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Prototype Selection Algorithm Based on Natural Neighbor and MST

ZHU Qing-sheng DUAN Lang-jun YANG Lijun
(College of Computer Science, Chongqing University, Chongging 400044, China)

Abstract K-nearest neighbor (KNN) is one of the most popular algorithms for supervised classification. However, the
traditional KNN classification has two limitations that the option of parameter K and prohibitive computational and
storage demand for large datasets. To overcome these limitations, a new prototype selection algorithm was proposed,
which retains some key prototypes that make a large contribution to classification and removes the most of other proto-
types with little contribution for classification, Differing from other prototype selection algorithms, the proposal uses a
novel neighbor concept natural neighbor to preprocess the dataset and builds minimum spanning tree based on the speci-
fic terminal conditions, According to the MST, the prototypes close to boundaries and some internal prototypes are pre-
served. Experimental results show that the proposed algorithm effectively reduces the number of prototypes while main-

taining the same level of classification accuracy as the traditional KNN classification algorithm, Moreover, it is a little bit

superior to other prototype selection algorithms in classification accuracy and retention ratio.
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R TR AHBEEET KNN S2RE e HE R E
s 18] A2 2 B 5 B W TR, SRR A FRT B AR T2 i F7E KNIN
ST, BEHATE AR TER PR JRRRENRE A R,
BB 2B S RAERE R R T, KMy E R 2 H
PR EE L. Hard)F 1968 F R T R4 BIEN
JEE B (Condensing Nearest Neighbor, CNND , Z B 0 F 2
BN AR B REEN AN SO R S A R R
AN, BREZFEREFEENSENARNRER,BES
FO0E B BTRRAS s R AT, CNN 8 500 SR 4 S B f#0UF
W SRR, 25, ~SHET CNNWREEERERTH
3%, 4510 - B TR 45 B T 4% /& (Fast CNN, FCNNO™ 11 L
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FEHER T RE S — R R ERNEA N, IR RIT
REDFHRERA NS EREFHE Y. FHiy, BT
ENN ()~ 3 51 ) 2 B o B 42 i » %1 40 : RENN (Repeated
ENN), DROP1, --+, DROP5 (Decremental Reduction Optimiza-
tion Procedure)'® 4, AT, X EHE FHEBRKHB LR
AL SRR A BETROAIBRE L, B
BR A R AR, (BB S SR LS .

EER, ~ S RREFERFERGIR B . Fayed M Atiya
F 2009 fF R T —FF I ESHE E—KNN SR A4 R %
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BEABERE X BLSEs” N TH LnE—BEH,
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HARESEDF BFEARE TR, Li]# Wang Y P T 2014 4
BT —FMETF BB § R R FE B BNNT (the
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—ANRBAETE WA R B — R L
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H #8458 & (Natural Neighbor, 2N)5 10530457 1048 B ML & 4T
TisbFE, ARG R B /ME SN R HTIR R, EdEBE
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W B ARARFE MR, B S B SRR B RBIE
BB BE R R AR SRS BREENE
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S
wE
HAYIGE X
il A RE B 4B NN;
B RRAY B RPFHE nb;
HRIE T IR sup,
HI:
1. r=1,flag=0, Vi€ X,nb()=0,NN({D =0
2. While flag==0
3. For VieX
4 k=getNN; (1)
5 nb(k)==nb(k)+1
6.  NNGoO=NNUU{i}
7
8,
9

B R 4P R R A (2N_Search)

End For

r=r+1
X cent=count(nb(i)==0)
10,  If all(nb(i))70 || isSametolast{cnt)
11.  Then falg=1
12. End While

13. sup=r—1

HEHEE P, B gerNN, DBABEEEA i W55 r MR
SBIE , BB count(nb(D==0) G+ T nb()N O B IATH B
B AEBB , B isSametoLast(cnt) i B cnt B Y4 RTE
B5 ER—#,
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DET R EEE N TARE/ME M

D E—RB/NEBN , EEE R RRIRE T k.
4.1 WEmLE

AR B/NMERNZE, FEBLBEBESR. X—5H
BAR RHEBRR A HE . R BIER A AR BB R RR S
ERRESHARSERITERREARRS. BE24H
BRI B C AR, M TFHEAT ARSEERAR K &
TR, B A R W BTARERRA S XEREER
AERBATEME,

Wik 2 BUREBUALE
WA EHRNSE X
Wi WAL IRE Mg X
g
1. 2N_Search(X)
2.X'=¢
3. For Vi€eX
4, If nb()540 && class(i) = =getMajorClass(NN(i))
5. Then X'=X"U{i}
6. End For

TR 2%, BEOTURBURIE A i WARSEAEE
HIHIRE
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Wik 3 HEE/ME SRR
A B EGISE X'

35 & A tree_capacity
B AR BUNE RS msts
PR
1 ¥t . AR vertexs=X', B/MEBRAE msts=0
2. While isEmpty(vertexs) ==false
3. M vertexs HYEBE— s | FFRAEEMY tree, HME i KA vertexs HESER
4, While isEmpty (vertexs) = = false & & num(tree) < tree_ca-
pacity &&: allStop(tree) ==false

TE vertexs HFIRE tree BILKIA §
¥ 5 EET tree HEUEMAE K k, IFHE § A\ vertexs FBR
If class(3) !=class(k)

status(j) =status(k) =stop

e P N o

For each node n connect to k

10. If all nodes connect to n are in stop
11. Then status(n) =stop

12. End For

13. End If

14, End While

15, msts=msts { tree }

16. End While

ER 3, BEUsEmpry OF BB E R TR, B
num(tree) BT /N A tree HEY S A, BB allStop
Gre) AW rh BT 5 SURE R BN stop,

4.3 FRERE
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MST EfH RHRE T TR DWW A8 5HRRER
BEA, GRS, MST L F AR A F 4L, 2NMST B ik
HEREAR S B AR E R B B S R — B R S TR E
X P IR R 3 SR T LA 24 18 R 40 B8 i Ay N R A
PRSI AR, B R — S B A REEN A RE/RE
TR, BE: A HERR T FREENTE,

k4 FREIEE
HiA HERIB/NE B msts
Wl B RREWRRE PS
LI,
1.PS=0
2. For Y tree €msts
3. flag=0
4, For ¥ branch(x,y) € tree

5. If class(x) Y=class(y)

6. Then PS=PSU {x,y},flag=1

7. End For

8. If flag ==0

9, Then PS=PSUJ { centriodPoint(tree) }
10. End For

HHE 4, BB branch(z, PRARPEET R M y
B30, BR¥K centriod Point(tree) HE KR, T B/ ME RS tree By 0>
FRIA,

4.4 WEHESEESH

BRVIGE X WHER », B 1 BFITHE X PHARK
ERZEIMER MREENREENER O, BB 1
FRS BRI ENER O x supy) Bk 1 MR I &4
WER sup, BHMXTE/D, Bk 2 EREEREFE
B THEEE O sup) . B 3 PEFMIERIE
HERMEC LT E R ERER, Fat /A Prim Bk, 2
HEREERER OCD, BE4NHERNEERER
O HETE M B & AT LAE i, 2NMST 55 BNNT HE ik
KRt ] B 2 ERAFE R, B R OGP D,

5 XBRELSH

FFETF 15 4> UCI $imsExs 2NMST R A B
BTSSR, A NXRERME R AT X EiE, B8 UCL

BAREPR R 5 NMEAERIREIRTHE, RS R A%
FHEERSAE D 4 MBI TS 05BN %, R 58
KT H— MR FEE BN, B — B FEBHM—%
PHRER 5 K EBWERIEARKWER. DPREHE(Ac)
MRERGCOEFNEEWS BRI, STERERRHE, F
BEERRFREEESTEBE LA RS GHRE T RNMET
R SR A, BT LLE S Ser=100| PS|/| X |3 BB H, K+
PS RESFEEFEHENFHREEEE X PEE T ROKE
F&, | | FBA—ERE N FREE ; SRR AR S
T KNN &, s H T LUl Acc=100|TS'|/| TS|
HEAE, B TS FmiR e, TS R R4 8 E iR
AR FE. EFRANZE S, B R EFEHKKE
B BERRE A KNN Bk, 3% £=3,5,7 b4 60w
EERNEEIBERY L ERTER. FHANEEEES 1
R 2 h#AT TR IR BE R ) & R U 4k B TN AR
BHE.

EXFRARFERT EASE, HBE280%E 6L
AEB/NVE R BB PR T ARESE tree_capacity
efEH MST MAKME, 7T REASCHE %S ¥ tree
capacity R UREE , e ¥ T A [RIME B tree_capacity ZE 2NMST
gEfT5E88 ., Tree_capacity BRI T n/40,n/35,n/30,n/
25,7n/20,7/15,7/10 FiWn, 2 b n BYIGEHFRRHE, &
TFUELEXHARNSEE, LW %EE THEM 10 4 UCL
BE gk Hhdg ONMST B HLBBER, TRERBREE L
ME 2, 2 tree_capacity FIEZ /N, REEPLEHN
HEHHBBRSBR, NTTSBAERNAERNERY
HERESR, M, IR tree_capacity BB, N & /G R AW
EHHRERSERSE D, SHABRBWLE /D, BEY
tree_capacity F{EAE KA, T8 AR I &R, B
BEHEH, BERENEREUASRRATHB/MR/N. LR
HRRY,BEE tree_capacity [HH AWK, REREHE
8, BAREEELET/ HRSENERENEA BERMK.
Hil, St FARWREER, pRERRIF AR ER. BIE
R AT FSC B0 VEAG 7T LAAS 4536 : SNMST B33 F 9 4
RE S tree_capacity 3¢ R PUR, B & — 1 LB 7 1 R
HHEEE ., LRED L tree_capacity B/n b, 154 R R
WIBABEE 8 A RS B BL AR B R B MO MERR SR, R I
S EMEZE P, Bk 2NMST #RBR tree_capacity n .

£1 Fk 2NMST HSH threshold R RIEA #EBH AR B RN LM R

Dataset n/40 n/35 n/30 n/25 n/20 n/15 n/10 Jn
Acc Str Acc Str Acc Str Acc Str Acc Str Acc Str Acc Str Acc Str
Iris (150,4,3) 97.33 34,33 97.33 34,00 96.67 27.17 98.00 23.17 96.00 20.67 96,67 19.83 94,67 13,33 95.33 19.33
Wine (178,13,3) 97.16 29.21 97.17 28.93 96.11 24.44 96.63 23.88 96.08 19.10 97,27 19.10 97.19 17.41 96.65 18.68
Sonar (208,60,2) 68.82 29.69 67.34 26.68 65.78 27.29 65.31 29.22 68.29 31.50 66,32 31.37 65.38 32.69 67.33 30.76
Glass (214,9,6) 65.93 24.76 64,95 23.25 62.54 21.73 66.38 22,43 64,50 23.13 63.09 21.83 61.90 20.30 64.01 21.61
Liver (345,6,5) 67.54 22.25 66,09 20.58 64.06 21.16 65,80 20,07 65.80 18,70 65,22 20.07 65,22 20,80 68,12 18.41
Yeast (1484,8,10) 56,62 19.27 56.07 18.62 56.60 20.57 56,06 20.97 56,87 21,88 56.87 21.65 58.36 26.13 56.81 19.68
Segmentation (2100,19,7) 84,57 21,14 83,95 20.45 83.14 22.69 85.38 26.86 85.52 24.50 82.00 25.57 87.29 28 30 85.43 21.49
Spambase (4601,57,10) 74,96 9,90 75.09 10.20 74.79 11.07 74.79 11.40 74,70 11.73 75.33 13.21 75.09 13,43 74.68 8,92
Pendigits (10992,16,10) 94,13 13.56 93.77 13,38 92.72 14.69 92.62 17.87 96.45 18.61 95.41 24.49 95.86 25.90 95,00 8.53
Letter (20000,16,26) 89.22 45,84 87.23 48,27 88,47 42,58 87.00 38.34 85.57 37,70 85,43 29.96 85.12 26.50 85.64 32.01
Average 79.63 24.99 78.90 24.44 78,09 23.34 78.80 23.42 78.98 22.75 78.36 22.71 78.61 22,48 78.90 19.94
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—a— Accuracy
‘O~ Retention

Percent
o583 85883888

/45 w3 /AN B /20 /15 /10 M2
Threshold

B2 x1PFHEERNRERNTRE

R T RARFCHRA MR, J K 2NMST 585
B9 BNNT B #4177 ik, Rt 5 A LM EE#T T
#,483% CNN, ENN, TRKNN #1 PSC. 7424 BNNT &%
MIEXEMZ L BNBTREHUWEBEZR, BT
TRKNN, PSC #1 BNNT B HASHFEE, B RFETREY
RESEHE T REE NS BE#THEER. B 2NMST
FERBHEZ A R B M X RBEIES Z R BNNT
BRmcar 2],

B4, % BNNT 1 2NMST BRETF 14 MR ERE#
T8, % F BNNT Bk, 5t Biree_level=Vn. KNN &
BB RARIERE, Kb TRAANE, BEERR 100X,
2 HTHRBEMARRENLER, R B3 -H THER
EMEEEZRM R, AXBELRERPTLUEFH,
2NMST WHEHRREE RS EE LR, R ff &R JLEH
REMK., XTSRS, ML BNNT B, 2NMST B
TR EE LA B M T REERER, In
Spambase, Pendigits 1 Letter, 2NMST AL LUF 17 0 HE
WERMEMLEOEEERBELER —EhE.FE
SNMST MR T ERRAB BT . WA R/IDNRE

F 2 Fy: 2NMST 5 KNN,BNNT R RH{EE RO LRGSR

Dataset KNN BNNT(/n)  2NMSTWn)

Acc Str Acc Str Acc Str
Iris 95.84 100 93.33 21.67 95.33 19.33
Wine 67.61 100 55.54 23.88 96.65 18.68
Sonar 78.70 100 65.63 42.07 67.33 30.76
Glass 62.47 100 55.13 26.87 64.01 21.61
Liver 54,92 100 47,68 52,54 68.12 18.41
Yeast 55,88 100 48,11 18.62 56.81 19.68
Segmentation 94,03 100 86.15 19.76 85.43 21.49
Spambase 73.51 100 68,37 34.34 74.68 8.92
Pendigits 98.29 100 95.21 17.79 95.00 8.53
Letter 95.24 100 84.06 25.49 85.64 32,01

Breast cancer(699,9,2) 96.71 100 90.85 33.35 97.28 8.30
Pima Indians(768,8,2) 71,92 100 69.75 35.86 70.19 15.46
Balance scale(625,4,3) 83.84 100 79.58 38.47 83.99 10.76

Landsat(6435,36,6) 90.32 100 89.94 15.96 88.22 11.60

Average 79,95 100 73,52 29.05 80.62 17.54
100 T5TRNN ©
w0t + BNNT

* ZNMST
80
L
£ 60
g
& 4
0| +
20

#*

-
=)

73 4 75 76 7 78 K¢ 80 81
Accuracy

B3 %2 PHRm RN R E RN B E

HWK, % 2NMST f1 CNN, ENN, TRKNN, PSC il BNNT
BRHA TR E, TRV EFVWERSEBRERA R
BT RBEFNSEE. TREGFRINE IME 4 Fim, TR
EH . 3T F Iris, Wine, Glass, Liver Fl Letter $t{E £, 2NMST
B mRE A E & Wk T HAREE SR, 2NMST
WA AR RIF TR, Bk LFR, 2NMST WF &R
BN, T BBR MK, (R B R/ A, 2NMST B ¥

2, FRREGRIE H KNN RS, SR R
£ 3 My 2NMST 5 CNN,ENN, PSC, TRKNN, BNNT (%5 3 f147 8 3R i AR5 R
Dataset CNN ENN PSC TRKNN BNNT 2NMST
& Acc Str Acc Str Acc Str Acc Str Acc Str Acc Str
Iris 88,67 51.67 88.34 70.83 92.72 31.67 92.08 58.83 94.67 22.08 96.00 19.17
Wine 67.43 67.42 69.40 67.77 51,93 36,52 63.23 57.94 5556 23.17 97.76 17.69
Sonar 61.08 46,27 74.76 58.59 63.98 55.59 56.47 56,19 62.98 40.56 65.35 28,48
Glass 58.87 65.42 53.52 49.36 57.37 48.78 54.10 63.08 46.49 26,29 63.13 23.46
Liver 45,75 58,33 46.87 91.49 46,22 42.39 48.02 43.84 46,47 49.82 66.03 19.42
Yeast 46,09 37.82 44.51 26,28 48,42 27.21 75.96 41.23 47.17 19,12 56.48 18.97
Segmentation 94,42 7470 77.06 16.43 8171 50,09 5849 39.73 86.87 19.67 85.14 20.92
Spambase 55.31 22.69 46.04 40.25 6863 42.21 76.54 3579 6876 3536 7459 8.88
Pendigits 98.43 32,06 84.33 21.24 82,67 28.75 80.05 39.53 9539 17.12 96.32 9.28
Letter 57,63 29,15 54,41 43,73 73,73 23.51 68.32 24,19 83,91 2492 84,80 29.10
Average 67.37 48.55 63.92 48.60 66,74 38.67 67.33 46.03 68.83 27.81 78.57 19.54
I —_’g WEB AR (R E R , ZEAD TSR T AR B AP OOR.
45 *x PSC
© o ImEw B b, WA SRR SRR R R A E X R, 2NMST 2&—
5 * % 2NMST N
2 wf AR R EEY:, 3 HA L B A BRI
LS
. v #4 AFBEZETATFEFEEENLEER
WL * Algorithm KNN__CNN__ENN__ PSC__ TRKNN BNNT 2NMST
Yo e & & m 1 AW ® Classification o/ o0 07 07 95.57 93.25 9448 97.08 97,00
Accuracy accuracy

B4 =3 PPHEHRERERGHCE

ghsh, O T BAE 2NMST B3k b B8 SRR A B8y , e 4
TERMATEFTERERMARERIER. & 4R
LBEIRERY INMST A EHFHRE, TR BER R

Retention ratio 100,00 41.34 65.72 33.94 21.86 24.27 10.03

SHRIE KNNOEEFHN BEENEREIREE
Z—  RTSH K MR R IEEEE T 2% R et & fnzs
(F# % 268 T
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T RIS E B ONMST, %8 5k 77 LR HF 43 26 i 7 38
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/ERE A, 2NMST AR E T A B H B RMERB
IR 7 O, SR B 8 /AR B SRR B AR R, F S R
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FALER B BE B R4S AL A R BAL T KNN, H N
HRASBE—-IEXSENHBSLSEES, SN BEEFER 4
BEHBEASHTEN. SHMARHEHERFE LD
TRKNN, PSC #l BNNT f5L 56 th 4 R W, 2NMST f4E
BB T HALE B
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2NMST 7] L 3k45 5 BNNT — R e 38, 1 B 2NMST
HR B RE, MBI, BT, ATLIAB 4540 2NMST M
HHEARFREEREL, RAERS W, EH LB R &
B¥kp, 2NMST JTEER—MREFHIERE.
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AEMBSEME. BE X NMSEENEREHE FERAHE
BNEEA , BT A RAT & 70 R R M TP R AR E ML
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