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Subgroup Discovery Algorithm for Numerical Target Based on Monte Carlo Tree Search

GUAN Cheng-Bin, HE Zhen-Feng
(College of Computer and Data Science, Fuzhou University, Fuzhou 350108, China)

Abstract: MonteCloPi is an anytime subgroup discovery algorithm based on Monte Carlo tree search (MCTS). It aims to
build an asymmetric best-first search tree to discover a diverse pattern set with high quality by MCTS policies, while it is
limited to a binary target. To this end, this study combines the characteristics of the numerical?tafget to extend the
MonteCloPi algorithm to the numerical target. The study selects the appropriate‘C value for thesupper confidence bound
(UCB) formula, adjusts the expansion weight of each sample dynamically, as weil as prunes the search tree, and uses the
adaptive top-k-mean-update policy. Finally, the experimental resu‘ltvs on the UCI datasets and the National Health and
Nutrition Examination Survey (NHANES) audiometry-datasets éhéw that the proposed algorithm outperforms other
algorithms in terms of discovering diverse pattern sets with high quality and the interpretability of the best subgroup.

Key words: Monte Carlo treesearch (MCTS); subgroup discovery; numerical target; anytime algorithm
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I H & BB R TEN 60 s, 1520 UE BIE 0=0.5,
5 /NSCRERE minsupp RFEA S EL) 10%, FLEXT 592%
(AR 7 FEH RN 20.

Software TechniquesAlgorithm #1F4 AR 5%: 199

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

i E R %N

http://www.c-s-a.org.cn

2024 4F 55334 5

3.2 UCI HiRESLIEER o7

56, AR 11 UCT R4, F MCTSIND
5 MonteCloPi (E# M H I (5) Wi EE&E ¢). SD-
MAP*, FLEXI fll OSMIND X $8F-3# & Bl 35 4
FETCARMEAAETE T LU AN 5 TH#EAT LUK,

(1) F= T4 7 S TR T, L3 48 AN SRV B 4R
A S AL FE SRR AT R B 1 top-5 AETUAR T HEL T
R E R o WP RE R A XA, WE 2 Fios.

M 2 FRETBLE Y, #E UCT $dE 44, MCTSIND
RILH top-5 AETCR T HEM PR E/E K ZHE M T
BT oA 4 ANEE, {UAE WQR Hdi ££ 1 L FLEXIT
TG — 4L, X325 T MCTS MR 5F I+, a7
DA AT B 22 1l AN 5] A4 JR3 350 e DAL pd DA ey B 4 4

B ES 4

FERT- 5 BB, B R4 H B 2 fA ) 1A U, MCTSIND

£ WQR iﬂl?ﬁ%iﬂ‘]i‘?fﬂﬂﬁ%%ﬁﬁ‘FLEXh [i] ) 38
A LT K MonteCloPi LI [ F Bl H bR s &
. ) »

e LA e Jot 2 ) 22 R A AR

(2) A5 A [7] P B T8 05 SR AF 78 2% A B335 B o et
V) R 8 o %o SR RE ) R, I TR) 0SR20 30 I M 1 s
5sv 10s. 20s. 40s. 60s. 80s. 100s. 120, ¥ 3
TR T AN S A I 1R PR AR A 45 Y top-5 3R
JURTREH T B

m MCTSIND == SD-MAP* mm FLEXI

= OSMIND = MonteCloPi

TR AR

top-5 THEM T

o

5

AMPG CCS ASN WQR WQW AQ

Hidlide
2 top-5 ARTUARTHEMT- 2 B A XEXS

T 300 F

120 + 80 I —
il i e I -0 e
100 e | 250 B -
w =, | = [ B 0L o s
=80 _/5_'__‘_ —==——— 1 200} .n‘ir_ ——— P e e———
S i —+ MCTSIND = ; —» MCTSIND 2= a0 ,!;' - -=—""_& MCTSIND
=oeor — SD-MAP* oy — SD-MAP* e 1 — SD-MAP*
o 40l! —— FLEXI w 100 L/ —— FLEXI w30 {{-/'-’ —— FLEXI
o r) —— OSMIND L ! —— OSMIND 220 FY —— OSMIND
2 20 L ) —n— MonteCloP1 2 50 L o MonteCloPl 2 d —n— MonteCloP1
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120
IFA] (s) I 1] (s) IRFIA] (s)
(a) AMPG (b) CCS (c) ASN
16 F o
L) .| um30f .| 8 S
e SR = os) e W\{OOO._- I
JI12F A _———| = — = o —
B0k f ,--:‘—-—" — B-20 f e —| B fg 00 f'_/.-«;_’_;_;.T-:*”-":”"—_“
g ! I —— MCTSIND ¥ 15 Y, ———="" —+ MCTSIND 2= eool 5 P —+ MCTSIND
M 1/ —+ SD-MAP* M T f o —+ SD-MAP* o J —s SD-MAP*
w OF _,/ —— FLEXI w10 M f —— FLEXI 400 Lf —— FLEXI
& 41 —— OSMIND A fj, —— OSMIND & —— OSMIND
2 2L, ) — MonteC]oPl 2 5 r . — MonteCloPl 2 200 L, — MonteCloPl
0 20 40 oo 80 100,120 S 020 40 60 80 100 120 0 20 40 60 80 100 120
1] (s) 5 IR (s) IFIA] (s)
@wor (e) WQW (HAQ
L #
g ¥ 3 top-5 AETUR FHEFH5 5 BEIN (A 32 4 X L

M 3 ] LUE H, SD-MAP*#1 FLEXI 1R Bt 4]
NIRRT HAE T E I R 2 RS, | EH T3
B S B ZE R 45 3. b4, MCTSIND (1A R L L
MonteCloPi B 4F, EARWITFaiA X5 i B K e, 5
72 i 2 IF ) P 38 0 AN T o R A I 4 SR, 9 BLAE AN TR
FEARA BB 4 R BUF . OSMIND [ nl {4
PEEEZE, 7E WQR. WQW. AQ 25 KREA KL 4E 7
B LN R A R 1) 5 HAh AR R K, 75 AMPG.
CCS IXLEFEAAN K D (1 B0 £ A 2 SFAFIR U (R I

200 #fFHARH % Software TechniquesAlgorithm

3.3 NHANES $iBERN AR

BJE, [ 1 d i NHANES Wr 7908 80 4 ok
WFFL 20-69 2 NBEHARSURL SAmIT 745 2% (T BE DR 2%
I3 K 2o BAE &SRR (T TR E AR 9 H AR AR &,
iZ4T MCTSIND 1 OSMIND 5%, J& % 78 SCHR[7]H 52
3 Al L3RS e SD-MAP* A i B 1k (1 8. T 30
B[R] AR E K 22 300 s, JF HASE BT 3 201 top-1 T4
JoT £ ()P 35 AE AN A T B A 2 X [a] F AR R AT R L,
Wk 2 fis.

© ERSEBIK T

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

2024 4F %5334 5

http://www.c-s-a.org.cn

i H AR SN A

22 MCTSIND 5 OSMIND #& By () [a] BE 4% 2 0] H

L S S

Hik  AUQ020 AUQO40 AUQ610 AUXOTSP AUXROC AUXTMEP AUXTPV AUXTWID AUXTCOM 7]

OSMIND [I,1] [2,+x]  x _

[1,2]  [-229,6] [0.683,1.795] [83,216] [0.229, 1.434] 132.942

[ ]
AUDLL16 s MCTSIND [1,1]  — x — [1,2] [-252,-84] [0.609, 1.556] [70,252] [0.172,1.386]157.184
sy OSMIND L] [5,17] — [1,2] [-180,54] [1.475,2.228] [31,136] [0.533,2.733]209.937
MCTSIND —  [1,22]  x — —  [-144,24] [1.547,2.373] [42,120] [0.792,2.932] 235.148
s OSMIND [L1] [L+w] [34]  — [1,2] [-298, -46] [0.716, 1.771] [77,235] [0.246, 1.427] 134.386
AUDLT_18 MCTSIND [1,1]  — — — [1,2] [-283,-162][0.628, 1.522] [91,277] [0.162, 1.214] 149.306
ey OSMIND L] [3,20] [1,21] — [1,2] [-169,32] [1.219,2.382] [38,121] [0.832,2.302] 267.851

[ ]

MCTSIND —  [1,23] [l,24] —

— [-140, 16] [1.401,2.854] [45,107] [0.954,2.367] 286.692

2 BB HINT N EE AR ) — AR B 1, R R
[ B A X 22 i M P PR, AR R A AE Z R M,
—RFZ BB AR . AT LR AR 4 AN 70K
HEEEH, MCTSIND £t OSMIND KL top-1 T-H#E /R
EHCEAR. Ak, OSMIND 75 i w4l A AT F145 2%
(AT B DA 2 B T R 0 f 0 1, AS BRAR 47 b X
o3 P 2 W) 19 % 5. 11T MCTSIND &b Foies BRI 451
W 7345 2K e I FR il J PE AN 8, W LUR 25 5 s
FHAF: 0 AUQO20 (if % 24 h I . B34
B H) A1 AUXROC (B 2HTHFFEE) A2 s 71
PR B2 R 26, AUQO40 (P Ik Wy 2135 3ok 2 £ /b
/NEF) A1 AUQ610 (BE Bk fd H H-HLIS % £ 4> /NE)
A ARSI F7 45 2k )52 R 25 H MCTSIND 1
T DA JE M, AHLE T OSMIND $2ECH 45 5 mr
DA PR AT B8 G b AR AR

R4 MCTSIND B B (1) 18] Fa st =05 3.
xf T AR B HTIE KR (3R 2 BT 5 2 iR k),
MCTSIND A Ay sy Jjai sk 5 Eid 1) 24 h N2 &
T R 2 o s BT AR S AR SR

SYER A 24 h WEIRE . B REE FRAERG B

A 2 R HTET A 5. STHER[1ST P Bl 7ol i T
W75 22 FR S R g 77, JE PSS ALl
77, XA LAUEHH MGTSIND Fir 4 B 3 i 2tk

XFF BT e R 2R (R 2 M5 4 IR E ),
gh6 SCHR[16]145 H IR RRAE N ) IE 5 E TS Hl: AUXTMEP
(FFHJE /1) [-150, 50] daPa, AUXTPV (4 H-iE %5 F7)
[0.6, 1.5] cc, AUXTWID (8¢ % Kl % %) [50, 100] daPa,
AUXTCOM (F JIfiff) [0.3, 1.4] cc, AT LLoM ATt MCTSIND
W AT F45 2Kk 5 A0 B8 258 AR I R I I A
o ARSI gk Hrh R ik, S 5 R
FVSAR [ A A A DG, % T 75 BRI a2 R 22 0k vy I At
W 2345 5 (R S J5 T, TR FAS BIAH 5 1R SCHR, T

MCTSIND $2 B i 45 5 mT CLAH B ARSE A 53005 W7 3 45
e JE R HEAT 4147 "
4 G R

£F % MonteCloPi 5% HUidE Fl T — M8 H AR &1
o) 3, ASCHEH T MCTSIND 2. 2Bk a 4 78Ul
H b5 T 8E R BT 55 H04E 1, 203 T MonteCloPi i)
MCTS 5#&: 5y UCB AFGEMEIER) C1H. TEHEN
B Eh 2 A A REA AR I HLsE CH AR R E X %
FWEATEIR . [ B IE R top-k 54 54T SR K, R
MonteCloPi HiE3h R 2| 1 8l Hbr. &5, /£ UCL Al
NHANES 4 £ 15286 25 B 32 B MCTSIND HiEn]
DA A S H brBdR 4, HORILM top-5 FETLR T
T 1A~ 35 o i bl At B AR X s I T 77 458 2k (A
FHEATHFURS 7T LA B H OSMIND G ik B i B Al
o LA AR TR R R 1 TR R T A
MCTSIND §iJ4f RS % M H P s

‘ S0

Herrera F, Carmona CJ, Gonzalez P, et al. An overview on

—_

subgroup discovery: Foundations and applications.
Knowledge and Information Systems, 2011, 29(3): 495-525.
[doi: 10.1007/s10115-010-0356-2]

2 Meeng M, Knobbe A. For real: A thorough look at numeric
attributes in subgroup discovery. Data Mining and
Knowledge Discovery, 2021, 35(1): 158-212. [doi: 10.1007/
s10618-020-00703-x]

3 Lemmerich F, Atzmueller M, Puppe F. Fast exhaustive
subgroup discovery with numerical target concepts. Data
Mining and Knowledge Discovery, 2016, 30(3): 711-762.
[doi: 10.1007/s10618-015-0436-8]

4 Atzmueller M, Puppe F. SD-Map —A fast algorithm for
exhaustive subgroup discovery. Proceedings of the 10th

European Conference on Principles of Data Mining and

Software TechniquesAlgorithm X fFHi A 572 201

© TEREBIK R

http:/fwww.c-s-a.org.cn


https://doi.org/10.1007/s10115-010-0356-2
https://doi.org/10.1007/s10115-010-0356-2
https://doi.org/10.1007/s10115-010-0356-2
https://doi.org/10.1007/s10115-010-0356-2
https://doi.org/10.1007/s10115-010-0356-2
https://doi.org/10.1007/s10115-010-0356-2
https://doi.org/10.1007/s10115-010-0356-2
https://doi.org/10.1007/s10618-020-00703-x
https://doi.org/10.1007/s10618-020-00703-x
https://doi.org/10.1007/s10618-020-00703-x
https://doi.org/10.1007/s10618-020-00703-x
https://doi.org/10.1007/s10618-020-00703-x
https://doi.org/10.1007/s10618-020-00703-x
https://doi.org/10.1007/s10618-020-00703-x
https://doi.org/10.1007/s10618-020-00703-x
https://doi.org/10.1007/s10618-015-0436-8
https://doi.org/10.1007/s10618-015-0436-8
https://doi.org/10.1007/s10618-015-0436-8
https://doi.org/10.1007/s10618-015-0436-8
https://doi.org/10.1007/s10618-015-0436-8
https://doi.org/10.1007/s10618-015-0436-8
https://doi.org/10.1007/s10618-015-0436-8
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

i E R %N

http://www.c-s-a.org.cn

2024 4F #5334 5

Knowledge Discovery. Berlin: Springer, 2006. 6-17.
Grosskreutz H, Riiping S, Wrobel S. Tight optimistic
estimates for fast subgroup discovery. Proceedings of the
2008 Joint European Conference on Machine Learning and
Knowledge Discovery in Databases. Antwerp: Springer,
2008. 440-456.

6 Nguyen HV, Vreeken J. Flexibly mining better subgroups.
Proceedings of the 2016 SIAM International Conference on
Data Mining (SDM). Miami: The Society for Industrial and
Applied Mathematics, 2016. 585-593. [doi: 10.1137/1.
9781611974348.66]

Millot A, Cazabet R, Boulicaut JF. Optimal subgroup
discovery in purely numerical data. Proceedings of the 24th
Pacific-Asia Conference on Knowledge Discovery and Data
Mining. Singapore: Springer, 2020. 112—124.

Belfodil A, Belfodil A, Kaytoue M. Anytime subgroup
discovery in numerical domains" with guarantees.
Proceedings of the 2019. Joint Europe\an Conference on
Machine Learning and KnoWle(\ige Discovery in Databases.
Dublin: Springer, 201'9 500-516. [doi: 10.1007/978-3-030-
10928-8_30]

Kaytoue M, Kuznetsov SO, Napoli A. Revisiting numerical
pattern mining with formal concept analysis. Proceedings of
the 22nd International Joint Conference on Artificial
Intelligence. Barcelona: AAAI Press, 2011. 1342—-1347. [doi:

10.5591/978-1-57735-516-8/1JCAI11-227]

10 Bosc G, Boulicaut JF, Raissi C, et al. Anytime discovery of a

202 AR H % Software TechniquesAlgorithm

14

15

16

diverse set of patterns with Monte Carlo tree search. Data
Mining and Knowledge Discovery, 2018, 32(3): 604-650.
[doi: 10.1007/s10618-017-0547-5]

Mathonat R, Nurbakova D, Boulicaut JF, et al. Anytime
subgroup discovery in high dimensional numerical data.
Proceedings of the 8th IEEE International Conference on
Data Science and Advanced Analytics (DSAA). Porto: IEEE,
2021. 1-10. [doi: 10.1109/DSAAS53316.2021.9564223]
Browne CB, Powley E, Whitehouse D, ef al. A survey of
Monte Carlo tree search methods. “IEEE Transactions on
Computational Intelligence and AI mm Games, 2012, 4(1):
1-43. [doi: 10.1109/TCIAIG.2012.2186810]

Swiechovyski“ M, Godlewski K, Sawicki B, et al. Monte
Carlo tree search: A review of recent modifications and
app;lications. Artificial Intelligence Review, 2023, 56(3):
2497-2562. [doi: 10.1007/s10462-022-10228-y]

BRZ7K, TR, P8, & SR RIEMER THESZ
AR P RF S8 P 30 4 B2 6 00 2% AL T SEMLER B & R 4,
2022, 28(1): 269-293. [doi: 10.13196/j.cims.2022.01.025]
Shargorodsky J, Curhan GS, Curhan CG, et al. Change in
prevalence of hearing loss in US adolescents. JAMA, 2010,
304(7): 772-778. [doi: 10.1001/jama.2010.1124]

Roup CM, Wiley TL, Safady SH, et al. Tympanometric
screening norms for adults. American Journal of Audiology,
1998, 7(2): 55-60. [doi: 10.1044/1059-0889(1998/014)]

T INVETE)

© TEREBIK R

http:/fwww.c-s-a.org.cn


https://doi.org/10.1137/1.9781611974348.66
https://doi.org/10.1137/1.9781611974348.66
https://doi.org/10.1007/978-3-030-10928-8_30
https://doi.org/10.1007/978-3-030-10928-8_30
https://doi.org/10.1007/978-3-030-10928-8_30
https://doi.org/10.1007/978-3-030-10928-8_30
https://doi.org/10.1007/978-3-030-10928-8_30
https://doi.org/10.1007/978-3-030-10928-8_30
https://doi.org/10.1007/978-3-030-10928-8_30
https://doi.org/10.1007/978-3-030-10928-8_30
https://doi.org/10.1007/978-3-030-10928-8_30
https://doi.org/10.5591/978-1-57735-516-8/IJCAI11-227
https://doi.org/10.5591/978-1-57735-516-8/IJCAI11-227
https://doi.org/10.5591/978-1-57735-516-8/IJCAI11-227
https://doi.org/10.5591/978-1-57735-516-8/IJCAI11-227
https://doi.org/10.5591/978-1-57735-516-8/IJCAI11-227
https://doi.org/10.5591/978-1-57735-516-8/IJCAI11-227
https://doi.org/10.5591/978-1-57735-516-8/IJCAI11-227
https://doi.org/10.5591/978-1-57735-516-8/IJCAI11-227
https://doi.org/10.5591/978-1-57735-516-8/IJCAI11-227
https://doi.org/10.5591/978-1-57735-516-8/IJCAI11-227
https://doi.org/10.5591/978-1-57735-516-8/IJCAI11-227
https://doi.org/10.1007/s10618-017-0547-5
https://doi.org/10.1007/s10618-017-0547-5
https://doi.org/10.1007/s10618-017-0547-5
https://doi.org/10.1007/s10618-017-0547-5
https://doi.org/10.1007/s10618-017-0547-5
https://doi.org/10.1007/s10618-017-0547-5
https://doi.org/10.1007/s10618-017-0547-5
https://doi.org/10.1109/DSAA53316.2021.9564223
https://doi.org/10.1109/TCIAIG.2012.2186810
https://doi.org/10.1007/s10462-022-10228-y
https://doi.org/10.1007/s10462-022-10228-y
https://doi.org/10.1007/s10462-022-10228-y
https://doi.org/10.1007/s10462-022-10228-y
https://doi.org/10.1007/s10462-022-10228-y
https://doi.org/10.1007/s10462-022-10228-y
https://doi.org/10.1007/s10462-022-10228-y
https://doi.org/10.13196/j.cims.2022.01.025
https://doi.org/10.1001/jama.2010.1124
https://doi.org/10.1044/1059-0889(1998/014)
https://doi.org/10.1044/1059-0889(1998/014)
https://doi.org/10.1044/1059-0889(1998/014)
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

	1 MonteCloPi算法
	2 MCTSIND算法
	2.1 MCTS策略的改进
	2.2 算法描述

	3 实验分析
	3.1 实验数据集
	3.2 UCI数据集实验结果分析
	3.3 NHANES数据集应用研究

	4 结论与展望
	参考文献

