AN RETT A BN B 07 S5

Artificial Intelligence PhD Qualifying Examination
BB 07: SHMESIF 2

B~ Section A 33 435 HAIEIUAS Section HHI=AMES, W55 R 1 . U NAHTEES
ZWT . KRG i@ )7 ZN representative full-credit design; AW & BIHAZ OLZI R . IBIESE
BHEARAATINTT ZRFEL 5

A. BFFIJHEIL: SEWRE [33 points]

(a) 257 query z, 1% metric distance HEFF IR, BRI k& A labels [f] majority; P52 A] [ & il
W0 TAT TS 7 B deterministic rule Y7 ). Inductive bias #&4FUT % A G 1L conditional
label distribution. K k #% #id averaging [% variance, {H4 N T 5238 locality bias; iX
ANRATE AT NI E L. Storage /& O(md); lazy training A4 O(1), naive query TH5H 4
HE SN O(md), FHE selection. Normalization 5 metric 20738 “AFiE” A&, WA H training
information fl& .

Rubric: definition/tie 2 775 inductive bias 1 73; bias—variance 2 43; complexity 2 7; met-

ric/leakage 1 47

(b) 4 A =sup, |L(h) — L(h)

o H ermaxia < > e, X} N A hypotheses FIP§/ signs,
Ee* < IN N/ Bm),

Jensen %5

log(2N) A
og( )Jr

A Sm’
B\ = +/8mlog(2N) 345 bound. # h & ERM. h* #/Mk population risk, JIJi% sample

~

L(R) — L(h*) < 2A, FFLA

EA <

E[L() — L(h")] < ) 282N

m

Rubric: max-to-sum 2 43; MGF sum 1 43; Jensen/optimization 2 475 ERM comparison 2 73 .

(c) Standard basis points ey, ...,eq # shattered: %3 labels y € {0,1}%, B w =y, W hy(e) =
w; = Yo H— M class size /& 2¢, PPl VC dimension £% log,(29) = do WERN d.

Rubric: »54E 2 4r; AL labeling 3 43; finite-size upper bound 2 7; Z518 1 47
(d) Integral representation %3
VFE(x) = VF(y) = Asy(r —y),  Awy= /01 V2F(y + t(x — y)) dt.
9 pul < Apy < LI. [Hitk
T(z) =T(y) = (I =nAzy)(x = y).

M n=2/(L+p), MMEE eigenvalue a € [u, L], |1 —na| < (L —p)/(L+ u). HL operator norm

HIf34518 .
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Rubric: integral Hessian 2 47; spectral interval 1 43; mapping difference 1 43; endpoint spectral

maximum 2 73 .

(e) ®A~ Z; € [0,1] Wi2 Var(Z;) < 1/4. Independence %5

Var(pi) = % ZVar(Zi) <

Rubric: bounded variance 1 4; independent sum 1 73; Chebyshev 1 735 FEARE 1 77,
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B. REFI5mHES]: SERE [33 points]
(a) Multi-head attention. [10 points]
(@) W2, WE WY € R, Q) K;,V; € REXd, A; € RIXE, AV € RFXe, $ia N
L x (hdy) = L x d, g WO e R4, HZ&A0N L x d.

(b) X} Z /D —A allowed key ] row, masked logits 7 allowed fiZ AR forbidden i & 15
BONE: row-softmax FUILHHE Ay >0 H >, Ay = 1. faith o; = D veni) Aieve & allowed
values ] convex combination. # #4174 masked, H—/rBEAE SZEVE I NaN),

TR self-key /valid key B sRAFE 2547,

(c) & qr, ky BT WEE. 22—, W Var(qTk) = %, Var(gk,) = dpo B Vdy, J577 2
21N 1, R KYERE logits 18 softmax TN Jacobian 4% /)N,

(d) FEWFEN O(Ld? 4 L?d), attention matrix memory N O(hL?) CHEE/ LI @E ). [HE
d 380N heads 29/ NEk dip SRAEAFE 7 0E, (HAEELE RN HATRELITTR.

Rubric: A3 4EFE 3 45 normalization/convexity /empty row 3 47; variance 5 scaling 2 43
complexity /tradeoff 2 4}

(b) Affine coupling flow. [13 points]

(a)

TA=1Yya, rp = (yp —te(ya)) © exp(—se(ya))-
exp(s) TATFTERS N s 2 ERAN 24— ya FEIAT R st A5 F T

oy _ |1 ° log
Or  |x diag(exp(sg(x4)))|’

I TFHEES, HEAKH =M% determinant.

(c) & x=fro---o fi(z0)> 2o~ po, NI

Jy
det (%‘ = EJ: s9.(xa).

L

log py(x) =logpo(z0) — Y _ log| det Jy, (zp—1)].
=1

EH) NLL N

1
NZ —log po(z +Zlog|detJf£(zé)1)\,

A I AR L 4 inverse 45 27

(d) BEAUE x5 #ZEZEMEEF— split, XEEARFRAREYE 704, 2] A # split. per-
mutation/channel shuffle, BUIIARZ M mixing.

(e) AIPRHI s HIJEHE (U1 s = ctanhs) BUEN{L, LL#ES exp(s) overflow. underflow FIRAS

Jacobian.

Rubric: inverse 3 43; block Jacobian/logdet 4 735 density/NLL sign 3 775 mixing 2 45 F25E
1 5.
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(c) DQN. [10 points]
(a)

y=r+v(1-4d) m?wa(s’, b),
L(w) = %(Qw(s, a) — stopgrad(y))Q.

terminal I y = ro Target ANfl; BB NAFER residual-gradient 0]
(b) XTJ‘/‘E:/I\% a, Imaxy Q\b > @ao EX/EEQ%EJ‘ EmaXb Q\b > E@a = Qar EXYT a ﬁx%ﬁﬁﬂ’?%
E maxy Q > max, Quo 4 /N [FIBHE 1 75 Ak £ P 5 1F (B /R BUSBk, % 20
()
yppQn =1 + (1 — d)Qo (s', argmax @, (s, b)> .
b
online network IEFZNE, target network VEATIZBNIE, M Al — g 75 FIR selec-
tion/evaluation i i ffi 22 o

(d) Replay BEALHELIA transition, FTHsRASEAHIC. $Em L & HIFR GV M 040; target
network E— BT [A] N [E %€ bootstrap Hix, /)N moving-target feedback. —FH A H 3l
FRAUE—F% nonlinear off-policy 2% U Sk

Rubric: loss/terminal /stopgrad 3 73; AN&EEM5™#% 3 735 Double target 2 735 ML
% 1 45



AN RETT A BN B 07 S5

C. ALEREFWRKEZE: SERE [33 points|
(1) [3 points] HRFTEN n/hy. 6 > 0 GRIEVIARMEFTH B EATMALRE . LA
hi —hiy = g'lI* > 0,
FITEL hy ARG, A R S R AR .
(2) [5 points] F u € X H#EFAEY 7%,

2

”ﬂft+1—u||2 t ;L}gt_u
2n Uk
t 2 t .t t)2
=z —u|l"——@9g,x —uw)+ =9
| 7= ) th |

B IR h/(2n) RIS B,

(3) [5 points] itk a; = ||zt — u||?s AR H

T
Z hi(ar — ar41) = hiar + Z(ht — hi—1)ar — hrariq
=1 t—2

T
hi+ > (he - ht_l)]

t=2

<D?

= D?hrp.

XHRAMH ap < D%\ hy — hy—q >0, HEFKREIEED

(4) [4 points]

h? — h? t)2 £)12
ht—ht—l = t t—1 — ||g || > Hg H )
h’t + htfl ht + ht,1 th
" lg*1I?
gh < 2(ht — ht-1)
t

% £ SRAVEE] 2(hr — ho) = 2(hr — 6) < 2hr.

(5) [6 points] MPEAH fi(x?) — fi(u) < (gt at —u). XFEH (2) WRF, FAEHE (3)-(4) M-

r 2
9
Regret,(u) < — E hi(ar — ag41) g E ” H

2
<DhT

+ nhT-
RN hp & SCRIAS H Az,
(6) [5 points] D?/(2n) +n 1 5
(G
Wi/, BAMER V2D. 3 ||g| < Gy

Regret;(u) _ /2D
< 2 2'
T S5V 0 +TG
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X f,=F i, i Jensen,

T
' Regret(u)
S IF) - Fu)] < D),

t=1

F(zl) - F(u) <

Nl =

(7) [5 points] I A4 2K N A —NEH E HARE K SIS regret K5 [EE comparator HHL R R
o Hik, hy RIEAN, FIRHE RIS KRR R A RCE K, X RS accumulator
ISR S . B )5, AdaGrad {575 1E$ base rate n M ESEL 6; adaptive F& D 5B B2 15 il 46
B AR S 4.

Rubric: (1) =% 1 455 (2) projection expansion 3 75 B IH L 2 475 (3) summation by parts
3 7+ diameter/fF5 2 45 (4) rationalization 2 7+ telescope 2 45 (5) convexity 1 77+ PN CUIE
35 mAHEE 2 455 (6) &AL n 2 47+ bounded-gradient 1 47+ online-to-batch 2 435 (7) = TikE
Hlaral 2. 24 1 7.
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D. BRIESAHE: SZRE [33 points]
1. Learning a reward model from preferences [8 47]

L A=ry —r_. BXEIEN NLL N

= —logo(A).
HFA d[—logo(a)]/da = —o(—a),
ol tol4
% = —0o(-A), I = o(-A).

Gradient descent #2£5 preferred reward. [&{% dispreferred reward, H. &\ K IERHER BB /N,
#=r'(z,y) =r(z,y)+e(x), W' (z,y™) =7 (z,y7) = A, likelihood A4, K HAUA [F— prompt
W] reward differences/order FJ ;s 24X} offset AR[iRA], FRIEMAFISF anchor /regularizer .
AR AT FEALAZ # P S responses [ Bf#E e 47/ BN B I3 order, {1 247 annotators
J5it% annotator reliability 4%, (R ANEE 5 gold comparison &l fkZE . HE B/ B — bias
AT AT AT .

A ES NLL 5HN3404 7 A%M S identifiable quantity 2 755 &ELZREIT 2 47

2. KL-regularized policy optimization [9 57]

Xf normalization /il Lagrange multiplier \:

jzzﬂyry_ﬁzﬂyk’g oA (Zﬂy_1> .
y y y

Trref,y

W B RN

Ty—ﬁ<log "y +1> +A=0.
Tref,y
[ild
(| 2) = Tref(Y | x);jzgr(x,y)/ﬂ) C Z(@) = Y el | ),
y/

HARRE m PERE I (FESCRRNER), JITLLiZ stationary point JyME— LM

B — 0 B policy FH %I reference support W5 reward responses (34|l 4% reference mass
S s B — oo B /P = 1, # 7 — Moo & reference WP response Wi AHZE, forward KL
{FATAFE1Z 55 B IEJF &= ) policy AN B 55, reward HE L IGiE A2 1% response; IXii/& support
assumption FJ1EH .

S ES  Lagrangian 55— 3 45; 3—14k Gibbs policy 3 73: PAMRIR 2 4 support itk 1

ﬁjo
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3. Noisy preference labels [6 57]
WEER “up ME” W25 B F1E 2 true label KEIFEEL true label N H{HEHE

5= -np+n(l—p) =n+(-2np|

Bt p A 1/2 048 S0t 1/2 0, p— 1/2, F5HE. ARFEAERE BTt # 28 noise, reward
margin 1 7 #% K /NEL confidence calibration 2% F .

nHE A annotation/ L1 gold pairs flitt n, 7E likelihood A2 fFH LA noise channel; tH
A annotator-specific confusion matrices. majority/EM aggregation BT JEMK agreement pairs.

WRER eMRHESS A3 70 i /MR 2 705 AHATMTFEUEIE 1 7).

4. Auditing an aligned language model [10 47]

Representative protocol: 4% B A MIEH in-domain. temporal holdout. adversarial /red-team
F long-tail multilingual prompts; 4 base. SFT. aligned policy 5 reference. fatrZ /5 M: (i)
blind pairwise human preference/Bradley—Terry win rate; (ii) task correctness. factuality. citation
support; (iii) safety/toxicity /privacy; 5 KL-to-reference. length. refusal. latency 5 reward-model
score. REESERI A human/correctness $e &5 reward score [A#; X reward F+1fi blind human
o} factuality [&/& reward hacking 155 .

Distribution shift test {# F Il gk 1k H 2 J5 1) prompts. A& M. domain/language 1 counterfactual
templates, FH1% shift bucket # calibration. Diversity test %J[f]— prompt 2 JCRFE, fik4s distinct-n.
self-BLEU /embedding dispersion. semantic mode coverage, Jf#Ziil| answer quality.

Human A/B i/ #BE#HL. model identity 5 reward F&ji~ [ prompt [F] decoding budget; %
annotators. HEE @A inter-rater agreement F Tl iHMEA, A annotator B3 2 7 H#HERF- 35

Rollback/abstain triggers [ {Uff: shift set [ safety upper confidence bound i B{E; reward—
human disagreement {3 ; calibrated uncertainty /ensemble disagreement 55 KL+ mode collapse 5%,
privacy incidents #ETIE . fil & 5 FI2)F5E checkpoint. #%H AN T840 H %4> abstention, JE{REH &
tHE.

TS E S datasets/baselines/ =2848¥5 4 775 shift 5 diversity Wik 2 475 randomized blind human
eval 2 47; & uncertainty HIPEA trigger 2 7. HAMFEIX 7 reward hacking F)5EHE 7 R [FIZE 24557 .



