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LINEER DENKLEM SISTEMLERI 2

so Lineer bir denklem sisteminin c¢ozulerek bilinmeyen x; degerlerinin bulunmasinda
degisik yontemler kullanilir. Bu yontemler 2 grup halinde ayrilabilir.

1-) Analitik (Direkt) Yontemler: Denklem sisteminin ¢cozumunu matematik anlamda
tam olarak veren yontemlerdir. Bu yontemler sayesinde dogrudan aranan ¢ozum elde
edilir.

* Matris Tersi Yontemi
Cramer Yontemi
Eliminasyon Yontemi
Gauss Eliminasyon Yontemi
Gauss-Jordan Yontemi
LU Ayirma Yontemi
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2-) iteratif (Dolayl)) Yéntemler: CozimU bulmak icin 6ncelikle tahmini degerlerden
pbaslanir ve adim adim ardisik hesaplamalarla belirli tolerans sinirlari icinde aranan
¢cozume ulasilir.

- Basit Iterasyon (Jacobi) Yontemi
- Gauss-Seidel Yontemi
- Rolaksasyon (SOR) Yontemi
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s 2 bilinmeyenli lineer denklem sistemleri icin olasi durumlar;

Xx+y=1 Unique Solution \

2X -y =2 These two lines intersect in a single point. /
No Solution i

4x — 2y =2 3

2X —y =2 Here the lines are parallel, so never intersect. /
In this case we call the system inconsistent. /

4x -2y = 4 Infinitely many solutions /

2X -y =2 The two lines coincide in this case, so they have /
an infinite number of intersection points. T o
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s Cramer methodu: (Cramer’s rule)

The system of equations above can be written in a
matrix form as:

d; dp A || K& o,

dyy Ay, Ay || Xy | bz

a31 a32 a33 X3 b3
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d; 9, O
[A]= Ay Ay Ay

|Gy Ay Oy |

_&_ _Q_
[x]=|x, | and [B]=|b,

X, b,

| 73 _ 53] If D =0, then the system has a unique solution
as shown below (Cramer's Rule).

Dl D2 D3
= —, X = —, X, =—
"= T ° D
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Determinantlar;

d; &, dy 0, &,
D= d, dy Ay D1 =|0, dy dy
d; a5 dg 0; A3 Agg
R bl IR d; bl

Dz = |4y, bz dys D3 =|dy, dy b2
R bs dss d; 8y b3
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Ornek:

2X, —4X, +5X, =36
—3X, +9X, + /X, =71

5X, +3X, —8X, =31

[Allx]=[B]

where
2 -4 5
[A]=|-3 5 7
5 3 -8

[*]

and [B] =

36

=31
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2 -4 5 36 -4 5
D=|-3 5 7|=-33% D,=|7 5 7|=-672
5 3 -8 -31 3 -8

D,=|-3 7 7|=1008 D;=|-3 5 7 |=-1344
5 -31 -8 5 3 -31
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D, -672
:—:—:2
%5 ~336

D, 1008
* D -336
ngg_—1344_4

D -336
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Denklem sistemini MATLAB da Cramer yontemi ile ¢cozelim;

Command Window

= A=[2 -4 5;-3 5 7;5 3 -8]

ﬂ:
2 -4 S
-3 o 7
o 3 -8

> B=[36;7:;-31]

36

-31
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Command YWindow

> A=[2 -4 5;-3 &5 7;5 3 -8]:
~> B=[36;7:-31]:

> for 1=1:3

D=4

Di:,11=E
x(i,1)=detc (D) det (L)

end

< .aooog
=3 .good
4 .0000

o
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s Gauus eliminasyon:

Degiskenlerin yok edilmesi ilkesine dayanan bu yontemde oOncelikle
katsayllar matrisi alt/ust ucgensel hale donusturulGr. Daha sonra ¢ozum
vektoru hesaplantr.

d;; QA X, b, 1 o, ag X B
Ay, Ay Ay [X| X, [=|D, N 0 1 (XX |=|/5
| 83; Qg Qg3 | | X3 | _b3_ _O 0 1 IR _183_

Bu yontemde katsayilar matrisindeki kosegen elemanlar mutlak degerce maksimum
olacak sekilde satirlarin yer degistiriimesi (pivotlama) gerekir. Boylece yuvarlatma
hatalari azalir ve kosegendeki sifir rakami kalmayacagindan dolayi sifira bolme hatasi
da olusmaz.
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Ornek: 5x—2y—3z=4
—9X+/7y—2z2=-10
—3X—3y+8z=06
denklem sistemindeki bilinmeyenleri bulunuz.
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1. x degerleri yalnz birakilir.

5x - 2y - 3z
-9X + Ty — 2z
-3x - 3y + 8z

4 /3
-10 /-5
6 /-3

x—zy+zz
3) 5

8

X + y - =z

N o1 &~
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2 3
2. 2.ve 3. esitliklerden 1. esitlik X - gy — EZ
citkarilarak x’den kurtulunur.
-y o+ 1z
7, 3l
5 15
3. 2. esitlik -1’e ve 3. esitlik . Ey _ 3,
7/5’e bolunerek tekrar 5 5
yazilir. y -  z
31

ojloo|

5
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4. 3. esitlikten 2. esitlik . _ Ey _ 8, _ 4
cikarilarak y’den 5 5 5
kurtulunur. y — Z = _g

_ o, 4
21 5
5. 3. esitlikten z hesaplantr. Z_84
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6. z, 2. esitlikte yerine koyulur ve y 84 6 24
hesaplanir. _%__g — y_%

/. yvez 1. esitlikte

yerine koyulur ve |, X_E(EJ_E(%J:i — y=2
hesaplanir. 5150/ 550 5
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s LU yontemi:

LU decomposition was originally derived as a decomposition
of quadratic and bilinear forms. Lagrange, in the very first
paper in his collected works( 1759) derives the algorithm we
call Gaussian elimination. Later Turing introduced the LU
decomposition of a matrix in 1948 that is used to solve the
system of linear equation.

Let A be a m x m with nonsingular square matrix. Then there
exists two matrices L and U such that, where L is a lower
triangular matrix and U is an upper triangular matrix.
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Up Up o Uy l; o - 0
0 u u I I 0
U = 22 2m | — 2:1 22
0 O | | |
umm . "ml m2 mm
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[A] {x} = {b}

(a) Factorization < /l

ol (L]

b

\[L] {d} = {b}J )
1 > (b) Forward
{d}
v ‘ > Substitution
k[U] {x} = {d},
1 > (c) Back
{x}
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Equating the elements of the First Row :-

LU,=4, LU,=4, LJU,,=A4;

Equating the elements of the 2nd Row :-

L21U11 = Azl L21U12 + LzzUzz — Azz
L21U13 +L22U23 = A23

Equating the elements of the 3rd Row :-
LU, =4, LU,+L,U,, =4,

317 12

LU +LU +LJU, =A,

317 13 327 23
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Ornek: 4x, =X, +x,=6
=X, +6x, +x, ==b6

X +x, +8x, =8 . . . .. e
.- aklem sistemini LU yontemi ile ¢cozunuz.
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I
 —
o)}

e

1

I
o)}

Ax=B -

4 -1 1] [, 0 O]l wu, Us )
LUx=B ,Ux=Y -1 6 1|=|4L L, 00 1 wu,
LY =B LD 8] s Ly L0000 T

A L U
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4 -1 1 ) Ly, s
-1 6 1|=\L Lu,+1, byuys + Dty
11 8| L Lu,+L, Lus+lu,+1;
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by, + 15, =6, %'l‘fu =6, [, =§

1 23 5
!21'“13 +IHH23 = 1, —Z‘FTHB = 1? Uy, = 2_3

L, =1,

1 5
3311{12 +132 = l:|l —I-I-I?!E = 1: 132 ——

1 55 172
Loy + Ly, + 1, =8, E+I[2—3]+I33 =8, I,= E
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I
b
b
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g 2 477 703
5 172 3 5 18) 172

Nty h=s _2+4[_23)+23y3=8’ Vs =1
3 18

yl=_’ y2=__ y3=
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X ix —_E —_1 _'xl_ ] ]' )
237 237 77 y. |=1-1
2
L1 3
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Command Window

=> A o= [ 1 2 3
4 5 &
7 g 0 71:
> [L1,TU] = lu(A)

L1 =

0.14z9
0.5714
1.0000

7.00oo0

1.0000
0.5000

. 0000
0.3571
]

1.0000

]
3 .0000
4. 5000
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Command Window

=x L1*0

ans =
1 & 3
1 3 G
7 i D

»> X = inw(U) Finw (L1]

:{:

—-1.7775 0.33589 -0.1111

1.5556 -0, 7777aE O.2222
-0.1111 0.Z2222 -0.1111
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Command YWindow

»> [LZ,T,P] = lu(k)
Lz =
1.0000 o o
0.1429 1.0000 o
0.5714 0.5000 1.0000
T_T:
7L.oooo & . 0000 o
o 0.8571 3.0000
o o 4.,5000
P:
o o 1
1 o
o 1 o
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Command Window

> L2 = P*L1

~> P*L1

an3s =
1.0000 O
0.14z9 1.0000
0.5714 0.500a0

> P*h — LE*O

O
]
1.000a0



O@ kkiirler.

&0 3

Kocaeli Universitesi Bilgisayar Mihendisligi
Yapay Zeka ve Benzetim Sistemleri Ar-Ge Lab.
http://yapbenzet.kocaeli.edu.tr



http://yapbenzet.kocaeli.edu.tr/

