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Artificial Intelligence PhD Qualifying Examination
BAE K 01: SZHEME S5IF 0 E A

A~ Section A 33 435 HAIEIUAS Section FHI=AMES, W55 H 1 4. U NGHTEES
FEIES . RAERTEF )7 RN representative full-credit design; AR & @UHAZOZ W . WIESE
B HFARTATHI T R RIEL 57

A. BFIEIL: SERE [33 points]

(i)a, (ii)a, (iii)a, (iv)b, (v)a, (vi)a

Part I. XN
Part II.

(a) (a) H1 Y ;4 =1,

EL, = p, Var(fa) = Z a? Var(Z;) = p(1 — p) Za?,

Hrp 2 — 5 i independence.
(b) Cauchy-Schwarz % 1= (3", a;)2 <m Y ,a?, W > ;a2 >1/m; HF5H¥HMN Y ay=-- =

am = 1/mo /N variance 52 p(1 — p)/me.

Rubric: unbiasedness 1 43; variance 2 43; Cauchy-Schwarz 1 43; %6544 1 43; minimum 1
3o

(b) &M T training sample J&, hi,...,h, & fixed, T holdout examples 1/} i.i.d. H5EA] inde-
pendent. X} fixed j, Hoeffding %%

Pr{|Ly (h;) — L(h;)| > a} < 2e~2m0,

i o = \/log(2r/3)/(2m,) F{E union bound, B IR i AR o MEFED 1- 4.
4 j* € argmin; L(hy), W

o~

L(/}\L) < Ev(h) +a< Ev(hj*) +a< L(hj*) + 2a.
%% conditioning F X} training randomness R/ AR FEIF —BEZARIUE. #{%I%EFE holdout labels
RE A, N fixed finite list 1 union bound A7 55 1% adaptive search.
Rubric: conditioning/independence 1 43; Hoeffding 1 47; union bound 5 « 2 43; oracle chain

2 43; adaptive caveat 1 4) .

(c) (a) PIANTRIES;AA
mzin 2]l st. Az =y, mzin lz|l; st. Az =1y.
(b) &M s-sparse vectors z, z i & Az = Az, W h = x—2z € ker(A), H [|h]ly < ||z]lo+]|2]ly <
25, WIS h =0, FTlL 2 = 2. IXHIEM A £ s-sparse £25 I injective; basis pursuit
EEHBR— N EM B ¢ norm /N ATAT IR, 8% F 2 null-space property 55 5 5%
fF.

Rubric: Wi~ formulation 2 73; kernel-difference 1ilF 2 43; injectivity 5 ¢ BINAIX A 1 43
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(d)

AFEL YA 1S 21 < 79 < 23 < 240 T binary labeling HJ1E & 2 2 A N ESE blocks,
A block 7] H—ANNX [AMGIFE 55, #5510 shattered.

k2, fEAEERAERE S, labeling 1,0,1,0,1 =M B HIIE blocks; PANX ] ANA] g
EUFSEIE . R AANRE shattered,

[ VCdim(Z,) = 4.

Rubric: VW 5#i& 2 455 AT labeling [IZE 2 A blocks 2 455 TR AL &G 2 475 4518 1 4.

i strong-convexity midpoint inequality ¥} (1 —¢)w* + tw f# H minimizer property, f§4 ¢ |0,
3% quadratic growth:
A
F(w) 2 F(w") + 3 |lw— w*[?.

RN w = A objective gap 2% &, 157

A 2 R N 2¢
Za - < — <y /=.
Mo —wP<E o -t <y
2
6@, 2) — 2] < py) 2.

BN optimization error & BUUK curvature N #ESEE loss HALE .

Rubric: quadratic growth 2 73; FEESL 1 4 Lipschitz #3143 R 1 4

RIExt A 2,
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B. REFI5mHES]: SERE [33 points]

(a) EFMLE. [10 points]
(a) —4EfH AN

o {H+2p—d(k—1)—lJ o

S
GERERII . P = R RSSO H x W [H/2] x [W/2]~ [H/2] x [W/2]. B¥0
C1(9Cim + 1) + C2(9C1 + 1) + C3(9C2 + 1).
X H dilation A MS%E.

(b) BRH ke = do(ky — 1)+ 1, BHE jo = sejo_1~ Te =701+ (ke — D)jo_10
(ri,01) = (3,1),  (r2,2) = (5,2),  (r3,j3) = (13,2).
(¢) KHEMFRILS
(K % X)( ZK Xu+v), (TaX)(u)=X(u—A).

T
[K * (TaX)]( ZK X(u+v—A)=[Ta(K x X)](u).

BIHERMA KL - stride 2 RAE TR sifth, BILOOS A R EEUR T IR Fr
TN P2 s AT A2 S R AL . T BT I S AR TR i S AR

(d) ATH 1 x 1 B4 C DA logits, BN ERER] C x H x W, LUEB R
cross-entropy %k, stride 2 ZRAMK LS AR E skip connection 35 2] 8 |-
Kb, HARRIETE2KE O ERKER.

Rubric: (a) R~} ZEZHSH 7 (b) BEEHESH T (c) FUEH Y stride/boundary £
G (d) ft, k. RRFF R

(b) GAN. [14 points]
(a) XA 2 BRI paata(z)log D + py(z)log(l — D). —Hrskfh4a

pdata(x)
pdata(x) + pg(x) .

aRARTENIEN D* =1, HRAFEEANIEN D* =0; WHENEL B D.
Lm= (pdata +pg)/2 (AW

D*(z) =

(b)
N Pdata pig

V(D ) - /pdata log om + Dy log om

= -2 10g2 + KL(pdataHm) + KL(ngm)

=—logd+ 2JS(pdata7pg)7
o1 JS(p, q) = 3 KL(p|m) + $ KL(g][m)

3
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(c) A D =o(a),

0 0
%bg(l—D) =-D, %[—logD] =—(1-D).

MAEARTE. D~ 0 B, BIEEIEEMEHEEL —1; non-saturating loss [F 1M 7] 2F Bl 4%
PROLEE SR logit BRAL. LFRAFINZS A A Jacobian B AL

(d) Mode collapse ¥842 7 A R 8 f5 FL LA D EE s, BIFEARZ R R G A E . D EE
SREARANFER A distribution coverage. A HEZE# U $E minibatch discrimination. unrolled
updates. Wasserstein ! critic, BEIREFEVEIEN]; 75 Ui B LB 78 56 8B BEA e AR
)Eﬁ )

Rubric: D* RFERILT 4 55 IS RITSHE 4 705 PIANSEAERE 3 705 collapse & X 12
Wr. SR 3 7o

(c) Bellman contraction. [9 points]
(a) M | max, u, — max, v,| < max, [ug — vg|, XWEE s,
(T*V)(s) = (T"W)(s)| < ymax Y P(s' | s,a)|V(s") = W(s)|
7
<AV =W
X s Bl K RIF4518 .
(b) A FERELZS [ FE sup norm F5E4%, Banach A3 G HME— A V*, H
Vi V*l <4* Vo~ V7L
(c) BV REN Ey > 0, 75 5%AM2

)]

#r Ep <e WL k=00 11 Kgeete, prmiiREuy k.
Rubric: contraction 4 43; ME—VEHIRZER 3 7y B W LRRE 2 47,
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C. ALEREFWRKEZE: SERE [33 points|
(1) [3 points] FIT™ bR 0 &
fly) = f@) +{Vf(x),y —x), a,yeR’,

i L-smoothness & ||V f(z) — Vf(y)|| < Lllz — yllo SEE u, HIF 2 5[z —u|® £ N
. C A PIORIER/AMEIE], C 5% PR R IE AR E— .

(2) [4 points] & p= Po(u). FMEE 2 € C, p+t(z—p) € Co HRH ¢(t) = L|lp+t(z —p) —ul? 1E
t =0 AHMEURDN, )
0<¢'(04+) = (p—u,z—p),

B3R 7 A5
e p = Pco(u),q=Pc(v)e 5 AHEM ML AEXFE 2 = ¢,p, HINE
lp —all* < (p = g,u—v) < |lp = glllu—ol|.
Hip#q A% |p—qls p=q NERER.
(3) [4 points] ™ AT ) B — B s DL 2 A A
(V@) z—a*) >0, zeC.

¥ u=a*—yVf(*) p=a* RABREEIAEX, EHFEH LA, 2 = Po(z* -V f(2¥)).
k2, fixed point IS AERG HIF——Fr & 4F; B M

f(z) > f(a") + (Vf(z¥),z — %) > f(a7),
Pt L% fixed point &4 /20 R &/ f .

(4) [6 points] H & X, Gg(x) =0 YHMNY 2= Po(x —~Vf(x)), HHEE (3) WEN TR
itk 24 C =RY W Po /2 fEZEmt, K1

G (2) =77 [z — (z =7V [f(2))] = Vf(2).
BIINTE C = [0,00) LM f(2) =2, ME—fN 2> =0, H VF(0)=1+#0, T GS(0) =
(5) [6 points] $FAL A E L H
(x =V f(z)—a2",z—2") <0,

M

(x—aT 2t - 2).

(Vf(@),z" —2) <

2

H smoothness 5 convexity,

RN R = rUEAE A E 3 o /& 45 18
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(6) [5 points] E28 (5) MIHHL z = 2%, v=1/L, 13
Pt — f(a) < Lt - 22 <o,

Bz =2* X k=0,..., K — 1 KH:

BRI, SR K[f () — f(a*), #E HRRER.

(7) [5 points] & Rg = [|2° — 2*||. HX

A, SITE EARN O(K(T,+ Tp)). XHEARERZ projection cost: FELEF I ™MEE b Tp AIRE
PBEREE Bt TR MR Vf(a*) £ 0, BTRAEA (|G ()] TiAEYm@as a8 E £

Rubric: (1) W& X RIHME—1E 3 40 (2) BAHAEFERSIEYKS 2 705 (3) WATTRE 2 45
(4) BERSEM 3 70 BT 1 5. AFRRH 2 7 (5) BEATER. smooth/convex &I HEL
%2 55 (6) HIAME 2 73 telescope 5 last-iterate 5t 3 745 (7) EAREL 2 . BARMY 1 . IEFRZ
FRIREENERE 2 7)o
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D. BRIESAHE: SZRE [33 points]
1. Interpolated language modeling [6 93]
ST LR (u,v), =FF maximum-likelihood 4% EH X w RAK 1. Kk

ZpA(w\u,U):)\zﬁ-/\z—i—)q:l,

HAmEEt, e e Es1m.

BT T A 0

pa(w | u,v) =06-0+03- ;5 +0.1- = =[0.035]

AL trigram {5 lower-order statistics 3R1FIETMEZ

AJ7E held-out corpus _F&/ME-F-) negative log-likelihood (BY, perplexity) K% \; UE 0] 4%
context count 7 HELH — 52 simplex Z1H ¥ gating model =42, # C(u,v) = 0, X RLEFAL
HEEIFPHRRNEEIH—1; 5 Cv) =0, 4k4E back off | unigram. Unigram A58 3 i A
FEA smoothing, Pl C(w) = 0 B2 EMER.

WTaES H—th5dEatE 2 4 1 0.035 KB 2 47; held-out HAr5 IEHI back-

off /renormalization 2 43

2. A globally normalized sequence model [8 53]
5E
K
aj (]) = €xp Sl(y()a Js .CE), Oét(j) = Z at—l(i) CeXp St(iaj7 :U)
i=1
n z(x) = Z]K:1 ap(j)e SEFRFFEALE log domain ffH log-sum-exp.
MAP decoding %>R Fl 48 i 5 KA :

51(]) = Sl(y()aja SC), 575(]) = m?‘X{(St—l(i) + St(ivjaw)}‘

TRAFEUS B KAE Y backpointer, ffa M argmax; or () Flfl. BHEIY O(LK?); RS 74007 H
O(K) TA/EWNAF, BT O(LK) backpointers.

R — AR R AR R AT — FR B4 5 A H— 4k, /D FPIRS A SRR E W7, BEE
G4 RIE A SRR AEA] IE . CRF [ Z(x) X5 %8 label sequence 4t —IH—1k, ANEEEAEKEDTE
Fega g, MR 171X —%¢ € I R3 — RIS label bias; XASET CREF A f @ %

WHHES forward 5 Z 3 735 Viterbiv BRIAEIRE 3 455 &/ /mHH— L #ERLLEL 2 7.

3. Failure modes of TransE [7 47]
4
a=h+r—t, b=t+r—h, gquad|al,|b]| <e.

MR a+b=2r, #|r]|<e. Xh—t=a—r, Bk |h—t] < [al + ||r] < 2.
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X one-to-many, % a; =h+1—t;. N
[61 = t2| = l[az — a1 || < [la1 || + [[az|| < 2,

FHEAE tails #iBFEE

— P52 B A2 bilinear score s,.(h,t) = h' W, t. X} symmetric relation AJZJ3 W, = W',
TR sp(h,t) = s.(t,h), HEITAZER h=t; [Fl— head WA 5ZNAMFE tail BAFE7. HAbREY]
AT B — PR BRI 1 full-credit model tH 7],

WERES WK ARIPNI 3 47 one-to-many F& 2 75 S FREAEERY L& XS MR 2 47

4. Citation-grounded domain QA [12 %3]

FTHIZ5 H—) representative full-credit design; i A& [FIAE 20 R ) FCAD B2 A4 0 T 15955 4

B S BYIE AN overlap window V)43, HARE document ID. iiiA . ACL F14)F offset.
A chunk % BM25 {#]HEZ 5]l dense embedding ANN index. 7E£8uH{E M {42 & query rewriting,
[A] i $44T sparse/dense retrieval, & J5HUE KM candidate set, A cross-encoder reranker %] top-
ko Generator KW F8E A1) 45 1) evidence, il atomic claims 5 citation IDs. —“> verifier
KBRS claim 72 S8 51 A SCHE: B iR SCRFME AR B retrieval coverage fICT-BI{E, NI abstain. £
PRITJE ML INAE retrieval Z BIAIZ JG&HAT — K.

AT QA B, AITFRAE. & XA). Ri& U A 34 pseudo queries, DX chunk A
positive; [F]SCAYFHABEA S Z 2R A chunk. BM25 high-rank nonpositive AN [HEERZAG/E A hard
negatives. Retriever 0] fz/Mb contrastive loss, reranker H pairwise logistic loss. Generator AJ 5G4
continued pretraining, LA “M chunk A2 fla @ /5% /51 FH” [ synthetic triples i SFT; verifier
H entailment-style synthetic positive/negative claims JIIZk. hFRZETE L HNILIE, B Gl AR ks
RAIEFATBOK -

ANN query HJHRARMITUAZE FI ALK sublinear search il O(kd) reranking input prepara-
tion; cross-encoder Al generation B3 ZARMFE L. 3K, Transformer attention #7 B3 evidence
A[IE O(L2d). 7] RH/IN candidate set J& [P 2% reranking FR| k/L.+ cache Fi4ll query/embedding.
HAL ANN, DU SO E B NR G G 6 MY compaction {RFFHE 2 5 & 1 APHZE daily update.

PPN Z 34T retriever R Recall@k/MRR 5 latency; reranker #i pairwise accuracy; an-
swer K EM /token-F1 B{ A\ T. correctness; citation it claim-level precision/recall; 5k abstention
calibration A PR ks AT HTHT6E R . IXAERE X 77 retrieval miss (gold evidence KA top-k) 5 gen-
eration/grounding failure GiE#fE O EMHZ RG] HH %), AR stale-index 1 prompt-injection
LRI

WRES  HURER K citation/abstention 4 73: TAMEIIZR AR negatives 3 4r: B A FEEHIM P
AT AT latency /update 5l 3 735 43 ZFRARAAT X 23R 2 47,



