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PHAT TRIEN CHUONG TRINH CON LAM KHOP DU LIEU
VOI NHIEU MO HINH

ThS. Nguyén Ngoc Anh!
ThS. Truwong Vin Minh?

TOM TAT

Hién nay, c6 rat nhiéu phan mém mdy tinh cho phép ngwoi dung lam khop di
lieu thuc nghiém véi dang ham tuy y nhdp boi nguoi dung. Tuy nhién, cdc chuwong
trinh nay c6 dang déng (doi Véi cac chirong trinh thuwong mai) hodc ¢ hé thong thie
vién lién két rat phic tap (doi Véi cdc chwong trinh md nguon mé). Do dé, viéc tdn
dung thw vién cia cdc chwong trinh nay dé nhing vao cdc chwong trinh phan mem
nhé tw thiét ké 1a khong thich hgp. Bai bdo nay dwa ra bé chwong trinh con, cho
phép nguoi dung 1am khép sé liéu thuc nghiém véi dang ham tiy ¥, dwoc viét bang
ngdn ngiz C++, €O cdu triic don gidn, goi gon trong mét tdp tin chi dai 438 dong,
thugn tién d@é nhung vdo cdc chuwong trinh tw phat trién. Két qua thu dwoc bang
chuong trinh dwoc S0 sanh voi ROOT.

Tir khoa: Chuwong trinh lam khép nén C++, thudt todn lam khép Levenberg—
Marquardt

1. Giai thiéu trinh qua niang; hé diéu hanh khéng hd

Lam khop dir liéu theo mét md  tro; ... Khi d6 cac phan mém tu viét s&
hinh (dang ham) 1a mot thi tuc duoc tién Ia mot giai phap thich hop.
hanh rat phé bién trong phan tich sé liéu Bo chuong trinh con durot cung
(phan tich pho, Xay dung mo hinh, xac cap trong bai bao nay cho phép nguol

dinh cac tham s dé noi suy, ngoai suy). dung nhing vao trong céc phan mem tur
Céc tha tuc nay ¢6 the duoc thuc hignboi  vige " dé thyc thi tac vu lam khop s6 licu

cac chuong trinh ¢6 giao dién truc quan  theg mg hinh bat ky do ngudi ding khai
nhu Origin [1], SciDavis [2] hodc cac  pao, sir dung thuat toan LEVENBERG-
chuong trinh dudi dang 1énh thyc thi nhu MARQUARDT [7]. Chuong trinh cho
ROOT [3], R [4], Matlab [5], Gnuplot  hhép nguai diing lua chon 1am khép co
[6]. Tuy nhién, mot so 1a cac chuong  trong s§ hoic khong co trong sé. Bo
trinh thuong mai (Origin, Matlab), do d6  chuong trinh con nay co kich thuéc rét
ngudi s dung s& phai bo ra mot chi phi-  nhe, chi ~12 kb, géi gon trong mét tap
khong nho dé trang bi phan mém. Tiép  tin *.h, thuan tién dé nguoi dung khai
nira, cac chuong trinh nay thuong ¢ b0 bao trong chwong trinh chinh. Ngén
thu Vié}n di kém rat I6n, va lién két vai ngt dugc st dung la C++.Bién dich
nhau rat phuc tap. Do, d6 viéc nhing cac bang GNU g++ [8].

thu vién nay vao céc chuong trinh nho tu
viét 1a rit phac tap, va lam ting kich
thudc cua chuong trinh.

Trong thuc té, tiy thudc vao tinh
hudng cu thé, viéc st dung cac phan
mém 16n ké trén dé lam khép khong
phai Iuc nao clng thuan lgi: chuong

Bo chuong trinh con dugc higu
lyc hoa bang céch so sanh két qua véi
chuong trinh mid nguon m¢ da duoc
ching nhan va st dung rong réi trén cac
phong thi nghiém trén thé gioi,
ROOT.Trong béo cdo ndy, 5 bo s liéu
da duogc str dung dé so sanh.

*Vign Nghién ciru Hat nhan Pa Lat
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2. Thuat toan va cach sir dung
chwong trinh

Thuat toan
MARQUARDT

Xét bo s6 liéu v6i n diém thuc
nghiém (X;,Y;), mé hinh can lam khép
la F(X,a), voi a la vecto tham $b
{01,012,03,. . ..,0m). Theo do:

LEVENBERG-

Yi=F(Xi,011,002,03, . . ..,0m)

1)

Pé xéac dinh cac tham sb tu do,
ta st dung phuong phdp binh phuong
toi thieu [9]. Phuong phap nay doi hoi

phai xac dinh asao cho 4 cuc tiéu:

x= Z we. [y, — F(x; a)] (2)

Trong d6  latrong sb tuong tng
véi diém sd liu theei.  cuc tiéu khi:
a 2
£ o ©)
da;

Déi véi cac ham tuyén tinh, hé
m phuong trinh néi trén c6 thé duoc
giai ra nghiém xéac dinh bang phuong
phép Gauss-Jordan.Tuy nhién, vagi cac
bai toan phi tuyén, hé phuong trinh trén
khong thé giai duoc. Khai trién F(X,a)
theo chudi Taylor, ta thu dugc biéu thic
dudi dang ma tran:

b=M.da (4)

Trong d6 M la ma trdn [m  m] ma:

X

dF(x,,a) dF(x;,a) (5

M.
H da, )

ﬂrxj

Va
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OF (x,(&)

b, = Z wi.[}ri — F(xi,cx]).g)—

da,

1a vecto bién thién cua vecto
tham s
Giai phuong trinh (3) cho phép
xac dinh , tr d6 xac dinh duoc
méi. Thu tuc nay lap di 1ap lai nhiéu lan
cho toi khi hoi tu. Phuong phap
LEVENBERG-MARQUARDT, b
sung thém vao thuat toan 2 tham s va
, nham cai thién kha ning hoi tu cua
qua trinh khop.

Thuét toan cé thé duoc md ta
ngan gon, tung bud¢c mot nhu sau, luu
do thuat toan duoc dua ra trong Hinh 1:

1. bat " J, n=0.
2. Xacdinh  tu phuong trinh:
b= M'.da ()

Vi M'=, la ma tran
don vi.

3. n=n+l

4. a = a1

5. Tinh

6. Néu n<2, di t6i budc 9

7. Néu n<3, di téi budc 8

8. Néu xi(a™) = x*(a”,
trong do £+ thi tiép tuc
vong lp, néu khong, thoat ra
khoéi vong lap.

9. bat A =0.1/ Quay lai

budc 2.
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Str dung chwong trinh con

Thu tuc lam khép dix liéu dugc thuc hién boi hai chwong trinh con LSfit NL

(khdng c6 trong s6) va LSfit NLW (c6 trong s6). Cua phap khai bao nhu sau:
LSfit_NL(matrix X, matrix Y, int par_num, matrix par)
LSfit NLW(matrix X, matrix Y, matrix W, int par_num, matrix
par)

Trong d6 X, Y 13 hai ma tran tuong tng véi bo s6 liu thuc nghiém (X,Y), W
la ma tran trong s6, par_num 1a sb tham sb ty do cua md hinh lam khép, par 1a ma
tran twong ng Vi gid tri ban dau cua tham so.

Mang hai chiéu hoic mot chiéu c6 thé dugc chuyén thanh ma tran (matrix)
thong qua chuong trinh con array_to_matrix véi ¢ phap nhu sau:

array_to_matrix((double *)array, int row, int col);

array 1a mang 1 chiéu hodc 2 chiéu, row 1a s6 dong, va col 1a sé cot cua ma
tran tao thanh. Vi du, mang hai chiéu A[3][2] c6 thé duoc chuyén ddi thanh ma tran
MAJ3][2] théng qua cau Iénh sau: MA = array_to_matrix((double*)A, 3, 2)

M®& hinh lam khép dugc khai bao bén trong chwong trinh con uf

double uf(double x, matrix par)

double result;

result = par.E[0]*exp(x/par.E[1]); //par.E[i] 1a tham sé tw
do tht i, x 1a bién.

return result;
}

Poan chuong trinh thuc hién tac vu 1am khép bo sb liéu 15 diém theo md
hinh f(x)=a*exp(x/b) véi a, b la cac tham s6 tu do dugc dua ra dudi day:

double uf(double x, matrix par)
#include <iostream>

#include "matrix.h"

#include <math.h>

using namespace std;

{

double result;

result = par.E[O]*exp(x/par.E[1]); /I  par.E[O]=a;
par.E[1]=b

return result;
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}
int main()
{
double A[15]={1,2,3,4,5,6,7,8,9,10,11,12,13,14,15};
double
B[15]={20,39,66,113,180,300,497,816,1346,2230,3674,6050,9
976,16454,27122};

double C[15] = {0.222851, 0.160098, 0.122793,
0.094265, 0.074557 ,0.057718, 0.044859, 0.035006, 0.027256,
0.021178, 0.016497, 0.012857, 0.010012, 0.007796,
0.006072};

double para[2]={10,2};

matrix X = array_to_matrix(A,15,1);

matrix Y = array_to_matrix(B,15,1);

matrix W = array_to_matrix(C,15,1);

matrix par = array_to_matrix(para,2,1);

cout<<"No Weighted:"<<end];
Mprint(LSfit_NL(X,Y,2,par));
par=array_to_matrix(para,2,1); /kh&i tao lai tham sé ban

dau
cout<<"Weighted:"<<endl;
Mprint(LSfit. NLW(X,Y,W,2,par));
return O;
}

Mang A, B, C lan luot twong (ng véi cac ma tran X, Y, W.

Pé hiéu lyc hoa chuong trinh, két qua tinh toan thuc hién bai chuong trinh
trén nhiéu bo sb liéu khac nhau véi cac md hinh liét ké dudi day duoc so sanh véi
chuong trinh ROOT.

Céac mo hinh lam khép dugc thir nghiém bao gom:

- M6 hinh ham lity thira co s ty nhién: f(x)=a*exp(x/b);

- M6 hinh ham gauss g(x)=A*exp(-(x- )2 ), véi A, , la cac tham sb tu
do.

- M6 hinh ham gauss ndm trén mot nén phong twong tng voi da thirc bac 1:
f(x) = g(X) + a=X + ag

- M6 hinh hai ham gauss ndm chap 1én nhau chdng trén mot nén phong twong
ung véi da thire bac 1: f(x) = gi(X) + g2(X)+ ag*x + ag
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- M6 hinh ba ham gauss chp trén nén phéng twong tmg voi da thic bac 1:
f(x)=f(x) = 91(x) + g2(X)+g3(x)+ a1+ + &

3. Hi€u lyc héa chwong trinh thong qua so sanh véi ROOT

Két qua thu dugc boi chuong trinh duoc so sanh véi ROOT, phan mém dwoc
str dung rong rai bai nhiéu phong thi nghiém trén thé gisi. Két qua so sanh véi mot
s6 mo hinh duoc trinh bay trong Bang 1.

Bang 1. So sanh gia tri tham sb 1am khop cua chuong trinh véi ROOT

Do léch giira

Tham s Gia tri ban déu Chu’o’n\g trinh ROOT hai chwong
nay trinh (%)

Ham liiy thira co sé tw nhién: y=a*exp(x/b)
Khong trong s6
a 10 15,0015 15,0015 0
b 2 2,0000 2,0000 0
C6 trong sd
a 10 14,9828 15,0119 0,19
b 2 1,9997 2,0002 0,03
Ham gauss: y = A*exp(-(x-p)*/c°)
Khoéng trong sb
A 80 99,7945 99,7951 0,00
u 52 50,0195 50,0195 0,00
o 20 10,0041 10,0041 0,00
C6 trong sb
A 80 99,3681 99,9418 0,58
u 52 50,1327 50,0060 0,25
o 20 10,0439 9,9759 0,68
Gauss + da thirc bic 1: y = A*exp(-(X-p)*/6°)+ al*x + a0
Khéng trong sb
A 80 99,8306 99,8308 0,00
u 52 50,0090 50,0090 0,00
o 10 10,0198 10,0198 0,00
al 2 2,0047 2,0047 0,00
a0 3 2,7612 2,7611 0,00
C6 trong sd
A 80 99,7179 99,9112 0,19
0 52 50,0157 50,0015 0,03
o 10 10,0227 10,0274 0,05
al 2 2,0026 2,0076 0,25
a0 3 2,8558 2,5562 10,49

127




TAP CHI KHOA HOC - BPAI HOC BONG NAI, SO 03 - 2016

ISSN 2354-1482

2 ham gauss chép + da thirc bic 1: y = A*exp(-(x-p)°/6°)+ al*x + a0 + Al*exp(-(x-

n1)%/e1°)

Khéng trong sb

Al 80 79,8317 79,8321 0,00
ul 31 29,9800 29,9801 0,00
ol 8 7,9845 7,9845 0,00
al 2 0,9997 0,9997 0,00
a0 3 2,0129 2,0128 0,00
A2 90 99,9497 99,9500

u2 51 49,9717 49,9717

02 10 12,0307 12,0307

C6 trong sd

Al 80 79,6992 79,8282 0,16
ul 31 29,9754 29,9798 0,01
ol 8 7,9896 7,9745 0,19
al 2 0,9999 0,9997 0,03
a0 3 2,0053 2,0195 0,71
A2 90 99,8090 99,9412 0,13
u2 51 49,9667 49,9676 0,00
02 10 12,0467 12,0371 0,08

3 ham %auss chap + da thirc bac 1:

Al*exp(-(x-p1)?/

61%)+ al*x + a0

+ A2%exp(-(x-

12)2/62%)+ A3*exp(-(x-p3)%/a3’)

Khong trong s6

Al 75 80,1944 80,2094 0,02
ul 25 31,0066 31,0096 0,01
cl 10 7,9983 8,0012 0,04
al 1 1,9997 1,9998 0,00
a0 2 2,9995 2,9983 0,04
A2 100 90,0007 89,9736 0,03
u2 45 50,9908 50,9791 0,02
02 8 9,9805 9,9628 0,18
A3 210 200,2460 200,4460 0,10
u3 65 60,9977 60,9968 0,00
03 8 4,9986 5,0010 0,05
C6 trong sd

Al 75 80,6545 80,3449 0,38
ul 25 31,1255 31,0127 0,36
ol 10 8,1015 8,0189 1,02
al 1 2,0004 2,0020 0,08
a0 2 2,9873 2,8098 5,94
A2 100 88,8030 90,0044 1,35
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u2 45 50,5029 50,9623 0,91
62 8 9,2869 9,9319 6,95
A3 210 208,4220 200,7630 3,67
u3 65 60,9426 60,9965 0,09
o3 8 5,0936 5,0069 1,70

4. Két qua

Mo hinh dau tién duoc st dung
dé so sanh 1a mé hinh ham liy thira co
s6 ty nhién. M6 hinh ham liy thira la
dang md hinh dién hinh nhét khi tién
hanh thu tuc 1am khop phi tuyén, do
tham sé anh huong rit manh t6i gia tri
cia ham. Chi mot luong nho thay doi
trong tham sé ciing khién gia tri cua
ham thay d6i mot lwong l6n.Két qua
trong Bang 1 cho thay, khi lam khép
khong trong sb, chuong trinh hoi tu vé
gia tri tham s6 hoan toan giéng véi
ROOT. Péi véi qua trinh 1am khop c6
trong s6, két qua thuléch so voi ROOT
mot lugng nhé hon 0.2%.

Cac md hinh gauss, gauss trén
nén da thic bac mot, chap 2 ham gauss
trén nén da thic bac 1, va chap 3 ham
gauss trén nén da thic bac mot déu cho
két qua tuong dong véi ROOT. Do
chénh léch cua gia tri tham sé lam khép
thu duoc bai chuong trinh vai gia tri thu
dugc tr ROOT phan I6n déu nhé hon
1%. Chi c6 mot sb it trudng hop, gié tri
tham s 1am khép thu duoc boi chuong
trinh léch so v6i ROOT cao hon 1%.
Tuy nhién trong cac truong hop do, cac
tham sb co do léch cao 1a cac tham sé co
mtc d6 anh huong téi gia tri cia ham sb

rit nho. Vi du nhu truong hop tham sé
a0 thu duogc khi lam khép véi mo hinh
gauss trén nén da thire bac 1, do léch cua
chuong trinh v6i ROOT la 10,4%
(2,8585 so vai 2,5562). Mac du do léch
cao, nhung anh hudng cia tham sé nay
tGi gia tri cua ham Ia rat nho.

Két qua c6 su twong dong cao
gitta chuong trinh vai ROOT khi &p
dung vao cac moé hinh chap gauss cho
thiy, chuong trinh hoan toan dap tng
t6t bai toan tach dinh chap, von rat pho
bién khi phan tich pho gamma.

5. Két luan

Chuong trinh lam khop ¢ két
qua c6 do twong dong cao voi ROOT.,
Cau tric cua chwong trinh don gian,
thuan tdy chi sir dung cac thu vién co
san cua C++, thuan tién cho viéc nhiing
Vao cac chuong trinh con khac.

Chuong trinh rét thich hop dé tich
hop vao cic chuong trinh phan tich pho
tu thiét ké, qua d6 gitp giam chi phi mua
phan mém phan tich dt tién, véi céc tinh
nang it hoac khéng bao gio duoc sir dung.
Ngoai ra, viéc dé dang chinh sira ma
ngudn, giup nguodi ding dé& dang xay
dung cac md-dun chuyén biét nham thuc
hién céc tac vu theo yéu cau cu thé mot
cach thuan tién va nhanh chong.
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DEVELOPMENT OF SUBROUTINE FOR DATA FITTING
WITH VARIOUS MODELS

ABSTRACT

Currently, there are many computer programs, which allow users to fit
experimental data to any mathematical models. However, these programs either do
not give users their source codes (commercial software) or have complicated
libraries (open source software). Consequently, using their libraries to form
homemade software becomes a difficult task, and even impossible, in case of
commercial software. This work presents a group of sub-programs, written in C++,
which permit users to fit experimental data to any mathematical models, including
weighted fit and non-weighted fit. The sub-programs are packaged in one file with
only 438 code lines; hence, make it easy to develop programs based on these sub-
programs. The quality of these sub-programs was proved by comparing with ROOT.

Keywords:Fitting C++ code, Levenberg—Marquardt algorithm
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