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PHAN RA MA TRAN LU VA PHUONG PHAP LAP TRINH
GIAI MO HINH TUYEN TiNH TRONG PHAN TiCH KINH TE

DISCUSSION AND PROGRAMMING METHODS IN ECONOMIC ANALYSIS

NGUYEN VAN LOC®

TOM TAT: Bai viét trinh bay cdch vmg dung phwong phdp sir dung phdn rd ma tran LU va phirong

phdp ldp trinh dé gidi hé phirong trinh ¢é hang tram phwong trinh tuyén tinh trong phdn tich kinh

1é ma cdc phwong phdp théng thuong trong chuong trinh todn cao cap khé gidi duoc.

Tir khéa: lGp trinh; phdn rd ma trdn; hé phwong trinh tuyén tinh.

ABSTRACT: The paper presents the method of using LU matrix decomposition and programming
method to solve the system of linear equations in economic analysis.
Key words: matrix decomposition; system of linear equations.

1. PAT VAN PE

Trong mot nén kinh t& co hang trim san
pham, mdi san pham c6 hai phuong trinh cung va
phuong ciu nhiam xéc dinh san lugng can bang,
Dé xac dinh tit ca cac san luong cin bang cua
nén kinh té, phuc vu cho viéc nghién ctru séan
phdm tiém ning Yp, ta phai giai mot hé co dén
hing trim phwong trinh tuyén tinh. Cac phuong
phép toan hoc nhu: Phuong phdp ma trén nghich
dao; Phuong phap Cramer; Phuong phap Gauss...
cac phuong phap lap trinh nhu: Ham solve( );
ham inv( ); ham pinv( )... 1a khong thé giai. Dung
phan rd ma tran két hop v6i phuong phap lap
trinh dé chuyén viéc giai cac hé tuyén tinh “phirc
tap” vé giai cac hé tuyén tinh don gian hon 14 viéc
lam rét can thiét trong nghién ctru kinh té. Trong
bai viét nay, chung t6i minh hoa phuong phap
trén thong qua cach st dung phan rd ma tran LU
va phuong phap 1ap trinh dé giai cac hé phuong
trinh tuyén tinh trong phan tich kinh té.
2. NOQI DUNG
2.1. Phén ra ma tran A=LU (LU - Decomposition)
trong Toan hoc
2.1.1. Phin rd ma trin (Matrix Decomposition)

Phan ra ma tran la cach giam ma tran thanh
cac thanh phan céu thanh cta né. Phan rd ma
tran la mot cach tiép can c6 thé don gian hoa cac
tinh toan ma tran phirc tap vi dugc thyc hién trén
ma tran phan tach thay vi trén chinh ma trén gdc.
Phan ra ma tran twong ty nhu phan tach (factor)
cac sO: vi du nhu factor 10 thanh 2x 5. Gidng
nhu phéan tich cac gia tri thuc, co nhiéu cach dé
phéan taich mét ma trdn va mot loat cac ky thuat
phan rd ma tran khac nhau. Trong bai viét nay,
chung t6i trinh bay phuong phap phan rd ma tran
don gian, duoc st dung rong rai 1a phan ra ma
tran LU. Phép phan rda LU - Decomposition
dung cho ma tran vuong, né phan tach ma tran
thanh cac thanh phan L va U.

Cong thue: A =L.U hoac A=LU

Vé6i A 1a ma trdn vuéng muén phan rd; L
la ma tran tam giac dudi; U la ma tran tam gidc
trén. Didu kién ap dung phan rd LU: A kha
nghich, |AI #0,vk <n

2.1.2. Phwong phdp phdn rd ma trin

Biéu dién A du6i dang tich hai ma tran
ddng cip v6i A: L 12 ma trin tam giac trén voi
c4c phan tir trén duong chéo chinh bang 1, cac
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phén tir d6i dién “phan 0” can x4c dinh va U l1a
ma trin tam giac dudi v6i cac phan tir trén
duong chéo chinh va cac phan tir dbi dién
“phﬁn 0” can xac dinh;

Thuc hi€n phép nhan LU; + Déng nhat
hoa cac phan tir hai ma tran cing cip LU va ma
tran A, ta duoc hé dflng thie vé su b'fmg nhau
clia cac phén tir tuong tng ctia hai ma tran.

T hé dang thic duoc xac dinh, ta tim
duogc cac phan tir cia L va U.

Vi dy: Phén ra LU - Decomposition ma tran:

12 4 1 0 0
A=|3 8 14|=LUiL=|Ly 1 O
2613 Ly Lgp 1
Upp Yo Ugg
&U=| 0 Uy Uy
0 0 Ug
Giai: Ta co;
U Upp Uia
LU =|LyUy; LyUpp+Up LyU13+Up3

LaiUyy LagUpp +lgolUpy  LagUyg +lgoUpg +Us3
12 4
-3 8 14|
2 6 13
Ddng nhét héa cac phan tir tuong tng cua
hai ma tran tur (1), ta co:
U11 = 1;U12 = 2;U13 =4,

o 0N

= L21 :3;U22 = 2;U23 =2; L31 =2; L32 :l;U33 =3

12 4 100 1 2 4
=A=(3 8 14|=[{3 1 0(x|{0 2 2
2 6 13 211 00 3

2.2. Phin ri ma tran PA = LU bing phuong
phap lap trinh

Viéc phan ra LU duogc thuc hién br:ng cach
st dung mot qua trinh sd ldp va co thé that bai
d6i voi cac ma tran khong thé phan tich. Do
vay, dé phan tich ma tran 6n dinh vé mit sd, ta
ding phan tich LU xoay vong mot phan (Partial
Pivoting) [1, tr.6].

Cong thuc: PA=LU

Vi moi ma tran vudng A: PA=LU. Véi L la
ma tran tam giac dudi; U 1a ma tran tam giac trén.
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P 1a ma tran hoan vi (permutation matrix).
Mdi dong, mdi ¢t co mot hé sé bang 1, tit ca
cac hé sb khac béng 0. Hoan vi cac dong cua I
hay céc cot chuan.

Tinh chit ciia ma tran P:

a).|P| = +1; b.PPT =P P=1;c) P t=p'
5 9
. R 5 7
Vi dy: Cho ma tran a -
510 5 3
6 9 7 2

a) Phan tich ma tran A thanh cac thanh
phan P, L, U. In ra két qua.

b) Tai tao (phuc hdi) ma trin B tir cac
thanh phan P, L, U.

Gidi:
import numpy
Entrée[1]: import scipy
from scipy.linalg import lu
A = numpy.array([[3., 2., 5., 9.], [1.,
Entrée[2]: 7., 5,7], [5, 10,5, 3], [6., 9., 7.,
2.11)
Entrée[3]: P, L, U=Iu(A)
Entrée[4]: P
) array([[0., 0., 1., 0.], [0., 1., O, O],
Outll 0. 00,11 [1,0.0.0]
Entrée[5]: L
array([[ 1., 0., 0., 0.], [0.16666667, 1., 0.,
Out [5]: 0], [0.5, 045454545, 1., 0.], [0.83333333,
0.45454545, -0.79439252, 1.]])
Entrée[6]: U
aray([ 6., 9,7.,2],[0,55, 383333333,
Out [6]: 6.66666667], [0., 0., 3.24242424,
11.03030303], [0., 0., 0., 7.06542056]])
Entrée[7]: g = P.dot(L).dot(U)
array([[ 3., 2., 5., 9],
) [1.,7.,5,7]
Out [7]: [5.10. 5., 3],
[6., 9., 7,21

2.3. Ung dung phan rid ma trin PA = LU va
phwong phap 1ap trinh giai hé phwong trinh
tuyén tinh

AX =(1) & PAX = LUX = PB =B’
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, I
@{LY_B(Z)QY_L B

UX =Y (3) & X —uly

Thay vi giai hé phuong trinh (1), ta lan luot:

Buoce 1: Giai hé phuong trinh (2), tim Y,

Vi Y =L LB

Budc 2: Giai hé phuong trinh (3), tim X,
1
Y

Vi du: Giai h¢ phuong trinh:

vol X =U "

X| +2Xy +3%Xg —2Xy =6
2X =X =23 =34 =8 Theo [2, r.86]
3% +2Xy —Xg +2Xy =4
2% —3Xy +2X3 + X4 =8
Chuyén hé phuong trinh vé dang phuong
trinh ma tran: AX =B, voi:

1 2 3 =2 X

2 -1 -2 -3 X9 8
A= X = B =

3 2 -1 2 X3

2 3 2 1 X4 -8

Giai: (St dung phan rd PA =LU).

from numpy import array

from scipy.linalg import lu

A =array([[1, 2, 3, -2], [2, -1, -2, -
31,13,2,-1, 2], [2,-3, 2, 11])
print(A)

[[123-2]

[2-1-2-3]

[32-12]

[2-3 2 1]]

P, L, U=lu(A)

C=P.dot(L).dot(U)

print(C)
[[1 2 3
[2.-1.-2.
[3. 2 -1.
[2.-3. 2.
print(P)
[[1 2 3.-2]

[2.-1.-2.-3]

[3.2.-1. 2]

[2.-3. 2. 1]]

print(L)

[[1.0.0.0.][0.66666667 1.0.0.]
[0.33333333-0.30769231 1. 0.]
[0.66666667 0.53846154-0.66666667 1.]]

Entrée[1]:

Entrée[2]:

Entrée[3]:

2]
-3]
2]

1]
Entrée[4]:

Entrée[5]:
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Entrée[6]:  print(U)
[[ 3 2 -1. 2] [ 0. -4.33333333
2.66666667-0.33333333] [0. O.
4.15384615-2.76923077] [0. 0. 0. -6.]]
import numpy as np
Entrée[7]: B =np.array([[6], [8]. [4]. [-8]])
B
Out [7]: array([[ 6], [8], [4], [-8]])
Entrée[8]: b=r@B
D
Out [8]: array([[4.], [-8.], [ 6.1, [8.1])
from numpy.linalg import inv
Entrée[9]: K =inv(L)
K
array([[ 1., 0., 0., 0.], [-0.66666667,
out [9]: 1., 0., 0], [[0.53846154, 0.30769231, 1.,
' 0.], [-0.66666667, -0.33333333,
0.66666667, 1.1])
Entrée[10]: Y=keb
Y
aray([[4.], [-10.66666667], [1.38461538],
Out [10]:
WO 2p
Entrée[11]: E =inv(U)
array([[ 0.33333333, 0.15384615, -
001851852, 0.11111111], [0, -
Out [11]: 0.23076923, 0.14814815, -0.05555556],
[0.,0.,0.24074074, -0.11111111], [-0., -
0.,-0.,-0.16666667]])
Entrée[12]: X=E.dot(Y)
X
Out[12]:  array([[1.],[2]. [-1.], [-21D)
Vay nghiém cua hé phuong trinh 1a :
Xy = 2
X3 = —1
X4 = —2

2.4. Ung dung phan rid ma trin PA = LU va
phuwong phép lap trinh giai mé hinh tuyén
tinh Kinh té

M5 hinh tuyén tinh trong phan tich kinh té
giai bang phan rd LU va phuong phap 1ap trinh
theo quy trinh 3 budc nhu mo ta trong vi du sau:

Vi du: Xét thi truong che, café, ca cao co
ham cung va ham ciu twong tng nhu sau:



TAP CHI KHOA HQC DAI HOC VAN LANG

$6 27, Thang 5 - 2021

QSl =-10+R; ...QD1 =20-P —P;...(che)
Q82 =2Py; ...QD2 = 40— 2P, — Py...(cafe)
ng =-5+3R;; "'QD3 =10+ P, — P; — R, ...(caocao)

Hay thiét 1ap mo hinh can bang thi truong
cua ba loai hang hda trén. Xac dinh gid va
lugng hang hoa ctia mdi loai ¢ trang thai can
bang thi truong [3, tr.84].

Gidi:Buwée 1: Thiét 1ap mo hinh can bang
thi truong:

Qs =Qp, “10+R =20-P - P
Qe =Qp < {2P =40-2P, - P
s, =D, 2 2P
Qs -0p 5+3P,=10+P, P~ R
3 D3
2R +Py =30
<y 4P, +P; =40

R -P,+4Py =15

Dang ma tran AX = B voi:

2 0 1 P1 30
A=|0 4 1|(;X=|P2|;B=]|40
1 -1 4 P3 15

Buée 2: Giai md hinh bang phuong phap
1ap trinh, st dung phén rd ma tran PA= LU
Entrée [1]: # Giai md hinh tuyén tinh bac
3_trong kinh té :
2P, + Py =30
4P, + Py = 40
P -Py+4Py =15

#

from numpy import array
from scipy.linalg import lu
A =array([[2, 0, 1], [O, 4, 1], [1, -
1,41])

print(A)

([20 1]

[04 1]

[1-1 4]

P, L, U=lu(A)
C=P.dot(L).dot(U)
print(C)

[[2.0 1]

[0. 4. 1]

[1.-1. 4]]

print(P)

Entrée[2]:

Entrée[3]:

Entrée[4]:

Entrée[5]:
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[[1.0.0.]

[0.1.0]

[0.0.1]]

print(L)

[[1. 0. 0.]

[0. 1. 0.]

[05-0.25 1. ]]

print(U)

[[2. 0. 1.]

[0. 4. 1.]

[0. 0. 3.75]]

import numpy as np

B = np. array([[30], [40], [15]])
B

array([[30], [40], [15]])
D=P@B

D

array([[30.], [40.], [15.1])
from numpy.linalg import inv
K =inv(L)

K

array([[ 1., 0., 0], [0, 1., 0], [-
0.5,0.25, 1.1D)

Y=K@D

Y

array([[30.], [40.], [10.1D)

E = inv(V)

E

array([[ 0.5, 0., -0.13333333], [0., 0.25, -
0.06666667], [0., 0.,0.26666667]])
X = E.dot(Y)

X

array([[13.66666667],
[9.33333333], [2.66666667]]

Buéce 3: Phat biéu két qua “kinh t&” cua
bai toan: Gia va luong can bang twong (mg cua

Entrée[6]:

Entrée[7]:

Entrée[8]:

Out [8]:
Entrée[9]:

out [9]:

Entrée[10]:

Out [10]:

Entrée[11]:
Out [11]:

Entrée[12]:
Out [12]:
Entrée[13]:

Out [13]:

mdi loai hang hoa 1a:
R =13,66, QDl = Qsl =-10+13, 66 = 3, 66;

P, =9,33, QD2 = QSZ =2.9,33 =18, 66;

P = 2,66, QD3 = QS3 =-5+3.2,66=2,98

3. KET LUAN

Hé phuong trinh tuyén tinh c6 tng dung
rong rai trong cac bai toan tim vec-to riéng, gia
tri riéng ciia anh xa tuyén tinh, trong cac hé mo



TAP CHI KHOA HQC DAI HQC VAN LANG

Nguyén Viin Loc

hinh hoéa tuyén tinh trong kinh té... Do vay, viéc
tim cac phuong phéap hiru hiéu giai cac hé tuyén
tinh ¢ s6 an va sb phuong trinh “rat 16n” ludén
14 nhu ciu can thiét. Phan rd ma tran LU két
hop v6i phuong phap lap trinh cho ta mot
phuong phap giai hi€u qua cac phuong trinh

TAI LIEU THAM KHAO

trén. Tir nhitng két qua da trinh bay con cho
thdy su can thiét cua viéc két hop nghién ciru
phat trién cac phuong phap Toan hoc va
phuong phép 1ap trinh trong giadi cac moé hinh
tuyén tinh trong kinh t& va mé rong cho cac mo
hinh kinh té khac.
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