦�U{²��£éõêÆ,��ÑÁ��iêþ�¶3©ÙÝvcA�Ö
,���öL�¤§�q�kv
�SN¶

• ^c°(!¿g²(§¦�U4�õ�<ÖÃ\�Qã"·�~`ïÄ¥k
�Ó1£'XA^êÆÓ1¤½�Ó1£'XO�êÆ+�¥� �©�§

ê�)¤"©Ù�ÌN´���Ó1w�§
Á�AT¦�Ó1�UwÃ"

k
�ö~~r©Ù�Úó (Introduction) ½ö(Ø (Conclusions) Ü©¥��
éf�

5§©n¤��Ø©Á�§ù�<±XÓ�aú§´Ø��ïÆ�"

Á���3©ÙÐv���2���¤"ù��Á��§�­#m©�géf§^�©Ù

ÌNÜ©ØÓ��c(�5V)©Ù¤Jø�Ì�&E§4Öö3Ö�Á��?\©Ù��

,k�8�#�a"

Á�����ãá=�§Ï~�¹�z�nz�i"3�yD�v
&E�cJe§Á�

�á�Ð§�°õ�Ð¶Ø�s�m�£ã[!"

1.2.1 ���


ÐÐÐ���~~~fff

·�e¡5ww�
IO�Á�"Á��,ØI�Z��Æ§�±kéõs�"��5

`§XêÆ�Ø©Nõ�´±y²��Ì�½n�8�§�ÙÁ�Ø7��¶
A^½O

�êÆ�©Ù�¹nØ!�{ÚO�Á�§�Ä���¡¡�õ§Á�þk�Ò�¤:%

É"·�Ø�kÖÖü�Í¶Ø©�Á�"1����ö��´2006c��[ø¼�ö>ó

Z§1994c��[ø¼�ö Pierre-Louis Lions ´1����ö��"

~ 1.2.1µ (Annals of Mathematics, 167, 2008, p. 481)
Title. The Primes Contain Arbitrarily Long Arithmetic Progressions
Abstract. We prove that there are arbitrarily long arithmetic progressions of primes. There

are three major ingredients. The first is Szemeredi’s theorem, which asserts that any subset

of the integers of positive density contains progressions of arbitrary length. The second, which

is the main new ingredient of this paper, is a certain transference principle. This allows us to

deduce from Szemeredi’s theorem that any subset of a sufficiently pseudorandom set of positive

relative density contains progressions of arbitrary length. The third ingredient is a recent result

of Goldston and Yildirim. Using this, one may place the primes inside a pseudorandom set of

“almost primes” with positive relative density.

KKK888µµµ ¤k�ê�¹?¿���ê�
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ÁÁÁ���µµµ ·�y²k?¿��ê��ê�"kn�Ì�SN"1��´Szemeredi½n§§äó

äk��Ý��êf8�)?¿��ê�"1���,�=£�K§§´�©�Ì�#¤©"

ùNN·�l Szemeredi ½níÑ§?��v
��Å8�äk��é�Ý�?Ûf8�¹k

?¿����ê�"1n�¤©´ Goldston Ú Yildirim ����C(J"|^§Ur¤k�ê

�?��äk��é�Ý�/A��ê0��Å8"

~ 1.2.2µ (Annals of Mathematics, 130, 1989, p. 321)
Title. On the Cauchy Problem for Boltzmann Equations: Global Existence and Weak

Stability
Abstract. We study the large-data Cauchy problem for Boltzmann equations with general

collision kernels. We prove that sequences of solutions which satisfy only the physically natural a

priori bounds converge weakly in L1 to a solution. From this stability result we deduce global ex-

istence of a solution to the Cauchy problem. Our method relies upon recent compactness results

for velocity averages, a new formulation of the Boltzmann equation which involves nonlinear nor-

malization and an analysis of subsolutions and supersolutions. It allows us to overcome the lack

of strong a priori estimates and define a meaningful collision operator for general configurations.

KKK888µµµ Å�]ù�§��Ü¯Kµ����35Ú­½5
ÁÁÁ���µµµ ·�ïÄ�k��-EØ�Å�]ù�§��êâ�Ü¯K"·�y²=÷vÔng,

k�.�)S� L1 fÂñ���)"lù�­½5(J·�íä�Ü¯K)�����35"

·���{�6u�C'u�Ý²þ�;5(J§ù´Å�]ù�§�9��5�5z9g)

Ú�)©Û���#��"§¦·�U
�Ñrk��O�"y¿é��(�½Â
��k¿

Â�-E�f"

·�3e¡ÞÑ�õ�~f§k
/��Ñ
µã§øÖöë�"

~ 1.2.3µ (Journal of the American Mathematical Society, 9, 1996, p. 605)
Title. Splittings of Surfaces
Abstract. The main result characterizes small actions of surface groups on R-trees (©Ù�

z).

KKK888µµµ ­¡�©�
ÁÁÁ���µµµ Ì�(J�x
­¡+3 R-äþ���^"

ù����Ø©Ì�8�´y²�ö1990c\Ù���½n§�Á����¥�§�~°

õ"

~ 1.2.4µ (Transactions of the American Mathematical Society, 186, 1973, p. 481)
Title. On the existence of invariant measures for piecewise monotonic transformations
Abstract. A class of piecewise continuous, piecewise C1 transformations on the interval [0, 1]

is shown to have absolutely continuous invariant measures (Ì�½n).

KKK888µµµ 'uÅ¡üNC�ØCÿÝ��35
ÁÁÁ���µµµ �©y²µ�aÅ¡ëY!Å¡ C1 «m [0, 1] þ�C�kýéëYØCÿÝ"

T²;Ø©y²
��½n§Ì�(J3�é{Á�¥`���ÙÙ!{²��"�ù

p piecewise continuous q�õ{§Ï���� piecewise C1 ®Û¹
§"
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~ 1.2.5µ (Proceedings of the American Mathematical Society, 129, 2001, p. 1207)
Title. On the definition of viscosity solutions for parabolic equations
Abstract. In this short note we suggest a refinement for the definition of viscosity solutions for

parabolic equations (©Ù�8�). The new version of the definition is equivalent to the usual

one and it better adapts to the properties of parabolic equations (Ì�(J). The basic idea is

to determine the admissibility of a test function based on its behavior prior to the given moment

of time and ignore what happens at times after that (g��{).

KKK888µµµ 'u�Ô�§Ê5)�½Â
ÁÁÁ���µµµ 3ù�á©¥·�é�Ô.�§Ê5)�½Â°[z"#½Â�Ï~�@��d§��

·A�Ô.�§�á5"Ä�g�´3�½��cÄu��Á�¼ê�1�5(½§��Én

5§
Ø+3@���u)�o"

Á�p�Ñ
á©�8�!#½Â�`:±9�Ñ§���Ä�g�"

~ 1.2.6µ (Journal of Computational Physics, 31, 1994, p. 607)
Title. Nonlinearly Stable Compact Schemes for Shock Calculations
Abstract. In this paper the authors discuss the applications of high-order compact finite

difference methods for shock calculations (©Ù�8�). The main idea is the definition of a

local mean that serves as a reference for introducing a local nonlinear limiting to control spurious

numerical oscillations while keeping the formal accuracy of the scheme (�{�Ì�g�). For

scalar conservation laws, the resulting schemes can be proven total variation stable in one-space

dimension and maximum norm stable in multispace dimensions (�
nØ(J). Numerical

examples are shown to verify accuracy and stability of such schemes for problems containing

shocks (O�(JÚ8�). The idea in this paper can also be applied to other implicit schemes

such as the continuous Galerkin finite element methods (�U�í2).

KKK888µµµ -ÅO����5­½�ª
ÁÁÁ���µµµ �ö3©Ùp?Øp�;k��©{3-ÅO�¥�A^"Ì�g�´ÛÜ²þ�½

Â§§^±Ú?���ê���
�±�ª�ª°Ý�ÛÜ��5��"�±y²§¤�)�

�ªéIþÅðÆ
ó§3���m�/´�C�­½�§3õ��m�/´���ê­½

�"�Ñ�ê�~fé�)-Å�¯K�y
ù
�ª�°ÝÚ­½5"�©�g���^u

�ëY¿�7�{ù��Ù§Ûª�ª"

ù´��IO�Ø©Á�§l8�!�{!nØÚ¢�(J§�U�í2Ñk!�"¿�^

c�é{ü²
"ØLù�Á�mÞ�n�c In this paper q�õ{§�±í�"

~ 1.2.7µ (SIAM Journal on Numerical Analysis, 36, 1999, p. 719)
Title. A Fast and Accurate Numerical Scheme for the Primitive Equations of the At-

mosphere
Abstract. We present a fast and accurate numerical scheme for the approximation of the prim-

itive equations of the atmosphere (©Ù�Z�o). The temporal variable is discretized by using

a special semi-implicit scheme which requires only to solve a Helmholtz equation and a nonlocal

Stokes problem at each time step; the spatial variables are discretized by a spectral-Galerkin

procedure with the horizontal components of vectorial spherical harmonics for the horizontal

variables and Legendre or Chebyshev polynomials for the vertical variable ()û¯K�äN�

{). The new scheme has two distinct features: (i) it is unconditionally stable given fixed physical
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parameters, and (ii) the Helmholtz equation and the nonlocal Stokes problem which need to be

solved at each time step can be decomposed into a sequence of one-dimensional equations (in the

vertical variable) which can be solved by a spectral-Galerkin method with optimal computational

complexity (Ì��z§=JÑ�#�{�Ì�`:).

KKK888µµµ �í�©�§���¯�°(ê��ª
ÁÁÁ���µµµ ·�JÑ^u%C�í�©�§���¯�°(ê��ª"�mCþz�Ú^���I

�)��²0¿[�§Ú���ÛÜd÷�d¯K�AÏ�Ûª�ª5lÑz¶�mCþd�

�Ì-¿�7§S5lÑz§ÙY²©þ´^uY²Cþ��þ¥¡�Å§R�©þ�V4�½

�'ÈÅõ�ª"#�ªkü�²wAÚµ£i¤�½Ônëê§§´Ã^�­½�¶£ii¤z�

�mÚ�¦)�²0¿[�§Ú�ÛÜd÷�d¯KU©)¤�X����§£R�Cþ¤§

§��däk�`O�E,5�Ì-¿�7§S5¦)"

3Á�pâÑ (highlight) �{�A: (feature)§¦Öö�ef��#��{�`:§¬

¦k,��Ööé��©Ù�),�"

~ 1.2.8µ (SIAM Journal on Numerical Analysis, 38, 2000, p. 98)
Title. The Fast Multipole Method I: Error Analysis and Asymptotic Complexity
Abstract. This paper is concerned with the application of the fast multipole method (FMM)

to the Maxwell equations (©Ù�Z�o). This application differs in many aspects from other

applications such as the N -body problem, Laplace equation, and quantum chemistry, etc (d¯K

ÚÙ§¯KØÓ). The FMM leads to a significant speed-up in CPU time with a major reduction

in the amount of computer memory needed when performing matrix-vector products. This leads

to faster resolution of scattering of harmonic plane waves from perfectly conducting obstacles

(ù�ïÄÚÑ�Ð?). Emphasis here is on a rigorous mathematical approach to the problem.

We focus on the estimation of the error introduced by the FMM and a rigorous analysis of the

complexity (O(n log n)) of the algorithm. We show that error estimates reported previously are

not entirely satisfactory and provide sharper and more precise estimates (Ì��z§Ì�3n

Ø�¡).

KKK888µµµ ¯�õ4f�{IµØ�©Û�ì?E,5
ÁÁÁ���µµµ �©�9¯�õ4f�{ (FMM) 3ð�d��§¥�A^"dA^�Ù§A^3Nõ

�¡Ø��§X N -N¯K!.Ê.d�§!þfzÆ��"FMM �� CPU ^�wÍ\�§

��~�O�Å�1Ý
-�þ�¦¤I�S��m"ù��NÚ²¡Å5g�{?1æNÑ�

��¯¦)"ùp�X­:´é¯K�î�êÆ?n"·�ý­u FMM �5�Ø��O±9

�{ (O(n log n)) E,5�î�©Û"·�y²§± �w�Ø��OØ��-<÷¿§Ï
·

�JøÐ�õ¿�°(��O"

ù�´��IO�Á�§'�cé is concerned with, differs in many aspects from, leads to,

emphasis is on, focus on, reported previously are not entirely satisfactory, provide sharper and

more precise ��§�©Ù�Ñ
���N��x"

1.2.2 ���


AAA555¿¿¿���¯̄̄���

1�§¦þ;�3Á�p¡ÑyêÆÎÒ§AO´��1�êÆúª"Áã^Qã5��

ó5|¤\�©ÙÁ�"ùéA^êÆ�©ÙcÙ­�"
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~ 1.2.9µ Abstract. In this paper, we consider the hyperbolic conservation laws

ut + f(u)x = 0, x ∈ R, t > 0

and the viscous conservation laws

uεt + f(uε)x = εuεxx, x ∈ R, t > 0.

It will be proved that the error between u and uε is bounded by O(
√
ε) in the L1-norm. If f ′′ > 0

and u is piecewisely smooth, then the error bound can be improved to O(ε).
ÁÁÁ���µµµ 3ù�©Ùp·��ÄV­ÅðÆ

ut + f(u)x = 0, x ∈ R, t > 0

9Ê5ÅðÆ

uεt + f(uε)x = εuεxx, x ∈ R, t > 0.

òy² u Ú uε �m�Ø�3 L1-�êekþ. O(
√
ε)"e f ′′ > 0 � u ´Å¡1w�§KØ�

.Uõ� O(ε)"

^e¡�Qã§·�ÒU;�êÆúª§¿UL�Ó��¿g"

Abstract. It is proved that for scalar conservation laws the rate of convergence of viscosity

solutions to the inviscid solution is one-half. If the flux function is strictly convex, and if the

entropy solution is piecewise smooth, then the rate is improved to one.

ÁÁÁ���µµµ �©y²éIþÅðÆ§Ê5)Âñ��Ê5)�Âñ�´ 1/2"XJ6¼ê´î�à

�§��)Å¡1w§K§Uõ� 1"

1�§�
Á�pI�Ú^O<�©Ù£'X`\�ó�´,��©Ù�òY§½,©�

(J´\ù�©Ù�­�
�¤§@o3\�Á�p�±�þ"�Ø���þÚ©3ë�©

zp�SÒ£'X`=10>§�,=10>3ë�©zp¬�Ñ¤"ù:�Ì��Ï´��©

Ù�Á�²~¬�üÕ<Ñ5£'X`3ïÄÄ7���á�p§3�
,����p¤§


ù�ÿë�©z¿Ø¬��3�"Ï�ù
�Ï§X(¢I�§A�Ñ©Ù��Ü&E

£Ø
©Ù�IK¤"Þ~Xeµ

~ 1.2.10µ (SIAM Journal on Numerical Analysis, 33, 1996, p. 1484)
Title. Local Error Estimates for the Galerkin Method Applied to Strongly Elliptic

Integral Equations on Open Curves
Abstract. Saranen [Math. Comp., 48 (1987), pp. 485–502] proved local estimates in Sobolev

norms for the Galerkin method applied to strongly elliptic equations on smooth closed curves in

the plane. We extend his results to the case of open curves. Of particular interest are weakly

singular and hypersingular integral equations on a slit. An interesting outcome from our result

is that we can judge the orders of convergence of the local errors in some norms that do not exist

in the global sense.

KKK888µµµ ¿�7�{^um­�þrý�.È©�§�ÛÜØ��O
ÁÁÁ���µµµ Saranen [Math. Comp., 48 (1987), pp. 485–502] é^u1w4­�þ�rý�.�§�

¿�7�{y²
¢Ë�Å�êe�ÛÜØ�"·�ò¦�(Jí2�m­�"AOk��´

�¿þ�fÛÉÚ�ÛÉÈ©�§"·�(J���k�(J´·�U�ä�Û¿ÂþØ�3

�,
�êeÛÜØ��Âñ�"
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�©´�í2 Saranen ©Ù�(J§¤±�m©Ò�Ñ Saranen ©Ù�¤J�~Ün"

~ 1.2.11µ (SIAM Journal on Scientific Computing, 23, 2001, p. 1000)
Title. The Random Projection Method for Stiff Detonation Capturing
Abstract. In this paper we present a simple and robust random projection method for underre-

solved numerical simulation of stiff detonation waves in chemically reacting flows. This method is

based on the random projection method proposed by the authors for general hyperbolic systems

with stiff reaction terms [W. Bao and S. Jin, J. Comput. Phys., 163 (2000), pp. 216–248], where

the ignition temperature is randomized in a suitable domain. It is simplified using the equations

of instantaneous reaction and then extended to handle the interactions of detonations. Exten-

sive numerical experiments, including interaction of detonation waves, and in two dimensions,

demonstrate the reliability and robustness of this novel method.

KKK888µµµ Ó¼f5�ñÅ��ÅÝK{
ÁÁÁ���µµµ 3ù�©Ùp·��Ñ^uzÆ�A6¥f5�ñÅê��[���{ü%rõU��

ÅÝK{"d{Äu�öJÑ�éGäkf5�A����V­XÚ��ÅÝK{ [W. Bao and

S. Jin, J. Comput. Phys., 163 (2000), pp. 216–248]¶3@p:»§Ý3��Ü·�«���Å

z"|^]��A�§�{z,�í2�?n�ñ�A"���/2��ê�¢�§�)�ñ

Å�A§y²
ù�#�{���5Úr�5"

�©´�^��ögC±c©Ù��{§¤±3Á�pr±c�@�©Ù:Ñ5§´Ü��

n�"ÚgC�©Ù§�(�^{´ . . . proposed by the author(s) . . ."

1n§©Ù�Á�p�:Ñ©Ù�Ì�(J§ù�U¬ÚåO<é\�(J�5¿"�Ò

´`§r\�(ØÜ©{²��/:Ñ5§¿¦�U�Ñ¿©�&E§k
éf§�

A numerical comparison of these methods is presented

ù
�{���ê�'��Ð«

Ú

Some numerical experiments have been carried out

�
ê�Á�®�?1

ù��§ØU�Öö±v
�&E"Ø�©Ù´nã5�©Ù§Úóp�½��Ñ\�©Ù

k#��z£#�nØ!#��{!#�uy�¤"k
®²uL�©Ù§Á�wå5�´

�{ü"'�`µ

~ 1.2.12µ (Journal of Computational Mathematics, 11, p. 178)
Abstract. This paper develops an optimal-order multigrid method for the TRUNC

plate element.
ÁÁÁ���µµµ �©� TRUNC �ü�mu���`�õ­��{"

~ 1.2.13µ (Discontinuous and Continuous Dynamical Systems, 7, p. 801)
Abstract. The method of generalized quasilinearization is extended to semilinear de-

generate elliptic boundary value problems.
ÁÁÁ���µµµ 2Â[�5z�{�í2���5òzý�.>�¯K"
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±þ�Á�q�Lß{ü§¦O<éJaú�\�äN�z"XJ�ÖÁ�§ÖöØ��\

�©Ù^
�o�{§���o(J"

1o§Á��ÐØ�±� In this paper ½ This paper ù��á�mÞ"ù
á���õ

{§Ï�§�vk?Û¢�5SN"�´§§�²~Ñy3Nõ©Ù�Á�p§X�!p�

�O~f"���day�u)§�
Ïr3�öL�pB�¦^ù
á�"

XJÁ��~á§'X�kü�n�éf§½�ÜÁ��´��ãá§Qã��Ð�^�

��½�<¡§Ï~ÊH¦^1n<¡"éu���[�Á�§�±Ø7ÕYud§Xþ¡

�~ 1.2.11"�´��
ó§3Á�p¦�UØ�1�<¡Ú1n<¡·^§cÙ3Ó��

ãáp¶�Ð�¦^1n<¡"�n���{´3��©Ù¥�Ø·^�«<¡"

��, Á�p¡��ó�{ü�Ù§¦þ^áé§
Ø�����JÃ�éf"éõ,�

�K8ÚÁ��U��È¤éõ�ó§�JÖ��éfé�U��Ø�È",	§?Û��

©ÙÑ�;��Oi§Á�Ü°cÙ­�"Q�;�Qãþ�ØO(§��;�=�©{�

�Ø"Á�½Úó¥Ñ�§¬�"v<ÚÖö���ö��Lßo÷�<�"

���!�o(§·��ÑÁ�´©Ù�%9"§���£�µ

1. �©�Z�oº�©�9�¯K´�oº

2. ïÄ�¯KXÛ)û�º=�{´�oº

3. Ì��(J´�oº¯K�.)û�´Ü©)û
º

4. ïÄ(J�¿Âºé�Æ½éÖökõ��Ïº

éÖö5`§��Ð�Á�¿�X�ß²
"§ATµ

(1) {²��/�ã
©Ù�(JÚ�:¶

(2) 4Öö²(�ä©ÙégC´Äk¿Â§´Äk7�Öe�¶

(3) 4Öö��©Ù�J´§Ý"


é�ö5`§©Ù�Á�

(1) ´u�Öö|¢�£Ï�Á�'IK¹k�õ�'�c¤¶

(2) r©Ù��z�?�Ú£�éuK8¤½��ß/£ãÑ5"
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1.3 ©©©ÙÙÙ���ÚÚÚóóó

c®´©Ù�ïÓá�§gXïE�Â�<¬"`{��ó4SN´L�©Ù<þVs"

�X�ó2Ð�®ìü
�I�zD�N§��©Ù§Ø+(JõoÐ§ÑI��½��

C§
�C���Ì�Ü©Ò´Úó"Ð��E,�cÙ5­©Ù�Úó��þ"ÚóAT

'��¡/!O(/¿��*/0�©Ù¥ò�?Ø¯K��µá�Ú{�uÐ§<�£�

)gC§XJ±c�Lù�¡�ó�¤éd®���z§�ù�©Ù�ÄÏ§±9�©�Ì

�(J"��5`§ÚóÜ©��é{²��§Az�i=�§�qØ�Lu{ü½¡¡"

Úó��*5�~­�"��¡§�öégCó��V)Qã�·¥§égC�z�µd

�Ýº©�§�í�²Ú§Ø�g·NK§Xe¡�éf

Our new result is extremely important toward the proof of von Neumann’s conjecture

·��#(J�¾·ì�ùß��y²´4Ù­��

Ò�U´§��ó"�XuÛ� (1910-1985) Qw2�§©Ù3gC§µd3O<",	§Ø

��B@$O<�ó�"3Ú^¦<�Ø©�z�§cÙ3'�(J�§Ø�PP%</1

µO<§¿�à�"µ�O<�¯�±3��"v�w½Öµ�2�"o�§3�©Ù�§

�óþ��¬ºÝ¬�\I5Ó1��¹"XJ\w�e¡éf¥�©z=3>Ò´\gCu

L�Ø©§\Ò¬n)�©Ù���o�^J>&µ

The result of this paper is most general, a trivial consequence of which is the main result

of [3].

ù�©Ù�(J´����§§���²�íØ´=3>�Ì�(J"

=Buy
O<�©Ùk�§3�Ñ����í��§�R�í'<§¹].³§X

The conclusion of the main theorem of [3] is completely wrong, because the key inequality

in the proof is unfortunately not correct.

=3>�Ì�½n�(Ø��Øé§Ï�y²¥�'�Ø�ªØ3´��"

�k�:I��Ñ�´§Úó¥Ø�rÙ¦<$�gC±c�©Ùéf�µØÄ/��£

�L5"XJ�ã�ã/ì�ØØ§@Ò´ØUNN�Æâ��¯K
"X·��¡��r

N�§Ú^O<`L�éf§�½�\þÚÒ§¿5²Ñ?§r�Ú^��©Ø©½;Í�

3ë�©z�¥"

1.3.1 ÚÚÚóóó���mmmÞÞÞ

Ò�1�g�¡��¬Iå¬�é��1�<�¤�m§��©Ù��­�Ü©AT´§

�1�é{"/Ð�màÒ´¤õ���0ùé1Ä��ó�·^u©i�L�"��Ð�

©Ù1�éÒ¬�^c��/áÚÖö§-¦�ÎØgþ/UYÖe�"

�<s�£�´�~w��¤�mÞ�U´k�Ñ�æêÆÎÒÚ½Â"ù��¿Ø´Ø

#N§XêÆ©Ùpk�w�ù��/ª§Ïùa©Ù^��VgÚPÒ�U�õ§�m©

I�\±Ú?"�´��
óAT;�3©Ù��mÞÒÛ�-<)��ÎÒ½Â"�Ð�
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ÚóATù�m©µk��
��Ï�fw�£ã§ù�¬�Öö��N´�åÞ§±B¦

��tgX!k^Ø®/�,\¿§?\�Ú§¿UJpUYÖe��,�"�Öö3©Ù

ÌN¥-�êÆÎÒÚVg�Ò¬lNØ½§�tAG"ùÚ�¡ò�?Ø�N��êÆü

ù��K´���"

©ÙÚó�m©ÒATr\¤'%�¯KJÑ5§m��ì!��ÌK§Ø�ØX>S/

Qã�©Ù�¥%'XØ����
!�Ô"�^��
��!¦�õÖöÑUwÃ��ó

r¯K�Ñ5"'X��'uu�¯Kí2�©Ù´Xdm©�µ

~ 1.3.1µ (Transactions of the American Mathematical Society, 358, p. 5523)
Title. Singularities of Linear Systems and the Waring Problem
Introduction. Edward Waring stated in 1770 that every integer is a sum of at most 9

positive integral cubes, also a sum of at most 19 biquadrates, and so on. Later on Jacobi

and others considered the problem of finding all the decompositions of a given number

into the least number of powers, [Di]. In this paper we are concerned with a similar

question for general homogeneous forms.
KKK888µµµ �5XÚ�Û:Úu�¯K
ÚÚÚóóóµµµ 1770cO�u·u�`z���ê´�õ 9 ���ê�á�Ú§�´�õ 19 �

V�gê�Ú§��"�5ä�'9Ù¦<�Ä
é�ò��½ê©)¤��ê8�g

Ú�¤k©){ù�¯K=Di>"�©·�¤'5�´é��Ûg/ª�aq¯K"

ùném|x{ü´Ã§l�;u�¯K§�ä�'��ê©)¯K§��ö�ïÄ��Ä

�¯K§�ef�²
©Ù�¿ã"e��'uõ­���©Ù�mÞ´µ

~ 1.3.2µ (Computing, 56, p. 215)
Title. Optimal Multigrid Preconditioning
Introduction. Among various techniques for solving partial differential equations,

multigrid methods have proven to be one of the most efficient approaches. The effi-

ciency of those methods, however, depends crucially on appropriate underlying multilevel

structures. As such multilevel structures are not naturally available in most unstructured

grids, multigrid methods are in general not easy to apply.
KKK888µµµ �`õ­��ý?n
ÚÚÚóóóµµµ 3) �©�§��«Eâ¥§õ­��{®�y²´�k�?n��",


§ù
�{�k�5��þ�6uÜ·�Ä:õ�(�"Ï�3�Ü©�(�z��

¥ù��õ�(�ØUg,¼�§õ­��{��5`Ø´¦^"

ù��mÞÒr\¤'%�¯KÚ(J�Ñ5
",��©Ù�mÞ�r©Ù���8�á

��
Ú<\����µ

~ 1.3.3µ (BIT, 23, 1983, p.209)
Title. How and how not to Check Gaussian Quadrature Formulae
Introduction. The preparation of this note was prompted by the appearance, in the

chemistry literature, of a 16-digit table of a Gaussian quadrature formula for integration

with measure dλ(t) = exp(−t3/3)dt on (0,∞), a table, which we suspected is accurate

to only 1 ∼ 2 decimal digits. How does one go about convincing a chemist, or anybody

else for that matter, that his Gaussian quadrature formula is seriously defective?
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KKK888µµµ N�u�½Øu�pd¦Èúª
ÚÚÚóóóµµµ zÆ©z¥Ñy� (0,∞) «mþ'uÿÝ dλ(t) = exp(−t3/3)dt È©����

8 êipd¦ÈúªLr¦·��¤ù�5P"·�¦%ùÜL�k��� �ê:

�°Ý"XU4��zÆ[½aq�Ù¦<&Ñ¦�pd¦Èúªkî­"�º

ù��mÞ�m©Ò4Öö²x�ö'%�¯K¤3§�4Ööû½´Äk,�Öe�"

c¡!L§Úó��mÞÒÚ?êÆÎÒØ�Ð§�k�·�/�Ñ�
�8
,�{ü

ÎÒ�¦�¡�1©C�N´"e¡Ò´��ù�¡�~f"

~ 1.3.4µ (Mathematics of Computation, 33, 1979, p. 1289)
Title. Estimating the Largest Eigenvalue of a Positive Definite Matrix
Introduction. Let A be a positive definite matrix of order n with eigenvalues λ1 ≥ λ2 ≥
· · · ≥ λn > 0 corresponding to the orthonormal system of eigenvectors x1, x2, . . . , xn. In

some applications, one must obtain an estimate of λ1 without going to the expense of

computing the complete eigensystem of A. A simple technique that is applicable to a

variety of problems is the power method.
KKK888µµµ �O�½Ý
���A��
ÚÚÚóóóµµµ - A ���½Ý
§äkA�� λ1 ≥ λ2 ≥ · · · ≥ λn > 0§�éA���8�

A��þXÚ� x1, x2, . . . , xn"3�
A^¥<�7L�� λ1 ����O§
Ø±O

� A ���A�XÚ��d"�^��«��¯K���{üEâ´��{"

3þ¡Ú©�e5�oé{p§�ö�Ñ
 power method �½Â§`²ù��{�nØ

®²�éÐ/n)§¿5¿�ù��{�Âñ5�6uü�Ï�",�©Û
ùü�Ï�"

ù��mÞ��ÌK§vk¢{"

o
ó�§Úó�mÞAT¢¯¦´!�Ù²(§;;;����{!@{"

1.3.2 ÚÚÚóóó���¥¥¥mmm

ù�Ü©kõ«�{§�³�ögdu�§���`5�¹±eA��¡µ

1. ½Â¯K (define the problem)¶

2. )ºO�)û�4¯K (explain what the work attempts to do)¶

3. o(±c���Ì�¤J9Øv�? (summarize the results achieved,

progress made and unsolved problems)¶

4. {0�e\)û¯KÌ��Ã{ (outline the plan of attack)"

Ø4�êUâª�mM5ó�±	£~X��#JâÅ (A. Kolmogorov, 1903-1987) k�

Ê�Ø©vk?Ûë�©z��¤§����EØ©Ñ´ïá3®kó��Ä:�þ§X�

�½n3�2�/e�í2!�a�{�U?½í2!,��{�Âñ5y²±9Âñ�Ý

�O§½Ù§"o(±c���Ì�¤J§�Ò´`{ü/£�Ú�©�'�ó�ÚuÐ§

´��7��"3ùp§�Ì�Ú��'�©z�½�J�§ù�m�/L«\éù
�~

�'�ó�´
)�§\�ó�¿Ø´3­EO<�ó�"
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ù�£�L��Ü©§�Ø�L©À.Ü�§`
�gC�ó�Ã��'X�{¤uÐ"

Ì�´£�Ú�©���'�ó�Ú¤J"AO´@
e©ò�^��Ì�(JÚ�{§ù

pATJ9"

�Ñ�d©�ÄÏ (motivation) Ú8� (purpose) �´é7��"±có��Øv!¢

3�(J§8c�?n�{Ø
Ün!½Ø
k�!½Ø
{ü§Ñ�U¤�\�d©��

Ï"�Ï�,Ø==´ù
§�7Lk��Ün��Ïâ�U��\Ä)��"e¡·��

ÑA�{ü�~f"

~ 1.3.5µ (Proceedings of the American Mathematical Society, 134, p. 3268)
Title. A Weyl type formula for Fourier spectra and frames
The main purpose of this paper is (�Ñ8�) to prove a Weyl type estimate (see e.g. [9,

Ch. 5] for a description of the classical Weyl asymptotics in the context of Riemannian

manifolds ({¤�
)) for #{Λ ∩ R ·K}, where K is a convex body in Rd, symmetric

with respect to the origin, in the case when EΛ is an orthogonal basis for L2(Ω). In

analogy with the classical Weyl formula we ask whether

#{λ : ‖λ‖K ≤ R} = cΩ,ΛR
d + o(Rd),

where ‖ · ‖K is the norm induced by K (JÑ¯K).
It turns out that the answer is yes, and under some additional assumptions we obtain

more quantitative estimates on the error term. We shall see that our estimates imply

both (1) and (4) at the same time, thus presenting a unified description of geometric

properties of spectra (Ì�(J).
KKK888µµµ Fp�ÌÚµe�	�.úª
�©Ì�(J´3 EΛ � L2(Ω)���Ä��/y²
'u #{Λ∩R ·K}��«	�.
�O£~X§iù6/�µe�²;	�ì?��=9§1ÊÙ>¤§Ù¥ K ´ Rd ¥
'u�:é¡���àN"��;	�úª�q§·�Á¯

#{λ : ‖λ‖K ≤ R} = cΩ,ΛR
d + o(Rd)

´Ä¤á§Ù¥ ‖ · ‖K ´ K ¤p���ê"
¯¢y²§�Y´�½�§¿�3,
�	b�e·���'uØ���õ�½þ�

O"·�òw�§ù
�OÓ�Û¹ (1) Ú (4)§Ï
�Ñ
ÌAÛ5����Ú�£

ã"

~ 1.3.6µ . . . However, in spite of quite a number of contributions dealing with these effects, there

are no calculations taking into account all influences. To fill this gap (ùp�Ñ
�Ï),

we present a highly accurate numerical method . . .
· · · · · · ,
§¦+3?nù
�Jþk��õ��z§vkO�r¤kK��Ä3S"
�WÖù
�x§·�íÑ��p°Ýê��{ · · · · · ·

~ 1.3.7µ In this work we will propose a boundary element method for solving the linear Poisson-

Boltzmann equation for two proteins based on a single-layer formulation of the equations.

This gives a simpler set of equations on the boundary and hence a more efficient starting

point for solving them than the direct formulation of the boundary integral equations
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based on Green’s theorem used in previous studies (ùp�Ñ
�Ï). More importantly,

this will allow us to use a method based on the cell multipole algorithm to rapidly

evaluate the force and . . .
3ù�ó�p·�òJÑ��Äu�§ü�/ª¦)ü��x���5Ñt-À�[ù

�§�>.��{"ù�Ñ>.þ��{ü�§|§Ï
�¦)§��Ñ'kcïÄ¥

æ^�Äu��½n�>.È©�§�k����Ñu:"�­��´§ùòNN·�

|^Äu[�õ4f�{��{5×�µ�åÚ · · · · · ·

o
ó�§Úó�¥mATV)\©Ù�Ì��z!�U���k¿Â�(J§±9��

ù
(J��{ÚE|"ù�Ü©A�¢¢33§;;;���Lus	"

1.3.3 ÚÚÚóóó���(((���

Ø�\�©Ù'�á§½�öØÕ��/3Úó¥m(¹ÅÄ/�\�!�¿£~ 1.3.5Ò

´Xd¤§·�ïÆ3Úó�(�?{ü�þ�©�|¤Ü°"����{´éu©ÙÚó

�¡�z�!SN�þ�é{§V)/w�Ööù�!´Z�4�§��±

An outline of this paper is as follows

©Ù�V�Xe

½ö´

This paper is organized as follows

©Ù|�Xe

½Ù§é.5��Úó���ã�1�é"

ù�Ü©�ÐØ�rz�!�K8{ü/Û�3�å§ù���{Ø1´ÜB�Þ§
�

k­E�v"AT^ØÓ��é�Ñz�!�¿��{ü��("e¡ÞA�~fµ

~ 1.3.8µ (Transactions of the American Mathematical Society, 357, p. 3462)
Title. How to Obtain Transience from Bounded Radial Mean Curvature
1.3. Outline of the paper. We devote Section 2 to a discussion of those aspects

of warped products and model spaces which will be instrumental for our comparison

analysis. The general setup for the comparison techniques is then constructed in Section

3. The basic comparison inequalities for the Laplacian are reviewed in Section 4, and

in Sections 5 and 6 we define the capacity of general domains and explicitly calculate

the modified (drifted) capacity of radially symmetric domains in model spaces. A first

glimpse of the ensuing comparison result is given in Example 6.4. The local version of

our main result is then established in Section 7. Finally the proofs of Theorem A and

its corollaries are presented in Sections 8 and 9, respectively.
KKK888µµµ N�lk.»�²þ­Ç¼���º
1.3. ©©©ÙÙÙVVV���µµµ 1�!^5?Ø�­ÈÚ�.�mkÏu·��'�©Û�@
�

¡"'�Eâ�����ò31n!¥�E"^u.Ê.d�f�Ä�'�Ø�ª31

o!��nã§
31Ê!8!·�ò½Â����Nþ¿²(O�.�mp»�é
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¡«��?U£¤£¤Nþ"��
5�'�(J3~ 6.4 ¥�ÑÐ½",�1Ô!ï

á
·��Ì�(J�ÛÜ/ª"��§½n A 9Ùín�y²©O31l!Ê!Ð

y"

~ 1.3.9µ The present paper is built up as follows. The physical, mathematical and numerical

aspects of the Lagrangian scheme are treated in Section 2, while the extra features

needed to incorporate the scheme into a monotonic multi-dimensional Euler’s method

are presented in Section 3. Numerical results for shock tube flow and for supersonic flow

in a wind tunnel with a step are given in Section 4. Finally, Appendix A adds some

mathematical and numerical support to the earlier discussion of the interaction of gas

slabs, while Appendix B discusses various ways to find a representative slope value for a

distribution inside a slab.
d©Xe�¤: 1�!?n.�KF�ªk'Ôn!êÆ9ê��A��¡§
òd�

ª�üNõ�î.{(Ü�å¤I���	A5ò31n!¥Ð«"-Å+6ÚºÉ�

Ñ�6��Úê�(Jò31o!¥�Ñ"��§N¹ A ¥\þ�´@k?Ø�í<

�p�^�êÆ9ê�|±§
N¹ BK?Øé�+S�L5�Ç�©Ù��«�{"

~ 1.3.10µ The paper is organized as follows. The variational form for w and extraction formula for

λ are developed in Section 2. We establish the well-posedness of the variational form in

Section 3; the finite element method and its error analysis are given in Section 4; proofs

of two lemmas involving lengthy computations are presented in Section 5.
©ÙXe|¤µv �C©/ª9 λ �J�úªò31�!¥mÐ"31n!·�ïáC

©/ª�·½5"k���{±9Ø�©Û31o!¥�Ñ"�9é�O��ü�Ún

�y²K��1Ê!S"

~ 1.3.11µ This paper is organized as follows. In Section 2, we outline the method of our numerical

solution and define the various approximate theories that we shall consider. Results

and the basis for choosing any particular approximation are summarized in Section 3,

which can be read without knowledge of the details of our numerical method presented

in Section 4. Numerical experiments are then presented in the final section, showing that

our proposed approaches are both more robust and orders of magnitude more efficient

than existing methods.
�©(�Xeµ1�!·�Vãê�¦)��{¿½Âò��Ä��«%CnØ"�


(JÚÀJAO%C��â31n!o("ù
o(ÃI
)1o!¥�[�Ñ�ê�

�{ÒU�Ö"���!¥yê�Á�(J§§�w«·�JÑ�?n�{'yk��

kå�þ?�k�"

±þ�o�~f§�Nþ�)
ÚóÜ©(�� outline Ü©"ù�Ü©�,kÙ§�

{§�Ä�þ�Ó�É"A��Ñ§NõêÆïÄØ©!cÙ´X{êÆ+��§Ø¬Xþ

/ªz/(åÚó!§
´Øá�@/Ð«(��õ�5",��¡§�Ìé��ïÄ5½

nã5©Ùk�¬�Ö���Ñ8¹§�Ù!�SNV�wþ����Ù§ÒØ7ÕY/2

�ùp3Úó�"�x�Vv/�þz�!Z�o"

o
ó�§Úó�(�éz�!SN�V)A���þ�IK#ª@�28§�Ó�;;;���

��¡��!IK­E"
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äN©Û
Úó¥��Ü©���Ä����§·�2grNÚóATvkõ{�{§¦

@rÖöÚ\©Ù�Ø%"Higham k�éÐ�ïÆ ([13], 1 88 �)"¦`µ/U?Úó��

��1�{´í�1�é½cAé§Ï�§�~´Ã';����
!"0¦Þ�~f´µ

Polynomials are widely used as approximating functions in many areas of mathematics

and they can be expressed in various bases. We consider here how to choose the basis

to minimize the error of evaluation in floating point arithmetic.
õ�ª3êÆ�Nõ+�p^5%C¼ê§�U^�«���Ä.5L«"ùp·��

	N�À�Ä.±4�z2:$�D��Ø�"

þã1�é´¯¤±��~£§Ø72J§1�éâ`©ÙÁã�)û�¯K"Higham rù

üé{Ø ¤�é§¿�^�´áÚ<�¦¯ªµ

In which basis should we express a polynomial to minimize the error of evaluation in

floating point arithmetic?
·�A�^�oÄ.5L«��õ�ª±4�z2:$�D��Ø�º

¥IÆöÆâØ©�ÚóÜ©~����¯KÒ´�m©ù�´<<�����n"F"

þ¡�{ü~fé·�k¤éu"

k�§ÚóÜ©�±��©Ù�ÌNÜ©�¤�2�§��m©��±k�ÑA�Jj§

3��L§¥��±ØäV\�
5º9�
N¬§ø���ÚóÜ©�ë�"��éÐ�

Úó�±�Ï�ö�N´n)\�©Ù§Ó���Ï\o(\�ïÄ(J"ÏLù�o(§

\�±wÑ\�ó�´Ä�Ñ
�z§´Ä�±�5�Yó�"lù��Ý5`§s:�m

�ÐÚó´�~���"

1.3.4 ÚÚÚóóó¥¥¥���~~~���ccc

3êÆØ©¥§k
c.Úé.²~Ñy§·�31�Ù�¬0��
ù��c.Úé

."ùp·�{ü0��e3Úó¥~���
c|ÚS.^{"

e¡�c.Úé.�UÑy3Úó�mÞAã"

. . . methods have attracted considerable attention in the . . . community, especially for

the . . ..

· · · · · · �{3 · · · · · · �ïÄ+N¥®Úå4��5¿§AOé · · · · · · 
ó"

. . . is still a controversial issue in the . . . community.

· · · · · · 3 · · · · · · �ïÄ+N¥�,´���Ø�?"

In recent years, there has been tremendous interest in developing . . ..

Cc53uÐ · · · · · · �¡®kã��,�"

In the past two decades, a great deal of mathematical effort in · · · has been devoted to

the study of . . .

3L����c¥§�þ�êÆó�®^5ïÄ · · · · · ·
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There have been extensive study and application of . . .

éu · · · · · · ®k�þïÄÚA^"

Limited work has been done in . . .

'u · · · · · · ®k�
k�ó�"

We are concerned in this paper with the . . .

�©·�'5 · · · · · ·

There has been renewed interest in this technique, originated by Smith 100 years ago,

for . . .

éù��zccå©u Smith �Eâ^u · · · · · · �¡®kE��,�"

It should be pointed out that a number of issues related to . . . are still unclear. For

example . . .

A��Ñ§� · · · · · · k'�Nõ¯KE,Ø�Ù"~X§· · · · · ·

e¡�c.Úé.�UÑy3Úó�?ØÜ©"

A key issue for the · · · study is the . . .

ïÄ · · · · · · �'�:´ · · · · · ·

The main difficulties in . . . are . . .

· · · · · · �Ì�(J´ · · · · · ·

One of the most interesting and physically important features of . . . is . . .

· · · · · · �k�¿�Ônþ�­��AÚ��´ · · · · · ·

This has been proven successful, for instance, in solving . . .

~X§ù3¦) · · · · · · �¡®y²¤õ"

There are some limitations to this approach to . . .

'u · · · · · · �ù�?nk�
Û�5"

A related problem was studied by . . .

���'¯KQ� · · · · · · &?"

The main purpose of this paper is to . . .

ù�©Ù�Ì�8�´ · · · · · ·

There are two main motivations for the study of the . . .

kü�ÄÏ5ï? · · · · · ·

The objective of this paper is twofold. The first one is to . . . The other is to . . .

�©kV­8�"�´ · · · · · · ,�´ · · · · · ·
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An alternative to solving . . . equation is to solve the following equation.

) · · · · · · �§�,�å»´)e��§"

Alternative methods to derive . . . are to use . . .

¼� · · · · · · �Ù§�{´^ · · · · · ·

We emphasize that . . .

·�rN · · · · · ·

���!�o(§·��ÑÚó´©Ù�Ã�"Ð�ÚóAT'5o���oµ

1. ��oy3�ïÄù��Kº£Why now? =��5¤

2. ��où�¯Kº£Why this? =k�o]Ô5º¤

3. ��o^\JÑ��{º£Why this way? =\��{�`�5¤

4. ��oÖö¬é\��{½(Ja,�º£Why should the reader care? =é

Öö�áÚå¤'X¯K´Äk#¿§©Ù(J´Ä'O<�Ð§´Äk#

uy¶ù
Ñk�UáÚÖö"
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1.4 ©©©ÙÙÙ���ÌÌÌNNN

©Ù�ÌN´©Ù�­��Ü©§§�¡�Ñ�ö�ïÄ¤JÚ#(J�Øy!ínL

§§½#�{��EL§ÚnØ©Û!ê�¢�"��
ó§©Ù�1�!/Úó0Ú��

�!/(å�0�m�¤k�!�¤ÌNÜ©"

©ÙÌNÜ©�±kõ«|¤(�§·�3e¡©A«�/?Ø"

1.4.1 nnnØØØ555���rrr���©©©ÙÙÙ

ù�a©Ù���d±eAÜ©|¤µ

• Preliminaries£ý��£¤

• Main results£Ì�(J¤

• The outline of proofs£y²�{¤

• Extensions£ò�¤

Preliminary Ü©Ì�´Ú?ÎÒ`²ÚVg½Â"nØ5r�©ÙÄ��PÒ (nota-

tion) '�õ§k��'�Jn)§¤±7LüÕk�!�[\±Ú?Ú)º"3ù�!p§

k
®���égCù�©Ùék^�(J�U�I�üÕÚÑ5§�¤ÃXÚn (Lem-

ma) ù��/ª"Xd�´�e�!�O�§¿U«O�o´\�©Ù�Ì�#(J§�o

´±c�(J"

3©Ùe�!Ì�½nÜ© (Main results)§�±ÚÑ\�Ì�(J§¿\±©ÛÚ

?Ø"�
¦ÖöUn)\�(J�­�5§Ú\�Ñù
(JÌ��g´§�[y

² (Proofs) Ø�½�êþ\?5§§��±�32e¡�!½�3N¹ (Appendix) p"

�
555¿¿¿¯̄̄���µ

• k
ÐÆ����ö3Ì�(Jù�!pÚÑ
�õ�½n§k�����
�m�©ÙØ,k�õ�½nÚÚn§¿�z�½nÑ\
�õ�^�§ù

«©ÙÖå54<8Ø4­:§JØå,�§�Ð´84­���
(Ø�

¤�!ü�½n§�õn!o�§
rÙ§Ø­��(Ø½íØ��§½Ñ

�?Ø"

• k
©Ù3�Ñ½n�Qã�c�
��[�í�§¿3í�L§¥Ú?

éõ^�"�´rù
í��(J�¤½n�§  ¬rù
^�#K"ù

´éØ���"��½n§  ¬�w¤é­�§Ù(ØcÙ­�§�ù


(Ø  ´3�
b� (assumptions) ½^� (conditions) e¤á�"¤±3

½n�Qã¥^�Ú(ØÑ���"

����ATµ
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(1) ;;;���¦^�õ�Ún§Ø�´E|5ér!y²éE,��©"Ï~ºõn

�ÚnÒ

"k
b�!SN��Ø��Ún�±/©n03�å§òØ

Ó(J^êè£i¤!£ii¤½ 1!2 �IÑ§~�ØÓÚn¥Ó�Ü©�­E

Ö�"y²½n�I�^=�Ü©ÒÚ^@�Ü©"

(2) ;;;���ò¤kÚn���å"�(��{´ò¦��g�uy²�I^§��

½n�c§ù��Ð?´�BÖö�Ön)"

1.4.2 OOO���½½½AAA^̂̂êêêÆÆÆ���©©©ÙÙÙ

ù�a©Ù���d±eA�Ü©|¤µ

• The problem or governing equations (¯K½Ì��§);

• The Numerical method or experimental method (ê��{½Á��{);

• Theoretical analysis (nØ©Û);

• Numerical results (ê�(J);

• Conclusions ((å�).

��5`§O��ÆÌ�´�é�
;.�åÆ¯K!ó§¯K½¢S¯K§'X`�í

ÄåÆ!�NåÆ!�5åÆ!)·�Æ!á��O!(�`z��?1ïÄ"ù
¯Ko

´Ú�
�©�§ (differential equation)!È©�§ (integral equation)!�f�§ (operator

equation)½êÆ5y (mathematical programming) éX3�å§¤±ATk�!Ú\ù
�

§½¯K§0��A�ÎÒ§¿Ué�§p���¼êÚ®�¼ê½8I¼êp��þ¤é

A�Ôn¿Â\±)º"k�§é\¤�Ä�A½�¯K§·���§{z�ék7�§ù


êÆ$���±3ù�!�¤"

~ 1.4.1µ The Poisson-Boltzmann equation for the electrostatic potential ψ in a symmetric 1 : 1

electrolyte characterized by a Debye screening parameter κ has the form

∇2y = κ2 sinh y, outside the spheres,

∇2y = 0, inside the spheres,

where y = (zeψ/kBT ) is the scaled nondimensional potential.
d�~çÀëê κ �x�é¡ 1 : 1 >)�¥·>³ ψ �Ñt-À�[ù�§äk/ª

∇2y = κ2 sinh y, ¥¡	,

∇2y = 0, ¥¡S,

Ù¥ y = (zeψ/kBT ) ´ �Ãþj³"

~ 1.4.2µ The existence and computation of absolutely continuous invariant measures associated

with nonsingular transformations are two important problems in the application of ergod-

ic theory to physical sciences. The density of such an invariant measure is a fixed point of
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the corresponding Perron-Frobenius operator. If S is a nonsingular transformation from

a σ-finite measure space (X,Σ, µ) into itself, then the corresponding Perron-Frobenius

operator PS : L1 → L1 is defined via∫
A
PSfdµ =

∫
S−1(A)

fdµ, ∀ A ∈ Σ

for all f ∈ L1.
�ÛÉC�¤éA�ýéëYØCÿÝ��35�O�´H{nØ^uÔn�Æ�

ü�­�¯K"ØCÿÝ��Ý´�'��à-6Û'Zd�f�ØÄ:"e S ´ σ-

k�ÿÝ�m (X,Σ, µ) �Ùg�����ÛÉC�§KéA��à-6Û'Zd�

f PS : L1 → L1 é¤k� f ∈ L1 deª∫
A
PSfdµ =

∫
S−1(A)

fdµ, ∀ A ∈ Σ

½Â"

éu��'uO��{�©Ù, ê��ª (numerical schemes) ù�!AT´\©Ù�'

�"3ù�!p�SN§  �U´\�©Ù�°u"�l����Ý5`§ù�!  ¿

ØJ�§Ï�§�SN'�äN"XJÐg��"y²�§�±ë��'©Ù�,
�'Ü

©��éu"

ê�(J (numerical results) Ü©  wå5N´§�Ú�ÑØ�½N´"Äk§ÀÐ

^5O��~f§´�~­��"éõÆâ¯K (academic problem) Ñk�
IO�ëì¯

K (benchmark problems)§ù
~f�±À^"��ÐUÀ^�
k�½JÝ�ëì¯K"

Ø,�{§�{ü�¯K£'Xéõ����~¤�vk�o¿g§ØU`²¯K§w«Ø

Ñ#JÑ�ê��ª�`�5"�Ð�ê�~f�¹Xe�'�&Eµ#��{��`u8

c®k�Ù§�{"

éõ'uê��{�©Ù�¹
ê�¢��(J!*	Ú(Ø§Ù8�Ì�´�`²±e

A�¯K½Ù¥�Ü©µ

• kÏßéO��{��k���@£¶
• ÏLO�(JÚÙ§�'�(J?1'�¶
• (½nØýÿ(J��(5¶
• k
O��ªpk
<�½Â�ëê (user-defined parameters)§ê�¢��

±n)N�À�ù
ëê¶

• �	,
^���15Ú��5"
• O�puy�
'nØ©Ûê�(J�Ð�ÀÜ§�U��e�ÚnØ©Û
9�Y5ó�"

'Ù§�{�O(!�Ð�O�(Jýé�±O\©Ù�d�§¿U¦"v<k,�¦¯

�É\�©Ù"·�/�O\�ê�¢�9k�/�wO�(J´�~k^�"

3ê�(J����{þ§±eA:���5¿µ
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1. £ãê�¢�L§�§�¦�U�[§r¤^�ëê� (parameters) Ú�{

¦�U[�/£ãÑ5§¦�U¦Öö3Ö�©Ù��±­EO�Ñ\�(

J (reproduce your results)"

2. ¦�U^ã� (figures) ½ãL (tables) 5Lã\�(J"XJ�U§Ú±c

�½Ù§�{�(J?1'�"

3. ¦þ¦^�
�[Ñæ^��~"Ð��~AT£ã¯K)�¯õA5§�

¹
)û¯K;.�(J§Ú¢S¯KéXé;§�Ð´��°()£�,

ù���:���¹eA�´Ø�U�¤"

4. �ÐUéê�Á�?1�
µãµ?Ø\�O�(J£Ú�{¤�`:¶Ú

O<(J£9�{¤�'�¶k�ok¿Â�*	 (observations)¶ÚnØý

ÿ�'X�"�ÐØ�==�Ñ�
êâ§
vk?Û)ºÚ©Û"

5. ÐÆö3�ê�¢�Ü©�§�ÐUé�Ú\ù�!�'��
uL3é=

©��r'�î�Ïrþ�©Ù§*	�eO<´N���"

�AT5¿�´©Ù¥;;;���¦^�õ�ãL"k�ãL�±Ü3�å±!��m§¿�|

uê�(J�p'�"

1.4.3 ���wwwOOO���(((JJJ���~~~���^̂̂{{{

3�wê�(J�§k
~^�`{"3e¡·�ò�Þ�
§=øë�"Äk´�


L�ã�½ãL�~^L��ª"�'�éfp²~k shown, given, display, present,

illustrate �üc"

~ 1.4.3µ Figure 2 shows the structure of the exact solution of this Riemann problem.

ã 2 w«ù�iù¯K°()�(�"

~ 1.4.4µ Results of these calculations are given (½ shown, presented, plotted) in Figs. 1 and 2.

ù
O��(Jdã 1 Úã 2 �Ñ"

~ 1.4.5µ Fig. 6 shows a comparison between the integration methods versus the dimensional step

size.

ã 6 w«È©�{Ú�êÚ��m���'�"

~ 1.4.6µ The two basis functions are distinct quadratic functions as illustrated in Figure 5.2.

ü�Ä¼ê��É��gõ�ª¼ê§Xã 5.2 ¤«"

~ 1.4.7µ The density as a function of x is shown in Figure 3.2.

�Ý�� x �¼ê3ã 3.2 ¥w«"

5¿3þ¡�©ip§ã�k�^ Figure §k�^ Fig."ùü«^{Ñ�±§�´3Ó

��©Ùp7L�±��"�Ò´`§X^ Figure§K��©ÙÒØ2·^ Fig. ù� �"

,	§i1 F 7L��"

e¡�£ã��E,�:§õ
�
0��µ½^��c½éf§���å5�¿ØJµ
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~ 1.4.8µ Figure 4.1 shows a computed solution to the Burgers’ equation using a high-resolution

method with a time step that satisfies the CFL condition.

ã 4.1 w« Burgers �§^�mÚ�÷v CFL ^��p©EÇ�{¼����O�

)"

~ 1.4.9µ Computational results are shown in Figure 3.1, illustrating the oscillations that appear

in this case, again with the first-order Godnunov method.

O�(J3ã 3.1 ¥L«§`²3ù��/2g��� Godnunov �{Ñy���"

~ 1.4.10µ These are seen much more clearly in Figure 3.2, which shows the same solution on a

different scale.

ù
3ã 3.2 ¥���Ù/w�§w«3ØÓºÝe��Ó)"

3'�ã��§k�¬I�L�*dé�C§½���é��(J"e¡ò�ÑA�~f

\±`²"

~ 1.4.11µ Graphically, there is no observable difference between the interactions in these cases,

showing that the effect of the presence of walls is not important under these conditions.

lã/þwù
�/vk�p�^�m��*	�O§y¢p9�3�K�3ù
^�

eØ­�"

~ 1.4.12µ As can be seen, there is a good agreement between the present result and the reference

computation.

XUw��@�§8c�(J�ë�O��mkÐ�¬Ü"

~ 1.4.13µ The streamlines for different values of the parameters, shown in Fig. 3, are in good

agreement with the results published by Li et al. [6] and Zhang [8]. The difference on

the separation points between our results and the results published in these two papers

is less than 5%.

Xã 3 ¤«§ØÓëê��6��o�<=6>±9Ü=8>uL�(J��¬Ü"·�

�(JÚ@ü�Ø©uL�(J'u©l:��É�u 5%"

·�~w�éõÐÆö3©Ù¥�,�Ñ
ã�§�¿vk�ÑAk�)º!'�!½í

ÿ"ùÒ¦xã�¿Â��
éõ"��`5§¦þ��Ñ�~7��ã�§�k�Ã�ã

�¦�U�K"
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1.5 ©©©ÙÙÙ���(((ååå���

(å�q¡�(Ø§§�¤©ÙÌ�Ü©(å�!©Ù(åc����!"��g,�¯

K´§Á� (Abstract)!Úó (Introduction) Ú(å� (Conclusions ½ Concluding remark-

s) �.k�oØÓ? Ä�þ5`§(å�Ü©A�ÚcüÜ©k�N�­Ü (overlapping)§

�Ü©SNAT´Ø���"

1.5.1 (((ååå���AAATTTkkk���oooSSSNNNººº

(Ø!AT�¹±e�&Eµ

• �~{á/�Ñ©Ù�Ì��z (Provide a summary of the main contribu-

tion)"5¿�{á (Keep the summary short)§¿�Ø�­EÚó½Á�p

¡�c§¦þ^�
Ó�¿g�O�c (Use fresh wording)"ù��±2­E

�e\�(J�­�5 (Emphasize the importance of your results)"

• )º�e\ÚópJ��¯KÚ¦¯"²L��©Ù�ØyL§§3(å
�Ü©�N�±!ØÜ©�Y
 (Turn back to something discussed in the

Introduction)"

• �Ñdu,
�Ï£'X�Ì��Ï¤§©Ùvk�Ä�Ù§�¡½���
�¯K§¿`²�©��{´Ä�±í2�ù
�/"

• !Ø�e\�ù�ó��U�5�K�§±9�U¬é)ûÙ§�'ó��
Ã? (Explain the implications of your research)"

• Ð"e�Ú§�Yó��±��o (Identify the next step or look to the

future)ºXJÜ·§?Ø�
Ú�ó��'� conjectures"

1.5.2 (((ååå������555¿¿¿¯̄̄���

• Ø�L©^J§3(�?`©ÙY²Øp�a� (Don’t say something like “I apologize

for the poor quality of my paper”)¶

• Ø�J�o#�J±)û�¯K (Don’t ask many difficult questions)¶

• Ø�Ú\�#��{ (Don’t bring up completely new ideas)¶

• Ø�UC��©Ù®²/¤��óº� (Don’t change the tone or style of your writing)¶

• Ø�JÑÚ©¥?ÛÜ©gñ�(Ø½*: (Don’t contradict any part of your paper)¶

• Ø��í��§Ø�§�¤J (Don’t make exaggerated claims)¶

• Ø�Åi­EÚó§I���«`{ (Don’t restate the Introduction word for word)"

1.5.3 (((ååå���¥¥¥������


~~~^̂̂ccc

eL�Ñ��
c�3(å�p~��µ
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.¾ after all X®¤ã as has been said

¯� as matters stand ÃØXÛ at any rate

=¦\¢ even so �� finally

duù
nd for these reasons {ó� in brief, in short

�é{ in a word o� in conclusion

�Ñ(Ø in drawing to a close (¢ indeed

��
ó in general �ó� in other words

£�å5 in retrospect oó� in summary, to summarize, to sum up

oNþ on the whole ½{á/ or briefly

Q,Xd such being the case o)
ó to conclude

Eã to recapitulate ­E�H to repeat

y�wÑ we now see v
 it is enough

Table 1.1: (å�¥~^c�

k
~^�c§'X� in summary, to summarize, in conclusion, to conclude �²~3©

Ù�(�?��¶�e3Ó�!ØÊ¦^§�U¬¦Ööa�PN­�§"�#¿"

±e4·�w�w,
~fµ

~ 1.5.1µ (Journal of Computational Chemistry §14 (1)(1993), M. Holst and F. Saied)
Title. Multigrid Solution of the Poisson-Boltzmann Equation
Conclusions. The first conclusion to be drawn from the numerical evidence presented

earlier is that the multigrid method is the most efficient method for the two test problems

with a grid size of 65 × 65 × 65. Secondly, the advantage of multigrid grows with the

problem size, as it demonstrates optimal order behavior for our test problems.£µØµ

ù�ã�~{Ñ/o(�e�©��z"¤

A point that should be stressed is that the SOR and CG results reported here are based

on highly optimized codes, and these codes ran close to their maximal rates on both

architectures. Based on earlier results [15, 16], we expect a fully optimized multigrid

method to run at rates comparable to the smoothing iteration alone on architectures

such as those considered here. Thus, we expect that the multigrid method can achieve

nearly the peak rate obtained by the SOR iteration. As a consequence of these points,

it should be pointed out that the results presented here for the multigrid method are

conservative, and gave only an indication of its potential for the LPBE.£µØµù�ã

?Ødu�ó��U����?�Ú�(J"¤

Finally, while we have considered only the LPBE in this paper, the multigrid method can

be extended to nonlinear problems through either a combination of Newton’s method and

the linear multigrid algorithm presented here, or a nonlinear multigrid algorithm [13].

These methods have been used successfully for nonlinear problems in computational fluid

mechanics [28] and semiconductor device simulation [29], and their application to the
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NPBE will be investigated in a future paper.£µØµù�ã?Ø�?�Ú�í2"ù

�ã´Ø�U�� Abstract ½ Introduction Ü©�"¤
K888µµµ Ñt-À�[ù�§�õ­��)
(((ØØØµµµ lkcÐ«�ê�yâ���1��(Ø´§õ­��{éùü�Á�¯K´

�k���{§Ù��º�´ 65 × 65 × 65"1��´§õ­���`³�¯Kº��

4O
\�§�X§é·��Á�¯KÐ«
�`�"

I�rN��:´§ùp�w� SOR Ú CG (J´ÄupÝ`z�§S§�ù
§S

3ùü«e�þ±C����Ç$1"�â@k�(J=15,16>§·�Ï"3�d?�

ÄL�@
e�þüÕU�²wS��'�����`z�õ­��{"ù�§·�Ï

�õ­��{�ØõU�� SOR ¼��º¸�Ç"��ù
Ø:�(J§A��Ñù

pÐy�õ­��{�(J´�Å�§==�Ñ§é LPBE då���,�"

��§¦+ù�©Ù��Ä
 LPBE§õ­��{UÏLÚî{Ú�5õ­���{�

|Ü½��5õ­���{=13>
í2���5¯K"ù
�{®¤õ^uO�6N

åÆ���5¯K=28>Ú��Nì��[=29>"§�é NPBE �A^ò3�5�

©Ù¥&¢"

~ 1.5.2µ Conclusions. What we have seen from the above is the convergence of a piecewise
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©Ù�FÏ����3�ö¶i���1"

1.8.3 ©©©ÙÙÙ���'''���cccÚÚÚÆÆÆ���©©©aaa

éõ,�I��öJø'�c (Keywords)"'�c�¶gÂ´©Ù�'��c§Ï
Ø

¨�õ§/'�0õ
Ò¬��/'�0�¿Â§Ò��õ�A�øÒ4<ØD¾
��"

'�c���3��±e£Ø�´���©½^��­�VgAOõ§Xe¡�~ 1.8.2¤§

§�´�
4{I5êÆµØ6�êÆØÍ8�ÑÖÅ�Ur\�Ø©��Ù©�Oaêâ

¥¥��( �"�ÆÚ^�Iu¢óä SCI (Science Citation Index) |^'�c55�©

Ù©�Oa§
ÖöK�â'�cl¯�¦ïÄ½,�k'�©z|¢"

3�8�O�Å&E��§'�c�~­�§Ï�éõÖö�UÏL'�cÏé¦k,�

��'©Ù§¤±À^'�c�ØU�êm!úÇ"'�c�¢¦�U��u¢(J½Ú^

Øv§N´~�O<éù�Ø©�'5§Ý§Ï
��U¬E¤�ö�ó�K�åü$"

'�cØ�Lu<Ú§� computation, fluid mechanics, mathematics§�Ø��¹� new,

interesting, best ù��/Nc"�Ð�þ�ü��¹©ÙØK����!<Ú�:�c§

,	\þA�'�b�����é�Ä�c§'X Numerical approximation, finite element

method, mesh adaptation, local time stepping"

'�cØ==�´��c§k�´��á�§Xþ¡`� finite element method"¤k�

¶c�Ð��üê/ª§Xþ¡�Þ�k��{Ø7�Ñ finite element methods"�´§�

¤Eê�Ã��ä§�³�öOÐ§Xe¡�~ 1.8.1"�,§k�cwþ��Eê§Ù¢´

Ø�ê�üê§~X statistics Ú chaos§Ø�±�´Eê§½±�´�ê¶c�üê
2�

¤Eê"

k
,��¦Ýv©ÙJø{IêÆ¬êÆÆ�©aÒ (AMS Mathematics Subject Clas-

sification Number§{P�MSC¶duù�©aXÚ´2000c�½�§��¤MSC(2000))"

ù��%�êÆ©aXÚò¤kêÆ©¤Ê�o�Ì�Æ� (primary classification areas)§

z�Æ�q[©�eZfÆ�§ù«äG©a{¹�ÄÔÆ¥�©a{"k
�(�©a

Ò§Ø=\uL�Ø©Ñy3êÆ�Y¥�Ü·|¤§
�d3��'Öö¬é¯uy\�

©Ù§ùÒ�uO\�©Ù�
��éÐ�2w"
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Ø
 AMS Mathematics Subject Classifications 'uêÆ�©aXÚ	§�k�O��

Æk'�©aXÚ The Computing Reviews Classification System �"ÔnÆ�©aXÚ

k{IÔnïÄ¤ (American Institute of Physics§{¡ AIP) �O� Physics and Astron-

omy Classification Scheme (PACS)£~X���35O�ÔnÏÕ6(Communications in

Computational Physics) þ�©Ù¥�Ñ�©aÒ¤"

~ 1.8.1µ (Transactions of the American Mathematical Society, 356, p. 1691)
Title. Coordinates in Two Variables over a Q-algebra
2000 Mathematics Subject Classification. Primary 13B25, 14J70, 14R10.
Key words and phrases. Coordinates, locally nilpotent derivations, embeddings.
KKK888µµµ Q-�êþ�VCþ�I
2000 êêêÆÆÆÆÆÆ���©©©aaaÒÒÒµµµ 13B25!14J70!14R10"
'''���ccc���ááá���µµµ �I!ÛÜ�"í�!i\"

~ 1.8.2µ (Mathematics of Computation, 75, p. 1931)
Title. Iterated Function Systems, Ruelle Operators, and Invariant Projective Measures
2000 Mathematics Subject Classification. Primary 28A80, 31C20, 37F20, 39B12, 41A63,

42C40, 47D07, 60G42, 60J45.
Key words and phrases. Measures, projective limits, transfer operator, martingale, fixed-

point, wavelet, multiresolution, fractal, Hausdorff dimension, Perron-Frobenius, Julia set,

subshift, orthogonal function, Fourier series, Hadamard matrix, tiling, lattice, harmonic

function.
KKK888µµµ S�¼êXÚ!Ruelle �fÚØCÝKÿÝ
2000 êêêÆÆÆÆÆÆ���©©©aaaÒÒÒµµµ 28A80!31C20!37F20!39B12!41A63!42C40!47D07!
60G42!60J45"
'''���ccc���ááá���µµµ ÿÝ!ÝK4�!=£�f!�!ØÄ:!�Å!õ©EÇ!©/!

Íd�Å�ê!�à-6Û'Zd!Á|æ8!f£ !��¼ê!Fp�?ê!C�

çÝ
!©�!�!NÚ¼ê"

1.8.4 ©©©ÙÙÙ���ÙÙÙ!!!IIIKKK

Ù!�IK´©Ù���"éÖö5`§©Ù�(�½�IK

(1) ¦Öö�N´é�¦�a,��Ü©¶

(2) ¦Öö�N´é��ö�Ì��z½©Ù��:¶

(3) ¦ÖölÜ6þ�n)�ö���¿ã"


é�ö5`§Ù!�IK

(1) é�A�Ù!å�x9:«��^¶

(2) �Ï�ögC��c�ÑÐ�Jj¶

(3) r©Ùy©¤�éÕá�Ü©¦8�5r�Öö��¤I��Ü©"
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1.9 ���ÙÙÙooo(((

·�®²é=©êÆ©Ù�(���{?1
��©Û"ù=Jø
N��êÆ�Ä��

ª"��rÆâØ©���Ð§Ò�3Ýº��Ä:�£�Ó�§õõ�Öî{êÆ[�=

©�¬§Øä*¿=©êÆc®þ§3ÞM¥�EöS�
~^á�ÚS.^{£e�Ùk

�[0�¤"ù�ÒU×�Jp;�=���Uå§¤���Ôök��=©êÆ��ö"

3(å�Ù�c§·�2Jø�
Ð�éf½ãá"

~ 1.9.1µ Why is the Discontinuous Galerkin Method Important?
The Discontinuous Galerkin method is somewhere between a finite element and a finite

volume method and has many good features of both. It provides a practical frame-

work for the development of high-order accurate methods using unstructured grids. The

method is well suited for large-scale time-dependent computations in which high ac-

curacy is required. An important distinction between the DG method and the usual

finite-element method is that in the DG method the resulting equations are local to the

generating element. The solution within each element is not reconstructed by looking to

neighboring elements. Its compact formulation can be applied near boundaries without

special treatment, which greatly increases the robustness and accuracy of any boundary

condition implementation.
��omä¿�7�{­�º
mä¿�7�{��?uk��{Úk�NÈ{�m§¿küö�NõÐAÚ"§Jø


|^�(�z��uÐp°Ý�{���¢^µe"T{�~·u�5��m�6�

O�§3Ù¥I�p°Ý"mä¿�7�{ÚÏ~�k��{���­�«O3u§c

ö����§é)¤�ü�5`´ÛÜ�"3z�ü�S�)Ø�ÏLÙ±��ü�5

­ï"Ù;n��½U^�>.
ÃIAÏ?n"ùÒ��Jp
?Û>.^�¢��

°�5ÚO(5"

~ 1.9.2µ e¡´��nã5©Ù¥��ã¶�öÏL�
�['�Ù���n5Qãg·AO�

�{�7�5"dãéõ/�^cØJ§�Ñ'�T�Ð?"
(C.J. Budd, W. Huang and R.D. Russell, Adaptivity with moving grids, Acta Numerica,

(2009), 111-241.)
Time-dependent systems of partial differential equations (PDEs) often have structures

evolve significantly as the integration of the PDEs proceeds. These can be interfaces,

shocks, singularities, changes of phase, high vorticity or regions of complexity. Associated

with such structures are the evolution of small length (and time) scales, rapid movement

of the solution features and the possibility of finite time blow-up of a component of the

solution. Frequently associated are also conservation laws, usually linked to underlying

symmetries. Examples of these phenomena occur in many applications, such as gas

and fluid dynamics, conservation laws, free boundary problems, combustion, detonation,

meteorology, mathematical biology and nonlinear optics. To solve such PDEs numerically

it is typical to impose some form of spatial mesh and then to discretize the solution on

this mesh by using a finite element, finite volume, finite difference, or collocation method.

However, this strategy may not be effective in the case of structures that involve small

length scales, leading to large localized errors. In such cases it is often beneficial to
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use some form of non-uniform mesh, adapted to the solution, on which to perform all

of the computations. The advantages of doing this can be a reduced overall error,

better conditioning of the system, and better computational efficiency. Unfortunately,

introducing the extra level of complexity to the system through adaptivity can also lead

to additional computational cost and possible numerical instability. Mesh adaptation

should thus be used with care and appropriate analysis where possible.
 �©�§��m�6XÚäk�X �©�§È©�1?
üCwÍ��
(�"§

��±´.¡!ÀÂ!Û:!�C!pµÚE,�"�ù
(��'�´��Ý£Ú�

m¤ºÝ�üz!)A5�×�£Ä±9,�)©þ�k��m�»�U5"²~k'

��kÏ~�.�é¡5ë3�å�ÅðÆ"ù
y��~fÑy3¯õA^¥§'X

íN½6NÄåÆ!ÅðÆ!gd>.¯K!-�!�¿!í�!êÆ)ÔÆ9��5

1Æ"�ê�¦)ù�� �©�§§;.��{´�\,
/ª��m��§,�3

ù���þò)^k��!k�NÈ!k��©!½�:{5lÑz",
§ù�üÑ

3�9��ÝºÝ(���/�7k�§����ÛÜzØ�"3ù
�¹e§~~k

��´æ^,
/ª�)�·A������§3Ùþ�1¤k�O�"ù���`³

�±´~��oØ�!XÚ�Ð�^�5Ú�Z�O�k�5"Ø3�´§ÏL·A5

5Ú?�	�?E,5�¬���	�O�¤�Ú�U�ê�Ø­½5"��·A5Ï

d��%^�§¿��k�UÒ�·�©Û"

~ 1.9.3µ e¡���©ÙïÄ�íÄåÆO��{¥��a­��{§�Hº�ª(upwind

scheme)"�ö^'��ß�Qã�{£ã
ù��{�{¤§±9§3õ�O�¥�

]Ô5¯K£����ã¤"
(B. van Leer, Upwind and high-resolution methods for compressible flow: From donor

cell to residual-distribution schemes. Commun. Comput. Phys., 1 (2006), 192-206.)
Upwind differencing is a way of differencing the spatial-derivative terms in the advection

equation, and is almost as old as CFD, starting with the work of Courant, Isaacson and

Rees (1952 [12]). In their paper, the choice of an upwind-biased stencil follows rather

naturally from the ”backward” variant of the Method of Characteristics. In the course

of the decades further evidence has been gathered in support of upwind discretizations.

– Godunov, 1959. The Russian mathematician S. K. Godunov [18] favored the

firstorder-accurate upwind scheme among a family of simple discretizations, be-

cause it is the most accurate one that preserves the monotonicity of an initially

monotone discrete solution.

– Fromm, 1968. IBM researcher Jacob Fromm [16] constructed higher-order advection

schemes with low dispersive error, by combining schemes with predominantly nega-

tive and predominantly positive phase errors:“Zero Average Phase Error Method.”

The resulting schemes turn out to be upwind biased.

– Wesseling, 1973. Dutch aerospace engineer (turned numerical analyst) Pieter Wes-

seling [64] used Parseval’s theorem to relate the numerical error committed by

advection schemes to the Fourier transform of the initial-value distribution. For

two different families of advection schemes he found it is an upwind scheme that

minimizes the L2-error made in one time step if the initial values contain a dis-

continuity. This would indicate upwind schemes may be the preferred choice for
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compressible flows, where shock discontinuities are common and arise even from the

smoothest initial data.

– van Leer, 1986. Reversing Fromm’s procedure, Dutch astrophysicist (turned aerospace

engineer) Bram van Leer [35] developed an operational definition of upwind schemes.

– Jeltsch, 1987. Mathematicians including Swiss Rolf Jeltsch [30], searching for advec-

tion stencils with the greatest potential accuracy for a given number of grid-points,

have proved that these stencils are upwind biased.

The price one has to pay for all this goodness is the computational effort in determining

the advection direction. That is trivial for a linear 1-D advection equation, but a major

effort for nonlinear advection operators hidden in nonlinear systems of multidimensional

conservation laws.
Hº�©´�©²6�§¥�m-�ê���«�ª§§A�ÚO�6NåÆ��P§

l Courant, Isaacson Ú Rees �ó�£1952=12>¤m©"3¦��Ø©¥§�� �

Hº���À���g,/5guA��{�/��0C«"L��A�cmà8
?

�Ú�yâ|±HºlÑ"

– Godunov, 1959. �ÛdêÆ[ S. K. Godunov=18>3�x{ülÑ¥�à��°

ÝHº�ª§Ï�§´�±Ð©üNlÑ)üN5�°(��{"

– Fromm, 1968. IBM �ïÄö Jacob Fromm=16>ÏLÜ¿� Ø�±K�ÌÚ±

��Ì��ª
�E
$ÚÑØ��p�²6�ªµ/"²þ� Ø��{0"d

d�)��ª�5´ �Hº�"

– Wesseling, 1973. ûðÊ�ÊUó§�£=�ê�©ÛÆ[¤Pieter Wessel-

ing=64>|^ Parseval ½nò²6�ª���ê�Ø��Ð©�©Ù�Fp

�C�éXå5"éüxØÓ�²6�ª¦uy§eÐ©��¹ØëY:�´��

 �Hº�ªò���mÚ�)� L2-Ø�4�z"ùq�L²Hº�ªé�Ø 

6�U´ÄÀ§3@pÀÂØëY5i��.§$�Ñyu�1w�Ð©êâ"

– van Leer, 1986. ò Fromm �§S�L5§ûðUNÔnÆ[£=¤Ê�ÊUó§

�¤Bram van Leer=35>uÐÑHº�ª���ö�5½Â"

– Jeltsch, 1987. �) Rolf Jeltsch=30>�êÆ[�§3Ïééu�½ê8���:

äk��d3°Ý�²6����§®²y²ù
��´ �Hº�"

é¤kù
Ð?¤G��d´û½²6���O�ãå"§é�5��²6�§´²�

�§�éÛõ3õ�ÅðÆ���5XÚ���5²6�f%´Ì��ãå"

A���§Ø´,�þr��¤kØ©Ù�óÜ©Ñ��Ð"�l�ÖÙ§Ø©¼���

E|§�3@
k¶"�Ïrþé§X{IêÆ¬Ñ��êÆ,�"X8­.�/�Æâ.

Ñ�Ôû³Øà§,
#)�,��o±J|�m�§�o±Eu©Ù�8�"ØU�"3

ùa,�¥Ö��õ�Ð©Ù"

-<W*�´§Ð©ÙÃ?Ø3§$�kéõú@�Z�"·�ïÆ²~èA½°ÖÐr

Ôþ�Ð©Ù§Ø19�
)ïÄc÷�G¹§�Ulù
�ö�©Ùié¥Æ¬���E

|"

e¡éz���ÆUi1^S�Ñ�Ê��¶êÆÏr�¶¡µ
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• nÜÖÔµThe American Mathematical Monthly; Mathematical Intelligencer;

Notices of the American Mathematical Society; SIAM News; SIAM Review.

• êÆµAmerican Journal of Mathematics; Annals of Mathematics; Inventiones

Mathematicae; Journal of the American Mathematical Society; Transactions

of the American Mathematical Society.

• êØ�Ü6µAlgebra and Number Theory; International Journal of Number

Theory; Journal of Mathematical Logic¶Journal of Combinatorics and Num-

ber Theory; Journal of Number Theory.

• �ê�AÛµCommunications in Algebra; Journal of Algebra; Journal of Al-

gebraic Geometry; Journal of Differential Geometry; Journal of Group Theory.

• ©Û�ÿÀµGeometric and Functional Analysis; Journal of Fourier Analysis

and Applications; Journal of Functional Analysis; Journal of Operator Theory;

Topology.

• �©�§�ÄåXÚµDifferential Equations with Applications; Ergodic The-

ory and Dynamical Systems; Fractals; Journal of Differential Equations; Jour-

nal of Dynamics and Differential Equations.

• VÇ�ÚOµAnnals of Probability; Annals of Statistics; Journal of American

Statistical Society; Biometrika.

• A^êÆµCommunications on Pure and Applied Mathematics; Journal of

Approximation Theory; Multiscale Modeling and Simulation; SIAM Journal

on Applied Mathematics; SIAM Journal on Mathematical Analysis.

• O�êÆµMathematics of Computation; Numerische Mathematik; SIAM

Journal on Numerical Analysis; SIAM Journal on Scientific Computing; Jour-

nal of Scientific Computing.

• lÑêÆµAnnals of Combinatorics; Discrete Mathematics; Journal of Com-

binatorial Theory; Journal of Graph Theory; SIAM Journal on Discrete Math-

ematics.

• �`z���µJournal of Global Optimization; Mathematics of Operations

Research; Mathematical Programming; SIAM Journal on Control and Opti-

mization; SIAM Journal on Optimization.

• O�ÔnµJournal of Computational Physics; Journal of Mathematical

Physics; Journal of Statistical Physics; Communications in Computational

Physics.

3î{§k�
�ZØ©�µÀ§e¡�Þø�¶¡9Ù�'���øÖöë�µ

• 5{IêÆ�r6(The American Mathematical Monthly) � Lester R. Ford Ø©øµ
http://www.maa.org/Awards/ford.html

ù�ø�g1965cm©§y®�uC40c"
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• {Ió�ÚA^êÆ�¬`DØ©ø (The SIAM Outstanding Paper Prizes)µ
http://www.siam.org/prizes/outstanding.htm

ù�ø�g1999cm©"

• {IêÆ¬� Levi L. Conant ø (Levi L. Conant Prize)µ
http://www.ams.org/prizes/conant-prize.html

Ì�øy3 Notices of the American Mathematical Society ½ Bulletin of the American

Mathematical Society uL�©Ù"ù�ø�g2001cm©"

• 5E,5,�6`DØ©ø (Best Paper Award for the Journal of Complexity)µ
http://www.ibc-research.org/prizes.html#BPA

ù�ø�g1996cm©"

��·��Ñ§�Ù�¤k?Øéu>�Æ Ø©�k�Ï"Æ Ø©ÚÆâØ©�«

O§ÒÐ�>ÀìÚ>K�«O–cö���u�ö"Æ Ø©AUJÑM�§X{¤þ�Z

a¬Ø©��´&EØ�I�à (Claude Shannon, 1916-2001) u1937c3æ�nóÆ�>�

��a¬Ø© Symbolic Analysis of Relay and Switching Circuits£¥UÚm'>´�ÎÒ©

Û¤"���
ó§Æ Ø©��Ü©SN  ´�Æ�uÐÚyG���nã"3ù�¿

Âe§§����Ö"·�31oÙò?ØN��Ö"
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Chapter 2

êêêÆÆÆ©©©ÙÙÙ���cccééé

dc�Ù·�®²
)
��êÆ©Ù�Ä�(�Ú���+"3ù�Ù·�X­Ú?Ä

�=©êÆc®§0�~^é{Úá��A^"

c®´�ó�Ä�ü "ÃØ^�o�ó��§·�~kù��a>µ¦+·��M�

pC
Ø��~^c§�����y^c�T�Ð?%Ø´��N´���¯"Ü���Æ

<©Ï£������{U�·�éuµÃØÆn!Æó!Æ©½ÆÙ§�8§�Æ�!�

c?Æ)�<©Æ� (humanities) 2��Ö´Or�©�cUå�4ÐÔö"äN�êÆ�

�¥��(^c§M�#d�w2·�µThink about and use with care the small words of

common sense and intuitive logic, and the specifically mathematical words (technical terms)

that can have a profound effect on mathematical meaning.£õ��¿�%¦^~£Ú�úÜ

6��c§AO´éêÆ¹Âk��K��êÆc®£Eââ�¤"¤é&^Eâ¶c§¦

?
�Ñn��\äN�§wµ

(1) Avoid technical terms, and especially the creation of new ones, whenever pos-

sible.

¦�U;�Eâc®§cÙ´#E�"

(2) Think hard about the new ones that you must create; consult Roget; and make

them as appropriate as possible.

õg¢\�½�ME�#c¶��Ûac;¶-§�¦�UÜ·"

(3) Use the old ones correctly and consistently, but with a minimum of obtrusive

pedantry . . ..

�(¿ë0¦^Îc§�´¦þØâôs@ · · · · · ·"

·�3�Ù0�êÆcé�cÚãM�#d�Xþ§w§Ò´F"c��ÖöUr§�À

�êÆ��¥ec^é��mµ"

3^=����E©Ù�§²~�9��«é.Ú�{�¦^"ù
¯K3=��{Ö

¥k'��¦�0�§�é�k¥©Ö7;�éêÆØ©�����'�c[�0�"ù�

¡�=©©ÙÚÖ7�éK'�õ§'X`=Iù�dA�ÆÍ¶ê��ê;[ Nicholas J.

Higham ®2��Ö Handbook of Writing for Mathematical Sciences [13] Ú{I�´´u�
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î�ÆNÚ©ÛÆ[ Steven G. Krantz Ñ�� A Primer of Mathematical Writing [17] ´'

uêÆ���`DÖ�"é�����E=©��§·�í� Jean-Luc Lebrun Cc5Ñ�

�Ö Scientific Writing [20]"

�E=�Ø�ÊÏ=�@�äka5/�g�§��Øäa�Úç§L�'���
�§

Ù8�´¦ÖöN´n)
Ø�)�KÃ'��õ��"�Ø²~$^'�!ü'!§Ü�

?`Ãã§
´�O(L��*5Æ§UÜ6g��ß/£ã¯K"�E=��c®¿Â'

�;�!­½§AO´�þ�;�¶cÙcÂé�½!;�"=¦´� do, take, make ù�

�õcÂÊÏÄc§3�E=�¥§��¿g½'�(½§ÙL��ª�'�N´n)"�

E=�Ì�´�«Ö¡�ó§§�¦O(!î>!{'!6�§¿Ø�¦3©¥æëuw�

c>§§�Ø�¦�ÄBuKÖÚÔ{����J"3�{(�þ§§²~¦^�Ä��"

�E=�¦^�Ä���Ð?´�±¦£ã~�Ì*Úç§Or�*5§
�ÏLÛ�<¡

Ì�
¦éf¦�U{'"�'Ù§Æ�§êÆ©Ù�ÌÄ��^��õ�
§��É��

¶[��à",��¡§êÆ��¥�k
^cCzØ´é�£Ø�Ù§�EÆ���
c

®�X�Æ�?Ú��è?�'�²w¤§¤±Nõ~^êÆc®AT�N[º/P3%

¥"

Ò�ó���c®�¡
ó, �E=��N�´F#�É��ÆEâ+�S�uÐ�M

#"�
O(!�Æ/éù
#�uy!u²!nØ�?Ð\±�ã§�Eó�ö�3ec

�¡e
é��õÅ"�l,���¡w§duêÆ�ýn²�å�m���§Ò���½

nüZcc�F1<�î�y²y3�,k�@�uØ±�m�¿��=£"Ùg,�(J

´êÆ�c®�é'��½§ý�Ü©ØI���è?/UC¿g"¤±·�3�Ù8¥0

�êÆ�Ä�c®Úá�"

3�E=�¥²~¦^��{(���õ§X�Ä��é¦^�é2�"ù´Ï��E

©Ù�Ì�8�´ùã�*y�§0��E¤J�§¦^�Äé'¦^ÌÄé��Ì*Ú

ç"Ïd3�E=�¥§�´3ØI�½Ø�U�Ñ1�ÌN�|Ü§½ö3I�âÑ1�

�N�|ÜÑ¦^�Ä��",
§3ù�¡§êÆ���Ù§�E��k
ØÓ"Krantz

[17] *	�µMost authorities believe that writing in the passive voice is less effective than

writing in the active voice. £�Ü©�%�&^�Ä���vk^ÌÄ��k�"¤ Higham

[13] �ïÆµPrefer the active to the passive voice (prefer “X did Y” to “Y was done by

X”). £w^ÌÄ��
Ø^�Äª£/X � Y0
Ø´/Y � X �0¤"¤3êÆL�¥§

���ªo'm��ªÐ"Öö�±'�

The vector v is multiplied by the matrix A

�þ v �Ý
 A ¦

Ú

The matrix A multiplies the vector v

Ý
 A ¦±�þ v

ùü«�{§=�«�Ü\��º�,§XJ\rNÄ���1ö§^ÌÄª"�´§XJ

þ~¥�þ v ��Ú�É'5§Ò�±^�Ä��
"

�Ùk0��
Ä��êÆc®"êÆ�=�c®'åÙ§Æ��é�
éõ§�Ø�)
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2.1 êêêÆÆÆÄÄÄ���ccc®®®

Xr©Ù'��f§c®Ò´ïÓ�f�<Þ"êÆc®�,'�õ§��éÙ§Æ�5

`©��´'�{ü"��Ýº�½êþ�êÆc®§��
{ü�©ÙÒATØ¬kõ�

(J
"3�!p, ·��Þ�
~^�êÆc®Úc|"�Ñù
c®½c|�8�Ø´J

ø��=ÇêÆc;§
´JøÐÆ��öÝºù
Ä�c®Úâ�A^���öS|¤Ú

¢�Å¬"��½ö�Ö©Ù�§XkØ²x�c®§ATë��'�V�c;£'X5=

ÇêÆc®6[2]¶����c®��5#=Çc;6[3]¤"êÆ���~^á�½é.ò3

�¡A!ºYÑy"

½Â definition ½n theorem

½ÂÜn well defined Ü�Ü6 is logical

Ü6 logic gñ contradiction

Ún lemma íØ!X corollary

ún axiom ·K proposition

ú� postulate cJ premise

ß� conjecture ¡Þ{ exhaustion method

ín!íü deduction, deduce êÆ8B{ mathematical induction

Û¹!%º implication, imply (Ø conclusion, conclude

~£ common sense 7�^� necessary condition

¿©5 sufficiency 7�5 necessity

�d5 equivalency äó claim, assert

~f example, e.g. ë�©z reference

�~ counterexample = i.e., that is, namely

²¡AÛ plane geometry ã� graph

áNAÛ solid geometry x{AÛ descriptive geometry

��AÛ affine geometry �©AÛ differential geometry

�KAÛ projective geometry È©AÛ integral geometry

�êAÛ algebraic geometry �îAÛ non-Euclidean geometry

iùAÛ Riemann geometry V­AÛ hyperbolic geometry

¥¡AÛ spherical geometry AÛ©Û geometric analysis

)ÛAÛ analytic geometry O�AÛ computational geometry

|ÜêÆ combinatorics ©/AÛ fractal geometry

"AÛ simplectic geometry �¡È area preserving

�â arithmetic Oê count, enumerate

\ add, plus \{ addition

�\5 additivity ���\� countably additive

Ú sum ¦Ú summation

~ subtract, minus ~{ subtraction

� difference �û difference quotient

¦ multiply ¦{ multiplication

Ø divide Ø{ division

'!'Ç ratio �Øê dividend

�Ø� divisible �Ø5 divisibility

�ê algebra n� trigonometry
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úª formula L�ª expression

È©Ò integral sign )Ò parenthesis, bracket, brace

�§ equation �d'X equivalent relation

g�� reflexive D4 transitivity, transitive

òz� degenerate {Z� damping

é¡ symmetry, symmetric ¶é¡ symmetric about an axis

�da equivalent class ¥%é¡ symmetry about the origin

� root ) solution

�ª radical ²�� square root

¯K question, problem b� hypothesis, assumption

SK exercise �� homework

ã/ figure L� table

Cþ variable ~ê constant

ÏCþ dependent variable gCþ independent variable

'X relation ¼ê function

(ÜÆ associative law ��Æ commutative law

©�Æ distributive law g�Æ reflexive law

éê logarithm g,éê natural logarithm

Ûê odd number óê even number

ýé� absolute value �ê exponential,exponent

�Ý angle lÝ radian

S� interior angle b£ð¤� acute (obtuse) angle

{� complementary angle 	� exterior angle

�� adjacent angle Ýê degree

éº� vertical angle º� vertex angle

Ö� supplementary angle �¡� dihedral angle

Ó � corresponding angle S�� alternate angle

�%� central angle �±� circumferential angle

Y� included angle �� inclination angle

¡È area NÈ volume

�» diameter �» radius

�u½Æ law of sines {u½Æ law of cosines

�� tangent {� cotangent

�� secant {� cosecant

é> opposite �> adjacent

�> hypoteneuse �q/ similar figure

��/ square ��/ rectangle

n�/ triangle �>n�/ equilateral triangle

��n�/ congruent triangle ��n�/ isosceles triangle

��n�/ right triangle F/ trapezoid

��� isogonal ��o>/ isosceles quadrilateral

²1� parallel line îAp�ún Euclidean axiom

��F/ isosceles trapezoid o>/ quadrilateral, quadrangle

!/ lozenge, rhombus ²1o>/ parallelogram

Ê>/ pentagon 8>/ hexagon

Ô>/ heptagon l>/ octagon



52 êÆ©Ù�cé

Ê>/ nonagon �>/ decagon

(/� star domain QG«� saddle region

��>/ dodecagon n->/ n-gon

õ>/ polygon õ4 multi pole

�õ>/ regular polygon ål distance

/%!�% centroid �å isometry

� circle Ó%� concentric circle

S�õ>/ cyclic polygon 	�� subscribed circle

p altitude S�� inscribed circle

��� concyclic ��� collinear

�5 compass �º ruler

�: tangential point é�� diagonal

�²©� internal bisector ¥� median line

Ó� congruence, congruent �q similarity, similar to

o¡N tetrahedron õ¡N polyhedron

cÎ prism c� frustum of pyramid

�cI regular pyramid ��I right circular cone

¥N ball �ÎN circular cylinder

ý¥ ellipsoid ^=N solid of revolution

1� generatrix �L� torsion free

V­¡ hyperboloid �Ô¡ paraboloid

�I circular cone cI pyramid

�� circular ring ��¡ torus

�% center l%Ç eccentricity

÷/ sector �� frustum

�±� perimeter l� arc length

±� circumference u chord

¥¡ sphere �¥ hemisphere

­� curve �� straight line

R�� vertical line Y²� horizontal line

é¡� line of symmetry ²©� bisector

ÃúÝ� incommensurable �� orthogonal, perpendicular

�I­� conic curve ü á� unit cube

«m interval �ã line segment

²¡ plane ­¡ surface

­Ç curvature ëê�§ parametric equation

7Ç torsion ­7Ç secondary torsion

�� tangent line {� normal line

5º note, remark ÎÒ notation, symbol

��þ unknown ®�þ known

¦È product û quotient

©f numerator ©1 denominator

' ratio '~ proportion

�' directly proportional �' inversely proportional

z©' percentage, percent �ê multiple

Ïf factor Ïª©) factorization
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��ú�ê least common multiple ��úÏê greatest common factor

" zero Ã¡� infinity

Ã¡� infinitesimal ì?� asymptote

�ê integer �ê decimal

�?�ê binary number g,ê natural number

��ª½n binomial theorem V�5 bilinearity

êi digit 'A bit

�ê!�ê prime number )ÛêØ analytic number theory

©ê fraction �ê reciprocal

\Ò plus sign ~Ò minus sign

�ê positive number Kê negative number

��ê opposite number ýé� absolute value

knê rational number Ãnê irrational number

¢ê real number Jê imaginary number

��� transcendental ��� transfinite

¢Ü real part JÜ imaginary part

Eê complex number �g power

� module Ì� argument

þ magnitude, amount þz quantify

²�� square root á�� cubic root

o�ê quaternion �g� quadratic

ü�ª monomial õ�ª polynomial

�!g!Ý degree, order Xê coefficient

ü� simple root ­ê multiplicity

­� multiple root �ª radical

nÜØ{ synthetic division �½Xê undetermined coefficients

ð�ª identity ^�� conditional

Ø�ª inequality �ª equality

n�Ø�ª triangle inequality ��½n Pythagorean theorem

¿�ã�§ Diophantine equation ¥I�{½n China’s Remainder Theorem

Ø�) unsolvable �½�§ over determined equation

ð�ª identity 1�ª determinant

ü�!�� permutation |Ü combination

�I¶ coordinate axis ²¡ plane

ëê parameter ëêL« parametric representation

�� quadrant ��­� quadratics

�� ray 4�I polar coordinates

�Ô� parabola ý� ellipse

�Ô. parabolic ý�. elliptical

V­� hyperbola V­. hyperbolic

Ú� spiral Ú^� helix

î�I abscissa p�I ordinate

O� directrix �: focus

�Ç slope : point

�å intercept �� intersection

�K: regular point ÛÉ: singular point
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Q: saddle point �.: critical point

$: inflection point Ø��: nondifferentiable point

4�I polar coordinates Î�I cylindric coordinates

¥� spherical ���I Cartesian coordinates

ìC5� asymptotic property ìC� asymptote

8Ü set S� sequence

�8 empty set f8 subset

�8 intersection ¿8 union

Ö8 complement ;8 compact set

þI superscript eI subscript

Äê cardinal number Sê ordinal number

�ê8 countable set Ø�ê8 uncountable set

m8 open set 48 closed set

�{8 perfect set �8 induced set

n©:8 ternary set ü:8 single point set

�� neighborhood m£4¤¥ open (closed) ball

�C proximity ýf8 proper subset

4�: limit point à: cluster point

4� closure >.!>.: boundary, boundary point

S: interior point �á: isolated point

��8 complete set È�f8 dense subset

���z completable k�8 directed set

 S� partially ordered �S8 totally ordered set

DÕ� nowhere dense x÷�n©8 Cantor’s ternary set

üéÏ� simply connected ��­� Jordan curve

þ£e¤. upper (lower) bound Ã.8 unbounded set

þ(. supremum value e(. infimum value

��þ. least upper bound ��e. greatest lower bound

4� limit þ£e¤4� upper (lower) limit

�ê derivative �£m¤�ê left (right) derivative

Oþ increment Ø½. indefinite form

CzÇ rate of change ²þCzÇ average rate of change

C� variation ]�CzÇ instantaneous rate of change

���ê first derivative ���ê second derivative

p�� higher order �VÐª Taylor’s expansion

 �ê partial derivative ���ê directional derivative

��{u directional cosine ëY�� continuously differentiable

Û7©{K L’Hopital’s rule Ûª¦� implicit differentiation

¦È{K product rule û{K quotient rule

ó^{K chain rule éê¦�{ logarithmic differentiation

0� intermediate value ¥m� mean value

Ã¡� infinity Ã¡� infinitesimal

4� maximum 4� minimum

ÛÜ4� local extreme value �N4� global extreme value

�È© calculus �© differential

?ê series È© integral, integration



êÆÄ�c® 55

NÚ?ê harmonic series ê�N�?ê Maclaurin series

��?ê alternating series Fá�?ê Fourier series

�?ê power series �V?ê Taylor’s series

þ£e¤� upper (lower) limit �¼ê antiderivative

 �© partial differential ��© total differential

Ø½È© indefinite integral ½È© definite integral

�È¼ê integrand þ£e¤� upper (lower) limit

�È integrable �ÙþÈ© Darboux upper integral

2ÂÈ© improper integral '~Ïf propositional divisor

�Ú summable �ê!�� countable

�­È© double integral n­È© triple integral

õ­È© multiple integral ÅgÈ© iterated integral

©ÜÈ©{ integration by parts CþO�{ integration by substitution

Ü©©ª partial fraction ý�È© elliptic integral

�È© line integral ¡È© surface integral

��úª Green’s formula d÷�d½n Stokes’ theorem

Ï) general solution A) particular solution

�þ| vector field È©­� integral curve

ÄgÈ© first integral T��©�§ exact differential equation

2ÂÈ© generalized integral Ä�½n fundamental theorem

ÛÉÈ© singular integral >.È© boundary integral

L« representation �ÜÈ©úª Cauchy’s integral formula

�¼ê entire function )Û¼ê holomorphic function

æX¼ê meromorphic function ��Û5 essential singularity

�/Nì conformal mapping 3ê½n residual theorem

Âñ convergence uÑ divergence, divergent

��Âñ uniformly convergent ��k. uniformly bounded

ýéÂñ absolutely convergent ^�Âñ conditionally convergent

Å:� pointwise r£f¤Âñ strongly (weakly) convergent

òÈ convolution �N coordination

��¼ê one variable function õ�¼ê multi-variable function

ëY continuity ��ëY uniformly continuous

??ëY continuous everywhere �ÝëY equi-continuous

Ó� homeomorphism mä� discontinuous

mä: discontinuous point üëÏ«� simply connected region

�´ëÏ path connected a�mä5 jump discontinuity

�þ vector Iþ scalar

©þ component ü �þ unit vector

ê| array 1£�¤�þ row (column) vector

Üþ tensor Ýþ moment

.5 inertia ­% barycenter

Äþ momentum �Äþ angular momentum

Ý
 matrix ü Ý
 identity matrix

�
 square matrix ��
 rectangular matrix

� rank �£1¤�m column(row) space

A��m eigenspace 2ÂA��m generalized eigenspace
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Ïª©) factorization AÛ­ê geometric multiplicity

��Ú direct sum ��Ö orthogonal complement

�5�§ linear equation Ä�) fundamental solution

^�ê condition number ¾�¯K ill conditioned problem

é�Ý
 diagonal matrix �é�Ý
 diagonalizable matrix

þn�� upper triangular en�Ý
 lower triangular matrix

ÛÉÝ
 singular matrix �ÛÉÝ
 nonsingular matrix

�_Ý
 invertible matrix _Ý
 inverse matrix

DÕÝ
 sparse matrix [
 matroid

�IÝ
 indicator matrix �GÝ
 band matrix

1�ª determinant 2Â_Ý
 generalized inverse matrix

Ìfª principal minor �ê{fª algebraic cofactor

(ª discriminant , trace

ó train �¡ torus

=�Ý
 transposed matrix �Ý=�Ý
 conjugated transposed matrix

��Ý
 companion matrix ©¬Ý
 block matrix

��Ý
 orthogonal matrix jÝ
 unitary matrix

Ì�Ý
 circular matrix é�Ó`Ý
 diagonally dominant matrix

é¡Ý
 symmetric matrix �KÝ
 normal matrix

�½� positive definite ��½Ý
 positive semidefinite matrix

Ø½Ý
 indefinite matrix K½Ý
 negative definite matrix

�Ý
 positive matrix �KÝ
 nonnegative matrix

[�Å� quasi stochastic ��ÅÝ
 column stochastic matrix

Ø��� irreducible ��Ý
 primitive matrix

�"� nilpotent ÝKÝ
 projection matrix

ë�Ý
 connection matrix 'éÝ
 incidence matrix

ä�'Ý
 Jacobian matrix °ÜÝ
 Hessian matrix

©y partition, division ¬é�Ý
 block diagonal matrix

�g. quadratic form IO. normal form

�S isotone �S antitone

��õ�ª minimal polynomial A�õ�ª characteristic polynomial

A�� eigenvalue A��þ eigenvector

Ì spectrum �{Ì residual spectrum

ëYÌ continuous spectrum Cq:Ì approximate point spectrum

>�Ì peripheral spectrum Ì©) spectral decomposition

Ì�» spectral radius ��A�� maximal eigenvalue

2Â� generalized 2ÂA��þ generalized eigenvector

��¬ Jordan block ��IO. Jordan canonical form

N� mapping �¼ê inverse function

C� transformation p�N� induced mapping

�� restriction *Ü extension

ü� injection, one-one ÷�!Nþ surjection, surjective, onto

kn¼ê rational function ��Nþ bijection, bijective

ü¸¼ê unimodal function Û£ó¤¼ê odd (even) function

é¡¼ê symmetric function ðÓ¼ê identity function

õ�¼ê multi-valued function k.C�¼ê function of bounded variation
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NÚ¼ê harmonic function �F¼ê step function

±Ï¼ê periodic function 1w¼ê smooth function

A�� characteristic �I¼ê index function

8¼ê set function :-8N� point-set mapping

ðÓN� identical mapping N�*Ü mapping extension

�¹N� inclusion mapping õ�� many-valued

��� transcendental ��¼ê differentiable function

ζ ¼ê zeta function 2Â¼ê generalized function

�È� integrable ýéëY� absolutely continuous

�ê¼ê exponential function éê¼ê logarithmic function

�¼ê power function n�¼ê trigonometric function

Ð�¼ê elementary function gÅ¼ê automorphic function

EÜ¼ê composite function »�Ä.¼ê radial basis function

�^¼ê spline function ©ã� piecewise

¼êØ� function-theoretic ¼f functor

½Â� domain �� range

� image _� inverse image

²þ� average value ¥�½n mean value theorem

½� orientation ��éA one to one correspondence

üN¼ê monotone function A��þ¼ê eigenfunction

à¼ê convex function ]5 concavity

[à¼ê quasiconvex function �à¼ê pseudoconvex function

Ó�à Schur convex î�à¼ê strictly convex function

à8 convex set à|Ü convex combination

à� convex hull d · · · · · · �) generated by . . .

àz convexification à4� convex closure

Y²8 level set �éS: relative interior point

�`5^� optimality condition .�KF¦f Lagrange multiplier

C©Ø�ª variational inequality éó5 duality

$: inflection point ²­: equilibrium point

FÝ gradient ÑÝ divergence

��eü steepest descent �ÝFÝ{ conjugate gradient method

�Ý�� conjugate direction ���¦{ least squares method

Úî{ Newton’s method [Úî{ quasi Newton method

ýÿ-�� predictor-corrector �©-éó primal-dual

8I¼ê objective function ��½5y semidefinite programming

�18 feasible set AÛ5y geometric programming

�Å5y convex programming |Ü`z combinatorial optimization

C©{ calculus of variation õ8I5y multi-objective optimization

�55y linear programming êÆ5y mathematical programming

�g5y quadratic programming �Å5y stochastic programming

�ê5y integer programming Ä�5y dynamical programming

tµCþ slack variable �5�Ö linear complementarity

à©Û convex analysis �`5^� optimality condition

�ä�`z network optimization e4
¯K postman problem

�1w©Û nonsmooth analysis gFÝ�{ subgradient method
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z�FÝ reduced gradient &6�{ trust region method

$ÊÆ operations research üèØ queuing theory

ÙK$Ä Brownian movement �BL§ Wiener’s process

éüØ game theory S:�{ interior point method

ûünØ decision theory ý¥�{ ellipsoid algorithm

E,5 complexity 2:$� floating point operation

ãØ graph theory k�ã directed graph

Vã bigraph ��ã complete graph

> edge º: vertex

Ì� cycle �´ path

£´ circuit ä tree

'é� incident 'éXê incidence coefficients

:È dot product ÜþÈ tensor product

SÈ inner product �þÈ cross product

�ê norm Cq approximation

?� modification �\Ø� round-off error

1 row � column

�þ�m vector space ål�m metric space, distance space

ÿÀ�m topological space ÿÝ�m measure space

�5�m linear space �ÿ�m measurable space

SÈ�m inner product space F�ËA�m Hilbert space

D��m normed space n<â�m Banach space

���m complete space �©�m separable space

VÇ�m probability space ;�m compact space

¦È�m product space û�m quotient space

éó�m dual space g��m reflexive space

Ûg�m homogeneous space "�m symplectic space

ÛÜà� locally convex 2Â¼ê�m space of distributions

�m� spacial �� space-time

n� ideal � ring

ü  unit �8 coset

+ group � field

� lattice �S8 totally ordered set

Ä�+ fundamental group ÓN homology

G+ braid group gÓ�+ group of automorphisms

ÓÔ homotopy q variety

���ê commutative algebra ��+ permutation group

ü+ simple group k�+ finite group

�+ semigroup )¤� generator

��+ primitive group Ì�f+ cyclic semigroup

Ó� homomorphism Ó� isomorphism

�å isometry ÛÜ; locally compact

;z compactification �é; relatively compact

CX covering � f commutator

�êq algebraic variety �ê­� algebraic curve

�ê dimension �� one dimension
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�� two dimensions õ� multi dimensions

k¡�� finite dimensional Ã¡�� infinite dimensional

Ä. basis ��Ä orthogonal basis

�5|Ü linear combination )¤f generator

�5f�m linear subspace d · · · · · · Ü¤ spanned by . . .

�5�' linear dependence �5Ã' linear independence

ü ©) partition of unity ��©) orthogonal decomposition

��ÝK orthogonal projection ��C� orthogonal transformation

���¦ least squares {�§ normal equation

�Z%C best approximation 4��ê) minimal norm solution

����n maximum principle '��n comparison principle

�±� isoperimetric ���^�n minimal action principle

�K5 regularity property 1w5 smoothness property

�5 positivity UþÅð conservation of energy

éuª©Û heuristic analysis î�©Û rigorous analysis

�N5 consistency ­½5 stability

Ø��O error estimate Âñ�Ý©Û convergence rate analysis

lÑz discretization Ú� step size

�[ simulation ­�[Ü curve fitting

Âñ� convergence order �`5 optimality

k��© finite difference k�� finite element

�N� conformal element k�NÈ{ finite volume method

>.� boundary element ·Ü� mixed element

C©�n variational principle C©Ø�ª variational inequality

�� interpolation 	�£í¤ extrapolation

lÑ� discrete pd¦Èúª Gauss quadrature

{� remainder ê��ª numerical scheme

õ­��{ multi-grid method «�©){ domain decomposition method

"�{ symplectic algorithm �(��{ structure preserving method

Ì�{ spectral method Ã��{ meshless method

­�[Ü curve fitting >M9Ï�O computer-aided design

�^¼ê spline function Ä��^ B-spline

IOÄ canonical basis Å¡�5¼ê piecewise linear function

&Ò?n signal processing ã�?n image processing

�Å©Û wavelet theory êâ?n data processing

é6 convection *Ñ�§ diffusion equation

ÄåXÚ dynamical system  �©�§ partial differential equation

È©�§ integral equation �f�§ operator equation

�©�§ difference equation �m¢��§ time delay equation

Ñt)Ò Poisson bracket uÐ�§ evolution equation

-Å shock wave �Ì amplitude


\4N� Poincaré’s map S�:!S� iterate, iteration

4�� limit cycle ²­£ï¤: equilibrium point

�Ä oscillation ì?­½ asymptotically stable

·b chaos ©/ fractal

ê�È© numerical integration ê��© numerical differentiation
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ÝK�{ projection method �c�û forward difference quotient

(½5XÚ deterministic system lÑÄåXÚ discrete dynamical system

�ÅL§ stochastic process ëYÄåXÚ continuous dynamical system

���m sample space ÿÀÄåXÚ topological dynamical system

&E� information entropy Ì�!48 recurrence

Ýþ� metric entropy 9åÆ thermodynamics

ÚOåÆ statistical mechanics þfåÆ quantum mechanics

õ work ³U potential energy

å force ÄU kinetic energy

�Ý velocity, speed \�Ý acceleration

 � position  £ displacement

�Å| conservative field �%å centripetal force

ÅðÆ conservation law ÄåÆ kinetics

ÿÀ� topological entropy �ÅCþ random variable

ê��Åó Markov chain Ï"� expected value

êÆÏ" expectation � martingale

²þ� mean ^�Ï" conditional expectation

¥m� median �� variance

IO� standard deviation �5£8 linear regression

��� covariance 'éXê correlation coefficient

VÇØ probability theory ªÇ frequency

éÜ�Ý joint density �ÅiÄ random walk

þ!©Ù uniform distribution ��©Ù normal distribution

��� maximum entropy �`�� optimal control

ÿÝ measure |8 support

ÿÝØ measure theory �ÿ¼ê measurable function

�ÿ� measurable �ÛÉC� nonsingular transformation

�È¼ê integrable function ²��È¼ê square integrable function

iùÈ© Riemann integral V��È© Lebesgue integral

©ÙnØ distribution theory f�� weakly differentiable

H{nØ ergodic theory H{5 ergodicity

·Ü5 mixing ÿÀD4 topological transitivity

�Ü� exact ØCÿÝ invariant measure

ØÄ: fixed point ±Ï:!±Ï periodic point, period

±Ï5 periodicity �ªØÄ: eventually fixed point

­½ stable, stability ;� orbit, trajectory

ì?­½ asymptotically stable Ø­½ unstable, instability

�±Ï� aperiodic áÚ� basin of attraction

ü½ØÄ: repelling fixed point áÚØÄ: attracting fixed point

·b chaos ·báÚf chaotic attractor

©/ fractal ©/�ê fractal dimension

�5�f linear operator ��5C� nonlinear transformation

;�f compact operator k.�5�f bounded linear operator

g�Ý�f self-adjoint operator ëY�f continuous operator

"�m null space, kernel "zf annihilator

�¼ functional k.�5�¼ bounded linear functional
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Ûg� homogeneous f; weakly compact

�; sequentially compact O; precompact

�é; relatively compact i]L«½n Riesz representation theorem

mN�½n open mapping theorem _N�½n inverse mapping theorem

4ã�½n closed graph theorem ��k.�K uniform boundedness principle

ØÄ:½n fixed point theorem Ø N�½n contraction mapping theorem

�ÿ8 measurable set ��Âñ½n dominated convergence theorem

A�?? almost everywhere üNÂñ½n monotone convergence theorem

:8ÿÀ point set topology �êÿÀ algebraic topology

ü/ simplex E/ complex

�ÄnØ perturbation theory 2Â¼êØ theory of distribution

Ý(nØ knot theory unØ string theory

Ä��ê abstract algebra õ­�/�ê multilinear algebra

�Æ category ¼f functor

�©/ª differential form �©ÿÀ differential topology

"ÿÀ symplectic topology 	�© exterior differential

	�© exterior differential n�m fibre bundle

Ìm principal bundle �C�ê covariant derivative

�m tangent bundle ¥4²¡ÝK stereographic projection

5�| gauge field ¹ÄIe moving frame

ë�Ie reference frame o+£�ê¤ Lie group (algebra)

��éä affine connection W�éä Cartan connection

6/ manifold �©6/ differential manifold

ÿÀ6/ topological manifold ÿÀ�d topologically equivalent

Ó� homeomorphism �©Ó� diffeomorphism

Þ!Ø germ Øf divisor

º� genus î.«5ê Eular’s characteristic

�K� regular value Û¼ê½n implicit function theorem

'\½n imbedding theorem ¢Ë�Å�m Sobolev space

,½n trace theorem f) weak solution

�C�ê covariant derivative ÿ/� geodesic

4�­¡ minimal surface iùÝþ Riemannian metric

	È wedge product �©(� differentiable structure

Table 2.1: Ä�êÆ¶cÚâ�
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