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Title of Thesis Title of Thesis Title of Thesis Title

Abstract:

Solving linear systems of equations is an ancient task, undertaken by the Chinese around 1 c.e., but
the study of matrices per se is relatively recent, originating with Arthur Cayley’s 1858 “A memoir on the
theory of matrices.” Early research on matrices was largely theoretical, with much attention focused on
the development of canonical forms, but in the twentieth century the practical value of matrices started to
be appreciated. Heisenberg used matrix theory as a tool in the development of quantum mechanics in the
1920s. Early proponents of the systematic use of matrices in applied mathematics included Frazer, Duncan,
and Collar, whose 1938 book Elementary Matrices and Some Applications to Dynamics and Differential
Equations emphasized the important role of matrices in differential equations and mechanics. The contin-
ued growth of matrices in applications, together with the advent of mechanical and then digital computing
devices, allowing ever larger problems to be solved, created the need for greater understanding of all aspects

of matrices from theory to computation.

Keywords: key words, key words, key words
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East China Normal University
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Figure 1-1 Example for figure

1.3 AXHRAR
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Kl 1-1 & A&
Table 1-1 Example for Table

B mn m  GMRES®O) GMRES(D) GMRES(T)

Iter CPU Iter CPU Iter CPU

090 22 64 64 071 3(6.08.0) 019  2(47,77) 0.14
213 9 83 171 3(6.082) 025  2(4.78.0) 0.19

0.95 22 64 65 0.71 3(5.2,7.0) 0.16 2(4.0,6.7) 0.11
21390 8 1.86 3(5.2,7.0) 0.21 2(4.0,6.7) 0.16
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Table 1-2 Example for Table

B n m  GMRES(C) GMRES(D)

GMRES(T)

Iter CPU Iter CPU

Iter CPU

212 64 64 0.71 3(6.0,8.0) 0.19
21390 & 171 3(6.0,82) 0.25

2(4.7,7.7) 0.14
2(4.7.8.0) 0.19




VB SR 1 SO R AL SR — AT AN At AT

2

2.1

2.2

&g IR
AT BTRX 55 1R SN T S S TR HRRR A 1L
EXHPBEEK
 BEERXIRRTS 25—
> B0 O S S SCHR EE A FH S SOhR U5
> FRCER AT AR R SChR R B S SRR L (B3RS
> HABRF T, WG5S O, 5 7 &, WE ST IR S 54—,
s R EEHRERT
« PR ZE, PXEHFELAR (XE) 206, P E5ESEH. EHE53E, X,
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o RIS — PIANELER <R 515” GEH A TS L EA).
» \ldots Ml \cdots MEHZA, BlW: k=1,2,...,n, f=1+2+---+n.
o TWEAZHIK A2 B (R AF R8I Z A& B8R i, Pl Re S BUREA A, B Ay
DAHOE >4 1 #2).
s SEEBRES—: HICEBTERSE 2?2 7.
« RBEWIIBNARXETERS, REWSI AT B HIERIRENSE R
FFp.
o BIFRH BT, 7TLL#EIT \DeclareMathOperator 5& 3, 40:
\DeclareMathOperator{\rank}{rank},
\DeclareMathOperator{\diag}{diag}.
AR SR I A, AT BA \operatorname fif4, 41
$\operatorname{span}\{v_1,v_2\}$

R PEEIW
AR 2P tex JHCIFH— i, 155
« BFIAEIITIG \begin{. . .} ML \end{. . .3 — 517
« BB — BV —AN2AT, IS TR,
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« MRHFAAKK (RBRD, FRIBLARAKES), BB LRI SGHRIT.

o ZHHCA AN BUUEH align (4 5) 8L alignx (N S). 740, BVUESCI
R EX

flay) = (z+y) 2.1

= 22 4+ 2zy + 2 (2.2)
« 2ATHEA A BATHE XS SE, ATH] gather B gathers FA5L.

flz,y) = (x+y)? (2.3)

g(w,y) = 2% + 2wy + y°. (24)
© ZAHCEAR: Bl MRS, T align+\notag

flz,y) = (z +y)?

= 2% + 22y + > (2.5)

o% equation+aligned
flz,y) = (z +y)?
= 2?2 + 2oy + >
1 24787 A XA E I eqnarray.
o B ARMIBIH: BUUEH \eqref{. ..}, 1 \eqref{eq: fxy-align-b}, it %
N (2.2).
s HEART LS equation* HEi + \tag 5L \tags, FJIEH 51 FH, U1 (A)

(2.6)

flzy) = (x+y)? (A)



VB SR 1 SO R AL SR — AT AN At AT

3 EIHERRIS
31 HEAK
 JiFF — amsmath 2 A ERME T REREIABG, 40 bmatrix B pmatrix
(A B
BT C

\begin{bmatrix} A & B \\ B°\T & C \end{bmatrix} —

1 2
\begin{pmatrix} 1 & 2 \\ -1 & 123 \end{pmatrix} — )
-1 123

« HE X, W
\newcommand{\bbm}{\begin{bmatrix}}
\newcommand{\ebm}{\end{bmatrix}}

o HIEMNKE (AT S ) FILAFF — \left, \right, 40:
I\dfrac{a-1}{a+1}| — |%|

\left|\dfrac{a-1}{a+1 N\right | — ‘Z—:
o NI AL
mathtools =&
X} amsmath AT TP, HEIMNZK amsmath 7% H.

* \mathtoolsset{showonlyrefs=true}
FOS G I A 5 (51 2 3 7 ) eqref)

* matrix*, pmatrix*, bmatrixx, ...
AIRSE FIRFF 7 2, 404 X 5F \begin{bmatrix*}[r] ...

1 -2
\begin{bmatrix*}[r] 1 & -2 \\ -1 & 3 \end{bmatrixx} — ]
-1 3

o 75 fi¥R: \prescript{sup}{sub}{arg}
\prescript{\mathrm{RL}}{a}{\mathrm{D}}~{x} {cd} — RLD?

acd

3.2 FFx
(1) ARUHEFIRILEE: itemize Ml enumerate
(2) enumitem % fL: IRMEUS I enumerate MY, AT LMEHUARAE, U

\begin{enumerate} [label=$\triangleright$]
\item ...
\item ...

\end{enumerate}
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AAEAR B30 A QR ) HE R A FH 192 algorithm Al algpseudocodex %40, I E
M7 breakablealgorithm J85%, FHRHERUES A M HI% (75 7T EIR).
3.3.1 FEMARWERAG] — algorithm IFIF
B 3.1 2 A algorithm MEEHERR ) OAARRY. B AR A SR I, AlRe LR A

TH.

Bk 3.1 T MGS 1 QR iRt

% Given A, compute @ = [¢1, .- -, ¢,] and R such that A = QR
1: Set R = [r;;] = 0,,xn, (the n X n zero matrix)
2: if a; = 0 then
3: =0
4: else
s i = laillss @ = an/llaalls
6. end if
7. for j = 2ton do
8: g; = a;
9. fori=1toj—1do % MGS, T GS X5
10: rij = (45, 4)s ¢ = —Tij%
11: end for

12: if ¢; # 0 then

13: ri; = lailles @5 = qj/7;
14: end if
15: end for

3.3.2 EE(AKEER{] — breakablealgorithm IfiE
537 3.2 /2 breakablealgorithm M IEHERR KOS, BT LAES T B IR,

&% 3.2 52 GMRES %

O IEIYIME 2O, FEHERE ¢ > 0, DL S KIS D EL TterMax
219 =b— Az, B = ||roll2

3. if 5/]|b||2 < € then

4 AFIETHE, H T U 2O
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s: end if

6: U1 = 7"0/5

7 E=Per % ICE ¢

8. for j = 1 to IterMax do

9: w = Av,
. fori=1tojdo % Arnoldi if £
11: hij = (v, w)
12: w=w — h; ;v
13: end for
14: hjsrg = llwll2
is: if hjp; = O then % IEAR Ik
16: m = j, break
17: end if
18: Vjr1 = w/hji1
. fori=1toj—1do % IS G - GoGiHj (1:7,7)
hij Ci S hij
20: =
hi+1,j —S; G hi—l—l,j
21 end for
22: if |hj;| > |hji1 ;] then % F4i& Givens 24 G
23: T = hjpig/hg ¢ = YVI+T2 85 = o7
24: else
25: T =hj;/hj14, 85 = 1/V1+ 72, ¢; = s;T
26: end if
o hyp =il sihieyg % TR GiH (10, )
% Ny =0
N Gl_|o 5| |é % L G,(8G, s - - GaChen)
&1 =55 ¢ |0
3. relres = |&4]/8 Yo AHXTERE
31: if relres < ¢ then
32: m = j, break
33: end if
34 end for
35 Mm =7
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6 y™ = H(1:m,1:m)\&(1:m) % R/ Tl IR, AR AR
s 2m) — 2O 4y ym)
38: if relres < ¢ then
o BT © KAHRAE R
40: else
s RHEERIE R
42: end if
34 BEHERE
« @i %% geometry, graphicx, hyperref, xcolor, mathtools

» #%#: amsmath, amssymb, amsfonts, bm, ntheorem/amsthm, unicode-math

o 1% EH: caption, enumitem, fancyhdr, fancyvbr, footmisc, titletoc, titlesec, makeidx
« FH%: array, booktabs, longtable, tabularx, diagbox, multirow, varwidth

« i /4 & float, rotating, pdfpages, standalone, subfig, pgf/tikz, pgfplots

+ F4K: newtx, newpx, pifont, fontspec

o H5/ARHS: algorithmic/algpseudocode/algcompatible, algorithm, listings

o 2% Hk: natbib, amsrefs

« XJ4T Fr/J&#%: beamer, beamerposter, baposter

+ HAfth: mhchem, microtype, minted, siunitx, cale, setspace
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