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Scaler

Tek bir gercek sayi ile tanimlanan bir miktar
(degisken) 1 ve 22 gibi

Bir MRI taramasindaki
her vokselin yogunlugu
(intensity) degeri




Vektor

Bir fizik vektoru degil (bayukltk, yon gosteren)

Ornegin:

Tek satir veya sutundan olusan say! dizisi X2

a—
sayllar kolonu
(sttun vektorl) L Xn




Matrisler

Vektorlerin satir ve sutunlarda dikdortgen olarak
goOsteriimesi

Farkli zamanlarda ayni vektor yogunlugu veya ayni anda

farkli vokseller hakkinda bilgi verebilir.
Vektor, sadece bir nx1 matrisidir.

x13
x23
x33




Matrisler

Matris buyukligu satir x sttln (R x C) seklinde gosterilir.
Her bir matris elemanina (d;) satir, sutun numaralari ile erisilir.

d12 d13

d22 d23

dy, dy
] ) . d 1 it satir, jt sUtun\
1 4 7 > M1 47
A=|2 5 8 v A=|2 5
11 1D vi2l|
-3 6 9— [ x11 v1D vial| _3 6_
Kare (3 x 3) 1| P2 a2l dikdortgen (3 x 2)
) 11 v12 v127|_
S X1l x12 x13

LA [ x21 x22  x23
:—_x31 x32 x33_

3-boyutlu (3 x 3 x 5)




Tersyuz etme (transposition)

A=A" Ise A simetriktir.



Matris islemleri

Toplama
— Degisme 0Ozelligi: A+B=B+A
— Birlesme 6zelligi: (A+B)+C=A+(B+C)

Cikarma
— Negatiflenmis matrisle toplama

[ e e



Populer bir matris: X'X

1 x,
X = 1 x,
1 X, _
I 4 B n i
11 1 1 x, oL
' _ — =1
X'X = X = . o
X X X
11 12 1
" Lx Lx
| i=1 =1 _
1 X,




10

Populer bir matris: e'e




Skaler ile carpim

Skaler * matris = skaler carpim

Aﬂbﬂ o Aa Ab Ae
d e f) \ M e Af
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Matris carpimi

mxn boyutunda A matrisi ile kxI boyutunda B matrisi, n=k esitligini
saglamasi durumunda carpilabilir. Sonu¢ matris mxI boyutludur.

n I
Al A2 A3 Bl3 B14
m | A, A, A X B, Bs|l K = m x | matrisi
A7 A8 A9 B17 B18 v
' A10 A11
A12
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Matris carpimi

Carpma metodu:
llgili satir ve siitunlarin ¢carpimlarinin toplami

( Ay 313) by, aj by tapbytaisby, a b t+apb tag,
AB = 8y 85y ) [ by = |abytanbytasby,  ay b tanh tay,
b5,
2x3 3x2 2x2
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Matris carpimi

Matris carpiminda degisme 6zelligi YOKTUR, yani
matris sirasi onemlidir!

= ABZBA

Matris carpiminin birlesme 6zelligi vardir.
= A(BC)=(AB)C

Matris carpiminin dagilma ozelligi vardir.

= A(B+C)=AB+AC
= (A+B)C=AC+BC

14



Birim matris

SayiI carpiminda 1 sayisi ile benzer rol oynayan 6zel bir matris

0100 A I = A
ﬂ ﬂ 1 --- ﬂ q1r 2 3D 11 0 O <\1@o+2+o 0+0+3 |
—
Iﬂ= * = o
4 5 6 X110 1l O |=]| 4+0+0 0+5+0 0+0+6
. | 7 8 9 o 0 1 7+0+0 0+8+0 0+0+9 |
o o000 --- 1

n-n boyutlu bir A matrisiigcin AI, =1, A=A
n-m boyutlu bir A matrisiicinl, A=Ave Al_=A

Cevaplar her zaman A ise neden bir birim matrisi kullanilir?
Matrisleri bOlemezsiniz, bu ylzden problemleri cozmek icin tersini kullanmak
zorunda kalabilirsiniz. Birim matris, bu tlr hesaplamalarda 6nemlidir.
15



Vektor bilesenleri ve taban

* Belirli bir vektor (a b) bilesenleri tarafindan
ozetlenebilir. Taban (eksen seti; vektorun
kendisi bu 6zel bazin seciminden bagimsiz

olabilir).
y ekseni A\

Vv a ve b, V'nin bilesenleridir.

Taban (Orthonormal base): Normu (uzunlugu) 1'e esit olan birbirlerine dik olan
bilesenleri ifade etmek igin secilen vektér seti

16
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Lineer birlesim & boyutluluk

Vektorel uzay: farkli vektorler tarafindan tanimlanan uzaydir.

Lineer birlesim : Bir vektort baska vektorler cinsinden yazmak i¢in kullanilan bir
yontemdir. herhangi bir v vektdr uzayinin s alt kimesini olusturan vektorlerin belli
katsayilarla carpilip toplanmasi sonucu elde edilen yeni vektor uzayi s kimesinin
vektorlerinin lineer bilesimidir seklinde ifade edilir.

Ornegin 2-boyutlu uzayda (2,2) ve (3,1) vektorlerinin bir lineer bilesimi
2(2,2) — 3(3,1) = (-5,1) dir.

Bir matris A (mxn) , sttun sayisi (n) kadar cok sayida vektorde ayristirilabilir.
Ayristirildiginda ; bir vektor, matrisin her stitununu temsil edebilir. n-vektor sttunu
toplulugu, A matrisine uygun bir vektor uzayini tanimlar. Benzer sekilde bilesenleri
bir tabanda (base) ifade edilen vektorlerin bir araya gelmesiyle A matrisi olusmus
olur.

Ornegin 3-boyutlu uzayda (1,0,0), (0,1,0) ve (0,0,1) tabanlarindan bir lineer
bilesimi 3(1,0,0) - 2(0,1,0) + (0,0,1) = (3,-2,1) dir.



Lineer bagimlilik ve rank

Bir matrisin satirlari veya sttunlari arasinda dogrusal bir bagililik varsa, o
zaman matrisin ranki (vektor uzayinin boyutlarinin sayisi) sutun sayisina esit
olmaz. Matrisin rank eksik (rank-deficient) oldugu séylenir.

Ornegin
_(12
X —(24 .

X =(2)

x1 ve x2 Ust Uste getirilebilir.

x2 =2 x1.

Matris ranki 1. 2
2 :(4)
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Lineer bagimlilik ve rank

* Bir matrisin ranki, bu matris tarafindan tanimlanan vektor uzayinin boyutuna
karsilik gelir. Birbirlerinden dogrusal olarak bagimsiz olan matris tarafindan
tanimlanan vektor sayisina karsilik gelir.

* Dogrusal olarak bagimsiz vektorler (Linealy independent), digerlerinin dogrusal
bir kombinasyonu ile ifade edilemez.

Lineer bagimsiz vektoérler ortogonal degildir.
x1, X2 ve x3 lineer bagimsiz vektdrler olsun.

Vektorler x1 ve x2 (x,y) duzelemini tanimlasin.

Vektor x3 z-ekseninde sifir olmayan bir bilesene sahip olsun. /
X3, x1 veya x2'ye dik degildir. k X plan (X,y)
1
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Ozdegerler ve 6zvektorler

Ozdegerler, bir matrisin orijinal yapisini gérmek icin kullanilan alternatif bir yoldur.

Ozdeger kavramini aciklamak icin éncelikle 6zvektér kavrami ele alinsin.

Bazi vektorler bir A matrisi ile ¢arpildiklari zaman yén degistirir, bazilari ise degistirmezler. Bazi 6zel
x vektorleri, Ax vektort ile ayni yonde kalmaktadir. iste bu vektérlere “6zvektérler” denir.

Bir 6zvektoriin A matrisi ile carpimi olan Ax vektoérd, orijinal x vektoriiniin A€IR olmak lizere \katidir.
(Ax= x) A

Not: bir matris rank eksik (rank-deficient) ise, 6z degerlerinden en az biri sifirdir.

Y Aigin:
ul, u2 = 6zvektor
k1, k2 = 6zdeger

Temel Bilesenler Analizi (TBA), bir boyut azaltma islemidir. Eger bir dizi degisken mevcut ise
(muhtemelen ¢ok sayida) ve degiskenlerden bazilarini fazlalik ki burada bahsedilen ayni yapi
icerisinde birbirleriyle iliskili olan degiskenler olduguna inaniliyorsa TBA'nin kullanimina uygundur.

Bu sistem veri seti icin yeni bir koordinat sistemi secip en bilyuk varyansa sahip olani ilk eksene
yerlestirir, ikinci en biyuk varyansa sahip olani ikinci eksene yerlestirerek devam eden bir siireg izler.



Vektorel carpim

X1 Y1
iki vektor: x=|x, y=|y,
| X3 _ BE
] Ic carpim XTY sonucu skaler
Ic carpim = skaler (1xn) (nx1)
_J’1 | 3
XTy:[X1 X5 Xa] Yo | = XY T XY, ¥ X3Y3 :in.yi
i=1
| Y3

dis carpim = matris

X LY XY XYs Dis carpim XYT sonucu bir matris
T
xy =% |lyi v: vil=|xy Xy, Xy, (nx1) (1xn)
X3 X3y X3Y>  X3Y3
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Vektorlerin skaler carpimi

Iki vektorun skaler carpimi, bir vektoriin digerine projeksiyonuna

esdegerdir.
|
|
X | — —> — —>

| X1ex2 = | X .|X,| . cOSQ
|

04 | )

cosx X,

Iki vektor ortogonal ise, skaler carpimi sifirdir: birinin digerine
projeksiyonu sifir olacaktir.

izjj=kk=1

ij=ik=jk=0
22



Matris determinanti

* Determinant, kare matrisleri bir saylya esleyen fonksiyondur.
* Determinant fonksiyonunun, kare matrisi esledigi o sayiya
matrisin determinanti denir.
* A matrisinin determinanti, detA veya |A| biciminde gaosterilir.
* |A], matrislerde mutlak deger anlamina gelmez. |A| sifir veya
negatif de olabilir.
* Sarrus Kurall
* |saretli Minor (Kofaktor)
* Gauss Eleminasyon Yontemi
* Determinant, vektor uzayindaki matrisin e
Isgal ettigi "hacim" hakkinda bir fikir verir. ad-be
* Bir A matrisinin tersinin alinabilmesi icin
det(A)=0 olmal

(a+c,b+d)
(a,b)

23



Matris determinanti

* Bir matrisin determinanti, eger ve sadece matrisin situnlar
arasinda dogrusal bir iliski varsa sifir olur.

* O zaman bir A matrisinin ranki, sifir olmayan bir determinanta
sahip olan A'nin en buyudk kare alt matrisinin boyutu olarak

tanimlanabilir. 17 YN
X =
24 .
X = 2

x1 ve x2 Ust Uste getirilebilir.
x2 = 2 x1.
matris X'in determinanti sifirdir. (2)
Determinanti sifir olmayan en buyuk XZ_ 4

kare alt matrisi 1x1'dir.

Dolayisiyla rank(X)=1.

24




Matris tersi

 Tanim. A matrisi, asagidaki gibi bir B matrisi varsa tersi

alinabilirdir.

AB=BA=1I,

Notasyon. A, A'nin tersi

W= wWIN

Wi e

AA ' =A""4=1,.

* A tersi alinabilirse, Al de tersi alinabilir. (A7) = (A1)T

25



Matris tersi

e Kare matris A: A(fj )
cof(A, z1,) ... cof(A,z;))
* Tersi: A~ @) U
cof(A,r;1) ... cof(A, z;;)
| Al a B0 1 d —b
e 2Xx2 matris e d ad —bc|—c al

Bir matrsin tersi alinabilirse, determinanti sifirdan farklidir (kare matris olmali).
Tersinir olmayan bir matrisin tekil (singular) oldugu soéylenir.

26



Ters matris ozellikleri

[AB]" = B'A"
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Yalanci tersinir (pseudoinverse)

Eger matrisiniz kare degilse (bkz: kare matris) bu durumda ters matrisi
elde edemezsiniz.

Bunun yerine, sanki ters matrismis gibi bir matris veren moore—penrose
yontemi kullanilabilir,

En klcUk kareler yonetmi ile hesaplanir. Bunun sonucunda elde edilen
pseudoinverse matris, ters matrisin buttin 6zelliklerini icermese de fikir
verir.

Genellestirilmis ters matris de denir.



Lineer sistem denklemleri

* Matrislerin en dnemli uygulamalarindan biri, elektrik devreleri, istatistikler
ve diferansiyel denklemler icin sayisal yontemler dahil olmak tizere bircok
farkh problemde ortaya ¢ikan dogrusal denklem sistemlerini czmek

icindir.
a X, +...+a, X, =Db
a, X, +...+a,x =D,

a. X, +..+a X =b_

ml

m adet denklem n-adet bilinmeyen

29



Scientific Python

Ekstra Ozellikler gerekili:

= hizh, cok boyutlu diziler
= guvenilir, test edilmis bilimsel fonksiyonlarin
kUtuphaneleri

= gorsellestirme araclari

NumPy, neredeyse her bilimsel Python uygulamasinin
veya modulunin cekirdeginde yer almaktadir ¢tinki
vektorel bir bicimde manipule edilebilen hizli bir N-d

array veri tlrt saglar.

30



Arrays — Numerical Python (Numpy)

KlcgUk boyutlu bir boyutlu verilerin depolanmasi icin listeler yeterl

>>> a = [1,3,5,7,9] >>> a = [1,3,5,7,9]

>>> print(a[2:4]) >>> p = [3,5,6,7,9]

[5, 7] >>c=a+b

>> b = [[1, 3, 5, 7, 9], [2, 4, 6, 8, 10]] >>> print c

>>> print(b[0]) [1, 38, 5, 7, 9, 3, 5, 6, 7, 9]

[1, 3, 5, 7, 9]
>>> print(b[1][2:4])
[6, 8]

* Fakat, aritmetik operatorler direk uygulanamaz (+, -, *, /, ...)

* Aritmetik operasyonlara uygun cok boyutlu veriler icin
* Numpy

>>> import numpy

31



Numpy — N-boyutlu Array manipulasyonlari

Python ile bilimsel hesaplama icin gerekli temel kitiiphaneye NumPy denir. Bu
Acik Kaynak kdtiiphanesi sunlari icerir:

egUcli bir N boyutlu dizi nesnesi

*gelismis dizi dilimleme (slicing) yontemleri (dizi elemanlarini secmek icin)
*uygun dizi yeniden sekillendirme (reshaping) yontemleri

ve hatta sayisal rutinleri olan 3 kutiphaneyi icerir:
*temel lineer cebir fonksiyonlari

*temel Fourier donidsiumleri

*karmasik rasgele say! Gretme

32



Numpy — array elusturma

numpy array olusturmanin bircok yolu var

= Python list veya tuples
= arange, linspace vb. gibi numpy dizileri olusturmaya adanmis
fonksiyonlari kullanarak

= Dosyadan veri okuyarak

33



Numpy — array elusturma

list kullanrak
" numpy.array

# as vectors from lists

>>> a = numpy.array([1,3,5,7,9])
>>> b = numpy.array([3,5,6,7,9])
>>c =a+ b

>>> print c

[4, 8, 11, 14, 18]

>>> type(c)
(<type 'numpy.ndarray'>)

>>> c.shape

(5,)

34
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Numpy — matris olusturma

>>> 1 = [[1, 2, 3], [3,
numpy.array(l)
>>>print(a)

[[1 2 3]

[3 6 9]

[2 4 6]]
>>> a.shape
(3, 3)
>>> print(a.dtype)
int64

>>> a =

# or directly as matrix
>>> M = array([[1, 2],
>>> M.shape

(2,2)

>>> M.dtype
dtype('int64')

6, 91,

# convert a list to an array

# get type

[3, 4]]

[2, 4, 6]] # create a list

of an array

#only one type

>>> M[0,0] = "hello"

Traceback (most recent call last):
File "<stdin>", line 1, in <module>

ValueError: invalid literal for long() with base 10: 'hello’

>>> M = numpy.array([[1, 2], [3, 4]], dtype=complex)
>>> M
array([[ 1.+0.j, 2.+0.j],

[ 3.+0.j, 4.+0.j11)




Numpy — Matris kullanimi

>>> print(a)

[[1 2 3]

[3 6 9]

[2 4 6]]

>>> print(a[0]) # this is just like a list of lists
[1 2 3]

>>> print(a[l, 2]) # arrays can be given comma separated indices
9

>>> print(a[1, 1:3]) # and slices
[6 9]

>>> print(af[:,1])

[2 6 4]

>>> a1, 2] =7

>>> print(a)

[[1 2 3]

[3 6 7]

[2 4 6]]

>>> a[:, 0] = [0, 9, 8]

>>> print(a)

[[0 2 3]

[9 6 7]

[8 4 6]]
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Numpy — array elusturma

Fonksiyonlar yoluyla

>>> x = arange(0, 10, 1) # arguments: start,
>>> X
array([o, 1, 2, 3, 4, 5, 6, 7, 8, 9])

>>> numpy.linspace(0, 10, 25)

stop, step

array([ ©. , 0.41666667, 0.83333333, 1.25 ,
1.66666667, 2.08333333, 2.5 , 2.91666667,
3.33333333, 3.75 ,  4.16666667, 4.58333333,
5. , 5.41666667, 5.83333333, 6.25 ,
6.66666667, 7.08333333, 7.5 ,  7.91666667,
8.33333333, 8.75 ,  9.16666667, 9.58333333,

>>> numpy.logspace(0, 10, 10, base=numpy.e)

array([ 1.00000000e+00, 3.03773178e+00,
2.80316249e+01, 8.51525577e+01,
7.85771994e+02, 2.38696456e+03,
2.20264658e+04])

9.22781435e+00,
2.58670631e+02,
7.25095809e+03,

10.

1)




Numpy — array elusturma

# a diagonal matrix
>>> numpy.diag([1,2,3])
array([[1, 0, 0],

[0, 2, 0],

[0, 0, 3]11)

>>> b = numpy.zeros(5)

>>> print(b)

[ 6. 0. 0. 0. 0.]

>>> b.dtype

dtype(‘float64’)

>>> n = 1000

>>> my_int_array = numpy.zeros(n, dtype=numpy.int)
>>> my_int_array.dtype

dtype(‘int32")

>>> ¢ = numpy.ones((3,3))
>>> ¢
array([[ 2., 1., 1.1,
[ 1., 1., 1.],
[ 1., 1., 1.11)
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Numpy — array elusturma ve kullanimi

>>> d = numpy.arange(5) # just like range()
>>> print(d)
[0 12 3 4]

>>> d[1] = 9.7
>>> print(d) # arrays keep their type even if elements changed
[0 9 2 3 4]

>>> print(d*0.4) # operations create a new array, with new type
[ 6. 3.6 0.8 1.2 1.6]

>>> d = numpy.arange(5, dtype=numpy.float)
>>> print(d)
[ 0. 1. 2. 3. 4.]

>>> numpy.arange(3, 7, 0.5) # arbitrary start, stop and step
array([ 3. , 3.5, 4. , 4.5, 5. , 5.5, 6. , 6.5])
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Numpy — array olusturma ve kullanimi

>>> X, y = numpy.mgrid[0:5, 0:5] # similar to meshgrid in MATLAB

>>> X

array([[o0, 06, 0, 0, O],
[, 1, 1, 1, 1],
[2, 2, 2, 2, 2],
[3, 3, 3, 3, 3],
[4, 4, 4, 4, 4]])

# random data
>>> numpy.random.rand(5,5)

array([[ ©.51531133, 0.74085206, 0.99570623, 0.97064334, 0.5819413 ],
[ 0.2105685 , 0.86289893, 0.13404438, 0.77967281, 0.78480563],
[ 0.62687607, 0.51112285, 0.18374991, 0.2582663 , 0.58475672],
[ 0.72768256, 0.08885194, 0.69519174, 0.16049876, 0.34557215],
[ 0.93724333, 0.17407127, 0.1237831 , 0.96840203, 0.52790012]])

40
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Numpy — array elusturma

Dosyadan okuma

>>> o0s.system('head DeBilt.txt')
llstn", "Datum", "Tg", "ng", "Tn", IIanII, "TX", "qTX"
001, 19010101, -49, 00, -68, 00, -22, 40

>>> numpy.savetxt('datasaved.txt', data)

>>> os.system('head datasaved.txt')

1.000000000000000000e+00 1.901010100000000000e+07 -4.900000000000000000e+01
0.000000000000000000e+00 -6.800000000000000000e+01 0.0000000OOEOOEOOCOOe+O0O
-2.200000000000000000e+01 4.000000000000000000e+01

1.000000000000000000e+00 1.901010200000000000e+07 -2.100000000000000000e+01
0.000000000000000000e+00 -3.600000000000000000e+01 3.000000000000000000e+01
-1.300000000000000000e+01 3.000000000000000000e+01

1.000000000000000000e+00 1.901010300000000000e+07 -2.800000000000000000e+01
0.000000000000000000e+00 -7.900000000000000000e+01 3.000000000000000000e+01

>] -5.000000000000000000e+00 2.000000000000000000e+01
>

O 0 0 00 0 0 0 O

(25568, 8)




Numpy — array elusturma

>>> M = numpy.random.rand(3, 3)

>>> M

array([[ 0.84188778, 0.70928643, 0.87321035],
[ 0.81885553, 0.92208501, 0.873464 ],
[ ©.27111984, 0.82213106, 0.55987325]])

>>>

>>> numpy.save( 'saved-matrix.npy', M)

>>> numpy.load('saved-matrix.npy"')

array([[ 0.84188778, 0.70928643, 0.87321035],
[ ©.81885553, 0.92208501, 0.873464 ],
[ 0.27111984, 0.82213106, 0.55987325]])

>>>

>>> o0s.system('head saved-matrix.npy')

NUMPYF{'descr': '<f8', 'fortran_order': False, 'shape': (3, 3), }

i<

£%087sy2@?$+0Viie?U4é?%dn, 1?A[Ajoé?A, ZN?¢C

TaNé?67L{ea?0

>>>
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Numpy - ndarray

NumPy'nin ana nesnesi “ndarray” adi verilen homojen ¢ok boyutlu bir dizidir.

= Bu, bir tamsay! dizisi ile indekslenen, ayni tipte bir elementler tablosu (genellikle
sayilar). Cok boyutlu dizilerin tipik ornekleri, vektorleri, matrisleri, gortntuleri ve

elektronik tablolari icerir.
= Boyutlar genellikle eksen olarak adlandirilir, eksen sayisi ranki verir.

[7, 5, -1] ranki 1'dir. 3-uzunluklu bir eksene sahip
[[1.5,0.2,-3.7], ranki 2'dir. 2-boyutludur, ilk eksen
[0.1, 1.7, 2.9]] 3 uzunluklu, ikinci eksen 3 uzunlukludur (matris

2 satir 3 situndan olusmakta
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Numpy — ndarray attributes

ndarray.ndim
= the number of axes (dimensions) of the array i.e. the rank.
ndarray.shape

= the dimensions of the array. This is a tuple of integers indicating the size of the array in each
dimension. For a matrix with n rows and m columns, shape will be (n,m). The length of the
shape tuple is therefore the rank, or number of dimensions, ndim.

ndarray.size
= the total number of elements of the array, equal to the product of the elements of shape.

ndarray.dtype

= an object describing the type of the elements in the array. One can create or specify dtype's
using standard Python types. NumPy provides many, for example bool_, character, int_,
int8, intl6, int32, int64, float_, float8, floatl6, float32, float64, complex , complex64, object .

ndarray.itemsize

= the size in bytes of each element of the array. E.g. for elements of type float64, itemsize is 8
(=64/8), while complex32 has itemsize 4 (=32/8) (equivalent to ndarray.dtype.itemsize).

ndarray.data

= the buffer containing the actual elements of the array. Normally, we won't need to use this
attribute because we will access the elements in an array using indexing facilities.
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Numpy — array olusturma ve kullanimi

Two ndarrays are mutable and may be views to the same memory:

>>> x = np.array([1,2,3,4])

>>> y = X

>>> X 1s Yy

True

>>> id(x), id(y)

(139814289111920, 139814289111920)
>>> x[0] = 9

>>> y

array([9, 2, 3, 4])

>>> x[0] = 1

>>> z = x[:]

>>> x is z

False

>>> id(x), id(z)

(139814289111920, 139814289112080)
>>> x[0] = 8

>>> 7

array([8, 2, 3, 4])

>>> x = np.array([1,2,3,4])
>>>y = X.copy()

>>> X is y

False

>>> jd(x), id(y)
(139814289111920, 139814289111840)
>>> x[0] = 9

>>> X

array([9, 2, 3, 4])

>>> 34

array([1, 2, 3, 4])




Numpy — array olusturma ve kullanimi

>>> a = numpy.arange(4.0)
>>> p = a * 23.4

>>> ¢ = b/(a+l)

>>> ¢ += 10

>>> print c
[ 10. 21.7 25.6 27.55]

>>> arr = numpy.arange(100, 200)

>>> select = [5, 25, 50, 75, -5]

>>> print(arr[select]) # can use integer lists as indices
[165, 125, 150, 175, 195]

>>> arr = numpy.arange(10, 20 )

>>> div_by 3 = arr%3 == @ # comparison produces boolean array
>>> print(div_by_3)

[ False False True False False True False False True False]
>>> print(arr[div_by_3]) # can use boolean lists as indices
[12 15 18]

>>> arr = numpy.arange(10, 20) . reshape((2,5))
[[16 11 12 13 14]
[15 16 17 18 19]]
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Numpy — array metotlar

>>> arr.sum()

145

>>> arr.mean()
14.5

>>> arr.std()
2.8722813232690143
>>> arr.max()

19

>>> arr.min()

10

>>> div_by_3.all()
False

>>> div_by_ 3.any()
True

>>> div_by_3.sum()
3

>>> div_by_3.nonzero()

(array([2, 5, 8]),)
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Numpy — array metotlari - siralama

>>> arr = numpy.array([4.5, 2.3, 6.7, 1.2, 1.8, 5.5])
>>> arr.sort() # acts on array itself

>>> print(arr)

[ 1.2 1.8 2.3 4.5 5.5 6.7]

>>> x = numpy.array([4.5, 2.3, 6.7, 1.2, 1.8, 5.5])
>>> numpy.sort(x)
array([ 1.2, 1.8, 2.3, 4.5, 5.5, 6.7])

>>> print(x)
[ 4.5 2.3 6.7 1.2 1.8 5.5]

>>> s = x.argsort()

>>> S

array([3, 4, 1, 0, 5, 2])

>>> x[s]

array([ 1.2, 1.8, 2.3, 4.5, 5.5, 6.7])
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Numpy — array fonksiyonlar

Most array methods have equivalent functions

>>> arr.sum()

45

>>> numpy.sum(arr)
45

 Ufuncs provide many element-by-element math, trig., etc.
operations

— e.g., add(x1, x2), absolute(x), log10(x), sin(x), logical _and(x1, x2)

* See http://numpy.scipy.org
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Numpy — array operasyonlari

>>> a = array([[1.0, 2.0], [4.0, 3.0]])
>>> print a

[[ 1. 2.]
[ 3. 4.]]

>>> a.transpose()
array([[ 1., 3.],

[ 2., 4.]1])

>>> inv(a)
array([[-2. , 1. ],
[ 1.5, -0.5]])

>>> u = eye(2) # unit 2x2 matrix; "eye" represents "I"

>>> U
array([[ 1., 0.],
[ 6., 1.1])

>>> j = array([[0.0, -1.0], [1.0, 0.0]])

>>> dot (j, j) # matrix product
array([[-1., 0.],

[ 0., -1.1])




Numpy — statistics

In addition to the mean, var, and std functions, NumPy supplies several other
methods for returning statistical features of arrays. The median can be
>>> a = np.array([1, 4, 3, 8, 9, 2, 3], float)

>>> np.median(a)
3.0

The correlation coefficient (iki rassal arasindaki lineer bagimlilik) for multiple variables
observed at multiple instances can be found for arrays of the form [[x1, x2, ...], [y1, y2,
.., [z1, z2, ...], ...] where X, y, z are different observables and the numbers indicate the
observation times:

>>> a np.array([[1, 2, 1, 3], [5, 3, 1, 8]], float)
>>> ¢ np.corrcoef(a)
>>> C

array([[ 1. , 0.72870505],
[ ©.72870505, 1. 11)

Here the return array cli,j] gives the correlation coefficient for the ith and jth
observables. Similarly, the covariance for data can be found::

>>> np.cov(a)
array([[ ©.91666667, 2.08333333],
[ 2.08333333, 8.91666667]])
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Numpy — arrays, matrisler

For two dimensional arrays NumPy defined a special matrix class in
module matrix. Objects are created either with matrix() or mat() or
converted from an array with method asmatrix().

>>> import numpy

>>> m = numpy.mat([[1,2],[3,4]])
or

>>> a = numpy.array([[1,2],][3,4]])
>>> m = numpy.mat(a)

or

>>> a = numpy.array([[21,2],[3,4]])
>>> m = numpy.asmatrix(a)

Note that the statement m = mat(a) creates a copy of array 'a’.

Changing values in 'a' will not affect 'm".

On the other hand, method m = asmatrix(a) returns a new reference to the same d.
Changing values in 'a' will affect matrix 'm’.
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Numpy — matrisler

Array and matrix operations may be quite different!

>>> a = array([[1,2],[3,4]])

>>> m = mat(a) # convert 2-d array to matrix

>>>m = matrix([[1, 2], [3, 41])

>>> a[0] # result is 1-dimensional

array([1, 2])

>>> m[0] # result is 2-dimensional
matrix([[1, 2]])

>>> a*a # element-by-element multiplication
array([[ 1, 4], [ 9, 16]])

>>> m*m # (algebraic) matrix multiplication
matrix([[ 7, 10], [15, 22]])

>>> a**3 # element-wise power

array([[ 1, 8], [27, 64]])

>>> m**3 # matrix multiplication m*m*m
matrix([[ 37, 54], [ 81, 118]])

>>>m. T # transpose of the matrix
matrix([[1, 3], [2, 4]1])

>>> m.H # conjugate transpose (differs from .T for complex matrices)
matrix([[1, 3], [2, 4]])

>>> m. I # inverse matrix

matrix([[-2. , 1. ], [ 1.5, -0.5]])
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Numpy — matrisler

Operator *, dot(), and multiply():

* For array, *' means element-wise multiplication, and the dot() function is used for
matrix multiplication.

* For matrix, *'means matrix multiplication, and the multiply() function is used for
element-wise multiplication.

Handling of vectors (rank-1 arrays)

* For array, the vector shapes 1xN, Nx1, and N are all different things. Operations like A[:,1]
return a rank-1 array of shape N, not a rank-2 of shape Nx1. Transpose on a rank-1 array
does nothing.

* For matrix, rank-1 arrays are always upgraded to 1xN or Nx1 matrices (row or column
vectors). A[:,1] returns a rank-2 matrix of shape Nx1.

Handling of higher-rank arrays (rank > 2)

e array objects can have rank > 2.

* maitrix objects always have exactly rank 2.

Convenience attributes

* array has a .T attribute, which returns the transpose of the data.

* matrix also has .H, .I, and .A attributes, which return the conjugate transpose, inverse, and
asarray() of the matrix, respectively.

Convenience constructor

* The array constructor takes (nested) Python sequences as initializers. As in
array([[1,2,3],[4,5,6]]).

* The matrix constructor additionally takes a convenient string initializer. As in
matrix("[1 2 3; 4 5 6]")



Numpy — array mathematics

>>> g = np.array([1,2,3], float)

>>> b np.array([5,2,6], float) | 555 5
>>> a + b
array([6., 4., 9.])
>>> a - b >>> a * a

array([-4., 0., -3.]) array([[ 1., 4.1,
>>>a * b [ 9., 16.],
array([5., 4., 18.]) [ 25., 36.]])
>> p / a >>> b * b
array([5., 1., 2.]) array([ 1., 9.])

>>> a % b >>> a * b

array([1., 0., 3.]) array([[ -1., 6.1,
>>> b*ra [ =8, 02.1,
array([5., 4., 216.]) [ -5., 18.]]1)
>>>

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

>>> p

>>> g
>>> Db
>>> a
array([

np.array([[1, 2], [3, 4],
np.array([-1, 3], float)

~

[ 1.
[ 3.,
[ 5.

o B~DN

]
]
]

—_~ ~

)

>>> Db
array([-1., 3.])
>>> a + b

array([

0.
2.
4.

| e B e B |

5.1,
7.1,
9.11)

~ ~ ~
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Numpy — array mathematics

>>> A = np.array(|]
>>> vl = arange(0,
>>> A
array([[ o0, 1, 2,
[16, 11, 12, 13,
[20, 21,
[30, 31, 32,
[40, 41, 42,
>>> vl
array([o, 1, 2, 3,
>>> np.dot(A,A)
array([[ 300, 314
[1300, 1364
[2300, 2414
[3300, 3464
[4300, 4514

N
N
A WN PR
w W
Do) N

3,

>>>
>>> np.dot(A,vl)
array([ 30, 130, Z
>>> np.dot(vil,vl)
30

>>>

Alternatively, we can cast the array objects to the type matrix. This changes
the behavior of the standard arithmetic operators +, -, * to use matrix
algebra.

>>> M = np.matrix(A)

>>> v = np.matrix(v1).T
>>>
matrix([[0],
[1],
[2],
[31,
[41]1)
>>> M*v
matrix([[ 30],
[130],
[230],
[330],
[430]])

>>> v.T * v # inner product
matrix([[30]])
# standard matrix algebra applies
>>> v + M*v
matrix([[ 30],

[131],

[232],

[333],

[434]])




Broadcasting

a=a+ 1# add one to every element

When operating on multiple arrays, broadcasting
rules are used.

= Each dimension must match, from right-to-left

= Dimensions of size 1 will broadcast (as if the
value was repeated).

= Otherwise, the dimension must have the same
shape.

= Extra dimensions of size 1 are added to the left
as needed.
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Broadcasting

Suppose we want to add a color value to an image
= a.shape iIs 100, 200, 3
" b.shape is 3

a + b will pad b with two extra dimensions so it has
an effective shape of 1 x 1 x 3.

So, the addition will broadcast over the first and
second dimensions.
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Broadcasting

If a.shape is 100, 200, 3 but b.shape is4thena+Db
will fail. The trailing dimensions must have the same
shape (or be 1)
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SciPy

* SciPy is an Open Source library of scientific tools for Python. It depends on the
NumPYy library, and it gathers a variety of high level science and engineering modules
together as a single package. SciPy provides modules for

— file input/output

— statistics

— optimization

— numerical integration
— linear algebra

— Fourier transforms
— signal processing
— image processing
— ODE solvers

— special functions
— and more...

* See http://docs.scipy.org/doc/scipy/reference/tutorial/
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SciPy: Lineer Cebir

scipy.linalg

SciPy is built using the optimized ATLAS LAPACK (Linear Algebra PACKage)
and BLAS (Basic Linear Algebra Subprograms) libraries, it has very fast linear
algebra capabilities. All of these linear algebra routines expect an object that
can be converted into a 2-dimensional array. The matrix class is initialized with
the SciPy command mat which is just convenient short-hand for matrix.

>>> A = matrix('1.0 2.0; 3.0 4.0")
>>> A
-]

[[ 1.2
[ 3. 4.1]

>>> type(A) # file where class is defined
<class 'numpy.matrixlib.defmatrix.matrix'>

>>> B = mat('[1.0 2.0; 3.0 4.0]")
>>> B

[[ 1. 2.]

[ 3. 4.]]

>>> type(B) # file where class is defined
<class 'numpy.matrixlib.defmatrix.matrix'>




Lineer Cebir

Matrs tersi

>>> A =mat('[135; 25 1; 2 3 8]")
>>> A
matrix([[1, 3, 5],

[2I 5/ 1]/

[2, 3, 8]])
>>> A, I
matrix([[-1.48, ©0.36, 0.88],
[ 0.56, 0.08, -0.36],
[ 0.16, -0.12, ©0.04]])
>>> from scipy import linalg
>>> linalg.inv(A)
array([[-1.48, 0.36, 0.88],

[ .56, 0.08, -0.36],

[ 0.16, -0.12, 0.04]])
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SciPy: Lineer Cehir

Lineer sistem ¢oziumii

S=Al

r+3y+oz = 10
2r+ody+z2 = B
2r+3y+8z = 3

B where S=[xyz]and B=[10 8 3]

>>> A
>>> Db
>>> A,

mat('[1 3 5; 25 1; 2 3 8]")
mat('[10;8;3]")
I*b

matrix([[-9.28],

[ 5.16],
[ 0.76]])

>>> linalg.solve(A,b)
array([[-9.28],

[ 5.16],
[ ©.76]])
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Determinant bulma

Al

SciPy: Lineer Cebir

1 3 5

A=12 5 1

2 3 8
2 1 L1201 -1 2 5
1':5 g '—wj'z 8'-+.J 9 3

1(5-8—3-1)—3(2-8—2-1)+5(2-3—2.5) = —25.

>>> A = mat('[1 3 5; 2
>>> linalg.det(A)
-25.000000000000004

5

1; 2 3 8]")




Uygulama

https://github.com/gertingold/euroscipy-
numpy-tutorial

Plazza resources altinda
lecture_07_numpy.ipynb
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