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LOI NOI PAU

Trong cac van dé thuc té ching ta thudng gip bai toan phai cuc tiéu hay
cuc dai mot ham nhiéu bién ma né khong c6 dao ham bac nhat, khong c6 dao
ham bac hai, khong 161, khong 16m, khong DC, khong don di¢u, khong thda
mén diéu kién Lipchitz. Do d6 cac phuwong phap tut gradien, phuong phap
Niu-ton, phwong phap gradien lién hop... déu khong ap dung dugc. Khi d6 ta
can sir dung cac phuwong phap t6i vu khéng ding dao ham, vi du nhu phuong
phap do tim theo céac toa o Hooke — Jeeves 1960 [6] va phuong phap tut theo
cac don hinh Nelder — Mead 1965 [1], phuong phap Monte — Carlo...

Muc dich cta luan vin nay nham trinh bay lai hai thuat toan khong dung
dao ham Nelder — Mead va Hooke — Jeeves dé cuc tiéu mot ham nhiéu bién
va thtr nghiém cac thuat toan nay trén may tinh. Tur khi ra doi hai thuat toan
trén da dugc sir dung rong rai trong cac nganh ki thuat. Chinh vi sy hi¢u qua
cta hai thuit toan ma trong nhitng ndm gan ddy nhiéu tac gia dd cb ging cai
tién cac thuat toan nay va xdy dung co so 1y thuyét chit ché cua cac thuat
toan, chung minh su héi tu ctia chung (xem [2], [3], [5]).

Céc chuong trinh mdy tinh 1ap trinh C trong luan van nay dung céc thuat
toan cai tién nim 2004 cta cac thuét toan Nelder — Mead va Hooke — Jeeves.
Céc thir nghiém chi ra rang cac thuat toan nay rat co hiéu qua dé giai cac bai
toan cyc tiéu cac ham nhiéu bién khong kha vi.

Lu4n vin bao gdm hai chuong va tai liéu tham khao.

Chuong 1 trinh bay chi tiét cac budc cua thuat toan Nelder — Mead trong
khong gian R™ (minh hoa cu thé trong khong gian R?), cho so d6 khdi cua
thuat todn, mé rong thuat todn trong truong hop cac bién bi chan, cac tinh
chét cua thuét toan Nelder — Mead, cudi chuong 1a chuong trinh may tinh va

cac thir nghiém cua thuat toan trén may tinh.
4
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Chuong 2 danh cho phwong phap tim kiém tryuc tiép Hooke — Jeeves: md
ta cac budc cua thuat toan, so do khdi cua thuat toan, vi du minh hoa cua
thuat toan, chuong trinh may tinh thé hién thuat toan va céc thir nghiém trén
may tinh.

Trong qua trinh viét luan van ciing nhu trong qué trinh xr 1y van ban
chic chan khong tranh khoi nhiing thiéu s6t nhat dinh. Tac gia luan van rat
mong nhan duoc su gop ¥ cla cac thay cd va cac ban dong nghiép.

Tac gia bay to long biét on chan thanh va sau sic t6i thidy hudng din
PGS-TS Bui Thé Tam di tan tinh chi bao, tao diéu kién va giup d& toi co
thém nhiéu kién thirc, kha ning nghién ciru, tong hop tai tiéu dé hoan thanh
luan van nay.

Tac gid xin chan thanh cdm on cac GS, PGS, TS cua Vién Toan Hoc va
truong Pai Hoc Khoa Hoc — Dai hoc Thai Nguyén da giang day va tao moi
diéu kién thuén loi trong qua trinh tac gia hoc tip nghién ciru.

Tac gia cling xin chan thanh cdm on gia dinh va ban bé da quan tam giup

do dong vién dé tac gid hoan thanh luan van nay.

Théng 5/ 2015

Tac gia
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Chwong 1
PHUONG PHAP NELDER - MEAD CUC TIEU

HAM NHIEU BIEN

Trong chuong nay trinh bay thuat toan Nelder — Mead trong khong gian
hai chiéu va thuat toan Nelder — Mead trong khong gian nhiéu chiéu, thuat
toan Nelder — Mead véi céc bién bi chan. Noi dung cua chuong dua chu yéu

trén tai liéu [1], [2], [3],[4] va [7].

Vao nim 1965 hai nha théng ké ngudi Anh lam viéc tai Trung tim
Nghién ciru Thuc vat Qudc gia di phat minh ra phuong phap tim kiém tryc
tiép theo don hinh Nelder — Mead. Phuong phap nay cang ndi bat 1én khi
nguoi ta ddc biét quan tam toi 101 giai sd ciia cac bai toan ti wu phi tuyén
phtc tap trong thuc té. Vi viéc nhan dugc dao ham bac nhét cua f(x) can toi
vu thudng 1a khong 1am dugc, nén ua thich nhat cia da s6 nhimg nguoi lam
thuc té 1a phuong phép tim tryc tiép ma chi can gi tri cia ham f(x). Phuong
phap méi Nelder — Mead da dap ung diéu do. Tir d6 phuong phap Nelder —
Mead duogc xem nhu 1a mot trong nhiing phuong phap duoc trich dan va duoc

dung nhiéu nhat dé cyc tiéu ham phi tuyén khong rang budc.
Dé hiéu 15 tu tudng cua thult toan ta hdy mo ta thuit toan trong khong
gian R? va sau d6 trinh bay thuat toan trong khong gian R™.
1. Mo ta thuat toan Nelder — Mead trong khong gian R?
Khéi tao tam giac BGW

Gia st f(x,y) 1a ham so 101 chat can cuc ti€u. Khoi dau cho ba dinh cua

tam giac. V, = (xx, V), k = 1,2,3.Sau d6 tinh gia tri cia ham tai ba dinh
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nay 1a: z, = f(xx,y) voi k =1,2,3. Sip xép gia tri ham theo thir ty ting

dan: z; <z, < z;. Dung ki hiéu:

B =(x1;Yy1) G=(X2;Y2) W= (X3;Y3) €Y)
trong d6 B 1a dinh tot nhat (best), G 1a dinh tét (good, sat voi dinh t6t nhat),W

1a dinh x4u nhét (worst).
Tinh diém giira ciia canh t6t

Qua trinh tinh todn dung diém giita ctia doan thang n6i B va G :

=B+G=<x1+x2 y1+y2) @

2 2 2
Phép phan xa dung diém R

Ham f(x,y) giam khi ta di doc theo canh cua tam giac tr W t6i B va
cling giam khi di doc theo canh tir W t&i G. Do d6 ham f(x, y) s& nhan gia tri
nho hon vé phia doan BG khi xut phat tir W. Dé xac dinh R trudc tién tim
diém gitta M cua canh BG. V¢ doan théng tr W té1 M, goi do dai cua no la
d. Kéo dai doan thang nay mot doan bang d nira qua M ta duoc diém R. Cong

thuc véc to cua diém R 1a:

R=M+M-W)=2M—-W. (3)

Hinh 1. Tam giac A BGW, trung diém M va diém phan xa R.

Phép din dung diém E
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Néu gié tri ciia ham tai diém R nho hon gi tri ciia ham tai diém W thi ta
da chuyén theo huéng tot dé cuc tiéu ham f. Tat nhién diém cuc tiéu cua f
chua chic 1a diém R. Ta sé& di tiép theo doan thang MR t6i mot diém E. Piéu
d6 tao nén tam giac BGE. Piém E duogc tim bang cach di tiép mot khoang d

b sung doc theo dudng ndi M va R.

G

Hinh 2. Tam giac A BGW, diém R va diém dén E.
Néu gia tri cia ham tai E nho hon gi4 tri cua ham tai R thi ta da tim dugc mét
dinh t6t hon R. Cong thirc véc to tinh diém E la:
E=R+(R-M)=2R-M. (4)
Phép co ding diém C
Néu gia tri cua ham tai diém R va W 1a nhu nhau, ta cin kiém tra diém
khac. Xét hai diém gitta C; va C, cia WM va MR tuong ung. Goi C 1a diém

c6 gia tri ham nho hon trong hai diém C; va C,, tam gidc méi sé chon 1a BGC.
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B

G
Hinh 3. Piém co C; hoic C, ctua phuong phap Nelder — Mead.
Thu hep don hinh lai vé B
Néu gia trj ham tai C khong nho hon gid tri ham tai W thi cac diém G va
W can phai co lai vé B. Piém G thay boi M, W thay bai diém S 1a diém gitra
cua WB. B

G
Hinh 4. Thu hep tam giac A BGW vé diém B.

MG ta logic ciia mdi budre Lip

Thuét toan tinh toan hiru hi€u s€ chi tinh gia tri cia ham tai cac diém can
thiét. Tai mdi budc lap mot diém méi duogc tim dé thay thé cho W. Khi W
duoc thay thé thi n6 khong can xét tiép, budc lap ciing két thuc. M6 ta logic

cua thuat toan trong trudng hop 2 chiéu [4], cho trong doan gia trinh sau:



Mot s6 phirong phép Toi wu khéong dimg Pao ham

IF f(R) < f(G) THEN

BEGIN {Truong hop 1 : Phan xa hoac gian}
IF f(B) < f(R) THEN W « R

ELSE
Tinh E va f(E)
IF f(F) < f(B) THEN W <« E
ELSE W <R
ENDIF
ENDIF

END

BEGIN {Truong hop 2: Co hodc thu hep}
IF f(R) < f(W) THEN W <R

Tinh € === hay C === va f(C)

IF f(C)< f(W) THEN W « C

ELSE Tinh S va f(S)
WeS
G <M

ELSE

ENDIF
END

Vi du. Tim cyc tiéu ham, [4] :

fOo,y) =x*—4x+y*—y—xy.
Xuét phat tir ba dinh
v, = (0, 0), Vv, = (1.2, 0.0),
Gia tr1 ham f tai 3 dinh tuong g 1a :
£(0,0) =0.0, f(1.2,0.0) = — 3.36,

Vi cac ki hiéu dung trong thuat todn thi

Vs = (0.0, 0.8).

£(0.0,0.8) = — 0.16.

B =(12,0.0), G =(0.0,0.8),

w = (0,0).
Diém W s& bi thay. Toa 0 difm M vaR 1a:
B+G
=——= (06,04

R=2M-W = (1.2,0.8)
Gia tri cia ham f(R) = f(1.2,0.8) = — 4.481a nho hon f(G) , truong hop 1
xay ra. Vi f(R) < f(B) nén chiing ta di chuyén theo hudng diing va véc to E

dugc xay dung theo cong thure:

E=2R-M=2(1.2,0.8) —(0.6,0.4) = (1.8,1.2).
10
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Gia tri cua ham f(E) = f(1.8,1.2) = — 5.88 1a nho hon f(B) va tam giac
moi co cac dinh:
,=018,12), V,=(1.2,0.0), V;=1(0.0,0.8).
Qua trinh tiép tuc va sinh ra mot ddy cac tam giac hoi tu téi diém 101 giai
(3, 2).
y

A

2 3
Hinh 5. Dy céac tam giac {T}},k = 1,2,3 ... hoi tu ti diém (3,2) theo phuong
phép Nelder — Mead .

11
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Bang 1 cho céc gi4 tri ciia ham tai cac dinh ciia tam gidc ddi vi mot sd
buodc 1ap dau tién cua qua trinh lap. bén bude 1ap thr 33 thi duoc dinh tbt
nhit 12 B = (2.99996456, 1.99983839)

va f(B) = — 6.99999998. C4c gi4 tri nay 1a xip xi véi £(3,2) = — 7.

Bang 1. Gi4 tr1 ham tai cac dinh cuia tam giac trong bai toan.

K Diém t6t nhat Diém t6t Diém x4u nhat
1 £(1.2,0.0)=-3.36 £(0.0,0.8)=-0.16 £(0.0,0.0)= 0.00
2| f(1812)=-588 £(1.2,0.0)=-3.36 £(0.0,0.8) = -0.16
3 /(1.8,1.2)=-5.88 £(3.0,04) = —4.44 £(1.2,0.0)=-3.36
4| f(3.616)=-624 £(1.8,1.2) =588 £(3.0,04)=-4.44
5 7(3.6,1.6) =-6.24 £(24,24) =624 £(1.8,1.2) =-5.88
6 f(24,1.6)=-6.72 £(3.6,1.6) =—6.24 f(24,24)=-624
7 £(3.0,1.8) = —6.96 £(24,1.6)=-672 f(24,24)=-624
81  £(3.0,18)=-6.96 7(2.55,2.05) = ~6.7725 £(24,1.6) = -6.72
9 £(3.0.1.8) = —6.96 F(3.15,225) = ~6.9525 £(2.55,2.05) = ~6.7725

10| /(30.18)=-69 £(2.8125, 2.0375) = —6.95640625 £(3.15, 225) = ~6.9525

2. M6 ta thuat toan Nelder — Mead trong khong gian rR"

Thuét toan Nelder — Mead dung dé cuc tiéu ham sé thuc f(x) voi
x € R™. Trinh bay cua thuit toan dya trén tai liéu [2]. C6 4 tham sb can xéc
dinh trong thuat toan Nelder — Mead: hé sb phan xa p, hé s6 dan X, hé s6 co
¥ va hé sb thu hep o. Theo bai bao gdc cua Nelder — Mead [1] cac tham sb

ndy can thoa man:
p>0, x>1, y>p 0<Ky<lvalO<o<l (5)

12
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Céch chon pho bién nhat dugc dung trong thuat toan Nelder — Mead chuan la:

1, 1
p=1,)(=2,yzzva o= (6)

Céc gia tri tham sd nay lam cho phwong phap tré nén hiéu qua, ngay ca khi
lam viéc trong nhiing tinh hudng phc tap.
2.1. Phat biéu chung ciia thuit toan

Luc bat dau bude lap thir k (k = 0) ta c¢6 don hinh khong suy bién A,
v6in + 1 dinh, m&i mot dinh 13 mot diém trong khong gian R™. Ta ludn ludn
c6 thé gia thiét rang budc lap thi k bat dau bang viéc sip xép va danh nhan

n+1

cac dinh nay la x1, x2, ..., x™*1 sao cho:

k k k
9 <9< < 7)

n

trong do fi(k) ki hiéu cho f(x'). Buéc lip thir k sinh ra mét tap n + 1 dinh
xac dinh mot don hinh méi Ay, # Ag. Vi ta can tinh cyc tiéu ctia ham f nén
ta coi x* 1a diém tot nhat, x™** 1a dinh x4u nhat, x™ 13 diém gan x4u nhét.
Tuong tu ta coi fn(f)l 1a gi4 tri ham x4u nhAt.

Két qua cua mdi bude 1ap 1a hodc (1) tim dugc mdt dinh méi thay thé
x™*1 trong tap hop cac dinh trong budc lip tiép, hoac (2) néu thuc hién viée
thu hep thi mot tdp U dinh méi cung véi x! tao nén don hinh méi cho bude

13p tiép theo.
2.2. M6 ta mt budc lap cia thuat toan Nelder — Mead
Buéc 1. Sip xép
Sép xép n+1 dinh thoa man:
fOh) < f(x?) < - < f™),
Budc 2. Phép phin xa

Dich chuyén don hinh tir diém x™*1. Tinh diém phan xa x” theo cong thuc:

13
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x"=x+pE—x"1) =0+ p)x — px"t? (8)

n i 5 1 1 1
trong do: x = Z”Tlx la trong tam cua n di€ém tot nhat (tat ca cac dinh tru

dinh x™*1 ). Tinh gia tri f. = f(x"). Piém x" 1a diém d6i xtmg voi x™+1
qua x.
Néu f, < f. < f,, thi chap nhan diém phan xa x” va két thuc budc lap.
Budc 3. Phép dan
Truong hop f- < f;, tirc 1a x™ 14 diém t6t hon n dinh ctia don hinh. Khi d6
huéng di tir % téi x7 1a hudng thuan tién nhat dé di chuyén. Vi vay ta tién
hanh dén theo huéng tir ¥ t6i x" dé duoc diém x€:
x¢=x +y(x"—Xx)
=X + xp(x — x™"h)
=1+ p0)x — pxx™*,
vatinh gia tri f, = f(x®).
Néu £, < f. thi ta chdp nhan x€ va két thuc budc lap, trai lai (néu f, >
£.) thi ta chip nhan x” va két thuc budc lap.
Budc 4. Phép co
Néu f. > f,, thi ta tién hanh phép co.
a) Co bén ngoai
Néu f, < f- < fo41 (tc1a x7 tot hon thyc sy x™*1) ta thuc hién phép
co & ngoai don hinh bang cach tinh:
x¢=x +y(x"—Xx)
=x +yp(x — x™?1)

n+1

=1+ py)x — py x™",

14
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va tinh gia tri f, = f(x°).

Néu f. < f. ta chap nhan x€ va két thuc budc ldp, trai lai chuyén sang
budc 5 (thue hién phép thu hep don hinh).

b) Co bén trong don hinh

Néu f. > f,., ta tién hanh co vao bén trong don hinh bang cach tinh:

cc

X n+1)

=x —y(— x
=1 -py)x +ya™,

va tinh f.. = f(x°). Néu f.. < f,+1 thi chdp nhan x°¢ va két thuc budc lap,
trai lai sang budc 5 .

Budc 5. Thue hién thu hep don hinh

Tinh ham f tai n diém v' = x! + o(x' — x1), i = 2,...,n + 1. C4c dinh
chua dugc siap xép ctua don hinh trong budc lip tiép theo bao gdm

xtv?,v3, ..., v

=

Hinh 6a. Phép phan xa.

15
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3

x
x
x? x!
xr
xe
Hinh 6b. Phép dan.
x3 x3
52 xl x2 ¢
x
xl.'
xr
Hinh 6¢ . Phép co ngoai. Hinh 6d .Phép co trong.

16
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x3

xzv L 4 ® X
Hinh 6e. Phép thu hep.

Hinh 6a — 6e minh hga phép phan xa, phép dan, phép co ngoai, phép co

trong vaphépthuhepvéi p=1, y =2, y=%, 0=%.

2.3. Kiém tra hoi tu
Trong thuat todn khi 1ap dugc don hinh mai ta can kiém tra diéu kién hoi

tu cua day cac gia tri ham. Tinh gia tri trung binh ciia ham muc ti€u tai céc

dinh cua don hinh:

n+1 ¢
F_ 4&i=1Ji
f= n+1
Kiém tra do 1éch chuan cua céc gia tri ham :
n+le £ £)2
O'=\/ l‘l(j:: /) <e¢ 9)

trong d6 & 1a s6 duwong cho trude , chang han & = 0.0001. Néu diéu kién (9)

thoa man thi dung tinh toan .
2.4. X4y dung don hinh xuat phat
Don hinh ban dau thudng chon nhu sau : chon x! tuy ¥, sau d6 chon
x% =x + ket
x3 =x1 + ke?,
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x"1 = x1 4 ke™
véi k > 0 13 sb chon tiy y, con e’ 1a véc to don vi trén truc toa do thir j cia
khong gian R™.

Vi thuat toan Nelder — Mead chi hdi tu vé diém théa man diéu kién
dirng, nén dé thoat khoi diém nay trong thuc hanh tinh toan trén may tinh ta
can chon lai diém x* mot cach nggu nhién va tao don hinh méi nham hi vong

tim tdi wu toan cuc.
2.5. So d6 khoi ciia thuit toan Nelder — Mead

Hinh 7 trinh bay so db khéi cua thuat toan Nelder — Mead trong khong
gian R™. Chu y ki hiéu “ +” trong hinh d¢ chi diéu kién dugc thoa man, diu
“—» chi diéu kién khong thoa man.

3. Bai toan tdi wu v6i rang budc tong quat

Cho tap D xac dinh boi
D={x€R":hi(x)=0,i=1,2,..,m g;(x) <0 ,j=1,2,..,p}
Chohamsd f : D - R, hamsb h; : R* - R, ham sb gj:R" > R.
Xét bai toan t6i wu v6i rang budc téng quat dang:

min{ f(x) :x € R"} (10)
véi cac diéu kién: hi(x)=0,i=1,2,..,m

gix)<0,j=12,..,p.

Dung phuong phap ham phat c6 thé dua bai toan (10) vé giai mot day

cac bai toan cuc ti€éu khong rang budc:

min Q(x,t),

trong do: Q(x,£) = f(x) + 7t T, h? (x) + 2t 22 [max{0, g;()}]"
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Gia str mdi x* 1a diém cuc tiéu toan cyc chinh xac ctia ham Q(x, t;,) vdi
day {t,} ting dan va hoi tu téi +oo. Khi d6 moi diém tu x* cua day {x*} la

diém cuc ti€u toan cuc cua bai toan (10).

Pé cuc tiéu cac ham Q(x, t) ta co thé dung phuong phap Nelder — Mead.

19



Mot s6 phirong phép Toi wu khéong dimg Pao ham

!

Budce 1

\ 4

A= {x1,x2% ..

Chon p, x, vy, g, €. Cho n+1dinhcuaA:

XI‘l+1}

v

Tinh  f; = f(xY), o, faug = f(X™FD)

v

Sép xép vadanh sd laisaocho f; < f, < - < fouq

v

Buoc 2 Tinh x =

n

Z?:]_ xl

v

x" = (14 p)x — px™t!
fr=FG")

\4

Ch<f<f
+

Budc 4

Neu (fr = fa
S——h<h fKQSﬂ<ﬁH>

+ + _
Bude 3 | Phépdan
x¢=(1+px)x-pyx"*! (4a) (4b)
xn+1 — xr
fe = f(x°)
+ _
Phén xa fe < [fr
XL e X« X"
v
_J;z%ﬁ—fﬂ
o=
n
— +
oc<e¢ X1, f1 —’(:>
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Buoc 4

(4a) v
x¢=(1+py)x- py x"*
fe=rFx°)

fesfr
+
A 4
xn+1 «— x€
Co ngoai v

+ \ —
BT Ty vy

(4b)

\4

x“=({1-py)x +yx"t!

fee = F(x)

Budc 5

—{ fe<fun )

+

X

n+1

«— xCC

A

Thu hep
A

vl =xt+ o(xt — x1)

>O'=\/

i=23,.,n+1
A= {x!, v2, v3,.., v}
v
- f)?

n

Co trong

A

Bude 1 4;<7
o

Hinh 7. So d6 khdi cta thuat toan Nelder — Mead trong khong gian R™.
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4. Thuit toan Nelder — Mead véi cac bién bj chiin
Cho ham sd f : R™ — R. Xét bai toan
min{ f(x):x € R™}
v6i véc to x thoa man : x™" < x; < x™*, i =1,2,3,..,n, (11)
trong d6 x; 1a toa do thr i cua véc to x.

Thuat todn dugc trinh bay theo tai li¢u [3]. Thuat toAn & muc nay khac
v6i thudt toan & muc trude & chd: néu cac diém tao duge boi phép phan xa va
phép dan vuot ra khoi hinh hop (11) thi ta chiéu no 1én hinh hop.

Trong thuat todn don hinh c& a khdi tao tai diém X dua trén qui téc

xt=x"+pet+Yi1qek, i=1,..,n (12)

k+i

trong d6 e 1a véc to don vi thir k va

\/_(\/n+ +n-—1)
=niﬁ(\/ﬁ—1).

Céc dinh cua don hinh thay d6i qua cac phép phan xa, phép déan va phép
co nhim tim mdt diém tdt hon. Thuét toan két thuc khi gia tri ham tai cac dinh

tré nén x4p xi bang nhau (cong thuc (9)).

Ta bd sung thém hai tinh chit cua thuat toan. Thi nhat thudt toan
Nelder— Mead c6 thé khong dam bao su hdi tu to1 cuc tiéu dia phuong, dac
bi¢t xay ra khi don hinh thu lai vao mdt khong gian con. Thir hai, néu don
hinh 1a du 16n thi phuwong phap c6 thé thoat ra ngoai vung triing cua ham.

Cubi cung, khi c¢& cua don hinh giam, thuét toan tro thanh dia phuong .

Thuét toan Nelder— Mead nguyén thuy trinh bay cho bai toan c¢6 mién
khong bi chan. Véi cac bién bi chin cac diém nhan duoc qua céac phép phan
xa hodc phép din c6 thé nim & ngoai mién (10). Dé dam bao tinh bi chin cua

céc bién ta dung phép chiéu:
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if (x; <x™m), x; = x™"
if e >x™), xp=x"%

Luoc dd khdi cua thudt toan ¢ ddy khac véi thudt toan gdc Nelder—
Mead s& & cach khéi tao don hinh ban dau (12) va béi cac bién bi chin c6

dang (11).
Ky hiéu x; 1a dinh thtr i cua don hinh
f; : gia tri ham muc tiéu tai P,

x . dinh cua don hinh c¢6 ham muc ti€u 16n nhat

x*® : dinh cua don hinh c6 ham muc ti€u 16n thir hai.
x! : dinh cua don hinh c6 gia tri ham muc tiéu thap nhat.

x™ : trong tAm cua cac dinh don hinh don hinh (trir x™ )

r=1:hésb phan xa.
1
'8:

y=2:hés6d5n.

: hé so co.

= N

So d6 khéi cua thuat toan Nelder — Mead véi cac bién bi chin cho trong

Hinh 8 [3].
5. Cac tinh chit ciia thuit toan Nelder — Mead

Quy tic sip xép bwée khong thu hep.

Khi budc khong thu hep xay ra, dinh xéu nhét %, bi loai bo, diém
chép nhan tao ra trong budc lip k dinh nghia bdi v® try thanh dinh méi va

nhén vi tri tht j + 1 trong céc dinh cua don hinh A, , trong d6

j = max{l: f(v®) < Fx¥Ny;

0<l=sn

tat ca cac dinh khac dugc giir nguyén thir ty nhu & buéde lip k.
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Khéi tao don hinh

v

Xac dinh: x", x5, x!,

fhiﬁ”rfl

xm

v

Phan xa: x" = x™ +r(x™ —

x™)

Néu P- ndm ngoai mién: Chiéu 1én cac can

!
fr < fiy—

+

A
Dan: x¢ = x™ + (x" —x™)

Néu P- nam ngoai mién thi
chiéu 1én cac can.

fr <

+

fs

Co: x¢ =x™ + B(x" — x™)

l 4

hl

A\ 4
* + A 4
x" « x¢ x" e x” Thay tt ca P; boi: « x€
(xf +x!)
2

‘ — / Hoi tw:Kiém tra i
diéu kién (9)

Hinh 8. Phuong phép Nelder — Mead véi cac bién bi chin.

Stop
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Quy tic sip xép ¢ budc thu hep.
Néu budc thu hep xuét hién, duy nhét dinh dugc giir lai tir Ay~ Ay 1a

xik). Co6 mot hodc 16n hon 1 dinh mdéi 1a dinh tdt nhat néu:
- (k) (k) (k) coar o (kED) (k)
ni n{f (vz ), ...,f( n+1)} f (x1 ), khi do: x; =X .

Ta dinh nghia chi s6 thay doi k* ctia budc lap k 1a chi s6 nho nhét cia
dinh ma khéac nhau gitta budce lap k va k + 1:
k*=mnminfi: x ="y (13)
Trong budc khong thu hep :

fj(k+1) _ fj(k) va xj(k+1) — xj(k), ] < k*

k+1 K k+1 K
f(* )<f(*) va x£*+)¢x() (14)

k+1 Ky . (k+1 k
f-( ) — f() &) — ()

va X; ]1,]>k*

Nhu vay, véc to ( f; (k), iy () giam chit theo tr vung tai moi budc lap
khong thu hep.

Vi dy, giad st v61 n = 4 va cac gia tr1 ham thudc cac dinh tai budc 1ap
khong thu hep k 1a (1, 2, 2, 3, 3). Néu f(v®) = 2 thi cac gia tri ham tai
budclap k + 11a(1,2,2,2,3), x5 = p® va k* = 4.

Biéu dién bing ma trin

Dé thuén tién ta st dung ki hiéu ma tran dé miéu ta cho bude 1ap Nelder
— Mead. Pon hinh A, c6 thé biéu dién boi ma trn ¢ n X (n + 1) trong d6

cac cot la cac dinh

k k k k k
b= (2 x9) = (B, x%,), B = (. 1)
Véi don hinh bét ki A trong R™ | ta dinh nghia M;, 1a ma tran n X n ma cot
thir j ctia n6 twong tmg 13 canh ciia A, ndi x]( ) va xr(l}i)1
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k k k k k k k
M= (x® = x®, 20 28, 2P — 28 = B - xyeT (15)

n+1'x2 n+1' itn n+1 n+1e
trong d6 e = (1,...,1)7.
Trong khong gian n chiéu thé tich cua A, dugc cho boi

|det(Mg|)
n!

vol(Ag) = (16)

Don hinh A, khong suy bién néu M,, khong suy bién hodc vol(A,) > 0. Thé
tich cua don hinh chi phu thudc vao toa do ctuia cac dinh, khong phu thudc vao

thir tu sap xép céac dinh.

Ta dinh nghia ban kinh cua A, 1a

diam( Ay) =max [|x? — x| (= ) (17)

Trong budc lap khong thu hep, ham dugc tinh gia tri chi tai diém thir co
dang :

29 =0 4 T( (k) — x( ) =(1+7)x® — Tx( ) (18)
trong d6 hé s6 T 13 mot trong bdn gia tri :

7 = p (phan xa) ; T = px (dan). (19)

T = py (congoai) ; T = —Y (co trong).
Ki hiéu T, 1a hé s lién quan dén diém chép nhan cua budc lap thir k. Nhu
vay, dinh moi v thay thé dinh x 1 ¢ budc 1dp thu k duge cho bodi cong
thirc v® =z (7). Doi khi ta goi 7, 12 kiéu dich chuyén dbi véi bude lap
khong thu hep k. Tai budce 1ap tht k cta thuat toan Nelder — Mead ta chi ra
rang diém thir (phan xa , din, co) c6 thé viét dudi dang :

z2® @) = 4 t(@), t@) = (=, o D) (20)

n
Tiép sau budc lip tht k, cac dinh chua sép xép cua don hinh tiép theo 1 cac
cot clia ma tran A, Sy, , trong d6 S;, 12 ma trén cap (n + 1) X (n + 1) cho boi
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(1+‘L'k)
po 4rmw . . . —oely . .
n T @) usi bude kidu T, va boi (1 (1-o)e )V('n bude kidu thu
OT _Tk 0 O'In

hep, trong d6 0 13 cot gom n s6 khong va I, 1a ma tran don vi n chiéu. Sau
khi sdp xép ¢ dau budc lap k + 1, cac dinh caa Ay, thoa man :
Ak+1 = Ak Tk , V(’)’l Tk= SkPk . (21)

trong d6 P, 12 ma trdn dugc chon dé dam bao thyuc hién cac quy tic sap xép va
chen.

Céc tinh chit cia thuit toan Nelder - Mead.

Két qua chung. Cac tinh chit sau truc tiép suy ra tir dinh nghia cua thuat
toan Nelder — Mead.

1. Budce 1ap Nelder — Mead doi hoi tinh mot gid tri ham khi budc lap két
thic & bude 2, hai gia trj ham khi két thuc xay ra & budc 3 hodc budc 4, va
n + 2 gia tri ham néu budc thu hep xay ra.

2. Budc “ phan xa” dugc goi tén nhu vy vi diém phan xa x” 1a phan xa
cua diém xau nhat x,,,; qua diém x trén duong thang ndi x,,,; va x. H¢ so
phéan xa thuong chon p = 1.

3. V&i ham tong quat, budc thu hep c6 thé dan téi viéc tang gia tri ham
tai céc dinh trr dinh f;, tec 1a: Y > £ 2 <i <n+ 1

4. Tai budc dén, trong bai bao gdc cua Nelder — Mead [1], chap nhan
x, néu f(x,) < f; , nguoc lai thi chdp nhan x,.. Tiéu chuan thuong ding hién
nay, chap nhan diém t6t nhét giita x,- va x, néu ca hai déu tot hon x; .

Tinh chat 1 (Thé tich va tinh khong suy bién cua don hinh Nelder —
Mead).

a) Néu don hinh ban dau A, khong suy bién , thi tit ca don hinh tiép theo
ctia thuat toan Nelder — Mead ciing khong suy bién.

b) Sau budc khong thu hep kiéu 7, vol(Ax,4) = |7|vol(Ay).

¢) Sau budc thu hep tai budce 1ap k, vol(Ax,,) = a™vol(Ay).
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Tinh chét 2. Cho f 1a ham bi chan dudi trén R"™, thudt toan Nelder
Mead 4p dung dé tim cuc tiéu ctia ham  f , bat dau véi don hinh khong suy
bién A,, khi d6

a) Day { £,"} luon hoi ty.
b) Tai mdi budc lap khong thu hep k, S <f®1<i<n+1,
trong do bat déng thic chit véi it nhat mot gia tri.
c) Néu tdn tai chi mot s6 hitu han cac bude thu hep, khi do :
() Mdiday { £} hoitukhik »ovei 1<i<n+1,
(i) f<f9v6i1<i<n+1,vattca gia tri cua k, trong do
% . k
fr=Tline
(i) fi <f; < < fo
d) Néu ton tai chi mot sb hitu han bude lap khong thu hep, khi d6 tat ca

cac dinh caa don hinh hoi tu vé mot diém duy nhat.

Tinh chat 3 (Hoi tu yéu)

Gia su ham f bi chan dudi trén R™, thuat toan Nelder — Mead ap dung
v6i ham £, bat dau voi don hinh khong suy bién A, va khong xay ra budc lap
thu hep. Néu c6 s6 nguyén j, 1 < j < n, théa man

fi" < fiq trong do f =1im,e fj(k) (22)

thi ton tai chi s6 13p K sao cho V k > K, chi s6 thay doi thoa man k* > j, tlic

la cac dinh j du tién cla tat ca cac don hinh trd nén c¢d dinh sau budc lap K.
Chirng minh

Ta ching minh bang phuong phap phan ching. Tir gia thiét (22), ta c6
36> 0saocho fi' + 68 = fi};. Chon & > 0 thbaman & —& > 0.
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Vi ff =limef nén3Kthoamin vk 2K, £ —e<f Khido
k k * *
Vi 2K, <O —ets<f+6=f

Mat khéc, tir Tinh chét 2, phan c(ii) véi bt ky chi s6 I, £y, < £ Khi do

vk >K,vabatky I,

k l
<4 (23)
Nhung néu k* < voibatky k > K thi khi dung hé thirc thtr ba trong (14)

ta co fj(gﬂ)

= fj(k), diéu nay mau thudn véi (23). Suyra k* >j, Vk > K.
Két qua véi ham 16i chit
Pinh nghia 16i chit. Ham f 13 ham 15i chat trén R™ néu, véi mdi cap
diém y,z € R"véi y # zvavéisd Athéamin 0 <1< 1,
fAy+ (1 =Dz <Af(y) + (1 -Df(2). (24)
Khi f 12 ham 16i chat trén R™ va
c=Y_,4z,v6i0< A <1vaYl_ A, =1, thi
fc) <X, f(z;) vahiénnhién f(c) < max { f(z1),...,f(z) }. (25)
Tinh chét 4. Gia st f 12 ham 10i chit trén R™ va thuat toan Nelder —
Mead ap dung véi ham f , bat dau v6i don hinh khong suy bién A, khi do
khong xuat hién budc thu hep.

Chirng minh

Buoc thu hep xuét hién chi néu thuét toan Nelder- Mead gap budc 4 va

khong chap nhan diém co.
Khin=1, f(x) = f,.

Khi n > 1, ap dung (25) vbi x4, ...,x, suyra f(xX) < f,,.
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Phép co ngoai dugc xét néu f, < f, < fup1 . Vi hé s6 co y thoa mian
0<y<1l va x=x+y(x"—x)=yx"+(1—y)X,nén x°1atd hop
16i ctia X va diém phan xa x” .

T (25) suy ra f(c) < max { f(X), f. }. Ta biét rang f(X) < f, va f, <
f(x") ,suyra max { f(xX),f-} = f.. Vivay f(c) < f. , diém x dugc chip
nhin va budc thu hep khong x4y ra.

Chung minh twong tu v6i budc co trong, vi f,14 < f va x°€ 1a t6 hop 10i
cuax va Xp4q -

Tinh chat 5. Gia st f 13 ham 10i chit va bi chin duéi trén R™ . Néu
thém véo tinh chat p > 0va 0 <y < 1, hé s6 phan xa p va hé s6 co y thoa
man py < 1, khi do6

a) fu = fas1Va

b) tdn tai vo han bude 1ap cé x,gkﬂ) * x,(lk)

Chirng minh

Chang minh bang phuong phép phan ching. Gia st £ < fir,, . Tir Tinh
chét 3 , ton tai budc lip chi s6 K sao cho chi sb thay d6i k* =n+ 1 véi k >
K. Khong mat tinh tong quat, gia sat K =0, vi
k* =n+1 véi moi k > 0, n dinh t6t nhit co gia tri 12 hing sb trong tat ca
cac bude 1ap, nhu vay diém trong tim ¥ = % 1a véc to hang sd, va

F) = fi=1iLe £

Vi f 1a ham 16i ngat, f(%) < f(x,) = f;, (bat dang thirc nay 1a chit néu
n>1)

Chi s6 thay ddi s& 1a n + 1 tai mdi bude 1ap chi néu diém co dugc chép nhan
va tro thanh diém xau nhat méi.

Hon nira,
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K _ K < K _ K
xT(HJ;l) =1+ py)x — pyx,(u_)1 hoac x,(l_;;l) =1-y)x+ er(u-)1 (26)

(co trong) (co ngoai)
Dang thuan nhit cua cac phuong trinh nay 1a:

k+1 k o k+1 k
YD = — pyy) hoae yiD = yy (27)

Vi0<y<lva0<py<lnéntacod limey s, =0, nhuvay loi giai cia

ca hai phuong trinh (27) déu 13 0 khi k — o

Bay gid ta chi can tim mot nghiém riéng ctia phuong trinh khong thuin

nhat (26). Ca hai dugc thoa min boi véc to hang sb & , nhu vay 10i giai tong
o , RN (.2 BN (2 B p o (K) aa x A

quat cua chung dugc cho boi x,, 7, =y, + X, trong 46 y, ", thoa man mot

trong cac h¢ thuc (27).

1 k . k . . _
\/'111r761_)ooy,(l+)1 =0 =>1linpe xr(l+)1 = X1 = X, V01 [, = f(X).

Nhung ta biét tir dau ching minh f(¥) < f; , diéu d6 co nghia ring
fris1 < fir. Theo Tinh chat 2 , phan c(iii) ta c6 f < firy1- Suyra fii = fiis,
do vay phan (a) ctia Tinh chét 5 di dugc chimg minh.

Két qua (b) ciia Tinh chat 5 dugc suy ra tryc tiép vi chung ta ludn chi ra

mau thuin néu ton tai K sao cho xik), ., x,(lk) 1a khong doéivoik = K .

Tiép theo ta xét ham 16i ngat f v&i tap mirc bi chan. Cho tap muc I'(f)
duoc xac dinh boi T'(f) = {x: f(x) < u}. Him f c6 tdp mic bi chin néu
T'(f) bi chan véi mdi gia tri y, day 1a thu hep dé loai bé ham 16i chat nhu e .
Mot diém cua su thu hep nay l1a ham 16i chit véi tap murc bi chan c6 duy nhat
diém cuc tiéu x,,;, -

Thuit toan Nelder — Mead trong khong gian 1 chiéu véi ham 16i
chat.

Tinh chét 6 (Sy hoi tu cua thuit toan Nelder — Mead trong khong gian
mot chiéu).
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Néu f 1a ham 16i chat trén R véi cac tap muc bi chdn. Gia str thuat toan

Nelder — Mead 4p dung cho ham f véi cac tham sb thoa min
p>0, x>1, x>p, px=1,0<y<1

va bt dau v6i don hinh khong suy bién A,. Khi d6 ca hai dau mat ciia khoang

Nelder — Mead déu hoi tu téi x,;, -

Tinh chit 7 (khoang bao cua X, ). Cho f 1a ham 16i chat trén R* voi
cac tap muc bi chan. Gia su thuat toan Nelder — Mead ap dung cho ham f bat
dau v6i don hinh xuét phat khong suy bién A, va hé s phan xa va hé sb co
thba man p >0, y > 1, y > p, px = 1. Khi d6 ton tai mot sb nguyén nho
nhat K théa méan

o)|

(
|xmn —Xq

K <
diam (Ag)

, sao cho fZ(K) > fl(K) va fl(K) < fe(K).

Trong truong hop ndy x,;, € int (xz(K), xéK)) va chiing ta ndi rang x,,;,, duogc

bao bd1 x

gx) va x(gK).

Hdi tu tuyén tinh véi p = 1.

Khi hé sb phan xa dugc chon 1a p = 1, phuong phap Nelder — Mead
khong hdi tu duy nhét dén diém cuc tiéu, nhung tbc d6 hoi tu ctia né 1a tap M
tuyén tinh. Khoang cach tir dinh t6t nhat t6i diém tdi wu giam v6i moi tap M
theo it nhat mot cap s6 nhan véi hang s6 nho hon 1.

Tinh chat 8 (Su hoi tu tuyén tinh cia Nelder -Mead trong khong gian
mot chiéu voi p = 1).

Cho f 1a ham 16i chit va co céc tap murc bi chdn trén RY. Gia sir thuat
toan Nelder — Mead véi hé sb phan xa p =1, hé sb6 dan x> 1, hé s co
0 <y < 1, duoc 4p dung voi ham f bat dau tir don hinh xuit phat khong suy

bién A,. Khi d6 ton tai mot sé nguyén M chi phu thudc vao y va y sao cho

diam (Ajen) < 5 diam(dy) véi moi k > K.
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trong d6 K 1a chi s budc lap dugc dinh nghia trong Tinh chat 7.
Tiéu chuin ciia Nelder — Mead trong khong gian 2 chiéu véi ham 16i
chat

Trong phan ndy, xét tiéu chuan ciia thuat toan Nelder — Mead véi cac hé
sbp=1 x=2,v =% ap dung véi ham 151 chit f(x) trong R? véi tap
mirc bi chin. Ki hiéu cuc tiéu duy nhat cia f boi X VA fiin = f Xnin ).
Chu ¥ rang tap muc { x: f(x) < p} 12 rdng néu u < friy , 14 mot diém x,;,,
néu i < fn » va 1a mot tap 16i dong néu p > fo, -

Tinh chét 9 (Su hdi tu cua cac gia tri ham tai cac dinh voi n = 2).

Cho f 1a ham 16i chat trén R? véi céc tdp murc bi chdn. Gia st thuat toan
Nelder — Mead véi hé s6 phan xa p = 1, va hé s6 co y = %, dugc ap dung voi
ham f bat dau tir don hinh xuat phat khong suy bién A,. Khi d6 3 gia tri ham
tai 3 dinh tién t6i gidi han 1a bang nhau, tic 13

==
Tinh chét 10 (Su hoi ty ctia ban kinh don hinh t61 khong).
Cho f la ham 16i chat trén R? voi cac tdp muc bi chan. Gia su thudt toan
Nelder — Mead véi hé s6 phan xa p = 1, hé sddiny=2vahésdbcoy = %,
duoc ap dung voi ham f bt dau tr don hinh xuit phat khong suy bién A,.

Khi d6 cac don hinh {A,} sinh ra béi thuat toan thoa man
kl_)ioordi an(A,) = 0.
6. Chuong trinh may tinh cho thuit toan Nelder — Mead
6.1. Bai toan
Chuong trinh diing dé giai bai toan cuc tiéu khong rang budc :

min { f(x) : x € R™}, trongd6 hamsd f : R™ - R.
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6.2. Cac bién va mang dung trong chwong trinh

Ham muc tiéu duoc viét trong ham doubl eham(doubl ex[ ],i ntn).
Bién n 1a sb chiéu cta khong gian.

Mang 2 chiéu d[51][50] chira don hinh ban dau.

Mang f[51] chira gia tri ham muc tiéu tai cac dinh ctia don hinh.

Cac mang xn, xr,xe, xc, xccung vOi cac diém x, x", x€, x€, x¢¢ trong
thuat toan, gid tri ham muc tiéu twong Ung tai cic diém nay Ia
f‘n fT fe fC fCC'

Bién t gco y nghia : t g = 1 thi c6 in két qua trung gian ra tép ketqua.cpp, néu
t g= 0 thi khong in két qua trung gian.

Bién sb! : thuat toan dang chay & budc thir may.
Bién eps : xac dinh sai s6 dé dung thuat toan.
Bién k : d6 16n ctia don hinh xuat phat.

6.3. Van ban chwong trinh

#include <stdio.h>

#include <math.h>

#include <windows.h>

double ham(double x[], int n);

int main()

{ FILE *fp;

double d[51][50], f[51],xr[50], xe[50], xc[50], xcc[50], x[50], xn[50];

double fr, fe, fc, fcc, fn, eps, xichma,t ;

int 1, j, k, n, truonghop, tt,tg,sbl;

system("cls");

/I Tao don hinh ban dau

tg=0; eps =0.0000001; k =1; n=4;
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/I thay doi
printf("\n n= %d k= %d eps= %13.8f ",n,k,eps);
if (tg==1) { fp=fopen("ketqua.cpp","wb");
fprintf(fp,"\n n=%d k= %d eps=%13.8f",n,k,eps);}
for = 1;j <=n; j++) d[1][j]= 2 ; // thay doi
for (1= 2; 1 <= n+1; i++)
{ for = 1;j <= n; j++) d[i][j]=d[1][j];
dli][i-1] = d[i][i-1]+k ; }
/I In don hinh ban dau
printf ("\n Don hinh ban dau : ") ;
for (i=1; 1 <=n+1; i++)
{ printf ("\n Hang thu %d ",i);
for j=1; j <= n; j++) printf("%13.5f ", d[i][j]); }
if (tg==1)
{ fprintf (fp,"\n Don hinh ban dau : ") ;
for (i=1; 1 <=n+1; i++)
{ fprintf (fp,"\n Hang thu %d ",1);
for (j= 1; j <=n; j*++) fprintf(fp,"%13.5f ", d[i][j]); }
b
/I Tinh gia tri ham muc tieu cho don hinh ban dau
for (1= 1;1 <=n+1; i++)
{ for (j=1;j <=n; j++) x[j] =d[i][j] ;
fli] = ham(x,n) ; }
printf ("\n Mang f ban dau :") ;
for (i= 1; 1 <= n+1; i++) printf ("%13.5f "A[i]) ;
if (tg==1) { fprintf (fp,"\n Mang f ban dau :") ;
for (i= 1; 1 <= n+1; i++) fprintf (fp,"%13.5f "A[i]) ; }
sbl=1;
/I Sap xep theo {]i] tang dan, keo theo mang n+1 dinh
Buocl: sbl++;
printf("\nBuoc lap thu %d ",sbl);
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if (tg==1) fprintf(fp,"\nBuoc lap thu %d ",sbl);
for (i=1; i<=n; i++) for (j=1+1; j<=n+1;j++)
if (fTi]>1]1)
{ =11]; =] 1=t
for (k=1; k<=n;k++) x[k]=d[1][k];
for (k=1; k<=n;k++) d[i][k]=d[j][k];
for (k=1; k<=n;k++) d[j][k]=x[k]; }
printf ("\n Don hinh sau khi sap xep : ") ;
for (i=1; 1 <=n+1; i++)
{ printf ("\n Hang thu %d ",1);
for (j= 1; ] <=n; j*++) printf("%13.5f ", d[i][j]); }
printf ("\n Mang f saukhi sap xep tang dan :") ;
for (i= 1; i <= n+1; i++) printf ("%13.5f " f]i]) ;
if (tg==1) {
fprintf (fp,"\n Don hinh sau khi sap xep : ") ;
for (i=1; 1 <=n+1; i++)
{ fprintf (fp,"\n Hang thu %d ",1);
for (j= 1; j <=n; j*++) fprintf(fp,"%13.5f ", d[i][j]); }
fprintf (fp,"\n Mang f saukhi sap xep tang dan :") ;
for (i= 1; 1 <= n+1; i++) fprintf (fp,"%13.5f "Ai]) ;
}
// Tinh diem giua cua n dinh dau tien trong d
for (j=1;j<=n;j++)
{ xn[j]=0; for (i=1;i<=n;i++) xn[j]=xn[j]+d[i][j];
xn[j]=xn[j]/n; }
printf("\nMang xn : ");
for (j= 1;j <=n; j*++) printf("%13.5f ", xn[j]);
if (tg==1){
fprintf(fp,"\nMang xn : ");
for (= 1; j <=n; j++) fprintf(fp,"%13.5f ", xn[j]);
}
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/" Tinh xr = 2*xn - d[n+1]
for (j=13j<=n;j++) xtfj]= 2*xn[j] - d[n+11[jl;
fr= ham(xr,n);
printf("\nMang xr : ");
for (j=1; j <=n; j*++) printf("%13.5f ", xr[j]);
printf("\nfr = %13.51",fr);
if (tg==1) {
fprintf(fp,"\nMang xr : ");
for (j= 1; ] <=n; j++) fprintf(fp,"%13.5f ", xr[j]);
fprintf(fp,"\nfr = %13.51",1r);
}
if(f{|1] <= fr and fr <{[n]) truonghop=1;
if(fr < ] 1]) truonghop =2 ;
if(fn] <= fr and fr < f[n+1]) truonghop =3 ;
if(fr >= f[n+1]) truonghop =4 ;
switch(truonghop)
{
case 1 : {
printf("\nTruong hop 1: ");
for(j=1; j <= n; j++) d[nt1][j] = xr[j] ;
f[n+1]=fr;
printf ("\n Hang thu %d cua d ",n+1);
for j=1; ) <=n; j++) printf("%13.5f ", d[n+1][j]);
printf("\nf[%d]= %13.5f" ,n+1,{[n+1]);
if (tg==1){
fprintf(fp,"\nTruong hop 1: ");
fprintf (fp,"\n Hang thu %d cua d ",n+1);
for = 1; ) <=n; j++) fprintf(fp,"%13.5f ", d[n+1][j]);
fprintf(fp,"\nf] %d]= %13.5f",n+1,{[n+1]);

}
goto ktdung ;

37



Mot s6 phirong phép Toi wu khéng ding Pao ham

} break;
case 2 : {
printf("\nTruong hop 2: ");
for( j= 1; j <=n; j++) xe[j] = xn[j] + 2*(xtfj] - xnj]) ;
fe = ham(xe,n) ;
printf("\nMang xe : ");
for (j= 1; ] <=n; j++) printf("%13.5f ", xe[j]);
printf("\nfe = %13.5f",fe);
if (tg==1){ fprintf(fp,"\nTruong hop 2: ");
fprintf(fp,"\nMang xe : ");
for j=1; ) <=n; j++) fprintf(fp,"%13.5f ", xe[j]);
fprintf(fp,"\nfe = %13.51",fe);
}
if(fe < fr) {
for(j=1; j <=n; j++) d[n+1][j] = xe[j] ;
fn+1]=fe;
printf ("\n Hang thu %d cua d ",n+1);
for (j= 1;j <=n; j++) printf("%13.5f ", d[n+1][j]);
printf("\nf[%d]= %13.5f" ,n+1,f[n+1]);
if (tg==1){ fprintf (fp,"\n Hang thu %d cua d ",n+1);
for j=1; j <= n; j++) fprintf(fp,"%13.5f ", d[n+1][j]);
fprintf(fp,"\nf[%d]= %13.5f",n+1,{f[n+1]);
}
goto ktdung ; }

else {
for(j= 1;j <= n; j++) d[n+1][j] = xr[j];
f[n+1]=fr;

printf ("\n Hang thu %d cua d ",n+1);

for j=1; ) <=n; j++) printf("%13.5f ", d[n+1][j]);
printf("\nf[%d]= %13.5f" ,n+1,f[n+1]);

if (tg==1){ fprintf (fp,"\n Hang thu %d cua d ",n+1);
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for (j= 1;j <=n; j++) fprintf(fp,"%13.5f ", d[n+1][j]);
fprintf(fp,"\nf[%d]= %13.5f",n+1,{f[n+1]);
}
goto ktdung ; }
} break;
case 3 : {
printf("\nTruong hop 3: ");
for (j= 15 j <=n; j++) xc[jl= xn[j] + 0.5*xt[j] - xnj]) ;
fc = ham(xc,n) ;
printf("\nMang xc : ");
for (j= 1; ] <=n; j*++) printf("%13.5f ", xc[j]);
printf("\nfc = %13.5f",fc);
if (tg==1) { fprintf(fp,"\nTruong hop 3: ");
fprintf(fp,"\nMang xc : ");
for (j=1; ] <= n; j++) fprintf(fp,"%13.5f ", xc[j]);
fprintf(fp,"\nfc = %13.51",fc);
}
if (fc <= fr){ for = 1; j <= n; j++) d[n+1][j] = xc[j] ;
fIn+1]=fc;
printf ("\n Hang thu %d cua d ",n+1);
for j=1; ) <=n; j++) printf("%13.5f ", d[n+1][j]);
printf("\nf[%d]= %13.5f" ,n+1,{[n+1]);
if (tg==1){ fprintf (fp,"\n Hang thu %d cua d ",n+1);
for j= 1; ) <=n; j++) fprintf(fp,"%13.5f ", d[n+1][j]);
fprintf(fp,"\nf[%d]= %13.5f",n+1,{f[n+1]);
}
goto ktdung ; }
else goto BuocS ;
} break;
case 4 : {

printf("\nTruong hop 4: ");
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for(j= 1;j <=n; j++)
xcc[j] =xn[j] - 0.5*(xn[j] - d[n+1][j]) ;
fcc = ham(xcc,n) ;
printf("\nMang xcc : ");
for = 1; j <=n; j++) printf("%13.5f ", xcc[j));
printf("\nfcc = %13.5f",fcc);
if (tg==1){ fprintf(fp,"\nTruong hop 4: ");
fprintf(fp,"\nMang xcc : ");
for (= 1;j <=n; j++)
fprintf(fp,"%13.5f ", xcc[j]);
fprintf(fp,"\nfcec = %13.5f",fcc);
j
if (fcec <f[n+1])
{ for(=1; j<=n; j++) d[n+1][j]= xcc[j] ;
fln+1]=fcc;
printf ("\n Hang thu %d cua d ",n+1);
for j=1;j <=n; j++) printf("%13.5f ", d[n+1][j]);
printf("\nf[%d]= %13.5f" ,n+1,{f[n+1]);
if (tg=1)1
fprintf (fp,"\n Hang thu %d cua d ",n+1);
for G=1;j <=n; j++)
fprintf(fp,"%13.5f ", d[n+1][j]);
fprintf(fp,"\nf[%d]= %13.5f",n+1,{[n+1]);
}
goto ktdung ; }
else goto Buocs ;
} break;
} // end cua switch
/" Thu hep don hinh di 1 nua
Buoc5: for(i=2; 1 <=n+1; i++) for(j= 1; j<=n; j++)

d[i][j] = d[1][j] + 0.5*(d[i][j] - [1][jD);
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printf ("\nDon hinh thu hep cac canh di 1 nua: ") ;
for (i=1; 1 <=n+1; i++)
{ printf ("\n Hang thu %d ",1);
for (j= 1; j <=n; j*++) printf("%13.5f ", d[i][j]); }
if (tg==1) {
fprintf (fp,"\nDon hinh thu hep cac canh di 1 nua : ") ;
for (i=1; 1 <= n+1; i++)
{ fprintf (fp,"\n Hang thu %d ",1);
for = 1; j <=n; j++) fprintf(fp,"%13.5f ", d[i][j]); }
}
//
ktdung: printf("\nTinh sai so va kiem tra dieu kien dung");
fn =0;
for(i= 1;i <=n+1; i++) fn = tn + f]i] ;
fn = fn/(n+1) ;
printf("\nfn = %13.5f",fn);
if (tg==1) { fprintf(fp,"\nTinh sai so va kiem tra dieu kien dung");
fprintf(fp,"\nfn = %13.5f",fn);
}
xichma=0;
for(j= 1; j<=n+1; j++) xichma = xichma + (f[j] - fn)*(1j] - fn) ;
xichma = xichma/n ;
xichma = sqrt(xichma) ;
printf("\nxichma = %13.5f",xichma);
if (tg==1) fprintf(fp,"\nxichma = %13.5f",xichma);
if(xichma > eps) goto Buocl;
/I { printf("\nSang buoc lap moi khong 1/0 : "); scanf("%d%*c", &tt);
/I if (tt==1) goto Buocl ; else goto ketthuc; }
else { printf("\nKET QUA GIAI BAI TOAN");
printf("\nSo buoc lap : %d",sbl);
printf("\nMang x toi uu : ");
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for j=1; j <= n; j++) printf("%13.5f ", d[1][j]);
printf("\nTri toi uu = %13.5f" {[1]);
if (tg=1) {
fprintf(fp,"\nKET QUA GIAI BAI TOAN");
fprintf(fp,"\nSo buoc lap : %d",sbl);
fprintf(fp,"\nMang x toi uu : ");
for j= 1;j <=n; j++) fprintf(fp,"%13.5f ", d[1][j]);
fprintf(fp,"\nTri toi uu = %13.5{" {]1]);
}

}
ketthuc: printf("\n"); system("pause"); fclose(fp);

return 0;
b
double ham(double x[], int n)
{ doubler, r1, 12, 13, r4;
r1=x[1]+10*x[2]; r1=r1%*rl;
2=x[3]-x[4]; 12=5%12*r2;
r3=x[2]-2*x[3]; r3=r3*r3*r3*r3;
rd=x[1]-x[4]; r4=10*r4*r4*rd*r4;
r=r1+r2+r3+r4;
return r;
}
6.4. Giai vi du bang so
Cuc tiéu ham Powell [1962]:
f(x) = (x; +10x,)% + 5(x3 — x4)% + (3 — 2x3)* + 10(x; — x,)*%.
Day la mot ham rat kho cuc tiéu.

Thuat todn Nelder — Mead giai vi du nay qua cac budc lap :
n=4 k=1 eps = 0.0000001. Piém xuat phat U(3;—1;0;1).
Don hinh ban dau :

2 2 2 2.
3 2 2 2.
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2 3 2 2.

2 2 3 2.

2 2 2 3.

Mang f ban dau :

500 555 1025 745  S1S.
Budéc 1ap the 1

Pon hinh sau khi sap xép theo gia tri ham muc tiéu ting dan :

2 2 2 2.
2 2 2 3.
3 2 2 2.
2 2 3 2.
2 3 2 2.

Mang f sau khi sip xép tang dan :

500 515 555 745 1025.

Mang xn: 2.25 2 225 225

Mang xr: 2.5 1 25 25
fr= 412.25.

Truong hop 2:

Mang xe:  2.75 0 2.75 2.75.
fe = 922.625.

Hang th@ 5 cua d thay bang : 2.5 1 2.5 2.5.
fI5] = 412.25.

Tinh sai s6 va kiém tra diéu kién dung:
fn= 54545 ; Xichma = 123.1326.
Budc lap thi 2
Pon hinh sau khi sap xép theo gia tri ham muc tiéu ting dan :
1.5 0 1.5 1.5

1 1 1 1
1 1 1 2
2 1 1 1
1 1 2 1
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Mang f sau khi sip xép tang dan:
83.25 122 137 155  207.
Mang xn: 1.375 0.75 1.125 1.375.

Mang xr: 1.75 0.5 0.25 1.75.
fr= 56.81250.

Truong hop 2:

Mang xe:  2.125 025 —0.625 2.125.
fe = 64.26563.

Hang thtr 5 ciadthaybang: 1.75 0.5  0.25
fI5] = 56.8125.

Tinh sai s va kiém tra diéu kién dung:

fn = 1108125 ; xichma = 40.12223.

Budc lap thir 3

Pon hinh sau khi sap xép theo gia tri ham muc tiéu ting dan :

25 1 2.5 2.5

2 2 2 2
2 2 2 3
3 2 2 2
2 2 3 2.

Mang f sau khi sip xép tang dan:

412.25 500 515 555  745.

Mang xn:  2.375 1.75 2.125  2.375.
Maéng xr: 2.75 1.5 1.25 2.75.
fr= 327.3125.

Truong hop 2:

Mang xe :  3.125 1.25 0.375 3.125.
fe = 282.01563.

Hang tht 5 cuadthaybang : 3.125 125  0.375
fI5] = 282.01563

Tinh sai s va kiém tra diéu kién dung:

fn = 452.85312; xichma = 108.80385.

44

1.75.

3.125.



Mot s6 phirong phép Toi wu khéng ding Pao ham

Buéc Lip thi 146

Pon hinh :
—0.00018 0.00002 — 0.00982 — 0.00965.
—0.00618 0.00066 —0.01116 —0.01114
0.00581 — 0.00063 — 0.00588 —0.00589
0.00125 —0.00015 —0.0107 —0.01074
0.00067 —0.00014 — 0.00657 —0.00642.
Ham f 0 0 0 0 0.
xn:  0.00017 —0.00003 —0.00939 —0.00935.
xr:  —0.00032 0.00009 —0.01221 —0.01229.
fr=0.
Truong hop 4:
xcc. 0.00042 —0.00009  —0.00798 — 0.00789.

Hang thir 5 ctia d thay bang: 0.00042 — 0.00009 — 0.00798
f[5] = 0.

Tinh sai s0 va kiém tra di€u kién dung:

fn =0; xichma = 0.

Két qua giai bai toan

S6 budc lap: 146.

x toiuu: (—0.00018 ;0.00002; — 0.00982 ; — 0.00965).

Gia trj téi wu: f = 0.

6.5. Cac vi du da chay chwong trinh

Vidu 1. Cyc tiéu ham Rosen brock [1960]

f(xg,x3) =100(x, —x1)% + 5(1 — x;)%
Thuat todn Nelder — Mead giai vi du nay qua cac budce 1ap voi :
n=2;k=1; eps=0.0000001. Piém xuat phat U(—1.2;1).

Két qua giai bai toan
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S6 budc lap: 54.
x 61 wu: (1.00006 ; 1.00016).
Giatri tbiwu: f = 0.

Vi du 2. Cyc tiéu ham mii hai bién
f(x,x,) = Z[(e—axl_e—axz) — (e7% — g~ 101)]2
a

V6i a=0.1, 0.2, ...,1.0.
Thuat todn Nelder — Mead giai vi du nay qua cac budc 1ap voi :
n=2; k=1; eps=0.00000001. Biém xuit phat u = (3;2).
Két qua giai bai toan
S6 budc lap: 36.
x 61 wu: (0.99997; 10.00198).
Gia tri toi uu: f = 0.

Vi du 3. Cyc tiéu ham Fletcher va Powell [1963]

2
£ (g5 x5 %3) = 100[x3 — 1060 (x1; x,)]% + [~/(x—12 T x,7) — 1] tx,?
trong do

arctan(ﬁ), xq > 0.
X1

210 (x5 x3) =
m+ arctan(%), x, < 0.

)
Thuat toan Nelder — Mead giai vi du nay qua cac budc 1ap voi :
n=3; k=1; eps=0.0000001. Piém xuat phat U(—1; 0;0).
Két qua giai bai toan

S6 budc lap: 122.

x 01 wu: (0.99993 ; — 0.00008 ; — 0.00011).
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Gia trj téi wu: f = 0.
Vi du 4. Cyc tiéu ham Griewank

n

f(xg, o, ) = 4010n§: x;% — Hcos(%)

i=1 i=1

trong d6: n =12, x; € [ 1000, 1000].

Thuat todn Nelder — Mead giai vi du nay qua cac budc 1ap voi :
n=12; k=1; eps=0.00001 ;

Diém xuat phat: u = (1; 1;1;1;1;1;1;1; 1; 1; 1; 1).

Két qua giai bai toan

S6 bude lap: 336.

x t6i wu: (0,00049 ; —0.00219 ; — 0.00266; 0.00398; — 0.0034; 0,0129;
0.01423; 0.00145; 0.00579; 0.00014; — 0.00953; — 0.02008).

Giatri toi uu: f = — 1.
Vidu 5. Cyuc tiéu ham c6 rang budc
g x;x3) = 2x2 + x2 + 3x3 — x,%, — 2X,X3 — XpX3 + 10x,
+9x, — 26x3. ()
théaman g,(x) =x; —1<0,
g,(x) =—x, <0, ga(x) =x; +x,+x3—4 <0,
g3(x) =—x3 <0, gs(x) =x; —2x, —x3+3<0.

Str dung phuong phap ham phat dua bai toan (*) vé giai bai todn cyc tiéu

khong rang budc : F(xy; x2; x3) = f(%x1; %25 X3) + MZ?=1[WX {g:(x); 0}]°.
Thuat toan Nelder — Mead giai vi du nay qua cac budc l1ap voi :

eps = 0.0000001; k = 1; n=3; M = 1000000. Biém xuat phat u = (2;2; 2).
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Két qua giai bai toan
S6 budc lap: 127.
x tbi wru: (— 0.40034 ;0 ; 4.20006) ;

Gia trj toi wu: f = — 56.60001
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Chuwong 2

PHUONG PHAP TIM KIEM TRUC TIEP
HOOKE - JEEVES

Phuong phap tim kiém truc tiép do Hooke — Jeeves dwa ra vao nim

1960. Noi dung cua thuat toan dugc trinh bay dua trén tai liéu [7] va [8].
1. Mo ta thuat toan Hooke - Jeeves trong khong gian R"
1.1. Phat biéu bai toan
Bai toan dit ra 1a can tim cuc tiéu khong rang budc caa ham n bién:
min { f(x) : x € R™}, trong d6 hamsd f : R = R.
Ki hiéu x¢ 1a phuong 4n tdt nhat hién biét véi gia tri ham muc ti€u tbt
nhit hién biét 1a . Luac bat dau thuét toan x¢ 1y chinh 13 diém xuét phat cta

thuat toan.
1.2. Tu twéng co ban cua thuit toan

Thu tuc co ban cua thuat toan Hooke — Jeeves la thu tuc do tim dia
phuong: xuét phat tor mot diém x € R™ theo 2n hudng doc theo n truc toa do
v6i d6 dai budce h tim diém x’ ¢6 gia tri ham muc tiéu f(x') tot hon f(x). Mo

ta chi tiét thi tuc do tim dia phuong:

Buéc 0. Co diém x, bude dich chuyén h, gia tri tt nhdt ham muc tiéu hién
biét £t ung voi phuong an xt. Bién change = 0 ( bién change dé xac dinh gbc

do tim ¢6 thay d6i khong ).

Budc 1. Xéttoadoj = 1.
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Buwéc 2. Tinh diém z = x + he’ = (x4, e X1, X+ h, Xj41) ey Xp), trong do
e/ 1a véc to don vi thtr j, e/ = (0,..,0,1,0,..,0), s6 1 & vi tri j. Tinh
t=f(2).

Buéc 3. Néu t < ft thi ft « t, x « z, change = change + 1, va sang budc
6.

Buéc 4. Tinh di€m z = x — he/ = (1, ..., Xj_1, X — R, Xj 11, ., ), € = f(2).
Buéc 5. Néu t < ftthi ft «t, x « z, change = change + 1.

Buéc 6. j = j + 1. Néu j <= n thi chuyén 1én budc 2.

Sau thu tuc trén néu change = 0 thi ta khong tim duoc diém x’ ¢ gia tri ham
muc tiéu tot hon diém xuat phat x. Néu change > 0 thi ta tim dugc diém x’
(gia tri véc to ndy chira trong bién x va xt) c6 gia tri ham muc tiéu tot hon
diém xudt phat x, gia tri t6t nhat ham muc tiéu f* va xt dugc cip nhat tdt

hon.

f(x)= 6 7 8 9 10

Hinh 9
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Hinh 9 minh hoa cho thu tuc do tim dia phuong trong khong gian 2
chiéu. Cac duong cong biéu thi dudng mirc ciia ham muc tiéu f(x). Viée do
tim xudt phat tir diém x = (x,x,). Theo truc toa do e! ta xét diém x! =
(x; 4+ h,x,), f(xD) > f(x). Xét diem x% = (x; — h,x,), f(x?) < f(x),
ft « f(x?), chuyén gboc do tim t&i x2 = (x2, x2). Theo truc toa do e? ta xét
diem x3 = (x%, x3 +h), f(x3) > f(x?). Xét diém x* = (x, xZ —h),
f(x®) < f(x?), ft « f(x*). Két qua duoc x* tot hon x ban dau.

1.3. M0 ta mot budc 1ap cua thuit toan Hooke — Jeeves

Thuat toan Hooke — Jeeves phat biéu chi tiét nhu sau:

Buéc 0. Cho diém xuit phat u € R™, cho budc dich chuyén theo truc toa do
h, cho hé s giam cua h 1a a, cho s6 € di nho. Tinh gia tri ham muc tiéu tai

diém xuat phat f(u), f¢ « f(u), xt < u.

Buéc 1. x « u. Tién hanh thu tuc do tim dia phuong theo diém gbc x. Néu

change > 0 thi v « x, chuyén sang Budc 3.

Buéc 2. Trudng hop két qua do tim c6 diém gbc khong thay doi. Néu h < e
thi dumng thuat toan, in gia tri t5i wu f* va phuwong an toi vu x°t, trai lai ta giam
bude dich chuyén h: h < h * a va chuyén 1én Budc 1.

Buéc 3. Xac dinh diém x = v + (v — u), tinh f(x).

Buéc 4. Néu f(x) < fEthi ff « f(x), xt « x.

Buwéc 5. Thuc hién thu tuc do tim dia phuong theo diém gbc x. Néu change

> 0 thi chuyén sang Budc 7.

Buéc 6. Truong hop két qua do tim c6 diém gdc khong thay d6i. Tién hanh

u < v, chuyén lén Budc 1.

Budrc 7. Tién hanh u « v, v « x va chuyén lén Budce 3.
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Buéc0 | Cho u, & h, a, f¢ x*
Buoe 1 '
> X —u
Do tim quanh x
I Budc 2
change >0 >;<h<£>_, h= h*a
_|_
A 4 A\ 4
Ve X Dung, in f£, x*
Budc 3
x=v+ (v—u), tinh f(x). |
\4
Néu f(x) < fithift « f(x),xt «x | Budc 4
y
Budce 5 | DO tim quanh x
u«v | /| change> 0 >
Budc 6 +
A
UV, VeX
Budce 7
Hinh 10. So d6 khdi cua thuit toan Hooke — Jeeves.
Chu ¥ ki hiéu “ +” trong hinh dé chi diéu kién dugc thoa man, ddu “—” chi

diéu kién khong thdéa man.
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2. Vi du minh hoa cho thuit toan Hooke — Jeeves trong khong gian R?
Dung phuong phap Hooke — Jeeves tim cuc tiéu ham
frux) = (¢ — 4% + (x, — 2)%

Chon diém xuat phat ban dau u' = (1;1), d6 dai buéc h = 1, = 1073,
hé s6 giam @ = 10~1. Gia tri ham muc tiéu tai diém xudt phat f(u') = 10.

Gia trj tt nhat hién biét: f¢ = f(u') = 10, v6i phwong an x¢ = u'! = (1;1).
Buoc lap thr 1

Do tim quanh diém co s¢ (thuc hién theo budc 1). Pat x = ul.
Xéttructoaddoel. xt=x+hel =(2;1), f(x}) =5< ft = f(ul) = 10.
Dit x = x1 = (2;1). Gia tri tot nhadt méi ft = f(x!) = 5.
Xét truc toa do e?. x2 =x+ he? =(2;2), f(x?) =4 < ft =5,
Pit u? = x? = (2;2). Gia tri tét nhat méi f* = f(x?) = 4.

Do tim theo mdu (thuc hién theo bude 3 — 7).
Xac dinh diém mau x = u? + (W? —u') = (3;3), f(x) =2 < ft = 4.
Gia tri tot nhat méi f¢ = f(x) = 2.
Xéttructoadoel. x'=x+hel=(43), fGH=1<ft=2.
Dit x: = x! = (4;3). Gia tri tbt nhat méi £t = f(x!) = 1.
Xéttructoa do e?.  x%2=x+he?=(4;4), f(x?)=4> ft =1.

x3=x—he?=(42), fx=0<ft=1.

Pt ud: = x3 = (4;2). Gid tri tot nhat méi ¢ = f(x%) = 0.

Do tim theo mau (tiép).
Véiul «u? = (2;2), u? « u = (4;2).
Xéc dinh diém miu x = u? + (W% —u') = (6;2), f(x) =4 > ft =0.
Xéttructoado et vae? x'=x+hel=(7;2), f(x1))=9> ft =0.
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x?> =x — hel = (5;2), f&xH)=1>ft=0.
x3 =x+ he? = (6;3), f(x3)=5>ft=0.
x* =x—he? =(6;1), fxH)=5>ft=0.

Két qua do tim co diém gbc khong thay d6i. Dung tim kiém theo mau tir
u? = (4;2). batu! « u? = (4;2).

Buoc lap thir 2:

Do tim quanh diém co s¢. Dat x = u’.

Xéttructoado el vae?. x'=x+hel =(52), f(x)=1>ft =0.
x2 =x—hel=(3;2), fx®)=1>ft=0.
x3 =x+he?=(43), fx>=1>ft=0.
xt* =x—het=(4;1), fxH)=1>ft=0.

Két qua do tim c6 diém gdc khong thay d6i. Dung tim kiém quanh diém co s&
tir u! = (4;2). Do khong tim duoc diém méi tét hon nén tiép tuc do tim
quanh u! = (4;2) véi d6 dai buéc h := h* a = 0.1 (gidm 10 so v&i trude).
Sau 3 budc nita ta van chi do tim quanh u' = (4;2).Véi h giam dan toi
h = 0.001 = ¢ thi dung tinh toan va két luan:

Két qua giai bai toan
Cuyc tiéu cta ham f(xp, %) = (x; —4)> + (X, —2)% 132 fry = fE =0

va diém cyc tiéu x,;, = xt = (4;2). S6 lan thay doi ham muyc tiéu la 5
(xem Hinh 11).
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Xy 4

v

fG)=10 || fG) =5 f) =4 || f) =2 flx)=1

Hinh11. Minh hgoa m{t budc 13p cua thuat toan Hooke — Jeeves tim cuc tiéu
ctia ham : f(xy, %) = (x; — 4)? + (x, — 2)%

3. Chuong trinh may tinh cho thuat toan Hooke - Jeeves
3.1. Bai toan
Chuong trinh ding dé gai bai toan cuc tiéu khong rang budc :
min { f(x) : x € R"}, trong d6 hamsd f : R* — R.

3.2. Cac bién va mang ding trong chwong trinh

Ham muc tiéu duoc viét trong ham doubl eham(doubl ex[ ],i ntn).

Bién change : do tim c6 thay doi phuong an tét nhat khong. Néu change =
0 thi do tim khong dat két qua. Néu change > 0 thi c6 thay doi phuwong an
tot nhat.
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sunt hange : tong s6 1an thay doi phuong an tt nhat.

i nt er: tong s6 budc lip.

ft: gia tri ham t6t nhét hién biét.

h : d6 dai budc do tim.

n : s6 chiéu cua khong gian.

Bién t gco y nghia : t g = 1 thi co in két qua trung gian ra tép ketqua.cpp,
néu t g= 0 thi khong in két qua trung gian.

xt : phuong an t6t nhat hién biét.

x : diém do tim.

Bién eps : xac dinh sai s6 dé ding thuat toan.

Bién gi am: dung dé giam d¢ dai budc h sau mdi budce lip, h = h * gi am

3.3. Van ban chwong trinh

#include <stdio.h>

#include <math.h>

#include <windows.h>

#include <dos.h>

#define N 50

double ham(double x[], int n);

void search();

double ft,t,eps,h,giam,vocung, xt[N],u[N],v[N],x[N];
int 1,j,n,tg,dung;

long int change,sumchange,dotimcoso,dotimv,inter;
FILE *f;

int main()
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{

tg=1; dung=0; n=3; h=I; eps=0.00000001; u[1]=8.0; u[2]=9.0;u[3]=7.0;
giam=0.1; vocung=1000000.0;

system("cls"); sumchange=0; dotimcoso=0; dotimv=0; inter = 0;

if (tg==1) f= fopen("ketqua2.cpp","w");

printf("\n n = %d , h =%13.5f, eps = %13.5f",n,h,eps);

if (tg==1) fprintf(f,"\n n = %d , h = %13.5f, eps = %13.5f",n,h,eps);

ft = ham(u,n);

for (i=1;1<=n;i++) xt[i]=u[1];

printf("\nTri tot nhat: %13.5f - Phuong an: ",ft);

for (i=1;i<=n;i++) printf("%13.5f ",xt[i]);

if (tg==1) { fprintf(f,"\nTri tot nhat: %13.5f - Phuong an: ",ft);
for (i=1;1<=n;i++) fprintf(f,"%13.5f " xt[1]);

}

lapl: inter++;

printf("\n\nBUOC LAP THU %]ld",inter);

printf("\nDo dai buoc h = %13.5f",h);

printf("\n\nDo tim theo DIEM CO SO ");

if (tg==1) { fprintf(f,"\n\nBUOC LAP THU %ld ",inter);
fprintf(f,"\nDo dai buoc h = %13.5f",h);
fprintf(f,"\n\nDo tim theo DIEM CO SO ");

}

for (i=1;1<=n;i++) x[1]=u[i]; dotimcoso++;

search(); sumchange += change;

if (change==0) {

if (h<eps or ft<-vocung) {

printf("\n KET QUA GIAI BAI TOAN ");
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printf("\nSo buoc lap : %Id",inter);
printf("\nTri toi uu: %13.5f ", ft);
printf("\nPhuong an toi uu: ");
for (i=1;i<=n;i++) printf("%13.5f ",xt[i]);
printf("\nSo lan thay doi ham muc tieu : %ld",sumchange);
printf("\nSo lan do tim co so : %I1d",dotimcoso);
printf("\nSo lan do tim theo huong giam : %ld",dotimv);
if (tg==1){ fprintf(f,"\n KET QUA GIAI BAI TOAN");
fprintf(f,"\nSo buoc lap : %I1d",inter);
fprintf(f,"\nTri toi uu: %13.5f",ft);
fprintf(f,"\nPhuong an toi uu: ");
for (i=1;1<=n;i++) fprintf(f,"%13.5f " xt[i]);
fprintf(f,"\nSo lan thay doi ham muc tieu : %ld",sumchange);
fprintf(f,"\nSo lan do tim co so : %I1d",dotimcoso);
fprintf(f,"\nSo lan do tim theo huong giam : %ld",dotimv);
}
printf("\n"); system("pause"); fclose(f);
return 0; }
else { h=h*giam; goto lap1; }};
for (i=1;1<=n;i++) v[i]=x][i];
lap2: printf("\n\nDo tim theo DIEM MAU \n");
if (tg==1) fprintf(f,"\n\nDo tim theo DIEM MAU \n");
for (i=1;i<=n;i++) x[1]=V[i]+ (V[i]-u[i]);
t=ham(x,n);
printf("\n t = %13.5f va diem mau x : ",t);
for (i=1;i<=n;i++) printf("%13.5f ",x[i]);
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if (tg==1) { fprintf(f,"\n t = %13.5f va diem mau x : ",t);
for (i=1;1<=n;i++) fprintf(f,"%13.5f "x[1]); }
if (t <ft) { ft=t; sumchange++; for (i=1;i<=n;i++) xt[i]=x[1];
printf("\nThay tri tot nhat: %13.5f - phuong an: ",ft);
for (i=1;i<=n;i++) printf("%13.5f ",xt[i]);
if (tg==1) {fprintf(f,"\nThay tri tot nhat: %13.5f - phuong an: ",ft);
for (i=1;i<=n;i++) fprintf(f,"%13.5f ",xt[i]);}
}
dotimv++; search(); sumchange += change;
if (change==0) { for (i=1;i<=n;i++) u[i]=v[i]; goto lap1; }
else { for (i=1;i<=n;i++) u[i]=v[i];
for (i=1;1<=n;i++) v[i]=x]i];
goto lap2; }
b
void search()
{ change=0;
printf("\n\nVec to x truoc khi do tim: ");
for (i=1;i<=n;i++) printf("%13.5f ",x[i]);
if (tg==1){ fprintf(f,"\n\nVec to x truoc khi do tim: ");
for (1=1;1<=n;i++) fprintf(f,"%13.5f "x[1]); }
for (j=1; j<=n; j++)
{ printf("\n\n-------- Xettoadoj=%d:");
if (tg==1) fprintf(f,"\n\n-------- Xettoa doj=9%d:"}));
x[j]=x[j]+h; t=ham(x,n);
printf("\nt = %13.5f va x + h: ",t);
for (i=1;i<=n;i++) printf("%13.5f ",x[i]);
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if (tg==1) { fprintf(f,"\nt = %13.5f va x + h: ".t);
for (i=1;1<=n;i++) fprintf(f,"%13.5f "x[i]); }
if (t <ft) { ft=t; change++; for (i=1;i<=n;i++) xt[1]=x][1];
printf("\nThay Tr1 tot nhat: %13.5f - Phuong an: ",ft);
for (i=1;i<=n;i++) printf("%13.5f ",xt[i]);
if (tg==1) { fprintf(f,"\nThay Tri tot nhat: %13.5f - Phuong an: ",ft);
for (i=1;1<=n;i++) fprintf(f,"%13.5f "xt[i]); }
goto jtiep; }
else x[j]=x[j]-h;
x[j]=x[j]-h; t=ham(x,n);
printf("\nt = %13.5f va x - h: ".,t);
for (i=1;i<=n;i++) printf("%13.5f ",x[i]);
if (tg==1) { fprintf(f,"\nt = %13.5f va x - h: "t);
for (i=1;i<=n;i++) fprintf(f,"%13.5f "x[i]); }
if (t <ft) { ft=t; change++; for (i=1;i<=n;i++) xt[i]=x[i];
printf("\nThay Tri tot nhat: %13.5f - Phuong an: ",ft);
for (i=1;i<=n;i++) printf("%13.5f ",xt[i]);
if (tg==1){ fprintf(f,"\nThay Tri tot nhat: %13.5f - Phuong an: ",ft);
for (i=1;i<=n;i++) fprintf(f,"%13.5f "xt[i]); }
goto jtiep; }
else x[j]=x[j]+h;
jtiep: printf("\n\nVec to x sau j = %d: "j);
for (i=1;i<=n;i++) printf("%13.5f "x[i]);
if (tg==1){ fprintf(f,"\n\nVec to x sau j = %d: ",j);
for (i=1;i<=n;i++) fprintf(f,"%13.5f "x[i]); }
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printf("\n\nTri tot nhat sau search: %13.5f - Phuong an: ",ft);

for (i=1;i<=n;i++) printf("%13.5f ",xt[i]);

if (tg==1) { fprintf(f,"\n\nTr1 tot nhat sau search: %13.5f - Phuong an: ",ft);
for (1=1;1<=n;i++) fprintf(f,"%13.5f "xt[i]);}

if (dung==1) { printf("\n"); system("pause");}

b
double ham(double x[], int n)

{ double 1;

tg=1;

= 4*(x[1]-5)*(x[1]-5)+(x[2]-6)*(x[2]-6)+3*(x[3]-4)*(x[3]-4);
return r;

}
3.4. Giai vi du bing sb

Cuec tiéu ham s sau:

fQx;x25x3) = 4(x1 — 5)% + (2 — 6)* + 3(x3 — 4)%.

Thuat todn Hooke — Jeeves giai vi du nay qua cac budce 1dp:
tg=1,dung=0,n=3,h=1, eps =0.0000001, giam =0.1,
vocung = 1000000.
Gi4 trj tét nhat: 72; Phuong an: 8 9 T
Budéce 1ap thu 1
Do dai buéc h = 1.
Do tim theo diém co sé
Véc to x trude khi do tim: 8 9 7.
Xéttoadoj=1:
t=100vax+h: 9 9 7.
t=52va x—h: 7 9 7.
Thay gia tri t6t nhat: 52; Phuongan: 7 9 7.
Véctoxsauj=1: 7 9 7.
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Xéttoaddoj=2:

t=59vax+h: 7 10 7.

t=47va x-h: 7 8 7.

Thay gia tri t6t nhat: 47; Phuong an: 7 8 7.
Véctoxsauj=2: 7 8 7.
Xeéttoadoj=3:

t=68 vax+h: 7 8 8.
t=32vax-h: 7 8 6.

Thay gi4 tri t6t nhat: 32; Phuong an: 7 8 6.
Véctoxsauj=3: 7 8 6.

Gia tri t6t nhat sau tim kiém: 32;

Phuong an: 7 8 6.

Do tim theo diém miu

t=8vadiémmiux: 6 7 5.

Thay gia trj tot nhat: 8; phuong an: 6 7 5.
Véc to x trude khi do tim: 6 7 5
Xéttoaddoj=1:

t=20vax+h: 7 7 5.

t= 4va x-h: 5 7 5.

Thay gia tri t6t nhat: 4; phuong an: 5 7 5.
Véctoxsauj=1: 5 7 5.
Xéttoaddoj=2:

t=7vax+h: 5 8 5.

t=3va x-h: 5 6 5.

Thay gi4 tri tot nhat: 3; phwong 4an: 5 6 5.
Véctoxsauj=2: 5 6 5
Xéttoadoj=3:

t=12vax+h: 5 6 6.

t=0va x—h: 5 6 4.

Thay gia tri tot nhat: 0; phuongéan: 5 6 4.
Véctoxsauj=3: 5 6 4.
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Gia tri tot nhat sau tim kiém: 0.

Phuong an: 5 6 4.

Do tim theo diém miu

t =132 va diém mau x : 3 4 2.
Véc to x truoc khi do tim: 3 4

Xeéttoadoj=1:

t=20vax+h: 4 4 2.
t=52vax-h: 2 4 2.
Véctox sauj=1: 3 4 2.
Xéttoaddoj=2:

t=29vax+h: 3 5 2

t=37vax—h: 3 3
Véc to x sau j = 2:
Xéttoaddoj=3:
t=23vax+h: 3 4 3.
t=47vax—h: 3

Véctoxsauj=3: 3 4 2.

W
A

Gia tri tt nhat sau tim kiém: 0
Phuong an: 5 6 4.

Budc lap thu 2

Do dai buéc h =1.

Do tim theo diém co sé

Véc to x trudce khi do tim: 5 6 4.
Xéttoadoj=1:

t=4vax+h: 6 6 4.
t=4va x-h: 4 6 4.
Véctoxsauj=1: 5 6 4.
Xéttoaddoj=2:

t=1vax+h: 5 7
t=1va x-h: 5 5
Véctoxsauj=2: 5 6
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Xéttoaddoj=3:

t=3va x+h: 5 6 S.
t=3va x—h: 5 6 3.
Véctoxsauj=3: 5 6 4.
Gia tri tot nhat sau tim kiém: 0.
Phuong an: 5 6 4

Budc lap thu 3

Do dai buéc h=10.1

Do tim theo diém co sé

Véc to x trudce khi do tim: 5 6 4.
Xeéttoadoj=1:

t=0.04 vax +h: 5.1 6 4.
t=0.04 vax-h: 4.9 6 4.
Véctoxsauj=1: 5 6 4.
Xéttoaddoj=2:

t=0.01 vax+h: 5 6.1 4.
t=0.01 vax-h: 5 5.9 4.
Véc to x sau j = 2: 5 6 4.
Xéttoaddoj=3:

t=0.03 vax+h: 5 6 4.1.
t=0.03va x-h: 5 6 3.9.
Véctoxsauj=3: 5 6 4.
Gi4 tri tot nhat sau tim kiém: 0.
Phuong an: 5 6 4.

Budc lap thu 10
Do dai budc h = 0.

Do tim theo diém co sé
Véc to x trudce khi do tim: 5 6 4,

Xéttoadoj=1:
t=0vax+h: 5 6 4.
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t=0vax—h: 5 6 4.
Véctoxsauj=1: 5 6 4.
Xeéttoa doj=2
t=0vax+h: 5 6 4.
t=0vax-—h: 5 6 4.
Véctoxsauj=2: 5 6 4.
Xéttoaddoj=3:
t=0vax+h: 5 6 4.
t=0vax-h: 5 6 4.
Véctoxsauj=3:5 6 4.
Gia tri tot nhat sau tim kiém: 0.
Phuong an: 5 6 4.
Két qua giai bai toan
S6 bude lap: 10.
Gia tri t6i wu: 0.
Phuong an toi wu: (5; 6 ; 4).
S6 1an thay d6i ham muc tiéu: 7.
S6 1an do tim co 6 : 10.
S6 1an do tim theo hudng giam: 2.
3.5. Cac vi du da chay chwong trinh
Vi du 1. Cyc tiéu ham Rosenbrock [1960]:

f Qx5 x) = 1000x; — x1)* + 5(1 — %)%
Thuat todn Hooke — Jeeves giai vi du nay qua cac budc 1ap voi :
tg =0, dung=0,h=1, giam = 0.01, eps = 0.00000001, vocung = 1000000,

n = 2, Piém xuat phat u = (6.0; 6.0).
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Két qua giai bai toan

S6 budc lap: 10.

Gia tri toi uu: 0.

Phuong an toi vu: (1.0007 ; 1.0014).
S6 1an thay d¢6i ham muc tiéu: 1179.

S6 1an do tim co so: 10.

S6 1an do tim theo hudng giam: 456.

Vidu 2. Cyc tiéu ham mii hai bién:
f(xq,x5) = z[(e_axl—e_“xz) — (6% — g~ 100)]2
a

Véi a=0.1, 0.2, ...,1.0.

Thuat todn Hooke — Jeeves giai vi du nay qua cac budc 1ap voi :
tg=0,dung=0,h=1, giam = 0.01, eps = 0.00000001, vocung = 1000000,
n=2. Piém xuit phat u = (3;2).

Két qua giai bai toan

Gia trj t6i wu: 0.

Phuong an téi wu: (1;10).

S6 1an thay d6i ham muc tiéu: 8.
S6 1an do tim co so : 7.
S6 1an do tim theo hudng giam: 4.

Vidy 3. Cyc tiéu ham Fletcher va Powell (1963):
2
£ (15 x5 %3) = 100[x3 — 108 (xx; x5)]? + [‘/(—xlz Fx,7) — 1] +xy?

arctar(%), x, > 0.
Trong do: 210 (x4; x5) = xl2
n+arcta7(x—), x1 <0.

1
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Thuat todn Hooke — Jeeves giai vi du nay qua cac budc 1ap voi :
tg=0,dung=0,h=1, giam=0.01, eps = 0.00000001, vocung = 1000000,
n = 3. Piém xuat phat u = (—1; 0; 0).

Két qua giai bai toan

Gia tri tdi wu: 0.

Phuong an toi wu : (1; 0.0014; 0.0022).

S6 1an thay d¢6i ham muc tiéu: 218.
S6 1an do tim co so : 13.

S6 1an do tim theo hudng giam : 68.
Vi du 4. Cyc tiéu ham Griewank:

n

G s xn) = zL()lonixi2 N HCOS(%)

i=1 i=1

Trong d6: n =12, x; € [-1000, 1000].
Thuat todn Hooke — Jeeves giai vi du nay qua cac budc 1ap voi :
tg=0,dung=0,h=1, giam=0.01, eps = 0.00000001, vocung = 1000000,
n=12. Diém xudt phat: u = (1; 1;1;1;1;1;1; 1;1; 1; 1; 1).
Két qua giai bai toan
Gia tri toi wu: —1.
Phuong an tdi wu: (0; 0;0;0;0;0; 0;0; 0;0; 0;0).
S6 1an thay d6i ham muc tiéu: 12.
S6 1an do tim co s6: 7.

S6 1an do tim theo huéng giam : 1.
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Vidu 5. Cuc tiéu ham Powell [1962]:

f(x) = (xq +10x3)% + 503 — x4)* + (3, — 2x3)* + 10(x; — x,)*
Thuat todn Hooke — Jeeves giai vi du nay qua cac budc 1ap voi :
n=4;h=1; eps=0.0000001, giam = 10.

Piém xuat phat u = (3; —1; 0; 1). vocung = 1000000.
Két qua giai bai toan
S6 budc lap:10.
Giatri toi wu: 0.
Phuong an toi wu: (0;0;0; 0).
S6 1an thay d6i ham muc tiéu : 4.
S6 1an do tim co s6 : 10.
S6 1an do tim theo hudng giam :1.
Vidu 6. Cyuc tiéu ham co6 rang budc:
;x5 x3) = 2x2 + x5 + 3x3 — x1%, — 2%, X3 — XpX5 + 10x;
+9x, — 26x3. ()
thoa man
g (x)=x;,—1=<0.
g2(x) = —x, < 0.
g3(x) = —x3 < 0.
9a(x) =x; +x,+x3—4=<0.
gs(x) =x; —2x, —x3 +3<0.

Str dung phuong phap ham phat dua bai toan (*) vé giai bai toan cuc tiéu

khong rang budc :

68



Mot s6 phirong phép Toi wu khéong dimg Pao ham

5
Fxyi %33 %3) = fGeri g3 %) + M ) [max {g,x); O,

i=1
Thuat todn Hooke - Jeeves giai vi du ndy qua cac budc 1ap voi :

h=1; giam=0.01; eps=0.00000001; vocung=1000000; n=3.
Diém xuat phat u = (2;2; 2) ; M = 1000000.

Két qua giai bai toan

S6 budc lap: 16.

Gia tri toi uu: — 56.60001.

Phuong an tbiuvu: (—0.4; 0;4.2).
S 1an thay d6i ham muc tiéu: 78.

S6 1an do tim co s6 : 16.

S6 1an do tim theo huéng giam: 33.
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KET LUAN

Céc phuong phap t6i wu khong dung dao ham déng vai tro rit quan trong
trong viéc giai cac bai todn thuc tién khoa hoc ki thuat. Cac ham can cuc tiéu
thuong khong kha vi, khong 16i, khong 16m. .., tham chi gia tri ham muc tiéu
dugc cho béi mot quy trinh tinh toan ma khong thé viét duoc ¢ dang giai tich.

Lu4n van nay da trinh bay hai thuit toan cuc tiéu ham nhiéu bién khong
dung dao ham: thuat toan don hinh Nelder — Mead va thuat toan do tim theo

toa d0 Hooke — Jeeves.

Chuong 1 trinh bay thuét todn Nelder — Mead cuc tiéu ham nhiéu bién,
cac tinh chét vé tinh hitu han cta thuat toan, chuong trinh may tinh thé hién
thuat toan va mét sb bai toan mau di duoc thu nghi¢m.

Chuong 2 trinh bay phuwong phap tim kiém truc tiép Hooke - Jeeves,
chuong trinh may tinh thé hién thuét toan va mot s6 bai toan mau da duge thir
nghiém.

Tac gia di cd ging trinh bay vin dé mot cach 1 rang, dua ra lap luan
don gian nhat va mot s6 vi du cu thé dé minh hoa cho céc thuat toan dugc dé

cap trong luan van.
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