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Vong retry chay mdi

Request c6 hai trang thai OK va LOI. V& Lau dai, bao nhigu % thoi gian & OK?

0.1
6
0.2

] cdt = frang théi HIEN TAI

09 02
M= ok vo = (1, 0), Lip 200 Ldn
|k T = v = (0.666%, 0.3333)
Mwv -v=1(0,0)

Pai v, thanh (0, 1), (0.5, 0.5), (0.13, 0.8%): van ra (2/3, 1/3).
eigvals(M) = [1, 0.%].

Ba quan sat = ca bai 8

1. Co mot vector maMv =v (dolax =1).
2. Xudt phat tir ddu ciing trdi vé né.
3. X, = 0.F quyet dinh fréi NHANH c& ndo.

Bai ¥ dung [[0.9,0.51,[0.1,0.511, w = (5/6, 1/6). O ddy c8 y ddi s6:
ra (5/6,1/6) & déy La ban dang chép, khdng tinh.

ai-foundations Bai géc: 30 phat ddu
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Ma trdn Markov: méi COT tang 1

Vudng, moi phdn tir > 0, moi cOT cong lai = 1.
M =[[0.9,0.2],[0.1,0.8]]: c6t1:09+01=1, c6t2:0.2+0.8=1

Cotj = "dang & j, budc sau di ddu, xac sudt bao nhiéu’”.

Ct 1: dang OK — 90% & Lai OK, 10% roi sang LO.
Cot 2: dang LOI - 20% hdi phuc, 80% vén LOI.
Cot tong 1 vi di ddu d6 phai bang 100%: khdng request ndo béc hoi.

Tong ludn duoc bao toan

v La phan phdi (> 0, tong 1) = M-v cling la phan phai.
Ldp bao Lau tong cling = 1.0000000000: khéng tring hop, La finh chat ct.

Léch tonq = ban cdi sai. Cach bt bug ré nhat.

3¢ Backend: mgt vong retry chay méi. M = bang xdc sudt chuyén trang thai,

v = phdn bd moi request; nhan M = chay them mdt vong

Bay quy udc: nia the gidi viet theo HANG (v-M).

Bdi ndy va Taubes diing COT (M-v). Boc tai ligu khdc: viéc ddu tien La kiém
M.sum(axis=0) hay M.sum(axis=1) bang 1. Sai quy udc thi code van chay,

moi so sau d6 déu sai.

ai-foundations Bai goc §1
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Phdn ph6’i dimg LA eigenvec’ror A =1

M-w=mw
Bai #: A-v = A-v. Dt A = 1: hai phuong frinh la MOT.

Khéng "9i6n9" eigenvector. No LA eigenvector, img véi eigenvalue diing bﬁng 1.

M-(2/3,1/3) = (0.9-2/3 + 0.21/3, 0.1:2/3 + 0.8-1/3)
= (0.6 + 0.066F, 0.066% +0.2661) = (2/3,1/3) v ding yén

Meo 2x2 (3B1B tdp 15), trén gidy

m = trace/2 =1.3/2 = 0.85, p =det=0.90.8-0.201=0.%
A=m+(m’- p) =0.85++0.0225=0.85+0.15 = 1.0va 0.1 v

"Ding" nghia la gi
Khéng phai hé thong nqiing chay: request van nhay OK « LOI Lién tuc.
Cai dimg yen La Ti LE Jrc“)’ng the: cir 3 request thi 2 dang OK, mdi mdi.

Nhu cache dd am: entry vao ra khong ngimg, hit rate dimg im mat con sa.

Q

AN

Q moi duong déu ve w

<

ai-foundations Bai goc §2
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Vi sao A = 1LUON ton tai

V6i ma tran thudng khdng cé gi dam bao. Véi Markov thi Ludn Ludn:

1.1=(1, .., 1). "Mai ct tong 1" viét bang ma fran: 1M = 1"
2. Chuyén vi: M'1=1 = M’ cd eigenvector 1véi A = 1 (hién nhién).
3. det(M - A1) = det(M' - A1) = ciing da thic ddc trung

= clng fdp eigenvalue = M clingco A =1. &

A=1=det(M-1)=0=(M-1)v=0cdnghiém # 0: phan phdi dimg t5n tai.
Kiém trén Markov nqau nhién 3x3, 5x5, 8x8: |det(M - 1)l < Ye-1%, maxIn| = 1.

iém thir hai, ciing mien phi
Moi eigenvalue cia ma tran Markov cé Ix] < 1.
M bdo todn tong, khéng sinh so @m = khdng the phong to mat phdn phai.

Neu co IA] > 1 thi lgp mdi tong no ra v cuc: mau thuan.

A = 11aeigenvalue LON NHAT, va ludn c6 mdt.

Do la Ly do phép Lap co dich de di 61, va PageRank khdong bao gi¢ "khdng cé ddp an”.

Do thi A—B—C—D ciia bai ndy Lai ¢ Ix,l = 1: qud bom n6 ¢ t& 9.

ai-foundations Bai goc §3
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Ldp mai = mdt bd LOC

Vo = Cily + Gl + .. + Cu,  (u; eigenvector, A, eigenvalue)

H+Vo = Cq')\1+‘U1 + Cz')\;'uZ + ..+ Cn‘>\n+°un

Ay = 1: 1" = 1= thanh phdn u, DUNG YEN
IM <% A" — 0 = moi thanh phdn khac CHET DAN

Moi vong nhdn thanh phdn i véi A;: chi A = 1 s0nq sot.

Bt ke xudt phat tir déu: (1,0, (0,1), (0.5,0.5), (0.13,0.8%) déu ve (2/3, 1/3).

Toc d6 hoi tu = Iz,

vo -1 = (1/3)-(1, 1) = llvs - wll, = (2/3)-0.7
budc 3%: (2/3)-0.3°" = 1.24e-06 chua dat
budc 38: (2/3)-0.3* = 8.66e-0% Lldn ddu < le-6 v

y log sai s3 giam THANG: m3i butc x 0.3

S8 budc = log(tol) / logIn,l: khdng phu thudc kich thudc ma trén,
chi phu thudc khoang cach gitta A4 va X,

ai-foundations Bai goc §4
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Tinh tay: A—B—C—D, seed A, d = 1/2

(a) ® ©- O
deg=1,221

v(x) = dZ_{y ké x} v(y)/deq(y) + (1 - d)-teleport(x)

Moi node chia déu diém cho hang xom, gt 1i L& d; phdn 1 - d bom méi vdo seed.

v(A) = %-v(B)/2 + %

v(B) = %-(v(A)/1+v(C)/2)
v(C) = %-(v(B)/2 + v(D)/1)
v(D) = %-v(C)/2

t tir s6 / mau chung thap phdn

0 (1,0,0,0) /1 1,0,0,0

1 (1,1,0,0) /2 0.5,0.5,0,0

2 (52,10)/8 0.625, 0.25, 0.125, 0

3 (18,11, 2,1) / 32 0.5625, 0.3438, 0.0625, 0.03125
! (5, 38,13, 2) / 128 0.5859, 0.2969, 0.1016, 0.01562

5 (294, 163, 42, 13) / 512 0.5%42, 0.3184, 0.08203, 0.02539
00 (26,14,4,1) / 45 0.5%18, 0.3111, 0.08889, 0.02222

Tong diing bang 1 & moi dong: kiem bug mién phi.
v(A) dao d8nq roi tht Lai vé 0.5138 (vi A, Gm, 1&10).
v(D) chi khac 0 1ir bubc 3: ddng s6 hop A — D. Biém phai DI BO.

ai-foundations Bai gdc §5.1
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Giai ra (26, 14, 4, 1)/45

Do thi la duong thdng: khir tr D nquoc vé A, khai giai txt.

v(D) = v(C)/4

v(C) = v(B)/4 + v(C)/8 = v(C) = (2/3)-v(B)
v(B) = v(A)/2 + v(B)/14 = v(B) = (3/13)-v(A)

v(A) = v(B)/4+ % = v(A) = 26/45

= v(B) = 14/45, v(C) = 4/45, v(D) = 1/45
Kiem: (26 + 14 + 4 + 1)/45 = 1V (khéng dp tong & ddu, né tu ra)

& 3/15

—O—O—®
26/45 14/45 4/45 1/45
so sanh ti le
A/B (0 — 1 hop) 1.86x tut nhe
B/C (1 2 hop) 3.50x tut manh
C/D (2 - 3 hop) 4.,00x tut manh
D so vdi A 3.85% gan nhu vé hinh

Hai Lop suy gidm chong nhau: d' phat theo d6 dai duong di, 1/deq phat theo

d6 dong hang xom. d La ndm chinh "nhin xa bao nhiéu hop".

ai-foundations

Bai gdc §5.2-5.4
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Al dém dudnq di d6 dai ¢

(A%); = Z, Ay-Ay: mdi s6 hang = 1 khi cd j - k VA Kk > i.

(A); = 6 dudnq di d6 dai ¢ tixj 16i i (quy nap).

O—O——0

Tir A, 80 dai 2: A-B-A, A-B-C = cot A cta A* = (1,0, 1, 0)
Do ddi 3: A-B-A-B, A-B-C-B (2 dudng 16i B), A-B-C-D = (0, 2,0, 1)

Pham vi: “dudng di" cho phép Lap nit (A-B-A tinh La mét dudng).

NGi vao bai nay

Chudi PPR la t8nq cac dudng di: v = (1-d)-(e_A + dM-e_A + d*M*e_A +..)
M = AD": mdi budc rai y nhan thém 1/deq(y). M’e_A = (%, 0, %, 0),
nhan (1 - d)d* = 0.125 = (0.0625, 0, 0.0625, 0): ding hang T = 2.

t d' dong gép vao v

0 1 (0.5,0,0,0)

1 0.5 (0,0.25, 0, 0)

2 0.25 (0.0625, 0, 0.0625, 0)

3 0.125 (0, 0.0468%5, 0, 0.015625)

Hai phia: moi dudnq d6 dai L& tix A két thac phia bén kia = (AD[A,A] = 0 véi ¢ Lé.
Pudng chéo ¢ = 2,4, 6: (1.2,21), (255.2), (5,13,13,5). Chu ky 2, thdy bang dém.

ai-foundations Bai gdc §5.5 (VMLS §10.3)
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d = 1 hdng kieu 1: DAO DONG mdi

eigenvalues clia M = [1, -1, 0.5, -0.5]): thanh phdn A = -1 nhan (-1)", khéng feo.

t v(d =1 tiA)

0 (1,0,0,0) {A, C}
1 (0,1,0,0) @

2 (0.5,0,0.5,0)

3 (0,0.15, 0, 0.25)

" (0.3%5, 0, 0.625, 0)

5 (0, 0.68%5, 0, 0.3125)

6 (0.3438, 0, 0.6562, 0)

1000 (0.3333, 0, 0.6661, 0) 8. D}
1001 (0, 0.6661, 0, 0.3333)

Hai phia: moi canh noi phia nay sang phia kia.
i mdt budc la chdc chan ddi phia = khéng bao g ding.

Hai phia < khéng cb chu frinh &3 dai LE.

Kiém bang BFS 16 hai mau: 16 dugc = hai phia; gdp canh hai dau clng mau

= canh d6 déng mdt chu frinh l&. Mat assert ré frudce khi tin so hdi tu.

do thi eigenvalue clia M d = 1 sau 60 budc
A—B—C-D -1, -0.5, 0.5, 1 dao dong mai
+ canh A—C -0.73, -0.5, 0.23,1 (0.25,0.25,0.3%5,0.125)

Mdt canh tgo fam gidc la da de -1 bien madt; ket qua = bdc / 2IEl.

ai-foundations Bai gdc §6 (MCS §12.8.2)
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Kieu 2: SPIDER TRAP, va cdch va

B

vy = (1/3,1/3,1/3)
v, = (0,1/3,2/3)
v, = (0, 0,1) < xong, Ava B = 0 vinh vién

C La cai ho: vao duoc, khdng ra dugc. Manh spam: cum trang chi +ré lan nhau.
d = 0.85 (feleport déu): (0.05, 0.0925, 0.85%5). C vén cao nhdt, A v B séng.

Ma trdn Google
G = d'M + (1 - d)-feleport-1"

d = 0.5, seed A: G = [[.5,.15,.5,.51,[.5,0,.25,0],[0,.25,0,.51,[0,0,.25,0]], c&t tong 1.

ma trdn eigenvalues IS hoi tu?
M(d=1) 1,-1,0.5,-0.5 1.0 khéng
G(d=05) 1,-0.5,-0.25,0.25 05 co

spec(G) = {1} U {d-) : N € spec(M), X # 1}

Khép &d = 0.5 va 0.85, teleport deu / don seed / ngdu nhién: khdng quan tam teleport.
Damping BOP moi eigenvalue phu xudng d Lan: Ix,l tir1 con d < 1. D6 La thix ép hai tu.
A =1cb sdn mién phi (+& 4); d mua viéc phép lap TOI DUQC dich.

ai-foundations Bai goc &6
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Cai gia: d cang Lon chay canq ldu

IX2l = d = sai s6 gidm ding d Lan moi bude (fir budce 3: ding 0.5000).

d tol = 1e-6 ol = 1e-10
0.5 2 35

0.85 90 146

0.99 1444 2361

(Lap tir vector teleport, dimg khi [|Avll; < tol)

d = 0.991on qdp 69 lan d = 0.5.

Nhu néi timeout: két qua “ding” hon nhung pd latency no.
Google chon d = 0.85: du xa 1 dé nhanh, d4 gan 1 dé cdu trac link chi phai.

Quét d: "tam nhin xa"

d v(A) v(D) D chiém
0.1 0.9045 0.000228 0.02 %
0.3 0.1338 0.005312 0.53 %
0.5 0.5118 0.022222 2.22 %
0.7 0.4240 0.051483 5.15 %
0.85 0.3022 0.101284 1013 %
0.95 0.2140 0.14194% 14.19 %

d = 0.1: node cdch 3 hop gdn nhu v hinh. d = 0.95: chiém 14 %. Chon d theo dé.

B4 qua dugc: chimg minh Perron-Frobenius. Nhé ket luan va rang né dén tix G duong.

ai-foundations Bai goc &6 "Cai gia", bai tap 3
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PageRank va PPR: khdc dang mdt vector

teleport tra Loi
PageRank déu (1/n, .., 1/n) quan trong NOI CHUNG
PPR don vdo seed quan trong VO seed hay

PageRank (teleport déu) trén A—B—C—D:

d A B C=B,D=A
05 02 03 di x(mg
0.85 0.1354 0.3246

— 1 1/6 1/3 = deq / 2IEl

d — 1: PageRank v hudng chi can La BAC. Gid tri ndm & chd d CHUA béng 1.

PPR, d = 0.5, doi seed:

seed A B C D

A 0.5118 0.31M 0.0884 0.0222
B 0.1556 0.6222 0.1118 0.044Y
C 0.044Y 0.1118 0.6222 0.1556
D 0.0222 0.0889 0.31M 0.5118

Bdn seed, ban bang khac han, ciing d6 thi. Hang D La quong Lt cda hang A.
PageRank = ORDER BY popularity (cache toan cuc). PPR = ORDER BY relevance_to(:seed):

khéng cache toan cuc duge = dét hon khi trién khai.

Trich dang: PPR — Jeh & Widom, WWW 2003. Brin & Page 1998 chi nhéc y ’ru&ng

trong MOT doan; cong thirc ndm & tech report. Topic-sensitive: Haveliwala 2003.

ai-foundations Bai gc §%, §1.1
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Noi vao Al

PageRank

Bang xé’p hang = eigenvector A = 1 clia ma trdn link vai i chiéu.
Google khdng “tinh diém ting trang’: tim mdt eigenvector.

Power iteration

eig 16n O(n°), chét véi n c& triéu.

Ldp chi t6n O(s6 canh) moi budc; s6 budc phu thude d, khdng phu thude n.
Damping

Chdng spider trap va dao dong trén do thi hai phia.

d = 0.85 — ~90 budc cho 1e-6.

Graph refrieval

HippoRAG chay PPR trén do thi tri thirc, seed = thuc the
trich tix cau hai, Ldy top-k node Lam nqi canh. Hing vong Lap vira cdi.

Ma trdn thua

KG 50.000 node: ma tran day 50.000 x 8 byte = 20 GB.
Luu canh (CSR): 200.338 6 khac 0 = 0.008 % (networkx 3.6.1).

Attention

Moi hang softmax tong 1 = mdt budce Lan truyen Markov
trén do thi ddy du cac token; L Lop = Ldp L Lan.

ai-foundations Bai gdc muc Code, N&i véo Al
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Tu kiem, roi méi sanq bai 9

1. Vi sao Markov LUON ¢é A = 1? Bubc ndo ding det(A) = det(A")?
2. Phén ph6i dimg va eigenvector A = 1: mot Ly do ching La CUNG mét vét.
3. Vi sao tir BAT KY phan phdi ndo ciing vé ciing ? (nhéc A, A" — 0)
4. d = 1 hong theo HAI kiéu. Eigenvalue nao La thi pham clia kieu nao?
5. A—B—C—D hai phia ép M c6 eigenvalue ndo? Thém canh logi ndo dé pha,
va dieu kién vé dd dai chu frinh La gi?
6. Damping Lam gi voi PHO? Suy rad = 0.99 chdm hon d = 0.5 ~69 ldn, khdng chay code.
. d - 1thi PageRank = deqg/2IEl. Gid tri PageRank nam & khodng d néo?

8. Vi sao power iteration chirkhdng eig? Vi sao so bubc khéng phu thudc n?

Cdu 6 sdu nhdt: mat tham s, mat tinh chat pho, mat chi phi hop lam mat.

Bdn viéc phai LAM

1. Thém canh A-D (vc‘mg 4 node): PPR seed A, d = 0.5 ra bao nhiéu? Con A = -1?
2. Thém canh A—C thay vi A=D: N = -1 cdn khdng? So d6 dai chu trinh hai canh.
3. Quét d tix 0.1 dén 0.95, vé v(D) theo d (bang &t 11).

4. Tinh tay vs tirv, = (35, 38, 13, 2)/128 bang bdn phuong trinh, chi phén sb.

N o e e e e ™ e wf TR S e e e T o e o e TR e NP md P e e P N o T Tm P e e e tm TEm S e P O e T N wF e e O e

Mang sang bdi 9

Eigenvector chi c6 cho ma tran VUONG. Embedding 100000 x 168 thi sao?
SVD thay eigenvalue b&ng gid tri suy bién, diing duoc cho MOI ma tran,

va cho biet nén vixt chiéu ndo khi nén: nén cia hang thap va LoRA.

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

1AM =1>HM1=1=>M cé A = 1, det(M - AI) = det(M' - AI) (budc 3)
= clng eigenvalue > Mcod A = 1.

2. Cing mot phuong trinh: M = w ld Av = Av véi A =1,

3. My = Z ¢\ lu: thanh phdn A = 1 gitr nquyén, Ix] < 1thi A - 0;
t6c d6 ~ In,I".

4. Dao dong: A = -1 (d6 thi hai phia). Spider trap: A = 1don het vao mét
cum hit (eigenvector A = 1tdp trung & hd).

5. i mét budc ludn ddi phia = A = 1. Thém canh tgo chu trinh LE (A—C tqo
tam gidc). A—D tgo chu trinh 4 (chdn) = van hai phia.

6. N, tir1 xudng d. S6 budc = log tol / log d: log 0.5 / log 0.99 = 64.

1. Khodng giita, chua sat 1: sat 1 chi con bac, sat 0 chi con teleport (déu).

8. eig O(n°); Lap O(s6 canh)/bubc, s6 budc ~ log tol / log d, khéng cé n.

Viéc phai lam

1. (3, 2,1, 2)/12 = (0.5833, 0.166%, 0.0833, 0.1661). eigvals = [1, 0, 0, -1I:
A = -1 VAN con, vi vong 4 node van 6 duoc hai mau.

2. eigvals = [1, 0.228%, -0.5, -0.728%]: -1 bién mat, Ix,| = 0.328%.

3. v(D): 0.000228, 0.005312, 0.022222, 0.057483, 0.101284, 0.141947.
4. vs = (294, 163, 42, 13)/512.

ai-foundations Dap s6 da kiem NumPy (PageRank tu cdi)
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