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NumPy, NumPy#&g5!

NumPy : 8{E&TE - ITFIRTEZ 175 Y
¢ BRAMIIEDEL EHET BLHO/Ny T —Y
- ETEHUEHEAOENGEMRESATNG

%Rty ndarray

Python® 'V X ~EAIZR

EEROEY. BEREACETRINERSKEN EROBEFLATEMN -

# 01-01. ndarray
import numpy as np

#7.1 ndarray
a=np.array([1,2,3])
b=np.array([6,3.3,1])
C=np.array([[1,5,6],
[7,8,9],
[4,2,311)

D=np.array([[2.3,4,7.2],

[7,9,1],
[11,2,91])

* import numpy as np
NumPyZ{ERY 5EiEnp & WS ERIRT
1 VIR—KF B EH—MH

numpy

-array(J A R):U R NMCEDEZRITERS Z/ER
9588, ZEXRIERAUCETRITNIFRSARL
BNERZIBEEEE L DERNBREANLTIHE
(ZPyv7EvRARN) 2h3),




NumPy : #{EZTE - 175

% RELY ndarray

BEEROES. BERIEIFACETRITNIFIHRSREL

SHESATSY

Python® ') X ~ iFAIZER

# 01-02. ndarray® &%

#ECHI DR
print(a.shape)
print(C.shape)

#RTT

print(b.ndim)
print(D.ndim)

#(BER0) B
E print(a.dtype)
! print(D.dtype)

i#Mﬂ@#vxr
! e=a.astype(float)
i F=D.astype(int)

! print(e)

1 print(F)

EROERLRALATEN D2
# HAH
(3)
(3, 3)
1
2
int64 zj(n:Earra ([1,2,3])
float64 b;ng:arragl/([G’,S’.S,]])
[1.2.3] C=np-3rra)'([[1,75é6s]9,]
[[247] s
[ 79 '|] D=np.array([[%.73é4],?.2],
[11 29]] [17,2,91)

numpy

fic5l.dtype —FEeFDE

fic7l.astype ~EINDF ¥ A b, FEDEAETIETES

ficyl.shape —ECHIDFIRN (B, 1B RS, R E) ZX\LLITIL
fic3l.ndim —Ec5I DRIT

NumPy : #{EEtE

BEFNLEE (1)

- 1751

SHESATSY

#01-03. EANINEE R7 MLPTHO # 5 | D-b:

EE (Y a+b:[7.5.34.] ! [[-3.70.76.2]
#ERITTOIE - HE NS g b-a:[5.1.3-2.]}[1.5.70.]
print("a+b:",a+b) C+D: '[5.-1.38.]]
print("b-a:",b-a) RITHERBIES . [[3.39.13.2] ! a*b:[6.6.63.]
print("C+D:¥n",C+D) —BRKERRITIC [14.17.10.1 1 C/a:
print("C-F: ¥n",C-F) aot. B—EHRH [15.4.12.1] 1 [[1.2.52.]

B’hiRE=ND C-F: | [7.4.3.]
H#EZDRTOME - HE | a+COHAFERIE [[-11-1] ' [4.1.1.]]
print("a+C:",a+C) array([a+C[O], [0-18] #AE
print("D-b: ¥n",D-b) a+g% ! }i) [70-6]] | anRaravtiad )

a+ a+C: C=np.array([[1,5,6],

#EE - RE ERBAA=Y [279] {Zf:g:g}b
print("a*b:",a*b) [81012] D=np.array([[2.73é41,§_2],
print('C/a: ¥n"C/a) | BRzroEE [546]] H28m
ZDDD DI WIL—ILERMD IcWBERARRF 2 XY N 2SR

https://numpy.org/doc/stable/reference/ufuncs.nhtml#broadcasting
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SEEZ 1T SV

HANLGEE (2) NumPyoR#EEANICREIIOERCEICERAINS

#01-04. EANLGEKIC L ZER

#IEH

print("a™2: ", a**2)
print("np.exp(2): ", np.exp(2))
print("np.exp(a): ", np.exp(a))

# W
print("np.log(2): ", np.log(2))
print("np.log(C): ¥n", np.log(C))

# EAR
print("np.sqrt(2): ", np.sqrt(2))
print("np.sqgrt(b): ", np.sqrt(b))

# =ZAREK

print("np.sin(np.pi/2): ", np.sin(np.pi/2))
print("np.sin(D): ¥n", np.sin(D))
print("np.cos(e): ", np.cos(e))

BIUB T (EHROEXR%E) WE%
U 72 WERF ICEFI AR 8 BE

# HA

a**2:[149]

np.exp(2): 7.38905609893065

np.exp(a): [ 2.71828183 7.3890561 20.08553692]
np.log(2): 0.6931471805599453

np.log(C):

[[0. 1.60943791 1.79175947]

[1.94591015 2.07944154 2.19722458]
[1.38629436 0.69314718 1.09861229]]
np.sqrt(2): 1.4142135623730951

np.sqrt(b): [2.44948974 1.81659021 1. ]
np.sin(np.pi/2): 1.0

np.sin(D):

[[0.74570521 -0.7568025 0.79366786]
[0.6569866 0.41211849 0.84147098]
[-0.99999021 0.90929743 0.41211849]]
np.cos(e): [ 0.54030231 -0.41614684 -0.9899925 ]]

| D=np.array([[2.3,4,7.2],
[7.9,1],
[17,2,91)

a=np.array([1,2,3])

b=np.array([6,3.3,1])

C=np.array([[1,5,6],
[7,8,9],

1
1
1
[4.23]) |

NumPy : #{EEE
N7 BV TEE (1)

/-—
" 1T
E3IE~Y M LRSlBEWETYYILE
BHEUTHEETSZEHTES

SEHEZAT S

# 01-05. X7 ML - 175G E

#RIKNILVOEKRESE
print("a+b: ", a + b)
print("a-b: ", a - b)
print("3*a: ",3 * a)

# XU NILORWE - &
print("a.b, np.dot(a,b): ", np.dot(a,b))
print("axb, np.cross(a,b): ", np.cross(a,b))

# T DEKNEE
print("C+D: ¥n", C + D)
print("C-D: ¥n", C - D)
print("2*C: ¥n", 2 *C)

# TDEE

print("C.a, np.dot(C,a): ", np.dot(C,a))
print("C.D, np.dot(C,D): ¥n", np.dot(C,D))
print("D.C, np.dot(D,C): ¥n", np.dot(D,C))

# HAH

a+b: [7.5.34.]

a-b: [-5.-1.32.]
3*a:[369]

a.b, np.dot(a,b): 15.6

axb, np.cross(a,b): [-7.9 17.-8.7]
C+D:

[[3.39.13.2]

[14.17.10.]

[15.4.12.1]]

C-D:

[[-1.31.-1.2]

[0.-1.8.]

[-7.0.-6.]]

2*C:

[[21012]

[14 16 18]

[846]]

C.a, np.dot(C,a): [29 50 17]

C.D, np.dot(C,D): #XE

[[103.3 61. 66.2] a=np.array([1,2,3])
[171.1118.139.4] b=np.array([6,3.3,1])
[56.2 40. 57.8]] C=np.array([[1,5,6],
D.C, np.dot(D,C): E}g,g}j)
2153 | omaraziir

[61.89.111.1]]

[171.2.910)
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ATHEEZATSY

# 01-06. BRI B
# BRBE{TY

print("CAT, c.transpose(): ", C.transpose())
print("CAT, np.transpose(C): ", np.transpose(C))

# 175X

print("|D|, np.linalg.det(D): ", np.linalg.det(D))

# 175

#AE
a=np.array([1,2,3])
b=np.array([6,3.3,1])
C=np.array([[1,5,6],
[7,8.9],
[4,2,311)
D=np.array([[2.3,4,7.2],
[7,9,1],

[11,2,911)

print("F*-1, np.linalg.inv(F):", np.linalg.inv(F))

# EHE - BBEXT ML

print("np.linalg.eig(C):", np.linalg.eig(C))

print("EH&{E®D#, np.linalg.eigvals(C):", np.linalg.eigvals(C))

#HH

CAT, C.transpose(): [[17 4] [58 2] [69 3]]
CAT, np.transpose(C): [[1 7 4] [5 8 2] [6 9 3]]
|D|, np.linalg.det(D): -638.3000000000005
FA-1, np.linalg.inv(F):

[[-0.12248062 0.03410853 0.09147287]

[ 0.08062016 0.09147287 -0.07286822]
[0.13178295 -0.0620155 0.01550388]]

np.linalg.eig(F):
(array([14.72735221, -3.28537742, 0.55802521]),
array([[ 0.43801562, 0.85468529, -0.00703173],
[ 0.84944136, -0.12913467, -0.76794748],
[ 0.29426465, -0.50282928, 0.640474211]]))
E B ED #, np.linalg.eigvals(F):
[14.72735221 -3.28537742 0.55802521]

NumPy : #{EEE
Z Dt DEI

# 01-07. 2D DEF]REIEK

# B DA RK

Z = np.zeros([3,4])

| = np.identity(3)

r = np.linspace(1, 2, 10)
print("Z: ¥n", Z)

print("l: ¥n", 1)

print("r: ", r)

# &8 - HiEt

print("np.max(a)", np.max(a), a)
print("a.max()", a.max(), a)
print("np.min(C)", np.min(C), C)
print("C.min()", C.min(), C)
print("np.sum(b): ", np.sum(b), b)
print("b.sum(): ", b.sum(), b)
print("np.mean(b): ", np.mean(b))
print("b.mean(): ", b.mean(), b)
print("np.median(b): ", np.median(b))
print("np.std(D): ", np.std(D))

A~ N N~~~

ATHEHES AT

ftblc BECHIBIRDE B ZERICTT S e DREBN L HH

numpy

* zeros(shape) : 24k & shape & L.
TARTOEZRNEADE 7% 4R,

* identity(n) : nx nD ERIITH % 4 AL,

* linspace(start, stop, num) : start?H*
stopF TOfE (CnumEDEZE H D
B2 = 4£ Rk (stopz L) o

# HA

Z: I:
[[0.0.0.0.] [[1.0.0.]
[0.0.0.0.] [0.1.0]
[0.0.0.0.]] [0.0.1.]]

r:[1.1.11111111 1.22222222 1.33333333 1.44444444
1.55555556 1.66666667 1.77777778 1.88888889 2. |
np.max(a) 3 [12 3]

a.max() 3[123]

np.min(C) 1 [[156] [789][423]]
C.min()1[[156][789][423]]

np.sum(b): 10.3 [6.3.31.]

b.sum(): 10.3 [6.3.3 1.]

np.mean(b): 3.4333333333333336

b.mean(): 3.4333333333333336 [6.3.31.]
np.median(b): 3.3

np.std(D): 3.3973846149975753




X5 A EFRIE

WS EA
dr
E = af (FEH)
“ ISR 7L
dx I eSS
— = ax x(O) = xO

dt
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XIS E A

r(0) = rye??

#02-01. W5 EA
import numpy as np
def logSpiral(a,rO,theta):

""" B A
XS T A DEIFEZ R Y B
Args:

a: WS ETADILKE
ro : IR OYIHEAE
theta : [El#xA

Returns :

X,y @ NEURIER D EAR{E

r=rO*np.exp(a*theta)
x=r*np.cos(theta)
y=r*np.sin(theta)

return(x,y)

16




W#ESEADZOY ~

#02-02. MY SEADTOY k
import matplotlib.pyplot as plt

HINGA—H DETE

ro=1

a=0.2
theta=np.linspace(0,8*np.pi,1000)

HEREDEE
x,y=logSpiral(a,rO,theta)

#70v bk
plt.figure(figsize=(7,7))
plt.axes().set_aspect('‘equal’)
plt.plot(x,y)

matplotlib.pyplot

7361

EY
3

o

|

25
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100

INGA—=FZZZTTAYRLTHED !

(> ZEEEULT)logSpiralE@#z AL
fest8E, x. yliclZZFhFNEEEE TR
U fenumpyBedIhMRA S5

XE EyEHD AT —ILZREUICT B

® axes() figurelRiE(ICaxes(BIRE. HRABEREEDOERZIRNIT AN

)%= BINY %,
® axes.Axes

® set_aspect() axesD 7 ARY Mt (fit/H8) =HRET 2, BE
(‘auto’) . AL (‘equal) . HDIWVFEFEHNRMEXIEETE %,

Raup®EF/LE3D7AY ~
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__(cosf —sinf e
R(Q)_(sin9 cosé?)

Gie) = (e cose) G)

~
~
~
RS -1.0

\N

~ -

m

n115 3RTT

+z x$$)% )
Rx(0) =

; YEHED
Ry(e) =

s
W
AR U

* ZEHE D
R,(0) =

1 0 0
0 cosf@ —sinf

0 sinf@ cos6
cos@ (0 sinf
0 1 0
—sinf 0 cos@
cos6

—sinf 0
sinf cos@ O

0 0 1




RaupDET /L

0, p T/INT A= I RIRSNIcHRIR OB (FE) TEE ORTEZIEYT %

2D
g (cosf —sinf 0\ [ /cos$ 1-D +1
r(0,¢|W,T,D) = W2r| sinf cosf 0 0 |+ 0
HoimA 0 0 1/|\sin¢ ( D )
ZEhE O DEER S 2T 1-D +1
fcf2U, W>1,TeR-1<D<1&T 3 YERIE
HETBE
\ \ 08 s 2D
< War (1 _— +1+ cosd)) cos¢
N ) _
Sie = W27T<1_D+1+cos¢)sm¢)
{u» Wzi<2T( D +1)+ i )
T _
10D sin¢g
ChICEDE7Ov b9 3
iy ===
Raupt7 /L DERE

#02-03. RaupDE7T /L
def raupModel(W, T, D, theta, phi):

""RaupDET I

RaupDETIVICEDERKREADER (x,y,2) Z58ET
3.

Args:

W: IR A

T GBE (BO5I)

D: ##H S OEXIIERE (BOAES)
theta: B ICfES EEEA 10 0
phi: O > - B4R f R(@) =0 cosf  —sind

Returns: 0 sinf cosO
X, Y, Z: REREIDXEE, yEE, zEED
ZNETNOERE (DECF) (1 0 0)
Rum =(0 ~1 0
0 0 -1

w = W*(theta/(2*np.pi))

X=W*(2fD/(1 -D)+ 1+ 7!IZI‘y RRFICRY9<
np.cos(phi))*np.cos(theta) I 2 lcxEE D T

y=-w*(2*D/(1 -D)+ 1 + o
np.cos(phi))*np.sin(theta) 180°'HESE TS
z=-w" (2T*(D/(1 - D) + 1) + np.sin(phi))

return (X, y, z)
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#02-04. RaupDEFILOZOY k 3xRT7OY hd)f;bt:jl:l‘y I\FH/_\‘"‘/’J'—‘D“
import plotly.graph_objs as go (plotly) @graphi_objsZzgo& WS HEHRT
- 14 VR—k
FILICED KRR REE (D ETE E0HLADEWARARRF2 XY b
\:ITVR_a_IUOEg())ET)l/L %j < RXGD?EEE*/T@”-I-% el PlotlyEl http\;\://pl(ﬁly.com/pyt/hon/
T=1
D=0.2
numpy
thetaRange = np.linspace(0,8*np.pi, 3600 ) |+ meshgrid(arrayld_1,arrayld_2)
phiRange= np.linspace(0, 2*np.pi, 90) &f’“ia?{?é]ﬁ%} ggag;)d_(%ﬁ
1 — H B N R =
thet%hl?ggagneg.meshgnd(thetaRange, ce®) BIOY R LEART S,
_ 3RTZ7AY MDIZHDRED
X,y,z = raupModel(W,T,D,theta, phi) SRTEIZEE=ZFE
fig=go.Figure(go.Surface(x=x,y=y,z=z, AN U RICRS N B REE R
showscale=False))

fig.update_layout( JOvy hEICEHD || . '
scene={"aspectmode":"data"}) AT—IZRZS : 4 4

fig.show() | s - v s

meshgrid D &

#meshgrid y#
import matplotlib.pyplot as plt 30{e . .
import numpy as np

281 @ ° °
a=np.linspace(0,1,3)
b=np.linspace(2,3,6) 261 @ ° °
mesh=np.meshgrid(a,b)
x,y=np.meshgrid(a,b)

241 @ ® ®
print(mesh) 221e (1.0) o .
plt.axes().set_aspect("equal”) 20
12 * (0,1) *| (0,2)

plt.scatter(x.y) oo 02 04 06 o8 10 xif
#HH :
[array([[0., 05, 1.1, : array([[2., 2., 2.], FEFZfE & L T (x[0,0], y[0,0)) 2 H D=

[0.,05, 1.1, [2.2,2.2,2.2],

[0.,05 1.1, (2.4, 2.4, 2.4],

{8;'8;2’ H gzg’ o g:g}' plt.scatter(X,Y) : B3l (U R K)

[0.,05, 1.7]), ! 3.3, 3.1 XEY%EBEEE U BRI % # <

n(>2){BDEFH 578 B8 F R DERKICE FIFAFIHE
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iR 2. RaupETILTHEIT 3D fcE” OFICIFIREDERICHFE

5B e, BEICREFEELRW DB ERENS,
TIRBETREICIEZFS LD " DEENEET DDH.
FREFEELEBEWVWOD, ZOERICODWTERZ RN K,

#iR 3. REDEBBRICIERaupETIIC K > THIFHBW DB "HF

I D, #5LEEEZHEULBL. BE¥RaupEFILTIE
HITRVWDOLIh ZEERE L,

PR 4. BRE, BR, BEEFZzEEVLET,

HBEZ/—NTv7 (ipynb7 71JL) IcE£&HT, Moodlelc TIRHET S &
771 EIZ[E¥, 01~15] [#HE, /—~</lnh/\—Khlipynb.
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REDBEICIFRAUPETILIC & > THIFBWD B D
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WONEEEE L,

BH, BR, EEFZREVLET,
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