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Artificial Intelligence PhD Qualifying Examination
BER 09: SHEME ST E N
A~ Section A 33 435 HAIEIUAS Section HHI=AMEZ, W55 R 145, L NG HTEES
EHS . KGR ITHEF R EZYN representative full-credit design; HARH & BHAZ OLI R BIUESE
B HBARTATHITT RIFSEE T

A. BFIEIL: SFWE [33 points]
Part I. ’ (i)a, (ii)a, (iii)a, (iv)a, (v)a, (vi)a, (vii)a, (viii)a |.
Part II.

(a) & D = diag(pi(1 —pi)). HEMIF
1~ 1ot =
VJO)=—=X"(p—y), V2J0B =—X"DX>0.
m m

i convex. Finite § 0 < p; <1, AL D = 0; Hessian PD 4 HAY*4 X full column rank. #
design rank deficient, F#EIEE v fff Xv =0, quadratic form ¥5i% 5 A%,

Rubric: gradient 2 775 Hessian 2 47; PSD convexity 1 43; PD iff rank condition 2 43

(b) (a) 4% interval f£ ordered sample bF15#FIE#E—1 contiguous positive block. %+ H
left/right endpoints K] index i n(n + 1)/2 #; 0 empty pattern f$PTid%E. A
blocks 25 AN[A] label vectors.

(b) P AR SEILPUFR patterns. =/ ordered points I pattern 1,0,1 A& contiguous block,
ANREsZHL. K VC dimension & 2.

Rubric: block characterization 2 43; count 2 47; PR RS 2 43 = 5 upper bound 2 47
(c) l1—lo duality 45

Ry (G1(B) = L Eo

E 04
i

L vy = (21, ., Tmyj)s B A ={xvj:j € [d]}. N maximum norm %57 max,c4(o,a), 1M
|A| =2d. |lvj|| < Ry/m. Massart lemma %3

-~ B 21log(2
R < —Rym/2log(2d) = BR\/OgWEd).

Rubric: duality 2 43; 2d vectors 2 435 radius 1 775 Massart/constants 2 73

oo

(d) & NXHMN q(x). fEEAM region, FIA ReLU terms N, LA a ff a+soz 5 g 7E1% region
FHE. BZ40E knot ¢, term Aj[x —t;]4+ B derivative M 0 24 A;, # g B slope jumps 5 ¢
SE4 2. PRREE L MARIA . BB slopes AH[F], FF#F continuous, VHAZNAFALALAHIF] . Constant
A[{EA output bias, 1M x = [z]. — [—z]+, FTLL linear term ] P AEISE ReLU units 3R7R;
fnk K A shifted units BJ#4J /% standard finite one-hidden-layer representation. #7 g 7E knot
A jump discontinuity, HFR ReLU composition 1/} continuous, ANEEH %A XER.

Rubric: /ol matching 1 43; slope-jump calculation 3 43; global induction 1 4; network

interpretation 1 4J; continuity caveat 1 77
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B. REFI5mHES]: SERE [33 points]

(a) Siamese graph. [9 points]

(a) & r=]|hlys z="nh/r WHH

T

1 I—2zz
dz==(I—z2")dh,  Juorm(h) = ———.
(1==7) I,

FERENXTFRAT tangent-space projection f& A% norm.
(b) EE Vzlg = — 22~ VZQE = —Z1>

(I - zlle)zg
[Pally

4 J; = 0h; )00, LESEHBEN

(I - 222';)21

Vil = —
' 12l

Vil = —

Vol = J{ Vi, b+ Jg Vit

PN VR AT [ — 60, o 20 B I0 A 2% B 1

(c) X} z9 stop-gradient 2x#HFREE 10, XA branch 1 EH encoder; HiMH loss EHAAEL
I B3 . T E BN E] [E — AL &, WMERIE pair ) inner product N 1,
0= —1 K3 H/AN; BT symmetric positive loss ANREHEER collapse, 75 % negativess

variance/ covariance constraint. predictor/asymmetry SE#i4MILI o

Rubric: normalization Jacobian 3 73; PWWHIAREE . FEESHORM 4 435 stopgrad 5 collapse 2

ﬁjo

(b) Implicit score matching. [15 points]

(®) 1 1 1
2 2 2
SEpllso = 5pl2 = SEp llsoll* = By {50, 55) + 5By [l

wa— WA p, 5 0 oK.
(b) B sp; = 9jlogp = (9;p)/p>
Eplse jsp;l = /sevj(x) 0;p(z) dz

= [PS0,5]boundary — /p(m)({)jse,j(x) dz

= —Ep[0;s0,;(X)]-

Xt g SRAMG R BAE e I R R e Fe 2 e, ANRI S
(c) HIE 0 LRIFE, W HME

1
Tism(0) = Ex~p | 5 Is6(X)[l3 + V- 59(X) | .

T RFTEFEA. network score M divergence.
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(d) F5ifE Gaussian W ESE score N —x, H V- (—z) = —d. HIk

| , d d
Jism = JEX| —d=5 —d=—3.
Hirrl A B 53dEM Fisher divergence #HZ 5 4.

(e) ¥§7f divergence j& Jacobian trace, FPRIFTFEAEFYEG Bt; M trace estimator, {HZx
FINEANELTT 2 o

Rubric: REFFS5HE 4 43 BAFR A LA 5 47 2 objective 3 775 Gaussian sanity
2 7 VR 1 A
(c) Early-exit MDP. [9 points]
(a) REMF: Sp = (6, he,pey Cused)r T pe /4T predictive distribution; Z1E &
stop/continue; continue i & B FEHLILIAT N —)F, stop #EA terminal; FJEEETHEIL

A reward —Aeg, LRI prediction utility CHIZRES 40 IE A48 51 loss). #7 confidence
AR LL Markov, state NMALT representation/history summary.

(b) 5 stop utility 4 Uy(s), continue cost N ¢, NI
V*(s¢) = max {Ug(s¢), —Ace + VE[V*(Sp41) | sel}
HE L JZ%51 stop.
(c) #i return & XN Gy = St A* " Ry, XN J =EY, 'Ry I estimator A
g= ZWtVn log my(Ay | St) stopgrad(Gy — b(Sh)).
t

b A RS E, MO A #5H absolute-discount return, WIANFAISME ¢,

(d) 7EMFEHE 55 compute/latency budget T HL#L accuracy, Bl 2 56 % accuracy—compute
Pareto curve; ANEER HEARILALTHE E T accuracy .

Rubric: MDP VU#2% 3 43; stop/continue Bellman 2 43; score. baseline. discount 3 755 A>F
PN 1 2. HAth BRSO RIRE AT A3 23
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C. ALEREFWRKEZE: SERE [33 points|

(1) [4 points] g € OF (z) T4
F(y) > F(z)+ {9,y —z), yeC

¥ p= Po(u), WXHER z € C, BB p+t(z —p) WAT. B HAREE ¢ = 0 bH0A SHCER, &
0<(p—u,z—p),
BRI A R, AP IR p = Po(u)s q = Po(v) SO ¢, p JEAHD, 735
lp—aqll> < (p—qu—2v) <llp—qlllu-—0|,
FrEL (| Po(u) = Po(v)] < llu— o]
(2) [6 points] 2* £ F-flWll, H o* € C. dHGAET i,

a4 — 272 < o = Hy — 2

= ||a* — 2*|* — 2m(Hy, 2" — %) + mi || He|)*.
e Ty, BURHIEE, JHEM E[H) | Fi = g%
By (Hy, 2" — %) = (¢*, 2" — 2*) > F(a*) — F(2),
5P & subgradient inequality. /MM M _EAEIMS 4L

(3) [6 points] XF5T (2) HEAMHE, BIFFRK:

K-1 K—-1
2> mE[F(a*) - F(a*)] < B —Ella® - 2*P+ G* >}
k=0 k=0

K-1
<R’+G? Z 77,%.
k=0
WEFHRAIEAI B2 — 272 SHEAFEARMAZMEH convexity,
| K
FGR) < 2= 3 b
K =0
HHUHE IR 25k, BIf5 @1 bound.
(4) [5 points] WK o I, AN
R2 77G2
B =55 T 5

B'(n) =0 %4 n=R/(GVK), HIEWWILAN RG/(2VK). Hitk

E[F(Z5) — F(z*)] < \]j%
5T
R2G?
e [
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()

[4 points] it Hx = Z]K:1 1/j. MgP K2

Sk=5) i =G WVEK+1-1),
j=1

K—-1
G* ) np=R*Hg < R*(1 +1og K).
k=0

RN (3) 1452 % 20 horizon-free 5t
~KY * RG(2 + log K)
E[F(z") — F(2")] < —4( Tl
EETE, HANTEE K BT S KZ HE 5.

[4 points] Fj, AR AT oracle ZHIHE R . & Hy, BN sigma-field, W Hy, CJK
AR, AREFHER E[Hy | Fi] = g% 2400 A . 4 ¢ = Hy — g% FMHBMERNE, AL

Exl Hel? = 116" |1* + 2(¢" ExCe) + Ex|Cx |
= ||g"|1* + Ex || Hy, — g" |2

LM second moment [FFEE{E S/ variance; R4y variance b FLI, 80020 57 A%
lg"(1? 7 e B ARA R 5L o

[4 points] SRAVEHHE R FEH] S, ne[F(2F) — F*], MHERMAFIKRT; —# nonsmooth stochastic
subgradient EAR WAL R EE R, FIHFTEH convexity WINPT 3545 BT ¥ 5iH . aig ™
et GD W R descent lemma iAF] O(1/K), XHEF/D gradient Lipschitzness. BIff H Az
strongly convex, [HE P KFMEFLL oracle noise J523iE AR A AEGHTIR mIE W] T B05 Bk
PERIR G . R strong convexity A ErBEARENH Bk noise floor, tANRELT HKEHAIY [ E 2K

linear convergence.

Rubric: (1) subgradient 1 43 %% VI 2 75, dE979K 1 485 (2) &2 PRI 2 40 FMH Lk

2 4y subgradient/ B4 2 435 (3) tower/telescope 3 75~ EF AR 1 7. weighted Jensen 2 47;
(4) B K 3 7 KFEFEERE 2 485 (B) WAAIER 2 7. BaUEE 2 7 (6) filtration iR 2 73\
bias—variance fHZE3 5 X5l 2 775 (7) averaging. smooth comparison. strong-convexity/noise caveat
a5,
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D. BRIESAHE: SZRE [33 points]
1. Biased walks for node representations [8 47]

ST 455 SR A (4, 0),s

WygOpg(t, )

ZzeN(v) Wy Qg (t, 2) .

PXjn =z Xj=tX;=0v)=

p BHISLRIIREL: p KAE 1/p /N, #0H] backtracking; p /NUEEE)E 2] ¢

g < 1 UK distance-two moves, il [a]#hH] DFS-like exploration, %% % fifi HEAS [F) 44 X H A
structural equivalence; ¢ > 1 il 7M%, B FHH BFS, kAl homophily/community similarity .
XA graph 5 weights &R W@ @ ), A2 A ARE -

KEEJG 1) walks # 241E token sequences, LA Skip-gram (HEC negative sampling) Tl window
W context nodes. Degree. edge weights F p, ¢ 231 RAFEREE 1T L motif, K learned similarity
287K sampling bias, AT XA nodes/relations B4

W9 E S normalization 2 77 p 1 75 q/DFS/BFS 2 43+ 2K representation bias 1 43; objective
55—/~ HAK sampling bias 2 47

2. Inside inference in a probabilistic grammar [8 47]
X} nonterminal A 5 span ., % Ba(i,j) N A K% span KEMHEZ . Base case N
Ba(i,i) = P(A = ;).

Xt i < j, CONF recurrence A

j—1
Ba(i,j)= > P(A= BC)Y Bpli,k)Bc(k+1,5).
A—BC k=i

Sentence probability A P(x1.,) = Bs(1,n). PERFMEL marginalize root rule 5 split point, il
A REFE ™ parse.
X ab W% derivations:

P(S — AB, A — a, B — b) = 0.6(0.8)(0.9) = 0.432,

P(S — BA,B — a, A — b) = 0.4(0.1)(0.2) = 0.008.
[i44

0.432 54

#+ binary rules ##E4 |Ra|, E# inside time N O(n3|Rz|), chart memory 4 O(n?|N|). Viterbi
parsing 7E log domain F§ X rules/splits ) sum-product B max-sum, FFREEAS chart cell fRAF
rule 5 split backpointer, #H/J&5 M root [F3.

S ES & X /base 1.5 75 8% recurrence/sentence probability 2.5 75 WIIEE 2 4
time/memory 1 43+ Viterbi/backpointer 1 4} o
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3. A most-reliable relation path [7 %3]

7t log domain H4 Dy(s) =0 H Dy(v) = —c0 (v # ). i h A relation N ry, B,

Dp(v) = max {Dp_1(u)+logp(u,rp,v)}.
(u,rp,v)EER

fRAF argmax predecessor Ji, MEFA reachable final entity A [F#f] best path. Dense arrays &t /Z¥]
GHAL |V | N states JE T By, SEFTE]

o(mvw +ferh\> ,

h=1
rolling score memory A O(|V|), fRAEFTH backpointers N O(H|V|). Sparse maps/ timestamped
arrays AJ{ETHREE L O(Y, |En|), HmZ45tH T entity scores 57 O(|V]).
Marginally calibrated edges J# AL £ 2% edge AR H [ —41# extractor/source, H
BtHI 2> double count evidence, H. calibration K4 ## %] conjunction/path level. ] 7E held-out
paths L ilIZ5# length 5 shared-provenance features [1J path calibrator, B{H factor graph/learned
reranker Z % correlation, FH# path-level calibration.

S ZE S initialization/recurrence 3 475 backtrack. time. memory 2 43; dependence 7] @5 %] B
remedy 2 7).

4. Evidence-aware knowledge-base question answering [10 7]

—Fh full-credit design: semantic parser /=4 seed entities. answer type. relation constraints 5
relation-pattern distribution; £ KG L H bounded beam/ L—#l DP f*/£ candidate paths, A%
% edge/entity ¥ & Jii4f provenance passages. Joint scorer 454 parser log-prob. edge confidences
type compatibility. textual entailment 5 length penalty. Aggregator & JfZ|ik[F]— answer entity
H] paths, #itt answer. explicit path 5 sentence citations; {{f graph edge 1M source support
I 18 A B AF

A gold paths I A] iz K4t H: conditional likelihood; RA gold answer Hf, ¥ FiA gold answer [
paths 7E°N latent positives, fi4t marginal log-likelihood BY listwise ranking. Hard negatives 4%
FiX type-compatible wrong answer. W& —Zkm iR edge. ZHt relation order BfK#i spurious
shortcut [ paths.

1E held-out set FECSRIUHE answer posteriors best-path margin 5 citation entailment; (T
i, 5L % =4) paths 45 2R answers I abstain. #8585 answer EM/F1. path precision /recall.
edge provenance coverage. citation precision/recall. ECE/Brier score 5 abstention risk—coverage
curves

Missing edge 7] B text retrieval #M 78 candidate, {HA51c 4 unverified; wrong high-confidence edge
F multi-source contradiction/provenance F#4%. Entity ambiguity H alias-+type-aware linking; spuri-

ous path F counterfactual edge removal 5 hard negatives. fE% M 2H——XF N[ failure/mitigation.

R ES 6% graph+ttext data flow 4 73 positive/hard-negative objective 2 47; calibrated ab-
stention 55 reasoning/evidence metrics 2 73; P4 targeted mitigation 2 73. At EIEHE LR H AT
T RIRSES 5



