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Artificial Intelligence PhD Qualifying Examination
B E X 10: ZHEME S5IF 0 E A

A Section A 33 75 FHAIEDNA Section I =/AMEZ, W55 R/ 1 0. LA HTEES
EHS . RAERITHET R RN representative full-credit design; HARH 2 B HAZ OGZI R IBIESE
B HFEARTATI T RIRES 5 -

A. HZRFEIEIR: SERE [33 points]

Part I. ’ ()a, (ii)a, (iii)a, (iv)a, (v)a, (vi)a
Part II.

o

(a) (a) # clean prediction correct, noise JGHEMEZE N n: # clean prediction wrong, noise J& H
BRI 1 —n. FTUA

L(h) =n[l — L(R)] + (1 = n)L(h) = n + (1 — 2)L(h).

(b) Kl 1 —2n > 0, IE affine transformation fR¥F risk ordering, HAZEK infimum 201 H HE
A hypothesis L 2], HEH

inf L(g) = 1—2n) inf L
nf (9) =n+( 7ﬂ£% (9),

Fir LA
E(h) - inf Elg) = (1~ 20) | £0) ~ it 2(o)|.

i clean excess 2% [v/(1 —2n) |- %4 n 1 1/2, denominator #%, [f]— noisy-risk precision
Xf clean risk HIFZE IR

Rubric: WiFf clean cases 2 435 identity 2 43; ordering/infimum 1 77; excess conversion 2 73
limit 1 77

(b) [HE ho # L(h) >ep, EAEARN sample b consistent FIHEZ
(1 — L(h))™ < em™Lh) < gmmen,

Hy
_ log(1/7(h)) + log(1/9)

m
Ja, ERXET n(h)d. XTI countable H union bound, f77EidAHM bound H. consistent [ h [

MFEEZ Y, w(h)d = 6. FrLI451L simultaneously 7.

€h

Rubric: fixed-h survival 2 43; hypothesis-dependent threshold 2 43; weighted union 2 77; si-

multaneous conclusion 1 7.

() NFt: W 2d 5 {zxe;:j € [d]}s MEEEIRN 1 1 subset, A& coordinate ##¥ lower/upper
endpoints: &M EE —e; 5E lower endpoint £ H#d —1, £2EEE e; -E upper endpoint
ETHHIT 1; BT HA coordinates v 0, A% E B . Empty positive set izt B iX L 1)
/N box. KIEIX 2d Fif shattered.



AT

e 1A BRI 10 Z 5%

At AFHL 2d+-1 A~ distinet points. X4/ coordinate % — minimum point 55—~ maximum
point, &% 2d /> selected extrema, FrLAH — i z° Rik. EATELE 4L selected extrema [
axis-aligned box WAL ™ sample [ coordinatewise bounding box, MMM 2°. Bk
“extrema A5 1+ z° #5 0” [ labeling JCVASEH. #K

| VCdim(By) = 2d. |

Rubric: 2d 55 1 4} ;independent endpoint construction 3 47 ; extrema selection 2 73 ; upper-bound
labeling /4518 2 47

Strong convexity Z1 T G(w) = F(w) — (A\/2) ||w||* convex. Jensen FI T G:
A 2 A 2
EF(W) - JE|W|” > FEW) - 2 [EW|?.

B3 variance identity E|W /> — [EW|? = E||W —EW|?, BIf58 . # parameter
randomization ] expected objective /0Lt mean parameter ) objective Z—/~H parameter

variance 5 curvature ¥ gap; XA A FRAET neural objectives Wi & [ — .

Rubric: convex transform 2 73; Jensen 2 77; variance identity 1 755 f#FE/caveat 2 43
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B. REFI5mHES]: SERE [33 points]
(a) Decoder-only Transformer. [9 points]

(a) Q, K,V € RT*, score/attention matrix N T x T A[4 M;j =04 j <i, M =—00
Y5 >4, HHE A = softmax,ow (QK T //dy + M) . softmax X84 query 7E key 5 —
1.

(b) YIZRET B 5L prefix 4= H1, masked matrix operations FJ [{ B i+ BT A AL E 1 logits 5
next-token losseso KAFEM 2, MAUEAER, A BEMOVRIKFEA, BRI AU o Ho R
W B IAT AR T B8 R D RAT

(¢) BENLETI O(Td? +T?d). #5 t BEEHEA prefix, MUY O(T?d? +T3d). KV cache
{R171H token [1] keys/values, 2 t %) O(d® +td), it O(Td? + T%d); %2 cache N
O(Td) (ZREHRIWO.

Rubric: mask/dimensions/axis 3 4; teacher forcing 5 sequential sampling 3 43; = com-

plexity/cache memory 3 43

(b) Autoregressive likelihood. [14 points]

(a) MRS — 4 FFUEsR AL

ZHPJJHCCQ Z Hpﬁ?t!90<t ZPJJT\3?<T

x1.7 t=1 x1.7-1 t=1

1
= ... =1.

A PR MR IE S, EOCRE AR, B3 s 50Uk, MAF factorization
A5

(b) % my: € {0,1} 87~9E padding target, Nyok = >, Mnts M token-average NLL 1] ’5

n,t

L= _Ntok ;mnt IngG(xnt ’ xn,<t)-
WA SEIE 7 AT 35 B R B2, AE P AN G B P SR AN, 25y B 2 v

BR—IKo

(¢) Exposure bias 81k prefix K H & HEH prefix KA, FEKEHEHRSEER
KA 534 . Teacher forcing [1) loss A& #I5E T joint NLL HIZ&AFEIIZ A in) @ik H A FR
FEAR /A A AN rollout 73 AR, AR EEA e 1R

(d) M BOS 5 prompt i, ZLUHE po(- | v<r), &IGE rule RAF/1EF 2, EHE| EOS 5
KB ERR. & likelihood AU A IFEAIR &, KA forward-KL/NLL Xf B £ 55 =0m
BOM AR FRANF] ;s fRAS SRS 2 OB A AR NLL AN factuality /diversity. 1T
P

(e) BRLAKJEMFFIT Y token log-score, H Y&/ 551K BN £ 6t log-prob 1%z, % H
F ranking/decoding. {H p(z)Y/T EARFEKEFH L@EEAESH—, FIHAZE joint
probability, HARETEARL normalizer B FRAHTE A,

3
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Rubric: iterated normalization/JEIT/L 4 735 masked loss 5 convention 3 43; exposure 2 43;

sampling/ ™ distinction 3 43; length normalization 2 43
(c) Sequence policy gradient. [10 points]
(a) RE S, = (v,y<t), 3WME Ay = > transition 4 token append F| prefix, EOS/ LR L,
WINPT LE terminal BIZ token 24 H . HIIRF /iR ELFZHL log:

™ (y | )
log W 1) B |
og Wref(y ‘ x) zt:[log Wn(yt | St) log ﬂrcf(yt ‘ St)]

support Zk-RIE log-ratio H R .

(b) ¥/ prompt AHKHL n 1,
V.E[R] =E |R(z,Y) ) Vylogm,(Y; | St)
t

i HIZ token reward, causality A BIFRENERTH 5, PAA ¢ FFERH] discounted reward-to-go
B 5t return; AURFFAHXT /455 discount convention —F{ .

(c) 12 L(Y) = log(my (Y | 2)/mes(Y | 2))e —
VJ=E[(R—-BL)Vlogm,(Y | ) — BVL]
=E|(R-BL)Y_ Viegm (Y| S|,

K174 reference frozen H Ey.r, Vlogm (Y | ) = VY, my(Y | ) = 0. #HE sampled
regularized return stop-gradient [53 trajectory score %5 H oL =,

(d) Baseline A&t state/prefix, HIEZHE state J5 ATFIKH S HT sampled action; X
Eor[Viogm(a | s)b(s)] = 0.

Rubric: MDP 5 log-ratio 3 4J; trajectory score/reward-to-go 3 775 BABEE. FHIHE SR
7 3 495 baseline 214 1 7.
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C. ALEREFWRKEZE: SERE [33 points|
(1) [5 points]
VFEy\(z) = Vh(z) + Az.
Rl Lipschitz %8N Lo + Ao MEEE h 5 A-strongly convex ) —{XINZ FIN A-strongly
convexo X [RTCLIHRBRMEIHE Vh(z*) =0, MYESGE hiz) > h(x*), #

A
Fy(z) = h(z") + §||93H2

f& coercive, B/NEAA(E; RIMPECRIEME—. SREECR— 28R

Lo+ A
Ry = 2 ;

(2) [5 points] «* /M by BIUZEMIAES . 55— T,

Vh(zy) + Azy = 0.

A A,
ha) + S leall® < h(a) + Sl

BHIEEF (o2

AR?
hwa) = h(e*) < SO )? — o) < 2

Do | >

(3) [7 points] & M = Lo+ Xo KA 1/M B}, descent lemma %5 Hi

1
F)(a") < F(e*) - WIIVFA(wk)Ilz'

\-strong convexity 2 &
IVEA(2)[|? = 2A[Fa(x) — Fx(2)].
AW
R = ) < (1= 37 ) (60 - Rl
#HH K IXEI1S . smoothness &4 7E N F%, strong convexity fE8S V77 NN gaps WE L
()7 AR JUART T AR IR G A4

(4) [6 points] FE YT
M) — h(a®) = Fy(#) — F(ea) + [Faa2) — ()] = Sl

e —UidEE, H
N N AR?
F)\(x)\) < F/\(SC ) < h(.’L‘ )—I— T
E IR R B — T HT B s MR LA 5E ) optimization error, # T IE AR H FRid

bias 5.

(5) [6 points] Bl A = ¢/R? J&, bias £% £/2. & a = M\/(Lo+ \), FHH 1 —a)f < e *F, &
Ay <e/2, AJIUK =0. 0178500
Lo+ A

o 2A
A & |

G optimization error AN /2. R N 2FEC £y PO BARULAL, AVZMEHE K bias
5 AR?/2,

K|
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(6) [4 points]
zy=(ATA+X)"TATD.

%*&ﬁﬁuﬁﬁﬁi’fﬁy‘j Omax; Omin?’ }I_\“J Hessian %/ﬁ:ﬁy‘j

T + A
Jr2nin + A

HME omin = 0, I N s /MFAEEDY A > 0, Fr DLIE A ) R g ™ HL g — .

Rubric: (1) smooth /strong 2 43 existence/uniqueness 1 77 21450/ H A 2 435 (2) comparison
3 WMEHEE 2 75 (3) descent 2 47+ strong-convex gap 2 75~ HIH5MRE 3 455 (4) exact
decomposition 3 43 5 2 7. fERE 1 455 (5) bias split 1 70 BAS K 15 3 7. tradeoff 2 4;
(6) ridge fi# 1 70+ SR8 2 70 BRTWERE 1 7).
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D. BRIBEAHE: SEZHE [33 points]

1. Orthogonal cross-lingual alignment [8 %3]
FIH WTW =TI J&JIF:
WX —Y|2 =tr(X"X) +tr(YTY) = 2tr(W 'YX ).
WM TFRAM e(WTUSVT)e 4 Q=U"WV, Il Q orthogonal, H.

tr(WTUSVT) =tr(QT%) < Zaz

W Q=13 L5, Kt

Wr=Uv"'|
% Y X' rank deficient, M| zero-singular-value subspace _E[f] orthogonal action ANEM HFR, &L
fiR1E 1% subspace ] AME—, & 5 EK det W = 1, reflection correction 4 i ZAN/MEEE; AN S A
Z PR o

Orthogonal map fR#F source space W HJ norms. inner products 5 Euclidean distances, &%

N T A anchors 41 & stretch. KRIBUEFEEIEMIEF embedding spaces JEITEL isomorphic. poly-
semy /context Xf M. A A anchor dictionary A R4tk %, 27 % nonlinear/context-dependent align-

ment .

S E L trace expansion 2 775 SVD/change of variables 5 upper bound 2 7; W* 5 rank-deficient
BiHH 1 45 preserved geometry 1 43, HAK distant-language failure 2 47

2. Estimating a scaling exponent [7 %3]

4 excess e(N) = L(N) — Lo, NI

lloge(N) =logA —alogN |

LA log N AkE#H. loge ANHIHT slope N —ac.

H
(4N) _ o010 1
e(N) 020 2
&3
_log2 1
“logd 2|

M AN B 16N XF KPUAE, excess Fgfe 4-12 =1/2, #§

e(16N) = 0.05),

FAWMPI 2 L — Loos # floor flif, HU log HIH vertical differences #% nonlinearly i,
slope W&, 18 752 =ALLE scales BEE TS Loo, A, a H£%5 confidence interval. #MERIA data
quality/EL & . optimization error. architecture 8¢ tokenizer i{%%. compute bottleneck. finite-data

saturation ZFRRL, L& — IR .
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TS ZE L log-linear relation/slope 2 735 « 2 47+ prediction 1 735 floor effect 1 73+ extrapolation
failure 1 47

3. Length bias in sequence decoding [7 47]

Raw probabilities 4
p(A)=0.7=049,  p(B)=0.8"=0.4096,
4 raw log probability &%t A. Average log-scores N
%logp(A) =log 0.7 ~ —0.3567, ilogp(B) =log0.8 =~ —0.2231,

1 average log probability &EF B.

/) conditional probability 2% KN 1, Zk4E4EBIE S A —NHELE log term, K raw sum X}
K 7o BRES; EOS calibration W EEMKE. H T-1logp(y) R/2&k4E ranking score, &
AR joint p(y) BFIEZELL, A RMLE A variable-length sequences [F#1 global normalizer;
ANFEEE HEMN A — normalized joint likelihood.

Beam HREHBE— top-b prefixes; AN 200 70 BUBARAE DLJE 58 OME R B8 i 1 prefix AT # 7K A
B, FrLUAIR b ARIE global MAP. 38K b BHEHEFTE decoding score [#) optimum, #1A] &
4L model likelihood [1J length/repetition bias; 1fi human quality I factuality. diversity 5
task utility, K415 1% score Xf5% .

S E L raw probabilities/ranking 1.5 43+ average scores/ranking 1.5 735 bias 1 75+ 3E[F]— nor-

malized joint 1 4); beam pruning 1 43+ objective-quality mismatch 1 %)

4. Multilingual, privacy-preserving RAG [11 47]

Representative design: &£k #% original-language sentence/chunk & immutable versioned records,
fR47 language. ACL- owner. retention. source offsets 5 deletion status; 37 per-ACL shard 53 ¥
trusted bitset prefilter [ multilingual dense ANN, [F]i5 {& ¥ per-language BM25. /£ £k authenticate
user, ¥ ACL H{E candidate-domain hard filter, X} original query 5%2#% translation/query
expansion fi{ hybrid retrieval. Cross-lingual reranker 2H{ query. original chunk 5% translation;
generator A]FHH FiE 5 [FIZ, {H citation 7KIZf5 M authorized original span/version. Verifier 1 #¥
claim entailment. language. ACL 5 version freshness.

4 A(u) N w AT Yi ] chunks, k, = min{k, |[A(u)|}, AIE X

Ri(q,u) = arg max s(q, c).
(@) SCA(u), |S|k“cezs (@.¢)

Authorization #& feasible set [] hard constraint, T3F score penalty. #5G1E global ANN HU top-
k Pk J€, unauthorized IDs/scores FJEHEAATI{E logs. timing BY citation path; [FIFSEAT 4
candidate slots, IJEEAE k, f# authorized recall F#{f. i KH ACL-aware shards/prefilter, 5%
TET{S L5 oversample Mo

Deletion /permission event N4 tombstone/version update, ¥ 5 # dense/sparse indices 5
ACL filter, invalidate query/answer/embedding/KV caches, Ff#IH citation endpoint A F &[] 1E
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s JGf compaction J5H canary queries JGUEA K Z . # evidence R 7E generator 553 FEIE
S, R RE, R back-translation BY multilingual entailment agreement; confidence
3R ] authorized original citation A1 “JCyE R FEFHPE” [ abstention, B HA MR human
translator, ANEEFEHIRANE .

Quality #% language i Recall@k . answer correctness. claim-level citation precision/recall. trans-
lation adequacy 4 calibration/risk—coverage; privacy i unauthorized retrieval /citation rate ( H#¥x
0). canary membership-inference AUC 5 timing gap; deletion i time-to-unretrievable. cache purge

success. deleted- source citation rate. MNI[FFf {4 macro across languages, W4 B IRIE S i <

.

TS E S versioned multilingual offline/online flow 4 45 hard objective 1 43+ post-filter [1] secu-
rity+recall 1 43; deletion propagation 1.5 43 translation/abstention 1.5 735 quality /evidence 1 43+
privacy/deletion quantitative metrics 1 73 HAhifi /£ authorization. original citation 5 deletion [

UESCE /P



