k-Nearest Neighbors

Trac nghiém & Thuc hanh Y PDF bai

kNN (k-Nearest Neighbors) du doan cho mét mau méi bang cach tim k& mau
gan no6 nhat trong dit liéu da co roi ldy nhan chiém da s6. Vi du: x€p thanh vién
m&i vao nhom luyén dua trén nhitng thanh vién c6 di€ém thuét toan va sé gio tu
hoc gan giong. Vi dua hoan toan vao khoang cach, kNN rat nhay v6i don vi do:
déi gio sang phut co thé lam déi két qua. Bai nay hoc cach kNN du doan, cach

chon k va vi sao phai chuan hoéa dir liéu truéc.

MUC TIEU

Tim k lang giéng gan nhit va tinh du doan bang tay.
Biét anh hudng ctia cach do khoang cach, don vi do va k.

Chon k béng Pipeline va cross-validation.

Thuat toan
Cho tép huan luyén {(x;, y;)}?; va mot diém can du doan q:

1. Tinh khoang cach d(q, x;) dén moi di€ém.
2. Lay tap Ni(q) gbm k diém gan nhit.

3. Phan loai: chon nhan xuat hién nhiéu nhat trong Nj. Hoi quy: 14y trung binh y ctia Ny,
Vi du nam diém A(1, 1) nhan dé, B(2,1) do, C(4,3) xanh, D(5,4) xanh, E(3,2) xanh.
Truy van q = (2, 2), k = 3, khoang cach Euclid binh phuong:

Piém A B C D E

d? 2 1 5 13 1

Ba lang giéng gan nhat la B, E, A: hai d, mdt xanh, nén du doan dé. Vé6i k = 1 thi B va

E cting khoang cach, nén can quy tic pha hoa, chang han chon diém c6 chi s6 nhd hon.
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Dé chdm ty dong thudng ghi ro quy tic pha hoa; doc sét né la da dé két qua 1éch dap an.

P do: A, B
xanh: C, D, E

k=3:B,E A
- dé thang 2-1

1 2 3 4 5

Ba lang giéng gan q nhat la B, E, A; do thang 2-1.

Bién thé co trong s6 cho lang giéng cang gan cang co tiéng noi 16n, vi du trong s 1/d.
Mot lang giéng 16p A cach 1va hai lang giéng 16p B cach 2, 3: bd phi€u déu thi B thing 2-
1, con theo 1/d thi A dugc 1, B chi duge 1/2 + 1/3 = 0.83. Hoi quy cling vay: gia tri 10, 20,
40 6 khoang cach 1, 2,4 cho (10 + 10 + 10)/1.75 =~ 17.1, gan lang giéng sat nhit hon
trung binh thuong 23.3.

kNN la hoc ludi (lazy learning): “huan luyén” chi la cat di liéu di, moi cong viéc don vao
lac dy doan. Ngugc lai, mo hinh tuyén tinh la hoc cham (eager): hoc xong chi gitt w, di
liéu goc c6 thé bo. kNN van la hoc cé giam sat, vi cac lang giéng phai c6 nhan méi bo

phi€u dugc. Chir k & day 1a s6 lang giéng, khac hin K ctia K-means & bai 2.10, 14 s6 cum.
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HOI NHANH
Co ba lang giéng: mdt lang giéng nhan 0 6 khoang cach 1, hai lang giéng nhan 16
khoang cach 4 va 5. Bo phi€u déu thi ra nhan nao? Bd phiéu theo trong s6 1/d thira
nhan nao?

A BO phiéu déura0, trongsé 1/dral

B BO phiéu déura1, trongsé1/dra0

¢ Cahaicach déuranhan1

D Cahaicach déuranhan0

2 14
Khoang cach
Tén Cong thuc Hdp vdi
Euclid (L2) > .(q; —z;)?  Béctrung s6 da chuan héa
Manhattan (L1) >l — it nhay v&i mét chiéu 1éch 16n
Cosine q'x Embedding, van ban: quan tdm hudng, khéng quan tam dé dai

IRTIEY

Véi vector da chudn hoa vé d dail, |q — x||> = 2 — 2 cos(q, x), nén x€p hang theo
Euclid va theo cosine la nhu nhau. Thu vién tim ki€ém embedding dung ding meo nay.
Déi cach do c6 thé ddi lang giéng: tir (0,0), diém (3, 0) cach 3 theo ca hai cach, con (2, 2)
cach /8 ~ 2.83 theo Euclid nhung cach 4 theo Manhattan. Muén mot cdt nang ky hon

thi danh trong s6 ngay trong khoang cach, \/ > wilg — zj)2
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Euclid Manhattan Cosine

Cac diém cach goc dang 1 theo Euclid, Manhattan; cosine chi xét huéng.

HOI NHANH
Van ban A la van ban B chép lai hai 1an, nén vector dém tir cia A dang bang 2 lan

vector ctia B. Theo cosine va theo Euclid, A va B ¢6 gan nhau khong?
A Ca hai khoang cach déu bang 0
8 Khoang céach cosine 18n, Euclid bang 0
¢ Ca hai khodng cach déu Ién

D Khoang céach cosine bang 0, Euclid kha I8n

Thang do quyét dinh tat ca. Hai dac trung “tudi” (20 dén 60) va “thu nhap thang” tinh
béng dong (5 triéu dén 50 triéu): khoang cach gan nhu chi con la chénh 1éch thu nhap,
tudi chdng con ti€ng nodi nao. Khi don vi cac cot khong so sanh duge, chuin hoa hodc

thiét k€ trong s6 khoang cach 1a budc can kiém bang validation.

Chon k

o k = 1:16i trén train thuong biang 0 néu khong c6 ho so trung nhau mang nhan mau

thuan, ranh gi6i 16m chdm theo tung diém nhiéu. Variance cao.

¢ k16n: ranh giéi mugt, nhung k£ = n thi doan moi diém 1a 16p dong nhat. Bias cao.
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Chon k bang cross-validation. V6i phén loai nhi phan, k 1é tranh hoa phi€u. Leave-one-
out (bai 1.3) rat ré v6i kNN: bd ting diém ra roéi héi lang giéng trong phan con lai, khong
phai hoc lai gi. Trén mot truc s6, 1-NN chi d6i du doan & trung diém gitra hai diém lién

ké khac nhan, nén né chinh la mot day ngudng.

HOI NHANH
M6t ban chon k = 1, vi trong cac k da thir, k = 1 ¢0 16i train thap nhit, bang 0.

Chon nhu vay c6 6n khong?
A On, vi 16i train bang 0 Ia t&t nhat co thé
5 On, néu trong train khéng cé diém nao trung nhau
¢ Khéng 6n, phai chon & I6n nhat da thd cho an toan

D Khéng 6n, vi 1-NN luén khdp train do mébi diém tu la lang giéng cla nd

PHONG THEO ) CMU 10-601 - Exam 1 Practice - Q2.3(f)
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k =1bam tung diém nhiéu; k = 15 cho ranh giéi muot.
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k = 50: accuracy 5-fold CV 0.875 k =120: accuracy 5-fold CV 0.750

Cung 200 di€ém cta hinh trén, tang k tir 1 t6i 120: ranh gi6i di ti bam tung
diém nhiéu téi qua phéng.

Loi nguyén s6 chiéu

Khi s& chiéu tang, véi di liéu trai déu, diém gan nhat va diém xa nhat cach truy van gan
bing nhau, nén “lang giéng” mat y nghia. Dit liéu that thuong ndm gan mot cau truc it
chiéu hon nhiéu, nén mirc d té con tuy s6 chiéu thuc chat clia n6. Mot phép tinh nho
cho thdy hién tugng nay. Dit liéu rai déu trong khdi 1ap phuong don vi d chiéu. Muon mét
khai 14p phuong nhé chita 10% dit liéu thi canh cfia n6 phai dai 0.1/

e d=1:canh 0.1, dGng la “lan can”.
o d = 10: canh 0.79, gan hét ca khoang.
e d =100: canh 0.98.
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canh khéi chita 10% d liéu

! —O0
0.79 0.98
0.5
o 0.1
1 10 100

s6 chiéu d (thang log)

Gom 10% dir liéu: canh khoi dai 0.1 & 1 chiéu, 0.98 & 100 chiéu.

Lang giéng gan nhat trong 100 chiéu thyuc chat chdng gan chat nao. Nhin theo chiéu
nguoc lai: khéi 1ap phuong dong tam canh 0.9 chi chia 0.9'% ~ 0.003% thé tich, gan nhu
moi diém nam sat bién. Muon lang giéng gan nhit gan gip déi thi méi diém phai pha
mot qua cau ban kinh bing nita, thé tich nho di 2¢ 1an, nén can khoang 2¢ 1an sé diém. Vi
vay kNN chay t6t trén dic trung it chiéu, hoac trén embedding ma m6 hinh da hoc san

dé nhiing thir giong nhau ndm gan nhau, thuéng kém gidm chiéu bang PCA (bai 2.9).

HOI NHANH
Dt liéu rai déu trong mot khoi lap phuong don vi 50 chiéu. Mot khoi 1ap phuong

nhoé chtra 1% dit liéu thi c6 canh dai khoang bao nhiéu?

A 0.02
B 0.2
c 091
D 0.99
Chi phi

Du doan mét diém ton O(nd). V6i n 16n, c6 ba cach tang tdc:
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» Cay khong gian (KD-tree, Ball tree): nhanh khi d nho, du6i khodng 20.

« Vector héa bang phép nhan ma tran trén GPU: tinh mot 1an khodng cach gitra ca 16
truy van va ca tap di liéu.

« Tim gan dang (approximate nearest neighbor) nhu FAISS, HNSW: chdp nhén déi khi
sOt lang giéng that dé nhanh hon hang tram lan. Pay 1a nén cta cac hé thong tim
ki€m anh va van ban. Chiing c6 nam déi téc do 1ay do dang, nhu ef_search ctia
HNSW: gitt nhiéu ng vién hon khi duyét thi it sot lang giéng that nhung cham hon.

Vai luu y khi tu cai:

o Chon k phan tir nho nhat: sort toan bd tén O(nlogn); np.argpartition chon trudc

roi chi sort k phan ttr thi ré hon.

e V6im truy van mot ltc, ma trin khoang cach m x n ¢6 thé hét RAM du code chi mdt

dong; chia truy van thanh tung batch.
o KD-tree khéng phai ltic nao cting O(logn): & nhiéu chiéu no6 cé thé phai duyét gan

hét cay.

HOI NHANH
Can tim anh giéng nhau trong 1 triéu anh, mdi 4nh la mot embedding 512 chiéu, va

moi truy van phai tra 16i trong vai mili giay. Cach nao hgp 1y?
A KD-tree, viné luén bao dam O(logn) méi truy van
B Giam k xuéng 1 dé méi truy van tinh it khoang cach hon
¢ Duyét hét bdng vong for Python qua tiing anh

D Tim gan dung (HNSW, FAISS), chap nhan déi khi st
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Cai kNN bang NumPy

Cai lai vi du nam diém & muc Thuat toan, chua can thu vién. Méi hang la mot ho so, hai
cdt la hai dac trung. Tri truy van khoi tiing hang bang broadcasting, binh phuong tiing
do léch, roi cong theo axis=1 dé dugc mdt khoang cach cho moi hang. Khéng 1ay can vi
can bac hai tang theo doi so: xép hang khoang cach binh phuong cho cuing thir ty, tranh
thém mot phép tinh.

Python

import numpy as np

points = np.array([[1, 11, [2, 11, [4, 31, [5, 41, [3, 211, dtype=float)
labels np.array([0, 0, 1, 1, 1])
query = np.array([2, 2], dtype=float)

distance2 = np.sum((points - query) ** 2, axis=1)

order = np.argsort(distance2, kind="stable")

neighbors = order[:3]

counts = np.bincount(labels[neighbors], minlength=2)
print(distance2.astype(int).tolist())

print(neighbors.tolist(), counts.tolist(), int(np.argmax(counts)))

assert neighbors.tolist() == [1, 4, 0]

KET QUA

(2, 1, 5, 13, 1]
(1, 4, 0] [2, 1] ©

Chi sd trong code bat dau tir 0, nén [1, 4, 0] chinhla B, E, A. stab'le gitr thir ty ban dau
khi khoang cach bang nhau; argmax chon nhan cé chi s6 nhé nhat khi s¢ phi€u hoa. Day
1a hai quy téc ctia ban cai nay, khdng phai quy tic chung ctia moi thu vién. Véi k=1, d6i
thir tu dit liéu c6 thé déi du doan & diém hoa khoang cach. Trong dé cham chinh xac,

phai cai quy uéc dé yéu cau.
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HOI NHANH

Vi sao khdng can 1ay can ctia distance?2 tru6ce khi sap xép?
A Vikhoang cach Euclid vén khéng cé cén
B Vican bac hai gili nguyén thii tu cua cac sé khéng am
¢ Vikhoang cach binh phudng bang khoang cach Euclid

D Viargsort khdng chay dugc trén sé thuc

Thang do thay d6i ngusi hang x6m

Xét ho so truy van (8 diém, 5 gig), haihosoA (9, 5) vaB (8, 6).Trong don vi hién
tai ca hai cach truy vin 1. Néu déi gio thanh phut, B cach 60 con A van cach 1; thong tin
thuc t€ khong d6i ma thuat toan da thién han vé A. Hinh dudi cho thay déi don vi kéo
mot truc dai ra. StandardScaler dua cac cot vé cung thang do; con néu biét mot cdt quan

trong hon, ¢ thé nhan cot doé véi mot hé s6 16n hon, roi kiém bang validation.

gid tu hoc tinh bang gis gid tu hoc tinh bang phut

A
| B: cach 60, xa ngoai hinh
I
I

B (8, 6)

A(9,5) A(9,5)

Déi gio sang phut: B tir cach q 1 thanh cach 60.

Can phan biét chudn héa theo cdt v6i chudn hoa @6 dai ting vector. StandardScaler

thuong dung cho cac dic trung s6 khac don vi. V6i embedding dung cosine, ta thuong
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chia mdi hang cho norm ctia chinh hang dé. Vector toan 0 khong c6 huéng, nén cosine

chua xac dinh; can quy tic x Iy riéng truéc khi tinh,

HOI NHANH
Mbi anh 1a mét embedding 512 chiéu, va ta tim anh giong nhau bang cosine. Muén

chay kNN theo Euclid cho nhanh, ta chuan héa thé nao?
Dung StandardScaler theo tiing c6t clia bang embedding
Chia méi hang cho dé dai (norm) cua chinh né
Pua tiing c6t vé doan [0, 1] theo min va max

Khoéng can, vi Euclid va cosine luén xép hang nhu nhau

Dung thu vién

Python

from sklearn.datasets import load_wine

from sklearn.model_selection import GridSearchCV
from sklearn.neighbors import KNeighborsClassifier
from sklearn.pipeline import make_pipeline

from sklearn.preprocessing import StandardScaler

X, y = load_wine(return_X_y=True)
for scale in [False, Truel:

steps = [StandardScaler()] if scale else []

model = make_pipeline(*steps, KNeighborsClassifier())

grid = GridSearchCV(model, {"kneighborsclassifier__n_neighbors": [1, 3, 5, 9, 15]},
cv=5)

grid.fit(X, vy)

print("chuan héa" if scale else "khdng chuadn héa", round(grid.best_score_, 3),

grid.best_params_)
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KET QUA

khong chudn héa 0.725 {'kneighborsclassifier__n_neighbors': 1}

chudn héa 0.966 {'kneighborsclassifier__n_neighbors': 9}

Chénh 1éch 16n ¢6 1y do cu thé: cot proline chay tir 278 dén 1680, trong khi phan 16n cac
cdt khac chi ¢d 0.1 dén 30. Chua chuén hoa, proline chiém khoang 99.8% binh phuong
khoang cach, nén kNN gan nhu chi so mot ¢4t va phéi dung k = 1 dé vét vat.

chua chuan héa sau StandardScaler
protine [N 99.8% [ 7.7%
magnesium | 0.2% . 7.7%
alcalinity_of_ash | <0.1% . 7.7%
color_intensity | <0.1% . 7.7%
malic_acid | <0.1% | R
flavanoids | <0.1% . 7.7%

phan ctia méi cdt trong binh phuong khoang cach (6 cot 16n nhat trén 13)

Chua chuan hoa, cét proline chi€m 99.8% khoang cach.

HOI NHANH
Trong bd wine chua chuin hoa, riéng cot proline chiém khoang 99.8% binh phuong
khoéng cach. Thém mét feature hitu ich ndm trong khodang [0, 1], thi kNN v6i

khoang cach tho sé ra sao?
A Gan nhu khéng dbi, vi feature mai gan nhu vé hinh
B Tét hon han, vi c6 thém théng tin
¢ Té hon han, vi thém mét chiéu nita

D Khoéng chay dugc, vi cac cot khac thang do
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Khi di thi
» Doc ky kiéu khoang cach va quy tic pha hoa trong dé.

» Chuin hoa cac cot trude khi tinh khoang cach; dat scaler va kNN trong cting Pipeline
khi do k.

o Co6 embedding thi chuin hoa d6 dai roi ding kNN theo cosine lam baseline.

To6m tat

o kNN du doan theo k diém gan nhat; khong co giai doan hoc tham sg.

« Chuin hoa dic trung va chon khoang cach dang quan trong hon chon k.
» k nho thi variance cao, k 16n thi bias cao; chon bang cross-validation.

 Nhiéu chiéu thi “gan” mat nghia; kNN manh nhat trén embedding tét.

Kiém tra cudi bai
Mudi cau kiém ca cach hiéu, phép tinh va quy trinh. Cau sai chi ra phan can doc lai; hay

lam truéce khi mé 16i gidi.
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CAU1
Nam lang giéng c6 nhan [1, 0, 0, 1, 8], bo phi€u déu. Nhan dy doan la gi, va xac
suit 16p 1 tinh theo ti 1€ lang giéng 1a bao nhiéu?

Nhan 0, xac suat 0.4
Nhan 1, xac suat 0.4
Nhan 0, xac suat 0.6

Nhan 1, xac suat 0.6

CAu 2

Cau nao vé kNN ludn dang?
Giam k 1am ranh gigi quyét dinh ddn gian hon
kNN chi dung cho phan loai, khéng dung cho héi quy
Tang k 1am mé hinh it nhay véi diém ngoai lai

kNN chi dung dudc vdi feature 1a s6 thuc

PHONG THEO ) CMU 10-601 - Exam 1 Practice - Q2.4
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CAu 3
Hai lang giéng c6 khoang cach di = 1 va ds = 2, target 1an lugt 1a 0 va 6. Néu trong
sd1a 1/d, du doan hoi quy bang bao nhiéu?

1.2

CAU 4
Dit liéu mét chiéu, n diém da sap x€p, phan loai hai 16p bing 1-NN véi khodng cach
Euclid. C6 dung dugc médt quy tic chi gom cac phép so sanh dang = > ¢, ndi ti€p

nhau, ma cho du doan giong hét 1-NN trén moi dau vao khong?
Pudc, dat ngudng & trung diém cua hai diém ké nhau khac nhan
Khéng dugc, vi so sanh tiing ngudng khong bat chudc dudc khoang cach
Chi dugc khi cac diém train cach déu nhau trén truc

Chi dugc néu dung k & thay vik = 1

PHONG THEO ) CMU 10-601 - Exam 1 Practice - Q2.5
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CAuU 5
Mot kNN dung StandardScatler fit trén train. D3i cot thu nhép tu triéu dong sang
dong & ca train lan validation, roi fit lai scaler ding trén train. Bo qua sai s6 lam

tron, khoang cach sau chuan hoa thay déi thé nao?
Khéng dbi, vi mean va std cling déi theo dan vi
Cot thu nhap van I6n hon 1000 000 Ian
Khoang cach 6 moi cot gidm 1 000 000 lan

Chi khéng déi khi scaler fit ca trén validation

CAU 6
Dé phan loai hai 16p, 30 feature s6, chdm bing macro-F1. Dé bit budc kNN 1a mo

hinh hoc ¢6 giam sat duy nhét, con tién xi Iy thi tuy y. Hu6ng lam nao hgp Iy nhat?
Chi do that ky k&, vi k 1a tham s6 duy nhat ctia kNN

Hoc m6t mé hinh khac nhu boosting trudc, réi lay du doan clia né lam feature cho
KNN

Chuéan héa, chon feature trong Pipeline, réi dung cross-validation theo macro-F1

Fit StandardScaler trén ca train lan test cho cling thang
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https://www.usaaio.org/attachments/past-problems/2026/usaaio-2026-round-1-problems.pdf#page=22

CAu 7
k = 3, ba lang giéng gan nhit mang ba nhan khac nhau A, B, C, bo phiéu déu. Truéc
khi ap quy tdc xir Iy hoa ctia thu vién, két qué 1a gi?

A thang, vi 1a lang giéng gan nhat
C thang, vi diing cudi danh sach
Khoéng thé hoa, vi k |a s6 1é

Hoa 1-1-1, k Ié cling khéng tranh dugc

CAU 8
Hai vector don vi u, v ¢6 cosine bing 0.5. Binh phuong khoang cach Euclid gitra

chiing bang bao nhiéu?

0.5
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CAU 9
C6 10 000 truy van va 10 000 diém tham chiéu. Ma tran khoang cach kiéu floaté4
ton bao nhiéu byte?

A 8 x 106

B 8x107

c 8x108

D 8x 101
cAu 10

Trén cung cac fold, k = 1, 5, 21 cho accuracy trén validation 1an lugt 1a 0.76, 0.84 va

0.79. Chi chon trong ba gia tri nay thi chon gi?
Ak =21, vi lay trung binh nhiéu mau ludn t6t hon
8 k=1, vi khéng lam m& cau truc cuc bd
¢ k=25, vi cao nhat trong nhiing gia tri da thur

D N&i suy accuracy réi chon k = 13, khéng can cham

Poc thém
« James, Witten, Hastie, Tibshirani — An Introduction to Statistical Learning, chuong 2 va 4. kNN
dat canh cac b phan loai khac, v6i 1ap luan bias-variance khi chon k.

o Cover, Hart (1967) — Nearest Neighbor Pattern Classification, IEEE Transactions on

Information Theory. Bai bao gdc cia can hai lan 16i Bayes.

« scikit-learn — Nearest Neighbors. So sanh metric, brute force, KD-tree va Ball tree; cha y

phan chi phi theo s6 chiéu.

o ISLP — Classification lab. B&i chi€u kNN v6i m6 hinh xac sudt va thuc hanh lua chon k.
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https://www.statlearning.com/
https://scikit-learn.org/stable/modules/neighbors.html
https://intro-stat-learning.github.io/ISLP/labs/Ch04-classification-lab.html

