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18.06 Linear Algebra, Spring 2005
Transcript — Lecture 1

Hi. This is the first lecture in MIT's course 18.06, linear algebra, and I'm Gilbert
Strang. The text for the course is this book, Introduction to Linear Algebra.

Xin chao. Day la bai gidng dau tién trong khda hoc cua MIT 18.06, dai s6 tuyén tinh, va toi
la Gilbert Strang. Tai liéu cho khda hoc |a sach nay, Introduction to Linear Algebra.
And the course web page, which has got a lot of exercises from the past, MatLab
codes, the syllabus for the course, is web.mit.edu/18.06.
Va trang web cua khda hoc, cé nhiéu bai tap tir cdc nam trudc, ma MATLAB, chudng
trinh cua khoa hoc, la web.mit.edu/18.06.
And this is the first lecture, lecture one.
Va day la bai giang dau tién, chuang 1.
So, and later we'll give the web address for viewing these, videotapes. Okay, so
what's in the first lecture? This is my plan.
Vang, va vé sau ching tdi sé& cho dia chi web d& xem nhitng cdi nay, cac bdng video.
Vang, bai dau tién la gi? Bay la ké hoach cua téi.

The fundamental problem of linear algebra, which is to solve a system of linear
equations.

Van dé cd ban cua dai s0 tuyén tinh, la gidi mot hé phuadng trinh dai s tuyén tinh.

So let's start with a case when we have some number of equations, say n equations
and n unknowns.

Vi vdy, hdy bét dau vdi trudng hop khi ching ta cé mot s6 phuong trinh, gid si n phuong
trinh va n an sé.

So an equal number of equations and unknowns.

Vi vay sé &n va s6 phuong trinh bdng nhau.

That's the normal, nice case.

Diéu do6 binh thudng, trudng hgp tét.

And what I want to do is -- with examples, of course -- to describe, first, what I call
the Row picture. That's the picture of one equation at a time. It's the picture you've
seen before in two by two equations where lines meet.

Va nhitng gi t6i mudn lam la - véi cac vi du, tat nhién - d€ mé ta, dau tién, nhitng gi toi
goi la birc tranh hang. D6 la hinh dnh clla mot phuaong trinh mét lan. D6 la hinh anh ma
ban da nhin thay tU trudc trong cac hé hai phudng trinh hai bién & dé cac dudng giao
nhau.

So in a minute, you'll see lines meeting.
Vi vay trong mot chdc, ban sé thay cac dudng giao nhau.

The second picture, I'll put a star beside that, because that's such an important one.
Blrc tranh th( hai, t6i sé dat mot ngoi sao bén canh nd, bgi vi dé la mét truéng hgp qua
quan trong.

And maybe new to you is the picture -- a column at a time.
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Va cé 18 mdi ddi véi ban 1a blc tranh - Mot cot moi Ian.

And those are the rows and columns of a matrix.
Va dé la nhitng cot va hang ctia ma tran.

So the third -- the algebra way to look at the problem is the matrix form and using a
matrix that I'll call A.

Vi vay th ba -phuong phap dai s6 dé xét bai toan la dang ma trdn va dung ma tran ma
toi sé goi la A.

Okay, so can I do an example? The whole semester will be examples and then see
what's going on with the example.

Vang, vay toi sé lam mot vi du nhé? Toan b hoc ki nay sé la cac vi du va sau dé xem
nhitng gi dién ra véi vi du.

So, take an example. Two equations, two unknowns. So let me take 2x -y =0, let's
say. And -x +2y=3.

Vi vay, chon mot vi du. Hai phudng trinh, hai bién. Vi vay gia s t6i chon 2x-y=0. Va -
X +2y=3.

Okay. let me -- I can even say right away -- what's the matrix, that is, what's the
coefficient matrix? The matrix that involves these numbers -- a matrix is just a



rectangular array of numbers. Here it's two rows and two columns, so 2 and -- minus
1 in the first row minus 1 and 2 in the second row, that's the matrix.

Pudgc roi. hay dé tdi - T6i tham chi c6 thé ndi ngay - ma trén Ia gi, nghia la ma trén cac hé
s6 la gi? Ma tran bao gém nhiing con sé nay - mét ma tran chi la mét mang s6 hinh chir
nhat. O day né la hai hang va hai c6t, do dd, 2 va - trir 1 trong hang dau tiéntrr1 va 2 &
hang th( hai, dé la ma tran.

And the right-hand -- the unknown -- well, we've got two unknowns. So we've got a
vector, with two components, x and x, and we've got two right-hand sides that go

into a vector 0 3.

Va bén tay phai - bién - vang, ching ta cé hai bién. Vi vay, ching ta c6 mot véc tg, véi hai
thanh phan, x va y, va chidng ta cé hai vé& phai la vector 0 3.

I couldn't resist writing the matrix form, right -- even before the pictures. So I
always will think of this as the matrix A, the matrix of coefficients, then there's a
vector of unknowns.

Toi khéng thé chéng lai cach viét dang ma trdn, ding khéng - thadm chi trudc cac bic
anh. Vi vay, toi sé luén xem cai nay nhu ma tran A, ma trén cua cac hé sd, sau doé co
mot véc ta bién.

Here we've only got two unknowns.
O day chang ta chi cé hai bién.

Later we'll have any number of unknowns.
Sau nay chung ta sé c6 so bién bat ki.

And that vector of unknowns, well I'll often -- I'll make that x -- extra bold. A and
the right-hand side is also a vector that I'll always call b.

Va vecto bién, vang t6i sé thudng -Toi sé lam cho x d6 —-dam thém. A va vé phai
cling la mo6t vecto ma t6i sé ludn luén goi la b.

So linear equations are A x equal b and the idea now is to solve this particular

example and then step back to see the bigger picture. Okay, what's the picture for

this example, the Row picture? Okay, so here comes the Row picture.

Vi vay, phuong trinh tuyén tinh 1a A x bdng b va bay gid y tudng dé giai vi du cu thé

nay va sau dé trd lai budc d€ xem bic tranh I68n hon. Budc rdi, blc tranh cho vi du

nay la gi, bic tranh hang? Budgc rbi, do dé, & day coé blc tranh hang.

So that means I take one row at a time and I'm drawing here the xy plane and I'm going
to plot all the points that satisfy that first equation. So I'm looking at all the points that
satisfy 2x-y =0. It's often good to start with which point on the horizontal line -- on this
horizontal line, y is zero.
Vi vy diéu dé c6 nghia 1a tdi 18y mot dong mot 1Gc va tdi sé v& mat phdng xy va toi sé vé do
thi tat ca cac diém thda man phuong trinh dau tién dd. Vi vy, tdi sé xét tat ca cac diém thda
man 2x-y = 0. N6 thudng t6t d€ bat dau véi nhitng diém trén dudng ngang - trén dudng
ngang nay, y bang khéng.

The x axis has y as zero and that -- in this case, actually, then x is zero. So the
point, the origin -- the point with coordinates (0,0) is on the line. It solves that
equation.

Truc x cd y bang khéng va réng - trong trudng hgp nay, trén thuc té, thi x bang
khéng. Vi vay diém, gbc toa do - diém cob toa dd (0,0) nam trén dudng dé. N6 thda
man phuang trinh do.

Okay, tell me in -- well, I guess I have to tell you another point that solves this same
equation.

Vang, h3y cho tdi biét - vang, tbi doan tdi phai bao cho ban biét diém khac thda man
phuong trinh nay.



Let me suppose x is one, so I'll take x to be one.
H&y dé tbi gia sir réng x bang 1, vi vay tdi s& chon x bdng 1.

Then y should be two, right? So there's the point one two that also solves this
equation.

Thiy s& béng 2, dung khdng? Vi vay cé diém mobt hai cling théa man phuong
trinh nay.

And I could put in more points. But, but let me put in all the points at once, because
they all lie on a straight line. This is a linear equation and that word linear got the
letters for line in it.

Va tdi cé thé dat thém mot s6 diém. Nhung hdy dé toi dat tat ca cac diém clung mot ldc,
bai vi tat ca chliing nam trén ciing mét dudng thang. Pay la phuong trinh tuyé&n tinh va
tur tuyén tinh nhan nhitrng ki tu cho dong trong né.

That's the equation -- this is the line that ...
D6 la phuong trinh —ddy la dudng thang .......

of solutions to 2x-y=0 my first row, first equation.
'ng v@i phuong trinh 2x-y=0 hang dau tién cla t6i, phudng trinh dau tién.

So typically, maybe, x equal a half, y equal one will work. And sure enough it does.
Vi vay, théng thudng, cé thé, x badng 2, y bdng 1 s& ding. Va chdc chdn né dung.

Okay, that's the first one. Now the second one is not going to go through the origin.
It's always important.

Vang, dé la cai dau tién. Bay giG cai thr hai sé khong di qua goc toa do. biéu dé luén luén
quan trong.



Do we go through the origin or not? In this case, yes, because there's a zero over
there. In this case we don't go through the origin, because if x and y are zero, we
don't get three. So, let me again say suppose y is zero, what x do we actually get? If
y is zero, then I get x is minus three.

N6 cé di qua gbc toa do hay khong? Trong trudng hgp nay, vang, bdi vi cd mot s6
khdng & dé. Trong trudng hgp nay dudng thang khéng di qua gbc toa dd, bdi vi néu x
va y bang khéng, phuong trinh nay khéng thda méan. Vi vay, mét lan nira ching ta hay
gia sr rang y bang khdng, x s& bang bao nhiéu? Néu y bdng khéng, thi x béng trur ba.
So if y is zero, I go along minus three.

Vi vy néu y béng 0, nd di qua trir ba.

So there's one point on this second line.
Vi vay dé la mot diém trén dudng th( hai nay.

Now let me say, well, suppose x is minus one -- just to take another x. If x is minus
one, then this is a one and I think y should be a one, because if x is minus one, then
I think y should be a one and we'll get that point. Is that right? If x is minus one,
that's a one.

Bay gid tdi giad s rdng, vang, gia s x bang trir mot —chi d& chon mot gia tri x khac.
N&u x bdng trir 1 thi day la mot va t6i nghiy s& la mot, bdi vi néu x bang trur 1, thi

tdi nghi y s& bang 1 va chdng ta s& c6 diém dé. Diéu dé ding khdng? Néu x bang trir
1 thi cai d6 bang 1.

If y is a one, that's a two and the one and the two make three and that point's on
the equation.

Néu y bdng 1, s6 hang nay béng 2 va 1 va 2 tao ra 3 va diém dé théa man phuong
trinh.

Okay. Now, I should just draw the line, right, connecting those two points at -- that
will give me the whole line. And if I've done this reasonably well, I think it's going to
happen to go through -- well, not happen -- it was arranged to go through that
point. So I think that the second line is this one, and this is the all-important point
that lies on both lines. Shall we just check that that point which is the point x equal
one and y was two, right? That's the point there and that, I believe, solves both
equations.

Pudgc roi. Bay gid, toi sé chi v& mot d udng, ding khdng, néi hai diém nay - diéu d6 sé&
cho tdi toan bd dudng. Va néu toi da lam diéu nay hdp ly,vang tbi nghi réng n6 sé& dong
thdi di qua - vang, khong déng thdi- né da dugc bé tri d€ di qua diém dd. Vi vay, téi nghi
rang dudng th( hai la cai nay, va day la diém quan trong ndm trén ca hai dudng. Thi
ching ta chi can kiém tra cac diém la diém x bdng mot va y bang hai ding khong? D6 1a
nhitng diém d6 va, tdi tin rdng, thda man ca hai phuong trinh.

Let's just check this. If x is one, I have a minus one plus four equals three, okay.
Apologies for drawing this picture that you've seen before. But this -- seeing the row
picture -- first of all, for n equal 2, two equations and two unknowns, it's the right
place to start. Okay.

Chung ta chi ki€ém tra cai nay. Néu x badng mét, toi cé trir moét cong bén béng ba, ding
khéng. Xin 10i vi da vé bulric tranh ma ban da thay trudc d6. Nhung diéu nay - nhin thay blc
tranh hang - trudc hét, ddi v6i n bang 2, hai phudng trinh va hai bién, bat dau tur ddy la
dung roi ddy. budgc roi.

So we've got the solution. The point that lies on both lines. Now can I come to the
column picture? Pay attention, this is the key point. So the column picture.

Vi vay chlng ta c6 nghiém. Di€m ndm trén ca hai dudng. Bay gid tdi c6 thé dén birc
tranh cdt khéng? Chu y, day la diém then chét. VAy buc tranh cot.



I'm now going to look at the columns of the matrix.
Bay giG toi sé xét cac cot cia ma tran.

I'm going to look at this part and this part.

TOi sé xét phan nay va phan nay.

I'm going to say that the x part is really x times -- you see, I'm putting the two --
I'm kind of getting the two equations at once -- that part and then I have ay and in
the first equation it's multiplying a minus one and in the second equation a two, and
on the right-hand side, zero and three. You see, the columns of the matrix, the
columns of A are here and the right-hand side b is there. And now what is the
equation asking for? It's asking us to find -- somehow to combine that vector and
this one in the right amounts to get that one. It's asking us to find the right linear
combination -- this is called a linear combination.

Tdi s& nodi réng phan x thuc su' 1a x nhan - ban thdy, tdi s& dat hai -- Tdi hdu nhu nhan
dudc hai phuadng trinh cing mot ldc - phan dé va sau d6 t6i c6 y va trong phuadng trinh
dau tién no6 sé nhan vdi trir moét va trong phuong trinh th hai hai, va & vé phai, khong
va ba. Ban thdy, cOt cia ma trén, cot ciia A & day va & vé phai b & d6. Va bay gid
phuang trinh yéu cdu nhitng gi? N6 yéu ciu chlng ta tim - bang cach nao dé dé két hgp
vecto do6 va cai nay dung lugng dé cé dudc cai dd. N6 yéu cau ching ta tim ra dldng té
hop tuyén tinh - cai nay dudc goi la mét té hdp tuyén tinh.

And it's the most fundamental operation in the whole course.
Va no la phép toan co ban nhat trong toan bd khoa hoc.

It's a linear combination of the columns.

NG la t6 hdp tuyén tinh cla cac cot.

That's what we're seeing on the left side.
D6 la nhitng gi ma chdng ta thdy & vé trai.

Again, I don't want to write down a big definition.
Mot I1an nifa, td6i khong mudn viét ra dinh nghia I8n.



You can see what it is. There's column one, there's column two. I multiply by some
numbers and I add. That's a combination -- a linear combination and I want to make
those numbers the right numbers to produce zero three. Okay.

Ban cé thé xem né la gi. Day la c6t mot, day la cot hai. T6i nhan v3i mot s6 nao dd va toi
cdng. D6 1a mot t6 hop - mot t6 hap tuyén tinh va téi mudn lam cho nhitng sé nay cac sé
thich hdp dé tao ra khéng ba. B udc roi.

Now I want to draw a picture that, represents what this -- this is algebra. What's the
geometry, what's the picture that goes with it? Okay. So again, these vectors have
two components, so I better draw a picture like that. So can I put down these
columns? I'll draw these columns as they are, and then I'll do a combination of them.

Bay gid téi mudn vé& bilrc anh, biéu dién day 1a dai s gi. Hinh hoc 13 gi, blc tranh di véi
no la gi? Vang. Vi vay, moét lan nira, nhitng vecto nay cé hai thanh phan, vi vay tét han la
tdi nén v& mét bic anh giéng nhu thé. Vang tdi c6 thé dat xuéng nhirng cot nay hay
khdng? Téi s& v& nhitng cbét nay theo méc dinh cla chlng, va sau dé tdi sé tao ra mot to
hgp tuyén tinh cua ching.

So the first column is over two and down one, right? So there's the first column.

Vi vay cbt dau tién la trén hai va dudi mot, dang khdng? Vi vay doé la cot dau tién.

The first column. Column one.
COt dau tién. Cot mot.

It's the vector two minus one. The second column is -- minus one is the first
component and up two.

NG la vecto hai trir mot. Cot th(r hai la -trir mot la thanh phan dau tién va &
trén hai.

It's here. There's column two.
N6 & day. Do la cot hai.

So this, again, you see what its components are. Its components are minus one,
two. Good.

Vi vay, cai nay, mot Ian nira, ban thdy thanh phan cua né la gi. Thanh phan cua né
la tr&r moét, hai. Tot.

That's this guy. Now I have to take a combination. What combination shall I take?
Why not the right combination, what the hell? Okay. So the combination I'm going to
take is the right one to produce zero three and then we'll see it happen in the
picture. So the right combination is to take x as one of those and two of these.

D4 la thang nay. Bay gid tdi phai chon mot t& hgp. Téi s& chon t6 hgp n ao? Tai sao khdng
phai |13 t6 hgp diung? Budc rdi. Vi vay, t6 hgp ma t6i chon sé la cai ding dé tao ra khéng
ba va sau dé ching ta s& thdy nd xay ra trong blc tranh. Vi vay, t6 hgp ding la chon x
bang mot trong nhitng cai nay va hai trong nhiing cai nay.

It's because we already know that that's the right x and y, so why not take the
correct combination here and see it happen? Okay, so how do I picture this linear
combination? So I start with this vector that's already here -- so that's one of column
one, that's one times column one, right there.

D6 1a bai vi chlng tdi d3 biét rang do6 1a x va y thich hdp, vy tai sao khdng chon t6 hap
chinh xac & day va xem né xay ra? Budc roi, vay |am thé& nao dé tdi phac hoa té hdp tuyén
tinh nay? Vi vay, tdi bat dau vdi véc to dad cé & day - vi vay do la mot nhan vdi cot mot,
ngay dé.

And now I want to add on -- so I'm going to hook the next vector onto the front of

the arrow will start the next vector and it will go this way. So let's see, can I do it
right? If I added on one of these vectors, it would go left one and up two, so we'd go



left one and up two, so it would probably get us to there.

Va bay gid t6i mubn thém vao - vi vay tbi s& vé vector ké& ti€p sao cho dudi ciia né gan vdéi
dau clia vecto dau va né sé di theo cach nay. Vi vay, hdy xem, t6i cé thé lam diéu do phai
khong? Néu t6i cOng vao mot trong nhiing vectd nay, né sé di sang trai mot va Ién hai, vi
vay ching ta di sang trai mot va lén hai, do d6 né cé thé dua ching ta dén do.

Maybe I'll do dotted line for that.
Co |€ tbi sé lam nhitng dudng cham cham cho nd.

Okay? That's one of column two tucked onto the end, but I wanted to tuck on two of
column two. So that -- the second one -- we'll go up left one and up two also.

Vang? Bé la mot trong nhitng cot hai dugc kéo 1én trén dau, nhung té6i mudn kéo Ién hai
[an c6t hai. Sao cho - - Ian hai —chulng ta lai di sang trai mot va di |én hai.

It'll probably end there. And there's another one.

Co6 18 nd két thuc 6 dé. Va dod la cai khac.

So what I've put in here is two of column two.

Vi vay nhitng gi t6i dat vao trong day la hai Ian c6t hai.

Added on. And where did I end up? What are the coordinates of this result? What do
I get when I take one of this plus two of that? I do get that, of course.

COng vao. Va toi két thdc ¢ dau? Hé toa do cua két qua nay la gi? Toi
nhan dugc gi khi t6i [y moét cia cot nay cdng hai clia cot d6? Tat nhién,
t6i nhan dugc cot bén kia.

There it is, x is zero, y is three, that's b. That's the answer we wanted.

P&y, x bédng 0, y 6 do, d6 1a b. Db 1a chu tra I18i ma ching ta muén.



And how do I do it? You see I do it just like the first component. I have a two and a
minus two that produces a zero, and in the second component I have a minus one
and a four, they combine to give the three.

Va céch thirc dé tdi lam viéc d6 nhu thé nao? Ban thay téi lam né giéng nhu thanh phan
dau tién. To6i cé hai va trir mot tao ra khong, va thanh phéan th hai toi cé trir mot va
bén, ching két hop dé cho ba.

But look at this picture. So here's our key picture.
Nhung hady nhin vao blc anh nay. Vi vay day la bic anh then chét cta ching ta.

I combine this column and this column to get this guy.
Toi két hop cOt nay va cot nay d€ nhan dudgc thang nay.
That was the b. That's the zero three.

bé la b. B la khong ba.

Okay. So that idea of linear combination is crucial, and also -- do we want to think
about this question? Sure, why not.

Vang. Vi vay y tudng t6 hop tuyén tinh d6 |a quyét dinh, va tuong tu --chidng ta cé
mudn suy nghi vé ciu hoi nay khéng? Chéc chan rbi, tai sao khéng.

What are all the combinations? If I took -- can I go back to xs and ys? This is a
question for really -- it's going to come up over and over, but why don't we see it
once now? If I took all the xs and all the ys, all the combinations, what would be all
the results? And, actually, the result would be that I could get any right-hand side at
all.

T&t ca nhitng t8 hdp tuyén tinh la gi? Né&u tdi |8y -tdi c6 thé quay lai cac x va cacy
khéng? Day la moét cau hoi thuc té --no sé tién dan |én, nhung tai sao bay gid ching ta
khéng thdy né mét 1an? Né&u tdi |18y tat ca cac x va tat ca cac y, tat ca cac t6 hop tuyén
tinh, tat ca cac két qua sé la gi? Va, thuc su, két qua 1a tdi c6 thé nhan dugc bat ki vé
phai nao.

The combinations of this and this would fill the whole plane.

T8 hgp tuyén tinh cua cai nay va cdi nay sé& lam day toan bé mat phang.
You can tuck that away. We'll, explore it further.

Ban c6 thé kéo cai dé ra xa. Vang, kham pha né thém.

But this idea of what linear combination gives b and what do all the linear
combinations give, what are all the possible, achievable right-hand sides be -- that's
going to be basic. Okay.

Nhung y tudng nay vé td hgp tuyén tinh nao cho b va tét ca cac t6 hop tuyén tinh cho
cdi gi, nhitng vé& phai kha di sé la gi -dé sé la cc sé. Vang.

Can I move to three equations and three unknowns? Because it's easy to picture the
two by two case.

T6i c6 thé chuyén dén ba phuong trinh va ba bién khéng? Vi rat dé dé phac hoa trudng
hgp hai nhan hai.

Let me do a three by three example.
Chung ta hay xét vi du ba nhan ba.

Okay, I'll sort of start it the same way, say maybe 2x-y and maybe I'll take no zs as
a zero and maybe a -x+2y and maybe a -z as a -- oh, let me make that a minus one



and, just for variety let me take, -3z, -3ys, I should keep the ys in that line, and 4zs
is, say, 4. Okay.

Vang, tbéi s& phan nao bat dau nd theo cach tuong tu, gia s 1a 2x-y va cé thé I3 tbi sé&
chon khéng z bédng khéng va cd thé -x+2y va cb thé 1a -z bdng mot —hdy dé tdi lam cai
dé la trir mét, dé€ cho da dang hay dé téi chon, -3z, -3y, tbi s& gilt y trong dong nay, va
4z, gia st bang 4. Vang.

That's three equations. I'm in three dimensions, x, y, z. And, I don't have a solution
yet. So I want to understand the equations and then solve them. Okay.

D6 la ba phuong trinh. Tdi & trong ba chiéu, x, y, z. Va, tdi chua cé nghiém. Vi vay toi
muén hi€u cac phuong trinh va sau do giai ching. Vang.

So how do I you understand them? The row picture one way. The column picture is
another very important way. Just let's remember the matrix form, here, because
that's easy. The matrix form -- what's our matrix A? Our matrix A is this right-hand
side, the two and the minus one and the zero from the first row, the minus one and
the two and the minus one from the second row, the zero, the minus three and the
four from the third row. So it's a three by three matrix. Three equations, three
unknowns. And what's our right-hand side? Of course, it's the vector, zero minus

one, four. Okay.

Vay bang cach nao tdi lam cho ban hiéu ching? Blc tranh hang mét cach. Blc tranh cot
I& mét céch rdt quan trong khdc. H3y nhd rang duédi dang ma trén, & day, bégi vi diéu do
dé. Dang ma trédn —-ma tran A clia chiing ta 1a gi? Ma tran A cua chiing ta & v& phai nay,
hai va trr mét va khéng & hang dau tién, trir mét va hai va trir mét ¢ hang th( hai,
khéng, trir ba va b6n 6 hang th ba. Vi vay nd |a ma trédn 3 nhan 3. ba phuang trinh, ba
nghiém. Va vé€ phai clia chidng ta la gi? Tat nhién, né la vecto, khong trir mot, bon.
Vang.

So that's the way, well, that's the short-hand to write out the three equations. But
it's the picture that I'm looking for today. Okay, so the row picture.

Vi vy dé la céch, vang, dé la su ghi t8c ki dé€ viét ra ba phudng trinh. Nhung dé 1a
blrc tranh ma t6i dang tim ki€ém hém nay. Vang, vi vay buc tranh hang.



All right, so I'm in three dimensions, x, y and z. And I want to take those equations
one at a time and ask -- and make a picture of all the points that satisfy -- let's take
equation number two.

bugc roi, vay toi § trong ba chiéu, x, y va z. Va t6i mudn 18y nhitng phuadng trinh nay
déng thdi va hdi —va tao ra mdt blic anh cla tat ca cac diém thda man -ching ta hay
I8y phuang trinh s6 hai.

If I make a picture of all the points that satisfy -- all the x, y, z points that solve this
equation -- well, first of all, the origin is not one of them.

Né&u tdi tao ra mot blrc anh cla tat ca cac diém théa man -tat ca cac diém x, y, z thda
man phuadng trinh nay—vang, trudc hét, goc toa d6 khong phai la mét trong s6 chung.

X, Y, z -- it being 0, 0, 0 would not solve that equation. So what are some points that
do solve the equation? Let's see, maybe if x is one, y and z could be zero. That
would work, right? So there's one point.

X,Yy,z-ndlao,0,0sékhéng thda man phuang trinh d4. Vi vy, nhitng diém nao thda
man phuadng trinh d8? Chlng ta hdy xét, cé |& néu x bdng mot, y, z c6 thé béng khdng.
Diéu d6 sé& ding, phai khéng? Vi vy, dé 1a mot diém.

I'm looking at this second equation, here, just, to s:cart with. Let's see.
T6i dang xét phuong trinh th( hai nay, & day, ..., d&€ bdt dau véi. Ching ta hdy xét.

Also, I guess, if z could be one, x and y could be zero, so that would just go straight
up that axis. And, probably I'd want a third point here. Let me take x to be zero, z to
be zero, then y would be minus a half, right? So there's a third point, somewhere --
oh my -- okay. Let's see.

Tudng tu, tdi doan, néu z cé thé badng modt, x va y cd thé bang khéng, vi vy cai d s& chi
di thang Ién truc dd. Va, cb 18 tdi mudn cé mot diém thr ba & day. Hay dé tdi chon x bang
khéng, z bdng khdng, do d6 y sé |a trir 1/2 dang khong? Vi vay, c6 mot diém th& ba, &
dau do - oh cua toi - vang. Ching ta hay xét.

I want to put in all the points that satisfy that equation.
T6i mudn dat vao trong tat ca cac diém thdéa man phuadng trinh dé.

Do you know what that bunch of points will be? It's a plane. If we have a linear
equation, then, fortunately, the graph of the thing, the plot of all the points that
solve it are a plane.

Ban cd biét tap hgp diém sé 1a gi khdng? N6 la mot mdt phdng. Néu ching ta cb
mot phuang trinh tuyén tinh thi, may thay, do thi cha cac thir, d6 thi cua tat ca cac
diém thda man né la mot mat phang.

These three points determine a plane, but your lecturer is not Rembrandt and the art
is going to be the weak point here.

Ba diém nay xac dinh mét mat phdng, nhung gidng vién clia ban khdng phai la
Rembrandt va khéo léo sé& la diém yéu & day.

So I'm just going to draw a plane, right? There's a plane somewhere. That's my
plane.

Vi vay t6i s& v& mdt mat phang, ding khéng? Cé mdt mat phang & dau dé. Pé |1a
mat phang cua toi.

That plane is all the points that solves this guy.
M3t phdng d6 1a t&t ca cac diém thda man thang nay.

Then, what about this one? Two x minus y plus zero z.
R6i, con cadi nay thi sao? Hai x trir y cOng khéng z.

So z actually can be anything. Again, it's going to be another plane. Each row in a



three by three problem gives us a plane in three dimensions.

Vi vy z thuc su c6 thé 13 bat c&f th( gi. Mot 1An nifa, nd s& 1a mat phdng khac. Moi
hang trong mot bai todn ba nhan ba sé& cho chiing ta mét mat phang trong khéng
gian ba chiéu.

So this one is going to be some other plane -- maybe I'll try to draw it like this. And
those two planes meet in a line. So if I have two equations, just the first two

equations in three dimensions, those give me a line. The line where those two planes
meet. And now, the third guy is a third plane. And it goes somewhere.

Vi vy, cdi nay sé& la mat phang khac nao d6- cd I& tbi s& c6 gdng vé& né nhu thé nay. Va hai
mat phang giao nhau theo mét dudng. Vi vay, néu téi c6 hai phuong trinh, chi hai phuong
trinh dau tién trong khéng gian ba chiéu, nhitng cdi nay cho t6i mét dudng. Budng ma & dé
hai mat phdng nay giao nhau. Va béy gid, thang th( ba la mat phang th& ba. Va né di dau
do.

Okay, those three things meet in a point.
Vang, ba cdi ndy gap nhau tai mot diém.

Now I don't know where that point is, frankly.

Bay gi¥, ndi that tdi khéng biét diém dé & dau.

But -- linear algebra will find it.

Nhung—dai s6 tuyén tinh sé tim nd.

The main point is that the three planes, because they're not parallel, they're not
special.

Diém chinh 1& ba mat phang, bdi vi chiing khéng song song, chiing khéng déc biét.
They do meet in one point and that's the solution.

Chung gdp nhau tai mét diém va dé Ia nghiém.



But, maybe you can see that this row picture is getting a little hard to see. The row
picture was a cinch when we looked at two lines meeting.

Nhung, cé 1& ban cé thé thdy réang bulic tranh hang nay hai khé hiéu mét chat. Blc
tranh hang la mot diéu xac thuc khi ching ta xét hai dudng giao nhau.

When we look at three planes meeting, it's not so clear and in four dimensions
probably a little less clear.

Khi ching ta xét ba mat phang giao nhau, né khéng ré rang va trong bén chiéu cé
I€ lai hai it rdo rang han.

So, can I quit on the row picture? Or quit on the row picture before I've successfully
found the point where the three planes meet? All I really want to see is that the row
picture consists of three planes and, if everything works right, three planes meet in
one point and that's a solution.

Vi vy, tbi cd thé thodt blc tranh hang khéng? Hodc nglrng & blc tranh hang trudce khi
téi tim thanh cdng diém ma & dé ba mat phdng giao nhau?T4t ca nhitng gi téi thuc su
mudn xem la blc tranh hang bao gém ba mét phdng, va néu moi th(r ddng, ba mat
phéng sé& giao nhau tai mét diém va dé la nghiém.

Now, you can tell I prefer the column picture.

Bay gid, ban cd thé ndi téi thich bilrc tranh cét han.
Okay, so let me take the column picture.

Vang, vi vay hay dé t6i chon blc tranh cot.

That's x times -- so there were two xs in the first equation minus one x is, and no xs
in the third.

Dé la x nhan -Vi vay co hai x trong phuadng trinh dau tién trir mét x, va khong co6 x
trong phuong trinh th ba.

It's just the first column of that.
NG chi la cOt dau tién cua cai dé.

And how many ys are there? There's minus one in the first equations, two in the
second and maybe minus three in the third.

Va c6 bao nhiéu y ¢ dé? Co trir mot trong phuang trinh dau tién, hai trong th hai
va co |é trir ba trong thi ba.

Just the second column of my matrix.
Chi la cot hai cia ma tran cua toi.

And z times no zs minus one zs and four zs.

Va z nhan khong z trir mot z va bon z.

And it's those three columns, right, that I have to combine to produce the right-hand
side, which is zero minus one four.

Va né la ba cdt nay, ding khéng, rdi toi phai két hgp dé tao ra vé& phai, né |a khéng trir
mot bon.

Okay. So what have we got on this left-hand side? A linear combination.
Vang. VAy ching ta c6 gi & vé& trai nay? Mot t6 hgp tuyén tinh.

It's a linear combination now of three vectors, and they happen to be -- each one is
a three dimensional vector, so we want to know what combination of those three
vectors produces that one.

Bay gid né 13 t& hdp tuyén tinh clia ba vecto, va ching ddng thdi 1a -Mdi céi 1a vecto
ba chiéu, vi vy chiing ta mudn biét t6 hdp nao cua ba vecto nay tao ra cai do.



Shall I try to draw the column picture, then? So, since these vectors have three
components -- so it's some multiple -- let me draw in the first column as before -- x
is two and y is minus one. Maybe there is the first column. y -- the second column
has maybe a minus one and a two and the y is a minus three, somewhere, there
possibly, column two.

Do do, khéng biét tdi cd nén vé blc tranh cot hay khong? Vang, bdi vi cac vecto coé ba
thanh phan - vi vdy né 1& modt s6 nhiéu - hdy dé toi v& cot dau tién nhu trudc - x Ia hai
va y la trir mot. C6 I€ d6 la cOt dau tién. y - cOt thr hai cd 1€ cé trir mét va haivay la
trir ba, 6 dau dd, cé thé & do, cot hai.

And the third column has -- no zero minus one four, so how shall I draw that? So
this was the first component. The second component was a minus one. Maybe up
here.

Va cot thr ba cé -khdéng phai khong trir mét bon, vay toi sé vé cai dé nhu thé nao?
Vi vay day la thanh phan dau tién. Thanh phéan th{ hai la trir mét. Cé 1& 1én day.

That's column three, that's the column zero minus one and four. This guy.
Do 1a cdt ba, db 1a cbt khdng trir mdt mot va bén. Thang nay.

So, again, what's my problem? What this equation is asking me to do is to combine
these three vectors with a right combination to produce this one. Well, you can see
what the right combination is, because in this special problem, specially chosen by
the lecturer, that right-hand side that I'm trying to get is actually one of these
columns. So I know how to get that one.

Vi vay, mot [an nira, van dé cua téi la gi? Nhitng gi phudng trinh nay dang yéu cau
toéi lam 1a két hgp ba vectd véi mot t6 hgp tuyén tinh ding dé€ tao ra cai nay. Vang,
ban cé thé xem t6 hdp tuyé&n tinh thich hdp 1a gi, bdi vi bai todn ddc biét nay, dudc
chon d&c biét bai giang vién, ma phia bén tay phai toi dang cd gédng dé nhan dudgc la
mot trong s6 cac cot nay. Vi vay, tdi biét cadch d€ nhan cai dé.



So what's the solution? What combination will work? I just want one of these and
none of these.

Vi vy nghiém 1a gi? T8 hgp nao sé& dung? Tdi chi muén mdt trong nhitng céi n ay va khdng
cai nao trong nhitng cai nay.

So x should be zero, y should be zero and z should be one. That's the combination.

Vi vay x s& bang khéng, y s& bang khdng va z s& badng mot. D6 1a t6 hdp tuyén tinh.
One of those is obviously the right one.
MOt trong nhitng cdi dé hién nhién la cdi ding.

Column three is actually the same as b in this particular problem. I made it work that
way just so we would get an answer, (0,0,1), so somehow that's the point where
those three planes met and I couldn't see it before. Of course, I won't always be able
to see it from the column picture, either.

CoOt ba la thuc sy gibng nhu b trong bai toan dac biét nay. T6i da lam cho né lam viéc theo
céch dd chi vi vy chiing ta sé nhan dugc mdt ciu tra 15i, (0,0,1), do d6, badng cach n ao dé
dé 1a diém ma & doé ba mat phdng nay giao nhau va téi khdng th & thdy no tir trudce. Tat
nhién, téi s& khéng ludn ludén cé thé hi€u né tir blrc tranh cot.

It's the next lecture, actually, which is about elimination, which is the systematic way
that everybody -- every bit of software, too -- production, large-scale software would
solve the equations.

D6 la chuadng tiép theo, thuc su, nd ndi vé su loai trlr, dé la cach cé hé th6ng ma moi
ngudi — mdi phadn mém ciing vy —san xuat, phan mém Ién sé& giadi cdc phuong trinh.

So the lecture that's coming up.
Vi vay chuadng dang té&i gan.

If I was to add that to the syllabus, will be about how to find X, y, z in all cases. Can
I just think again, though, about the big picture? By the big picture I mean let's keep
this same matrix on the left but imagine that we have a different right-hand side.
Oh, let me take a different right-hand side. So I'll change that right-hand side to
something that actually is also pretty special.

Né&u tdi phai thém vao gido trinh, s& Ia vé cach dé tim x, y, z trong moi trudng hap.

M3c du, cb thé téi sé nghi lai, vé blic tranh 16n? Qua blc tranh 18n t6i mudn ndi rang
chuing ta hay tiép tuc ma trén tuong tu nay & bén trai nhung tudng tugng rang ching

ta c& mot v& phai khac.0, hay dé tdi chon mot vé& phai khac. Vi vay, téi sé thay ddi vé&
phai dé thanh th gi dé thuc su hai dac biét.

Let me change it to -- if I add those first two columns, that would give me a one and

a one and a minus three.

Hay dé€ toi thay d6i né thanh —Né&u tbi cdng nhitng cdi nay hai cot dau tién, nd sé cho toi
mot va mot va tru ba.

There's a very special right-hand side.

Do la v€ phai rat dac biét.

I just cooked it up by adding this one to this one.
Toi chi bia ra nd bang cach cdng cai nay vdi cai nay.

Now, what's the solution with this new right-hand side? The solution with this new
right-hand side is clear.
Bay gid, nghiém véi vé phai méi nay la gi? Nghiém vdi vé phai méi nay ré rang.

took one of these and none of those.



Lay mot trong nhitng cai nay va khong cai nao trong cai do.

So actually, it just changed around to this when I took this new right-hand side.
Vi vay thuc su, né chi thay d6i quanh cdi nay khi toi 18y vé& phai mdi nay.

Okay. So in the row picture, I have three different planes, three new planes meeting
now at this point. In the column picture, I have the same three columns, but now
I'm combining them to produce this guy, and it turned out that column one plus
column two which would be somewhere -- there is the right column -- one of this
and one of this would give me the new b. Okay.

Pudgc réi. Vi vay, trong bulc tranh hang, tdi c6 ba mat phdng khac nhau,bdy gid ba mat
phdng mdi nay giao nhau tai diém nay. Trong bic tranh cét, tdi cd ba cdt giéng nhau,
nhung by giJ tdi sé& két hop chiing dé tao ra thdng nay, va nd hda ra la c6t mdt céng
cOt hai sé § dau dé - do la c6t bén phai - mot trong nhitng cai nay va mét trong nhirng
cai nay sé cung cap cho t6i b méi.Vang.

So we squeezed in an extra example.
But now think about all bs, all right-hand sides.
Nhung bay giG hday nghi vé tat ca cac b, tat ca vé phai.

Can I solve these equations for every right-hand side? Can I ask that question? So
that's the algebra question.

T6i c6 thé giai nhitng phudng trinh ndy cho mdi v& phai khdng? To6i cé thé tra I8i cau
hoi dé khong? Vi vay dé la cau héi dai s6.

Can I solve A x=b for every b? Let me write that down.
Tbi c6 thé giai Ax=b cho moi b khdng? Hay dé tdi viét diéu do ra.



Can I solve A x =b for every right-hand side b? I mean, is there a solution? And
then, if there is, elimination will give me a way to find it.

T6i 6 thé giai Ax=b cho moi v& phai b khong? Y toi 13, d6 cé phai 1a mot nghiém
khéng? Va sau d6, néu dd Ia nghiém, phép khir cho cho tdi cach dé& tim nd.

I really wanted to ask, is there a solution for every right-hand side? So now, can I

put that in different words -- in this linear combination words? So in linear
combination words, do the linear combinations of the columns fill three dimensional
space? Every b means all the bs in three dimensional space.

Toi thuc sy muén hoi, cé nghiém cho moi vé& phai khéng? Vi vy, bay gid, tdi c thé dat nd
bang nhitng tir khac - trong céc tir t& hdp tuyén tinh nay? Vi vay, trong céc tir t6 hap
tuyén tinh, t6 hgp tuyén tinh cla cac cot sé 18p day khdng gian ba chiéu khéng? Moi b ¢
nghia la tdt ca cac b trong khong gian ba chiéu.

Do you see that I'm just asking the same question in different words? Solving A x --
A x -- that's very important. A times x -- when I multiply a matrix by a vector, I get
a combination of the columns. I'll write that down in a moment. But in my column
picture, that's really what I'm doing. I'm taking linear combinations of these three
columns and I'm trying to find b.

Ban cd thay rang toi chi hdi cing mot cau hoi nhung bdng nhiing tu khac? Giai Ax --
Ax - diéu dé rat quan trong. A nhan x - khi t6i nhan mot ma tran véi mot véc tg, toi
nhan dugc mot su két hgp cla cac cot. Toi sé viét ra diéu dé ngay. Nh ung trong birc
tranh cot cua tdi, dé thuc su 1a nhitng gi t6i s& lam. Téi s& chon t8 hgp tuyén tinh ba
cbt nay va toi dang c6 géng tim b.

And, actually, the answer for this matrix will be yes. For this matrix A -- for these
columns, the answer is yes. This matrix -- that I chose for an example is a good
matrix. A non-singular matrix.

Va, thuc sy, cau tra IGi cho ma trén nay sé la dang. DG6i véi ma tran A nay -déi vai
nhirng cot nay, cau tra IGi la ddng. Ma tran nay—t6i chon cho vi du la ma tran t6t. Ma
tran khong ki di.

An invertible matrix. Those will be the matrices that we like best. There could be
other -- and we will see other matrices where the answer becomes, no -- oh,
actually, you can see when it would become no. What could go wrong? How could it
go wrong that out of these -- out of three columns and all their combinations --

when would I not be able to produce some b off here? When could it go wrong? Do
you see that the combinations -- let me say when it goes wrong. If these three
columns all lie in the same plane, then their combinations will lie in that same plane.
So then we're in trouble.

Mdt ma tran kha nghich. D6 sé& |a nhitng ma trdn ma ching ta thich nhat. Cé thé cé cai
khac - va chung ta sé thay cac ma tran khac & d6 cau tra IGi sé tré thanh khéng --- oh,
thuc su, ban cé thé thdy khi né s& tré thanh khong. Nhitng gi c6 thé sai? Lam thé& nao né
cb thé né di sai ngoai nhitng cai nay - ngoai ba cdt va tat ca cac td hdp tuyén tinh cua
ching --khi ndo tbi s& khdng thé tao ra moét s6 b nao dé 1&éch khoi day? Khi nao né cé thé
sai? Ban co thdy rdng t6 hgp tuyén tinh - hdy dé téi ndi khi ndo né sai. Néu tat ca ba cot
nay déu ddng phang, thi t6 hgp tuyén tinh cla ching s& ndm trong cling mat phéng dé. Vi
vy, sau d6 chlng ta gép rac réi.

If the three columns of my matrix -- if those three vectors happen to lie in the same
plane -- for example, if column three is just the sum of column one and column two,
I would be in trouble. That would be a matrix A where the answer would be no,
because the combinations -- if column three is in the same plane as column one and
two, I don't get anything new from that.

Né&u ba cOt clia ma trén cla tdi - néu ba vectd nay déng thdi ndm trong cing mot mat
phéng - vi du, néu cdt ba la téng cla cdt mot va cét hai, tdi sé& gdp réc rdi. Do s& |a mot
ma tran & d6 cac ciu tra I5i s& |a khdng,bdi vi cac t6 hap tuyén tinh - néu cdt ba & trong



cung mét phdng nhu c6t mot va hai, téi khdng nhan dugc bat cr diéu gi mdi tir do.
All the combinations are in the plane and only right-hand sides b that I could get
would be the ones in that plane.

T4t ca cac td hgp tuyén tinh déng phdng va chi cac v&€ phai b ma téi cé thé nhén sé&
la nhitng cai trong mat phadng dé.

So I could solve it for some right-hand sides, when b is in the plane, but most right-
hand sides would be out of the plane and unreachable.

Vi vay téi cd thé giadi sao cho mdt s6 vé& phai, khi b & trong mat phdng, nhung da s6 cac
vé& phai s& & ngoai mat phdng va khdng thé dén.

So that would be a singular case.

Vi vay do sé la mot trudng hgop dan.

The matrix would be not invertible.

Ma tran sé khong kha nghich.

There would not be a solution for every b.

b6 sé khong phai la mot nghiém déi véi moi b.

The answer would become no for that.

Cau tra IGi sé trd thanh khéng cho cai doé.

Okay. I don't know -- shall we take just a little shot at thinking about nine
dimensions? Imagine that we have vectors with nine components.

Vang. Toi khong biét -t6i cé nén thir nghi mét chdt vé chinh hudng khéng?

H&y tudng tugng rang chung ta cé cac vecto vdi chinh thanh phan.

Well, it's going to be hard to visualize those.

Vang, s& khoé dé€ hinh dung ra nhitng cai nay.



I don't pretend to do it. But somehow, pretend you do. Pretend we have -- if this

was nine equations and nine unknowns, then we would have nine columns, and each
one would be a vector in nine-dimensional space and we would be looking at their
linear combinations. So we would be having the linear combinations of nine vectors

in nine-dimensional space, and we would be trying to find the combination that hit
the correct right-hand side b. And we might also ask the question can we always do
it? Can we get every right-hand side b? And certainly it will depend on those nine
columns. Sometimes the answer will be yes -- if I picked a random matrix, it would
be yes, actually. If I used MatLab and just used the random command, picked out a
nine by nine matrix, I guarantee it would be good.

To6i khdng gia vG lam viéc nay. Nhung bang cach nao do, gia s ban lam. Gia sr ching ta
c6 - néu day 1a chin phudng trinh va chin bién, thi chling ta sé& cé chin cot, va mbi cai sé 13
mot vecto trong khdng gian chin chiéu va ching ta s& xem xét t6 hgp tuyén tinh cla
ching. Vi vy, ching ta sé& cd t6 hgp tuyén tinh cla chin vecto trong khdng gian chin
chiéu, va ching ta s& cd gdng tim t6 hgp tuyén tinh ding vdi vé& phai b. Va ching ta ciing
c6 thé& hoi nhitng cdu hoi cé phai chiing ta cd thé ludn ludn | am ding khéng? Chlng ta cd
thé& nhan mdi vé& phai b khong? Va chéc chdn né sé& phu thudc vao chin cot nay. Dai khi
cau tra 15i s& 1a ¢ - néu tdi chon mdt ma trdn ngau nhién, nd sé 1a cd, thuc su. N&u toi sur
dung MATLAB va chi dung chirc ndng ngau nhién, chon ra mot ma tran chin nhan chin, toi
dam bao nd sé tot.

It would be non-singular, it would be invertible, all beautiful. But if I choose those
columns so that they're not independent, so that the ninth column is the same as the
eighth column, then it contributes nothing new and there would be right-hand sides
b that I couldn't get.

N6 sé khong ki di, n6 sé kha nghich, tat ca déu dep. Nhung néu t6i chon nhitng cot nay
sao cho chung khéng doc lap, sao cho cot thir chin giéng nh u c6t thir tdm, thi né khdéng
déng gop gi mai va doé sé la cac vé& phai b ma tdi khdng thé nhéan.

Can you sort of think about nine vectors in nine-dimensional space an take their
combinations? That's really the central thought -- that you get kind of used to in
linear algebra. Even though you can't really visualize it, you sort of think you can
after a while. Those nine columns and all their combinations may very well fill out
the whole nine-dimensional space. But if the ninth column happened to be the same
as the eighth column and gave nothing new, then probably what it would fill out
would be -- I hesitate even to say this -- it would be a sort of a plane -- an eight
dimensional plane inside nine-dimensional space.

Ban cd thé phan nao nghi vé chin vecto trong khéng gian chin chiéu chon nhiing
td hop tuyén tinh clia chiing khéng? N6 thuc su & trung tdm méac du -cai ma ban
ho nhu quen thudc trong dai s6 tuyén tinh. Cho du ban khong thuc su hinh dung
ra nd, ban phan nao nghi ban c6 thé sau moét lic. Chin cbét nay va tat ca cac t6
hgp tuyén tinh cla chidng lam day rat t6t toan bd khéng gian chin chiéu. Nhung
néu cot th chin ngdu nhién gidng nhu cot thr tdm va khdng cho diéu gi mdi, thi
nhitng gi n6 sé lam day sé la -T6i ngap ngung khi néi diéu nay —-noé sé la phan
nao ctia mat phang -mét khéng gian tdm chiéu bén trong khéng gian chin chiéu.

And it's those eight dimensional planes inside nine-dimensional space that we have

to work with eventually.

Va né la nhitng mat phdng tdm chiéu nay bén trong khéng gian chin chiéu ma cudi cung
chung ta phai xét.

For now, let's stay with a nice case where the matrices work, we can get every right-
hand side b and here we see how to do it with columns. Okay.

Bay gid, ching ta hay & lai v3i trudng hgp dep & dé ma tran 1am viéc, chlng ta cé thé
nhan dugc moi v&€ phai b va chiing ta hiéu cdch dé& lam nd véi cac cbt. Vang.

There was one step which I realized I was saying in words that I now want to write in
letters.
D6 la mot budec ma toi thuc sy dang néi theo nhitng t&r ma bay gid t6i mudn viét ra dudi



dang ki tu.

Because I'm coming back to the matrix form of the equation, so let me write it here.
The matrix form of my equation, of my system is some matrix A times some vector x
equals some right-hand side b. Okay.

Bdi vi tdi dang quay lai dang ma trdn cla phuadng trinh, vi vy hdy dé tdi viét nd ra
day. Dang ma tran cua phuadng trinh cua téi, cia hé cla toi la mot ma trdn A nao do
nhan mot vecto x nao d6 bang vé& phai b nao dé. vang.

So this is a multiplication. A times x.
Vi vay day la phép nhan. A nhan x.

Matrix times vector, and I just want to say how do you multiply a matrix by a
vector? Okay, so I'm just going to create a matrix -- let me take two five one three -
- and let me take a vector x to be, say, 1and 2. How do I multiply a matrix by a
vector? But just think a little bit about matrix notation and how to do that in
multiplication.

Ma tran nhan vecto, va t6i chi mudn néi ban nhan moét ma trén vdéi mot vecto nhu thé
nao? Vang, téi s& tao ra mét ma trédn —-hay dé€ t6i chon hai ndm mot ba- - va hdy dé

toi chon vector x gid sirla 1 va 2. T6i nhan mot ma tran véi mot vector nhu thé nao?
Nhung chi nghi mét chat vé cac ki hiéu ma trén va cach dé lam diéu dé trong phép
nhan.

So let me say how I multiply a matrix by a vector.
Vi vy hdy dé tdi ndéi cach téi nhan ma trén vdi vecto.
Actually, there are two ways to do it.

Thuc su, c6 hai cach dé& [am diéu dé.

Let me tell you my favorite way.
Hay dé toi ndi cho ban cach yéu thich caa toi.

It's columns again. It's a column at a time.

No lai la c6t. N6 la mot co6t mot [an.



For me, this matrix multiplication says I take one of that column and two of that
column and add.
D6i vai téi, nhan ma tradn nay ndi téi chon mot clia cot dé va hai cua cét dé va cong.

So this is the way I would think of it is one of the first column and two of the second
column and let's just see what we get. So in the first component I'm getting a two
and a ten. I'm getting a twelve there.

Vi vay day la cach t6i sé nghi vé nd la mot clia cét dau tién va hai cla cot th& hai va
ching ta thdy nhirng gi ching ta nhan dudc. Vi vay trong thanh phan dau tién téi c6 hai
va mudi. Toi cé mudi hai 6 do.

In the second component I'm getting a one and a six, I'm getting a seven. So that
matrix times that vector is twelve seven. Now, you could do that another way. You
could do it a row at a time. And you would get this twelve -- and actually I pretty
much did it here -- this way.

Trong thanh phan th hai t6i cé mot va sau, toi cd bay. Sao cho ma trdn nhan vecto
dé bang mudi hai bay. Bay gid, ban c6 thé lam diéu dé theo mdt cach khac. Ban cé
thé Iam né mét hang mét Ian. Va ban s& nhan dugc mudi hai nay - Va thuc su tdi
da lam no kha nhiéu & day -cach nay.

Two -- I could take that row times my vector.
Hai -Tdi c6 thé chon hang d6 nhan vecto cla toi.
This is the idea of a dot product.

Pay la y tudng cua tich vo hudng.

This vector times this vector, two times one plus five times two is the twelve. This
vector times this vector -- one times one plus three times two is the seven.

Vecto nay nhén vecto nay, hai nhdn mdt cdng ndm nhén hai bang 12. Vecto nay nhén
vecto nay — mot nhan moét cbng ba nhan hai béng bay.

So I can do it by rows, and in each row times my x is what I'll later call a dot
product.

Vi vay toi cé thé Iam né bdng cac hang, va trong mdi hang nhan x cua téi 1a
nhifng gi sau nay toi sé goi la tich v6 hudng.

But I also like to see it by columns.
Nhung t6i cling mudn thdy né qua cac cot.

I see this as a linear combination of a column.
T6i thay cai nay nhu mot té hgp tuyén tinh cia mot cot.

So here's my point. A times x is a combination of the columns of A. That's how I
hope you will think of A times x when we need it.

Vi vdy day la diém cla téi. A nhan x la mét t8 hop tuyén tinh cla céc cot ctia A. Po |a
cach ma t6i mong ban sé& nghi vé A nhan x khi ching ta can né.

Right now we've got -- with small ones, we can always do it in different ways, but
later, think of it that way. Okay.

Ngay bdy gi& ching ta c6 -vdi nhitng cdi nhd, ching ta ludn ludén cé thé lam nd theo
nhirng cach khac nhau, nhung sau dd, nghi vé né theo cach dé. Vang.

So that's the picture for a two by two system.
Pé la burc tranh ddi véi hé hai nhan hai.



And if the right-hand side B happened to be twelve seven, then of course the correct
solution would be one two.
Va néu vé& phai B dong thdi la 12 7, thi tdt nhién nghiém chinh xacséla 1 2

Okay. So let me come back next time to a systematic way, using elimination, to find
the solution, if there is one, to a system of any size and find out -- because if
elimination fails, find out when there isn't a solution. Okay, thanks.

Vang. Vi vay Ian tdi chldng ta s& quay lai cach c6 hé théng, dung phép khir, dé tim
nghiém, néu cé mot, doi véi mot hé co kich thudt bat ki va giai ra —bgi vi néu phép khar
sai, gidi ra khi d6 khong phai la mét nghiém. Vang, cdm an.



