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Abstract In the era of big data mining, the contradiction between rich data and poor knowledge
becomes more and more prominent. Data reduction is still an indispensable technique for knowledge
discovery, which aims to extract useful information from large-scale data and reduces the redundancy
of data. Granular computing is a new paradigm for solving large-scale and complex problems,
and its core task is granulation. Granulation is the process of decomposing a large-scale dataset
into several subsets through a given granulation strategy to construct desirable information granules

(IGs). Rough set is one of the classical models in granular computing and has been widely used in
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the field of data mining. However, the condition of granulation based on the indiscernibility
relations is too strict, which makes rough set invalid when granulating quantitative data. Although
granular ball computing (GBC) can efficiently use for the granulation of quantitative data, it has
three problems as follows: (1) GBC uses a granular ball to represent an information granule,
which may lose some boundary information; (2) In the process of granulation. the selection for
the center of granular ball is not accurate enough; (3) Granular ball cannot adaptively characterize
the sizes of IGs according to the differences among attributes, which is susceptible to the data
distribution and boundary objects. Therefore, in this paper, an interval division is defined from
the perspective one-dimensional attribute, and then interval equivalence relationship is defined
under multi-dimensional attributes to induce a partition of a universe. Each partition unit is
represented by a hyper-interval granule that overcomes the problem of information loss in GBC.
With hyper-interval granules, a novel rough set model based on the hyper-interval granule is
proposed first, which can effectively unify quantitative and qualitative data into one framework.
Next, based on the density peaks clustering, a hyper-interval granulation algorithm (DPCIG) is
proposed under considering the correlation between condition attributes from the perspective of
decision attribute. DPCIG selects a object with the highest density as the initial center of a hyper-
interval granule, which solves the problem that the center of granulation in GBC cannot be
accurately determined. Besides, DPCIG can partition quantitative attribute values into a small
number of intervals under the condition of all objects in a partition unit with the same labels. All
objects in a partition unit have the same characterization ability from the perspective of decision
attribute. For this reason, all objects in a partition unit defined as a hyper-interval granule,
which can effectively achieve data reduction. Compared to granular balls generated by GBC, a set
of hyper-interval granules outputted by the DPCIG is not only a partition of the universe, but also
each information granule can adaptively adjust the interval length according to different attributes.
Finally, inspired by the nearest neighbor classification algorithm, integrating the majority voting
mechanism and nearest neighbor criterion, an adaptive nearest neighbor classification model based
on hyper-interval granules (IGANN) is proposed. Compared with eight classical classification
models on 21 widely-used UCI benchmark datasets, the experimental results under four indexes
demonstrate that IGANN has stronger stability and higher robustness.
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i DX [APRLAE 55 25 (DPCIG) .

DPCIG &3k D) iy 8 X (AR ok B AR, B e T
DPC 57k #ie e 5 248 v 580 L v 2% 32 05 K X R4
Shy R DX TR (4 490 By v 5 HE I BRI B8 R W R
AT 1) AR 28 B R A A6 T8 3L SR 22 4 e R Ak 1R
PETE B X B B i) b i B R T i Bt A SR 22 A 58
Hok o TO R 1 2 B X 43 R b R X 5 e
H DX H) 45 A 56 R 175 3 AR BURE DX [RDRL 78 R AR B3
DX HDRE TR e 38 40 43 1k DPCIG #4011
WL 1, F B B e A O ST B AN AR AR
4l 5 Ry 1R DX R R SR i A AR
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&% 1. DPCIG. 24 DS=WU.C.d,V.f) . RJEF U X » h F=
A DS=W.,C.d\V,[) (X1, X0, X0 X CSEX,G=1.2,, ). T VX,

L. PR X ERE A, Ge— T
2 MRS BB o= (F  F. oo
Hoh F, =0.i=1.2..n;
U/Ri=1{X1,Xy,, X }3
WHILE | X;[50 and j=1,2,,2
e B e 10 R X EE o e(X) .4
(X)) =z
6. MR Ge < {x, ) WAL GeAE ar (R=1,2, -+
MR RSNV, (G < f(xa), V, (Ge) <
f(x,sar)s
7. F.=1; //x, BEEET Ge MK HAREME 1
8. Wiatk GeBAEEMN ETFRARE, B F, =0,
F.,,=0;
9. HE A, .x) H o, Fx, JEIEE N NB KA n—1
MXSEART ARBE 210 N B e I B R 0 A
., B L Y 5

w1 = w

,m)

10. FOR 7 from 1 to n—1

1. IF f(x,.d)= f(x;sd) and F, =0

12. Ge<GeUla ) F, =15 / /2 IMAGH X ) RL, I
prid o 2Rk

13. AR fa) <<V, (Ge) W fla s a) >V, (Ge)s

14. RS (xinad >V, (G I [ a) >V, (Gods

15. ELSE

16.  ind={k|F,=0}.ind={k|F,,=0};//it 5 I
TRRME N RERTIE

17. 1F /\pglinirbabs (f(xiyap )_Yuk(G(' ))>kngli7ndabs (A
a) =V, (Ge)) //abs() KK ¢ W4 XHE

18. s:all’%glinabs(f(x,- sag) *Vuk(Gp M LF, <15

19. TR f(xi0a,) <V, (G, MV, (Ge) < f(xiya,)s

20. ELSE

21. s:aige’rz‘t{ina/).\‘(f(l', sag) *Y(,k(GF ). F, <15

22. B £y va) >V, (GO MV, (GO < Cay va)s

23. END FOR

24,/ /RGIRLAL PR G0 A TR X DR G (14 DX [H] 35

25. FOR Va, € Ge

26, IF f(ai,a) <<V, (Ge) or flxia) >V, (Ge)

27. Ge<=Ge—{x}, F,. =05 //a; O X TRDRL MBS
HARid xR AL

28. EDN FOR

29, X, <X, —Ge, Ge<—GsUGe;

30. END WHILE

31. RETURN G¢

DPCIG 2558 1 X3k 11 1~5 17, F 82
Fe BN R 8 SO R X4 B rhol p (X))

EX 10, JREMWELZ DO, HE —DIRK

p(X)) =argmax(p(z,)) (9
T EeX)

J

Hip(e)= >, X(ACx,20) — A XFA WK ()

Tpaay € XJ

B . AE A — A K B 3 5, AE S IRE 0. 18,
ARG HBUE— 5 8 o XD X h Rk
(X G2 IR R 00 A5

DPCIG 5353 T DPC 53k 115508 X 8] kL i
O FEIE T AERLTHE M HE LR i 4 45 A KGE
Bl 7 e Ak BEATL S Sfe g 7R AR A AR, S T e o
Ivi) ot 68 DX i) e 7 A0 i 1 3k ) 1 [ B S T R iR )
AN S TORLER T 5 A R AR A R e BE B R kL
FEH L DL 22 RS AR A TE o0 B4 T L. 1% 4 Bt AL 326
PR B TP o A7 S R UE SR T i s Y [ 5 X (R RE
RE A B TE 38 1) 0 4 O] B 30 i o ) R X T A 1 A K
SXYG N B PR R S B Z BEAIR.

DPCIG F i 1 20 B 2 J2 B P 3 A& g e 55 31 Bk
XA ] LA oC X)) 490 B Ak v 0 42 BEOR [ 28 BE AR
Iv] 5 1) 3 ) 2 45 A e v ) X T ) 43 o a0k i A 3 4l
FER 1 i HE X AR Ge o H 3= 28 m # E an &l 3 s,
Xt 5 1) 6~28 17

S 1A 2 AT AR A SRR AL AR A F L =
0 FKRXE o KRAL, BI 2, A & T A o] — > [X ]
KL F, =1 R4 o CORAL. 5 6 772X Geh
WEMXZM G AL BTN LT ARG, HE
A3 O 2 R SR I 4 R O R JE PR 5 8
11 F,=0,F, =0 25 %R GeAE a LB B L f (2, s
a) APE DA LT RS R E. RZ .Y
F,=1.F, =135 G A a, L 1 F AR O HE.
HE GeESABER LA 5T A9 38 [ o i e .
H A 28 B X T] A T [ 28 90 46 R Ak o0 506 F5R.
55 10~23 T &4 5 ot s 0 BE B /N 21 K58 P e
BOERXT 4 LA 8 GeTE B A B By | F A
TR

B 11~ 14 F7RR IR 2 5 e S8 bR 25 A1 TR
HF, =0, UBEH Ge P & 0 4 s [RIB 1 21
JEPEES Ge et Ry Jg Pk i R SR/ 36 &, ik
FWT R R Ge ) B R BT AL 5 13 47 2 e w4
ST s B SR MR S /D T4 1 Ge T AV, (Ge)
OBV, (Ge) s 55 14 47 &2 B8 Ge iy 5.
AR R I o R Gk Ak gt B L B Ge BT 4 3% 1
X G W1 2 IR R 32 AR R

55 16~22 475 11~ 14 F7H i 5 3048 3R
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i 22 HE

L.26

FolIce G 11 (2
FAFIXTA T

%

U—U—{x}|L29

EHIX ARG G — {x}
BB ARG A0

—

.27

P

MG,

Pl 3 A R v T R X E]RE O AZ L R

M Ge e R I3 by E) 2Rk Y o 805 5 R0 0 4R
D SRR G o B T o0 5 Gl 5 AR
PR BRI A R IR Gz @ M A ST A
I RE BT 16 471 S8 115 Ge i BT Bk K o 2 1 )&
YRGIH ind Flind ; SR)G1E ind Flind &R x5
(OFS & i S = O ST ol W O Al R T
KL 1T~19 4R Y f(ra) BV, (GO
O W I GefE a XA B A B AN E, & 1, [H]
BEFIBT £ (xssa ) JE 75/ V(G s MK V., (Geo)
HE.H 20~22 4T 558 17~ 19 A7 M B — 4 Sk #%
RIS f(asa) BV, (G W 1E GefE a XAl F
FRTE R B FIW R AR EEERV, (Go.

5 24~28 ATARIN C 5 IF B Ge WYX B o 1 & 1k
EHZ AT Ge X AITE A o AT R SR WK
M Ge T BR 6 o B fb bR AT S 0. AR Z BN
19 470 22 43 0] gt X 8] (4 b F 5L R

T B DPCIG 83k , 25 451 8 5 158 WY X (1] b
MTE B R R — B A A 2 SR a
Hay 37 A% G B L G 2] W22 8] F & 4 By
S B FNE J5 T8 43 5 7R LA L A S X 2.
DPCIG 83k g e il 46 2 3 10 HE 21 A 2 43 5
LR L L. B2 4 4% IR DPCIG 83k 6~
28 AT LA 2} Jpkidb Hn FF A 25 R X L G 8 4
Wi 2 i) DX T A 2 p A i 1 X T B A 1Y
WG WIRIRE T .Gt a Ml a, 1 BN SARSE 41

T 2 18 an e FIOMH. B 0T Gelty 1R 5L
B2 Ge i th o P 4 S2ERETE L g B B/ ke R A8
TE A 58— U BRI 55 AR TR A8 R B TR

agA aA
.: o= ) e ® =
.1% Ty . ® ® . b
Sl ¥ = u _ G 2 u
Vag((}(‘) G1< ° | = :7= VU,(G(I) ¢ F
o x C = .1
o [&¢ ° e
o] ° ® gl °
1
V(G 22 e Na""  WGHl—e e NI
1 = 1 »> e »
VG VulGo) V.G o VGh @

B4 B IX DKL T G

A Ge W BRI - (D) 8B F 4x 36 4%t
G5 o) (W IE B I IR B MO HE 5 (2) i B HE Sy
MR AL FI WX G5 o) b 28 AH ] & 5 X G s 285 A [
FLARBORL AR 0] 2 4 i 4 7 XoF G2 19 J P (i 2 75 L X
R B Kk RN R LR RS Ge i
NP E B0 E RS TR (A =D s
JEMEAR BZ X G5 G f il A i 2 Y 1K 8] 3 o5, » I 45
b %0 A5 B ST WY Goal 7 B 52K 05 2 B il T
23 fE a; LY GeAba, ) LR CGRRAV, (G
UE W IR V., (GO BT B B Ge e a. (1 B 580
[l X R AE @ EIIBUE KT V., (GO X4
CRI 25 5 1 850 JULAS P 0 O 2 75 45 v 8 T 25
] B AR I V. (G VL, (GO VL (GOTEIK Ge.

BIEPRRG DS H n ML AR 2 x4
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AL
=B

DR 0y (n,<<n). %€ — DS,DPCIG Bk 4~30
F3E AR R A0 R4 B X RDRLAE B Ge s Ge )
| Ge |l <<lnmi BIEWERWREL = [ Ge | B 1<<ny . H
Bk 29 T SRR 2 A TS 5T —waEN
(1A, BV I 5 36 A U 5 ) 388 o A 25 B ) s [ A
A PE— B BWD. YRS R PR 1 2t
B AN R 22 )RR RE B A 1 AN R L AT
BRI 220 Oty s 558 2 235 1 A hifl bl
B n DXIRIYEEE R 28 OGo) . 25 F TR,
DPCIG 5 By if [a] 52 22 0 Ot ). WOHE IXORE ) 6 7
KB 5 EOHE AW 43 A AH DG, BT R T RGE S

Lo,

0.8{ %%
0.6 "
o
0.4 .
0.2
0 * W k ..- «
0 0.2 0.4 0.6 0.8 1.0
a
(a) 2R EAR

& 5

AR SRR W 2 2 AT 55 AR RLT B AE SR Ll
ok DX ] R 43 B R Ak R W R B A G R X )
KA A o D PR RO G2 WA #5201 43040 24 7
K5 EOUHL UL B T Ok fk 33 DPCIG #5863 A~HE A
fAT AL R 24 AN DX TRDRE A 3 A
3.3 ETEBRENKEERNEBSEEER

TN 27 > S KRS 45 rh 2 BB A3 R Ol T 50
WE DPCIG B3 0 A 2t A9 8 I F 40 2K 4% 55
T e 4 R DX TRDRL 5 Sy 4 SR 1 E SCL R TR R
TR A DU X G2 AN fig 5 R 52 42 D A 18] A
BT DX RDRL R M 3 I A A R A AR

EX 1. g —MIRERG DS=WU.C.d,V,
NC={ar.as.ma, ). BGe=1{Gt.Ge e GO
TESURRI . W T Ve €U o TE/EE ) F I
RV, (GO=f(x,a) =<V, (G E=1,2,, pc;
k=1,2,,m) M| x (FR%E 5 G TR, B flx,d)=
L(G).

ME SC 11 AT X DR A SN T — R
WA, — A8 DX [RDRE X B — 2% RN . 35 4 X () b A
A 114 0 D0 7 2 o L T X B R 42 L 58 4T
RE A7 75 M 3200 G2 AN BB 55 R0 00 UG E A 19 00 25 T e, AR
SCAZ RNN B B & o B 5 T 8 DX RDRE Y B 3 R
AR 4F KA (IGANN) , I 7k 2 .

NN SIAVS SR 2 €1 TE FINE R ARTPOEZ S AR 1
P 45 ETE I R AR BRT g 2 3 .

S T EH WU DPCIG 583k 1 3% ARk B /N F
B o A B B fourclass BUHR AR (n=
863, m, =556) (1) 1 45 R AT AL . W&l 5 Fras. [
R T AR 3 A8 X ), 8 X W) 7 ) 4 50 B 7 3k AR Tk
B A . B 5(b)J& DPCIG ik fE &5l 24 ik
PG Az B 78 35 T8 B 24 A8 X RDRL, B4R ¢ <<y
FH G RL BRORL Ak 55 % 1 s an &1 1 (b, mT DL R
DPCIG 58 % i i 8 DX R)RE A 303 2 % 205 B
SRR 2.

1.0

0.8 L5

G
*,
064

0.4

0.2

(b) 24 IEA

DPCIG & %4k fourclass B £

&k 2. IGANN.

BN :DS=WU'.Cod. V. ) Hh U ={x/ a7 )}
RS B 1 M e = {Ge »GE -, GL)

B R AR 4 LAUD

1. #Wiatk LU )Y~ 5

2. FOR: from 1 to n’

300 FBEN 12HA L B GLG=1.2,.p) i
B I B B N B R A Ge iR HE L I G
Gt oo s GENHEF 45 5 5

4. IF L(G&)=L(GY

L(x)=L(GL) ;5 //LCx)FmR x AR, 1

flaivd)=L(x})

(&2

6. ELSE
7. T<A{L(GO ,L(GE) ) sa=<0.5,t<2;

8. WHILE ¢ <<1/| T|

9. t<t+1; T<TULGH);

10. l,:arin;ax|{L(Gi~):l}\,,ﬁ;EPjZI,Z,-",l;
11. a=[{L(GHETILGH=U"}|/|TI;

12. LzH=1;

13. LU <LWHULx);

14. END FOR

15. RETURN LU

BVL 258 3 AT Sk e SC 12 AT 4
55788 X [RDRL Z 8] 9 2. 5 e 3 109 75 1 8 X [E) R A
ZSRR TR DU X G B R 2 A WL 4~5 47 5 75 AR
YR\ G BUHS 0T 4B A48 DX (8] RE A8 bR 25, 1 31 5 A A 25 1Y
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ERORFHEARE S M I, WL 6~13 17.

EX 12, HE—~PMREFRGE DS=U,C.d,
V.0 s,C={a,az+"sa,}, & GIEU Ll— KX

R X T Ve €U, x 3 Ge R BE B E L
d(x,Go)=>d, (x:Ge) (10)
k=1

O’ Vu,v(G(‘)gf(l'vak)élev(G(‘)
Hohd, (eGo=1 ~

8, HAth
Hoé=min((f(x,a;) *Vl,k (GNP (flasay) —
Yuk(GF))Z) » min(J 732>%‘:2%7£ S A 5. Z|EﬂEX/J\ £z}

-

LN

5
EE

16 OF

(a) ENNAPH8

X G ] bl

2% ] L 8]

2 CLO) T J@ T 48 X 18] 7 4 X 52 21 Xk 17 88 X i)k A
B 0.

B 158 DPCIG B3k fiy B4 48 X a6 S 80R | Ge |
H G| <y W IGANN J3 2 55016 1) 1) (] 52 2% B2 Ry
O GeD.

A ANN,IGANN A B A4~ X 51 . (1) IGANN
S E R DX [R]RL 7S (] b gL, an & 6. A7 S Ud . 7E A 4R
WA 42 1 30 A1 B - IGANN 18 % 4 5 1 X [i] ki
BRI ANN THEX G E B 5 (2) IGANN J&
JeZ A 1 VL) 43 H LAY

DPCIG
it

(b) IGANNZ 245

B 6 IGANN 5 ANN {1 b #%

4 KWL E S

ARSCIHAE 21 M ARifE UCH i ds 4 bk f7, Horp
A5 TR HESCERE3S e i 13 AR 46 . S g $ s 1
HAE B AR 2 PR ORIE T AR UCT % 52
2] Ji (https: //archive. ics. uci. edu/ml/index. php).
LA AT HREE i Windows 10 64 i #:/E R 48.8GB 4

2 214 UCI iR & ay i
POE S H P

ETRE GRS WH &H  &H J& P R
No. 1 iris 151 4 3 SLE
No. 2 hepatitisChep) 155 19 2 RS
No. 3 heartl 293 13 2 LS e
No. 4 arrhythmiaCarr) 453 279 13 R, SEEL
No. 5 band 539 19 2 BORL, STR
No. 6 energy-yl(yl) 768 8 3 R E
No. 7 fourclass(four) 863 2 2 SHL
No. 8 abalone(aba) 4177 8 3 SR, 44 X
No. 9 pen 10992 16 10 LY
No. 10 drybean(dry) 13611 17 7 S
No. 11 htru2 17898 8 2 SR
No. 12 occupation(occ) 20560 7 2 SR
No. 13 credit 690 15 2 BB S8
No. 14 anneal 798 38 5 R, SR
No. 15 german(ger) 1000 19 2 R
No. 16 heart2 303 13 5 R, SR
No. 17 wdbce 569 30 2 SR
No. 18 hourse 368 23 2 BB, S
No. 19 iono 351 34 2 BB
No. 20 wine 178 13 3 RO, ST
No. 21 elect 10000 13 2 ST

17 Ml Intel(R) Core(TM) i7-8565U CPU@ 1. 80 GHz
AbPRER L i FEIE S N Python.

T B UE IGANN 43 2845880 () A 50t ok FHPEAh
A2 PERR NS B R (Precision) \YER R (Accuracy) |
A 10 Z (Recall) DL K FISEH4 F1pY A4S 18 48 Y
T P RE | R B SR A b o 22 (STD) Ok & 4y 2K 3
R Fe e M s I 5 58 R0 T B 0 DU A e a4 2R
GBNRS*' NCRDPP"? | NCR™**! i1 RSC™ 12 J pg 4>
SRR > 3 AL S A R DLt B (GNBO) |
ENN(k=3) 3 #F[a] B AL (SVM) | g 56 #f (CART)
HEAT A JEHERE X L.

RS AT TGANN HIXF B R Y f 2 5513 B
F. IGANN B2 — A LS AL IGANN [ iy A ¥
Ko X [ R fL 5 7% DPCIG, DPCIG B kA # e X 10
BECRLAL HhCs B BT 5 B %) B8 R R FHAEL 0. 18. 55
Ak, 1 F DPCIG B0 4 & Ja ME i B0 42 se B
SURLAL 5 BN AR AL AR M R PR IR L 4R 0
A1, Hudn abalone H A & 1 A ZAH a2 1 U R 2"
UG AT HE R 0 F 155 H — b i M
& 1 — e e 2 RR X 2 [ 4E S DPCIG 305 A

GBNRS 57w A b BR 00 40 B B (E B E 1. 4
ZHE WU SR B 3 48 43 25 L. NCRDPP i1 NCR (1) 4H
XS B G ik —3. T RSC HiE 1 T PE g 2%
Y S0 v BOHE B 1) S A R R R S B I A )
SR JF 258 i 8 W s ) i vk R AT Ak LB R R R
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5. or RUENNZ Z BB EE L. 72 CART . Jg PR T
BLRE R I e 45 Bty o W I IR FE i B 3. GNBC
1 SVM ARG T A 2 505 B A A scikit-learn
2 ) FER LAY S 50(E default setting.

XFF9AIr s AL 2L DB BT Accuracy
Precision il Recall WISZEG 45 RN 3~FK 5 i,

F1 RS A R 7 Fros AL A48T 197 24
AEANEE 8 Fron. & 3~3R 5 o L4l r 264 . 5 1
B e Bt 4  FROTAR R B KOs AU AN TR 23 K AE AN
) B A A9 0 2R PR RE. R RE 45 b BUE Y [ D 0 2
LAE MR o R Ar PR RE M. R P iy STD g b e 2%
STD e /Ivii 9 73 2 2 P REBAG E

F3I DEBVBEEHEAccuracy) IEFR THIHERET L

FE TR Y 28 g R

BE T LA 2 o 1 22 S SR

Bl IGANN
GBNRS NCRDPP NCR RSC ENN CART GNBC SVM
iris 0.95 0. 94 0.93 0.94 0.79 0. 94 0.95 0.95 0.95
hep 0. 88 0.93 0. 87 0. 84 0. 88 0. 89 0. 86 0.31 0. 90
heartl 0. 82 0.73 0. 80 0. 80 0.70 0.78 0.75 0. 82 0.66
arr 0.63 0. 54 0.62 0.62 0.61 0.59 0. 65 0.23 0.63
band 0.70 0.72 0.70 0.72 0.71 0.65 0. 66 0.67 0.67
yl 0. 94 0. 85 0.82 0. 86 0. 94 0.78 0.97 0. 81 0. 81
four 0.97 0.99 0.98 0.99 0.95 1. 00 0.76 0.75 0. 80
aba 0.62 0. 60 0.50 0.68 0. 50 0.59 0.61 0.59 0. 63
pen 0.99 0.97 0.75 0.98 0.70 0.99 0.57 0. 86 0.99
dry 0. 91 0. 82 0. 88 0.57 0.53 0. 91 0.91 0.90 0. 62
htru2 0.98 0. 97 0.96 0.95 0.95 0.98 0.97 0.95 0.91
occ 0.99 0.98 0.98 0.98 0.97 0.99 0.99 0.97 0.99
credit 0. 99 0. 88 0. 99 0.82 0. 87 0. 96 0. 99 0. 99 0. 96
anneal 0. 89 0. 82 0. 86 0. 84 0. 84 0. 89 0. 87 0.59 0. 83
ger 0. 65 0. 62 0. 69 0.59 0. 60 0. 64 0. 66 0. 69 0. 60
heart2 0.58 0. 56 0.58 0. 41 0. 54 0.56 0.57 0.55 0. 54
wdbc 0.92 0. 88 0.95 0.91 0.90 0.97 0.93 0. 94 0.91
hourse 0.79 0.77 0.69 0.61 0. 64 0. 81 0. 83 0.76 0. 66
iono 0.91 0. 86 0.91 0.91 0. 85 0. 85 0. 90 0. 89 0.93
wine 0. 90 0. 82 0. 94 0.76 0. 80 0. 96 0. 96 0.97 0. 46
elect 0. 84 0.92 0. 86 0. 84 0.62 0.92 1. 00 0.98 0.92
-4 0.85 0. 82 0. 82 0.79 0.76 0. 84 0. 83 0.77 0.78
STD 0.13 0. 14 0.14 0.16 0.15 0.15 0.15 0. 21 0.16
x4 DEBEEFBRE Precision) 1R TR MEREXT EE

e IGANN FETORL T 04 28 i Sy 2R AT BET ML AR5 > 0 22 O3 2R T
GBNRS NCRDPP NCR RSC ENN CART GNBC SVM
iris 0. 96 0. 94 0.95 0.93 0.79 0.93 0.95 0.95 0.95
hep 0.55 0. 47 0. 60 0.51 0. 45 0. 45 0. 45 0.52 0. 45
heartl 0. 80 0.73 0.70 0.82 0. 80 0.77 0.74 0. 81 0. 65
arr 0. 36 0. 36 0.35 0.34 0. 34 0. 30 0. 35 0. 26 0. 34
band 0. 69 0.72 0.70 0.73 0.77 0. 64 0.67 0.74 0.76
yl 0.93 0.78 0.73 0. 80 0.94 0.74 0.95 0.54 0. 54
four 0.97 0.99 0.98 0.99 0.95 1. 00 0. 81 0.73 0. 83
aba 0.62 0. 60 0.49 0.69 0. 65 0.59 0. 60 0.58 0.61
pen 0.99 0.97 0.75 0.98 0. 80 0.99 0. 48 0. 86 0.98
dry 0.93 0. 84 0.88 0.55 0.53 0.92 0.73 0.91 0.49
htru2 0. 94 0.98 0.96 0.95 0. 94 0. 96 0.93 0.82 0.95
occ 0.98 0.97 0.98 0.98 0.97 0.99 0.99 0. 94 0.98
credit 0. 99 0. 88 0. 99 0. 82 0. 87 0. 96 1. 00 1. 00 0. 96
anneal 0.78 0.72 0.69 0.71 0. 40 0.79 0. 64 0. 66 0.73
ger 0.63 0.61 0.68 0.59 0.62 0.63 0. 68 0.67 0.51
heart2 0.32 0.32 0. 29 0. 26 0. 30 0. 28 0. 27 0.32 0. 25
wdbe 0. 90 0. 87 0. 96 0.91 0.91 0. 97 0.93 0.93 0.91
hourse 0.78 0. 69 0.69 0.58 0.63 0. 80 0. 82 0.75 0.67
iono 0.92 0. 88 0.93 0.92 0. 84 0. 89 0. 90 0.91 0. 94
wine 0.93 0. 89 0. 94 0.75 0. 83 0. 96 0.97 0.97 0. 48
elect 0. 90 0.92 0. 85 0.83 0.59 0.92 1. 00 0.98 0.91
T 0. 80 0.77 0.77 0.74 0.71 0.78 0.76 0.75 0.71
STD 0.20 0.20 0.20 0.21 0. 21 0. 22 0.22 0.21 0.23
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0. 64
0.75
0.32
0.70

0.92

0. 84
0. 50
0.73

iris

0. 50

8

50
76

49
77
29
6

0

0

hep
heartl

0.7

0.

79
33
69
91
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Background

Granular computing (GrC) combined with human cogni-
tive mechanism is an efficient way to reveal the descriptions
of data, and successfully applied to knowledge discovery. In
the era of big data mining. the contradiction between rich
data and poor knowledge becomes more and more prominent.
GrC, as a new paradigm for solving large-scale and complex
problems, provides a new direction for data mining.

The core task of GrC is granulation that is the process of
generating information granules. Granulation starting from
the whole problem space first partitions the space into several
subspaces, then constructs the desirable information granules
on these subspaces based on equivalence, similarity, or proximity
relations. An information granule is a group of objects with
common properties and can be regarded as a community.
Information granules are considered as a general outcome of
data reduction. Because of this, an information granule can
be regarded as an embedded computing unit to replace
samples and improve the efficiency and fault tolerance of the
model.

However, the existing granulation methods still have
some shortcomings. For example, the granulation approach
based on an equivalence relation is too strict, which makes
granulation invalid when granulating quantitative data. The
granulation approach based on neighborhood relation is not

only time-consuming but also prone to form some redundant

information granules. To the best of my knowledge, granular
ball computing is the latest granulation method, but it may
lose information.

Therefore, in this paper, an adaptive super interval
granulation algorithm based on density peak clustering is
proposed under considering the correlation between condition
attributes from the perspective of decision attributes. The
output of the algorithm is not only the partition of the
universe, i.e., there is no information loss, but also all
objects in partition block have the same label. Based on the
super interval granule, a novel rough set model is proposed
that can effectively unify quantitative data and qualitative data
into one framework. Finally, to verify the effectiveness of
proposed super interval granulation algorithm, we used it in
classification task.
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