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Abstract: In this paper, a method of classification is proposed based on the similar information of data properties.
The new method assumes that data properties are basic vectors of m dimensions, and each of the datais viewed as a
sum vector of all the property-vectors. It suggests a novel distance algorithm to get the distance of every pair of the
property based on similar information of the basic property vectors. An algorithm of data classification is also
presented based on correlation computing formula composed of property vectors and projections of each other.
Efficiency of the new method is proved by extensive experiments.
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CCS(classification method based on concept
similarity), ) n
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[4-9]. ,Kleinberg'? d
. Dwork (rank aggregation) 2o
CCSs )
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3 4 5 ,
1
i ;
L4 1 L
L4 1
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1( ). (ET YN o JRT=(rxrox...xry) M .
D fifh b R™ d v fi=( V2 Vi)W VikE N [fil=1,c , fi
R" . cf i=1,...,d;
2 A=Dom(f), F=fy,f,....fy DY=(ArxApx...xAy).
1: D¢ , D¢
1, 2, D¢ , . eF,
: F10fm , RT : Vi 1Vi 2, Vim
2. 1

© PEEREBEAD

http:/ www. jos. org. cn



1.2

313

1) vveD?, (Ug,Uz,...,Ug), Ui i=1...d, U:zid:lui -,
Y, , ueR™
2 vrireR", ri T &(rinr). &(rirp)=Iril-cos(ri,r;), ,cos(ri,rj) ri
3 u,v,weF,c;,C, LU,v,C1) u v , c;.  pathy={{u,v,c1),(v,w,Co)}
, {u,w,citcy)  pathg P={{(u,v,c)|lu,veF,c , u,Vv
.+ P . P
4 uv R P d(u,v)=Min{h[u,v,hy in P} u v
) u v .
2: D¢ (AB,C), P={(AB,1)(B,C,3)}, AB 1, B,C
3, AC 4, A—B—C
D¢ , :
(shortest attribute distance algorithm, SADA)
P,
1 2 vrireF(i,j=1,...,d) d(ri.ry)
o P, ,
. vririeF(i,j=1,...,d) M(dxd), peP.
, pu pv , ,
i ) ’ ’ ’
SADA
1. SADA

Input: P, where al peP has p.u<p.v.
Output: M(dxd).

Begin

1 Sort P.u, P.v by ascend through QuickSort Algorithm;
2 Initialize M(dxd); M(i,j)«-Max_value, i,jel,...,d;

3 For Each p=(u,v,c)eP Do

4 If p.c<M(u,v) Then

5 M(u,v)=p.c;M(v,u)=p.c;

6 H={2},Q={2};

7 For i=1Tod Do

8 If M(i,v)<M(u,v)+M(i,u) Then

9 M(i,v)=M(u,v)+M(i,u);M(v,i)=M(i,v)
10 H=H+{i};

11 End If

12 End For

13 For i=1 Tod Do
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14 If M(i,u)<M(u,v)+M(i,v) Then
15 M(i,u)=M(u,v)+M(i,v);M(u,i)=M(i,u);
16 Q=Q+{i}
17 End If
18 End For
19 For Each of {h,gheH,qeQ,h<>q} Do
20 If M(h,g)<M(h,u)+M(u,v)+M(v,q) Then
21 M(h,g)=M(h,u)+M(u,v)+M(v,q);
22 M(h,a)=M(q,h);
23 End If
24 End For
25 End If
26 End For
End
1. vririeF(i,j=1,...,d), ri I , Kk,
SADA , M(ij)=k, M ;SADA
Oo(nxd?,  ,n=|P|.
1 . vririeF(I<i<j<d), o Path(i,j)=(hy,...,hy), ,
hy=ri,he=r;.
n=P=1 ;. SADA ,
n=x, ; n=x+1 . x+1 , , M
( X+1 ). x+1 (u,v,cy,
u<v, x+1 ., SADA 7~18 , u,v
x+1 , ri i<, rn<>uy) :
x+1 (u,v,C).

Path(r;,rj)=min(Path(r;,u)uPath(v,r;),Path(r;,v)UPath(u,r;)). Path(r;,r;) :Path(r;,rj)=
Path(r;,u)uPath(v,r)), Path(r;,v)=Path(r;,u)uv. Path(r;,r;) ™ , ri
VvyePath(r;,r;) , Path(ri,r) iy . Y , r
r Path(ri,r;).

(u,v) , uvePath(r;,v), SADA JieH; , Path(u,rj)=uuPath(v,r;)
rieqQ; , Path(r;,rj)=Path(r;,v)uPath(u,r;), TieQ,rjeH. , Path(r;,r;) ,
ri, rie{h,qlheH,qeQ,h<>q}. 19~23 , rifj . , n=x+1

E 1

2 . SADA , ,

nxlog(n); , ,

O(nxd),  {h,glheH,qeQ,h<>q} @,

O(d?xn), SADA O(nxlog(n)+nxd+d®xn)=0(d*xn)( n<d® ). 0

Y, u . Dijkstra ,
: o(d) : :
Floyd-Warshall (my, O(d®).Han
(12, O(d®(loglog(d)/log(d))>".
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, Floyd-Warshall (2,
[11-13].
,SADA Floyd (Floyd o(d%). ©n
,SADA Floyd
13
, m
2, &(rir)=Iril-cos(ri,r;). cos(ri,1) , ,
1 if d(r,,r;)=0
cos(r,r) = (@—d(r.r))/ e, if 0<d(r,r)<¢ )
0, ifd(r,r)ze
1 ' ' ,
1 : o .
0.
A
; § [ Wi
e
8§«
? > >
o Distance between 2 vectors
Fig.1 Function relationship between vectors' distance and vector-projection
1
D, : :
[ fi 1, if d(f;,f;)=0
ECF 1) =1 T -cos(f, £) =41 f, [-(p—d(f,, T) /g if O<d(f,, )< 2
0, if d(f,f;)>9
2
k SADA , )
2 , U=Zf’:1ui -f, ueR™ u
d d d d
lule [ > (cos(fi, f)-u-| i l-up | £ D = 13> (cos(f, f)-u -u) A3
i=1 j=1 i=1 j=1
, u freF(k=1,...,d) fi ,
d d d
&(u, fk)zzg(uj -fi. fk)zzuj &(f, fk):zuj -cos(f;, f,) 4)
j=1 j=1 =1
(3) (4), u fee F(k=1,...,d) ,
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d
D u;-cos(f, f,)

cos(u, f,) = é(r ]|‘ W _ - ’:1 (5)
\/ZZ(COS(fi i) -uy)
i=1 j=1
(5), u feeF(k=1,...,d) . fi
i<>j , cos(fif)=0, i=j , cos(fyf)=1, fifieF. (3), u
|u|_\/22(cos(f f)-u-u) = \/Zu (6)
=1 j=1 i=1
4) &(u,fid=uy, (%),
cos(u, f,) _SU ) U (M
[u] d
y2u
(6) d (1) . )
(5) m .
fk , COS(fi ,f]'):]., ,fi ,fj eF. , (3)
d d d d d 2 4
|u|=\/ZZ(cos(fi,fj)-ui-uj)z‘/ZZui-uj = (Zui] =>u.
i=1j=1 i=1j=1 i=1 i=1
3~ (), vr,seD®
ﬂ(r,s):ﬁ ‘/Zd;[ J|cos(r f,)—cos(s, f,)| (8)
2 \ia\r | [s
feF(k=1,....d).
. re
DY r =3 r- £, f eF r ;. seD%s=>"s-f° f°eF s
) 0
e V2 L5 : .
(r,s)_7 > |cos(r f.")—cos(s, f," )| Zm-|cos(s, f,°) —cos(r, f,°) 9)
9), :
2. 1,8 ,r,SGDd,/l (9) , r.s . Ar,9)=0.
r=s |cos(r,fi')—cos(s, fi’)|=|cos(r,fi’)—cos(r,fi’)|=0,i:1 ..... X (9
0; , (9 0, A(r,s)=0, . O
3% RS rseDii  (9) , r,s 0 , Ar.9=0rseD%
@ S o , rs teR™ , [cos(r,f;)—
cos(s f)[=0,f, e F(i=1,...,d). ), Ar.9)=0, . O
4. s rseDa (9 , rs , 1S
. Ar,9)=1.
Vfi,ijF, i<>j , Cos(fi,f,-)IO; |:] s COS(fi,fj):]..
(7). cos(r, ) == s ; (5), cos(s,r)=0. o
2
(6), 9)
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szer |cos(r f")—cos(s, f;' |:Zx: Xr‘ Xr‘ :ZX: xr‘ 2:1
i=1 i=1 zrjz \/zrjz I::sz:rj
i1 i1 N
9) 1. A(r,s)zg- 1+1=1. . O
5 1S rsebDi1  (9) r (Fase.. o)
s (S1y--4,S) , I8 Ar,9)=1
4 ; ® 6.
il. |cos(r f")—cos(s, f )|=Zx:r7 cos(r, f,' )|:ZX:|rr_l |cos(r £ )|
Zx:h |cos(r f,") —cos(s, f;' )|:ZX:|rT |cos>(r,fi )| Zx:er |cos(r,fi’)|
P AR U S B (D YLD
A m=1 = m=1 =1.
il \/ﬁﬁ(cos(fr;,fn').rm.rn) Zlgl(COS(fnZ,fn)-rm-rn)
9) 1. ﬂ(r,s):g-\/ﬁlzl. . 0
6. I, rsebii (9 , wi:|cos(r,fir)—cos(s, £ =1,...,,
Mzo , Ei=|cos(r,fi5)—cos(s,fis),i:l,...,y, a(’ég‘s)zo.
W . (9 , A(r,s) , w;>0, A(r,s)>0,
AN 5 . o(Ar.9) . O
o ok
6 , rs , IS . AUr,s)
2~ 6 ©) (8). x=y=d I ) B )|
>~ 6 (8
Ar,9)
: m m
m - 8 (),
® ()
® , 9
3
:CCS(classification method based on concept
similarity).
reR™ c(n)
C,={ Classify(p)[peD",d(p.r)<6,d(p,r)=min{ d(g;.r)|g;e D%},
C,={ Classify(p;)|pie D", d(pi,r)<6,i=min{ Kd(qk,r)=min{ d(qj.r)q;e D} 1},
Classify(p) ;D¢
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1) , SADA , ;
2) , , (

2. CCs
Input: u=(uy,Uy,...,Uq).
Output: Classification of u.
Begin
Pre-processing:
1 Call SADA algorithm;
Classify-processing:

2 dmin=Max_value;
3 Vmin=,
4  For EachveD®do
5 if dyin>A(u,v) then
6 Amin=A(U,V);
7 Vinin=V;
8 End if
9 End For
10 If dyin<@ then
11 Return Classify(Vmin);
12 Else
13 Return &;
End
AU,V) u,v , (8 (9). ,CCS
O(nxd), N ;d
4
ccs (4
CCs CCs ( , ,

0) .

PI11533M,512M ,40G ; DELPHI7.0; Access

2000.
( ), :
1.
, 2.
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Tablel Example of Chinese traditional medicine prescription

1
Formal name Original dosage Dosage-g Processing
1 Shengjiang 3 pcs. 6
2 Laifuzi Lack of dosage 8 Fried
3 Baizhu 1 Qian 5 Fen 5.595
4 Renshen 1 Qian 3.73
5 Fuling 1Qian 3.73
6 Jupi 1Qian 3.73
7 Houpo 1Qian 3.73 Processed with ginger
8 Shanzha 1 Qian 3.73
9 Banxia 1 Qian 3.73
10 Shenqu 8 Fen 2.984 Fried
11 Maiya 8 Fen 2.984 Fried
12 Sharen 7 Fen 2.611
Table2 Medicament attribute example
2
Property Value
1 Category Diaphoretics Chinese medical
2 Sub-Category Exterior cold syndrome relieving Chinese medical
3 Medicine name Shengjiang
4 Byname
5 Acti Diaphoresis, expelling cold, eliminating phlegm,
ction - ; 4 , S
subdue gi warming middle-jiao, arrest vomiting
6 Flavors Pungent
7 Meridian tropism Lung, spleen and stomach meridians
8 Four natures Slightly warm
9 Toxicity
10 Minimum dosage (g) 3
11 Maximum dosage (g) 9
12 Remark
. , 9)
cos(r, f;"), 1 060 , 3;
2 , , ,
Table3 Instance of action weight
3
Action Value Weight
1 Bugi 69.5 0.143 787
2 Jianpi 62.55 0.172 842
3 Zhitong 55 0.230 964
4 Shufeng 41.25 0.119 249
5 Fahan 41.25 0.107 37
6 Sanhan 37.125 0.116 029
n Jiebiao 37.125 0.115 163
8 Lianyin 37.125 0.035 069
0.25r
< ——
=
§ 0.15,
2 o1
o
E
z 005
>
O 1 1 1 1 1 1 1 1 1

1 23 456 7 8 9 1011 12
Action number

13 14 1516 17 18 19 20

Fig.2 Curve of Chinese traditional medicine action weight

2
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2. , . 3 . , 1060
. 3 ( 400 ) 3 , 4 5.
Table4 Comparison of the three methods’ accuracy rate (%)
4 3 (%)
CCs CCS (without similar information) Euclidean distance
Experiment 1 92.8 68.0 37.0
Experiment 2 85.0 65.0 48.3
Experiment 3 89.0 70.3 55.3
Average 88.9 67.8 46.8
Table5 Comparison of 3 methods' time consumption (ms)
5 3 (ms)
CCS CCS (without similar information) Euclidean distance
Experiment 1 24940 24 611 23 442
Experiment 2 24903 24917 23775
Experiment 3 27 097 25515 23916
3 . CCS
, 42.1%.
3. ,CCS . ,
100~1000, 80, 3 ) : ;
; ms.
7000
6000 |
g 5000 |
g 4000
B 3000 |
ks
© 2000 |
1000 —— ccs —8— Euclidean
0 1 L 1 1 1 1 1 1
100 200 300 400 500 600 700 800 900 1000
Number of sample
Fig.3 Capability comparison of CACS algorithm and classification algorithm
based on Euclidean distance
3 CCS
,CCS )
4. SADA Floyd . , (
) 400~3200 , 400x400, 6.
Table6 Comparison of SADA and Floyd algorithm
6 SADA Floyd
Order Rules SADA agorithm time (ms) Floyd algorithm time (ms)
1 400 070 4426
2 800 270 4476
3 1200 331 4416
4 1600 340 4427
5 2000 391 4486
6 2 400 400 4437
7 2800 431 4446
8 3200 441 4446
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,SADA Floyd , 10~63 . Floyd

SADA 4 , : ; SADA ;
ms.

Elapsed time (ms)
N
o
o

0 . . . . . .
400 800 1200 1600 2000 2400 2800 3200

Number of rules

Fig.4 Therelationship between capability of SADA algorithm and numbers of rules
4 SADA

4 ,SADA . SADA

, SADA ,

:CCS.
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