REBLE  EERE 20264 56 % &5 H1: 1195-1205 ¢ CPIERRE ) 2kt
SCIENTIA SINICA Informationis SCIENCE CHINA PRESS

Q) oo
BN — /K (k,z)- BRERERSHILITIL

RE, AR, Kigd, mEF, BB p

L. WIPE TR RS RIVE S B, Kb 410205
2. WNLSEE =, Kb 410205

3. KB T RN, Kb 410076

4. PEERFE NS, KD 410083

* JE(E{E#. E-mail: immyyuan23@163.com

WO H9: 2025-08-24; B[ H: 2025-11-13; #%2 H: 2025-12-24; FI%% 1R H#: 2026-04-30

VLS80 S FFRGR S (S 25XJ03009) B HARRI IS (kS 62202161, 62432016) FIEE & R OIHHHRI (HEHES: 2025RC3207)
3 IpgE|

HE SREEZAFH-—NREM—AMREFCRUREER kA 2, D - A (k,2)- REFHEERER
w5 EAREFC, AREFERRS  MRE L FERR XD H kA, AT RAMOE R R XA+ 89
WA, EF, FNMRORIAN A FZA LG PO R BT A RN - BA (K, 2)- KX L
EkBmOE AT R EEEER, ERRCHIERENTEE LN ELTARE AN, Bl ol g Ea ez
REERIE O(k)- LM MASKCEET, NEEFRMU k& 2 ASHEFCRCEROELT, ZF A4
TRAEERSHAME. LT, AXFRZE AN SHALMN, RET B E L4 2002 D00 8y (3+¢)-
A% XERTZEAE G MERTMUER. DN\ BT RIS BB, AAAEE 7 &5 E e R4 E
I (1+e)- AAH %,

KR LM%, SHE % TN, RE R

1 35l

FHFF I EZE (center-based clustering) A&HLES 7 > 4dek H ) — R B L n) f, I H An 2 8 5 T R 20,
TR R HARE S 2 — MR R R 1) L, N EER SRR 0 v T B & A R, SRR ) e
A R R S A RAE U B AR 0B R IR A, DRI, AH DR B RO AR B R N AE S5 L $RIDOCES B
EE T H.

FET RO R I 2 DU A RO SRRAN SR AR B bR, B4, k- TRAL (k-median) i) @22 5K 5 /Mt
P S5 X R 2 B EE B 2 A, T k- “F33 (k-means) [n) 8B R i /NMEEE S5 0F 5 AL /T3 s H.
Sy b8 X TR S AN B AR eR U TSR A BRI AT S S PR R A B 7T O, AR, MR I
I H AR BRBUE ST TR 1) U R (8] 58 RN 0 A L Z 39 P29 o RIS 7E B4R R RARMN BAR BE L T, AN
R AR EBAR AT PT g 3 v T HAMAR. TR BRURIREE . WDRORI S AT 5520 BO S50 fh B h i BT B 3 BRI R

il

SIFMEN: TRAE, ik, Bl & Wb - RK (k, 2)- BREEHSHMLL. FERE: EEF%, 2026, 56: 1195-1205, doi: 10.1360/
SSI1-2025-0367
Zhang Z, Yuan Y G, Wu D, et al. Parameterized approximations for the minimax (k, z)-clustering problem. Sci Sin Inform, 2026,
56: 1195-1205, doi: 10.1360/SSI-2025-0367

© 2026 <<‘:F‘ ﬂ—'_?—")) ,zj—‘;’/_?'_,:\?i www.scichina.com infocn.scichina.com



HEZE FERF . EERFE 20264F $£s56%5 F£5H 1196

| |
'®e ®e®, | OO O,

| |
I ee 00O O
I |
'®e ®®, | OO O,
e e e e

Bl 1 SEanRRE RN,

Figure 1 Effect of outliers on clustering.
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2 (MERFE) SHMEXEERESEULEFERAKEFRIZME. (a) TR k& (z =20, e = 0.1); (b) ~F z &
(k=5,e=0.1); (c) FE ¢ & (k =5, z = 20).

Figure 2 (Color online) Effects of parameters on the multiplicative overheads in the running time and the approximation ratio.
(a) Varying k (z = 20, ¢ = 0.1); (b) varying z (k =5, e = 0.1); (c¢) varying ¢ (k = 5, z = 20).
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i e [t] 7B Prlv; = 1] = p, A% Zf L0 < (1= N)pt BOL IR T e Npt/2,
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H% 1 Anchor-Sel(e, T).

HIN: WH e € (0,1) PLK Mkzc WBHISEH] T = ((X,6),P,C,k, 2);

Mt Hisk ACPUC

c EETFEIE LN (k4 2)- PRLAESEG] ((X,0),P,C,k + z) MIEEBIME A, 4 g NI,
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6

—_
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k
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S oco- 0(0, A) = 0 BOLIIHERAMET 1 — e~ V4. fubmrn, 512 3 A B A G ALER I 2 thaor.
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AFIMHA] Anchor-Sel(e, T) iR Al RidE A MG ik 50 fUAR IR, WSE 2 (Outlier-Sel) ik, 4578
Hoee(0,1) B T = ((X,0),P,C,k, z) LIRS Ri4E A, 5% Outlier-Sel WIIFTATNE > c4v(a) =z HIBR
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DA Bl 30 EURE 7 B0 ) AR I A D s 5 . ARG R o, DG P o L T DR ST 2 A B ST B R
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Bk 2 Outlier-Sel(e,Z, A).
HIN: HH e € (0,1), MkeC MRS T = ((X,6),P,C,k, 2), AREi R ACPUC
md: Rk SER 0;

1: O« 0

2: for v: A — Zyo st 3 cq7(a) =2z do

30 A 0:P = {acA|v(a) # 0} A—NEILIFEHLLSES

4:if R |01 (0)] = v(a) W THRE ~v(a) # 0 KNS o € A ZBEROL then
5: O+ 0
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7: 4 NN(a) A a £ €1 (a) THI v(a) MERIGESHRIIES

8: O < OUNN(a);

9: end for

10: 0+ 0uU{0}

11: end if

12: end for

13: return O.

4 O N Outlier-Sel(e, 7, A) iR [\l 5L 4 SAERR. ITFEIHAH T 0 B85 O BT ELER
2T AR

5134 DN HABOLHBERAMET 272 FEMER 0 € O S ¢ : 01\O = O\O*, 818 3 e\ 0 (0,
©(0)) <23 co-0(0, A).

MR Ak a e A, A O%(a) = {o € OF | argming e 6(0,a’) = a} TG A OF FO6T N ) 5
T4, 4 v*(a) = |0%(a)]. & A* = {a € A|~*(a) # 0} FIRIE O FXF R SEEARN 0 ST
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21k, FFid to) =i — 1.
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VA HBUR @ #IIER, o FIFEE 0O . AR,
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end for
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end for

H
=]
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k
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Abstract Given a set of points and a set of candidate centers in a metric space, along with two positive integers k and
z, the minimax (k, z)-clustering problem is designed to select at most k centers, remove up to z outliers from the point
set, and partition the remaining points into k clusters. The objective is to minimize the maximum clustering cost among
all clusters, where the cost of a cluster is defined as the sum of distances from its points to the corresponding center. The
minimax (k, z)-clustering problem plays an important role in applications with load-balancing requirements. However, it is
computationally challenging: the best known polynomial-time approximation algorithm achieves only an approximation ratio
of O(k), and it is fixed-parameter intractable even when both k and z are treated as fixed parameters and the centers selected
by an optimal solution are given. In light of this, we focus on parameterized approximation algorithms for the problem. We
give a (3 + &)-approximation algorithm with a running time of QO(kZE_l)no(l), which constitutes the first constant-factor
approximation for the problem. When the input instance lies in a Fuclidean space, applying the same approach yields a

(1 + e)-approximation algorithm with a comparable running time.

Keywords approximation algorithms, parameterized algorithms, reduction, clustering, sampling



