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double x=0.3*3 + 0.1;

double y=1.0;

if (x==y) cout<<“Equal”;

In_

else cout<<“Not equal”;

A common fix: {&

] abs(x-y)<eps 1E N F = ZAHZE AT
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it E o Ex[i|MBR K< E B
for (int i=0; i < n; i++) sum+=x[i]*x[i];
return sqrt(sum);

B BT RIS -
maxElement=max(x[i]); y[i]=x[i]/maxElement;
for (int i=0; i < n; i++) sum+=y[i]*y[i];
return sqrt(sum) * maxElement;

Rounding vs truncation: [FJFEAE RN, Htir B 5 A8 W 1= 2= W -2

B —fi%h, 0] LL{#EH Kahan summation (compensated summation)
Python 3.12 FFfasum{E AR B H TP 7 —

IRGHEE: IRAH0E



https://docs.python.org/3.12/whatsnew/3.12.html#other-language-changes
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https://en.wikipedia.org/wiki/MIM-104_Patriot#Failure_at_Dhahran
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CWE-190: Integer Overflow or Wraparound
MER—NELHIF: CVE-2023-32434 E{RAo#T

ZmEREHTE2023F &30
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¥ FEM]3E: Operation Triangulation
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https://cwe.mitre.org/data/definitions/190.html
https://cwe.mitre.org/data/definitions/190.html
https://cwe.mitre.org/data/definitions/190.html
https://nvd.nist.gov/vuln/detail/CVE-2023-32434
https://nvd.nist.gov/vuln/detail/CVE-2023-32434
https://nvd.nist.gov/vuln/detail/CVE-2023-32434
https://nvd.nist.gov/vuln/detail/CVE-2023-32434
https://nvd.nist.gov/vuln/detail/CVE-2023-32434
https://github.com/felix-pb/kfd/blob/main/writeups/smith.md
https://securelist.com/trng-2023/
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B IR SR, OB RIS SR
| models are wrong, but some are useful

2.3 Parsimony

Since all models are wrong the scientist cannot obtain
a “correct” one by excessive elaboration. On the contrary
following William of Occam he should seek an economical
description of natural phenomena. Just as the ability to
devise simple but evocative models is the signature of the
great scientist so overelaboration and overparameteriza-
tion is often the mark of mediocrity.

2.4 Worrying Selectively

Since all models are wrong the scientist must be alert to
what is importantly wrong. It is inappropriate to be con-
cerned about mice when there are tigers abroad.

Box, George E. P.(1976), "Science and statistics" (PDF), Journal of the American Statistical Association
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° E@A: .'X,'+Ax

(H

flx+Ax) — f(x) = Ax f'(x)

M /

qEH)

& € Clx,x + Ax], W3E € (x, x + Ax),
flx +Ax) — f(x) = Ax - f'()



— R AT T

o ZRTELRES —
) EHU/\. y +‘ - 243 1R A=
f(x + Ax) — f(x) = Ax f'(x)

(FEEH)
& € Clx,x + Ax], W3E € (x, x + Ax),
flx+4ax) — f(x) =Ax - f(§)




— P TE = 73T I TR T

. BEEBS
« WIA: x4+ Ax

fx 4+ Ax) — f(x) = Ax f'(x)
X IRE ORI ~ f7(x)

* |f'(x0)] > 1?
« |ff0)] <12

o HUEFGEME, BERTAER B THHUIER, BRI R A

11 @5’3 (YR
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o« BIA: x4+ Ax |HEniEz

— P TE = 73T I TR T

. BREHS

MH

c ITT&: f(x)
flx+Ax) — f(x) = Ax f'(x)

R E1 HOK L] ~ b= 2170

o WERFAAIFWE? B f(x) M DL E R4 ?
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Source: Wikipedia CC BY-SA
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o RERBFAYIEE K ‘j
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* PageRank pﬂgEHﬂﬂh

- BHIKFMHTEXK

e Markov chain Monte Carlo


https://arxiv.org/abs/1709.00869
https://arxiv.org/abs/1709.00869
https://dl.acm.org/doi/pdf/10.1145/2856030
https://dl.acm.org/doi/pdf/10.1145/2856030
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Source: Wikipedia CCBY-SA 4.0



Beyond computational simulation

“TFEBIFLA” Computational lens
 Computational biology
* Algorithmic game theory
 Computational phase transition

Comparison with discrete math:

e A continuous perspective is needed even for the classic
“combinatorial” max-flow problem

* Many problems about Boolean functions, can be reduced to
a continuous analog thanks to the Invariance Principle.

19
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Figure 5 by Szegedy et al. 2013 CC-BY 3.0.
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MEEHE) EERES eSS (a)f(b) <0, NfFE

(a,b)A

A —MRAEEf(r) = 0

x
/ |

/1»-/

Figure 1.1 A plot of f(x) = x3 + x — 1. The function has a root between 0.6 and 0.7.
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KEETIZRIR - 5%

Bisection Method

Given initial interval [a, b] such that f(a) f(b) <0
while (b — a)/2 > TOL
c=(a+b)/2
if f(c) =0, stop, end
if f(a)f(c) <0
b=c
else

end
The final interval [a, b] contains a root.
The approximate root is (a + b)/2.

g €p by
a o) by
a ¢ by

Figure 1.2 The Bisection Method. On the first step, the sign of f(cg) is checked.
Since f(cg)f(bg) < 0, set ay = ¢, by = by, and the interval is replaced by the right half
[a1,b1]. On the second step, the subinterval is replaced by its left half [a5, bo].
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KEEHZTERIR - Z500K

° {EHTZR:::ﬁ};ZJ%§9 .Eirﬁ]hlnjI%Q]%ﬁjégj&]bi;l

2
- Wt Ex, = (a, + b,)/2, HEEXE L AE AL
ey

« IBrA—ME, Mx, — 7| <=2

2n+1
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KEEARERIIR - ROl REETUE
« (R3hR) Fg(r) =1, WHErAgl—A A3

o FIIRIEANIA:

—x;+1 = 9g(x;),i=0,1,2, ...

o« F—TFU: eg.glx) =x+1
« BE, WTEZKEg, MR x; ks, N—
EWSEIAD) & GIERH L~ —T1)
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KEEFTERIR - RIRIECA
REH R RE:

° %YW\U*/I\%

 x;41 =9(x;),i=0,1,2,...

ij;?l_?j* PR, BNER x; Y&, NW—@dislid|— A
D, T

* g(hm Xi) =lim g(x;) by continuity

. 11m g(xl) = hm X;+q by definition of x;,,

[— 00

* Then, g(hm xl) = llm Xjpq = llm X;
* Thus, r:= lim x; |s a f|xed pomt of g

l—)OO
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REEAEIIR - T RIEN

- -~
-~ //
‘/ //
= i 1 > x = L1l > x _ |
i Xy Xg T xll\ L xg rx; 1 o 1
- - X, P
(a) (b) (©

Figure 1.3 Geometric view of FPIl. The fixed point is the intersection of g(x)
and the diagonal line. Three examples of g(x) are shown together with the first
few steps of FPI. (a) g(x) =1-x3 (b) g(x) =(1-x)'3 (c) glx)=(1+23)/(1 +3x%).

Mxo FHRIEN

Xiv1 = 9(x;),i =012, ..
X1 = g(xo)
Xy = g(xl)
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—x;41 = 9(x;),i=0,1,2, ...

o RONRIAIGTH & Z I8N
—1Ce; NEIRERBIRE
— EES = |jm 2

[>o00 €
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KREEAERIR - FIRENE

Ao RIECA:
- 5%(5\[”*/!\960
- x;421 =9(x;),i =0,1,2, ...

EH: EgRESTS, riktgr) =7 S=|g'()| <1
)”JJXUL?E%E%EIJE’J% iy, gEI’JT 3] '51%4JQ@ZT€EW@@UK??)J,'§T,
A SAHE B2 NS o

UEAR .
Xip1 =17 =g0x;) —gr) = g'(§)(x; — 1)
10e; = |x; —7rl, WHe 1 =19"(&)le;
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REEATEIR - FeIRIAEN

T, FHgRESTS, rmEkge) =7, S=|g'(n| < 1.
NI FAT 2 L B r M, giIASEN AR MU S B A 3 i,
K SIGE T S

1IERA:

Xy — 7 =gx) —gr) = g' (&) (x; —7)

1ce; = lx; — 7|, WHe 1 =1g"(&)le;

AN S=|g'(r)| <1 ,NEEBELBI—1MLLEER,
lg" (€D < (S +1)/2

FTLLRZZRDELIS + 1) /28R E Ja 6,

lim <= llgglo g’ Dl =g’ (] =S

>0 €
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« REMNAIR
— JAEl Uk £4 (local convergence)
— R 2 SR /)N

o AEEERIAB A
— JR i Hh A HR
S LS N
— 5 R MG xR
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B R B 4
BT E R AT FIRE, IWIRERE Neg(x)

* WRAYEZ I =H 26K ?
* [RRREEHKS?
e f(r+Ar)+eg(r+Ar) =0

f) +Aarf'(r) + eg(r) + e(Ar)g'(r) + 0((Ar)?) =0
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o BISITEREIAT HIRZE, CIREREN
eg (x), YR IN=H % K ?
e f(r+Ar)+eg(r+Ar) =0

f) +Arf'(r) + eg(r) + e(Ar)g'(r) + 0((Ar)?%) =0
BHEBW)(')+eg' () = —f(r) —eg(r) = —eg(r)

___—eg) g
SllAr ~ Freg’' (™ € Fien

ARRYEE KRS, A" B ER—FrER ELD
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Figure 1.8 One step of Newton's Method. Starting with xg, the tangent line
to the curve y=f{x) is drawn. The intersection point with the x-axis is %, the next
approximation to the root.

Sk
xo MG T
f(xk)

X = X5 —
k+1 k f,(xk)

k=012 ..
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H 1A B RUZSH (Quadratic convergence)

1Eel |x; — r| NITERENRZ=
%:ﬁl}ﬂ%ﬂ FERAS B/ NIRRT, AL =R BIHILEE AR

o THRILST. WnERM = lll)r?o ‘fl < oo, NMIFRIZIENRTIE
RIS

EE MBFZRAISHf () 0, Hpr#AES) =0,

AﬁF*@ﬁ/i: EJRy iR UG Elr, HL
lim Ci+1 _ f'(r)
imeo el |2f'(r)
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FUURR _ RS oM B RJTE

T NSRS — «XLQ:TEEf (r) =0, HPrHEF@) =0, A4
Ay A AE Rl — kil ®llr, H

lim €i+1 _ f”(r)

iso el [2f'(r)
1EHH éf‘aﬂzﬁiwiﬁﬁ/zﬁm? PL R ANB S FExg 1 = g(xp),
ERE ) . gHIAB S BT IR o

/

() = 1 — )2 = f)f"(x) _ fOOf"(x)
g f'(x)? f'(x)?
EgIIARE Sk, Hg'(r) = 0. H AR R s .
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HWLRR _RUSS 3 AT

EE NBfZRAISH () 20, HFrREfo) =0, A4 WELER S kWi zr, H

lim €it+1 _ ()

[—o0 el-z 2f’(r)

UEAR: FREFHIIER, ErlH TTaylor B :

f)=f(x) + @ —x)f (x;) +
RoArmEf(r) =0, {hiEEs)

i — f(x;) = (r —x;)? (&)

L) 2 f'(x;)

J)
2f"(x;)

( - xl)z

(&), for some ¢;

[0 A s R IS R

14

€it+1 = |xl+1 | = €

H Rl A/, HE e wsiiinr, Wax, » rHE — ro HIf A HESEIERT R

B ‘f”(r)
2f'(r)

(&)
2f"(x;)

. €i+1
_11m S = l
1—>00 e i— oo




PRIMNGIEE:  HHLARY DA

+PLERAE T —MMSENER

— G ORISR At R] DUE R AR f 2 C-Lipschitz BT R T IHETT

_ MEFAESNOSMIR? Gl AR R, LR
SR NBUR (S

Ay E R G ) B m4E, v P 2 A8 s 1 SR AR R A/ s e AL n)

SN SR BEFHEAR & KAt : #287%: (secant method), quasi-newton

method

— Secant method: x4 = X

EACTICT . )
fxp)—f(xg—1) =12,
— Convergence rate of Secant method: 1475 ~ 1.618

2
— quasi-newton methodJEE & WL AY— 1 SL I ZBroyden-Fletcher-Goldfarb-Shanno
(BFGS) &%

ML, FAEREE ik F1Z% (WiDekker/Brent Jji%)
— oAl DLORIIE 42 R A sl
— AR/ R 2R P] AR UEAE AR 98 Bl R I, S PRI I A S B 75 RS
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OmS5SEE FhiR

AR AR RZBBEE , HluiEdBrouwer AR EIE, 1]
PLE A

* Sperner’s lemma: ¥ #h 533 BEFH (Rent split calculator)

o MITTHIAIENFEN

ESEMERED, ARDHEREENM, AR EHTUE
R LEBF 90 M R ) A

FHiE

. M

- WEREENNA: MESFE. 3AHE
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https://www.cs.cmu.edu/~arielpro/15896s16/docs/paper11a.pdf
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