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Artificial Intelligence PhD Qualifying Examination
A E K 08: ZHEME S51F 0 A

B~ Section A 33 45 FHEAIEIUAS Section HHI=AMEZ, W55 R 1 . W NAHTEES
EHS . RAERTHET R EZYN representative full-credit design; AR & BHAZ OLI R . IBIESE
BHERAATINTT R REL 5

A. HBFFEIER: SERE [33 points]

Part 1. | ()a, (ii)a, (iii)a, (iv)a, (v)a, (vi)a

)

Part II.

(a)

1 1
VJy = EXT(Xw —y) 4+ w, V2, = EXTX + A = 0.

4 objective strongly convex, normal equation 5 solution &

(XTX +mA)w= X"y, D= (X"X+mA)"1X Tyl

FEMEXAE R rank(X) # positive definite, FTLAME—. # data fit X5 H 3 || Xw — vyl A
2

minimizer ] penalty /& (m\/2) |w]|

Rubric: gradient/Hessian 2 43; PD/uniqueness 2 43; equation/solution 2 43; sum scaling 2 77 .

HUd+1 50,e1,...,eq0 45 XL T labels yo, y1, - - -, Yar 2 b= yo~ w; = y; Byo, M h(0) = yo
H h(e;) =yi» MUFHHN d+ 1. Class size Ay 29+, FLL finite-size upper bound 2 d + 1.

Rubric: 14 1 43; parameter construction 3 4J; size upper bound 1 43; %5 1 47
Xt fixed h, & U; = r(Z;)l(h, Z;) € [0,W], H EqU; = Lp(h). Hoeffding %%
Pr{|i1w(h) — Lp(h)| > a} < 9p—2ma?/W?

X N A~ hypotheses union bound. fE uniform event I, ERM excess 2% 2a. Hl a =¢/2, 7

g%t

22 2N

m > logT.

2

Rubric: range/change of measure 2 4; Hoeffding 1 433 union 1 435 ERM comparison 1 735 ¥
257,

YRS fixed 2z, Jensen 45 ((EW,z) < Ewl(W,z). FXF 2 HU population expectation, FfH
Tonelli/Fubini, B3 L(w) < EwL(W). 0-1 loss X Z#(5 predictions ##H A convex, I
majority vote AT parameter mean, FTLPAiZ Jensen UEAIEH

Rubric: pointwise Jensen 2 775 ZZ#HAE 1 555 0-1 caveat 2 77

i JEAT S m & sample. HUG 7E1% sample =4[] label-vector £A &P component label-

vector sets ) union, H cardinality 2% W cardinalities Z fil. FXf samples B maximum HJ
. WA classes /£ sample LP*4FEE labeling, inequality /™% .

Rubric: fixed-sample label sets 2 43; maximum argument 1 4J; strictness 1 77
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B. REFI5mHES]: SERE [33 points]

(a) Linear denoiser. [10 points]

(a) I risk:
R(A) = t2(S) — 2tr(AX) + tr (A(Z + 02I)AT> .

FERE B 24N 2A(2 + 021) — 22 =0,
A* =%(X 4 o)7L

o> 0 BG5S HNIEE. tHAlH linear least-squares normal equation A Cov(Y) = Cov(X,Y)
3.

(b) # ¥ = Udiag\)UT,

* . >\1 T
A :Udlag()\i+a2> U'.
{7 variance signal directions fREEE L. o | 0 IS 7E X [ range [T identity (ZF4HFIE(E
TN o 1 oo I FF .

(c) # clean input=target HIMZ% &2, identity f§f reconstruction loss %, AF|F
458 . Denoising f ] corrupted input. clean target, identity ANE it HALEEE
conditional mean E[X | Y], @ZiF]HEHE g rH LK.

Rubric: risk/normal equation. IAEFE 5 775 eigen shrinkage MR 3 435 identity failure
5 denoising ML 2 43,
(b) Conditional score., [14 points]
(a) Bayes Z5H logpi(z | ¢) = logpi(x) + logpe(c | ) — logpi(c)s FeJa—IUX = AHEL,

Vilogp(z | ¢) = sulx,t) + ge(x, t).

(b) Gaussian score A

Tt — A €
Vi logpe(ze | zo) = T T Th T o + bee.
t t

Al /ML
Ervo.c [A®) lls0 (w1, ) + /03]
SEJ7 2R conditional-expectation identity fRiEH: minimizer 2% marginal score (7£
AESS Wil D
(c) w=1H s, &k conditional score. —f
Sw = Vg log [pt(a:)pt(c | a:)w]

H—1bJE 1) density A EIRERR L RAKE (c,t,w) 1 Z; VilogZ =0, # score A2,
AT sy = (1 — w)sy + wseo
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(d) Bl4n: classifier/conditional-score FEAIRE JEXARZEWIHR: K w 2FEAC diversity . 704
s B R 228 train/test condition shift ¥ K 25 A AT GEH adversarially exploited.
AT 8 - 15 R AT LA

Rubric: Bayes 5% % 4 43; Gaussian score/DSM /target 4 43; exact w~ unnormalized density-
normalizer 4 47; P tradeoff 2 47

(c) Entropy bandit. [9 points]
(a) ML > 7, =1 i) Lagrangian 3KF: r, — 7(logme + 1) + A = 0. Ktk

L explr)
¢ pexp(ny/T)

FERSMT entropy MNZEYE reward 7E simplex interior 25 HiME—& L0 (F£%1] reward tH
AAME—7E.

(b) 71 0 B REELEPERK reward ZI1E, FHIEKI L FHEL: 71 oo BT FTA SNERI2]
I3t

(€) 7o > T4 + c T o> BE[E R e“/7, policy A4%. 7 J& reward exploitation 5 en-
tropy/exploration ML, AN reward FH[F.

Rubric: Lagrangian. softmax. normalizer/ME—*% 5 755 WItKIR 2 435 “FREALSEEMRE 2

v
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C. ALEREFWRKEZE: SERE [33 points|

(1) [3 points] MMEE z,y, PIUE L5 0H
F) < F@) + (V(@)y — )+ 2y — 2l
1) = f@) + (V(@)y =) + Sy — |
98 Y AR 5N S TEL SR AT R S 2 V£ (2¥) = 0.
(2) [5 points] & (k= g(a*, &) — Vf(@F)e 452 Fr J&, oF WH Exle; =0, #
E,Gi = V().
FAPMSIVE S g, i £ I
E (Criir Ch,j) = (ExCryis Exr,j) = 0.
s

2

Ey

1 T
T;Ck,j

T 2
1 9 O
=3 E Exl[Crsll* < =

=1

) = f(@) + (Vf(@),y = 2) + Slly -l

#ifll lower model XF y MB/ANA y = o — Vf(x)/u, BMEN f(2) - |VF(@)]P/(20)

i, 7y = o AR ASE, X model [HANTHE/ME, 155
* 1 2
f@*) > f(z) - ﬂHVf(l“)H :
B ORI @ PL inequality
(4) [7 points] it Vfy = Vf(2¥). descent lemma % H
k+1 k Ly 2
FEH) < @) = 0V 5 G) + G2
% (2) 0l f %M bias—variance decomposition % H

2
o
ExllGell® = IV £ull® + EllGr — Vfll® < |V Fll® + p

ESJlie
L Ln?c?
Bufn] < A= (1= 50) VAP + “1
n o | Ln’a?
<Ap—=
< Ap = SIVAIF+ =
Ln?c?

< (1 —pn)Ay + =
BATEE < /L, SSTHAS (3) 1.

4

¥
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(5) [5 points] & ar = EAp~r = 1—pun € [0,1)~b = Ln?0?/(27). tower property 45 H a1 < rap+0b,
H

K-1
; b
K _ K K
ag <r AO+bZT]—T Ao—i_il,r(l_r ).
7=0
HT 1—7r=un,

Lno?
EAg < (1 — ) Ag + 277T [1—(1— )™

AR FH limiting noise floor & Lno?/(2uT).

(6) [5 points] # 0 =0, Al 7 =1,n=1/L. % o >0, 1L + > 1, FHH

1 pre
—mln
g L' Lo?

PIFHE T R ERERIE noise-floor EAAEIE e/2. #F Ag <e/2, BESERE K =0 Cifid. BN
FIH (1 — p)® < emrnf, 53

o [
pn £

T2 transient 45 noise-floor FAEAHIT /2.

(7) [3 points] K IEMRAEH 7K IX stochastic-gradient evaluations. /) n Z&MEF#K noise floor,
A MZ contraction; K 7 UL 1/7 BEEF B A AR contraction, AT oracle cost.
R K AHEIK transient, ARERBEE n, 7 197G . batch WA IFAT, MEBCKI © AT ReRE
& wall-clock time.

Rubric: (1) Wi X e ME— /3E 83 45 (2) &KMLM 2 20 XIS 1/7 3 435 (3) lower model 2
o3 m/MEE PL W H 3 73 (4) descent 2 730+ B 2 70 n < 1/L 5 PL 3 73; (5) tower/geometric
sum 3 75+ FgHf floor 2 75 (6) n, 7 EFE 2 7. B K 1B 2 40 WRZEPR 1 75 (7) oracle count
5 tradeoff 3 73
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D. BRIESAHE: SZRE [33 points]
1. Autoregressive and masked pre-training objectives [10 47]

Autoregressive model 5 %

T

T
po(z1.1) = Hpe(iEt | z<t), Lar =— Zlogpg(xt | 2<t)-
t=1 t=1

X, ero1, .oy WEORA, BE—BEMER Y, poa: | v<r) = 1, RE[/E Y, po(rrr) = 1
chain rule A & AN J& approximation.
¥ M ~ q(M), —# MLM objective N

Laint = Earng [~ 3 logpa(an | a7, M)
teM

‘BT 2 bidirectional conditionals, {H A 25 H A4 B 5E % sequence [T joint normalizer; A~ [F]
mask patterns [f] conditionals A 4% I compatible. KHANRE BLHEHEIX L token probabilities #H3fE
FEFRIF 2] —> normalized joint. Pseudo-likelihood B Gibbs-style sampling AJff H{iX % conditionals,
ISR ESN & LIPE4) /A Y procedures

AR ] token t RE prefix, RIRIE A left-to-right generation; teacher forcing W Bl A B 475 7] H
causal mask —{XIFATIIZR. MLM [FIBAEH A4 ER3C, BH &S bidirectional understanding/
representation. —~ AR forward pass AJ[A]F 25 i held-out sequence FJFTH conditional log-probs;
PRt MLM #5 BAEAN B AL %A B mask” 2440 FiF5r, BH T T X masked passes, B{fi
— X multi-mask approximation.

AR HJ pitfall & training SFE ] gold prefix, 1M sampling FHF|H & prefix, & exposure
mismatch; AEEH AR K token i KIEML feature. MLM # masking K& 5 (Ul target 1518 idE
ffill . subword overlap 5% data leakage 7] L) £3%%>] shortcut; pre-training [ artificial masks 5 F 5L
J& mask inference #45 mismatch. AEAA[HERG I —XT ELE AT,

S E L AR factorization/NLL 1 73+ JH—4LUE#] 2 435 MLM objective 2 45+ JE joint @R 1 43
information/use 2 73+ held-out cost 5 pitfall 2 43

2. Subword-composed word representations [10 73]

Softmax JE 41 H.
V h'v
elwVe
S (el w) = 225 =1

=
c=1 Zc’ ehuve!

it pe = p(c | w). Cross-entropy X} composed representation [1] gradient 4
v
vhwg = chvc — Vex.
c=1

T Ohy /02, = 1/]G(w)],
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Vil = (pc — = c*})hw

Rare word 1] MLEH WL 3718 #1252 2| 1] stems/affixes n-grams H£E 5115 OOV word H EHE/fi#
B E AT n-grams HEERF 2] representation . KMUELTEAFIE F /i8] LILZEAH A FE n-grams FEX collision.
WA V8] - 286 B < B morpheme. script normalization #51%. A f# ] boundary markers. & 5 %F i€
HJ n JEMH. learned attention over morphemes. hash-bucket 3 Z¥E{E 1E Y morphological segmenter;
mitigation NXfM failure.

HE hy, N O(G(w)|d), full logits/normalizer A O(Vd); #H N, 1~ subword types, F%
parameter memory A O((Ny, 4+ V)d). Sampled softmax "] H sampled correction #TfLAJf softmax
likelihood; negative sampling ¥ H 24— 21 binary logistic objectives, FIAFREHATHE [F—> full-
softmax normalizer. W H pair % F 22 O((|G(w)| + k)d)-

WS ES  normalization 1 775 h, 24, v, gradients 4 77; rare/OOV fi#fe 2 4. failure/mitigation 1

G time/memory 5 approximation distinction 2 43

3. A bounded external memory [13 47]
RIS

=0 (114

r=i+1

TN 1. XL R telescoping & [ FIN

Zl_gz ng—l ng
=1

r=i+1

SAE) T, g & mo IREL A me =0, ﬁﬁl*m% h; 1 convex combination. # g; = g, h;
i) coefficient Jy (1 — g)g” %, Ff age FaHIEWL, L g = 1 B effective horizon Z1°4 1/(1 — g).

— MG NFSS projection B read N

a = softmaxget (J\/j(]) e R™, r=M'aecR%
Vd

Softmax 7£ m /> slots LJH—4k. Time & O(md); persistent slot memory N O(md); FR¥IAN M 4b
f] weights/output working memory A O(m +d). #{HH dense query/key/value projections, .7
THAHR d? BCTE 5 SA

£/~ slot {17 content. embedding. entities/topic source ID. immutable version. valid/ingest
time- confidence 5 supersedes pointer. 1 update 463 A claim [1] active slot: #5 #& correction, append
#1 record FFAEIH version #5 4 superseded; H.4b evidence FJ merge summary {H{& 4 AT source point-
rs; 22 5B slote 2 m I 42 Fi5G [ %2 1) U; = recency + expected-use + confidence — Aredundancy
HEF, St merge 5§ evict i utility HU9E protected slot, FH deterministic tie-break/audit log.

W writer My(H). reader Ry(q, M), FEINZHIATH

—logpe(y | 4, Re(q, My(H))).

HHUS NA]H  straight-through relaxation 3% policy-gradient surrogate. A 4 BT A % A\ 5 [F

— generic summary, A] I\ source-span reconstruction. question-evidence contrastive loss.
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slot-diversity/ coverage, VA 75 ZAM T UEHE 1 hard questions; AFEAMMAHIA storage penalty, 75
M| 2= il 25 memory .

LR A atomic claims 5 active source-version IDs; #5 8 claim JC active support. P/ 5
A{F active versions 'R 8Y verifier confidence fl&Jl] abstain /4l & 15 . Catastrophic forgetting F “¥
AN K JG4E updates J& 1 old-but-still-valid recall” #ll & ; staleness H correction J& superseded-source

citation rate M &, FH1] 7k latest-version accuracy.

S E L expansion 2 77+ coefficient sum/decay 2 43; normalized read 1.5 73+ = complexity 1.5
57 VUFhAER deterministic budget 2.5 43+ objective/anti-degeneracy 1.5 733 versioned abstention
1 55 PHIUERXT M metrics 1 47



