AN RETT A BRAUBE I 02 S5

Artificial Intelligence PhD Qualifying Examination
B E K 02: SHEME S5IF 0 E A

/> Section A 33 7r; HAIEDIA Section I =AMES, A5 EF5HIE 1 4. LTS HTEES
FIES . RAVTE T RN representative full-credit design; AR & @UHAZOZI W . WIE5SE
B HHRWAT T R FSE4557

A. HBRFEIEIR: SERE [33 points|

Part 1. | (i)a, (ii)a, (ii)a, (iv)a, (v)a, (vi)al.
Part II.

(a) H Euclidean duality 5 Jensen,

S/)\%SX(QQ(B)):EU sup < Zazxz>

lwll,<B "

B
= %EJ Z 0;%;
? 2

2
B B
<m\lEa > o ZE‘/ZHJ%H;
i 2 A

E—4H Eojoj =1{i = j}. 8 norm £ R, RI1§ BR//m.

Rubric: X 1 74r; dual norm 2 47; Jensen 1 733 XTI 2 45 58 1 49

(b) %I fixed h, Hoeffding %5
Pr{|L(h) — L(h)| > a} < 2e2m”,

Union bound &, Frfi h RN EZEANEDT o BIRBMERES
2|He~2me”
EZHEM b, # h* € argming L(h), N
L(h) < L(h) + a < L(k*) + o < L(h*) + 2av.

W a=c¢e/2, ROFKMIZ

2H|
5

m>—log
g2

Rubric: pointwise Hoeffding 2 775 union bound 1 47; ERM chain 2 75 %4 2 7.
(c) Strong convexity [ first-order form %} w,w* fHlH, H VF(w*) =0, 133
(VF(w),w—w*) > \l|w—w*|*.
Cauchy-Schwarz 255 —30. 53— 771, 8 strong-convexity lower bound M w 53| w*:

Pl 2 F(w) + (VE(w), 0t —w)+ 5w~ .
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% r=|lw—w*, fifll comparison %

2
Fw) — Fw*) < ||VF(w)|r — %7"2 < ”VFQ(A“’)’.

Kl It gradient norm % v [FRARIEE 22 /A, objective gap 2% v2/(2))»
Rubric: strong monotonicity 2 43; FEE S 1 49: quadratic maximization 1 43; @R 1 47

H{ d 4~ standard basis vectors eq,...,eq. SEE labels y € {0,1}¢, & S = {i:y; = 1}, N
hs(e)) =1 ZHNY i € S, HMUX d s4% shattered. B —TH |Dy| = 2%, finite-class counting
bound 45 VCdim(Dy) < log, |Dy| = do FTLA

| VCdim(Dy) = d. |

Rubric: si4E 1 4); {Ei labeling construction 3 43; counting upper bound 1 435 2518 1 47

ReLU coordinatewise /& 1-Lipschitz: ||o(u) — o (v)]ly < |lu — vy LIEJZHZE |[Wou — W]y <

[Welly [lu = v]lyo A JE 2 ZEE R G RIS

L
[f(@) = f@) < [T IWelly ||l= =2/,
/=1

241 product AIFRH input sensitivity /robustness, FFi#E AHELE norm-based capacity B{ gener-
alization bounds; #7 R KAH LA KIJE norm, function value RAHA, HiZ EFSLMN.

Rubric: ReLU 1-Lipschitz 1 43; )2 spectral bound 1 47; EAIEH 2 47 R 1 4
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>

B. REFI5mHES]: SERE [33 points]
(a) BN 5 dropout. [9 points]

(a) Lt

1 1
UB = E E@ Ly Up = E E@ (xz - MB)Q,
~ _ i UB - T
Z; T Y; = YBNT; + BBN-

BT prun < ppiran + (1 — p)B~ Vran 4 pUrun + (1 — p)vp HH running statistics. 7
Z R AR TS IE TR -2 5, B0 f5— 2.

(b) FEF IS y= 'VBN(I'_,“run)/v Urun + €+ 58BN 8 B 24 AT batch, Ia—‘iﬁ)\%@{*ﬁ batch
R EABREA, H. batch R/ IR K,

(c) %MHT h,
E[h |h]=h,  Var(h|h) = 1;%?

Fr#E inverted dropout fEHEEERS P, EHAEA h, AFH4EHG

(d) /) batch {351 J7 2B K, ZAMIBITS AT RERAC . PIR4S AT £ running statistics,
A LayerNorm/GroupNorm; {3 “3E KM% 7 AREfR ST = ) &l

Rubric: NNZkA5 running update 3 4r; #EEG T ZEE 2 455 WE. HEX 1 55 failure
eSS 1 55

(b) Conditional VAE. [15 points]
(a) FAMER go(2 | z,¢) I Jensen:

(z | e)po(z | 2,¢)
qp(z | 2, c)

> By, log po(x | 2,0) — KL(gs(z | 2,0)lp(= | 0)).

logpg(z | ¢) = logEq¢p

H gap ¥ KL(gy(2 | 2, ¢)llpo(= | x,¢)) = 0.

(b) & e~N(0,1), W z=p+ooe MR KLH

2 2 2
1 oi + (kj —meyj) Terj
fE 14 log L.
2 r ng 0]2

B 7 20N IE ;s SEELH R B log-variance 44k .

(c) WEZRBERFE (2, ¢)s encoder ith (u, o), ESEA KA 2, 115 reconstruction log-likelihood
5 KL, RIAEEER (0,0). HEWRBEE ¢, R 2~p(z|c), HRz~py(z]2,c);
fe M2k posterior To2& AR .

(d) Posterior collapse 18 ¢4 (z | z,¢) = p(z | ¢), decoder ZEARZNE z. KL HLE KK, j#/> KL
W s i latent BTHs >R I reconstruction 35 . 12 W7 B [F] i 5 F:4E KL /active units 5
reconstruction term, ABEH B & loss. KL annealing. free bits B{fR #1553 decoder 13)7&
HHALHE .
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Rubric: ELBO /75 gap 5 47 reparameterization 1 73« KL 3 735 Y15 /A AT 3 435 collapse
€ X B 12 3 s

(¢) TD targets. [9 points]

(a) L ILR

ysarsa =1 +7Q(s',d’),
YExp =T +’YZM(5 ’ S/)Q(Sl,b),

b

yo =1+ ’VmguXQ(SC b).

LI =F N v, A§ bootstrap.
(b) TS o = ag, W

ysarsa = 1+0.9(2) = 2.8,
Yixp = 1 +0.9(0.25 - 4 + 0.75 - 2) = 3.25,
yo =1+ 0.9(4) = 4.6.

(c) SARSA FIUAT NG HUHAEE 1) Expected SARSA P4l /il M HT47 A5, J& T on-policy .
Q-learning [¥) target X N —zI{EHL greedy max, AJ A —1T NRIEUELDE, BT off-
policy. SARSA 4 F—FI{EKFEMER, Expected SARSA X LU SEE A 5455 / 2 il g
7, Q-learning i ¥ maximization bias. Off-policy AMEE AT LAANIRE; £ RH# (s,a) A
HI, B TGV O R

Rubric: =/ target J terminal 3 735 —/NUE 1 75 policy 772, BEFEH coverage % 1 77
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C. ALEREFWRKEZE: SERE [33 points|
(1) [3 points] g € OF (x) FEXFTH y € C,
F(y) =z F(z) + (9,y — z).
By — o* B F(z) — F(a*) < (g, — 2*).
(2) [5 points] B 2% € O, Po(a*) = a*. B b 57 RIT4
2"+ = 2|* < Jl2* = ng* - a*|?

= ||lz* — 2*|* — 20(g*, " — &*) + 117 [|g"|*

< [la® — 2*||* — 29[F(2*) — F(a™)] + n*G*.

(3) [7 points] 4 LIRFBTIEX k=0,..., K — 1 FA:

_ K-1
20> [F(z") - <> (l2f =2t = 2t = 2)?) + EnG?
k=0
=R o a4 KGR
< R? + Kn*G>.
i K1
1 «— i N R nG?
il _ < - 4=
F L IFE - PO S g+
PO BE B A2 telescope W, ARIU ||of — 2|2 JEd, KW EF.
(4) [5 points] H Jensen FEFx,
=
— F(x
K=
e = o
K\ N < T L
F(z™) F(w)_QnK+ 5

— IR VAN PRI BB B, RO SRA RS gap, RITIARETC AR HIAE 25 Hp o7

(5) [4 points] Xt B(n) = R?/(2nK) +nG?/2 3K'TF, B'(n) = —R?/(2Kn?) + G?/2. &MRMEN n =
R/(GVK), WIi&%T RG/(2VK). FILIK

22
KZ[RGW

2
JECLERIERSFE €.
(6) [5 points] ® A p-strongly convex, ME—f/NriH 0. &

__n
2—np

> 0.

1E a > 0 WPUREEE 1+ pa, N
—n(l + pa) = —a.

5
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£ —a <0 WIRBEEAN -1 — pa, F—HH
—a—n(—1— pa) = a.
W oa,—a,a,—a,... EIEF TR s PEAR S ASRETH BRE D KRG O S .

(7) [4 points] —BMIAENTE—B oracle HIFRHEF3 s ARIEA O(K~Y/2), Wi L-smooth GD Al
H descent lemma £33 O(K 1), AR IERZ gradient Lipschitz/smoothness; £ KA &
AEREE . FIIIEA] BENR T HIIEA AL YT T convexity F2 8 HHHY, A2 10F B 0 B4 BGHR

4y, ANHZTHE heuristic.

Rubric: (1) & LEHRANRMA 3 775 (2) projection “FF5 I subgradient A% 5 51t
(3) #£Ii 2 41+ telescope 3 77 EFAEMAKRIN 2 45 (4) Jensen 3 77+ last iterate FIR 2 705 (5) &
KEEIRES 2 58 (6) Wi& av PIBIRIUE. R TH5rs (7) PIFH rate. SRR, averaging fif

et 4 7.
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D. BRIESAHE: SZRE [33 points]
1. Skip-gram with negative sampling [7 53]

& e =0, Ves a; =u) vy, A L{—logo(a)] =o(a) — 1 M L[—logo(—a)] = o(a), 135

m

Vi, l = (o(ac) = 1)ve + Z o (ai)Vn, -

i=1

¥ —II{E gradient descent 4 center [ positive context; TANF L YAIVRIEFEE o(a;) 1T
center £ negative, 2% 5 VI I G E B K.

B 4% unigram frequency fHFES LA & function words 545 K & negative slots, HEfLRIX 7
SEAMR. ATH gw) oc C(w)?* JaVA—4b. HHRS ZbE, B AR hard negatives. False
negative SR center 15 AHIC, HIBE loss HERT, 23R RERIE LA5H I 7 A A Imth 2 Wl I (]
S /924K ID mask multiple-positive loss 3% AR AT 5 514511 B EE 2% /i

WRES TEREMELNTS 455 WRPE, SEEN. false-negative 58 3 47

2. Causal attention and autoregressive decoding [7 7]

B Q,K e REXdr | Ve REXdv, 5 Y

A = softmaxyey axis (Cf/f%r + M ) , AV,

Her M;; =02 j<i, Mjj=—00 j>i. Softmax X4 — query FifEATH key index j IH—1k.,

Fi 8 ¢ P BE ¢ 1Y prefix A EHTETIRITHA, — 21 dense projections 4 self-attention 437l A
O(td?®) 5 O(t3d), HUatt O(T?d* +T3d). KV cache fR47IH K, V, 5 t 26 HA T query/key/value,
RINA O(d?), # query 5 t 4> keys [ attention N O(td); il O(Td? + T%d), cache ¥ O(Td)
([E € 24 /heads F). # R4 attention score/value products, _EIRFHFRIES ] 73 HIfE N O(T3d)
5 O(T?d). &% 7 X H prefix f#H G THE LR [ —B, {2 exact dense causal attention 1/}
LN token BXEFTA 75 token, FrLALL pairwise attention FAAR BZE 1 B[]

WD ES mask. 4 softmax axis 3 475 PAFPETE] A cache memory 3 47 IEFifi#F: asymptotic
PRSI 1 43

3. Compute-constrained scaling [8 93]

D= C/(kN), 2B Lo Jaf/Mb

—a KN\
f(N)=AN"®+B <C> .
—Mr st H
aAN~ = BBKPNPC—P.
F5)4

. ad V() N
N(O):(BBWB> CP/(atB)
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C

— a/(a+B)
WN(O) xC .

D*(C)

AT VB G AL B % stationary point A& 4 R B/ e B R H AT R R A2
a A(N*)~® = 8 B(D*)#;

PO — B HEFEE, BRIE o = B B AMES A data quality /32 H3E %A 24 D+ optimization
error ABHIERF . architecture/optimizer 224k irreducible loss B BRE{FFIFHZAE C o« ND 1M
KB, B REITA] .

WFRER ARMALS WM 2 205 WA/ FIX 3 75 balance 1 705 PIIUA RSMEIRH 2 7).

4. Evidence-preserving long-document summarization [11 57]

—Fh full-credit 75 &2 561% HREYIN M A overlapping chunks, 3% embedding z; metadata
FIA]F offsets. Issue query 33| z,, FHHM a; = quzi, A% & cross-encoder P24 by TEZIR
Soimili < By m; € {0,1} Nik#EH relevance. diversity 45 chronology ] chunks, 1 K,

Z m;b; — pz mim; sim(z;, z;).
i i<j

Hf N chunk 26420 span IDs B )R #E proposition, FHI generator & 3; claim verifier MR E
5% supporting span 4518,

HA document-level summary B, AJH summary sentences 4 query, LA lexical/dense match
FE A noisy positive chunks, Y%k selector [ contrastive BY, listwise ranking loss; WA selector
4 latent variable, A summary likelihood [J variational/ REINFORCE surrogate. il selector
SEFFSLEEE chunk, AJHIA coverage/diversity regularization. minimum section coverage. hard
negatives, JF7E— /ML span labels &,

TS THE chunk embeddings Ji, ANN selection Il sublinear search, ¥HEZ) O(kd) F| cross-
encoder ] token cost; #HHHHAH embeddings W O(Md). Generator [f] dominant attention %)
N O(B%d) (dense case), HiA memory N O(Bd); &3] memory A O(Md).

Coverage ] H gold key-span recall 8¢ question-conditioned content-unit recall; faithfulness F
atomic-claim support rate. citation precision/recall #1 N\ L factuality. Adversarial test 74 A\ —Bt44
Tt 5 AR ARVE R S WA R B R 1B SCAR, KA selector. version filter Fl verifier & 7744 lexical
overlap K% .

WHER SREEFE. BESHEAKR 4 70 wNGHBAEIR 3 70 BRE 2 7 cover-
age/faithfulness f8Fr Al adversarial test 2 7o FHARIH & LI I 1RS48 47



