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1. Pit van dé: List c6 da t6t?

Trong Module 1, khi b&t dau hoc Python, ching ta da lam quen véi cAu tric dit liéu List — mot
trong nhitng kiéu dit liéu co ban va linh hoat nhat. V&i kha ning chita bat ky kiéu phan tit nao
(sd, chudi, danh sach 1ong...), cling cdc thao tac thém, xéa, duyét, loc kha dé dang, List dic biét
htru ich cho cac bai toan x ly dit liéu don gian, quy m6 nha.

( )\
Vi du: xit 1y chudi, duyét danh sich diém thi, loc dit liéu tit file, hay tham chi 1a thao téc so
b6 véi dit liéu tit csv — tat ca déu cb thé xit Iy gon gang bang List:

1 scores = [7, 8.5, 9, 6.5, 10]

> # Filter scores >= 8

3 high_scores = [s for s in scores if s >= 8]
4+ print (high_scores) # [8.5, 9, 10]

- J

Tuy nhién, khi xét mot bai todn khac:

( 1\
Ta c6 mot day sé [1, 2, 3, 4] va muodn tinh két qua output = x2 + 1 cho ting phan ti.
Véi List, cach viét thuong thay sé la:

= [1, 2, 3, 4]

I X
>y = [xi**2 + 1 for xi in x]
print(y) # [2, 5, 10, 17]

. J

Céch viét nay tuy van gon, nhung:

« Van can duyét tirng phan tit thia céng (list comprehension).

« Khi md rong 1én 2D /3D, ho#ic hang triéu phan ti — higu sut gidm manh.
List bit dau bdc 16 giéi han khi nio?

( A

Khi bai todn bat dau bude vao ving:

« Tinh toan sb hoc quy md 16n (hang triéu phan tir).
« Mang nhiéu chiéu (anh, video, dit liéu tensor).

« Can hiéu suét cao (A, khoa hoc dit liéu, théng ké).

. J

Lic nay, List nhanh chéng boc 16 cac nhuge diém nghiém trong:
« Khoéng hd trg vector héa (no vectorization)
Gia st mudn tinh toan: output = input? + 1 v6i input = [1,2,3,4].
Néu chiing ta mudn thit:
1 input = [1, 2, 3, 4]
2 output = input**2 + 1 # Error: unsupported operand
Python s& béo 16i vi List khéng hd trg toan hoc dang vector.

Ma véi list thuan, ta phai ding List comprehension dé xit 1y timg phan ti:
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1 input = [1,2,3,4]
2 output = [x**2 + 1 for x in input] # use for => loop

= Khong ngin gon, khé md rong, va khéng tan dung duge kha ning t6i wu phan cing.

+ Dit liéu khéng ddng nhét (heterogeneous types)
Python List cho phép chita moi loai di liéu:

[2] 1 # Create a list

2 1st = ["AIO", 2025, 3.14, -1, True, [1, 2, 3],]
3 erist:%t) Fa Pa 1
/ /

| Str_i‘r';g ‘ ‘ Inte/ger ‘ ‘ Fléat H Booi;ean \ (neslgliasc: list)

Diéu nay dong nghia:

— Khoéng thé t6i wu truy xuat dit liéu.
— MB&bi phan tit 13 mot object doc lap = tén bo nhé hon rat nhiéu.

o B6 nhé phin manh (non-contiguous memory)
Céc phan tit trong List dugc luu & céc vi trf rdi rac trong bd nhé:

— Mbt int c6 thé nam & dia chi A.
— Mot float tiép theo & dia chi B hoan toan khéc.

Khi xtt 1y hang triéu phan ti, viéc bé nhé khéng lién tuc khién CPU cache khéng thé
t6i wu héa = téc do cham.

Computer memory
Length Ox25012 V n int
Items /' 0x25009 ><:-TT///,
0x25020 -,-H int . A
Ox250a8 int
0x250al ><\ "

Hinh 1: Minh hoa sy phan manh trong bo nhé ciia 1 List gdm cac phan tit kiéu int

e Khong c6 reshape, broadcasting

— Khong thé dé dang thay doi chiéu dit liéu hay thuc hién phép toan giitta mang khéc
shape.

Va d6 1a lic ching ta can dén NumPy — mot thu vién gitp Python chuyén minh ti ngdn ngit
“general purpose” thanh cong cu manh cho khoa hoc dit liéu va Al
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2. NumPy Array: Giai phap tbi vu

NumPy ra doi dé khic phuc cdc han ché trén bang cich cung cAp mang da chiéu hiéu suit cao
— ndarray. Du6i day 1a vai wu diém then chét:

'a \
+ Dit liéu dong nhit (homogeneous)
NumPy yéu cau tat cd phan tit phai cé cling kiéu dit liéu (int32, float64, ...).
= D& t6i uu héa va thao téc todn hoc.

o B6 nhé lién tuc (contiguous)
Dit liéu dudc luu lién tiép trong viung nhé. Diéu nay gitp:
— Tén dung té6t CPU cache.
— Téc do tinh toin nhanh hon nhiéu lan so véi List.
e Vector héa va broadcasting
Céc phép toan hoat dong truc tiép trén toan bo array — khong can vong lip, cu thé:
Cu thé v6i NumPy, vi du trén tré nén gon va manh mé hon rat nhicu:

import numpy as np

N =

x = np.array([1, 2, 3, 4]1)
y = x*xx2 + 1
print(y) # [ 2 5 10 17 ]

aoA W

bicu ky diéu 1a:

— C1 phép ngan hon.

— Nhd tan dung cau tric bo nhé lién tuc nhu C va goi cdc thu vién tinh todn cap
thap, gitp thao tac trén array dude vector héa va chay nhanh gip nhiéu 1an so
v6i List thuan.

— (6 kha nang mé rong tot cho array 2D, 3D, n-D
= Cuc ky hitu dung cho nhiéu téc vu trong thuc té nhu: Al xt 1y anh, théng ké,
vat ly, ky thuat...

3. “Implement View” vs “Execution View”

Tré lai van dé quenn thude: Cho L = [1,2,3,4], yéu cau tinh L2 + 1.

( 1\
Véi List:

I result = [x**2 + 1 for x in L]
= Thao tdc ting phan ti — “Implement View”: phdi viét cdch lam cu thé.
Véi NumPy:

1 arr = np.array([1,2,3,4])
result = arr**2 + 1

0

= Thao tdc toan mdng — “Ezecution View”: chi can néi “mudn gi” — NumPy tu xi lj.

. J
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4. Benchmark: So sanh hiéu suit giita 1ist va ndarray

Benchmark la gi?

Benchmark (tam dich: “kiém chuan téc d6”) 13 qué trinh do va so sanh hiéu suat thyc thi clia cic
doan chuong trinh, thuong ding dé:

 So sdnh 2 hoic nhiéu cich gidi cling mot bai toan.

« Dénh gi4 chi phi vé thdi gian, bo nhé hoac hiéu suat.

« Chon phuong phép tdi wu cho bai toan thuc té.
Trong ngit canh nay, ta sé benchmark toc do gitta:

o Python list — v6i vong lap (list comprehension).

e NumPy ndarray — v6i phép toan vector hoa.

Bai toan benchmark

Ta sé thuc hién bai todn don gidn: tinh binh phuong ctia mét triéu sb nguyén tit 0 dén 999 999. Tuy
don gian, nhung bai toidn nay rat phi hop dé thay su khéc biét 16n vé hiéu suat khi dit liéu du 16n.

Output
1 import numpy as np

import time List time: 0.3032 s

; NumPy time: 0.0155 s
A Speedup: 19.556x

# Du lieu: 1 trieu phan tu

5 L = list(range(1_000_000)) # List
Python
6 A = np.array(L) #

ndarray NumPy

8 # Benchmark voi List

o start = time.time ()

10 L_result = [x**2 for x in L]

11 list_time = time.time() - start
12 print ("List time:", list_time)

14 # Benchmark voi NumPy

15 start = time.time ()

16 A_result = Axx2

17 numpy_time = time.time() - start
18 print ("NumPy time:", numpy_time)

20 # Ty le tang toc
1 print ("Speedup:", list_time / numpy_time)

IN]

Phan tich két qua

« Thoi gian xi¥ Iy v6i 1list 1a hon 0.3 gidy — do phai lip qua ting phan tit va tinh toin
tig x**2 trong Python.

« V&i NumPy, chi mat khoang 0.015 gidy — nhanh hon gan 20 lan.
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e Nguyén nhan chinh:

— ndarray luu trit dit liéu lién tuc trong bd nhd, giip CPU cache x 1y hiéu qua hon
nhiéu.

— Céc phép toan nhu Ax*2 duge goi tric tiép vao cic ham viét bing C/Fortran tdi uu
héa (tdn dung SIMD, vectorization, multi-thread).

— Khéng can vong lap Python (rdt chdm so véi vong 1dp cAp thap).

Luu y:

o V6i bai todn 16n (tinh todn ma tran, xt 1y &nh, ML), mtic chénh léch c6 thé 1én t6i hang
tram lan.

« Benchmark 13 minh chtmg ré rang cho 1y do vi sao NumPy trd thanh thu vién nén tang cho
khoa hoc dut liéu, ML, AI, xt Iy &nh/video...

5. Khi nao nén dung NumPy?

Béang dudi day so sanh giita Python 1ist va NumPy ndarray trén nhiéu khia canh quan trong:

Tinh nang Python 1list NumPy ndarray
Kiéu di liéu Linh hoat (khong dong nhat) | Dong nhat (fixed dtype)
Cau triic bo nhé Phan manh (non-contiguous) | Lién tuc (contiguous)
Toan hoc vector Khong ho tro truc tiép HO6 tr¢ manh mé
Vectorization Khoéng ¢6 Cé
Broadcasting Khoéng ¢6 Céo

Toéc do thuec thi Thap Rt cao

Kha ning t6i uu phan citng Khong c6 C6 (C-level, da luong)
Thao tac reshape, indexing nang cao Rat han ché Day da

Két luan:

« Khi lam viéc véi dit liéu khoa hoc, x 1y anh, 4m thanh, video, dit liéu 16n hosc huan luyén
m6 hinh AT/ML, thi NumPy la sy lya chon bit budc.

« ndarray khong chi gitip code ngin gon, dé& doc hon ma con ting hiéu suit 1én hang chuc lan.

o Nhiéu thu vién quan trong nhu Pandas, scikit-learn, TensorFlow déu dua trén nén tang
NumPy.
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Phan 2: Gigi thiéu NumPy

1. Lam quen v6i ndarray

Tt nhitng phan tich & phan trude, ta thiy roé rang Python list khong phit hop véi cac bai todn
can hiéu suit cao, vector héa hay xit Iy mang nhiéu chiéu. NumPy cung cap kic¢u dit li¢u ndarray
dé gidi quyét van dé nay.

( N\

Tao ndarray tur list Python:

I import numpy as np

o

s L =[1, 2, 3, 4, 5]

4+ A = np.array(L)

5 print (type(L), type(A))

6 # <class 'list'> <class 'numpy.ndarray'>

. J

Sau khi khéi tao, A tré thanh mot mang c6 thé tham gia cic phép todn nhut A + 1, A ** 2 mot
cach tu nhién.

So sanh nhanh giita 1ist va ndarray:
Python list NumPy ndarray
Kiéu phan tit Hoén hop Dong nhat (dtype)
Toén hoc mang | Khong ho trg truc tiép | Vectorized (A + 1, A%%2)
B6 nho Phan manh Lién tuc (contiguous)
Hi¢u suat Thap Cao (C-level, SIMD)

Ghi chi: Véi list, mo6i phan tit 14 mot object doc lap trong bd nhé — Python phai Iuu dia chi
timg phan tit roi rac. Con véi ndarray, toan bo dit litu duge luu lién tiép trong RAM dudi cling
mot kicu dit lieu (int32, floaté4, ...), gitp tan dung CPU cache va thu vién C phia sau NumPy
dé xtt 1y cuc nhanh.

Viéc chuyén d6i sang ndarray khong chi 1a “ép kiéu” ma la budc mé cita vao thé gisi cia
vectorization, broadcasting, va tinh todn s6 hoc & quy mé 16n.

= Tu day, ta sé tiép tuc kham phé cdch NumPy md rong khai niém vector mot chiéu thanh cic
mang da chiéu cé ciu tric linh hoat hon rat nhiéu.

2. Tt vector dén mang da chiéu (ndarray)

Trong Toan hoc, vector 1a mot day s6 c6 thit tu v = (vg,v1,...,v,—1) — titc 1a mot chiéu dit lieu.
Khi xt Iy dit liéu trong thuc té (dnh, video, tin hiéu), ching ta thuong gip khong chi vector, ma
14 cic cAu tric da chiéu hon rat nhiéu.

NumPy mé rong khai niém vector thanh ndarray — mot kiéu dit liéu ¢6 thé biéu dién moi chiéu
khéng gian:
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1D (vector): v;

e 2D (ma trén): A ;

e 3D (tensor): B; ;i

o 4D+ (video, batch, md hinh vét 1¥): Thcp.w

Minh hoa cac chiéu mang trong NumPy:

Output
1 import num as n
5 Py P 1D: shape = (3,)
3 v = np.array([1,2,3]) 2D: shape = (2, 3)
3D: shape = (3, 3, 2)

4 print (£"{v.ndim}D: shape = {v.shapel}")
5 M = np.array([[1, 2, 3], [4, 5, 6]11)
6 print (£"{M.ndim}D: shape = {M.shapel}")
7 T = np.zeros((3,3,2))
g print (£"{T.ndim}D: shape = {T.shapel}")
Mbi chiéu trong mang dudc goi 14 mot truc (axis). Vi du, véi mang c6 shape (2,3,4):
o Truc 0 (axis 0): ¢6 2 phan t& — tuong ting 2 “khdi”.

o Truc 1 (axis 1): mdi khéi c6 3 hang.

o Truc 2 (axis 2): moi hang ¢6 4 cot.

<+ Numpy arrays are multi-dimensional arrays

s /S 2 =
iy EYEDLE
Axis1 )
- 1 2 3 § shape=( 2
amso | L Axis0 1 2 Axis 0 -+ 5 6 |! ;
9 shape=(3.) 3 4 hape=(3,2) 7 8 9 ) A‘_a
3 5 . -
Axis 1

1D array 2D array 3D array

Hinh 1: Minh hoa kich thuéc va chiéu axis

Mot sb vi du thuyc té:
« Anh xédm (2D): kich thuéc (H, W)
« Anh RGB (3D): kich thude (3, H, W) hoiic (H, W, 3) tiy thu vién
e Video (4D): (T,3, H,W) — s6 frame, kénh mau, chiéu cao, chiéu rong

o Dt liéu batch (5D): (B,T,C, H, W) — batch size, thsi gian, kénh, hinh
Mot sb linh vyce tmg dung theo chiéu dit lidu:

e 1D: chudi thoi gian, &m thanh, vin ban token héa.
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e 2D: &nh xdm, di liéu dang bang, ma tran.
¢ 3D: 4nh mau RGB, dit liéu anh y té (CT/MRI).

e 4D trd 1én: video, batch training trong deep learning, mé hinh mé phong vat 1y (fluid, khi
dong luc...).

(c) (d)
Hinh 2: M6 t4 mang két ndi nio trong khong gian 2D va 3D

Méng nhiéu chiéu chinh 13 trung tdm ctia moi tinh toén khoa hoc bing NumPy. Hiéu r6 cdch
NumPy t6 chiic va xit 1y ndarray la nén tdng dé budc vao vectorization, broadcasting, hoac
deep learning sau nay.

3. NumPy la gi? Lich st va vai tro

NumPy (viét tat ciia “Numerical Python”) 14 mét thu vién ma ngudn mé ndi bat trong hé sinh
thai Python, cung cap mot kiéu dit liéu mang da chiéu hiéu suat cao goi 1a ndarray, cing vdi hang
tram ham toan hoc c6 thé hoat dong truc tiép trén toan mang.
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( N\

Lich s ra d3i ciia NumPy:

e Trudc nam 2005, cong dong Python khoa hoc bi chia 1é& gita hai thu vién: Numeric (ra
doi ndm 1995, nhanh nhung han ché) va numarray (linh hoat hon nhung cham).

e Nam 2005, Travis Oliphant — mdt gido su nganh dién t& va ky thudt y sinh — da ding
ra hop nhat hai thu vién nay thanh NumPy, bang cich mé rong Numeric va tich hop ¥
tudng tit numarray.

e Viéc chuyén ddi toan bo hé sinh thai sang NumPy bat dau tit ndm 2005, vi NumPy 1.0
chinh thitc dugc phat hanh vao nam 2006.

e SciPy — mot thu vién cap cao hon ra dsi tit 2001 — ban dau dugc xdy dung trén
Numeric, sau d6 chuyén sang diing NumPy lam nén tang chinh.

o« Tit nam 2010 trd di, hé sinh thai SciPy/NumPy ngay cang 6n dinh: chuyén lén GitHub
(2011), tich hgp TravisCI (2013), va dén nam 2017 phat hanh SciPy 1.0.

« CA& NumPy va SciPy déu la phan c6t 16i clia hé sinh thai Python khoa hoc, dudc phét trién
cong dong va bao trg bai t6 chitc phi lgi nhuan NumFOCUS.

Creation of SciKits Development moves ]
3ciPyv clease to QitHul sc%py‘spall'sg.csg?a;_)h_
SeiPy 0 ] released o GitHub scipy.optimize.minimize

@ . emn O SciPy 1.0 released
t

2005 ? 2008 2010 ¢ 2013 2015 1

2001 1 2017

Cython interface
for BLAS/LAPACK

2007 l 1 2011 2012 1

/ Move to 6-month
| @Ut h on release cycles

Transition to NumPy L - .
First Cython code Continuous integration

scipy.spatial with TravisCI

Hinh 3: Timeline phat trién cia thu vién SciPy, thé hién 16 su phu thudc vao NumPy

Vai tro cbt 16i cia NumPy:
« Cung cap kiéu dit liéu ndarray — mang da chiéu déng nhat, hd trg slice, reshape, broadcasting...
o Tich hgp hang tram ham todn hoc vector héa (vectorized operations), tdn dung:

— C-level speed (viét bang C, Fortran)
— SIMD instructions (ting toc qua phan ctg)
— HOb trg da luong (multi-threaded operations)

« La nén tang cho cac thu vién néi tiéng nhu:

— Pandas — xit ly dit liéu dang bang (DataFrame)
— SciPy — thuat todn khoa hoc (linear algebra, signal...)

— scikit-learn — hoc may co dién

10
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— TensorFlow, PyTorch — cdm hiing tir cii phdp va broadcasting ciia NumPy

So sanh triét ly thiét ké:

Python gbc (List) NumPy (ndarray)
T6i uu cho Tinh linh hoat, dé ding Tinh toan hiéu suat cao
Kiéu dit liéu Da kiéu (heterogeneous) | Doéng nhat (homogeneous)
Tinh toan Duyét thu cong, vong lap Vector héa toan mang
Backend thuc thi Thuan Python C/Fortran + SIMD + cache
Broadcasting Khong ho trg Co
Reshape/Index nang cao Han ché Pay du

NumPy khéng thay thé Python, ma la phan mé rong gitip Python tré thanh mét ngén ngit
manh mé cho khoa hoc dit liéu, thong ké, Al xt Iy tin hiéu vA mé phéng vat 1y.
T cic phép toan don gidn nhu cdng mang, dén céc bai todn deep learning phiic tap — moi

thit déu khéi dau tit mot ndarray.

4. Pinh nghia ndarray va cac thudc tinh cg ban

Trong NumPy, moi mang déu thudc kiéu dit liéu numpy.ndarray — mdt cAu triic chuyén biét dé
luu trit dit lieu s6 hoc theo dang méng nhiéu chiéu (vector, ma tran, tensor...).

Pic diém chinh ctia ndarray:

« Pdng nhit (homogeneous): tit ci phan tit cé clng kiéu dit liéu (dtype), vi du int32,
float64...

o Lién tuc trong bd nhé (contiguous memory): cdc phan tit duge luu lien mach, gitp
truy xuat nhanh hon va dé t6i vu héa bang C/Fortran.

« Hb trg da chiéu (multidimensional): c¢6 thé 1a 1D, 2D, 3D, tham chi nD.
Mot sb6 thudce tinh co ban:

( A

shape — kich thudc timg chieu (tuple).

e arr.
o arr.ndim — s6 chiéu (int).
 arr.dtype — kiéu dit liéu phan ti.
e arr.itemsize — s6 byte mdi phan ti.
e arr.size — téng s0 phén tl trong array.

 arr.nbytes — tong dung lugng bo nhé = itemsize x size.

11
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Vi du: mang 3 chiéu

Output
1 import numpy as np
) shape : (3, 3, 2)
3 X = np.zeros((3, 3, 2)) ndim 03
A print ( " shape . , X. shape) clitYPe ) : float64
5 print ("ndim :", X.ndim) 1Fem51ze : 8
6 print ("dtype 1", X.dtype) size © 18
7 print("itemsize :", X.itemsize) e Pooas
8 print("size :", X.size)
9 print ("nbytes :", X.nbytes)
Vi du tryc quan hon v6i mang 2D:
Output
1 A = np.array([[1, 2, 3],
) 4, 5, 611) shape (2, 3)
3 print ("shape :", A.shape) nélm i 2
4 print ("ndim :", A.ndim) B4 ; ?
5 print ("size :", A.size) dtype ¢ int64
6 print ("dtype :", A.dtype)

Ghi chua:

« list ciia Python khong c6 bat ky thuoc tinh nao & trén, do dé ta khong thé goi shape, dtype,
hay size trén list.

e Vi vay, khi xtt Iy dit liéu s6 hoc, dic biét v6i mang nhiéu chiéu hodc kich thude 16n, dung
ndarray 13 bat budc néu mudén t6i wu hiéu suat.

Tong két: bang thudc tinh ciia ndarray

Thudc tinh | Kiéu dit liéu | Y nghia

.shape tuple Kich thuéc ting chieu
.ndim int S6 chicu

.dtype dtype Kiéu dit liéu phan tit
.itemsize int Byte trén mdi phan ti
.size int Tong s6 phan tit
.nbytes int Téng sb byte trong mang

5. Cai dat va import

1 # pip
2 pip install numpy

4 # conda
5 conda install numpy

1 import numpy as np

Alias np 1a chuan quéc té dé goi moi ham v 16p trong NumPy.

12
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Phan 3: CRUD trén Array

1. Create — Khdi tao ndarray trong NumPy
Khi lam viéc véi dit lidu sé hoc, ta thudng can khéi tao cAc mang s6 (arrays) ban dau dé thao tac,
xtt Iy hodc tinh todn. NumPy cung cip mét tdp hop phong phii cdc ham khdi tao ndarray véi ci

phap don gidn nhung manh mé. Viéc nay gitp loai bo vong lip tay, ting tdc do va tang tinh rd
rang cho code.

1.1. Chuyén déi tir list sang NumPy array

import numpy as np

3 1st = [1, 2, 3, 4]

arr = np.array(lst) # ndarray 1D

[ np.array(...) la cich don gidn nhat dé chuyén Python list hodic tuple thanh NumPy array. ]

1.2. Mot s6 ham tao mang phd bién

( N\

Cac ham khdi tao co ban:
e np.zeros(shape) — tao mang toan sb 0.
o np.ones(shape) — tao mang toan s6 1.
 np.full(shape, value) - tao mang vdi tat ca phan tit bang value.
 np.empty(shape) — ciAp phat mang nhung khong khéi tao gid tri (c6 thé chita "rac”).
e np.eye(N) — ma trdn don vi (1 trén dudng chéo).

e np.identity(N) — tuong tu eye, dung cho square matrix.

(& J

Code minh hoa:

. Output
import numpy as np np.zeros((Q, 3y
arrl = np.zeros((2, 3)) [[0. 0. 0.]
print ("np.zeros ((2, 3)): \n", arril) [0. 0. 0.]]
arr2 = np.ones((3,)) np.ones((3,)): [1. 1. 1.]
print ("np.ones ((3,)): \n", arr2) np.full((2, 2), 7): [[7 7]
arr3 = np.full((2, 2), 7) [7 711
print ("np.£full((2, 2), 7): \n", arr3) np.empty ((2, 2)):
arr4 = np.empty((2, 2)) [[3.5e-323 3.5e-323]
print ("np.empty ((2, 2)): \n", arr4) [3.5e-323 3.5e-323]1]
arr5 = np.eye(3) # 3x3 identity matrix np.eye(3):
print("np.eye(3): \n", arrb) [[1. 0. 0.]

[0. 1. 0.]

[0. 0. 1.]1]

13
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1.3. Sinh day sb va tmg dung trong lam mugt dd thi
1.3.1. Pit vin dé — range() va gidi han ciia List

Dau tién, ching ta hiy xét bai toan quen thudc:

[ Bai todn: Vé do thi ham s6 y = sin(z) trén doan [—10, 10] J

Céch don gian nhat trong Python la ding range () dé sinh day x:

import matplotlib.pyplot as plt

import math as m # use math.sin because range() generates integers
x = range(-10, 11, 1) # Step = 1 (integer)
y = [m.sin(i) for i in x]

plt.plot(x, y)

plt.title("y = sin(x) with range()")
plt.grid(True)

plt.show ()

y = sin(x) with range()

1.00 4

0.75 4

0.50

0.25

0.00 7

—0.251

—0.50 1

—0.75 1

—1.00 A

T T T T T T T T T
-10.0 =75 =50 =25 0.0 2.5 5.0 7.5 10.0

Ké&t qua: Do thi bi "gay khiic”, r&i rac, khong mugt. Pusng cong dang séng sin(x) gan nhu bién
thanh céc doan thing zigzag, gy hidu nham vé ban chit ham.

Ly do: range() chi sinh duge cac sb nguyén.

Ching ta khong thé lam min db thi bang céch giam budc xudng 0.1:

range(-10, 10, 0.1) # TypeError!

= Pay la mot trong nhitng han ché 16n cta list + range() khi xit Iy dit liéu sé hoc va truc
quan héa.

Trong céc bai toan thuc té, chiing ta rat can mot cong cu cho phép tao ra day sé6 v6i budc nhod
bat ky (ké ca sb thuc) — dé lam mugt dd thi, phan tich siu hon. = D6 chinh 14 lic can dén
np.arange ()

1.3.2. Gidi thiéu np.arange()

Nhu da thiy, range() két hop véi list khong thé tao ra cic day sb thuc — diéu nay khién viéc
tric quan héa ham lién tuc tré nén tho citng. = Ching ta can mdt cong cu manh hon, dé 1a
np.arange().

14
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La mo6t ham dung dé tao mot mang chita cac s6 nguyén lién tiép trong mot khoang xéc dinh

np.arange(start, stop, step)

Trong dé:
o start: Gia tri bat dau ciia day s6( gid tri nay bao gdm trong mang dugc tao).
o stop: Gid tri két thiic ctia ddy s6 (gia tri nay khong bao gom trong mang dudc tao)
o step: Khoang cich gifta cc gid tri trong day s6 (mic dinh 1a 1).

= Tao diy s cach déu tit start dén nhé hon stop, cdch nhau step (cé thé 1a sb thuc).

Vi du: Ap dung lai bai todn ban dau, nhung 1in nay ding NumPy:

import numpy as np
import matplotlib.pyplot as plt

x = np.arange(-10, 10, 0.1) # small step + 200 points
y = np.sin(x) # This time use np.sin because x is an array

plt.plot(x, y)

plt.title("y = sin(x) with np.arange()")
plt.grid(True)

plt.show ()

y = sin(x) with np.arange()

1.00 1

0.75 7

0.50 7

0.25 7

0.00 7

—0.251

—0.50 1

—=0.751

—1.00 A

T T T T T T T T T
-10.0 -75 =50 =25 0.0 2.5 5.0 7.5 10.0

Ké&t qua: D) thi gis ddy tron tru, mugt ma, thé hién ding hinh dang séng sin(z) — khong con
zigzag hay gay khic nhu truée.
Vi sao? Vi ta dang dung ndarray thay vi list, va dac biét:

« (C6 thé chon buée nho (step = 0.1, 0.01, 0.001 tuy ¥)

e Tan dung duge khd nang vector héa cia NumPy

15
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np.arange () khong chi 1a ban mé rong ciia range () — né 1a mot cong cu duge thiét ké dic
biét cho tinh todn s6 hoc, x 1y dit liéu hiéu suat cao, va truc quan héa chuyén sau.

Trong phan tiép theo, ta sé phan tich ky hon: Tai sao viéc lam mugt dd thi lai quan trong ?

1.3.3. Ung dung: Vi sao phai lam mugt dd thi?

Sau khi da c6 cong cu manh nhu np.arange (), cau hdi tiép theo la:

[ Lam mugt do thi c6 that sy can thiét, hay chi dé... nhin cho dep? ]

Cau tra 16i 1a: Khéng chi dé dep — ma 1a dé:
« Thay dudc ban chat lién tuc ctia ham sb hodc dit liéu.
o Tranh hiéu nham do 14y mau thua (under-sampling).
« Phan tich, kiém chiéing moé hinh AI chinh xac hon.
o Truyen dat ¥ tudng mot cach ré rang va thuyét phuc.

Vi du:

x1 = np.arange(-10, 10, 1) # 21 points
x2 = np.arange(-10, 10, 0.01) # 2000 points
y1 = np.sin(x1)

y2 = np.sin(x2)

plt.plot(xl, yl, 'ro--', label='step = 1')

plt.plot(x2, y2, 'b-', label='step = 0.01')

plt.title("Compare drawing sin(x) with large and small steps")
plt.legend ()

plt.grid(True)

plt.show ()

Compare drawing sin(x) with large and small steps

1.00 1

0.75 7

0.50 7

0.25 7

-®- step=1

0.007 —— step = 0.01

—0.251

—0.50 1

—=0.751

—1.00 A

T T T T T
-10.0 -75 =50 =25 0.0 2.5 5.0 75 10.0

Quan sat: Khi buéc 1a 1, séng sin tréng nhu ring cua — gan nhu mat tinh lién tuc. Chi khi
sampling day (step nhé), do thi méi "trd vé diing ban chat”.
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Tw géc nhin hoc thuat: Sampling density va DPinh ly Nyquist
Theo dinh 1y Nyquist—Shannon trong x ly tin hiéu:

Mot ham s6 lién tuc (band-limited signal) chi cé thé dugc tai tao chinh xdc néu duge lay
mau véi tan s6 it nhat gip doi tan sb cao nhat ciia noé.

= Néu lay qué it diém (sampling thwa), tin hiéu s& bi aliasing — titc 14 nhin sai ban chat. Diéu
nay cling xay ra khi ching ta "plot sai” ham s6.
Vi du:

« Ham sin c6 tinh tuan hoan — néu vé thiéu diém, ta khong thay séng, chi thiy zigzag.

« Trong hoc mdy, loss curve vé thua cé thé lam ta nghi mo6 hinh dao dong, trong khi thuc ra
n6 dang hoc tot.

Trong AI/ML, d6 thi mugt = hiéu sAu m6 hinh
Lam mugt do thi khong chi gitip truc quan héa dep hon — ma con déng vai tro then chdt trong
viéc:

e Phéan tich hanh vi hoc cia md hinh.

o Ph4t hién 16i mo6 hinh (bug, overfitting, underfitting).

« DPua ra quyét dinh nhu tuning, early stopping, chon threshold, v.v.

Duéi day 1a cac tinh hudng cu thé ma mot dd thi mugt c6 thé thay ddi toan bo cach chiing ta danh
gid mo6 hinh:

Vi du 1: Vé Loss Curve
Gia sit ching ta dang train mét mo hinh neural network. Néu chi vé loss mdi 10 epoch, sampling
thua:

epochs = range(0, 100, 10)

— Puong loss trong nhu dang nhay loan. Ta c6 thé tudng 1a moé hinh dang hoc té va ding sém.
Nhung néu vé ting epoch, sampling day hon:

epochs = range(0, 100, 1)

— Ta sé thay loss giam déu déu — mo hinh dang hoc rat on.

17
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Loss Curve: Sampling day vs. Sampling thua

—— Sampling day (méi epoch)
1.0 4 \ sampling thua (mdi 10 epoch)

0.8 - \
0.6
8
YAA
041 Poay

0.2 1 N \/\{M

0.0

AA Mw W

T
0 20 40 60 80 100
Epoch

Loss Curve: Sampling thua vs. Sampling day.

Nhan xét:

o Sampling thua (mdi 10 epoch) khién dudng loss bi gidt cuc, c6 thé hiéu sai rang moé hinh hoc
khong én dinh.

« Sampling day (mdi epoch) thé hién r6 mé hinh dang hoc t6t vé6i loss gidm déu theo thai gian.

Vi du 2: Bién phan 16p (Decision Boundary)
Gia st chiing ta diing SVM hoiic MLP dé phan loai dit liéu 2 chiéu. Dé minh hoa ranh giéi phan
16p, ta can tao ludi diém dé predict. Néu tao luéi qué thua:

| XX, yy = np.meshgrid(np.arange(-5, 5, 1),
2 np.arange (-5, 5, 1)) # sparse grid

— Puong ranh gidi sé rang cua, sai léch, thdm chi mat két ndi.
Néu lam muot:

I XX, yy = np.meshgrid(np.arange(-5, 5, 0.01),
np.arange(-5, 5, 0.01)) # smooth grid

V]

— Bién phéan 16p hién 18, ching ta hiéu cidch mé hinh ”suy nghi” nhu thé nao :v
Nhan xét:

e Trdi: Grid thua (step = 1.0) khién dudng ranh gi6i bi réng cua, mat chi tiét.

e Phdi: Grid min (step = 0.01) cho thay bién phan 16p mugt ma, gitip ta hié¢u 16 cdch mé hinh
phan biét hai 16p.

18
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So sanh Decision Boundary: Grid thua vs. Grid min
Grid thua (step=1.0) Grid min (step=0.01)
o ° °
... .. ° .'. .....
.'& o0 ‘ .". oo Q
" N L1 ) e © o' °® O e ©
S i g S
..tfl ... .‘o. L .."f... .‘oo
o o ® ° o €. .0
° ° ‘ ° .. .x’ ° ° . .” .. .x‘
o
Q‘ ‘ R, 0 ....'Q' 8.. %W, 0
0'. ..C
Bién phan 16p véi grid thuwa va grid min
Vi du 3: Ham sigmoid bi hiéu nham
Ham sigmoid:
o(x)
Néu chiing ta vé chi véi 5 diém:
x = np.linspace(-5, 5, 5)
=1/ (1 + np.exp(-x))
— Pudng cong trong gan nhu tuyén tinh!
Néu vé 100 diém:
x = np.linspace(-5, 5, 100)
— Chting ta méi thiy dugc:
« Ving tuyén tinh & gitta
e Vung bao hoa hai bén
Ham sigmoid: Sampling thua vs. Sampling day
1.0+ —— sampling day (100 diém) /___,__.—-——-—"
Sampling thua (5 diém)
0.8 1
- 0.6
3
@ 0.4+
0.2
0.0 BREE el
,‘4 7'2 2 4‘1

Ham sigmoid: Sampling thua vs. Sampling day
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Nhan xét:

« Sampling thua (5 diém) khién duong cong tréng gan nhu tuyén tinh — dé hiéu nham ban
chat ham sigmoid.

« Sampling day (100 diém) thé hién 16 viing tuyén tinh & giita va viing bao hoa hai bén.

Do thi la tiéng ndi cia mo hinh. Néu ban khong sampling di dday, ban dang bit miéng nd.

Tém lai:

« Lam muot dd thi khong chi gitip do thi "dep”, ma 14 mot bude thiét yéu trong phan tich di
liéu hién dai.

« Nho np.arange(), ta c6 thé sampling v6i d6 phan gii cao, tit d6 nhin ra nhitng diéu ma list
va range () khong thé.

« Day 1a 1y do vi sao bat cit ai lam AI, khoa hoc dit liéu, m6 phéng vat ly, v.v. déu xem
np.arange () nhu vii khi dau tay.

1.4. Tao mang dya trén mang khac

Khi muén tao mang giéng shape va dtype clia mot mang da co:
e np.zeros_like(array), np.ones_like(array)

e np.full_like(array, fill_value)

Code minh hoa:
a = np.array([[1, 2, 3], [4, 5, 6]11)

np.zeros_like (a) # [[o, 0, o], [0, O, 0]1]
np.full_like(a, -1) i [=il, =i, =], [=i, =i, =i]I

Ung dung trong xi Iy anh

Trong x1 1y 4nh, mot tdc vu rat thuong gap 14 tao mot méat na (mask) — thudng 1a mang 0-1
c6 ciing shape v6i anh gbc — dé danh dau cic ving can xit ly (vi du: viing séng, vat thé, bién
canh...).

Khdéi tao mask cung shape véi anh

e np.zeros_like(image) — tao mat na toan 0
e np.ones_like(image) — tao mit na toan 1

e np.full_like(image, value) — tao mat na véi gia tri tuy y
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Vi du: Tao mask vung sang trong anh grayscale

import numpy as np
import cv2

# grayscale image

image = cv2.imread('/content/

NewBackground. jpg',

# Tao mask: vung sang (pixel > 180)
mask = np.zeros_like(image)

mask [image > 180] = 1

True
[[00O0 ... 0
[00O ... 0
[0DOO0O ... 0
0) ..
[0 0O
[0O0OO0O ... 1
[00O ... 0

# Ap dung mask: giam do sang vung sang di

50 don vi
output = image.copy()
output [mask == 1] = \

np.clip(output [mask ==

1] - 50, 0, 255)

print (mask.shape == image.shape)

print (mask)

o Bay gio mask 1a ma trdn 0-1 c6 ciing kich thuée véi anh gbe.

o

o

0]
0]
0]

0]
0]

Output

011

« C6 thé dung dé t6 ving sdng, dém pixel, lam attention mask, ho#ic tach foreground (d6i

tugng).

Anh géc

Mask ving sang (pixel > 180)

Minh hoa ba buGc xt 1y dnh:
(1) 4nh gbc, (2) tao mask ving sang (pixel > 180), va (3) lam tbi ving sdéng bang mask.

Cach lam nay thudng dung trong:

« Lam md hau canh, lam ndi bat foreground (dbi tugng).

o Data augmentation trong segmentation.

e Xit Iy anh y té ho#ic 4nh vé tinh RGB.

Tém lai:

Anh sau khi lam t8i viing sang

Tinh nang

Ung dung cu thé

np.zeros_like(image)

Tao mask nhanh

Dung trong

Segment anh, xt ly ving sang, masking trong CNN

Uu diém

Ngan gon, ding kiéu dit liéu, khong can chi dinh shape

21
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1.5. Tao array bing ham sinh noi dung

e np.fromiter(iterable, dtype) — tao array tu iterable.

e np.fromfunction(func, shape) — sinh array tt ham nhéan index (i,j,...).

Code minh hoa:

Output
arrl = np.fromiter((i**2 for i in range
(5)), dtype=int) arri: [0 1 4 9 16]
print('arrl: ', arrl) arr2:
[[0 1 2]
arr2 = np.fromfunction(lambda i, j: i+ j [1 2 3]
, (3, 3), dtype=int) [2 3 4]]

print('arr2: \n', arr2)

1.6. Tao mang ngiu nhién véi np.random

NumPy cung cip mot module manh mé 13 np.random dé sinh mang ngau nhién theo nhiéu phan
phéi khac nhau: dong déu, chuan (Gaussian), r6i rac (int), nhi phéan... Viéc sinh mang ngau nhién
dac biét hitu ich trong:

« Sinh dit liéu gid dé test mo6 hinh.
« Khdi tao trong s6 ban dau cho mo hinh Al

« Mo phéng xac suat — théng ké.

1.6.1. Sinh mang phan phbi déu

o np.random.rand(d0, di, ...) — sinh céc s6 thuc phan phdi déu trén [0, 1), dang float.

o np.random.uniform(low, high, size) — sinh s6 thuc trong doan [low, high).

Code minh hoa:

np.random.rand (2, 3) # [[0.54, 0.71, 0.60], ...]
np.random.uniform (10, 20, 5) # [11.23, 17.88, 15.12, ...]

1.6.2. Sinh mang phan phdi chudn (Gaussian)

e np.random.randn(d0, di, ...) — phan phdi chuan chuin tic (mean = 0, std = 1).

 np.random.normal(loc, scale, size) — phan phdi chuan téng quét.

Code minh hoa:

np.random.randn (3) # [ 0.21, -0.89, 1.45]
np.random.normal (loc=100, scale=15, size=(2, 2))

3 # [[92.1, 108.4], [103.5, 96.7]1]

22



e oW o =

Al VIETNAM

aivietnam.edu.vn

‘np.random.rand() - [0, 1)

40

35 - -will- R e =
30
©
® 25
w

520»

0.0 0.2 0.4 0.6 0.8
Gia tri

1.0

. 10

np.random.uniform(10, 20)

40

30

np.random.randn() - chuén tac (mean=0, std=1)

12 14 16 18
Gia tri

np.random.normal(100, 15)

0
Gia tri

60

80 100 140 160

Gia tri

120

Hang trén: M6 phéng phan phéi déu, dit litu c6 dang hinh chit nhat
Hang dudi: M6 phéng phan phdi chuan, dit liéu ¢6 dang hinh chuéng

1.6.3. Sinh sb nguyén ngiu nhién

[ np.random.randint (low, high, size) — Sinh s nguyén rdi rac tit low dén high-1.

Code minh hoa:

np.random.randint (0, 10, size=(3, 3))
# [[6, 2, 8],
# [1, 9, 5],
# [0, 4, 3]]

1.6.4. Sinh mang nhi phan, chon ngau nhién

o np.random.choice(a, size) — ldy mau ngau nhién tit 1D array a.

e np.random.binomial(n, p, size) — md phéng phan phdi nhi phan (Bernoulli trials).

Code minh hoa:

np.random.choice ([10, 20, 30], size=b)
# [30, 10, 10, 20, 30]

np.random.binomial (n=10, p=0.5, size=5)
# [4, 5, 6, 3, 7]
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1.6.5. Thiét 1ap seed dé tai lap két qua

Khi lam viéc v6i s6 ngau nhién, néu mudn két qua cé thé 1ip lai & céc lan chay khéac nhau (vi du
dé debug), chiing ta nén dit “hat gidng” (seed):
Code minh hoa:

I np.random.seed (42)
2 np.random.rand (3) # Always return the same result

Ghi cha:

o Ké tit NumPy 1.17, ¢6 thé ding Generator mdi: np.random.default_rng(seed) — uu tién
dung trong ing dung nghiém ttc.

e Vidu:
1 rng = np.random.default_rng(seed=123)
2 rng.integers (0, 10, size=4) # Thay cho np.random.randint

Tong két:

Ham Muc dich
rand, uniform S6 thite dong deu
randn, normal S6 thuc chuan

randint, integers | S6 nguyén
choice, binomial | Liy mau, mo6 phong
seed, default_rng | Diéu khién tinh ngiu nhién

1.6.6. Ung dung thudng gip:
e Sinh dt liéu test cho thuédt toan.
o Sinh trong s6 ban dau trong mang no-ron.
o M5 phéng rit tham, xdc suat, thong ké Monte Carlo.

Tiép theo 1a phan thd vi nhat ctia muc nay, ching ta sé cing di qua mot s6 vi du 4p dung nhiing
Iy thuyét kha lang nhang & trén.

Vi du 1: Sinh dit liéu gid dé kiém thit moé hinh phan loai ung thu

Gi4 sit ta dang phat trién mot méd hinh hoc may phéan loai ung thu tuyén vi (benign vs.
malignant), nhung chua cé dit liéu that. Ta c6 thé sit dung np.random dé mo6 phéng dit liéu
dau vao va nhan muc tiéu.

Tao dit liéu giad cho 100 bénh nhan, mdi ngudi c6 2 dic trung (feature):

1 X = np.random.normal (loc=0, scale=1, size=(100, 2)) # Input Data
2y = np.random.randint (0, 2, size=100) # Label

Trong dé:

« X 1a mang (100, 2) mo phéng dic trung chuan héa (vi du: kich thude khéi u, mat d6 md).
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« y la mang nhan nhi phan, cho biét mdi bénh nhéan 1a lanh hay 4c tinh: 0 = lanh tinh, 1 = 4c
tinh.

M6 hinh hoc may (nhu Logistic Regression hoic SVM) c6 thé duge huan luyén trén dit liéu nay dé
kiém tra pipeline, debugging, hodc danh gid thuit toan trude khi 4p dung vao dit liéu that.

Phan phéi di¥ liéu bénh nhan

= Feature 1

Feature 2
100

80

60

Tan sudt

20

=3 =2 -1 0 1 2 q
Gia tri dac trung

Hinh 1: Phan phéi dit liéu bénh nhéan: hai diic trung moé phéng theo phan phdi chuan

Vi du 2: Khéi tao trong sé ban diu cho md hinh mang nd-ron chin doin vong mac
Trong deep learning, viéc khdi tao trong s6 ban dau c6 anh huéng rat 16n dén kha ning hoi
tu ctia mo6 hinh. Vi du dudi diy mé phéng viéc khdi tao trong sé cho mot 16p fully-connected
trong mo6 hinh phat hién bénh vong mac tiéu duong tir Anh mat.

# Dense layer: 512 input (from image) -+ 128 output neurons
W = np.random.normal(loc=0.0, scale=0.01, size=(512, 128)) # Initial weight
b = np.zeros(128) # Bias initialized to O

w e

Trong dé:

o Wla ma tréan trong s6 véi céc gid tri nhé quanh 0 (theo phan phdi chuan), gitip tranh gradient
qué 16n/nho.
e Db la vector bias khéi tao bang 0, mét cach lam phd bién.
Céc trong s6 nay sé duge toi wu trong qua trinh huan luyén dé mé hinh hoc cich phan biét bénh

— khong bénh dya trén dac trung hinh anh.

Vi du 3: M6 phéng hiéu qua vaccine bing théng ké Monte Carlo
Trong dich té hoc, ta thuong mé phéng hiéu qué vaccine thong qua phuong phap théng ké. Vi
du: néu mot loai vaccine ¢ hiéu qua 70%, thi mdi ngudi c6 70% co hoi dude bao vé.

Ta c6 thé mo6 phéng két qua tiém cho 10.000 ngudi nhu sau:
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# 1 =
outcome =

# Calculate the actual protection rate
protection_rate =

print

not infected after vaccination,
np.random.binomial (n=1, p=0.7,

np.mean (outcome)
(f"Protection rate:

Giéi thich:

0 = still infected
size=10_000)

{protection_rate:.2%}")

np.random.binomial (n=1, p=0.7) moé phoéng 1 thit nghiém Bernoulli: 70% khé nang thanh

cong.

Lap lai 10.000 1an sé& cho phan phdi két qua tiém thuc té.

LAy trung binh dé udc lugng hiéu qui vaccine trén quy mo 16n.

Phuong phap nay goi 14 Monte Carlo simulation va dude diing rong rai trong théng ké, khoa

hoc dit liéu va nghién cttu chinh sach y té.

5000

Phan phdi trong sé khdi tao

Hiéu qua vaccine (md phong)

4000 4

3000 -

Tan suat

2000

1000 4

T000

6000

5000

4000

S0 ngui

3000

2000

1000

6.6.7.

T T
0.00 0.04

Gia tri trong s8

T T
=0.04 =0.02

Buoc bao vé

Bi nhiém

Trai: Phan phdi trong s6 mang no-ron: trong s6 khéi tao nhoé quanh 0
Phai: M6 phéng hiéu qua vaccine: gan 70% ngudi duge bao vé theo gid dinh

Téng két:
Ham Mo ta ngin
np.array Tao tu list / tuple
np.zeros Mang toan 0
np.ones Méng toan 1
np.full Mang toan gia tri bat ky
np.arange Day cach déu, buéc tiy y
np.linspace Day chia déu s luong phan ti
np.empty Cép phat nhung khong khéi tao
np.eye Ma tran don vi
np.fromiter T iterable
np.fromfunction | Sinh tit chi s6 ham
*_1ike() Khdi tao theo mang da cé
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Ghi chii: Viéc ding ding ham tao phtt hop khong chi gitp viét code “Pythonic” ma con ddm bédo
hiéu suat xit Iy t6t nhat khi lam viéc v6i dit liéu 16n.

2. Read

Trong bat ky thao tac xit Iy dit liu ndo, sau khi tao va luu trit mang (Create), bude tiép theo tu
nhién 1a doc va truy xuat dit liéu tir dé. 0 NumPy, viéc "doc” khong don thuan 13 in ra mot gia
tri — ma la cd mot hé théng ky thuit manh mé gitp ta 14y ra phan ti, 14t cit, hoiic cAu tric
con trong mang nhiéu chiéu. Viéc truy xuat dit liéu hiéu qué sé quyét dinh d6 mudt ctia toan bo
pipeline x1t 1y.

Phan ndy sé trinh bay chi tiét vé cich Read — truy xuét dit liéu trong ndarray, mé dau véi
mot ky thuat cuc ky quan trong: Indexing.

2.1. Ky thuat Indexing

Khi muén liy ra mot phan dit liéu trong mang — du la mét s6, mot dong, mdt cot hay cd mot
khéi 3D — ta phai biét cich “chi tay vao chd can thiét”.
D6 chinh 1a nhiém vu cia Indexing.

Hiéu don gian, Indexing 1 ngén ngit dé truy cip dit liéu trong ndarray, gidng nhu céch ta
diing dia chi dé tim dén mot ngéi nha.

Trong phan nay, ta sé di sdu vao cAc dang Indexing trong NumPy — dugc chia thanh 3 nhanh
chinh:

e Scalar
« Basic Slicing
— Dau 72"
— None / np.newaxis
— S6 nguyén don
o Advanced / Fancy Indexing
— int-array

— boolean—-mask

I. Scalar Indexing

Scalar indexing 13 ky thuat truy xudt mot phan tit don 16 trong mang NumPy bang céch st
dung cic chi s6 nguyén don (int) ting véi timg chiéu ciia mang.

e VG6i méng 1 chieu: chi can 1 chi so.

e V6i méng 2 chiéu tré Ién: can 1 chi s6 cho méi chiéu.
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e arr[i]: Truy xuat phan tit thit i ctia mang 1D

e arr[i, jl: Truy xudt phan tit tai dong i, cot j clia mang 2D

e arr[i, j, kl: Truy xuat phan ti tai (i, j, k) trong mang 3D

Giai thich:
e arr[3] véi mang 1 chiéu la truy xuat phan tit tai chi s6 3.
e arr[1, 2] v6i mang 2 chiéu la truy xuat phan t& dong 1, cot 2.
o Céc chi s6 bt dau tit 0, nhu trong Python néi chung.
Pic diém:
o Tra vé mot ban sao chép (copy) ctia phan tit, khong phai view.
o Viéc gan lai gia tri cho bién sau khi scalar indexing khéng anh huwéng dén mang gbc.

o Truy xuat rat nhanh, hiéu qua trong cic phép toan don gian.

Vi du minh hoa:

Output

import numpy as np
a before:

a = np.array([[1, 2, 3], [[1 2 3]
[4, 5, 6]11) [4 5 6]]

print('a before:\n', a) a after:
[[1 2 3]

# Get element at row O, column 1 =+ x = 2 (4 5 6]1]

x = al[0, 1]

# Reassign x value, does not affect 'a'

x = 100

# Array a remains the same
print('a after:\n', a)
Giai thich:
« Bién a la mdt mang NumPy 2 chiéu, kich thuée (2, 3).
o Lénh a[0, 1] truy xuat phan ti tai dong 0, cot 1, titc 1 gid tri 2.

« Bién x nhan ban sao (copy) ctia phan tit dé. Khi viét x = 100, chi c¢6 x thay ddi, con mang
a hoan toan khong bi 4nh huéng.

o Viéc nay chimg minh rang scalar indexing tra vé copy, khong phai 1 view lién két véi
mang goc.

Néu chi can ldy mot phan tit cu thé tit mang ma khong mudn anh hudng dén mang gbc, scalar
indexing 1a lita chon don gian va hiéu qua nhét.
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II. Basic Slicing — Truy xuit lat cit

Slicing trong NumPy 1a mdt trong nhitng ky thuit c ban nhung v6 cuing manh mé gitup ta truy
xuat ting phan trong mang (array) theo nhiéu chiéu. N6 khong chi hd trg thao téc lay dong/cot,
ma con cho phép tao ra view linh hoat, gitp thay déi dit liéu gbc mot cach hiéu qua.

a) Cu phép chung

arr[start:stop:step]
Y nghia cac tham sé:

start — Chi s6 bat dau (mic dinh = 0).

stop — Chi s6 két thic khéng bao gom chinh né (mic dinh = chiéu dai mang).

step — Budc nhay (mac dinh = 1, c6 thé am dé di ngugce).

Céac dang phd bién:
o : — Lay toan bo theo chiéu d6 (start=0, stop=len, step=1).
e a:b— Lay tit chi s6 a dén b-1.
e ::step — Lay toan bo nhung theo buéc nhay (vi du: [::-1] dé ddo ngugc).

o Cb thé 4p dung cho nhiéu chiéu ciing ltc:
arr[row_start:row_stop, col_start:col_stop].

Vi du:
Output
import numpy as np
a = np.array ([0, 1, 2, 3, 4, 5]) (0 12345]
[1 2 3]
[0 2 4]

print(al:]1) # Toan bo

print(al1:4]) # Tu index 1 den 3 [543210]
print(al::2]) # Cach 2 buoc

print(al::-1]) # Dao nguoc

b) View hay Copy? Mutable hay Immutable?

Basic Slicing tra vé VIEW:
« Khong tao ban sao (copy), chi tao mét “cita s6 nhin” vao mang goc.
o Thay ddi dit liéu trong slice sé lam thay ddi mang gbc vi chiing chia sé cting ving nhd.

Fancy Indexing hoic Masking tra vé COPY:
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e Tao ra mét méang mdéi doc lap.

e Thay d6i mang con khong anh hudng mang gbc.

Vi du minh hoa View:

Output
a_arr = np.array([[1,2,3],
[5,6,711) ([ 199 3]
[ 5 6 711

4 # Lay cot 1 va 2 (slicing)
5 b_arr = a_arr[:, 1:3]

b_arr[0,0] = 99 # Thay doi phan tu
trong b_arr
print (a_arr)

Giai thich:
b_arr chi la view, tré t6i cling ving nhé véi a_arr. Vi vy, thay d6i gid tri trong b_arr ciing lam
thay ddi a_arr.

Vi du minh hoa Copy (dé so sanh):

Output
c_arr = a_arrl[:, [1,2]] # Fancy
Indexing (int-array) (0199 3]
> c_arr[0,0] = 555 [5 6 71
3 print (a_arr) # Khong thay
doi

Giai thich:
c_arr la copy, hoat dong doc lap v6i mang goc.

c) Dau ”:” (colon)

9,99

:” trong Slicing

Déu : 1a ct phdp quan trong nhat trong slicing. N6 cho phép:

Lay toan bo theo chiéu dé: arr[:].

Chi dinh khodng: arr [start:stop] (ti start dén stop-1).

Két hgp bude nhdy: arr [start:stop:step].

e Cb thé dung step am dé dio ngugc thit tu: arr[::-1].

Mac dinh: start = 0, stop = len(arr), step = 1.

\. J

Vi du co ban (1 chiéu):
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Output
import numpy as np
a = np.array([0, 1, 2, 3, 4, 5]) [0 12345]
[1 2 3]
print(al:1) # Toan bo mang [0 2 4]
print(al1:4]) # Tu index 1 den 3 [543210]
print(al::2]) # Buoc nhay 2
print(al::-1]) # Dao nguoc
Anh huéng t6i mang gbc (View):
Output
b = al1:4] # Lay view tu index 1 -> 3
b[0] = 100 a: [ 0100 2 3 4 5]
print("a:", a)
Giai thich: b 14 view, thay d6i b sé &nh hudng truc tiép dén a.
Vi du nhiéu chiéu:
Output
m = np.array([[1, 2, 3],
(4, 5, 61, L[2 3]
(7, 8, 911 =

print(m[:2, 1:1) # Lay 2 dong dau, tu
cot 1 tro di

d) Sé nguyén don (gidm chiéu)

S6 nguyén don trong Slicing

Khi dimng s6 nguyén don (thay vi diu :) trén mot chiéu:
 Chiéu d6 sé bi co lai (mat 1 chiéu trong shape).
o Tra vé truc tiép phan tit (néu tat cd cac chiéu déu 1a sb nguyén don).

Luu y: Néu muén gitt nguyén s6 chiéu (2D, 3D...), nén dung slicing v6i dau :.

\ J

Vi du co ban:

Output
a = np.array([[10, 20, 30],
[40, 50, 6011) [40 50 60]
60
print(al[1]) # Dong 1: co lai thanh

vector 1D
print(all, 21) # Phan tu dong 1, cot 2

Gilt nguyén so chiéu:
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Output
row_2d = a[1:2, :] # Giu nguyen dang ma
tran 2D [[40 50 60]] | shape: (1, 3)

print(row_2d, "| shape:", row_2d.shape)
Bang so sanh nhanh:

C1u phap Két qua Shape

al1] Vector 1D (co chiéu) (3,)

al1:2, :1 | Ma tran 2D (gi®t nguyén) | (1, 3)

e) None hodc np.newaxis — Thém chiéu mdi

Thém chiéu méi v4i None / np.newaxis

Muc dich:
« Bién d6i shape ciia mang bang cich chén thém mot chiéu c6 kich thuée = 1.
o Rét hitu ich trong Machine Learning khi can:

— Chuyén vector 1D thanh ma trén c¢6t (n, 1) hofic ma tran hang (1, n).
— Thém chiéu batch cho dit liéu (vi du: (H, W) — (1, H, W)).

Cach s dung:
e np.newaxis va None hoat dong nhu nhau.

o C1 phdp: arr[:, np.newaxis] ho#ic arr[np.newaxis, :] tiy mudén thém chiéu &
dau.

Vi du minh hoa:

Output
import num as n
Py P Original shape: (3,)

a = np.array([1, 2, 31) Column shape: (3, 1)

print ("Original shape:", a.shape) [f1l
[2]

# Them chieu moi thanh ma tran cot [31]

a_col = al[:, np.newaxis] Row shape: (1, 3)
[r1 2 311

print ("Column shape:", a_col.shape)
print (a_col)

# Them chieu moi thanh ma tran hang
a_row = alnp.newaxis, :]

print ("Row shape:", a_row.shape)
print (a_row)

Giai thich:

e a[:, np.newaxis] — Thém chiéu méi & cudi, bién vector thanh ma tran cot.
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« al[np.newaxis, :] — Thém chiéu méi & dau, bién vector thanh ma tran hang.

« Day chi la view, khong tén thém bd nhé.
Ung dung thyc té trong ML:

« Thém chiéu kénh (channel): Anh grayscale thudng c6 shape (H, W), nhung cdc CNN yéu
cau ¢6 thém chiéu kénh (H, W, 1).

« Thém chiéu batch: Mot mo6 hinh ML thudng nhan batch dit liéu, ké ca khi chi c¢6 1 anh.
Ta thém chiéu batch thanh (1, H, W, 1).

Output

import num as n
P by P Original shape: (4, 4)

# Simulate 4x4 grayscale image (H, W)

img = np.array([[ 10, 20, 30, 40], After adding channel: (4, 4, 1)
[ 50, 60, 70, 801, (Ll 10
[ 90, 100, 110, 1201, [ 20]
[130, 140, 150, 16011) L 30]
[ 4011
print ("Original shape:", img.shape) (L 501
[ 60]
# 1) Add channel dimension (H, W, 1) L 70l
img_channel = img[:, :, np.newaxis] L 80l]
print ("After adding channel:", Lt o0l
img_channel. shape) [100]
print (img_channel) [110]
[120]1]
# 2) Add batch dimension (1, H, W, 1) [[130]
img_batch = img_channel [np.newaxis, :, :, [140]
] [150]
print ("After adding batch:", img_batch. [16011]
shape)

After adding batch: (1, 4, 4, 1)

Giai thich:
o imgl:, :, np.newaxis] — Thém chiéu thtt 3 lam kénh &nh (channel).

o img_channel [np.newaxis, :, :, :] — Thém chiéu th nhat lam batch (batch size = 1).

f) Truy xuit dong/cdt: Vector vs Matrix

Vector vs Matrix khi truy xuat dong/cot

Muc dich:
e NumPy c6 2 céch 1y dong/cot:

— Dang vector (mét chiéu): D& tinh todn nhanh.

— Dang matrix (git nguyén chiéu): Giit shape chuan (hitu ich trong ML).

o Phan biét r6 giip tranh 16i khi reshape ho#c concatenate.
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Quy téc:

e arr[i, :] hodc arr[:, j1 — Tra vé vector 1D, mat 1 chiéu.

e arr[i:i+1, :] hodc arr[:, j:j+1] — Trad vé matrix 2D, giit nguyén s6 chicu.

Vi du minh hoa:

Output
arr = np.array([[1,2,3],
[5.6,7] row_vec shape: (3,)
[9,10,1111) row_mat shape: (1, 3)
col_vec shape: (3,)
# Vector vs Matrix - dong col_mat shape: (3, 1)
row_vec = arr[1, :] # Vector 1D
row_mat = arr[1:2, :] # Matrix 2D
# Vector vs Matrix - cot
col_vec = arr[:, 1] # Vector 1D
col_mat = arr[:, 1:2] # Matrix 2D
print ("row_vec shape:", row_vec.shape)
print ("row_mat shape:", row_mat.shape)
print("col_vec shape:", col_vec.shape)
print ("col_mat shape:", col_mat.shape)
Bang so sanh nhanh:
Cua pha Két qua Shape
phap q 1%
arr[i, :] Vector dong 1D (mat chiéu) (n,)

arr[i:i+1, :]
arr[:, j]

arr[:, j:j+1]

Ma tran dong 2D (gitt nguyén) | (1, n)
Vector ¢t 1D (mat chiéu)
Ma tran cot 2D (gi® nguyén) | (m, 1)

Khi nao can giit nguyén 2D?

o Khi can nbi (concatenate) cac dong/cot véi nhau: np.hstack, np.vstack.

o Khi lam viéc v6i mo hinh ML yéu cau input shape c6 dinh (vi du: luén can (batch,

features)).
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ITI. Advanced (Fancy) Indexing — Truy xuit ning cao
a) Integer Array Indexing

Integer Array Indexing — Chi s6 nguyén

Muc dich:

« Cho phép chon cic phan tit tai nhitng vi tri cu thé trong mang bing mang chi sb
(list hoac ndarray).

o HO trg truy xuat phitic tap: lay nhiéu dong/cot khong lién tiép, 1y lap lai phan ti.
Pic diém:
o Luén trad vé copy, khong phai view (thay d6i mang con khéng anh hudng mang goc).

o C6 thé sit dung cho c& mang 1D va 2D.

Vi du co ban (mang 2D):

Output
import numpy as np Selasieds B3 BT

a = np.array ([[1, 2], After change:

[3, 41, [[100 2]
5, 611) [ 3 4]
[200 611

# Lay phan tu tai cac vi tri cu the

outl = al[[0, 2], [1, 0]]1 # (0,1) va
(2,0)

print("Selected:", outl)

# Thay doi truc tiep cac phan tu duoc
chon

alfo, 2], [1, 0]] = [100, 200]
print ("After change:\n", a)

Giai thich:

e allo, 2], [1, 0]1:

— Lay phan t& ¢ dong 0, cot 1 — gia tri 2.
— Lay phan t & dong 2, cot 0 — gid tri 5.

« (Gan gia tri mdi: phan tit tai (0,1) dudc gan thanh 100, phan tit tai (2,0) thanh 200.

Vi du lip lai phan ti:

Output
b = al[0, 0], [1, 1]] # Lay lap lai
0,1) (100 100]
print (b)
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b) Boolean Mask (Filtering)

Boolean Mask (Filtering) — Loc theo diéu kién

Muc dich:

e Loc céc phan tit théa man dicu kién logic.

Pic diém:
e Tao mot mang Boolean (True/False) c6 cung kich thude véi mang goc.

o Luon tra vé copy, khong phai view.

\.

o Ung dung phd bién trong tién xtt 1y dit liéu: loai b6 outlier, chon méau theo diéu kién.

Vi du co ban:

Output
a = np.array([56, 10, 15, 20, 25])
Mask: [False False False True

# Tao mask cho cac phan tu >15 Filtered: [20 25]
mask = a > 15
print ("Mask:", mask)

# Loc cac phan tu True
filtered = al[mask]
print ("Filtered:", filtered)
Giai thich:
e a > 15 tao ra mang Boolean: [F, F, F, T, T].

o almask] chi ldy cdc phan tit c6 gid tri True.

Gop diéu kién logic:

True]

Output
## Loc cac phan tu nam trong khoang (10,
25) [15 20]

mask2 = (a > 10) & (a < 25)
print (a[mask2])

Ung dung thyc té trong ML:

« Loc cdc mau anh cé nhan cu thé: images[labels == 1].

o Loai bo gi4 tri bat thuong: data[(data > mean-2*std) & (data < mean+2+*std)].
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« Basic Slicing — Tré vé view, thay déi &nh hudng mang gbc.

o Fancy Indexing (int-array, boolean mask) — Luon trd vé copy, hoat dong doc
lap.

IV. View vs Copy — So sanh nhanh

Loai Ct phéap tiéu biéu | View hay Copy
Scalar Indexing arr[1, 2] Copy
Basic Slicing arr[1:4], arr[:, 1] View
np.newaxis arr[:, Nonel View
Fancy Indexing (int-array) | arr[[1, 3]] Copy
Boolean Mask arr[arr > 5] Copy

V. Téng két
« Basic Slicing — Tra vé view, tiét kiém bo nhé nhung thay déi sé 4nh huéng mang gbc.
« Fancy Indexing — Linh hoat, ho trg truy xuét phtic tap, nhung luén tao copy.
o Dung 1:2 hoiic 1:2, : dé giit nguyén shape 2D khi cit 14t.

« Mask Boolean rat hitu ich dé loc dit liéu trong Machine Learning.

Toém tat nhanh

Indexing va Slicing 13 nhitng ky thuat cbt 161 dé truy xudt, thay doi va thao téc dit liéu
trong NumPy. C6 2 nhém chinh:

 Basic Slicing - Truy xuét co ban biang diu :, s6 nguyén don hoiic thém chiéu bing
np.newaxis.

« Advanced / Fancy Indexing — Truy xuit nang cao bing mang chi s6 (int-array)
hodac mask Boolean.

Quan trong:
« Basic Slicing thudng tra vé view (chung ving nhé v6i mang goc).

« Fancy Indexing luon tra vé copy.

3. Update

Update trong ndarray nghia la thay d6i gié tri tai mot vi tri cu thé. Do NumPy mang cé chi s6, ta
c6 thé cap nhat dé& dang bang cach truy cap ding chi muc va st dung phép gén truc tiép.
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import numpy as np

a = np.array ([
(1, 2, 31,
[4, 5, 611)

7 # assign new value
al1,2] = 9999

print (a)

Mot tinh ning tuyét voi cia NumPy 14 khi ning cap nhat gid tri c6 didu kién bang cach sit dung
Boolean Indexing . Boolean Indexing cho phép ban chon céc phan ti tit mot mang dua trén cic
diéu kién. D& thuc hién nhu vy, trude tién ban phai tao mét mang Boolean bang cich ap dung
diéu kién cho mot mang NumPy.

import numpy as np

a = np.array ([
(1, 2, 31,
(4, 5, 6]
iD)

# create boolean array
bool_arr = a < 5

print (bool_arr)

Nhu ban cé thé thay, ching ta c6 dude mot mang Boolean c¢é cling hinh dang v6i mang ban dau.
Sau dé, ban st dung mang Boolean nay dé lap chi muc cho mang gbc. Chi cic phan tit c¢6 mang
Boolean Truemdi duge chon.Theo cich nay, ban c¢6 thé loc cadc phan tit tit moét mang:

import numpy as np

s a = np.array ([

(1, 2, 31,
(4, 5, 6]
D
8 # create boolean array
bool_arr = a < 5
# index 'a' using boolean array

2 print(albool_arr])
Va tat nhién, ban cling c6 thé gan céc gid tri méi cho cac phan tit ¢6 diéu kién True. Hay cdp nhat
tat ca cac gid tri nhoé hon 5:

import numpy as np

a = np.array ([
[1, 2, 31,
[4, 5, 6]
iD)

# create boolean array
bool_arr = a < 5

# update values
a[bool_arr] = 9999
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print (a)

Tém gon lai, Thay vi thuc hién theo 2 budc, ching ta cé thé 1ap chi muc va ép dung dieu kién

cung lic:

import numpy as np

3 a = np.array ([
[1, 2, 3],
[4, 5, 6]
n

# conditionally update 'a'
ala < B] = 9999

print(a)

Mot cich khéc dé cadp nhat nhiéu phan tit trong mang NumPy la sit dung slicing. Vi du, § day

chiing ta cdp nhat toan bo hang dau tién bang cich cit lat:

import numpy as np

3 a = np.array ([
[1, 2, 31,
[4, 5, 6]
D

# update first row
al0,:] = [100, 200, 300]

print (a)
# [[100 200 300][4 5 6]1]

Ho#c cap nhap 2 hang dau tién va 2 cot dau tién:

import numpy as np

3 a = np.array ([
(1, 2, 31,
(4, 5, 6]
D

# update first 2 rows and first 2 cols
al:2,:2] = [[9999, 9999],[9999, 9999]]

print (a)

aivietnam.edu.vn

Luu ¥: Dam bao rang hinh dang ctia mang ban gan khép véi hinh dang cta 14t cit da chon, néu
khong, ban sé gdp 16i ValueError: could not broadcast input array from shape (...) into shape (...).
Ké&t luan: Thay ddi gia tri gitta hai gid tri cu thé trong mot mang Numpy 1a mét tac vu phd bién
trong qué trinh x I trude dit liéu. Bang cach stt dung chi muc Boolean, ban c¢6 thé thuc hién viéc
nay mot cach hiéu qua va theo cach dé hiéu. Hay nhé luén can than khi thay déi gia tri trong mot
mang, vi né cé thé thay déi dit liéu ciia ban theo nhitng cidch ma c6 thé khong dé nhan thiy ngay
lap tiec.
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4. Delete

Ham numpy.delete()trong Python 1a mot cong cu quan trong dé thao tdc mang. N6 cho phép ban
dé dang x6a cic phan t& khéi ndarray, dic biét hitu ich trong qué trinh xit ly dit liéu trude, khi
ban c6 thé can bd qua cic diém dit liéu hodic diéu chinh kich thuéc tap dit liéu dé tuong thich véi
phéan tich.

numpy.delete() v6i Mang mot chiéu

e X06a cac phan ti cu thé theo chi muc

| import numpy as np

2 array_1d = np.array([1l, 2, 3, 4, 5])
3 result = np.delete(array_1d, 2)

. print(result) #3

e Xba nhieu chi muc

1 array_md = np.array([O, 1, 2, 3, 4, 5, 6])
2 result = np.delete(array_md, [1, 3, 5])
3 print (result) #1,3,5

numpy.delete() v6i Mang da chiéu

e Xoa toan bd mot hang hoac moét cot

1 array_2d = np.array([[1, 2], [3, 4], [5, 611)
2 result_row = np.delete(array_2d, 1, axis=0)

3 result_column = np.delete(array_2d, 0, axis=1)
. print ("After deleting row:", result_row)

5 print ("After deleting column:", result_column)

Trong vi du nay, hang 1 va cdt 0 dudce x6a khoéi mang 2D array 2d. Ham nay stta doi cAu
tric mang theo truc duge chi dinh.

« Xba tuan tu tit nhiéu truc

1 array_3d = np.array([[[1, 2], [3, 411, [[5, 6], [7, 811, [[9, 10], [11, 12]11)

2 stepl = np.delete(array_3d, 0, axis=0) # Deletes the first block of 2D array

3 result = np.delete(stepl, 1, axis=1) # Deletes the second column from each 2D
block

. print (result)

Trong doan ma nay, viéc xdéa dién ra tuan tu trén cdc truc khac nhau trong moét mang 3D.
Ban dau, toan b6 mang con 2D dau tién bi x6a, sau do6 la cot thit hai cia mang con con lai.

Ham numpy.delete()trong Python c6 thé &nh hudng sau sic dén cach ban thao tac va xit Iy céc tap
dit liéu, dic biét 14 v6i cdc mang numpy. Bang cich lam theo céc vi du dude dé cip & trén, viéc
x6a mot ho#ic nhiéu phan ti, ciing nhu toan bd cdc hang hodc cot khdi cdc mang c6 nhiéu chiéu
khéc nhau tré thanh mot quy trinh hgp 1j. St dung cic chién luge nay dé nang cao khé ning xit
ly dit liéu cta ban trong cidc du 4n may tinh khoa hoc va hoc may, ddm bao cic tdp di liéu cla
ban dugc diéu chinh hoan héo theo yéu cau phan tich ctia ban.
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Phan 4: Array Transformations

Trong NumPy, thao tdc véi mang khong chi ditng lai § viéc truy xuét hay tinh todn — ma con bao
gdm ci viéc bién d6i hinh dang, két cAu va cdu tric dit lidu. Nhitmg bién déi nay dude goi
chung 13 Array Transformations, va chiing déng vai tro then chét trong:

o Tai dinh dang dit liéu (reshape),

« Néi, xép, 1dp mang (concatenate, stack, repeat, tile),
« Chuan hod dau vao cho mé hinh Deep Learning,

« Sép xép va loc dit liéu theo didu kién.

Luu y: Dic biét trong linh vie Tri tué Nhan tao (Al), viéc hiéu ré cach bién d6i mang la didu
kién tién quyét dé xdy dung pipeline hiéu qué, tranh 15i shape va t6i wu hiéu suat tinh toan.

Trong phan nay, chiing ta sé lan lugt kham pha cic thao tac bién déi méng quan trong trong
NumPy:

e Reshape: tai dinh hinh mang

o Flatten: lam phing toan bo di licu
« Transpose: hoin doi truc

e« Repeat, Tile, Stack, Concatenate

« Sorting & Aggregation: sap xép va thong ké

o Filtering bing mask logic

4.1. Reshape

4.1.1. Dat vin dé: Khi nao ta can reshape()?

Trong qué trinh lam viéc véi dit liéu (dac biét la d&nh, &m thanh, van bén...), ban sé khong tranh
khéi tinh hudng:

“Mdng dit liéu cé kich thudc khong giong nhu mé hinh yéu cau.”

Lic nay, ta can moét cong cu gitp bién ddi kich thudc mang ma van giit nguyén dit liéu
gbc. Do chinh 13 ham reshape() ctia NumPy.

Tai sao phai reshape?
Hay tudng tuong ching ta cé mot biic dnh trang den 28x28 pixel. May tinh sé luu né dudi dang

mdt mang 1 chiéu gom 784 phan tit. Nhung néu ta muén xit Iy né nhu mét bitc &nh 2D, thi phai
“gap lai” né vé dang 28 x 28. D6 chinh la reshape!

41



Al VIETNAM aivietnam.edu.vn

M6t vai tinh hubdng thudng gip

Bai toan Dang dit liéu ban dau | Can reshape thanh

Anh 1D [784] [28, 28]

Chudi 100 tur [100, 300] (embedding) | [1, 100, 300] (thém chiéu batch)
5 anh 28x28x1 | [5, 784] [5, 28, 28, 1]

Mot vai moé hinh AI yéu cau dit liéu nhu sau

o« CNN (Mang tich chap):
shape = (batch, height, width, channel)
= Dung cho xit 1y anh.

« RNN (Mang hbi tiép):
shape = (batch, time steps, features)
= Dung cho xtt Iy chudi thoi gian, van ban.

o Transformer (Mang attention):
shape = (batch, seq_len, embedding_dim)
= Dung cho NLP va cé thi gidc may tinh.
N6i tém lai, ching ta cé thé hiéu qua mét chit vé tac dung ctia reshape
« reshape() gitip bién déi hinh dang méang, rat hitu ich khi xt 1y dit liéu thuc té.

« N6 khéng lam thay déi noi dung, chi thay ddi cich ta “nhin” va “chia khéi” dit liéu.

4.1.2. Cu phap

~

N
reshape 13 mot ham duge st dung dé thay déi hinh dang ctia mot mang ma khong lam thay
d6i dit litu bén trong né. Kich thuéc mang méi dude chi dinh théng qua tham sb ctia ham
reshape

-

J

1 np.reshape (input, newshape)

1 arr.reshape (newshape, order='C')

Trong d6:
« input: 1a mang dau vao.

« newshape 13 hinh dang méi ta muén chuyén doi, la mot tuple thé hién kich thuéc méi (vi
du: (3, 4)).

e order: chon cach duyét bd nhé:
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— 'C' (mac dinh): doc theo hang (row-major),

— 'F': doc theo cOt (column-major).

Vi du:
Output
1 import numpy as np
9 a reshape:
3 a = np.arange (6) [[0 1 2]
4 a_reshaped = a.reshape((2, 3)) [3 4 5]]
5 print ('a reshape:\n', a_reshaped)

Minh hoa:

Vector: [0,1,2,3,4, 5]

reshape(2,3) |0 1 2
3 4 5

Giai thich: Mang ban dau cé shape (6,), sau khi reshape thanh (2, 3) thi:

« Dit liéu khong doi.

o C4ch chia khéi (2 hang, 3 cot) dude cap nhat lai.

Nguyén tic quan trong khi reshape

1.

SR SR

Téng sb phan t& phai giit nguyén:

np.arange (12) .reshape (3, 4) # 0K
np.arange (12) .reshape(2, 5) # ValueError!

Néu ching ta reshape sang kich thuéc khac s6 phan tit ban dau, NumPy sé bao 16i.

. Dung -1 dé tuy ddng suy ra chiéu con lai
Output
a = np.arange (12)
print (a.reshape (3, -1)) # - (3, 4) [4 5 6 7]
print (a.reshape (-1, 6)) # - (2, 6) [ 8 9 10 11]]
[fo 1 2 3 4 5]
[6 7 8 9 10 111]

Chi dugc dung mo6t -1 mébi 1an reshape — néu khong, NumPy sé khong biét chiéu nio
can suy luan.

Chi dugce ding moét -1 trong mdi lénh reshape (). Diing nhiéu hon sé gay 16i vi khong thé
x4c dinh chiéu nao can tinh.
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4.1.3. Kiéu C-like vs Fortran-like

Khi ta reshape hodc flatten mang nhiéu chiéu, NumPy can biét nén wu tién duyét dit liéu theo
chiéu ndo: hang truéc hay cét trude. Day duge goi la cach truy zudt bé nhd:

o C-like (row-major) — theo ngon ngit C.

o Fortran-like (column-major) — theo ngoén ngit Fortran.

Vi du:

Gid st ta c6 mot mang 1 chiéu gdm 8 phan tit:

| import numpy as np
numbers = np.array([1, 2, 3, 4, 5, 6, 7, 8])

N

o numbers.shape (8,)

o numbers.ndim 1 (1 chiéu)
Gid ta reshape n6 thanh mang (2, 4) theo hai cch truy xudt bd nhé:

C-style (row-major) — hang trudc

| numbers.reshape((2, 4), order='C')

C-1like index order

[o, o] [0, 1] [o, [0, 3]

B-B-B-

—B--d-a

(1, o] [1, 11 [2, 2] [1, 3]

Reshape theo order="C’
Giai thich:
e NumPy duyét dit liéu gbc tit trai sang phai.
o Modi dong (row) dugc lap day lan lugt:

— Dong 1: 1, 2, 3, 4
— Dong 2: 5,6, 7, 8

Fortran-style (column-major) — cdt trudc

| numbers.reshape ((2, 4), order='F')
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Fortran-like index order

(o, o1 [o, 11 [0, 2] [o, 3]

B ad B
(1, o] [1, 21 [, 2] [1, 3]
Reshape theo order="F’
Giai thich:
o NumPy duyét d liéu theo timg cdt (column).
o M&3i cot duge lap day tur trén xudng dudi:

- Cot1: 1,2
— Cot 2: 3,4
Cot 3: 5, 6
Cot 4: 7, 8

Anh huéng dén hiéu suét
Céch truy xuat bd nhé phit hop sé gitp:
o Tang tdc dd xit 1y dit liéu 16n, vi CPU truy cip ving nhé lién tuc hon.

« Tranh 16i shape ngam khi tuong tic v6i thu vién khac (nhu MATLAB dung kiéu Fortran).

4.1.4. Céc dang reshape phd bién

Khi méi hoc NumPy, chiing ta sé gip nhiéu tinh huéng can thay déi hinh dang méang (s6 chiéu, sb
phan ti trén mdi chicu). Dusi day 14 6 dang reshape() pho bién, dé nhé va hay dung nhat.

1. Flat — 2D (tao mang 2 chiéu tir 1 chiéu)

1 a.reshape(1l, -1)

Duing khi: Ta c6 1 day s6 (1 chiéu), mudén bién né thanh 1 hang 2 chiéu.

Output
a = np.arange (10)

a_2d = a.reshape(l, -1)
print (a_2d.shape)

(1, 10)

Mang (10,) da bién thanh (1, 10) — ttc 1a 1 hang, 10 cot.
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2. 2D — Flat (lam phing mang 2 chiéu)

1 a.reshape(-1)

Dung khi: Ta mubn dua mang 2D vé 1 chiéu.

Output
1 a = np.array([[1, 2], [3, 41]1)

> print (a.reshape(-1)) [1 2 3 4]

DPay 1a cach "nén” toan bé mang vé dang 1 day duy nhat.

3. Thém truc (t (n,) — (n, 1))

1 a.reshape(-1, 1)

Duing khi: Ta ¢6 mang 1 chiéu va muén bién né thanh nhiéu dong, 1 cot.

Output
1 a = np.array([1, 2, 3])
2 print (a.reshape(-1, 1)) L]
[2]
[31]

Dang nay hay ding khi can mang doc (vector cot).

4. Thém chiéu dau (tit (n,) — (1, n))

1 a[np.newaxis, :]
hoac:

1 a.reshape(l, -1)

Diing khi: Ta cé 1 day sb, muén bién thanh 1 hang trong mang 2D.

Output
1 a = np.arange (8)

2 b = alnp.newaxis, :]
3 print (b.shape)

1, 8

Céch nay giéng vi du 1, nhung dung thém np.newaxis.
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5. Bién anh tir 1D — 2D (giéng anh 28x28)

1 a.reshape (28, 28)

Dung khi: Mang c6 784 phan ti& (flatten), mudn dua vé ma tran 28x28.

1 a = np.random.rand(784)
2 img = a.reshape (28, 28)
3 print (img. shape)

Output
(28, 28)

Thudng gip khi hoc véi dit liéu anh tring den nhoé (MNIST).

6. Chia dit liéu theo sb dic trung (feature)

1 a.reshape(-1, feature\_dim)

Dung khi: Ta c¢6 1 day dai, mubn chia thanh nhiéu dong c6 sb cot bang feature_dim.

1 a = np.random.rand (1000)

2 x a.reshape (-1, 100)
3 print (x.shape)

Output
(10, 100)

Vi du trén: chia mang 1000 phan tit thanh 10 dong, mdi dong 100 phan tit.

Bang téng hgp cac dang reshape

Thém truc cot

Thém chiéu hang
Flatten anh

Chia theo cot cb dinh

a.reshape(-1,
a[np.newaxis,
a.reshape (28,

a.reshape(-1,

1)

1]
28)
100)

Tén goi Cu phap Y nghia
Flat — 2D a.reshape(1, -1) Bién mang 1 chiéu thanh 1 hang
2D — Flat a.reshape(-1) Lam phing toan bé mang

Bién vector thanh cot doc
Thém 1 chiéu & trén cling
Dua 4nh 784 phan ti vé ma tran 2D

Tu dong chia dong néu biét sb cot

« reshape() khong thay doi dit liéu, chi thay ddi céch to chitc mang.
o Dimng -1 dé NumPy tu tinh chiéu con lai.

« Ban nén in .shape sau mdi reshape dé kiém tra két qua.
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1.5. Ung dung trong Al

Trong thue té, dit liéu dau vao ctia mo6 hinh hoc sdu khong phai lic nio ciing c¢6 ding shape nhu
mo hinh yéu cau. Vi viy, viée st dung reshape () 1 diéu bit budc phai thanh thao khi lam
viéc v6i Al

Duéi day la cac iing dung thuong gap:

1. Chuin héa anh dau vao cho CNN (Convolutional Neural Network)
Ban c¢6 mot anh trang den kich thuée 28x28 pixels, nhung CNN yéu cau dau vao c6 dang:

(batch_size, height, width, channel)

import numpy as np

img = np.random.rand (28, 28) # anh trang den
img_batch = img.reshape(1l, 28, 28, 1) # 1 anh, 1 channel
print (img_batch.shape)

Shape ban dau: (28, 28)
= Sau reshape: (1, 28, 28, 1)
DAy la diéu kién bat budc khi dua anh vao CNN nhu LeNet, VGG, ResNet...

2. Pinh dang chudi embedding cho NLP

Trong NLP, mdi tit thuong duge ma hod thanh mot vector (embedding). Vi du: ban ¢6 100 tit, moi
tur 1a vector 300 chiéu, tao thanh ma trdn 100 x 300.
Tuy nhién, model yéu cau dau vao c6 shape:

(batch_size, sequence_length, embedding_dim)

embedding = np.random.rand (100, 300) # 100 tu, moi tu 300 chieu
input_tensor = embedding.reshape(l, 100, 300)
3 print (input_tensor.shape)

Sau reshape: (1, 100, 300)
Ap dung cho mé6 hinh nhu LSTM, GRU, Transformer...

3. Ty dong chia batch tir vector 16n

Ban c6 5000 gi4 tri dau vao, mdi mau c¢6 100 dic trung (feature). Khong can biét sé6 mau, chi can:

[

features = np.random.rand(5000)
input_batch = features.reshape(-1, 100)
print (input_batch.shape)

= Két qua: (50, 100) nghia 13 50 mau, mdi mau 100 dic trung.
Céch nay thuong dung trong bude tién xit 1y dit liéu trude khi duwa vao model.

4. D liéu thoi gian — reshape cho RNN

Vi du: ban ¢6 chudi dit liéu cAm bién gom 60 thdi diém, mdi thsi diém cé 6 dic trung. Pau vao
RNN can dang:

(batch_size, time_steps, features)
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signal = np.random.rand(60 * 6) # du lieu phang
ron_input = signal.reshape(l, 60, 6) # batch = 1

Ap dung trong bai todn: du dodn chudi thoi gian, nhan dang chit viét tay, phan tich Am thanh...

Tém lai
Tinh hubng Trudéc reshape Sau reshape
Anh trang den (28, 28) (1, 28, 28, 1)
Chudi 100 ttr (300-dim) (100, 300) (1, 100, 300)
5000 gid tri — batch (5000,) (50, 100)
Chudi thoi gian 60x6 (360,) (1, 60, 6)

4.2. Flatten — Lam phing méang nhiéu chiéu thanh 1 chiéu
4.2.1. Tai sao can flatten?

Trong nhiéu bai todn, dic biét 14 AI, hoc sau, ta sé can:
« Bién mang nhidu chi¢u (2D, 3D) thanh méng 1 chiéu (vector).
e Vi nhiéu ham ho#ic mé hinh chi chdp nhin mang 1 chiéu lam dau vao.

Viéc ndy goi la flatten — lam phing mang.

Vi du:
Output

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

[4’ 5, 6]]) @ S [1: 2) 3: 43 57 6]

3 print('a =', a)
Mang 2D (2 x 3)
1 2 3
flatten()
4 5 6 E— 1 2 3 4 g 6

Mang 1D (6,)

Hinh 1: Minh hoa qua trinh flatten mang 2D thanh méang 1D
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4.2.2. Cach lam phang méang (flatten)

NumPy c6 2 céch chinh dé

flatten:

Cach dung

Y nghia

a.flatten()
a.ravel()

Luon trd ve mang méi, tach biét hoan toan véi goc.
Tra vé view néu c6 thé (nhanh hon, chia sé b nhé).

import numpy as np

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

[ N

~

0

[3, 411)

print('a flatten:', a.fl

Output

a flatten: [1 2 3 4]
a ravel: [1 2 3 4]

atten())

print('a ravel:', a.ravel())

Két qua gidng nhau, nhung bén trong hoat dong khac nhau.

4.2.3. flatten() c6 anh hudng mang gbc khong?

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

[3, 411)
b = a.flatten()
b[0] = 999
print("a:\n", a) # a kh
print("b:", b) # b th

Output

a:

[[1 2]

[3 411

b: [999 2 3 4]

ong doi
ay doi

Vi flatten() tao ban sao = mang a khong bi thay ddi.

4.2.4. ravel () thi sao?

a = np.array([[1, 2],
(3, 411

b = a.ravel()

b[0] = 999

print("a:\n", a) # a bi
print("b:", b)

Output

[[999 2]
[ 3 4]]
b: [999 2 3 4]

thay doi

Vi ravel () tra vé view (chung ving nhé) nén thay déi b ciing lam thay doi a.

4.2.5. Duyét theo hang hay theo c6t?

ta c6 thé chon cich NumPy “doc” dit liéu:
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Kiéu doc Dung gi Y nghia
Theo hang (C-style) | order='C' | Duyét ting hang truéc (mac dinh).
Theo cot (F-style) order='F' | Duyét tiing cot trude (it dung hon).
Vi du:
a = np.array([[1, 2],

[3, 411D

LS N I

print(a.flatten(order='C'))
print(a.flatten(order='F'))

# [1 2 3 4]
# [1 3 2 4]

4.2.6. Khi nao dung flatten trong AI?

Flatten thuong duge dung truée khi dua dit liéu vao Dense Layer trong mang hoc sdu (CNN):

« Anh diu vao: (28, 28, 1)

e Sau khi qua Conv2D — (7, 7, 64)

o Can flatten: (7 x 7 x 64 = 3136,)

1 x = np.random.rand (7, 7, 64)

2 x_flat = x.flatten()

3 print (x_flat.shape) # (3136,)

4.3. Transpose — Hoan vi truc mang

4.3.1. Bat van dé

Khi xtt 1y dit liéu nhidu chiéu, ta s& can hodn vi céc truc (axes) dé dua mang vé ding hinh dang

mo hinh yéu cau.
Vi du:

e Dt liéu dnh trong Deep Learning thuong & dang (N, H, W, C):

— N — s6 lugng anh (batch size)

— H - chiéu cao &nh

— W — chiéu rong anh

— C — s6 kénh mau (channels)

e Nhung PyTorch yéu cau dinh dang: (N, C, H, W)

= Ltc nay, ta can dung transpose dé doi thit tu truc.

4.3.2. Ca phap

1 np.transpose(a, axes)

o a la mang nhieu chieu (tensor).

o axes la mot tuple (hoac list) chita tht tu méi ctia céc truc.
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Néu la mang 2 chiéu: Ta c6 thé dung cd phap ngin gon hon 1a a.T — tuong tu chuyén vi
trong toan hoc:

Output
1 a = np.array([[1, 2, 3],
> [4, 5, 611D = L8
. [[1 4]
+ print('a.T: \n', a.T) (2 5]
[3 611
1 4
Ma tréan géc (2x3)
1 2 3 2 5
transpose()
4 3 6 —_— 3 6

Chuyén vi (3x2)

Minh hoa qué trinh transpose (chuyén vi) mot ma tran 2D

Néu la mang nhiéu chiéu (> 3D): Khi mudn hoén ddi nhiéu truc, hay liét ké thtt tu méi theo
¥ minh:

I a = np.random.rand (10, 28, 28, 3) # (N, H, W, C)

3 # Doi ve (N, C, H, W)
| a_transposed = np.transpose(a, (0, 3, 1, 2))

Giai thich: Mang ban dau cé 4 truc:
(O-+N, 1-+H, 2-+W, 3-0)

Sau transpose, truc C (3) duge dua 1én vi tri thit 2 = dinh dang méi: (N, C, H, W)

4.4. Repeat, Tile, Concatenate, Stack
Khi lam viéc v6i dit liéu nhiéu chiéu (tensor), doi lic ta can:
« Nhéan ban phan ti& hodc cid mang — dé tao dit liéu huén luyén, broadcasting.

e Ghép nhiéu mang lai - két hop dit liéu tit nhiéu ngudn, ghép batch, v.v.

4.4.1. np.repeat() vs np.tile()

Ham Muc dich Kiéu lip
repeat | Lap ting phan tit theo mot chiéu element-wise
tile Lap toan bé6 mang theo pattern block-wise

52



Al VIETNAM aivietnam.edu.vn

1 np.repeat(a, repeats, axis=None)
2 np.tile(a, reps)

Trong do:
e a— Mang gbc (np.array) can dugc lip lai.
e repeats — S6 lan lip:

— Néu la mét int, thi tdt cd phan tit déu dudc lap clung s6 lan.

— Néu 1a mot mang (list), c6 thé chi dinh s6 lan lip khac nhau cho timg phan tit (4p dung
theo truc).

e axis — Truc dé thuc hién lip:

— Néu None (mic dinh), mang sé dugc lam phéng trudc roi méi lip.

— Néu xéc dinh 16 truc (axis=0, axis=1,...), thi lip theo chic¢u cu thé (vi du: hang hoic
cot).

Vi du minh hoa:

Output
1 a = np.array([1, 2, 3])
2 print(‘a repeat: ', np.repeat(a, 2)) a repeat: Ll 22 el
a tile: [1 2 3 1 2 3]

3 print('a tile:', np.tile(a, 2))

Giai thich:
e repeat: mdi phan tit duge nhan ban riéng 1é.

e tile: nhan ban toan bo méang theo mau.

data repeat_axis 0

repeat axis 1

Hinh 2: Minh hoa repeat theo ting chiéu ctia mot Array
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4.4.2. Stack va Concatenate

NumPy cung cip nhiéu cich dé ghép cic mang lai véi nhau:

Ham

M5 ta

np.concatenate
np.stack
np.hstack

np.vstack

Ghép theo chiéu da cé

Ghép va tao thém chiéu méi

Ghép ngang (horizontal), tuong duong axis=1
Ghép doc (vertical), tuong duong axis=0

np.concatenate() — Ghép theo chiéu cé sin

a = np.array([[1, 2], [3,
b = np.array([[5, 61]1)

print ('Concatenate:\n', np.concatenate([a

, bl, axis=0))

OQutput
417 ’

Concatenate:
[[1 2]
[3 4]
[5 6]]

np.stack() — Ghép va thém chiéu méi

a
b

np.array ([1, 2, 3])
np.array([4, 5, 6])

print ('Batch stack:\n', np.stack([a, b],

axis=0))

print ('Column stack:\n', np.stack([a, Db],

axis=1))

Output

Batch stack:
[[1 2 3]
[4 5 6]]
Column stack:
[[1 4]
[2 5]
[3 6]]

o concatenate khong tao chiéu mdi, can cdc mang cing shape & chiéu khong ghép.

« stack tao thém chiéu méi, phu hgp khi gom mang thanh batch.

4.4.3. vstack, hstack

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

Output

vstack:

b = np.array([3, 41)
P (01 2]
print ('vstack:\n', np.vstack([a, bl)) (3 411
print ('hstack:\n', np.hstack([a, b]l)) hstack:
[1 2 3 4]

Tinh hudng Ham nén dung
Ghép mang cling shape theo 1 chiéu concatenate
Ghép méng va thém truc méi stack
Ghép mang 1D /2D don gian vstack, hstack
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4.5. Sorting — Sip xép dit liéu trong NumPy

Trong xit 1y di liéu va hoc may (machine learning), sip xép (sorting) la mot thao tac cuc ky
phé bién. Vi du:

« Sip xép diém s6 trude khi tinh median / percentile.
+ Loc ra top-k phan ti¥ quan trong nhét trong qué trinh chon diic trung (feature selection).

+ Sap xép tensor dau ra theo x4c suit gidm dan dé tinh accuracy / top-k accuracy.

NumPy cung cap cong cu sap xép manh meé, toi uu cho cd mang 1 chiéu lan nhiéu chieu.

4.5.1. Ci phap co ban
NumPy hd trg 2 cich sip xép chinh:

o Tra vé mot ban sao da dugc sip xép.
o Khong lam thay d6i mang gbc.

o Cu phap: np.sort(a, axis=-1, kind='quicksort')

Vi du:

import numpy as np

a = np.array([3, 1, 4, 2])
b = np.sort(a)

print("a:", a) # [3 1 4 2]
print("b:", b) # [1 2 3 4]

EN o NG B O U O

a.sort() — Sip xép in-place

« Sip xép truc tiép trén mang gbc (in-place).
« Khéng tao ra ban sao (tiét kiém bo nhé hon).
e (1 phép: a.sort(axis=-1, kind='quicksort')

Vi du:

I a = np.array([3, 1, 4, 2])
2 a.sort ()
3 print(a) # [1 2 3 4]

np.sort(a) phu hop khi ban can giit nguyén mang gbc.
a.sort () dimg khi mudn tiét kiém bd nhé va khong can giit lai mang ban dau.
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4.5.2. Tham sb quan trong

Khi sap xép v6i np.sort() hodc a.sort(), NumPy cho phép diéu chinh hanh vi sip xép qua 4

tham s6 quan trong:

e axis — Chon chiéu sap xéep

— axis=-1 (mic dinh): sip xép theo timg hang (chidu cubi cliing).

— axis=0: sip xép theo ting cot (trén mdi cot riéng 1&).

— axis=None: sip xép toan bo mang sau khi dudc flatten.

e kind — Thuét toan sip xép

— 'quicksort' — mic dinh, nhanh nhat trong hau hét trudng hop.
Khong on dinh: céc phan tit bang nhau c6 thé bi déi chd.

— 'mergesort' — on dinh (stable sort), phit hgp khi can giit nguyén thit tu tuong dbi ciia

cac phan t@ bang nhau.

— 'heapsort' — st dung it bo nhé hon, nhung téc do cham nhét.

— 'stable' — alias ctia thut toan 6n dinh (thudng la mergesort), tit NumPy 1.15.

+ order — Chi ding cho structured array, cho phép sip xép theo tén trusng cu thé (field
name). Vi du: order=['age', 'height'].

+ sorter — Mang chi s6 (index array) dugc ding dé sip xép nhanh hon néu da c6 sin thit tu

mot phan (advanced use).

Vi du 1: Sip xép theo cot thay vi theo hang

import numpy as np

3 a = np.array ([[3, 1, 41,

(2, 5, 011)

print (np.sort(a, axis=0))
print (np.sort(a, axis=1))
print (np.sort(a, axis=None))

Vi du 2: So sanh cac kind

a = np.array([3, 2, 3, 11)

print(np.sort(a, kind='quicksort'))
print (np.sort(a, kind='mergesort'))
print (np.sort(a, kind='heapsort'))
print(np.sort(a, kind='stable'))

Output
[[2 1 0]
[3 5 411
[[1 3 4]
[0 2 511
[0 1 23 4 5]
Output
[1 2 3 3]
[1 2 3 3]
[1 2 3 3]
[1 2 3 3]
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Vi du 3: Sp xép theo trudng (order) trong structured array

Output
person = np.array([(25, 180), (20, 175),
(25, 17001, \ [(20, 175) (25, 170) (25, 180)]
dtype=[('age', int), ('height', int)])

print (np.sort(person, order=['age', '
height']))

 quicksort: nhanh nhit — ding mac dinh khi khéng yéu cau thit tu 6n dinh.

« mergesort hodc stable: diing khi can sip xép 6n dinh (ML hay dung khi sip xép theo
nhiéu tiéu chi).

 heapsort: chi hitu ich trong moi trudng han ché bo nhd.

4.5.3. Sip xép giam dan

NumPy khéng hé trg truc tiép tham sd reverse=True nhu list.sort (). Tuy nhién, ta c6 thé ddo
nguge két qua sau khi sip xép bang slicing hodc diing np.argsort() dé lay chi s6 theo thit tu
giam dan.

Cach 1: Dung slicing

Output
import num as n
P Py P [4 3 2 1]
3 a = np.array([3, 1, 4, 2])
sorted_desc = np.sort(a)[::-1]
5 print (sorted_desc)
Céch 2: Sip xép giam dan theo cot /hang trong mang 2D
Output
a = np.array([[3, 1, 4],
(2, 5, 011 (fa 3 1]
[5 2 011

# Sap xep giam dan tung hang
desc_rows = np.sort(a, axis=1)[:, ::-1] [[3 5 4]
print (desc_rows) [2 1 0]]

# Sap xep giam dan tung cot

desc_cols = np.sort(a, axis=0)[::-1, :]
print (desc_cols)

o7



V)

Al VIETNAM aivietnam.edu.vn

Céch 3: Diing np.argsort() (liy chi sd, linh hoat hon)

Output
a = np.array([3, 1, 4, 2])
[4 3 2 1]

# Lay chi so giam dan
idx_desc = np.argsort(a) [::-1]
print (idx_desc)

# Lay gia tri giam dan theo chi so
print (alidx_desc])

4.5.4. Ung dung trong Machine Learning

Sép xép 13 mot thao tac cuc ky quan trong trong hoc may (Machine Learning) va xit 1y dit liéu.
Duéi day 1a nhitng tng dung phd bién:

1. Top-k selection — Chon ra k phan tit 16n nhéat

[ Vi du: Chon top-2 xéc suit cao nhat trong mang xic sudt dau ra ctia mo6 hinh. ]

Output

probs np.array([0.1, 0.9, 0.4, 0.7])

top_k probs [np.argsort (probs)
[::-11[:211

print (top_k)

[0.9 0.7]

2. Chuén bij dit liéu théng ké — Tinh median hoic percentile

Output
data = np.array([7, 1, 5, 3])

sorted_data = np.sort(data) Median: 4.0

75th Percentile: 6.0

median = np.median(sorted_data)

percentile_75 = np.percentile(sorted_data
2 75)

print ("Median:", median)

print ("75th Percentile:", percentile_75)

3. Feature Selection — Lya chon dic trung quan trong nhét

Vi du: Chon 3 dic trung cé trong s 16n nhat tit mo6 hinh hoc may.
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Output
feature_importances = np.array([0.05,
0.12, 0.7, 0.3, 0.021) Top-3 indices: [2 3 1]
top3_idx = np.argsort(feature_importances 10p-3 importances: (0.7 0.3 0.12]
d[::-11[:3]
print ("Top-3 indices:", top3_idx)

print ("Top-3 importances:",
feature_importances [top3_idx])

4. Post-processing — Sp xép két qua dy doan theo thit ty gidm dan

——

[ Vi du: Sip xép nhan du doén (class labels) theo x4c suat gidm dan.

Output
labels = np.array(["cat", "dog", \
"phird" "fiSh"]) [Id.ogl 'fish' 'cat' 'bird‘]

probs = np.array([0.1, 0.7, 0.05, 0.15])

sorted_idx = np.argsort(probs) [::-1]
print (labels [sorted_idx])

4.5.5. Vi sao khéng c6 reverse=True nhu trong list.sort()?

e list.sort() dugc thiét ké cho cAu triic dit liéu 1D don gian (danh sich Python),
noi déo ngudc chi can dao lai thit ty cic phan tir.

e Vidu: [1,3,2].sort(reverse=True) — chi don gidn lat ngugc két qua.

1. NumPy huéng dén xtt Iy méng da chiéu

o NumPy phai lam viéc véi ndarray (méang nhiéu chiéu), khong chi 1D nhu list.
« Khi sip xép mang 2D hosc 3D, cau héi “reverse theo truc nao?” rat phic tap:
— Theo hang (axis=1) hay c0t (axis=0)?
— Néu 3D thi sao?

Thay vi thém mot tham sb reverse=True giy nhap nhing, NumPy chon cach
tach bach:

« Dung np.sort(a, axis=.) dé sip xép,

o Dung slicing [::-1] dé ddo nguoc theo § mudn.
2. Tu duy thiét ké "tach riéng nhiém vu”

« NumPy theo triét Iy ”mdi ham lam mét viéc duy nhét” (single-responsibility):
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— np.sort() — chi dé sdp xép tiang dan.
— Mudn ddo ngude — dung indexing/slicing, khong nhoéi nhét vao sort ().

Vay mudn dio ngudc thi lam sao?

« Budc 1: Dung np.sort() dé sip xép ting dan theo truc mong mubn (vi mic dinh
NumPy chi sip xép tang dan).

« Buédc 2: Dung slicing ([::-1]) dé ddo ngugc:
— [::-1, :]1 — déo ngugc theo hang (dong).
— [:, ::-1] — ddo ngudc theo cot.

— Vi mang 3D trd 1én, cé thé ddo ngude theo ting truc tiy chinh: array[::-1,
:, :] hodc array[:, ::-1, :].

Output
import num as n
? Py =S wP [[3 1 2]
a = np.array([[3,1,2], (o 7 8l]
[9,7,811)
[[9 7 8]
# 1) Sap xep tang dan theo cot (axis=0) (3 1 2]]
sorted_a = np.sort(a, axis=0)
print (sorted_a) ([3 2 1]
[9 8 7]]
# 2) Dao nguoc theo hang (giam dan theo
desc_a_row = sorted_al::-1, :] (6 711
print (desc_a_row) o 1]
[2 3111
# 3) Dao nguoc theo cot (giam dan theo
tung hang)
desc_a_col = np.sort(a, axis=1)[:, ::-1]
print (desc_a_col)
# 4) Voi 3D: dao nguoc theo truc dau tien
b = np.arange (8) .reshape(2,2,2)
piedtnis (D[[ga=l, g, 8)
Giai thich:
e [::-1] 1A thao tic cit ngudc (reverse slicing): start:end:step v6i step = -1.

o sorted_al::-1, :] — déo thi tu cdc hang (dong), gitt nguyén cot.

e [:, ::-1] — dédo tha tu cac cit, gitt nguyén hang.
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So sanh nhanh

Python list NumPy
Chi 1D — reverse=True rat tién | Ho trg da chiéu — tach bach sort & reverse
Thiét ké cho thao tdc nhd Thiét ké cho tinh todn khoa hoc, téi wu tdc do

Minh hoa vi sao NumPy phai tach sort va reverse

Tai sao NumPy tach sort() va reverse()
T

o
5 Original

Sorted Ascending
Sorted Descending

Gia tri

|d>lc 0 |d)‘< 1 |d>lc 2 |d)‘< 3 |d>lc 4
Giai thich:

« Co6t mau dau tién (Original): Mang ban dau.

« Cot giita (Sorted Ascending): Mang da dugc sap xép tiang dan.

« Cot cudi (Sorted Descending): Mudn cé thit ti gidm dan thi phai reverse sau khi sort,
chtt khong chi 1& mot tham sé nhu trong Python list.

Ly do: NumPy dugc thiét ké cho hiéu niang cao. Him np.sort() dugdc téi wu dé trad vé thit tu
tang dan nhanh nhat c6 thé, con [::-1] (reverse) chi la mot view (khong tén thém b nhd, chi
thay doi stride).

Tach riéng 2 budc giup:

1. Gitt dugc tinh nhit quan & dé tbi wu hoéa: cic kernel sort chi can tép trung vao ting
dan.

2. Tan dung view: Reverse chi 13 ddo stride, gan nhu O(1), khéng can sort lai.

3. Linh hoat: Ban c6 thé sort mot 1an roi reverse nhiéu lan ma khong phai sdp xép lai.

4.5.6. Tong két

Ham In-place Tra ban sao Da chiéu Ghi chi

a.sort() v v Thay déi mang gbc
np.sort(a) v v Tra vé ban sao da sip xép
[::-1] v v Déo nguge thit tu sau sort
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4.6. Aggregation: sum, mean, max, min, argmax, argmin

Trong xtt 1j dit liéu va hoc méy (machine learning), tong hgp dit liéu (aggregation) la thao tac
quan trong dé rat gon thong tin tit cic mang s6 liéu 16mn.

Vi du ng dung:
o sum - Tinh téng x4c suit hodc téng gia tri pixel.
« mean — Tinh trung binh diém sb, gid tri trung binh dic trung (feature average).
e max/min — Tim gid tri 16n nhat/nhd nhit, thudng dung trong feature scaling.
o argmax/argmin — Tim vi trf clia gid tri 16n nhat/nhé nhét, cuc ky phé bién trong dy doan

nhan 16p (classification).

4.6.1. Téng quan ct phap
Tat cd cdc ham aggregation trong NumPy déu c6 cii phap tuong tu:
np.function(a, axis=None, keepdims=False)
e a: Mang dau vao (ndarray).
e axis:

— None (méc dinh): tinh trén toan bo mang sau khi flatten.

— S6 nguyén: tinh theo tiing truc (0 = theo cot, 1 = theo hang).
e keepdims:

— False (m#c dinh): gidm b6t s chiéu sau khi gop.

— True: giit nguyén sd chiéu bang céch chén chiéu cé kich thudce 1.

4.6.2. sum — Tinh téng

Y nghia: Tinh tdng tdt c& phan ti theo truc hodc toan bo mang.

Output
import numpy as np 01
a = np.array([[1, 2, 3], Lo v
(4, 5, 611 [ 6 15]

print (np.sum(a)) # Tong toan bo
print (np.sum(a, axis=0)) # Tong theo

cot
print (np.sum(a, axis=1)) # Tong theo

hang
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4.6.3. mean — Gia tri trung binh

Y nghia: Tinh trung binh cong. Trong ML, mean thudng ding dé chuin héa dit liéu hodc tinh
average pooling.

Output
print (np.mean(a)) # Trung binh
toan bo 3.5
print (np.mean(a, axis=0)) # Trung binh [2.5 3.5 4.5]
theo cot (2.0 5.0]
print (np.mean(a, axis=1)) # Trung binh
theo hang

4.6.4. max, min — Gi4 tri 16n nhit va nhé nhat

Y nghia: Tim gi4 tri 16n nhat/nho nhit theo truc. Ung dung trong feature scaling (chuin héa
dtw liéu theo min-max).

Output
print (np.max(a)) # Lon nhat
toan bo 6
print (np.max(a, axis=0)) # Lon nhat [4 5 6]
theo cot [1 4]
print (np.min(a, axis=1)) # Nho nhat
theo hang

4.6.5. argmax, argmin — Vi tri gia tri 16n nhit/nhé nhéat

Y nghia: Tra vé chi s6 (index) ctia gi tri 16n nhat/nhoé nhat. Cice ky phd bién trong ML: argmax
duge dung dé chon 16p du dodn cé xéc suit cao nhét.

Output
probs = np.array([[0.1, 0.7, 0.2],
[0.8, 0.05, 0.151]) -
[1 o]
print (np.argmax (probs)) # Chi o1 1]

so lon nhat toan bo (flatten)
print (np.argmax (probs, axis=1)) # Lon
nhat theo hang (du doan tung mau)
print (np.argmin (probs, axis=0)) # Nho
nhat theo cot

4.6.6. Ung dung trong Machine Learning

Trong Machine Learning, cidc phép aggregation dudc dung & hau hét cic bude: tit xtt 1y dit liéu
dau vao, tinh todn théng ké dic trung, dén danh gid moé hinh. Dudi day 1a hai vi du tiéu biéu:

1. Tinh Accuracy nhanh véi argmax
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Muc dich: Trong cic bai toan phan loai (classification), md hinh thudng tra vé xac suat dy
doén cho titng 16p. Dé tinh d6 chinh x4c (accuracy), ta can:

1. Chon 16p cé xé4c suit cao nhat cho titng mau = ding np.argmax(..., axis=1).
2. So sanh nhan dy dodn (pred) v6i nhan that (true).

3. Tinh ty 16 s6 mau du dodn ding trén tong s6 mau = diing np.mean(pred == true).

Output
B Predicted: [1 2 0]

Accuracy: 1.0

pred_probs = np.array([[0.1, 0.8, 0.1],

[0.2, 0.3, 0.5],

6 [0.6, 0.1, 0.311)
7 true_labels = np.array([1, 2, 0])

1
3 # Xac suat du doan cua 3 mau (3 class)
|

9 # 1) Chon lop co xac suat cao nhat moi

mau

10 pred_labels = np.argmax(pred_probs, axis
=1)

11 print ("Predicted:", pred_labels)

13 # 2) Tinh do chinh xac (so mau dung /
tong so mau)

14 accuracy = np.mean(pred_labels ==
true_labels)
15 print ("Accuracy:", accuracy)

Giai thich:

e np.argmax(..., axis=1): tim vi tr{ c6 xéc suit 16n nhat trén ting hang (tuong ting titng
mau).

o pred_labels == true_labels: trd vé mang [True, True, True] (so sanh titng phan ti).
o np.mean(...): trung binh cta céc gid tri True/False (True = 1, False = 0) = chinh la ty

16 diing.

2. Chuan héa Min-Max (Feature Scaling)

-

Muc dich: Chuan héa diic trung (feature) vé khoang [0,1] gitip:
o Tang t6c hoi tu clia cdc md hinh hoc mdy (dic biét 1a Gradient Descent).
o Tranh viéc cic dic trung cé gid tri 16n 1an at cac dic trung nho.

Cong thic:

X — Xmin

X' = =2~ “min
Xmax - Xmin
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Output

data = np.array([2, 5, 10, 7])
[o. 0.375 1. 0.625]

# (x - min) / (max - min)
scaled = (data - np.min(data)) / (np.max(

data) - np.min(data))
print (scaled)

Giai thich:
e np.min(data) = 2, np.max(data) = 10.

o MBoi gi4 tri dugc co gian tuyén tinh vé khodng [0,1]: 2 — 0.0, 5 — 0.375, 10 — 1.0, 7 — 0.625.

4.6.7. Tong két

Ham Gia tri | Chi sé | Ung dung

sum v X Tinh téng xéc suit, tong pixel anh.

mean v X Tinh trung binh dic trung, chuan
héa di liéu (pooling).

max / min v X Feature scaling, tim gid tri bién cta
dir liéu.

argmax / argmin X v Du dodn nhan (chon 16p c¢é xéc
suit cao nhat), chon top-k dic trung
quan trong.

4.7. Filtering bing mask

Filtering (loc dut liéu) 1a thao tdc quan trong trong xit ly dit liéu va hoc méy. Thay vi phai duyét
thti cong ting phan tit, NumPy cho phép loc nhanh biang mask Boolean.

Mask Boolean la gi?
o Mask = Mang True/False c6 cung kich thuéc v6i mang goc.
o Khi 4p dung lén mang, NumPy chi giit lai nhitng phan ti tai vi tri c6 True.

e Viduy:mask = a > 5 = Chi giit cAc phan tit 16n hon 5.

Cu phép co ban

e Tao mask: mask = a (todn t¢ so sdnh) giad_tri Vi du: mask = a > 5, mask =
(a == 0), mask = (a != 3)

o Loc dit liéu bing mask: filtered = a[mask]

e Quy téc: Mask phai ¢ cling kich thude véi mang gbe. Chi cAc phan tit tai vi tri True
dugc gitt lai.




Al VIETNAM

aivietnam.edu.vn

4.7.1. Tao mask cd ban

Output

import numpy as np
Mask: [False True False

a = np.array([3, 7, 1, 9, 5]) Filtered: [7 9]

# Tao mask lon hon 5
mask = a > b
print ("Mask:", mask)

# Loc du lieu theo mask

filtered = almask]
print ("Filtered:", filtered)

Giai thich:

True False]

e a > 5ty dong trd vé mang Boolean ciing kich thuéc: [False, True, False, True, False].

« a[mask] loc ra cdc phan tit tai vi tr{ True.

4.7.2. Két hop nhiéu diéu kién

Mask cé thé két hop bang céic todn tit logic:
e & — AND (va): ca hai diéu kién phai ding.
e | — OR (hoic): chi can mét diéu kién ding.

e ~—NOT (pht dinh): ddo ngugc mask.

Output

## Lay cac phan tu lon hon 3 va nho hon 8

mask_and = (a > 3) & (a < 8) (7 5]

print (almask_and]) [1 9]

[3 1 5]
# Lay cac phan tu nho hon 2 hoac lon hon
7
mask_or = (a < 2) | (a > 7)

print (a[mask_or])
# Lay cac phan tu khong lon hon 5

mask_not = ~(a > 5)
print (a[mask_not])

4.7.3. Filtering trén mang 2D

Mask ciing hoat dong tot trén mang nhiéu chiéu.

66




B - N B S O

Al VIETNAM aivietnam.edu.vn

Output
b = np.array([[3, 8, 1],
(7, 2, 911) ——

[[False True False]
# Loc phan tu chan FFalse True False]]
mask_even = (b % 2 == 0) Filtered: [8 2]
print ("Mask:\n", mask_even)
print ("Filtered:", b[mask_even])
4.7.4. Ung dung trong Machine Learning
1. Loc dit liéu ngoai lai (Outlier Filtering)
( A

Muc dich: Trong thuc té, dit liéu thudng c6 nhitng gid tri bat thuong (outlier) léch xa so véi
céc diém dit liéu con lai. Nhitng gia tri nay c6 thé:

o Gay nhiéu cho m6 hinh hoc may.
« Kéo trung binh léch khoi gid tri thuec té.

Y nghia: Loai bé outlier gitip lam sach di liéu (data cleaning) truée khi hudn luyén mé hinh.
Cich tiép can phd bién: Loc cic diém ndm ngoai khoing mean #+ k X std, trong do:

Gitt lai néu: (u — ko) < x < (u+ ko)
Vaéi:
o 1 = mean(data): Gid tri trung binh.
« o = std(data): D9 léch chuan.

e k: Hé s6, thudng chon 2 hodc 3 tily muic dd nghiém ngst.

- J

Cu phap chung:

Cu phép loc outlier

mean = np.mean(data)
std = np.std(data)

mask = (data > mean - k*std) & (data < mean + k*std)
filtered = data[mask]

[ B N I
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Vi du minh hoa:

Output

Original: [ 10 12 9 200 11

data = np.array([10, 12, 9, 200, 11, 8])  Mean: 41.666666666666664 | Std:
71.00892894685608

Filtered: [10 12 9 11 8]

import numpy as np

mean = np.mean(data)
std = np.std(data)

# Loc cac diem nam trong khoang mean + 2%
std

mask = (data > mean - 2xstd) & (data <
mean + 2*std)

clean_data = datal[mask]

print ("Original:", data)
print("Mean:", mean, "| Std:", std)
print ("Filtered:", clean_data)

Giai thich:
o 1~ 41.67, 0 ~ 71.01. Khoang giti lai = [ — 20, pu+ 20| &~ [—100.35, 183.68|.
« Phan tit 200 vudt ngoai khodng nay = bi loai bé.

o+ Céc diém con lai (10, 12, 9, 11, 8) dudc giit vi ndm trong khodng an toan.

2. Lya chon méu theo diéu kién nhan (Label-based Filtering)

r

vai) nhan cu thé.
Vi du thyc té:

o Chi liy anh meo tir tap dit litu dong vat (nhan meéo = 1).

 Loc ra cdc bénh nhan c6 két qua duong tinh (label = positive).

&

Muc dich: Trong céc bai toan hoc may, dit liéu thudng duge gdn nhan (label) dé mo ta loai
déi tugng (class). Khi xit 1y dit liéu, déi khi ta chi muén trich xuat cic mau thuoéc mot (hodc

Ct phap chung:

Cu phép loc theo nhan

1 mask = (labels == desired_label)
2> filtered_samples = data[mask]
Trong dé:

e labels: mang nhan ciia dit liéu (cting s6 lugng vé6i data).
o desired_label: nhin can chon (vi du: 1 = meo, 0 = chd).

o mask: mang Boolean danh dau cdc mau ¢ nhan mong muodn.
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Vi du minh hoa:

Output
import numpy as np
Mask: [ True False True False]

# Tap du lieu anh va nhan tuong ung Cat images: ['imgl' 'img3']

images = np.array(["imgl", "img2", "img3"
, "img4d"])

labels = np.array([1, O, 1, 0]) # 1 =
meo, O = cho

# Loc chi lay anh meo

mask_cats = (labels == 1)
cat_images = images[mask_cats]
print ("Mask:", mask_cats)

print ("Cat images:", cat_images)

Giai thich:
e labels == 1 tao mask: [True, False, True, False].
 images[mask] chi giit cAc phan tit tai vi tri True, tuong ting cdc dnh c6 nhan = 1.

o Két qua: chi con lai 2 &nh meo imgl va img3.

M& rong: Cé thé két hgp nhicu diéu kién, vi du:
e Chi chon meo va c6 kich thuée 16n: (labels == 1) & (sizes > 200).

e Chon meo hoac ché: (labels == 1) | (labels == 0).

4.7.5. Két hop Filtering v&i Sorting va Aggregation

Muc dich: Trong thuec té, thao tac loc (filtering) thuong chi 14 bude dau. Dit liéu sau khi dugc
loc tiép tuc can:

« Tinh toan théng ké — vi du tinh trung binh (mean), téng (sum) trén dit liéu hop 1é.

o Sip xép — vi du sdp xép diém sb gidm dan sau khi loai bd céc gié tri khong hop lé.
Y nghia: Két hop mask véi sorting va aggregation gitp:

e Lam sach dit liéu truge khi tinh toan.

o Tiét kieém thoi gian xtt 1y (chi tinh toan trén dit liéu can thiét).

. J

Cua phap chung:
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Cu phap

1 # 1) Loc du lieu hop le
2 valid = datal[mask]

3
4 # 2) Tinh toan hoac sap xep

5 result_aggregation = np.mean(valid) # hoac np.sum(valid)
6 result_sorted = np.sort(valid) [::-1] # sap xep giam dan

Vi du minh hoa:

Output
import numpy as np
v Valid scores: [ 50 90 100]

scores = np.array([10, 50, 30, 90, 100, Mean of valid scores: 80.0
151) Sorted desc: [100 90 50]

# 1) Loc diem >30
valid = scores[scores > 30]

# 2) Tinh trung binh diem hop le
mean_valid = np.mean(valid)

# 3) Sap xep giam dan diem hop 1le
sorted_desc = np.sort(valid) [::-1]

print("Valid scores:", valid)
print ("Mean of valid scores:", mean_valid

)

; print("Sorted desc:", sorted_desc)

Giai thich:
« mask = scores > 30 loc ra cic diém hop 1é: [50, 90, 100].
« np.mean(valid) tinh trung binh cdc diém hop 1& = 80.0.

e np.sort(valid)[::-1] sip xép gidm dan sau khi loc.

M6 rong: Cé thé két hgp nhiéu thao tac hon:
 Loc diém hgp 16 — Tinh top-k tong xac suit (sum(sorted_desc[:k])).

o Loai bo outlier — Sap xép dit liéu sach roi tinh median hoiic percentile.
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4.7.6. Tong két

Ky thuat Y nghia / Ung dung

Mask co ban Loc dit liéu theo diéu kién don gidn (a >
5).

Két hgp mask Loc phitc tap bang & (AND), | (OR), ~
(NOT).

Mask 2D /3D Loc dit liéu trén mang nhiéu chiéu.

ML: Outlier filtering Loai bo diém dit liéu bat thusng (mean +
k*std).

ML: Chon mau theo nhan Loc tap dit liéu theo nhan cu thé (vi du
chi 1dy meo).

K&t hop sort & aggregation | Loc trude roéi méi sip xép hoiic tinh toidn
thong keé.

4.8. Tong két — Array Transformations

Array Transformations la nhém thao tac cbt 16i trong NumPy, cho phép:

« Thay d6i hinh dang (Reshape): Chuyén déi cau tric mang ma khong lam thay ddi
di liéu.

« Thay d6i truc (Transpose): Ddi vi trf cdc truc (columns <+ rows).

e Nhan ban va ghép mang (Repeat & Concatenation): Tao mang l6n hon tit cac
méang nho.

o Té6m tit dix liéu (Aggregation): Tinh toan théng ké nhu tong, trung binh, gid tri
16n nhat/nhd nhat.

« Sip xép (Sorting): T6 chiic lai dit liéu theo thit tu ting hodc gidm dan.

e Loc dir ligu (Filtering): Loai bé hodc chon céc phan tit dua trén diéu kién (mask
Boolean).

Bang so sanh nhanh cac nhém thao tac
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mang.

Nhoém Chitc nang chinh Ham/Phuong thitc quan
trong
Reshape Thay d6i hinh dang mang ma | reshape, flatten, ravel
khong déi dit licu.
Transpose Déi truc mang (hang cot). .T, np.transpose
Repeat & Concatenation | Lip, ghép hoiic xép chdng cic | repeat, tile, concatenate,

hstack, vstack

Sorting Sap xép tang dan hodc gidm | np.sort, argsort, slicing [::-
dan theo truc. 1]

Aggregation Tém tét dit liéu bang théng | sum, mean, max/min,
ké. argmax/argmin

Filtering Loc theo diéu kién logic. Mask Boolean: a[mask], két hop

&a |7~

Y nghia trong Machine Learning

« Reshape & Transpose: Chuan bi dit liéu dau vao (chuyén déi tensor, batch processing).

o Repeat/Concatenate: Tao batch dit liéu 16n hoac ghép céc feature maps.

« Sorting: Chon top-k x4c suit cao nhat, sip xép dic trung quan trong.

« Aggregation: Tinh accuracy, tinh trung binh/percentile dé ddnh gi4 mo hinh.

« Filtering: Loai bd outlier, chon mau thudc nhan cu thé dé huin luyén hosc kiém thi.

Viéc thanh thao cic thao téc bién ddi mang gitp tdng téc xit ly dit liéu va t6i wu héa quy
trinh hoc may. Hau hét cac budc tien xtt Iy (data preprocessing) déu dua vao cac ky thuat
nay.
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Phan 5: View vs Copy — Hiéu dtng dé tranh bug

Giéi thicu

Trong NumPy, ching ta cé thé dé dang viét vai dong code tudng vo hai ma vo tinh pha nét di liéu
gbc, dan dén 16i rat khé debug. Ly do? Ban nghi minh dang lam viéc trén mot ban sao, nhung
héa ra lai 1a mot “cai nhin” (view) t6i mang goc.

Hiéu view va copy khoéng chi gitp ta tranh dude bug rinh rap, ma con t6i wu héa hiéu suit va
tranh cap phat bo nhé khong can thiét.

5.1. View la gi?

View 13 mot ddi tugng ndarray khong cAp phat vimg nhd méi, ma chi trd (reference) t6i ving
nhé gbe. Moi thao tac thay ddi gid tri trén view déu &nh hudng t6i dit liéu ban dau.

0 téng b6 nhd:
o MGdi ndarray gom:

— data: con tro t6i vung nhé chita dur liéu.

— shape, dtype, strides: md td cach truy cip data.
e Khi tao view:

— data gi®t nguyén.
— shape, strides c6 thé khéc (vi du: reshape, slicing).

— Khoéng copy bat ky bit dit liéu nao.

5.2. Copy la gi?

Copy la mét mang mdi, c6 ving nhé riéng doc 1lap. Moi thay doi trén ban copy khéng anh
huéng dén mang gbc.

0 tang bo nho:
« Cép phéat ving nhé méi cho data.
« Copy titng phan tit tit mang gdc sang.

« data la dia chi khic hoan toan so v6i mang ban dau.
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)
ndarray

shape
dtype
strides

View

shape
dtype

strides

o ) T
Data Original New
Co
data |1 2 3 45 @ py: 12345
e L, N

So sanh gitta View (trai) va Copy (phai) trong NumPy. View dung chung ving nhé véi mang
gbc théng qua ciing con trd data, trong khi Copy tao ving nhé méi va doc 1ap.

5.3. Khi nao tao ra View? Khi nao tao ra Copy?

Trong NumPy, nhiéu thao tac tudng chitng don gian lai tao ra view, con nhitng thao tac khac lai
am tham tao ra copy. Viéc hiéu r6 diéu nay gitp tranh bug va kiém soat bd nhé hiéu qua hon.

Cach truy cap

View/Copy

Giai thich chi tiét

al[1:5] (slicing)

View

all1, 2, 3]] (fancy indexing) Copy

ala > 0] (boolean masking)

a.T (transpose)

a.reshape(...)

Copy

View

View (néu dugc)

Tao ra view vi chi thay ddi cach truy cép thong
qua strides, khéng tao ving nhé méi. Rat hiéu
qué nhung dé giy bug néu vo tinh thay doi dit
liéu gbe.

Fancy indexing budc phai tao ra mot mang méi
chita dit liéu duge sao chép tir cidc vi tri chi dinh
— 1& copy. Tén b6 nhé hon nhung an toan.

Ciing 1a mét dang fancy indexing: chon cic phan
tlt theo diéu kién logic — NumPy khéng thé dua
vao strides, nén phai tao copy.

Transpose chi thay ddi tht tu truy cdp chiéu —
thay ddi strides, giit nguyén data — 13 view.
Nhung v6i mang khong lién tuc trong bo nhd, cé
thé sé bi copy ngam khi tinh toan.

Néu memory layout con phit hgp (lién tuc va
ding strides) thi trd ve view. Néu khong,
NumPy s& ngam tao copy — can dung
np.shares_memory() dé kiém tra.

a.copyQ Copy Ep budc tao ban sao doc 1ap hoan toan khéi dit
liéu gée. Rat hitu ich khi can chinh stta ma khéong
lam anh hudng array gbc.
Ghi chu:
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o Néu khong chic view hay copy, hiy dung: np.shares_memory(a, b) dé kiém tra xem hai

array c¢6 dung chung viung nhd hay khong.

e Npgoai ra, ta ciing cé thé dung: b.base is a
Tré vé True néu b la view cla a.

5.4. Mot sd vi du minh hoa

1. Slicing — View

import numpy as np

3 a = np.array([1, 2, 3, 4, 5])

8

1

b = a[1:4]
b[0] = 999

7 print('a:', a)
print('b:', b)

Phan tich: b 1a view — dung chung data vdi a.

2. Fancy Indexing — Copy

a = np.array([1, 2, 3, 4, 51)
b = all1, 2, 3]]

b[0] = 999
print('a:', a)
print('b:', b)

Giai thich: b séng doc lap, khong anh hudng a vi 1a copy.

a: [ 1 999 8
b: [999 3 4]
a: [1 2 3 4 5]

b: [999 3 4]

Output
4 5]

Output

[ Khi mudn lam viéc déc 1ap v6i mang gbc, hay ding .copy Q).

5.5. Kiém tra bing np.shares_memory ()

Trong NumPy, viéc mdt mang 1a view hay copy khong phai lic nao ciing dé& phan biét chi bang
mét thudng. Mot cach hiéu quéi va dang tin cdy dé kiém tra la ding ham np.shares_memory ().

Cu phap:
np.shares_memory(x, y)

Ham nay sé tra ve:

¢ True néu x va y diing chung bo nhé (cé ving de nhau).

e False néu x va y 1a hai mang doc lap (copy).

Vi du minh hoa:
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import numpy as np

3 a = np.arange (10)

al[2:5] # slicing -+ view
all[2, 3, 411 # fancy indexing -+ copy

C

print (np.shares_memory(a, b)) # True + b is view
print (np.shares_memory(a, c)) # False =+ c is copy

Phan tich:

e b = a[2:5] laslicing — chi thay ddi cdch truy cdp, khong cAp phat méi — np.shares_memory (a,
b) trd vé True.

e c = al[2, 3, 411 dung fancy indexing — NumPy budc phai cip phat ving nhé méi —
np.shares_memory(a, c) trd vé False.

Luu y:
 np.shares_memory() rat hitu ich dé kiém tra trong cic thao tac phtic tap nhu reshape(),
transpose (), slicing nhiéu tang, hodc céc tinh hudng chiing ta nghi ngd bi aliasing bo nhd.
o Két qua phu thudc vao viéc hai mang c6 ving bd nhé bi chong nhau hay khong (khong nhat

thiét phai 1a cling toan bo).

Ngoai 1&: Néu chiing ta chi mubn biét mot mang cé phai 1 view ctia mdt mang cu thé khong (thay
vi kiém tra bd nhé chung), ta cé thé dung:

b.base is a

— Tra vé True néu b 1a view dudgc tao tit a.

5.6. Fancy Indexing — Ké thii tham ling

Fancy indexing (chi muc héa nang cao) 1a ky thuat truy cap phan ti ciia mang bang mét danh
séch (array) chi s6 — thay vi mot 1at cit (slice). Tuy nhién, day ciling 1a ngudn gbc ciia rat nhiéu
bug 4m tham trong NumPy, bdi né tao ra mét ban sao (copy) thay vi view nhu slicing.

Vi du:

Output

a: [10 20 30 40 50] KHONG ddi!
a = np.array([10, 20, 30, 40, 50]) b: [999 30]

b all1, 2]1] # Fancy indexing =+ COPY

b[0] = 999

import numpy as np

print('a:', a)
print('b:', b)

Giai thich:
« Dongb = al[[1, 2]] sit dung fancy indexing (chi dinh index bang méang).

o Két qua: NumPy budc phai tao mang méi (copy) chiia cic gid tri tai chi s6 1 va 2.
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« Vi vay, b séng doc 14p hoan toan v6i a thay ddi bl KHONG lam thay ddi al.

« Néu ta nham tudng day la view, ta sé roi vao nhitng bug cyc ky khé debug trong
cac doan x@t ly dix liéu 16n.

Cach phat hién: Ching ta c6 thé kiém tra bang cach dung:

np.shares_memory(a, b) # False copy

Fancy indexing luén tra vé copy. Vi viy, hay:

« Chi dung khi that su can ban sao doc lap.
o Tranh nham lan véi slicing (view).

e Ludn dung np.shares_memory() hodc .base is ... khi can chac chan.

5.7. View dé tiét kiém bd nhd

Trong thuc té, cic mang dit lieu NumPy c6 thé rat 16n — dic biét trong céc bai toan xit 1y anh,
Al dit liéu tin hiéu, hofic mo6 phéng khoa hoc. Viéc tao view thay vi copy gitip tiét kiém mét Iugng
16n bo nhé RAM va tang hiéu ning ding ké.

Vi du:

import numpy as np

3 a = np.random.rand (10000, 10000) # ~800MB if dtype=float64

b

al:, :100] # View on top 100 columns

Phan tich:
« Bién a la mdt mang 100 triéu s6 thuc 64-bit — khodng 800MB bo nhd.
e Khitaob = al:, :100], day la mot view:

— Khong ¢6 dit lieu nao dugce sao chép.

— b chi thay ddi shape va strides dé nhin vao 100 c6t dau ciia a.
« Két qua: bo nhé khong tang, tdc do xit 1y cao, va rat tiét kiém tai nguyén.
Lgi ich ctia view trong bai toan 16n:
o Tiét kiém RAM: Khong can nhan doi dit liéu khi chi can thao tdc mot phan nho.
« Hiéu ning cao: Truy cip nhanh, khong ton thoi gian copy dit liéu.
o Than thién cache CPU: Truy cip dit liéu tuyén tinh, trdnh cache miss.
Cin trong khi diung:
o Moi thay d6i trén view sé lam thay déi mang goc.

« Néu mang gbc bi xéa (hodc bi thay déi), view c6 thé tré nén khong hop 1.
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« Khi can thao téc doc lap, luén ding .copy () dé tranh bug khéng 16 rang.

« Trong cic hé théng xit Iy anh/video (OpenCV, PyTorch), view thudng dudc tan dung dé
tang toc dang ké.

« Véi méng 16n, viéc 16 tao copy c6 thé lam tang RAM tit vai tram MB lén hang GB  dé
crash néu khong kiém soét.

5.8. Benchmark: View vs Copy trong thuc té

Dé danh gia hiéu suat khi lam viéc v6i mang 16n trong NumPy, ta thuc hién benchmark véi mot
méang c6 kich thuéc a.shape = (10000, 10000), sau d6 lip lai thao tic slicing 1000 1an theo hai
cach:

e View: a[:, :100] — tao view (khéng sao chép dit liéu)
e Copy: al:, :100].copy() — tao ban sao doc lap (copy toan b slice)

Sau méi thao téc, ta do thoi gian thuc thi (tinh bang gidy) v mitc tiéu thu bd nhé (tinh bang
MB). Két qua nhu sau:

e View: mat 0.00073s, tang thém chi 0.0001 MB RAM

« Copy: mat t6i 3.61s, ting dén 6866.48 MB RAM
Biéu db log-scale duéi diy cho thiy chénh léch ré rét vé hiéu suét giita View va Copy:

So sanh hiéu suét: View vs Copy (1000 Ian slicing)

4] 6566.48
107y o View

1 == Copy
10 4

102 5
10! 3

107 5

Gia tri (log scale)

1071 5

1072 3

10-3 4 0.00073

1 0.00010
1074 3

Time (s) Memory (MB)

78



Al VIETNAM aivietnam.edu.vn

Nhan xét:
« View nhanh hon gan 5000 1an va tiét kiém gan nhu toan bd bo nhé.
« Copy tiéu tén tai nguyén khiing khiép khi xtt 1y lugng 16n slice.

« Néu ban v6 tinh ding fancy indexing hay quén dung .copy() ding ltc, hé thong ctia ban
c6 thé bi nghén tai nguyén hoac chay cuc ky cham.

Khi lam viéc v6i dit liéu 16n (hinh anh, tin hiéu, mang s6 liéu,...), hiy wu tién View
dé tranh nhan d6i dit liéu. Chi st dung Copy khi thuc su can thao tac doc lap va
c6 kiém soét.

Tém lai, chung ta coé:

Trudng hgp View | Copy | Ghi cha

Slicing v Khi muén doc 1ap — .copy()
Fancy indexing v Luén tao ban sao

Reshape v (tuy) | C6 thé | Phu thudc layout

Transpose v Khong can copy

.copy ) v Ep tao ban sao
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Phan 6: Vectorization & Broadcasting

6.1. Broadcasting

Thuat ngit broadcasting md ta cich NumPy xit 1y cdc mang c6 hinh dang khac nhau trong cac
phép todn s6 hoc. Dudi mot s6 dieu kién nhat dinh, mang nho hon sé dude “broadcast” qua mang
16n hon dé ching c6 hinh dang tuong thich. Broadcasting cung cap mot phuong thitc dé vector héa
cic phép todn trén mang, giip ban "bét viét vong 1ap” hon, tit déa téi wu code va gidm bét bug.

Trong truong hop don gian nhat, hai mang phai cé ciing kich thudc dé thuc hién phép toan véi céc
phan tit clia mang:

import numpy as np

2.0, 3.01)
b = np.array([2.0, 2.0, 2.0])
result = a * b

Broadcasting ciing cho phép tinh toan tiing phan ti gitta cdc mang va céc gid tri vo huéng( Gidi
thich kij ¢ phan quy tic phia sau). Céc gia tri vo hudng duge tir dong ma rong dé phit hgp véi kich
thuée ctia mang. Vi du:

import numpy as np

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

a *x b

# output [2 4 6]

data result

0 1

s « [ 2 ] = [ETe

0 1

"""""""" Under the hood ---------------

EERFIE |
o+ + - EIE
|

Quy tic broadcasting téng quat

Trude khi bat dau, mot dinh nghia quan trong ma ching ta can phai biét dé 1a thit hang(rank) ctia
méng trong numpy. Thit hang(rank) 1a tdng s6 chi¢u ma mét mang Numpy cé, vi du: b.shape() ld
(1,6) c6 rank 1a 2, b.shape() la (3,4,3) c6 rank 1a 3.

Dé xéc dinh hai mang nao phit hgp cho cac phép toan, NumPy so sanh hinh dang ciia hai méang
theo ting chiéu bat dau tit cic chidu sau ctia mang theo huéng tién vé phia trude. (tir phai
sang trai):
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« Néu hai chiéu c6 ciing kich thuée, thi ching tuong thich.
o Mot trong hai chidu cé kich thuée bang 1, chiing ciing tuong thich.

o Néu ca hai chiéu khong bang nhau va khong cé chiéu nao bang 1 thi NumPy sé bdo 16i va
dung lai.

Midng cé thit hang bang nhau

Vé6i 2 mang c6 thit hang bing nhau, ching ta thuc hién xét tit phai qua trai va thuc hién so sénh
cac chiéu ctia chiing. 0 phla bén trai, Numpy so sdnh s chiéu tit phai qua trai clia 2 mang va thay
rang ching théa méan quy tic 1 va 2 => arrl va arr2 tuong thich, va c¢6 thé thu’c hién tinh toan. 0
phia bén phai, Numpy ciing thuc hién so sanh tuong tu, nhung phat hién ra rang da vi pham quy
tac s6 3 => arrl va arr2 khong tuong thich, khi thuc hién phép toan sé cho ra 16i ValueError.

Compatible Incompatible
Shapes Shapes
Using Rule 2 > Using Rule 3
\ /

arrl.shape() 3 4 1 2 arrl.shape() 3 5 1 2
amzshaped 3 4| 6 |2 amshope) 3 | 4 |16 2
v V| VY X|v
From right to left From right to left

e Quy téc 1

import numpy as np

=

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

| [4, 5, 611) # shape (2, 3)
5 b = np.array([[10, 20, 30],

6 [40, 50, 60]]) # shape (2, 3)
8 result = a + b

9 print (result)

e Quy tic 2

I a = np.array([[1, 2, 3],
: [4, 5, 6]11) # shape (2, 3)
np.array ([[10],

[20]11) # shape (2, 1)

2
3 b
1

6 result = a + b
7 print (result)

Quy tac 3
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[V
]

np.array([[1, 2, 3],

2 [4, 5, 611D # shape (2, 3)
3 b = np.array([[10, 20],

4 [30, 40]11) # shape (2, 2)
6 result = a + b #ValueError

Mang khdc thd hang

Céc mang c6 thit hang khong bang nhau ciing c¢6 thé duge van hanh theo mot sé diéu kién nhat
dinh. Mot 1an nita, Numpy ap dung quy tic di chuyén tit phai sang trai va so sanh hai mang.
Broadcasting chi x4y ra néu va chi néu timg chiéu tuong tng théa man mot trong hai diéu kién
sau:

o Hai kich thuéc bang nhau, hoiic
« Mot trong hai chiéu cé kich thuéc bang 1
Néu bat ki chiéu nao khéng thoa, toan bd phép toan sé 15i.

Diéu ndy cling tuong tu nhu viéc so sénh mang c6 thit hang bang nhau, chi khac & chd Numpy tu
thém chiéu 1 vao dau mang c6 shape ngan hon.
Hay xem xét céc vi du sau:

3 4 6 2 341 2 3 4 6 2
4 6 2 8 2 3 4 6
From right to left From right to left From right to left

Trong hinh a4nh dau tién, mang dau tién cé tht hang 4, trong khi mang tht 2 c¢6 thit hang 3. Dé
so sanh hai mang nhu vy, Numpy sé thém céc chiéu c6 kich thude 1 vao mang cé shape ngian hon
dé thuc hién tinh todn. Khi d6, né dugc hiéu nhu thé nay : 0 ting chiéu dugc so sanh tir phai qua
trai, ca hinh 1 va hinh 2, céc chiéu déu théa man mot trong hai diéu kién trén. Tuy nhién, déi véi
hinh 3, céc chidu déu khéng théa man, sinh ra 16i. (Luu ¥ rang toi sit dung chit ddm dé thém vio
vi day chi 14 cdch dé hinh dung NumPy dang lam gi. Vé mit ndi bo, khong c6 thém Vao)

X

3 4 6 2 341 2 34 6 2
l1 4 62 1 1 82 1 3 4 6
From right to left From right to left From right to left

Luu 9: Qué trinh nay khéng sinh ra mang méi day da trong RAM — NumPy chi trd vé mot
view “40” tré dén dit liéu gbc, gitt hiéu ning cao.

Gid thi chic hian ban da hiéu r6 vi sao numpy c6 thé thuc hién tinh todn gitta mang va scalar mot
cach mugt ma nhu vy roi ding khong?
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import numpy as np

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

a *x b

# output [2 4 6]

Mot sb vi du thuc té

Thém mau vao mdt hinh dnh

gia st ban ¢6 mot bitc 4&nh mau véi 3 kénh (R,G,B). Ban mudn véi mdi pixel ting gia tri mau do
lén 10, mau xanh 14 cAy 1én 5 va mau xanh lam 1én 15. Diéu nay c¢6 thé dé& dang thuc hién bang
broadcasting.

Nhu da biét, mot hinh 4nh mau duge bi¢u dién dudi dang ma tran (H,W, C) néu ching ta doc
chiing bang opencv.

import numpy as np

import cv2

img = cv2.imread("imagel. jpeg")
print (img. shape)
#output -> (768,1024,3)

Tiép theo, ching ta sé lan lugt thém cdc mau vao cdc kénh mau tuéng iing
add_color = np.array([10, 5, 15], dtype=np.uint8)
result = img + add_color

Hinh dung cdc vong lap nhu mot mdng
Gia sit ta c6 hai mang [1,2,3] va [4,5]. Ta mudén lay téng clia tich moi phan tit ciia 2 mang. Néu
khong biét vé broadcast, ching ta nghi ngay dén vong lap ding khéng nao?

import numpy as np

arrl = np.array([1,2,3])
arr?2 np.array ([4,5])

sum = 0
for i in arri:
for j in arr2:
sum += ix*j
print (sum)

Ciing khong khé 1dm ding khong? Nhung day 14 mot vong lip 1ong nhau va thit nghi xem, néu
kich thugc ctia cdc mang nay trd 1én qua 16n thi thoi gian duyét vong lap ciing tang 1én. D6 1a khi
broadcast phat huy tac dung.

import numpy as np

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

arr2 = np.array([4,5])
result = arrl*arr2
sum = np.sum(result)

print (sum)
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6.2. Vectorization

Vectorization 1a ky thudt “thao tdc” toan bo mang clng lic thay vi lip qua ting phan ti bang
vong lap Python
Thay vi viét:

import numpy as np
def myfunc(a, b):
"Return a-b if a>b, otherwise return a+b"
if a > b:
return a - b
else:
return a + b

a_list = [1, 2, 3, 4]
b_value = 2

result = []
for a in a_list:
result.append(myfunc(a, b_value))

result = np.array(result)
print(result) # [3 4 1 2]

ban dung ngay:

import numpy as np
def myfunc(a, b):
"Return a-b if a>b, otherwise return a+b"
if a > b:
return a - b
else:
return a + b
vfunc = np.vectorize (myfunc)
vfunc ([1, 2, 3, 4], 2)
print (vfunc) # [3,4,1,2]

Luu 4j: Ham np.vectorize() chiit yéu dude cung cap dé tién sit dung, chtt khong nham muc dich
tang hiéu suat. Vé ban chat, viéc thuc thi van 13 mot vong lip for
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Phan 7: AI Applications

1. OpenCV va NumPy
Trong cic tng dung Tri tué nhan tao (AI), dac biét la Thi gidc mday tinh (Computer
Vision), viéc xit 1y va bién d6i anh 1a budc tien dé cuc ky quan trong.

NumPy déng vai tro 1a cong cu xit 1y dit liéu nén tang, gitip thao tdc nhanh chéng trén ma tran
anh (von chi 1a cdc mang s6). Trong khi d6, OpenCV 13 thu vién chuyén dung, hé trg doc, Iuu,
hién thi v& thuc hién cac thao tac x Iy anh & mic dd cao hon.

Phan nay sé trinh bay cich két hgp NumPy va OpenCV thong qua cic thao téc co ban:

« Hiéu cach biéu dién anh dusi dang ma tran (mtic xAm va anh mau).

« Doc, luu, va kiém tra théng tin anh bang OpenCV.

+ Chuyén ddi gifta cac khong gian mau dé hién thi chinh x4c trén cic thu vién nhu Matplotlib.
Péy chinh la budc khdi dav quan trong dé tién tdi cdc bai todn AI phic tap hon nhu nhin dién

khuén mdat, phan loai dnh, hodc phdt hién doi tugng.

1.1. Anh mitc xaAm (Grayscale)

o Anh mtic x4m 1a loai 4nh chi chtta 1 kénh (channel) duy nhat, mo t4 do sang
(intensity) ctia ting diém anh (pixel).

o MB>i pixel duge biéu dién bang mot gia tri sé nguyén trong khoang 0 — 255:

— 0 — Den hoan toan (cudng do sdng thap nhat).
— 255 — Tring hoan toan (cudng d6 sdng cao nhat).
— Gi4 tri trung gian (vi du 128) — To6ng xadm v6i mic dd sdng tuong ing.

o MSAt ngudi cdm nhan cidc mic do séng khac nhau nén anh grayscale phit hop cho nhiéu
tac vu thi gidc may tinh.

« Dit liéu &nh dugc luu duéi dang ma tran 2 chiéu (NumPy array):

Kich thudc (shape) = (Chiéu cao (Height), Chiéu rong (Width))

« MBJdi phan tit trong ma tran = 1 gid tri pixel (0-255).

Do phan giai (Resolution) = Téng s6 pixel = Height x Width.

Thuong dung trong:

— Xt Iy 4nh co ban (loc, lam md, phét hién bién).
— Tién x1t Iy trong nhan dang khuon mat, OCR, thi gidc may tinh.
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Minh hoa tryc quan:
« M&i diém anh (pixel) trong anh grayscale tuong tng v4i mot gid tri p = scalar.

o Vi du: Mot viing nho clia 4nh mat ngudi ¢6 ma tran gia tri pixel nhu sau:

<" 238194 14

~

188 | 98 98 | 84 096 01 101
237 | 206 | 188 195 (207|213 |163 | 123 116 | 128
218 183 18@ 205|224 234|188 122 134 147

198 | 189 201|227 (229|232 | 200|125 127 | 135

249|241 237 244 (232 226 | 202|116 125 126

Height

251|254 241 239 (230|217 (196|182 103 | 99

“
b
: v*“ 243|255 240 231|227 214|283 116 95 | 91
: 204 231 208 200 207 201|200 121 95 95
144|140 120 115(125 127|143 /118 92 91
.
Width

".' 121|121 188 109|122 121|134 106 B6 | 97

Resolution: #pixels

Pixel p = scalar ! : )
Resolution = HeightxWidth

0<p< 255

Giai thich:
« Hinh bén trai: Anh gbc miic xam.
e Gitra: Phéong to mot ving anh, méi 6 vudng dai dién mot pixel.

« Bén phai: Ma tran s6 thé hién gid tri cudng d6 sang cta timg pixel.

1.2. Anh mau (Color Image)

o Anh mau thuong duge biéu dién theo khdng gian mau RGB, 1a cich phd bién nhét
trong xtt Iy 4nh s6:
— R (Red) = Kénh mau do.
— G (Green) = Kénh mau xanh luc.
— B (Blue) = Kénh mau xanh lam.
o Mbi diém anh (pixel) duge mé ta bang moét bo ba gid tri (R, G, B), mdi gid tri nam
trong khoang 0 — 255:
— 0 — cuong d6 mau thap nhét (tit kénh mau do6).
— 255 — cudng d6 mau cao nhét.

— Su két hop ba kénh nay tao nén moi mau sic hién thi trén anh.
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« Dit liéu 4nh duge luu dudi dang ma tran 3 chiéu:

Kich thuéc (shape) = (Chiéu cao (Height), Chiéu rong (Width), 3)

« Moi kénh R, G, B thuc chat 1a mot Anh mitc xam riéng, mod ti cudng do mau tuong
ing.

« Do phan giai (Resolution) = Tong s6 diém anh = Height x Width.

Vi du minh hoa:

« CéAu triic RGB: Mot s6 vi du vé gia tri (R, G, B) v mau tuong tng:

R | G | B | Mau sfic va giai thich
0 0 0 | Pen (Black): Cé ba kénh déu tat hoan toan — khong cé anh sing, nén ta
thay mau den.

255 | 255 | 0 | Vang (Yellow): Kénh D6 va Xanh luc sdng t6i da, kénh Xanh lam tat — su
pha tron gitta P6 + Xanh luc tao ra mau vang.

128 | 128 | 128 | Xam (Grey): Ba kénh sdng déu & mtic trung binh — anh sing can bang, tao
tong xdm trung tinh.

86 | 180 | 233 | Xanh da trdi (Sky Blue): Kénh Xanh lam sang manh nhat, kénh Xanh luc
sang vita phai, kénh Dé yéu — cho ra mau xanh nhat giéng bau troi.

\ R G B Color

255 | 255 0 Yellow
i 128 | 128 | 128
86 | 180 | 233

- ~
’ Y
4 \
i

Bang chuyén déi gia tri RGB sang mau sic tuong tmg

« Anh mau thong thudng: Mot &nh mau ¢6 thé duge tdch thanh ba kénh R, G, B nhu hinh
minh hoa:
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Kerh R (Red) Kerh G (Green)

b) Anh kénh R ¢) Anh kénh G d) Anh kénh B

Giai thich:

« Bén trai (a): Anh mau RGB gbc.
o Bén phai (b, c, d): Ba kénh riéng biét:

— Kénh R (b) — ving sdng thé hién noi cé cudng do mau do cao.
— Kénh G (c) — ving sang thé hién noi c6 cudng do6 mau xanh luc cao.

— Kénh B (d) — viing séng thé hién ndi c6 cudng do mau xanh lam cao.

Cau triac ma tran cia anh RGB

233(188(137| 96 | 90 | 95 |63 | 73 | 73 | 82

237 202 159 120 105 11| 88 107|112 121 109

4 226 191|147 110 101 112 98 123 11¢|119 142 131
221 191|176 182 203 214 169 144 133|145 155 122
185 160 161|184 205 223 186 137 147|161 140 115
181 174 | 189|207 | 206 | 215|194 136 142151133 ®7
246 237 237|231 208206 192 122 143|144 111 74
254 254|241 224 199192 181 99 122|117 107 | 74
239 248 232|207 187|182 | 184 | 118|114 |110| 113 74
193 215 193|167 158 | 164|181 | 114|112 111|105 | 82
L ) 113 119|110/ 111113 123|135 120 108 106 113
(Height. Widﬂl, channel) 93 97 | 91 103 107|111 122 112 104|114

Giai thich:
« M&i diém anh (r,g,b) dugc luu & ba 16p (layer) tuong tmg.

o Dit liéu thuc chit 1a mot khéi 3D: (Height, Width, Channel).
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1.3. Poc anh bing thu vién OpenCV

e OpenCV (Open Source Computer Vision Library) 13 thu vién ma nguén mdé manh
mé, ho trg xit Iy dnh va thi gidc mdy tinh.

e Trong OpenCV, ham cv2.imread() dugc dung dé doc anh tit tép, vdi ché dd doc anh
(mau hosc mtic x4m) dugc chi dinh bang tham sb thit 2.

1 import cv2

2

3 # Doc anh muc xam (Grayscale)

4 img_gray = cv2.imread("ten_anh.png", 0)
5

6 # Doc anh mau (Color)

7 img_color = cv2.imread("ten_anh.png", 1)

Giai thich tham sb:
e 0: Anh dudc doc & dang Grayscale — chi 1 kénh, mdi pixel cé gid tri tit 0 dén 255
(mitc do sdng).

e 1: Anh dugc doc 6 dang mau BGR (Blue, Green, Red) — mac dinh ctia OpenCV.

o (Tiy chon) -1: Poc day du c kénh alpha (néu cé).

Kiém tra kich thudc (shape)

1 print (img_gray.shape) # (H, W) - anh muc xam
2 print (img_color.shape) # (H, W, 3) - anh mau (BGR)

Giai thich:
e (H, W): chiéu cao va chiéu rong dnh mttc xam.

o (H, W, 3): anh mau c6 3 kénh (B, G, R).

Vi du minh hoa

Output

Color image shape: (162, 311, 3)
Gray image shape: (162, 311)

import cv2

1
2
3 # Doc anh mau
4
5

image_color = cv2.imread("imagel.png", 1)
print ("Color image shape:", image_color.
shape)

7 # Doc anh muc xam

¢ image_gray = cv2.imread("image2.png", 0)
9 print ("Gray image shape:", image_gray.
shape)

Giai thich:
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« Anh mau (BGR): hién thi ding mau séc.

o Anh mtic xdm: chi con 1 kénh, céc mitc séng thé hién bang gia tri 0 — 255.

Anh mau (BGR) Anh mitc x4m

Luu y
¢ OpenCV sit dung kénh mau BGR thay vi RGB nhu théng thuong.

« Khi hién thi bing Matplotlib (plt.imshow), can chuyén BGR — RGB dé tranh sai
léch mau:

import matplotlib.pyplot as plt

4 plt.imshow(img_rgb)

1
2
3 img_rgb = cv2.cvtColor (image_color, cv2.COLOR_BGR2RGB)
4
5 plt.show()

1.4. Vi sao anh hién thi sai mau trong Matplotlib?

e OpenCYV doc é&nh mau theo thit tt BGR (Blue — Green — Red).
« Matplotlib mic dinh hién thi theo thtt tt RGB (Red — Green — Blue).

o = Mau sic bi ddo nguge, vi du: ving mau dé cé thé hién thi thanh xanh duong.

import cv2
import matplotlib.pyplot as plt

img = cv2.imread("ten_anh.png")

[ B N

6 # Cach 1: Dao thu cong (chi dinh thu tu kénh)
7 img_rgb = img[:, :, [2, 1, 0]]
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9 # Cach 2: Su dung slicing ngan gon
10 img_rgb = imgl:, :, ::-1]

12 # Cach 3: Dung ham co san (chuan nhat)
13 img_rgb = cv2.cvtColor (img, cv2.COLOR_BGR2RGB)

15 plt.imshow (img_rgb)
16 plt.show ()

Giai thich:
« Hai céch dau tién thuc chat chi trdo doi thit tu kénh.

o Céch 3 dugc khuyén nghi vi ré rang va an toan hon trong cac xi Iy phiic tap.

Hién thi BGR (Sai mau)

Trai: Anh gbc doc bing OpenCV (BGR) — hién thi sai mau trong Matplotlib
Phéi: Sau khi chuyén d6i BGR — RGB — mau sic hién thi ding

Minh hoa qué trinh hodn déi kénh: BGR = RGB

1.5. Tai va luu anh (Load & Save)
1) Khéi niém

Trong OpenCV, viéc tai va luu dnh duge thuc hién thong qua 2 ham chinh:
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e cv2.imread(path, flag): Tai dnh tit tép v6i ché dd doc dudc chi dinh.

o cv2.imwrite(path, image): Lutu &nh vao tép theo dinh dang mong muén (PNG, JPG...).

Ham nay hd trg cd 4nh mau va dnh mic xam.

2) Ct phép tai anh

import cv2

3 # Doc anh muc xam (Grayscale)
img_gray = cv2.imread("ten_anh.png", 0)

.

w N

N

# Doc anh mau (Color)

img_color = cv2.imread("ten_anh.png", 1)

Giai thich tham sb flag:

Gia tri Y nghia
0 Doc 4nh miic x4m — chi 1 kénh, mdi pixel c6 gia tri 0-255.
1 (mac dinh) | Doc &nh mau BGR — 3 kénh (Blue, Green, Red).
-1 Doc day dia (bao gom kénh alpha néu c6).

3) Ca phép luu anh

# Luu anh muc xam

cv2.imwrite("gray_luu.png", img_gray)

# Luu anh mau

cv2.imwrite("color_luu.png", img_color)

Luu y: Anh s& duge luu & dinh dang dude chi dinh qua phan mé rong tén tép (.png, . jpg, .- bmp,

...). OpenCV tu dong chuyén déi dit liéu anh sang dinh dang phit hop.

4) Kiém tra kich thuéc anh

print (img_gray.shape)
print (img_color.shape)

Giai thich:

# (H, W) - Anh muc xam
# (H, W, 3) - Anh mau (3 kénh B, G, R)

o (H, W): chieu cao va chiéu rong anh mic xam.

« (H, W, 3): anh mau c6 3 kénh (B, G, R).
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5) Vi du minh hoa

a) Anh mitc xam

import cv2

# Doc va luu anh muc xam

img = cv2.imread("nature.jpg", 0)
cv2.imwrite("processed_image_gray. jpg",
img)

# Kiem tra kich thuoc

print ("Gray image shape:", img.shape)

Output

Gray image shape: (500, 1200)

Anh mitc xadm: Kich thuéc (Height, Width)

b) Anh mau

import cv2

# Doc va luu anh mau

img = cv2.imread("nature.jpg", 1)

cv2.imwrite ("processed_image_color.jpg",

img)

# Kiem tra kich thuoc
print ("Color image shape:", img.shape)

Output

Color image shape: (500, 1200, 3)

Anh mau: Kich thue (Height, Width, Channel)
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2. Thay d6i dd sang anh — Brightness Changes

Viéc diéu chinh do sdng 1a thao tic co ban nhung rat quan trong trong xit Iy anh. N6 thudng dudc
dung trong:

o Tién xit 1y dit lidu cho cac bai toan Thi gidc may tinh.
« Cai thién chat lugng hinh anh, lam 16 chi tiét trude khi trich xuit dic trung.

« Tao hiéu trng thAm my trong chinh sita dnh.

2.1. Kiéu dit liéu ciia anh (Data type)

Trong NumPy, anh s6 (grayscale hoic color) duge luu trit dudi dang ma tran 2D hodc 3D véi
kiéu dit liéu (dtype) dic trung. Kiéu dugc sit dung phé bién nhét 13 np.uint8.

« u — Unsigned: chi chita gia tri duong, khong c6 s6 am.
o int — Integer: moi gid tri déu 1a s6 nguyén (khong c6 s6 thap phan).

« 8 — 8-bit: mdi pixel dugc luu bang 8 bit (1 byte), ttic 1 cé thé bicu dién 28 = 256 gia
tri roi rac trong khodng [0, 255]:
0<A<255

Y nghia gia tri pixel:
e 0 — Den hoan toan.
e 255 — Tring hoan toan.

o Céc gid tri & gitta — Céc mitic xdm (ddi v6i anh mitc x4m) hodc cudng do mau trong
timg kénh (d6i v6i anh mau).

Nhic lai cAu tric luu trit anh:
« Anh mitc xdm (grayscale): ma tran 2D c6 kich thuée (H, W).
« Anh mau (RGB hodc BGR): ma tran 3D c6 kich thuéc (H,W,3), véi 3 kénh mau.

Vi du minh hoa

Output
lmport numpy as np Kieu du lieu: uint8

# Tao mot anh grayscale 2x2 Kich thuoc: (2, 2)

img = np.array([[100, 1501,
[200, 250]], dtype=np.

uint8)
print ("Kieu du lieu:", img.dtype)
print ("Kich thuoc:", img.shape)
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Anh nay tuong duong véi 4 pixel:

200 250

Trong nhiéu trudng hop, ta can chuyén déi kiéu dit liéu (vi du: tit float sang uint8 hoac
ngudc lai) dé phu hop véi cic thao tac xit ly.

[100 150]

1 img_float = img.astype(np.float64) # Ep sang float de tranh tran so
2 img_uint8 = img_float.astype(np.uint8) # Ep nguoc lai sau khi xu

2.2. Van dé vugt ngudng (Out of Range / Overflow)

Trong xt Iy 4nh bang NumPy, do dnh thudng duge luu duéi dang uint8 (gid tri pixel nim trong
[0,255]), nén cac phép cong/trit vugt gidi han nay sé gy ra hién tugng tran sé (overflow).

o Khi mot phép toan vugt ngudng, NumPy khéng bao 15i.
« Thay vao d6, gia tri s¢ quay vong nhu déng hd (theo modulo 256):

gid tri méi = (gid tri ci 4 thay ddi) mod 256

« Diéu nay khéac v6i cdch chiing ta nghi (khi mong dgi gia tri bi chan & mittc 0 hoac 255).

Vi du 1: Ep kiéu tir float sang uint8

Output
import numpy as np
Truoc khi ep kieu: float64 [1. 2.5]
data = np.array([1, 2.5]) Sau khi ep kieu: uint8 [1 2]
print ("Truoc khi ep kieu:", data.dtype,

data)
data = data.astype(np.uint8)

print ("Sau khi ep kieu:", data.dtype,
data)

Giai thich: Khi ép kiéu sang uint8, phan thap phan bi cit bé (floor), khéng lam tron.
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Vi du 2: Tran sé khi cong / trir

import numpy as np
vall = np.uint8(250) + 10
val2 = np.uint8(5) - 10

print (vall)
print(val2)

Giai thich:

251

e 250 + 10 = 260, nhung 260 mod 256 = 4.

e 5—10 = —5, nhung trong uint8: —5 mod 256 = 251.

Minh hoa tryuc quan

Binh thudng, ching ta thuong nghi don gian rang:

o Néu gi4 tri vudt qua 255 = tu

dong bi chan G 255.

e Néu gia tri nhé hon 0 = tu dong bi chin & 0.

ERENENEEE

What we think

Output

Chiing ta thudng nghi: Gia tri chi chay trong khodng 0 — 255 va bi chan lai.

Tuy nhién, NumPy khong hoat dong nhu vay! V6i anh dang uint8, moi phép toan dugc thuc

hién theo co ché:

gia tri maéi = (gid tri ci 4 thay ddi) mod 256

Diéu nay cé nghia la:
e 250 4 10 — 260 mod 256 = 4
e 5—10 — —5 mod 256 = 251

in Numpy

Thyc té trong NumPy: Gi4 tri chay vong nhu dong hd — sau 255 quay lai 0.

Do d6, moi thao tac thay d6i dd séang anh (brightness changes) déu can xit 1y an toan

bing céch:
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« Ep kiéu sang float hodc int16 trudc khi cong/trit.

« Ding np.clip() hoiic np.where() dé dam béo gia tri nam trong [0, 255].

2.3. Ham clip() va where() trong NumPy
Trong xit 1y anh (ddc biét khi thay déi do sang), viéc tranh tran sbé (overflow) la bit budc.
NumPy cung cap hai cong cu hitu ich:
1) Ham np.clip(): Giw gia tri trong khoang an toan
Chitc ning: Ep moi phan tit ciia mang vé mot khodng [amin, Gmax):
o Néu phan tlt < ami,: bi gan béing Amin-
o Néu phan tlt > amax: bi gédn bang amax.
e Ngugc lai: gitt nguyén.

Vi du minh hoa:

import numpy as np [
data:
L

data = np.array([1, 2, 3, 4, 5, 6, 7, 81) result:

# element < 3 se gan bang 3
# element > 6 se gan bang 6

result = np.clip(data, a\_min=3, a\_max
=6)
s print("data:", data)
print ("result:", result)

numpy.clip()
<3 -3

s BN R RN
clip( data, & min=3, a max=6)

.

Hinh 4: Minh hoa céch hoat dong ctia np.clip()

Ung dung trong anh: Khi ting sdng, moi pixel duge chin lai & gid tri téi da 255, tranh vuot
ngudng gay tran so.

2) Ham np.where(): Thay thé c6 diéu kién

Chitc ning: Thay thé gid tri trong mang theo mot diéu kién logic. Cti phap:
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[ np.where(condition, value_if True, value if False) }

Vi du minh hoa:

Output
1 import numpy as np
5 arr: [0 1 2 3 4]
s arr = np.arange (5) condition: [ True True True False False
. print("arr:", arr) ]

- out: [0 1 2 6 8]
6 # Dieu kien: phan tu < 3 giu nguyen,
nguoc lai nhan doi

7 condition = arr < 3

¢ out = np.where(condition, arr, arr * 2)
9 print("condition:", condition)

10 print("out:", out)

where() function

Il
==

1 2 3 4

arr

1]
—
,_]

T| F | F

arr<3

out = 0 1 2 6 8

Hinh 5: Minh hoa cich hoat dong ctia np.where()

Ung dung trong anh:
« Chi lam sing nhitng pixel t6i hon mot ngudng cho trudc.

« Diéu chinh linh hoat ting ving anh, khong 4p dung toan bo nhu clip().

So sanh nhanh

So sanh clip() va where()

Tiéu chi np.clip() np.where ()

Téc dung Giit gi4 tri trong khoang c6 dinh  Thay thé gid tri c6 diéu kién

Tinh linh hoat Thép (4p dung toan bd mang) Cao (diéu chinh titng ving riéng 18)
Dé sit dung Rat dé Can viét thém dicu kién

2.4. Tang va giam do sang anh (Brightness Adjustment)

Trong xit ly anh, viéc lam sang hoiic 1lam tdi 1 thao téc cuc ky phd bién, vi du: tdng sang anh
chan dung, xit Iy &nh y té ho#ic cai thién chat lugng dit liéu huan luyén Al
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1) Y tuwdng cd ban

( A
MBobi pixel 1a mét gia tri sé6 trong khoang [0, 255] (ddi véi 4nh 8-bit). Viéc ting/gidm
sang chi don gidn 1a cong hodc trit mot gia tri v cho mdi pixel:

Inew = Lol + v (tang sdng)

Inew = lold — ¥ (glé‘m Séng)

2) Vi sao anh bi 16i mau?

Khi cong truc tiép vao anh mau dang uint8, gid tri vugt ngudng sé quay vong — giy sai mau
nghiém trong.

import cv2

image = cv2.imread('imagel.png', 1)
image = image + 100
cv2.imwrite ('outputl.png', image)

Két qua: Anh xudt hién nhidu chdm tim, xanh loang 16 do tran sé (overflow) lam sai léch kénh
mau (xem hinh dudi).

a) Anh gbc b) Anh bi 16i mau

3) Céach xi ly an toan

Muyc tiéu: Git moi gia tri trong khoang hgp 1é [0, 255].

C6 3 cach phd bién:

.

Céch 1: Ep kiéu sang float hodc int16 réi ding clip()

import cv2
import numpy as np

image cv2.imread ('imagel.png', 1)
image = image.astype(float)
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image = image + 100

image = np.clip(image, 0, 255)

image = image.astype(np.uint8)
cv2.imwrite ('output_safel.png', image)

. AP L AN
a) Anh ban dau b) Anh sau khi xit 1y

Nhan xét:
« Anh sau khi tang/giam sang rat mugt, khong bi 16i mau hay chim tim.
« Céc ving sdng gan gia tri 255 sé& duge gitt nguyén (255), khong quay vong ve 0.
e Anh trong tu nhién hon.
« Don gidn, dé trién khai (chi can ép kiéu + clip).
« Dam bdo tuyét doi khong tran so.

o Phu hgp cho moi loai &nh (grayscale hodc mau).

« Can thém budc ép kiéu sang float hodc int16, sau dé ép lai vé uint8.

e Tén RAM hon néu &anh rat 16n (vi float chiém 4-8 byte/pixel thay vi 1 byte nhu
uint8).

Céach 2: Dung np.where()

import cv2
import numpy as np

image = cv2.imread('/content/imagel.png', 1)
image = image.astype(float)
image = np.where(image + 100 > 255, 255, image + 100)

image = image.astype(np.uint8)

cv2.imwrite('output_safe2.png', image)
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b

a) Anh ban dau Anh sau khi xit 1y
Nhan xét:
« Anh sang lén hodc t6i di an toan nhu cach 1, khong 16i mau.

o Thém nita, ta cé thé tiy chinh titng ving (vi du: chi ting séng céc vimng t6i hon 100), nén
két qua c6 thé duge tbi uu cho timg kich ban.

« Linh hoat, dé tity chinh timg viing anh bang céch thay déi diéu kién trong np.where ().

o Nhanh v gon, vi np.where() dudc t6i wu vector héa.

Nhugc diém

o Can viét diéu kién can thén, néu sai diéu kién dé ra két qua khéng mong mudn.

« Van can ép kiéu tam thdi (astype(float) hoiic astype(int16)) néu cong trit gia tri
16n.

2.5. Cach lam ngay tho (Naive Solution)

Mot 16i cue ky phd bién khi tang/gidm do6 sang anh 1 thao téc tryc tiép trén dnh dang uint8
ma khéng x@ 1y tran sb.

1) Van dé

« Khi céng truc tiép: Gid tri vuot qué 255 sé bi quay vong (overflow) theo quy téc dong

ho.
e Vidu:
Output
import num as n
Py P [[44]1]1 # 200 + 100 = 44 do bi tran (mod

img = np.array([[200]], dtype=np.uint8) 256)

img = img + 100
print (img)

Giai thich:
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e 200 + 100 = 300 nhung uint8 chi luu dugc tit 0 dén 255.

o NumPy sé& tu dong lay 300 mod 256 = 44, dan t6i két qua sai.

2) Hau qua thyc té
Vi du v6i d&nh mau:

import cv2
import numpy as np

# Read image

image = cv2.imread('imagel.png', 1)

# Tang sang truc tiep (sai lam)

image = image + 100

cv2.imwrite ('output_naive.png', image)

Két qua: Anh xuét hién cdc débm mau tim, hong hodc xanh 14 khong tu nhién do tran sé & céc

kénh mau BGR.

« Céch lam nay nhanh nhung khéng bao gié nén diung cho xi 1y anh thyc té.

« Can phai c6 céc phuong phap an toan hon (nhu clip() hogc np.where()) dé tranh

16i tran sb.

3) Tong két

Phuong phap

Uu didm

Nhugc diém

Ep sang float + clip
np.where

Naive (uint8)

Dé viét, an toan tuyét doéi
Linh hoat, 4p dung diéu kién
Nhanh nhat

Tén bo nhé do float
Can viét logic can than

Dé tran s6, khong chinh xéc

3. Contrast Change — Piéu chinh d6 twong phan Anh bing NumPy

Sau khi da hiéu cich lam sang hodc lam tdi anh (Brightness Changes) bang cich cong/trit
mot gid tri v cho toan bo pixel, ta c6 thé diéu khién mitc dd sdng t6i tong thé clia anh.
Tuy nhién, chi thay ddi do sing théi 14 chua di néu muc tiéu clia ching ta la:

« Lam noi bat cac chi tiét trong viing sang va viing toi.

o Ting do sic nét, ré rang cta dbi tuong trong anh.

v N X 3 R . X
e Hodc lam mem anh dé gidm nhiéu.

Lic ndy, ta can thao tac trén d6 tuong phan (Contrast) — tiic 13 khodng chénh léch dd
sang gitrta cac vung trong anh.
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Y tudng chinh:
« Brightness = Dich chuyén toan bo pixel 1én hoiic xuéng cling mot luong.

e Contrast = Kéo gian hoac thu hep khoang cich gitta cac gia tri pixel quanh mot mitc tham
chiéu.

Trong cac phan tiép theo, ta sé lan lugt tim hiéu:
1. Khai niém d6 tuong phan trong anh so.
2. Van dé thudng gap khi thay ddi d6 tuong phan (nhu mat chi tiét, tran sd).

3. Céc cach diéu chinh tuong phan an toan va truc quan bang NumPy.

3.1. Contrast (D6 tuong phan) trong anh sb 1a gi?

Trong xit Iy 4nh, Contrast (Do twong phan) thé hién mitc do chénh léch gitta ving sing va
viung t6i trong &nh:

« Brightness (P$ séng): Dich chuyén toan bo gia tri pixel 1én cao hon ho#ic thip hon cing
mot lugng. Vi du: Moi pixel déu dude cong thém 50 = anh sdng hon, nhung khoang cach
gitta céc pixel gan nhu khéng doi.

« Contrast (P tuwong phan): Thay déi khoang cach giita cac gid tri pixel, lam cho:
— Phéan sing cang siang hon (pixel sang bi ddy gan vé 255).
— Phan tbi cang tbi hon (pixel téi bi kéo gan vé 0).
Tai sao quan trong?
« Anh c6 d6 tuong phan cao = chi tiét ndi bat, dé phan biét cdc ving.

« Anh ¢ dd tuong phan thip = nhin “xdm xit”, md nhat, khé nhan ra ranh gi6i gitta cac
vung.

Minh hoa tryc quan:

a) Anh tuong phan thap b) Anh tuong phan trung binh ¢) Anh tuong phén cao
(xdm xit, m& nhat) (binh thuong) (séc nét, chi tiét ro rang)
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So sanh Brightness va Contrast:

Brightness vs Contrast

Brightness Contrast
Y nghia Thay déi tong thé d6 sang anh  Téng hoiic gidm khodng cach
gitta ving sang va vung toi
Tac dong Toan bo pixel dich chuyén déu  Pixel sing cang sang, pixel tdi
nhau cang toi
Muc dich Lam &nh sdng hodc t6i hon Lam néi bat chi tiét, tdng do
sac nét

3.2. Cong thiic diéu chinh d6 tuwong phan (Contrast Adjustment)

Trong xit 1y anh s6, @ twong phan thé hién sy chénh léch giita cdc ving sang va ving téi. Véi
anh grayscale (mtc xdm tit 0 dén 255), ta thudng st dung céng thitc tuyén tinh sau dé diéu chinh
tuong phén:

I'=qa-(I—128)+ 128

1) Giai thich tirng thanh phan

e I — Anh gbc: Ma tran gia tri pixel ban du, mdi phan ti ¢ gid tri tit 0 dén 255. Gid tri
nhé hon 128 vung t6i, 16n hon 128 ving sang.

o 128 — Mitc xam trung tinh: 128 1a gia tri trung tdm ctia dai mic xdm 8-bit (0-255). Khi
ta trir di 128 (I — 128), &nh duge “dich” vé quanh mitc 0:

s6 am néu I < 128 (pixel t6i)
I—-128=<0 néu I = 128 (trung tinh)
s6 duong néu I > 128 (pixel sdng)

« a — Hé sb tuong phan:

— a>1 Tang tuong phan: Ving sang sdng hon, ving t6i toi hon (vi du: a = 1.5).

— 0<a<1 Gidm tuong phan: Cic gié tri bi “nén” vé gan 128, 4nh md nhat, xdm xit
(vidu: @ =0.5).

— a =1 Git nguyén tuong phan.

« Cong lai 128: Sau khi nhan (I — 128) véi a, ta cong lai 128 dé dich céc gid tri vé ding dai
mitc xdm goc.
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Pixel sdng: I > 128 = I’ = .- (s6 duong) + 128 = {

2) Y nghia céng thiic

) ) hé hon (t6i ho > 1
Pixcl t6i: [ < 128 —> I’ — o+ (s6 am) 4 128 = 4 10 hom (t01 hon) “
16n hon (séng hon, xdm hon) a <1
16n hon (sdng hon) a>1
nho hon (t6i hon, xdm hon) « <1

3) Vidu

« a = 1.5 (tidng tuwong phan): Ving trdi sang hon, chi tiét may t6i hon => &nh sic nét, ndi

bit.

e a=0.5 (gidm tuong phan): Cic viing sdng va t6i deu bi nén vé gan 128 => dnh md nhat,

mat chi tiét.

Code:

| import numpy as np

2

3 def change_contrast(img, alpha):

nwnn

Adjust contrast of a grayscale image using contrast factor alpha.

Parameters:

img : ndarray (uint8) - input grayscale image

alpha : float - contrast factor (>1: increase, <1: decrease)
Returns:

Adjusted image (uint8)
img = img.astype(np.float32)
img = alpha * (img - 128) + 128
img = np.clip(img, 0O, 255)
return img.astype(np.uint8)

3.3. Vin dé thudng gap khi thay déi d6 tuong phan

Diéu chinh do tuong phan gitp anh sic nét hon, nhung néu thao tdc khéng ding cach, ta rat dé
gip cac van de sau:

1) Mét chi tiét (Loss of Details)

o Khi tang tuong phan qua manh (a > 1):

— Céc vung sang dé bi chay sang (pixel vugt 255 bi ép ve 255).
— Céc viing t6i dé bi den dic (pixel nhé hon 0 bi ép vé 0).

e Hau qua:
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— Anh nhin thi sdc nét, nhung céc chi tiét tinh té (nhutt béng md, hoa van nhé) bi méat
hoan toan.

— Cac vung anh tréong nhu bi “bét mau” hodc “chay sang”.

Minh hoa:

a) Tang tuong phan via du b) Tang tuong phén qué mic
(chi tiét ndi bat, tu nhién) (chdy sang, mat chi tiét ving tdi)

2) Tran sé (Overflow) trong tinh toan

Nguyén nhan: Anh thuong duge luu & dinh dang uint8 (gid tri tit 0-255). Khi thay ddi do tuong
phén theo céng thic:

I'=a-(I—-128)+128
Néu khéng ép kiéu ding céch:
o Gia tri vugt qué 255 sé bi quay vong theo quy tic mod 256 (gibng dong ho).

e Vidu: np.uint8(200) x 2 = 144 thay vi 400.

Vi du minh hoa:

Output
import num as n
P Py P [100 144] # Dang le phai la [100 400] (

1
3 I = np.array([50, 200], dtype=np.uint8) sau do clip ve 255)
!

4 I_high_contrast = I * 2 # Tang tuong
phan (sai cach)
print (I_high_contrast)

w

Cich khéic phuc:
o Ep kiéu sang float hofic int16 trudc khi tinh todn.

« Ding np.clip() dé dam bao gi4 tri nam trong khoang [0,255].
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np.

1 (an toan):

.array ([50, 200], dtype=np.uint8)

= I.astype(float)

= I_safe * 2

= np.clip(I_safe, 0, 255).astype(
uint8)

5 print (I_safe)

Output
[100 255]

« Khoéng bao gid thao tac truc tiép trén uint8 néu cé nhan chia hodc nhan hé s6 a.

« Ting tuong phan qua manh dé lam mat chi tiét viing sdng va viung toi.

e Ludn:

1. Ep kiéu sang float hodc int16.

2. Diing clip() dé giéi han gid tri trong [0,255].

3. Chon o vira du dé giit lai chi tiét tu nhién.

3.4. Céc céich diéu chinh twong phan an toan va truc quan bing NumPy

Thay do6i do tuong phan trong anh tuéng don gidn nhung néu khéng xi 1y can than, anh c6 thé bi:

« Chay sang (sing qué miic, ving trang toat, mat chi tiét).

« Pen dic (t6i qua mitc, ving t6i bi bét, mat thong tin).

e Tran so khi lam viéc v6i dnh uint8.

Do dé, ta can céc phuong phép an toan, ddm béo gid tri pixel ludén nim trong khodng hop 1é

[0, 255].

Cong thitc chung (Linear Contrast Stretching):

I'=qa-(I—128)+ 128

e I: Anh gbc.

e «: Hé sb tuong phan.

— a > 1 = Ting tuong phan (sang sang hon, t6i t4i hon).

— a < 1 = Gidm tuong phén (dnh xdm xit, md nhat).

o 128: Miic xdm trung tinh (trung tdm khodng 0-255).

Céch 1: Ep kiéu + clip() (An toan nhét)
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import cv2

import numpy as np

def adjust_contrast_clip(img, alpha=1.5):
img = img.astype(float) # Ep kieu tranh tran so
new_img = alpha * (img - 128) + 128 # Cong thuc tang tuong phan
return np.clip(new_img, O, 255).astype(np.uint8)

image = cv2.imread("imagel.png", 0)

contrast_img = adjust_contrast_clip(image, alpha=1.5)

cv2.imwrite("contrast_clip.png", contrast_img)

Anh sau khi xit 1y, dung np.clip()

Nhéan xét:
« Anh sau khi tang/gidm sdng mugt, ty nhién, khéng 16i mau.
« Céc vung sdng gan 255 dudc git nguyén, khéng quay vong vé 0.
D& tri¢n khai, an toan tuyét doi.

o Phu hgp cho moi loai anh (grayscale hoac mau).

Nhugc diém

« Can ép kiéu tam thdi (float hoidic int16).

e Tén RAM hon néu anh 16n.

Céch 2: Diing np.where() (Linh hoat, cé diéu kién)

import cv2
import numpy as np

def adjust_contrast_where(img, alpha=1.5, threshold=200):
img = img.astype(float)
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6 new_img = alpha * (img - 128) + 128

7 # Chi tang tuong phan cho vung co gia tri < threshold

8 new_img = np.where(img < threshold, new_img, img)

9 return np.clip(new_img, O, 255).astype(np.uint8)

10

11 image = cv2.imread("imagel.png", 0)

12 contrast_img_where = adjust_contrast_where(image, alpha=1.5, threshold=200)
13 cv2.imwrite ("contrast_where.png", contrast_img_where)

Anh sau khi xit 1§, ding np.where()
Nhan xét:
o Linh hoat hon cach 1: chi thay déi cic ving can thiét, giit nguyén ving da di sang.
« Anh trong tu nhién hon trong nhidu trudng hop (vi du: 4nh phong canh, nh y té).
o Linh hoat, dé tity chinh diéu kién.

e Nhanh va gon, tdn dung vector héa ciia NumPy.

Nhugc diém

« Can viét diéu kién can than, dé& gy két qua khong mong muén.

o Van phéi ép kiéu tam thoi dé tranh tran sb.

Tém lai:

Phuong phéap Uu diém Nhugc diém
Ep sang float + clip An toan, don gidn Tén RAM, can ép kiéu
np.where Linh hoat, c6 diéu kién Can viét diéu kién can than

109



Al VIETNAM aivietnam.edu.vn

3.5. Ggi ¥ hé sb tuong phan thudng dung

Hé sb @ Y nghia

0.5 Giam manh tuong phan
0.8 Gidm nhe tuong phan
1.0 Khong thay doi

1.2-1.5 Tang tuong phan nhe
2.0 Tang manh twong phan

Qua ba phan: OpenCV co ban, Brightness Changes, va Contrast Changes, chiing ta khong
chi ding lai & viéc thao tdc dnh mot cach don thuan, ma da lam quen véi nhitng ky thuét tién
XU ly quan trong trong Al

Nhitng thao tac tudng chimng don gidn nay chinh 1 nén tang dé xay dung cac tng dung Computer
Vision thuc té, tit viéc chuan bi dit liéu cho dén cai thién chat luong dau vao ctia md hinh hoc sau.

e (Céc thao tac nay khong chi la x1 Iy danh co ban, ma con:
— Tién xit Iy dit liéu cho md hinh AI (gidm nhiéu, lam 16 chi tiét).

— Tang cudng dit liéu (Data Augmentation) dé mo6 hinh hoc tét hon trong nhicu diéu
kién 4nh sang va chat lugng anh khac nhau.

o Thanh thao NumPy + OpenCV la budc dau tién dé tién t6i:

— Trich xuét dic trung (feature extraction).
— Huén luyén mé hinh Computer Vision (CNN, YOLO, ..).
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Phan 8: M4 rong - Numpy in Image Data-Preprocessing

1 Gié6i thidu

Trong linh vuc thi gidc mdy tinh, dit litu dau vao 1a 4nh déng vai tro cuc ky quan trong. Anh
y hoc (CT/MRI) khong giéng véi anh RGB thong thuong, ma chita thong tin vat ly, gid tri
do ludng va dinh dang thé tich (3 chidu). Néu khong tién xi Iy ding cidch, mé hinh hoc siu
c6 thé gap 161 hdi tu, két qui sai léch hosic khong hoc duge dic trung hitu ich.(Tham khao:
https://github.com/fitushar /3D-Medical-Imaging-Preprocessing- All-you-need)

2 Dic diém riéng biét ctia anh y hoc 3D

+ Dit liédu 3D dang thé tich (Volume): mdi dnh bao gém nhiéu it cit (slice), tao thanh
khéi voxel.

o Gia tri pixel la vat ly (Hounsfield Unit - HU): phan dnh mat d6 mo, khong phai mau
sac nhu anh RGB.

« Kich thuéc voxel khéng déng nhit (spacing khic nhau): anh tit cic méay chup khac
nhau c6 thé c6 d6 phan giai khéng gian khac nhau.

« Nhiéu (noise), artifacts: do chuyén dong, kim loai trong co thé, 13i thiét bi.
« Anh 16n, bt dbi xirng, ving quan tdm nhé (ROI): thudng cin cit hodc dém dé dua

vé kich thuéc chuén.

3 Poc anh NIfTI va chuyén sang NumPy

import SimpleITK as sitk

3 img_sitk = sitk.ReadImage("img0001.nii.gz", sitk.sitkFloat32)

image = sitk.GetArrayFromImage (img_sitk)

Anh CT thuong & dinh dang .nii.gz. SimpleITK giip doc anh va giit lai metadata nhu spacing,
origin, direction. Sau dé, ta chuyén sang dang np.ndarray dé dé xit 1.
4 Hounsfield Unit (HU) va 1y do can cat ngudng

Trong anh CT, moi pixel mang mot gid tri do goi 1a Hounsfield Unit (HU). Gia tri nay phén &dnh
mitc do hap thu tia X ctia mo:

« Khong khi: —1000 HU

« M35: khoang —100 dén —50 HU
e M6 mém: 30-60 HU

« Xuong: 400 dén > 1000 HU

e Kim loai: > 2000 HU
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Céc gi tri nay c6 thé trai dai rat rong, gy kho khan cho mang hoc sau néu khong xit 1. Do
d6, ta ding ham np.clip dé gi6i han dnh trong moét khoang HU hop 1y.

Vi du: cit ngudng HU tir -1000 dén 800

image = np.clip(image, -1000., 800.) .astype(np.float32)

Viéc cit ngudng gitp loai bo cdc diém nhidu (vd: khéng khi, kim loai) va chi gitt lai ving mé
c6 ¥ nghia 1lam sang. Gid tri cit c6 thé thay ddi theo bai todn, vi du:

« CT phoi: tit —1000 dén 400 HU
o CT gan: tit —100 dén 250 HU

o CT toan than: tit —1000 dén 800 HU

5 Chuan hoa anh

Sau khi cit ngudng, ta can dwa anh vé pham vi gid tri chudn dé mo hinh dé hoc.

Different intensity normalisation methods on a Abdomen CT

[0.1] rescaling a6

r3
0s
2 04
1 03
0z

0
01

1

Hinh 1: Vi du chuan héa anh vé ting khoang

-1000 to 800

Original image Zero meanjunit stdev [-1.1] rescaling

1 Chuan hoa vé khoang [0, 1] — Min-Max Scaling

1 def normalize_zero_one (image):
2 return (image - np.min(image)) / (np.max(image) - np.min(image))

Ly do s dung:
Viéc chuan hoé anh vé khoang [0, 1] gitip dua tat ca gid tri pixel vé cling mot pham vi, bat ké
anh gbc c6 dai gid tri nhu thé nao. Cach nay dic biét quan trong khi:

« M5 hinh sit dung cdc ham kich hoat nhu sigmoid, vén c6 dau ra nam trong khoang [0, 1].

« Tranh hién tugng anh qué téi hodc qué sang do dai gia tri 16n nhdé khong dong déu gitta céc
anh.

« Gitip ting tinh nhat quan khi huan luyén nhiéu anh tit cic nguon may chup khac nhau.

Anh hwéng dén gradient: Néu khong chuan hod, dau vao qué 16n sé giy ra gradient rat nho
(vanishing gradient), lam cho mang hoc chdm hodc khong hoc duge.
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2 Chuan hoa vé khoang [-1, 1]

1 def normalize_one_one (image):
2 return 2.0 * normalize_zero_one(image) - 1.0

Ly do s&@ dung:
Khi ta chuan hoé anh vé [—1,1], ta dua dit liéu vao trung tam gbc toa do (0), gitp tang tinh
doi xting ctia phan phdi dit litu. Diéu nay rat quan trong trong cdc moé hinh st dung:

« Ham kich hoat tanh, von dau ra nam trong khoang [—1,1].

o Mang GAN (Generative Adversarial Networks), noi generator va discriminator thuong hoat
dong hiéu qué hon khi input duge phan bd xung quanh 0.

o Céc bai toan c6 dit liéu cAn bang giita gid tri Am va duong (vd: anh da duge cat ngusng HU
vé [—1000, 800]).

So sanh: Chuan ho4 vé [—1, 1] giip md hinh hoc dudc dic trung theo ci chidu tang va gidm
clia cudng do anh, trong khi [0, 1] chi phan 4nh do sdng tuong doi.
3 Whitening — Chuin hoa vé Zero Mean, Unit Variance

1 def whitening(image):
2 return (image - np.mean(image)) / np.std(image)

Khai niém: Day 14 dang chuan hoé phd bién nhét trong hoc sdu, dua anh vé trung binh bang
0 va d6 léch chuan bang 1.
Ly do s&@ dung:

e Dit liéu c6 trung binh qué xa 0 sé gay léch gradient trong qué trinh lan truyén ngudc
(backpropagation).

 Dua dit liéu vé phan phéi chuan hod gitip mang hoi tu nhanh hon, dic biét v6i céc optimizer
nhu SGD hoac Adam.

o Tranh hién tugng “bias” do mot s6 d&nh c6 do sang cao, mot sé6 anh lai rat toi.

« Dugc ding phd bién trong ResNet, EfficientNet, va hau hét mé hinh SOTA hién nay.
Luu y khi dung:

o Whitening nén dudc 4p dung sau khi cit ngudng HU dé tranh anh hudng béi outlier.

o Khong 4p dung cho anh mask (nhi phan 0/1), vi s& mat cau trtc.

6 Resampling anh (Chuan hoi Spacing Voxel)

Trong anh CT hodc MRI 3D, dit liéu khdng chi 1a mdt ma trdn cdc gid tri, ma con chita thong tin
ve kich thuéc vat ly ctia mdi voxel — goi la spacing.
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CT Shape Original=(147, 512, 512), Resampled to Imm=(441, 342, 342)
CT Mask Shape={147, 512, 512}, Resampled to Imm=(441, 342, 342)

CcT Mask Overlay

Axial View

Hinh 2: Vi du vé resampling anh

Spacing la gi?
Spacing (hay con goi 13 do phan gidi vt 1y) mo ta kich thudc thuc té (theo milimet) clia moi
voxel theo ba truc: (spacing_x, spacing_y, spacing_z).
o Mot voxel c6 spacing (0.5,0.5,5.0) c6 nghia la:
— MBbi pixel trong mit phang XY ¢6 kich thude 0.5 x 0.5 mm
— Khodng céch gitta hai 1at cat (slice) theo truc Z 1a 5.0 mm
« Mot anh khéc cé thé cé spacing (1.0,1.0,1.0) — voxel 14 khi lap phuong.
Van dé: Néu khong xit 1y, hai dnh cé cling kich thude s6 hoc (vd: 128 x 128 x 64) nhung spacing

khac nhau sé c6 ty 1é vat 1y khac hoan toan — dan dén hinh dang ciu triic giai phau bi méo léch
trong mét mo hinh hoc sau.

Vi du:

o Cung la gan, nhung mét anh cé 14t cit day 5mm, mot anh khac day 1mm — khéi gan trong
dnh dau sé “méng” hon trong khong gian 3D that.

« Néu khong resample, mang CNN 3D cé thé hoc nham kich thudce va hinh dang thuc ciia mo.

Giai phap: Resampling anh vé spacing chuén

Dé dong nhat ty 1é vat 1y giita cdc anh, ta can noéi suy (interpolation) lai dnh vé cling mot
spacing chuan — vi du: (1.0,1.0,1.0) mm hosc (2.0,2.0,2.0) mm.

def resample_img(itk_image, out_spacing=[2.0, 2.0, 2.0]):

original _spacing = itk_image.GetSpacing()
original_size = itk_image.GetSize()
out_size = [

int (np.round(original_size [0] * (original_spacing[0] / out_spacingl[0]))),
int (np.round(original_size[1] * (original_spacing[1] / out_spacing[1]))),
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int (np.round(original_size[2] * (original_spacing[2] / out_spacing[2])))

]
resample = sitk.ResampleImageFilter ()
resample.SetOutputSpacing (out_spacing)

resample.SetSize (out_size)

return resample.Execute(itk_image)

Y nghia ctia ndi suy lai spacing

« Pam bao ddéng bd vat 1y: Dit liéu sau noi suy sé ciing t¥ 1é voxel, tranh sai léch vé hinh
hoc.

o Tiang tinh tong quat ciia md hinh: Mang hoc sdu khong phai tu diéu chinh theo ting
spacing khac nhau.

« Twong thich véi kién triic mang cé dinh kich thuéc (input shape): vi du cic mo
hinh U-Net, DenseVNet can anh dau vao cé kich thuéc thong nhat.
Chon spacing bao nhiéu 1a phu hgp?
« Vi anh toan than hodic 6 bung: (2.0,2.0,2.0) mm 13 phé bién
« Vi anh ndo hogc chi tiét cao: c6 thé ding (1.0, 1.0,1.0) mm ho#ic nhdé hon

« Spacing nhé hon — do chi tiét cao hon — yéu cau GPU 16n hon

Luu y:
 sitkBSpline: dung dé ndi suy anh lién tuc (CT, MRI).

 sitkNearestNeighbor: diing cho 4nh nhan (mask segmentation) dé tranh mat gi4 tri nhan.

7 Crop hoic Pad anh vé kich thugc cb dinh

Original image (147, 512, 512) Cropped to (96, 96, 96) Padded to (256, 544, 544)

Hinh 3: Vi du vé crop va padding anh
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Vi sao can crop/pad anh 3D?

Mot diic diém phé bién cia 4nh y hoc 3D (CT, MRI) 1 kich thuéc khong ddng nhat gitta cac bénh
nhén:

« Vé kich thuéc voxel: anh cé thé 1a (512 x 512 x 50) hodc (256 x 256 x 200)
« Vé ving chup (FOV - field of view): c6 ngusi chup toan than, c6 ngusi chi chup gan

Tuy nhién, cic mo6 hinh hoc sau (nhw 3D U-Net, VNet) yéu cau kich thuéc anh dau vao cb
dinh dé c6 thé huan luyén theo batch hodc tinh toan gradient trén GPU.

Néu kich thuéc anh thay doéi, moé hinh sé 16i ngay tit budc forward hodc backward do shape
khong théng nhat.

Giai phap: Cit (Crop) hodc dém thém (Pad)

Y tuéng 14 dua moi 4nh vé ciing kich thude muc tiéu (vd: 64 x 64 x 64):

« Néu anh qud 16n — ta cit b&t phan bién, gitt lai ving trung tdm chita ROI (Region of
Interest)

o+ Néu 4nh qui nhé — ta dém thém s 0 (zero-padding) & cac chiéu thiéu dé du kich thudce

def resize_image_with_crop_or_pad(image, img_size=(64, 64, 64), **kwargs):
"""Image resizing. Resizes image by cropping or padding dimension
to fit specified size.
Args:
image (np.ndarray): image to be resized
img_size (list or tuple): new image size
kwargs (): additional arguments to be passed to np.pad
Returns:
np.ndarray: resized image

nwnn

assert isinstance(image, (np.ndarray, np.generic))
assert (image.ndim - 1 == len(img_size) or image.ndim == len(img_size)), \
'Example size doesnt fit image size'

# Get the image dimensionality
rank = len(img_size)

# Create placeholders for the new shape
from_indices = [[0, image.shape[dim]] for dim in range (rank)]
to_padding = [[0, 0] for dim in range(rank)]

slicer = [slice(None)] * rank

# For each dimensions find whether it is supposed to be cropped or padded
for i in range(rank):
if image.shape[i] < img_sizel[i]:
to_padding[i] [0] = (img_size[i] - image.shapel[i]) // 2
to_padding[i] [1] img_size[i] - image.shape[i] - to_padding([i] [0]
else:
from_indices[i] [0] = int(np.floor((image.shapel[i] - img_sizel[i]) / 2.))
from_indices[i] [1] from_indices[i][0] + img_size[il
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34 # Create slicer object to crop or leave each dimension
35 slicer[i] = slice(from_indices[i][0], from_indices[i][1])

37 # Pad the cropped image to extend the missing dimension
38 return np.pad(image[slicer], to_padding, **kwargs)

Vi sao cich nay hiéu qua?

« Tap trung vao ROI: phan 16n thoéng tin lam sing nam & trung tAm (gan, phdi, nio), nén
viéc cat bién khong giy mat mat nghiém trong.

o Ting téc dd training: 4nh nhoé hon gitp gidm chi phi bd nhé va ting batch size.

e Tranh 16i out-of-memory trén GPU: néu anh 16n qua ma khoéng crop, moé hinh dé bi
tran RAM GPU.

« Tuwong thich v6i DataLoader: cic framework nhu PyTorch yéu cau tensor dau vao cé
shape dong nhét.
Mot sb chién luge crop /pad phd bién:
« Center crop: cit tit trung tdm anh
« Random crop: dung cho augment, tang da dang dit liéu
e Symmetric padding: dém déu 2 bén mdi chicu

« Asymmetric padding: tuy theo huéng thiéu nhiéu hay it

8 Maximum Intensity Projection (MIP)

MIP la gi trong thuc té 1Am sang?

Maximum Intensity Projection (MIP) la mét ki thuat dung anh 2D tit &nh 3D bang cich
chon gid tri voxel c6 cudng dé sang nhét (intensity 16n nhat) trén mdi “tia” doc theo mot truc
nhat dinh (thuong 1a truc 2).

Cu theé:

« MGi pixel trong &nh MIP 14 gi4 tri 16n nhat trén cot voxel tuong ting trong khong gian 3D.

o Dudc xem nhut viée “chiéu tia X 40” xuyén qua khdi 3D va chi giit lai phan “sdng nhat”.

| mip = np.max(image, axis=0) # é&Chiu theo utrc Z

Ung dung ctia MIP trong y hoc

MIP dugc st dung rong rai trong chan doan hinh &nh, dic biét trong cac trudng hop sau:

« Chin doan mach mau (CTA, MRA): Do long mach duge tiém thudc can quang cé cudng
do rat cao, MIP gitip lam noi bat cau triic mach mau nhé nhét trong khéi 3D.

e Tim ton thuong cé mat dé cao: nhu not voi hod, so6i, khoi u ran.
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« Hién thi xuwong trong CT toan than hoic CT so nio: vi xuong c6 HU rat cao (> 1000),
luén 13 diém sdng nhat trong cic 14t cit.

« Phat hién di cin xuong, v8 xuong, khbi u phéi... qua cic lat chiéu toan ving.

Tinh chét dic biét ciia anh CT/MRI khién MIP hitu ich
Anh CT/MRI 3D c6 céc dic diém:

« CAu tric 16ng ghép theo chiéu sau: C6 nhiéu mo khic nhau nim chong lén nhau trong
khong gian 3D, khé thiy bang lat cat don 18é.

« ROI nhé va md: Ton thuong can phéat hién thudng rat nhé va dé bi bo sét trong mot 1t
cit don.

o Cudng d6 khong déu: Mot sb ciu tric sang ro, nhung ciing ¢6 thé bi che khuit néu xem
ting l4t.

MIP gitip “téng hop” toan bd cdc cAu tric sang nhat, lam noéi bat viing nghi ngd ma béc si
(ho#ic m6 hinh AI) can cha y.
MIP gitip m6 hinh hoc sdu nhu thé nao?

Mic dit 4nh 3D chita nhiéu théng tin hon, nhung cé nhitng 1y do khién ta dimng MIP trong mé hinh
hoc sau:

« Chuyén anh 3D thanh 2D: gitp tdn dung cdc m6 hinh 2D CNN manh mé (nhu ResNet,
EfficientNet) ma khong can kién tric 3D phiic tap.

o Tiét kiém tai nguyén: mo hinh 2D c¢6 it tham s6 hon, d& huan luyén va phu hop hon véi
mdy tinh c6 GPU han ché.

« Tiang d6 tuong phan viing ROI: vi MIP loai bd cac voxel tdi, gitip mo hinh tap trung
hoc dic trung ndi bat nhat.

o Tang tinh khai quat ho4a (generalization): mo6 hinh hoc diic trung theo toan viung chiéu,
thay vi hoc léch theo lat cit cu thé.

o Phu hgp v6i hoc ty gidm sat (self-supervised): vi du dung MIP lam augment hodc
target trong pretext tasks.

So sinh v&i anh gbc hoic slice 2D

Loai anh Uu diém Han ché
Anh 14t cit (slice) Day du thong tin theo 16p ROI nho dé bi bd sét
Anh MIP ROI sang ro, toan vung MAt thong tin chiéu sau
Anh 3D gbe Chinh x4c vat 1y, giau thong tin | Can mang 3D, chi phi l6n
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