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Artificial Intelligence PhD Qualifying Examination
BAE IR 06: SHEME S5IF 0 A

/™ Section N 33 43; HAEIEDIS Section FHI=ZAMES:, L2 5%5 A1 1 0. U TEHEES
FIES . RERTE )7 R8N representative full-credit design; AR & @ HAZ DLW . WIESE
T HFARAATH T R RS

A. HRFEIEIR: SERE [33 points|

Part I. ’ (i)a, (ii)a, (iii)a, (iv)a, (v)a, (vi)a|.
Part II.
(a) [l sample Al coordinate j. HEFFiZAAR)G, threshold L4 m + 1 4> cuts; B> cut A
P polarity, #(EE coordinate 2% 2(m + 1) 4 label vectors. %f d 4~ coordinates X union
73 2d(m + 1). Duplicate values. AN[A] coordinates f=4:[F]— labeling, 5% extreme cuts 5H&X
polarity HE, #AIAefEEbrgiE .
Rubric: [HEAFR/HEFF 2 45 m+ 1 tH# 2 73: polarity/coordinate 2 73 AFZES R 2 7).

(b) JEJT covariance:
1 1
Var (M > TJ) 12 (Mo + M(M —1)po?)

L1or
p M *
p = 0 I} variance N 02/ M; p =1 KAIA o2, ¥EINFEEMIAN estimators #H W X8
averaging MU EE MK component diversity, M JEAT AR 4E 2 AR 29 5K
Rubric: diagonal terms 1 4); off-diagonal terms 2 %35 LT 1 475 P4 cases 2 47
(c) & h € argmin, L(h). JEfE% variational identity i T an = L(h), 44 HRALMH qs 5 point

mass 05 ELa%:
= H(qp)

Ligs) = =5~ < L) = =5 = L(h).
XA 0 < H(gp) <logN,
Elg) < min E(n) + 5%

7E uniform-deviation event I, XJ{T& distribution ¢,
|L(a) = L@)| < Y a(W)|L(h) = L(h)| < o
h

41 h* € argminy, L(h), N
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log N
< L(h*) + 20+ 281
p
X5 AT population excess bound.
" 2log N
a=-,  p>ET
4 €

B 20+ log N/B < e. i
INe 2me® — 9Ne—me/8 < 5

HE

m>§lo ﬂ
=2 %%

Rubric: variational comparison 1 77; entropy bound 45 empirical soft-min 2 4J; uniform event

PR comparison 2 47; o, B,m BTN EE 2 7.

Sauer 45 m4(2m) < (e(2m)/v)Y. {E uniform deviation o Fff L, ERM excess £2% 2a. H
a=¢/2, RMMHEEZL ,
4<2€7’I’L> 6—m52/32.
v

me? > ulo 2em ‘o 4
— > —_ -.
32 =%, &%

IRl 78 3 ) implicit condition A&

Rubric: Sauer substitution 2 43; ERM factor 2 1 4; W IEMISM 2 7

HF E N sample KHEA disagreement set, # Pr(E) = (1 —q)™. %&MT E, WFh targets /=
A SE 4 M A ) observed sample distribution, learner TGk #; 7E disagreement set I, ‘EXf
PFR targets [ errors IR FAHMNCA 1. 3% target prior I conditional expected error /> ¢/2.

AT BL unconditional expected error %/

%(1 -

Rubric: no-hit probability 1 4J; indistinguishability 1 43; conditional error 1 43; unconditional

lower bound 1 47
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>

B. REFI5mHES]: SERE [33 points]
(a) Branched residual backprop. [9 points]
(a) & g=V,J. M
Vod = [[ + Jr(z) + Ja(2)] " g.

¥ Jpg = 0Fp(x) /00 Jg,s = 0Gys(x)/dp, N
VQJ = JI—*_'l—,va V¢J = Jg#)g

Al —T5 8 o 5ol =285 4k, S B2 MEVEE SR #E = 4% vector-Jacobian product AN,
AT — K AR .

(b) B ITg MEREK; ZHRMEL [[,0+ Jr, + Jg,) s AHELE Jacobian L LE:
ITEEZE 15 {HE branch Jacobian 1R K. HFE N R85l & K F P2 A AFE 7w, 4D
AIRENE JTH K identity A2 oA PRIE -

(c) Reverse mode fRAZHT [ F[H] &, FFXFRE loss RALRE— adjoint; T S EES EIE
WE—IRETR RN CEERS) . BSEE AL RTEEE Jacobian 2 8 & /L5 IF 7= 4 KFE R,
FAS il S B OK -

Rubric: —ZRBEEEANC AR 4 45 identity 5 caveat 3 4; reverse-mode /R A 2 7).

(b) B-VAE. [15 points]

(a)
log po(x) > Eqg, (2e) log po(z | 2) — KL(gys(z | 2)[Ip(2)) = LELBO-

gap N KL(q(z | 2)|[po(z | ) = 0o

(b) B o = logo®, M o = exp(a/2), FEFHE = = u+exp(a/2) @ e~ N(0,1)o KL
% 1 1

2 Z ('%2 +exp(a) —a; — 1) = 9 Z(MJQ + 032 - logajz- —1).

J

J

(c) 4 B8>18, WKL IR, Ls<Lrpo <logp(z), #HEZIIA lower bound; 0< 3 <1
B —MARIE. HEK 8 5 aggregate/posterior BT prior. [RHME B2, (H0] RE4E
reconstruction; Ja/NFH .

(d) Collapse 48 g4(z | z) ~ p(z) H. decoder JL-FAMKA 2. AIREFY4E KL, active units, B

mutual-information estimate, 35 reconstruction [F)H} M%<,

(e) ZERIN K 2z ~ p(z), K x ~ pop(x | 2)o AREEERAMM = B g4(z | z) KFE; TR

inference posterior.

Rubric: ELBO/gap 4 775 Z%4k. reparameterization. KL 4 7; bound JE[5 tradeoff 3 73;
collapse/diagnostic 2 455 1EHf /8R4 BIRFE 2 77

(c) n-step actor—critic. [9 points]
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(a) Critic Al 3 (Vi(S) — stopgrad(Gﬁn)))z, M semi-gradient FEHFT w
w + awﬁ\gn)vaw(St)o HHbR J=E[Y, 7' R, actor ascent K

n<n+ anvt stopgrad(zzl\gn))vn log 7, (A¢ | St).
W LRI ] return/occupancy & X H, (HAREEE R 1.
(b) E3K critic F

E[Rt + ")/Vﬂ(St+1) — Vﬂ-(St) ’ St =s,A; = a]
=r(s,a) + ’YZP(SI | 5,a)V7(s") = V7(s)

S/

=Q"(s,a) = V™(s) = A" (s,a).

(¢) /N n B2 bootstrap, ¥ T Z LA critic RZE K bias; K n E#IT Monte Carlo,
bootstrap bias [FRIH R £ reward /transition Mg . 2 1EHT 58 % return JC bootstrap.

Rubric: critics actor. stopgrad. discount 4 755 Z5/FHIEE%E 3 45 bias—variance 2 47,
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C. \ITEeEFHMUTE: SEME [33 points]
(1) [3 points] #4bs EF S w HRIE N uV,f(x) + (Li/2)u?, HDNERZ uw=—V,f(z)/Li

FemE o -
(o ) < sy - T

(2) [4 points] 45 ok, 5 (1) FIF p; = Li/S %

BLlF ()] < Fat) — 5 30 P Vet

24~ 1L;
— 1)~ 55 VI
(3) [4 points]
vlf szvf eza

—EARET Vf(e); BB TST Vi(e)/d. EHRLRMGTA
Vif(z)

§($7I) = — €, E[g(%’,[)] = Vf(ﬂf)
pr
E‘Hﬂ:‘z!:ﬁ‘i p]:L]/S1 ( )
Vif(x 1
I =359 g(z,I).

PR IR — AL, AT T S s F3E R 1/S 1) SGD; AR U AF AR 12 R
H—ALFE Vif(x)er-

(4) [5 points] M2 H
F(z®) = f(a") < (Vf@ah),2" —a®) < |V fEP)]l|lz* —27]].

% (1) WA FEARE L f(2MY) < f(2¥), MATEIERL T4 sublevel set, FH B A
i R. T2 s
Vs > LI

RNEE (2) 17

[f (%) = P
2SR?

(5) [6 points] XI55 (4) MEAHIE, HH E[Z%] > (BZ)?, SR EArE#ME. HFEAD 6 =0, I
JRgEw AR B

Eelf (@) — ] < f(a¥) = f* -

TR R A 5 1
2 > > ,
6k+1 Ok Oplpr1 28R25k+1 — 2SR2

Hp g5 —H 0pp1 < 6ke M1 3 K — 1 SRKFFEEFIEFAILAEIHI, 15




AT
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(6)

[6 points] 5RITEG HAER v T
I() = F(@) + (VF().y = @) + Sy — o
MAMKT y BN, 155
1) > f(@) = 5 IV @I,
HIFf 7 PL inequality. fRN% (2) .
Eelf () = 1] < (1= £) 1) - 1)

IR A4 5 M LEAR strong-convexity ' 9+4 coordinate-smoothness F5 R[4 u < L;, #
0<1-—pu/S<1. H tower property IBIHRIFFEE 1L,

[5 points] ¥ 5JHFERT

1

1 (Vi f(z%))?
 2dLmax

I k(12

Exlf (") < f(a") < f(a®)

HT S =3, Li < dLmax> pi < L; B3 S A9 T 1% uniform worst-case constant. —iX
coordinate update A —MwFH—"M BN, @FIEKT full gradient; {HHCERS 75X 5
coordinate iterations 5 full passes. Mi&Er T O(d) TALEE, alias table AISZEL O(1) Hhi#E,
HIZE AN /4 S5 /38 A O(log d)

Rubric: (1) BRI 5HE 3 73: (2) FAHNES S 4 735 (3) bias 1 78 H—4L 2 4r. ik

fiftBE 1 435 (4) convex/Cauchy 2 47+ sublevel 1 4). gap-square decrease 2 435 (5) Jensen 2 73 5l
BosbHE 3 7 F1EE 1 455 (6) PL 3 4. tower recurrence 3 435 (7) uniform bound 2 73+ #4(HEK

1§j\\

T /AR 2 2.



AN RETT A BRAU B IS 06 52

D. BRIBEAHE: SEZHE [33 points]

1. Weighted co-occurrence embeddings [9 53]

Xi; gitl word i 5 context j fE% [ AL[E I L, PR 24/ co-occurrence
signal. HU logarithm o] R4tk count, FFHEIFRMELLHIAL R AT H inner product L& HIHNTE &
bi, ¢j W word/context ] marginal frequency. f MIERHRAR count ()77 ZE5EM0,  [F] I 38 S0 b =
Al pairs 5E4=SCHC objective, Nk x HE f5EUHT.

S

rij = uZTVj +b; + cj — IOgXij.
RIREE w, b, B0, 153

Vi J =2 f(Xij)riv;
i

oJ
J

SHERE invertible A, 4
u, = Au, v;- = A*ij.
W () TV

L =ulvj, HUIA residual & J A, ZBLHIHA coordinate BT A ME—IEX; FH%E
[E5E gauges MMAFSNAIA, BUFRAEA R T AZIME. 7 b, =bi +a,¢f =c; —a B
bias shift ambiguity.

FEHPES  signal. log/bias/weight 3 43 B gradient % 1.5 435 1IERARI A, A~ T 484 2 4, iden-

tifiability consequence 1 43

2. Nucleus sampling [10 57]

¥ token 1% Py = 2P HER, FRPAR5E token ID %% deterministic rule ACFRAHFIMER . &

m:min{r:Zp(i)zp}, Zm:Zp(i).

i=1 =1

Nucleus distribution A

P/ Zm, @< m,
4Gy = .
0, 1> m.

HARMHBEAN 1. 54 8 boundary tie 2PN, WITHAIH S p,) MM tokens JFEFTIHH
Z5 BRI PSR e H A A BRI — 1k,
BiZ cumulative masses 4 0.40,0.65,0.80,0.90,1, # m = 3. Z,, = 0.80,

g = (0.50,0.3125,0.1875,0,0) |

Greedy R HU argmax, deterministic H%5 %A HiIAEE; top-k G4 LR [ 2141, T nucleus
B uncertainty HIiEMN support size: AR EHES /N, FHEHE A K. Nucleus {57 GELEF1H Y
miscalibrated distribution & KEAK & token, WHHEFEL /N p BT B4 5CHE token/ EOS. X
P45 i ELHE temperature calibration J& FE W ¥ B AL min/max support. f&f EOS. repetition
penalty, BUfE safety-critical generation H I constrained decoding; & Hi —41Xf M failure/safeguard
RIS,
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S E L sorting/minimal prefix 2 43, renormalization/ties 2 73; BUHEE S S =TIMER 3 455 PiAp
FL#E 2 43, &PXE failure/safeguard 1 77

3. Temporal reasoning with an MLN [14 47]
—#HAT4THY grounded formulas 4
HighTime(e,t) = Time(e,t) [wipeal > 0],
Time(e, t) = CandTime(e,t) [hard],
\/ Time(e,t) [hard],

t:CandTime(e,t)
—Time(e,t1) V - Time(e,t2), t1 #te [hard],
PLA
HighBefore(ey, e2) A Time(ey, t1) A Time(ea, t2) = Less(t1,t2) [Worder > 0]
Candidate feasibility 5 exactly-one 7% 4 hard; local 5 ordering classifiers A B4, #UN A soft.
Soft weights F] HH held-out conditional likelihood/pseudolikelihood %>, B{H calibrated log-odds
WILEAL .

VU4 assignments [ log-score 5 mass A

(Ta,TB) | wone +wana +wpng | P

(1,1) 0.8 €08
(1,2) 1.2+08+04=24 |2
(2,1) 0 1
(2,2) 0.4 el
5)l:e
[Z =1+ 4084 24 (T4, Tp)aap = (1,2) ],
H
e2.4
P(Ty=1,Tp=2)= 0T g0 gz ~ 07003,

Time/Before logits N 4G7E temporally separated validation set L ffl temperature scaling 5%
isotonic calibration, FfH Brier score. ECE/reliability diagram £ 7%, A soft evidence; 4—
0.5 threshold 3T — M fRIE. Correction NAE N immutable #7 version 5 N, {&## source. valid-time
5 supersedes pointer, ¥ IH evidence #5A inactive TMAEWIFEIKER, FHEMZLM component )
inference.

HHANFMHE K A bins, LA exact enumeration A O(K¥). 24 event graph #& chain/
tree H. factors A pairwise I}, 7] A} max-product 5% sum-product dynamic programming, chain time
O(EK?); —J% loopy graph A]H] ILP/weighted Max-SAT. loopy belief propagation. beam search

8}, variational approximation, JF#% optimality gap 8% convergence diagnostics.

9 E S local/candidate/exactly-one/order formulas 4 73, hard/soft 1 43; P4/ masses 2 47,
Z /MAP /probability 3 73; calibration 1 4, versioned correction 1 43, complexity 5& 2 alter-

native 2 7



