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WEFHER ($45R) [Mathematical Model] (ERIR, B&E, &)

Methods of Mathematical Modelling —Continuous Systems and
Differential Equation (Thomas Witelski, Mark Bowen)

Applied Partial Differential Equations with Fourier Series and Boundary
Value Problems (Richard Haberman)

MARBFERM: MOHFESHEYELE (h3iTHD (Nail
H.lbragimov)

Nonlinear Dynamics and Chaos: With Applications to Physics, Biology,
Chemistry, and Engineering (Strogatz, Steven H)
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TRFER, HFYIESERE, THEVL, BEDE, FRENERIN
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WX 1Bl BAhIRER < EEHE

RIEEET:

http:/faculty.bicmr.pku.edu.cn/ zhennan/teaching/MM23/index.html

HhAERIE
78406-02, HEERE78SPx .

Office Hour:
B=LE%10: 00-11: 30.
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o A: FRE—REN, BRAGEMEL (BTE7AE, 152N, TXRER
BB (23: 59) BIEHFMIER. Hexikdl. FrEELRIT1005, &
FHIR D EI10%;

e B(B1+B2): 48120 (#8[, A=), 6A7H (¥16/@, A=) B%t,
A3 TEASEIR . BXEREER100045, #H51005, 5L FH
BHI30%.

e C: FHIRZE—TIRZAIEE LZ—Hterm project, BHM1-4BEF
#IRk. Term projectii EFERM N EIBERSEF AT AW, Term
projecti# 45> 71004y, &FHEIR5THI30%.

o i Rik, RAFHAES=A%0.1+(B1+B2)*0.3+C*0.3,

AR FHESREASY, BRNETRSEAMMMERNRFENKERIRE
FHTHITEEES .
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fEMLEE 3K :

TEZ B RZ Bl Fterm project. EIMEMEIZ(1ZBEIHS/EILEE, B2
BNRZFLNE KSRl . (ELTTUFES, WAl AAEKS (word,
latexZF A ) BITENHE K. 1Elpi % B E s

Office hour FENZER =

AEHHEAH SR Eoffice hourZst. RIFWMATLUBT B FIMFBRARKE
. BAREE, BRINNMEHEEIEHRZITEERITISHN, EIHFEIE
TEMIEEEEL.

B
o XJkI%, 1298219@stu.pku.edu.cn. ELERTE, FEPN T4 15: 00-17:
00, ¥—1609.

° MEER, xuziyun@pku.edu.cn. ZEERTE], EPUEE_E 20:30-22:30, 215
#109.



Where to start...

It can scarcely be denied that the supreme goal of all theory is to
make the irreducible basic elements as simple and as few as possible
without having to surrender the adequate representation of a single
datum of experience.

—Albert Einstein
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BNMARRE T ZRHENEES, BRREXEITLHNEL, BERMMNXAES
— MR T B9 5 $E M S YRR AR :

Everything Should Be Made as Simple as Possible, But Not Simpler.

i, BMNETURARXAERBEHRFEET ., FXE, —HLURBER(TR
MPFREEEMMBFRENERYE . BNAHRERE/LAGRRES:

Figure: From Wiki. From left to right: Alan Turing, George Box and Mark Kac.



This [mathematical] model will be a simplification and an idealisation, and
consequently a falsification. It is to be hoped that the features retained for
discussion are those of greatest importance -+

—Alan Turing

---all models are wrong, but some are useful.

——George Box
Models are, for the most part, caricatures of reality, but if they are good, they
portray some features of the real world.

—NMark Kac



HMNREHE B FIREE

Witelski #1 Bowen ZEHM RIS PIRH T — N EERIEMNE X

Model: a useful, practical description of a real-world problem, capable of
providing systematic mathematical predictions of selected properties

HATVEE AT — L EREE XN E B = :
o (F%1£) Models allow researchers to assess balances and trade-offs

in terms of levels of calculation details versus
limitations on predictive capabilities.




(¥t$&i8) Concerns about models being “wrong” or “false” or
“incomplete” are actually criticisms of the levels of physics, chemistry
or other scientific details being included or omitted from the
mathematical formulation.

(Z5Ri A) Once a well-defined mathematical problem is set up, its
mathematical study can be an important step in understanding the
original problem. This is particularly true if the model predicts the
observed behaviors (a positive result).

(#5812 B) However, even when the model does not work as expected
(a negative result), it can lead to a better understanding of
which (included or omitted) effects have significant influence on the
system’s behavior and how to further improve the accuracy of the model.
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MTFRXEN D, RRRFTEFIMAETHN. BT XENS, HIOTATLAFEE—
A IHRB ) — N LR HERERTIAIR :

Models are expressions of the hope that aspects of complicated systems can
be described by simpler underlying mathematical forms.

BARELIBFRERIR? Witelski 1 Bowen ik :

Modelling: a systematic mathematical approach to formulation, simplification
and understanding of behaviors and trends in problems.

ETRRERNE, RNEIFEARET LA THRENHMSINR L, HERK
HAR KRB S T— L AR 57 EFITTiL .



HEERBEARFPRCIEE. HEIEAIRE, SEPREREAT S R— T2

1. IE[@i (Forward problems). MREBMXFEHRRGEHELENES,
BENERBAUEENTNZAZHNEMMER, SHEBTMNZRZFNMIE
E? BlF: —HENBRANERERSLD? —HEFFZRBEE MRS
HIABEH1RIE?

AT E TR B NI FIT A ?
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Figure: Left: schematic plot of a neuron. (Wiki) Right: the LIF model.



2. RiEIER (Inverse problems). MAREA “BHE” RAENFLEETEBE
#EBE, EEUBETEM “REIE" ;5 RRERXEERENSE?
5lF: REFABREEZEGNEER G HENME? BRNETTLUE
F—MRFHEEIFIISEERBECHRRE GER) R2H?

Can you hear the shape of a drum?

Figure: Gordon, former faculty at Washington University in St. Louis, with paper models

of a pair of "sound-alike" drums.
https://www.ams.org/publicoutreach/feature-column/fcarc-199706


https://www.ams.org/publicoutreach/feature-column/fcarc-199706

3. %Ikl (Control and optimization problems) . FK1E&E&E0lE
(&) H—NARGEWNE, RBE—NMAEEWER? §IF: FABRHK
KHLATAKERIT? MRA—NHRILITER, EEAMTUE—ERRN
BIR—MEERRRER?

BIE&EL% 08 (Brachistochrone)

A

Figure: TEFiBERAMBR P HENZ S, R —FKihsk, ENZFENERAVNEERT
BB R A R BB X S BH 4% 3B B BT B B (B) SR %2



RBERMMTEN, RNTUNERENFRAMTRIHER

"Toy" Problem < Math Problem < Complete System.

TEIEILIE AT LAKIR S A 53 B AN R -
o BRI (formulation phase) ;
o ERIFYKAR (solution phase) .
XA T ENXFREINETERNHSE.
I AFH RS RIERKBAOMBTET, BEAEFERNRENTEEZH.
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