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Mot mi tén, hai cach ghi

P =[[2, -1], [1, 1]: co s méi b, = (2,1), b, = (-1, 1)
R =[[0, -1], [1, 0]]: quay 90" trong he CHUAN

P.(1, 1) =(1,2)
P.(3, 0) =(1,-1)
P-RP = [[1/3, -2/3], [5/3, -1/3]]

(PRP)-(3,0) =(1,5)

Tu viet inv2 cho 2x2 b&ng cong thic tay, khdng diing np.linalg.inv.

Dong 3 sai? Gan nhu chdc
ban dang tinh P R P™.

chudn (1, 2) = méi (1,1)
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ai-foundations Bai goc: 30 phit ddu - ludi tim = thudc méi
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Hé toa dd la mot LUA CHON

Mii ten Lla that. Cdp s6 La ban ghi chép.

v = (3, 0) ngdm nghia: 3 budc theo 7 = (1, 0), 0 budc theo j = (0, 1).
1, ] khdng phai su that cla vii Tru: chi la hai cay thudc ding chung.

Poi co sé khéng dung t6i mii tén, chi doi cach ghi chép.

Backend Vector

mdt instant that mot mii tén
2026-08-15T14:00+0%:00 toa d6 Trong hé A
2026-08-15T0%:002 toa d9 ciing mi t&n, hé B
timezone co s@

localToUtc / utcToLocal P/pP’

Hai chudi khdc nhau, ciing mét khodnh khac.
Bug “sao qi¢ Léch T tieng?" = quén minh danq & hé toa dd nao.

Bai nay la dang bug d6, viet bang ma tran.

< Trong hé cta chinh né, b, c6 toa dd (1, 0). Moi co so tu Jrhﬁ'y minh

AAAAA

ai-foundations Bai goc §1, §3
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P- it he MO1 vé hé CHUAN

2 1 C6t clia P = noi 7, j dap xudng (bai 2)
P = P bén 7 by, — b
1 1 = ani — 1,J — Dy.
I _ P-(1,1) =1(21) +1(-11) = (1, 2)
V2R
b, b,

P nhan toa 5 MO, tra toq 86 CHUAN (LocalToUtc).

Bay dét nhdt: cot cua P viét bang hé chudn = ddu ra cta P ciing hé chuan.

Co sé hop L& < det(P) # 0. Odﬁy det = 21- (1)1 = 3. det = 0: thudc qay.

Di nquoc: P~
P™ = (1/3)[[1,1], [-1, 211 (&3i chéo, d6i ddu, chia det)

P.(3,0) = (1/3)-(3,-3) = (1, -1)
Kiém nquoc, LUON lam: 1b, - 1:b, = (2,1) - (-11) = (3,0) v

miii ten he CHUAN he M31 (b,, b,)
b, 2,1) (1,0)
b, (-1,1) (0,1)

(1,2) (1,1)

(3,0) (1, -1)

(6, 3) (3,0)

ai-foundations Bai goc §2, §3
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A = P'AP: doc fir phdi sang trai

Can A lam viéc tron trong hé méi: vao toa d6 méi, ra tog dd méi.

A=P'.A.P

& 4/13

® @) ®
busc  lam g backend
MP  toqdd ca tsi (méi) — chudn local ToUtc(t)
@A bién di &he A biét néi addOneHour (utc)
® P Kkét qua (chudn) — hé cia toi utcToLocal(r)

const addHourLocal = (1) => toLocal(addHourUtc(toUtc(1)))
® @ @

A khéng phai phép méi: ding A cii, boc hai Lép phién dich.

Vi sao khong dao dugc thir tu

A’ &n tog d6 MOI = thix ddu tién qdp phdi La P (chi P nhdn tog d6 mai).
A chi dn tog 46 CHUAN = P chay TRUOC A.

A nha toa d6 chudn = P~ & CUOI & dich ve. Khéng phai quy udc: rang budc kieu.

Cach doc thix hai: cot cla A

cotjcla A" = toq d0 (trong hé méi) cia A-b;.
Binh nghia khdng nhdc 16i P~'AP; cdng thire chi La hé qua.

ai-foundations Bai goc §4
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Quay 90" nhin tir hé nghiéng

Budc 1, R-P theo cot:
Rb, =R(2,1) =(-1,2)
Rb, =R-(-1,1) = (-1, -1)

Butc 2, nhdn P bén trai:
P".(-1,2) =(1/3)(1,5)
P.(1, 1) = (1/3)(-2, -1)

R =P'RP = (1/3)[[1, =21, [5, -1]]
Cot1cuaR = (1/3,5/3):

toa @6 méi cta R-b, = (-1, 2).
Cot 2 = (-2/3, -1/3):

toa d6 mai cla R-b,.
Rb,
R’ xdu, ddy phén s8, ching
b, b, d8i ximq gi. Nhung né LA
= phép quay 90°: chi La do
bang hai thudc nghiéng
Rb,

Y nhu 0%:00Z chdng "tréng giong" hai gi¢ chiéu.

ai-foundations Bai goc §5
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Kiém hai duonq di: khong dugc bé

Vector c6 toa d3 (3, 0) trong hé MOl

Puong 1: @ P-(3,0) = (6,3) @ R-(6,3) = (-3,6)
® P"(-3,6) = (1/3)-(3,15) = (1,5)
Pudng 2: R+(3,0) = 3-(1/3,5/3) = (1,5) v khép, s8 nquyén

c (méi) P.c R-(P-c) dudng 1 dudng 2
(3,0) (6,3) (-3,6) (1,5) (1,5)

(1,1 (1,2) (-2,1) (-1/3, 4/3) (-1/3, 4/3)
(0, 3) (-3,3) (-3,-3) (-2,-1) (-2, -1)
(2,-1) (5,1) (-1,5) (4/3,11/3) (4/3,11/3)

M6t hang Léch = ban dd ddo chieu P & ddu do.
Cach tu bét bug duy nhat dang tin cla bai: test so hai dudng tinh khac nhau,
thay vi tin vao mdt dudng.

Lam trén gidy, khdng ma file

Tu chon mdt vector, di dd hai duong. Lam duoc La xong bai 6.
Khéng Lam duoc thi doc Lai to 4 (thitty @ @ @), ding doc to'5.

ai-foundations Bai goc &6
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Cai gi KHONG dai khi doi co s6

dai luong R R

trace 0+0=0 1/3-1/3=0 bdng
det 00-(-D1=1 -1/9+10/9=1 baing
hang 2 2 bdng

det = 1: quay khdng doi dién tich. Tinh chat cia cU XOAY, khéng ctia bang so.

Hang khdng doi (tra no bai 3)

hang(P~'AP) < hang(A) (badi 3: nhan thém chi cé the mét chiéu)
hang(A) = hang(P-(P'AP)-P™") < hang(P~'AP)
= bdng nhau. Mau chét: P kha nghich, khdng c6 null, khdng nghién chiéu ndo.

Bt bién qua P~'(-)P = thudc vé HANH DONG, khdng vé CACH GHI.

Ban thir bat bien: trace, det, hang, va (bai 1) tdp eigenvalue.
Cdng thirc ML diing frace hay log det (en’rropy Gauss, KL hai Gauss) La dang
c6 y chon thir khdng phu thudc hé tog do.

Nquoc Lai, timg phdn tir Ali][j] KHONG bét bién:
"trong sd hang 3 cot ¥ Lon nén chiéu d6 quan trong” La cau vé cach ghi.

ai-foundations Bai goc §%
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Chon thudc khéo: ma trdn thanh chéo

Trong hé b, b,: kéo gidn theo b, gdp 3, gitr b,. D = diag(3, 1)
Cung phép d6 trong hé chudn: A = P D P = (1/3)-[[%, 4], [2, 5]]

A‘b1 = (6, 3) = 3b1

A’bz = b2

trace(A) = 4, det(A) =3
Mot d8ng s8 trong ngdu nhién, hay diag(3, 1): CUNG mat phép.
Va né tra tien: lu§ thim

(PDPN®=PD(PP)D..DP" =P D°P™": luj thira s3 vé hutng thi re.

A = [[2,11,[1,2]], co sa (1,1), (1,-1): A = [[29525, 29524], [29524, 2952511,
3" = 59049, 29525 = (59049 + 1)/2. Hai cdch lech 0.0.

Nhu dung index: dix Ligu khéng doi, doi cach luu de doi Big-O.

Co s& hdo Lam A thanh chéo? D6 La toan bd bai T.

ai-foundations Bai gc §8
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Hai ci bay, mdt mén qua

01 Nhdm chiéu P (~90% L5i clia bai)

P'RP = (1/3)[[1, -2], [5, -1]]
PRP" = (1/3)-[[1, -5, [2, -1]] « KHAC

ban mudn ding
A (chudn) — viét Lai frong hé méi P'AP
A (méi) - viet Lai trong hé chuan PA'P

Ty kiem: ma frdn nqodi ciing bén PHAI c6 nhén dang logi toa d6 khdng?

02 Tudng A’ La phép khac
A va A" DONG DANG (similar): cting hanh ddng, khdc ngén ngi md ta.
Bé qua duoc: ky higu [T]_B, _B[T]_B. Hoc LUAT CHIEV, dimg hoc ky hiéu.
Mén qué: co s& truc chuan
Q =[[1/v2,-1/¥2],[1/¥2,1/¥2]] (b= (11)/¥2,b, = (-11)/¥2)
Q—’l — QT
Nghich dao mien phi: chi chuyén vi. Khang gidi hé, khdng chia det,
khéng Lo sai so khi det gdn 0. Vi the PCA, SVD, QR bam Ldy ma trdn fruc giao.

Q'RQ = R: quay 90" nhin tir hé da xoay van La quay 90° (xoay giao hoén véi xoay).

P suy bien [[1,21,[2,4]]: inv2 fu viét ném LGi. Bo assert thi numpy chi
in warning rdi tra nan: hong im ldng nquy hiém hon héng gdo Len.

ai-foundations Bai goc §9, Code
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Toa do = dot vai co sé DOl NGAU

Thoi quen bai 1: mudn biét v diing bao nhiéu by, ldy byv. Thirv = (3, 0):

doc bang byv: (byv, byv) = (6,-3) « SAI
dang (Pv): (1, -1)

Doc P™'v theo HANG: hang i cia P la d, va ¢, = dv.

d1 = (1/3, 1/3) C1 = d1‘V =1
dz = (-1/3, 2/3) C = dz'V = -1

PP = 1= dib = 1néui =},
N 0 néu khac.
d,Lb, d,Lb.,
3d,
by-b, = =1 # 0: mgt phan b,
b, 3d. b, ldn sang hudng by, nén byv
dém Ludn phdn Lan do.

Truc chudn: P'=P" = d = b,

Théi quen bdi 1 hod ra ding. @ &1¢9: Q™-(3, 0) = (2.1213, -2.1213).
Probe fu dinh nghia thuong léch nhau = V e x cho toa d9 SAl, diing nghich ddo.

ai-foundations Bai gdc §9b (VMLS tr.205)
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Noi vao Al

Embedding

Quay moi vector bf‘mg Q fruc giao: moi cosine qil nguyén.

100 vector 368 chiéu: léch t6i da 3e-15. "Chiéu 42 nqhia la gi?" La cdu sai.

Chéo hod

P~'AP, eigendecomposition (bdi ).
Power iteration cia PageRank: Ldp dé vé truc tréi nhat.

PCA

Co s& truc chuan don phuong sai vdo véi truc dau.
Nén = ddi hé toa d6 rdi cdt bat (bai 9).
Q'=Q'

SVD, GR, khéi tgo truc giao cho RNN.

Ly do thu vien franh goi inv().

Attention

W_Q, W_K dua token sang "khang gian truy vdn / khod".
i cach md 1a dé so khop dé hon, réi QK" do goc.

LoRA
AW = BA hang r.
Chi cho thay doi bén trong mét co s r chiéu.

Bdi 6: hanh dong La that; bang so La anh chup tir mét géc may.
Bai  hoi ti€p: c6 goc may ndio DEP NHAT khang?

ai-foundations Bai gdc muc Nai vao Al

to11/13
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Tu kiem, roi méi sanq bai

1. Cot cta P viet trong hé nao? Suy ra P dich tir hé nao sanq hé nao.

2. Gigi thich A" = P'AP bang ba cdu hanh déng, rdi bang timezone.

3. Vi sao KHONG thé la PAP™? Lgp luan "ma tréin &n foa @8 Logi nao".

4. Moi co s6 ty thdy minh La "hé chuan”. Chit “chuan” mang thang tin gi?

5. R va R khdc timg phan 1 nhung cling trace, det, hang. Vi sao PHA vay?
Chimg minh hang trong 2 dong; cho ndo diing P kha nghich?

6. Co so truc chudn: P™" = P". Hai loi ich: tc d6 va sai s6.

. Quay cd kho embedding Lan truy van bang Q truc giao: thir hang doi
the nao? Mot chiéu don L& cd mang nghia rigng khdng?

8. Mudn P'AP chéo, hai cdt caa P phai ddc biét the nao?
("khi A tac d6nq Len ching thi...")

Cdu % sau nhat. Tra Loi duoc cdu 8 La tu phat minh ra eigenvector.
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Mang sang bai 1

A=1[[21.012]: A(11)=(@3,3) =311, A" -1 =101 .
Hai vector KHONG d8i hutng. Lay lam co s& P = [[1,1],[1,-1]] = P'AP = diag(3, 1).
Lac nao ciling tim duoc khdng? Tim b&ng cach nao? Va vi sao chinh cdu dé

cho Google xé'p hang ca web b&ng mot phép nhdn ma tran Ldp Lai?

ai-foundations Bai gdc muc Tu kiém, Bai 1dp vé nha
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Ddap nhanh

1. He CHUAN (khéng thi khéng ai doc duoc). = P: toa d6 méi — chuan.

2. Dich sang hé A biet néi — lam A & d6 — dich nquoc vé hé cla tdi.
localToUtc - addOneHour — utcToLocal.

3. A" dn tog d6 mdi, ma PAP™ cho P" &n trudc: P~ dn tog d6 chudn = sai kiéu.

4. Khdng mangq gi: chi la cay thudc moi nqudi méc dinh ding chung.

5. Chaing thudc HANH BONG. Hang: rank(P"'AP) < rank A va nquoc Lai;
cdn P, P~ t6n tai € di duoc ca hai chiéu.

6. Nghich dao = chuyén vi (khénq gidi hé); khdng chia det nén khang
khuéch dai sai so.

. Khong doi: dot (va cosine) bao todn qua Q. Mat chigu don L& khdng c6
nghia riéng; chi QUAN HE qilia cac vector méi cé.

8. A'b; = Aby: khdng ddi hubng, chi co gidin = cdt j cia A La (0,..,\,...0).

ai-foundations Dap s6 dd kiem NumPy
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