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“If you don’t know how to solve a problem, there must be a
related but easier problem you know how to solve. See if you

can reduce the problem to the easier one.”
G. Polya
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A common problem encountered in engineering
analysis is this: given a function f(x), determine the
values of x for which f(x) = 0. The solutions (values of x)
are known as the roots of the equation f(x) = 0, or the
zeroes of the function f(x).



GPS (Global Positioning System)







S1
S2
S3
S4
S5
S6

3,2,3
1,3,1
5,7,4
1,7,3
7,6,7
1,4,9

10 010.006 922 86
10 013.342 563 81
10 016.678 204 76
10 020.013 845 71
10 023.349 486 66
10 030.020 768 57



(x=3)"+(y—2)* +(z—3)* =(10010.00692286¢)’
(x—1)’+(y-3)"+(z—1)’ =(10013.34256381c)’

(x=5+(y-7)+(z—4)* =(10016.67820476¢)"
< (x=1)’+(y-7) +(z—-3)" =(10020.01384571c)’
(x=7)+(y—-6)+(z—7)" =(10023.34948666¢)"
(x=-1)*+(y—4)"+(z—9)" =(10030.02076857¢)’

HA(x,y,z,0) RS B HBIM B

Reference: https://www.zhithu.com/question/20903715



B &F 4 XNRBFE A FEBHAKRAN
f(xX)=a,+a,x+--+a x" (a, #0)

Bl GFE—RRA R

f(x)=e" —cos(mx)

7£1: A transcendental function "transcends" algebra in that it cannot be
expressed in terms of a finite sequence of the algebraic operations of addition,
subtraction, multiplication, division, and raising to a power.

7E£2: It may contain constants, variables, certain "well-known" operations (e.g.,
+ — X =), and functions (e.g., nth root, exponent, logarithm, trigonometric
functions, and inverse hyperbolic functions), but usually no limit, differentiation,
or integration.
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A WE{A T (Falsifiability)
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B Hf(x)=01E [a,,b | A B ME— 1R, B f(a,)f(by)<0

itHE x, ,-0.5(a, b, )Ffx, )
FlEEAx, )=0,0x, R, ENET—D;

(2)3-:'] W?%f(xn-l) f(an-l)<09|j|~u anéan-lab né Xn-1
E\-)n\u anéxn-la bnébn-l




Bl 1 =R e — sin(%) =0
ZXIE [0, 11ABIR -

®curve sketching is one way or...

1 T T T T
n%
Hot:

0 1 2 3 4 5 b

®best: use a Matlab plot to get the lay
of the land

ezplot('exp(-x)-sin(pi*x/2)',0,1)



Bl1 —ERER e *—sin(e)=0 ZXid
[0, 1]PIA91R. 2

B4 f(x)= e"‘—sin(”—z")

f0)=1>0 fH=e"-1<0 = f(O)fD<0O

fl(x)= —[e‘x+%cos(ﬂ—2x)] <0, 0<xx<1

BRBE[0,1|AFHE—F R, &[0,1] EMRMRXE,




func=@(x) exp(-x)-sin(pi/2*x); % E 2 e/ &

0 ERENS

1 f(0.5)=-0.1006<0 [0,0.5]

2 £(0.25)=0.3961>0  [0.25,0.5]

3 f(0.375)=0.1317>0 [0.375,0.5]

4 £(0.4375)=0.0113>0 [0.4375,0.5]

x,=0.5(0.4375+0.5)=0.4688{E AL L\ {H -
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B Hf(x)=07E [ag,bo ) A B HE—1R, Bfa,)f(by)<0
W E x,.4=0.5(a,.+b,.)Ff(x, 1)
B Efx,.1)=0,0x, , B4R, ENFET—P;
Q)F BT EAX,.1) fa,.)<0,Ma,<a, ,b,¢ x,
M a,ex, ,b,€b,




function root = bisect(f,a,b,n) % [X [8] 5 ME—1R
fa = feval(f,a);
fb = feval(1,b);
fori=1:n
x=0.5%(a + b);
fx = feval(f,x);

if fx ==

root = x; return
end
if tb*1x <0

a =x; fa = 1x;
else

b = x; fb = 1x;
end

end

root = (a + b)/2;



s 97
B Ffx)=0FE [ag,bol A B ME—HR, B f(ay)f(by)<0
WHHE x,.,-0.5(a,.1+b,.)Ffix,.,)
FlEEAx, )=0,0x, 2R, ENET—D;
QFIEESAx,.1) Aa,.)<0,Ma,<a, b, x,_,
BN a,¢x,., b,<b,

—aRIAR B REIXE SRR R FES

[a,,b,] D [a,,b]1>]a,,b,]1DDla,b]>-

X2 X172 X, 0D X,



/R b, —a, = (b, — ay) 2"

EE iﬁx*iEE f(x)=0‘EE [a(), b()] A E’\JﬂE—JI‘E,E.
fa)f(by)<0,M — 433z, & XIE AP =5

1
X, = E(a" +b )(n=0,,2,--)

MIE | X, —X*|< (bg—ay) 27

A0 EEREPILEN| x, — x*|< tolerance (B RZE)

— b, —a
nE 2 n+fl°slx10"3-) n>log, ———
2 2 tolerance

https://ww2.mathworks.cn/help/optim/ug/tolerances-and-stopping-
criteria.html
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Comes out with industry-shaking new products, then makes
constant, incremental improvements to them.

A LOOKBACK ON APPLE ‘S HISTORY OVER 10 YEARS OF SUCCESS.
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https://www.jianshu.com/p/99d683
2dcb00



