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Clustering using K-Means and Fuzey C-Means on Food
Productivity
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Abwstriact

This paper providked o overview of anelsis ol iplevredarion chesterimg far foud
praducimaty. Food praducivety iz determined By fvod production. Bice v ang of elaple
sl g Tngfoevar ice lrJJ'ﬂd.Il.l'l'.'llle X fu_.'Il.':-J.l:J.r::g' r.i.l":'q.'dm' feved af oot _jmr.l'
Froduction Rice produciie b2 vere dmporkel o ovcoiipiiahimen Sod offediabilin S
producinty per provipce @ fedoaesia ara be incregced, becoe large pomiiation omd
figh commemption. fice prechicingty e Muctnetey arad denes w0 decrease, oeed o
:ﬁrnn.-r.'n:g' F alederniaaent CangRy cfenter qf'lm'm'imrnm'. -I"n']rjrm'ulg iz wEME -\ Feas
avrd Pz sVeoms, Vetfod fmprrvemmerr of f-Livans @0 moalfication Sl Clmier
Ihstearce arrd fever Clutrer Distanor, Calenalote detmnos Tater Clsrer Distmce amd g
Chester fhistancel fo evalvate the chestering resulis and to compare the officiency af the
clisterig afporithms. Mdedfod bnprovesienr of Fuzsp O-Means b mookfioonion abgorilme
clfderrianive proeess oved Meration, Datg processsig (5 navie Sxced softwore. Olistering
prr.m'mn:' three chigfer (0, Ca O i CORIA I, Mesriirement clvtir bewred on
commarison af membaaiup clvsber, consisrency, o pradicinan Mestbersiip olisier
Mrere 22 e el mmr:.u:h fn, K, X Xl f'r.l.la.'lr.ﬂqu.- et e KMAfeans 107
TRTN O = B TIS Oy = NN Consisfency dara en Fuzoe C-Meare (0 = i 7
= B3N, O = 875000 Reee Progecindty e Ohedter [ fdeareomed, Claslor 2 fdleoreamne,
coeept 3 provimces), and Choter 7 fimcrease, exeepl | provineel, Magorily in rice
producinty de TP Resalt of cfvstering showed thay segiorrn: pioe peosducinaly on
coreEpmry clnfer 5 Lo proiecinedly,

Keywawrds: {ectering, K-Aens, Firzy C-Adears, Fooed, Rice Produciivity

1. Emteoduction

Food prodission per provance m Indaresas miluence sotianl food peociscien. Kace =
oqie of staple food in Indonesio. Rice production is detemining fod produetivite. Based
on BP'S Publwention 20M 5, growth 2015 ovec 2014 about nee productivity s fluctuntes and
tends o deciease. Flostation o poe prodictivily is st good  for national  fooed
Fﬂldu;.l,um Cood prodecivity mfluence ul.l-l:qu;u.'-}' of nabonal ool I'rrl.'-j.u;lu:-n Rice
productsaly on ligl besvel 18 o dotermanant factor of food alordabnloy. Haee, need ta
clustering datnsel 1o deferminmd low productivity and fagh predustvity on riee
productsn per provinee e Indooesia. Clustening 15 the process of graupimg dats obgecls
inte wimilar elagca for Ninding samslorilics m data and putting sinular datainto. grovgps
namely cliwsler. Clinster 35 a collection of dain obgect thal ore similsr in same cliss
and dessinuilar Lo object moedher class | 1) Chislenme analyaia s oms of the mgoctas
techaolegies in datn mining, machine leaming, pattern recogagion, and many
apphcaiens. Fueey clustermp will Bbe a hetier clwice lor the dala poanis ond
clustening alporithins allocated each obseet 10 0 cluster became aosl fundumental
[2]. E-Meuns 15 clusienmg algorithm that fast, eobust, relebvely efficsenl o
compreational time, simpic to implement, and gives comparatively good resules if
clasters in datasets are distenct or well .-:t,tTMancd in q:-tuqc:rm.ﬂ | 1]
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E-Meanas is high simplicity, Tnst convergenee rale, eflieeney, exvellent gapeeinlly
dealing with large dataseis, local search abality, betler performance for spherncal
claster, dats samples from variant cluster show obvious different, asd practical
clnrrl-:nnﬁ ﬁlr.nr:l!hm i IR .l.pplil.ull-:ms |-l-|. Fu?;-'j.' C=Means 15 o ulu:ihnring;
method samalor o E-beans by mone fuzey theory do improve clusienng resulis
Fuemey C-Mennz b2 mest popular My chustening methed easily moplemented, s
chtmned sabisfuctory rasults, and become en smporiont tool m meaw opplcabions [5].
Fuery C-Means 14 vory effective in image segmentatbon and clustenng alganithin [6]

2. Related Work

Hased on paper |7]. cluslenng eang clister cenles hased K-Means and representolive
vhyocl basod Fueey C-Beans, Fusoy C-Beans Clustering produocs chose resulls e k-
BN Clustering, bl it il recuires moee compulation tme han K-Means Clussering
The time compiexsty of the K-Means Algarithin s O (rieciy and 1he time comglesity
of Fuezy Ceans Algosithm a O (adea) B ois oscomng that K-Means Algonitlan
seems o be supenor then Fuzry Cabeans Algorithm. Based on paper [§], chstening s
vaies K-Dleans, Fueew C-Meaps, and Possibilstic Fueey C-Dleans o segmnent in
stifudard aeed color nsemge. Result shown that Dessibilistic Py C-Menns fovorable over
Fueeey C-bleans mnd K-Mmng and provide the better result on mimse gray scile unages:
b it requare more eempuatatenal ome than K-Mears and Fuzey C-bdicana, Based on
paper |‘:||I K -Blenns ."'.Ig_nnlhm ] cnrm‘;_[h be extract fype of tamars from the broaag
calla, segmentation uzing Fueey O MMeans for scoeusate fumor shape extraction of
maligrnat tumar, ond bath methed s gives more acourate Tesull

In thas puper [ 1] clustenng algonithm 15 K-Means and Fuzzy C-Meuns: As Lhe
number of records incrensss the fime execution of both the mhnlqu-, pets inerensed
bl the I"|.|:~';I-:|.' C-Means pufnrmunu-. 1% fonnd o be beiter than K -beans |I"|.|E_DI.I1|'|H1.
The precizon, recall apd § owasare valwes are more aecurate on apelving Fueey £-
bdeans eompared to E-Means Alporithm, The numter of @i points is evenly
distribuled m FLI..':?.:'.' C-Mlenna .'"LI.EI.'II“I!II:II. In thus pagsT [|]]. ﬁﬂ-ﬂrﬂ]ﬂﬁl‘il’ﬁ vesaurch
betwween Fuezy Clustening Algonithm and Hard Clostenng Algorathm. Furzy £-
Means 15 chosen on the behall of Fugey Clustenng Algorithm and  K-Reans
Algorithm ie ¢hesen on the behall of Hard Clustering Algorsithm. On the basia of
expernmenls, Foamd thad the m‘r.'q:l.l.h.unnul tume ol K<bdeans .ﬁ.lg:nrillm‘l 15 begs nun
et o’ Fuesy C-Boans Algonthun for the s Dataset,. This rescarch concludes sl
the E-Means performance is befter than Fuzzy O-Means performance in ferma
compatatioral fime

3. Method Proposed
A1, Framewaerk

Melethod propoesed can be depichred i framessork shoswn om Figure |

Flgure 1, Framework of Clustering

et e Carpryrighl (£ 201 B BEAEC
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Figure | slown framework of elustering vzing E-Means ored Fozzy O-hdenns. Datnae
baised om dota source frean P8 Publbontion 2005, Comparecn 15 betwesen K ddeans nnd
Fuemy C-hdeans based on Membership Cluster, Consastency Data, and Productivity

.-".tmithme slepa for K-Means ".'.Z'Iusl.l:rmg [ARY
Seboct K poiits o5 (nitia cluster cerer {cetitroid)

Regompuie the clusler conter {centroid) of each claster,

2. Repeat:
3. Farm k chasters by assigning all pomis 1o the alosest cluster center {centrond),
4.
5, Unkil fhe chusicr center {oentroad) do not change

Addvantogss of  Bebdeuns Clustenng
I. E.-Meons Chmiering s 0 method of vector gquembiaton that = popalar for cluster

aralyss ool works great i1 chisiers ure spherical

1 E-Means L'I:ush:rmﬂ_ tenits b find clusiers nI"n:ananuh!ic ::pn‘hnk extent, while the
expecintion maximization mechansm allows chiters io have dfferent shapes

1 K-Means Clusienng difs o partiten o obsernvatsons inte k clusicrs i which cach
observatr@elongs to the cluster with the neansst mean. serving as @ prototype of
U cluster. This algorithes aims ol mouiieing 0 objective lamction

4, E-Means Clustening is ane of the Himﬂ-ﬂd algorithm which uses Llrp-.mrl:n-',mJ
benrnimg method tosolve Koown clusiering izsues

3 E-Mears Clusiering wedks really waell wiily Barge datasets

fr. E-bdeans Clusteraing may' produce tghier clusiens then heerarchacal clusbenng,
eapedally ol dee clusters are globuldar,

7, KMeons Clesienng s most of the tumes compatabienadly Gaster thon heerarchacal
chstering. [og o barpe number of vaniabies, il keep k smaolls

K. KeMeons Clusienng is fsier, beconss order of time comipleaty 15 hinear with the
number of dats,

Adgonthmag stops ol Fuesy C-Means Clusternsg | 1]
I. leabialss |".".l.'.|.,|. koo, b, Py mecechmnr Peraiion fineohold)
2, SBeleet m. iitigline the r|.1|.'rnherﬂ1tp Turebiomn ke
3 Compute the cluster cenlers
I Cornprte Evelpduan ditance
3. Uipdate the membership fursction
B, 1F nol converged, go o siep 2

Advadages of Fuzey O-Beaas Clastering:

I, Fueey C-peans Clusiemng 15 an-supery sed beamang.

2. AFives best resill for overlopped dalas ood comparatively betier then K-Means
Algerithm in precess of clustering

3, Uhehike E-Meown Clutenng, where deto poust must sxclusovely, Belong 1o one
climbar combar, here dola paand 18 s eood membombap fo cach clusbe cember, as o
result of which dot prant may bedong o more than one chsber cenler,

4. Fuzzy CeMeuns Clustenng worls wiih ol dats s convergenees.

Capytigh! = 3016 BEREC 293
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J.1. R-Muoans
F-Means Algornifrn can be depichored as fheascharl Loe il applcabisn, shown on
Frgurs 2.
xan {lentronl L 2
S —— R

f Dt F Unates
Eatin
-+
I Fndd
Testia I._.|
- thianes I
L 4
et ! |wierr chaster
s dusine
r
Irdra chisbar fivergn
il semiraodid
F
L3
[T TS Chivter
Foluergih

SpaCE dkata
|1||II'l'

hio
Figure 2. Flowchart K-Meanas Algorithm

L3 Method Dmgeeovemsont of K-Means

2

L]

litrs chuaber diatane: [ 12] epeealics betwgsn the dofa vector withan o chister tsang
Eagantion (L}

D, =lx =5 F + 0, -4 FaD= .;l'-'i:i" 5= U

Wi [L 15 Fucidame diafinoe ) i mashere of et o, 1 e ooasdinate af olfend i 0
rooreineaty of cfwaker oemine

later cluster distance |13] 5 coloulate munimum distanee bebween inter clusier
cenler [or mensue szpsatEn clusiler wsing Fguation {2}
—l e | W itk
D=z, =z, L Dy =l v, =¥ ||
2}
w171, d olaferee dafer funier oo 2, 0 sl oanier § dom 2 i olisker caelier W i

cevMrrasty §oamnd v s cenfrokdr f Afeamremend wedgfeed egpoereni (F = moC ow, give good
revedlt, 15 £ ni € T00 shinter (2 £ ¢ < pil, ohesivotian daba (5 E £ Ve raduer aaf
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Jod. Fugey C-Means

Freey C-dleans Adgonthm can b2 depuetimed as Noschard [ s apphoation,
diaplay on Fuygurs 3

I S el
[
{hamier
/ DratsgE
L

Fu 1|I‘-.'r|!"|I|r\]’.lrl,_'.u~.l||.j|l|.||.l:||-:nrr|l Mewy penmrond
| ne=iw|, macrmim Heeskan | mee-iter Tl
wsective Rinctioa M), thredsa ki (1],

I il T
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| o
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Figure 3. Flowehart Fuzzy C-Means Algorithm

Step by step of ey C-Mems Algontbm based on paper | 14

w [ (X)) =¥ malig (n % ml }.'l—:l [ckitae =], 2.3, .., 0 &tdbiiley=1, 1,3 il

» Comatrann = menber of chaster k, weighted exponent (fazzier = w or m), micaimsm
gernbion (max-ales), mumnmm emrar (hreshald = 1067 obpzetive Funebion (B and
Eeralion = 1),

» Iabialize =Fa, 7, portition matris 0 and genesste raidom momber (g == [, 2,
k=102 using Eaquation (3
s

Z o )

o=
s Caloulotion matrix of chster center (centrosd), Fydk=1, =12 mi
vy Egquation 14).

7, - E:- :;(': Af i -""“'”-‘*’:._f)
s B )

e Caleulateon objective funcieon () wsing Equation (3)

{4

[

r=235 (B2 T Jr) @

e e

Capanighl = 20168 BEREC ]




Irernatioren Joume of - and - Sayice, Brance avd Tecrankgy
Yol 6, Mo 12, {2008

= [pdale mriiinoen malns (&) wsmg Eaaation (G

[ —md

T

sty — P

= Brappung el
o A=TF- 07 f A < threshold (r), then siop iteration,
o DFG P P )= e an 0= nas-ii ), then stog i@,

w  If pun, then 1 = | % 1 recaleulbaled centroad IJ]'.:I.
1

38 Methed Tmprovemsent of Fueey C-Means

4]

Furey C-Means Chastenng svodalied o the applacation shown m Table 1.

Table 1. Fuzzy C-Means Clustering

| Algirithm Anplacatson Stop lieration

= (Er = A | o = [F=L*

- rvpead - pt mR et v =4 A= Mhrpeferld fal,
= [ « Lo el i AN JTe PRI
= LmFT gl o Py Iy «JFf| Pn P ) <o ar
- Pyl e VLT e {1 AiEr-ide,

- il S N AR i L ST I thaew e Siertine;

== = Py Ve S F DL T) = I, fremi=3a= L

|| FFeit | £ o g A Pt rvegaliadbrerad 175

SN Bt R P Y bl npokae i)

4, Resuli amd Dhscussion

4. 1. Datasci

Tlee process of clustering wsang Dataset based on Data Source (Rice Productivty pei

Promancs in Mebliontion BPS 200 5), display on Table 2

Table 2. Data Source

Wi KiiHah Cirwlhi Yesr {aHas Cinrwth
ET mis 2p15 214 JE 201
A Trowmcg e e e R Frosimea P s s 2004
i (e
B | M 48,10 M2 SE 448 uye | MTE AR & 30,71 REL]
L Su e [ e 51T 51 T2 wy | WTT ikdn 1541 hd¥
ER reasr - [TET] wy | Poslimmanisn Harsi b1,k R KN
T | M EFRE] [T 0y wy | Kalimanimleegak | T 14T 1A%
5 || i d1.1% [FEd] Bl % | Koliman imSaioien | 8200 [IE 4143
L | SummeraBelon | 4530 LRfT 751 Ap | Kolimsaii Tissi g o] JEHi AN
i Smyphaibi .20 [EEF] 1.7 A | Kolimenitm Linm o lnk T -14.3%
| M | LanijRing 3Lk Aw [ S | Slares U EETEE il
i | FoglaBchimg | 3343 = EE %y | Sulasi Taigsh 365 4. Jh
tjs | Kopeluom s K and bt i 0ns wyr | Sulnwion Sal SLIT 524 11 45
nyy | K] Jakswia H1,M 504 AHE Ny !ii.l.lm:l.i'.l'mEul a6k $24T I3
T L hidl EXI %o | Alnmibals LRT] A ]
3| Lwn Teagah FIAT | rod ) Gy, | il med Tarmd AR |l i |
ta | 1 Fogimkarts 51AT [EE .84 w | Mabkiki aT.5 55.1 (k]
Wis | JLavvs Timiiin p ] 14} 221 sz | Mlikiki Eligrs Sl i iy
fye | Famikea 515 | 'L} % | ases Barm Al 42.5 473
= | Ful i, | T 13s W | Pt 2LIF 414 200
e i 4140 AT inikincma &)1 41 L] |
i Caspyri gl (€2 20 & BEABD
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Tubsle 2 shovn Dhateset {40 about Matiopal Feod (Rice Productivity) per provines (x5, = 34
province), measure {KudHa: Kaintal/Hectare = 10 kg/Ha), vear (2014 ond 20015 in %3),
grovwiy (2015 ever 2004 10 %), and Insdomesia (average of cationall feod in %)

4.2 K=hleans
Step | Dotased based on Data Source in Tabde 2. can be seen in Table 4
Btep 2: Mumber of clusier k (O = 3) disploy on Table 1.

Table 3. Cluster for K-Means

Clemier Necapism

[l % ] I s Clusiery L= &

Oy e |SO0E 5 5025 | Tk = o, o w-ieendomn
Oy lome [PFLLE | FLAR | Conbrad Clhaaior (2]

S g EILT | ELA] | Centrmad Claster {20

Step 3 Claster cenler or centrosd (randomby,  xy 8e %90 can be seen m Table 3, Moa
venirod hosed on manimom Jdistence in each ¢luster,

Step 4 Intra clissber Gstance usimg. Equation {13 showed on Table 4. |ngdementmeg @
Exeel =50RT(SCEG-3044 )" 2 HEDEG-304172)

Btep 5 Crouping besed an cenlmod display on Toble 4. Groupmg asmg Excel
=IFFS1="C1 3080, Grouping Based o miniam distance usmg Exed
=[FRMINC N ES 05 OSSR MINICS T ES =06 LRSI IFIMINICS L ES =B LES
A9y I data poomt move prowp back 1o stepd 1o move group, pe steg i,

Step 6. I centrod chister = Oommmum distases) | then group m oew cluster. bunmn
distance using Exee] =MIMICS1-ES ). Mimmam distance *using Exeel =0514065 1. Tolal
minuimam distance (wev] usmg Exeel =SUMIH3LHS4) display on Table 4

Step 7- Average centrond vemg Excel =AVERMGEIF(IS1:[84."==""_I51: 1845 m Table 4

Sep B leter cluster distancs bised on Bgualsn 020 usiag Excel =S0RTECS-
CO"2H TR, can be gegn in Table 5

Step - Todnl dastunce mder cluster (bov) usmg Excel =SUMICT4 1 ]43) in Table 5.
Step 1 Batis to threshold thevfwov) usane Exeel =CMVHES, cum b seen i Takbe 5

Seep L1 IF rutio = threshold or ewrrent matie > previvus mtio, then recaleulated nesy
centrond wing Excel =IF{CH2=C83 "naxt ternbion. becnee current mabe = previous mtia
(rabi 1 = zabi 007 ° current robio < previoas sali, stop teration” ) shown on Table S

Btep [2: lteration bock 4o Sfepd, to recoledlobing pew centrowd until cwment moteo =
presios rali. Ch derabon G, currensd tals = previous rbio, then skop ilerabion, shivwm on
Tabke G

Step 13 Cluster determing by grouping data poant o centroad based on mmomuam
distapce, when cument ratic < previous ratie.  Implementing  cluster in Excel
=IFRINC 321 ER2 1032 CRIFMINIC 321 T2 =13 21 08 IFMIFTI2 1 E32
D=E3X L ES45"" 00, dasplay on Table 7

Inter-Cluster Thstance l'IH.-H.L'ﬂ”_'!.' .'a{h.=|:|l'|:x the distance bedwesn the cluster cender
(eantroids ) of the chusters: The maximuwm value of Inter Cluster distance shows that

the ohjscts of differcnd clusters are more dissimilar. Intra-Cluster Distance apecifics
the \] 15kamee I:lll'!“'l'l.'l.' I |J:h: IJ.ELH. vecloss withan a '..'I uster

Capytigh! = 3016 BEREC 29y
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Table 4. Distance for K-Means
= e b e (51 T e | e |
Amih iy ni; iy C | mm fimm [5)° he & & & F & 3
LY | i8S 2m 1.In%] | G e AR | A | N5 |
Iy L5918 LR Léns: | o 0GERN AT Sl | 51T |
W 1 iRHE | AT 1R | i i | 3w | 29
L TR RS | w0 | T3 3 | O 19528 TTRAGES | 365Y | M)
I = Tapg | wnes | pamss |G | rane LMHA | 43 | aam |
I L1 Rl IR L& LR TR |G bR | i | AXDG | AEAT J
i 110 | 127%3 | WLl | G 11, 2084 EZIORES | <0 | e 5] 1
1
K | A | o N 13418 | 0y | DaEnE if (A AR | %)am i
W LA e or R T T R I 1l B v i B
e 12 | Fiasih § 33607 | L 19 3452 IThinES | dnal | s E
Xa oEdiE | Ay | heEEy [ | s 1517 anmn | dsus |
L 3] LEAULR] ) e T T O I T B2 MIEn ILES | =l ]
L] K] L] TanED | Ly ¥ LAfeal] IRET | LY E
Xu Tl | 1L IS | ks | G | s EUIEC R STET | eannd
LT LT N O T O | E34 e SR | l0d
L [ R 54173 41714 | 0y 43718 18 244 5305 | Bhl
T TLRNR | i | B AsaE | 0 |03 Sin §EF w7da poid | azia
s IR EL ] 3 Wi Taaw | [ L] A0 | dxin | &) 0 E
e Thounia | RV | T | 0 | I e G | s | Eied
X A | S | oA TIeR |0 | IRGHG BT e | A | T
N Jiidkl | A0SR0 | M WG | O 2 1LrAEl A ) AR | A5
N 150 | 130838 | MllR | 1L 504 IR HES | A2ns | 4187
=n 1UAHE | kg | st | o | oW PrWan | A28 | a1am '|
ny Tdaptn | FeS55T4 | M | O | 3EGpIa Tra s | Jans | F72T ;
T | il EREE 44Rls | O Eawidl 27615 | 4591 | 4905
. LR 54E allee | L ERUITEE] IS20IR | 54 | 4% 5T |
L LR e 1 A%15 AN | O, UL LRCEL] SLI7 | Bidl _!
xy LEIE i s T5am | a4 51505 R | dGBd | 4707 ]
L L3010 4.0m 10730 | Oy AR 15 i sodn | eS|
o AR 472 B2 | Oy AL w5117 | 4768 | 404l
g GHAIN 5 Sk 50M | L L MES a15Y | 5572
g 220640 | 23T | 25 gEld | O | 22060 dRaB2Y1 | 3&0) | 2EE)
K 127708 | 144270 § E5.O74 127is LEA PR | 402) | 42k ]
L T BORESR | lLakEs § o 340nd 95 B0 | 45w | 4305 :'I
Tosind oy murmaems drstapes: © jwey i o] avurega: ool (o 20 |
4055 ] L4 ] T lﬁl 5540 I ;j

Highly supeior clusers lsave ldgh inira-class suntlacity
infer-class sinmlarity (inter cluster dstorge).

2

{intra cluster distance and low

Capyright € 2016 BERED
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Table 5. Ratio for K-Means

Wl B Mo 12, {2NE

Emer eluster deatance (00§ | ©; | & 3 [ &
C-Ca b O 4008 | 4ids | ) | 4008 | 4140
Y ENEICES Ca ‘ 4T | a0n [ Op | 4997 | 534
L0 13413 O | 3350 ) 3841 | Oy | 5349 | S843
by L 2} BT ARCA | ppie 1o palio 10
Wy 32 Anid e 1 1 mexl slaralinn
Table 6. Reralion for K-Means
leration 1
[ = ] inter 13 hey wey
Cy f 50006 | 50025 | CCy | 1600 | 60430 | 66315405
(Cy [ SLIM [ SLd9 [ Oy | 30090 | Rano || 00000 |
Cq | 32,07 | 5240 | Coello | 13515 7| Raiadl 1]
Rata | = Fann 1, Mext Herarion
[ i, X
[ T E] inter [N] by ey
Cy | d095 | dids | CpCs | 145147 | 447839 | 18490525
Ca | 4977 | 3300 0-Cs | 223050 | Ratia 2 342
L § 3348 | b dd | Lyely | 7 REIZH Begtin | (LR ]
Ratia 3 = Batio 1, Mexa Herarios
leratica #
(&t & # nkey 11 [P W
Co § 3003 | 3680 | Ch-Cs | NEE03 | 0 3353 | 11781954
| O3 P A3.TH | SRS | L0 | 300150 | Ralio 3 Ba511
Oy 05T 3071 ) Ca-Os | 11E2M | Raga 2 g2
Raio 3 = Bawo 3. Next eranion
Iurtion 4
5 i & inter (K] by Wy
| L3 [ 3562 | 3570 | Op-Cr | 18811 | 636370 | | REL33A |
Ua [ 1B | 001 | C-Cs | ALK | Eaa 4 nas
Oy | 5671 | 5971 | CCo | 12200 | Rao 3 051
Rt d - Bato 3, Mext Herartion
Ieration 5
i x5 % inter ] by ey
Cy § 3543 | 38T | T-Co | 192477 | 64309 [ 10090 B6T |
Co | 4760 [ 4070 | C-Co [ 327122 | Raio 5 | 00597
£y | 3671 | 5971 | Cy=Cy | 134720 | Rniin 4 Was?3
Raua 5 = Feaed, Mexd Herartion
Iteration o
[ A 7 inker 13 by wey
Cyp [ 3542 | 3487 | -0y | 102477 | 644309 | 100G 36038
Ly | 4708 | 4Tl | Ll | JETIIE | R,ﬂ.l;_ﬁ]-ﬂ [
Ly | 3671 | 30T | C-Cy | 1347200 | Rota 3 (b2
Reaiion = Hadio 3. Siop ersrhon

Cluslerng  algorithms have cobzgomes: hiermrehicalshased - algomthma,  partition-hasecd
algorthms, density based alzonthans and gnd based algonithms. Partbion-hased clusterang
15 clusler comler {(cenfrond) based which -apl|r| data |'|n-'i|:|3 i k puriilem arcd cach
partibin represends o clusier. K-Meats s methed cin effectively amprove Lhe speed and
peenpey of cluslering. reducing the compitational congleily.
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Table 7. Membership Cluster for K-Mzans
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Cluslering prochace 3 clusiers. Membersiop gluster o Cluster | s |1 data point
Blemmbershap clustes i Cluster 2 12 16 data peint. Messbership cluster m Clugier 3 65 7
ifata pomi
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4.4 Fugey C-Means
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Imnalize Fuzzy C-Pdeans Clislering usmg Fxcel soltwarne, display on Table 8,

Table 8. Cluster for Fuzzy C-Means

Mimred of elicder L 3
Plaxamam dosim | nas-lon) (L]
‘Waphiok caprecsl (m o 2
Treshokd Comrmism o © i) | (HHOOL

Seep | Datuset bussed o Dt Sowes can be seen i Toble 2,

Step I MNumber of cluster k (3], maxeater (1000 weighled exporent or fuzeier (me2),
thnzshbokd (e = 00000 or 305", abpective Damction (1) aod weration (1=1

Srep 3 Random Mumber (nusmber = 0 amd nurber < 1, coust = 1) based ap Eguaticon (37,
iy FExoel =5UMIKTMT) can beseen on Tahle 3

Table 8. Random Number for Fuzzy C-Means

m | f | S O | Seme |om | € | oD | Ci § Commt
g | na | mad o i | e e oa]
a | o | ma I | % |BEJEaT o] i
g forlexfar | 1| we |E ek |ar] |
Lo | nE| @yl 1 way | UG Poag |y |
o | LA | By os i o LT TN I
wloa{eafun| o [ |oRfeslan] o
o |02 @elor| 1 | x| bDAfEl foE] |
b (00 [ et ok | 1 | we |Dafed for] |
wlbbjeados| | [ foafel|oi) o
YN 1 60 S 5 O T N I B T I
e [0l erdoz| 1 v | B fEd [nE] 1
DO 1 I | | o0 pme oz i
ye [0A|@E 0S| | |we|DEfOr|0a] |
e [0l erlon | 1 | xg [D2Fer|oz] i
ne [O2] U 0| | | xe[DdfEjOs] 1
g O [ @i OE| 1 | wa |DTfEran] i
we i erdog| 1 |wg[Dafled|oE]

Step 4; Partition metnx (u), centrond (V=2 (07 %) ¢ Z (0% wang Equation (4}, display
oan Table 10 and Tabda 11

Table 10, Calculation Centroid for Fuzzy C-Means
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Table 11, Centroid for Fuzzy C-Means
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Step 5 Odmective Farston (B g Equatson (30 and updalimg partibse matin® (pa
using Bguntion (6, shewam an Table (177 Result of caleulntian P Vi, L= Val*
2, Total L33, YWy, LTS00G V" ™!, Total LT-3E, V)" ™ 2. A Fe3 B -Pa
shown on Tabde 12 wwl Table |5

Al
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Table 12. Objective Function for Fuzzy C-Means

Wl B Mo 12, {2NE

then hack o Ssep 4. Onobernbion 43, & (B < (£}, stop rleration, next io Step 7
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Step b leraton (=1) wnbl meornim sevatson (=100 15 A& (P = (e) o 1< msa-iber,

Step 7. Grouping mas. value, min, value, count of data puint. 1o oew centrosl based on
max value of dats poant in ench new candroid heecane cluster, can be seenon Tahle 14
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Table 13. Calculation Update Partition Matrix for Fuzzy C-Means
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Table 14. Membership for Fuzzy C-Means
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A Comprarisen
Campuarrson of member chstenng m E-heans amd Fuey C-0smns shawm an Table 15,

Table 15. Comparison of Membership Clustering
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Figure 4. Comparison of Consistency E-Means

Frgure 4 shown companson of membership im K-Peans, on Closter 1 00D, dota pomd
(M=11}, 3 daa point (5=, Xz, X0 carasency = 3114 100% = 27.27% and constatency
S BLI*ID0% = T2T73%.  Chter 2 (), poeimt data (M=16), | datn point (%)
inconsistency =#1016* G = 6 25% and conssiency =% | 5/ 16% 1007 = 93, 73% Clusier 3
(O dasta poaat (M=), 0 anoonssstency aind 100% consisbaicy
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Figure 5. Comparison of Consistency Fuzzy G-Means

Furpure 5 shown companisen of memnbershap in Fozey C-Mesns. on Cluster | (Cg ), data
pewnt (Me=R), 0% incomsistency and 102G comsistency, Cluster 2 (Cgh, datn pomt (=15},
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IS/ EE* 0% = K333 Clster 3 (U530, § datn point (%0 meonsistency = LE*100% =
12 500%, ared corenstency = TIE* 100 = 875004,

Table 186. Comparison of Rice Productivity for K-Means Clusiering
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Tabsle 16 slwovn Comparizon of Fies Produeinaty © and Prodoctivity of Mational Foad
{Irchovnesaa 1% decrense. I'_'nl'rr[m-inm ol B Prn:luul:i'n.'ilj.' (= and |-"n.1:h.||:|:i'|.'1l=l.' ol Mahomnl
Food {Indenesia) is decrease. Comperison of Rice Productivity ©: and Produaetivity of
Mational Feod (Indoncsm) is ineresse. Cluster 2 {07, thone ia 3 data poand date {557, 52
S LG O = R T HI‘I-:IITIIl!r

Tabke 17 shavm Comparson of Fice Productnoty ©) and Prodiictiviey of Hatiomal Foasd
{Irchonesm| 16 decrease. Companson of Rice Productnaty Cz and Prodactaty of Batoned
Fopd (Indenesia) 18 decreaze. Comparison of Rice Productiviey Cs and Productiviey of
Maticnal Food (Tndoresin} 5 imcrease. Cluster 2 (020, there 15 2 dala point data (329, 2a
IR *100 = 11 11% = anomaly. Chaster 3 0Cs) there = 1 dada point data (%200 18
*100% = |2, 50%% =¥ anomaly,
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Figure & Membership Cluster of K-Means

Figure & shown membership cluster in E=hMeans Chistering. Percentage membership data
prnd i Chesber | o 1] fpom 34 data pomt usmg = (134" |00 = 32 3504 Peorcenlogg
muembership data pomd n Clester 2 = 16 e 34 dota poant wsing = (16521° [P =
AT 00 Porcentage memnbership data ponst o Cluster 3 s 7 from 34 dota pont using =
(7734 D00 = 20 50%,
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Figure 7. Memberghip Cluster of Fuzzy C-Means
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S, Conclusion

Expermental result of chestering uang K-Means and Fusry Cobdeans produce. three
clusters. Chuster 1. Cluster 2, and Cluster 3 2 convergenes. Anomaly dats in Membership
Chister 1 {3z %z, xnk Anomaly dain o Membershop Chusler 2 {51z, %29, %3, 5as)
Agomaly data iy Membseship Clustes 3 (32) Cooastency data oo EMens (O =
T2V, Cp =93 T5%, Cy= 100%). Consistency dota on Fozery C-Memns (O = 00046,
= HR.33%, Oy = 4750840, Race Productivity in Chestar | {deenase), Clustor 2 {decrease,
Cxee L] Trn'.'in[:m::l_ nmd Chaster 3 (increase, excep 1 prm"inm.'i It 15 AN that Rige
Productivity on Clusies | aad Chester 2 s low poslusiivaty. From 34 previnees, there i
I provinoes = hiph prodictiaiy (O30 000, = 20419 and 24 peovinees = Jow
procuctealy (24348 10085 = T 50%) Maonty membership chster m K -Means 1= C;
47 %) bbajoniny membership cluster in Fuezy Csans s O 052 %04, Conshoded il
- ety of res productivity per provines in Indenesin is low, Futvee worle closening
b nsing, Heournstie Freesy Clousermg and Hhermreheal Clostenng
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