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Prior knowledge based multi-class core vector machine
for flight delay early warning
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Abstract: The early warning of airport runtime flight delay is a multi-class classification problem.
There are two issues when solving this problem using the normal Support Vector Machine (SVM).
The first issue is that the prior knowledge is not adequately utilized, and the second issue is intensive
time and space consumption for data training. A new algorithm, which is called as center-constrained
Minimum Enclosing Ball (MEB) based weighted margin multi-class algorithm is proposed. First, the
proposed algorithm uses the prior knowledge to build a new methodology which is based on a new
relative affinity function. Then this new methodology is used to calculate the weights of the sample
data and add them to the SVM. After adding these features, the SVM is converted to a center-
constrained MEB and can be trained easily. Experiments show that the proposed algorithm not only
gives more reasonable classification results comparing to normal SVM, but also obviously speeds up
the data training processing.
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Fig. 1 The requirement and capacity curve
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Fig. 2 The relation between flight delay and requirement

UL PR S R T AR G — i AR L b R T A R SE
DR JIT I B A K AL 95 AR SO0 BIE SE R BT A
HAR R S LU B BT i AL BRI S B0 [ B k
BRSO A 087 B 15 3 ) 2K L R R
R SREAT S A TH 5, — Bl a7 549 J7 3k 2 AL BE
S5 N (1] o HE B A R A o SR B A HRAE SR AL
i AE DRI ] 5 R D], — e D0 T SE R AR
23 S BUHE DRI [A] T S2E 5 R[] < s 2 5 BORE %
B I, AR SRR I AT FE A % B iR ) oy T (0
SEGLL N 1 TR, HE SRR AR A T A R AE R AR
B 5 UE B R R R DL AR R T AR 1R
B n] RE M OR



© 754 - THRRXFFROTF R) % 40 A
x1 HEMUECERAEBREER "
T ) . . ) c= 2 o)
able 1 Three-Colors warning level of flight delays —
MEREY TSR SO B A R i AR OWARFMN o'l = 1, ER—ME
1% % 0—10% BHISR € R4 a7 1 = 1 ks B %)
o i O LB b A S0 (8T 0 230k i Bt (2)
14 # 41%—60% HFHT
5 % i 61% —100% max @' (diag(K) +A— n) — a' Ka

KA B3] 43 AN HE Rt s X AS [ B B E 35 11
U SRS 22 28 A 2 Il O R ) LT A
. ARSORE R AR EL G B £ 28 CVM, I i
fEA vt 29 3R MEB O fiff Pt 2% 48 5% 43 2 ) fi,
5 A IR AT T R
2 FFIMA LI CVM B3 1) i BF

ML Fl BIE AEE 158 1912 3= S 02 3 ad o BIE 4iE 1% K
H K BEAT R M SV L [ AS S wl s AT R
BEroL GBI E RO WGBS RE RE
EHR R B o R BRI R 2 W S
W 4 DB, ACHIETFEBT RIS AR
I 5% S BT BIE AE 15 A UL AT S B X KRR AR 4 ] )
P T INALZ 28 CVM 54 4 3k 4] L 37 il BF S 15
T 5347
2.1 HDZR MEB 83

HE—NE S={a) JH o, € R A2
L EA SH MEBS IR & EA SH A
WS e /NER R g MEB(S), & 3 R, 24
MEB(S) Byt sl ¢ s B8 R W, fe /]
ER MEB(S) AILLIR/R A B(c" W R ) .2 k £IR
WS ¢ x> () B REL., MEB [A] 82 3% — 14>
T5e /N BRAL B FEARAE 25 [ R BT I A () € S,
R RBATHE o0 4 MEB W #85 , Xf A —
A elx) BRI — BN 6 € R, B
CoCa) 87 [al ikt 29 BER O 10 B Jm — 44 0 (D
Ceo]"), sl i JF s e =k

rr]%iPR2 (D
{ scte le—@la) |7+ 6 < R,i=1,+.m
AF R B X B E 2
{max a' (diag(K) + A — a' Ka ()
s.t. a'll=1,a=0
X A=L[&,-.8,] =0,

FATRE 153
R = Va'(diag(K) + A — o' Ka

" 3
s.t.a'l=1,a=0

AT OHIER B QPR BRI ] 51, 3 2
A= 0 BFRESE B FE AL o 29 MEB (R , iF:
B GO ANEE R RE— E EW R k(x,2) = kH
1% PRV A 2 T 2R [R) — 8 B — BRI A5 . i
H 29 MEB [8) @A) DL SCERC 12 18 R 1y (1 -+
) AT RL A A BR ARV SR AR A7 b A he AN 4 T

3 &/NA\BK MEB
Fig.3 MEB(S)=B(¢ ,R")

B4 EGUEA |k
Fig.4 B(c,(1+¢)R)

2.2 MK EE

Z 35 SVM #] DL B 02 x4 ) i
SVM, iX A~ HE07E R U8 T BB T 181 5K 43 85 1 3t 1) 7
L XA )RR B R R — A R AE A e S
B — A — Yk 25 (8] 1 B B L 3 e G HE B ek
ALY R B 2 4k 25 (8], 33 FF i i o T AR 2 ) o
I 2507 1
2.2.1 RhEERINF LA SVM

BWINGBARE s = ((xivys v by, Hp
€ R,y v € RN N R RIIB. & XL HKAR%T
By e RYAE y = [y (o] Horp
(y), R EWEmE y, W DorE



% 34 ¥ OEE AT ABAine %% CVM ALIEiE 2 FRE A « 755 -

(y),= VIN=—D/N; I = J§T 1 2%

(y), = VI/(NCN—1)); HAth
MR . XF B F A vy AEEEmE v, =
[y (v I8 HH (v, € (0.1 FmR 5 ¢
KMEFEKE. B L EARSE TENLENE
R R, RMTEAREE R TX—2,

EX 1 JIAEEA 45 (xmyz,;,) *F—1#
ST (WL b) BRI o %R

(FCoD Oy " (Welz) + b)

K Lo Codn ]t = [F(Co) ) e,
FCCo T3 fCo) € (0,17 S M8 s o B8, 92 B
el L4 f(o) = 1/x;® 3£ /78 Hadamard
product,

EX 2 4w Hinih#t v > 0 Fili FAnifE ek
B fo 58 SUMBURE AR f (o yis v 56 T 7 T
(W, b) BIARUE I RN As 5 & inF

& = max [0,7—
[f( ’z\)l)@yl]'r[Wgo(l‘,) +b]=¢

PERR 1 25 0 7R R AE 25 8] 2 M 1T 43 1) i AURE
AR s= ((asyiso)) 1 S HT 2 € RY yis v,
€ R, Tz F#TFm (W, b e imal 2 2648
AF I

TR 22 2 0] Y i B A Ak I =0k

. T 2 L - 2
Wr’r'}}\{?fitrace(w Wo+ [l bl 20+ o ; g
st (fCop @) " (Welx) + b) = p— &

4
FH IS B9 XA T 3

Jmﬂin»ilala,“ff(;i)@yi,T(;,)@y]>k(1'i,1‘,) +
[G’G,)@y, L FCoD @y, A+ 8 0m)

s.t.zmja,vZI,ai>O,Vi (5)
M KKT %sﬁ:ﬁﬁéhl

W=D a(f(o)Oy)e(x)"
i1

m

6: E al(]}(z\)l)@y,)

i=1

AR BT (W, ), T T 9 D 56 5 KICTT LA 3
W2 MIRBEA o, € R 92551
arg max Cyo[We(a) + b)) =

arg r?axwz {a{ f( ) ® IR
=1, X:l

LkCxisx;) + 1]}
2.2.2 fnALE £ SVM 4k CMEB [] 5
KT RIS 4 o N Casy) IR AREARLE
s= {ztl . FHEMA ZIE SVM 16 K
CMEB [al@, 5 /A (5) 15
Jmini aa; K (s z)
s (6)
15.‘[.2&;: lyogy =0,V
i=1

At K(z,z) =

[CFCoD Oy Fo) © y) k(s ) +

(FCo) @y, o) ® ;) + 6;om ]
L= mlaX{R,f},AZ* diag(K) + naHH A=
0, =L 6) 7T LAE A
max — &' Ka D)
s.t.a'l=1,a=0

B A iy 2 28 SVM g 98 % 4k v 0 29 ) 1Y
MEB 7. 4R J5 FH Badoiu #1 Clarksont™ fi#)#;
AR AT DAARGF b fif e o0 29 B MEB [R]

3 ik B

3.1 WMEEBRNES
I # L 2006 4F A9 A BE F 25 515 B3R N
AR 1% e B AL T 4G s (R i S ) 2 | S
AT PR 1 3 0] AR [ 52 o A o8 B ] B 1 B At
FHOCAE B . AR X S8 0 Bt Re o H 8 0 A B
SIE 1 B[] S 1717 43 B L A9 i 2 BRI BT B B Y
FEGRIEYR , H TR s S 5 RS U A 1% 4 1) i
E NSNS QR € TR D = S T s
PEHENF, Ea & UL RE: BIE 12 iR B
ST PR SR U A 1R B R R U b I B s S 1% 35t P
PR, EE RYEE 18 TSGR B AR
THRGER TR Aric r)m s, R 2 A T4
RS SFHRAEA G BB L], BR T R, 1
TR A ST A AR DL B A 1 T O 451
2 BEERESEREARLLG

Table 2 Percentage of samples of each grade
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Table 6 Training time of classifiers in seconds
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