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Design Knowledge Linear Classification of Complex Product
Based on Margin and Probability Information
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Abstract: For the complex product design knowledge with a large number catalogs and data volumes, the
multi-classification problem was solved by using linear approach based on the margin and probability
information of MPM. The true mean and covariance were replaced by the sample ones. The weight voting
matrix was established, the coding matrix varied with the difference algorithm and training data. The
classifier with max value was selected by using the amplitude value. Linear classifier was used as binary
one for high speed. The angle difference measurement of subspace was proposed to characterize the
difference of every class conception. The feasibility and practicality of the above mentioned method were
approved by forklift product design knowledge.

Key words: Design knowledge Linear multiclassifier

Minimax probability machine Probability

information

51

BUACHUBE™ b B3 2 DL it AR Dy B 6, LB
SRR IR R i R R TR
b IE RS AT AR A S BT AR REAL
J7 X e —J5 0, Al ™ AR B BT T Rk K B

il

Yok H 3. 2012 -01 -31 &8 H . 2012 - 05 - 06

7l AN W H g 2 K s 73— O T Al Sk
J5TAS W i DA S0 35 RS A UL, 0 2R 1 45 i i
TR AR BO8 K o i BT R R A i 1 0 7T K
BUBO™ i BETH AR 2 S Bt A DL 2 50 28 OB SOA
GORLE KOs FEAT 62 3 2B . Hoh it AR &
B AR BT N BAE B i B AR i A R U A

# [E 8 1 R AH £ 2R 4 WX B T H (50905159 ) WiV A [ AR B2 25 6 WE B T H (YI2E050100) 1 2011 4R #i VT4 16 /5 R AT H $EAL % Bh 5T H
YEF B A2 JB S, L WL AL BRI BOR 22 B 08, 2 7 i B R i I AR LA SE , E-mail: tu_li22@ yahoo. com. en



218 o Bl M % 2013 4
Bl ORI AR R 2K R B R S SN T
SEOTERME . TR RGN E DRI 2 ax 0
6 R0 D) 5 1 SR ST AR W R 5 O B A 2 R AR ' .

) ] ] o [Syt  sup Plax<bj<l-6 (3)
DL BSCHR i 5 AR B R % PR A5 L £~ (3,30

b BT I R AR I BT B R T R AR R A
7 i AR A Y R 5 e 2R MRV R . it
N BAAEFEAT BT, BT 2R A5 14 96 2 A7 6 28 it R
59 DA R 7 gl % T TR ) A 3 0 3 A 2 SR P
P, BB AR TE T T4 43k A 2 A AT A
PR R BETT T S STk R B A K FE BT
PR — )" i S 091 e ik 1 A 2L HL 7 A BT
7 ST AL (Y AR T IX 46 77 it 28 B T R AE K Bl
JE N R AR A7 7, ek 1 s N B R it A
SBETS 2 U o DR, G o A A 4 2K A B
LA A J3CH08 A7k 5 BT R APURI o 1 b 5 A I 42
BAT B I BOHE B BB B 8 7 i T A B i
L7 T R SRR S

BATOESE " R 2 4 P BT UL A
R X 7 i BT R A HAR 2 207 ik M S 4
AR ST Xof B A 26 BT RE B R 2k
5 R B ) RBURE Sy B2 23k 9 15 B0, T 5 O e/ die R R
ML H O A SR AR (AL L, SR S 1) J7 6 R il b
Z P IS e BT SRR S R R, LA R S B B T4
G328 R T s 4 2R ) RS 2 T EL S8 DR A R AL

1 ET MPM HE&IES S L[ ERE

1.1 EX

/N K AME R B ( Minimax probability machine,
MPM) 1) B A AR 2 die /N Ak 158 70 A8 238 1) dc AR, D
i A MR DR B R R KB H Y
5 H A 4> 25 07 AR L, MPM 1 % K5 S 78 T B RE %
/MU B INE LT R 73 2R BUE B5 20 A A8, D o3 26
M HERR R R — AT A,

X T ZIeAr KR, id v,y € R" R BEALAS 5, 26
Aoy A B AR R T 25 43 0 Dl (x, Xoa) FL(y,
Yy) o TR HoE S E AP Oy 25, #a] % H A
A8 73 AT ASAVEATART BR 1

SN ON I OISR AP R NS € ey
- 1

F(a,b) ={zla"z=b| (1)
acsR"\{0} beR
XA O R A A 7 22 BT A 3 A, DOk
BEARST BB T AR R sl . HACERE L

Hrp

ax 6@
#0,b
it inf P {a'x=b} =0 (2)
= v (3,35
. T
L1 inf P lay=b|=6
y~(

= '
L1 sup P,lay<bi<l-9
y~(y, Zy)

Horp(a, Xa) 2 EFB 7 22 0 45 € 51 B A o
i o
XTI A 2, AR a'z=b Wy « 25, 45 gk
FHhyy Ko 1 -0 NiRZERHITRRSMRE,
ARSI 5T Y A0 A T0) R 2 S fie /M X AN 1R 3
MEAR, DUEAS 0 2R 4 10 i th B MR
1.2 HFES
Marshall %“lwﬁﬁﬁ%qj*gtﬂ

1
PlyeS|=——
»’~?;1. ¥) ,%ye } 1 +d2

& = inf(y =)' Ty (y-y)
Xy BB LS & — A E A
A B SR SO E AT 2= A e T
43 o
WM A UTEXL:S={a'y=b] N

(4)
Hr

1
Pla'y=b} =—; 5
,sup Plalyzbl =1 (5)
oo d* = inf (y=3)" Sy (y =)

Ma'y<b W, By =y, BIA[ 5% /ME d =0,
Bk a'y<b, HirEHHE, 45
W=y T(y-y) ¢ =a"SyT f=b-a"y=0

il d* = inf w'w (6)
cTw=f
A AR 2 T Ak a)
a(w, ) =w'w+A(f-c'w) (7)

MR R A A5 1 RIS

2w = Ac
{/ (8)
=cw

HA a=
cC
(AW
d2=,,v%‘,1fb<y—?>"‘2y*‘<y—§>=% (9)
# g a'y=b (B, W1
d = inf (y=y) Xy (y-p) =
max( (b -a"y) ,0) (10)
a'Yya

AR A AR ) R 2 7 2 (AN FH S
AFAERALRE 16 F(a, b ), FLRUNR SR )

a' Y xa +

k;] = min
' (5oy) =1

a'yya
(11)



13

J& L A BT AR (E] B A5 B B0 R BT R At 40 2 U ik 219

[F] B AT 75
b, =a'x-k, Ja' Yxa, (12)
Horpra, 200 Ak 1] 80 R ME — fif o 1T B 25 1 T /Y
BRI HEAR Ny

e 1 (Ja' Sxa, +./a" Yya,)’
Ll 1+(/a" Sxa, + . /a" Yya, )’
(13)

T8 B fe A0 F- T A9 D0, %) 48 5 B — A B
Bl i 2, AUAT i a2 - b, B AT 5 R D E 1 A Y 28
B A+ WHZ AR T 2 28, WE Ty 2K

2 ETHENEREENEESEXTE

2.1 ZMHETE

dn b, MPM AT LR 53 A A R I (]
A R W REASTE B A 3 2 A0 AR TR 1 ) B 5 8
PR —AEARBE o AR SCIR) 1) 1) Bl A B P 5
SR T A SR R B M, RIVR ] i K 4 52 M i
/N 26 1) SR s R AT Ak B

HAG 25 5 BB i, B B LA R
R — AR EE S 1 Tt V', T BRI A x,
TEREAS 3 & A0 T 9 18] B, 5 18 18] B ri) 45t 3fe LA i o
AR AN X B AR B AT Q,, XMk Eion R 2

XA 6, 1107 — 1k Ak FS o 2 z 0, =1 % MF

(RXF0; 6, WE TR NE . %6, AT r Dok
PRTE LAY A P AT o ) B
H(x;) =arg max{V,Q, | (14)

R B R R AT T 23 2R A 2 (B VY
TCE A g 00RO R B, % 43 26 B0 AT 4% 3 35 K
ORI X 107 F) R 187 2K 0 L T RR 22 O e /M Za bR Bl
S S0 A Y A 2, W A 26 L 4 B
O GRS IR ( aV E N L i

AP AHI h Q S M 4 W 2 B o AU 25 B0
F9 A8 AT A8 A [] 5 430 28 R0 000 3 ) T 488 45 1
015 8, 30 3o R0 50 25 20 ) k0 R 37 47 1A LB T 7
B 5 5 JCAEAE O I A 2 500
2.2 RJFTEMEREEFE

WA AEL A e @ (x,) B %, ,
WS B B5 AF 25 W] F 350 7 22 4 1

c:%i D(x)D(x,)" (15)
fiff AR iE A 1] A

AV=cv=t Y (B()V)B(x) (A>0,V0)

n
,x, e R

(16)

MR, Vs £E WS B R P A v B

V=span{®(x,),,D(x,)} (17)
B HE Ny
V= Z a,d(x;) (18)
G5 LA O (x,) , 0115
AM@P(x,)V) =(DP(x,)CV) (k=1,2---,n)
(19)

TE SR B
K,=(®(x,)P(x;)) =k(x,,x,) (20)

| ra=Ka (a=(a,,,a,)") (21)
i L% 28 3] LR A AR AE o

TEFFAEZS [B] b 23 9 Al B ¢ SRR &= Ve,
V';W]’...,WlO

P AIOES SN0 SRCEEIY D TIPS

HEAT I —fh Ak 2R

AL HAY

A= — A : 22
D DIETRTRID LD LA % (22)
Iy -
V.= Z allj@(x/’)
=1 (23)
W[ = Z‘B'fd)(x/)
j=1
T 54 AT 95 1 G 1 1 640 96 B
6, =
O z ai,kﬂ1,1K<xkv}"1) ]
arccos [5 = e |
0 [ -

Z Z az}kai,lK(xlvxk) \/z Zﬂz,kﬁ,,zK()'N'1>

(24)

PR A0 o 4 A0 I 160 LU 0 B AR I
Bl

0= A0, (25)

t
i=

B T P T T K B A 2 ) 2 25 52
3 RBBERS

TE 7 b B E A v, 0 B 7 A R R 1 B
B T IH 7 S B as AT B IR G LA
JE77 i IS AT B0 B I 5 0 B A 7 k) S 2
B B B O AV 5 7 b i B R 4 IR
PRBETH RN 5 0 7 7 R A 6Ll e e B A 3 5
R A I BT O B 2 O 7 i 2B R B AR
TR
3.1 XEFmEEEEFMEEZITHMIR

AR Al Sk T ol K T
P B 03 )2 B R S AR E R B LR . U B



220 73

NIV A = S

2013 4

BT R R AT G AE SR IE (i SR AR P AL
BV SE T I — 28 RN, R R
[ AIF 52 55 20 A il AR H X B i 9 B AR B A5 1
5ZH, H B SRAERT LUNSHER T i ok, s
A B AR R PR AR 1 s .

x1 XFEHREHESEITHIREE
Tab.1 Design knowledge attributes of forklift part

28 MIGS B4 7 B
£l BTN E) LD mm 500,800, 1 400
T4 £ A (°) 6/12
EiR=Y: F mm 410

B /N2 4% R mm 1760
T /)N A 0 JE 8 B M mm 1810
/N H A HE B JE TE R LAY mm 2170
F R e R AT % 15
i m kg 2780
HhgE AD mm 1250
/)N S L] Bt C mm 100
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Tab.2 Design knowledge samples of forklift part

C A BT SRR
LD A F R AT m
CPC20HBW15 500 3710 400 1200 15 4700
CPC20HBW -9 800 6/12 410 2200 15 3020
CPC20NG5 500 6712 400 1800 20 3650
CPC20N — RG5 600 3/10 410 1450 15 2 780
CPC20N — RG6 700  3/10 410 1450 20 4070
CPC20N - RW13 1250 6712 420 1760 20 4700
CPC20N — RW9 600 6/12 420 1500 20 3650
CPC20N - W13 500 6712 390 1700 15 3020
CPC25HB - G6 800 6/12 410 1860 15 3020
CPC25HB — W8 900 6/12 410 2200 15 2780
CPC25HB - W9 1250 3710 400 1800 20 3020
CPC25HB - W15 1250 3710 400 1500 20 4070
CPC25N - G5 500 3710 420 2150 15 4070
CPC25N - RGS 800 6/12 420 2150 15 4700
CPC25N - RG6 600 6/12 410 1800 20 2780
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Fig. 1 Discretization interface of forklift samples
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Fig.2 Reduction interface of forklift sample attributes
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Tab.3 Character description of data sets

PGS AR AL BTk
[ TH 5 £ 150 4
AT L BE 20 000 16 26
iR 214 13
/N AR 2310 19 7
SGYN (3535 528 10 11
i 178 13 3

I3 FP R R Bt 5 (U R ) 2 O 3 4
gy NGREE A (JHR A S8 ik, IMEAR
A 38 £E 2% FH 10-fold cross validation 3 $E47 M3 .
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Tab.4 Contrast record among linear algorithm

and other methods

One- One- One-
DAG
DikrS DB2 against- against- against-
SVM
One SVM  All SVM ALl £k 5 i
T3 97.3 96.6 97.3 96. 6 98.3
WAL 98.2 97.9 97.9 97.8 98.0
i A2 73.5 73.8 72.0 71.9 74. 4
RNESRIE 96.4 96.6 96. 6 95.2 96. 4
BARMEHE  99.2 99.2 99.0 99.0 99.0
Ji 99.8 98.8 99. 4 98.8 99.9
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