Dai s6 tuyén tinh / Bai 4 o 1/11

N&m ma trdn, ndm con s

Anh ctia hinh vudng don vi qua tiing ma trén (nét dit = hinh g8c):

R: quay 90° S: trugt ngang D: gidin 3 x 2
det = 1 det =1 det =6

)
m Y A

A

F: lat truc x A: hang 1
det = -1 det =0

i dap & cot 1 (mii tén xanh), j & cdt 2 (d6): hai canh ciia hinh anh.

PDodn trude khi doc

+ Vi sao quay va truot ra CUNG mét s8?

- Vi sao D ra 6, khi trong ma fran chi cé 3 va 27

- Vi sao F ra s8 AM? Am cii gi?

- Vi sao riéng A Lam numpy bdo Sinqular matrix?

ai-foundations Bai goc: 30 phit ddu - bon cdu = §1 - §4
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inh thirc do co qidn dién tich

det(M) = hé s6 phinh / feo dién tich ciia MOI viing

det = 2: moi vling to ga'p déi. det = 0,5: moi viing teo con nia.

D = [[3,01,[0,2]]: hinh vudng — chit nhat 3 x 2 = 6 6

Vi sao MOT s du cho cd khdng gian? Phép fuyén tinh gilr duong thang van
thdng, song song van song song (bai 2) = Ludi vudng thanh ludi binh hanh
deu, moi 8 phinh diing cling mét ti l&. Do mat 6 a biet fat ca.

Céng thitc duy nhdt can thudc
a b det = a-d - b-c
d

C

Hai c&t = hai canh ctia hinh binh hanh anh (i, j dép xu8nq dau).
Kiém bdng cong thic day giay (khdng biét gi vé ma trdn): khép cd 5.

ai-foundations Bai gdc §1, §2.1
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Quay va fruet: meo, dién tich qitk

R = [[0,-11,[1,0]): det = 0-0 - (1)1 =1
Quay géc bat ky (307, 45°, 90°, 13%°): det ludn = 1.

S = [[1,11,[0,1]]

(11) - (21)

|
' cao =1
)
\
)

day = 1

S: det = 11 - 1.0 = 1. Hinh binh hanh: day x cao =1x 1 =1.
Pinh trén bj day sang phdi nhung van & d6 cao 1.

Co bai bi x6 nghiéng

! l Méo di, nhung s La khdng doi:
| | moi ld chi truot ngang, khéng L4

| l ndo day Len hay méngq di.

Shear gitr nquyén dién tich. "Méo" va "to ra" la hai chuyén khac nhau.

ai-foundations Bai goc §2.2, §2.3
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det dm: khdng gian bi Lat

F = [[1,01,[0,-110: det = 1-(=1) - 0-0 = -1

Géc: (0,0)-(1,0)-(1,1)-(0,1)
\ di NGUOQC chiéu kim dong ho.

ki ,
ngHeeHm Anh: (0.0)=(1,0)=(1,-1)—=(0,-1)

\ di THUAN chiéu kim d8ng hé.

>~
~

Quay thé ndo cling khong triing:

/ phdi LAT qua mot fruc.

thudn kim

detl = co gidn bao nhiéu. Dau cta det = c6 LGt hay khang.
Kiem nhanh 2D: di tir T sang j trudc bién d6i La quay nquoc kim.

Sau bién doi van nquoc kim = det > 0; thanh thudn kim = det < 0.
3D: ban tay phai bién thanh ban tay trai.

Phép quay ndo ciing cé det = 1> 0 = khdng phép quay ndo Lat duoc.

Bd qua dugc: dinh nghia "dinh huéng” chit cho n chiéu (hodn vi chdn/Lé).

ai-foundations Bai goc §2.4, §3
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det = 0: bop dep, mat thdng tin

A = [[1.2),[2,4]]: det = 14 - 2.2 = 0. Cdt 2 = 2 x 5t 1 (bdi 3: hang 1).

A Va cham (hai vdo, mét ra):
o (3,6) A-(1,0) = (1, 2)
A3, -1)=(12)
o (24)

Bi nghién vé goc:

A-(2, -1) = (0,0) <« null
® (1,2)

4 >
(0,0)

hinh vudng — doan thang
Bon cdu la MOT cdu

det(M) = 0 < khdng gian bi bop xudng it chiéu hon (dién tich 0)
< hang khdng day du (bai 3)
< null space chira vector khac 0
< KHONG cb nghich dao

det danh mat gi ma hang gii?

ma trdn 3x3 det hang bop R thanh
diag(1, 1, 0) 0 2 mdt mét phéing
todn so 1 0 1 mdt dudng thang

det chi tra Loi c6/khdng. Thieu BAO NHIEU chiéu thi cdn hang (bai %: SVD).
Migration: PROP COLUMN = det 0, khdng viét duoc down.sql.

ai-foundations Bai goc §2.5, §4
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Nghich dao = phép bién doi NGUOC

MM =1 ("lam M rdi Lam M™ = khéng lam gi)

M M~ la hanh déng M~

R quay +90° quay -90° [[0.11,[-1,01]

S fruot phai truot trai [[1,-11,00,1]]

D gidin x3, x2 co con 1/3,1/2 [[1/3,01,[0,1/2]]
F lat truc x lat Lai: chinh F F

A bop dep khdng ton tai Sinqular

Cong thic 2x2, tu chimg minh
M =(1/ (ad - bc)) - [[d, -b], [-c, a]]

Nhan thix: [[a,bl,[c.d]]-[[d,-b],[-c.a]] = [[ad-bc, 0],[0, ad-bc]].
Chia cho ad - bc La xong. Mau s3 CHiNH LA dinh thirc, khéng tring hop.
det = 0 = mau s6 0: khdng phai cdnq thirc hong, ma vat the khdng ton tai.

D' = (1/6)-[[2,01,00,3]] = [[1/3,01,[0,1/2]]; det(D™) = 1/6.
Lam Lién fiép = hé & co gidn nhan nhau: det(DF) = 6:(-1) = -6.

By thirtu: (SR)™ =R7'S™
1 (SR)"=[[011[-11] =R"'S" v
1 0o |™K SR = [[111.0-1,01] X khéc hén

Di tat roi di gidy = céi giay trudc. Rollback: down.sql tir méi nhat vé cil.

ai-foundations Bai goc §5
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Gidi hé: chay nguoc phép bién doi

2X + y=5

Mv = b, M = [[211[131], b = (5,10
<+ 3y = 10 v [[2.11.[1.311, b = (5, 10)

"Tim v ma sau khi bi M bién dai thi dap ding cho b.”

det(M) =23-11=5 M"=(1/5)-[[3,-11.[-1,2]] = [[0.6,-0.2],[-0.2,0.4]]
v=M"b =(0.65-0.210, -0.2:5 + 0.4-10) = (1, 3)
Thitlgi: 21+3=5v, 1+33=10V

det = 0: khdng c6 nghiém DUY NHAT

b trény = 2x? sd nghiém
(3, 6) co vd s0: (3,0), (1), ..
(3, 1) khéng khéng nghiém nao

np.linalg.solve bao CUNG mét L3i cho hai ca trdi nhguoc nhau.
lstsq véi b = (3,7) tra (0.68, 1.36), A-(0.68, 1.36) = (3.4, 6.8) = (3, 1):
diém trén dudng gdn b nhét. Binh phuong 18i thiéu (bdi 5).

pimg tinh inv dé qidi he

Hilbert 12x12, nghiém that (1, ..., 1):

cach giai || sai sél|
inv(H) e b 30.48 <« sai bét
solve(H, b) 0.836

inv Lam +ron hai Ldn; solve khir Gauss mat Ldn. inv dé HIEU, solve dé CHAY.

Ciing A, nhiéu b: factor mat ldn (lu_factor) rai lu_solve cho timg b.

ai-foundations Bai goc §6, §6b
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Ba cdi bay cta dinh thic

01 Idetl nhé KHONG cé nghia la "géin suy bién"

ma trdn det cond
0.1 1y 1e-10 1.0 hoadn hao
[[1,11,[1,1+1e-101]] 1e-10 4.0e+10 tham hog

det(c:M) = c"det(M): d6i mét - mm La det 10x10 nhan 10,
det hdi c6/khong; cond héi “t6i dén mic ndo”. Code that: kiem cond.

02 Treén gidy 0, trén may -2.38e-1?

det([[1, 3], [0.1, 0.31]): 3 x 0.1 = 0.30000000000000004.
matrix_rank van ding 1 (nquing theo SVD).
Khéng viét if det(M) == 0, ké ca < 1e-9 (0.1l bi ké* oan).

03 Trdn sd & nhiéu chiéu

diag 100x100 fodn 1e-4: det that = 1e-400, nhé hon floatéh chira duoc.
np.linalg.det — 0.0 « sai, va im ldng
np.linalg.slogdet — (1.0, -921.034) = (ddu, logldetl) v/

3x3 tinh tay (khai trién hang 1)

"4 2 3] det=1(0-24)-2(0-20)+3(0-5)
0 1 4 =-24+40-15=1 (dau+ - +)
5 4 0 Cofactor la DINH NGHIA, O(n!): 20! = 2.43e18.

- = Thuvién dung khir LU, O(n®).

ai-foundations Bai goc §%, §8.1, §8.4



Dai s6 tuyén tinh / Bai 4 o 9/11
Noi vao Al

LoRA

AW = B-A (5x2 - 2x5): hang 2, det = -3e-4.
W + AW van hang 5: cdp nhdt suy bién, trong so cudi thi khéng.

PageRank

x = (1-a)(I - aP)%, dd thi 1-2, 2-3, 3-{1,2}.
a = 0.85: det = 0.33168%5. a = 1: det = 0 = cdn damping.

Gaussian

log-Likelihood cdn logldet 2; det tran s3.
> = [[4,11,[1.1]]: slogdet = 1.0986 = In 3.

Attention

W_Q la 168 x 64: khdng vudng.
Khéng cé det, khdng cé nghich dao. Chi con HANG.

PageRank dang déng = Ldp 500 budc: (0.2148, 0.39%4, 0.3818).

Dinh thirc La bac thang, khdng phdi cai dich.

Gan nhu moi ma frdn trong deep learning khdng vudng, cai vudng thi hay
suy bién co chii ¥ (LoRA, MLA). det La cach ré nhat dé hieu y
"bop dep = mdt théng tin = khéng undo duoc”. Mang y d6 sang hang va SVD.

bai 1 bai 2 bai 3 bai 4
dot do géc bién doi hang det, undo

ai-foundations Bai gdc §9 - s8 kiém véi default_rng(42)
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Tu kiem, roi méi sanq bai 5

. Vi sao det chi céin MOT s8 cho ca khdng gian? (dudng théing van thing...)
2. S Lam hinh vudng méo nhung det(S) = 1. Giai thich bang ddy x chiéu cao.
3. det < 0 nghia la gi? Vi sao khdng phép quay 2D ndo cé det Gm?

4. Bon cach ndi "det(M) = 0": dién tich, hang, null, nghich ddo.
Vi sao chiing budc phdi la mat?

5. Tim hai vector khac nhau c6 ciing anh qua A = [[1,2],[2,4]].
Lap ludn A™* khdng 18n tai biing HAM SO, khdng bdng mau s6 0.

6. (SR)™ = R'S™: giai thich bdng tdt va gidy, réi bang rollback.
. Hai ma trdn ciing det = 1e-10, mdt hodn hdo, mdt sép sép. Kiem gi?
8. W_Q co kich thutc 68 x 64. det clia n6 bang bao nhiéu? (bay)

Céu 4 sdu nhdt. Cau 5 tach nquoi HIEU khoi nquoi chi TINH dugc.

Bai tap tay (khong xem dap an)

1. det va M™ caa [[4, 1, [2, 6]] bdng cong thic 2x2.
2. det cta [[1,2,31,00,1,41,[5,6,01] khai trién theo COT 1. Van ra 1?
3. M3t ma trén 2x2 c6 det = -2; ndi bang Loi n Lam gi.

4. Gidi 3x + 2y = 8, x + Uy = 6 bdng M™b trén gidy.

P P P Emm P N P T R S P P P T P T wf e e P N PN e e T e e SR e S T Pm e g wP T N T P A TR S e T N S o e N T S e

Mang sanq bai

M =[[2,1],01,2]]: det(M = A1) véi A =0..4ra 3,0, 1,0, 3.
Hai A lam det = 0 la 1 va 3 = eigenvalue cla M; tich 1:3 = det(M).
R quay 90°: det(R - A1) = A? + 1, khéng nghiém thuc. Vi sao? Giix 16i bdi ¥.

ai-foundations Bai goc §10, §11
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Ddap nhanh

1. Ludi vudng — ludi binh hanh DEV: moi 8 phinh cling 1i €.
2. Day van 1, dinh frén truet ngang nhung van cao 1=>1x1=1.

3. Khéng gian bj lat (dai dinh hudng). Quay gitt chiéu di vong, det = 1.
4. Dien tich 0 < bop xudng it chieu < hang thiéu < cé hudng bi nghién
vé 0 (null # {03) < va cham nén khdng undo duoc. Mgt hién tuong.

5. (1,0) va (3, -1) ciing ra (1, 2). Ham nquoc phai tra MOT ddu véao
cho (1, 2), nhung cé hai = khdng ton tai. Mau s6 0 chi la hé qua.

6. SR = lam R rdi S. Undo: g& S trudc (gidy), rdi R (1at).

. det nhay thang do (c"). Kiém cond hodc gid tri suy bi€n nhé nhat.

8. Khong co: det chi dinh nghia cho ma trdn vudng. Hoi hang (< 64).

A e e e TN e e o e e e o S e T e ST e e O TR T e TN e e v e e TR e S o o o e e T P om T e T am o= = om N
B\.+AP+
* y

1. det = 4.6 - 1.2 =10. M" = (1/10)-[[6,-}1.[-2,4]] = [[0.6,-0.71,[-0.2,0.4]].
2.1(1:0 - 4-6) - 0+ 5(2:4 - 31) = =24 + 25 = 1 (hang hay cdt déu ra 1).
3. Vi du [[2,01,[0,-11]: gidn ngang 2 Lan rdi lat truc x; dién tich x2.
4. det = 34 - 21 =10, M" = (1/10)-[[4,-2],[-1,3]L.

v=0(1/10)-(48 - 2:6, -8 +36) = (2,1). Thir 6+2=8,2+4=6V

ai-foundations Dap s6 dd kiem NumPy
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