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- Data merging, clearning, subsetting & filtering, transformation, etc.
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 Sorting, unique, and set operation
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« Aggregation, transformation, function application, etc.
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« ndarray (N-dimensional array)

import numpy as np # Generate some random data

data = np.random.randn(2, 3)

print(data)

> [[-0.2047, 0.4789, -0.5194],
[-0.5557, 1.9658, 1.3934]]

print(data * 10)

> [[-2.047, 4.789, -5.194],
[-5.557, 19.658, 13.934]]

print(data + data)

> [[-0.4094, ©.9579, -1.0389],
[-1.1115, 3.9316, 2.7868]]

- DEHYE 84 €2 NE A2 E 7
- shape: Hi € Xt& 2| 3 7] = data.shape > (2, 3)
e dtype: AI2¥/T X > data.dtype > float64
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ndarray___________}|

- ndarray ‘4‘d
 ndarray Hi€= dHd5l= 71& ¢ B2 HY
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datal = [6, 7.5, 8, O,
arrl = np.array(datal)
print(arrl)

> [6. 7.5 8. 0. 1.]

1]

. CHAFE B

data2 [[1, 2, 3, 4],
arr2 = np.array(data2)
print(arr2)
> [[1 2 3 4]

[5 6 7 8]]

[5, 6, 7, 8]]

&

e ndim: BIE Q| X}

« attr2.shape 2 (2, 4)

2 2|8 > attr2.ndim > 2
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ndarray___________}|

- ndarray ‘4/d

7|2}

arr3 = np.zeros((2,3))
print(arr3)
> [[0. 0. 0.]
[0. 0. 0.]]
arr4d = np.ones((2,3))
print(arr4)
> [[1. 1. 1.]
[1. 1. 1.]]

empty: Z=7|2F S10| HiE 449

arr5 = np.empty((2,3))

print(arrs)

> [[0.53380283 0.2359652 0©.10965788]
[0.04085236 0.59465308 0.47377718]]
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- ndarray ‘4°d
e arange
- 2|2E O HiE= AHESHY 4
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arré = np.arange(5)
print(arré)
> [0 12 3 4]
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ndarray___________}|

o Al
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H A (Arithmetic calculation)
NumPy Hf €2

» RO Gibs AFEOHA
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arr = np.array([[1. 2. 3.] [4. 5. 6.]])
print(arr)
> [[1. 2. 3.]
[4. 5. 6.]]
arr2 = arr * arr
print(arr2)
> [[ 1. 4. 9.]
[16. 25. 36.]]
arr2 =1 / arr
> [[1. 0.5
[0.25 0.2
arr2 = np.array([[0.,
val = arr2 > arr
print(val)
> [[False
[True False

©.33333333]
0.16666667]]

4., 1.1, [7.,

True False]
True]]

2., 12.11)
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- Q1M (indexing)2t &2t0[ 4 (slicing)

- HiE HO|HS| & &Y E= F& 845 LR = 3E

arr = np.arange(10)
print(arr)
>[01234567 8 9]

print(arr[5]) # indexing
> 5

print(arr[5:8]) # slicing
> [5 6 7]

arr[5:8] =
print(arr)
>0 1 2 3 412 12 12 8 9]

arr[:] = 10
print(arr)
> [10 10 10 10 10 10 10 10 10 19]
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- QIEl M (indexing)dt &20] % (slicing)

» CHXHE BHE CHE7|

print(arr2d[2])

> [7 8 9]
print(arr2d[0][2])
> 3
print(arr2d[0, 2])
> 3

print(arr3d)
> [[[ 1 2 3]
[ 4 5 6]]
[[ 7 8 9]
[10 11 12]]]

print(arr3d[0])
> [[ 1 2 3]
[ 4 5 6]]

arr2d = np.array([[1, 2, 3], [4, 5, 6], [7, 8,

arr3d = np.array([[[l, 2, 3]) [4) 5, 6]]) [[7:

911)

8, 9], [1e, 11, 12]]])
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ndarray___________}|

QB A (indexing)dt &20] 4 (slicing)

» CHXHE BHE CHE7|

old = arr3d[0@].copy()
print(old)
> [[1 2 3]

[4 5 6]]

print(arr3d[1l, 0])
> [7 8 9]

# need to explicitly copy

oooooo
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ndarray___________}|

« Q1 M (indexing)} =2F0]/d(slicing)

» CHXHR B EOA 2] &210]d

Array[:2, 1:] (2, 2)
Array[2] (3,)
Array[2, ‘] (3,)
Array[2:, :] (1, 3)
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ndarray___________}|

- QIEl M (indexing)dt &20] % (slicing)

» CHXHR B EOA 2] &210]d

Arrayl[:, :2] (3, 2)
Array[1, :2] (2,)
Array[1:2, :2] (1, 2)
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- 22l =M (Boolean indexing)

names = np.array([ ‘Bob’, €‘Joe’, ‘Will’, ‘Bob’, ‘Will’, ‘Joe’, ‘Joe’])
data = np.random.randn(7, 4) #generate normal distribution
print(names)
print(data)
> ['Bob' 'Joe' 'Will' 'Bob' 'Will' 'Joe' 'Joe’]

[[ 1.28408865 ©0.30948768 -0.26844903 1.92379021]

[-1.71017394 -0.86549954 0.69822624 -0.26146633]
[ ©.6519768 1.25469167 -0.58159377 -0.32087822]
[-0.55638558 -2.30579501 ©.16068881 -1.20631817]
[-0.9625077 0.43034502 0.33365622 1.39249142]
[ ©.33815464 -0.15305047 ©0.11825156 ©0.03494903]
[ ©.29543837 ©0.60930417 1.9496912 0.663423511]]
print(names == “Bob”) # Comparison operation

> [ True False False True False False False] # return Boolean array

print(data[names == “Bob”])
> [[ 1.28408865 ©0.30948768 -0.26844903 1.92379021]
[-0.55638558 -2.30579501 ©0.16068881 -1.20631817]]
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- 22l =M (Boolean indexing)

mask = (names == “Bob”) | (names == “Will”)

print(mask)

> [ True False True True True False False]

print(data[mask])

> [[ 1.28408865 ©.30948768 -0.26844903 1.92379021]
[ ©.6519768 1.25469167 -0.58159377 -0.32087822]
[-0.55638558 -2.30579501 ©.16068881 -1.20631817]
[-0.9625077 0.43034502 0.33365622 1.39249142]]
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« THA| Q1B M (Fancy indexing)

- P HE= A8or0 QIEAS LIEHH

array = np.empty((8, 4))
for i in range(8): array = np.arange(32).reshape((8, 4
array[i] = i ))
print(array) >[[ 6 1 2 3]
> [[0. 0. 0. 0.] [ 4 5 6 7]
[1. 1. 1. 1.] [ 8 9 10 11]
[2. 2. 2. 2.] [12 13 14 15]
[3. 3. 3. 3.] [16 17 18 19]
[4. 4. 4. 4.] [20 21 22 23]
[5. 5. 5. 5.] [24 25 26 27]
[6. 6. 6. 6.] [28 29 30 31]]
[7. 7. 7. 7.]]
print(array[[4,3,0,6]1]) #(1,0), (5, 3), (7, 1), (2, 2)
> [[4. 4. 4. 4.] print(array[[1,5,7,2],[0,3,1,2]])
[3. 3. 3. 3.] > [ 4 23 29 10]
[0. 0. 0. 0.]
[6. 6. 6. 6.]]
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* Transpose

. GlOE|S] 2ALE AFRSHR| %D H0|E| S| B4 (shape)S B

—

print(arr)
>[[ 0 1
[ 5 6
[10 11

print(arr

5
6
7
8
9

arr = np.arange(15).reshape((3, 5))

2 3 4]
7 8 9]
12 13 14]]

.T)

10]
11]
12]
13]
14]]

arr = np.random.randn(6, 3)
print(arr)

> [[-1.42524468 -0.29374192
0.191385 -0.73704859
0.96950639 0.51076365
0.6582691 0.22102956
0.60538587 -1.5828205

0.51346503 -0.07847534

val = np.dot(arr.T, arr)

print(val)

> [[ 9.97853723 2.16853372
[ 2.16853372 2.15373915
[-2.92548706 -0.24251436

.21137079]
. 48644958 ]
. 79444846 ]
.12977945 ]
.49924476 ]
.065900761]]

.92548706]
.24251436]
.42156009] ]
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S LA 8t4=(Universal funtion: ufunc)

« S LKA Sh=(Universal function
NUMPYH IO A B2 QA0 TS Q1AM S 8shE YR B

. WHE 3T 2B

N’

array = np.arange(10)
print(array)
>[01234567 89]

print(np.sqgrt(array))
> [0. 1. 1.41421356 1.73205081 2. 2.23606798
2.44948974 2.64575131 2.82842712 3. ]

print(np.exp(array))

> [1.00000000e+00 2.71828183e+00 7.38905610e+00 2.00855369e+01
5.45981500e+01 1.48413159e+02 4.03428793e+02 1.09663316e+03
2.98095799e+03 8.10308393e+03]
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8t (Universal funtion: ufunc)

« LI t4=(Universal function)

X = np.random.randn(8)

y = np.random.randn(8)

print(x)

> [-0.71194614 1.13253163 -0.66416687 -1.37516265 -0.19726776
-0.43890344 -0.47503553 -1.13566608]

print(y)

> [-2.03348403 -0.17120473 ©.91755927 1.08231464 -0.02494011 0.15142
868 0.65399922 -0.73413958]

val = np.maximum(x, y)

print(val)

> [-0.71194614 1.13253163 ©.91755927 1.08231464 -0.02494011 0.15142
868 0.65399922 -0.73413958]
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S LA St (Universal funtion: ufunc)

« LI t4=(Universal function)

array = np.random.randn(7) * 5

print(array)

> [0.28901038 3.82055857 -5.92584602 2.48201981 ©0.01938164 3.232281
11 -8.90810665]

remainder, whole part = np.modf(arr)

print(remainder)

> [0.28901038 0.82055857 -0.92584602 0.48201981 0.01938164 ©0.232281
11 -0.90810665]

print(whole part)
> [@. 3. -5. 2. @. 3. -8.]
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abs, fabs 2t =0

sqrt Zr A0 Ml& (array ** 0.5 2t S ¥)

square Zt A0 Ml& Al (array ** 2 2t 5 )
exp 2t A A9 K| 4= ex Al Lt

log, log10, log2, | A2, 2110, 212, 2 0 (1+x) A4t

loglp
sign 2 A2 B AL ,-1(EF)
ceil 2 &40 O 5t (~d S =8)
floor ZF A0 CHSHO floor Al A (A 242 WHE)

8/0jo/E{Z 222 (Big Data Programming)



o~
O
c
-
e
-
.n.
§e.
)
c
-
S
'
W
P
Q
2
o
-

S

1o
T oA
MH foil
Bl | o | X
ml | | %ol | o
ofu | = |
= | |32 | OF
TN ERNCHES
TR |
= 1= = -
o (o | (o 2 " <
of |of |~ |~ [<F |30 s
A (A4 %0 |Ar =
ofl |ofl |oF |of |1 0 =
NENENEDEE ar A1
.m, -
“|a |2<€E|w
Sl |8 E |0
tda I.ga rmrl_
S|l o|lc|8| o+ | T ® Og
~1E|le|E|G £ el
Z|°®|gBg|e
.\w. | U T
o M @© ©
9

4-23

239 (Big Data Programming)

pry

Gl o/&

ar




(Universal funtion: ufunc)

ol = = A
- O] &
add T Hi Ol ZH2te| ]IAE Cotrt
subtract Hf E AO| M B E BO| Rl AE WHL|
Multiply Hi S A7) 2| & otCt

divide, floor_divide | HI € A2| & A0 A H{E B[ R A= Liw=C
floor_divide: &x 2F 2| &

power HiE AQ| RIAE HiEBO| }ATHE NS SHEL (ab)
maximum, fmax | 2 HIEQ| F A & & 4= Hretettt
minimum, fmin | 2 HI 2| &= A4 5 &2 gt = dh2toltr}
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mod

copysign

greater,

A2 LhE L]
2l Bol g4 7S H

H| . G4k

greater_equal, less,
less_equal, equal,
not_equal

fir
e
=

logical_and,
logical_or,
logical_xor
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