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Pirma uzduotis

Tiesiniy lygciy sistemy sprendimas

a) Lenteléje 1 duotos tiesinés lygciy sistemos, 2 lenteléje nurodyti metodai ir lygc¢iy sistemy
numeriai (i$ 1 lentelés). Reikia suprogramuoti nurodytus metodus ir jais iSspresti
pateiktas lygciy sistemas.

b) Lenteléje 3 duotos tiesinés lygciy sistemos, laisvyjy nariy vektoriai ir nurodytas skaidos
metodas. Reikia suprogramuoti nurodyta metodg ir juo iSspresti pateiktas lygciy sistemas.

Sprendziant lygciy sistemas (a ir b punktuose), turi biiti:

a) Programoje turi biiti jvertinti atvejai:
a. kai lygc€iy sistema turi vieng sprendinj;
b. kai lyg€iy sistema sprendiniy neturi;
c. kai lygciy sistema turi be gali daug sprendiniy.
b) Patikrinkite gautus sprendinius ir skaidas, jraS§ydami juos j prading lyg¢iy sistema.
c) Gauta sprendinj patikrinkite naudodami iSorinius iSteklius (pvz., standartines Python

funkcijas)
Lentelé 2:
UZduoties Nr. Metodas Lyg¢iy sistemy Nr.
10 Atsipindzio 8,13, 20
Paprastiijy iteracijy 8
Lentelé 1:
Nr. Lygc¢iy sistema
4x1 +3X2 _X3 +X4, =12
8 3x1 + 9x2 - 2X3 - 2X4 =10
—X1 — 2x, + 11x3 — x4, = —28
Xy — 2x, —x3 + 5x4, = 16
x1 - 2x2 + 3X3 + 4‘X4 =11
13 ) xl_X3+X4=—4‘
2X1 — 2Xy + 2x3 +5x4 =7
—7%x; +3x3+ x4 =2
(le + 4‘x2 + 6x3 - 2x4 =2
20 xl+3x2+X3_3.X4,=1
X1+ X +5x3+x, =7
\2x1 + 3%, — 3x3 — 2x, = 2




Lentelé 3:

Uszur(-)tleS Lygciy sistema bl b2 b3 Metodas
6x1 + x5 + 3x3 — 2x4 = -+ = =67 ..=—=5.25
10 6x1 + 8x2 + x3 - X4 :_ = 14‘ =177 I LU
12x; — 2x5 +4x3 — x4 = - =13|)..=126 | |..=—-135
AtspindZio metodas
Gauti rezultatai
Lyg¢iy sistema 8:

x1=1

X2=1

X3 = -2

X4=3

Sklaida = 1.9539925233402755e-14

Lygciy sistema 13:

Be galo daug sprendiniy

Lygciy sistema 20:

Néra sprendiniy




Pasitikrinimas
Lygciy sistema 8:

¥ WolframAlpha e

system of equations a8 ]

B HATURAL LANGUAGE | S MATH INPUT [ e ennn KEveoan

XAMPLES ~ # UPLOAD 34 RANDOM

Assuming "system of equations” refers to a computation | Use as referring to a mathematical definition or
a general topic instead

Computational Inputs:

Assuming a system of four equations | Use a system of three equations or | more ~ | instead
» equation1: | dx 1+3x 2-x 3+x 4=1:
»equation2  3x 1+9x 2-2x 3-2x 4=
» equation3: | x_1-2x_2+ 1x 3-x_4=-

» equation 4 ¥ 1-2x 2-X 3+5x 4=16

Input interpretation

4 +3Xg = X3 X4 =12
3x+9X-2X3-2X3 =10
X1 =2X3+ 11x3=x4 = =28

6

X]—2X;—X34+5X3 =

Result [ Step-by-step solution

xm=landxa=1and x3=-2and x4 =3

& Download Page POWERED BY THE WOLFRAM LANGUAGE
Lygciy sistema 13:

¥ WolframAlpha e

system of equations 8

em——
8 narurac Lancuace | s MaTH puT 0 SXTENED KevaoaRD I} ECaMPLES  # UPLOAE 3 RANDOM

Assuming "system of equations" refers to a computation | Use as referring to a mathematical definition or
a general topic instead

Computational Inputs:

Assuming a system of four equations | Use a system of three equations or | more - | instead
» equation1: % 1-2%x 2+3x 3+4x 4="

» equation2:  |x 1-x 3+x 4=-4

» equation3: |2x 1-2x 2+2x 3+5x 4=

» equation4: | -Tx 2+3x 3+x 4=2

Input interpretation

X1 -2X +3X34+4% =11

Xp - X3+ Xy =4

solve
2X1=2Xp+2X345X4=7
—7Xp+3X34+X3=2
Result Approximate form
5% 66 19% 177 13 22x
Xp=——+—Ag=——+—Axg=—-——
41 41 41 41 41 41

€1/1€2 /... is the logical AND function

& Dounload Page POWERED BY THE WOLFRAM LANGUAGE




Lygciy sistema 20:

& WolframAlpha

system of equations =]
n
B NATURAL LANGUAGE | ffa MATH INPUT EH EXTENDED KEVEOARD 3! EXAMPLES % UPLOAD 24 RANDOM
Assuming "system of equations” refers to a computation | Use as referring to a mathematical definition or
a general topic instead

Computational Inputs:

Assuming a system of four equations | Use a system of three equations or | more ~ | instead
» equation 1: 2x_ 1+4x 2+6x 3-2x 4=

» equation 2: ¥ 1+3x 2+x 3-3x 4=1

» equation3: | x_1+x 2+465x 3+x 4=7

» equation4: | 2x_1+3x_2-3x 3-2x 4=

Input interpretation
2X)+4Xy+6X3-2Xx3=2
X1 +3Xp+X3-3x3=1

solve

X1+Xo+5X34 X =7
2X;#3X;-3X3-2X4=2

Result

(no solutlons exist)

& Download Page POWERED BY THE WOLFRAM LANGUAGE

Kodas

import numpy as np
from dataclasses import dataclass
from typing import List

adataclass
class Lygtis:

koeficientai: list[float]
rezultatas: List[float]

adataclass
class LygciuSistema:

def

def

lygtys: list[Lygtis]

gauti_sklaida(lygciu_sistema: LygciuSistema, x, rezultato_idx=0):

n = lygciu_sistema.lygtys[0].koeficientai

sklaida = 0

for lygtis in lygciu_sistema.lygtys:
issistatyta = sum(x[i]*lygtis.koeficientai[i] for i in range(len(n)))
sklaida += abs(issistatyta - lygtis.rezultatas[rezultato_idx])

return sklaida

gauso_atispindzio_metodas(lygciu_sistema: LygciuSistema, epsilon=le-7):
koeficientai = list(lygtis.koeficientai for lygtis in lygciu_sistema.lygtys)
A = np.matrix(koeficientai).astype(float)

rezultatai = list(lygtis.rezultatas for lygtis in lygciu_sistema.lygtys)

b = np.matrix(rezultatai).astype(float)



n = (np.shape(A))[0]
nb = (np.shape(b))[1]
Al = np.hstack((A, b))

# tiesioginis etapas(atspindziai):
for i in range(0, n - 1):

z = Al[i:n, i]

zp = np.zeros(np.shape(z))

zp[0] = np.linalg.norm(z)
omega = z - zp
omega = omega / np.linalg.norm(omega)

Q = np.identity(n - i) - 2 * omega * omega.transpose()
Al[i:n, :1 = Q.dot(A1[i:n, :]1)

if np.sum(np.abs(A1[n-1, 0:n-nb+1])) < epsilon:
if abs(A1l[n-1, n]) < epsilon:
print("Be galo daug sprendiniu")
else:
print("Nera sprendiniu")
return

# atgalinis etapas:
X = np.zeros(shape=(n, 1))
for i in range(n - 1, -1, -1):
x[i, :1 = (A1[i, n:n + nb] - A1[i, i + 1:n] * x[1 + 1:n, :]1) / A1[i, i]
print("Sprendinys:")
for i in range(0, n):
print(f"x{i} = {x[i, 0]:.5f}")

print("Sklaida:", gauti_sklaida(lygciu_sistema, list(x.flat)))

Paprastujy iteracijy metodas

Rezultatai
Reikiamy iteracijy skaicius: 73

x1=1
X2 =2
X3 = -2
X4=3

Sklaida: 6.569500499153946e-11

Kodas

import numpy as np
from dataclasses import dataclass
from typing import List

@dataclass

class Lygtis:
koeficientai: list[float]
rezultatas: List[float]

adataclass
class LygciuSistema:
lygtys: list[Lygtis]

def gauti_sklaida(lygciu_sistema: LygciuSistema, x, rezultato_idx=0):
n = lygciu_sistema.lygtys[0].koeficientai
sklaida = 0



def

for lygtis in lygciu_sistema.lygtys:
issistatyta = sum(x[i]*lygtis.koeficientai[i] for i in range(len(n)))
sklaida += abs(issistatyta - lygtis.rezultatas[rezultato_idx])

return sklaida

paprastu_iteraciju_metodas(lygciu_sistema: LygciuSistema, epsilon=le-12, alpha=1,

iteraciju_kiekis=1000):

koeficientai = list(lygtis.koeficientai for lygtis in lygciu_sistema.lygtys)
A = np.matrix(koeficientai).astype(float)

rezultatai = list(lygtis.rezultatas for lygtis in lygciu_sistema.lygtys)

b = np.matrix(rezultatai).astype(float)

n = np.shape(A)[0]

alpha_mat = np.array([alpha, alpha, alpha, alphal) # laisvai parinkti metodo parametrai
Atld np.diag(1.0/np.diag(A)).dot(A) - np.diag(alpha_mat)

btld = np.diag(1.0/np.diag(A)).dot(b)

X = np.zeros(shape = (n,1))
x1 = np.zeros(shape = (n,1))
for iteracija in range(iteraciju_kiekis):
x1 = ((btld - Atld.dot(x)).transpose()/alpha_mat).transpose()
prec = np.linalg.norm(x1 - x)/(np.linalg.norm(x) + np.linalg.norm(x1))
if prec < epsilon: break
x[:1=x1[:]

print("Reikiamas iteraciju skaicius", iteracija)
print("Sprendinys:")
for i in range(0, n):

print(f"x{i} = {x[i, 0]:.5f}")

print("Sklaida:", gauti_sklaida(lygciu_sistema, list(x.flat)))

LU Sklaida
Rezultatai
Nr. X1 X2 X3 X4 Sklaida
1 1 1 1 1 3.5527e-15
2 10 2 3 2 0
3 -1 0.75 0 0 0




Pasitikrinimas

¥ WolframAlpha

computational
intelligence.

& WolframAlpha e

system of equations

E} [ system of equations

8§ NATURAL LANGUAGE | [y MATH INPUT T

XAMPLES  # UPLOAD G RANDOM

Assuming "system of equations” refers to a computation | Use as referring to a mathematical definition o

a general topic instead

Computational Inputs:

Assuming a system of four equations | Use a system of three equations or
» equation - Bx_1+x 2+ 3 3-2 4=t
»equation 2 Bx_1+8x 2 +x 3-x_4=1

» equation3: | 12x_1-2% 2+ 4x 3-x 4=

» equation 4:

Bx_1+x% 2+x 3+6x4=1

Input interpretation
6X) + Xy #3X3-2Xs =8
6x1+8x +x3 - =14
120 - 2%+ 4X; - Xy = 13
BX) + Xy 4 X3 +5%; =15
Result

x=landx,=1and x;=1and x;=1

& Download Page

WolframAlpha

more ~

instead

POWERED BY THE WOLFRAM LANGUAGE

computational
intelligence

system of equations

£ aTon

GE | Jfa MATH INPUT EE) EXTENDED KEYBOARD

ExaMPLES 8 UPLOAD 3 RANDOM

Assuming "system of equations" refers to a computation | Use as referring to a mathematical definition or

a general topic instead

Computational Inputs:

Assuming a system of four equations | Use a system of three equations or
» equation 10 [Bx_1+x 2+3x 3-2x 4=-
» equation2  [Bx_1+8x_2+x 3-x4=0
» equation 3 [12x_1-2x 2 +4x 3-x 4=

» equation 4:

Bx_1+x 2+x 3+5x 4=+

Input interpretation

6X) + X34 3X;3 - 2Xg =-5.25
6X1 +8X3+X3-X=0

solve
12X - 22X+ 4X3 - X4 = -13.5
BX) +Xy+ X3 +5Xg =~7.25

Result

X1 land 4x, =3 and x3=0 and x4 =0

& Dovnload Page

Kodas

import numpy as np
from dataclasses import dataclass
from typing import List

adataclass
class Lygtis:
koeficientai: list[float]

more *

Decimal form

instead

[ Step by step solution

POWERED BY THE WOLFRAM LANGUAGE

B ATURAL LANGUAGE | s MATH puT

B exTenoeD KeveoarD 3 ExampLes  # UPLOAD

Assuming “system of equations" refers to a computation | Use as referring to a mathematical definition or
a general topic instead

Computational Inputs:

Assuming a system of four equations | Use a system of three equations or | more = | instead

» equation 1 6x_1+x 2+ 3x 3-2x 4 =€
» equation2: | 6x_1+8x 2+x 3-x4=Ti
» equation3: | 12x_1-2x 2+ 4% 3-x_4=

» equation 4:

Bx_1+x2+x3+5x4=9

Input interpretation
63, + X +3X3 - 2Xy = 67
6 +8X + X3 - X3 = 77
123 - 2%, + 43 - X4 = 126
BX| 4+ Xy 4 X34+ 5% =95
Result

X =10 and xp =

and X3 =3 and x, =2

& Download Page

4 RANDOM

POWERED BY THE WOLFRAM LANGUAGE



rezultatas: List[float]

adataclass
class LygciuSistema:
lygtys: list[Lygtis]

def gauti_sklaida(lygciu_sistema: LygciuSistema, x, rezultato_idx=0):
n = lygciu_sistema.lygtys[0].koeficientai
sklaida = 0
for lygtis in lygciu_sistema.lygtys:
issistatyta = sum(x[i]*lygtis.koeficientai[i] for i in range(len(n)))
sklaida += abs(issistatyta - lygtis.rezultatas[rezultato_idx])
return sklaida

def lu_sklaidos_metodas(lygciu_sistema: LygciuSistema):
koeficientai = list(lygtis.koeficientai for lygtis in lygciu_sistema.lygtys)
A = np.matrix(koeficientai).astype(float)
rezultatai = list(lygtis.rezultatas for lygtis in lygciu_sistema.lygtys)
b = np.matrix(rezultatai).astype(float)

n
[

np.shape(A)[0]
np.arange(0, n)

# tiesioginis etapas:

for i in range(n-1):
iii = abs(A[i:n,i]).argmax()
A[[i,i+iii],:] = A[[i+iii,i],:] # sukeiciamos eilutes
P[[i,i+iii]] = P[[i+iii,i]] # sukeiciami eiluciu numeriai

for j in range (i+1,n):
r = A[j,i]/Ali,i]
Alj,i:n+1] = A[j,i:n+1] - A[i,i:n+1]*r;
Alj,il = r
b = b[P]

# 1-as atgalinis etapas, sprendziama Ly=b, y->b
for i in range(1, n):
b[i] = b[i] - A[i,0:i]%b[0:1]
# 2-as atgalinis etapas , sprendziama Ux=b, x->b
for i in range (n-1,-1,-1) :
b[il = (b[i] - A[i,i+1:n]xb[i+1:n])/A[i,i]
print("Sprediniai:")
for i, column in enumerate(b.transpose()):
print(f"{i+1}.")
if not np.isfinite(column).all():

print(" Nera arba be galo daug sprendiniu")
continue

for j in range(0, n):
print(f" x{j} = {column[0, jl:.5f}")

print(f" Sklaida = {gauti_sklaida(lygciu_sistema, list(column.flat), i)}")

Antra uzduotis

Netiesiniy lygc¢iu sistemu sprendimas

Duota netiesiniy lygciy sistema (4 lentel¢):
{21(951,952) =0
ZZ (xl) xZ) =0

a. Skirtinguose grafikuose pavaizduokite pavirsius Z1 (x1, x2 ) ir Z2 (x1, x2).
b. Uzduotyje pateikta netiesiniy lyg¢iy sistema iSspreskite grafiniu badu.



c. Nagrinéjamoje srityje sudarykite staciakampj tinklelj (x1, x2 poras). Naudodami
uzduotyje nurodyta metodg apskaiciuokite netiesiniy lygciy sistemos sprendinius, kai
pradinis artinys jgyja tinklelio koordinaciy reikSmes. Tinklelyje vienodai pazymékite
taskus, kuriuos naudojant kaip pradinius artinius gaunamas tas pats sprendinys. Lenteléje
pateikite apskaiciuotus skirtingus sistemos sprendinius ir bent po vieng jam atitinkantj
pradinj artinj.

d. Gautus sprendinius patikrinkite naudodami iSorinius iSteklius (pvz., standartines Python
funkcijas).

Lentelé 4:

Metodas: Broideno

{xf + 2(x; —cos(x1))?—=20=0
xix, —2=0

Pavirsiy grafikai




Grafinis sprendimas
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Rezultatai

Nr. Artinys Sprendinys Iteracijos | Tikslumas
1 -4,0 -4.442,0.101 9 1.1435e-14
2 4,0 4.442,0.101 9 1.1435e-14
3 -2,4 -0.718, 3.874 11 1.407e-16
4 2,4 0.718, 3.874 11 1.087e-16

Pasitikrinimas
Naudota https://www.desmos.com/calculator

L

=N

(—4.442,0.101)
I

LA

(4.442,0.101)
— i

y

/

Kodas

import numpy as np
import matplotlib.pyplot as plt

\\/

import matplotlib.patches as patches

from dataclasses import dataclass

from typing import Iterable
import tkinter as tk

EPSILON = 1le-12

def ScrollTextBox(w,h):

sukuria TextBox su scrolais pagal w ir pagal h

w ir h _ plotis ir aukstis

Grazina textBoxa T

Programoje textBox sukuriamas:

T=ScrollTextBox(140,20)



https://www.desmos.com/calculator

Irasoma komandomis : T.insert(END,str+"\n"); T.yview(END)

root = tk.Tk(); root.title("Scroll Text Box")

framel=tk.Frame(root); framel.pack()

#T = ScrolledText(root, height=h, width=w,wrap=WORD) # jeigu reikia scrolinti tik pagal h

scrollbarY = tk.Scrollbar(framel, orient='vertical'); scrollbarY.pack(side=tk.RIGHT, fill=tk.Y)
scrollbarX = tk.Scrollbar(framel, orient='horizontal'); scrollbarX.pack(side=tk.BOTTOM, fill=tk.X)

T = tk.Text(framel, width = w, height = h, wrap = tk.NONE,yscrollcommand = scrollbarY.set,xscrollcommand

= scrollbarX.set)

def

def

T.pack();
scrollbarX.config(command = T.xview); scrollbarY.config(command = T.yview)
return T

SpausdintiMatrica(xargs):

A - matrica
T - TextBox

str - eilute pradzioje, str=, neprivaloma
A=args[0]; T=args[1]; str="";
if len(args) == 3: str=args[2];
siz=np.shape(A)
T.insert(tk.END,"\n"+str+"=")
if len(siz) > 0:
for i in range (0,siz[0]):
T.insert(tk.END,"\n")
if len(siz) > 1:
for j in range (0,siz[1]): T.insert(tk.END,"%12g "%AL1,31);

else: T.insert(tk.END,"%12g "%A[1])
else : T.insert(tk.END,"%12g "%A);
T.yview(tk.END)
T.update()

Pavirsius(X, Y,LFF):

X,Y - meshgrid masyvai

LF - dvieju kintamuju vektorines funkcijos vardas, argumentas paduodamas vektoriumi, isejimas vektorius

ilgio 2

rezultatas - dvigubas meshgrid masyvas zZ[:][:]1[0:1]
siz=np.shape(X)
Z=np.zeros(shape=(siz[0],siz[1],2))
for i in range (0,siz[0]):
for j in range (0,siz[1]): Zz[i,j,:]1=LFF(IX[iI[31,Y[i1[j11).transpose();
return Z

adataclass
class BroidenoRezultatas:

x1: float

x2: float

yl: float

y2: float
tikslumas: float
iteracija: int

adataclass
class Tinklelis:

def

from_x1: float
to_x1: float
from_x2: float
to_x2: float
density: int

gauti_bendra_lygti(z1, 72):
def LF(x): # grazina reiksmiu stulpeli
s = np.array([
z1(x[0], x[11),
z2(x[0], x[11),
1
s.shape=(2,1)



return np.matrix(s)
return LF

def gauti_tiksluma(x1, x2, f1, f2):

x_abs_diff = np.abs(x1-x2)

x_abs_sum = x1+x2

fi_abs = np.abs(f1)

f2_abs = np.abs(f2)

if not np.isscalar(x1):
x_abs_diff = sum(x_abs_diff)
x_abs_sum = sum(x_abs_sum)
f1_abs = sum(fi_abs)
f2_abs = sum(f2_abs)

if x_abs_sum > EPSILON:

return x_abs_diff/(x_abs_sum + f1_abs + f2_abs)
else:

return x_abs_diff + fi_abs + f2_abs

def broideno_metodas_iter(
init_x1: float,
init_x2: float,
71,
z2,
) -> Iterable[BroidenoRezultatas]:

MAX_ITERATIONS = 80 # didziausias leistinas iteraciju skaicius
JACOB_DX = 0.1 # dx pradiniam Jakobio matricos iverciui

if init_x1 == 0 and init_x2 ==
return

n = 2 # lygciu skaicius

X = np.matrix(np.zeros(shape=(n,1)))
x[0] = init_x1

x[1] = init_x2

LF = gauti_bendra_lygti(z1, 72)

A = np.matrix(np.zeros(shape=(n,n)))
x1 = np.zeros(shape=(n,1))
for i in range(0,n):

x1 = np.matrix(x)

x1[i] += JACOB_DX

A[:,i] = (LF(x1) - LF(x))/JACOB_DX

ff = LF(x)

for i in range(1, MAX_ITERATIONS+1):
deltax = -np.linalg.solve(A,ff)
x1 = np.matrix(x + deltax)
ffl1 = LF(x1)
A += (ffl - ff - Axdeltax)xdeltax.transpose()/(deltax.transpose() * deltax)
tiksl = gauti_tiksluma(x, x1, ff, ff1)
ff = ff1
X = x1

yield BroidenoRezultatas(
x1[o, 0],
xi[1, o],
ffi[o, o],
ff1[1, o],
tiksl[o, 0],
i

)

def broideno_metodas(
init_x1: float,
init_x2: float,
71,
22,

for rez in broideno_metodas_iter(init_x1, init_x2, Z1, Z2):
if rez.tikslumas < EPSILON:



return rez

def viz_broideno_metodas(
init_x1: float,
init_x2: float,

71,
22,

view_x1 = (-8, 8),
view_x2 = (-8, 8)

):

T = ScrollTextBox(100,20) # sukurti teksto isvedimo langa
T.insert(tk.END, "Broideno metodas")

#--—--- Grafika: funkciju LF pavirsiai ------=----------—-mmm o

figl = plt.figure(1, figsize=plt.figaspect(0.5))

axl = figl.add_subplot(1, 2, 1, projection='3d")
axl.set_xlabel('x1')
axl.set_ylabel('x2")
axl.set_zlabel('Z')

ax2 = figl.add_subplot(1, 2, 2, projection='3d")
ax2.set_xlabel('x")
ax2.set_ylabel('y"')
ax2.set_zlabel('z"')

plt.draw() #plt.pause(1);

xx = np.linspace(view_x1[0], view_x1[1], 20)

yy = np.linspace(view_x2[0], view_x2[1], 20)

X, Y = np.meshgrid(xx, yy)

Z = Pavirsius(X, Y, gauti_bendra_lygti(z1i, z2))

# surfl = axl.plot_surface(X, Y, Z[:,:,0], color='blue', alpha=0.4, linewidth=0.1, antialiased=True)

wirel = axl.plot_wireframe(X, Y, Z[:,:,0], color='black', alpha=1, linewidth=1, antialiased=True)
surf2 = axl.plot_surface(X, Y, Z[:,:,1], color='purple', alpha=0.4, linewidth=0.1, antialiased=True)
CS11 = axl.contour(X, Y, Z[:,:,0],[0], colors='b")

CS12 = axl.contour(X, Y, Z[:,:,1],[0], colors='g")

CS1 = ax2.contour(X, Y, Z[:,:,01,[0], colors='b')

€S2 = ax2.contour(X, Y, z[:,:,11,[0], colors='g')

XX = np.linspace(-5,5,2)

YY = XX

XX, YY = np.meshgrid(XX, YY)

ZZ = XX*0

zeroplane = ax2.plot_surface(XX, YY, ZZ, color='gray', alpha=0.4, linewidth=0, antialiased=True)

# _______________________________________________________________________________________________________

init_y1 = z1(init_x1, init_x2)

init_y2 = z2(init_x1, init_x2)

ax1l.plot3D([init_x1, init_x1], [init_x2, init_x2]1, [0, init_y1], "m%-")
plt.draw()

plt.pause(1)

prev_x = (init_x1, init_x2)
prev_y = (init_y1, init_y2)
final_rez = None
for rez in broideno_metodas_iter(init_x1, init_x2, Z1, Z2):
SpausdintiMatrica(rez.tikslumas, T, "tiksl")
if rez.tikslumas < EPSILON:
final_rez = rez
break

SpausdintiMatrica(np.matrix([[rez.x1], [rez.x2]11), T, "x1")

Grafika: =---=-=---mm e e

ax1l.plot3D([rez.x1,rez.x1], [rez.x2,rez.x2], [0 ,0 1, "ro-") # reikia prideti antra
indeksa, kadangi x yra matrica

ax1l.plot3D([rez.x1,rez.x1], [rez.x2,rez.x2], [rez.yl,rez.y1], "c-.

ax1l.plot3D([rez.x1,rez.x1], [rez.x2,rez.x2], [0 ,rez.yl], "mx-

ax2.plot3D([rez.x1,rez.x1], [rez.x2,rez.x2], [0 ,0 1, "ro-"

~



def

def

plt.draw()

plt.pause(2)
# ___________________________________________________________________________________________________
prev_x = (rez.xl, rez.x2)
prev_y = (rez.yl, rez.y2)
#-———-- Grafika: ——----=---mm

axl.plot3D([prev_x[0],prev_x[0]], [prev_y[1],prev_y[1]1], [0,0], "ks")
ax2.plot3D([prev_x[0],prev_x[0]], [prev_y[1],prev_y[1]1], [0,0], "ks")
plt.draw()

plt.pause(1)

assert final_rez
SpausdintiMatrica(np.matrix([[final_rez.x1], [final_rez.x211), T, "Sprendinys")
SpausdintiMatrica(final_rez.tikslumas, T, "Galutinis tikslumas")

# print("Plotting pre-finished")
# plt.show()
# print("Plotting finished")

iter_tinklelis(tinklelis: Tinklelis):
for x1_idx in range(tinklelis.density):
x1 = lerp(tinklelis.from_x1, tinklelis.to_x1, (x1_idx + 0.5)/tinklelis.density)
for x2_idx in range(tinklelis.density):
x2 = lerp(tinklelis.from_x2, tinklelis.to_x2, (x2_idx + 0.5)/tinklelis.density)

yield (x1, x2)

viz_broideno_tinklelis(
71,
72,
tinklelis: Tinklelis,
precision = 5,
circle_colors = [

(0.1, 0.1, 0.1),
(0.1, 0.8, 0.8),
(0.1, 0.8, 0.1),
(0.1, 0.1, 0.8),
(0.8, 0.8, 0.1),
(0.8, 0.1, 0.8),
(0.4, 0.4, 0.4)

):

tinklelio_reiksmes = {}
sprendiniai = []
for x1, x2 in iter_tinklelis(tinklelis):
broideno_rez = broideno_metodas(x1, x2, 71, 72)
if broideno_rez:
rez_x1 = round(broideno_rez.x1, precision)
rez_x2 = round(broideno_rez.x2, precision)

tinklelio_reiksmes[(x1, x2)] = (rez_x1, rez_x2)
if (rez_x1, rez_x2) not in sprendiniai:
sprendiniai.append((rez_x1, rez_x2))
else:
tinklelio_reiksmes[(x1, x2)] = None

print(sprendiniai)
figl = plt.figure(1)

ax = figl.add_subplot(1, 1, 1)
ax.set_xlabel('x1")

ax.set_ylabel('x2")
ax.set_xlim(tinklelis.from_x1, tinklelis.to_x1)
ax.set_ylim(tinklelis.from_x2, tinklelis.to_x2)

plt.draw()

xx = np.linspace(tinklelis.from_x1, tinklelis.to_x1, tinklelis.density)
yy = np.linspace(tinklelis.from_x2, tinklelis.to_x2, tinklelis.density)
X, Y = np.meshgrid(xx, yy)

Z = Pavirsius(X, Y, gauti_bendra_lygti(z1i, z2))



.1, 1)1, linewidths=4.0)

ax.contour(X, Y, z[:,:,0]1,[0], colors=[(0.8, 0.4, ,
0.8, 0.1, 0.4, 1)], linewidths=4.0)

ax.contour(X, Y, z[:,:,1]1,[0], colors=[(
assert (len(sprendiniai)+1) <= len(circle_colors)

circle_width = (tinklelis.to_x1 - tinklelis.from_x1) / tinklelis.density / 2
circle_height = (tinklelis.to_x2 - tinklelis.from_x2) / tinklelis.density / 2
circle_radius = min(circle_width, circle_height) * 0.85
for i in range(len(sprendiniai)):
x1, x2 = sprendiniaili]
pos = np.array([x1, x2])
star_vertices = np.array([
[o, 11, [0.3, 0.31, [1, 0.31, [0.45, o], [0.6, -0.7],
[o, -0.35], [-0.6, -0.7], [-0.45, 0], [-1, 0.3]1, [-0.3, 0.3]
1) * (circle_radius*1.5)
star = patches.Polygon(star_vertices + pos, closed=True, edgecolor='black',
facecolor=circle_colors[i+1], zorder=5)
ax.add_patch(star)

for x1, x2 in iter_tinklelis(tinklelis):
sprendinys_idx = 0
if tinklelio_reiksmes[(x1, x2)] is not None:
sprendinys_idx = sprendiniai.index(tinklelio_reiksmes[(x1, x2)])+1

circle_color = circle_colors[sprendinys_idx]

ax.add_patch(patches.Circle((x1, x2), circle_radius, edgecolor=circle_color,
facecolor=circle_color))

plt.show()

def lerp(min_x, max_x, percent):
return min_x + (max_x - min_x) * percent

def main(z1, 72, tinklelis: Tinklelis):
viz_broideno_metodas(2.5, 0.3, 21, Z2)

viz_broideno_tinklelis(z1, 72, tinklelis)

print(broideno_metodas(-4, 0, z1, 72))
print(broideno_metodas( 4, 0, z1, 72))
print(broideno_metodas(-2, &4, 71, 72))
print(broideno_metodas( 2, &4, z1, 72))

# Variantas: 10
main(
lambda x1, x2: x1%%2 + 2%(x2 - np.cos(x1))*x2 - 20,
lambda x1, x2: x1**2 * x2 - 2,
tinklelis = Tinklelis(
from_x1=-8, to_x1=8,
from_x2=-8, to_x2=8,
density=60

Trecia uzduotis

Optimizavimas

Miestas i$sidéstes kvadrate, kurio koordinatés (—10 < x <10, —10 <y < 10). Mieste yran (n > 3)
vieno tinklo parduotuviy, kuriy koordinatés yra zinomos (Koordinatés gali biiti generuojamos
atsitiktinai, negali buti kelios parduotuvés toje pacioje vietoje). Planuojama pastatyti dar m (m >



3) Sio tinklo parduotuviy. Parduotuvés pastatymo kaina (vietos netinkamumas) vertinama pagal
atstumus iki kity parduotuviy ir pozicija (koordinates). Reikia parinkti naujy parduotuviy vietas
(koordinates) taip, kad parduotuviy pastatymo kainy suma biity kuo mazesné (naujos
parduotuvés gali biiti statomos ir uz miesto ribos). Atstumo tarp dviejy parduotuviy, kuriy
koordinatés (x1, y1) ir (x2, y2), kaina apskai¢iuojama pagal formule:

C(x1, Y1, %2, ¥2) = exp (—0.3((xy — 22)* + (y1 — ¥2)?))
Parduotuvés, kurios koordinatés (x1, y1), vietos kaina apskai¢iuojama pagal formulg:

xi +yt  sin(x;) + cos(y;)

1000 + z + 0.4

Cp (X1, yl) =

Skaiciavimo metodas
Naudotas gradienty metodas su tokiais parametrais:

e Maksimalus iteracijy skaic¢ius = 1000
e [teracijos zingsnio dydis = 0.5

e Esamy parduotuviy kiekis = 20

e Naujy parduotuviy kiekis = 20

e Nutraukimo saglygos epsilon = 1le-6

e Gradiento zingsnio dydis = 0.1

Tikslo funkcija sumuoja: parduotuvés vietos kaing, parduotuvés atstumo kaing su visom kitom
parduotuvem.
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from dataclasses import dataclass

from random import Random
import numpy as np

import matplotlib.pyplot as plt

import matplotlib.patches as patches

adataclass

class Point:
x: float
y: float




@staticmethod
def rand(rand: Random, from_x: float, to_x: float, from_y: float, to_y: float):
return Point(
rand.uniform(from_x, to_x),
rand.uniform(from_y, to_y)

)

def gen_points(
rand: Random,

n: int,

x_range = (-10, 10),

y_range = (-10, 10)
points = []

while len(points) < n:
point = Point.rand(rand, x_range[0], x_range[1], y_range[0], y_range[1])
if point not in points:
points.append(point)
return points

def get_total_price(
shops: list[Point],
new_shops: list[Point],
c,
Cp

total_price = 0
for i, point in enumerate(new_shops):
total_price += Cp(point.x, point.y)
for other_point in shops:
total_price += C(point.x, point.y, other_point.x, other_point.y)

for j, other_point in enumerate(new_shops):
if i == j: continue
total_price += C(point.x, point.y, other_point.x, other_point.y)
return total_price

def get_price_gradient(
shops: list[Point],
new_shops: list[Point],
c,
Cp,
step = 0.001

):
grad = []
current_price = get_total_price(shops, new_shops, C, Cp)
for i in range(len(new_shops)):
new_shops[i].x += step
new_price_x = get_total_price(shops, new_shops, C, Cp)
new_shops[i].x -= step

new_shops[i].y += step
new_price_y = get_total_price(shops, new_shops, C, Cp)
new_shops[i].y -= step

grad.append(Point(
new_price_x - current_price,
new_price_y - current_price

))

L=20
for grad_point in grad:

L += grad_point.x**2 + grad_point.yx%2
L = L*x0.5

for grad_point in grad:
grad_point.x /= L
grad_point.y /=L

return grad
def apply_gradient(points: list[Point], gradient: list[Point], step_size: float):

for i, point in enumerate(points):
point.x += step_size * gradient[i].x



def

def

point.y += step_size % gradient[i].y

gradient_descent(
shops: list[Point],
new_shops: list[Point],
C,
Cp’ . .
max_iterations = 100,
step_size = 0.5,
epsilon = le-6

):

total_price = 1lel0

price_gradient = get_price_gradient(shops, new_shops, C, Cp)

for iteration_idx in range(max_iterations):
apply_gradient(new_shops, price_gradient, -step_size)

new_total_price = get_total_price(shops, new_shops, C, Cp)
if abs(total_price - new_total_price) < epsilon:
return iteration_idx+1

if total_price > new_total_price:
total_price = new_total_price

else:
apply_gradient(new_shops, price_gradient, +step_size)
price_gradient = get_price_gradient(shops, new_shops, C, Cp)
step_size *= 0.9

return -1

main(
N: list[Point],
m: int,
c,
Cp,y
rand,
max_iterations,
step_size,

):

shops = N

new_shops = gen_points(rand, m)
print("Starting price: ", get_total_price(shops, new_shops, C, Cp))

iterations_used = gradient_descent(shops, new_shops, C, Cp, max_iterations, step_size)
if iterations_used == -1:

print("ERROR: Failed to reach minimum, not enough iterations")

return
print("Iterations: ", iterations_used)
print("Minumum price: ", get_total_price(shops, new_shops, C, Cp))

plt.scatter(list(p.x for p in shops), list(p.y for p in shops), c="r", label="Esami")

plt.scatter(list(p.x for p in new_shops), list(p.y for p in new_shops), c="b", label="Nauji")
plt.legend()

plt.xlabel("x")
plt.ylabel("y")

plt.show()

# Variantas: 10

rand

= Random(3)

main(

rand = rand,

N = gen_points(rand, 20),
m = 20,
C = lambda x1, y1, x2, y2: np.exp(-0.3 * ((x1 - x2)*%2 + (y1 - y2)*%2)),

Cp = lambda x1, yl1: (x1%%4 + y1%%4)/1000 + (np.sin(x1) + np.cos(y1))/5 + 0.4,

max_iterations = 1000,
step_size=0.5






