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Giéi thiéu mon hoc

Mbén toan cao cap cung cip nhing kién thic nén tang va bo trg cho cdc mon nhu kinh
té vi mo, kinh té vi mo, 1y thuyét xac suat, théng ké tng dung, kinh té lugng, dy bao kinh
t&, v.v.

Mic du tat ci cac trudng uy tin trén thé gidi déu c6 hoc phan tuong ty todn cao cip
cho sinh vién nam nhat, nhiéu sinh vién vi gidng vién dai hoc ¢ Viet Nam chua hiéu "vi
sao can hoc nhitng kién thitc cd s6" nay? Lién hé mot chit, khi mudn hoc chai ¢d, choi dan
hay mot mon gi méi, ban dau ching ta can hidu ré vé "cach choi", "luat chai", c6 ding vay
khong? Céc mon khoa hoc néi chung v toan néi rieng cling hoi gibng nhut vay! Néu ta mudn
stt dung duge cac phuong phap toan hoc dinh lugng dé nghién ctu cac hién tugng hay quy
luat trong thyc tién, ta can biét cac kién thiic co s6 clia toan. Nhitng cd s§ cd ban nhit nim
trong dai s6 tuyén tinh va gidi tich. D6 14 noi dung chinh ctia hoc phan nay.

Chd ¥ ring, hiéu ré6 "luat choi" chi 1a diéu kién can, chua bio dam dé ban sé trd thanh
kién tuéng cd thiyc sy hay 14 mot nghé sy véi nhitng ban nhac tuyét voi. Mubn dat t6i do,
can c6 dii dam mé v qua trinh rén luyén.

Huéng tdi gido duc 4.0, trong tai lieu nay bén canh khéi kién thic can ban vé dai sd va
giai tich, ching t6i bd sung mot sé yéu t6 mdi, véi muc tiu:

1. Dua mon hoc dén gan hon véi cac mon co s nganh v mon chuyén nganh. Dic biét
chi ¥ t6i cac tng dung truc tiép cla kién thiic dai s6 tuyén tinh, giai tich trong kinh té,
kinh doanh va quén ly.

2. Xay dyng hé théng bai hoc gin vdi cdc mon hoc khac va gin vdéi thyc tién. Hinh thic
hoc tap da dang dé tao diéu kién cho viéc trién khai 16p hoc linh hoat, phit hgp véi nhiéu
déi tuong chuyén nganh khac nhau.

3. Tao thoéi quen va rén luyén k§ nang tim kiém, phan tich, tong hop, lam viéc nhom,
thuyét trinh ... thong qua cac bai tap md, bai tap nhom, bai tap trinh bay.

4. Gidi thiéu cach sit dung phan mém, khuyén khich sinh vién thit nghiem lap trinh dé
xtt Iy nhitng bai tap tinh toan phiic tap, tiép can xit Iy cac bai toan trong thyc tién.



Chuong 1

Ma tran va hé phuong trinh
tuyén tinh

Sau khi hoc xong chuong nay, ngusi hoc c6 nhing ki ning va kién thitc sau:

1. Hiéu vé ma tran, hé phuong trinh tuyén tinh v& tng dung clia ching trong kinh té va
trong doi séng thuc té.

2. Tinh toan dugc véi cac phép toan thong dung trén ma tran va st dung duge cac phép
bién d8i so cAp clia ma tran.

3. Phan tich dugc cdc m6 hinh tuyén tinh trong kinh té: mo hinh can bing cung cau, mo
hinh can bang kinh té vi mo, m6 hinh Input-Output ctia Leontief.

4. St dung dugc may tinh cam tay va cAc phan mém hé trg dé tinh toan trén ma tran,
hé phuong trinh.

1.1 Ma tran va cac phép toan

Trong thyc té, ching ta thudng gip nhiéu bai toan can xit 1y nhiéu dit lieu cting tinh
chat. Dé thuan tién cho viéc quan sat va lam viéc trén cac dit lieu nhu vay, ngudi ta c6 thé
sdp xép chiing thanh cdc hang, cot (cAc "ma tran hang, cot" hay "vecto") hodc céc bang
gdm c6 nhiéu cot, nhiéu hang (cac "ma tran"). Trén cac cot hay cdc bang nhu vy, ngudi ta
c6 thé xay dung cac phép toan dé xit Iy dit lidu theo titng muc dich cu thé. Vi du bang téng
s6 lugng ban ra clia mot clta hang tra sita vdi hai loai tra tuong tng v6i 3 ¢ ly to, vita va
nho sau moi ngay 14 mot bang 2 x3 nhu sau:

Ly nhé (200ml)

Ly vita (400ml)

Ly 16n (600ml)

Tra stta Matcha
Hong tra

112
140

358
321

289
254

1.1.1 Khai niém ma tran

Ma tran 13 mot bang s6 hinh ch nhat gdm m dong v& n cot. Ma tran ky hiéu bang cac
chit cai A, B, C.... va biéu dién dudi dang sau:

aii a2 Qi3 ... Qin
A= a21 a22 ass e a9n
- Gml  Gm2 Am3 Amn
hodc dué6i dang
aip a2 @13 ... Qip
Qa a Qa AN a
A= 21 22 23 2n
am1 Am2 Am3 Amn

Ma tran & trén c6 cap m X n.
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1.1.2 Mot s6 dang ma tran

1.

Ma tran vuong 13 ma tran ma sd dong bing véi s6 cot. Mot ma tran vudng cip n X n
con dugce goi tat 14 ma tran vuong cap n. Trong mot ma tran vuong A = (ai;)nxn, Cac
phan t& ai1,...,an, dudgc goi 1a cac phan ti thuoc dudng chéo chinh clia ma tran.

. Ma tran chéo 14 ma tran vuong ma céc phan ti khong nim trén dudng chéo chinh déu

bang 0.

Ma tran tam gidc trén (duéi) la ma tran vuong ma cac phan tit ndm dudi (trén) duong
chéo chinh déu bing 0.

Ma tran don vi 12 ma tran chéo ma cic phan ti trén dudng chéo chinh déu bing 1.
Ma tran cot (dong) 1a ma tran chi c6 mot cot (dong).

Ma tran khong (ki higu béi O) 13 ma tran ma tat cd cdc phan tit déu bang 0.

1.1.3 Cac phép toan trén ma tran

1.

Phép cong (trr) hai ma tran A va B dugce thyc hién bing cich cong (trit) cdc phan
t 6 cac vi tri tuong tng. Nhu vay hai phép toan nay chi thyc hién duge khi hai ma
tran A va B c6 cling cap.

Phép nhan mot ma tran véi mot sé thuc A duge thuc hién bing cach nhan A t6i tat
ca cac phan t clia ma tran do.

Phép nhan ma tran A cho ma tran B dudc thyc hién bang cach lay titng dong clia A
(tur trén xudéng dudi) nhan vo huéng véi tiing cot clia ma tran B (tir trai sang phai).
Phép nhan AB chi thuyc hién dugc khi s6 cot clia A bang vé6i s6 dong clia B.

Phép chuyén vi clia A dugc thuc hién bing cach chuyén dong ctia A thanh cot. Ma
tran chuyén vi ciia A duge ki hieu 13 A?

1.2 Ma tran bac thang dong va cac phép bién déi so cip

Mot ma tran duge goi 14 ma tran bac thang dong néu

e Dong c6 tat ca cac phan ti bang 0 luon ndm duéi cac dong khac khong.

e Vi hai dong khac 0 bat ki, phan tit khac 0 dau tién tinh tit trai sang phai clia dong

trén ludon G bén trai so véi cia cac dong dudi.

Céc phép bién ddi so cap (viét tat 1a bdsc):

1. Ddi chd hai dong cho nhau: d; «» d;.

2. Nhan mot dong véi mot sé khac 0 d; — ad;, o # 0.

3. Them (bdt) vao mot dong, mot tich vo clia mot s6 véi mot dong khac d; — d; + ad,;.

Vi du.

1.3 Hang cuia ma tran.

Hang clia mo6t ma tran A 1a s6 dong khac 0 clia ma tran bac thang tuong tng véi nod, va
dugce ki hieu la rank(A).
Vi du. Cho ma tran

S
Il
—_ O =
BN N
U =
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Bing cac phép bién ddi so cép, ta dua ma tran A vé dang bac thang theo dong nhu sau:

1 2 4 1 2 4 1 2 4
A=|0 2 1| Bzdzd, g o q| D2dimde g o 4
1 45 0 2 1 00 0
Nhu vay, rank(A) = 2.

1.4 Dinh thic

Dinh thiic cia mot ma tran A, ki higu 1a det(A), hosic 1a |A|, duge dinh nghia béang
phuong phap quy nap (cong thic Laplace) nhu sau:

e Néu A = (a)1x1 thi det A = |A] = a.
P a a N a a

e Néu A = = 12 thi det A = = 12 = Q11022 — A120a27.

a21  a22 a21  a22

2x2

a1z a2 Aa23 a1 az3 a1 a2

e NeuA = |asr a9 aos thidet A = aqz —ai2 +a;
az2 ass azip ass 31 a32
asr a3z @33 5.3

e Néu A = (a;;)nxn thi dinh thiic clia A khai trién theo dong thit i sé la
det A = an Al + ailio + - + @inAin,
trong d6 A;; 1a tich ctia (—1)*™/ nhan véi dinh thic clia ma tran vuong cap n— 1 nhan
dugc tit A bing cach xod di dong 4, cot j. A;; dude goi la phan b dai s6 cla a;j.
Luu y. Ngoai khai trién theo dong, dinh thitc con c6 thé duge khai trién theo cot bing cong
thitc tuong tu.

1.4.1 Tinh dinh thitc bing cic phép bién déi sa cap

Dinh thic cia ma tréan bac thang
2 3 4
A=1|0 5 6
00 7

la det(A) = 2.5.7 = 70. Nhu vay, dinh thic clia ma tran tam gidc trén (vuong) bang véi tich
cac phan tit trén duong chéo (chinh). Ma ta da biét cdc phép bién do6i so cap c6 thé dua ma
tran vé dang bac thang (trong trudng hgp ctia ma tran vudng thi mot ma tran bac thang
theo dong 13 mot ma tran tam gidc trén), nén ta c6 thé sit dung céc phép bién ddi so cip
dé dua ma tran vé dang bac thang va tit dé tinh dinh thitc. Tuy nhién, cac phép bién déi so
cap sé lam thay ddi gi4 tri dinh thtc nhu sau:

1. Phép bdsc thit nhét d; » d; lam cho dinh thitc d6i dau.

2. Phép bdsc thit hai d; — ad; lam cho dinh thitc méi bing o lan dinh thic cii.

3. Phép bdsc thit ba d; — d; — ad; khong lam thay déi gia tri dinh thic.
Vi du 1.4.1. Tinh dinh thic ctia ma trén sau

N

I
w N o
— s
N O N

o,

Ta thyc hién cac phép bdsc nhu sau dé dua A vé

01 2 1 2 3 1 2 3
A= |2 4 ¢| B2%, g 1 g Bod3d, 1 1 9
1 2

0 -5 -7

ang bac thang:

1 2 3
dsrds+5d2, | ] 9
0 0 3
Dinh thic clia ma tran bac thang sau ciing bing véi 3. Tuy nhién, trong qua trinh bdsc ta
da st dung phép bdsc d; <> do (1am thay d6i dau ciia dinh thic) va dy %dg (lam dinh
thitc thay déi 1 lan). Nen det A = (—1) x 2 x 3 = —6.
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1.5 Ma tran kha nghich

Ma tran vuong A cap n x n dude goi 1a khd nghich néu ton tai mot ma tran vuong B
ciing cap sao cho AB = BA = I,,, trong d6 I,, 14 ma tran don vi cap n. Khi dé B dudc goi
1& ma tran nghich ddo ciia A, va dugc ki hieu bsi A1,

Dinh 1y 1.5.1. Ma tran vuong A cip n kha nghich khi va chi khi mot trong hai diéu kien
tuong duong sau dugc thod man:

e rank(A) =n,

e det A #0.

Thudt todn tim nghich ddo bang cdc phép bién doi so cap:

1. Dé tim nghich ddo (néu c6) clia ma tran vuong A cip n, ta 1ap ma tran md rong
[Al1).

2. Bién doi so cap trén cac dong ctia [A|l,] dé dua né vé dang [I,|B]. Néu khong thé
bién déi duge nhu thé, nghia la trong qua trinh bién déi so cap, ma tran bén trai xuat
hién mot dong bang khong thi A khong kha nghich. Ngudc lai, néu thyc hien duge thi
A kha nghich va nghich déo cia A 1a ma tran B.

Thuat toan tim nghich ddo ctia ma tran vuong A biang dinh thic:
1. Tinh det A. Néu det A = 0 thi két luan 13 A khong kha nghich. Néu det A # 0 thi két
luan 1a A kha nghich va chuyén sang budc tiép theo dé tim nghich dao ciia A.
2. Tim ma tran phu hgp clia P4, 1a ma tran cling cip véi A va dudc dinh nghia badi
(P4)ij = A;j, trong d6 A;; 1a phan bu dai s6 cua a;;.

3. Ma tran nghich dao ctia A lic nay dugc xac dinh béi A~! = de%APxZ'

1.6 Hé phuong trinh tuyén tinh - Dinh ly Kronecker-
Capelli

Xét mot hé phuong trinh tuyén tinh nhu sau:

a1z + b1y +crz+ dit = e
asx + boy + coz + dot = €9
azx + by + c3z + dzt = e3
a4 + bay + ¢4z + dat = ey

Hé phuong trinh trén tuong duong 6 dang ma tran nhu sau:

al bl C1 d1 X €1
az by ca d Yyl _ |e2
as b5 C3 dd z €3
aq b4 Cq d4 t €4

Do céc ki hiéu an x,v, z,t khong déng vai trdo quan trong, nén ta cé thé viét lai he phuong
trinh trén theo dang ma tran mé rong nhu sau:

ap b1 ¢ di|e
ay by ca da| e
a3 bz c3 d3|es
ag by cy dy|ey

Tuong tu nhu vay v6i hé phuong trinh tuyén tinh bat ki, ta c6 thé biéu dién dusi dang ma
tran md rong. Cau héi dude dat ra la lieu ching ta cé thé st dung céc tinh chét clia ma
tran dé xét nghiém ctia hé phuong trinh tuyén tinh tuong tng duge hay khong. Dinh ly
Kronecker-Capelli sé cho ching ta dap an cho cau héi nay.

Dinh ly Kronecker-Capelli. Cho hé phuong trinh Az = b, trong d6 A 1a4 mot ma tran
(thuc) cap m x n v b 13 mot ma tran cot c¢6 m dong, con x 14 ma tran an cap n x 1. Lic
do ta co:
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1. He phuong trinh vo nghiém néu rank(A) < rank(A|b).

2. He c6 nghiegm duy nhéat néu rank(A) = rank(A|b) = n, 6 day n 1a s6 cot clia ma tran
A, dong thoi ciing 1a s6 an xuét hién trong hé phuong trinh trén.

3. Heé c6 vo s6 nghiem phu thuoc n — rank(A4) tham s6 néu rank(A) = rank(A[b) < n.

1.6.1 Heé Cramer va phuong phap giai

Heé phuong trinh Az = b, trong dé A 1a mot ma tran vuong kha nghich duge goi 1a mot
hé Cramer. Dinh Iy Cramer khzzmg dinh ring lic nay hé c6 nghiem duy nhit, xac dinh béi

D,

1 | D2
X=A"1==

D| |’

D,

trong d6 D = det A # 0 va D; la dinh thiic clia ma tran nhan dudc tit A bing cach thay
cOt thia ¢ bdi b.

1.6.2 Hé phuong trinh tuyén tinh thuan nhit va dic trung cia
nghiém cta hé nay

Hé phuong trinh tuyén tinh Ax = b, trong dé b 1a ma tran 0, dugc goi 1a hé phuong
trinh tuyén tinh thuan nhdt. Hé phuong trinh tuyén tinh thuan nhat luén cé it nhat mot
nghiém 14 z = 0. Theo dinh 1§ Kronecker-Cappelli, hé ndyy c6 nghiém duy nhat z = 0 khi va
chi khi rank(A) = n, trong d6 n 14 s6 cot ctia A (ciing chinh 14 s6 an ciia hé phuong trinh
trén). Ciing theo dinh 1y Kronecker-Capelli, néu rank(A) = r < n thi he c¢6 vo sd nghiém
phu thude vio n — r tham s6. Gid sit n — r tham s6 trén 14 ay, ..., a,_,. Lic d6 v6i mdi 4
bang cach gén cho a; gia tri 1 va céc aj,j # i gia tri 0, ta duge n — r nghiém x1,...,2,_.
Lic dé6 ta dé dang thiy tap nghiém clia hé phuong trinh thuan nhit trén 13 tap

{1+ -+ ap—rTp_r 1 Q1,...,0n_r € R}

Hé nghiém z1,...,z,_, nhu trén dugc goi 1a mot hé nghiém co ban cta hé phuong trinh
tuyén tinh thuan nhéat da cho.

Gia stt ta c6 mot hé phuong trinh tdng quat Az = b va ta biét mot nghiém rieng xo ciia heé
nay. Ltc d6, tat ci cic nghiém clia hé nay sé 1a zg + 4, trong dé x4, 13 nghiem cia he
thuan nhat Az = 0.

1.7 Mot s6 mé hinh tuyén tinh trong kinh té

Mo hinh héa cic van dé trong kinh té vé mo hinh toan la viéc lam thudng xuyén cla
cac nha kinh té. Sau khi chuyén déi mot van dé phat biéu dudi quan diém kinh té vé mot
bai toan, cac nha kinh té/nha todn hoc sé dua trén cic cong cu ciia toan hoc dé giai quyét
van dé, rit ra két luan, phan tich danh gia va tra két qua vé dudi dang cac phét biéu ciia
kinh té. Duya trén cac két qua d6, ngusi lam kinh té sé tim dudc cau tra 16i cho van dé ciia
minh. Sau day, ching ta tim hiéu mot s6 moé hinh rat dién hinh trong kinh té.

1.7.1 M5 hinh can bang thi trudng (mé hinh cung cau)

N6i mot cach nom na, can bing thi trudng déi véi mot loai hang héa 1a trang thai ma
tai d6 gia ctia hang hoa dude chdp nhan tit ci ngudi ban vA ngudi mua.

Vi du 1.7.1. Tai mot quay thit, gia 1kg thit rat sudn vao budi sang 1a 95.000 dong. Quay
thit vAn c6 ngudi mua nhu cac ngay trong thang. Nhu vay, mic gia 95.000 dong/kg 1a gia
can bang déi v6i mat hang nay. Tuy nhién, vao thoi diém gan tét, nhu cau vé thit tang
manh, lugng thit cung cip di ting nhung vin khong dap tng duge nhu ciu mua din dén
gia thit tang cao. Khi gia tang cao, ngudsi dan lai ¢6 xu hudng giam lugng mua. Tu do, gia
sé gidm xudng dan dén mic can bang.
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Tt vi du trén, ta thay ring gia duge thi trudng chap nhan chinh 13 gia théa man nhu
cau ngudi mua va kha nang cung cip clia ngudi ban. Sau day, ta xem kha nang cung cap va
nhu cau mua 13 hai ham theo bién gia va ki kiéu ching lan lugt béi Q va Qq4. Ta thay ring:

e Khi gia ting, ngudi ban sé mudn ban nhiéu, nén ham Qs (p) 14 mot ham ting theo gia
p.

e Khi gia ting, ngudi mua sé gidm hoat dong mua, nén ham cau Qq(p) 1a mot ham gidm
theo gia p.

e Khi giao dich mua ban dudc thiyc hién tic 1a ngudi mua chap nhan gia clia ngudi ban
thi gia d6 dugc goi la gia tai diém can bang. Nhu vay gia tai diém can bang 1a mitc
gia p lam cho ham cung v ham ciu bing nhau: Q(p) = Qq(p).

Trong trudng hgp cac ham cung, cau la cac ham tuyén tinh thi ta c6 Qs(p) = —ap +a1p va
Qd(p) = bo — blp vGi ap, a, bo, by dlIdng.
Va ltc nay md hinh can bing c¢6 dang:

Qs(p) = —ag + arp
Qa(p) = bo — bip
Qs(p) = Qa(p).

Vi du 1.7.2. Cho ham cung v& ham cau theo gia ctia mot loai hang héa la Q, = —5+p va
Qa = 55— 3p.

e Gi4 can bing thi trudng 14 nghiém ciia phuong trinh:

Qs =Qs<& —-5+p=55—-3p<p=15.
Vay gia can bing la p = 15 (don vi tién te).
e Khi thi trudng dat can bing vé gia thi lugng cung bing lugng cau va bing véi
Qs =Qaq = Qs(15) = Qq(15) = =5+ 15 =10 don vi hang hoa.

Trong thi trudng, c6 rat nhiéu loai hang héa khac nhau, gia clia loai hang héa nay sé anh
hudng dén lugng cung va lugng cau clia loai hang héa kia. Vi du nhu khi thit heo ting gia
manh, ngusi dan c¢6 xu huéng gidm mua thit heo ma thay vao dé ngusi ta sé mua cac san
pham thay thé nhu c4 bién, c4 dong,v.v. Viéc chuyén huéng mua nay cho thiy sy thay doi
vé nhu cau va anh huéng dén kha niang cung &ng. Tu d6, anh hudng dén gia thanh ciia thit

va clia ca cac loai hai san. Trong trudng hgp nay, ta xét mo hinh can bang thi trudng tdng
quat:

Qs(p) = aio +anp +app+---+amp, i=1,2,...,n
Qa(p) = bio + birp + bigp + -+ + binp, i=1,2,...,n.
Qsi(p) = Qui(p)
Trong do,
e bién gia p; 14 gia hang héa thit 4;
e ham cung Q,; 1a lugng cung ctia hang héa thi i;
e ham cau Qg; 1a ham cau déi véi hang héa tht i, i =1,2,...,n.

Chuyén vé va dat ¢;; = a;; — b;j, ta duge he phuong trinh tuyén tinh:

c11p1 + c1apa + c13p3 + -+ -+ CinPn = —C10
Co1P1 + CooPo + Co3p3 + -+ + ConPn = —Ca0

Cn1P1 + Cp2P2 + Cn3P3 + -+ + CupPn = —Cno
Giai hé nay ta tim dudc gia can bang cho n loai hang héa da cho.
Vi du: Xét mot thi trudng gom 3 loai hang héa. Ham cung vA ham ciu théa man cac didu
kién sau:

Qs1 = —2+4p1 —p2 —p3, Qs2=—1+p1 +4p2 —p3, Qs3=—2—p1+p2+4ps,
Qar =10 —=2py +p2+p3, Qa2 =14p1 —2p2+p3, Qa3 =3+ p1 + 2p2 — 2p3.
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He phuong trinh xéc dinh diém can bing 1a

Qs1 = Qa1 —2+4py —p2 —p3 =10 — 2p; + p2 + p3 p1 =3
Qs2=Qa2 <& —1+pi+4pr—p3=1+p1—2p2+ps &< p2=1
Qs3 = Qa3 —2—p1 +p2+4p3 =3+ p1 + 2py — 2p3 p3 = 2.

Vay, gid can bing mdi loai 14 p; = 3,ps = 1,p3 = 2. Ta ciing goi bo (3,1,2) 1a diém can
bang ctia thi trudng. Ta tinh duge lugng hang can bang clia tiing loai nhu sau:

Qs1 =Qu =17, Qs2 = Qa2 = 4, Qs3 = Qg3 = 4.

1.7.2 M5 hinh can bing kinh té vi mo

Trong mdt nén kinh té déng, nghia la khong c6 quan hé kinh té dbi ngoai, ta c6 mé hinh
can bing nhu sau:

Y=C+1+G.

Véi Y (Income) la tdng thu nhap quéc dan, C' (Consumption) la tdng tieu ding ctia
dan cu, I (Invesment), G (Government)la mitc chi tiéu chinh pht.

Ham tieu ding phu thudce vao thu nhap, duge biéu thi dusi dang tuyén tinh: C = aY +b.

Khoang dau tu khong ngén han ciia chinh phti ¢6 thé duge ¢b dinh, tic I = I,.

Khodan tai khéa (mtc tiéu diing chinh phti) ciing duge ¢b dinh G = Go.
e Thué dugc tinh tit thu nhap theo dang ham: T = d + tY.
Tt day, ta duge mo hinh can bang kinh té vi mé:

Y =C+1Iy+ Gy
C=aY-T)+b
T=d+tY

Giai hé ta tim dudc mitc thu nhap qudc dan Y, mitc tiéu dung C vi mic thué can bang 7.
Cau héi Cac hé sb a,b,d,t thuoc mién nao trén truc sé va vi sao? Vi du. Gia st trong
mot quoc gia trong nam nay, mitc dau tu ¢6 dinh ctia chinh phii 1a Iy = 2500 (trieu USD),
miic chi tiéu c6 dinh ciia chinh phii 13 G = 500 (trigu USD); con téng thu nhap qudc dan
Y, téng miic tieu diing dan cu C' va téng thué T’ théa man cac diéu kién sau:

C=800+03(Y—T), T=500+0.1T.

Theo mo hinh can bang kinh t& vi mé ta c6 Y = C + Iy + Go. Thay cac gia tri da cho cia
Iy, Gy vao hé phuong trinh can bing ta dudc:

Y = C + 2500 + 500
C =800+ 0.3(Y —T)

T =500+ 0.1Y
Bién d6i va giai heé ta dugc:
Y — C = 3000 Y = 5000,
0.3y —C —-03T =800 <« C = 2000,
0.1Y — T =500 T = 1000.

Vay tdng thu nhap, chi tiéu va thué ¢ miic can bing lan lugt la:

Y = 5000, C = 2000, T = 1000.
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1.7.3 M6 hinh IS-LM

Trong mo hinh can bing kinh té vi mo, ta gia thiét 1a tong dau tu khong ddi I = I tic
14i suat bang 0. Tuy nhién, theo mot quy luat tu nhien thi lai suat khong thé bang 0, khi lai
suat cang cao thi dau tu cang gidm. Diéu nay cho thiy ring ham dau tu 14 mot ham bién
dong ngudc so véi 1ai sudt. Ta gid st ham dau tu c6 dang:

I=b —ayr, (a1,b1 >0).
Tt day ta dudge phuong trinh can bing hang héa

{Y:O+I+G

O:ay+b,lzb1_a1T7G:Go <:>Y:aY+b+(b1—a17’)+G0.

Hay a17 = b+ bl + Gy — (1 —a)Y. Phuong trinh nay duge goi 1a Phuong trinh (IS), biéu thi
quan hé gitta lai suat va thu nhap khi thi truong hang héa can bing (téng cung bing téng
cau).

Trong thi trudng tién té, nhu cau tién mit dong bién véi tdng thu nhap Y va nghich bién
véi 1ai suat r. Gid stt ham cau c¢6 dang tuyén tinh:

L =0bY —asr, (a2 > 0,0y > 0)
Gia stt Iugng cung tién mit 1a My. Trong diéu kién thi trudng can bing tién té ta co:
My=L <& My=>0bY —asr < asr = bY — M, (LM)

Phuong trinh nay cho thay khi thu nhap tang thi lai suit ciing ting.
Nhu vay, ta dudc hé phuong trinh IS-LM duge xép thit ti trong hé nhu sau:

ar =b+ bl + Gy — (1 —a)Y (IS)
ar = b2Y — MO (LM)

Vi du 1.7.3. Gia st tai mot quéc gia trong nam nay miic chi tidu c6 dinh ctia chinh pht la
Go = 500( trisu USD); lugng cung tién mit 13 My = 1000 (trigu USD) con téng thu nhap
quéc dan Y, téng miic dau tu chinh phu I, téng mitc tieu dung dan cu C, lugng cau tién
mat va muc 1ai sudt r thoa man cac diéu kien:

1 = 2500 — 50r, C =500 + 0.4Y, L =0.6Y — 200r.
Theo mo6 hinh IS-LM, ta c6
Y=C+I+Gy<Y = (5004 0.4Y) + (2500 — 50r) + 500 < 50r = 350 — 0.6Y.

Vay phuong trinh (1.5) la: 50r = 350 — 0.6Y.
Lugng cung cau tién té can bing tic la:

L =M, < 0.6Y —200r = 1000 < 200r = 0.6Y — 1000.

Vay phuong trinh (LAM): 200r = 0.6Y — 1000.
Mitc thu nhap Y 14 1ai sudt 7 & trang thai can biing thi truong 13 nghiém ctia hé huong trinh:

(IS)  50r=350-0.6Y [ Y =5000
(LM) 200r = 0.6Y — 1000 r=10

Vay thu nhap can bing va lii sudt can bing 1a Y = 5000 va r = 10.

1.7.4 M6 hinh Input-Output ciia Leontief

Trong mé hinh nay, khai niém nganh dudc xét theo nghia thuan tiy san xuit. Cac gia
thuyét ctia mo hinh:

e MJdi nganh kinh té chi sdn xuit mot loai hang hoa.

e Mbi nganh déu st dung mot ti Ié ¢d dinh cac sdn pham ctia nganh khac lam dau vao
cho san suit dau ra ciia minh.
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e Khi dau vao thay déi k lan thi dau ra ciing thay déi k lan.
Gia st mot nén kinh té gdm n nganh san xuit, nganh 1,2,3,...,n.
o Goi x; 1a gi tri tong cﬁ vé san pham clia nganh i,i = 1,2,...,n.

e Nhu cau cac ho tieu ding va cac nha xuét khiu goi 1a gid tri cau cubi ciing, dat 1a
bii=1,2,...n.

e Nganh j can mua sdn pham nganh i dé lam nguyén liéu dau vao san xuat, ta ki higu
la Lij-

Khi dé, téng cau nganh i dugc xac dinh bdi cau nganh 7 ciia cac nganh j va cau cudi b; hay
T; = Ti + Tiz + Tiz + - + Tik + bs.

Cong thife ti 1& chi phi dau vao ctia nganh j ddi véi sdn pham i la a;; = zﬁ, 0 < apg <1.
]

Cong thiic nay duge gid dinh la khong thay ddi trong sudt qué trinh san xuét.

Y nghia iy Dé nganh j san xudt ra 1 don vi gi4 tri san pham thi can mua a;j don vi gia

tri nguyen lieu dau vao-san pham, cia nganh i.

Gié stt ajo = 0.2, c6 nghia la dé san xuat ra 1 dong gia tri nganh 2 can mua 0.2 dong nguyén

licu dau vao sin pham ctia nganh 1, lam nguyeén liéu cho qua trinh sin xuat.

Néu dat

aix a2 - A1n
a1 Q2 - a2n

— — a a ce a
A= (aik) = 31 32 3n
Gp1  QAp2 " Ann

O day, hang biéu dién cho dit lieu dau vao va cot biéu dién cho dit lieu dau ra.
Ma tran tdng cau:

T

Z2

X=|
Tn

Vecto cau cudi (nhu cau ctia ngudi dan va nhu cau xuat khau):
b1
by
b3
bn
Twu phuong trinh (1) ta thay z;; = a;;zx, ta duge
T; = ;171 + Q42 i:1,2,3,...,n.

Hay biéu dién phuong trinh dusi dang ma tran 1a X = AX +b. Ttc la:

T a1l a2 -+ Gln € by
T a1 G2 - Gon | |%2 bo
3| = |as1 asz -+ asn| |@3| 4 |bs
Tn anl an2 e Ann Tn bn

Vi du: Gid st mot qudc gia ¢6 3 nganh kinh té v6i ma tran he sé dau vao 1a

03 0.2 0.1
02 03 04
02 03 0.3

!Tham khao thém tai https://vi.wikipedia.org/wiki/Nguyén_l¥_cung_-_cau


https://vi.wikipedia.org/wiki/Nguy�n_l�_cung_-_c�u
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a) Gidi thich ¥ nghia hé s6 0.4 & dong 2, cot 3 clia ma tran dau vao.

b) Tim hé sb ti phan gia ting ag; clia tiing nganh (j = 1,2,3). Giai thich y nghia ctia he
Sé aops.

¢) Tim dau ra cho mdi nganh biét rang cau cudi clia mdi nganh lan lugt 1a 85, 40, 5.
d) Tim cau cudi clia mdi nganh biét dau ra clia méi nganh lan lugt 1a 40, 40, 30.
Bai Giai.
a) Hé s6 ags 6 dong 2 cot 3 ¢6 nghia la dé san xuat 1 USD gié tri hang héa ctia nganh 3
can chi ra 0.4 USD mua hang héo ctia nganh 2.
b) He so ti phan gia ting ag; cla ting nganh (j = 1,2,3)
Vo =1-(0.3+0.2+02) =03

v ap2=1-(0240.3+0.3)=0.2
vV a3 =1-— (0.1 + 0.4 + 03) =0.2

Y nghia ciia age = 0.2: ti phan gia tiang trong téng gia tri hang héa ciia nganh 2 1a
20%. Noi cach khac, trong san xuit clia minh, nganh 2 da tao ra 20% gia tri gia ting
sau khi trit moi chi phi.

¢) Theo gia thiét ta c¢6 cau cudi B = (by,bs,b3)" = (85,40,5)'. Do d6, dau ra X =
(z1,22,73)" 1a nghiem ctia he¢ phuong trinh

0.7 —=02 —-01| |z 85 0.721 — 0.222 — 0.1z3 =85
(I-A)X =B« |-02 07 —04| [z2| = |40| & ¢ —0.221 +0.720 — 0.4z =40
-0.2 -03 0.7 T3 5 —0.227 — 0.322 +0.7T2z3 =5.

Véi I 13 ma tran don vi cap 3. Giai hé ta duge dau ra mdi nganh lan lugt 1a

1 = 200, To = 20071’3 = 150.

d) Vi daura X = (z1,22,23)" 1a (40,40, 30) nén cau cudi B = (b1, b2, b3)" xéc dinh bdi

hé thitec.
0.7 —-0.2 —-0.1| |40 17
B=(I-AX< |-02 07 —04| |40| =38
-0.2 -0.3 0.7 30 1

Vay cau cudi clia mbi nganh lan lugt 1 17,8, 1.
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1.8 Huéng din st dung may tinh cam tay va cac phan
mém tinh toan trén ma tran

Méy tinh cam tay c6 thé hd trg t6t cho nhiéu tinh toan véi ma tran va hé phuong trinh
kich ¢& nhd?

32 PHAN 1:HUGNG DAN COBAN X +
<« C & diendantoancasio.com/ung-dung-phuong-thuc-ma-tran-de-giai-nhung-bai-toan-tu-de-den-kho-tren-casio-fx-580vnx-va-fx-570vnplus/ * O

51 Apps  H Bookmarks @ SavetoMendeley g Journal Search - IP. Kielitoimiston sana... @) Libray G TheTop 10Songs.. ¥ Chisu - Kolmas pys.. W Music of Finland -... » Othe

PE vo phuong thific ma trén ta nhan: @ (&)

Matrix?
liMatAa Z:iMatE
SiMatc

Sau dé may tinh s& héi tén ma trdn ma ban mudn nhap, bdm 2 @) tuy thich (& day téi chon (@M).

v
MatA (MRl m=nT
11353 Z13xE
i3l 41235
LI [=H o |

Sau do may tinh s& hai kich ¢@ ma tran ma ban mudn nhap, bam tor (1) tdi [€] thy thudc vao kich thudc

ma trdn ma ban mudn tinh (& day téi chon ma tran 3x3 (1)). Va bat dau nhap ma trén

Phim bém: DE 2 EE2E0EEEEZEREEDE

Hinh 1.1: C4ch nhap va tinh toan véi ma tran trén may cam tay Casio.

Ngoai ra, ta ciing c6 thé sit dung trang web Matrix calculato dé thuc hién mot sé phép
toan cd ban trén ma tran, vi du nhu duéi day.

-

(32) Tinh toan ma tran x  +
<« C @ matrixcalcorg/vi/#Gaussian-elimination%28%78%781,2,2%7D.%7B2,1,4%7D,%7B2, ® v+ O ¥ O P
Matrix calculator ]
Tinh todn ma trin Ma trdn A: Ma trén B
Giai hé phuong trinh tuyén 1| 2 2
tinh 3 1 4
Tinh dinh thire 3 1 3 -
Tinh gié tri riéng va vecto — - - il — - - -
ridng Béi cach nhap Xoa | + = AxB Déicachnhdp | Xoa | + =
Wikipedia: Ma 1ran® Tinh dinh thirc Tim nghich dao A+B Tinh dinh thirc Tim nghich ddo
Chuyén vi Tim hang A-B Chuyén vi Tim hang
Nhan vi 2 || Chuyén vé dang tam g Nhan v&i 2 | Chuyén vé dang tamg._
Chéo hoa ma tran Nang I&n Ity thira 2 Chéo hoa ma trén Nang I&n Ity thira 2
Sw phan hay LU Cholesky decomposition Sw phan hay LU Cholesky decomposition
Hién thi 56 thap phin Xoa || +
12 2 12 2 X6a
( 0 -3 0 )~( 0 -3 0 )
oo -1) \o o -1
[¥ Chi tiét Trirdi |2 xhang |1 trhang 3|

@2 2 2 1 2 2 12 2
030 ]*H) ~ IOX )]x(fl) b 03 0 )
212 13 R;—2xRyj—~R3\0 3 -1 Ry-1%Ry,—R3\0 0 -1

2
2

Hinh 1.2: Bién d6i ma tran vé dang tam giac.

Thuec hién phép toan nghich ddo v phép nhan hai ma tran, ta viét biéu thic tinh vao 6
tréng ngay gitta hai ma tran nhu hinh bén dudi:

?https://diendantoancasio.com/ung-dung-phuong-thuc-ma-tran-\de-giai-nhung-bai-toan-tu-de-den-kho-tren-casio-fx-5¢
Shttps://matrixcalc.org/vi/


https://diendantoancasio.com/ung-dung-phuong-thuc-ma-tran-\ de-giai-nhung-bai-toan-tu-de-den-kho-tren-casio-fx-580vnx-va-fx-570vnplus/
https://matrixcalc.org/vi/
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Matrix calculator R
Tinh todn ma trdn v/ Ma trdn A: Ma trin B-
Giai hd phuong trinh tuyén 9.3 8.2 0.1 85
tinh 9.2 2.3 0.4 20
Tinh dinh thire 9.2 p.3 2.3 — ( 3 )
Tinh gi4 tri riéng va vecto = = =
riéng Béicachnhap | Xoa | + - AxB Déicachnhap | Xéa | + | -
Wikipedia: Ma tran'd Tinh dinh thirc Tim nghich a&o T Tinh dinh thirc Tim nghich ddo
Chuyén vi Tim hang A-B Chuyénvi - ﬂr“ hang
Nha&n véi 2 | Chuyén vé dang tam g Nhan véi 2 | Chuyén vé dang tam g
Chéo hba ma tran Nang Ién Iy thira 2 Chéo héa ma trén Nang I&n Iy thira 2
St phan hiy LU Cholesky decomposition Su phan hiy LU Cholesky decomposition
(T-A)r(-1)"B =
Hién thi 50 thap phan Xoa | +

N Chén vao A

(85 (200 Chén vao B
x| a0 |=| 200 ;
s ] \1so P.C%]

~ =

| 2] i

Uil e S
o

|

S
S

Hinh 1.3: Phép toan nghich dao va phép nhan.

1.9 Moét s6 bai tap va thuc hanh cudi chuong 1

1. (Bai tap lam viéc nhom). Nhém hay tim hiéu thém vé cac ting dung ciia ma tran va
hé phuong trinh tuyén tinh trong thyc tién. Tt d6 nhém chudn bi bai trinh bay trude
16p (powerpoint hodc tuong duong), t6i thiéu gom hai ing dung cu thé.

2. (Bai tap ren luyén tiéng Anh hoc thuat). Tim hiéu va trinh bay theo ¥ ban cic noi
dung dugc dé cap trong video sau: The beauty I see in algebral

3. (Bai tap thuc hanh). Stt dung méy tinh cam ta phan mém Exce (hodc tuong tu),
website dozaﬁ hoac matrix calculato dé tinh toan v6i mot sd ma tran ban tu chon.
So sanh két qua, wu va nhuge diém (néu cé) ciia cac cong cu noéi trén. Doc them vé
thuat todn gidi hé phuong trinh tuyén tinh trén may tinh, lién hé véi kién thiic via
hoc trong chuong nay.

4. Gia st trén thi trudng hién c6 3 cong ty chudi clta hang do an nhanh A, B, C dang
canh tranh nhau. Trong d6 cong ty A chiém 20% thi phan, B chiém 60% va C chiém
20%. Khao sat vé mic do trung thanh clia khach hang trong ndm téi ta thu dugc s6
liéu sau:

A sé gitt duge 85% khéach hang nhung 5% néi sé chuyén sang B va 10% sé chuyén sang
C.

B sé gitt duge 55% khéach hang nhung 15% néi sé chuyén sang A va 30% sé chuyén
sang C.

C sé gitt duge 85% khach hang nhung 10% néi sé chuyén sang A va 5% sé chuyén sang
B.

Nam t6i thi phan clia cong ty A, B, C sé lan lugt 13 bao nhigu?

5. Ham cung clia mot mit hang 14 Qg = 5P — 25 (P ¢6 don vi 1a d6 la, Q c¢6 don vi la
sén pham). Xac dinh gia thip nhat dugc ban ciia loai san pham trén? Giai thich vi
sao?

6. Xét mot thi truong gdm hai loai hang héa. Ham cung, ham cau va gia ciia ching théa
mén cac diéu kién sau:
Qa1 =150 — 2p1 +p2; Qs1 = —45+ 2y
Qa2 = 75+ 2p1 — 2p2; Qg2 = —30 + 3pa.
Lugng cung cau can bing ciia ting loai hang héa 1& bao nhigu? Nhan xét vé mdi lien
h¢ gitta hai loai hang héa trén (chting thay thé 1an nhau gidng nhu xe bus véi xe taxi
hay duge thuong tieu thu cing nhau giéng nhu médy tinh va may in)?

4https://diendantoancasio.com/ung-dung-phuong-thuc-ma-tran-de-giai-nhung-bai-toan-tu-de-den-kho-tren-casio-fx-58(
Shttps://www.youtube.com/watch?v=3jn8fas_MAc&t=98s

6doza. pro

"https://matrixcalc.org/vi/


https://www.youtube.com/watch?v=8CX-Q0gtSp8&t=197s
doza.pro
https://matrixcalc.org/vi/
https://diendantoancasio.com/ung-dung-phuong-thuc-ma-tran-de-giai-nhung-bai-toan-tu-de-den-kho-tren-casio-fx-580vnx-va-fx-570vnplus/
https://www.youtube.com/watch?v=3jn8fas_MAc&t=98s
doza.pro
https://matrixcalc.org/vi/
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7. Ta c6 mod hinh kinh té vi mo vé6i don vi 1a (ty do6 la) nhu sau: Chi diing ctia chinh pht
Ia G = 180:
phan dau tu chung 1a I = 540
v tieu diing ctia qudc gia 1 C = 0.8Y + 120
(trong d6 Y 1a thu nhap qubc gia).
Tai vi trf can bang kinh té, thu nhap qubc gia Y 13 bao nhiéu?

8. Néu haum cung va cau ciia thi truong gom mot loai hang héa cho béi phuong trinh sau
P=aQs+b; P=cQp+d.

Trong d6 P (price) 1a gia hang héa va Q (quantity) la s6 lugng cung hosic cau. Ta can
diéu kien gi cho a, b, ¢, d dé phuong trinh c6 ¥ nghia vé mat kinh té va ton tai diém
can bing?

9. Gia sit nén kinh té& c6 hai nganh néng nghiép va ning lugng. Mdi 1 do la gia tri nong
nghiép can 0.4 tit chinh n6é vd 0.2 tit ning lugng; phia ning lugng can 0.2 tit nong
nghiép va 0.1 tit chinh né. Nhu cau bén ngoai 13 12 ty do6 1a tit nong nghiép va 9 ty do
la tt nang lugng. Tim:

a. Ma tran Input - Output?

b. Ty phan gia tang clia nganh nong nghiép vA nganh ning lugng?

c. Tai vi tri can bang, nén san xuit bao nhiéu ty do la néng nghiép va bao nhiéu ty
do la nang lugng?



16

CHUONG 1. MA TRAN VA HE PHUONG TRINH TUYEN TINH



Chuong 2

Khéng gian R" va so ludc ve
khong gian vecto

Sau khi hoc xong chuong ndy, ngusi hoc c6 nhiing ki nang va kién thiic sau:
1. Hiéu vé y nghia ciia vecto trong doi séng ciing nhu trong kinh té.

2. Thuyc hién dugc cac tinh toan trén vecto.

3. Xét dugc tinh doc lap tuyén tinh, phu thudc tuyén tinh ctia mot hé vecto.

4. Xét dugc mot hé vecto ¢6 phai Ia co s6 ciia khong gian da chi ra hay khong va tinh
duge tog do cia vecto theo mot co sd bat ki.

5. Stt dung duge may tinh cam tay ciing nhu cac tng dung trén may vi tinh dé tinh toan
v6i cac vecto.

Mot vecto 1a mot dai lugng c6 do dai (magnitude) va huéng (direction). Vi du nhu van téc
13 mot vecto trong khi d6 téc do 1a mot dai lugng vo hudéng.

Point A _ -
0. b ; g
‘39( : Point B

VELOCITY = SPEED + DIRECTION

Hai vecto 12 bing nhau néu ching c¢6 ciing do dai va cting huéng (khong can phai xuit phat
tit cliing mot diém).

2.0.1 Cac phép toan trén vecto

Phép cong. Dé cong hai vecto u va v, ta vé mot vecto c6 ciing huéng va do dai véi vecto v
nhung xuat phat ti dinh ciia vecto u. Lic d6, u+v 1a vecto xuit phat tit gbc clia vecto u va
két thiic ¢ dinh clia vectd v méi duge vé lai. Trong hé truc toa do Descartes, tong cilia hai vecto
u=(ar,...,ap) vav=(by,...,b,) la vecto u+v cé toaddo la u+v = (a1 +b1,...,a,+0b,).

17
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Phép trit. Vi v —u = v+ (—u), nén hi¢u v — u bing véi tong clia vectd v va vectd —u, trong
do6 vecto —u la vecto ¢6 cung phuong va do dai v6i vecto v nhung nguge hudng.

Phép nhan vé hudng. Lay o 1a mot sd thuc bat ki, lic dé vecto au 1a vects c¢6 cling
phuong véi vecto u, nhung c¢6 do dai bang |a| 1an do dai clia u, dong thoi au c¢6 cing
(ngugc) huéng véi u néu a > 0 (o < 0).

i

Bai tap. Hai sinh vien cling ddy mot vat nang véi lic v géc do nhu sau:

fy

- fg

3 Newtons

/N

Hoéi huéng di chuyén va do dai dich chuyén clia vt thé nhu thé nao?

2.1 To hgp tuyén tinh - biéu dién tuyén tinh
Trong khong gian vecto R™, cho mot hé m + 1 vecto
V1,V2, ..., Um, V& V.

Litc dé biéu dién av; + agvg + - - - + amUm, trong do ay, as, . .., an, la cac sd thyc, duge goi
14 mot t6 hop tuyén tinh ctia hé vy, vs, ..., Um. Néu ton tai mot t6 hgp tuyén tinh cta he
V1,...,Vm MA bing v6i vecto v thi ta néi v biéu dién tuyén tinh qua hé v, ..., v,. Mot to
hop tuyén tinh dudc goi l1a tam thudng néu cac hé sé ay, ..., a,, déu bang 0. St dung dinh
Iy Kronecker-Capelli da hoc 6 Chuong I, ta dé dang chiing minh dinh 1y sau:

Dinh 1y 2.1.1. e v biéu dién tuyén tinh duge qua vy, va, . . . , Uy, khi va chi khi rank(A4) =
rank(A|v), trong d6 A 14 ma tran tao thanh tit cac cOt vi,. .., V.

e v biéu dién tuyén tinh duy nhat dugc qua vy,va,...,v, khi va chi khi rank(A4) =
rank(A|v) = m.
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2.2 Hang cua hé vecto

Trong R™, ta néi hé m vectd vy, va, . .., vy, ¢6 hang 1a r, ki hieu la rank(vy, ve, ..., vy) =7,
néu ton tai r vecto trong hé sao cho r vects doc lap tuyén tinh va tat ci cac vecto con lai
trong hé déu biéu dién tuyén tinh duge qua hé r vecto nay.

Dinh ly.
rank(vy, va, ..., vy ) = rank(A4),

trong d6 A 1a ma tran tao thanh tit cic cot vy, ..., vp,.

2.3 Doc lap va phu thudc tuyén tinh

Mot hé m vectd vy, ..., v, trong R™ dudc goi 1a doc lap tuyén tinh néu vects O chi c6
duy nhit mot cach biéu dién tuyén tinh qua hé bdi td hop tuyén tinh tam thuong. Ngudc
lai thi ta néi he phu thuoc tuyén tinh.

Dinh ly. He vectd vy, ..., v, doc 1ap tuyén tinh khi va chi khi rank(4) = m, trong dé6
A=[v; vy ... vy] 1a ma tran tao thanh tr cac vectd vy, ..., v, viét theo cot.

2.4 Cd sd, sd chiéu va toa do

Mot hé vecto (sip thi tuw) vy, ..., v, trong R® duge goi 1d mot co sd ctia R™ néu nhu hé
nay doc lap tuyén tinh va moi vecto trong R déu biéu dién tuyén tinh duge qua hé trén.
Vi du. He (v1 = (1,0),v2 = (0,1)) 12 mot co s clia R?, vi moi vecto u trong R? déu c6
dang u = (a,b) véi a,b € R. Nén u = avy + bvy. Vi vay hé (v1,v9) 13 mot co s§ clia R2.

Dinh 1y. Trong R™, hé vq,...,vm, 12 mot cd s§ clia R™ khi va chi khi m = n (ttic 1a s6
vects trong hé bing véi "sé chiéu” ctia khong gian da cho va vy,va,...,v,, 12 mot he doc

lap tuyén tinh.

Nhu vay, mot hé n vects vy, ..., v, trong khong gian R™ 14 mot co s6 khi va chi khi det(A) #
0, trong d6 A = [v; V2 ...0Up] 12 ma tran tao thanh tir cac vecto trong he.

S6 chiéu. S6 vects clia mdi cd sd trong khong gian vects dudc goi 1a s6 chiéu ctia khong
gian vects d6. Vi du nhu s6 chiéu ctia R™ 1a n, va ta ki hieu 1a dim(R"™) = n.

Toa d¢. Trong R™, cho cd s& (B) = (by,ba,...,b,). Khi d6, mdi vecto trong R™ déu biéu
dién tuyén tinh dugc mot cidch duy nhéat qua (B), tiic 14 cho mot vecto b bat ki, ta ludn tim
dugc mot bo n s6 thuc x1, xa, ..., z, sao cho

T = x1b1 + 22b2 + -+ + T, by
Bo n s6 thuc (z1,...,7,) dudc goi toa do ciia vecto = theo co s (B). Ta ki hieu la

[z](B) = (z1,72,...,7p).

2.5 Thuc hanh véi phan mém

Viéc tim hang, xét tinh doc lap hay phu thudc tuyén tinh clia céc véc to c6 thé thong
qua ph[ﬁé[p bién ddi so cap, hoic/va st dung cac cong cu online dé hd trg kiém tra |', xem
hinh

2.6 Mot sb6 bai tap va thuc hanh cudi chuong 2

1. (Bai tap nhém). Nhém hay tim hidu thém vé céc ting dung ctia khong gian véc to
trong thyc tién, chuan bi bai trinh bay trudc 16p (powerpoint hodc tuong duong), t6i
thiéu gom hai ng dung cu thé. C6 thé tham khao sach Fuad Aleskerov et al. “Linear
Algebra for Economists’ phan 2.3 trang 27, 2.4 trang 29, 6.5 trang 101.

2. (Bai tap ren luyeén tiéng Anh hoc thuat). Tim hiéu v& trinh bay theo y ban cac noi
dung dugdc dé cap trong video [Why is linear algebra useful?.

Thttps://matrixcalc.org/vi/
thtp ://93.174.95.29/_ads/432193591563C6CD1C0060CD4371CAOC


https://www.youtube.com/watch?v=X0HXnHKPXSo
https://matrixcalc.org/vi/
http://93.174.95.29/_ads/432193591563C6CD1C0060CD4371CA0C
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Hién thi s6 thip phan

6 11 2019 6 11 2019
0 —llxm+60 —673 xm+4038 | 0 =1l xm+60 —673 xm+4038
6 2 [ 2
0 0 -9 0 0 -9
[ ¥ Chi tiet

(©) 11 2019\, ? © 11 2019 _ @
(6 11 2010):| 1 ~ (0 0 -9 )]x(%) T

m 10 2019 Ry=1xRy—Ry\m 10 2019 Rf(%)le_,R3
6 11 2019 I 611 2019
0 0 -9 T 0 =11 xm+60 =673 xm+4038
11 xm+60 —673xm+4038 ::| N 6 2
0 6 2 Ry Ry 0 0 -9

- 11 %m=60%£0

Hinh 2.1: Tim hang ctia mot hé véc to bang cach chuyén ma tran tuong tng véi he véc to
vé dang bac thang.

3. (Bai tap thyc hanh). Stt dung may tinh cam tay, Excel, hofic cic cong cu online doz
matrix calculato dé tinh toan v6i mot s6 he véc to (bao gdm he chita tham s6) do
ban tu chon.

4. Cho mot cong ty gom 5 nhan vien, hé s6 luong ctia cdc nhan vien lan lugt 1a (2.67;
3.33; 6.2; 3.66; 4.98). Biét miic luong co ban theo quy dinh hien hanh 1a 1 490 000
dong/thang, mitc phu cap ¢6 dinh ctia cong ty 1a 25% v phu cAp #n trua la 700 000
dong/thang. St dung phép toan trén véc to tinh luong thang ctia 5 nhan vién néi trén?

3doza.pro
4https://matrixcalc.org/vi/


doza.pro
https://matrixcalc.org/vi/
doza.pro
https://matrixcalc.org/vi/

Chuong 3

So ludc vé toan ti tuyén tinh va
dang toan phuong

Sau khi hoc xong chuong nay, ngusi hoc dat duge nhing kién thitc va ki nang sau:

e Hiéu dugc tam quan trong clia gia tri rieng, vecto riéng trong khoa hoc va trong thic
tién.

e Tinh dugc gia tri riéng, vectd riéng, xét duge tinh chéo hoa ciing nhu chéo hoa duge
ma tran vudng cap nho.

e Hiéu vé dang toan phuong: dua dugce dang toan phuong vé dang chinh tic, xét dau
dugce dang toan phuong.

e Stt dung dugc cdc phan mém dé hd trg tinh toan phiic tap.

Theo mot cude didu tra lao dong nam tai My nam 1996, t 1é c6 viec lam 1a zg = 0.95 va
t 1é that nghiep yo = 0.05. Sau mdi tuin, & nhém c6 viéc, xac suat bi mat viec 1a 0.002. O
nhém that nghiép, xac suit c6 viéc ¢ tuan sau d6 1a 0.136. Sau 100 tuan, ty l& c6 viec va
that nghiep sé La:

zi00 | [ 0.998 0.136 1" [ 0.95 3.1)
yioo | | 0.002 0.864 0.05 | '

Ma tran chuyén trang thai & trén 13 mot vi du vé toan ti tuyén tinh. Viéc tinh toan gia tri
(100, 100) c6 thé kha lau néu ta khong cé may tinh hd trg. Trong chuong nay ching ta
sé ban vé toan ti tuyén tinh vA mot sd cAc khai niém lién quan. Lam viéc véi ching sé trd
nén bét phite tap va thii vi hon nhiéu.

3.1 Gia tri riéng va vectd riéng cia ma tran

Phép chuyén hinh trong hinh 13 mot toan ti tuyén tinh. Bing céch chon co sé phit
hop, toén ti tuyén tinh trén tuong duong véi mot ma tran. Vectos mau xanh c6 mot dic
diém 13 né khong thay déi vé phuong sau toan ti tuyén tinh bén trén. Va né dudc goi 1a
mot vectd riéng clia toan ti tuyén tinh do, hay ma tran clia toan ti tuyén tinh d6. Nhu
vay, n6i mot cach nom na, mot vects v 14 mot vects rieng clia mot ma tran vudng A néu
Aw c6 cing phuong véi v, nghia 1a Av = v v6i A 1a mot s6 thye. SO thye A nhu thé duge
goi 1& mot gia tri rieng clia A ting vé6i vecto rieng v. Néu cho truéc mot gia tri rieng A, thi
mot vectd v # 0 thod mén Av = Av cing duge goi la mot vectd riéng cua A tdng véi gia tri
riéng A.

Dinh nghia. Cho mot ma tran vudng A, mot sd thiye A duge goi 1a mot gia tri rieng clia A
néu ton tai mot vecto v # 0 sao cho
Av = dw.

Vects v nhu trén duge goi la mdt vectd riéng ctia A ng vdéi gia tri riéng A.

21
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o Y

Hinh 3.1: "Anh za" chuyén tit hinh bén trai sang hinh bén phai ¢ bén trén la mot toan ti
tuyén tinh tir khong gian 2 chiéu sang khong gian 2 chiéu.

3.1.1 CAch tim gia tri riéng va vecto riéng
Cho mot ma tran vuong A, A [a mot gia tri riéng cia A khi va chi khi
Jv=£0:Av =)

— FJ#£0:(A-A)v=0
<— det(A— ) =0

Vay tap céac gia tri rieng clia ma tran A 1a tap tit cd nghiém cta da thic (theo A)
Pa(N) :=det(A — AI).

Cho mdt ma tran vuong A cuing v6i mot gia tri riéng A, thi v #£ 0 1a mot vecto riéng cua
A ting v6i A khi va chi khi v 14 nghiém ctia

(A—Xv =0.
Nhu vay, viéc tim gid tri rieng ctia ma tran dudc quy vé viée giai phuong trinh P4()\) = 0

va viéc tim vecto riéng tng véi gid tri rieng A dude quy vé viéc giadi he phuong trinh tuyén
tinh (A — AIv = 0.

3.1.2 Chéo hoa ma tran

Xét ma tran

b
|

-3 2
—-21 10 |-
Thi A c6

GTR: A1 =3, VTR:u=

GTR: My =4, VTIR:v=

~N N W =
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Suy ra
1 1
Al =313 o[t o231 o42] 1 2] [3 0
2 2 3 7] (33 47/ " [3 7|0 4
AlZ|l =4
7 7
Diit
1 2
]
Thi ta c6
30
a9
Hay

1, [300
par- [0

Quaé trinh nhu trén dugc goi 1a qué trinh chéo hod ma tran A.

Cho mot ma tran A vuodng bat ki, ta néi A chéo hoa dude néu ton tai mot ma tran kha
nghich cting cip P, sao cho P~'AP la ma tran chéo. Lic d6 ma tran P dugc goi 1a ma tran
lam chéo hod A, con ma tran chéo D = P~'AP dudc goi 1a dang chéo clia A.

Gia sit P~'AP = D la mot ma tran chéo. Thi ta dé dang suy ra

det(A — XI) = det(P~' (A — M) P) = det(D — XI).
Nén néu A chéo hoa duge thi tap gia tri rieng ctia A chinh 13 tap hdp cic phan ti trén
duong chéo ctia D. Hon nita, cot thi ¢ cia P chinh 14 mot vecto riéng ciia P tuong tng véi
gia tri riéng (D);;. V1 vay ta c6 thuat toan chéo hod ma tran nhu sau.

Thuat toan chéo hoa ma tran vuodng A.

1. Lap da thtc dic trung Pa(A) = det(A — AI).

2. Giai phuong trinh P4 ()\) = 0 dé tim céc gia tri rieng (thue) Aq, ..., Ag.

3. V6i méi gia tri rieng ), giai he phuong trinh (theo v) (A — Al)v = 0. Dém s6 tham
s6 xuét hién trong méi hé nghiém (ciing chinh 1& s6 chiéu ctia khong gian vecto riéng
tuong tng véi mdi \).

4. Néu téng s6 tham sé xuét hien & budc 3 it hon s6 bac clia ma tran A thi ta khing
dinh A khong chéo hoa dugc. Trong truong hgp téng sé tham sé bing véi s6 bac thi
ma tran chéo hoa duge. Lic d6 ma tran lam chéo hoa A 1a ma tran tao thanh tir cac

vectd ¢d ban & budc 3, va ma tran dang chéo ciia A tuong tng la ma tran cac vecto
riéng tuong dng.

3.2 So ludc vé dang toan phuong
Mot dang toan phuong n bién thuc dinh nghia béi:

2 2
q=a11x] + -+ annT; + 2 E QijTiTy,
1<i<j<n

trong d6 a;; € R, con @1, ...,2, la n bién s6 (thuc).

Vi du 3.2.1. Da thtic sau day 13 mot dang toan phuong 3 bién:

q = 2x% — 3y? — day + Sxz
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3.2.1 Biéu dién ma tran cia dang toan phuong

Cho dang toan phucng

2 2
q=anx]+ -+ appx, +2 E A;jT;T;.

1<i<j<n
Ma tran
a1 a2 -+ Qin
azi @22 T a2n
A= (aij)nxn = . . . . 5
an1l an2 e Ann

trong d6 aj; = a;j, dugc goi la ma tran cia dang toan phuong q bén trén.
Xét ma tran dong x = (13 ... x,). Thi ta c6

q = zAzx'.

Vi du 3.2.2. Ma tran ciia dang toan phuong q = 222 — 3y? + 22 — 4oy + S8zz + 3yz la

2 -2 4
A=| -2 -3 2
4 31

Ta d& dang thiy néu A 14 ma tran ciia mot dang toan phuong thi A = A?, hay néi cach
khac, A 13 mot ma tran doi xing.

3.2.2 Hang cua dang toan phuong

Hang ctia dang toan phuong ¢, ki hiéu béi rank(q), duge dinh nghia 1a hang clia ma tran
biéu dién ctia no.
Vi du 3.2.3. Cho dang toan phuong
2.2 2
q=z"+y" + 27+ 22y + 22z 4 2y=.

Thi ta c6 rank(q) = 1 vi ma tran biéu dién ctia q

111
A= 11 1],
111

c6 hang 1a 1.

3.2.3 Dang chinh tac

Dang toan phuong ¢ duge goi la dang chinh tic néu ma tran biéu dién ciia g c¢6 dang
chéo. Liic dé, cac hé sb a; nam trén dudng chéo duge goi la cic hé sb chinh tdc cla q.
Dinh ly (Luat quan tinh Sylvester) Mbi dang toan phuong ¢ luon c6 thé doi bién dé
duwa vé dang chinh tic. Nhin chung thi dang chinh tic clia ¢ la khong duy nhét ma phuy
thuoc vao cach déi bién. Trong mdi dang chinh tic clia ¢, s6 cac hé sb chinh tic khac 0,
s6 cac heé s6 duong va s6 cac hé sb am khong phu thudc cach déi bién. Ta goi s6 cac hé sb
duong (am) ctia A 1a chi s6 duong (am) quén tinh cia q.

Vi du 3.2.4. Néu dang toan phuong 3 bién ¢ c6 dang chinh tic 1a

q =37 — 223 + 3,

thi chi s6 quan tinh duong ctia g 1& 2, trong khi dé chi s6 am quan tinh cfia ¢ 13 1 v& hang
cua q la 3.
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3.2.4 DA4u cta dang toan phuong
Cho mot dang toan phuong g. Khi do,
1. ¢ dudgc goi la khong am néu moi hé sé chinh tic ciia ¢ déu duong.

2. ¢q dugc goi 1a xac dinh duong néu ¢ khong am vi s6 cac hé sé chinh tic ding bing sb
bién cta q.

3. ¢ dudc goi 1a khong duong néu moi hé s6 chinh tic ciia ¢ déu am.

4. q dugc goi 1a xac dinh am néu ¢ khong duong va s6 cac hé s6 chinh tic ding bing s6
bién cia gq.

5. Néu hé s6 chinh tic clia ¢ c6 ci am va duong thi ta néi ¢ doi dau.

3.3 Thuc hanh phan mém

Viéc tim hoiic kiém tra két qui vé gia tri riéng, véc to rieng va chéo héa ma tran, ké ci
nhitng ma tran c6 tham s s& don gian hon thong qua phan mém online. C4c buéc tinh toan
dugc giai thich chi tiét, xem thém hinh

(32) Tinh tedn ma trén x  + _
&« C @ matrixcalcorg/vi/#diagonalize% 1,1,1%7D,%7B2.3,4,1%7D,%7B3,4,6,6%7D,%784,4,7,10%7D%7D%29 @ kO x@ P
Tinh toan ma trén v Ma trin A: Ma tran B:
Giai hé pheong trinh tuyén 11 1 1
tinh (23 4 1
Tinh dinh thire 3846 6
44 7 10
Tinh gia tri riéng va vecto — =
néne _ Badi cach nhap Xoa + =
Wikipedia: Ma tran'® = 4 AXB Tinh dinh thc Tim nghich dao
Boicachnhap | X6a | + | - A+B Chuyén vi Tim hang
Tinh dinh thic Tim nghich ddo A-B Nhan vi 2 | Chuyén vé dang tam g..
Chuyén vi Tim hang Chéo hoa ma tran Nang I&n Idy thira 2
Nhan voi 2 | Chuyén v& dang tam g Su phan hay LU Cholesky decomposition
Chéo héa ma tran Nang I&n lily thira 2
S phan hiy LU Cholesky decomposition
Hién thi s6 thip phan Xoa | +
1 —-16.525 —0.194 0.128 —0242 0 0 o —0072 0092 -0131 0075 Xéa
23 -1215 225 0299 0 0482 0 o —0.047 —-0005 0025 —0.010
3 8777 —0.178 0.710 0 0 3.081 o —0.148 -0403 —-0381 0410
4 1 1 1 0 0 0 16.680 0267 0316 0487 0525
V¥ Chi tiét
1. Tim cde gid tri riéng tir da thite dac treng cia ma tran:
1-1 1 1 1
20374 4 b g4 0xa3esexi2-10%d-6
3 4 6-7 6
4 4 7 10-4

Hinh 3.2: Tinh nghiém ctia phuong trinh dac trung va chéo héa ma tran 4 x 4.

3.4 Mot s6 bai tap va thuc hanh cudi chuong 3

1. (Bai tap nhém). Nhém hay tim hiéu theém vé cic ting dung ctia gia tri rieng va vector
rieng trong thic té, chuan bi bai trinh bay trude 16p (powerpoint hosic tuwong duong).
C6 thé tham khao sach Fuad Aleskerov et al. “Linear Algebra for Economists’ phan
9.1 trang 149 hoac website thetalog.co

2. (Bai tap ren luyén tiéng Anh hoc thuat). Tim hiéu va trinh bay tém tit cac noi dung
dugc néu trong trang wikipedia vé gi tri rieng v véc to rién

3. (Bai tap thyc hanh). St dung phan mém online doz ho#c matrix calculato dé tim
gid tri riéng va véc to rieng cliia mot ma tran (dnh xa tuyén tinh) do ban ty chon.

Thttp://93.174.95.29/_ads/432193591563C6CD1C0060CD4371CAOC

%https://thetalog.com/thetaflow/pca2d-visualizer/?fbclid=IwAROk5vk7h2ZUFybrLYeGz9vONVz-\
JLTGjnKOmWvnBomrG1l7qInmrJjDuubo

Shttps://en.wikipedia.org/wiki/Eigenvalues_and_eigenvectors

4doza. pro

Shttps://matrixcalc.org/vi/


doza.pro
https://matrixcalc.org/vi/
http://93.174.95.29/_ads/432193591563C6CD1C0060CD4371CA0C
https://thetalog.com/thetaflow/pca2d-visualizer/?fbclid=IwAR0k5vk7h2ZUFybrLYeGz9v9NVz-\ jLTGjnK0mWvnBomrGl7qInmrJjDuubo
https://thetalog.com/thetaflow/pca2d-visualizer/?fbclid=IwAR0k5vk7h2ZUFybrLYeGz9v9NVz-\ jLTGjnK0mWvnBomrGl7qInmrJjDuubo
https://en.wikipedia.org/wiki/Eigenvalues_and_eigenvectors
doza.pro
https://matrixcalc.org/vi/
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4. Dung gia tri rieng, véc to riéng va chéo héa ma tran dé xit 1y tinh hubéng néu ra & dau
chuong nay: tinh ty 1& c6 viéc lam va ty 1é that nghiép sau 100 tuan véi s6 lieu cia
Mgy:

2100 | [ 0998 0.136 7' [ 0.95
yi0 | | 0.002 0.864 0.05 |



Chuong 4

Quy hoach tuyén tinh

Sau khi hoc xong chuong ndy, ngusi hoc dat duge nhing kién thitc va ki nang sau:
1. Hiéu dugc bai toan quy hoach tuyén tinh.

2. Hiéu dugc ¥ nghia ciia bai toan quy hoach tuyén tinh trong kinh té cling nhu trong
doi song.

3. Hiéu dugc dinh nghia clia cdc phuong an va ¥ tudng ciia phuong phap don hinh.

4. St dung dugc céc phan mém trén may vi tinh dé xit Iy bai toan quy hoach tuyén tinh.

4.1 Bai toan van tai

Mot bai todn van tai (transportation problem) la mot bai toan tim phuong &n van chuyén
gitta cac "kho hang" va "ctta hang" sao cho c6 1¢i nhat. Vi duy, ta c6 3 kho hang A; vi 4 cita
hang B; nhu sau:

Trong do,

Al 1. Kho hang A; ¢6 a; tAn hang.

3 2. Cita hang B; can b; tan hang.

32 3. Chi phi van chuyén tit A; sang B; 1a ¢;;
(nghin USD) trén mdi tan hang.

A2

Cau héi duge dat ra la tim phuong an van
: chuyén tiét kiem nhat?

33 B4 Dit 2;; 14 s6 tdn hang chuyén tit A; t6i B;.Ta
sé goi ma tran (x;;) 14 mot phuong an van
A3 chuyén. Nhu vay, bai toéon van tai 1a bai toan
tim phuong an van chuyén x;; sao cho chi phi
van chuyén la it nhat

M&i phuong 4n van chuyén x;; sé tén clia ching ta chi phi la:

G: E Cij-rij-
j

27
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Dé don gian, ta xét mot trudng hop cu thé nhu sau:

B2: 150

B

A1:150 i 1 . [ -
; )(11 I xn I xﬂ I x14

3! 1 3| 4

A2:250 (| _ -1 (- -
(Xoa| i Xyp| | Xoz| | Xyu

4 5! 7! 21

O s

X34

X3,

X33

Nghia 1a kho hang A; ¢6 a; = 150 tAn hang, kho hang As ¢6 as = 250 tAn hang, kho hang
A3 ¢6 az = 50 tAn hang; va ctta hang B; can 50 tAn hang, ctta hang B, can 150 tan hang,
cita hang Bs can 150 tan hang, cita hang By can 100 tin hang. Ngoai ra, chi phi dé van
chuyén méi tan hang tit kho A4; dén kho B; 1a

€11 Ci2 €13 C14 3 5 6 2
Cg1 C2 C23 Coq| = 3 1 3 4
C31 €32 C33 C34 4 5 7 2

Do kho hang A; chi ¢6 a; tan hang va cita hang B chi can b; tan hang. Nén ta c¢6 cic rang
buoc (ly tuwdng) nhu sau:

T11 + T2+ x13+ 14 = 150
ZTo1 + T2z + X23 +w2q4 = 250
Z31 + 32 + @33 + X34 = 50
(I) 11 + T21 + X31 =50
T12 + Tog + T32 =150
13 + X233 + T33 =150
14 + o4 =+ T34 = 100

Nhu vay, bai toan tré thanh tim phuong an (x;;) thod méan céc rang budc (I) phia trén sao
cho ham chi phi

G = 3%11 + 51‘12 + 6$13 + 21‘14 + 31’21 —+ X290 + 31’23 + 45624 + 43331 + 5EE32 + 71’33 + 21’34
dat gia tri thap nhat.
Vi cd ham muc tiéu G va cic rang budc déu 1a cadc ham tuyén tinh nén bai toan van tai la
mot bai toan quy hoach tuyén tinh. Nhut vay mat bai toan quy hoach tuyén tinh 13 mot bai
toan tim gia tri 16n nhat hay nhé nhat cia mot ham muc tiéu v6i mot hé cac rang bude (1a

cac phuong trinh hodc bat phuong trinh), trong dé c& ham muc tiéu 1an cac rang budc phai
12 cac ham tuyén tinh.

4.2 Phuong an va phuong an toi uu
Gia st ta c6 mot bai toan quy hoach tuyén tinh nhu sau: tim x;j sao cho ham muc tiéu

G = 35611 + 51’12 + 6.’E13 + 2%14 + 31’21 + X2 + 31’23 + 4.’[24 + 41’31 + 5£E32 + 7%33 + 21’34



4.3. PHUONG PHAP DON HINH

dat gia tri nhé nhét, véi cac rang budc:

29

11 + 212 + 13+ 214 = 150
Z21 + X2z + To3 +w2q4 = 250
%31 + x32 + w33 + w34 = 50

Z11 + @21 + 231 =50

T12 + oo + I32 = 150
13 -+ T3 + I33 =150
T14 + Tog + T34 =100

Khi d6, mot phuong an (PA) 1a mot ma tran (z;;) trong R™ sao cho né thod méan tat ca
cac rang budc.

Vi du 4.2.1. Mot truong hop téi wu.

Ma tran
r11 Ti12 T13 14 0 50 0 100
To1 Tog x93 Toyg| = | 0 100 150 0
T31 T32 X33 T3q 50 0 0 0

la mot phuong an. Mot phuong 4n duge goi la phuong an t6i wu (PATU) néu né lam
cho ham muyc tiéu dat duge cuc tri (trong trudsng hgp nay la cue tiéu).

4.3 Gidi thiéu y tuéng caa phuong phap don hinh

Dé giai mot bai toan quy hoach tuyén tinh, ta c6 thé st dung phwong phdp don hinh.
Phuong phap don hinh 14 phuong phap ma ta xuét phat tit mot phuong 4n (cyc bién), sau
d6 ta sé dua vao cdc ham muc tieu va cdc ham rang budc dé tim mot phuong an t6t hon,
nghia 1a phuong 4n méi nay lam cho ham muc tiéu dat gan gia tri t6i vu hon. Trong trudng
hgp ctia bai toan van tai bén trén, phuong an mdéi sé lam cho chi phi nho hon. Sau do, ta
kiém tra xem phuong a4n mdéi nay da la phuong an t6i uu chua. Néu né la phuong an t6i wu
thi ta dimg lai. Ngugc lai, néu phuong an mdi chua t6i wu thi ta sé tim phuong 4n mdi t6t
hon va ldp lai cac buée bén trén. Thuat toan don hinh da duge chiing minh 1a sé ding sau
mot s6 hitu han buée.

4.4 Thuc hanh phan mém

Tinh toan v6i phan mém Ching ta c6 thé sit dung nhiéu phan mém dé giai bai toan quy
hoach tuyén tinh. Sau day 1 mot s6 thao tac don gian véi Excel. Sit dung Add-in Solver,

A B C D E F G H J K L M N o

BAI TOAN XAC PINH KHAU PHAN AN

cac loai thirc 3n téng hop
T 2 3 [BiBu kién 1)DiBu kién 2|Ditu kién 3|Diu kién4, 56
D1 02 0.4 0.3|>=1250 0| 0| 0|
D 03 05 0.4|>=1650 1250, 1650| 540 0]
9 D3 0.1 02 0.1|>=540
10 Gid mua 1 kg Thikc &n 23| 3.6l 28

|Cac chat dinh dudng,

Binh mirc

13 [x 1 1 1 |
14 [Fam mue tien f(x) [=F13*F10-G10*G13-HI10*H13|

Hinh 4.1: Thuc hién nhap lieu, dua cac diéu kién vao bang vd xay dyng ham muc tiéu

nhap ham muyc tidu va cac diéu kién keém theo, sau d6 yéu cau "solve": Két qua thu dugc

4.5 Mot so bai tap va thuc hanh cuoi chuong 4
1. (Bai tap nhém). Nhém hay tim hiéu thém vé cac tng dung clia quy hoach tuyén tinh
trong thyc té, chuan bi mot bai trinh bay trude 16p (powerpoint hogic tuong duong).

2. (Bai tap rén luyén tiéng Anh hoc thuat). Nghe hiéu va thyc hanh theo noi dung duge
trinh bay trong video vé Excel

Thttps://www.youtube.com/watch?v=dsNQrW7ZiFw


https://www.youtube.com/watch?v=dsNQrW7ZiFw
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3. (Bai tap thuc hanh). Stt dung Excel hodc phan mém tuong duong dé giai bai toan van
tai trong phan hodc mot bai quy hoach tuyén tinh do ban ty chon.
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