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In this article, we construct a machine learning approach to implement
the procedure of evaluating the convergency of a series in refering to a
sub-series of the hamonic series. This approach based on the theory of
machine learning creates an automation procedure for the related
problem. The results obtained in this article with the clear proofs are
helpful. They are developed from the main results about the criteria of
convergence for a subseries of the hamonic series which was first
proposed by V.T. Dinh et al. This development is directed in the way
that the application for such critera become more practical and easier to
implement. Therefore, the implementation constructed in the article
with the reference to these results is feasible and more efficient. The
application could be extended to study the behavior of the approximate
solution to ordinary differential equations or partial differential
equations with the machine learning approach, as well as the
combination of some inovation numerical approaches, such as the
Monte-Carlos method.
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Bai béo nay dua ra bai toan khao sat sy hdi tu cua chudi s6 dia trén cac
két qua gan day vé tiéu chuan hoi tu cia mot chudi con cua chudi diéu
hoa trén quan diém cua linh vuc hoc may. Trong d6, sy so sanh tinh
tuong dong vé mat hoi tu hay phan ky ciia mot chudi sé dwong véi mot
chudi con cua chudi diéu hoa dugc dua ra lam co sé cho nguyén 1y dua
ra két luan cua thuat toan. Huéng tiép can caa linh vuc hoc may dugc
xay dung trén co s& 1y thuyét dugc ching minh chit ché, mang dén cho
I6p bai toan nay mot quy trinh khao sat dugc thuc hién tu dong. Cac két
qua nhan dugc trong bai bao 1a hiru ich véi cac ching minh rd rang. D6
1a nhitng mé& rong tir cac két qua chinh vé cac tidu chuan hoi tu cua
chudi con cua chudi diéu hoa, dugc dé xuat bai tac gia Pinh Vin Tiép
va cong su. Su mé rong nay theo huéng thuc hanh va dé dang hon dé
thuc thi. Do do, trinh thuc thi dugc xdy dung trong bai bao ap dung
nhitng két qua nay 1 kha thi va hiéu qua hon. Cac ing dung nay hy
vong s& 1a tién dé& duoc sir dung trong viéc mé rong theo hudéng t6i uu
hoa téc do va kha ning tinh toan khéi lugng 16n, cling nhu cac hudng
tiép can xap xi hién dai, chang han bang phuong phap Monte-Carlo.
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1. Gigi thiéu
Ta xem xét chudi duong 14 chudi con cua chudi didu hoa Y., 1/n, duoc biéu dién dudi dang
, w1 1/mye , (1)
Cac ket qua trong bai bao [1] da dua ra mot s6 cong cu ap dung tinh chat dep cua cac chuol
(1) nhu vay trong viéc khao sat su hoi tu hay phén ky cua chuoi so. Cac ket qua nay xem x¢ét mat
d6 phan bo céc so0 hang cua chuoi s6 va danh gia khoang cach gilra mét do phan bo cac s6 hang
chuoi nay voi chuoi khac nham ket luan tinh hoi tu hay phén ky cua chuoi so thir hai. Khoang
cach gitra hai nghich dao cta hai so hang lién tiep trong chuoi (1) dugc xét dua vao day so hang

Ay =g =N k=12,.. Mot trong cac két qua quan trong (Pinh 1y 1) ciia bai béo [1] 1a tiéu

chuan hoi tu cua chudi (1) néu tim duoc sé thuc a > 1 sao cho l!im inf W >0. Dang
ma& rong cua két qua nay str dung chudi so sanh 1a mot chudi duong tong quat, véi cac sb hang 1a
mot diy don diéu giam vé khong (Pinh 1y 2, 3 [1]).

Bai toan hoc may khéo sat sy hoi tu hay phan ky ciia mot chudi s6 1a tién dé cho bai toan xap
xi nghiém ciia mot phwong trinh vi phan [2], phuong trinh dao ham riéng, bang mot chudi ham va
Xap xi gia tri nghiém cia nhitng phuong trinh nay tai mot diém. Trong bai bao nay, ta xem xét bai
toan d6 bang huéng tiép can cia hoc may, nham ty dong mot cach hé théng qua trinh khao sat
tinh ky di cua nghiém nhitng phuong trinh vira dé cap ¢ trén tai mot thoi diém cu thé [3] — [9].
Pay 1a mot hudng tiép can mai trén co sé cua nhu'ng két qua ly thuyét thu duoc trong bai bao vé
rng dung sy hoi tu cua chudi con cua chudi diéu hoa. Cac két qua 1y thuyét nay 1a sy md rong
theo huéng tng dung céc két qua dic sic trong bai bao [1]. Tuy nhién, dé c6 thé xay dung mot
trinh thyc thi dya trén co s¢ cua nhing két qua trong bai bao d6 gap kho khan tir qua trinh xem
xét gioi han cho tiém cén cua ty s6 su phan b cac s6 hang tong quat ciia chudi dugc khao sat va
chudi con cua chudi diéu hoa dwoc tham chiéu. Sy mo rong trong bai bdo nay giup cho viéc xay
dung cac trinh thyc thi ciia qua trinh khéo sat sy hoi tu cia chudi sé theo quan diém cua linh vuc
hoc may tré 1én kha thi va hidu qua bang viéc tham chiéu dén tinh hoi tu hay phéan ky ctia mot
chudi con caa chudi diéu hoa.

Céac két gua thu dugc tr sy mé rong do duoc trinh bay trong muc 2.1 cung véi cac vi du minh
hoa. Trong d6, Hé qua 3 s& dugc sir dung cho viéc xay trinh thuc thi theo quan diém hoc may boi
tinh kha thi va d& dang ap dung. Pay la két qua dic sic co ban cua bai bao. Bai toan khao sat
chudi su hoi tu cia chudi s theo hudng tiép can caa Iy thuyét hoc may duoc trinh bay & muc 2.2.
Song song vai do, cac trinh thuc thi ciing duoc xay dung dé khao sat chudi sé trén co sd cac tiéu
chuan hdi tu va phan ky co ban. Két qua thuc nghiém cho cac trinh thuc thi nay dugc dé cap ¢
muc 3 cua bai bao.

2. Ung dung sw hi tu chudi con cia chudi diéu hoa va Bai toan hoc may khio sat chudi s6
2.1. Mgt sé dp dung sw h@i tu, phin ky ciia chuéi con cia chudi sé diéu hoa

Téc gia trinh bay mot sb 4p dung sir dung cac két qua cua bai bao [1 1. Nhing ap dyng nay c6
y nghia dbi véi bai toan hoc may cho khao sat sy hdi tu cia mot chudi sb. Trong bon két qua dudi

. . . 1
day, ta luon gia st rang day s6 duong {ak}kzl hoi tu dén 0, dat 6, = — —a—. Céc dinh ly va
k+1 k
hé qua sau thé hién cac ap dung nay.
Pinh Iy 1. Gia sir chudi (1) hoi ty, khi d6 chudi duong Y%, a, hoi tu néu lim, inf% =1L>0.
e \ . k r
Chizng minh. Néu 0 <L <o, tasuy raton tai ko > 0 sao cho 6, = LAy, Vk = ko. Néu
L = oo, thi v&i M > 0, ton tai kg > 0 sao cho 8, = MA,Vk = k. Do vay, ta co thé quy truong
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hop L = oo vé truong hop L < oo bang cach thay s6 M trong trudng hop dau vé sé L trong truong
hop sau. Vay, tir day ta chi can xét truong hop L < oo. Khi do,

1 1
-—2>1L - Vk >k
Geer  an (M+1 — N, 0
1 1
—+ L(nk+1 - nk) —+ Lnk - Lnk
ak 0
Mt khac, chudi Zk>k0 hol ty, do chudi (1) hol tu, boi tiéu chuan so sanh ta suy ra chudi
6 Y Ko m hoi tu. Do d6 chudi s6 ¥ a;, hoi tu ciing theo tiéu chuan so sanh.

Pinh ly 2. Gia st chudi (1) phan ky. Khi d6, chudi Yj»;ar phan ky néu

%
lim sup—=L<ow
=0 A
Ching minh. Ap dung Pinh 1y Stolz — Cesaro, ta dugc
1 1 1
oy a, 1
©>L= llm sup— = lim sup Qs O > lim sup — T = lim sup .
A koo T Mg —My koo My Koo Ty

Néu 0+ L; > L thi ton tai ko, phu thudc L; sao cho L; > H,Vk > k. Do @6, a; =
k%K

T ,Vk = ky. Tir d6 ta c6 diéu phai chirmg minh.
1

Hé qua 3. a) Gia sir chudi (1) hoi tu va chudi s6 dwong Y5, a, thoa man lim sup(a,ny)
L < oo. Khi d6, chudi thir hai ciing hdi tu.

b) Gia st chudi (1) phan ky va chudi 6 duong 3 ax thoa man lim inf(ayny) = L > 0. Khi
do, chuoi tha hai ciing phan ky.

Vi du 1 [8]. Xét su hoi tu cua chudi s6 ¥,

Str dung Hé qua 3, xét day (nk = (k/Z)R)k>1. Ta o,

(2n+1)”

i _y (2k+1)k2" kk—l' (1 1)"_
Imagn, = lim ok el ok T im +ﬁ =+e.
1 1
Mat khac, — WE = zk,‘v’k > 4, va chudi Y3, Y ~ héi tu. Do d6, chudi Y1 IDE va chudi da

cho cling hdi tu.
Hé qua 4. a) Gia sir chudi duong Y-, a, hoi tu, théa man lim 1nf(

- 2) 2§ > 1.Khi

Ag+1 Ak
d6, chudi Y5 1 ‘1J hoi tu.
b) Gia s chudi duong Y5, a, phan ky va dﬁy (ar)k=1 don diéu giam vé 0, théa man
. 1
lim sup (ak+1 ak) > B > 0.Khi d6, chudi Y 5= 1T _11 phan ky.

Chitng minh. a) Béi dinh nghia cua phan nguyén ta c6: x — 1 < |x]| < x, Vx € R.

Khi d6, ton tai kg > 0 phu thudc S sao cho Yk > kg,

A aich] = lait] _aigi—1—a'

. -1 T = - - =1- -1 =
Sk Apy1 — A Q1 — A At — A

>1 ! > 0.
B
Do d9, lim infi—k >1— 471> 0. Ap dung Pinh 1y 1, ta suy ra diéu phai ching minh.
k

b) Twong ty trén, ta tim dugc kg > 0 sao cho Vk = kg ta co
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k _ lal;hj - laﬁlJ < ak+1 +1—-a;
S a;?il - aEI

N — <

1
— <1l4+-=<oo,
ak+1 - ak ak+1 ay B

Do d6, lim supg—k <1+ 71 < . Ap dung Pinh Iy 3 [1], ta dugc didu phai ching minh.
k

-1

. . . 2n
Vi du 2. Chitng minh rang chuoi sau hoi tu Y0, l(2:+1)"l

Chuing minh. Ta s& kiém tra diéu kién cua Hé qua 4.a. That vay, xét chudi sb

Z T = i (Zkkjkl)k

k=1 k=1
1 1 (k + 1)k+1 k¥ S (k + 1)k+1 k¥

L - k+1

w1 T () ()T (14
1k+1 1 k

1+-—
(1D (1+3) ¢
-k

Vi lim 2 (1 + )_k = limlim (1 +%) = 0.e~1 =0, lim k*+1 [1 —%(1 +%)_k] = o,

k

1

Do @6, lim inf (a - a—) = oo, Piéu nay thoa mén diéu kién cua Hé qua 4.a. Tir d6 ta suy ra
k+1 k

diéu phai chirng minh. m
Vi du 3 [2]. Chiing minh rang chudi s6 sau phan ky: Y120, el

\/ln J
Chwng mlnh Dau tién, boi tiéu chuan tich phan, chudi s6 Y2, \/—_ phan ky vi tich phan suy
= 2limy_ e (\/ln —+In?2 ) = 0. Ta s& chi ra chudi s6 da cho thoa mén diéu kién

cua He qua 4 b That vay, ta co
ant, — =m+1DyInn+1) —nvinn=n (\/ln(n +1) — \/lnn) ++In(n + 1)

1
nln(l +ﬁ)
In(n+ 1) +vinn

Do dé, lim(a,1; — anl) =0+ lim+/In(n + 1) = oo. Tac chudi sé da cho thoa mian Hé qua
4.b. Piéu nay kéo theo chudi nay phan ky.

1
In(n + 1),limn1n(1 +—) =1.

2.2. Bai todn hoc mdy khdo sdt sw héi tu chudi so

Bai toan hoc may cho viéc khao sat chudi s6 gitip cho quéa trinh khao sat sy hoi tu cua chudi
s6 tré thanh mot qua trinh ty dong va c6 thé ap dung cho viéc xap xi nghiém cia phuong trinh vi
phan, phuong trinh dao ham riéng. Bai toan hoc mdy khi d6 dugc dat trong mét ung dung y nghia
thuc tién 16n véi nhiéu tng dung gia tri [6]-[8]. Trong bai bdo nay, ta s& xem xét bai toan hoc
may cho viéc khao sat chudi 6 voi nhitng chu dé co ban cung nhu cac kha nang m¢ rong van de.

Dbi v6i bai toan khao sat su hoi tu hay phan ky ctia chudi sd, dé dwa ra dwoc két luan chinh
xé4c vé tinh chat nay cua mot chudi sé bang cac phép xap xi str dung cac qua trinh tu dong véi
hitu han tinh toan, ta can xem xét cac két qua khao sat cho nhiéu truong hop cu thé (tirc véi sb
cac sb hang trong chudi 1a hiru han va 16n) nhu thé [8], [9]. Sau do, bang cac cong cu suy luan
thong ké, ta c6 thé dua ra quyét dinh sau cung v6i do tin cdy cao hon rat nhiéu. Trong bai toan dé
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cap ¢ bai bao nay, ta chi xét viéc khao sat thuc hién cho timg truong hop cu thé cua sb cac sb
hang c6 trong chuoi. Phan suy luan thong ké khong dé cap ¢ day. Ta chia nho bai toan hoc may
khao sat chudi s6 theo cac chi dé sau.

2.2.1. Xdy dung cdc so hang cua chugi

Vién dé xdy dung cac s6 hang cua chudi véi bai toan hoc may bi han ché bai sb lwong hitu han
cac phan tir cia mot diy vo han trén Iy thuyét. B6 nhd may tinh 14 hitu han 1am cho qua trinh sinh
céc phan tir ciia chudi 1a hiru han. Viée xay dung cac s hang cua chudi gom hai phuong thirc co
ban 1a str dung biéu thirc toan hoc va sir dung diy céc sé thuc. Phuong thirc thir nhit ¢6 wu diém
la gitip biéu dién chudi s6 dé dang theo 1y thuyét chudi, song bi han ché bai thoi gian thyc hién
tinh toan. Phuong thuc thir hai sinh ra day so theo tung s6 hang riéng gi€ va 13p lai qua trinh nay
nhiéu lan. Phuong thirc nay khong thé tao ra dong loat cac s6 hang, qua trinh ldp lam cham viéc
sinh chudi, tuy nhién phuong thirc nay thuc thi don gian. Poan code Python sau mé ta hai
phuong thirc (Method 1, Method 2) sinh céc sé hang cua chudi dugc dé cap.

import numpy as np

import math

term = input("Enter the general term n-th of the series:") # Method 1

# e.g: Enter the general term n-th of the series:100/n*np.sin(n)

nlimit = np.arange(1,100000)

f = lambda x: eval(term)

xdat = f(nlimit)

Enter the general term n-th of the series:1/x

xdat0 = np.array([]) # define a special series

for i in range(1,100000):

xdat0 = np. append(xdato 1/(3*i-1+np.sqrt(i))) # Method 2

Xay dung chudi sé tir ddy cac sd hang tong quat duoc thyc thi boi ham myseries sau.

def myseries(n,xdat):

return xdat[0:n].sum()

2.2.2. Xay dung ham thyec thi kiém tra sy héi tu ciia ddy cdc so hang cua chudi

Muc nay ta dua ra trinh thuc thi kiém tra tiéu chuan hoi tu dén gioi han L cua diy cac sé hang
tong quat cua chudi. Ham isconverge2L duogc dung dé xay dung qua trinh kiém tra d6 léch giira
cac s6 hang (bién termn) trong day céc s6 hang tong quat so vdi gia tri gisi han ky vong (mong
mudn) L. Gia tri n 1a s cac s6 hang dugc xem x¢ét trong day. Bién tol 1a mirc chénh léch t6i da
dugc phép. Bién max_count cho phép s6 lan diéu kién mirc chénh 1éch tdi da bi vi pham. Néu
vuot quéa sd 1an vi pham dé, diy cac s hang ciia chudi duoc phén loai thanh khéng c6 gidi han L.
Ham islimit_L duoc dung dé xay dung qu4 trinh kiém tra su hoi tu cia day dén gi tri L théng qua
nhiéu do tin cdy vé6i cac cap do khac nhau theo mirc ting dan d6 min cua mirc chénh 1éch duoc
phép giita mdi s6 hang cu thé cia day va gia tri L.

def isconverge2L (n,termn,tol,max_count,L): # termn is an array

count =0 # tol is the tolerance epsilon which is a small positve number

outp = True # n is the max number of terms of consideration
i=1 # max_count used to limit the number of times the sequence
while i <n: # L is the limit value of the sequence
if abs(termnli]-L) >= tol:
count += 1
if count > max_count:
outp = False
break

j=i
while (j < n) and (abs(termn[j]-L) >= tol):
j+=1
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ifj <n:
i=j
else:
outp = False
break
else:
i+=1
return outp
def islimit_L(n,termn,ntol,max_count,isconverge2L,L):
outp = True # ntol = max number of power of tolerance
k=1
while k<ntol:
tol = 0.1%*k
if isconverge2L(n,termn,tol,max_count,L):
k+=1
else:
outp = False
break
return outp
Thuec thi doan code nay véi chudi twong tng bién xdat0 & trén cho ta két qua sau:
islimit_L(99999,xdat0,5,10000,isconverge2L,0)
True .
Trong vi du nay, bién xdat0 biéu dién diy cac phan tir ciia chudi con cua chudi diéu hoa dang

Z;’L‘;lm. Diy nay thyc té don diéu giam vé 0. Két qua thuc thi ciing cho két luan (True)

nhu vay.
2.2.3. Xay dung ham thyec thi kiém tra sy héi tu ciia mgt chudi duwong

Trong myc nay, ta dua ra viéc xay dung mot sé trinh thyc thi 4p dung nhimg tiéu chuan hoi tu
co ban ciia mot chudi s6 duong. Cu thé, Tiéu chuan cin thirc (Root test) va Tiéu chuan ty s6 (Ratio
test) [2] duoc 16ng ghép vao trinh thuc thi cua bai toan. Nhitng m¢ rong khac hoan toan ¢6 thé thuc
hién va thiét ké dé tao ra khéi loc tét cho bai toan khao sat chudi s6. Trong hai trinh thuc thi nay,
muc sai s6 chénh 1éch cho phép t6i da 13 0,01, cho boi diéu kién abs(xdat2[-1]-1) <= 0,01.

def roottest(xdat):

xdat0 = xdat[abs(xdat) > 0] # eliminate 0 by overflow
g = lambda i,x: abs(x)**(1/i)
xdat2 = np.array([])
for i in range(1,len(xdat0)):
xdat2 = np.append(xdat2, g(i,xdat0[i]))
if islimit_L (len(xdat0)-1,xdat2,6,len(xdat0)*0.1,isconverge2L ,xdat2[-1]):
if abs(xdat2[-1]-1) <= 0.01:
return xdat2[-1], 'No conclusion’
else:
if xdat2[-1] < 1:
return xdat2[-1], 'Convergent'
else:
return xdat2[-1], 'Divergent'
else:
return False, fail
def ratiotest(xdat):
xdatO = xdat[abs(xdat) > 0] # eliminate O by overflow
xdat2 = np.array([])
for i in range(1,len(xdat0)-1):
xdat2 = np.append(xdat2, abs(xdatO[i+1])/abs(xdatO[i]))
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if islimit_L(len(xdat0)-2,xdat2,6,len(xdat0)*0.1,isconverge2L ,xdat2[-1]):
if abs(xdat2[-1]-1) <= 0.01:
return xdat2[-1], 'No conclusion’
else:
if xdat2[-1] < 1:
return xdat2[-1], 'Convergent'
else:
return xdat2[-1], 'Divergent’
else:
return False, 'fail' # The test could not get a conclusion i
MGt tiéu chuén khac duoc sir dung dya vao tinh bi chan cua ddy tong riéng cua mét chudi s
duong [2]. Tiéu chudn nay 13 mét phan trong bo loc cua hé thong kiém tra cac tiéu chuan hi tu
cho bai toan. Trinh thuc thi dugc thé hién boi dong code sau.
def partial_sum(xdat):
sn = np.array([])
for i in range(Z,len(xdat)):
sn = np.append(sn,myseries(i,xdat))
psO = sn[sn != math.inf]
return ps0
def issericonverge(hseri): # This test for positive series only
if roottest(hseri)[1] not in ['fail','No conclusion]:
outp = roottest(hseri)[1]
elif ratiotest(hseri)[1] not in ['fail’, 'No conclusion:
outp = ratiotest(hseri)[1]
else:
psO = partial_sum(hseri)
if islimit_L(len(ps0)-1,ps0,8,math.floor(len(ps0)*0.1),isconverge2L.,psO[-1]):
outp = 'Convergent'
else:
outp = 'Divergent'
return outp

2.2.4. Xay dung ham thuc thi kiém tra tiéu chudn so sanh chudi diong khdo sat va mét chudi con
cua chudi diéu hoa
Ta str dung Hé qua 3 dé xay dung trinh thuc thi dua ra két luan cua bai toan khao sat chudi sd.
Trong doan code sau, ta xét sy hoi tu cua chudi duong (bién xseri) véi chudi con cia chudi diéu
hoa (bién hseri). Tiéu chudn nay xuat ra cac két luan chudi hdi tu, phan ky, hogc chua thé két luan
(can co6 thém tiéu chuan hoi tu xay dung cho bo loc, hodc thém tham sb loc (ting gia tri tham sé
max_count hoic ting tham sb ntol). Trong trinh thyc thi dudi day, cac Hé qua 3 va 4 dugc st dung
lam quy téc dwa ra két luan vé tinh hoi tu hay phan ky caa chudi s dya trén két luan vé tinh hoi
tu hay phan ky cta chudi hseri.
def comtest1(xseri,hseri):
ans = issericonverge(hseri)
if ans == 'Convergent":
w = True
elif ans == 'Divergent".
w = False
m = min(len(xseri),len(hseri))
xy = xseri[0:m]/hseri[0:m]
if islimit_L(m,xy,6,math.floor(len(xy)*0.1),isconverge2L,xy[-1]) and w == True:
outp = 'Convergent'
elif (islimit_L(m,xy,6,math.floor(len(xy)*0.1),isconverge2L,xy[-1])) and w == False:
outp = 'Divergent'
else:
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outp = 'No conclusion'
return outp

3. Két qua thuc nghigm

Vi du 4. Xét sy hoi tu cua chudi s6 Yoo, o v6i chudi diéu hoa Y& 1 L duoc sir dung dé

1+\/—
so sanh. Két qua thyc thi thu dwoc cia qua trinh trén nhu sau:
comtest1(xdat0,xdat)
'Divergent’

|smn|

Vi du 5. Xét su hoi tu cia chudi Y&, vé6i chudi con caa chudi diéu hoa duoc st dung
dé so sanh 1a Y%, 1/n%. Ta dé dang suy ra tir 4p dung Hé qua 3 rang vi lim sup(a,n,) =
lim sup|sin(k?)| < 1 < oo, chudi duoc xét hoi tu. Két luan nay ciing dwoc Xuét ra tir trinh thuc
thi trén.

Vi du 6. Xét sy hoi ty cia chudi ¥, Vi chudi duoc dung dé so sanh 1a ¥ 11

Trong truong hop nay céc tiéu chuan cin thic, tiéu chuan ty s6, hay Hé qua 3 déu khong thé
ap dung dé dua ra ket luan. Trinh thyc thi xuat ra két luan 'No conclusion'.

Vi du 7. Xét su hoi tu ciia chudi ¥, ﬁ trong Vi du 3 véi chudi duoc ding dé so sanh la

Yo ~ \/_ Két qua thyc nghiém cua trinh thuc thi ciing phan loai chudi thanh chudi phan ky,
ddng nhat véi két luan da chi ra trong Vi du 3.

4. Két luan

|sinn|

Bai toan hoc may ap dung cho khao sat sy hoi tu caa chudi s6 1a mot tng dung hiru ich cho
hudng tiép can theo mot qua trinh ty dong van dé kho c6 hudng tiép can thuc nghiém. Nghién
clru nay 1a tién dé cho su phat trién tiép theo cua qua trinh xap xi nghiém caa mot hé phuong
trinh vi phan, dao ham riéng theo dinh huéng cua linh vuc hoc may. Bai toan ¢ thé duoc phat
trién & mot cap do 1on hon nham t6i wu héa tinh toan va dat dwoc hiéu qua tét hon ciing nhu
trong cac chu dé lién quan dén cac mo hinh can c6 tinh thuc nghiém cao.
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