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MaTemaTnyecKkmnm KOHTeHT B Beb.
OcobeHHOoCTU NpeacTaBAEeHUS

e XapaKTepHOM YepTON MaTeEMATUNYECKOM
MHPOPMALNN ABNSAETCA NCNOb30BAaHUE C/IOKHOM

1N BbICOKOPAa3BUTOU ABYMEPHOU CUMBOJIbHOMU
cmcTembl 0603HaYEHUN.

* B HacToAwee Bpemsa 60ablUAA YaCTb
MmaTematuyeckon nHpopmaumum B Cetu
npeacTtaBAeHa B BUAE TEKCTA C rpadrnyecKumum
N3006parKeHNAMM HAaYYHbIX BblpaxKeHUn (B
dopmate GIF nam JPEG) nnm B Bnae uenbix
NOKYymeHTOB B popmaTte PDF.
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dopmynbl U TEKCT
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A RESTARTED KRYLOV SUBSPACE METHOD FOR THE
EVALUATION OF MATRIX FUNCTIONS"*

MICHAEL EIERMANN! AND OLIVER G. ERNST!

Abstract. We show how the Arnoldi algorithm for approximating a function of a matrix times
a vector can be restarted in a manner analogous to restarted Krylov subspace methods for solving
linear systems of equations. The resulting resta

the reciprocal and the exponential functions. V' COXpBHMTb KEpPTUHKY K3K...

the superlinear convergence property of its unr

the results of numerical experiments. Kenupoeate URL kapTuHku
Key words. matrix function, Krylov Konupogate KapTUHKY

restarted Krylov subspace method, lincar tystj

OTKpbITE KAPTUHKY B HOBOW BKN3AKE
AMS subject classifications. 65F10, 65

MpocmoTp kKoaa 3neEMeEHTa
DOI. 10.1137/050633846

1. Introduction. The evaluation of
(1.1) f(A)b, where A € C"*" b € C",
and f : C 5> D — C is a function for which f(A) is defined, is a common compu-
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PKYPHAJIbI TEPCOHAJIMK OPTAHM3ALUMWA KOH®OEPEHLUMW CEMUHAPbLI BUOEOT
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MeToAbl reOMETPUYECKON TEOPUU (DYHKUNIA B KNACCUYECKUX U COBP!
B. H. AlybuHuH
[lansHeeocmoyHskil ¢hedepansHbil YHusepcumem, Bnadusocmok

AHHOTauusa: CtaTbA npeacrasnAeT coboit 0630p KnacCcu4yecknx U coBpemeH
MeToAaMu reoMeTpuyeckon Teopun yHKLMA. OCHOBHOE codepxaHue cTaTbu



CeTb B HayKe 1 06pa3oBaHUM

* BHeapeHune matemaTmkm B CeTb - 3TO HE
NPOCTO NOMCK cnocoboB oTobparKeHusn
MaTemMaTUYeCcKon MHPOPMaLUK B OKHE
6pay3epa. CeTb NnpeacraBnaeT
dYHAAMEHTA/IbHO HOBbIM NOAXOA K XPaHEHUIO
3HAaHWWN, B KOTOPOM 830UMOCBA3b UTPAET
LEHTPaNbHYO POb.



MaTemaTuyecKum TeKCT B ceTwu.
[Mpobnembl

* HepocTaTKM pacnpoCcTpaHEHNA HAYYHOM
HOTAUMN, OCHOBAHHOM Ha rpadpuvecKkom
npeacTaBneHun: naoxoe otobparkeHue
(HecornacoBaHHOCTb € OHOM U Pa3MEPOM
OKHA); MaTeMmaTMn4ecKasa MHPopmaLuus,
coaepXallasaca B KAPTUHKAX, He AOCTYNHa ANA
NOUCKA, MHAEKCALUMN N NOBTOPHOIO
MCNO/Ib30BAHMA B APYTrUX MPUNOKEHUSAX;
Heob6XxoaMMOCTb BbICOKOW NPOMYCKHOM
CNOCOBOHOCTM KaHana CBA3M.



[TONCK B ceTu

[ToUCKOBble cepBUCbI — BblaenAaem Ux Kak
Hanbosee 3HaYMMbIe ANA NONb30BaTENA —
AarxKe B TeXHONOrn4yeckn NnpoaBUHYTbIX
konnekumax (MathNet, elLibrary, Elsevier,
Springer, Jstor n ap.) AaOT BO3MOXKHOCTb
BbIMO/IHNTb 3aNPOC TOJIbKO ANA TEKCTOBbIX
KOMMNOHEHT (Ha3BaHWe, aBTOpP, K/t0YeBble
C/10Ba).
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MaTemaTuyecKum KOHTEeHT B
3NEKTPOHHbIX KONNeKUUAX

* Paboty c 6bonbliMmm obbemamm JOKYMEHTOB, rae
KpanHe Ba*KHbl aBTOMATUYECKUN MOUCK U
NHAEKCcaLUus.

* HeobxoamMmocCTb KOHBEPTALUUU MEXKAY
CYLLLeCTBYHOLWMMM dOpMaTaMM U N10ObIM HOBBIM.

* HyXeH cTaHAAPTHbIN CNOCOb6 COBMECTHOTO
MCNO/Ib30BaHUA MaTEMATUYECKON MHPOPMALNN B
CETU, BKNKOYAA BO3MOXKHOCTb BbIYNCNEHUMN.



MathML

Mathematical Markup Language

MathML asnaetca XML-npunoxxeHmnem ang
ONMUCAHMA CTPYKTYPbI U coaeprKaHns
MaTEMATUYECKON HOTaLMUMN.

Pa3pabotaH W3C Math Working Group
nttp://www.w3.org/Math/
nttp://www.raleigh.ru/MathML/MathML2/



http://www.raleigh.ru/MathML/MathML2/overview.html
http://www.raleigh.ru/MathML/MathML2/overview.html
http://www.raleigh.ru/MathML/MathML2/overview.html

Kog Ha MathML

<math display="block">
<mfenced separators=""
<mrow>
<mtable>
<mtr>
<mtd> <mi>A</mi></mtd>

0per‘=ll(ll C|05e=" " >

<mtd> <mi>B</mi> </mtd> £

</mtr>
<mtr>
<mtd><mi>C</mi></mtd>

<mtd><mi>D</mi></mtd> \

</mtr>
</mtable>
</mrow>
</mfenced>
</math>




MathML-uHcTpymeHTapun

* MathML co3aaH ansa pasmeTku
MaTemMmaTUyecKon MHPOPMaLUM HA HUKHEM
bonee obLiem ypoBHEM ABYXYPOBHEBOMU
apPXUTEKTYPHI.

* PasameTtKa MathML He npeanonaraet
HenocpeacTBEHHOro NCNO/Ib30BAHMUA
aBTOpamMMu.



http //www w3. org/Math/Software/
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I\/IathIVIL B Mathematica
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PparmeHT pe3yabraTa

<html xmIns="http://www.w3.org/1999/xhtml">
* <mrow>
<mo>&Integral;</mo>

e  <mrow>
e <msup>

e  <mrow>

. <mi>Sin</mi>
. <mo>[</mo>
. <msup>

. <mi>x</mi>
. <mn>2</mn>
. </msup>

. <mo>]</mo>

. </mrow>



MmnopTt MathML B Mathematica

SetDirectory["d: /example/"]

—
o
"

Out{1}= d:\example

Inf2]:= Import["example2.mml"”, "MathML"]

Out[2}= FormBox[IagBox[RowBox[{ j, RowBox [ {SuperscriptBox[RowBox[{Sin, [, SuperscriptBo:
IraditionalForm]

Inj21:= ToExpression[%]
1 2X -

outB — |2x-V Fresnelc[ J
- S
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[Tonck no popmynam

* [peacTaBnseT 3Ha4YMUTENbHO Honee CAOXKHYI0
3a/1a4y, Yem MNOUCK MO TEKCTY.

* Hanpumep, popmynbl X2 n a2 — 310
OANHaKoBble GopMynbl AN Pa3Hble? Unn
BblpaxKeHnA a b u b a—cosnapatoT nnm Het?

* PeweHune 3aga4ym noncka Nno pparmeHTam
dopMy/s1 BO3MOKHO Ha OCHOBE
CeMaHTU4YecKoro Beba.



ANTOPUTM MOUCKA MO GOpMynam

Bsoa dopmyn B 0OLWENPUHATON HOTAL UMK
(Hanpumep, TeX).

Konseptauma 8 MathML.
dopmmnpoBaHme NOUCKOBOro WabnoHa.
[Tonck no XML-gepesy.

OTobpaxKeHune pe3ynbraToB NOUCKA.



Bsoa ¢opmynbl

* [loMcKoBbIN 3anpoc BBOAMTCA B TX —
noaobHOM HOoTaUMUMN.




Online KoHBepTaLUmnA

* B HacToAllee BpemMmA B UHTepHeTe
npeactaBsieH pag KOHBepTopoB B popmaT
MathML, KoTopble No3BONAIOT NPOU3BECTU
KOHBEpPTaUUto B pexknume online.

* ASClIMathML
(http://wwwl.chapman.edu/~jipsen/asciimat
h.html) 370T pecypc ncnonb3yet Java-cKpunT
ASClIMathML.js

 MathJax http://www.mathjax.org/



http://www1.chapman.edu/~jipsen/asciimath.html
http://www1.chapman.edu/~jipsen/asciimath.html

ASClIMathML

[ wwwl.chapman.edu/~jipsen/mathml/asciimath.htm

CmoTpete punemel .. & Bjarne Stroustrup’s... Al O npoekre Bocemug,.. Kupunanua e konco... [ ] ¥AK519.6 Boiuncan... [ YAK004 Wndopmaw.. [T AndasutHo - npeam..

| Home Page | Syntax | Try it | Calculator | Editor | Download | Graphs | ASClIMath FAQ | Sandbox | Comments |

ASCIlIMathML.js (ver 2.0): Translating ASCIl math notation to MathML and graphics

Would you or your students like to easily produce good-looking math formulas on webpages

usina a simnle calculator-sfvle syntax and your own ASCIl or HTML editor?

& C [ wwwl.chapman.edu/~jipsen/ and if you prefer it, LaTeX-style formulas also work).

g Google u CmoTpete GuAEMbI ...

& Bjarne Stroustrup's ...

A O npoexre Bocbmua,.. Kupunanuine line to your HTML file to load ASClIMathML .js

CHAPMAN

UNIVERS g LS 4

1Peter Jipsen

y "Jf: Associate Professor of Mathematics
Y C hapman University

y
*.’

Thls web page: http://www] chapman edu/~jipsen
Email: jipsen@chapman edu
Office: Von Neumann Hall 114
My office phone: 714-744-7918
Math/CS: 714-628-7344
Department fax: 714-628-7340
Address: Chapman University
Faculty of Mathematics, School of Computational Sciences

hoe of the World Wide Web Consortium, also on The Math Forum.

sed and now comes with an ASClIMath input jax!

ed on ASClIMathML/LaTeXMathML and extends them

vith 3d graphs, quiz questions and code-highlighting

n of the ASClIMathML homepages.

lownload and select STIXGeneral as default font in Firefox).
nition mode, better LaTeX support and graphics integration
PmWiki cookbook are also available

)ts by David Lippman (including a Moodle filter)

iCliMathML by Dr Douglas R. Woodall (examples)
itegrates TiddlyWiki, ASClIMathML and ASClisvg graphs.
illy (no installation or server required).

fathML by James Gray, including a nice tutorial.

5S Presentation slide show; S5 ASClIMath example)
tandard MathML and SVG in several browsers.

ovable Type, WordPress, phpBB, and many wikis.
CliMathML js to ASCllMathPHP by Steven Chan.




MathlJax

M h .
Beautiful math in all browsers

News Demos Resources Sponsorship Contact

MathJax is an open source JavaScript LaTeX: Ju(z) = i % (%) Imto
display engine for mathematics that works T
in all modern browsers. 1 (2)
MathML: f(a) = — dz
_ 212 yZ2—a
No more setup for readers. No more browser plugins. No more font
installations... It just works. (Math rendered by MathJax)

Latest news: MathJax v2.1-beta now available on the CDN (10/1/12) More news >



dopmmnpoBaHMEe NOUCKOBOro 3anpoca

[loAacHAOWMK Nnpumep.
BbiparkeHune x? 3anucbiBaeTcs Kak

e <math><mi>x</mi><msup><mn>2</mn></m
sup></math>

* 3TOoN dopmMyne COOTBETCTBYET
noc/s1e40BaTe/IbHOCTb 3/1IEMEHTOB

o <math><mi></mi><msup><mn></mn></msu
p></math>



OTobparKeHne pe3ynbTaToB MOMCKa

3anpoc

Search Math A \to B || show || search

A— B

Pe3ynbtaT NOUCKa

For a Lie subgroup G ¢ GLin), consider the bundle Eq(M)= LiM)/G — M .Lets: M - EgiM)be a section. The Lie
derivative of s with respect to a vector field X € X(M) is defined in the following way. For each X € X(M), the flow ¢, of X
induces the flow dg, on LiM) whose projection onto Eg(M) gives a flow @, on Eq(M) . The tangent vector field dp, /dt is the
complete lift X € X(Eg(M)) of X . We denote by VEg the vertical subbundle of TEg(M) ; then the pullback bundle s*(VEg) is
a vector bundle over M , and for each p € M there is defined an isomorphism 77, : (VEg), , — (s"(VEg)), . Then
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