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—METFREREEZNRRYSTEARERNIT S Z

WK, ZHE, L %
(BRI R A¥ BshBEHFR,BR 210016)

RE: #ATBERIBEHRPHEARRE. YA R\BIEBRENE-—FELXWYTBRA, BREEH
#HOREREEE S R AREEXMER, BRET - EANRB T BABERRBIE B, ETREAER
ST ARBOT B A K R BB A ARG R T REARBEE, BEAN T RN A MR SRR
RABTITH, H— SRR ERE TR EREE SR,

R BIEEE; FRA; ENERYE; B

FESES: TP01.6 XREARIAE: A

New method based on genetic algorithm for
resolving algebraic equation groups
HU Xiao-bing, WU Shu-fan, JIANG Ju
(Deptartmeat of Automatic Control, Nanjing University of Aeronautics & Astronautics, Nanjing 210016, China)

Abstract: Resolving equation group is a principal problem in engineering study. Any existing method can only deal with a
specified kind of equation group, so has no broad applicability. A new method with broad applicability is presented on base of
genetic algorithm, because genetic algorithm does not at all care what the problem is. First, a common model is established for
all kinds of algebraic equation groups; then a software process is brought up; finally the performance is analyzed. The results of
experiment show that the new method is effective and feasible, and the key to improve this method is to study genetic algorithm
further.

Key words: genetic algorithm; equation group; fitness function; clustering

1 5|3 (Introduction) 03-¢

SRR (AP 02 SR RBOT B 3K (Hi(X) =0,
ELAF) 2 52 R LR B P9 o 1 76 L P B 45 M 7 R A0 =0,
HHMER IR~ ERBERM LRI & :
BEIAE . BT BANT RS, BRHOB lgta) ey, == 2
KA AR X — K45 EH R ML K E T :
B RS A B, 5 5 B AR . % o=

B B (genetic algorithm, & #F GA) & — F fift Yo 5 2 (7]

BEAMITE, BAREAE AN R RE\ER
ErBRAREN LSS, ETGARY T —ME
AFEEXHTRAMEAER EHERER E R
TR RRBTBRAREROERRE. X8
ERTHEERAERTAE, RKREENRESS
GA B b JRA K.
2 EFGAMAEARBREBEAER(GA
based common model of equation groups)
BRI BA, B o M HBRAR, B R m

RS H 38 :2000 - 04 - 21; WO SOR% H 399 :2001 - 03 - 27.

Heh, O THEBBRNBREER (HBREHK
BRSM) . X = [xl,xz,"',xj,"',xm],q5 = {X1 % €
(a;,b) . RIBUFBASH T T E— R
BRk— X, UM (1) BUE R/, YHBAMER 0
B, FRXEREAG X, B S 77 R L 2 A 5 24 B /ME R 0
B, Ut 7 R T

R GA B % 8 7E 46 1] B0 9 SR 8 6 4 9 — o
B e, SRS $R 3 £ 7 190 A 88 o 03
B R 8
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F(X)—Z|f,(x)|,xeq> (1)

Xt 7 AR 4 A1, E:}Zﬁﬂﬁﬁ/\iﬁﬁrfﬁ% —#
BB RFRA (A 1 Bf/T)._.JEﬂi'J&$XT w3
BEAXQ)HH EdHE _#HBENKE
FRE SC/DBUIAALE |, B AT 58 BUA& Fh BUAE ¥ B ATH
BE . fBRA B R K B BB R UGE R R, B
MR T — &Pk CEARRBEAER() BHH
BKER F o, WA G @K EE B E B X
(3)iHHE.

g
xj = (1—2X bj'l)Zzbj”‘xzk_” (2)

Fit = Fm_ij (X)), Xxed. (3)

AR GA BURTE R 3, 8 FIHESR

7]
U —A -

bjy bjz *t*

bjx b " big
7N

— ~
" B N
fir 87 o

B R S
Fig. 1 Binary cluster for x;

A £() RArBREAE G, PR R T R A %
HEBEAEEAET AT HRA,REAEBAN T
FRAFE T — GA BERIEPT] .

3 EERYSEIMITFE (The processes of this new
method)
3.1 iE R ¥ R ¥ &Y 4 B (Establishment of fitness
function)

EfEEEERATEEFRYA, 5 kU HRE
F P A B R SR R R 4 AR RGE N R . | T AF
KA TR B REE, BT LA Bk P A e 68 14 & T BE
HE RN RSN . AT AT HEER: DF
HBRERICRAPMARNSRBIERA; Y5 TH
I fa {A (35 7 BE B, FEAR 38 O 1R 41 AF B LUK M4
BN EHTREEBBERAT. X — B ELLT Basic
BEEXMELBRBRIGTHEFRIFRR, AAIE
A A%

At H TRX ERRENEIYE, 2EBRS
gefafh B fERANAFBRERXLE L, MELRLAN R
BOF¥ 7. M et B RS R AR Fit B 0.
LA Y g B R (1) B A8 N BE R AR S5, 0
Fit #50 0. X B — AR 7T Ha A 0 B A P o iR #E & h 2|
TE—ARIRAE A . A R AE 5 LS Zh3T
IER.

3.2 ka4 R (Production of chromosomes)

MR T RE L, MM EHEH K, GA

B R ERE TR BEEA KN SERNOEE 2
BHREREMERNBEERAX, RERAN
REAMKE. SRXIMERORETEMBR K, I
(-10°,10°) , ZESR A 0 BE SUAR 85, 4m 10710, J0 st AR
B "6 8K B AR B 55 7 AU i — AN AR R
FMOTERRBRT B AFREEAE. R
MBARIB A 25 A RIELFREOL, R BB AT LA
Hlts . — B 25 AR 5 A, W Kok AR B i BUE TS
BRI T4 F K E, W R EERKERT,
FEERBERXNTREANNBRAEL 25 f;R)550
FIES TR EARFE. XRRQ)T/TEBIENKX(4),
b x0; 5 DX (614 X B A ZE HE B R A F X ]
BRMBHERERABRPOERNARRFES.

x = x0; + (1 -2x b;, 1)i:b , %252

3.3 X GA E‘]i&ﬂf(hnpmvement of GA)

W GAFRHEERBHEEAR EHBAR
WAE S B, A SAE T 0T Bk .

1) 3EX 25 FRAE FhBERLEL n FEBELARBIN.

AXEXTHAMEXRIE: —FHEERIRE
R E R R BRI, RN I R
F—MEETERERFBENNTFRER#ETRER, KN
R AR SR A 3 B R RO — LUK
TX ERBRERPEERBLORE TS, RAELTF
tREE SRR . B TRRA R B Fit b 0, 4K
B, TUA A AR EHREOFTHE.

FRBERLEE n AR E N K/, LR B RAL
B RZTERERK. XBER o AREEKER
2M% N AIREERKEN 4K XERTSBEN S
TR [a) RBUAE A& B

2) MRYE Y o 1A A4 35 N BE 3 745 b AR AT SUME
P MAEFEEP,.

P #1 P, X GA M BEAE ERHNR W AR ET,
P 1 P, BIER(5) . (6) K AW E , AT A B
fE AL BB 7 Al S5 BED) . Ho b, Rty 340 3 44
H R B R IE L B 5 Fity A9 AR 68 4 B S 35358 O BE
Fit S8 B R AT 38 S8R S ) B 60, 1A% PO L B

Fit,., — Fit,, ] : "

—-max  — Tavg

P - { Fit w Pl — Fity, < Fit, (s)
1.0, Fit, — Fit,,, = Fit,
0.1(Fitg —Fit) . . .

P - { Fityme—Filer » Fitgy —Fit < Fit,, —Fit,,,

0.1, Fit e —Fit > Fity —Fit,y, .
(6)
3) WA/ ABE IR S g AR BT, R A
RAEFEM®R GA ¥R FILEES .
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PRAE GA )2 5 F R 38 4R B8 1 76 R fi 7 2 4
[P ER AR, BIETEH I 5 IR 5 WA R R
B, BT . A 30 S0k (4,5] 5 i, R A
Kohonen Pt Je o (A 17 2K, R/ NE R IE T

S XA FRAE X B AW A S

RO2EHE, FFRIER B RAE AT A E MR E R,

TR EIE R 25 R IR 88 71 A s B .
B4 EHMTE, AR EREELE 2.

e B ¥ B P,=05 ?
A e AR T I fﬁ
INRE e iy ” i
B |, | | e B ik #:
@ :Jla R, FhBE N g’{‘é Fit\W |3t | |3t &
I RET Sy e T ML W 2
Bl e | FLARHN: B “\ n/ |5 | |Pa :
0.l g% LA RREE — ER 02/ |3 I}
mE | (L || [ RE f}ég % =
gﬁ- CN=1 [~ | %
[F—Fxm] —

B2 HEmERER
Fig.2 The flow chart of the method

4 ERRERE ST 47 F1 K18 45 R (Performance
analyse and experiment results)

AH B M BE RIS T R B0y B 4R % ) 3
A T AE A, AT B GE 7 33 0 38 P A . e B AU 5 T
RIER(7) #—HBGE. HP max(1£(0) 1) FTH GA
KRG BUAK BRI T & BRI R N, s
i R 8O HBTE 18 4k, A ) F S5 T A K A 5 {ELE ] 3
i SRR (1), REFBRARMHE T M GA #
BB R G 47 , BN 48475 R BOM Y & 2% , A B ma oK i i
B TR TR GA it 2B LR AR

(1)REHER
F = 2 | £i(X) | /max(| £;(X) 1), X € @.

(7

P GA PERE, A SCR A T SR B, B

AT, GA IR R — /1 FEE GA FRAMEA, &

WA R OE R R E S EH N8R Fe, R 2

F X [ B PRAIE 1 93035 78 45 7 8 23 18] 7P O SR

BE . BRI 4 — St [a], H AT A GA KR 2R 15 3
#ME.

A1 FBEER
Table 1 The results of experiment
il # A4 2RM Bk KM (s)
i [ /2) —0.9739626 = 0,
g Poniegialle x =+0.05179 x = 0.0518 25.41
x € (- 100,100)
5 {(x+99.7091)2+y2_10000=0, x = 0.2909 x = 0.2909 36.90
sin(5x) + cos(5y) - 1.9932 = 0, y=0 y = 0.0000
x e [—212]vy e [_2v2]
2+ +2-3=0, % = x = 1.0000 51.57
3 {x2+yl+xy+x+y—5=0, N = y = 0.9998
x+y+2-3=0, z =1 z = 1.0001
x € [-1.732,1.732],y € [-1.732,1.732]
2 € [-1.732,1.732)
2% + 6y -6z -5 =0, x =1 x = 1.0011 124.5
i (x+y)*-4z-10s = 0, y=0 y = 0.0009
2.5x +2"-2z-35s-4 =0, z=-1 z = - 0.9984
2y+2z+s+0.5=0, s =10.5 s = 0.5001

x € [-10,10],y € [- 10,10]
z € [-10,10],s € [-10,10]
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AHEAARBRMNENEMEREE. AEHE
REAM EERERER, FRARTZE.RE
RER BAREELRE. N THEERO T EA, W
Ak ZUCRBEBLARER. X FAHEXEE
ERENHTBRA, T LS STRE R EE.

RIK/ETANFTBRANRBERL. HPTE
HIFBRA2 RAERE XN B EHIE B RENE
37 0.0001; BT B e B P 450. 3K fift 45 3 = B A 8k 4
BERARTITHE.

5 %58 (Conclusion)

AR T —FET GA KRBT BATE
fREEFEE BE,ET GABY T HER4RMMR
B E AR REHR T AR SRS E ;&G 0
BT R AR RS REWH . XEERA
MATATH i — S REREENRBETN GA F
WP . ABEAENTENAREN—1TEA
HERETH.
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Class Vector

{

public:

/[Vector Report Struct

struct VectorReport

{
doubie* pdDu:z;
int nReferenceCount;
int nLength;

¢

protected:

/[Pointer of this Vector Report

VectorReport* pvrReport;
Public:

//Constructors

Vector();

//Destructor
~Vector();

/IAssignment Operators
Vector & operator=(Vector & rvRight);
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/[Copy Vector Functions
Vector Copy();

//Basic Vector Operators
friend Vector operator +(const Vector &rcvLeft, const Vector & rcvRight);
friend Vector operator -(const Vector &rcvLeft, const Vector & rcvRight);
friend Vector operator *(const Vector &rcvLeft,  const Vector & revRight);
friend Vector operator /(const Vector &rcvLeft, const Vector & rcvRight);
Vector & operator +=(const Vector & rcvRight);
Vector & operator -=(const Vector & rcvRight);
Vector & operator *=(const Vector & rcvRight);
Vector & operator /=(const Vector & rcvRight);

v

IEEAERTY int AT LUSTRFEEEAIIN. &, F&. BRIZH —#¥, Vector th o] LI ML (A)
IEFIZH.

£ CHHR “K” (Class) RERXLMIMEB, B “AYLH)” (Class Instance) HFR
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Vector vX, vY, VZ;

VZ=vX+vY:
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Extern Word wReadAddress;

BYTE Read(void)

{

[
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BYTE bRead;
Asm mov dx, aReadAddress
Asminal, dx
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Asm mov bRead, al
Return bread;
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Class ByteQueue

{

public:

ByteQueue(unsigned int unByteQueueSize=0);

~ByteQueue();

BOOL operator!(void){return fValid;}

Unsigned int GetTotalSize(void){return unSize;}

Unsigned int GetFreeSize(void);

Unsigned int GetUsedSize(void);

BOOL IsEmpty(void){return(unFront=unRear);}

BOOL Store(BYTE * pbRetrieve);

BOOL Retrieve(BYTE * pbRetrieve);

BOOL Insert(BYTE * pblnsertBuffer, unsigned int unNumber=1);
BOOL Remove(BYTE * pbRemoveBuffer, unsigned int unNumber=1);
Void Empty(void){unFront=0;unRear=0;}

protected:

3

BYTE * pbStoreBuffer;
unsigner int unSize;
unsigned int unFront;
unsigned int unReat;
BOOL fValid;

7F GPS WA G K B K Gt EAEAT e, FrLl4iS T ByteQueue 38, IR 17
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Retrieve () Z5[A1HE5 1 9FF. Store () FERHECIL T i f244%. PbStoreBuffer A7 43R L 51
Fl Store () AR T EEXR EREEE. TR 7 BEAS ORI EAE I 4 AR TR
R EEEESBARET R 2220V, FUONE CHr “” STt an. FE
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FRZANFERER, WA URIRFEKPIFIZL A ByteQueue KB, RERFSH. W:
ByteBuffer bbOne;

ByteBufier bbTwo(100);
ByteBuffer bbOne(65535);

Wl

HRAXNZETEXFRAAEXREMNERSH, FERER S TEREEFT.
bRREFINENEFAIIISEYE, MREMAFNAEEN—m. NEERES M5
ERUF, BAIEARBME A, ERAARS AR Lk, MR- Z,
HAAXZNERETM S, SRR,

A1 XRFENFERE— TR EXNERSE.

P

CommunicationDevice

GEN

$470 7O VARS8
SerialPort ParallelPort Modem

1 B{ERAERERSET

BT BT, JHMTOMBHIEREHE T ENAGERE, AHEZL, THEHZAH
RHATEHETHMBETRE, BEEE. Bith. FrulafuUdhg b —/42528 Communication
Device (557 Comm), XEX=ZFBFERANFEFTIHMREED, HAEX=MEEEEL
XN STAE BMA RS,

BE=MRELRAIIAE, & Comm A HFIT T ENMELI. M—EIEE, BTER
BERENRMEEIEDNR, EARMNFEI, 7Z£ Comm 2h RE X T XLINFERISHTER
2O, @RPERE— Y TERFREMNE D, EEMEEEDEE T HIRE
IJJﬁ"éBfJEIE%f‘Eu

MIhEFFEE, A HEEXE, Bl HEEImE dskE, FA 4R Z—FBN
PBRXMEI, FHREMRBEEAETEAXNZMFE. Ui S/ Armm 2 BRMNX= KT
i EAMT X PEMAEE AR, SR XIS BARMN . Bt T RS B0
Xt AR B T S, AR HIE A GPS Halh LA — A4 S it e liopl, R o)t 4ok
Fr—MEFRMNEE.

EFAfHAERNSRAESNEFEAETETR, fHTxse, $PEE. Xl
S EmMEATEEES HENERFFTEERI.




B4 8 $%. maXReREEEE GPS MERL TN <99~

33K

1 EHEWE, % Ff GPS MEMUENMEHETRHES. TEFFFR. 1998, 18(1):69~ 74
WG, MEX RO RIS TE. W RSNA. 1996, &3 M. 44~47
R J A Bubr, R S Casselman. Use Case Maps for Object-Oriented Systems[M]. Prentice Hall, 1995

ta

4 W

Hodge L R, Mock M T. A proposed object-oriented development methodology. Software Engineering
Journal. 1992, 7(2):119~129

Programming Notion of Object-Oriented Used in GPS Attitude

Determination System

LV Wei YING Jindong  WANG Huinan

Abstract This paper have studied the Three character of Object-Oriented Programming notion and its
application in GPS attitude determination system. The advantages and tendency of object-oriented technique are
described, the design ideas of GPS application systems and software model are analyzed with the help of the
processes in developing the object-oriented software. The implemertation programs of GPS application systems
are presented. Then, described the virtue of Object-Oriented programming to Process-Oriented programming.
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