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Nén mdt chieu, ndng mat chiéu

P = E =
0 1 0 0 1
;x3-R3—>R2 ) L1 1—
' 3x2: R2 > R

P-(1,2,5) =(1,2)
P-(1,2,99) = (1.2) <« GIONG HET
E(3,.2) =(3,25)

P.E = |2
E-P = [[1,0,0],00,1,01,[1,1,0]] # I,

Todn bd bai trong hai cdu

+ Hai dau vao khdc nhau, cing mgt dau ra: ban vixa NHIN THAY mdt thdng tin.

- Nang roi nén thi hoi duoc; nén roi nang thi khang.

Phan con Lai: vi sao, va vi sao nd CHINH LA embedding

v< Embedding, nn.Embedding, @ = X-W_Q, LoRA:

tat ca chi la mot matran m x n véi m # n.

ai-foundations Bai géc: 30 phat ddu
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m x n: vdo n chieu, ra m chiéu

S5 COT = chigu VAO. S6 HANG = chiéu RA.
Doc “m nhdn n’, nhung chiéu di la n - m: nquoc thi tu chit. Bay s6 1.

1 0 0 _ 2 hang: mai cot la
0 / 0 mot diém cia R?

REEEY

3 cot: 3 vector co s& dau vao

Moi cot van La “noi mét vector co s¢ dap xudng” (bai 2).
Chi khdc: chd dap xudng ndm & KHONG GIAN KHAC.

Ma trdn = ham cb chitky (n) = (m)

B:n—k S A: k > m —= AB:n—>m

A (mxk) - B (kxn) v ra (mxn): “chiéu trong” khép nhau.
A (2x3) - B (2x3) X Loi chiéu.
Khéng phai lugt tuy fién: ddu ra ham nay phai ding kieu dau vao ham kia.

Y nhu compose hai function frong TypeScript.

Ma trdn vudng (n) = (n) méi ghép chudi thodi mai.

ai-foundations Bai goc §1
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Nén (m < n): mat thong fin La BAT BUOC

Cot3caaP = (0, 0):

2 truc 2 bi nghien ve géc.
/
Ca dudng dimg (1, 2, 1)
don vé MOT diem (1, 2).
¢ (1,2,99)
¢ (1.25)
y
~ - (1,2)
/ ~ X

(1,2,99) - (1,2,5) = (0,0,94) = 0, P-(0, 0, 94) = (0, 0)
= null(P) = truc z (1 chiéu), y nhu bai 3 86.

hang + s6 chiéu null = so chiéu PAU VAO

2 +1=3. hang < min(m, n) Ludn Ludn.

m < n = hang < m < n = null ¢4 it nhat n - m chiéu.
Khéng phai ma frdn chon 1ai: nhét n chiéu vao m 6 (pigeonhoLe).
Nhu md5: ddu ra 128 bit, dau vao vé han = khdng ton tai mdS.undo().

B4 qua dugc: tim co sé null bdang tay cho ma trén Lon (scipy lam hd).

ai-foundations Bai goc §2
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Nang (m > n): khdng mdt, khong phd hét

E-(1,0) = (1,0,1)
E-(0,1) = (0,1,1)
E-(3,2) =3:(1,01) + 2:(011) = (3, 2,5)
E(1,2)=(1,23)

E(a,b) =(a,b.a+b) => 2=x+y

Anh clia E: mt phéing

Xx+y-2=0
XK= (12.4) X (phap tuyén (1,1, -1)).
& - f---~ (230" Mst +& qidy 2 chidu
lo Limg trong R>.
/i
diem X+Yy-2 trong anh?
(1.2,3) 0 c6 = E-(1,2)
(1,2,4) ~1 khdng
(0,0,1) -1 khang

hang(E) = 2 = min(3, 2): kich trdn. Nanq chiéu khang TAO théng tin,
chi dat né véo ch6 réng hon. Mudn Lap ddy can phi tuyén (bai 2 §4).

ai-foundations Bai goc §3
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Ghép lai: cai ndo undo duoc?

E P

R? |—> R’ |——>| R’ P-E=1I,

(3.2) > (3,2,5) - (3, 2): khdi phuc nquyén ven.

R® |——= R* |—> R’ EP %I,

(1,2,5) va (1, 2,99) - ciing (1, 2, 3). det(E-P) = 0, hang 2.

lam gi undo?
P-E ndng roi nén PUQC: chdng cb gi d& mat
E-P nén rdi ning KHONG: 2 chét & bubc 1

Théng tin mat & budc NEN, khéng budc ndo sau Lay lai duoc.

Ma trdn ndng khong phai “nghich dao" clia ma trdn nén.
g2ip — qunzip hdi duoc vi nén khdng mat. JPEG 40% thi resize len 4K
cling khang ldy Lai chi fiet. E-P La cai thit hai.

3% Autoencoder phdi HOC: khang thé khdi phuc hodn héo, chi cé thé
hoc cach vit di thix it quan frong nhat.

"Gidi nén" 16t nhat (qgia nghich dao P*) ciing chi tra (1, 2) > (1, 2, 0).

ai-foundations Bai gc &Y, §d
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V6 nghiém? Thay b bang p

Ba diém (0,1), (1.3), (2,2) khéng thdng hang: A-x = b v& nghiém.
A = [[1,01.[1,11.11,2]] (c&t hang s6, cdt x), b = (1, 3, 2)
/

x = (15, 0.5)
p=A%=(15225)

« THANG HANG
e=b-p=(-051-05)
lell = 1.224%

A'e = (0, 0)

— regression y = 0.5x +1.5

> — PCAy =x+1

LSQ khdng "néi Long': nd thay b b&ng p gan nhat roi gidi PUNG.

Hoi "qdn nhat" = tryc giao mién phi: e 1 moi c4t ciia A, tic A'e = 0.
D6 chinh la phuong trinh chudn AA % = ATb. Phn e La thirmd hinh KHONG hoc dugc.

Bay: sai s6 DOC, khong phai vudng géc

dudng SSE doc SSE vudng géc
Regression 0.5x + 1.5 1.5 % 1.2
TLS / PCA 1.0x + 1.0 2.0 1.0 %

"Biet x, doan y" — regression. "Truc chinh cia dam may” — PCA (bai 9).
A'A c6 DUNG null clia A = kha nghich < cdt dac Lap. Nhung K(A'A) = K(A)>
K = 1e6 thanh 1e12, mat 12/16 chir s6 = ding Lstsq (QR, SVD), dimg lap A'A.

ai-foundations Bai gdc §4b, §uc (Strang §3.3)
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Day CHINH LA embedding
One-hot: "meéo” = (0, .., 0,1, 0, ..., 0), 100.000 chiéu.
MOI cdp tir vudng gdc: cos(meo, hd) = 0 = cos(meo, cdi ban).
Theo bai 1: moi tir xa La véi moi tir nhu nhau. V6 dung cho nghia.
Embedding = mdt ma trén nén R™® - R™,
Thu nhé: 5 tir, R> — R Hang i = embedding ciia tir .
meo 3 4 ho
chd 4 3
ho 6 8 xe meg
e -4 3 cho
bdn | 0 -5 . T
(0,0,1,0,0):W = hang 3 = (6, 8) Yban
cdp dot cosine doc la
meéo, ho 50 1.00 tring hudng
meéo, chd 24 0.96 rdt qdn
meo, xe 0 0.00 khéng lién quan
meo, ban -20 -0.80 hquoc hudng
cho, xe -1 -0.28 hoi hquoc

24 /0 / -%: ding ba s6 ban tinh tay & bdi 1, gi¢ c6 tén qoi.

Bay 2: toan viét P-v (cdt), thu vién viet x @ W (hang). Nhin .shape.

ai-foundations

Bai gdc §5
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Pugc quan he, mat gi?

hang(W) = 2 = 5 - 2 = 3 chiéu b nghién ve 0:
hd - 2:méo = (6, 8) - 2:(3,4) = (0, 0)
5-ché + 5-xe + 6-ban = (20,15) + (-20,15) + (0,-30) = (0, 0)

cos(méo, hd) = 1 CHINH XAC: retrieval diing cosine khang phdn biét noi.

Mat thdng tin khdng phai bug: la gia cla quan hé ngit nghia.
Hudn luyén embedding = tim phép nén virt di thir it quan trong nhat.

Chat dén mixc ndo? 2000 vector ngau nhién

so chiéu d max |cosl lcos| trung binh
2 1.0000 0.6361
3 0.9910 0.2910
64 0.565% 0.1002
168 0.1161 0.0288

2 chiéu: c6 cfip triing hudng hodn todn. 168 chiéu: cip gidng nhau nhat
cling chi 0.18, gan nhu moi cdp vudng géc. Nhiéu hudng gan vudng géc
de xép cdc nghia khac nhau: mgt TOT ctia Loi nquyén sd chieu.

PigeonhoLe voi V =100.000, d = 168

doc Lap tuyén tinh t8i da trong R™: 368 fir
budc phdi phu thudc: 100.000 - 168 = 99.232 tir = null > 99.232 chiéu

Md hinh van chay: phan bi virt phan Lon La thir né khdng can.

ai-foundations Bai gdc 85 - bang chay Lai véi default_rng(0)
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nn.Embedding L& BANG TRA

(0,0,1,0,0)-W = 0-hangg + 0-hang, + 1-hang, + 0-hangs + 0-hang, = hang,

Nhdn one-hot v&i ma trdn = La'y ra MOT hang.

—> id =2 - hang 2

V =100.000 hang

W[ids]
V =100.000, d = 68, batch 32 token phép nhan-cong
nhdn ma trdn dc“iy da 2.451.600.000
s6 hang thuc su khac 0 24.5%6
ling phi 100.000 Ldn (99,999 %)

SELECT SUM(vec * CASE WHEN id = :w THEN 1 ELSE 0 END) « qué’r todn bdng
SELECT vec WHERE id = :w « di thang khod chinh. O(V-d) so véi O(d).

Gradient: chi hang dugc tra méi nhan gradient. 32 token trén 100.000
hang = 99,968 % bang dimg yén mai butc = gradient thua (sparse).
Vé TOAN né vén la ma trén V - d: hang, null, mat thdng tin y nquyén.

ai-foundations Bai goc §6 - thoi gian do phu thudc may, d€m pheép tinh thi khéng
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Noi vao Al

Attention

X (10x368) - W_Q (168x6Y4) — (10x6Y4); 12 head x 64 = 68.
Moi head c6 y nén 12 lan = chuyén mén hod. Nén frudc, QK' do géc sau.

HangW_Q
hang < 64 = mai head chi thay khang gian con 64 chiéu.
null ctia W_Q cé it nhat 368 - 64 = T04 chiéu.

LoRA

AW =B-A:Anénd—r, B ningr —d.
hang(B-A) < r. Chdp nhén cdp nhdt hang thap, dai ldy it tham s8.

Autoencoder

Ep qua cho hep de budc hoc cai cot Li.
Bing vi du E-P ¢ 15 5.

LoRA, d = 4096

r tham so6 2-d-r tile it hon

1 3.192 0,049 % 2048 Lan
4 32.168 0195 % 512 Lan
3 65.536 0,311 % 256 lan
16 131.012 0,181 % 128 lan

Full d x d = 16.33%.216 tham so. r = 8 = it hon 256 Llan.

ai-foundations Bai gc §8
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Tu kiem, roi méi sanq bai 6

1. 168 x 100000 di tir dau sanq dau? Con 100000 x 1687 Cot La vao hay ra?

2. Vi sao nén (m < n) BAT BUOC mat thang tin? Ding hang < min(m, n)
va hang + nullity, khéng diing vi dy sé.

3. Vi sao anh cta E chi la mdgt phéng? Phuong trinh? M6t diem hgodi anh?
4. P-E = I, nhung E-P # I5: gidi thich bdng HANH DONG.
5. Chimg minh trong 2 dong: one-hot nhdn ma trdn ra ding mdt hang.

6.V =100.000, d = 168: t6i da bao nhiéu tir ddc Ldp? Bao nhigu budc
phu thudc? Nghia la gi véi hai tir cos = 1.0?

1. One-hot cho cos = 0 moi cdp; nén xong thi khac 0. Thong tin
"meo gdn ché” tir dau ra, khi phép nén chi lam MAT?

8. Vi sao chiéu cao de tach nghia hon? Vi sao khdng ding Jrhéng d = 100.0007?

Cdu % kho nhat: tach “cdu tric dai s6" khoi "néi dung hoc duoc”.

Bdi tap tay (30 phat, trén gidy)

1. F = [[1,0,11,[0,1,1]]: m&t vector # 0 bi nghién vé (0,0)? Hang? null?
2. G = [[2,01,[0,21,[2,2]]: anh la mgt phang nao? So véi E: giong hay khac?
3. Tu nghi mot ma frdn 3x5 hang PUNG 2. Vi sao nd khong dat min = 37

- T e T s TN\ e P T am T N e S T S e TR am TN S ) o wf e WP O T e wm om tm N N e S o TR am TN, TR SR e Y T am oA == N o

Mang sang bai 6

Ma trdn vung kha nghich khdng mat gi: chi viet lai ciing mat vector
bang bd truc khac. “Vector (3, 2)" la cau néi thiéu vé. Thiéu vé ndo?

ai-foundations Bai goc &9, §10
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Ddap nhanh

1. 768 x 100000: R"** - R™; 100000 x 168: nquoc Lai. Cot = chiéu VAO.
2. hang < m < n = nullity = n - hang > n - m > 0: c6 huéng bi nghién vé 0.
3. Moi anh la a-(1,0,1) + b-(0,1,1): span cla 2 cot > x +y - 2 = 0.
(1.2,4) cho1+2 -4 = ~1# 0 = ngodi anh.
4. P-E: ndng rdi nén, chang mat gi. E-P: nén giét truc 2 trudc, ndng sau
khéng Lc”iy lai dugc. Khdng vudng thi khéng cb nghich dao hai phia.
5. Cot ciia W' = noi vector cosde, dap xu6n9; one-hot = e, = ra cot i
ciia W' = hang i cia W.
6. Toi da 768 doc lap; 99.232 budc phu thudc. cos = 1: cling hudng,
refrieval bang cosine khdng phan biét nai.
3. Tie DU LIEV: ma trdn nén duoc hoc sao cho tir hay di cing nhau thi
roi gan nhau. Phép chiéu La cai khudn; dit Liéu do vao khudn.
8. Nhiéu hudng gdn vudng goc hon (1 8). d = 100.000: du chd cho mai tir mat

truc riéng, mat ap Luc budc tir gdn nghia ding chung hutng (nhan dinh).

S e T o T T af P e T e NP S O e TR e, P e P un T Em N e et Tan TR T, S e P w® P TR M s N T N S T o PP e NP o P TN e

Bai tap tay

1.F(1,1,-1) =(1-1,1-1) = (0, 0). Hang 2, null 1 chiéu.
2. G-(a, b) = (2a, 2b, 2a + 2b): van mgt phdng x +y - 2 = 0, GIONG E.
Nhén ma trdn véi s3 khac 0 khdng doi anh, chi doi toa @6 bén trong.
3. Vi dy [(1.2,3,451.02,4,6,8.101,(0,1,0,1,011: hang 2 = 2 x hang 1
= chi 2 hang ddc lap = hang 2 < 3.

ai-foundations Dap s6 dd kiem NumPy
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