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Abstract

215006)

This paper summarizes the relevant research of Lie group machine learning, including:

conceptions of Lie group machine learning, assumption axioms, algebra learning model, geomet-

ric learning model, geometric learning algorithms of Dynkin diagram, learning algorithms of or-

bits generated and so on. Especially, this paper gives out specific design of quantum group classi-

fier and sympletic group classifier.
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AR FF FAE R B IREAR A (m) = wl (o) (m=1,2, -,
R UIGRFEA X 159 B M REA M L T 55 7 2809 — A 2050 ok
g (X,

gi (X)= zk]a,a(m):N/Zk] | <A )z |2,
J=1.2,,c,i=1,2,,n, H a;; ) =(A;; (m) . XD J
PUNREA R X B8 5 M58 ¢ DINGRFEAR X5 88 m A
FLESR A ) I

5. FEREBIAE D PR © AR A5 09 B A2 20 45 SRR
PATF M REBILE D'

6. BRI BIREA X A B R g (XD, 3R A
) R B R AL R XA B R B g (X0 IR R 1 2

s X, ) s Q)

A EBRAEZ D IGREAR, BN ERITERRKE
}L,=m§x(g‘_,,(X))(j=l,2,---,c,z’=1,2,---,n),i§_€1‘¥§JEEIIJ
X HAFIE ¢ 3.
TR HARBRE (o AR FL
Al Bl
‘L‘I_:ﬁ'M[A’B]{A JESP(Zn),ﬁ

2 2

(OMEeSpC2n) N0, =U,>M=[A,J 'A]
AT'JA=0,, AT'A=1, M)

(2) M= A0 €Sp2n)
*(0 Bl) plen

A0
3M:< 71), A EGL(1.R) M(2)
0 A
o m—(" Yespe >3M—(I 0)
*(0 Bz) pien o 1/’
S1—8§ M(3)
Wm=[Y O)esf 2 ):>M*(I O)
_<AZ [) SR =M= )
S1—s§ M (1)
6 Ié
(5OYM=J,= , aCvEeESp(2n)
i Ia

M(5)
6.1.3 Sl Hr

FATIN ORL A B A5 003 e o s e A T
(7 R 23S L BV IE TT AR A L 22 S T P 2 T 1A
A5 SF TP R A S T A AT A B I A
SVM FE -7 b, Hah o3 1.

K1 SYMOEPEH AR EFEHSLFTHRFNRLEER

i B IR
) 1E T E1%R/ % TE %/ % A E g/ % 227 1 P9 AR/ % A - 1 P9 L 5/ %6
SVM 43 25k 95. 4 93.8 90. 2 93. 4 93. 4
FEREN R 95. 2 92. 6 93.1 94. 6 94. 6

LR F LY G B 4o FRAE SR U 76 A —
AN BRI Z 0 S B RAIE T - R IE R b
A — L TERE B R 2 B B0 43 8 5CR.
6.2 FEHYBESIFHMETHS KR

R 2 A L 2R AR SR A X B A A Y
HET™ GRS B JLAAT | 7 X Bk S 2 DDA 5% £ X
BLES F ) 22 G5 v i o 11 3 38 48 M A0l X ik 1 [ R
SCHRL21 48 T i B o A A 1 Tk
6.2.1 TR

P Ry 25 . HUBER) A i 7 B Y Jacobi
S A BT LI ER 0 1 o R R AR B L O
B T REA B TR T 1 b R e i xS
I 0] 732 B2 CX AR S W VIR € B L1

A L0 S A ) A e 2 4 2 T R M A5 L AR TS R
it B 1 2R A A o] B X R AT 402
6.2.2 T HERXT PR AR e ) Bk
Ay o i< ST o 8 o= ey [ [ Rl e
[ R AR BR” (oo y) o s o 2 RoRF ] RGEh
18 S5 45 25 ) o B 2481 sy SRORAEAS S [ R4, HL
i IR R
xy=qyx, q&€C (2)
Hr, g R RE.C ZHERBNES. I,
(s ) B AFTEAH G 09 PR AZ 3053 3158 B A7 A B X7
& el e
Ep=—q '96. &=0.7"=0 (3)
Yg=10f.x 5y Xt 5,659 X5, (&, Al LU



1122 it "

¥ 1 2010 4

FERXT (s y) W53 A0 B 2 2 25 [i) v i 52 4] s
T REBT AL 2. 4
x &
¢—(y>,¢—d¢—<v) 0
R R ARAR (e ) H BT (6L ) [ AR
P e
x a B\ /x g a B\ /&
L)=GSIG) =6 36) @
KRB (@B, 7,0 5 (x,y. & HHE AT 584, 02K
A (D)5 E O R AT (2 y) B (. Ji]
AR A B 26 2R W Ca s By 7 s O TR AN 56 2R BROT.
aff =qPa, a¥y=qYa, BY=q¥B, 78:‘167’
BS=qdB, ad—da=(q—q ' )BY (6)
A
A=Cla,B,7,0)/ ~
R Cas Ba Y O) AR LI P45 S AR, HLI R R &R (6)
il

. a fB
T:(T;):( )GGL,(Z),
Yy o

D)1 38 70 i A58 g o, 2 A AT A1 X AR 4 A e L 7 3
HFREGL, (2
c=det, T =ad—qBy=0a—q 'B7.

WER det, T=1,MF My 78 SL,(2).

PN A b 0 0 PR R A e 2 o) B R
mr.

HiES5 BETHELAXTRRE M AR s ) Bk,

B EOIE X={x1 22,2, ) >

ALY ={y1 30 s}

B B TR PR R 1 AR e

Lo X AY stf7 R4 b 5 195 65 9, B0
W ERFR )

2. %0 XY HLE, 43 ] [R) g A X R Lk AR 4 Z L (814548
WeJa i) XY FE,p A R FR (2 FN3) 5

3. K I A RV Z REW R KRG A AN
TR R ¢ H BB G AR IS4 Z, 00 Z B B oK Y X PR 4k

4. 3R I M A Z.
6.2.3 HFHEIEGTE DNA 78532 b iy i

TEN 28 LR () DNA JF 1 4328 S5 5% 2Z Hif s 96 %F
S A — AN TR LA R

AT P E AW LR T (Arabidopsis
thaliana) (4 58 42 J7 51 7F g 592 56 B 4. 2O ok I8 T
NCBI(National Center for Biotechnology Informa-
tion) , H ® 41k >4 http://www. ncbi. nlm. nih. gov.
AR IIAE S AP AR, g S g B IR

— > FAST H 20m 3P iy T 0 i IR 7E 1t 45
FASTA #A XM 48, R il — T & 4
RG] ID K RO R/, L3R 2.

®2 REGXHIEHA

Refafh %5l ID KB /bp KA /M
1 NC_003070 30080809 43
2 NC_003071 19643621 27.7
3 NC_003074 23465812 33.5
4 NC_003075 17549528 24.9
5 NC_003076 26689408 38

FEAE B PO B b, SR FH R T Y &5 4 1A 2H 4UAF
fitt A e 1 e 51 v st 145
typedef struct

{

char * seqname; [/ R F I8 FR//
char x wholeseq;

/e IR F 5/ /
char = info; //HEEBHmAE 8/ /

long index;
/A SE Ry B A B R E AL/
/) H KR/

unsigned len;
int % count;
/ /25 A WRIE A 2 5 ) ) o i A4/ /
} Seqlnfo;
TESE OB I, FAT EZE H 2 Y
AT 4] v 8y S Bt DX RT3 2 i DX 20 ) £ B >R R
5 T
(1) X S g Ak 3 O AR A7 gene J5 IR 16
K4t AL S F1 CDS J5 4% BB 1 R il 3k 55
(2) FEfeJa 1y B0 4% 3] CDS Hh b 2 i &
1 3K B B B ORAE N 3 1 4> Seqlnfo S5 1A £F A
i X S coding. txt H;
G HF TRy N EEEERAERNE D
SeqInfo Z5H4 IR AF A JE 4 i X 3CF noncoding. txt .
(D) EE FRPTR, BB — YA,
XTS5 ARG A, FATT o A 2 5 A AF I D
DA SO 5 A A7 i AR g B DX SO 2% A SOy
B EH Wk 3.

R3 BREMFERSERDXOBELE

Rk St 14 X e o/ A 2 5 DX R SO
6761 6572
2 4216 4134
3 5252 5027
4 3958 3482
5 5987 5160

H1 T g A DR R 2 B XA 6 AN [) /) D RE B i
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ST — B ) L S i DX A B I T A S e A X
B AR AR A, 3 B ) 55 AT DA BR A G B DX 1Y) R AIE
G KR B T A Ay IR g RS X R AE E 8. BT RS
DNA FH#E R AT G C 4 D F4F Fifi B2 51
T4 H (UD aggeacggaaaacgggaatt) . 3074k DNA
G B 5 EAR 2 AN [E] Y J7 2% T4 R B 2 AR K.

TEHEAT DNA J3 51 Ak 1 2 Hif — i 2 e - 4k — Fib
DNA J7 5] i 2% 2 RS B T H v THEX H 1T
SEAT AR SE. BUAE E PR B A 7 2 DNA JF 51 (1 80
FRTE AL B DNA 25 5L F iR i 2
CGR J7¥ DL BRI U 7 220 Z il 2 R 1255 %5
A SCRATR 2 T 77 9 8 18 09 J7 ¥ i T 7 9
B 5 FR gLt fhk T L g3 S AE 4 A% Gl 6 14 v 42 B
FEAE 5 91 o 8K 5 X6 B A 5 R o 1) Gt i 0 I 2 AL X3
FHFAT I Bt 09 & 54 3 e e i A7 402K

56 F— B DNA AR L — A5 B % &
Hrp 47 e 8 r & 45 8 (R 19 2 /0. A E I B
fift, ATy B (5 B .

WA L= C(ay as,sa,) Hl m DFFFF Y
FEEN £, (DR

gu(D=F,(D—fn 1 (D (7

Hrbrog, (O m E25 m A5 Z )5 BT 3 i 15 2

BRI AR DA LD =g/ £,(D R
i=1

%4?%%%@%@%i§%@ﬁ$mﬁﬁﬁ%ﬁ
B T 1R A 26 S T 4 e A
2. (D).

S TR g0 (DL L P I

MR 1. g, (D=0, BE I F A5 45 &
R AT — 5 1 0

MR 2. 45 m A GO R DB S R M
FE90) 5 A7 9 15 B ) BRI g, (D i
i3/

VERR 3. 45 o AN (R R DL 4 R B
R 90 40155 5 1 T g, (0D 1 (R
T2 MK

R4 fo(D=0.
R BE » FRATTAS 2 40T ) BRI B
b
g,()=

b+tio,+t,0,++1,0, ’
Hordr o AW ik o B i E N — A/ NE S 0 =

n
E até\;, ) E_
i=1

J, = Bt NTASRMN FEREeE

0, N

Hrpra —1/NF 1B p BOR H— [ 7€ 19 TE 2K
G R FAE R BT p=6, B Rk &K EH
1~6 = Bl Py, 57 o KR R OR iy B 42 3R
L AN B a=0.392,6=0.1,c=3.

BT MATLAB, {1828 B AL T.G.C
4 AP LK) FAT R RRAE Y 5. 25 Sk g AR 1
FEAE 30500 9k 100,76,86,76,93.

T8 Pl E LA o MFEF I 2 BT

RRKEARFFETFIES N —FKER LM
DNA J7 41 i@t & %) 3158 K ATA LLAS 33X 45 DNA
79 0 R
L*Tﬁ . ZZT,-’ 1,j=1,2,+,n,
Hrp VeV I 47 ST R BV Pt R
FRAT S0 D ) 2 BRAC B2 ey /N B K HE S K B2 AR ] 1Y
e ARG HES . T, R 568 ¢ AR AE P 91 78 X 2%
DNA J3 41 ot 0 SR B Lo 143 30 R 5 0 AR
JAFHIE R IR R BE LA — DR R B Oy Tk AR
Gy /g R TR

M e Vo Z JE . AW Vo R R E
ST RS R T Y X PR A e A
MBS ER TRV B ETARRITRY
SRR RS PR T R R AR I R
PE AT AT 428,

S FRATT R B AR G R B
5 BB RBENLIR 2 BOVE il 25 46 L 45 H ] 1K ok %
TN 3 BAE MR AR, FRATHEXT 5 £ R M
PR AR RO R S SVM B 40 Kk
B A AT HL A AN 3R 4 T

R4 EFEHNIEBESVM O ERRLEK
Yt (K gis SVM AR5 B (100%) e FREA 2284 J5R5 B (100 %)

{1, LSS m—t D PATES R ¢ 7 HLL

V, =2

1 97. 34 97.58
2 92. 29 93. 44
3 94.76 95. 25
4 92.21 92.57
5 97. 31 97.93

T S5 5 B R AE 4R B0 A b FAT 5 0B Y 2 AR
DNA Jir 25 & B9 £ ik, U5 1 — J5 T B R AE
I LL s AT — SR AN NG R 7. RLIZR B
H B AR B A | TR A 4 D R 25 A R 7 O [R] I % &
J3 51 R T 3R 9 Ja 3 J5 A 1) 119 4 SR 5 i
A5 J7 TR AR AT BE AT B AR B 70 28 B B2,
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Background

As a new approach to learning in machine learning field,
Lie group machine learning, on the one hand, keeps the mer-
its of manifolds; On the other hand. it borrows the idea of
Lie group. And so a learning paradigm with innovative fea-
ture was formed. Since reported in 1994, Lie group machine
learning has draw widespread attention at home and abroad.
such as Finland, Canada, Ireland, Italy, USA. Compared
with manifold leaning method, it has an obvious advantage.
As can be seen from the concept of Lie Group, it includes the

contents of differentiable manifold and group; differentiable
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manifold contains topological manifold and differential struc-
ture. In addition, seen from cognitive process, when identif-
ying any object in the objective world, human brain first look
to a stable point in symbolizing problems, second analyzes
the image structure in turn. In Lie group structure, mini-
mum generator is this stable point for the cognitive models.
As long as the minimum generator is found, one can analyses
the image by Lie group method. So Lie group learning method
not only is up to the cognitive and leaning rule, but also meets

the conditions of solving realistic problem by computer.



