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w ;[<=>?RS'FTU

! "#$%&'()Minkowski Distance*

! +,'()Euclidean Distance*

! -./'()Manhattan Distance*
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! `abcdefgP<45

! ABCDhiEjU>kF<?@67

k!lm)k-Means*HInkokp'()Max-Min Distance*HI
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! LMDXqr)stuvw<xyD*z{|Z[}~<@P



%&'(.& (2)

*+,-./

w fg#$%&

)�*����<?����?@

! "#$%&'()*+,%-./

! 01/23456789:;<=>?@ABC,%/DEFGHI&JKL

)2*����<5����?@

! "#MC&'()N*,%-./

! O:9P=>?$%/QBRS,%&'()DEFEFGHI&JKL



%&'(.& (3)

*+,-./

w (/hi'#$%&
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w (/jk'#$%&
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)�*5�S?@)Distributed Clustering*HI

! T�MapReduce� �¡¢?@HI£K¤¥

)¦*�K?@)Parallel Clustering*HI
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k-/0'( (1)

w ´µDXYD={x1, x2, ⋯, xn}，P<DA𝑘，k-lmHI¶�?@·U
<k3P45C={c1, c2, ⋯, ck}jkpc¸R¹º

𝐽 𝐶 =&
!"#

$

𝐽 𝑐! =&
!"#

$

&
𝐱𝒊∈'"

𝐱𝒊 − 𝐫𝒋
*

»¼j rj9Pcj<lm�²

w 𝐽(𝐶)m½�µ¾r<�¿ÀÁPwDX��ÂÃP¼ÄÅrj<Æq¾
rj𝐽(𝐶)mÇpjPwDX��^ÈrÇ«É

()*+o

w &Ê45<?@HIÉËk\ÌDjWn3DX��45\k3PÉ

w PwDX��Í�Î:Ï«<^ÈÐjP�DX��Í�Î:Ï¯

<^ÈrÉ^Èr&ÊPwDX��<¸lmzÑHÉ
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w Step1  ÒµÓÔ45P<3Dkm

w Step2  ÕÖ×Øk3DX��Ù\Ú®<P¼ÄÅ

w Step3  ÑH»ÛDX��>k3P¼ÄÅ<+S'(jW»45
>kÜ<P¼

w Step4  ÝÞßPj�àßÑH�3P<¸lm

w Step5  ÑH?@ABCD𝐽(𝐶)já]âãhiäåjàæStep2-Step4



k-/0'( (3)
k-Means (D, k)
Repeat
Cj← ∅ (1≤j≤k)
For i¬1 To n Do

dij← 𝐱𝒊 − 𝐫𝒋 $
𝜆% ← argmin&∈ (,$,⋯,+ dij
𝐶,! ← 𝐶,! ∪ {𝐱%}

End For
For j¬1 To k Do

rj*=
(
-"
∑𝐱/-" 𝐱

If rj≠ rj* Then
rj ← rj*

End If
End For

Until {rj}未发生变化

E�æçrè
O(n´k´t)
t8KLM3



k-/0'( (4)

w K--.#$p"

TUVWX2Q3&'YD={x1=(2, 3), x2=(1, 2), x3=(1, 1), x4=(2, 2), x5=(4, 2), x6=(4, 
1), x7=(5, 1)}，Z[k=2，\]J^_`a2%/3Qb=r10=x1=(2, 3)，r20=x2=(1, 2)

)1*é�êÑH

d(x3, r10)= 5，d(x3, r20)=1 N x3 c2

COPQRH c1={x1, x4, x5, x6, x7} c2={x2, x3}

STUVWIJ r1=(x1+x4+x5+x6+x7)/5=(3.4, 1.8)，r2=(x2+x3)/2=(1.0, 1.5)

𝐫𝟏𝟎 ≠ r(， r𝟐3 ≠ r𝟐 XYZ[\]
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)2*éëêÑH

PQ^-H_`WIJr(ar$;bc c1={x5, x6, x7}，c2={x1, x2, x3, x4}

STUVWIJ r1=(4.333, 1.333)，r2=(1.5, 2.0) XYZ[\]

)3*éìêÑH

defghijkl;W [\]YZ

RHmn;9Cop c1={x5, x6, x7}，c2={x1, x2, x3, x4}

x2

x3

x1

x4 x5

x6 x7

x2

x3

x1

x4 x5

x6 x7
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*1MapReduce)k-/023
%&'( (1)

w qrZsj<='#$%&

w (/MapReducetu

! MapWíîDXïc\ðkey, valueñòó

! Combineôõ�Mapôõ<íö67£K��÷øù

! Reduceôõ�Kú��?@67

5ûüÍ



*1MapReduce)k-/023
%&'( (2)

w Mapvw

Step1 :  MapCDË<key, value>�<
}SýîþøùDXY

Step2 :  5�Sÿ!¼"ö��#?
@<k3P¼ÄÅ

Step3 :  k-lm?@HIWDX��
45>$»'(kÜ<P¼

Step4 :  íö¼�67%CombineCD

Map ({rj}, <key, value>)
For j=1 To k Do
If d(rj, instance)<minDistance Then

minDistance¬d(rj, instance)
index¬rj

End If
End For
key’¬index
value’¬instance



*1MapReduce)k-/023
%&'( (3)

n Combinevw

Step1 :  &MapCDíö<value¼'"·:DX��

Step2 :  ��(Ê)�P¼<DX��

Step3 :  CombineCD¢Ñ)�P<DX��3Dj�ÑH*P·
:DX��<lm

Step4 :  íö�3P¼Ä<+,?@67%ReduceCD



*1MapReduce)k-/023
%&'( (4)

w Reducevw

Step1 :  &CombineCDíö¼'"·
:<DX��j�?�·:

P¼Ä<+,67

Step2 :  -X?@67àßÑHö�
3P<¼ÄÅ

Step3 :  ÑHABCDjá]âãh
iäåj.K���`a

Reduce ( <key, values>)
While values.hasNext() Do
qvalues.Next()rs3tuvinstance
For i=1 To dimension Do

S[i]¬S[i]+instance[i]
End For
num¬ num+1

EndWhile
For i=1 To dimension
mean[i]¬ S[i]/num

End For
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E�æçrè
O((N´k´t)/m)
m8Mapwx3
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w ?@HI<&/01÷5@

w k-lmHI<&/01nHIe2÷f£34

w k-lmHI<b5Å

w &ÊMapReduce<k-lm�K?@HI

- Mapôõ

- Combineôõ

- Reduceôõ
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