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double x=0.3*3 + 0.1;

double y=1.0;

if (x==y) cout<<“Equa
else cout<<“Not equa

A common fix: {8
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] abs(x-y)<eps E 9% = Z04HZFE 89 N
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LIt B mEx(i| iR K K E Jy
for (int i=0; i < n; i++) sum+=x[i]*x[i];
return sqrt(sum);

BT RO
maxElement=max(x[i]); yli]=x[i]/maxElement;
for (int i=0; i < n; i++) sum+=y[i]*y[il;
return sqrt(sum) * maxElement;

Rounding vs truncation: [EIFESE RN,  mltifn B3 5 i Z2 R AN -2

BE—f&ih, 1] LU A Kahan summation (compensated summation)
Python 3.12FF fasum{E AR HE T Mz —
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|IEEE 75445455 B 4t ik William Kahan?51=§|]1989 A2


https://docs.python.org/3.12/whatsnew/3.12.html
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CWE-190: Integer Overflow or Wraparound

W EFEH—PNELBIF: CVE-2023-32434 B RN
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https://cwe.mitre.org/data/definitions/190.html
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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| 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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o HBTEXNES
s I A: x+ Ax
- UWE: f(x)
fx+Ax) — f(x) = Ax f'(x)
(FR{EEH)
WwWf € Cx,x + Ax], W3¢ € (x,x + Ax),
flx+Ax) — f(x) = Ax - f'(§)
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« IRTEXES
cEA: x +HAw)
« HE: f(x)
fx + Ax) — f(x) = Ax f'(x)

HEXTIRTE

(PP EEE)
wf € C[x,x + Ax], W3¢ € (x,x + Ax),
fx +Ax) — f(x) = Ax - f'(§)
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« HBTERHS
o HiA: x+ Ax

¢ \T-I'%i: f(x)

fx 4+ Ax) — f(x) = Ax f'(x)
HEXTIRZE R OS] = £/ (x)

* G0l > 17
* )l <17

o HUEFeEtE, BErTAeRE TR, WHR T R EUA

= 4i0) ﬁ[ﬁfi (YR
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AEEHS
o HiA: x4+ Ax |fEhEE T
« HEHE: f(x)
fx +Ax) — f(x) = Ax f'(x)

HIRHRZE IO H ] ~ b= 202

o WRFATFWR? B f(x) ML E ] ?
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 PageRank

PageRank
. BHEBREY SR
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* Markov chain Monte Carlo


https://arxiv.org/abs/1709.00869
https://dl.acm.org/doi/pdf/10.1145/2856030
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Beyond computational simulation

“TFERPIMLA” Computational lens
 Computational biology
e Algorithmic game theory
 Computational phase transition

Comparison with discrete math:

* 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.
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Figure 5 by Szegedy et al. 2013 CC-BY 3.0.
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IMEEHD ZESRE S #mEf(a)f(b) <0, NffE

(a,b)H

HEA — MRS () =0

e

Figure 1.7 A plot of f(x) = x3 + x — 1. The function has a root between 0.6 and 0.7.

/1‘
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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 fa)f(c) <0
b=c
else

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

Figure 1.2 The Bisection Method. On the first step, the sign of f(¢g) is checked.
Since f(cg)f(bg) < 0, set a1 = ¢y, b4 = by, and the interval is replaced by the right half
[a1,b1]. On the second step, the subinterval is replaced by its left half [as, bo].
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© (BBIR) £ig(r) =7, WArAgHT A5

* FRIRANE:
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-x;+1 =9(x;),i=0,1,2,..

o« RA—TFUWEL: eg. glx) =x+1
- BE, WNTIEZREg, R x; ks, N—
EWSH BB S GIEB IR —11)
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* /)HIJ /\Xo

e x;01 =9(x;),i=0,1,2,..

N TIES RS g, R x; Weds, N— Wi s —1A
Bl B

* g(lim X;) =lim g(x;) by continuity

. 11m g(xl) = llm X;+1 by definition of x;,4

[— 00

* Then, g(llm xl = llm X471 = lim Xx;

l—)OO

* Thus, r:= lim x; |s a flxed point of g

L—)OO
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Figure 1.2 Geometric view of FPI. 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) g0 =(1+23)/1 +3x%).
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xiv1 = 9(x;),i=0,1,2, ...
x1 = g(xo)

X2 = g(xl) 27
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- x;4+1 = 9(x;),i =0,1,2, ...

TR, EgRELTS, rifEgr) =7 S=|g'(N| <
muwﬂﬁ,@@zﬁumz i, gaﬁm i @qﬁw@urzﬂm
ST S
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Xip1 — 1T =) —g() = g' (&) (x; — 1)
iCe; = |x; — 1|, WHe =19 (&)le;

29



REETIZRIR - A RUAUE

€ H. HgrREET S, rigkglr) =7, S=|g'(r)| < 1.
W TAE = W r 155 0, gEI’JT B RIS éﬂzfﬁﬂl&ﬁ&?ﬂﬁiﬁ,ﬁr,
e S50 i NS

U BR .
Xit1 =7 =90;) —g(r) = g'(§)(x; — 1)
iCe; = |x; —rl, WHei =19'(E)le;

g’ (€D < (S+1)/2
FTLURZEZEDSLUS + 1) /200EE 485

lim == lim g (€)1 = g'(M)] = S

looel

X7 S=|g'"(r) <1,NEEWBELB)—2PEEMH,
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o WIRNLWMESHEZK?
« BERHTEEKXE?
e f(r+Ar)+eg(r+Ar) =0

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

fr) +Arf'(r) + eg(r) + e(Ar)g'(r) + 0((Ar)?) =0

BHEEON(() +eg' () = =f(r) —eg(r) = —eg(r)

~ __—€g(r) g
BllAr ~ f'(r)+eg’(r) Ef'(r)

ARKHEEXS, A AR8—HRER OLEED
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https://www.cs.cmu.edu/~arielpro/15896s16/docs/paper11a.pdf
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