Bai toan mad
¥ PDF bai

C6 nhitng bai thi khong cho bang dit liéu c6 nhan dé€ huin luyén. Vi du viéc C &
bai 8.1: hé thong gitr mot vat bi mat; mdi lan ta dua hai dé xuat, hé thong tra 16i
dé xuit nao gan vat dé hon. Ta c6 embedding cong khai cia cac vat va chi dugc
hoi mot s6 1an gisi han. Model chi cho ta biéu dién; hoi thé nao dé tim ra vat la
bai toan thuit toan. Bai nay hoc cach doc ky luét choi ctia bai ma, dung

heuristic tir embedding, so véi baseline, va xr Iy khi embedding cong khai

khong chinh xac.

MUC TIEU

Mo ta bai mé bang trang thai, hanh dong, phan hoi va muc tiéu.
Dung embedding lam heuristic; chon cau hdi loai dugc nhiéu kha nang nhat.
So v6i baseline; tinh ca cac 1an that bai khi cham.

Xt ly khi embedding cong khai khong khép véi hé thong.

Poc luat choi ctia bai mé

Mot vi du c¢6 ngudn cu thé la Potato, IOAI 2026 Individual Contest Day 1: tro doan tir véi
phan hoi so sanh dé gan nghia, embedding cong khai khac biéu dién ctia judge va gisi
han s6 lugt. Bay la bai tuong tac, khong phai bai phan loai cé train.csv. Bai hoc tai hién
ciu trac dy 6 quy mo nho: tam diém mot chiéu tu tao, véi mot judge viét ngay trong

notebook dé kiém player. Statement chinh thirc 2026.

Trudc hét, viét ra diéu chuong trinh biét va diéu n6 khong biét. N6 biét danh sach ting
vién va biéu dién public. Sau méi lugt, n6 biét phan hoi ctia 1an so d6. N6 khong dugc

doc bién bi mat.

Trong bai, ta tu viét judge dé kiém nghiém; khi danh gia player, phai giit phan judge sau

mot giao dién, khong truyén hidden vao ham chon truy van.
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http://127.0.0.1:56872/giao_trinh/pdf/bai-8.3.pdf
https://github.com/IOAI-official/IOAI-2026/blob/main/Individual-Contest/3_Potato/statement.md

Thanh phan Vi du tam diém

Trang thai Champion dang dugc gil, tAp Ung vién, cac truy van da hoi
Hanh ddéng Chon mot ID chua hoi trong 0. .7

Phan hoi A gan han, B gan hon, hoac béng nhau

Muc tiéu Tim dung ID, dung it truy van

Metric cua bai nay S6 lugt khi doan dung; hét budget ma chua dung tinh budget + 1
Piéu khéng dudc dung ID bi mat bén trong judge

Néu judge tra JSON, ta kiém khoa, type va mién gia tri truée. ID la mot thanh vién
vocabulary, khong phai mdt cau tu do. Khi stdout diing dé giao ti€p, log debug can theo
kénh riéng ma moi trudng cho phép. Model t6t nhung trd thém 16i gidi thich vao JSON

c6 thé lam parser that bai truée lic duge cham.

HOI NHANH
Ham chon dé xuat dugce truyén thém hidden_id dé tién tinh khoang cach. Player

lam vay c6 hgp 1€ khong?
A Co, vi hidden chi la mét sé nguyén nhé
8 Khdng, vi hidden chi thudc vé judge local
¢ C6, mién la ham khéng in hidden ra

D Cé, néu player chua dugc train

Tir embedding t6i du doan phan hoi

Embedding la vector biéu dién mot ddi tugng. Ddi tugng gan nghia thudng dugc ky vong

ndm gan nhau theo mot phép do, nhung “gan” can dinh nghia. Véi vector chudn héa co
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norm bang 1, cosine similarity bang tich vd huéng. Trong vi du mot chiéu, ta dung

khoang cach Euclidean dé tinh tay dé hon:
d(a,h) = [lea = enl>-

e, 1a biéu dién ctia dé xuit A, e, ctia mot ing vién cho vat bi mit. Néu d(a, h) < d(b, h),
biéu dién public du doan A sé thing. Day 1a mot du doan phan héi, khong phai su that

bat budc ctia judge.

Python

import numpy as np
public = np.arange(8, dtype=float).reshape(-1, 1)

def predicted_verdict(embedding, a, b, candidate):
distance_a = np.linalg.norm(embedding[a] - embedding[candidate])
distance_b = np.linalg.norm(embedding[b] - embedding[candidate])
if np.isclose(distance_a, distance_b):
return 0 # bang nhau

return -1 if distance_a < distance_b else 1

candidates = np.arange(8)
verdicts = np.array([

predicted_verdict(public, 0, 6, h) for h in candidates

D
print("shape", public.shape)
for verdict in [-1, 0, 1]:

print(verdict, candidates[verdicts == verdict].tolist())

KET QUA

shape (8, 1)
-1 [0, 1, 2]
0 [3]

1[4, 5, 6, 7]

Tam hang la tdm doéi tugng, mot cot la mot toa dg; (8, 1) khong phai tam model. So
diém 0 v6i diém 6 tao ba mién: 0,1, 2 nghiéng vé 0; diém 3 bang nhau; 4,5, 6,7 nghiéng
vé 6. Néu public giong hét judge, phan hoi cé thé loai cac mién khong phtt hgp. Néu
judge khac public, loai ciing c6 thé lam mat dap an that.
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A génhon: 0,1, 2 B ganhon: 4,5,6,7
hoa: 3

So A v6i B chia cac ing vién thanh hai phia theo trung diém.

HOI NHANH

A §0,B ¢ 6,va ing vién h & 4. Embedding public du doan phan hoi thé nao?
A th&ng, vi toa dd 0 nhé hon
Chua biét, vi hidden that chua 16 ra
B thang, vi 4 gan 6 hon gan O

Hoa, vi 4 nam gilta O va 6

HOI NHANH
MOot player viét verdict = -1 if da < db else 1, nén khong bao gi¢ du doan
“hoa”. Judge local van dung, va tra 0 khi hai khoang cach bang nhau. V6iA=0,B =6

va hidden = 3, sau phén hoi, loc ciing ctia player con lai nhitng (ing vién nao?
Chi con {3}
{0, 1, 2}
{4,5,6,7}

Tap rong
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Hoi dé tim dap an hay hoi dé giam sy khong chic chin?

Néu tin mot img vién gan nhu chic chin dang, thr ngay ting vién dy 1a hgp 1y. Khi chua
biét, mot truy van con cé gia tri vi phan hoi chia tip kha nang thanh cac nhom. Truy van
ma moi Uing vién déu du doan A thing gan nhu khong cung cap thong tin. Ta ding sd

ting vién con lai ky vong dé€ chon cau hi.

Gia stt mdi ing vién hién tai c6 xac sudt bang nhau. Mot truy van chia N ng vién thanh
ba nhom c6 kich thuée n—, ng, ny. Xac suat nhan moéi phan hoi la n, /N. Sau phan hoi ay

con n, tng vién. Vay s6 con lai ky vong la

nz_ —|—’I’L(2)—|—’n,3_
N .

E[|Creat|] =

Vidu N = 8. Chia thanh (3, 1,4) cho (9 + 1 + 16)/8 = 3.25. Chia thanh (1,0, 7) cho (1 +
49)/8 = 6.25. Truy van dau giam su khéng chic chan tét hon theo tiéu chi nay.

N6 khong dam bao tim hidden nhanh nhat: khi dé xuat tring hidden, game c6 thé két
thiic ngay, va prior khong déu sé ddi phép tinh. Ta dang t6i uu mot heuristic c6 gia dinh

r0 rang.

Python

def expected_remaining(embedding, candidate_ids, champion, proposal):
counts = {verdict: 0 for verdict in [-1, 0, 1]}
for h in candidate_ids:
verdict = predicted_verdict(embedding, champion, proposal, h)
counts[verdict] += 1

return sum(count ** 2 for count in counts.values()) / len(candidate_ids)

for proposal in [1, 4, 6, 71:
expected = expected_remaining(public, candidates, 0, proposal)

print("proposal", proposal, "expected remaining", f"{expected:.2f}")

KET QUA

proposal 1 expected remaining 6.25
proposal 4 expected remaining 3.75
proposal 6 expected remaining 3.25

proposal 7 expected remaining 4.00
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Hay so cdt cudi: dé xuat gan champion nhu 1 khong nhét thiét chia tip tét. Truy van xa

hon c6 thé tao dudng phan chia can doi hon.

Tinh moi proposal v6i moi hidden gia dinh t6n O(NNd) cho mot lugt néu tinh khoang
cach truc tiép; véi vocabulary 16n, cé thé cache khoang cach hoac 1ay mét shortlist. BO

nhé bang khoang cach toan bo tén O(IN?), phai uéc lugng trude khi dung.

dé xuat 1 1 7 E=6.25
dé xuat 4 2 1 5 E=3.75
dé xuat 6 3 1 4 E=3.25
dé xuat 7 4 4 E = 4.00

ba nhdm phan hdi: A thang, hoa, B thing (champion 0)

Dé xuat chia déu cac ing vién thi loai dugc nhiéu hon.

HOI NHANH
Tam Ung vién c6 xac sudt bang nhau. Mot truy van chia ching thanh ba nhém phan

hoi ¢ kich thu6e (2, 2, 4).S6 Gng vién con lai ky vong la bao nhiéu?

A 3
B 4
cC 2
D 8/3~ 2.67

Mot player nho, kiém dugc toan bo

Gig ta ghép chon truy van, nhan phéan hdi va loc (ing vién. play dugc goi véi hidden vi n6

la bd mé6 phong local; ham chon proposal chi doc champion va possible. Dé tranh lap,
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gilr asked: v6i judge xac dinh, hoi lai cung mét dé xuat trong cung trang thai cho cung
phan hoi, nén khong thém thong tin. Néu hidden la dé xuat vira hoi thi két thac. Vi
phan hoi bang nhau, champion cti dugc git trong vi du nay; quy tac that phai doc trong
de.

(@

Python

def choose_proposal(possible, asked, champion, embedding):
available = [h for h in possible if h not in asked]
if not available:
return None
return min(available, key=lambda q: (

expected_remaining(embedding, possible, champion, q), q))

def play(hidden, embedding, budget=8): # bo mé phong local
possible = list(range(len(embedding)))
asked = set()
champion = 0
for turn in range(1, budget + 1):
proposal = choose_proposal(possible, asked, champion, embedding)
if proposal is None:
return None
asked.add(proposal)
if proposal == hidden:
return turn
verdict = predicted_verdict(embedding, champion, proposal, hidden)
possible = [h for h in possible if h != proposal and
predicted_verdict(embedding, champion, proposal, h) == verdict]
if verdict ==
champion = proposal

return None

turns = [play(h, public) for h in range(8)]
print("turns by hidden", turns)
print("solved", sum(t is not None for t in turns), "/", len(turns))

print("mean turns", f"{np.mean(turns):.3f}")

KET QUA

turns by hidden [3, 3, 2, 2, 2, 3, 1, 3]
solved 8 / 8

mean turns 2.375
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Danh sach dau tién cho biét ting hidden can bao nhiéu lugt. S6 lugt trung binh chi phan
anh dung khi van nao ciling giai duge, nhu & day vi public tring judge. Néu co6 van that
bai, mean trén cac van giai dugc bé diing phan dang lo; muc sau dinh nghia lai thu6c do
cho trudng hop ay. O day ta da kiém tat ca tam hidden, khong chon riéng hidden cé két
qua dep.

s6 lugt

Player gidi moi van trong 1 dén 3 luot, trung binh 2.375.
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champion

28000

con 8 ting vién xanh, champion ban dau 1a 0

2800

Iugt 1: dé xuat 6, phan hdi “dé xuat thang"

champion

dé xuat

champion

SR |-

con 3 Ung vién xanh, champion la 6

champion

dé xuat

lugt 3: dé xuat 5 chinh 14 hidden, giai xong

Mai lugt chon dé xuat chia déu Gng vién nhat, roi bo (ing vién mau thuan véi
phan hoi.
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HOI NHANH
Sau lugt hoi dau, véi champion 0 va dé xudt 6, judge tra “B thing”. Luc nay tap
possible trong play la gi?

A {0,1, 2}
5 {4,5,6,7}
¢ {4,5 7}

0 {3,4,56,7}

Khi biéu dién public khac judge

D€ tao mdt phan vi dy, ta déi chd hai d6i tugng 4 va 5 trong biéu dién ctia judge, con
public gitt nguyén. Judge van tra phan hoi nhat quan theo biéu dién riéng ctia nd. Mot

phan hdi A thiang chua chic tao ding mién A thing trong public.

Python

private_demo = public.copy()
private_demo[[4, 5]] = private_demo[[5, 4]]
hidden, a, b = 6, 4, 5
observed = predicted_verdict(private_demo, a, b, hidden)
hard_possible = [h for h in range(8)
if predicted_verdict(public, a, b, h) == observed]
print("observed verdict", observed)
print("hard candidates", hard_possible)

print("true hidden retained", hidden in hard_possible)

KET QUA

observed verdict -1
hard candidates [0, 1, 2, 3, 4]

true hidden retained False

Judge thay A & vi tri 5, B & vi tri 4 va hidden & vi tri 6: A cach 1 nén thing. Public thay A &
4, B 6 5; v6i hidden & 6, né du doan B thing. Loc ciing dua trén public loai chinh hidden
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6. Stra thuat toan chi bang “tang budget” khong ctru dugc mot (ing vién da bi loai vinh

vién.

public 0 1 2 5 4 5 <:::> 7

loc cling gitt 0-4 RN bi loai
judge 0 1 2 5/ 5 4 <:::> 7
hidden 6

Judge khac biéu dién public mdt chat, nén loc cling loai mat dap an dang.

Mot cach mém hon la gitr diém phat cho su bat dong, thay vi x6a Gng vién sau mot phan

hoi. V6i winner w, loser I, dinh nghia mét 16i thi tu nho:
L(h) = max{0,d(w, h) — d(l,h) + m}.

m > 01a khodng dém mong mudn. Néu winner gan hon loser it nhat m, 16i bing 0; néu
ngugc, 16i duong. Cong 16i qua cac phan hoi rdi uu tién tng vién cé téng 16i nho. Pay la

mot heuristic vé dd tin ciy, khong phai xac suat da hiéu chinh.

Gilr moi tng vién tranh loai vinh vién, nhung néu public sai nhiéu thi x€p hang van sai;

can du phong kham pha.

Python

winner, loser = a, b # observed = -1 trong vi du
margin = 0.0
distance_w = np.linalg.norm(public - public[winner], axis=1)

distance_1 = np.linalg.norm(public - public[loser], axis=1)

penalty = np.maximum(0.0, distance_w - distance_1l + margin)
ranking = np.argsort(penalty, kind="stable")
print("penalty", penalty.tolist())

print("ranking", ranking.tolist())

print("hidden penalty", float(penalty[hidden]))

print("hidden remains searchable", hidden in ranking)
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KET QUA

penalty [0.0, 0.0, 0.0, 0.0, 0.0, 1.0, 1.0, 1.0]
ranking [0, 1, 2, 3, 4, 5, 6, 71

hidden penalty 1.0

hidden remains searchable True

Hidden van ton tai trong ranking, nhung bi phat vi public du doan sai phan hoi. Can doc
ca hai dong do6: rang buéc mém giam nguy co mat dap an, khong chirng minh da giai
dugc truong hop judge 1éch xa public. Ta c6 thé gitt mot phan lugt dé tham do tng vién
ngoai top, hodc thir vai biéu dién duge cung cap hgp 1€ va so dd 6n dinh trén phan hoi

public. Khong dung scorer kin nhu mot nguon nhan dé fit riéng 16i giai vao hidden set.

penalty
hidden

0 1 2 3 4 5 6 7

hidden bi phat 1 nhung van con trong ranking

Loc mém chi phat ing vién mau thuan thay vi x6a, nén dap an dang van con.

HOI NHANH
Embedding public phan ddi tng vién h & mot phan hoi, nhung judge lai dung mot
biéu dién private khac v6i public. Loc cling x6a h, con rang buéc mém chi cong mot

penalty hitu han. Khac biét truc tiép gitra hai cach la gi?
A Penalty htu han bdo dam h la dap an
8 h van co thé dugc xét lai & cac lugt sau
¢ Public va private trg thanh cuing moét biéu dién

D Chién lugc da giai dugc cac ca ngoai phan phoi

Al Canuc80k - Bai 8.3 - Bai toan m& 12/26



Baseline, ablation va bao cao trung thuc
Bai m& khong c6 dap an mau dé so, nén thude do do ngudi lam tu dung va gdm ba phan:

» Baseline dung luat choi ma khong dung embedding: quét ID tir 0 dén 7. Baseline luon
gidi dugc trong tdi da 8 lugt, trung binh 4.5 lugt, va la bai ndp hop 1é dau tién; moi céi

ti€n phai vugt moc nay.

» Metric ghi rd cach tinh van that bai: s6 lugt néu doan dang trong budget, budget +
1 néu hét budget.

 Ablation: bat tung thanh phan riéng dé thiy thanh phan nao tao ra cai thién.
Player c6 hai thanh phan:

» Cach gilt (ing vién: loc cling, hoac xép theo téng penalty roi gitt nhom penalty thap
nhat.

 Cach chon truy van: quét tuan ty, hodc can ddi theo s6 ting vién con lai ky vong.

Ham penalties cOng 16i thir tu ctia muc truée qua toan bd lich sir phan hoéi; phan hoi
bing nhau phat chénh 1éch gitia hai khoang cach. Judge la biéu dién public cdng nhiéu
Gaussian do 1éch 0.6, khoang sau phan mudi khodng cach gitra hai ID ké nhau. C6 300

judge, moéi judge choi di tam hidden, tic 2400 van cho moi chién lugc.

Python

def penalties(embedding, history, margin):
""nTng 16i th¢ ty cda mdi Ung vién qua cac phan hdoi da nhan."""
total = np.zeros(len(embedding))
for champion, proposal, verdict in history:
d_champion = np.linalg.norm(embedding - embedding[champion], axis=1)
d_proposal = np.linalg.norm(embedding - embedding[proposall], axis=1)
if verdict ==
total += np.abs(d_champion - d_proposal) # hoa: hai khodng cédch phai bang nhau
else:
win, lose = (d_champion, d_proposal) if verdict == -1 else (d_proposal,
d_champion)
total += np.maximum(0.0, win - lose + margin)

return total

def make_strategy(candidate_filter, query, margin=0.5):
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def strategy(history, champion):

asked = {proposal for _, proposal, _ in history}
free = [h for h in range(len(public)) if h not in asked]
if not free:

return None
if candidate_filter == "hard":

keep = [h for h in free if all(

predicted_verdict(public, ¢, p, h) == v for ¢, p, v in history)]

else:

penalty = penalties(public, history, margin)

best = min(penalty[h] for h in free)
keep = [h for h in free if penalty[h] <= best + 1e-9]
if not keep:
return None
if query == "scan":
return keep[0]
return choose_proposal(keep, asked, champion, public)

return strategy

def scan_all(history, champion):
asked = {proposal for _, proposal, _ in history}

return next((g for g in range(len(public)) if q not in asked), None)

def run_game(hidden, judge, strategy, budget=8):
champion, history = 0, []
for turn in range(l1, budget + 1):
proposal = strategy(history, champion)
if proposal is None:
return None
if proposal == hidden:
return turn
verdict = predicted_verdict(judge, champion, proposal, hidden)
history.append((champion, proposal, verdict))
if verdict ==
champion = proposal

return None

strategies = {
"scan 0..7 (baseline)": scan_all,
"hard + balanced": make_strategy("hard", "balanced"),
"soft + balanced": make_strategy("soft", "balanced"),

"soft + scan": make_strategy("soft", "scan"),

for name in ["hard + balanced", "soft + balanced"]: # public trung judge: nhu “play’

assert [run_game(h, public, strategies[name]) for h in range(8)] == turns
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rng = np.random.default_rng(0)
judges = [public + rng.normal(0, 0.6, public.shape) for _ in range(300)]
budget = 8
print(f"{'strategy':22}{'solved':>11}{"'turns|solved':>14}{"'score':>7}")
results = {}
for name, strategy in strategies.items():
games = [run_game(h, judge, strategy, budget) for judge in judges for h in range(8)]
results[name] = games
done = [g for g in games if g is not None]
score = np.mean([g if g is not None else budget + 1 for g in games])
print(f"{name:22}{len(done) :>6}/{len(games) }{np.mean(done) :>10.2f}{score:>9.2f}")
for name in ["hard + balanced", "soft + balanced"]:
scores = [np.mean([g if g is not None else budget + 1
for g in results[name][k * 800:(k + 1) * 800]]) for k in range(3)]

print(name, "score by 100-judge group", np.round(scores, 2).tolist())

KET QUA

strategy solved turns|solved score

scan 0..7 (baseline) 2400/2400 4.50 4.50

hard + balanced 1440/2400 2.20 4.92

soft + balanced 2400/2400 2.84 2.84

soft + scan 2400/2400 4.50 4.50

hard + balanced score by 100-judge group [4.88, 4.91, 4.98]
soft + balanced score by 100-judge group [2.83, 2.82, 2.86]

Ba ¢t can doc cung nhau:

» Loc clng + truy van can d6i 6 s6 lugt trung binh thap nhit trén cac van giai dugc,
2.20, nhung chi giai 1440 trong 2400 van: nhiéu day hidden sang mién khac ctia public
va loc cting khong con duong quay lai. Khi méi van thét bai tinh 9 lugt, diém ctia né la
4.92, té hon baseline 4.50.

» Loc mém + truy van cin déi giai dit 2400 van véi diém 2.84.

o Loc mém + héi 1an lugt ting ID cho ding 4.50, bing baseline: gitr tAp (ing vién gon

ma khong chon truy van chia déu tép thi khong rat ngan dugc van nao.

Trong bon t6 hgp, cai thién chi xuat hién khi hai thanh phan di cing nhau. Piém ctia
ting nhom 100 judge léch nhau khoang 0.1 6 loc ciing va 0.04 6 loc mém, nhoé hon nhiéu
khoang cach gitra 2.84, 4.50 va 4.92, nén thit tu cac chién lugc khong do mot nhom judge

may man.
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diém (van thua tinh 9 lugt), thap Ia tot giai dugc

quét 0..7 E 4.50 100%

cling + can doéi E 4.92 60%
mém + can doi 2.84 E 100%
mém + quét ; 4.50 100%

Chi khi c6 ca loc mém lan truy van can ddi, s6 lugt méi giam ro.

M6t bao céao trung thuc ghi ca diéu bang chua tra 16i:

» Nhiéu 0.6 la gia dinh ctia ngudi viét; bang chua c6 biéu dién judge khac han public,
nhu thir ty khéng tuyén tinh hay nhiéu ID cach xa bi dao. Két luén chi ap dung cho

kiéu sai 1éch da mo6 phong.

e Khoang dém m = 0.5 chon tay. Néu do m trén chinh 300 judge nay roi bao diém tot

nhat, con s6 mang theo phan may ctia bd judge ay: chon m can mot bo judge, bao

diém can bo khac.
Nhiing diéu d6 dang ghi hon mot con s6 2.84 dirng mot minh.
HOI NHANH
Mot doi bao “loc cling cdng can ddi: trung binh 2.20 lugt, nhanh gan gap doi

baseline 4.50". Bang cho biét do6i giai dugc 1440 trén 2400 van, va mdi van thit bai
tinh 9 lugt. Nhan xét nao dang?

A Té hon baseline, vi 2.20 chi tinh 60% s6 van, diém that 13 4.92
8 Nhanh gan gap déi baseline, vi 2.20 nhd hon 4.50 nhiéu
¢ Séthang baseline néu ting budget, vi c6 thém lugt dé tim

D Khéng so dudc, vi hai chién lugc giai dugc sé van khac nhau
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HOI NHANH
Bang cho “soft + scan” 4.50, “hard + balanced” 4.92 va “soft + balanced” 2.84. Bang

nay ang ho cau nao?
A Loc mém vé ich, vi “soft + scan” bang baseline
B Truy van can déi ludn thang quét, vi nd chia déu tap
¢ Loc cung thang loc mém, vi gilf it tng vién hon

D Mubdn cé Igi thi can ca loc mém Ian truy van can doi

Két hgp model vé6i thuit toan & nhitng bai khac

Trong mot bai sap xép doan hoi thoai, model c6 thé chdm mitc hgp 1y ctia cap cau; thuat
toan can tim mot tha ty dung méi doan dang mot lan. Chon cép tét nhat doc 1ap co thé

tao chu trinh hoidc bé mot doan.

V6i s6 doan nhd, dynamic programming theo tdp con c6 thé t6i uu tong di€m chuyén
ti€p: trang thai la (tdp doan da dung, doan cudi), va mdi trang thai thir moi doan chua
dung lam doan ké ti€p. Véi s6 doan 16n, beam search giir vai chudi tot thay vi duyét moi

hoan vi. Piém model la heuristic; rang budc “méi doan diing mét 1an” 1a diéu phai dung.
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HOI NHANH
Mudi sau doan hoi thoai can dugc x€p thi ty, va da co6 diém chuyén tié€p cta ting
cap. Duyét moi hoan vi thi phai xét ¢6 2 x 103 tht tu. DP theo tip con, véi trang

thai gom tép da dung va doan cudi, can cd bao nhiéu phép tinh?
A Khoang 2.6 x 102
5 Khoang 1.7 x 107
¢ Khoang 6.6 x 10*

D Khoang 2.1 x 10'3

Trong bai du doan hanh vi robot, b doc ngén ngi c6 thé chon muc tiéu, con BFS hoac
mo phong xtr 1y bude di chuyén hop 1€. Mot luat hinh hoc ré rang khong can giao hét cho
LLM. Ngugc lai, dung BFS diing nhung hiéu sai yéu cau “dén gan nhat” hay “di theo” van
sai toan bo bai. Ta tach phan khong chic chan ctia model khéi phan xac dinh ctia thuat

toan, roi viét ca nho dé kiém ting ranh gioi.

Trudng hop thir ba cho thdy thuat toan con co6 thé thay han model. Trong USA-NA-AIO
2026 (Vong 2, Ngay 1), mot bai mé cho truong luc xuyén tam do trén luéi 64 x 64 pha
mién [—1,1]2. Tai m6i diém do, vector luc nam doc dudng noi diém dé véi mot nguon
chua biét; d6 16n phu thudc khoang cach qua ham f khong duge cho va c6 thé khac

nhau gilta cac mau.

Huéng dung model la hoc tir tensor (64, 64, 2) sang toa d6 nguon. Huéng thuit toan doc
cdu tric ctia dé: moi vector, bat ké do 16n hay ddu ctia f, xac dinh mot dudng théng di
qua ngudn, nén nguon la diém gan moi duong dy nhat theo binh phuong t6i thiéu. Vi
vector F; tai diém do p;, méi duong dong gop ma tran M; = ||F;||*T — F,;F,, va nghiém

thoa hé hai phuong trinh hai an

<; MZ> S = ; M;p;.

Al Canuc80k - Bai 8.3 - Bai toan m& 18/26



Heé s6 ||F;||* cho cac vector gan béing khong, nai nhiéu 14n 4t huéng, it trong s6. Code

du6i day tu sinh truong véi ba dang f khac nhau, ké ca f déi dau.

Python

grid = np.linspace(-1, 1, 64)

gx, gy np.meshgrid(grid, grid)

points = np.stack([gx.ravel(), gy.ravel()], axis=1) # (4096, 2)

def make_field(source, magnitude_fn, noise, rng):
offset = points - source
radius = np.linalg.norm(offset, axis=1)
field = (magnitude_fn(radius) / radius)[:, None] * offset

return field + rng.normal(®, noise, field.shape)

def locate_source(points, field):

(field ** 2).sum(axis=1)

square
normal = square[:, None, None] * np.eye(2) - field[:, :, None] * field[:, None, :]
lhs = normal.sum(axis=0) # toéng M_i, (2, 2)

rhs = np.einsum("nij,nj->1i", normal, points)

return np.linalg.solve(lhs, rhs)

rng = np.random.default_rng(0)
np.array([0.35, -0.2])
shapes = {

"1/(r+0.1)": lambda r: 1 / (r + 0.1),

"sin(5r)": lambda r: np.sin(5 * r),

source

"-exp(-3r)": lambda r: -np.exp(-3 * r),

for name, fn in shapes.items():
field = make_field(source, fn, 0.02, rng)
estimate = locate_source(points, field)
print(f"{name:10} estimate {np.round(estimate, 3).tolist()} L1 error {np.abs(estimate -

source) .sum():.4f}F")

KET QUA

1/(r+0.1) estimate [0.35, -0.2] L1 error 0.0002
sin(5r) estimate [0.35, -0.201] L1 error 0.0007
-exp(-3r) estimate [0.344, -0.197] L1 error 0.0095

Sai s6 L1 ctia ca ba dang nam du6i 0.01, nhé hon buéce luéi 2/63 ~ 0.032, ké ca khi f déi

dau. Bo giai khdng can hudn luyén va khong gia dinh hinh dang f, nén la baseline tu
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nhién dé mdt model hoc sau phai vugt. Phan con lai ctia dé, cac gia tri cuong do f(r;),

van can phuong phap khac.

TR XKXNNV VYV ¥V V72 7

RN XNXNNYNV VvV VYK

N RNNNN VYV VY oY ok

S X N N N N N Y Yoy

s NNNNKNNMAMA £ £ ¢ = sin 5e
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v v A A A A A ANXNNKXNX

-
o
-

Moi mii tén luc nam trén dudng qua nguon; binh phuong t6i thiéu tim lai
nguon.

Phan tich diém yéu ctia model chi thuc hién khi dé giao ding muc tiéu d6 va tai nguyén
dugc cap. “Bai md” khong c6 nghia la duge vugt han ché nén tang, doc test khong dugc
phép hoac dung dich vu ngoai. B6i tugng duge ki€m & bai nay la mot judge local tu viét;

scorer cta ky thi gitt nguyén ranh gi6i thong tin.

Khi di thi

» Dung baseline ding luit choi truéce: mot ban quét tuan tu hop 1€ 1a bai nép dau tién
va la moc.

» Metric phai tinh ca van that bai, ching han gan budget + 1.

« Khong loai ciing img vién bang mét biéu dién chua kiém,; gilt penalty mém.
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Tom tat
Model cho biéu dién hoac diém sg; thuit toan dung chiang dé tim ki€m. B6i khi cau
trac ctia dé cho mot bo giai khong can model.
Truy van chia déu Gng vién giam nhanh tip kha nang, néu phan hoi dang véi gia dinh.
Biéu dién public 1éch judge lam loc cling nguy hiém; rang buéc mém git kha nang
quay lai.
Thu6c do gom baseline ding luét choi, metric tinh ca van thit bai, va ablation tung

thanh phan; bao cao néu ca gia dinh.

Kiém tra cudi bai
CAU1
M6i nhém dit liéu can du doan 11 tham s6 ctia bon ham s6, va diém duge cham bang
mot RMSE duy nhét trén moi tham s6 ctia moi nhém. Trén validation, mudi tham

sd ¢ sai s6 quan phuong 0.2 m6i tham s6, riéng tan s6 ¢; ctia ham sin ¢6 sai s6

quan phuong 1.0. ¢; gay ra bao nhiéu phan ctia téng binh phuong sai s6?
Khoang 9%
Khoang 29%
Khoang 50%

Khoang 71%

PHONG THEO ) USA-NA-AIO 2026 - Vong 2 - Ngay 2 - Problem 5
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https://www.usaaio.org/attachments/past-problems/2026/usaaio-2026-round-2-day-2-problems.pdf#page=13

CAU 2

Dbé cho mot trudng luc xuyén taim véi mot ngudn chua biét trén ludi 64 x 64.
Vector (Fy, F,) tai méi diém do nam doc duong ndi di€ém d6 véi nguon, va do 16n 1a
f(r), v6i f khong duge cho va c6 thé khac nhau gitta cac mau. Thong tin nao cta

moi vector dung dugc dé dinh vi nguén ma khong can biét f?
Phuong cla vector, vi dudng thang theo phuang ay di qua nguén
Do 18n cua vector, vi né giam dan khi ra xa nguén
D&u cla F,, vi ngudn nam vé phia F, dudng

Téng F, trén |udi, vi cac thanh phan triét tiéu quanh nguén

PHONG THEO ) USA-NA-AIO 2026 - Vong 2 - Ngay 1- Problem 2

CAU 3
Player in dong champion=0 ra stdout dé debug, roi in JSON {"query": 5}.Judge
doc toan bo stdout nhu mdt JSON. Khi chdm, chuyén gi c6 kha nang xay ra?

Judge bd qua dong debug, vi JSON ding van ndm & cubi
Parser bao 16i, va lugt nay cé thé bi tinh 1a khéng hgp 1é
Chi tén thém thdi gian, vi két qua van dung

Judge tu chuyén dong debug sang stderr
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CAU 4
Tam Ung vién dong xac suat. Truy van P chia chang thanh (4, 0, 4), tirc hai nhém
dai xig, khong c6 ca hoa. Truy van Q chia thanh (2, 3, 3). Truy van nao c6 s6

ung vién con lai ky vong nho hon?
P, vi hai nhém bang nhau la can déi nhat
Bang nhau, vi ca hai déu chia hét 8 Ung vién
Q, vi khéng ¢6 nhém nao qua I6n

Khéng so dudc, vi chua biét hidden

CAus
Theo kinh nghiém tir cac van truée, img vién 7 1a hidden véi xac suat 0.9, con bay
tng vién kia chia déu 0.1. Cach nao cho sd lugt ky vong nhd nhat?

Thi ngay (ng vién 7, vi véi xac suat 0.9 1a xong ngay

Dung truy van can déi nhat theo cong thiic déng xac suéat

Quét ID tang dan tir 0 dé khong bo sot ai

Hoi (ing vién xa champion nhat dé thu thém théng tin
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CAu 6
Vocabulary c6 20 000 embedding. Mot doi cache toan bo khoang cach gitta moi

cdp thanh mot ma tran float32. BAng do can bo nhé ¢d bao nhiéu?
1.6 MB
160 MB
1.6 GB

16 GB

CAu 7
Mot doi do player méi trén 10 van véi hidden chon ngau nhién, dugc trung binh 2.1
lugt. Baseline da dugc do tur trude, trung binh 4.5 lugt trén nhitng van khac. So thé

nao maoi dang tin hon?
K&t luan ngay, vi 2.1 nhé han 4.5 gan gap doi
Chay ca hai trén cung mét bd hidden va judge réi so
Chay thém player mai cho t&i khi con s dep han trudc

Chon mét bé hidden dé cho ca hai dé so céng bang hon
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CAuU 8
Mot doi thir 9 gia tri khodng dém m trén 300 judge ctia bang ablation, chon m cho
diém thip nhat, rdi bao diém dé trong bao cao. Con s6 nay c6 xu huéng léch thé

nao, va nén bao ra sao?
Trung thuc, vi moi judge déu do chinh ddi tu sinh
Bi quan, vi chi giif lai cau hinh tét nhat mot 1an
Lac quan, nén bao diém trén mot b judge mai sinh

Khong I&ch, vi m chi la mét hdng sé nho

CAU 9

Da nhén hai phan hoi, v6i m = 0.5 va penalty cdng qua hai phan hoéi theo L =
max{0, d(w, h) — d(l, k) + m}. Ung vién X c6 (d(w;), d(l1), d(w,), d(l)) =
(2,5,4,3), tng vién Y ¢6 (3, 3,1,4). Ung vién nao x€p trudc, v6i téng phat bao

nhiéu?
Y, phat 0.5
X, phat O
X, phat 1.5

Y, phat O
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CAuU 10

Mot model chdm mtc hgp Iy cta ting cap doan hoi thoai (4, 7), vai j ding ngay sau
i. Thuit toan 6 moéi buée chon cidp cé diém cao nhat roi ndi vao, va két qua c6 mot
doan xudt hién hai lan, mét doan khong xudt hién. Stra thé€ nao mai xt Iy dtng

nguyén nhan?
A Dung model 18n hon dé diém tiing cép chinh xac hon nia
8 Gill cach chon céap, roi x6a doan 13p va chén doan thiéu vao cudi
¢ Nang ngudng diém dé chi nhan nhiing cdp rat chac chan trudc

D Panh diu doan da dung khi m& rong chudi, bdng DP hodc beam search

Poc thém

« [OAI 2026 — Potato, Day 1. Boc giao thirc, thong tin public/private va metric ctia dtng bai
nam 2026, roi doi chi€u giéi han ctia vi du trong bai.

» I0AI 2026 — Individual Contest. Doc statement Robot Chasing va Find the Order dé tim chd
model va thuat toan cé vai tro riéng.

o USA-NA-AIO 2026, dé Vong 2: Ngay 1 (Problem 2) va Ngay 2 (Problem 5) la hai bai md&. Poc
muc Evaluation Metric, Baseline va Submission dé thady mét thuéc do, mot méc va mot bao
cao cu thé.

» Russell, Norvig — Artificial Intelligence: A Modern Approach, 4th edition, chuong 3-4;
pseudocode cong khai. Poc cach mo ta bai toan tim kiém, heuristic va khong gian trang thai.

e NumPy — norm. Poc cach axis quyét dinh norm tung vector thay vi norm toan ma tran.
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https://github.com/IOAI-official/IOAI-2026/blob/main/Individual-Contest/3_Potato/statement.md
https://github.com/IOAI-official/IOAI-2026/tree/main/Individual-Contest
https://www.usaaio.org/attachments/past-problems/2026/usaaio-2026-round-2-day-1-problems.pdf
https://www.usaaio.org/attachments/past-problems/2026/usaaio-2026-round-2-day-2-problems.pdf
https://aima.cs.berkeley.edu/
https://aima.cs.berkeley.edu/algorithms.pdf
https://numpy.org/doc/stable/reference/generated/numpy.linalg.norm.html

