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Artificial Intelligence PhD Qualifying Examination
B E K 03: SHEME S5IF 0 E A

A~ Section N 33 43; HBAEEIIAS Section FHI=ZAMES, MR 55511 47, U NAHEES
EHS . KGR IHEF R T RN representative full-credit design; HARH L B AZ OLI R IBIUESE
B HBFRTATHI T RIS 5)

A. NIEFFIJER: SEZHE [33 points]
Part 1. | (i)a, (ii)a, (ii)a, (iv)a, (v)a, (vi)al.
Part I1.

() () % Ky a) = (95(0), b5 W 6(2) = (vadn (), VB a(a)) #rth ay + b 75 tensor
product space H, (x) = ¢1(z) @ ¢o(x) W2

(Y(x),9(2")) = Ki(x,2") Ko (z, 2'),
i product 14 PSD.
(b) J&H polynomial kernel J&R]HL

() = (1,V2x1,V2x9, 23, V21129, 23) T

BAFE RS 1+ 2072’ + (2T a")2e
Rubric: direct-sum map 2 4J; tensor map 3 77; HEJF 1 4); feature map 2 77
(b) (a) B py /2 pg 1 unbiased Bernoulli mean, HPAHMSZ, FrLA

=~ mipi(l—p1) | mp2(l—p2)

EL = mp1 + Tapa, Var(L) = + .
ma mgo
(b) i oy = \/pg(1 — py). Lagrange multiplier 2 —n2o? /m2 +v =04

TgOo
mg =m g9

T101 + 202

M py € (0,1) AIHI 0y > 0, FTEAIX 2 positive-real constraint ] interior minimizer.
AN minimum #2& (7101 + 7202)?/m.
Rubric: unbiasedness 1 43; variance 1 77; Lagrange condition 1 47; allocation 1 47; inte-

rior/minimum 1 43

(c) % class 22 4d /> parameter triples (RI$iAAE triples A B [F]— B E AR upper
bound). [EE true error KT ¢ B h, BELE m 4 ii.d. examples 1} consistent FIHER L

(I—g)™ <e ™.
# consistent learner i} bad hypothesis, £/0H—> bad class member fEFEA | consistent.
Union bound 4 RMMAEE L 4de ™,

> log(4d) + log(1/4)
€

m
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Rubric: class-size upper bound 1 47; fixed bad survival 2 4; union event 1 43; FEAE 2 47,
0 u=wsg,v=uwg, HEPEEHE examples N 2,2 . %5 lemma 73T Fyg, Fs JEAM:
1
M=ol € 26(0,2) = bu, ) + . #) — (v, )]

Lipschitzness ff4 52 % (2p/m) |lu — v||o # u # v, £17—IK norm 15

2p
_ < =
Ju—o] < v

u=wv B WRSL. FH Lipschitzness, F& 2o L

2p?
/ —/ < — < —.
£, 20) — €0, 20)| < pllu— o] < 52

Rubric: i strong-convex inequalities 2 435 HINH ZILFFEA 2 455 BB 2 43; loss stability
]. éj o

TEAEE m i L, BT binary hypotheses M 4L3 2745 2™ Fif label vectors; 75— |Cq| < 2d,
v LA

1¢,(m) < min{2™,2d}.
#1% class shatter m g, W 2™ < 2d, B m <log,(2d). B KEEEAS 2| AT A VC upper bound.
Rubric: 2™ 5 1 795 class-size 5 1 475 shattering implication S5HU# 2 75,
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B. RE¥I 58NS : SERE [33 points]
(a) Image restoration. [11 points]
(a) it m(Y)=E[X |Y]. &M4T Y EIF
IX = VI = X = mX)[* + [[m(Y) = FV)]
+2X =m(Y),m(Y) = f(Y)).
G —WHUHE NE, BN EX —m(Y) | Y] =0, MH—HTR Y-1TE. Fit
E|X = fMI? =E|X - m)|* +E|m(Y) - FV)|?,
S IE HAUEE f(Y) = m(Y) JUTA AR feh

(b) FrE: absolute loss ff] Bayes predictor s&{F— conditional median: P(X < f(Y) |Y) >1/2
HPX > f(Y)|Y)>1/2. ZI& posterior [] conditional mean 7] fefir T J L ME ML 2
), BRI A AT — s N 2t BORT R

(c) MFMERT: AN Y € ROV, St 28 DB RN RFEIRTG 2 N B HFAE s AR 2% bRt
BN REHE encoder F#1iE concat /add %S M. decoder; feJa 1 x 1 &A% H X € ROXHXW
AR || X - f(Hl J(CHW), B3 NLL; #5FR A4 KB A E . skip (%5 54
HE R SR B S o P i

(d) #1: ESLMERE S5UIGEEALE; A ZREESBEM; BFK loss SEABEA—EG VI
Zx /GBI 2 AR . PP A8 PSNR/SSIM, W 7E 2 AT 55 o 4 78 BN BN ToEAN
AR E IR loss ASAE -

Rubric: orthogonal decomposition 5ME— 4 435 median SEIRIERES 1 705 LS IYEE R AN
skip 3 43: P failure 5 metric 2 47

(b) Dequantization 5 flow. [13 points]
(a) PR T 00 R HUBER BN
A =)= [ o+ du = Evlpn(y + V)

T log NIMK%L, Jensen 25 H
log Pp(Y =y) = logBype(y + U) = Ey logpg(y + U).
FITLABEAL dequantization [-f log-density /& B #L log-likelihood I F 7+, Tk L5,
(b) % 2= f, ' (x). BEEHAH
log pa(z) = log po(z) — log|det Jy, (2)] .
il 2@ RSP NLL K

L(0) = N Z [f log po(2) + log ‘det Jfg(z(i))

(2

# 5 H inverse Jacobian, I log-determinant 540, ANHEIRH .

|-

3
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(c) Dequantization f#{kEHL probability mass 5i%%4E density HJlIEAILE; EA R &M HE
PSS bR 2 R FE AR I augmentation. 545 LEAGEH k75 bits per dimension: DA base-2

] negative log-likelihood & UCAEHEAEEL, FHiiMHE R4S dequantization £2)5E .
(d) z=(x—b)/a, H dx/dz=a, FrLA

r—2>b
log px (z) = logpo <a> — log|al.

Rubric: cell mass. Jensen Ji[Al. FHAE X 5 40 e, inverse Al NLL 4 755 MEMRES
ATLbAERR 2 75 eI 2 .

(c) Bellman residual. [9 points]
(a) XMER V. W,
[T7V = T"W || <[V =W,
Ky Pr(- | s) e
(b) FIFI VT = TRy,

V=V <IV=T"V]+ TV =T7V7||

BRI [V - V™| <5/(1—7)-

(c) BMHM 0.02/(1-0.95) = 0.4, KA " E Bellman ®RZRIAEZ) 1/(1—~) KA AL horizon
2R, 1% worst-case bound FJ AERA o

Rubric: contraction 3 73; =MAAERX. fixed point. I 4 47; FBUEAMER: 2 79
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C. ALEREFWRKEZE: SERE [33 points|

(1) [3 points]
Vi(z)=AT(Az —b).

PRk
IVf(z) = VIl =IA" A@z = y)|| < AT Allopllz = yll = Ll — y].

[ AANHEE Y, R = M| REAR: L R EGHE I E .
(2) [5 points] Prox BTSN B, GAAFRR/ME
1 2
Az| + ﬂ(z —u)”.

IR RZ 0 Nz +7 ez —u)e B 2>0, W z=u—y\, FHFu>y\; H 2<0, N
z=u+9N HHu< =X H 2=0, FMHN u/y e[\, B u| <yX. EIF=FERS
soft thresholding A .

(3) [4 points] it Sr(u); = sign(u;)(|wi| — 7)., N
gt = S)/L R %AT(Axk —b)|.
Gy (x) =0 B HAH = = prox, g(z — 7V f(x)). H prox UL, XEMHT
0 € Vf(z)+ IOR(zx) = OF(x),
X proper convex F, IXJE4mE/NITRE R
(4) [5 points] M5 z TRIIFE, Q, KIHE/PMENT
1
i R(:) + oz — [ =1V S
R ELME—f# IE & 2t . 1 descent lemma,
L
F(2) < F@) + (VF(w).2 — ) + 2z -l
By <1/LI, 1/(2y) > L/2, W Qy(z;2) > F(2). XH 2t /ML Q)
F(z%) <Qy(z752) < Qy(z;2) = F(x).
(5) [6 points] Prox ffttEes

st="2 _7$+ —Vf(z) € OR(z™).

It R(xt) — R(z) < (st,2T — z). 53—7J71fl, smoothness 55 convexity 5t
L
F@®) = f(z) < (V@) a" = 2) + Slla™ - z|%.

PIECARN, B EETH 25 -

+ ot

L
Plat) = F(s) < —{w—at 0" = 2) + 5 lat — 2

1
5
A=A EAE RS B EE18 . TR st AL T8 A ot By, A —BBbALT 0R(x).

5
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(6) [6 points] Bl x = 2F. at =21 2 =a*. v =1/L, % (5) HEHAH

(ka _ :L,*HQ o HIL‘k+1 o $*||2) )

&~

F(:EIH—I) —F(:L'*) < E

K-

>—‘

L
k+1 SL‘*)] < 5HIO o x*||2'

k:O
5 (4) M CIUERE F(2F) AR, MM E DR K(F(R) - F(2¥)], B K f345%.

(7) [4 points] B4 A T, 15 Az, AT(Az —b) ME TN O(md), thresholding & O(d). #F A
Mg, EFRMTERK O(nnz(A)). B IE A @ bR w; 32 |us| < 4\ BT, soft threshold
TERWHER. H ¢ H2E convex MIF strongly convex; # A HIEE nullspace, F A FEAE
My, BRI EPEAS B BhHE /S siME—

Rubric: (1) gradient L. EJCIEER /3% 1 40 (2) =MAbbsthil 511555215 5 48 (3) update
2 7. B%ﬁl:f@‘cg‘gﬁl\ 2 773 (4) quadratic completion 2 43+ majorization 2 7. M 1 485 (5) #rm
KEEFE 2 47 BREAER 2 0. =R E 2 45 (6) one-step 2 4+ telescope 2 43+ monotone
last iterate 2 ( ) PR 2 2r . EEHUE) 1 20 IS 1 2
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D. BRIESAHE: SZRE [33 points]

1. Multiple-positive contrastive retrieval [8 47]

/Q\,\

esj/r eSp/T

no s /77 Pp =3~ /7
Srper/ T epesr!
2 loss H A log-sum-exp Z ZHRS, &

T = (peP).

1 n
v¢7<§:@@§:%%).
j=1

peP

H—Iils& 4 batch softmax T [ document average, 5 —Jils& positive-only softmax average; gradient
descent i query FEiL Y HTA RN positives, FFize B AR = 4> I 3E positivess

# HARE —A> positive, HABHHSEAH R passages 2 HE NG BEEIANEE N 731, BN false negatives,
ERSAES AR R IBEEE . AHFESCR A E R chunk. [Fl—35LH) paraphrases it entity [
passages M.i% relevance definition & 3F#t P. M denominator mask 5, BffiH soft weights; ANRE
AR AL T HAWFEA ) positive slot il H 324 5141

WFAES P4 normalized weights 2 75 5EHBRE 3 455 JUMAERE 1 75 single-positive HLH A
duplicate ZbFE 2 43

2. Calibrated hybrid retrieval [7 %3]

tH Bayes rule FIZcA4- 0714,

p(RZI ‘51752) p(RZI) p(Sl,SQ ’RZl)
lo =lo +lo
EpR=0[515) Cp(R=0) " °p(S.,5|R=0)
=|log 1— +€1(S1) +€2(SQ) ,

He 7w = p(R = 1), KILTE calibrated log-evidence 7% [H]HAHINA M MR PRl A held-out
relevance data i Platt/isotonic calibration, B{EH:IlZk logistic fusion.

Raw BM25 5 cosine FIJNJE . WMl query-dependent range AN [E, BEEAHIMSiEE—081E
XL, P signals FfELFILE lexical cues TMAHK; #HEIRIREINAL, £ double count evidence Ff
AL E G, i interaction features [ learned fusion, JfH reliability diagram/ expected

calibration error ¥ .

HHES  Bayes #8515 prior 3 4 fusion % X 1 7 raw-scale M@ 1 7 WK FEES ML S
HEIE 2 J7s

3. Global entity linking [8 %3]
€ X

Vi(e) = ay(e), Vi(e) = ai(e) + max {Vi—1(e') + Ab(e',e)} .

e'e€Ci_1
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XA (¢, e) PRAFHUAF I KAE I € o M arg max. Vr(e) &I backpointer RIfS4 R il assignment .
A O(TK?), score rolling arrays N O(K), PKEHIZHTT backpointers A O(TK).

A mention pairs #8A factor, MIIEFE e, 2x RN FEMH 2 AN AR AR C AL BRAS B, IR AE
W ey BEFE; XM graph — A K&EIF, chain DP A H exact. 7] H loopy belief propagation.

mean-field. beam search. integer linear programming 2

i tree inference. it BAIEAARARM BT REIE 22 R fe At

ith, BYSEH)iE maximum spanning tree P

R ES LM recursion 3 735 4k /AR IRE 2 70 R RMER 2 755 &2 approximate

inference 1 7

4. Cross-lingual entity-linking system [10 93]

NTH A& —FF representative full-credit design. Candidate generation Bt&ffH] alias table. ¥
/51 encodery F5iE S dense retrieval il mention context translation, #ithH /eI H top-K KB
IDs, JFERZHMA NIL. Local cross-encoder % A\ JiiiE & mention context. candidate description F12
A, %ith ai(e) Document inference FIIIA entity co-occurrence. KB relation IS — k534, Af
H_E—@) chain/beam B#E; factor graph MAP, it entity ID 8¢ NIL A calibrated confidence.

Weak supervision A 3K H 1% 5 Wikipedia hyperlinks. [F]— #7244 #) comparable documents-
high-precision exact/unique alias, LA round-trip transliteration agreement. FiX%& positives AL
4 in-batch/hard negatives JI|Zk bi-encoder contrastive loss, FillZk local pairwise or multiclass
cross-entropy; KB (G AFRZERN down-weight, FHIRE language-balanced sampling.

# max. p(e | m,z) < 7+ top-1/top-2 margin /), 8¢ KB candidate coverage detector | 9{&, |
i NIL. & micro accuracy 4, fix & macro-F1. #% entity frequency/language 734 recall. candidate
recall@K . NIL precision/recall 1 calibration.

PSR & Bl S B IR AT 1R, TR SC R S, Hu g /BRI type features 5 document-level
coherence; KB # SEmATH#E, RN IZE NIL. open-set calibration S0 4FfI%& provisional
entity. AR HILH failure-targeted mitigation [543 77 o

WERES  EEAIERA 1/0 4 455 W4T weak supervision/objectives 2 775 NIL 5K JEfar 2 77
PHIERXPE failure mitigation 2 43,



