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Artificial Intelligence PhD Qualifying Examination
A E K 05: ZHEME S5IF 0 E A

A Section 4 33 7r: FHAEILENIA Section PHI=AMES, WA 5¥5 511 0. LTS EES
ZWT . KRG i@ )7 Z%)N representative full-credit design; AR & B AZ-OLI R . IBIESE
B HFARTATINGT ZIFES Ty

A. BFIEIL: SERE [33 points]

(a) Xt i€ [d B 2 =1—¢;. 45T labels y;, % S, ={i:y; =0}, W hg, () =y;, "FRN do
F—J7H [Ha) =24, Pk VC dimension £% log, [H4| = d- HHERNA d.

Rubric: x££ 2 475 fE& labeling construction 3 735 & sIGIE 1 795 upper bound 54518 2 77

(b) iCHH AN S, FEA target variable FEFTA IEREA_EN 1, FTbL S* C S5 WA IEREAR S = [d],

I35, Observed positive £ retained coordinates o8 1, ##it 1. Observed negative

ZEAEFEA j e 5 C S R0, W 0; ZIBIE A % no-positive case. FHIEHEN O(md)
time. O(d) space, TllEIA O(d).

Rubric: subset relation 2 43; positive 1 43; negative 2 705 JAFEE 1 50 BEIREE 2 4.

(c) *f fixed h, Pr{|L(h) — L(h)| > a} < 2e72m**, %} 2¢ 4> hypotheses union bound, J7E uniform
event _/F ERM comparison, 153

~

L(h) < m}jn L(h) + 20

BWooa=e/2, FERH¥MHN

2 2
m>— <dlog2+log> .
€ )

Mz 423 conjunctions HISEIFHEZ) O(md2?) time; it sample bound A H s A R %,
Rubric: Hoeffding/union 2 73; ERM comparison 2 45 #4402 75 1FHEMRE 2 4.

(@) (a) & plx) =Esfs(z). I p(z) 5 f(o):
fs=Y=(fs—m+u—f) —e

FOTEBUHE . E—IIMENE, ¢ WEANEFHSE S independent, KILFTH cross terms jH
Py ZAP TN variances squared bias. noise variance, BIfS@=.

(b) # X WEEHL, Xf pointwise identity Ml FHH Ex BIFT, Bi#2:2 test noise Z&AFHMENFH
5 training randomness 37, Training error s&7E observed sample [ fit; 5 & Z4iim
ATBEARE, AIPTREIE K estimator X HAFEA UM (variance), HARIEIAE population
approximation bias HJJ7 7.

Rubric: Nk mean/target 2 75 cross terms 2 755 = WA 2 705 B9 1 435 training-error fif
B2 0.
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B. REFI5mHES]: SERE [33 points]

(a) Multi-view depth. [11 points]
(a) HARMNLALRSFE) 3D N
X, = Dy(p)K~1p, X, = RX; +t.

L5~ KXy BRI SAEE] = (o). £ M(p) R RBAE A VR IE B
RIS, FTHL
>, M(@)p(Li(p) — Is(¢' (p)))

>, M(p) +e ’
Hr p /R 0 B penalty. 20 BHEIEIEA & =T,

(b) # p' = (W, v") P TVUNBEEE R 2 18], bilinear sampler F PU/NEE s O\ FE 25 1 2R AR
Blo BLEAN 1, HAE—A cell WXT (u/,v") B2 MBS p's projection. Xgv Dy
FERIM2 . TEAZ 3R cell WA, MY mask PIBEY)H SR AAAZ A5, LB MAH P
Ab AR A6 B BRAK mask

(c) ARATPHTRRITT: S /70 5 X OB AZ Mk ; 4k Lambertian S sh&Wk; 0
SUA X, EAELH, AP SRR

(d) NN (I, I, K, R,t), ¥t D, € REW, Al AbsRel. RMSE sk IS AER R . 4l
HItA depth-pose % JAF/EEEAR R E ambiguity; #F metric depth. L% baseline. stereo
B A RO B [ 5E

ACphoto -

Rubric: JUfEE 5FIVEAL loss 4 435 sampler/gradient /JEJ6HE 5 3 705 P failure 2 435 1/0.

metric. scale 2 47,
(b) Conditional VAE. [13 points]
(a) i posterior 13
logpg,y(D | I) > By, (p,1) logpe(D | 2, 1)
—KL(gy(2 | D, D)lpy(2 | I)) =: Lrrpo-
gap N KL(gy(2 | D, I)|po,y(2 | D, 1)) > 0.

(b) # q = N(pg,diag(c2)), M z=pg+0o,06 e~N(0,1)e # p=N(up, diag(c})),

2

1 o2 i+ (Haj — tpi)? o5
KL(q||p) = 3 § 4. 5 —1+log 22| .

- g . [0
j PsJ 9:]

(c) WEZBTH (I,D) 133 ¢, HEZEHARIEHAAL reconstruction log-likelihood Yk KL Ml
HH D, AN py (2 | 1) BT decoder ZERR Do AN 2 AT A AR & B IR IE
s PR ZE B S B conditional mean, 7] g T IX LeAE A,

(d) AIALEE prediction interval coverage. PIT/rank histogram, BRI 7 2 5 SEFRiR 22 1)
KM, failure ffl: prior/posterior mismatch. posterior collapses out-of-distribution 1%
A EE
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Rubric: ELBO 5 gap 5 4; reparameterization 55—t Gaussian KL 3 75 Ik /Ml 5 2 0%
3 47; calibration/failure 2 77,

(¢) Active view MDP. [9 points]

(a) FRERMEW AL S B8 O view . MATEMPIRE S uncertainty. Ki% pose S
RIHE B—k. A, &A% candidate pose (440 stop). Transition FKEUHT FME H 5 ¥ &
Uap
k= Q(Ri+1) — Q(Ri) — Ac(ax),
Hir Q ZINZER AT THE I reconstruction quality, ¢ #& acquisition/I&3] cost. ARSI
A5 R DMER AL IEAL Markov 15 B

Q*(s,a) =E |r + ymax Q*(s',d’) | s,a],
a/

FERTEHN Q(s,a) + Q(s,a) + afr +ymaxy Qrarget(s'sa') — Q(s,a)] THEHLE stop &5
A terminal, bootstrap Wi ANZE

(c) % scene X4} train/validation/test, ANRELLFl—35AHAR view BEEEXRIS>; A HEs A A
FAFEIFIEG view. candidate set 5 K view/cost budget, #ki5 quality—cost curve X [l &
TAE i &, 5 random/coverage heuristic L.

Rubric: state/action/transition/reward 4 43; Bellman. update. terminal 3 775 Joittis 5 A1
W 2 7. HARI L LR MDP [FRE ] 15335 77«
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C. ALEREFWRKEZE: SERE [33 points|

(1) [4 points] ™A smoothness 737l 45 H

fly) = f(x) +(Vf(z),y — ),

F() < F@)+ (V(a)y—2) + 5y —

O =1. Xt k>1,
1—9k_k(k+2)<(k+1)2_ 1
2 4 - 4 @

(2) [5 points] H 2**+t — ¥ = —gk/L,
P < J0) + (g — ) D
= 165~ 197 + 5 gt
HIFSEE A7
(3) [6 points] K gap FFN
P~ 1= (0= 006N — P+ 67 — 7]
£ yF AR,

5N
F0h) = 1 < (1= 08k + (g5, (1= 00" —2%) +0u(y* — a7 ).
H y* = (1 — 02" + 00" BERE,
(1= 60 (" — ) + Oy — %) = Ou(oF — o),
AR
(4) [7 points] % (2)-(3) %t i
Bit < (1= ) A+ Oulg ¥ — 2%) — g
55 R R RS AN, +0, (g%, oF — 2*) HHAATUE %, —||¢%?/(2L) SHIETHE X, 193]
B+ 2ot a2 < (1= 0) A+ 2 ok a2
BRLL 02 B MBIEE potential recurrence.

(5) [7 points] k =0 i 6y = 1, LA gap TUAZE, #h

Al 1 * (12 L 0 *112
_ _ < = — .
92+ ||v 2|7 < Sllv” =27
Xk >1, 5 (1) FARUE
1—9k Ak
AL <
6 T,
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B telescope 4

N L .
2 S 2P < S - 2
02, 2 2
EHAEGEEEI, M 0 = 20 5 0y = 2/(K +1):
92 L IO — %2
AK < K—-1 ”xO _:L,*H2 — ||.1‘ €z H

=2 (K +1)2

(6) [4 points] & Ro = ||z° — *||, F84rHL

o[ 1)

H et BN O Y?), MBI GD N O(eY). 1 AR Z MBENLEE,
descent 5 JE BRI B NAS BRI, RSN squared-gradient cancellation A~ F 4
ottt A% B ASGEM R variance term.

Rubric: (1) P X 2 55+ 0 820 2 735 (2) descent lemma 5% %0 5 435 (3) PIIRMNE 3 70 M=
EH 3 75 (4) WIEE gap 3 2 43 WIIIE 25 3 73\ 4 recurrence 2 435 (5) base case 2 47+ telescope
30 RAEE 25y (6) K. Lbi. PENLME AL 4 5,
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D. BRIBEAHE: SEZHE [33 points]

1. Latent Dirichlet allocation [7 %3]
5E% joint N

Ny
Dlr ed’ H edvzdn ¢Zdn7wdn

pW,Z,0,® | a,n) =

e

X A 558 latent/observed variable 42 BRI »

255 04 J5, document P topic assignments FAL[F 434 A E 240 5 @ JG, words ZRHFMAL
X token positions B #ACLAE likelihood, [Ft LDA & bag-of-words: ‘EANRER N word order.
negation scope. syntax BFHAFSARR R, AF— HA&H] 7350,

WESER  priors. documents. tokens FJ5E% product 4 43; exchangeability 2 s — /MY IR A
R 157
2. Collapsed topic update [8 %3]

Dirichlet—categorical conjugacy 4t posterior predictive: fE document d # F— topic N k HJ
] n;k’ +a BIEEE; 1E topic k AR word w; HIRERA
My, +10
nl;_i +Vn
HRR %

plzi=k| Z_;,W,a,n) x (n;kl + a)M
n.. +Vn
B A%, AT collapsed joint A LREAHE z; TN topic k B 2E4L ) Gamma-function ratios, Ff
H T(a+1)/T(a) = a BEIFAK.
i — N F M5 1% document ELF topic mixture ) assignments; 25 —[A-FIwifi% topic B4
AR UF I worde —i RIRFEHEBR AT token, 75N1% token 245 H CLIMFIE topic ZAMIN—, &AL
self-counting, {3 A& IE# full conditional.

WS E R document predictive 2 4); topic-word predictive 2 47; A5 normalization Ui 2 4);
PR R R . —i 2 47

3. Adding document labels [7 47]

Xt documents KA, label log-likelihood A

UB) =Y yalogo (8" z0) + (1 — ya) og(1 — o(87Z) |

d

Vel =Y (ya—o(B"2a)) %

d
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1E posterior H, MAEFA 24, HWEAE z; K label likelihood; Fr&F& 1 B words, topics b2 #i T
512X 4) labels. # label term AL E LK, tHATEES 2] predictive 1HIE UAIETIH topics.

i EAN P A, A AT R LA ST majority, topics tHE EEARSS1ZIE. AT class-weighted log-
likelihood. balanced minibatches. hierarchical prior B(fESUEEE F A BIME, IR Y macro-F1/

minority recall.
WESE R likelihood 1 4); 1EHA gradient 2 47; posterior coupling 2 47; failure 5XF N remedy 2 47

4. Topic discovery under temporal drift [11 3]

Representative full-credit design: % H t 1% topic logits 1, € RV, ¢, = softmax(vx ), I
BEALIF & prior
¢k,t ~ N(wk,tfl, 02[)-
Document 156 04, zqn; > label 1 p(yq | Za, Bt), HEXF 8 I temporal smoothness. Joint H
IXYL priors. LDA token factors I label factors #H3e; 25 optimization AN A f Kb

1
ELBO — =5 > [kt — 1l
k.t

20
Rl smoothness H{Ef KA HARH RAE N penalty .

T A amortized variational inference B{_I=— H posterior warm-start [ online variational EM;
mini-batch T local q(6, z) 5 global v, 3. Vocabulary A stable subwords 8i{& ¥ UNK bucket; #r
WIE NN embedding/logit columns, LA prior BT 48 AI4G 0, PG ER T AA R 3, @t H
MFEIN .

Topic drift ]Il matched topics [f] Jensen-Shannon divergence. top-word overlap A assignment
transition; label shift M p;(y) FIZEHIELER E conditional performance 4L ; encoder degradation
W< [F] i} B reconstruction /perplexity. held-out retrieval consistency 12/~ labels FITERE. ST
FIE 52 anchor set PA =& RIE .

%A H top words. fREME tickets F15%24% taxonomy label AL A= plifF ik, AL
reviewer ffiih. 1103 H name stability. fCEFEA . coherence S5HUKJEVEM K Av{Lik LLM
EEmAMATRE evidence,

S ES B temporal variables 5 joint/objective 4 775 TAT inference MIGEIFE 3 75 HEX
oy =2K drift ()2W 2 70 AR BRI a4 2 7y AR BB RS 4S 7 .



