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Artificial Intelligence PhD Qualifying Examination
BB 04: SHME ST E R

B~ Section A 33 435 HAIEDUAS Section HIFI=AMER, MRS5S R 1 4. WA HEES
ZWT . KRG i@ )7 Z%)N representative full-credit design; AR & B AZ-OLI R . IBIESE
B HBORWATINTT Z R4 57

A. BFFIEIL: SFWEB [33 points]

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

(a) (a) Lagrangian A
”“’” +Zaz —yi(w @z +D)], ;> 0.

Stationarity 47 w =Y, qyiz; 5 Y., cuy; = 0. fRIEITF

1
-
max o — = g Q;OGY YT T, E o;y; = 0.
a>0 “ 2 — .

7 %,] 7

(b) P/~ primal constraints #J23K wy > 1; &/ norm 45 w = (1,0),b = 0. JLf] margin &
1/ ||lw|| = 1. Dual equality & a1 = as = a, 1l w = 2a(1,0), # a =1/2. Primal 55 dual
values $J79 1/2,

Rubric: Lagrangian 1 73; stationarity 2 75 dual 2 43; toy primal 1 73; dual variables 1 43

margin/value 2 7.
(b) 1 U =r(X,Y){(h(X),Y). Change of measure 23
EoU = Epl = Lp(h),
W sample mean unbiased. XK 0<r<W. 0</¢<1,
U? =r*0> < Wrt.

BTl EqU? < WLp(h), MIfi

Var(U) _ EU? - WiLp(h)

m  m ~m

Var(ilw) =

Rubric: change of measure 2 47; unbiasedness 1 77; pointwise square bound 2 4; variance
scaling 1 43

(c) Wi u=(1,0),v = (0,1) A shattered: B (a,b) 7> AIEEALT /i T 0 S AA bR EI AT S HL DY F
labeling, # VC dimension %/ 2

E =R A H A 2 <y coordinatewise, WA lower orthants i /2 h(y) =1 = h(z) =1,
1% pair NEEIERE labeling. #5 — s pairwise incomparable, %25 —AbriBIGHE 5 58 — AL bR™
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e AR 2@ . AEAT orthant FALA WA, MUSE o > 2P H b >V, Hi
AL A I . BT O AR 1 IR 0 CVESEIL. AT = & #B A shattered,

VCdim = 2.

Rubric: Wi N5 2 43; dominated case 2 47; antichain ordering 2 43; AAJSZH labeling 545
w2 7.

Convex differentiable ¢ 1] gradient monotonicity %5
(Vo(u) — V(o) u—v) > 0.
Quadratic JTTHR X |lu — o], AMEIEFRK. %5 VF(u) = VF(v) =0, KA 0, Bzia
U= Vo
Rubric: convex-gradient monotonicity 2 43; quadratic contribution 1 43; ME—ME 1 7,

ATHY penalty

log(2r/§)
2my,

B validation ERM HJ true risk £ 2 EiEHIE true risk MHZW, BERED 1 — 0. [FIEF|FR D

{E#FE validation labels Bi[EE (0] 2&4F T training data).

2

)

Rubric: penalty 2 77; independence 1 77
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B. REFI5mHES]: SERE [33 points]
(a) Self-attention HJEH#EZEH. [11 points]

(a) H Q(PX) = PQ(X), K(PX) = PK(X),V(PX) = PV(X), } score matrix %4 PSP,
SHE—4T, A PT HEHHZITH key logits, A3 P B EAMT: softmax XFALHR E HEiH
/& softmax(uP ") = softmax(u)PT. Kt

softmaerW(PSPT) = PsoftmaerW(S)PT.

T
F(PX)= PA(X)P'PV(X) = PF(X).

(b) 1XJ& permutation equivariance: A token EHE, Hithi%AHF 7 XEHE, MIERFFAZE.
#ihtJ51E sum/mean pooling, N 1T PF(X) =1"F(X), #& pooled representation 7 &
invariant.

(c) M4t & F JGil% PX+E # P(X+E), UER N A EHA AR EIRXFRYE . Causal
mask AL EIFFRE, BRRES51ZEFEHERXNR. & token. 7 EHiSH mask [
WA — SO R 5, AR THAEE relabeling, AMUERAERL 2RI -

(d) LRHEARFLETUA O(Ld?), score 5 value aggregation A O(L?d); attention matrix memory
N O(L?), %A activation/projection memory.

Rubric: = NiKEAH ., softmax HHE, HRAEAIL 5 75 equivariant /invariant 2 4; position
5 mask 2 735 time/memory 2 77

(b) Masked autoregressive flow. [13 points]
(a) Wiz
z; = mi(T<i) + exp{si(r<i)}z.
R O ooy JERTT KR 250 A 2; R 2<;5 02/0x NN =, XA 02;/0x; =

exp{—si(r<;)}o
log = —Zsi(xq)-

(b) ZZE L

M&

log pg(x) = log po(z si(x<;).

=1

(A
1 ¢ (™)
Lnin, = N nE [ log po(2'") + g si(x

XH flow CE#EST inverse Jacobian, #f density 172 — ), s;0

(c) e FTEBEIE v, BT prefix {5 2K, masked feed-forward network A — X IFF47 %
EH my, si0 KFERS my, s; ﬁ@kﬁﬁjﬂiiﬁiﬁg Ty WU ancestral R 2E Ko

(d) my,s; F“jjﬁﬁET@J/Tﬁz B, exps; > 0 PRIEREANALARIT A1 ; masked dependency
TRUEBARIUSS o 47 po CIH—1k, BEZFILIE pp H—1b. BE LB ISR ;0

3
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Rubric: inverse. —ffitE. logdet 5 4; density 5V NLL 4 705 HAT/F 2 205 v AIA
—4k 2 41

(c) Policy improvement. [9 points]
(a) HI greedy /& X, BIREH
(T™'V™)( Zﬂ' s)Q™(s,a) = maxQ”(s a) > V™ (s).
T M, SWRERMAGE VT <TTVT < (T’T/)QV7r <...o T 1 contraction, 75N
WSk B HME—ARBE V™, Bl VT > VT,
(b) ZAENERIHFIRA, (IR BB T BN 7r’, HANE— . —K greedy step S AHXS
HHT QT s WRNE R AKYT IR 5 UE, IS F X evaluation/improvement.

(c) Policy iteration: FEHffiE V™ = TTeV™; & mp 1 X Q™ greedy; # %R KHE A
greedy (BURBSANFARL), 121k, BB E Bellman optimality, 152 &L sHEE .

Rubric: —H A% BB, WIRESA 3L 5 405 AEME—/AE— P\l 2 4 B SE
121 2 41
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C. ALEREFWRKEZE: SERE [33 points|

(1) [4 points] Vf(z) =Qx+c H Q =0, &

A Qe* +c=0, HFEE 2* 17
M= [(1 4 B)T —1Qe* — peF 1.
(2) [5 points] ;L Q = UAUT, 4 2F =UTek, AR L
A = (L4 B =)= - B
RNIRIRSE 28 =k, 153
2 — (148 —~y\)r+ 3 =0.
(3) [6 points] B a =1+ 8 —~X. Jury =N
1Bl < 1, l—a+B8=9\>0, l4a+p8=2428—-—91>0.
HEO<B<IA>0TF, B—FRBESENT 0< <201 +8). BFRBNER X< [u, L], L
R, WOSE RN
21+ )
L b
(4) [6 points] it s = VL,t = /i, W qg=(s—1t)/(s+1t). HEEIIH

(s —t)? 42
(s+1)2 (s+t)

0<y< 0< B <1

CL#:1+ 2:2Q7

(s —t)? 452
=1 - = 2.
N s B s A

ax KT NG, PrUAHAXE EREN T AR, B ay] < 2¢.

(5) [5 points] X A mH |ayn] < 2¢, HA a3 —4¢® <0, W AILTIE L HFFH 2, FTLHR
KA go 16 X = p BT (r— q)% 76 A= LA (r 4 )2 BhAUETTH kqt 5% h(—q)*
AT PSS (Eb TSR = S X LS Y

(6) [4 points]

-1 -1
an =Y =100, qep =g = 1- 67,
I 7E [ 2 SPD R ABLE B, I8 BIAH XS B AL s Bl oy O(Vklog(1/e)) 5

O(rlog(1/e))s
(7) [3 points] F2EM AT LY BRI H, RIS AT B B e r B iR G W i, R BB R b 3B
T AUEWHKAGE E Hessian I [E]—RFEi#; —BAE =X HARM Hessian FEf7 BA4L, RN
I3 AT e T, WO REIEIX B A S B0 IX 8] B HE T B s AR e Soe B
Rubric: (1) &MU 1 70 IREBHE 3 705 (2) B 2 70 IEBHES Z T 3 705 (3) =4
Jury 24 3 70 G X1 3 75 (4) Pism %% 2 70 ZRPEIXTRISSR 2 70 (5) WA 2 70 o e
W2 PR 1 (6) WRIT5RRES 2 70 (7) WIUERSEL 3 77,

5
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D. BRIBEAHE: SEZHE [33 points]

1. Tokenization and perplexity [7 57]
SHEE n [ token sequence, L perplexity A p(z) =Y/, Kk

PPL, = 0.0172 = PPLp = 0.0171/% = 104 =~ [2.512].

PRI XS 528 character string 25 H 5e EAHRIFIER, Z 57 HKHE denominator H token #(; WARE
Pa K per-token PPL #] B 7.

Al #k5 5 character/byte f] negative log-likelihood, 54l bits per byte — log, p(x)/(#bytes), I
PRAUEAA A text normalization. ‘E4}%Z evaluation domain. Unicode encoding. #&% & %X} [F]—F4%F
Fr S (A IERUAL LK context truncation B2, MU WERITE 2 57 B0 T RedE s

TESES WAEUE 3 4 ; token denominator R 2 47 &S tokenizer normalization % limitation

2§j\o

2. HMM sequence labeling [10 %3]
EHIGE AN . W

L

P($1:L7 yl:L) = Ty, Byl (1‘1) H Ayt—hyt‘Byt (xt)
t=2

Log-domain Viterbi 4
61(j) = logm; + log Bj(z1),
0¢(j) = log Bj(z¢) +max{5t 1(%) + log A5}
{#4F argmax backpointer F£[H#; dense transition FJBT[HZE O(LK?).
AHN token FRIPIAE HEAL B ALHE .
o FEARANR G — R 2] UNK, X B;(UNK) i additive smoothing; & &[F— label T K
FURT AT 22 e, FRf(E R RTER
« J character/subword features & Bj(z) o exp(w] ¢(x)) Bi#% suffix/case/script backoff; fE 2
LR, AR WA T2 Ak, (H AT BeHE R T AH AL 2 1 SCA L
W% class-conditional neural emission, HZMEEIH—4LH inductive bias 15 TE

WD ES  joint 3 4; Viterbi. backpointer 5844 4 43 PR REA TR NIRE 3 57

3. Evaluation under class imbalance [6 %3]

Person ] precision=recall=90/100 = 0.9, # Flp = 0.9, Chemical [ precision=2/3. re-

F i
944/1
macroF1 — 22+ 4/13 +2 /13 06033
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&3 counts 1§ TP =92, FP =11, FN = 18,

184 184
micro 81+ 1118 513 0.8638

Macro-F1 ®FPHEEEAL, HIEHEE M7~ rare Chemical class 2 micro-F1 #% Person [ KEFE
KFEF,

WESES B class F1 3£ 2 405 macro 1 43; micro 2 705 @R 1 4

4. Low-resource multilingual NER [10 %3]

—#f full-credit design f# 3£ = multilingual subword/character encoder, {4 target language
BN character-CNN 8% morphology embeddings. Encoder J5i$z token classifier B¢ linear-chain CRF;
7t English 1 200 /> target sentences [ #x/Mbt masked token cross-entropy/CRF NLL, X target
language oversample, FH A language-specific adapter &% 5€ &=L FESH.

X} unlabeled target text, teacher =4 span-level pseudo labels; {Xf&F calibrated high-
confidence. M~ augmentations (dropout. FMFRF/ L FXHBN) — UM spans, student #z
/ME consistency loss. ] EMA teacher. class-balanced threshold F14E%e N T /NEE A #E AT #1141
confirmation bias, T dEJG a4 52 Bir A Tl .

Morphologically rich language T e —ANSAARIENZFEH A A[F script £ English
subword vocabulary i & Y] 4387 unknown pieces. FJ%%>] target-specific subword vocabulary
5 shared encoder ff embedding alignment, B{JlI7# character/byte encoder; label projection A2
% character offsets A& 1B E token ——Xf M,

Evaluation W target-language dev/test, % entity type. seen/unseen surface form. morpholog-
ical pattern ! sentence length 73 #i#ik & span-level micro/macro-F1. 5 “4X 200 target labels”. “En-
glish transfer” A “English+unlabeled” ## ablation; #7/1A English f5 unseen-target B{LL25
%, BIW]iZW7 negative transfer.

TR ESL KRR /GEH /WG supervised objective 4 735 unlabeled objective 5 safeguard 2 735 &
/SR EAEHEMEIE 2 455 AR I negative transfer FIPEM 2 7. HAth 52 BB THFISE45 47 -



