PHAN MEM TiNH TOAN KHOA HOC RST2ANU

GIAI BAI TOAN TOI UU TOAN CUC
Scientific computing software RST2ANU for the global optimization problem

Nguyén Hai Thanh, Pdng Xudn Ha

SUMMARY

This paper presents RST2ANU software version 1.0 built by the authors to solve the
global optimization problem. The software is based on the controlled random search algorithm
incorporating simulated annealing as proposed by Mohan and Nguyen Hai Thanh. Written in
Microsoft Visual C++ environment with protection against illegal copy, RST2ANU software
provides friendly user interface allowing convenient input, manipulation and store of data. It has
been used for realistic optimization problems in agricultural fields like resource use planning
and management, determination of optimal farm household investment structure and crop
pattern transformation.
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TOM TAT

Bai bdo nay gidi thiéu phdn mém RST2ANU phién ban 1.0 duoc cdc tac gid xdy dung
nham gidi bai todn t6i wu phi tuyén toan cuc diua trén thudt gidi tim kiém ngdau nhién cé diéu
khién két hop vdi thudt todn moé phong qud trinh toi ciia vdt liéu cia C. Mohan va Nguyén Hdi
Thanh. Phan mém dugc viét bang cong cu lap trinh Microsoft Visual C++ 6.0, ¢6 giao dién thdan
thién cho phép nguoi dung nhdp liéu, xir ly va luu trit két qud mot cdch thudn tién ciing nhu cé
khd néng chong sao chép. Phdn mém RST2ANU da duoc sir dung dé gidi cdc bai todn t6i uu
thuc t€ trong mot s6 linh vuc noéng nghiép nhu quy hoach s dung va qudn ly tai nguyén, xdc
dinh co cdu ddu tw nong ho, chuyén doi co cdu cdy trong.

Tir khod: Téi uu toan cuc, tim kiém ngdu nhién cé diéu khién, phdn mém tinh todn khoa
hoc.

1. DPAT VAN PE

T6i uu hod 1a mot trong nhitng Iinh vuc kinh dién ctia toan hoc c6 anh huéng dén hau hét
céc linh vuc, trong dé c6 nong nghiép. Trong thuc t€, viéc tim ra giai phéap toi wu cho mot van dé
nao dé chi€ém mot vai tro hét stic quan trong. Phuong an tdi uu 1a nhitng phuong an t6t nhat, ti€t
kiém chi phi, tai nguyén, stic luc ma lai cho hiéu qua cao. M6 hinh t6i uu tong quét, hay bai toén
t0i uu téng qudt, c6 dang F(X) ?Min (Max) véi X eD cR".

F & day c6 thé 1a mot ham vo huéng hay ham véc to, tuyén tinh hay phi tuyén. Trong
truong hop F 12 ham vo hudng thi ta ¢c6 mo hinh t6i vu don muc tiéu, con néu F 12 ham véc to thi
c6 mo hinh t6i vu da muc tiéu. D dugc goi 1a mién rang budc hay mién phuong 4n kha thi,
thuong duoc biéu dién bdi cdc dang thitc va / hodc cdc bat dang thic.

Dang chinh tic ctia bai todn t6i uu toan cuc dugc biéu dién nhu sau (Bazarra M. S. va
Shetty C. M., 1984; Mohan C. va Nguyén Hai Thanh, 1999; 2001):
Min (Max) fiX), X=(x;,x,, ...,x,)€R", vdicdc diéu kién rang budc
(i) gX)<0, j=1,2, ..k
(ii) g(X) =0, j=k+1,k+2,..,m,
Trong cdc bai todn thuc té ¢ thé bé sung thém cdc rang budc
(iii) a; <x; < b, i=1,2,..,n

Trong truong hop ham muc tiéu f(X) hay c6 it nhat mot trong cdc ham rang budc gi(X), j
=1, 2, ...,m, la ham phi tuyén, chiing ta ¢4 bai toan t6i wu phi tuyén. Khi tit ca cédc toa do x;
déu bat bugc nhan cdc gid tri nguyén, i = 1, 2, ..., n, thi ta ¢6 bai todn t6i uu nguyén. Con néu



chi c6 mot s6 toa do (nhung khong phai tat ca cdc toa do) bit budc nhan gid tri nguyén thi ta c6
bai todn t6i uu hén hop nguyén.

Ky hiéu D 1a mién cdc phuong dn (mién rang buoc) cho boi cac rang buoc (i), (ii) va /
hodc (iii) thi bai todn t6i uu trén day c6 thé viét gon hon nhu sau: f(X) — Min (Max) véi X € D.

Liic nay, d6i vé6i bai todn cuc tiéu hod, X* e D dugc goi 1a phuong 4n t6i wu toan cuc néu
Vv XeD ta luon cé: f(X') < f(X). Trong trudng hop f(X')< f(X) chi ding v6i VXeD trong mot
lan can nao d6 ctia X thi X* dugc goi 1a phuong 4n t6i wu dia phuong. Mot céch tuong tu, c6
thé dinh nghia khai niém phuong 4n t6i uu toan cuc / dia phuong cho bai todn cuc dai hod. Néu
chiing ta chi quan tam tGi viéc tim ki€m phuong dn t6i vu toan cuc thi c¢6 bai toan t6i vu toan
cuc.

Cac phuong phdp giai bai todn t6i uu toan cuc phi tuyén don muc tiéu dugc phan ra thanh
hai 16p (Bazarra M. S. va Shetty C. M., 1984; Nguyén Hai Thanh va cs, 1998; 2003; 2005):
phuong phéap tit dinh va phuong phdp ngiu nhién (deterministic and stochastic methods).
Phuong phap tat dinh st dung cac tinh chit giai tich cia ham muc tiéu va cac ham rang budc.
Mot s6 dang bai todn t6i uu toan cuc vé6i nhiing tinh chét giai tich nhat dinh ctia ham muc tiéu va
cdc ham rang buoc c6 thé giai duge bang cdc phuong phdp tat dinh thich hgp, ching han nhu
phuong phap quy hoach toan phuong, quy hoach tach, qui hoach 16i, quy hoach d.c... Trong cac
trudng hop d6é phuong 4n t6i uu toan cuc c6 thé tim dugc sau mot s6 hitu han buée tinh todn véi
do chinh x4c chon trude.

Tuy nhién, d6i v6i nhi€u 16p bai todn t6i uu toan cuc phuong phép tat dinh to ra khong cé
hiéu qua. Trong khi d6, cidc phuong phap ngéu nhién nhu: phuong phap da khéi tao (multistart),
mo phong t0i (simulated annealing), thuat giai di truyén (genetic algorithm)... c6 thé 4p dung dé
giai cdc bai toan tdi uu toan cuc dang bat ky, khong doi hdi cac tinh chét dac biét cia ham muc
tieu hay cdc ham rang budc. Cac phuong phap ngiu nhién dac biét to ra c6 hiéu qua doi véi cac
bai todn t6i wu phi tuyén nguyén va hon hop nguyén. Tuy nhién, cdc phuong phdp nay thudng
chi cho phuong 4n “gdn” t6i uu khd t6t sau mot s6 hitu han buéc ma khong kiém sodt dugc do
chinh xac cua phuong an tim duogc.

Nhu vay, hién tai c¢6 nhiéu phuong phép t6i vu toan cuc dugc dé xuat. Tuy nhién chua cé
mot phuong phdp nao t6 ra hitu hiéu cho moi bai todn tdi uu, dac biét 1a cic bai toan t6i wu véi
bién nguyén hay hén hgp nguyén. Hon nita, cac phuong phdp t6i uu cin phai dugc lap trinh dé
déng gbi thanh cdc phdn mém than thién déi véi ngudi st dung. Day 1a mot doi hoi rat thuc t€
cua cdc ki su, cdc nha khoa hoc, cdc doanh nghiép trong nhi€u linh vuc cong nghiép ciing nhu
nong nghiép. Trong bai bdo nay, chdng toi trinh bay mot phdn mém tinh todn khoa hoc
(RST2ANU) ¢6 thé ddp tng dugc phan nao cac doi hoi néu trén doi véi ngudi sit dung dé giai
céc bai toan toi uu phi tuyén toan cuc véi cac bién lién tuc, nguyén hodc hon hgp nguyén. Phan
mém nay dugc xay dung dua trén phuong phép tim ki€m ngéu nhién c6 diéu khién (cling tén goi
RST2ANU) do Mohan va Nguyén Hai Thanh dé xuét. Day 1a mot phuong phdp t6i vu da dugc
chay kiém thtr trén hang tram bai todn miu va nhiéu bai toan thuc t€ véi do tin cay rét cao va toc
do tinh toan chdp nhan duoc.

2. THUAT GIAI TiM KIEM NGAU NHIEN CO PIEU KHIEN RST2ANU

Thuat giai RST2ANU la thuat giai 1ap, bao gdm hai pha, pha dia phuong va pha toan cuc
(Mohan C. va Nguyén Hai Thanh, 1999; 2001).

Trong pha toan cuc, mot s6 luong thich hgp du 16n cac phuong an chip nhan dugc duoc
phét sinh ra mot céch ngau nhién va luu trit trong mang c6 tén A. Ddnh dau hai di€ém c6 gia tri
ham muc tiéu 16n nhat va nhé nhat tuong tng 1a M va L.

Trong pha dia phuong, cic phuong dn duoc xur Iy nhidm thu duoc gia tri udc lugng tot
hon ctia ham muc tiéu. Trong pha nay, thuat gidi xdc dinh X* 1a diém dugc noi suy bac hai dua
trén phuong 4n L va hai phuong dn khac dugc chon ngau nhién trong mang A. Néu nhu X* chédp



nhan dugc thi véi f(X*) < f(M), M s€ dugc thay th€ bdi X* trong mang A, con véi f(X*)>f(M)
M s€ dugc thay th€ bdi X* v6i xdc sudt p= exp(-Hf(X*)-f(M))/(f(X*)-f(L))), trong d6 >0 la
tham s6 dugc lua chon thich hgp. Néu X* khong phai 1a phuong dn chip nhan duge, bo qua X*
va chon hai phuong dn khéc trong A mot cach ngéu nhién réi cung véi L tiép tuc sinh ra phuong
dn méi. Qua trinh ci thé ti€p dién nhu vay cho t6i khi tap hop cdc phuong 4n trong A s ¢ xu
huéng co cum lai xung quanh mot phuong an t6i uu toan cuc.

So d6 thuat gidi RST2AN duoc thé hién trén hinh 1. Céc ky hiéu trén so d6 duogc gidi thich
nhu sau:

» 1 f(X), g(j), a, b, ... 1a cdc dau vao.

» A = RandomNSolution (N) phat sinh N phuong dn ngiu nhién chap nhan dugc, dong
thoi tinh gid tri cia ham muc tiéu va tra vé két qua cho mang A. Nhu vay, mang A
chita ludn ca gid tri ham muc tiéu tuong tng véi ting phuong an.

*  Arrange(A) sdp x€p mang A theo thit tu ting dan ctia hAam muc tiéu.
*  Max(A), Min(A) tra vé phuong an c6 gid tri hAm muc tiéu 16n nhét va nho nhat trong A.
»  Clustered(A, epsl, eps2) cho biét mang A da hoi tu theo ham muc tiéu hay chua.

=  Néu (fM) — f(L))/FM) < epsl thi mang A hdi tu, ngugc lai chua hoi tu, véi FM =
f(M) néu f(M) > eps2, ngugc lai FM = 1.

*  NewSolution() trd vé mot phuong én mdi dugc suy ra tir 3 diém: L va hai diém dugc
chon ngau nhién khéc trong mang A theo phuong phéap noi suy.

*  Feas(X) nhan gid tri TRUE néu X chép nhan duoc, ngugc lai nhan gia tri FALSE
*  Random(0,1) tra vé gi4 tri ngau nhién nam trong khoang (0,1).

»  Replace(A, M, X*) thay thé M trong A boi X* kém theo ca gid tri ham muc tiéu sao
cho khong cén phai sap x€p lai mang A ma van dam bao cdc diém dugc sip xép theo
thi tu gia tri ham muc tiéu tang dan.

»  Két thiic 1: S6 1an tim kiém lién ti€p ma khong cai thién dugc gid tri ham muc tiéu
vuot qud s6 1an cho phép. Thuat giai dung véi gid tri t6t nhat cia ham muc tiéu tim
duogc 1a FL tuong ting v6i phuong 4n L.

» K¢t thiic 2: Phuong an t6i uu toan cuc da dat duoc 1a L vé6i gid tri ham muc tiéu 1a FL.

» K¢t thiic 3: S6 1an noi suy lién ti€p ma khong tim dugc phuong 4n thay thé€ M trong A
vugt qua so 1an cho phép. Thuat giai dimg véi gid tri tot nhat cua ham muc tiéu tim
dugc 1a FL twong tng v6i phuong 4n L.

» K¢t thiic 4: S6 1an 1ap vuot qua so 1an cho phép. Thuat giai dimg véi gid tri tot nhat
ctia ham muc tiéu tim dugc 1a FL twong tng véi phuong an L.

3. XAY DUNG PHAN MEM RST2ANU

Phan mém RST2ANU phién ban 1.0 dugc xay dung nham gidi bai toan t6i uu toan cuc phi
tuyén véi thuat giai néu trén (Nguyén Hai Thanh va cs, 2002; 2003). Cong cu dugc su dung 1a
Microsoft Visual C++ 6.0. Céc tai liéu chuyén khao ctia D6 Xuan Loi (1999) va Roger Pressman
(1997) ciing da duogc tham khao trong qua trinh xay dung phan mém.

D¢ tién hanh viéc nhan dang va tinh gia tri ham, tién ich evaluateExpression dugc sinh ra
tr AnaGram parser generator, mot san phdm cta Parsifal Software di duoc st dung.
evaluateExpression cho phép luong gid mot hay nhiéu bi€u thic lién quan dugc nhap vao thong
qua céc xau ky tu, méi xau c6 thé 1a mot hay nhiéu biéu thitc dugc viét cach nhau béi ddu cham
phay ().



Trong thyc t€, nhi€u bai todn c6 rang buodc kha phic tap, dac biét 1a cdc bai todn chia rang
buoc dang dang thitc. Néu chi sit dung phuong phap gieo ngiu nhién dé tao ra cdc phuong 4n thi
kha nang thu dugc phuong 4an chip nhan duge 1a kha thap. Vi vay, chuong trinh cho phép dua
vao cdc luat phét sinh phuong 4n nham tao ra céac phuong dn du t6t déng thoi thoa man cdc rang
budc.

Phan mém dugc xay dung véi muc dich cho phép ngudi dung nhap vao bai todn t6i uu
toan cuc mot cadch dé dang, két qua duoc luu ra tép dit lidu.
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Hinh 1. So do thuat giai RST2ANU

Thiét ké chuong trinh
Phan cap chiic nang (hinh 2)
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Hinh 2. Phan c4p chiic nang
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Nhap/phan tich bai
toan va cac tham so
diéu khién giai thuat

Hinh 3. Biéu dé luéng dix liéu mirc khung canh

Hinh 4. Biéu do luéng dit liéu miic dinh
Chii thich cho cdc chiic ndng
(1) Chic nang nhap dit liéu, phan tich va chuan ho4 dit liéu cho bai todn: 1-2
- Ham F(X) 1a mot xau ky tu (xem phan cd phap).
- C4c luat 4p dung trong qué trinh phdt sinh phuong 4n la mot xau ky tu.
- Céc rang budc cling 1a mot xau ky tu.
- SO bién s6 va cac diéu kién khéc.
(2) Chiic nang giai bai toan thuc hién giai bai toan theo thuat giai RST2ANU.
(2.1) Chiic nang chinh diéu khién thuat giai.

5 Nhap/phan tich
dang bai toan



(2.2) Phat sinh phuong 4n véi diéu kién xéc dinh cia bién.

(2.3) Kiém tra tinh chap nhan duoc ctia phuong 4n bao gém 2 khau:
- Ap dat cdc luat lén phuong 4n.

- Kiém tra tinh chap nhan dugc ctia phuong 4n.

(2.4) Noi suy phuong 4n méi theo phuong phap ndi suy bac hai.
(2.5) Tinh gia tri ham muc tiéu Gng v6i phuong an da cho.

(3) Chtic nang ghi nhan két qua luu két qua ra tép dit liéu.

Chii thich cho luong dir liéu

(0-1) Dit liéu bai toan va dit liéu diéu khién thuat giai.

(3-0) Két qua giai bai todn bang thuat gidi RST2ANU.

(1-2) Dit liéu bai toan va céc diéu kién khac sau khi dugc phan tich.
(2-3) Két qua giai bai toan theo thuat giai RST2ANU.

(2.1-2.2) Yéu cau phét sinh phuong an.

(2.2-2.1) Phuong an tra vé hodc bdo hiéu khong tim duoc phuong 4n thoa diéu kién.
(2.1-2.3) Phuong éan.

(2.3-2.1) Chép nhan dugc hay khong chép nhan dugc, phuong an tra vé (sau khi da bi bién
déi theo luat do ngudi diing nhap vao).

(2.1-2.4) Yéu cau noi suy phuong 4n mai.

(2.4-2.1) Phuong &n noi suy.

(2.1-2.5) Phuong an.

(2.5-2.1) Gia tri ham muc tiéu.

4. MOT SO GIAO DIEN SUDUNG CUA PHAN MEM RST2ANU

Khoi dong chuong trinh: Chuong trinh dugc gbi gon trong mot file chay duy nhat mang tén
rst2anul.0.exe. Khi bdt dau khoi dong chuong trinh, ngudi ding s& dugc hoi ma dang ky st
dung chuong trinh.

Nhdp md dang ky
x

Pleaze zend lock code to authar to get key code ta
reqizter thiz zofbware. Thank youl

Lock code  |885351326 Caricel |

kK.ey code ID

Hinh 5. Nhap ma dang ky

Mbi nguoi dung s€ dugc cdp mot ma dang ky va phai ¢6 ma dang ky méi st dung duoc
chuong trinh, do d6 chuong trinh khong thé bi sao chép. Sau khi nhap ma dang ky (hinh 5), céc
lan chay sau, ngudi ding khong can phai nhap ma dang ky nita.

Vi du. Xét bai todn t6i uu phi tuyén toan cuc hén hgp nguyén
z=%"% + x,°® + x;"* + 2x, + 5x5— 4x; — X¢ = Min

v6i cac rang budc:

-
X,— 3%, — 3%, = 0; x5— 2X, — 2%, = 0;
4%, — Xq =0; x, +2x, <4

< X, + X <45 X4+ Xq <6;

X;<3; X545 x,54; x,<1; X5<2; X6 L6




X1, X, X3, X4, X5, X6 2> 0; X4, X5, X 12 cdc bi€n nguyén.
Nhdp / luu bai todn va cdc dir kién

Giao dién chuong trinh sau khi khéi dong thanh cong nhu sau (hinh 6):

JRETET

Maz [Min
S I 5' =INT: I 0,0,0,1,1,1 I [\::IN
Fi (R 1FR0L B (R0 B[ FHHD, 4 12N AT RE- 436 | )
=l = pax
Feas HE-FRR -3 == R 2R ZRHG == 4 R4 KE==0 K 2R <= K2 - |
5 <=4 IR <=6 = - (SFIEA:T\[L)E}_
Rules [ w1=(xz-3#04)j5, 23=2%( %2+ 55); HE=d4*1 |=] II
=l —
SAVE
MINZ - |0,0,0,0,0,0 —
A |3’4’4’1’2’6 RI;SULTS
—Runkime controls —
ABCUT
NA [0 MAX RANDGM | 1000 [
GLESS
ITERLAST | 1000 IsLasT | 200 IFLAST | 200 —_—
Epsilon 1 I 1e-006 Epsilon 2| 0.1 Beta I 1
—Input and Cukput options OPTIONS |

Prob File I in kxk Res file I ok,

E=IT |

Hinh 6. Giao dién chuong trinh sau khi nhap bai toan

Thong qua giao dién nay, ngudi dung c6 thé nhap bai todn mot cach dé dang:

- NX Ia s6 bién cua bai toan.

- XINT xac dinh bién nguyén va bié€n khong nguyén. Nhu trong hinh trén, XINT =
0,0,0,1,1,1 cho biét 3 bién dau 1a bién thuc, ba bién sau l1a bién nguyén.

- FX 1a xau xdc dinh ham rang budc, dugc nhap theo cd phap cua evaluateExpression. Céac
bién dugc viét bang ky hiéu “X” ¢6 kém theo chi s6. Vi du, X1 12 bién thit nhét, X5 1a bién thit 5.

- Néu bai todn t6i wu 1a bai toan tim cuc tiéu thi lua chon 6 MIN va ngugc lai chon 6
MAX véi bai toan tim cuc dai.

- Feas xau cho biét cac ham rang buoc, dugc nhap cich nhau bdi ddu chdm phdy hoic
xuong dong. C4c xau nay ciing tuan theo cd phép cta evaluateExpression.

- Rules 1a cdc xau chi ra cdc luat. & day, mot luat c6 thé coi nhu 1a mot 1énh gan gia tri cia
mot bién bdi gid tri ciia mot biéu thiic céc bién khac.

- MINX 1a mang xac dinh can dudi cho cac bién, cac gid tri viét cdch nhau bdi dau (,).

- MAXX la mang xac dinh can trén cho cdc bién, cdc gia tri viét cdch nhau bdi ddu (,).

- NA Ia kich thudc cia mang A.

- MAX RANDOM la s6 lan c6 ging t6i da dé tim mot phuong 4n chap nhan dugc bang
phuong phap ngau nhién.

- ITERLAST, ISLAST, IFLAST Ia cdc giGi han vé s6 vong lap, s6 1an that bai trong viéc
cai thién gia tri ham muc tiéu, s6 l1an that bai trong viéc noi suy phuong 4n méi chap nhan duogc.

- Epsilonl, epsilon2 la cdc s6 duong dlii nho nhim xdc dinh tiéu chuén co cum clia mang
A theo thuat giai.

- Beta 1a hing s6 st dung trong cong thifc tinh xdc xuat thay th€ mot phuong dn tot hon
trong mang A bdi mot phuong 4n t6i hon.

- Prob file va Res file 1a cdc tép dau vao va tép két qua. C6 thé soan sdn tép bai todn dau
vao roi nap bai toan. Ciing c6 thé Iuu mot bai toan da nhap ra tép.

Chay chuong trinh



Sau khi nhap bai todn hay nap bai toan tir tép, c6 thé chay chuong trinh bing cach kich
chudt vao nidt RUN. Trong khi chay chuong trinh, 6 trang thai & phia trén nit RUN s& xuét hién
dong chit SEARCHING. Khi thuat gidi chay xong thi 6 trang thdi sé trd vé READY cho biét da
san sang cho cdc bai toan ti€p theo. Trong qua trinh chay chuong trinh, néu khong phat sinh du
s0 phuong an chdp nhan duoc theo kich thudc cia mang A, thuat giai sé tam ding va hoi ngudi
diing c4ch gidi quyét. Nguoi dung c6 thé c6 mot trong céc lua chon sau:

- Yéu cau tiép tuc tim thém phuong an.

- Stt dung s6 luong phuong 4n da tim dugc dé giai quyét bai toén.

- Nhap thém cac phuong 4n du dodn (chuong trinh s& kiém tra cdc phuong 4n nay xem c6
chap nhan dugc khong)

- Két thic thuat giai.

Xem hinh 7 dé biét thém vé tinh huéng khong phat sinh dii phuong 4n

Disadvantages

Mot enough poinks generated. Please choose one of
following options:
¢ Generate more randam points and continue

" Enter guess poinkts
" Decrease size of A& to number of generated points

" Cancel searching

Hinh 7. Tinh huéng phat sinh khong du phuong an

Ngudi dung ciing c6 thé nhap cdc diém du doan trude khi chay thuat giai. Kich chuot vao
nit GUESS, giao dién nhap cdc diém du doan cho phép nhap cdc phuong 4n du dodn vao cdc
dong, moi dong 1a mot phuong dn du dodn.

Nhdp cdc diém du dodn

Enter guess points l[
Enter guess paints below (one line per poink)
1.5, 2.6, 3.4, 2, %, 1 -1 OK I
2.5, 2.6 54,1,2, 5
1.3, 27,34,3, 3,1 Cancel |
[~
Hinh 8. Nhap cac diém du doan
Xem két qua

Sau khi chay xong chuong trinh, két qua chay s€ dugc luu ra file van ban, bao gém
phuong an t6i uu, gid tri ham muc tiéu, mang A, ... ¢6 cdu tric nhu trén hinh 9.
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fr=(Z1**0.0)+(Z2**0.6)+(Z3%%0.4) +2 *E4+5*EX5-4%E3-Ea

ITER = 155/1000; ISMAX = 76/200; IFMAX = 1001/1000

= = 0.666667 Z2.000000 4.000000 0.000000 0.000000 0O,.000000
f(X¥) = -11.959130

e e e e e e e e e ] e e e e e S S
O.666667 Z2.000000 4.000000 0O,.000000 0O.000000 OQ.000000 -11.959130
O.666667 Z2.000000 4.000000 0O,.000000 0O.000000 OQ.000000 -11.959130
0.666667 2.000000 4.000000 O.000000 O.000000 O.000000 -11.959130
O.666667 Z2.000000 4.000000 0O,.000000 0O.000000 OQ.000000 -11.959130
O.666667 2.000000 4.000000 O.000000 O.000000 O.000000 -11.5959130
O.666667 Z2.000000 4.000000 0O,.000000 0O.000000 OQ.000000 -11.959130
O0.666321 1.995962 3.997925 0.000000 0O.000000 Q.000000 -11.951906
0.663472 1.990417 3.9280834 0.000000 0.000000 O.000000 -11.392427
0.662414 1.937243 3.9744587 0.000000 0O.000000 Q.000000 -11.370339
0.6595851 1.9739553 3.959105 0.000000 O.000000 O.000000 -11.816829
0.64058458 1.922544 3.8450858 0.000000 0O.000000 Q.000000 -11.420634
0.640116 1.9220347 3.8406593 0.000000 0O.000000 0Q.000000 -11.405380

Hinh 9. Cau tric file két qua
Bdo vé, chong sao chép phan mém

Dé dam bdo phan mém viét ra khong bi sao chép trai phép, ching toi st dung phuong
phép bao vé phan mém bdi ma dang ky st dung. Can ci trén céc thong tin thu thap tir mdy tinh
cua ngudi ding (chi véi muc dich bao vé phan mém), chiing toi tién hanh mi hoa va tao ra ma
dang ky cho tiing ngudi ding trén timg mdy tinh (Nguyén Hai Thanh va cs, 2003; 2005).

5. KET LUAN

Phan mém tinh to4n khoa hoc RST2ANU da dugc thiét k& va xay dung c6 thé sir dung dé
gidi quyét nhiéu mo hinh t6i wu phat sinh trong linh vuc nong nghiép, hd tro cho giang day va
nghién cttu khoa hoc nong nghiép ciling nhu trong c4c linh vuc khic.

Phan mém nay la than thién v6i ngudi st dung va da dugc déng géi trénh sao chép, c6 thé
duoc phd cap ¢6 ban quyén mot cach rong rai. Viéc tao ra cic giao dién than thién cho phép dé
dang nhap cdc ham muc tiéu va rang budc clia nhi€éu dang bai toan t6i uu phi tuyén 1a mot van
dé kha phuec tap da dugc giai quyét thanh cong trong phan mém nay.

Trong tinh hinh hién tai, khi cdc phdn mém t6i wu phi tuyén khong c6 sdn trén thi trudng
trong v ngoai nudc, phan mém RST2ANU nén dugc trién khai st dung dé giai quyét cdc bai
todn t6i uu trong cac linh vuc khac nhau, bao gém ca cac bai toan nguyén va hon hgp nguyén
(Nguyén Hai Thanh, 1997; 1998). Cac nghién cttu cén tiép tuc dugc trién khai va dugc hd trg vé
mat i chinh dé tich hgp RST2ANU vao céc géi phan mém trong diéu khién tu dong héa hay
trong céc hé hé trg ra quyét dinh.
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