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VAT LIEU SPINEL LiNi,Mn,_,0, (x = 0; 0.1; 0.2) TONG HOP BANG
PHUGNG PHAP PHAN UNG PHA RAN SU DUNG LAM BIEN CUC
CATOT CHO PIN LITI - ION VOI ANOT SnO,

Ping Tran Chién', Ta Anh T4n’, Lé Huy Son’, Pham Duy Long®
" Trwong Pai hoc Tai nguyén va Méi truong Ha Noi
? Khoa Khoa hoc Tu nhién, truong Pai hoc Thu dé Ha Noi
 Vien Khoa hoc Vit liéu — Vién Han lam Khoa hoc Viét Nam

Tém tdt: Vit liéu dién cwe LiNiMn,.Oy véi (x = 0; 0.1; 0.2) duoe tong hop ¢ 900 °C
bang phuwong phép phdn img pha rdn tir Li,CO;, MnO, va NiO. Phé XRD dd xdc nhdn
cac mau thu dwoce cé cau tric spinel cua LiNi,Mn, .0, ma khong co bat ky tap chat nao.
Khi ham luong Ni tang lén, kich thucdc hat cua cac mau LiNi.Mn,.O, giam di d‘é‘ng thoi
bién hat chuyén tir dang tron canh tai x = 0 sang dang cdc hinh khoi sdc canh ¢ x = 0.1
va 0.2 cho thafy hiéu qua ro rét cua viéc pha tap niken dén suw én dinh trdt tu cua tinh thé.
Cdc dwong cong C-V cho thdy mdu pha tap niken c¢é sw tiém/thodt ion Li* va tinh thudn
nghich tot hon hin mau khéng pha tap. Phép do phéng nap véi dong 0.5 C trong khodng
dién thé tir 2.0 V + 4.0 V véi dién cuc anot SnO, cho thtfy dung luvong cua mau LiNi.Mn;.
04 v0i x = 0.1 cho gia tri cao nhat dat 50.8 mAh/g cai thién dang ké so véi mau khong
pha tap chi dat 44.9 mAh/g.

T khoa: Vit liéu catot, LiNi,Mn,..O,, pin liti-ion, LiBs.

Nhan bai ngay 10.8.2017; gui phan bién, chinh stra va duyét dang ngay 10.9.2017
Lién hé tac gia: Pang Tran Chién; Email: dtchien@hunre.edu.vn

1. MO PAU

Pin Lithium ion (LIBs) da tr¢ thanh mdt trong nhiing cong ngh¢ luu trlt nang luong
quan trong nhit hién nay. Chiing dugc phat minh ra vao dau nhitng nim 1990 va bay gio
duogc sir dung rong rdi nhu 1a ngudn nang luong cho céc thiét bi dién tir nhu may tinh xach
tay, dién thoai di dong, dung cu dién, vv. Spinel LiMn,Oy4 va cac dan xuit ciia nd da duoc
sit dung lam vat liéu catot cho pin lithium ion vi gia thanh thap, trit lugng caotrong ty
nhién va dé& dang trong cac phuong phap tong hop. Tinh chét dién hoa ciia LiMn,Oy4 trong
cac dung dich dién ly hitu co da dugc nghién clru rong rai trong hon hai thap ky qua. Mac
du pin lithium ion dugc coi la thiét bi dién hoa thanh cong nhat v6i mat do nang lugng cao,
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chung van c6 nguy co mat an toan do tinh d& chdy cua chat dién ly hitu co va viéc sir dung
khong diing cach nhu sac qua dong hodc ngan mach. Hon nita, spinel LiMn,O, trong céc
dung dich dién ly hitu co c6 chu ky hoat ddng khong tot nhu LiFePO, do su khong 6n dinh
clia cdu triic mang tinh thé. Van dé chu yéu ciia LiMn,O4 1 su giam dan dung luong rat
nhanh & ca nhiét do phong 1an nhiét d6 cao. Su giam cép dung luong trong qua trinh luu
trit hay trong cac chu ky phong nap van chua dugc xac dinh rd va nhiéu nguyén nhan co
thé duoc dé nghi nhu tinh khong bén ciu trac [1-3], hi¢u ung Jahn-Teller [4], Mn hoa tan
vao dung dich dién ly [5-7]...

Viéc thay thé céc ion kim loai vao vi tri Mn trong LiMn,04, nhu Li, Co, Ni, Al, Mg,
Cr, Fe, co thé cai thién do bén phong nap cuia pin [8-10]. Hon nira, F [11] va S [12] pha tap
vao vi tri oxi ciing 1a mot phuong phap hidu qua dé cai thién thoi gian luu trit va tinh 6n
dinh phong nap. Trong s6 nhiing vat liéu nay, LiNi,Mn,_,Oy4 cho thy sy 6n dinh trong qua
trinh nap/xa 1a tot nhat [13-17]. Su cai thién nay c6 thé xuat phat tir mdi lién két hoa hoc
manh mé& ciia Mn-O-Ni dé 6n dinh vi tri spinel bat dién, ngin ngira su giai phong ion Mn>*
vao trong chit dién ly va han ché sy méo mo cua hiéu ung Jahn-Teller. Vi mot ) lugng Ni
16n pha tap c6 thé lam giam dang ké cong suat & 4 V cho nén hau hét cac nghién ciru vé
LiNi,Mn,_,O4 d& gidi han trong khoang x < 0.2 cho cAu trac tinh thé 6n dinh va hiéu suét
dién hoa tot.

Céc spinel LiMn,04 c6 rat nhidu phuong phap tong hop nhu: phuwong phap phan tng
pha ran [18, 19]; phuong phap sol-gel [20, 21]; polime spray [22]; thily nhiét [23-25]; vv.
Tuy nhién, hau hét cic phuong phap nay déu c6 qua trinh xir Iy phuc tap, st dung vat liéu
dat tién hodc ton nhiéu thoi gian va gia thanh cao cho cac ung dung thuong mai. Trong
nghién ciru ndy, cac spinel LiNi,Mn,..O4 voi (x = 0, 0.1 va 0.2) dugc tong hop & 900 °C tir
Li,CO3, MnO; va NiO bang phuong phép phan tmg pha ran. Day 1a phuong phap don gian
vé cong nghé, c6 hiéu qua kinh té cao va co thé san xuét vdi sd lugng 16n. Chinh vi thé
chung t6i lya chon phuong phap nay dé ché tao vat liéu LiNi,Mn,O4. Phd XRD di xé4c
nhan mau thu dugc co cAu trac spinel cta LiNixMn; O4 ma khong co bat ky tap chét nao.
Khi ham Iugng Ni tang 1én, kich thudc hat cua cac mau LiNiyMn,O4 giam di déng thoi
bién hat chuyén tr dang tron canh tai x = 0 sang dang cac hinh khdi sic canh & x = 0.1 va
0.2, didu nay cho théy hi€u qua ro rét ctia viéc pha tap niken dén sy 6n dinh trat tu cia tinh
thé. Cac duong cong C-V cho thdy mau pha tap niken co su tiém/thoat ion Li" va tinh
thuan nghich tot hon han mau khong pha tap. Phép do phéng nap voi dong 0.5 C trong
khoang dién thé tir 2.0 V + 4.0 V st dung anot SnO, cho thiy dung luong ciia mau
LiNixMn;O4 v6i x = 0.1 cho gia tri cao nhat dat 59.8 mAh/g cai thién dang ké so v&i mau
khong pha tap chi dat 44.9 mAh/g.
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2. THU'C NGHIEM CHE TAO VAT LIEU

Vat liéu tich/thoat ion LiNi,Mn,_,O4 duogc ché tao tur cac chit ban dau 1a dioxit mangan
MnO,, muéi liti cacbonat Li,COs va niken oxit NiO can ¢t vao ty 1€ thanh phﬁn nguyén tr
ctia pha vat liéu LiNi,Mn,.,O4 can tong hop 1a Li:Ni:Mn = 1:x:2 - x v6i (x =0, 0.1va 0.2).
Vit liéu duoc nghién trén so bo béng cbi mi ndo trong thoi gian 2 gio, sau d6 dugc 0 nhiét
& 600°C véi toe dd gia nhiét 1a 10 do/phuat. Khi dat nhiét do 600°C mau duoc giti 4 gid sau
d6 dé nguoi tu do. Hon hop bot thu dugc tiép tuc duge nghién tron 1an I bang may nghién
bi nang luong cao véi tdc d6 500 vong/phut, hdn hop duge nghién tron trong 5 gid. Sau khi
nghién tron, vat liéu dugc mang ép thanh vién c6 duong kinh 1cm béng may ép vai luc
ép ~ 450 MPa. Cac vién mau duogc thiéu két & nhiét do 900 °C trong thoi gian 6 gio véi toc
d6 gia nhiét 10°/phut, sau thoi gian thiéu két vat liéu dugc dé ngudi ty do.

Dic diém ciu trac cia vat liu dugc khao sat trén hé nhiéu xa X ray — D5005
SIEMEN véi ngudn phat xa Cu Ka. (A = 1.5406A). Pic diém hinh thai hoc dugc khao sat
trén kinh hién vi dién tr quét FE-SEM HITACHI 4800.

bién cuc mang mong dugc ché tao tir vat liéu LiNixMn,O, duge trdon véi carbon
black (super P va KS4) va polyvinylidenefluoride (PVDF) trong dung mo6i N-methyl-
pyrolidon (NMP) theo ty 18 khdi lugng 70:20:10, sau d6 duoc nghién bi hanh tinh dé tao
dung dich bun nhio. Dung dich nay dugc phu trén mot 14 nhom mong ¢o chiéu day 15 um
sau d6 sdy kho ¢ 100°C bang 10 chan khong trong 12 gior dé thu duoc mot 1a catot. L catot
sau d6 duoc ép bang may ép con lian va may ép thiy luc dé ting mat do va do dong nhat,
tiép theo duoc cét thanh cac dién cuc co dang hinh tron st dung lam dién cuc duong trong
pin CR2032.

Tinh chét tiém/thoat ion liti twong mg v&i qué trinh phong nap xay ra trong pin & phia
dién cyc catot. Sir dung phuong phap quét thé vong tuan hoan (C-V) trong dung dich mudi
liti nitorat (LiNO3) 1M hoa tan trong nudc s€ giup danh gia dugc dong hoc ctia qua trinh
tiém/thoat. H¢ dién hoa dung trong phép do C-V 1a hé ba dién cuc, gém dién cuc lam viéc
(WE) 1a dién cyc mang méng LiNiyMn, 0,4 da ché tao, dién cuc ddi (CE) str dung platin
(Pt) va dién cuc so sanh (RE) st dung clorua bac Ag/AgClI/KCl 3M.

Phép do phong nap dugce thuc hién voi té bao CR2032 dién cyc anot st dung thiéc oxit
SnO,, mang ngén cach st dung polyethylene-polypropylene-polyethylene (Celgard), dung
dich chat dién ly 1a LiClIO4 1M trong dung moi ethylene carbonate/diethylene carbonate

3. KET QUA VA THAO LUAN

3.1. CAu triic va hinh thai hoc cia vat liéu LiNi,Mn,_ O,

Hinh 1, phé nhiéu xa XRD cua vat liéu LiNixMn,O4 pha tap Ni véi x =0; 0.1 va 0.2
tong hop cho thay cic mau déu c6 dinh nhidu xa phu hop véi thé chuan JPCDS sb 35-0782,
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d6 1a cac dinh (111), (311), (222), (400), (331), (511), (440) va (531), diéu nay khang dinh
rang tit ca cac mau duoc xac dinh 1a don pha véi pha cubic-spinel ctia nhom khong gian
Fd-3m, trong d6 cac ion Li chiém cac vj tri tr dién (8a) trong khi cac ion Mn nam & céc vi
tri bat dién (16d) [26]. Phd XRD cho thay khong cé dinh ndo cia cac chat khac, diéu nay
cho dy doan rang vat liéu LiNizMn,.,O4 duoc tong hop bang cach pha tap Ni voi ty 1& x =
0.1 va 0.2 bang phuong phap pha ran, ion Ni di thay thé thanh cong vao cac vi tri caa ion
Mn. Céc dinh nhiéu xa c6 cuong d6 manh va sdc nét cho thiiy réng vat liéu LiNi,Mn,_,O4
téng hop duoc c6 sy két tinh tét. Sw pha trén cation cua Li’/Mn’* thuong dwoc dic trung
boi cudng do dinh (220) [26], cuong do dinh (220) cang nho c6 nghia 1a hdn hop cation
cang nho. Pho nhidu xa XRD & hinh 1 cho thiy khong hé c¢é bat ky dinh (220) nio trong ca
ba mau, nén ta khing dinh ring khong c6 sy pha tron cua cation cia Li'/Mn’". Do dé, c6
thé hy vong rang vat liéu LiNiyMn,.,O4 tong hop duoc cé tinh niang dién héa tot.

(440)

(531)

Hinh 1. Phé XRD ciia vit li;éu LiNiMn;.«Oy pha tap Ni vé”ix =0(a),x=01(b)
va x = 0.2 (c) tong hop bang phan wrng pha ran o 900°C.

I3 11)/{400)
Hang s mang (A")

.| @ (b)

~ Az e . ~

Ndng dé Ni pha tap N.éng do Nipha tap

Hinh 2. D6 thi ty 1é cuwong do dinh 1(311)/1(400) (a) va hang s6 mang (b).
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Thong sb mang cua tinh thé dugc tinh bang phdn mém Unitcell, bang cach sir dung
tam dinh ctia nhidu xa XRD va dugc biéu dién bang db thi ¢ hink 2. Ty sb cudong do dinh
1(311)/1(400) hinh 2a phan anh mirc d6 méo cia ciu trac cubic-spinel [26]. Ty s6 cudong do
dinh 1(311)/1(400) ctia LiNi,Mn,.,O4 v6i x = 0.1 12 0.96, ty sé nay 1a thap hon so véi cac
mau con lai cho thdy mau LiNigMn,O4 v6i x = 0.1 ¢6 mirc d6 bién dang nho nhit [27].

Hinh 2b cho thdy hang sé mang giam di tir 8.23516 A cta LiNiyMn,.,O4 v6i x = 0 dén
8.21636 A cua LiNiyMn,. 04 v6i x = 0.2 khi néng do pha tap Ni ting 1én. Piéu nay dugc
giai thich rang khi pha tap niken trong vat liéu LiNi,Mn,..Oy4 s& lam ting ndng do Mn*".
Ban kinh ion cua Mn4+(r =0.53 A) nho hon nhiéu so véi Mn3+(r = 0.645 A). Ban kinh ion
ctia Ni3+(0.56 A) nhé hon ban kinh cua ion Mn*"(r = 0.645 A) nén khi hay thé ion Mn®"
bang ion Ni3+ lam giam khoang cach Mn-O, dong thodi 1am giam mirc d6 khoang tréng
khuyét tat oxi & diéu kién nhiét d¢ thiéu két cao. Két hop voi anh SEM hink 3 cho thy khi
ham luong pha tap Ni ting 1én, kich thudc hat ciia cac mau LiNi,Mn,..O4 giam di dong
thoi bién hat chuyén tir dang tron canh tai x = 0 sang dang cac hinh khdi sdc canh ¢ x = 0.1
va 0.2. Nhitng két qua nay cho thdy viéc pha tap niken tac dong dén su on dinh trat tw cua
tinh thé. Trong vat liéu spinel LiMn,O4 khong pha tap, chi c6 Mn®" va Mn*" chiém cac vi
tri bat dién (16d) véi ty 1 chiém chd 1: 1. Khi Ni dugc thay thé Mn trong LiNi,Mn,_ Oy,
bdn cation Mn3+, Mn4+, Ni2" hoic Ni*" ¢6 thé s& chiém cac vi tri bat dién. Cac cation nay
¢6 ban kinh ion va nang lugng lién két véi oxygen khac nhau. Khi mot luong Ni ngay cang
tang trong LiNiyMn,Oy4 s& gdy ra su khac biét cation dang ké trén cac vi tri bat dién (16d)
va n6 lam thay ddi dang ké théng s6 mang tinh thé cua vat liéu [28, 29].

Hinh 3. Anh FE-SEM cia vit liéu LiNi.Mn>..O, phatap Nivoix =0 (a),x=0.1 ()
va x = 0.2 (c) tong hop bang phan wng pha ran ¢ 900 °C.

3.2. Cac tinh chét dién héa caa vat liéu LiNi,Mn,_ O,

Hinh 4 1a dudng dic trung cho phd C-V cua vét liéu mang mong dién cuc catot bang
vat liéu LiNiyMn,O4 di ché tao & trén, dién cuc anot sit dung dioxit thiéc SnO, va dién
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cuc so sanh st dung Ag/AgCl/KCI 3M. Dung dich dién li st dung 1M LiNO; hoa tan trong
nuée. Hinh 4a, 1a phd C-V cia cac dién cuc tir mau LiNigMn,O4 v6i x = 0 va cta vat liéu
LiNi,Mn,.O4 pha tap Ni v&i nong d6 x=0.1 & hinh 4(b) cho thay ddi véi mau khong pha
tap Ni theo duong nap, xuét hién mét dinh oxy hoa tai dién thé 0.75 V, diéu nay ching to
da c6 su oxy hoa va tach ion Li" ra khéi dién cuc. Theo chiéu xa, cling xuét hién dinh khir
tai dién ap 0.1 V, tuy nhién dinh nay md nhat, dong thoi phd C-V cho thdy hoat dong
tiém/thoat ciia vét liéu khong pha tap thé hién qua trinh thuan nghich chua thyc sy tét. Phd
C-V cua vit liéu pha tap cho théy xuét hién mot cap dinh oxy hoa/khu tai 0.94 V/-0.25 V.
Pho C-V cho thay vat liéu pha tap Ni thé hién qua trinh tiém thoat thuan nghich twong dbi
t6t. Mot diém nita tir phd C-V cho thay dap img dong ctia miu pha tap Ni I6n hon ctia mau
khong pha tap rat nhidu. Nhu vay chiing ta c6 thé két luan rang khi pha tap Ni vét liéu thu
duoc co6 hoat dong dién hoa tot hon, nhu da hy vong rﬁng vat liéu LiNixMn,4O4, pha tap
Ni véi ndng d6 x=0.1 ¢6 ty s6 cuong d6 dinh I(311)/1(400) nho nhat s& cho ta cu tric trat
tu tot va hoat dong dién hoa tot.
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Hinh 4. Phé C-V cia dién cuc tir vét liéu LiMn,O, (a) cua vat liéu LiNi.Mn,..O, (b).

Hinh 5 biéu dién chu ky nap/xa cia tit ca cic mau gia tri dung luong dat 16n nhét 1a
59.8 mAh/g ddi véi mau pha tap x = 0.1 va miu dat dung lugng nho nhat 1a 44.9 mAh/g
dbi voi mau khong pha tap. Dung luong cua cac mau dat dugc tuong tw véi mot s6 két qua
nghién ciru [30]. Mic du so voi mot s6 cong bd gan day thi két qua nay con rat khiém ton.
Tuy nhién ¢ day chung ta sir dung dong nap/xa 0.5 C 1a twong d6i 16n, ching to vat liéu
tong hop dugc c6 kha ning tiém thoét tot ion liti. Mot diéu nita giai thich cho dung lugng
nap xa trong nghién ctu nay co6 gia tri chua cao la do di¢n cuc anot dugc dung la dioxit
thiéc SnO,. Cac dudng nap xa cua tit ca cac miu cho ching ta thiy duong cong nap va
duong cong xa c6 dang diéu tuong ty nhau, didu nay cho ta thay vat liéu da tong hop co
tinh thuan nghich tot.
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Hinh S. Bm‘fpg phéng nap cia vat liéu LiNi.Mn,..0, tong hop bang phwong phdp
pha ran 6 900°C pha tap Nivoix =0 (a), x = 0.1 (b) vax = 0.2 (c).

Theo céc bao vé vat lidu LiNiyMn,..Oy4 pha tap Ni, duong cong phong nap cta chiing
thuong gém hai doan béng thé hién hoat dong dién hoa cia cac ion Mn va Ni mot doan
trén 4 V va mot doan bﬁmg dudi 4 V [13] 1a do hoat dong dién hoa cua ion Ni 1én t6i 4.8 V
[31-37]. Trong nghién ciru nay thi cac doan bang déu nim dudi 4 V va c6 nhimng doan
bang cua hoat dong phong nap & dudi 3 V. Piéu nay 1a hoan toan hop 1y vi trong nghién
ctru nay dién cyc anot 1a thiéc oxit SnO, [38].

4. KET LUAN

Toém lai, cac vat li€u catot spinel LiNixMn;O4 pha tap Ni véi (x = 0; 0.1 va 0.2) ché
tao dugc tao duoc bang phuong phap phan tmg pha ran ¢ nhiét d6 thiéu két 900 °C 1a hoan
toan don pha. Spinel LiNi,Mn,,O4 véi ndng do pha tap Ni (x = 0.1) cho thay 1a vat lidu c6
cAu tric tinh thé hoan thién nhat. Pién cuc LiNig; Mn; 004 cho hoat dong dién hoa la tbt
nhit, kha ning thuan nghich cao. Hoat dong phéng nap tuong dbi tot & dong 0.5 C véi dién
cuc anot SnO, v6i dung lugng dat 59.8 mA/g.
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SPINEL OF MATERIAL LiNixMn, xO4 (X = 0; 0.1; 0.2) SYNTHESIZED
BY SOLID - STATED METHOD USED AS CATHODES FOR
LITHIUM - ION BATTERIES WITH SnO, ANODE

Abstract: Electrode material LiNi,Mn,.O, with (x = 0,; 0.05; 0.1; 0.2) was synthesized at
900 °C by solid-state method from Li,CO;, MnO; and NiO. XRD spectrum indicated that
the sample obtained had the spinel structure of LiNi.Mn,.,O, without any impurities. As
the Ni content increased, the particle size of the LiNi.Mn,..O, samples decreased while
the particle boundary changed from the circular form at x = 0 into the octahedron at
x = 0.1 and 0.2, showing significant effect of nickel doping to crystal order stability. The
C-V curves shows that nickel doped samples have better Li' ion injections and
reversibility than non-doped samples. Measurement of 0.5 C at 0.5 V to 0.5 V showed that
the capacity of the LiNi.Mn, O, sample with x = 0.1 achieved the highest value of 59.8
mAh/g, much higher compared to the non-doped sample at only 44.9 mAh/g.

Keywords: Cathode material, Li,Mn,..O,, Lithium — ion Battery, LiBs.
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UNG DUNG GIAI THUAT TOI UU BAY DAN
VAO BAI TOAN CUC TIEU HOA D0 TRE

L& Chi Chung
Truong Dai hoc Thu do Ha Noi

Tém tdt: Bai todn cuc tiéu héa do tré (Minimum Latency Problem — MLP) ld mét trong
nhitng bai todn t6i wu té6 hop c6 nhiéu vmg dung trong thiee té. Trong truong hop tong
qudt, MLP da dwoc chirng minh la NP-khé. Hién nay cé nhiéu cong trinh gidi bai todn
theo hwdng tiép cdn gan ding nhdt la theo hiedng phong sinh hoc. Loi gidi thu dwoc tie
nhitng cong trinh nay la rdt cé trién vong. Véi muc dich kiém chirng hiéu qua cia thudt
todn theo hiéng tiép cdn nay, bai bdo trinh bay thudt todn giai bai todn MLP bang gidi
thudt t6i wu bay dan (Particle Swarm Optimize - PSO) véi mong muén thu dwoc 10i gidi
16t hon nhitng cong trinh trude.

Tir khéa: Cuc tiéu héa dé tré, Minimum Latency Problem, MLP, Giai thudt di truyén, T6i
wu bay dan, PSO.

Nhan bai ngay 18.8.2017; gui phéan bién, chinh sua va duyét dang ngay 10.9.2017
Lién hé tac gia: Lé Chi Chung; Email: lcchung@daihocthudo.edu.vn

1. PAT VAN PE

Bai toan cuc tiéu hoa do tré (MLP — Minimum Latency Problem) dugc phat biéu dudi
dang dd thi nhu sau:

Cho trude db thi ddy du G = (V,E) véi trong s6 khong am trén mdi canh e<E. Gia st P
1a duong di qua tat ca cac dinh thudc V, mdi dinh di qua diing mot 1an. Do tré ciia dudng di
duoc dinh nghia nhu sau:

Cho trude dinh xudt phét s, d6 tré ciia dinh v bat ki trén duong di P 1a tong do dai cac
canh tir s t&i v trén P. Do tré coa duong di T chinh 1a téng cac dd tré cua cic dinh nam trén
duong di P.

Bai toan cuc tiéu hoa do tré dit ra: Cho truede dinh xudt phdt s, hdy tim dwong di don
di qua tat cd cdc dinh sao cho do tré ciia dwong di la nhé nhat.

Bai toan cyc tiéu hoa do tré 1a bai toan c6 nhiéu tmg dung trong thyc tién va da duoc
chimg minh trong trudng hop tong quat 1a bai toan NP- kho nghia 13 ngoai trir P = NP thi
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khong co thuat toan nao giai duge nd voi thoi gian da thire. Co nhiéu cach tiép can dé giai
bai toan nay. Hién nay c6 3 hudng tiép can dé giai quyét bai toan:

— Phat trién thuat toan dung tim 101 giai t6i wu nhu quy hoach dong [8], Branchcut,
Branchprice va Branchcutprice [9, 10].

— Thuat toan ding cén ti I¢ o (a« — approximation algoirthm) [11].

— Phat trién thuat toan meta heuristic voi d6 phuc tap khong qua 16n va thyc nghiém
trén cac bd dir liéu chuin nhu thuét toan di tmyén [1], phong luyén kim [13], tim kiém
TABU [14].

Bai bao nay dé cap toi viéc sir dung thuat toan tdi wu bay dan dé giai quyét bai toan
cuc tiéu hoa do tré voi muc dich ting chat lwong 10i giai.

2. GIAI THUAT TOI UU HOA BAY PAN

Particle Swarm Optimization (PSO) 1a mét ki thuat t6i wu hoa dua trén viéc chon ra
ngau nhién mot quan thé va sau do tién hoa cac ca thé qua nhiéu thé hé dé dat duoc nghiém
t6i wu. PSO dugc dé xuat boi James Kennedy va Russell Eberhart [5] vao nam 1995, Tur
d6, PSO ngay cang phd bién dbi v6i cac nha nghién ctiru va hoc vién, né tré thanh mot k§
thuat manh mé va hiéu qua dé giai quyét cac van dé t6i wu kho khin

Y tudng chinh ciia PSO xuét phat tir tinh hudng trong ty nhién. Gia sir c6 mot dan
chim dang tim kiém thtrc n trong mot ving ndo d6. Ban diu tat ca cac con chim khong
biét thirc an & dau. Tuy nhién ching s& dan biét thirc an cach ching bao xa sau bao nhiéu
lan bay di bay lai. Béi &, muén tim thdy thic an nhanh nhat t5t hon ca la theo sau nhiing
con chim gan thirc an nhat. Nghia 14 sau khi biét dugc thic an gan con chim nao thi ca bay
s& xich lai gan con chim 4y. PSO phong theo kich ban nay va st dung dé giai cac bai toan
t6i .

Trong PSO thi mdi giai phap cua bai toan chinh la mot con chim trong y tudng trén,
duoc goi 1a particle. Mdi particle ¢6 mot gia tri thich nghi (fitness value), dugc danh gia
bﬁng ham do d¢ thich nghi (fitness function), va mét van tdc dé dinh hudng viée di chuyén
(bay-flying) dé tim kiém. Cac particle s& duyét khong gian tim kiém (khong gian nghiém
clia bai toan) bang cach xich lai gan cac particle c6 diéu kién t6t nhat hién thoi (current
optimum particles).

Trong mot tap cac ca thé chon ra ngiu nhién (con goi 1a bay dan), mdi ca thé s& bang
cach di chuyén t6i vi tri khac trong khong gian tim kiém cho dén khi tim dugc vi tri tot
nhat. Khai niém veé su thay ddi vi tri a‘iy duoc khai quat trong hinh sau:
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- Vi trf tot nhit cta ca thé tha i trong thé hé
: Vi tri tot nhat ctia c4 thé trong ca quan thé

Nhu thé PSO duge khéi tao bdi mot nhom nga:lu nhién cac ca thé va tim kiém giai
phap t6i wu bang viéc thay doi vi tri cac ca thé dé chung c6 thé tién lai gan nhitng cé thé tdi
vu hon. Qué trinh ¢t 1ap di ldp lai cho dén khi su thay ddi ciia cac ca thé 1a khong dang ké.
Trong mdi vong ldp (mot thé hé), mot ca thé particle dwoc cap nhat boi hai gid tri:

— Gid tri thir nhat: Pbest 1a ca thé tot nhat dat dwoc t6i thoi diém hién tai hay 1a ca thé
c6 fitness value tdt nhat trong thé hé hién tai

— Gia tri thir hai: Gpegt 12 ca thé t6t nhat dat duoc trong cac ca thé t6i vu cua mdi lan
lap. Pay c6 thé coi 1a ca thé c6 do thich nghi cao nhat trong toan khong gian tim kiém.

— Khi mdt c4 thé c6 do thich nghi tot nhat so voi nhitng ca thé 1an can thi c6 thé coi
day la t8i wu cuc bd goi 12 Lies

Trong nguyén ban do Eberhart va Kennedy dua ra, cac phan tir trong PSO s& duyét
khong gian bai todn bang cach theo sau cac phan tir c6 dicu kién tot nhat hién thoi (46
thich nghi l6n nhét). Cu thé 1a sau mdi khoang thoi gian roi rac, van tdc va vi tri cia mdi
phan tir dugc cap nhat theo cac cong thic:

V[]=v[] + c; * rand()*(pbest[] — present[]) + C, * ran()*(gbest[] — present[]) )

Present[] = present[] + Vv[] 2)
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Trong do:

— V[] : vecto md ta van tdc dich chuyén cua cé thé

— Present|[]: 1a vecto mé ta c4 thé hién tai

— Rand() tra vé két qua 1a 0 hodc 1. Nghia 14 ca thé chon ngau nhién dich chuyén theo
Prest hay Ghest.

— C; va C, la tham s6 gia toc hay 1 tham s6 hoc. N6 c6 y nghia dé ting nhanh qua
trinh dich chuyén. Viéc lya chon gia tri cho 2 tham sd ndy ciing can can trong dé tranh gia
tdc nhanh qua s€ lam qua trinh lya chon ca thé tot bi roi vao best cuc bo.

Gia ma cua thuét toan PSO dugc mo ta nhu dudi day:

1 Khoi tao particle; //Khdi tao quan thé

2 Do

3 ForEach particle

4 Tinh FitnessValue ()

5 If Particle.FitnessValue < Pbest.FitnessValue then
6 Pbest = Particle;

7 EndIf

8 If Pbest<Gbest then Gbest = Pbest;

9 Endif

10 EndFor

11 ForEach particle

12 Tinh van tbéc dich chuyén theo céng thtc (1)
13 Dich chuyén Particle theo cdng thic (2)

14 EndFor

15 |While Piéu kién ding chua thdéa man;

Trén day 1a thuat toan PSO nguyén ban [4] con c6 tén 1a tdi wu toan cuc trong d6 van
toc dich chuyén mdi phan tir s& phu thudc trén hai yéu td: vi tri phan tir tot nhat trong thé
hé hién tai Pbest va vi tri phan tir tot nhit ting dat dugc trong cac thé hé tir trude t6i gid
Gbest. Sau nay c6 thém mot s cai tién véi dé xuat dua thém yéu td cuc bo 1a ngoai hai yéu
t6 Pbest va Gbest thi sy dich chuyén cta ca thé s& phu thudc thém bai mot yéu t6 1a vi tri
t6t nhat 1an c4n né goi 1a Lbest. Khi dé vecto van toc s& dugc tinh theo cong thire sau:

v[] = v[] + cl.rand(). (pbest[] - present[]) + c2.rand() * (gbest[] - present[])

+ ¢3.rand() * (Ibest[] - present[]) (17)

Mot dé xuét cai tién khéac ciling rét trién vong d6 1a su dich chuyén cta phan tir ngoai
hai yéu t6 Pbest va Gbest thi con thém mot yéu t thir ba d6 1a vecto dich chuyén cia ca

thé d6 ¢ thé hé trude. Qua trinh dugc khai quat qua hinh sau:



TAP CHi KHOA HOC - S0 18/2017 | 19

\

Khi d6 cong thirc tinh van tde s& dugc viét lai 1a:

v[] = v[] + cl.rand(). (pbest[] - present[]) + c2.rand() * (gbest[] - present[])
+ ¢3.rand() * (forward[] - present[]) 1)

Giai thuat PSO c¢6 thé duoc xem nhu 13 mot tap hop cac vecto c6 quy dao dao dong
xung quanh mét khu vuc dugc xac dinh boi tung vi tri cua ca thé t6t nhat trude do va vi tri
tot nhat ctia mot sd ca thé khac. Gbest giup bﬁy hoi tu nhanh, tit ca cac ca thé duge thu hat
ddng thoi. Tuy nhién, néu Gbest khong phai 14 c4 thé tot nhat, thi dan khong thé kham pha
khu vuc khac, do do, bﬁy dan c6 thé bi méc ket va thuat toan hoi tu sém.

3. THUAT TOAN PSO PE XUAT

> Y twéng

Chung t6i dé xuat sir dung thuat toan tdi wu by dan co cai tién dé giai quyét bai toan
cuc tiéu hoa do tré (Minimum Latency Problem — MLP). Chung ta s& bit dau bang viéc
khoi tao mot tap cac phuong an(bdy dan) ma mdi phuong an thé hién mot. Theo qua trinh
cta thuat toan PSO, ta dich chuyén bay dan qua nhiéu vong lap roi tim ra phuong an tot
nhat chép nhan duoc.

» Thuit toan

— Lwoc do thudt todn

Thuat toan PSO phai xac dinh cac thu tuc chinh sau day: Khoi tao béy dan, lua chon
Pbest, cép nhat cho Gbest, xac dinh vecto dich chuyén cho mdi c4 thé dya trén tiéu chi da
chon, dich chuyén c4 thé theo vecto. Qua trinh 1ap lai cho dén khi thoa man diéu kién dung
ctia thudt toan. Trong bai bao nay chung toi dé xut diéu kién dimg cuia thuat toan 1a sau 10
vong lap ma Pbest va Gbest khong thay d6i nhiéu.
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Bat dau

A 4

Khai tao quan
thé

v

Pbest = null;
Gbest = null;

&
«
4

)

> Particle <> null
b
S

Tinh FitnessValue
Particle = next; cho ca thé

A

Particle.FitnessValue <
Pbest.FitnessValue

Particle = next;

Diéu kién dirng
thda man

K&t luan Gbest; End.

Tinh vecto van
t8c

Dich chuyén
Particle

v

Pbest = Particle;
Particle = next;

— Khéi tao quan thé
Vi d6 thi di cho 1a do thi day du va yéu cau la duong di don xuat phat tir mot dinh s
bat ki cho trude di qua cac dinh ciia do thi nén ta s& ma hoa mot phuong an 1a mdi ca thé 1a

mot chudi hoan vi 1..n. Trong d6 1..n 1a chi sé cac dinh trong d6 thi INPUT va mdi chudi
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s& bat ddu bang dinh s. S6 luong t6i da cic phuong an trong khong gian nghiém cua bai
toan 1a (n-1)!. DY thich nghi cua ca thé s& duoc tinh 1a ti 18 nghich véi d6 tré cta chudi
hoan vi da khoi tao. Nhu vay ca thé nao cang c6 do thich nghi cang cao thi s& cang gan véi
nghi¢m cua bai toan.

S6 lugng hay kich thudc ban dau ctia quan thé 1a m, dong vai trd quan trong trong gidi
thuat vi kich thudc quﬁn thé quyét dinh sy hoi ty nhanh hay cham cta giai thuat, va kha
ning thoat ra kho nhiing cuc tri dia phuong cua quan thé. Kich thudc quan thé nho thi giai
thuat s& hoi tu nhanh nhung thuong s& cho ra két qua 1a cac cuc tri dia phuong chtr khong
phai 1a cuc tri toan cuc. Vi véi sb lugng ca thé it thi qu?m thé dé& mac vao nhiing cuc tri dia
phuong va kho thoat ra dugc. Tuy nhién, sd lugng ca thé qua 16n lai 1am thuat toan ton
nhiéu thoi gian, hoi tu cham. Véi bai toan cuc tiéu hoa do tré, ching t6i chon sb lugng ca
thé 1a m=30.

Vé phuong phap khoi tao quan thé ciing c6 nhiéu cach khac nhau. Phuong phap don

gian nhat 1a random(). Nhu thé ta s& c6 30 chudi hoan vi 1..n.

—Xdc dinh Pbest va Gbest

Xéc dinh Pbest thé hién qua gia ma sau:

1 DelayNode (1)

2 Begin

3 For j = 1 to i-1 do

4 Begin

5 DelayNode = DelayNode + Distance(j,j+1)
6 End;

7 Return DelayNode;

8 END;

9 n

10 DelayPath = Z DelayNode(i)
11 i=2

Tinh FitnessValue

ForEach Particle

Begin

DelayPath (Particle);

If Particle.DelayPath ()< Pbest.DelayPath () then
Pbest = Particle;

END;

If Pbest < Gbest then Gbest = Pbest

Xac dinh Pbest va Gbest
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— Tinh vecto vin toc va dich chuyén cd thé

Nhu di trinh bay thi PSO hién nay c6 mét s cai tién so v6i phién ban goc [4]. Dé cai
tién trong viéc tinh todn vecto van tdc, can dua trén ba yéu td:

+ Vi tri ph?m tir Gbest: Pai dién cho vi tri toi vu ca bﬁy dan

+ Vi tri ph?m tir Pbest: dai dién cho su dich chuyén bﬁy dan thoi diém hién tai

+ Vecto dich chuyén tir vong lap trude

Vian d¢ 1a ta s& tinh vecto dich chuyén cho ting yéu t6 nhu thé nao. Trong bai bao nay,
chung t6i tinh vecto dich chuyén bang cach dya trén cac khoang cach tir mdi dinh toi dinh
xuat phat. Theo dé xut nay chung ta so khdp timg cdp dinh cta hai ca thé. Mdi dinh cach
dinh xuit phat v6i khoang cach 1a bao nhiéu thi lay hiéu lam hé sé cho vecto dich chuyén.
Nghia la str dung chinh khoang cach tir cac dinh tdi dinh A lam vecto dai dién.

Gia s ta dang xét phan tir X ¢6 vecto cliing tén dang can dich chuyén vé phia Pbest va
Gbest cung v6i mot vecto dich chuyén cua X tir vong lip trude.

Sau cuing ta tinh vecto dich chuyén ciia X tai vong ldp nay theo cong thic (1) voi hé sd
C1 = C2 = C3 = 2;

Sau khi ¢6 dugc vecto dich chuyén, ta dich chuyén phﬁn tir X thuc chat 1a ddi vi tri cac
dinh trong chudi hoan vi sao cho né tiép can cang gan véi muc tidu cang tot. Do d6 dé dich
chuyén ca thé hién tai ta xét ting gia tri twong g trén vecto.

Vecto dich chuyén ¢ n gi tri du tién ludn 13 0 (vi dinh xuat phat 1a c¢6 dinh). S6 dinh
can chon con lai 1a n — 1 dinh. Chiing ta ¢6 chién lugc nhu sau: Chon dinh twong g trong
s6 dinh con lai ma c6 khoang cach toi dinh xuat phat gan nhat véi gia tri tuong tng trong
vecto dich chuyén.

4. THUC NGHIEM

> Bo dir liéu kiém thir

Dir liéu kiém thir duge léy tir thu vién dit liéu chun di duge su dung rong rdi trong
céc bai toan toi wu. Dit liéu chung t6i chon dé kiém thir cho dé xuat trong cong trinh nay 1a
bd TSPLIB [12]. Pay 1a bo dir liéu kiém thir cho bai toan ngudi ban hang nhung théa man
diéu kién dau vao cho bai toan MLP. bay la mot thu muc cac t€p dir licu. Mai tép luu tri
toa do cac dinh. Mot tép cung tén v6i dudi mod rong tour chira chudi dinh 1a dudng di ngin
nhét ma t6i thoi diém hién tai da tim duoc. Dua theo chudi dinh nay ching ta cling c6 thé
tinh ra tong do tré ctia hanh trinh. Pay 1a ddi trong dé ta danh gia hiéu qua cua thuét toan.

B6 dir liéu kha phong phti nén chiing t6i chon ra mot sb tép dit li€u dai dién co kich
thudc khong qua 16n (sé dinh 50-100) va d6 phan bd déu.
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> Két qua thue nghiém

Dir liéu chon thir nghiém va két qua thir nghiém thé hién dudi bang sau, trong d6, két
qua béng thuét toan GA duoc 1£iy tr [1,2 ]. OPT va BestSol lan luot 1a do tré cuc tiéu cua
bd dit liéu chudn va do tré cuc tiéu duge giai bfmg cac thuat toan GA va PSO. T 1la thoi
gian chay cia thudt toan tinh bang phiit.

GA PSO
Tép dir liéu OPT
BestSol T
eil51 6140 6140 2,5 6232 1,6
eil76 5894 5894 2,6 6002 1,7
st70 7801 7801 2,5 8235 2,4
kroA100 239680 241012 2,6 242302 2,5

5. KET LUAN VA HUONG NGHIEN CUU TIEP THEO

Bai toan MLP 1a mot bai toan thudc 16p NP- khé dang duoc quan tdm giai quyét.
Hudng tiép can giai bai toan theo thuat toan tdi uu by dan co két qua kha kha quan. Mic
du két qua thuc nghiém con thap co thé do thuat toan dé xut theo mo hinh ¢b dién c6 thé
bi roi vao cyc tri dia phuong va bay dan khong thé thoat ra dugc. Trong nhiing bai béo tiép
theo, chung t6i s€ tiép tuc cai thién két qua béng cach khéc phuc su hdi tu sém va nang cao
chat luong 10i giai.
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APPLYING PARTICLE SWARM OPTIMIZATION
FOR MINIMUM LATENCY PROBLEM

Abstract: Minimum Latency Problem — MLP is one of the class of combinational
optimization problems that has many practical applications. In the general case, the MLP
is proved to be NP-hard. In fact, there are many the approaches to solve the problem.
One of them is using meta-heuristic. This algorithms imitate follow a action of some
swarm in the nature. In this paper, we propose are apply algorithm particle swarm
optimization for solve MLP with a lager size. The results show that is an efficient
approaches for minimum latency problems.

Keywords: Minimum latency problems, Particle Swarm Optimization, meta — heuristic,
GA — Genetic Algorithm.
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Abstract: The pair production of Higgs is studied with the contribution of the scalar

unparticle in the e*e” collision in the Randall-Sundrum model in detail. We evaluate the
observable cross-section which depends on the collision energy Js and the scaling
dimension of the unparticle operator d; . The total cross-section with the unparticle

contribution is compared to that without the unparticle.
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1. INTRODUCTION

The Standard model (SM) of particle is successful in describing the elementary
particle picture. In the Lagrangian of the SM, the scale invariance is broken at or above the
electroweak scale [1, 2]. Because of no particle states with a definite nonzero mass, there
are no particles with a nonzero mass in a scale invariant sector in four space-time
dimensions [1, 3]. Georgi has suggested that if the scale invariance exists, it is made of
unparticles. Based on the Banks-Zaks theory [4], unparticle stuff with nontrivial scaling
dimension is considered to exist in our world. The invariant Banks-Zaks field can be
connected to the SM particles. Recently, the evidence of the unparticle has been studied
with CMS detector at the LHC [5, 6].

Although the SM describes successfully almost all existing experimental data, the
model suffers from many theoretical drawbacks. One of many attempts to extend the SM
and solve the hierarchy problem, one of theoretical drawbacks of SM [7], is the Randall-
Sundrum (RS) model. The RS setup involves two three-branes bounding a slice of 5D

compact anti-de Sitter space taken to be on an S'/Z,orbifold. Gravity is localized UV



26 | TRUGING BAI HOE THU BA HA NOI

brane, while the Standard Model (SM) fields are supposed to be localized IR brane. The
separation between the two 3-branes leads directly to the existence of an additional scalar
called the radion (¢ ), corresponding to the quantum fluctuations of the distance between
the two 3-branes [8]. In 2012, Higgs signal at 125 GeV is discovered by the ATLAS and
CMS collaborations [9, 10].

However, the unparticle effects on the collisions have not been concerned in the RS
model. In this paper, we study the Higgs couple production, which has been proposed as an

option of e'e” collisions. The layout of this paper is as follows. The unparticle and
effective interactions are reviewed in Section 2 mostly cited on [1, 2, 3]. Section 3 is

devoted to the creation of Higgs couple in e'e” collision. Finally, we summarize our results
and make conclusions in Section 4.

2. THE UNPARTICLE AND EFFECTIVE INTERACTIONS

The derivation of the virtual unparticle propagator is based on the scale invariance [2].
The unparticle propagators for scalar, vector and tensor operators are given by [2],

respectively
Ascatar =$§U”)(—q2)“, (1)
Brccr =$§U”)<—q2)dﬂ n @)
D =G O T ®

where d,, is the noninteger scaling dimension of the unparticle operator,

1
rid,+—
162z ( v 2) 4)
W ) T(d, -1)T(2d,)’
~ 2 |dy=2 gmidym fors-channel process, ¢ is ositive,
(—g?Y'o2 = lq p g isp )
lg* |2 foru-, t-channel process, ¢ is negative,

uov
™ (q)=-g"" + qq;] ; (6)
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T = %{n"” (@) (q)+ 7 ()" (q) - % 7 (q)x"” (q)}- )

The effective interactions for the scalar, vector and tensor unparticle operators are

given by, respectively

1 - - |- 1 .

Jo /100, %WflystU,ﬂoA—dufﬂf(@ﬂOU),ﬂoA—dUGaﬂG 0,. (8)
U U U U
1 = u I = u

j1WJ‘7@JOU , %Wfﬂf,,ﬂfsfoua 9)
U U

1 1 . - - uv 1 auv
_ZXQ A_dul//l(nyV +7VD ) U ’ﬂQA_dUG,UlZGV OU > (10)
U U

where A4 (i1 = 0, 1, 2) stand for the scalar, vector and tensor unparticle operators,

. ¢ Yy . . o ;
respectively. D, =0, +ig%W[j +ig'EB# is the covariant derivative, B, W' are gauge fields,

a

Y ,% correspond to the standard generators of U(l), and SU(2),. The corresponding

coupling constants are denoted by g, g’. /' stands for a standard model fermion, y stands

for a standard model fermion doublet or singlet. G* denotes the gauge field strength.

3. THE HIGGS PRODUCTION
In this section, we consider the e"e” — hh collision process
e (p)+e (p,) > hk)+h(k,), (11)

Here p,,k;(1 = 1,2) stand for the momentums. There are three Feynman diagrams

contributing to reaction (11), representing the s, u, t-channels exchange depicted in Fig.1.

\\\\ ”,//
/ " D
e (p) h (k,) A e (p,) h(k,)

e (p,) h(k,)

Figure 1. Feynman diagrams for e*e” — hh collision.
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We obtain the scattering amplitude in the s, u, t-channels, respectively

lﬂ'() Adu _ —2— 20
K Adu 2Sln(d 72,')( q ) (pZ)Ad -1 (pl) (12)
§2
M,=-i— je" V(py)(q, +m,)u(p,) (13)
M, =2 geeh V()G +mu(py) (14)
qu _me

where g, are given by [11], ¢, =p, +p, =k +k,, g, =p—k, =k —p,, ¢, =p, —k =k, — p,
The expressions of the differential cross-section [12]

do 1 |k|
d(cosy) 64rms|p|

M, T, (15)

where|M , P=| M * +|M, [P +| M, +2Re(M M +M M, + M M),).

We give some estimates for the cross-sections as follows

i) In Fig.2, we evaluate the dependence of the total cross-section on the collision
energy /s with the various dy. We choose 4, =1,A, =1000GeV [2]. In case of the scalar

unparticle, 1<d,, <2 [13]. The total cross-sections decrease when the collision energy /s

increases.

o (10"%bar)

o =~ N W & 00 O
o
<]

s Rt el e =
Sl Sy L T R e T 1

500 1000 1500 2000 2500 3000
Vs (GeV)

Figure 2. Total cross-sections for e* e~ — hhversus s with the various d,

i1) The proportion of the total cross-sections with the unparticle contribution o, to
that without the unparticle o, in Ref.14 is calculated in Table 1. The results show that the

unparticle contribution is significant.
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o, /oy,
Js (GeV)
dy=1.1 | dy,=12 | d,=13 | d, =15 | d,=1.7 | d, =19
300 43743 | 1.2514 | 0.3655 | 0.0353 | 0.0048 | 0.0022
500 6.9403 | 24403 | 0.8731 | 0.1265 | 0.0261 | 0.0178
800 92157 | 3.8971 | 1.6887 | 0.3578 | 0.1066 | 0.1063

1000 10.4242 | 4.8242 2.2788 0.5751 0.2055 0.2454

1500 13.2143 | 7.1753 3.9935 1.3961 0.6883 1.1396

2000 16.0221 | 9.8011 6.1105 2.6851 1.6685 3.4696

2500 19.5210 | 13.0539 | 8.8922 4.6706 3.4730 8.6227

3000 23.9716 | 17.2340 | 12.6950 | 7.7305 6.6383 19.078

4. CONCLUSION

In this paper, the total cross-sections for the process e'e” — hh with the unparticle
contribution are evaluated. The results indicate that the cross-sections depend on the

parameter d;,and the collision energy Vs They are larger in case of the small 4, and

decrease when +/s increases. When /s =3000GeV and d,, =1.1, the cross-section with the

unparticle contribution is about 24 times as large as that without the unparticle.

Acknowledgement: The work is supported in part by Hanoi National university of
Education project under Grant No. SPHN-16-05.
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PONG GOP CUA PHI HAT VO HUONG VAO QUA TRINH
e*e” = hh TRONG MO HINH RANDALL-SUNDRUM

Tém tdt: Su tao cdp cua Higgs trong mé hinh Randall-Sundrum tir va cham e*e” véi sy
dong gop ciia U-hat vé hwéng dwoc nghién civu chi tiét. Ching téi danh gid tiét dién quan
sat phu thudc vao nang luong va cham va $6 chiéu toan tr U-hat. Tiét dién toan ph&n co
dong gop cua U-hat dwgc so sanh voi truong hop khong co dong gop cua U-hat.

Tir khéa: Tao Higgs, U-hat vé hudng, tiét dién, mau Randall-Sundrum.
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UNG DUNG CUA DINH GIA TRI TRUNG BINH
TRONG MOT SO BAI TOAN VE GIGI HAN CUA DAY SO

Nguyén Viin Hao', Nguyén Thi Thanh Ha% Vii Thi Ngoc Diéu'
! Truong Pai hoc Sw pham Ha Ngi 2
? Truong Pai hoc Cong nghiép Viét Tri

Tém tdt: Trong bai bdo nay, ching téi trinh bay mét sé phirong phdp xdy dung cdc bdi
toan vé gioi han cua ham so tu dinh ly gia tri trung binh bang ky thudt tao dung cdac ham phu.

Tir khéa: Pinh Iy gid tri trung binh, gidi han cia déy sé, ham sé lién tuc, ham sé kha vi.

Nhan bai ngay 10.7.2017; gui phén bién, chinh sua va duyét dang ngay 10.9.2017
Lién hé tac gia: Nguyén Van Hao; Email: nguyenvanhaodhsphn2@gmail.com

1. MO PAU

Céc dinh 1y co ban vé dao ham déng vai trd quan trong trong Toan hoc, ciing nhu
nhiéu linh vuc khoa hoc khac. Diéu do, nguoi ta co thé ké dén mét sé van dé nhu: bai toan
ton tai nghiém cta cic phuong trinh dai sb, udc luong khoang chira nghiém cua céc
phuong trinh va toan tir trong viéc giai gin dung cua 1y thuyét so, bai toan tim cyc tri cua
ham sd... Khdi ngudn cua cac dinh 1y gia tri trung binh 1a Dinh 1y Rolle duoc phat bicu
nhu sau:

Pinh ly 1 (Pinh 1y Rolle): Gid sir ham y = f(z) lién tuc trén doan [a,b], kha vi
trén khoang (a,b) va théa méan diéu kién f(a) = f(b). Khi d6, ton tai it nhdt mét sé
¢ € (a,b)sao cho f'(c)=0.

Theo mét khia canh, nhin lai cach chung minh cua dinh ly Lagrange va dinh ly
Cauchy, chiing ta thay hai dinh 1y d6 1a hé qua cua dinh 1y Rolle nho viée thiét 1ap hai ham
phu ciing théa mén cac gia thiét ciia dinh Rolle twong tmg 1a:

o(a) = fio) - flo) - L= L g

Vi o) = 1) — fla) — LD=ID 1y o).



32 | TRUGING BAI HOE THU BA HA NOI

Tir viée thiét 18p cac ham phu d9, ta nhan dugc hai dinh 1y quan trong sau:
Pinh 1y 2 (Dinh 1y Lagrange): Gid sir ham s6 f(x) ham lién tuc trén doan [a,b]va
kha vi trén khoang (a,b). Khi dé ton tai s6 ¢ € (a,b) sao cho:

o= 1=t

Hay: f(b) = fla) = f(c)(b —a)
Pinh Iy 3 (Pinh 1y Cauchy): Gid sir cdc ham sé f(z)va g(x) lién tuc trén doan, kha

vi trén khodng (a,b) va ngodi ra g/(at) khdc 0 véi moi gid tri cia x thugc khoang (a,b).

Khi d9, ton tai diém c € (a,b) sao cho:

f(b) = f(a) _ f'(z)

b—a  g(z)
Céc két qua nay chiing toi khong trinh bay cach chimg minh & day, chi tiét c6 thé thao
khao trong tai liéu [1]. Mot cach téng quan, ta c¢6 thé néi rang hai dinh 1y Lagrange va dinh
Iy Cauchynhan dugc tir viéc két hop tir ham f(z) (ma ¢ ddy ching ta goi né la “ham goc”)

lién tyc trén doan [a,b] va kha vi trén khoang (a,b) v6i nhiing diéu kién phy nao d6 dé duoc
nhiing két qua méi. Theo ¥ tudng d6, ching t6i sir dung mét sd gidi han co ban mot sb ham so
cap két hop véi ham gbc f (z) dé c6 dugce cac bai toan méi vé giGi han ciia ham b

2. MOT SO CACH XAY DUNG BAI TOAN GIOI HAN CUA DAY SO TU
CAC PINH LY CO BAN CUA PAO HAM

2.1. Cac gi6i han co ban ciia ham so0 mét bién so

Dé thuén loi cho viéc trinh bay két qua, ching ta nhic lai mot s6 gidi han co ban sau:

a(n) In(1 + a(n
P T 2. lim le
a(n)—0  a(n) a(n)=0  a(n)
a o) sin a(n)
3. lim |1+ =e". 4. lim =1
a(n)—oo a(n) a(n)=0  «(n)
51 tan a(n) 1
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2.2. Xay dung mot s6 bai toan qua viéc két hop ham goc véi cac giéi han co ban

Trong phan nay, ching ta xay dung mot sd bai toan vé giGi han cta diy sd bang cach
thiét 1ap nhirg day ham sb thoa méin cac gia thiét ciia dinh 1y Rolle.

Bai todn 1. Cho ham s6 f(z) khd vi trén doan [a,b]. Gia st rang f(a) = f(b) = 0

va f(z) = 0 véi moi x € (a,b). Chimg minh ring ton tai day {xn }OO

n=

. trong khoang
(a,b) sao cho:
lim f/(x")
" (e — f(z,)

Pé chitng minh bai toan nay, chiing ta xét ham sb:

= 2017.

2017z

H (z)=e " f(x);z € (a,b).

Dao ham cia H () la:
n

2017 20172 2017z

H'(r)=—""¢ " fx)+e » f(z)

n

2017z

=e 7 [f'(l’) f(x)]-

Tur gia thiét f(x) kha vi trén doan[a,b] va f(a) = f(b) = 0, ching ta suy ra

2017

n

H () théa man céc diéu kién cua dinh Iy Rolle. Do do, ton tai ddy {$n} C (a,b) sao
cho Hn/ (z ) =0.Tido, ta co:

f'(x,) _ 2017

fz,) n
Str dung gidi han co ban 1 trong muc 2.1, chiing ta thu dugc:
f(=,) . 2017 2017

lim = lim —— = lim —— = 2017.

e ®e—Dfx,) e —n e -1
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20172
Gitt nguyén ham H (z) =e " f(z) va sir dung céc gi6i han co ban khac, chung

ta nhan duoc cac bai toan sau:

Bai toan 2. Cho ham f(z) kha vi trén [a,b] va théa man diéu kién
f(a) = f(b) = 0. Ching minh ring, néu f(x) khong dong nhat bing 0 trén khoang
(a,b) thi ton tai mot diy {xn} trong khoang (a,b) sao cho:

fi(z)|
f(z,)

Bai toan 3. Cho ham f(x) kha vi trén [a,b] va f(a) = f(b) = 0. Ching minh

lim |1+ = 2017
n—oo

rang néu f(x) khong dong nhat bang 0 trén khoang (a,b) thi ton tai mot day {:L’?7 } trong
khoang (a,b) sao cho:

/
f(z,)
f(z,)

Bai toan 4. Cho ham f(z) kha vi trén [a,b] va f(a) = f(b) = 0. Ching minh

lim [nln|1+

n—oo

] = 2017.

rang néu f(z) khong d6ng nhat bang 0 trén khoang (a,b) thi ton tai mot day {x"} trong
khoang (a,b) sao cho:
/
fz,)
)

Bai toan 5. Cho ham f(x) kha vi trén [a,b] va f(a) = f(b) = 0. Ching minh

lim |nsin = 2017.

n—oo

rang néu f(x) khong dong nhat bang 0 trén khoang (a,b) thi ton tai mot day {xn } trong
khoang (a,b) sao cho:

f(z,)

X
n

lim |[n tan = 2017.

n—oo

2.3. Mot s6 ham khac

Ngoai ham H " (:1:) dugc xét trong bai toan md dau, ta c6 thé 1ap cac ham khac.

Tuong g v&i moi ham cuing gi6i han co ban, ta dugc cic bai toan méi nhur sau:
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2.3.1. Xét ham

Di(z)=e " f(x).

Ham nay c6 dao ham la:

Khi ham DTlL (7) thoa min cac diéu kién ctia dinh 1y Rolle nhan duoc tir gia thiét cla

/
ham gdc cho ta khing dinh (D}Z (z, )) = (. Piéu d6, twong duwong véi:

flz) «

2, fx,)
Tu do, chiing ta c6 bai toan:
Bai toan 7. Cho ham f(z) kha vi trén doan [a,b] va gia tri ciia ham tai hai dau muat
déu bang 0. Chimg minh ring néu f(r) khong dong nhat bang 0 trén khoang (a,b) thi

ton tai mot diy {:En } trong khoang (a,b) thoa man:

1. lim f/(x") =
v W — 1, f(a,)

, n
N A G

ol g, f(g,)

f(=,)

3. lim [nln 1+T =«
n—o0 z, " flz,)

.
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/
4. lim nsinM =
n— 00 xna_lf(xn>
/
z
5. lim ntanM =
nooe z, " f(x,)

2.3.2. Xét ham

D?(z) = f(ac).cos%.

Pao ham cua ham nay la:
x

(Hi (x))l = f’(:):)cos£ - lf(x) sin—.

n o n n
‘ /
Diéu kién (D2 (x )) = 0 cho ta:
n n

flz) L 7
= —tltan—.

flx.) n n

Tur @6, ta nhan duogc bai toan:

7 T .
Bai toan 8. Cho ham f(z) kha vi trén O;Z va f(0) = f[Z] = 0. Khi d6, néu
. C s s ;
f(z) khong dong nhat bang 0 trén khoang [0; Z] hi ton tai mot day {xn } trong khoang

do sao cho:

2 p!
i )
n—oo x f(z )

Tuong ty nhu vdy, d6i v6i ham:

HS(:U) = f(:v)cotﬁ; voi & €
n

0;1],
4

chung ta nhan dugc:
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™

Bai toan 9. Cho ham f(z) khd vi trén [0;—| va f(0) = f Z] = 0. Khi d6 néu

K
4

f(z) khong dong nhét bang 0 trén khoang d6 thi ton tai day {:L‘n} C

0; z] sao cho:
4

/
lim %ol @) _
n— o0 f(xn )
Két thuc phin nay chung ta trinh bay 16i giai diy du cia bai toan sau:
Bai toan 10. Cho hamsd f(z) kha vi trén [a,b] va f(a) = f(b) = 0. Gia st f(z)

khong dong nhét bang 0 trén (a,b) . Chimg minh rang ton tai diy {xn} C (a,b) sao cho:

/
tim S @) o017
n—oo f(z,)
Trong bai toan nay, chung ta xét ham phu:
22017
Ds(x) = f(z)In|1+ :
n
Ta co:
2016
/ L2017 2017. %
(Di@) = 7(@)in |14+ T 4 fla) ——2—
n T
14
n

Tl céc diéu kién clia ham f(z)ching ta thiy rang ham D: (x) théa man diéu kién

\ 0.9]
cta dinh 1y Rolle trén doan [a,b]. T d6, suy ra ton tai day {:I:n} C (a,b) sao cho:

n=1

/
(D4(:1;n)) — 0, tie Ia:

n

/ 2017 2016
flz ) 2017 2017

14" In|1+4+ "
n n
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Do dé:
.oz, f(x)
lim =& =
n— 00 xn)
= lim
n—oo
3.KET LUAN

2017 :L,n2017
lim |— n
el 2017 2017
14+ -2 Infl1+ -2
n n
xn2017
2017 n = —2017.
o 217 2017
14+ -2 Infl1+ -2
n n

Béng viéc sir dung nhiing tinh chét didc trung cia ham so cip va ky thuat tao dung ham
phu, chiing ta ciing thiy dwoc mot phuong phap van dung két hop giira gidi han co ban véi
dinh 1y gia tri trung binh dé c6 duoc mot 10p cac bai toan gidi han vé day sé kha dic sic.
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APPLICATION OF MEAN VALUE THEOREM
IN PROBLEMS OF SEQUENCE LIMIT

Abstract: In this paper, we presented some methods of construction of sequence limit
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CONTROLLED TELEPORTATION WITH PARTIALLY
ENTANGLED QUANTUM CHANNEL: DETERMINISM
AND POWER OF THE CONTROLLER

Nguyen Van Hop
Hanoi National University of Education

Abstract: In this article we consider a controlled teleportation (i.e., teleportation under
supervision of a controller) of a general two-qubit state via a quantum channel of the

ﬁ)rm ‘Q>1233'45 = z:n,n:OXm" an >12 ‘m’ mo® n>33' ‘BOO >45 ’ where z;ln,n:o =1 and

IBon )y, = Z;ZO(—I)"” |, j®n) ,. We show in detail that, not only for |x,,

mnl

X

=1/2 but even for

[X,| %172 (ie., |Q),,.y, is not maximally entangled), any unknown two-qubit state can be

teleported perfectly with the success probability of unit and the fidelity of one. We also
prove that if x| 2 1/2 then the teleported state’s average fidelity F,, obtained without the

controller’s cooperation is not smaller than the classical fidelity ¥, =2/5. Therefore, in

order for the controller to play a useful role |x,,| should be chosen 1/4 <|x,|<1/2.

Keywords: Controlled teleportation, arbitrary two-qubit state, partially entangled
quantum channel, controller’s power.

Email: hopnv@hnue.edu.vn
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1. INTRODUCTION

Quantum teleportation (QT) [1] is considered as one of the most successful invention
in the quantum information research [2]. Which achieves the destination of quantum state
transfer in a different way via prior shared entanglement as the quantum channel as well as
the local operation and classical communication. Since the first protocol for teleporting an
unknown qubit, the quantum teleportation protocols have been extensively studied in both
theoretical and experimental aspects [3-14].

Later, combining with the idea of controlled communication, controlled quantum
teleportation (CQT), which allows QT being performed under a third party’s permission,
has been paid much attention. The CQT has rapidly developed from the protocols have one
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controller into the protocols have more than one controller. CQT for teleporting a single-
particle state have been studied [10] and multiparticle quantum state from Alice to Bob
under the control of many networked agents was also provided [11].

Recently, Xi-Han Li et al. [15] presented a quantity for measuring the controller’s
power and gave a reasonable criterion for an eligible controlled teleportation scheme of
single-qubit and N-qubit state. They have shown that the control power can increase with
the number of qubits held by the controller. However, increase is not endless. For
teleporting N-qubit states, the maximum number of qubits owned by controller is 2N. The
control power depends on the quantum channel and strategy.

In this article, the controlled teleportation protocol to teleport an arbitrary two-qubit
state is presented. In our protocol, the original state can be teleported perfectly with the
success probability of unit and the fidelity of one. Without controller’s collaboration, the
quantum average fidelity is smaller than the classical fidelity, therefore the power of
controller is guaranteed.

2. CONTROLLED TELEPORTATION OF AN ARBITRARY TWO-QUBIT
STATE

If the sender Alice wants to transmit an unknown arbitrary two-particle state receiver
Bob, the unknown state can be expressed as:

1
|S>AB = Z ap

a,b=0

’ >AB’ (1)

1
where the coefficient satisfy normalized condition with Z|(X.ab|2 =1. The quantum
a,b=0

and |B> 45 can be written as:
Q(2)> +X, Q(3)>

1233
with any parameters x,y,z,te R satisfying the normalization condition x> +y* +z° +t> =1.

channel that is composed of |Q>1233,

Q(1)> +X,,

1233

@) @

1233

|Q>1233' = Xoo

1233

The states ‘Q(i)>1233' ,1=1,2,3,4 can be written as

Q") =(— o)., - (
) o), [0

1 1

) 00

>1zj|01>33» ®

c=0

A fe), 1, @
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The |Q>1m is proposed by Y. Yeo and W. K. Chua in [5]. The | B),, can be formed:

B, =5 2 Ja.d),. ®

2 d=0

In this nonlocal resource Eq. (2), Alice has particles 1 and 4, Bob has particles 2 and 5,

the controller Chalire has particles 3 and 3'. Therefore, the initial state can be given by:
|T22> = |S>AB |Q>1233' | B>45
- Z::O ZL:O Z:‘n:O Z::O ClapX o

with X, =X,X,, =¥,X,, =Z,and X, =t.

(6)

a’b>AB | an>12

m, m® n>33, ®|BOO>

45°

The four Bell states of two qubits are defined by:
1 ! mi|. .
B ()=— -1) |i,n®1), 7

with m,n € {0, 1} and @ an addition mod 2. This inverse transformation is:

i(—l)m\Bﬁ,m@n) ®)

€L
2 i=0

m,n> =

By virtue of Egs. (7) and (8), we can rewrite |T22> , Eq. (6), in the form:

T = [T0) [ T2 [ 1)+ [11), (10
With:
1 .
T2g>> :% b -Zk, 0(_1)1 o Bi,j>A1 ‘ Bk,1>B4 |j®@a,/@b)_|00), ., (11)
a,n,1, K,/ =
1 .
TZ(ZZ)> - % b ;l 0(_1)1a®kb Qap Bi»J>A1 | Bk’l>B4 |J Da+l/® b>25 |01>33" (12)
a,n,1,],K, =
1 . .
Tz<;>> _ % b Z;‘l 0 (oo Bw‘>A1 |Bk,l>B4 |j@a+1Li®b) [10)  (13)
a,b,1, J,K,/[=
And:

Bi’j>Al | Bk’1>B4 |J Da,/® b>25 |1 1>33/' (14)

1 . .
‘T2(3)> _ t 2 (_l)la@kb®J@a aab
ENAS

It is now clear from Eq. (10) that if Alice makes Bell-state measurements on qubit

pairs (A, 1), (B, 4) with outcomes {i,j,k,l} corresponding to find ‘Bi,j> , Bk’l>B4 and

Al
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Charlie measures qubit 3 and qubit 3" in the computational basis
{|00>33' ’ 01>33' ? 10>33' ?

result measurement of Charlie is {0,0} then the state of Bob’s qubits 2 and 5, up to a

1l>33,} with outcomes {s,s,} corresponding to finding |slsz>33,. If

global phase factor, is projected onto
1
(1) _ ia®kb .
V) = a;(—l) 0| @a,lDb) . (15)
If result measurement of Charlie is {0,1} then the state of Bob’s qubits 2 and 5, up to
a global phase factor, is projected onto:
1 .
[SP) =2 (1) o, i®@a+1.1@b),. (16)
a,b=0
If result measurement of Charlie is {1,0} then the state of Bob’s qubits 2 and 5, up to
a global phase factor, is projected onto:
1
1a®@kb® j@a .
‘s<3>>= 3 (1), |j@a+1LI@b) (17)
a,b=0
If result measurement of Charlie is {1,1} then the state of Bob’s qubits 2 and 5, up to a
global phase factor, is projected onto:

‘8(4)> _ i (_l)ia®kb®j®a o,

a,b=0

j®a,l®b) . (18)

If both Alice and Charlie communicate with Bob via reliable classical channels about

their measurement outcomes, then Bob is able to transform ‘S(i)>,i= 1,2,3,4 to Alice’s

original state, Eqs. (15)-(18), by performing on qubits 2 and 5 single-qubit unitary

operations U which are determined by:

ijkls;s,

- (7o) o (X7 19

ijkls;s, 5°

with X,Z the Pauli operators.

Because Bob always obtain the original state by using these recovery operators, so the
protocol is perfect as both its fidelity and total success probability are equal to one.

3. CONTROLLER’S POWER

The controller’s power is embodied in how much information Bob can achieve
without the controller’s help. If Charlie do not disclose his measurement results, Bob’s

state is a mixed one p, even with Alice’s result. The density matrix can be computed by:
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). (20)

Ps = Tr33’ (| \V>2533' <

where |\u> is the state of Charlie and Bob’s qubits after Alice’s measurement, this state

2533

is forming:
W) sy = X (0 00) + 1y [01) + 1, [10) + v, [11)) |00,
+ ¥ (0t [10) + 01, [ 11) + 01, |00) + 1, |OT))_[OT)
+ 20ty [10) + a1, [11) = 01, |00) — 01, [01))_|10),
+ (09| 00) + 01y | 01) = 01, [ 10) — 1, | 11))_[11). .

21)

The non-conditioned fidelity (NCF) of Bob’s state without Chalie’s help is:
~ AB <S|pB|S>AB' (22)

In order to calculate the average over all input states which are assumed appear
equally often, the parameters are rewrite following:

o, = cos0,, o, =sin0,cos0,e”,

_ (23)
a,, =sin0,sin 0, cos0,e'”, a,, = sin 0, sin 0, sin 0,
where 0, e[O,n/Z], and @, e[O,2n) for k=1,2,3.
Then the average fidelity can be computed by [16]:
1 22 2k-1
V(4 HIO cos 0, sme do Hj do,f, (24)
with total volume of the manifold of pure states is:
3 n 3
Hjo/zcose s1n9 a0 HI do, = T; (25)
k=1 .
and we get:
1 1 4
f =—(5x"+y +z2°+t} ) == +—=x". 26
w5 (Y )=5+3 (26)
The average controller’s power is:
. S (27)

av av 5 5

For N-qubit state, the minimal fidelity is 1/2" by guessing and the classical limit
is [15]
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2

=—F. 28
cl 1+2N ( )

when N = 2, then F,=2/5 and (f,,) =1/4. This means that, for perfect controlled
teleportation of two-qubit state, the average controller’s power should be 3/5<C, <3/4,

therefore the parameters of quantum channel are chosen 1/4<x<1/2. Without
controller’s collaboration, the quantum average fidelity is smaller than the classical fidelity
when the parameters of quantum channel satisfy the following conditions

X*+y +72°+t0 =1,
1/4<x<1/2. (29)

4. CONCLUSION

We have proposed the protocol for controlled teleporting an arbitrary two-qubit state.

In this protocol, as the quantum channel, an EPR pair and a |Q> state are shared by the

1233
sender, the controller, and the receiver. The protocol is perfect as both its fidelity and total
success probability are equal to one. Without controller’s collaboration, the quantum
average fidelity is smaller than the classical fidelity, therefore the power of controller is
guaranteed. The study controlled quantum teleportation of a two-qubit state via a set of
partially entangled quantum channels subjected to noises would be proceeded.
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VIEN CHUYEN LUQNG TU CO PIEU KHIEN
QUA KENH LUQNG TU RIENG PHAN ROI KHONG CUC PAI:
TAT PINH VA QUYEN LUC CUA NGUOI PIEU KHIEN

Tém tdt: Trong bdi bdo nay ching t6i nghién ciru vién chuyén lwong tir trang thai cia hai
qubit bat ki ¢6 diéu khién qua kénh lwong tir riéng phan réi khéng cuc dai.Bang chién
e hop i, khi ngueoi diéu khién hop tdc, giao thirc vién chuyén la hoan hdo vi xdc sudt
thanh cong va do tin cdy b&ng mét. Mat khéc, cdc tham sé dic trung cua kénh lvong tu
riéng phan roi khéng cwc dai diege thiét ké sao cho khi nguoi diéu khién khong hop téic
thi quyén lyc cua anh ta dwoc bdao dam nghia la dé tin cdy cua trang thai nhan duoc
trong trwong hop ndy nhé hon dé tin cdy cé dién.

Tir khéa: Vién chuyén luong tir, trang thdi ciia hai qubit bdt ki, kénh lwong tir riéng phan
roi khong cuc dai, quyén luc cua nguoi diéu khién
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MOT PHUONG PHAP DAC TA LOGIC CHO VIEC
DANH GIA VA PHAN TiCH LO HONG AN NINH MANG

Tran Ba Hung', Nguyén Pirc Giang', Bui Thi Thu', Lwu Thi Bich Hwong®
"Vién Cong nghé Thong tin, Vién Han lam Khoa hoc va Cong nghé Viét Nam
2Trwdng Dai hoc Su pham Ha Ngi 2

Tém tdt: Piéu quan trong doi voi cdc quan tri vién hé thong la phdi biét vé nhing 16 hong
bao mdt. Tuy nhién, cdc phwong phdp danh gid tinh dé ton thwong hién tai cé thé gdp
phdi cac van dé vé ty 1é sai léch cao, thoi gian tinh todn dai. Hon nita, ching chi ¢é kha
néing dinh vi cdc 16 hong riéng 1é trén mét may chii heu trit ma khéng can quan tam dén
hiéu qua tiong vmg ciia cdc 16 hong trén mdy chii hodc mét phan cia mang véi cdc 16
héng cé thé dwoe phin phéi gitta cic mdy khdc nhau. Dé gidi quyét nhiing vin dé
nay,chung toi dwa ra mot phuwong phap hinh thirc swr dung ddac ta logic cho viéc danh gia
va phan tich 16 héng an ninh mang. Véi phirong phép nay cdc 16 hong dwoc phdt hién ma
khéng can phdi mé phong cdc cude tan cong va né ciing cé thé dé dang tich hop véi cdc
cong cu bao mat khac dwa trén co so dir liéu quan hé.

Tir khéa: An ninh mang, danh gid tinh dé ton thuong, 16 hong bdo mdt, thude tinh logic

Nhan bai ngay 14.5.2017; gui phan bién, chinh stra va duyét dang ngay 10.9.2017
Lién hé tac gia: Tran B4 Hing; Email: tbhung@ioit.ac.vn

1. GIOI THIEU

Ngay nay, voi su gia ting manh mé ctia mang mdy tinh va sy phiic tap ciia phin mém
may tinh, cac 16 hong bao mat ciing ting nhanh & cac doanh nghiép 16n [3]. Vi nhiéu van
dé vé bao mat gdy ra boi cac 16 hong an trong cac mang may tinh, diéu cuc ky quan trong
1a cac quan tri vién hé thong phai biét vé cac 16 hong nay. Phan tich nhiing 15 hong nay va
tim ra cach khai thac, khic phuc chiing 1a rat quan trong cho cac hé thong thong tin cua t6
chire, doanh nghiép [9], c6 nhiéu nghién ciru dé phat trién k¥ thuat danh gia tinh dé& ton
thwong nhu x4c dinh cac 16 hong bao mat hién c6 trong mang. Trong thuc té, cing véi
tuong ltra, hé théng phat hién xam nhap, ma hoa va bao vé chéng virus, danh gia ton
thuong 1a mot trong nhitng k¥ thuat cdt 15i trong viéc bao vé chdng lai cac cudc tin cong
mang. Cac phuong phap phan tich 15 hong bao mat dwoc thyc hién ty dong, chang han nhu

Internet Security System (ISS) Internet Scanner, Nessus, andsoon [15]. Trong bai bao nay
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chung t6i s& gidi thiéu mot phuong phap méi dé phan tich danh gia 16 hong an ninh
mang d6 12 phuong phap hinh thirc sir dung dic ta logic dé giai quyét bai toan 16 hong an
ninh mang.

Pé giai quyét van dé nay bai bao trinh bay mot hé thong danh gia tinh d& bi ton thuong
cho md hinh mang NetScope dua trén ngdn ngitr OVAL (Open Vulnerability Assessment
Language), bao gdm ba module chinh: kiém tra phan chia cac tic nhan (distributed
inspection agents), phuong phép phan tich(analysis engine) va trung tdm dir li¢u(data
center). Cac 16 hong duogc xac dinh thong qua OVAL dong thoi két hop céac 16 hong tuong
g véi cac cudc tin cong trong mot mang thong qua i thuyét logic vi tir.

Trong cac phan tiép theo ciia bai bao chung t6i trinh bay phuong phap dic ta logic cho
viéc danh gia va phan tich 16 hong an ninh mang. Phan ba ciia bai bao 1a két qua thir
nghiém phuong phap hinh thic sir dung dic ta. Cudi cung 1a két luan cua bai bao.

2. PHUONG PHAP PAC TA LOGIC CHO VIEC PANH GIA VA PHAN
TICH LO HONG AN NINH MANG

2.1. M6 hinh hé thong 16 hong NetScope

2.1.1. Mgt s6 khdi niém co bin

Phuong phap phan tich cia hé théng NetScope dugc dé xuit trong bai bao nay dya
trén ly thuyét logic vi tir don gian dugc phan chia thanh hai phan: phan riéng biét va vi tir.
Cac vi tir ¢6 cac yéu td co ban, trude tién chung ta gidi thiéu cac dinh nghia sau dugc st
dung cho NetScope [7].

Pinh nghia 1. [19] Kiéu tin cong V: gdm ba thanh phan (fact, prerequisite,
consequence) d¢ dai dién cho diéu kién tién quyét va két qua ciia mdi kiéu tin cong. Mo ta
ctia mdi phan tir dugc liét ké nhu sau:

— Fact: 1a mot tap hop céac ca thé, mdi ca thé c6 mién lién két cac gia tri, dugc ky hiéu
boi {xy,..., Xu/t.

— Prerequisite: La diéu kién tién quyét chi ra nhiing cai gi can phai dung dé thuc hién
tan cong mot cach thanh cong duoc thé hién bang cong thic vi tir nhu sau: Pi(x;) A...
NPy(xp).

— Consequence: Mo td nhitng gi co thé diing néu cudc tan cong thuc sy thanh cong, la
mot tdp hop cdc cong thirc co so logic, tat ca cac bien duoc biéu dién boi cong thirc

{P](X])..., Pq (xq)},
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Pinh nghia 2. Mt tan cong tic thoi v: 13 tap hitu han cua tap hop trén fact cua kiéu
tan cong V, trong d6 mdi bd dugc két hop voi mot gi tri xac dinh.

Pinh nghia 3. [20] Kiéu 15 hong D:cua bat ky thudc tinh hé thong nao c6 thé dugc sir
dung nhu 12 mot diéu kién tién quyét ctia cac kiéu tin cong, tirc 1a mdi cong thire thudc tinh
co so 1a diéu kién tién quyét cho cac kiéu tan cong dugc biét déntrong CVE (Common
Vulnerabilities and Exposures), quyén day du ciia nguoi dung trén victim/attack host va
céc kich ban tan cong dé khoi dong cac cude tan cong.

Dinh nghia 4. LS héng khoi tao d: 1amot 16 héng cu thé voi cac dia chi IP xac dinh
tuong ng véi mot kiéu dé bi tan cong D.

Pinh nghia 5. Quan hé tan cong/16 hong lacudc tin cong twong Gmg v tuong quan véi
16 hong duoc tao ra d néu co ton tai pEP(v) sao cho d bao ham p, trong d6 P(v) 1a tap hop
clia tat ca cac vi tir xuat hién trong diéu kién tién quyét va c6 dbi sd dugc thay thé bang cac
gia tri thuQc tinh twong ing ctia mét bo trong d.

2.1.2. Kién triic ciia hé théng mé ti 16 hong NetScope

Kién tric tong thé ctia NetScope dé xuat trong bai bao nay dugc thé hién trong Hinh 1.
N6 bao gom ba phan: tic nhan kiém tra (inspection agents), trung tim dir liéu (data center)
va cong cu phan tich (analysis engine). Cac chuic ning cia timg phan duoc mé ta nhu sau:

@ Analysis Engine
-~
- ~

\SSL -~

Routre

Inspection | Inspection Agent 2 Inspection
Agentn

== == == Control Signal

Configuration Information

Hinh 1. Kién triic ciia hé thong mé ta 16 hong NetScope.

— Inspection agent: M&i mot inspection agentdugc trién khai trén mot may chu dich c6
trach nhiém thu thap thong tin cau hinh hé thong théng qua OVAL va bdo céo cho trung
tam dit liéu dé phan tich. Vi kha nang thu thap thong tin manh mé, hé théng NetScope ¢6
loi thé 1a xdy dung hd so luu trit bao gdm: kiéu va phién ban hé diéu hanh, danh sach cac
dich vu, phﬁn mém va danh sach vé, chinh sach kiém soat truy cap, st dung bang thong,
hi€u nang [/O...vv.
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— Analysis engine:

e Cdu hinh hé thong danh gid: Thiét 1ap muyc tiéu cac may chi, co s¢ dit liéu, chinh
sach danh gia va diéu kién danh gia theo yéu cau danh gia, trong d6 viéc thiét lap chinh
sach danh gia 1a lya chon mét s6 phién ban nhét dinh cta ph?m mém danh gia. Diéu kién
danh gia c6 thé 1a mot trong ba myc tiéu: danh gia dinh ky, danh gia dinh hudng thong tin
va danh gia theo sy kién.

o Xdc dinh cac I6 héng: Theo cac dinh nghia cia OVAL, xac dinh xem c6 tOn tai cac
16 hong trén may chu hay khong dya trén thong tin cau hinh dugc cung cap boi mdi téc
nhan kiém tra.

e Phan tich 16 hong mang: Tuong quan cac 16 hong ca nhan dwoc phét hién véi cac
cudc tin cong da biét dé xay dung cic duong dan tin cong tiém ning dan dén muc tiéu
duoc bao vé.

e Kiém sodt cdc tac nhdn kiém tra: Kiém soat viéc khoi dong va cham dat cac tac
nhan kiém tra.

e Hién thi cdc két qua danh gid: Bao cao da phat hién cac 16 héng bao mat, cac duong
dan tan cong tiém an va cac thong tin chi tiét trong Gmg.

e Quan Iy co so dir liéu: Duyé¢t, chén va xda cac ban ghi dir liu.

— Data center: Luu trir kién thtrc vé tdn cong/16 hong, thong tin ciu hinh hé thong tir
moi nhan vién kiém tra, va cic két qua danh gia dugc tao ra boi cong cu phan tich. Trong
bai bao nay chung t6i dé cap t6i ICAT Metabase [22] dé xac dinhdinh danghinh thirc cia
co so dit liéu Vul Base (co so dit liéu vé 16 hong) dugc thé hién trong Bang 1.

Bang 1. Binh dang va mé td co s¢ dit liéu dé bi ton thwong Vul Base

Field Description Field Description

Vul_Name CVEID Pub_Date Published date of vulnerability

Sum Summary description of vulnerability Th_Sev Threat degree: high, medium or low

Ex_Range Attack range: remote or local Ref Related websites containing vulnerability information
Loss_Type Loss type Vul_Type Vulnerability type

Vl_SofdVer Vulnerable software and its version Rem_Measure Remedy solutions

2.1.3. Nguyén tdc mo ti 16 héng

Trong bai bao nay, hé théng NetScope dua vao mot tiéu chuan m&i OVAL dé xac dinh
lidu 15 hong co ton tai trén mot hé thong nhit dinh hay khong. Luoc d6 chuan nay cung cap
mot duong co so dé thuc hién kiém tra tinh dé bj ton thuong trén hé théng may tinh ndi bo
[21]. bé cép dén tom tat dinh nghia OVAL, m¢t m6 hinh danh gia ton thuong dua trén
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mirc d¢ gia ting dugc trinh bay ¢ Hinh 2 dic ta mo hinh dénh gia 16 hong trén nén tang
Windows.

Mo hinh nay bao gom bdn 16p tir dudi 1én trén: ngudn thong tin, tinh trang hé thong,
danh gia trung va dénh gia cudi cing. Pau tién co6 duge cdu hinh hé théng: bang dang ky
hé thdng, bang dang ky Metabase, hodc tép hé théng. Sau do, xac dinh trung gian tirc 1a
liéu mot phﬁn mém hodc cau hinh nhat dinh c6 bi ton thuong hay khong, dugc thyc hién
dua trén thong tin trang thai hé théng. Két luan cudi cung 16 hong cho mot may chi luu trit
dugc thuc hién boi logic AND-operation duatrén danh gia két qua trung gian. Qua trinh
xac dinh hinh thirc dugc dua ra nhu sau:

Trude tién, nam tap hop duogc dinh nghia d6 1a: tip cac phan mém tng dung FN =

{fiy,......, fn,}, tp phién ban phan mém ung dung AV ={av,,......, av,} tp cac ban va 15i
PS = {ps,......, psy) tap cac dich vu dang chay RS ={rs,,......, rs,} va mot tp hop cac thiét
1ap cdu hinh CS ={cs;,......, cs,}. Mdi phan tir trong ndm bd nay dugc biéu dién dudi dang

cong thirc vi tir Exist(x) c¢6 nghia 13 ton tai x trén mot sé may chu hodc su suy ludn hop 1y
ctia nd. Va mién gié tri cuia mdi phan tir 1a {0, 1, @}, trong d6 1 va 0 dai dién cho vi tir cia
thong tin hé thong, mot 16 hong cu thé phu thudc vao ding hay sai. Gia tri ¢ biéu thi rang
mot 16 héng cu thé hién dién trén may chu khong dua trén vi tir nay.

Thir hai, chic ning danh gid cia phan mém dé bi ton thuwong lién quan dén mot 15
héng nhét dinh duoc dinh nghia nhu sau:

ILMm#0andav # 0 and ps # 1

g9(/n,av,ps) = {0,[;1 = 0orav=0 or ps=1

Trong d6: fu € FN, av € AV, ps € PS )

--------------------- Final
Jjudgment

Intermediate
judgment

System
status

Information
source

Hinh 2. M6 hinh danh gid 16 hong diea trén cdp do gia tang cho nén tang Windows.
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Thir ba, d6i voi mot 16 hong nhat dinh, chic ning danh gia cau hinh dé bi ton thuong
duoc dinh nghia la:

Lrs #0andcs # 0
0,rs=0 orcs=0

h(rs,cs) = {
Trong do: rs € RS, cs € CS )
Cudi cung, chitc ning danh gia liéu mot 16 héng nhat dinh c6 ton tai trén may chu
duoc dinh nghia la:
flg,h)= g(fn,av,ps) A h(rs,cs) 3)
Vi du nhu 16 hong CAN-2002-0863, tic 14, kha ning ma hoa yéu kém trong giao thirc
RDP, céc cong thtic dinh vi lién quan dén Egs. Tu (1), (2) va (3) dugc chi ra nhu sau:
fn = Exist(Terminal Server 5:0),
ps =Exist(Patch Q324380) N Exist(SP > 4),
rs = Exist(RDP service), cs = @
av = Exist(rdpwd:sys versions < 5:0:2195:5880).
Ngbn ngit SQL dugc dua ra trong Mitre Corporation 2006 dé xac dinh xem 15 hong
CAN-2002-0863 c6 trén may chu hay khong.

2.2. M6 hinh phén tich d4nh gi4 16 hong mang

; i i isiti Initial
. System information acquisition Attack ;
Knowledge collection . o0al attacker
Security & rivil
?ﬂ L 10 > Preprocess privilege
checking
Attack/vulnerability Network
correlation rules Elementary A Instantiated
A knowledge vulnerabilities Y

Instantiated vulnerabilities Y

Correlation
engine

R RDBMS

|
| Elementary knowledge

Attack/vulnerability

types | \

>

web
related to

( Visualizatior
T > of

security | Correlated
e - attack paths
attacks/vulnerabilities

Hinh 3. M6 hinh phan tich 16 hong mang.

Dua trén céac 16 hong duoc phat hién, lam thé ndo dé chi ra méi quan hé giira cac 16
héng don 1¢é v&i nhau ma n6 c6 thé két hgp dugce tao thanh mot cude tan cong lién quan dén
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céu hinh ban ddu. Mot phuong phap méi vé phan tich mdi twong quan attack/vulnerability
dua trén logic vi tir dugc dé xuat dé xay dung cac duong tan cong tiém niang din dén muc
tiéu cu thé. Hinkh 3 cho ta mo hinh 18 hong mang duogc phan tich.

Y tudng thiét yéu cua cach tiép can duoc dé xuét 1a twong quan cac 16 hong va céc
cudc tin cong bang cach két hop cac 16 hong co ban véi cac diéu kién tién quyét cia cac
cudc tan cong khoi tao. N6 sir dung dy dit mdi quan hé nhan qua giita cic cudc tin cong
va céac 16 hong, tuc 1a cac diéu kién tién quyét cia mot cude tan cong phai duoc dap ung
trude khi nod co thé duoc sir dung va hdu qua cta mdt cude tan cong thanh cong c6 thé bao
gom viéc kham pha nhiing thong tin cé gia tri vé mang, ning cao quyén cia ngudi dung,
thém cac mdi quan hé tin cdy giita cac hiéu ing c6 thé khac. C6 bdn module: thu thap kién
thirc, thu thap thong tin hé thdng, céng cu twong quan va tryc quan hoa cac duong dan tan
cong trong md hinh phan tich 15 hong mang. Bén module nay tuong tac véi RDBMS dé
xay dung cac duong dan tin cong co thé dan dén mot muc tiéu duogc bao vé.

Modulel: Thu thdp kién thirc co bdn

Muc dich cia viéc thu thap kién thirc co ban 1a xay dung mot co so tri thuc cho mbi
tuong quan giira attack/vulnerability. Tuy nhién, rat kho dé tw dong nim bt ngit nghia can
thiét cho cac diéu kién tién quyét va hau qua cta cudc tin cong, ngdn ngir thuong dugc sir
dung dé mé ta cac 16 hong va cach khai thic chung. Bai bao nay sé thu thap thong tin vé
céc 16 hong va k¥ thuat tan cong dugc biét dén tir co s dit liéu (Sourcefire 2003) dé xay
dung co s dir liéu attack/vulnerability ban dau. Tir co s¢ dir liéu tan attack/vulnerability
ndy, chung t6i xdy dung mot nguyén tic diéu kién tién quyét hay hau qua
(prerequisite/consequence) co s& cia cac cudc tan cong bang tay, noi cac diéu kién tién
quyét va hau qué cta cac cudc tin cong duge mo ta bdi cac cong thire tinh co sé cua cac 16
hong. Xay dung co sé tri thirc ndy lién quan dén viéc mo hinh hod cac 16 hong ciia hé
thdng, cac cudc tan cong co ban va mdi quan hé giita cac cude tan cong va céc 16 hong.

M6 hinh 16 hong (Modeling vulnerabilities)

L hong nay dugc dinh nghia 14 bat ky thudc tinh hé thong nao c6 thé duge sir dung
nhu mét diéu kién tién quyét cho mét cudc tn cong. Theo dinh nghia vé tinh d& bi ton
thuong, n6 c6 thé duoc chia thanh sau thanh phan: CVE va cac quyén ciia ngudi dung trén
may chil nan nhan, quyén nguoi dung, kha niang thuc thi cac chwong trinh va céac kich ban
tan cong trén may chi tin cong va cac chinh sich truy cap. Thong qua cic cong thirc tinh
co s6, sau phan nay duoc md hinh nhu sau:

Vul Name(VICTIM) (Predicate 1)
User Name(ATTACK) (Predicate 2)
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User Name(VICTIM) (Predicate 3)
Policy Name(ATTACK; VICTIM) (Predicate 4)
EXECUTE(ATTACK) (Predicate 5)
PGM Name(ATTACK) (Predicate 6)

Trong dé: Predicatel Vul Name (VICTIM) 1 tén cia host d& bi ton thuong VICTIM.
User Name & Predicate 2 va Predicate 3 xac dinh mot tap hop cac hanh dong dugc cho
phép trén mot host duge chi dinh c6 thé & mot trong ba cap: khong co dic quyén NONE,
ngudi dung binh thuong NORMAL USER va quyén siéu nguoi dung SUP_USER. Trong
Predicate 4, Policy Name duoc dit tén theo cach tiép can 16p theo ciu tric giao thirc mang
TCP/IP, chang han nhu LINK_ARP, TRANS TELNET, nhu vdy, cho phép nguoi diung
trén may ATTACK c6 thé truy cdp vao dich vu NAME ciia may chu VICTIM tai 16p
Policy. Predicate 5 va Predicate 6 nghia 1a ké tan cong c6 thé thyuc hién bat ky chuong trinh
va phan mém PGM_Name ctia riéng minh trén may ATTACK.

Mé hinh tan cong (Modeling attacks)

Co s6¢ dir li€u chir ky Snort dugc phuc vu dudi dang co so dit li€u tan cong trong hé
thong NetScope dugc dé xuit trong bai bio ndy 1a mdt cude tin coéng co ban duoc dinh
nghia hinh thttc nhu sau:

Exploit Name (ATTAC; Mid Host, VICTIM)  (Predicate 7)

Cu thé, ké tan cong trén host ATTACK c6 thé khoi chay tin cong Eploit Name giy
bat 11 cho may chu VICTIM thong qua may Mid Host.

Mo hinh hoa mbi quan hé nhan qua giita cac cudc tin cong va cac 16 hong

Cén phai tinh dén mdi quan hé nhan qua giira cac cudc tan cong va cac 16 hong dé phat
hién cac duong dan tin cong tiém tang dan dén mot muc tiéu. Mbi quan hé nhan qua giita
cac cudc tan cong va cac 16 hong duge mo hinh nhu sau:

prerequisite; A ... A prerequisite, => exploit (Predicate 8)
exploit => { consequence;... consequence, } (Predicate 9)

Trong hai vi tir trén diéu kién tién quyét va hau qua duoc thé hién bang cong thirc co
ban. Piéu d6 c6 nghia prerequisite;(i=1,...,n) phai dung dé c6 thé thyuc hién thanh cong
cudc tin cong, va néu sy khai thac thanh cong thi consequence;(j=1,...,m) c6 thé dang. Mot
sb bang trong co sé dit liéu quan hé dugc stir dung dé luu trix cac vi tur trong co so tri thic,
bao gom céc thudc tinh lién quan dén cac tin cong va cac 16 hong, va mbi quan hé giita

chung. Hinh 4 cho thidy mét sé bang cho mot co so tri thire vi du.
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PID VulPredicate ArgNum | ArgPos | ArgName AttackType | AttrNum | AttrPos | AttrName
| | TRANS_IIS_RDS 2 | ATTACK WUFTPDX 2 1 ATTACK
| TRANS_IIS_RDS 2 2 VICTIM WUFTPDX 2 2 VICTIM
2 EXECUTE | | ATTACK ”-5:_/\’ DS 2 1 A TT_A CK
3 | SERVICE_FTP 1 | VICTIM IIS_RDS 2 2 VICTIM
4 TRANS_FTP 2 | ATTACK (b) Table Attack Type Fact
4 TRANS_FTP 2 2 VICTIM
5 EXECTUE 1 1 VICTIM
6 CVE-2002-1142 l | VICTIM
7 SUP_USER 1 1 VICTIM AttackType | ConNum | ConPos | PID
8 | PGM_WUFTDX 1 1 ATTACK - i
9 | SERVICE_IIS 1 I VICTIM “I%’; ’; sz ; : ;

10 /E- _ 7 y D
CVE-1999-0879 1 | VICTIM 1IS_RDS > ’ -

(a) Table Vulnerability Type Predicate
(c) Tabie Attack Type Consequence

AttackType | PreNum | PrePos | PID
WUFTPDX 5
WUFTPDX 5
WUFTPDX 5

VulName PID

FTP serivce enabled
WUFTPDX is installed

L e P R S
Oml\)-&-w
- ON oo W

WUFTPDX 5 CVE-2002-1142
WUFTPDX 5 Pemmiting incoming FTP traffic
(d) Table Attack Type Prerequisite (e) Table VulName to PID

Hinh 4. Bang vi du cho cdc vi tir va cdc kiéu attack/vulnerability trong co s tri thikc.

O cac bang trén thi: PID la sb thir tu cta céac vi tir, VulPredicate 13 tén cua vi tir biéu
dién cho mot kiéu cua tinh dé bi ton thuong, ArgNum 1 s6 luong ca nhan trong cac thanh
phan thuc té cia mdi vi tir kiéu dé bi ton thuong, Argos 14 vi tri ca nhéan trong thanh phan
thuc té ctia mdi vi tir ctia kiéu dé bi ton thuong, ArgName tén ca nhan twong ng véi vi tri
c4 nhén trong thanh phan thyc té ctia mdi vi tir cua kiéu dé bi ton thuong, AttackType 1a
kiéu tin cong V dai dién cho mot kiéu tin cong, AttrNum sb thudc tinh trong thanh phﬁn
thue t& cia mdi vi tir cau kiéu tin cong, AttrPos 1a vi tri thudc tinh trong thanh phﬁn thuc té
ciia mdi vi tir cua kiéu tin cong, AttrName 1a tén thudc tinh twong Gmg vi tri tao d6 trong
thanh phan thyc té cia mdi vi tir cta kiéu tdn cong, PreNum/ConNum 13 s6 luong cac yéu
t6 trong thanh phan prerequisite/consequence ctia mdi vi tir cua kiéu tin cong,
PrePos/ConPos 14 vi tri phan tir trong thanh phan prerequisite/consequence ctia mdi vi tir
ctia kiéu tan cong.

Bang kiéu vi tir 16 hong (Hinh 4a) bao gdm céc vi tir ¢6 thé dugc sir dung dé biéu dién
cho diéu kién tién quyét va hau qua cta cac cudc tan cong. Vi duy, dau tién va th hai cia
céc bo trong hinh 4a cho biét TRANS IIS RDS 1a mét vi tir c6 hai ca thé: ATTACK dau
tién va VICTIM thtr hai, sb thir ty cia n6 1a 1. Cac kiéu tdn cong duoc luu trit trong ba
bang: Attack Type Fact (Hinh 4b), Attack Type Prerequisite (Hinh 4d) va két qua loai tan

cong (Hinh 4c). Hai bang: Kiéu tan cong diéu kién tién quyét va kiéu tan cong két qua co
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cung cau tric, nhung dugc sir dung dé giit cac dicu kién tién quyét va hau qua cua cac kiéu
tan cong da biét, twong tng. Vi du, bd dau tién cua Hink 4c noi 1én kiéu tin cong
WUFTPDX c6 mét vi tir ¢6 PID 1a 5, tic 1a EXECUTE trong thanh phan két qua cta no.
Ngoai ra, bang VulName t¢i PID (xem Hinh 4e) bao gdom VulName va PID duoc thiét ké
dé tu dong dat dugc su chuyén doi tir cac 16 hong da duoc phat hién thanh cac vi tir co ban
va dit nén moéng cho qua trinh tién xur 1y sau nay.

Module2: Thu thdp thong tin hé thong

Thong tin vé cau hinh hé théng rat hitu ich cho viéc xdy dung cac dudng tan cong tiém
an. Vi du, cac chinh sach truy cip giup xac dinh xem mot ké tin cong c6 thé giri mot goi
doc hai dén mot chuong trinh d& bi t6n thuong. Chirc ning ctia module thu thap thong tin
hé théng la kham pha topo mang va mo td n6 theo mot dinh dang nhat dinh. Pbi véi
NetScope 1a thyc té, diéu quan trong 1a ty dong hoa qua trinh phat hién mang.

Hai kiéu tac nhan kiém tra dugc phat trién cho nén tang Windows va Linux dé vuot
qua van d¢ ctia hé théng danh gia hién tai khong cé kha ning cung cip chinh sach truy céap
va thong tin cAu hinh khéac. Céc tac nhan kiém tra d& xuit st dung OVAL, va ty dong Xuét
ra thong tin cau hinh may chi tiét bao gdom cac dich vu hitu ich, cic thanh phan phan mém,
két ndi mang va cac cong 1/0. Di voi may chi Windows hodc Linux, cic tic nhan kiém
tra c6 dugc cac chinh sach truy cap bang cach phan tich ct phap cac gia tri chinh cia cac
quy tic tudng lira trong bang dang ky va cac tép céu hinh cia IPTables hoic IPChains
tuong Gmg. Hon nita, cong cu phan tich NetScope phan tich thong tin cdu hinh tir cac tac
nhan kiém tra dé phat hién 16 hong CVE trong mot hé thong. Cac 16 hong CVE duoc phat
hién va thong tin cu hinh duoc chuyén thanh cic 16 hong co ban dua theo bang VulName
dén PID duoc luu trir dudi dang 16 hong va hién thi trong Bdng 2.

Bang 2. Tinh dé b ton thwong

InsVullD InsVulPredicate Src_Host Dst_Host

I TRANS_IIS_RDS 192.168.1.10 192.168.1.19
2 TRANS_IIS_RDS 192.168.1.50 192.168.1.19
3 EXECUTE 192.168.1.10 NULL

4 SERVICE_FTP 192.168.1.19 NULL

Dinh nghia ctia mdi trudng trong Bang 2 dugc cho theo cac cot: InsVulIDIa s thi ty
cta 16 hong co ban, InsVulPredicatela cic vi ctia 16 hong co ban, Src_Host/Dst_Hostla
cic may chil source/destination tham gia vao 16 hong co ban.
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Module 3: Phirong phap twong quan

Phuong phép twong quan 1a rit quan trong dé xay dung cac dudng dan tin cong tiém
ning dya trén 1y thuyét logic vi tir. Trong giai doan nay, két qua attack/vulnerability va
thong tin cdu hinh hé thong cu thé duoc giri dén mot cong cu twong quan. Pong co nay
tuong tac voi RDBMS dé twong quan cac cudc tin cong véi cac 16 hong duoc phat hién
bang cach sir dung day da mdi quan hé nhan qua giita chung va luu trit chung vao bang két
quéa tuong quan Correlated_Result thé hién trong bang 3 dang chuan bi va da chudn bi.
Tai cung mot hang trong bang 3, vi tir thudc truong Preparing 1a diéu kién tién quyét ctia vi
tur trong truong Prepared.

Bang 3. Correlated Result

Preparing Prepared

TRANS_FTP WUFTPDX
(192.168.1.10,192.168.1.19) (192.168.1.10,192.168.1.19)

EXECUTE(192.168.1.10) WUFTPDX

(192.168.1.10,192.168.1.19)

Trude khi gidi thiéu thuét toan twong mg vai cac 16 hong véi cac tan cong, trudce tién
chung ta cung cép cac dinh nghia sau cho mot s bién, ham va toan tir dugc sir dung trong
qué trinh tuong quan.

Stouna 12 tap cac cude tAn cong co thé tim thiy duoc.

Seurrens 12 tap hop cac cudc tAn cong thanh cong c6 thé xay ra trong qua trinh lap lai
hién tai.

SCeurrem 12 hdu qua ctia cac cudc tin cong thanh cong co thé phat hién dugc trong qua
trinh 13p lai hién tai.

PetyCiep 12 céc diéu kién prerequisites/consequences thiét lap cua kiéu tin cong e..

Sign 1a bién thé hién duong dan tn cong dan dén mot muc tiéu cu thé duoc tim théy.
Pugc chi dinh néu gia tri cua diu hiéula 1, c6 nghia 1a c6 mdt duong dan tan cong it nhéat.
Néu khong, khong tim thdy dudng tan cong.

correlation(i, temp) 13 ham céc quy tac twong quan dé xac dinh liéu mot cudc tan cong
instantiated c6 thé thanh coéng, cho du cic gid tri twong Ung voi cung mot ky tu
"ATTACK", "Mid_Host" hay "VICTIM" trong mau kiéu ban ghi 1a hoan toan binh dang
trong ban ghi instantiated / néu ¢, cudc tin cong niy s& xay ra, va gia tri tra vé twong quan
chtic ning 1a TRUE. Néu khong, s& khong co cudc tan cong xdy ra va gia tri tra vé la
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FALSE. Vi du mét kiéu tin cong cu thé IIS RDS, gia sit mdt loai ban ghi va mdt ban ghi
khéi tao i = {Money, NULL, Money, Maude, Maude, NULL}, mét cudc tAn cong kiéu tan
cong khoi tao IIS RDS thanh céng vi cac gia tri twong tng véi ATTACK va VICTIM
trong femp 1a Money va Maude trong i.

temp = { 'ATTACK', 'NULL, 'ATTACK','VICTIM, 'VICTIM',’NULL'

|EXECUTE 2TRANS JISRDS ACVE=-2002-1142

Output(i,temp) 12 ham ma cic c4 nhan thay thé cia mot kiéu tin cong cu thé
(ATTACK, Mid Host, VICTIM)véSi cac gia tri twong ung trong i, twong tmg v&i ba chudi:
ATTACK, Mid Host hoac VICTIM hoac trong temp. Vi du dugc liét ké trong tuong quan
vé chirc nang (i, temp), cudc tan cong khoi tao IS RSD (Money, Maude) dugc tao ra thong
qua chure nang /IS RDS (output (i, temp)).

Ins (P(et))/U///o/IT/ 1a ham khoi tao clia mdi cong thire vi tir P theo tap cac thong
tin ban dau. Cac hanh dong ciia intersection/union/difference/selection/projection/joinduoc
xac dinh trong co so dir li€u quan hé.

Algorithm: Attack/vulnerability correlation

Input: A set of attack types £, a set of vulnerability types V', a set of attack types’ prerequisites 7P, a set of
attack types’ consequences 7C | initial information set 77, and a protected goal G .

Output: Correlated attacks/vulnerabilities set S .

* The detail of Forward _search*

St P Srene 0, SC o =T1, SC cirem — @, S, — @, sign=0: /*Initialization*
While ((SC.,.,... \G)NP(E)#o { *P(E)=JP(e,)*
Foreach e¢,€ E do ¢

Ple,)=0c,TP:
If (SC.,.. \G)NP(e,))=¢
templ =M P(e,) :
Forcach a€ins(P(e,)) do
If 17,5C,.,.. 20 temp,=I1,SC_, ‘A, :/*A, ispredicates matched before*/
Else temp, = A,
temp2 =NWiemp, ;
For ecach i€ temp2 do
If correlation(i,temp)==TRUE * Find all possible successful attacks*
e, (output(i,temp)) = S,,,,.... Cle,)=0,(TC), SC cwmem =UC(e,):
S pnt =US e Cle ) =TI, S, =U(P(e,).e,). S, =Ule,.Cle,)):
Foreach de C(e,) do
If(d=G) sign=1;
SCoonine —SC.orinss SCoo — 03}
If (sign==1) (S,..S (. )= Backward _search(S,,): /*delete the redundancy through Backward_scarch®
Else Print (* G is enough secure™);

Hinh 5. Thudt toan twong quan attack/vulnerability.

Hinh 5 trinh bay cac thuat toan dwoc dé xuit vé mbi twong quan attack/vulnerability.
N6 bao gom hai thu tuc: Forward search va Backward search. Pdi v6i gioi han khong
gian va céc chi tiét ciia Backward_search twong tu nhu ctia Forward_search, chi c6 chi tiét
cua Forward search dugc mo ta trong thuat toan twong quan attack/vulnerability. Thu tuc
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Forward_search bat dau két hopcac diéu kién tién quyét cua cac kiéu tdn cong véi cac 16
hong gdc ban dau, trong khi giai doan ban dau cua thii tuc Backward_search 1a két hop céc
hau qua cua cac kiéu tin cong voi muc ti€u dugc bao v€. Hai thu tuc nay dam bao rﬁng cac
cudc tin cong can thiét va déy du dbi véi cac diéu kién ban dau va muc tiéu duoc tim théy.
Hon nira, phuong phap chi phén tich cac loai tin cong ma diéu kién tién quyét ciia nd duoc
thay d6i va phu hop v6i ching véi tinh dé bi ton thuong dugc ap dung mdi lan lap.
Phuong phap nay c6 thé tiét kiém rat nhiéu thoi gian va khong gian trong toan bo qué trinh
trong quan.
Module 4: Puong dan tin céng

Trong mé hinh phan tich 15 hong mang, modulehién thi phan tich bang két qua tuong
quan, va tiép tuc xay dung mot so do truc tiép cac diéu kién prerequisites/consequences
phu thudc vao cac cudc tin cong va cac 16 hong véi cac chirc ning cia RDBMS [14].
Thuét toan tryc quan héa cac duong dan tan cong dugc thé hién trong Hink 6. Mot phuong
phap biéu dién linh hoat c6 ca 16 hong va tdn cong nhu 13 dinh duoc sir dung dé dién ta cac
duong dan tan cong tiém an. Cac canh truc tiép chi dai dién cho sy phu thudc chung. Mot
canh phu thudc e = (v, s) di tir 16 hong v dén tin cong s co nghia 1a v 1a diéu kién tién quyét
cua s. Tuwong tu, bién do phu thudc e = (v, s) di tu tn cong dén 15 héng v ¢c6 nghia la v 1a
hé qua cua s. Déng thoi, ching t6i chi hién thi mot loai 16 héng, tac 1a chi nhu cac diéu
kién tién quyét cua cudc tin cong trong dd thi truc tiép dé giam khong gian hién thi. Két
qué 12 mot tap hop cac dudng dan tdn cong truc quan dan tir trang thai mang ban dau dén
mdt muc tiéu tn cong dugc xac dinh trude. N6 cling hién thi nhu thé nao ké tin cong s&
khai thac 16 hong hé thong dé dat dugc bude xdm nhap ctia minh timg bude. Cong viée nay
gilip cac quan tri vién phat hién cac chién thuat tin cong cip cao.

Algorithm: Visualization of attack paths

Input: Correlated attacks/vulnerabilities set S, a set of discovered successful attacks S, . a protected
goal G.
Output: The graph of attack paths.
P, =1, ineSves Pa = prenareaSu
For cach ve I)..I; { o
If ve P, {
e=1T et (O oreparing=yOre) }
BuildGraph (v,e ):} *Build directed graph from prerequisite v to attack e *
Elseif ve S, , |
VvEIT i (O iring—s Sy ) s
If v =G Iluil(l(iruph (v,v ); /*Build directed graph from attack v to the protected goal G *
Else {
e=1T, (o S

repared naring

BuildGraph (v,e );} *Build directed graph from attack v to attack e *

Hinh 6. Thudt todn triec quan héa cdc dwong dan tan cong.
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2.3. Cac k¥ thuat thuc hién chinh ciia hé théng NetScope

Thiét ké ciia NetScope phai dap ting cc yéu cau vé truyén thong thoi gian thuc va bao
mat dir liéu. Hai loai co ché dugc 4p dung véi viée xem xét truyén thong an toan va hiéu
suét thoi gian quan trong.

2.3.1. Giao tiép an toin qua SSL / TLS

Bat ky phan mém tng dung nao véi kién tric C/S phai giai quyét van dé giao tiép an
toan gitra may chu va mdy khach. Co hai loai yéu cau truyén thong trong hé thong
NetScope:

— Truyén dir lidu giita tac nhan kiém tra va trung tdm dir liéu, giita cong cu phan tich
va trung tdm dit liéu. Co ché ma hoa dir liéu duoc cung cap boi RDBMS SQL Server 2000
duoc thong qua dé dam bao tinh bao mat cua viéc van chuyén tap dir ligu.

— Kiém soat truyén thong tin giira cong cu phan tich va tac nhan kiém tra. Giao thirc
van chuyén SSL/TLS giira 16p van chuyén va 16p ting dung duoc gidi thidu dé dat dwoc ma
hoa tin nhin giita cong cu phan tich va tac nhan kiém tra. Mot qua trinh giao tiép hoan
chinh giita chiing duoc thé hién trong Hinh 7. N6 duoc chia thanh 5 cum thong tin lién lac:
Thong tin xin chao, yéu cau thu thap dit liéu, tra 1oi vé thu thap dir lidu, thong bao két thic
thu thap dir liéu va thong tin két thic phién lam viéc. Trong mot qua trinh dénh gia hoan
chinh, nam cum tir nay xay ra theo mot trat tu ¢d dinh.

Inspection Agent Analysis Engine

ume hello information

>

request of collecting data

answef of collecting data

message of ending data collection

v session finish information

Hinh 7. Giao tiép gitta cong cu phan tich va téc nhan kiém tra.
2.3.2. Ky thut dé cii thién hi¢u suat thoi gian
C6 hai ky thuat dé cai thién hiéu suat thoi gian 1a da ludng va chitc ning ludi biéng
dugc ap dung dé cai thién hiéu suit thoi gian.

— Pa luong (Multi-thread): Mot ludng cong viée doc 1ap duoc khoi dong cho mdi cong
viéc dénh gia trén cong cu phan tich. Hon nita, tat ca cac ludng chay song song tir dau dén
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cubi ctia danh gia 16 hong. Vi du, cong cu phan tich s& khai dong t6i da 255 ludng cho toan
bd phan 16p mang C. Co ché da ludng co6 thé cai thién hiéu qua danh gia trong mot mang
ludi quy md 16n, bdi vi mot chu dé khac van thyuc hién nhiém vu danh gia khi mot chu dé
dang doi chuyén dit liéu vao trung tam di liéu.

— Ham heoi (Lazy function): Mot tuy chon chirc ning ludi biéng dugc dit trén tac
nhan kiém tra dé giam thoi gian chay. N6 c¢6 nghia 1a néu ching ta kich hoat tily chon nay
trén mot tac nhan cu thé, nd khong khoi dong mot chu dé khi nhan dugc yéu cau thu thap
di liéu ngay lap tirc. Nguoc lai, né xac dinh xem co ton tai mot luéng cong viéc trong hé
thong khong. Néu c6, no cho doi cho két thiic ciia chu dé 1am viéc va ndp két qua ciia no
cho cong cu phan tich. Néu khong, no bit ddu mot chu d& méi cho nhiém vu nay. Khi mot
tac nhan nhan dugc nhiéu yéu cau cung mot luc, nd thue sy khoi dong mot luéng dé tiét
kiém duoc nhiéu tai nguyén hé thong.

3. THU NGHIEM

Mai truong thi nghiém thé hién trong Hinh 8 dugc thiét 1ap dé kiém tra hidu ning cia
hé thong NetScope trong viéc danh gia chinh xéac, hiéu qua va xdy dung cic duong tan
cong tiém an. Cong cu phan tich cta hé thong NetScope dd dugc thiét 1ap trén may chu
192.168.7.12 dé thiét 1ap céac tily chon danh gia, thuc hién hé théng diéu khién va phan tich
céc két qua duoc luu trit trong trung tam dit lidu.

Mail server FTP server WWW server
192.168.4.3 192.168.4.2 192.168.4.9
MBSA §

Inspection

Inspection Inspection
Agent Agent T ...

Data center Analysis Engine NESSUS
192.168.7.8 192.168.7.12 192.168.4.24]

Hinh 8. M6 hinh thur nghiém.

Ta xem xét cac may chii khac trong mang nay nhu cac muc tiéu danh gia va thiét lap
céc tac nhan kiém tra trén cic may nay dé thu thap tap dir liéu vé cdu hinh hé thong.
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Thi nghiém 1: Trén Mail sever voi hai nhom

Nhém 1: Danh gia an toan ddi voi IE 6.0 trén may cha mail chay Win2K ma khong co
ban va boi hai hé thong: NetScope va MBSA. Két qua dugc trinh bay trong Bang 4.

Nhém 2: Cau hinh ciia mail server dugc thay doi bang cach cai dat SP1 cua IE 6.0 va
IIS 5.0, va hai hé théng danh gia dugc st dung dé tim céac 18 héng cua IIS 5.0. Bang 5 liét
ké cac két qua bang cach ap dung MBSA va NetScope.

Bang 4. Két qua kiém tra IE 6.0 trong nhém 1 ciia thi nghiém 1

Assessing system MBSA NetScope

The number of vulnerabilities discovered 3 8

Specific vulnerability discovered MS04-004 CAN-2002-0371 CAN-2002-0189 CAN-2002-0193
IE6 CVE-2002-0023 CVE-2002-0026 CAN-2003-1326
MS03-030 CAN-2003-1328 CAN-2003-0346

Bang S. Két qua kiém tra IE 6.0 trong nhém 1 ciia thi nghiém 1
Két qua danh gia 1S 5.0 trong nhom 2 cua thi nghiém 1

Assessing system MBSA NetScope

The number of 2 6
vulnerabilities discovered

Specific vulnerability MS01-026, CVE-2002-0073, CVE-2001-0333, CVE-2000-0886,
discovered MS01-033 CVE-2000-0884, CVE-2002-0074, CAN-2003-0109

Thi nghiém 2: Kiém tra cho nhiéu mdy chii
Két qua thoi gian tinh toan trung binh cho nhiéu mdy chi véi 343 dinh nghia vé 16
hong duoc thé hién trong Hinh 9.

200 ¢

150 ¢

i
o
Y

Computational
tme (s)
S

1 2 3 4 5 6
The Number of evaluated hosts

Hinh 9. Thoi gian tinh todn trung binh cho nhiéu mdy chii ciia NetScope.
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4. KET LUAN

Trong bai bao nay ching t6i da trinh bay phuong phap mdi d6 1a phuong phap hinh
thirc dic ta logic cho viéc danh gia va phan tich 16 hong an ninh mang, cac két qua da duoc
trinh bay & ndi dung bai bao nay cho thy loi ich cta viéc st dung phwong phap hinh thirc
trong viéc ap dung vao van dé an toan an ninh mang dang 1a van d¢ thoi sy nong hién nay
& Viét Nam ciing nhu trén toan thé gidi. Trong thoi gian t6i hudng tiép theo tir két qua cua
bai bao nay chiing ti s& trinh bay phuong phap xay dung d6 thi tin cong khi da danh gia
va phan tich 16 hong an ninh thong qua d6 giup cac nha quan tri hay ngudi dung cé thé
nhan biét va phan doan cac cudc tin cong mang thong qua 16 hong hé théng mang.

Cubi cung nhom tac gia ciing xin chan thanh cam on dé tai CS17.11 “Phwrong phdp
hinh thuc dua trén ddc td logic cho viéc phat hién va phdn tich 16 h(fng an ninh mgng” da
hd trg dé tac gia co thé hoan thanh bai bao nay.
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USING A LOGICAL SPECIFICATION METHOD FOR
EVALUATING AND ANALYZING NETWORK SECURITY
VULNERABILITIES

Abstract: It is important for system administrators to know about security vulnerabilities.
However, existing vulnerability assessment methods may experience high bias rates, long
calculation times. Moreover, they are only capable of locating individual vulnerabilities
on a host server regardless of the corresponding performance of vulnerabilities on the
server or part of the network with vulnerabilities that can be addressed. Distributed
among different machines. To address these issues, we propose a formal methodology
that uses a logical specification for evaluating and analyzing network security
vulnerabilities. With this method vulnerabilities are detected without the need to simulate
attacks and it can also easily integrate with other security tools based on relational
databases.

Keywords: Network security, vulnerability assessment, Security vulnerability, Predicate
logic
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Abstract: In some recently experiments with virus, their core part are DNA tightly packed
with very high charge density. The contribution of this highly charged part to the
electrical field outside virus now cannot be easily neglected in general case. In this work
we propose a simple core-shell model for this type of soft particles and virus. The soft
particles consider consisted from the two parts: a charged hard core with a high charge
density and a charged outer layer. We assume that the core part is tightly condensed, so
the charge carriers of DNA can be partly bounded and partly moved. With this
consideration, the core part now is very look like the outside solution. The corresponding
Poisson-Boltzmann equations for this new model can be solved analytically. These
analytical solutions would be useful in the investigation the problem of virus with
charged core, such as in bacteriophage MS2.
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1. INTRODUCTION

In the last years, nanotechnology has a rapid advancement and opened up novel wide
range of applications in life science and material science [1-3]. Because the complexity of
biological structures and the variation of solvents, despite many effort to theoretical
investigation to understand the properties of soft particles [1, 4-7], the theoretical models
still face a variety of problematic issues and challenges. Thus, the construction of simple
physics models to explain new observed phenomena and experimental data are important
to the understanding of these complex systems.
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One of such simple models for soft nano particles was introduced in the works of
Ohshima [5-8]. The Oshima’s model provides a powerful tool for investigating the
behavior of biocolloidal particles, also viruses and bacteria. In Oshima’s model, the soft
particles are described as a non-penetrable neutral hard core coated by an ion permeable
polyelectrolyte soft layer with negative constant volume density charge. The electric
potential distribution of this system then is obtained by solving the Poisson-Boltzmann
equations. At present, improved Oshima models of soft nano particles are found much
application in the works [9-14].

In many present investigations, charge of the core part of virus has been rarely taken
into account. In most cases, a core charge is assumed to be neglected, so the electrical
potential outside the core remains unchanged. A theoretical study mentioned the charge of
the virus core in general cases to calculate the nonspecific electrostatic interactions in virus
systems. Recently, experiment data of the case of bacteriophage MS2 [15] have shown that
the ratio between the volume charge density of the core and that of the surface layer is
measured to be half of that found suggesting that the effect of the core charge on the
electrostatic, so electrokinetic properties of the particle should be re-examined.

For explanation this observed phenomenon, a new core-shell model for soft nano
particles was proposed in the work [16] with the consideration that soft particle consists
from two parts: a charged hard core with a volume charge density and a charged outer
layer. Using this model, the contribution of the core parameters, such as the core charge
and the core dielectric constant are studied. The model still complicated and can be solved
by numerical method only.

In this work we propose a simple core-shell model for a soft particles and virus, based
on the assumption the core part is tightly condensed that the charge carriers of DNA can be
partly bounded and partly moved [17]. With this assumption, the core part now is very
look like the outside solution. The corresponding Poisson-Boltzmann equations for this
new model can be solved analytically. Our calculations provide the one of the first
theoretical analytical investigations about the effects of temperature and salt concentration
on the electrostatic properties, and could be applied to the case of virus with highly
charged hard cores, such as bacteriophage MS2 [15].

2. OSHIMA MODEL FOR SOFT-PARTICLES

In the figure 1 we present our core-shell model for nano soft particles. We consider a
soft particle with radius » immersed in an electrolyte solution. The soft particle is assumed
to contain a hard core of radius a coated by an ion-penetrable surface charge layer of
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polyelectrolyte with thickness (b — a). Identified with the Ohshima model, the volume

charge density of the soft shell is ZNe, where e is an electron charge, Z and N are the
valence and the charge density of the polyelectrolyte ions, respectively.

The theoretical model of a soft particle including a hard core with the charge density

Peore and the dielectric constant ¢.,,,, and an ion-penetrable surface layer of polyelectrolyte
coated around. The soft particle is immersed in an electrolyte solution with the charge
density p,; and the permittivity €, (see in Fig. 1).

A\U - _ pel

The electric potential distribution obeys the Poisson- Boltzmann equations [6, 15]
€8

b < r<wo
Aw:_pg,+ZNe,

a<r<b )
8’,80
Ay = —M, 0<r<a
8corego
\;!.:1 - + ()
= / +] /_/l -
oA, 5y ¢
-+ -+ 4 /1\ ‘
a b \ K*‘ T'
f-t‘ - \ core ' (=) +]
i_!_:, l)HH‘(' +/‘
+|

Here ¢, are the permittivity of vacuum, the charge distribution density p,; is the
Boltzmann distribution:

M
Pe (r) = Z zen, CXp[— ZeY }
i=1

Fig 1. The theoretical core-shell model of soft nano particles with a hard core charge.

k,T

(2
. th . - . . .
where M, z;, n; are the number ion types, the i = ionic valance and the ion concentration in

solution, respectively. Considering a simple case that the solution only contains a
monovalent salt M =2 and z; = {— z, z}, we get:
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. zey
=-2 h| = |. 3
p/(r) = ~2nzesin ( ; TJ (3)

B
In the case of a low potential, the charge density in the electrolyte solution is given by:

2.2
2nz‘e

k,T

Pu(r)= v, “4)

Substituting Eq. (4) into Eq. (1) provides:

2
d_w+2d_W:K2W, bSr<w
dr’  rdr
2
dv 24y _ af, ZNe | cic )
dr’  rdr K€€,
2
dy 24V Py . 0<r<a
dr’  rdr €,,,.€0

where «* =2z%’n/¢g,g.k,T is the Debye-Huckel parameter.

The spherical Poisson-Boltzmann equation (5) does not have a general analytical

solution and can be numerically solved only.

3. NEW SIMPLE CORE-SHELL MODEL FOR SOFT NANO PARTICLES

In this part we propose a new model for soft nano particles and the virus. This simple
model can be solved analytically. Due to the tidily packed effect, we hypothesis that chare
of DNA in the virus core is quasi-bounded or can move quasi-freely [17] like the charge in
solvent, then in the expression (5) the third equation has the same form of first equation.

The electric potential distribution now satisfies new Poisson- Boltzmann equations

2
d_\u+2d_\|/:K2 , b<r<ow
dr’  rdr
2
d_\2y+2d_\|/:K2 Y- {Ne , asr<b (6)
dr rdr K'E, €,
2
d W+2dW:—K§m\V, 0<r<a
dr’  rdr

/€.,,.€, is the Debye-Huckel parameter of core.

2 _
core pcore core

where K
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The general solution of Eq. (6) gives us:

—kr kr
e e
y(r)=4—+B—, b<r<ow
r r
—kr kr
e e ZNe
y(r)=A, +B,—+———, a<r<b (7
r  k'eeg,
e - krore r e kcore r
V.o = 4, + B, , 0<r<a
r r

The coefficients A, Az, As, Bi, By, and B3 in Eq. (7) can be found by applying the

following boundary conditions:

Y(0) =0, y(0) # o, @®)
y(a)=wy(a"), y(b)=y(b"), )
ErcoW (@) = 2,80y '(a”), y(b7) =y(b"), (10)

The founding of the solution of system of equations (7-10) is very difficult in general

cases. We try to solve this problem in the next section.

4. ANALYTICAL SOLUTION OF THE MODEL

In this part we solve the system of equations (7-10) and derive the coefficients A, Az,

As, By, By, and Bj in explicit analytical forms.

At infinity the electrical potential must be zero, we can put B =0, and using the

above boundary we get a linear system of equations for five variable A;, A;, Az, B,, and B;

—ka —ka ka
ZN
A—=a4°—+B S+ 2
a a a k'geg,
ka ka —ka ka ka ka
A{—ke —ez}—A{—ke——ez}+B{ke —ez},
a a a a
—kb kb —k ol koreD
Z core! core
48yt Ne e pet (11)

b b keg b b

e—kb e—kb ekb ekb e—kmmb e—k(mh ekcomh ek(.m,b
Ak —-" |+B | k——|= 4| -k, —— +B|k, —— :
2 |: b bz 2 b bz 3 core b bz 3 core b bz

Taking the case of symmetrical solution we can put B;= - A3, now we have a linear

system of 4 equations for 4 variable A, A, Az, and B,
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—ka —ka ka
e e e ZNe
4 = +B,—+— ,
a a a k'eg,
—ka —ka —ka —ka ka ka
e e e e e e
BT B e
a a a a a a
—kb kb —k .0 k. .ocob
e e ZNe e leor e
A —+B,—+ =4, + B, , (12)

b b keg, b

e—kb e—kb ekb ekb ekwn,b + e—kmmb ekcomb _ e—kmn,b
A{*T‘ﬂw{krﬂ:A{"‘wr{ b H p ﬂ

Above linear system of equations can be solved analytically. For easier to see that, we

replace 4, = x,, A, > x,, B, > x;, A, > Xx;, and £, =k.. We take the matrix

form of this linear system of equations:

AX =BX, (13)

where A is the (4x4) matrix

e e e
- 0
a a a
—ka —ka —ka —ka ka ka
e e e e e e
L ey 0
A a a a a a a s
e—kb ekb ek(.b _efkb
0 -
b b b
e—kb e—kb ekb ekb e*kb +ekb e/cb _efkb
0 L 2 S
b b b b b b

X ZNe
! ke,
X
X= 5| | (14)
3 ZNe
X, _kzsrso
0

The solutions of the matrix equation (13) can be obtained as follows:

detA, detA, detA, detA,
xl:—’ X2: ’X3: , X4:—,
detA detA detA detA

where the matrix determinants are:
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e*ka e*ka e*ka e*ka eka eka
-k -— k +—; ——k 0
a a a a a a
detA = kb kb kb kb
0 e e e’ —e
b b b
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(16)
—ka ka
e %Ne e 0
a kg€,
—ka —ka ka ka
pe e : 0 e - e 0
a a a a
detA, = .  ZNe ﬁ b gk
ke g, b b
0 0 kﬁ_e_kb L o kb 4 okd _ekb_e—k(b
b b b b’
_ 2ZNe | " . 2 1.
= W(ka +1)(k cosh(k.b) — ksinh(k.b))+ g k.. cosh(k.b) —Zsmh(kcb) ,
r~o

(17)
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(19)

With: m = {kc cosh(k.b) —%sinh(kcb)} , n= {l k. cosh(k.b) -k’ sinh(kcb)} ,
a

h= [sinh k(b—a)—coshk(b- a)].

Therefore, the coefficients A, Ay, Az, and B, are

47ZNe
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ZNe et et e

k’ee,| a
A, =-B, = v , (22)
2h s [ ke cosh (k.b)+ksinh(kb) |
ZNe 1 _
ke, [ (fa+D)em)]

B, == : (23)
“=[ ke cosh (kcb)+ksinh(kb) |
a

Finally the electrical potential of virus in our new model can be founded in the explicit
analytical forms:

—kr

()= 4—, b<r<oo
r
e e ZNe
y()=A, +B,—+———, a<r<b (24)
r r  k'eeg,
2 .
Vo () = 4, =sinh (k,,,.7), 0<r<a
r

where the set of coefficients Aj, A,, As, and B, are now well defined by the physical
parameters of the virus and solution environment as above.

5. CONCLUTIONS

In many present investigations using the Oshima model for soft nano particles, the
core charge distribution has been rarely taken into account. In most cases, a core part is
neutral or core charge is assumed to be zero, so the electrical potential outside particles
remains unchanged. In recently experiments with virus, the core part are the tightly
confined DNA with very high charge density. The contribution of this high charged part to
the electrical field outside virus now cannot be easily omitted in general and have to more
detail investigation.

In this work we propose a simple core-shell model for soft particles. The soft particles
consider consisted from the two parts: a charged hard core with a high charge density and a
charged outer layer. We assume that the core part is tightly condensed, so the charge
carriers of DNA can be partly bounded and partly moved. With this consideration, the core
part now is very look like the outside solution. The corresponding Poisson-Boltzmann
equations for this new model can be solved analytically.

We believe that using the obtained analytical solutions from our model with
improvement by numerical calculation on PC could explain the identical properties of
untreated-MS2 and RNA-free MS2 reported in works [15].
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MO HINH LOI-VO PON GIAN CHO CAC HAT NANO MEM VA
VIRUT VOI LOI GIAI GIAI TICH

Tém tdt: Trong mét so thi nghiém hién nay véi virut, phan 16i cia ching c6 thé la cdc
ADN cuén chdt c¢6 mdt dé dién tich rdt cao. Dong gop cua 101 tich dién cao nay vao dién
thé quanh virut la khong thé dé dang bé qua trong cdc trwong hop tong quat. Trong badi
bdo nay, chiing téi dé xudt mét mé hinh 16i — vé don gian cho cdc hat nano mém va virut.
Hat nano mém duwoc gid thuyét g&m 2 thanh phc”in: mot 161 cung tich dién voi mdt do dién
tich cao va mét I6p vo tich dién. Ching t6i gia thiét rang phan 16i di dwoc cudn chat, vi
vay cac hat tai dién cia AND co thé la ban cam ti hodc béan tw do. Véi gia thuyét nay,
phan 16i sé giong véi 16p bén ngodi virut. Phwong trinh Poisson-Boltzmann tuwong img
Vi mé hinh méi nay cé thé gidi dwoc va cho 101 gidi dwdi dang gidi tich tiwong minh. Céc
loi gidi duoi dang gidi tich twong minh nay sé co ich trong viéc nghién citu cdc virut co
16i tich dién, vi du nhw thue khudn thé MS2.

Tir khéa: Hat nano mém,Virut, Cau tric 16i-vé, Mat do dién tich ADN, Phuwong trinh
Poisson-Boltzmann, Loi gidi gidi tich.
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NGHIEN CUU TINH CHAT QUANG XUC TAC CUA LGP
CHUYEN TIEP DI THE p-Si/n-Zn0/n-Zn0:Sn CAU TRUC
DAY NANO CHE TAO BANG PHUGNG PHAP THUY NHIET

Nguyén Pinh Lam', Nguyén Thi Hoa', Nguyén Vin Hung',
Pham Vin Vinh', Ping Tran Chién’
! Truong Pai hoc Su pham Ha Nji
*Truwong Pai hoc Tai nguyén & Méi truong Ha Noi

Tom tdt: Pé tang hiéu sudt phdn iimg quang xic tac cia n-ZnO, ching t6i dd pha vio n-
Zn0O mot luwong Sn nhdt dinh. Khi d6 Sn** thay vao cdc vi tri Zn*", két qua la co thém hai
electron tw do b6 sung, gép phan vao sw dan dién. Sw sai khéc trong bdan kinh ion cia
Sn** (0,071 nm) va Zn’* (0,074 nm) rat nhé nén cdc ion Sn** ¢é thé dé dang tich hop vio
cdc mang tinh thé ZnO. Do dé ZnO pha tap Sn cé thé ting khd ndng dan dién ciing nhw
quang xiic tac. Két qua do quang xiic tdc cho thdy khi pha tap Sn & cdc nong dé 0 % dén
3% thi sw giam nong do RhB boi p-Si/ZnO/n-Zn0:1%Sn thanh nano la cao nhdt so voi
cdc mau khdc trong cing mét thoi gian. Cau triic p-Si/ZnO/n-ZnO:Sn (1-3% Sn) thanh
nano thé hién kha ndang hoat déng quang xiic tac cao hon so véi cdu triic p-Si/ZnO thanh
nano.

Tie khéa: ZnO pha tap Sn, p-Si/n-Zn thanh nano, p-Si/n-ZnO/n-ZnO:Sn thanh nano.

Nhan bai ngay 11.8.2017; gui phén bién, chinh sua va duyét dang ngay 10.9.2017
Lién hé tac gia: Nguyén Dinh Lam; Email: lam.nd@hnue.edu.vn

1. MO DAU

ZnO véi vai tro 1a chat xic tac quang hoéa di thu hit dugc sy quan tim ctia nhidu nha
khoa hoc trén thé gigi. Do cac wu diém ndi bat ciia ZnO nhu gia thanh ré, bén trong nhiing
diéu kién méi truong khic nhau, khong doc hai, khong gy 6 nhiém thir cap. ZnO ding
lam chat xtc tac s& ddy nhanh qua trinh phan hity chat hitu co dudi anh sang tir ngoai (co
budc song A < 380 nm) [1]. Vi vay, vat liéu ZnO duoc nghién clru va sit dung rong rai
trong linh vuc xir Iy moi trudng nude va khi véi vai tro 1a chat xtic tic quang hoa. Tuy
nhién, ZnO c¢6 d6 rong ving cam 1én (3.37 eV) do d6 né cha yéu nhan kich thich trong
vung anh sang tr ngoai tic 1a trong phan ung quang xuc tac, ZnO chi sir dung dugc tir 3-
5% nang lwong mat troi [2]. Dé lam tang hiéu sut cua phan mg quang xic tic ciia ZnO,
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nhiéu giai phap khac nhau da duogc nghién ctru. Gan day su pha tap kim loai hodc oxit v&i
ZnO giup ting kha ning quang xuc tac da thu dugc nhiéu sy cht y clia cac nhom cac nha
khoa hoc khac nhau. C6 nhiéu bién phap lam ting kha ning quang xuc tac ciia ZnO. Vit
liéu C3N4/ZnO, Ag/ZnO, CuS/Zn0O, ZnO pha tap Al ciing nhuy mang ZnO nanorods trén dé
Si ¢6 kha ning quang xuc tac manh di dugc nghién ciru ché tao thanh cong [3-6]. Pbi vai
p-Si/n-ZnO thanh nano thi 16p ZnO thanh nano ¢6 tac dung hip thu 4nh sang va chdng
phan xa. Lop tiép xuc di thé p-n khi ghép 2 vat liéu (ZnO va Si) c6 d rong ving cam khéc
nhau sé& 1am can tré kha nang tai hop cua cap dién tir - 156 trong do d6 hiéu suat quang xitic
tac duoc cai thién. Nhiéu tap chat kim loai hoa tri 4 d3 dugc thém vao n-ZnO dé tang
cudng tinh chit dién va tinh chat quang hoc ctia nd. Khi ZnO pha tap Sn, cac ion Sn*" thay
vao cac vi tri Zn*", két qua 1a co thém hai electron tu do dong gop dang ké vao tinh dan
dién cua ZnO. Do sy sai khac trong ban kinh ion ciia Sn*" (0,071 nm) va Zn*" (0,074 nm)
1a rit nho nén cac ion Sn*" ¢6 thé d& dang tich hop vao mang tinh thé ZnO [7]. Do d6 ZnO
pha tap chit Sn c6 thé ting kha ning dan dién ciing nhu quang xtc tic. C6 nhidu k¥ thuat
ché tao mang ZnO khac nhau nhung phuong phap sol-gel va thity nhiét 1a twong ddi don
gian va ré tién. Do d6 chang t6i chon hai phuong phép trén dé ché tao cdu truc p-Si/n-
ZnO/n-ZnO:Sn thanh nano. Viéc danh gid kha ning quang xuc tic cia cau trac ché tao
dugc thong qua viéc sir dung chat thir 1a Rothamine B (RhB).

2. THU'C NGHIEM

2.1. Ché tao miu

20 ml dung dich Isopropyl alcohol (IPA) c6 chira 0.438 g Zn(CH3COO),.2H,0 dugc
khudy déu trong khoang 1h bang may khudy tir & nhiét d6 phong. Sau dé thém 1 ml
Diethylamine (DEA) vao dung dich trén va tiép tuc khudy tir trong khoang 1h dé duoc
dung dich dong nhat va trong sudt c6 nong do 0.1 M. Dé silic duoc xir 1y sach bang cach
ngam trong dung dich NaOH khoang 20 phiit sau d6 rira bang nudc sach rdi ngdm trong
trong con khoang 15 phut. Rira lai dé bang nudc cit va siy kho. Dé silic dugce phi 1 16p
dung dich trong su6t ZnO 0.1 M bang phuwong phap spin-coating véi tbec do 3000 vong
trong 30s. Sau d6 16p mong ZnO ndy goi 1a mam ZnO trén dé silic dugc siy ¢ nhiét d6 150
°C trong 20 phut. Lp mam nay tiép tuc duoc i nhiét bang 10 nung & nhiét d6 500°C trong
1h voi toe do gia nhiét 5°C/phat. Dung dich thuy nhiét dugc tao ra nhu sau: Hoa tan
Zn(NO;),.6H,0O va CgHioNy voi ti 1€ mol 1a 1:2 trong nudce cét, néng d6 dung dich Ia
20mM. Tap chat SnCls.5H,0 véi céc néng d6 khac nhau duoc pha vao dung dich trén.
Nong d6 pha tap Sn** thay déi tir 0 dén 3 % (% mol). Khudy déu dung dich bing may
khudy tir trong khoang 60 phiit. Lép mam ZnO trén dé silic dugc dit trong binh thiy nhiét
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chira dung dich thity nhiét. Qua trinh thity nhiét dugc tién hanh trong thoi gian 120 phut &
nhiét d6 80°C. Sau khi qué trinh thity nhiét két thuc, cac mau thu duoc cé cdu trac p-Si/n-
ZnO/n-Zn(1xSncO thanh nano dugc rira bang nudc cat va sdy kho.

2.2. Khir quang xuc tac

Hoat tinh quang xuc tac ciia mau ché tao dugc khao st boi qua trinh phan huy RhB
dudi birc xa cuc tim (UV). Mot mau kich thude 2x2 cm dugc dat trong 100ml dung dich
RhB c¢6 ndng d6 ban diu 1a 5 mg.L™. Ngudn tia cyc tim 1a mot dén thiy ngén 250W dit &
khoang cach 30 cm dé han ché tac dung nhiét. Trong khoang thoi gian 60 phut, cir sau cac
khoang thoi gian nhat dinh (10 phat), 3 ml dung dich lai dwgc ldy ra va phan tich boi
quang phé ké UV-Vis (Jasco, V-670) & budc séng 554nm. Sau mdi chu ky, cac mau duogce
rira dé loai bo cac phén tr du va nhing lai vao dung dich sach véi ciing ndng d6 va thé tich
nhu trude. Qua trinh ndy duge lip lai dé xac nhan ring cdu trac c6 kha ning tai st dung.
Kha ning dap ung quang dién duoc xac dinh véi cac thiét bi gdm dong hd van ning
Keithley 2000, ngudn cép dién mot chidu va dén thiy ngan 250W.

3. KET QUA VA THAO LUAN

Anh SEM cua céu trac ZnO thanh nano véi cic ndng d6 pha tap Sn khac nhau va do
thi mo ta sy thay ddi mat do thanh nano ZnO:Sn theo néng dd pha tap Sn thé hién & Hinh
1. Hinh anh cho thdy v&i ndng d6 Sn thay déi tir 0% dén 3%, kich thudc thanh nano thay
d6i khong dang ké nhung c6 su thay d6i mat do rd rét.

g 16F ‘
3
él.2 :
i
E 0.8
;8. \‘
&0.4
: 0 1 2 3
Nong d6 Sn (%)

Hinh 1. Anh SEM ciia cdc cau triic ZnO:Sn thanh nano véi cac nong do Sn thay déi
tir 0% dén 3% va do thi mo td sy thay doi mdt do thanh nano ZnQO:Sn theo nong dé pha tap Sn.
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Hinh 2. Gian do nhiéu xa tia X cia cdc mau ZnO: Sn thanh nano
voi nong do Sn tir 0% dén 3%.

Hinh 2 1a gian do nhiéu xa tia X ciia cac ciu trac ZnO:Sn thanh nano vdi cac nong do
Sn thay ddi tir 0% dén 3%. Theo d0, khi khong pha tap Sn thi dinh (002) c¢6 cudong do 1on
nhét. Piéu nay thé hién méu c6 sy dinh huéng manh theo truc c¢. Khi pha tap 1% Sn thi
cuong d6 dinh (002) van c6 gia tri 1n nhit va cac dinh con lai c6 gid tri cuong do ting.
Khi ndng d6 Sn ting 1én 2% va 3% thi cuong do cac dinh nhidu xa tang manh.

Kha ning quang xtic tic clia cdu triic p-Si/n-ZnO/n-ZnO:Sn thanh nano dugc danh gia
bang viéc phan hiy thuéc nhuém RhB dudi anh sang dén thuy ngan. Trong qua trinh danh
gi4 kha ning phan huy RhB, sy giam ndng d6 RhB duoc xac dinh boi cuong do dinh hap
thy RhB tai budc song 554nm (Hinh 3a) trinh bay sy suy giam nong do RhB theo thoi gian
chiéu sang cta cac mau p-Si/n-ZnO/n-ZnO:Sn thanh nano véi nong d6 pha tap Sn tir 0 %
dén 3% (Hinh 3b) cho thiy su suy giam ndng d6 RhB theo thoi gian chiéu sang cia miu p-
Si/n-ZnO thanh nano.

1.0 S —
] 2) - p-SiZnO NRs ]
0.8 1 \0 b)
] 08} \ -
S 0.6 1 ; g - o,
o ] [$)
0.4 \\\ 04l \
J L8}
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Hinh 3. a) Sw thay doi nong do RhB theo thoi gian ciia cdc mau p-Si/n-ZnO/n-ZnO:Sn
thanh nano voi nong do pha tap Sn tir 0 % dén 3%.
b) Su thay doi nong do RhB theo thoi gian cua mau p-Si/n-ZnO.
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C va C, trong hinh 3a lan lugt 1a ndng d6 RhB sau mdi khoang thoi gian chiéu sang va
ndéng d6 RhB ban dau. Trudc khi chiéu sang, dung dich RhB dugc dé trong tdi khoang 30
phut. K& tir khi bat dau chiéu tia UV, nong d6 dung dich RhB giam theo thoi gian. Sau 60
phiit chiéu sang, sy giam nong d6 RhB ctia cac cau tric p-Si/n-ZnO/n-ZnO:Sn (0-3% Sn)
thanh nano 1an luot 1a 68, 80, 78 va 76%. Tur két qua nay, co thé thiy su giam ndng do
RhB bai p-Si/ZnO/n-Zn0:1%Sn thanh nano 14 cao nhat so v6i cac mau khac trong ciing
mot thoi gian. Céu tric p-Si/ZnO/n-ZnO:Sn (1-3% Sn) thanh nano thé hién kha nang hoat
dong quang xuc tac cao hon so vdi ciu tric p-Si/ZnO thanh nano (hinh 3b).

4. KET LUAN

Chung toi da ché tao thanh cong 16p chuyén tiép di thé p-Si/n-ZnO/n-ZnO:Sn ¢ ciu
trac thanh nano. Céac phép do quang xuc tac cho thay kha ning quang xic tic ciia cac ciu
trac p-Si/n-ZnO/n-ZnO:Sn thanh nano tét hon ciu triic p-Si/n-ZnO. Su giam nong d6 RhB
boi p-Si/ZnO/n-ZnO:1%Sn thanh nano 1a cao nhat so véi cac miu khac trong cling mot
thoi gian. Cau tracp-Si/n-ZnO thanh nano va p-Si/ZnO/n-ZnO:Sn thanh nano kha bén va la
chat quang xtc tac c6 kha ning tai s dung cao.
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INVESTIGATION OF PHOTOCATALYTIC
ACTIVITY OF p-Si/n-ZnO/n-ZnO:Sn PREPARED
BY THE HYDROTHERMAL METHOD

Abstract: ZnO doped Sn has been synthesized in order to improve the efficiency of the
photocatalysis of ZnO. As Sn’" ions replaced the Zn’" site, there will be two additional
free electrons, thus conducting electricity better. Because the difference in ionic radius of
Sn** (0.071 nm) and Zn’* (0.074 nm) is very small, Sn** ions can be easily integrated into
the ZnO crystal lattices. Therefore, ZnO doped Sn can enhance electricity conducting as
well as catalysis. Photocatalytic results showed that when the doped Sn at concentrations
between 0% and 3%, the reduction in RhB concentration by p-Si/n-ZnO/n-ZnO:1% Sn
nanorods was the highest compared to other samples in the same period of time. The p-Si
/n-Zn0 /n-ZnO: Sn (1-3% Sn) nanorods show higher photocatalytic activity than the p-Si
/n-ZnO nanorods.

Keywords: ZnO doped Sn, the p-Si /n-ZnO /n-ZnO: Sn nanorods, p-Si /n-ZnO nanorods.
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DANH GIA VA THU NGHIEM THUAT TOAN LAP RAP
DU LIEU HE GEN TRONG TIN SINH HOC

Nguyén Viin Long
Trwong Pai hoc Tdy Bdc

Tém tdt: Trong bai bdo nay, tdc gida trinh bay cdc két qua thu dwoc trong qud trinh ldp
rap hé gen tir thuc nghiém voi dir lieu gia lap va di liéu thuc . Déng thoi tién hanh
danh gia, so sanh trén co so cac thong $6 duwoc tao béi thudt toan DASR véi phdn mém
lip rap thong dung hién nay la Velvet va SPAdes.

Tir khéa: Bé gen, két cau, DASR.

Nhan bai ngay 10.6.2017; gui phén bién, chinh sua va duyét dang ngay 10.9.2017
Lién hé tac gia: Nguyén Vin Long; Email: thanhlong868@gmail.com

1. MO DAU

Trong bai bao nay, véi muc dich danh két qua lap rap ciia phan mém DASR, tac gia
thuc hién 1ap rap hé gen bang dir liéu gia 1ap va dir liéu giai trinh ty NGS (Next Generation
Sequencing) [1] voi nhiéu k-mer khac nhau. Dit liéu giai trinh ty thyc té duoc cung cép boi
phong Tin Sinh hoc, Vién Cong nghé Sinh hoc, Vién Han 1am Khoa hoc va Cong nghé
Viét Nam.

Ngoai ra, dé kiém chtng rd hon hiéu qua lap rap cia DASR, tac gia tién hanh so sanh
két qua lip rap cua DASR voi hai phan mém Velvet [2] va SPAdes [3], hai trong sd nhiing
phan mém dugc sir dung pho bién nhit trong cac nghién ctru vé lap rap hé gen. Quy trinh
so sanh dugc thyc hién nhu sau: Tir két qua lap rap dit liéu thuc t& v6i nhidu k-mer khac
nhau, tac gia lwa chon thong s6 kmer t6i vu dya trén cac thong sb kich thudc hé gen, sb
luong contig, contig 16n nhat, chi s6 N50 va sé luong trinh ty st dung ciing nhu 1a chat
luong mapping. Sau khi c6 dugc k-mer t6i wu, hai phan mém Velvet va SPAdes duoc sir
dung dé 1ap rap hé gen voi k-mer t6i wu da tron. Cubi cung 1 théng ké va so sanh két qua
lap rap cta hai phan mém véi DASR
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2. NOI DUNG NGHIEN CUU
2.1. Dir li€u gia lap (simulated)
2.1.1. Thong tin dir liéu

Dir liéu duoc gia lap dua trén 1 hé gen tham chiéu c6 kich thudc hé gen 1a 3.860 MB
va ty 16 GC 1a 38,94% (dugc cung cap boi Tin sinh hoc) bang phan mém wgsim () véi
diém chat lugng 30, d6 dai doan trinh ty 1a 150bp, kich thudc doan chén (insert size) 1a
250. Thong tin chi tiét vé dir lidu giai 1ap duoc trinh bay chi tiét & Bang 1.

Bang 1. Thong tin dir liéu gia ldp

Dir liéu gia lap S6 doan trinh ty Do dai (nt) Ty 1é GC (%)
simulated_1.fastq 3.999.641 150 39
simulated_2.fastq 3.999.641 150 39

2.1.2. Két qui Ip rdp

Quy trinh ldp rap dugc thyc hién voi nhiéu k-mer khac nhau tir 31 dén 91, cac thong
s6 clia cac ban lap rap duoc thong ké sir dung phan mém QUAST (Quality Assessment
Tool) [4]. Dya vao cac thong sé nhu tong kich thudc hé gen lip rap, so luong contig thu
duoc, chi sb N50, ty 1€ % GC va sb lugng doan trinh ty dugce s dung trong qua trinh lép
dé Iya chon ra ban lap rap cé chét lugng tot nhat. Trong nghién ctru ndy ching ti st dung
cac tiéu chi nhu sau:

— Kich thuéc hé gen cang gan véi kich thuéc hé gen tham chiéu thi cang tt (trong
thir nghiém nay kich thudc hé gen tham chiéu 1a 3.86 MB)

— S luong contig thu duoc cang it thi cang tot.

— Do dai contig thu dugc cang 16n cang tot.

Chi s6 N50, N75 cang 16n cang tét.
Ty 1& % GC cang gan v6i hé gen tham chiéu cang tdt (38,94%).

S6 lwong doan trinh ty anh xa ngugc lai (remapping) hay sé luong doan trinh tyr
duoc str dung dé 1ap rap hé gen cang nhiéu cang tot.

Duya vao nhiing tiéu chi trén va thong ké sé liéu két qua lap rap & Bang 2, chung toi
nhan thiy rang hé gen lap rap véi K61 cho két qua lap rap tot nhat véi kich thude hé gen
lap rép thu dugc 1a khoang 3,91 MB, contig dai nhat 1a 88.125 bp, ty 1& % GC 1a 38,94%.
Céc con sd nay kha twong dong véi cac hé gen lip rap K71, K81, K91 va hé gen tham
chiéu. Tuy nhién, & K61 c6 chi N50 16n hon tat ca cac hé gen lap rap con lai. Chinh vi 1y
do d6, chung toi két luan rang ddi voi dir liu gia lap trong thi nghiém nay, k-mer 61 1a
k-mer tdi wu nhat (Bang 2).
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Bang 2. Két qud ldp rdp sir dung div liéu gid ldp véi nhiéu k-mer khdc nhau

Indexes K31 K41 K51 K61 K71 K81 K91
# contigs (...) 86 1845 1131 309 346 368 354
# contigs 124634 | 46391 4106 853 980 1038 1003
(>= 0 bp)
# contigs
(= 1000 bp) 0 200 940 283 317 335 330
L:orr?t?;t 936 2839 26504 88125 88135 77254 71767

Total length 51346 1333516 | 3788940 | 3843125 | 3840890 | 3839968 | 3840321

T ool | Bo4so61 | 6356872 | 4128450 | 3918503 | 3043695 | 3065329 | 3075087
Total length 0 241445 | 3648534 | 3824448 | 3819685 | 3815350 | 3822812
(>= 1000 bp)
N50 562 713 4894 | 22339 | 19733 | 19156 | 19153
NT75 529 592 2816 | 12397 | 10344 | 9268 | 9429
L50 38 715 238 52 54 56 56
L75 62 1230 491 108 118 129 126
GC(%) | 3913 | 3891 | 3892 | 3894 | 3894 | 3894 | 38.94

Tuy nhién, dé danh gia rd hon vé hiéu qua lap rap cia phan mém DASR can phai c6
nhiing ap dung vao dir liéu thyc t&. Do vy, trong thir nghiém tiép theo, tic gia tién hanh
thuc hién 1§1p rap hé gen st dung dit li€u giai trinh tw NGS [1] cua chinh h¢ gen tham chiéu
da duoc sir dung dé tao dir liéu gia lap. Két qua chi tiét dugc trinh bay ¢ phan 2.2.

2.2. Dik liéu thue té

Nham dénh gia & hon hiéu qua lap rap cua phan mém DASR, chiing t6i st dung di
liéu giai trinh tu thyuc té cia chinh hé gen tham chiéu da sir dung dé xay dung bo dir liéu
gia lap (da trinh bay & phan trén). Quy trinh lip rap bao gdbm 3 budc chinh: ddnh gid va
tinh sach dit liéu; lap rap véi k-mer khéc nhau; thong ké két qua.
2.2.1. Ddnh gii va tinh sach dir liéu

Dir liéu dau vao 1a trinh tu short paired tyr bao gdm 2 file dinh dang FastQ frag_1.fastq
va frag 2.fastq. Pugc giai trinh tu bang may giai trinh ty thé hé mdi Sanger / Illumina 1.9
(nguén di liéu Vién Cong nghé Sinh hoc, Vién Han lam KH&CN Viét Nam).
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Pé ¢6 thé danh gia chat lugng va tinh sach dir liéu giai trinh tu, ching t6i st dung
cong cy phan mém FastQC va Trimmomatic [5]. Chung t6i tién hanh loai bo cac doan trinh
tu c6 do dai dudi 101 bp va co chat luong nhé hon 30 (QC < 30).

Bang 3. Két qua déanh gid va tinh sach dir liéu

Div liéu

Trwére tinh sach

Sau tinh sach

thecté | 4 pinh o doé dai (bp) % GC #trinh ty | do dai (bp) % GC
frag_1 | 5.298.304 150 39 4.074.440 101-150 39
frag_ 2 | 5.298.304 150 39 4.074.440 101-150 39

Két qua danh gia dit liéu cho thay, mdi file (frag) bao gdm hon 5 triéu trinh ty voi do
dai 1a 150 bp va ty 1& phan trim GC 1a 39%. Sau qua trinh tinh sach, hon 1 triéu trinh tuy da
dugc loai bo, didu nay c6 nghia 1a c6 khoang hon 4 triéu trinh tw c6 chat luong tot dé thyc
hién cac budc phan tich tiép theo (Bang 3). Dudi day 1a mot s hinh anh danh gia dir lidu trudce
va sau tinh sach theo cac tiéu chi khac nhau dugc thyc hién boi phin mém

Trwére tinh sach

Quality scores across all bases (Sanger / lllumina 1.9 encoding)

Sau tinh sach

Qualty scores across all bases (Sanger / llumina 1.9 encoding)
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123456780 1519 3034 4549 6064 7579 0094 105100 120124 135139 150

1234567889 1519 3034 4549 6064 7579 9094 105109 120124 135139 150
Position in read (bp)

A. Chét lvgng theo vi tri base
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B. Biém trung binh chét lwong theo doan trinh tw



TAP CHi KHOA HOC - S0 18/2017 | 85

Sequence content across all bases Sequence content across all bases
100 100
wT *T
%C %C
90 90
%G %G
80 80
70 70
60 60
50 50
40 0
30 30
20 <= 20 oo
10 10
© 1234567809 1519 3034 4549 6064 7579 9094 105109 120124 135139 150 © 1234567809 1519 3034 4549 6064 7579 9094 105109 120124 135139 150
Position in read (bp) Position in read (bp)

C.Tyle A T, Cva G trong di liéu

GC distribution over all sequences GC distribution over all sequences

GC count per read GC count per read
‘Theoretical Distribution 250000 ‘Theoretical Distribution

300000

200000
250000

200000 150000

100000
° 0246811 15 19 23 27 31 35 39 43 47 S1 55 59 63 67 71 75 79 83 87 91 95 99 ° 0246811 15 19 23 27 31 35 39 43 47 S1 55 59 63 67 71 75 79 83 87 91 95 99

Mean GC content (%) Mean GC content (%)

iAo
D. Ty lé %GC
Distribution of sequence lengths over all sequences Distribution of sequence lengths over all sequences.

4000000
° 149 150 151 ° 100-101 106-107 112113 118119 124125 130-131 136-137 142143 148-149

Sequence Length (bp) Sequence Length (bp)

E. Phan bd dd dai ctia cac doan trinh tw

Hinh 1. M4t s6 hinh anh so sanh két quad chat luwong gidi trinh tw trudc va sau tinh sach.

Nhin vao két qua tinh sach cho thiy, chét luong theo vi tri base diém chit luvong (QC)
ctia mot trinh ty thé hién muc do tin cdy cua trinh tu d6, loai bd cac trinh tu QC<30
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(Hinh 1 A). Chat luong theo vi tri base diém chat luong (QC) cta mdt trinh tu thé hién
muc dg tin cdy cua trinh tu d6, loai bo céc trinh tu QC<30 (Hinh 1 B). Hinh 1 C cho chiing
ta biét ti 18 phﬁn tram (%) cua 4 loai A, T, G, C c6 trong dit li€u nhin biéu dd ta théy ti
1€ %G ~%Cva%A~%T. Théng ké % GC & mdi doan trinh tu va duong nay s€ dugc so
sanh v&i mot dudng mau xanh 1y thuyét néu dir liéu co ti 16 % GC cang gan duong ly
thuyét thi cang t6t (Hinh 1 D). Biéu d6 thong ké phan bd d6 dai ciiacac doan trinh ty trong
dir liéu tir hinh dudi cho théy tat ca cac doan trinh tu c6 d6 dai 150 bp, sau qua trinh tinh
sach, tat ca trinh tu c6 d6 dai nho hon 101 bp da duoc loai bo (Hinh 1 E).

Bang 4. Két quda ldp rdp véi nhiéu k-mer khdc nhau

Indexes K31 K41 K51 K61 K71 K81 K91
# contigs 2444 886 175 132 104 80 74

# contigs
78145 3845 664 418 288 200 144

(>=0bp)

# contigs
1376 728 149 115 91 70 65

(>= 1000 bp)
Largest contig| 7991 37295 153972 178182 178208 341148 508539

Total length | 3386688 | 3799516 | 3848787 | 3849914 | 3850822 | 3853499 | 3853739

T‘(’:i’ éegg)th 10963636 | 4107501 | 3918189 | 3892805 | 3880074 | 3874722 | 3867331
(thlolgg%tg) 2612555 | 3682432 | 3830919 | 3838018 | 3841963 | 3846289 | 3847387
N50 1656 6812 | 44982 | 54945 | 88156 | 128011 | 128117
N75 1051 3892 | 24124 | 32839 | 44234 | 62408 | 64050
L50 663 173 24 20 15 11 8
L75 1306 356 53 42 31 22 19
GC (%) 38.91 38.91 3892 | 3892 | 3893 | 3894 | 3893

# remapping | 7,024,967 | 7,743,376 | 8,018,083 | 8,038,811 | 8,051,215 | 8,059,907 | 8,002,825
reads (%) | (86.21%) | (95.02%) | (98.39%) | (98.65%) | (98.8%) | (98.91%) | (98.21%)

Mapping

. 25 15.6 28.76 28.76 34.33 36.48 38.31
quality
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2.2.2. Két qui Ip rdp

Vi dir liéu dau vao 1a cac file co6 dinh dang FastQ da duoc tinh sach gém 2 tap la
clean 1.fastq va clean 2.fastq. Tac gia tién hanh chon thong sd k-mer dé tién hanh xay
dung d6 thi De brujin, qua trinh dung do thi duoc tién hanh viéc x6a bo cac canh bic cau
va cac 181 Tip va bubble. Vi mot luong 16n cac doan read s& dan dén hinh thanh d6 thi véi
hang triéu diém va canh chong chéo 1én nhau va c6 thé xuat hién kha nhiéu diém ma khong
¢6 canh ndi giita chiing cling nhu mat rat nhiéu thoi gian cho budc xép chong 1én nhau dé
c6 thé xu ly duoc can thiét cai dat thuat toan trén hé théng may di€n toan cyc manh c6 kha
ning do tim va lip rap ding vi tri cic doan trinh ty trén phan tir ADN.

80

60

404

Number of contigs

20 A1

501-1000 1001-5000 5001-10000 10001-20000 20001-50000 50001-150000 >150000
Length Distribution

Hinh 2. Phdn bé d¢ dai contig ciia hé gen ldp rap K91.

Duya vao nhiing tiéu chi danh gia chét lugng lap rap da dugc trinh bay ¢ phan 2.1.2,
két qua lap rap dir liéu giai trinh tu cho thay ban lap rap voi k-mer 91 cho két qua tot nhat
v6i kich thude hé gen thu duge 1a 3.867.331 bp, tong sb contig thu duogc 1a 144, do dai
contig 16n nhét 14 508.539 bp, ty 1 phan trim GC la 38.94%, tong sé luong doan trinh ty
sir dung trong qua trinh lap rap la 8.002.825 (98,21%) va chat luong mapping 1a 38,31, day

1a diém chat lugng cho murc d6 tin cdy cao. Nhin vao két qua phan bd do dai contig ctia hé
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gen lap rap K91 (Hinh 2) cho thiy c6 70 contig c6 kich thudc nho hon 500 bp, tuy nhién
chi chiém 13592 bp (0,3%) téng kich thuéc h¢ gen. Pac biét, sb lugng contigs ¢ c6 kich
thudc tir 5000-150000 bp va 16n hon 150000 bp theo 1an lugt 1a 11 va 7 contig, tuy nhién
s6 tong kich thude cuia hai nhém nay 14 1.467.468 bp va 1.826.822 bp chiém phan 16n tong
kich thuéc hé gen. Diéu nay cho thay két qua lap rap ciia phan mém DASR tuong dbi tot
va dang tin cay.

Pé so sanh sau hon vé lugng lap rédp cia DASR so v6i cac phan mém lap rap dugc sir
dung phd bién, tac gia di thuc hién so sanh chat lwong lap rap giita phin mém DASR véi
hai phan mém duoc sir dung phd bién hién nay trong cac nghién ciru vé lap rap hé gen l1a
Velvet va SPAdes. Pé dam bao tinh nhat quan trong phép so sanh, hai phan mém nay duoc
sir dung dé lap rap hé gen str dung dir lidu giai trinh tu thuc té va voi k-mer 91 va so sanh

v6i két qua lip rap ciia DASR & k-mer 91.

Bang 5. Thong ké két qua ldp rap ciia 3 phan mém véi k-mer 91

Indexes DASR SPAdes Velvet
# contigs (>= 0 bp) 144 72 87
# contigs (>= 500 bp) 74 46 54
# contigs (>= 1000 bp) 65 41 48
Largest contig 508539 742974 678792
Total length 3853739 3863761 3860424
Total length (>= 0 bp) 3867331 3865750 3865086
Total length (>= 1000 bp) 3847387 3860045 3855831
N50 128117 192409 151612
N75 64050 100738 84186
L50 8 6 7
L75 19 12 16
GC (%) 38.93 38.94 38.94
Remapping reads (%) 8,002,825 8,066,047

(98.21%) (98.98%)

Mapping quality 38,31 41,12
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Hinh 3. Biéu do so sanh phdn bé d¢ dai contig giita 3 phan mém.
3.KET LUAN

Nhin vao bang thdng ké cho thiy, két qua lip rap cia ca ba phin mém kha twong
duong nhau va kha tuong dong voi hé gen tham chiéu: vé6i kich thude hé gen tong sb
khoang 3,86 Mb, ty 18 % GC khoang 38,94% va sb lugng doan trinh ty anh xa nguoc lai
(remapping reads) chiém khoang trén 98%. Tuy nhién, khi so sanh vé sb luong contig; kich
thudc contig dai nhit va chi s N50 thi phan mém SPAdes cho két qua tét hon trong 3
phan mém; vé6i téng sd contigs thu duogc 13 72 contig; kich thudc contig dai nhat 1a 742974
bp va chi s6 N50 1a 192409 bp. Hai phan mém con lai (DASR va Velvet) cho két qua kha
trong ddng nhau. Tir két qua trén co thé thiy rang phidn mém DASR cho chét luong lip
rap kha twong dong véi phan mém Velvet va cé phan kém hon so véi phan mém SPAdes.
S6 luong contig ngén tao ra van con nhiéu hon so véi hai phdn mém con lai (Hinh 3). Pay
1a nhitng budc dau phat trién, do d6 phan mém DASR can phai dugc thir nghiém trén nhiéu
b6 dit liéu khac nhau nham tdi wu hiéu sut ciing nhu 1a chat lwong lap rap ciia phan mém.
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EVALUATING AND EXPERIMENT THE ALGORITHM
TO ASSEMBLE DATA GENOME IN BIOINFOMATICS

Abstract: In this paper, the author present the results gained in the experiment process to
assemble genome with the suppose data and reality dagta. Simultaneous evaluating and
comparing rely on the parameters created by DASR algorithm and Velvet, SPAdes usual
assemble software.

Keywords: Genome, assembly, DASR.



TAP CHi KHOA HOC - S0 18/2017 | 91

AN APPROACH FOR SPECIFICATION
AND VERIFICATION OF MULTI-AGENT SYSTEMS

Tran Thi Thu Phuong
Hanoi Metropolitan University

Abstract: Multi-agent systems (MASs) have been recognized as a modern approach for
software development where each of software components is independent and
autonomous like agent. However, how to ensure the correctness of their designs before
implementing is still an open and interesting problem. The objectives of this paper are
proposing a method for specifying and verifying multi-agent systems in order to solve the
described issue. In the method, the number of agents of the considering MAS is infinite.
As a result, the state spaces of these systems are also infinite.

Keywords: specification, verification, multi-agent systems, theorem proving, invariant
properties, CafeOBJ.

Email: tttphuong2@daihocthudo.edu.vn
Received 14 July 2017
Accepted for publication 10 September 2017

1. INTRODUCTION

Computer agents have been known as key elements of modern systems in which the
actions of each agent are autonomous in the environment to achieve system’s goals [1].
Although one agent can perform independently, in some systems, agents must interact with
each other. Similar like sharing resources between agents, it requires the agents
synchronizing their activities in using the resources. Thus, a multi-agent system [2], [3] has
been recognized as a set of agents which are modeled behavior of human and can interact
with each other to meet some objects. As a result, MAS is being interested in setting
research and widely applied [4], [5], [6], [7] In software engineering, MAS has been seen
as a modern approach to software development where each of software components is
independent and autonomous like agent. In the life cycle of software development, there
are many important phases such as requirements, specification (analysis), design,
implementation, integration, maintenance and retirement [8]. However, one of the issues of
the life cycle is how to ensure the correctness of the MAS design of MAS before
implementing. This is still an open and interesting problem.
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A potential solution for dealing with the described problem is applying model
checking [9], [10]. According to the model checking approach, a model that describes
behaviors of the system and a required property are given into a model checker for
verifying correctness of the design of the system. The model is represented by finite state
machine, finite state automaton, etc. However, the number of states of this model is finite
whereas behaviors of MAS are often infinite. Moreover, the number of agents in MAS is
often changed during the system development process. Thus, we do not know exactly the
number of agents. In this case, we consider the number of agents is infinite. As a result, the
state space of the system is infinite and we cannot apply model checking to verify the

correctness of MAS.

This paper proposes a method for the specification and verification of MAS in order to
solve the above issue. In the proposed method, actions of agents and invariant properties
are specified using the algebraic language. Based on these specifications, the state space of
MAS is defined recursively that comprise with an initial state and how to go to the next
states from any state of the system. We realize the purposed method by using a theorem
prover named CafeOBJ [11], [12], [13].

2. BACKGROUND

2.1. An Overview of Multi-agent Systems

Multi-agent system has been known as a set of agents. There are many definitions of
agent and one of the most comprehensive definitions is given by Michael Wooldridge in
[14]. The definition is adapted from Wooldridge and Jennings (1995).

“An agent is a computer system that is situated in some environment, and that is

capable of autonomous action in this environment in order to meet its design objectives”.

According to this definition, an agent can be either software system or hardware
system. Any agent exists in a certain environment and operates independently on behalf of
its owner or user to satisfy the design objectives.

An important feature of agents is autonomy. The autonomy is the ability of agents can
perform actions without the intervention of people or other agents. As this feature, agents
can exist and act on behalf of its owner in the environment to obtain some goals. Related to
this feature, an intelligent agent also has other features as follows:

+ Reactivity: Agent has ability to maintain interaction with the environment and

respond in time to changes that occur in the environment.
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+ Proactiveness: Agent has ability to actively seek action towards the assigned
objectives.

+ Social ability: An agent is capable of interacting with other agents to achieve
shared goals.

Although one agent can perform actions independently, in some systems, agents must
interact with each other to obtain some goals. For example, in the internet environment, a
computer (as an agent) has to interact with each other to use sharing resource. In [14],
Michael Wooldridge also defined multi-agent system as:

“A multi-agent system is one that consists of a number of agents, which interact with
one-another”.

2.2. Theorem Proving

Theorem proving is a verified method that the verification is performed on formal
specifications of system models. The method consists of many precise rules, initial
positions and goals. From the initial position, the method uses the rules and applies
inference or deduction steps to reach the goal. A step of inference or deduction and
positions are sets of formulae. The initial position is called axioms, assumptions or
hypotheses. In the logical system, goals and axioms are stated by sentences (formulae) then
add some rules of deduction for obtaining new sentences from old ones. In this context,
models relate to rules and satisfaction means that a sentence describes accurately a given
position. Because the method does not need checking all states of the system and therefore,
it is applied to verify the systems which the state spaces are no limited. As a result, it is
also an accurate method to verify the multi-agent systems which number of agents is
infinite. However, in some cases, if we cannot complete the proof of a goal, theorem
proving cannot tell us whether the goal is not indeed satisfied or whether we do not provide
enough information to complete the proof.

2.3. Fundamentals of CafeOBJ

CafeOBlJ is an algebraic specification language that was developed under the direction
of Kokichi Futatsugi at Japan Advance Institute of Science and Technology (JAIST). This
language inherits directly OBJ algebraic specification language [15], [16] and implements
rewriting logic and hidden algebra. It also supports the verified method based on algebraic
specification technique and induction method for verifying the system that has infinite states.

Specification in CafeOBJ is module. A module has the following declaration:
Module <module name>

{

<module_element>*
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In the declaration of module, module name is the name of the module,
module element is either import declaration, sort declaration, operator declaration, record
declaration, variable declaration, equation declaration, or transition declaration.

CafeOBJ module can be classified into tight module and loose module that are
declared as mod! and mod* respectively. Tight modules are used when describing data
types and loose modules are used when describing the parameters, behaviors of systems.
After specified, the file is saved as.mod extension.

Behavioural specifications [17], [18] are based on hidden algebra and they can
naturally handle states of encapsulated objects. The state space of an object is shown as a
hidden sort. It is considered as a kind of black box and the state of any object can be
observed by using some operators called attributes. In hidden algebra, there are two kinds
of sorts, visible sorts represent abstract data types and hidden sorts represent states of an
object. The declaration of sorts is presented as follows [19]:

sort declaration = hidden sort | visible sort
visible sort = [list _of sort_names{< list of sort names}*]
hidden sort = “*”[list of sort names{< list of sort names}*] “*”

In CafeOBJ, operation declaration is presented as follows [19]:

operator declaration = op operator_name: list of sort names -> sort_name
op =op | bop
An example of the behavioural specification is presented as bellows [20]:

mod* COUNTER {
protecting(INT)
*[ Counter | *
op init: -> Counter — initial state
bop add: Int Counter -> Counter
bop read : Counter -> Int
var I: Int
var C: Counter
eq read init = 0.
eq read add(l, C) =1 + read C.

/
The example specifies loose module COUNTER. INT is imported in the specification

by protecting (INT). Hidden sort Counter is declared within *[]*. The init operator denotes
any initial state while add action adds an integer to the Counter and read returns value of a
Counter.I and C are variants and declared by var. In order to define read operator and add
operator, eq is used. In this definition, the value of the initial state init is 0 and the value of
operator add (I,C) is sum of I and value of C.
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3. RELATED WORKS

In this section we focus on reviewing some existing works on specification and
verification of multi-agent systems. The reviewing is presented on the most recent and
closest ones.

An early of works on specification and verification was by Wooldridge ef al. in [21]. It
presented a language for design and automatic verification of multi-agent systems
(MABLE). A MABLE system consists of a number of agents. Each of agents is
programmed using MABLE imperative programming language and has a mental state
(beliefs, desires and intensions). In MABLE system, an agent is implemented as a process
in PROMELA [22], claims about the behavior of agents are expressed in MORA, a
simplified form of Wooldridge’s LORA, and checked by the SPIN model checking system.

In [23], Rafael H. Bordini and colleagues introduced a framework for verification of
multi-agent programs in an agent-oriented programming language is AgentSpeak (F)
which is a finite state version of AgentSpeak (L). The verification of agent programs is
done by transforming AgentSpeak(F) code into either Promela or Java, then applying
associated Spin and JPF model checkers to verify.

More recently, in [24] Louise A. Dennis and colleagues provided a new framework for
verifying a wide range of agent-based programs. According to this approach, agents are
programmed in several programming languages (AgentSpeak, 3APL, Jadex, MetateM...)
is translated to AIL (Agent Infrastructure Layer) then Java. The verification uses AJPF

which is improved version of the open source Java model checker JPF.

So far, all of the work presented in this section concentrates verification using model
checking. In complex systems where contain abstract data types or recursive definitions,
model checking is not an appropriate verification approach. Moreover, if the state space of
the system is infinite, model checking cannot be used to verify the system. Therefore, there
is also some work that uses theorem proving as a key solution for these cases. N. Alechina
et al. proposed a method for verifying the properties of agent programs in [25]. The agent
was specified with beliefs, goals and plans by SimpleAPL such as 3APL and 2APL. In
order to verify the correctness properties, the agent programs written by SimpleAPL are
translated into an expression of the logic. Based on these woks, PDL theorem prover is
used for proving the safety properties and liveness properties. However, this approach is
applied to single agent while in multi-agent systems, agents must interact with other agents
to obtain the system goals. Therefore, multi-agent system needs to be specified and

verified in the interactions between agents not only focus on a single agent.
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In the paper, we propose a method for the specification and verification of multi-agent
systems which number of agents are infinite. CafeOBJ is used as a tool for specifying
agent’s actions and state space of the system. Theorem prover named CafeOB]J is also used

to verify invariant properties of the system.

4. THE PROPOSED METHOD

In multi-agent systems, actions of each agent are autonomous. However, in some
cases, the objectives of the system are only obtained by the interaction of agents; for
example, the sharing resource in the system requires each agent must interact with others.
In order to verify the combination of agent can obtain the system goals or not, we need to
specify behaviors system by specifying the behaviors of agents. In this section, we propose
the method to resolve the issues. Firstly, we present the method for specifying agents
through specifying actions of agents. Next, the specification of MAS by specifying the
state space of MAS will be described. In section 4.3, the invariant properties which are
popular properties of MAS are defined. Finally, we propose a method to check whether the

MAS satisfy the invariant properties or not in section 4.4.

4.1. Specification of Agents

In MAS, an agent can be either acknowledged as an independent object that has an
inference mechanism or it can be a member of a system that requires each agent must
interact with others to obtain the system goals. In general level, the agent receives
information from the environment and information from other agents through its sensor. In
order to interact with other agents and the environment, an agent selects one of its actions.
Which action should be selected depends on information about the environment and the

current state of the system.
Let Aid be a set of indexes of agents and Sys be the state space of MAS. Each agent

ajhas a finite set of n actions such as aj;, aip, ais...aj,. The specification of agents is

performed by specification of its actions. Each action aj; is defined as follows.
Definition 1. (Agent’s action). An action a;; is defined as a function which maps Aid x
Sys to Sys (i.e., aji: Aid x Sys — Sys).

Note 1. We use ajj(i, s) where i€ Aid, s € Sys to denote that the agent a; performs the
action ajjat the state s of system. The impact of this action can make the system go to the

next state s’ = a;j(i, s) or remain the current state s.
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In order to know whenever the action can be performed or not and therefore, the

system will go to another state or not, we define function c-a;; as follows:

Definition 2. (Condition of agent’s action). A condition of agent’s action c-aj;
is defined as a function which maps Aid x Sys to {true, false} (i.e., c-aj: Aid x Sys —
{true, false).

Note 2. We use c- a;(i, s) where ie Aid, s € Sys to denote that the agent a; performs
the action aj; at the state s of system successfully or not and therefore, the system will go to
the next state s’ or not. If c- ajj(i, s) = true, action ajj(i, s) is performed successfully and the
system will go to the next state s. Otherwise, if c- a;(i, s) = false, agent a; does not perform

action a;; successfully, the state of system is still s.

4.2. Specification of State Space of MAS

In MAS, number of agents often change during the development process of the
system, then we do not know exactly the number of agents in MAS. Thus, in this paper, we
consider the state space that is obtained by the impaction of agents’ actions is infinite. The
state space of MAS is a combination of the initial state and the next states. Let init be the
initial state and s be the state of MAS. At each state s € Sys, the system will go to the next
state s = a;(i, s) if one of agents a;(i € Aid) performs successfully action aj; at state s. The

state space of MAS can be specified recursively:

Sys = {init} U {a;(i,s) |i € Aid, s € Sys, j € [I.. nf}

4.3. Specification of Invariant Properties

A MAS which is developed has to satisfy some required properties. Before a system is
deployed, required properties need to be verified. In this paper, we only focus on
specification and verification of invariant required properties. These are common
properties of systems in general and MASs in particular. An invariant property is defined

as follows:
Definition 3. (Invariant property). An invariant property inv is defined as a function
which maps Sys to {true, false} (i.e., inv: Sys — {true, false}).

Note 3. We use inv(s) = true where s € Sys to denote that the system has to satisfy
with all states of system. The verification of correctness of invariant property inv is

equivalent to verify that with every state s (s € Sys) then inv(s) = true.
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4.4. Verification of Multi-agent Systems

Currently, software testing [26] has been recognized as the most popular solution for
detecting errors/mistakes of systems. However, testing has been done after implementing
phase in the life cycle of software development then we cannot apply testing for checking
the correctness of the design phase. In order to check the correctness of the design phase,
formal verification is currently widely applied. In this verification method, model checking
and theorem proving are two methods that have been using mostly. Model checking which
formally describes behaviors of the system and a required property is given into a model
checker for verifying correctness of the design of the system. However, this model is
difficult to use for analyzing the programs which contain complex data type like trees, lists,
recursive definitions [27]. Moreover, the number of states of the model is finite, then we
cannot apply this model for verifying the system that a number of states are infinite. In
MAS, the number of agents often changes during the system development process. In
general, we can assume that the number of agents is unknown. As a result, we cannot apply
model checking to verify the correctness of MAS.

Base on theorem proving described in section 2.2 and induction mathematical idea, we
propose a verified method that applied to prove the correctness of MAS that the state space
is specified recursively and number of agents is infinite. Suppose that the system has some
invariant properties and we have to verify that the system satisfies all invariant properties.
Figure 1 presents the proven process for verification of an invariant property of the system.
In this figure, the verification of an invariant property has been done by verifying in the
base case and induction case. In the base case, we check the property inv is satisfied at
initial state or not (inv(init) = true ?). If true, we move to prove inv in the inductive step.
Otherwise, if inv(init) = false, we can conclude that the system does not satisfy with
property inv. In inductive case, suppose that the system satisfies with property inv at state
s, we must prove that the system also satisfies with property inv at all the next states s’.
The next state s’ is the state of the system that is obtained by an action of any agent
performs successfully its action at state s. If property inv is satisfied at the next states of s
then we can conclude that the system satisfies with property inv. Otherwise, the system
does not satisfy with property inv. In the process of verifying invariant properties of MAS,
the obtained results are neither true nor false at some next states of the system. And
therefore, we cannot know that the system satisfies or not invariant properties. In these
cases, we need providing some lemmas to prove that inv(s) returns true. These lemmas are
based on attributes of system that relate to inv. Before being applied, these lemmas need to
be verified as well as properties of the system.
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Base case
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Add lemmas
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Fig. 1. Verification process of invariant property of MAS.

5. CONCLUSION AND FUTURE WORKS

In this paper, we proposed a method for the specification and verification of multi-
agent systems which state space is infinite. With this issue, model checking cannot be
applied to resolve. In the proposed method, we used algebraic language for specifying
behaviors of agents, behaviors of the system and invariant required properties. In the
specification of behaviors of agents, actions of agents were specified. In order to know
when an agent performs its action successfully, we also defined conditional action
function. Based on these specifications, state space of MAS was specified recursively as a
combination of initial state and the next states that are obtained when any agent performs
successful its actions. Required invariant properties of the system also were defined as the
properties that the system has to satisfy at all states of the system. After specifying MAS,
we presented the method for verification of the system. The proposed method is a theorem
prover named CafeOBJ has been done by checking invariant property is satisfied at initial
state and the next states.

As future work, we propose to realize the proposed method by specifying and
verifying Airline Ticket Booking system that number of booking agents is unknown. We
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also intend to combine model checking and theorem proving for specifying and verifying
multi-agent systems. For example, model checking is used for modeling behaviors of
booking agents and verifying them. This means that the correctness of the specification of
the system will be verified. The invariant required properties of the system will be verified
by theorem proving. This combination will provide benefits in term of automation and can
be used on large systems. Although invariant properties are common properties of the
system in general, several properties are not invariant, then it is necessary to research how
to translate the other properties into invariant properties. For example, based on semantics
of the properties we will translate the properties into invariant properties. This will increase
the applicability of the proposed method.
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PHUONG PHAP PAC TA VA KIEM CHUNG CAC HE PA TAC TU

Tém tdt: Cdc hé thong da tac tir (MASs) da dwoc cong nhdn la phirong phap tiép cdn hién
dai cho phdt trién phan mém, trong dé méi thanh phan phan mém la déc ldp va cé tinh tw
tri nhu tac tu. Tuy nhién, lam thé nao dé dam bao tinh chinh xdc cia thiét ké truée khi thi
hanh van con la mét van dé mé va thii vi. Muc tiéu cia bai bdo nay la dé xudt mét
phwong phdp dic ta va kiém chitng cdc hé thong da tdac tir dé gidi quyét vin dé dwgc mé
ta. Trong phwong phdp nay, sé lwong tac tir ciia cdc hé MAS la vé han va do dé khéng
gian trang thdi ciia hé thong ciing vé han.

Tte khéa: Pac ta, kiém chung, hé da tac tu, thuyét chuing minh, cdc thudc tinh bat bién,
CafeOBJ.
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SU ANH HUGNG CUA NHIET PO TRONG QUA TRINH THUY NHIET
TOI VIEC HINH THANH DAY NANO Na, ,,Mn0,

Ta Anh Tén', Ping Tran Chién’, Pham Duy Long’
" Truong Pai hoc Thi d6 Ha Ngi
? Truong Pai hoc Tai nguyén va Méi trwong Ha Noi
 Vien Khoa hoc Vit liéu — Vién Han lam Khoa hoc Viét Nam

Tém tat: Vit liéu dién cuc Na,MnO, téng hop tur cac tien chat Mn,O; va NaOH bcing
phuwong phap thuy nhiét (hydrothermal) ¢ cac nhiét dé 185 °C, 190 °C, 195 °C, 200 °C va
205 °C cho thtfy, ngay ¢ nhiét do thuy nhiét 185 °C da co sw hinh thanh cua pha vdt liéu
Nay 4MnO,. Tuy nhién phai dén nhiét do 205 °C cia qua trinh thuy nhiét moi thu duwoc
vit liéu Nag,MnO, gan nhw don pha. Thie nghiém ciing cho thdy trong qud trinh ting
nhiét dg thity nhiét tir 185 °C dén 205 °C ban dau pha vit liéu NayssMnO, (Birnessite)
dwoc hinh thanh ¢ dang hat. Khi nhiét do tang lén thi hat nay dan tach ra tré thanh dang
ld va cudi cing tré thanh dang ddy nano cé kich thude cé 30 nm va chiéu dai c¢& hang
chuc um. Vit liéu Nay 44,MnO, hoan toan don pha co kich thucc 30 + 50 nm theo chiéu
ngang va c6 chiéu dai tir vai trdm nano mét téi vai micro mét chi thu dwoc khi tién hanh
tdi két tinh vat liéu Na,MnO, da thity nhiét ¢ nhiét d¢ 205 °C bang cach i nhiét ¢ 600 °C
lién tuc trong 6 gio.

T khoa: Ddy nano, Nay ,MnQO,, Birnessite, Pin natri — ion, NiBs.

Nhan bai ngay 15.7.2017; gui phén bién, chinh sua va duyét dang ngay 10.9.2017
Lién hé tac gia: Ta Anh Tén; Email: tatan@daihocthudo.edu.vn

1. MO DAU

Pin ion liti (LIBs) d4 dwoc sir dung rong rii trong nhiéu ing dung nhu cac phuong tién
van tai chay bﬁng dién nang, cac thiét bi dién t di dong, robot, may tinh... Sy su dung
rong rdi cua pin ion liti dAn dén nhu cau khai thac va sir dung kim loai liti ting 1én rat
nhanh [1], tuy nhién, trit luong khoang san liti trong 10p vo trai dat 1a khong nhiéu (chiém
0,0007% 16p vo trai dat). Do vdy, trong nhiing nim gan ddy gia thanh cia kim loai liti da
tang 1én nhanh chong. Trong tinh hinh d6, viéc tim kiém céc kim loai khac c6 thé thay thé
cho liti trong pin ion tré thanh mat van dé cép thiét, dugc nhiéu nha khoa hoc va céc tap

doan l6n quan tam nghién ctru va trién khai tng dung.
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Hién nay, pin ion natri (NIBs) dang n6i 1én 1a mot ing cir vién c6 kha ning thay thé
pin ion liti trong nhiéu linh vue, dic biét 1a linh vuc du trit nang luong qui mo 16n. Pin
NIBs ¢6 nhiéu vu diém nhu gia thanh ré do trit lugng natri trong vo trai dat 1on (chiém
2.6% 16p vo trai dat), phuong phép ché tao don gian va than thién véi moi truong. Co ché
dién hoa ciia pin ion natri va pin ion liti 14 twong dong, nhung do kich thudc ion natri 16n
hon ion liti do vay su khuéch tan cua ion natri trong cAu tric cua cac vat liéu catot gap
nhiéu khoé khin hon so véi ion liti. Béi vay, nghién ciou ché tao vat liéu dién cuc co ciu
tric va hinh thai hoc phu hgp cho su khuéch tan cta ion natri 14 can thiét va thu hat duoc
su quan tdm cda nhiéu nha khoa hoc.

Nhiéu vt liéu catot cho pin NIBs da dugc cong bd nhu vt lidu ciu trac 16p NaMO,
(M = céc kim loai chuyén tiép) [2-9], vat lidu c6 céu tric duong ham Nag44MnO, [10-25],
vat lidu siéu dan ion Na' (c6 d6 dan ion & nhiét do phong trong khoang 10° + 10" S.cm'l)
[26], 6xit kim loai [27, 28], Vat liéu NaMnO, [29]... Trong cac vat liéu trén, vat liéu ciu
trac 16p Na,MnO, duoc tap trung nghién ctru nhiéu hon do ¢6 dung luwong 16n, chu ki
xa/map dai. Vi du: vat liéu NageMnO; c6 dung lugng 155 mAh/g, sau 10 chu ki dung
lwong giam di khoang 55% [2, 12-14, 24, 30-32]. Trong s vat liéu Na,MO, da dugc cac
tai liéu cong bd chung ta nhan théy ndi bat 1&€n c6 vt liéu day nano Nay44MnO, méc du co6
dung lugng & tam trung binh nhung c6 dién ap tuong ddi cao [33].

C6 nhiéu cach dé téng hop vat liéu Nag44MnO, nhu thiéu két thong thuong [34, 35],
thiy nhiét [15, 16, 19, 36], phan rng pha ran [12, 14, 17, 24, 37], sol-gel [13, 38]... Trong
céc phuong phap tong hop vat liéu da néu trén, phuong phéap thiy nhiét thu duge vat liéu
day nanao Naj44MnO, don pha va déng thoi cho nhiing dédc tinh hoat dong dién hoa on
dinh. Trong nghién ctru ndy, chung ti tap trung vao ché tao vat liéu cau tric duong ham
Nag 44sMnO, tong hop bang phuong phép thity nhiét. Trong ciu tric cua vét lidu ndy, cac
ion Na* ¢6 thé dé dang di chuyén trong duong ham hinh chit S, diéu nay c6 thé lam ting
tinh chit dién hoa cua vat liéu.

2. THUC NGHIEM CHE TAO VAT LIEU

Chuén bj 2 gam vét liéu Mn,0O3 hoa trong 80ml NaOH 5M va khqu tur cho vat liéu
duoc tron déu trong dung dich, sau d6 hon hop dugc dung trong mot binh Autoclave béng
Teflon c6 dung tich 120 ml va i nhiét 48 gio & 185 °C. Sau d6 dé ngudi ty nhién. Hon hop
thu duoc hoa trong nudc khir ion, khudy tir va rung siéu 4m trong 1 gid va tiép theo no
dugce rira nhiéu lan béng nudc khtr ion. Vit liéu thu duoc tiép tuc hoa trong 80 ml NaOH 5
M va khudy tir va tiép tuc duoc dung trong mot binh Autoclave bang Teflon ¢6 dung tich
120 ml dé  nhiét 48 gio ¢ 185 °C, sau do dé nguoi tu nhién. Hon hop thu duoc, duoc rira
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nhiéu lan bang nudc khir ion va quay ly tAm nham loai trir NaOH con du cho toi khi sach
NaOH. Vit liéu thu dugc dem séiy kho trong chan khong 10 gio ¢ 120 °C ta thu dugc vét
liéu ki hiéu T185. Tiép d6, mot phan vat liéu nay duoc gia nhiét téi 600 °C trong khong
khi v6i toc d6 10 do/phit va u & 600 °C lién tuc trong 6 gio. Vat liéu cudi cung dugc dé
ngudi ty nhién va ky hiéu 1a T185U600. Lam hoan toan véi quy trinh nhu trén cho vat li€u
nay lan luot & cac diéu kién nhiét d6 190 °C, 195 °C, 200 °C va 205°C, ta thu duogc cac vat
liéu duoc ky hiéu nhu

Dic diém ciu trac cia vat liu dugc khao sat trén hé nhiéu xa X ray — D5005
SIEMEN véi nguon phat xa Cu Ka. (A = 1.5406A). Pic diém hinh thai hoc dugc khao sat
trén kinh hién vi dién tir quét FE-SEM HITACHI 4800.

Bang 1. Bang ky hiéu vit liéu Na,MnO, tong hop bang phwong phdp thity nhiét
0185, 1900, 195, 200°C va 20 <.

Nhiét do 185 °C 190 °C 195 °C 200 °C 205 °C
Tén méu T185 T190 T195 T200 T205
Mé&u G nhiét T185U600 T190 U600 T195 U600 T200 U600 T205 U600

3. KET QUA VA THAO LUAN

Trong cAu tric truc thoi cia vat liéu
Nag 44MnO,, ion Mn nam tai hai vi tri khac
nhau, vi tri thir nhat trong khdi bat dién
MnOg va vi tri thr hai trong khéi kim tu
thap day vuong MnOs. Cac khdi bat dién
MnOg lién két canh v&i nhau va lién két
dinh v6i khéi kim tu thap MnOs dé tao ra
mang khong gian véi hai loai duong ham.
Mot 1a duong hdm 16n c¢6 dang hinh chit S
va dudong ham con lai nho hon co dang
hinh ngii giac [11, 39, 40]. Trong duong
ham hinh chir S, ¢6 hai vi tri ma ion natri

c6 thé chiém git (Na; va Na,) va chi c6

Hinh 1. Cdu tric ciia vt liéu Na,MnO..

mot ion natri nam trong duong ham nhod
hon (Na3). Hinh I, mo ta cau tric cua vat liéu Nag44MnO, va vi tri cia cac ion Mn, Na.
Trong qua trinh xa va nap, cac ion Na khuéch tan doc theo truc c cua cau trac vat liéu. Cac
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jon natri tai vi tri Na; va Na, ¢6 thé tham gia qua trinh ti€ém vao/thoat ra khoéi vat liéu, trong
khi ion natri nim trong dudng ham nhé hon bi méc ket tai vi tri Nas va khong tham gia vao
qua trinh khuéch tan [39, 40].

Hinh 2, pho d6 XRD cua cic miu

T185, T190, T195, T200 va T205 duoc 7 :Z:c;
tong hop bodi phuong phap thuy nhiét tu J g - *— Na,. MO,
cac tién chit Mn,O; va NaOH & cac nhiét = 288 g s §T ; g g

do 185 °C, 190 °C,195 °C 200 °C va 205 3 | | j J' T T d ‘N

°C. Céc dudng nhilu xa chi ra ring ngay € W
& nhiét d¢ thuy nhiét 185 °C da xuat hién  $ k L 1200 pur it

cac dinh nhiéu xa twong g voi cac goc N Amha 22 if

20: (160) ¢ 22.72°, (340) ¢ 32.36°, (350) * N . e ‘t

X \ \ A TIE N o
¢ 34.22% (360) 0 36.17%, (201) & 37'58(‘) 10 15 20 25 30 35 40 45 50 55 60 65 70
va (2130) ¢ 49.21°, sau dinh nay thudc ve Goc 2 theta (d9)

thé PDF chudn JPCDS s6 27-0750 ¢6 cAu ~ Hinh 2. Phd XRD ciia cdc mdu T185, T190,
T195, T200, T205 tong hop bang phwong phap

trac orthorhombic ctia nhém khdng gian
4 €8 thuy nhiét 6 185°C,190°C,195°C, 200°C, 205°C.

Pbam ttrc la pha vat li¢u Nag 44MnO,.

Tang nhi¢t do cua qua trinh thuy nhiét theo budc 5°C tuce 1a 190°C, 195°C va 200°C,
thu dugc cac mau T190, T195, T200. Phd XRD trong Hinh 2, clia cac miu nay cho thay
cac dinh dac trung cho Mn3;04 yéu dﬁn, cac dinh dac trung cho pha Nay44MnO, van con
yéu chua rd nét.

bé dat duogc pha mong mudn, nhiét do thiy nhiét dugc ting 1én 205°C nhu mot sb
nghién ctru da cong bd [15, 19, 41]. O nhiét d6 nay, Phd nhidu xa XRD cho thdy cac dinh
nhiu xa dic trung cho pha Nag4MnO, duoc nhin thay 14 sic nét va cac pha khong mong
mudn chi con ton tai mot s6 dinh nhé md nhat, nhung pha mong mudn téng hgp dugc van
chua hoan toan don pha. Vi vay diéu kién cua qué trinh thuy nhiét duoc ting thém 5°C.
Tuy nhién két qua thu dugc cho pha vat liéu tap trd lai manh hon. Do vay ching t6i dimg
lai & nhiét d nay va cho réng nhiét do téng hop & 205°C pha Nag44MnO, hinh thanh la
t6t nhat.

Anh SEM ciia cac mau T185, T190, T195, T200, T205 tong hop bang phuong phap
thily nhiét & Hinh 3 cho ta théy su thay ddi rat rd rét vé hinh thai hoc cua vat liéu Na,MnO,
tong hop tir phuong phap thiy nhiét trong 96 gio & cac nhiét d6 khac nhau. Mau T185 tong
hop & nhiét do 185°C Hinh 3a, c6 hinh dang hat twong ty v4i hat cia Mn,O;3 [42]. Cac mau
T190, T195 va T200 cho théy hinh thai hoc cua vt liéu bit du trd nén phuc tap hon, bao
gom dang hat, dang 14 c6 thé xem nhu dang tach ra tir mot khdi va ddc trung nhat & day 1a
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dang day. Theo su ting 1én ctia nhiét d6 trong qué trinh thity nhiét, mot su bién d6i vé hinh
thai hoc rat rd rang, do 1a su bién d6i tir dang hat sang dang day. O mau T205 Hinh 3e, anh
SEM cho thdy vat liéu thu dugc hoan toan c6 dang diy nano véi kich thudc ang chimg ~
30 nm va dai tir vai trim nm dén hang chuc pm.

Hinh 3. Anh SEM méu Na,MnO, 185°C, 190°C, 195°C, 200°C va 205°C.

Hinh 4, phd nhidu xa XRD cua cic mau Na,MnO, sau khi thuy nhiét & 205°C 48 gid
(a), 72 gid (b) va 96 gid (c) va sau khi thuy nhiét 96 gio dugc u lai nhiét & 600°C trong 6
gid (d). Hinh 4a, vat liéu thily nhiét & 205°C trong 48 gid c6 cac dinh nhiéu xa XRD thudc
vé thé JPCDS sb 43-1456 cta pha tinh thé birnessite NagssMnO, cung mot sé dinh nho
thudc vé pha tinh thé Mn,Os. Hinh 4b, vét liéu thuy nhiét & 205°C trong 72 gid' cho céac
dinh nhiéu xa cua pha NayssMnO; va Mn,03 c¢6 cuong do yéu di va xuit hién cac dinh
thudc pha Nag44MnO, diéu nay tuong ty nhu Yohan Park va déng nghiép da bao cao [42].
Hinh 4c, vat li€u thuy nhiét & 205°C trong thoi gian 96 gio cho pha Nay44MnO; c6 cac
dinh nhiéu xa sdc nét, cac dinh thudc vé pha Naj ssMnO, va Mn,0; con lai rat nho (khong
dang ké so v6i pha Nag44MnO,) diéu nay twong tu véi két qua ciia mot sb tac gia di nghién
clru va cong bd [16, 42]. Hinh 4d, phd nhidu xa cua vat liéu thay nhiét ¢ 205 °C trong thoi
gian 96 gid sau d6 dugc 0 nhiét & 600 °C trong thoi gian 6 gio, cac dinh thudc vé pha
Nap 55MnO, da hoan toan bién mét, chi con tdn tai mot dinh nho cia pha tap Mn,O3 & goc
20 = 55.36°. Tur cac két qua trén cho thdy qué trinh thity nhiét tao vat liéu Nag 4MnO, gdm
hai giai doan. Ban dau la phan tng giita oxit Mn,O3 voi NaOH dé tao ra thanh phan pha
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Nag.ssMnO, (Birnessite) c6 cau trac 16p [16, 42]. Diéu nay duoc thé hién trén phd XRD cua
vat li€u sau khi thiy nhiét trong 48 gio ¢ 205°C.

Tiép tuc qua trinh thay nhiét cac

16p vat liéu nay phat trién 16n 1én va
phan tach thanh day nano Nag 44MnO,.
Két qua nay hoan toan twong ty véi
cac tac gia trong [16, 42-44] khi cho
ring qué trinh chuyén pha trong vat
liéu Na,MnO, la do su s?ip xép lai trat

Cudng do (d.v.ty)

tu cua nhitng vi tri khuyét Na hoac cac

chuyén doi lién quan dén su truot cua

cac mat phang oxi.

L L L L L AL L S L N A BN R
10 15 20 25 30 35 40 45 50 55 60 65 70
Trén Hinh 5, anh SEM cua cac Goc 2 theta (do)

mau Na,MnO, thily nhi¢t trong thoi .. .
Hinh 4. Pho nhieu xa XRD cua cdc mau NaMnO,

. . ' sau khi thuy nhiét o 205 °C trong 48 gio (a), 72 gio
SEM cua vat liéu sau khi thity nhiét c6  (b) 96 gio (c) va sau khi thiiy nhiét ¢ 96 gio dwoc i
nhiéu dang hinh thai hoc khac nhau. nhiét o 600 °C trong 6 gio (d).

Ngoai cac hat vat li€u co kich thude

gian 48 gid. C6 thé nhan thdy anh

nhd khoang 100-200 nm dugc xem nhu la cta vat li¢u oxit MnyO3 con du con cé hat co
kich thuéc mot vai micro mét dugc xem la cua vat liéu Birnessite NagssMnO, da hinh
thanh. Khi quan sat nhiing hat vat liéu c6 kich thudc 16n, théy cac hat vét licu c6 dang 16p
va tai 6 c6 nhirng day nano vat liéu dang duogc tach ra tir ddy. Két qua nay hoan toan phu
hop voi Kkét qua nhéan dugc tr gian dd nhidu xa XRD, 1a vat liéu ton tai da pha va chu yéu
14 tir oxit Mn,O3 va Nag 44MnO,.

R Eed!
IMS-NKL x10.0k SE(M) 5.00um | IMS-NKL x100k SE(M) 500nm | IMS-NKL x100k SE(M)

Hinh 5. Anh SEM cia vit liéu Na,MnO, thuy nhiét trong 48 gio.
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Hinh 3-38, Anh SEM méu T205 sau khi i & 600°C trong 6 gi cho thay hinh anh cua
vat liéu dang thanh, déng déu véi kich thude cta thanh vao khoang 30 + 50 nm theo chiéu
ngang va c6 chiéu dai tir vai trim nano mét tGi vai micro mét.

Nhu véy ta c6 thé két ludn ring, bang phuong phap thay nhiét tai 205°C sau 96 gio vat
lidu sau do tiép tuc duoc & nhiét & 600°C trong khong khi thoi gian 6 gio. Két qua cho thay
ta da thu dugc vat li€u cac thong sb mang a, b, c va thé tich 6 don vi tuong Ung
129.12361 A, 26.28665 A, 2.81721 A va 675.6480 A°. Nhiing gi4 tri nay di c6 su thay ddi
v6i trude khi @ nhiét. Tuy nhién né van 1a phu hop véi cac két qua da cong bd cua nhicu
nhom nghién ciru vé thong sé mang cua vat liéu Nag44MnO, [11, 19, 20, 39, 45]. Va ching

toi hy vong rﬁng vat liéu nay s€ cho hoat dong dién hoa tdt hon.

4. KET LUAN

Tom lai, vat liéu Na,MnO, téng hop
bang phuong phap thity nhiét tir cac vat liéu
ban dau Mn, O3 va NaOH bang phuong phap
thiy nhi¢t (hydrothermal) & céc nhiét do
185°C, 190°C, 195°C, 200°C va 205°C cho
thdy, ngay & nhiét d6 thuy nhiét 185°C di c6
su hinh thanh cta pha vat li€u Nag44MnO,.
Tuy nhién phai dén nhiét ¢ 205°C cia quéa
trinh thiy nhiét méi thu dugc vat liéu

Hinh 6. Anh SEM ciia cdc mau dwoc ché tao

bang thity nhiét trong 96 gio  va

Nap.44MnO, gén nhu don pha. Thuc nghiém
ciing cho thiy trong qué trinh ting nhiét do sau khi i Igi nhiet

thity nhiét tir 185°C dén 205°C ban dau pha

vat liéu Nag5sMnO; (Birnessite) dugc hinh thanh & dang hat, khi nhiét d¢ ting 1én thi hat
nay dan tach ra trd thanh dang 14 va cudi cing tré thanh dang day nano c6 kich thude ¢& 30
nm va chiéu dai c& hang chuc pum. Vat liéu Nag44MnO; hoan toan don pha c6 kich thudc
30 = 50 nm theo chiéu ngang va c6 chidu dai tir vai trim nano mét toi vai micro mét chi
thu duge khi t nhiét tai két tinh vét 1iéu NaxMnO2 thu dugc & nhiét do 205°C. Chung t6i
hy vong rﬁng vat liéu Nag44sMnO; s& cho mdt hoat dong dién hoa tdt nhim muc dich st

dung lam dién cuc catot cho pin natri ion.
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THE INFLUENCE OF TEMPERATURE DURING HYDROTHERMAL
THE FORMATION OF Naj 4MnO, NANOWIRE

Abstract: Na,MnO; electrode material synthesized from hydrothermal Mn203 and NaOH
precursors at 185 °C, 190 °C, 195 °C, 200 °C and 205 °C, showed that The 185 °C
hydrothermal temperature had the formation of the Nay ,,MnO; material phase. However,
as the temperature of the hydrothermal process increases to 205 ° C, the synthesized
Nay 1 sMnO; material is nearly single-phase. Experimentation also showed that during the
hydrothermal temperature increase from 185 °C to 205 °C initially the NagyssMnO,
material (Birnessite) was formed in granular form. As the temperature rises, the grain
gradually decomposes to form a sheet and eventually becomes a nanowire of size 30 nm
and a tens of um in length. Nay,;MnO, material is completely single-phase with
dimensions 30 ~ 50 nm horizontally and has a length from several hundred nanometers to
several micrometers only obtained when recrystallization of NaMnO, material was
hydrothermally heated 205 °C by heating at 600 °C continuously for 6 hours.

Keywords: Nanowire, Nay ,,MnQO,, Birnessite, Sodium-ion battery, NiBs.
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XU LY ION PHOTPHAT TRONG NUGC THAI DAN DUNG
BANG PHUONG PHAP SINH HOC -
DE XUAT MOT SO BIEN PHAP GIAM THIEU

Pio Pinh Thuin
Truong Dai hoc Mo - Pia chat

Tém tit: Nude la mét trong nhitng yéu té co ban quan trong quyét dinh sw phdt trién ciia
con nguoi, ddng vat, thiee vit, cdc san pham céng nghiép va dich vu khdc. Tuy nhién, sau
khi sir dung tai nguyén nwée khong hop 1y thi déu tré thanh mede thai va bi 6 nhiém & cdc
mike khac nhau. Mgt trong nhitng tac nhdn gdy ra chat thai gdy é nhiém nguon nuée la
cdc ion chita nito va photpho. Ching di truc tiép di vdo nguén nude tiv ion hodc ching
dwoc sinh ra trong qua trinh phdn huy khdac nhau. Trong bai bdo nay, chung toi nghién
cuu xur ly ion photphat trong nudc thai ¢ song To Lich boi mot loai thuc vat co tén khoa
hoc la "Eichornia Crasspipes Solms".

Viéc xdc dinh ion octo - photphat truée va sau khi xir Iy dwoc thue hién bang phwong
phép quang phé véi hop chdt mau xanh molipden / hdp thu ¢ A = 890 nm. Céc két qua
phan tich cho phép xir Iy nuée thai va s phit dwéng rat tot.

Tir khod: O nhiém ion photphat.

Nhén bai ngay 10.8.2017; giri phan bién, chinh sira va duyét dang ngay 10.9.2017
Lién hé tac gia: Pao Dinh Thuan; Email: daothuan64@gmail.com

1. MO DAU

C6 nhiéu tic nhan giy ra 6 nhiém nudc thai. Mot trong nhiing tac nhan giy ra 6 nhiém
ngudn nude 1a chat dinh dudng chira N va P. Chung di truc tiép vao ngudn nudc tir nhiing
ion hay duoc sinh ra do qua trinh phan hity khidc nhau. Cac ion dinh dudng (NH;", NO;,
H,PO4~, HPO4*) 1a thyc phdm ciia rong to, khi cac ham lwong nay cao thi rong tao phét
trién manh va nhanh, nudc ¢6 mau xanh lyc, do nhét ting, d6 1a hién twong phu dudng
(qué nhiéu chit dinh dudng (Eutrophication)).

Céc chét hitu co 1a thyc pham ciia vi sinh vat (VSV). Khi ¢6 nhiéu dinh dudng nay thi
VSV phat trién manh va can tiéu thy mot lugng oxy hoa tan déng ké, néu luong oxy khong
kip bu dép thi s& gy ra hién tuong thiéu oxy trong nudc (oxy hoa tan (DO)). Do dé, nhiing
dong vat thity sinh nhu tom, ca... 1a nhitng VSV hiéu khi can c6 oxy dé song s& bi chét, con
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cac VSV yém khi lai ¢ diéu kién phat trién manh, tao ra cac san phém c6 mui hoi thdi. Vi
vay, nudc da bi 6 nhiém.

Theo quy dinh ctia Cuc Bao vé Mai truong My ((US - EPA - 1986), nay 1a US - EPA -
2010) vé chat lugng nudc mit, néu ham lugng photphat di vuot qua 0,05 mgP/1 trong cac
ho, ao chira 1a khong dat yéu cau chat lugng, chi dugc duy tri & néng d% 0,025 mgP/1. Cac
ngudn nude bd sung c¢6 ndng do photphat > 0,10mgP/1 thi khéng dwoc do vao cac hd, ao
chira vi n6 s& lam cho rong tao phat trién manh, giy 6 nhiém ngudn nudc, cic qua trinh ti
nhién nay khong thé ty 1am sach. Cac ngudn nudc bd sung phai c6 ndng do photphat
khoang 0,01 - 0,02 mgP/1 thi khong gy nén sy 6 nhiém.

2. THUC NGHIEM

2.1. Dung cu, may moc, hoa chit

a) Dung cu, mdy moc

— Céc loai dung cu thuy tinh, binh dinh mirc, pipet cac loai.

- Giéy loc bang xanh 390, mang loc 0,45 pum.

— Thung nhya 200 lit (3 cai).

— May do pH Meter - HM - 165 (Hang ToA cua Nhat).

— Can phan tich GP (150 - 3P, d6 chinh xac +0,1 mg).

— May do DO (do oxy hoa tan) cia Anh.

— May chung nuéc cét 2 lan.

— May quang phd UV - Vis (Biochrom.Ltd ciia Anh).

b) Héa Chit: St dung cac loai PA ciia hing Merck (Ptc)

— Dung dich H,SO4 5N.

— Dung dich kaliantimonyl tactrat: hoa tan 1,3700 kg K(S60)CsH406.1/2H,0
trong 400 ml nudc cat dinh mirc vao binh 500 ml, bao quan dung dich trong lo ¢6 niit nham.

— Dung dich amoni molipdat: hoa tan 20 g (NH4)sM070,4.4H,0 trong 500 ml nudc
ct, bao quan trong chai thay tinh.

— Dung dich acid ascobic (AA) 0,1M.

— Téac nhan két hop (TNKH) dugc trén cac dung dich theo ty 1€:

+ 50 ml H,SO4 5N.

+ 5 ml dung dich kaliantimonyl tactrat + 15 ml dung dich amoni molipdat.

+ 30 ml dung dich acid ascobic 0,1M lic k.

Sau @6, tron ting tac nhan theo trat ty trén. Dung dich thu duoc goi 1a tac nhan két
hop. Dung dich nay 6n dinh trong vong 4 tiéng dong ho.
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— Dung dich KH,PO, gbc (50 mg PO4> P/I).
— Dung dich KH; POy lam viéc (2,50 mg PO42_ P/).

2.2. Phuwong phap nghién ciru

a) Phuwong phdp xdc dinh photphat

Nguyén tic: Photphat dugc xac dinh nhd duong chuén tric quang hop chit mau xanh
molipden dya theo nguyén tic:

— Ta chuyén P cac dang vé octo - photphat bang dung dich HNO:s.

— Thyc hién phan tmg tao két tia axit heteropoly photphat molipdat (mau vang):

H3PO4 + 12M00427 + 3NH4+ +21H —> (NH4)3[P(M0207)6] + IOHzo
— Phan tng khtr cia axit ascobic tao hop chat mau xanh molipden:
(NH3)3H4[P(M0O7)s] + AA — Xanh molipden.

Dé tao ra hop chat c6 mau xanh molipden thi phan tmg can dugc thuc hién & cac diéu
kién téi wu vé pH, cac yéu td can tro, ty 16 TNKH/photphat, budc song hap thu...

b) Xdy dung dwong chudn sw phu thudc mét dp quang va nong dp photphat

Tién hanh: Chudn bi 7 dung dich chuén, c6 ndng d6 khoang 0,20 - 1,25 mg PO,>~ P/L.
Phén tmg tao mau & cac diéu kién t6i wu. Poi mau 6n dinh, do quang cua tit ca dung dich
tao mau trén may UV - Vis Biochrom Ltd, & gia tri Ay, d8 dugc chon va duong chuan bj
thiét 1ap. Dung dich nén duoc chuén bi twong tu nhung khong c6 ion photphat.

¢) Pdnh gid dp chinh xdc ciia dwong chudn

Ta chuan bi mot s6 dung dich photphat da biét va xac dinh chinh xac néng do. Sau do
tién hanh tao phan ing mau va xac dinh chinh xac lai nong d6 theo dwdng chuin nhiéu lan,
sau d6 xir Iy bang thong ké toan hoc cac két qua do duoc.

2.3. Phuong phap xir Iy photphat trong miu nuwéc thai

C6 nhiéu phuong phap xir Iy photphat trong nudc mit va nude thai. Hién nay, phuong
phap xtr Iy theo cong nghé sinh hoc dugc coi la nhitng phuong phap mai c6 nhidu uu viét,
dé xtr 1y, kinh té, than thién voi moi truong. Trong bai bdo nay, chung toi dua ra phuong an
xir Iy photphat bang béo tay hién c6 ¢ Viét Nam.

a) Cong tic chudn bi béo tdy

Beo tdy ¢ Viét Nam c6 tén Latin la Eichhornia Crasspipes Solms, né thudc ho Luc
binh (Pontederiaceae), con goi 1a béo sen. Béo tay thudc loai than co, nd séng ndi trén mat
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nudc, chung sinh san rat nhanh, séng lau, san lugng cao, thich hgp véi khi hau nhiét déi.
Beo tay co thé sinh san, sinh truong tot & nhiét do 15 - 45°C va phat trién nhanh & nhiét do
25 -35°C. O Viét Nam, beo tiy sdng quanh nim va phat trién t5t nhat trong khoang thang
4 - thang 8 [1].

Béo duoc chon lam thi nghiém 1a béo banh té, léy tr cac hd, ao dua vé phong thi
nghiém (khong ldy béo gid), loai bo nhitng béo héo, rach. Ta nudi tha trong thung phuy
nhwa nude sach trong 3 - 5 ngay, sau do v6t béo ra va dé rao nudc ty nhién roi can khdi
luong béo ban dau, nudi tha trong thung phuy nudc thai.

b) Cong tic chuin bi méu nuwéc thai

Chon mau nudc thai tai song To Lich, khu vuc chon 1a Ngi Tu S¢, noi tip trung nhiéu
ngudn nude thai va duoc 1dy mau & cac thoi diém khac nhau theo mua trong nam. Liy mot
phan mau nudc song Toé Lich dem di phan tich ngay, dé danh gia mot sé thong sé (pH,
DO) va quan trong nhat 1a ham luong photphat ban dau. Mot phan mau duoc bao quan
lanh trong chai & nhiét d6 4°C va lay khoang 30 1 nuéc dong To Lich bao quan thudng nhu
ta nuodi béo dé 1am cong tac ddi chimg, so sanh, phan nudc con lai d6 vao thung phuy dé
nuoi beo.

¢) Céng tic nuéi béo va phan tich méu

Chuéan bi mdi dot thi nghiém nudi beéo & 3 thung phuy, c6 h¢ théng che mua céin than.
Thé tich nudc nudi béo xac dinh 1a 140 1. Hang ngay, 14y mau phén tich xac dinh ham
luong photphat. Khi 1dy mau can b6 sung thém nudc cat dé dam bao thé tich dung 140 1.
Dbi v6i cac mau doi chimg (bao quan lanh va bao quan thuong) duoc tién hanh phan tich
danh gia ca thong sé pH, DO, dic biét 1a ham lugng photphat tai thoi diém két thic thi
nghiém dé so sanh, ddi chimg.

d) Cong tac phan tich méu xdc dinh chinh xdc néng d¢ photphat

Lay 600 ml mau, loc loai bé cac huyén phu c6 trong mau, thu 1ay khoang 450 - 500 ml
(DD?).

HGt 5 ml DD° cho vao binh dinh mac 50 ml, thém vao 35 - 40 ml nudc cit, lic déu.
Thém 1 g chi thi phenolphtalein, néu thiy xuat hién mau hdong nhat thi can phai trung hoa
ngay bang dung dich H,SO4 5N dén khi dung dich mat mau. Ta thém vao 8,0 ml dung dich
TNHK, lic k¥, thém nudc cat dén vach. Poi cho mau phat trién thich hop, ta xac dinh néng
d6 photphat theo duong chuan.

Néu méau qué nhat hodc qua dam thi can ting hodc giam thé tich dung dich DD° sao
cho nong do photphat nam trong khoang tuyén tinh ctia dudng chudn. Cac phép phan tich
trén déu phai tién hanh 3 - 4 lan va 1y két qua trung binh.



116 | TRUGING BAI HOE THU B8 HA NOI

3. KET QUA VA THAO LUAN

3.1. Két qua do phd hép thu ciia hep chit mau xanh molipden
Tt phd & Hinh 1, ta thu dugc gia tri Amax = 890 nm.

0,00

010
60,0 00 \ 50,0 9.0 190

Bute atre (o)

Hinh 1. Phé hdp thu ciia hop chdt mau xanh molipden khi nong dé PO, ™ - P la 0,90 mg/!
3.2. Két qua xdy dung dwdng chuin

Két qua dudong chuin dugc xdy dung ¢ cac diéu kién tdi wu va tai cac budc song
Amax = 890 nm, cé cac thong sb slope: 0,73730, intercep: 0,016, line quality: 99,7%, tuyén
tinh trong khoang ndng do 0,20 - 1,25 mg Po,’~ P/I (Hinh 2).

Ab Standard - X8y dung uong ao:a(n e e s e
1.000

1 7
j

0.000 T
T = 0500 1.000 1.500
Cactme))

Hinh 2. Puong chudn su phu thude mdt dé quang vio nong do photphat
3.3. Panh gia d9 tin ciy ciia dwong chuin
Két qua danh gia d chinh xac ctia duong chuan duoc trinh bay ¢ Bang 1.

Bang 1. Két qua déanh gia d chinh xdc cia dwong chudn

Néng do ly thuyét Néng dd xac dinh lai theo duong chuén Sai s6 %
(mgPO.* - PIl) (mg PO,> - PIl)
0,35 0.30+0,01 +3,34
0,50 0,50+0,01 +2,00
0,80 0,80+0,01 +1,26
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Sai s twong d6i nam trong pham vi cho phép. Do d6, duong chuan thiét lap 1a déng
tin cdy, c6 thé dung dé xac dinh ndng d6 photphat trong cdc mau phén tich.
3.4. Két qua xir Iy miu nwoc thai béo tiy (Thang 8/2016)

Két qua theo ddi cac thong s6 pH, DO va su phat trién ctia béo trong qua trinh xir 1y
nudc thai dugc trinh bay ¢ Bang 2.

Bang 2. Theo doi théng sé pH, DO va su phdt trién ciia béo

Thoi gian Khéi lwong , DO
TT N Cam quan H
(Ngay) (Ko) a P (mgl)
1 0 2,45 P6 duc, mau, 8,30 2,50
mui déu giam,
2 8 2,90 nwée thai 7,48 6,70
trong hon so
3 10 2,95 v&i ban dau 7,43 7,20

Bang 3. Két qua xdc dinh nong dg photphat trung binh trong mau niede thai khi xir Iy bang béo

T Thoi gian (ngay) Mg PO,* (P/l)
1 0 3,70

2 2 2,80

3 3 1,59

4 5 0,54

5 7 0,085

6 9 0,04

7 11 0,020

Nhan xét két qua tai Bang 2 va 3 cho ta thiy: Trong qua trinh nudi béo, mau, mui cta
nudc thai giam 1o rét, nudc trong hon, do duc, d6 nhdt giam, chi ti€u DO tang manh, it
thay d6i, nong d6 ion photphat thi giam nhanh. Sau 7 ngiy nudi béo, nong do photphat
trong nudc giam con 0,085 mg (PO, P/1) va sau 9 ngay chi con 0,04 mg (PO,>~ P/I). Tri
sd nay di dat dudi muc tiéu chuan chat lugng nude ding cho sinh hoat cia WHO (0,4 mg
PO, P/l). Bic biét sau 11 ngay, ndng do photphat trong nudc thai chi con 0,02 (POs*~ P/l)
dat tiéu chuan quy dinh cta Cuc Mdi truong My ((US - EPA - 1986) va bay gio law
US - EPA -2010).



118 | TRUGING BAI HOE THU BA HA NOI

Bang 4. Két qud phan tich xdc dinh n‘éng do photphat trong madu nueéc thai
dwoc xir Iy va khong xir Iy bang béo (cac mau doi ching)

T Theigian | MAu bao quésn thwong | Mau bao qusén lanh Mau nu63i béo
(ngay) (mg PO PIl) (mg PO PIl) (mg POS> P/l)

1 0 3,72 3,72 3,72

2 7 3,76 3,74 0,084

3 9 3,80 3,72 0,04

4 11 3,76 3,71 0,02

Nhdn xét két qua: So sanh sy bién d6i ndng d6 photphat trong mau nudc thai dugc xir
ly va khong xtr 1y bang béo. Két qua cho thiy nong do photphat trong miu dugc xir Iy va
khong xtr Iy bang béo va miu ddi chung duoc trinh bay & Bang 4. Qua két qua, ta thdy cac
mau d6i chimg khong dugc xir 1y bang béo thi ndng d photphat gan nhu khong thay doi,
dic biét 1a khi bao quan lanh. Diéu d6 ching t6 cac qué trinh ty nhién khong thé tu lam
sach va thay rd tac dung ctia béo trong viéc xir 1y ion photphat.

4. KET LUAN

Pi sir dung dugce duong chuan tric quang dé xac dinh ham luong photphat trong mdi
nudce thai & cac thoi diém lay mau khac nhau trong qué trinh nudi béo va so sanh véi cac
mau khong duoc xur ly. Tir d6, ta thdy dugc tic dung cia béo trong viéc xir 1y ion dinh
dudng, chéng hién twong phu dudng ciia nudc mit va nudc thai dan dung.

Pi nghién ctru xir 1y ion photphat trong nudc thai bang cay béo tiy. Két qua thuc
nghiém cho thay chi can 2,45 kg béo tay, trong thoi gian 7 - 11 ngay da xir 1y dugc 140 1
nudc thai (co ndng d6 3,72 mg PO,>~ P/I). Vé6i két qua nay, ta c6 thé mé rong hudng
nghién ciru sir dung béo va cac loai cdy thuy sinh khac dé tmg dung va xr Iy tinh trang phu

dudng tai cac ao, ho... cac khu dan cu db thi trong va ngoai thanh thi.

5. KIEN NGHI MOT SO GIAI PHAP GIAM THIEU

Cung v6i sy phat trién cia dat nude, qua trinh xay dung va do thi hoa ngay cang
nhiéu, dic biét 1a cac thanh phd 16n va cac khu cong nghiép, viéc xa thai ngay cang 16n,
dan dén su 6 nhiém méi truong nghiém trong. Pac biét 1a nude thai dan dung, trén co so
nghién ctru khoa hoc, chung toi xin dé xuit mot s6 bién phép sau:

1. Tuyén truyén giao duc va bao vé méi truong, gitp ngudi dan nhan thire duoc tac hai
cua vi¢c xa thai khong ding quy dinh.
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2. Tang cudng nao vét, khoi thong dong chay ddi voi dong song (séng T6 Lich ¢ Ha
No6i). Pdi voi cac ao hd can hat bun dinh ky, giit gin nguén nude mat, tao diéu kién cho
kha nang hoa tan oxy 1a t6t nhat.

3. Khi ngudn nudc thai d6 bi phii dudng thi can phai xtr Iy ngay bang phuong phap
sinh hoc ré tién, than thién véi moi truong, do 1a: tha beo tay theo ting khu vuc bi 6 nhiém
(to hay nho tuy thudc vao dién tich khu vyc nudc thai ma ta xay dung cac be ndi dep, tao
canh quan moi trudng).

4. Xay tao dung cac thap oxy hod, bom oxy dinh ky dé dam bao luong oxy hoa tan.
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STUDY THE TREATMENT OF PHOSPHORUS ION IN WASTE
WATER BY BIOLOGICAL METHOD - PROPOSE SOME
REDUCTION SOLUTION

Abstract: Water is one of the basic factor of the human body’s developement, animals,
plants, other industrial productions and services. However, after using water resources
all become wastewater and polluted at different levels. One of the waste causes that
pollutes the water source. They are nutrient-rich ions containing nitrogen and
phosphorus. It directly enters the water source from the ion or they are produced in
different digestive tracts. In this article, we investigated the treatment of orthophosphates
in wastewater of the To Lich River by a plant species known as the "Eichornia Crasspipes
Solms".

Determination of orthophosphate ion before, after and after treatment is carried out by
spectroscopic method with two reactants such as molybdenum / adsorbed at 1 = 890 nm.
The results of crop resource analysis allow for very good wastewater treatment and
eutrophication

Keywords: Phosphorus contamination.
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Abstract: The production of the Higgs boson and photon from the 'l collision when
beams 1",I” are unpolarized and polarized are studied in detail in the Randall —
Sundrum model (RS). Based on the results, we show that the advantageous direction to

observe Higgs boson is the same direction of the lepton |~ or antilepton 1" . And at the
high energy region, the total cross-section changed very small when the collision energy

\/E increased. We also obtained the value of cross section of the Higgs boson production

in e"e collision is smaller than y' i~ collision.
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1. INTRODUCTION

Almost all existing experimental data is described successfully by the Standard Model
of electroweak. However this model suffers from many theoretical drawbacks, one of these
is the hierarchy problem. Namely, the Standard Model can not consistently accommodate
the weak energy scale (about 1 Tev) and a much higher scale such as the Planck scale
(about 10" GeV). Therefore, it is commonly believed that the Standard Model is only an
effective theory emergings as the low — energy limit of some more fundamental high —
scale theory. Recently, it was pointed out that the existence of extra — dimensions could be
a solution of the hierarchy problem [7]. The Randall — Sundrum model (RS) is one of the
most attractive attempts [1].

RS was given by Randall and Sundrum in 1999 to solve the hierarchy problem of the
Standard Model. It involves a finite five — dimensional bulk that is extremely warp and
contains two branes: the Planck brane (also called Gravity brane — where gravity is a
relatively strong force) and TeV brane (also called weak brane, studied with the Standard
Model particles). In this model, the two branes are separated in the not — necessarily large
fifth dimension by approximately 16 units (the units based on the brane and bulk energies).
The Planck brane has positive brane energy, and the Tevbrane has negative brane energy.
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These energies are the cause of the extremely warped spacetime. In this warped spacetime
that is only warped along the fifth dimension, the graviton's probability function is
extremely high at the Planck brane, but it drops exponentially as it moves closer towards
the TeV brane. In this, gravity would be much weaker on the TeV brane than on the
Planck brane.

In order to obtain a consistent solution to the Einstein equations corresponding to a
low — energy effective theory on the visible brane with a flat metric, the branes must have
equal but opposite cosmological constants and these must be precisely related to the bulk
cosmological constant. The RS is defined by the 5D action [1]:

S:—jd“xdy@[ R +Aj

167G,
+_[ d4x\/ 8 hia (‘Chid Vi ) + J d4x\/ —8is (‘Cvis =V )7 (1)
N

where ¢“" is the bulk metric with {2,V = (),_4, and 4 refers to the y coordinate; when y = 0,

the bulk metric with the hidden brane is g, (x), and when y=1/2, the bulk metric with the

o

visible brane is g% (x) (4,v=0,1, 2, 3).
The 5 — dimensional warped metric is given by [1]:

ds* = e_za(y)nwdx” dx" —bldy’, 2)

Where O'(y):mobo[y (2(9(y)—1)—2(y—1/2)6?(y—1/2)] and by is a constant
parameter. Gravitational fluctuations around the above background metric will be defined
through the replacements:

Ny = M + €N, (X, ¥); by — by + D(X). 3)

Based on the theories of Randall — Sundrum model, we have necessary constants to
complete next section. In this paper, we study the production of the Higgs boson and

photon at e"e”, u" ™ collider.

This paper is organized as follows: In Sec.2, we have interaction vertices between
lepton, antilepton, photon and Higgs boson in the Randall Sundrum model. In addition, we
also calculate results from production of the Higgs boson in the collider and show our
numerical results with discussion. And our conclusions in Sec.3.

2. I'l' > yh COLLISIONS IN RANDALL - SUNDRUM MODEL

We are interested in the production of Higgs boson and photon from the /*,/”

colliders in the high energy,



122 | TRUGING BAI HOE THU DA HA NOI

@)+ () > h(k) + (k) 4)
Here p,, Ez stand for the momentum of the particle, respectively.

There are three Feynman diagrams contributing to reaction (4), representing the s, u,
t — channel exchange depicted in Figure 1.

I®,) (k) @) /{1(1%)

7(q.) I"(®) 7(k,)
B YA YAYAV VN
_e(q) -
A I ®,) h(k,)
+____>____

@) (k) @) 7(k,)
Figure 1. The Feynman diagrams ["l” — yh collision.

Use Feynman rules, the matrix element for process "/~ — yh can be written as the
following cases:

+ For s — channel:

e.c * 07\ — —

M‘s‘ = _i_z;/[(qus)gva _k;q‘?]xga (kZ)V(pZ)]/vu(pl) > (5)
. e'c;/ va vV _a * T\ —y= -

M, =-i 2 [(kyg,)8™ —kyq; 1x &, (k) V(P,)(1+75)y,u(p,), (6)
. e'c}/ va vV _a * TN — = -

My = _17[(1{2%)g —ky g5 1x &, (k) V(P A= y5)y,u(p,), (7)

s

+ For u — channel:

M, = —z%w +70)e, (k) (B,)7" (@, +m)u(p,), )
= —z#ﬁ"{mw + 0L (k)P (B, + 797 u(B), ©)
r = —z#ﬁ"{mw + )6l (k)P (5,)1~75)y u(B,), (10)
ur = —z%w +y0)e, (k) (B)(1+ 75)7" qu(B,) (11)
= B (d+ b (k)W (P~ 75)y Gu(P)) - (12)

_l e < —
4m,(q,” +m,”)
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+ For t — channel:

e.g.m, e - .
= om g+ ) @ TP A m )y (P (13)
2
e.g.m, e - )
(L :_lm(d+]/b)gy(kz)v(pz)(l+}/5)}/#u(pl)’ (14)
2
e.g.m, .- o
= g em ) T TDEEV RNy (P, (15)
. :—z&(dﬂ/b)g* () (B,)(A+ 7.4, 7 u(p,) (16)
’ 4mw (%2 +m22) H t
e.g.m .- . )
RL = g.m, (d+7/b)g#(k2)v(p2)(l_}/5)qt y#u(pl) (17)

- 4m,(q° +m})
Using these matrix elements, we evaluate the differential and total cross — section for
Higgs boson and photon production in the /*/” collider in the next section.
In this section, we present the numerical results for differential and total cross —

section for Higgs boson production in the e'e”, u*u collider when the e",e”, u*,u”

beams are polarized and not polarized. We use the expression of the cross — section:

2

M, (18)

do 1 E|
d(cosd) 64r’s|p|

with M is the matrix element, dQ = d(cosO)dp; 6 € [O, 7z]; (pe[0,27z]. We assess the

number, make the identification and evaluation of the results obtained from the
dependence of the differential cross — section by cos@and the total cross — section fully

follows \/; . We choose:
m,=0,00051 GeV; m, =80 GeV; m, =0; m, =0,1055GeV;

m, =120 GeV;azé, e=+4ra; g=0.634; £=1/6;

B 201 ) B 12y6Z m 2
Z—\/(1+6§7 (1-6£)) s tan20= mhz (22_3652;2)_%2

b

0
a= 22 ; c=sin9——6§yc059.
Z VA

We obtain some estimates for the cross — section as following:
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i) In Fig.2, Fig.3, we plot the differential cross — section as a function of cos@ with
collision energy \/E = 3000Gev (this energy can be done in LHC, in future can up to 14
Tev [3]). In process e"e” — yh, the differential cross — section is dependent on cos@ as a
parabolic function. The figure 2 indicates that the differential cross — section achieves the
minimum value when cos@=0 and the maximum value when cos@ =20.999. We
calculated these maximum values below: [o(e*e” — yh)],,. =1,33329x107( fbar) when

the e',e” beams are unpolarized and [c(e'e” — yh)] =2,66446x107*( fbar) when

p—max
the e",e” beams are polarized. Similarly, the figure 3 shows the differential cross — section
of process u g~ — yh achieves the maximum value when cosé =20.999, these
maximum values: [o(u u~ — yh)],, =43,3696x107(fbar) when the u',u” beams are

unpolarized and [o (¢ p™ = yh)], . = 179,017 x107*(fhar) when the ", beams are
polarized. Therefore, we see that the differential cross — section when e',e or u',u”
beams are unpolarized is smaller than when the e",e or u",u beams are polarized.
Besides, we also see that the value of differential cross — section of the Higgs boson

production in e’e” collision is smaller than £z~ collision.

13 1 26

12 1 —~ 24
| &

11 1 0% 22

1.0

(10" fbar)

dcosf

09

do(e*e »hy)

[}

07 1.4

-1.0 -05 00 05 1.0 -10 ~05 0.0 05 10
cosé cos@
2 b)

Figure 2. Differential cross — section of the process €' e~ — yh as a function of cos6

when the e',e beams are unpolarized and polarized
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Figure 3. Differential cross — section of the process (1" f” — yh as a function of cos6

when the u", 1" beams are unpolarized and polarized
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Figure 4. Total cross — section of the process e'e” —> yh as a function

of the collision energy \/; when the e*,e” beams are unpolarized and polarized
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Figure 5. Total cross — section of the process p" 11~ —> yh as a function

of the collision energy \/; when the 1", i~ beams are unpolarized and polarized

i) In Fig.4, Fig.5, we plot total cross — section as function of the collision energy with
the collision energy is in the region 500GeV < Js £5000GeV . The figure 4 shows the
total cross — section of e"e” collision is increases when the center of mass energy increases.
Namely, the total cross — section increases quickly when 500GeV < Js £2000GeV (from
1,30x107 fbar to 1,6x107 fbar when the e',e  are not polarized, from 2,75x107 fbar to
3,05x107° fbar when the e’,e” are polarized). When 2000GeV <s < 5000GeV , this
total cross — section increases very slowly. Besides, the total cross — section of u" u~
collision decreases quickly when 500Ge) < \/; <2000GeV (from 3,5x107 fbar to
0,1x107* fbar when the ",z are unpolarized, from 1,2x107" fbar to 0,1x10"" fbar when
the u',u are polarized). Then, this total cross — section increases when
2000GeV < \/E <5000GeV . We see that the total cross — section obtained when e, e or
U, beams are unpolarized is smaller than when the e',e or ', beams are
polarized, about 3 times. Morever, the total cross — section of the process e'e” — yh is

smaller than the total cross — section of the process xu~ — yh, about 3 times.
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3. CONCLUSION

In this paper, the production of the Higgs boson and photon in the /*/” collider when
the /*,I” beams are polarized and unpolarized are calculated, we have obtailed that the
differential cross — section and total cross — section of the the Higgs boson production

when the [7,” beams are unpolarized is smaller than the /*,/” beams are polarized. The

value of cross — section obtained in e'e collision is smaller than " collision.
Althought that, the cross — sections are very small, about 107 fbar. We also showed that
the advantageous direction to see Higgs boson is parallel direction of the initial lepton
beam with the antilepton beam.
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SU VA CHAM ['I” - yh
TRONG MO HINH RANDALL — SUNDRUM

Tém tat: Qud trinh sinh Higgs boson va photon tir va cham "l khi chum [I*,1” khéng
phan cuc va phan cuc trong mé hinh Randall — Sundrum (RS) duoc chung t6i tinh toan
chi tiét, tir d6 chi ra dwoc hudmg ¢ loi @é thu dwoc tin hiéu cia Higgs trong ciing hudng
voi hudng ciia chim lepton hodc phan lepton ban dau. Trong mién ndng lwong cao, khi
nang lwong va cham tiang thi tiét dién tan xa it thay doi, bén canh @6 ching téi ciing chi

ra duogc gia tri tiét dién tan xa cia su sinh Higgs tirva cham e€" e nhé hon va cham Y7

Tir khoa: Hat Lepton, truong Higgs, mé hinh Randall-Sundrum
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VAI TRO CUA SONG KA LONG, TINH QUANG NINH
pOl1 VOI AU TRUNG VA CA CON
LOAI Ambassis vachelliiRICHARDSON, 1846

Ta Thi Thuy', Ha Manh Linh’, Nguyén Ha Linh®, Trin Pirc Hau®
"Truong Bai hoc Thii d6 Ha Néi
T ruong Pai hoc Tdy Bdc
3Tru’0‘ng Dai hoc Su pham Ha Nji

Tom tdt: Dé nghién cieu sw phdn bé cia du tring va cd con loai Ambassis vachellii &
viing cira séng Ka Long tinh Quang Ninh, ching téi da phan tich 18087 mdu vt thu bang
luéi ven bo theo timg thang tir thang 9 nam 2014 dén thang 8 nam 2015, trong d6 ¢
2739 mdu la du trimg, cd con lodi A. vachellii (3,0-51,1 mm chiéu ddi co thé, trung binh
5,7 mm). Cac diéu kién ciia nude & khu vuce nghién ciru ciing duoc xdc dinh la co sy thay
d6i theo thang va dia diém thu mau. Trong thoi gian thu mdu, du tring va cd con lodi A.
Vachellii xudt hién nhiéu tir thang 5 dén thang 10, ddy la khodng thoi gian c¢é nhiét dg
cao trong nam. Trong do, hiéu sudt kéo ludi dat cao nhat vio thang 10 véi 158,3 cd thé
trén mét lan kéo (2 phit). Trong s6 9 dia diém thu mau, du tring va cd con lodi A.
vachellii xudt hién tdp trung voi 56 luwong lon tai cdac diém & khu vuc gitta cua cita song
la noi ¢6 d¢ man trung binh (nong dé mudi tir 7,3-29,5%q). Nhw vdy, cira séng Ka Long
6 vai tro quan trong nhw la viig wong dwéng ciia du trimg, cd con lodi cd nay.

Tir khéa: Au trimg va cd con, cira song Ka Long, phdn bo, Ambassis vachellii, Qudng Ninh.

Nhan bai ngay 16.6.2017; gui phan bién, chinh stra va duyét dang ngay 10.9.2017
Lién hé tac gia: Ta Thi Thuy; Email: ttthuy@daihocthudo.edu.vn

1. MO PAU

Ambassis vachellii 1a mot loai thugc ho Ambassidae, phan bd & bién, ctra song va ca
nudc ngot, tai khu vuc An bo4-Thai Binh Duong [1]. Trén thé gi61 Ambassidae c6 khoang
41 loai thugc 8 giéng. O Viét Nam, loai nay 1an ddu tién dwoc xac dinh vao nam 2001
trong nghién ctru cua Kottelat tai Quang Ninh, ndm 2003 duoc xac dinh xudt hién & Quang
Binh [2], tuy nhién cé hai nghién ctru ndy déu & giai doan c4 truong thanh, chua c6 nghién
clru doc 1ap ndao vé phan bd 4u triung, ca con loai A. vachellii tai cac cira song. Trong
nghién ciru 4u trung c4 con tai cira song Tién Yén, Quang Ninh va tai cira song So, tinh
Nam Dinh thi 4u tring va ca con cta loai ca ndy xuét hién voi sé lugng 16n [3]. Cac nghién
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clru nay phan nao cho thiy cic cira song thudc khu vuc Vinh Bic Bo 1a moi trudng phi
hop cho sy sinh trudng cua A. vachellii. Cira sobng Ka Long, tinh Quang Ninh c6 hinh
phéu, 12 séng dién hinh ctia dang song ven bién véi sy xAm nhap man sau. Tai ddy c6 bién
d6 thiy tridu cao, trung binh tir 3-4 m va hinh thanh nhiing bii tridu rong voi dién tich 16n
nén thanh phan giap xéac, thin mém, ¢4 ¢ luu vuc nay rit phong phii va da dang, nhit 1a cac
loai ¢4 nudc man [4]. V6i dic diém nhu vay, clra séng nay c6 thé tré thanh moéi truong
song thich hop cho au tring, ca con ciia nhiéu loai ca.

Thyc dia tai cira song Ka Long, tinh Quang Ninh, chung t6i ciling thu dugc mau vat
cta loai 4. Vachellii & 3 dang: truong thanh, ¢4 con va du trung. Bai todn ndy xac dinh sy
phan bd cua au trung, ca con loai A. Vachellii tai cira song Ka Long, tinh Quang Ninh,
ddng thoi danh gia mbi quan hé trong su xuat hién cua loai nay véi cac yéu té moi truong
nuée. Tir d6 danh gia vai tro ciia khu vyre nghién ctru d6i voi du tring, ca con cta loai dong
thoi cung cp din lidu sinh hoc, sinh thai hoc dé gop phan vao cong tac bao ton lodi ca nay.

2. NOI DUNG

2.1. Vit liéu va phuong phap nghién ctru

Nghién ctru tién hanh diéu tra, thu thap miu tai 9 dia diém ven bd duoc thiét ké theo
su xam nhap cua thuy tridu di tir ngoai vao trong cira song Ka Long, tinh Quang Ninh: S2,
S3, S4, S5, S6, S7, S8, S9, S10 va diém S1 ¢ ving song vo (bii bién Tra C6) (Hinh 1).

~ T L

\\ bows  vietwam “5 O

Hinh 1. So dé cdc dia diém thu méu tai cira séng Ka Long, Quang Ninh.
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Mau dugc thu vao mdi thang tir thang 9/2014 dén thang 8/2015. Cac mau vat duge
dinh hinh bang formalin 5% trong 2-3 gid, sau d6 chuyén sang con 70° trong mét ngay,
cubi cing thay bang cén 70° méi. Tai phong thi nghiém, sir dung kinh lip 2 mét Nikon boi
gidc 10-40 dé quan sat, do, dém va dinh loai. Pinh loai c4 truéng thanh dua vao dic diém
hinh thai theo tai liéu: Allen & Burgess (1990) [1], FAO (1999) [5]; giai doan 4u tring
dugc dinh loai bang phuong phap “Serries” theo Leis & Trinski (1989) [6].

Cac yéu t6 moi truong nudc (nhiét do, n6ng d6 mudi va do duc) dugc xac dinh béng
may TOA (WQC-22A) do tai timg dia diém thu mau. Hiéu qua kéo ludi (s6 ca thé/ mot lan
kéo lugi, CPUE = Catch Per Unit Effort) dugc tinh bang sé ca thé kéo ludi x 2 phat/ sb
phut kéo ludi.

2.2. Két qua nghién ciru va thio ludn

Can cur vao két qua phan tich 18.087 mau vat thu dugc & ven bd cira song Ka Long,
tinh Quang Ninh trong thoi gian tir thang 9/2014 dén thang 8/2015, chung t6i da tach duoc
2.739 4u trung, ca con A. vachellii trong khoang kich thuéc tir 3,0-51,1 mm, chiéu dai co
thé trung binh 5,7 mm. Mic du sé lugng mau 16n nhung kich thude chu yéu tap trung &
giai doan 4u tring, trong khoang 3-6 mm (chiém 79,7%). Su phan bd theo thang va theo
dia diém bi chi phdi nhiéu nhit béi hai yéu té méi trudng nude 1a nhiét d6 va d6 man.

7

2.2.1. Sir phin bé au trang cd con A.vachellii theo thing

— Ddc diém cdc yéu t6 méi truong nudée theo thang

Nhiét d6 ¢ khu vyc nghién ciru (KVNC) bién d6i dong déu, dic trung cho sy bién doi
ctia nhiét 46 & mién Bic. Tir thang 9/2014 dén thang 2/2015 nhiét d trung binh giam dan
tir 29,5°C dén 16,5°C (Hinh 2). Tir thang 3 dén thang 8/2015 nhiét do trung binh ting rd rét
va ddng déu ¢ cac thang, tir 18,3°C dén 30,4°C. Nhiét d trung binh thap nhét 13 16,5°C va
cao nhét 1a 30,4°C, chénh léch gilia thang tha"ip nhét va cao nhét 13 13,9°C. Nhiét do trung
binh cao va ting on dinh vio cac thang miia mua (tir thing 5 dén thang 8, cao nhit dat
30,4°C ¢ thang 8). Trong cac thang mua kho, nhiét do thap hon (thdp nhit 1a 16,5°C &
thang 2) (Hinh 2).

D6 min & cira song Ka Long qua cac thang thu miu c6 sy thay dbi theo chiéu huéng
nguoc lai v6i nhiét d6 nudc. Nong do mudi giam twong ddi 6n dinh tir thang 9 dén thang
11/2014 v&i mic trung binh 13 17,6%o, thang 1/2014 néng dd mubi trung binh dat cao nhét
1a 21,3%o, thap nhét vao thang 8 véi ndng d6 13 5,9%o. Nhu vay, xu huéng bién thién nong

dd muoi thuong la thap vao céc thang mua mua va cao hon vao cac thang mua kho.
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Hinh 2. Bién djng cdc yéu t6 méi trieong nude theo thoi gian
o cua song Ka Long, Qudng Ninh.

Do duc ludn 1a didu kién nude co bién do dao dong 16n nhét & cac nghién ciru ving
ven bd clia song nhung sy thay d6i qua thoi gian khong rd rang.Vi vy chua thé xét mdi
quan hé giita 46 duc véi su phan b au triung ca con loai 4. vachellii.

— Phadn bo du tring ca con Ambassis vachellii theo thang

Xét vé phan b theo thang thi loai chiu sy chi phdi 16n nhit boi nhiét do nude. PO
phong phi ctia du tring loai A. vachellii trong mdi quan hé véi nhiét @6 méi truong nude &
ctra song Ka Long, tinh Quang Ninh theo thang dugc thé hién trong hinh 3.
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Hinh 3. Bién dgng theo thing vé CPUE ciia Ambassis vachellii
o cua song Ka Long, Qudng Ninh.

Duya vao két qua nghién ciru c6 thé thdy vao nhimng thang c6 nhiét do twong dbi cao
trong khodng tir 27-30°C (thang 5 - 10) c¢6 sw xuét hién cta 4u tring, ca con cua loai vdi sb
lwong 16n (Hinh 3). C6 thé thay hiéu sudt kéo ludi cao nhit vao thang 10 véi CPUE =
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158,3 (ca thé/2 phut), tiép theo 1a thang 5 véi CPUE=50,5 (ca thé/2 phut), thang 8 véi
CPUE = 34,8 (ca thé/ 2 phut), cac thang con lai déu c¢6 CPUE < 5. Khong thu dugc mau
vao cac thang lanh nhittrong nim (thang 12 va thang 2), hodc thu dugc rat it ca thé vao
thang 11 véi 4 ca thé, thang 1 va thang 3 déu chi thu duoc 1 ca thé, tat ca cc ca thé trong 3
thang nay déu ¢ giai doan ca con. Sy phan bd 4u tring va ca con cua loai 4. vachellii theo
thang trong nghién ctru nay c6 su khac biét vdi phan bd ciia loai ca duc bac Sillago sihama
tai ctra song Tién Yén. Do 1a Au trung ca con loai ca Puc bac xuét hién nhiéu vao thang 7
va thang 8 ciing 1a thoi diém co nhiét do twong ddi cao trong nim con A. vachellii lai xuat
hién nhiéu hon vao thang 10 va thang 5 [7]. Do loai ca Son vachen dugc xac dinh 14 ca
nhiét d6i, rat thich nghi v6i nhi¢t d6 cao, chinh vi vay vao thoi gian chiu anh hudng boi gi6
mua T4y Nam nhiét d9 ting cao, din dén su xuét hién au trung ca con cua loai nhiéu hon
[8]. Dya vao s lugng mau thu dugce trong cac thang va giai doan ciia chung phan nao ddnh
gia dugc 4u trung cua loai khong thich nghi duoc véi diéu kién nhiét do thap.
2.2.2. S phin bé 4u triing cd con A.vachellii theo diém thu miu

— Ddc diém cdc yéu t6 méi trwong nude theo diém

C6 thé thiy sy thay d6i d6 man 14 rd nhét, theo chiéu giam dan tir ngoai vio trong cira
song. P man trung binh thip nhét tai diém trong cing S10 (0,9 %o) va ting lién tiép qua
cac diém, diém S1 (tai bii bién Tra C6) c6 do man trung binh cao nhat (31,5%0) (Hink 4).
Do cic diém tir S2 dén S10 duoc thiét ké theo su xam nhap cua thay triéu theo hudng
tr bién vao, vi vay cac diém cang vao sdu trong dét lién do min cang giam, ti€ém can
nudc ngot.

20 F

Do duc (NTU) (—a—)

Z0f

Nhiét do nuée (°C) (-<>-)
D6 man (%o) (—m—)

SI0 S9 S8 S7 S6 S5 S4 S3 S2 Sl
Diém

Hinh 4. Bién dng cdc yéu t6 méi truong nude theo diém ¢ cira song Ka Long, Quang Ninh

Yéu té nhiét d6 ciia moi trudng nude ven bo cira song Ka Long tuong doi on dinh &
cac diém. Nhiét do trung binh giao dong trong khoang 22-26"C. Tai cac diém thu miu,do
duc bién thién 16n nhit tuy nhién bién doi phtc tap, khong rd rang, dudng cong bién thién vé
d6 duc 1én xudng khong dong déu, cao nhit ¢ diém S1 (44 NTU) va thip nhat & S7 (13,5 NTU).



132 | TRUGING BAI HOE THU B8 HA NOI

Tai mdi thoi diém, dia diém khac nhau trong nam, cac yéu t6 moi truong nudc co6 cac
dic trung va bién doi riéng. Nhitng bién dong nho xuat hién tuy thudc vao diéu kién tu
nhién & ting thang va tai ting dia diém thu mau. Cac bién dong cua cac yéu tb moi truong
nuéce du nho nhung ciing s& phan nao anh hudng dén sy xuat hién giai doan som cua loai
A. vachellii tai khu vuc nghién cuu.

— Phadn bé du tring cd con lodi A. Vachellii theo diém thu mau

Nhiét d6 anh huong dén su phan bd cua loai qua cac thang, tuy nhién su phan bd tai
céc dia diém thu mau & khu vic nghién ctru bi chi phdi boi yéu t6 d6 man. Hinh dudi day

bi€u dién moi quan hé cia d0 man vdi sy xuat hién cua loai:
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Hinh 5. Bién dgng theo thing vé CPUE ciia Ambassis vachellii
o cura song Ka Long, Quang Ninh

Tir két qua nghién ciru 6 thé thay 4. vachellii xuat hién tai tit ca cac diém thu mau,
vay day 1a loai thich nghi rong v6i dd man nhung tap trung véi sd lwong 16n tai diém
S7-S4: & S9, S10 thu duge rat it mau; diéu dé cho théy giai doan som cua loai nay thich
nghi v6i méi truong giita ctra song, 1a noi c6 do min trung binh (ndng d6 mudi tir 7,3-
29,5%o), hiéu suat kéo ludi thu dugc ¢ cac diém nay rat 16n, 16n nhat tai S4 (CPUE=90,9 c4
thé/2 phut), tiép theo 1a S6 (CPUE=38,1 c4 thé/2 phut), S7 (CPUE =37,1 ca thé/ 2 phut).
Tuy nhién, diém S5 mic du giira cira song nhung s6 lugng méau thu duge vao cac thang rat
it (CPUE= 1,72 c4 thé/2 phiit), c6 thé do dién tich khu vyc diém S5 rong hon hin khu vuc
cac diém S7, S6, S4, lugng chit dinh dudng ven bo it hon nén thu duoc 4u trung, ca con it
hon han (Hinh I). Tai diém d6i ching S1 & ving song vo, sb lugng 4u tring ca con loai A.
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vachellii thu dugc 1a rat it so v6i nhidu diém & cira song, cho thay cira song Ka Long 12 moi
truong séng thich hop cho au tring, ca con loai nay hon ving ven bd phia ngoai cia
song.Su phan b du trang ca con loai A. vachellii trong mdi quan hé v6i ndng do6 mubdi cd
su khac biét voi loai ca Séc cuvi (Oryzias curvinotus) - 1oai ¢6 ndng d6 mudi phu hop 1a tir
1 dén 10%o [9]. Loai nay ciing c6 giéi han mudi rong hon loai ca Puc bac Silago sihama -
loai c6 ndng d6 mudi phu hop tir 10 - 20%o phan bd chil yéu & ving nudc giao thoa ¢ cia
song va bién [7].

2.2.3. Bién doi kich thudc cia au trung va c4 con cia loai qua cdc thing
100
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Hinh 6. Thay déi kich thuéc theo thang ciia Ambassis vachellii
o ven bo song Ka Long, Qudang Ninh
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Mic du sé lugng mau 16n nhung kich thude chii yéu tap trung & giai doan 4u tring,
trong khoang 3-6 mm (chiém 79,7%). Nhan thay c6 su ting vé kich thudc cac thang tir
thang 9-11, tr thang 5-6 va tu thang 7-8 (Hinh 6).

Tir day co thé két ludn, ving cira song Ka Long 1a méi trudng thich nghi cao ddi véi
giai doan som loai 4. vachellii va dugc loai sit dung nhu ving uong dudng cta ching.

3. KET LUAN

Su phan bb 2739 mau 4u trung ca con loai A. vachellii thu dugc tai cira song Ka Long,
tinh Quang Ninh c6 su khac nhau giita cac thang, giita cac diém. Au tring c4 con xuat hién
gan nhu quanh nam (trir thang 12, thang 2 va thang 4), xuat hién véi sé lugng 16n vao
nhitng thang c6 nhiét do twong ddi cao (thang 5-10), nhiéu nhét vao thang 10 (CPUE =
158,3 c4 thé/ 2 phut). Mbi truong ua thich 1a nhimg diém gitra ctra song (S7-S4) voi ndng
d6 mudi trung binh (7,3-29,5%0). Méi truong cira song Ka Long duoc loai lira chon nhu 1a
vung vwong dudng cua loai.
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IMPORTANCE OF KALONG ESTUARY IN QUANG NINH
PROVINCCE FOR LARVAEAND JUVENILES OF AMBASSIS
VACHELLITRICHARDSON, 1846

Abstract: To investigate the distribution of larvae and juveniles of Vachelli’s glassfish
(Ambassis vachellii), we have anilyzed 18,087 specimens that were collected in shallow
waters of the Ka Long estuary by a small seine net from September 2014 to August 2015.
Among them, there were 2739 larvae and juveniles (body length ranged from 3.0 to 51.1
mm, with an average of 5.7 mm) of Ambassis vachellii. Measured water conditions were
changed monthly and spatially. Amongst 12 months, larvae and juveniles occurred with
greater number from May to October with a peak in October (158.3 individuals/haul).
Larvae and juveniles of this species appeared mainly at stations in middle of the estuary
where the salinities varied from 7.3 to 29.5%o. Thus, the Kalong estuary plays a
significant role as a nursery area for larvae and juveniles of this species.

Keywords: Larvae and juveniles, Ka Long Estuary, Ambassis vachellii, distribution,
Quang Ninh Province.
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GIAl BAI TOAN TOI UU
BANG PHUONG PHAP GRADIENT VA UNG DUNG

Nguyén Quéc Tuin
Truong Dai hoc Thu do Ha Noi

Tém tdt: Bai bdo phdn tich phu’ong phap dé giai bai todn t6i wu phi tuyen ¢6 rang buje
bang phwong phdp Gradient c¢é dzen Déi voi phu’ong phép gradient ¢6 dién sir dung
phiong phéap ham chdn dé dwa vé bai toan phi tuyén khéng rang buge {ming¢ = f + ¥},
sau d6 thue hién gidi bai todn toi wu phi tuyén khéng rang budc.Trong bai bdo ciing duwa
ra phirong phap Gradient cdi tién dé gidi bai todn t6i wu {min ¢} véi ham ¥ phirc tap
hon nhiéu so véi phiwong phdp gradient cé dién.Trong bdi bdo ciing trinh bay bdi todn
phén 16p div liéu (SVM), ép dung phwong phdp Gradient dé dwa bdi toan phdn 16p div liéu
vé bai todn toi wu.

T khéa: Phwang phap Gradzent Phwong phdp Gradient cdi tién, Support vector
machine, ham chdn, tdp mau.

Nhan bai ngay 18.7.2017; gui phén bién, chinh sua va duyét dang ngay 10.9.2017
Lién hé tac gia: Nguyén Qudc Tuin; Email: nqtuan@daihocthudo.edu.vn

1. MO PAU

Ly thuyét ti uu 1a mot nganh toan hoc dang phat trién manh, va ngdy cang c6 nhiéu
ung dung quan trong trong moi linh vuc khoa hoc, k¥ thuat, cong nghé va quan ly hién dai.
Cudc cach mang cong nghé thong tin tao diéu kién thuan loi dé ung dung t6i wu hda mot
cach rong rai va thiét thuc. Trong toan hoc, thuat nglt tdi wu hoa chi téi viée nghién ciru
céc bai toan tim nghiém tdi uu.

Bai bao phan tich mot sé phuong phap dé giai bai toan toi uu phi tuyén cé rang budc.
Dbi voi phuong phép gradient c6 dién st dung phuong phap ham chan dé dwa vé bai toan
phi tuyén khong rang budc {min ¢ = f + W}, sau d6 thuc hién gidi bai toan t6i uu phi
tuyén khong rang budc. Phuong phap gradient cai tién giai bai toan t6i wu{min ¢} v6i ham
W phtc tap nhiéu hon so v&i phuong phép gradient c6 dién.

Trong bai bao ciing gidi thiéu vé bai toan phén 16p dit liéu ding phuong phap SVM dé
dua bai toan phén 16p dir liéu vé bai toan tdi uu. Sau do, bai bao trinh bay mot sb tinh toan
thir nghiém, mg véi cac thuat toan da duoc dé xuét.



TAP CHi KHOA HOC - S0 18/2017 | 137

2. GIOI THIEU VE BAI TOAN PHAN LOP DU LIEU SUPPORT VECTOR
MACHINE (SVM)

Support Vector Machines (SVM) [1] 1a k¥ thuat méi ddi véi bai toan phan 16p dir licu,
day ciing 1a mot trong nhing phuong phéap hoc sir dung khong gian gia thiét cac ham tuyén
tinh trén khong gian dic trung nhiéu chiéu dya vao 1y thuyét tdi wu va Iy thuyét thong ké.
Trong ky thuat SVM, khong gian dir liéu nhap ban dau dugc 4nh xa vao khong gian dic
trung c6 xac dinh mat siéu phang phan chia t6i vu. SVM dang chudn nhan dir lidu vao va
phéan loai ching vao hai 16p khac nhau. Do d6, SVM 1a mot thuat toan phan loai nhi phan.

Tap D ={(xi,ci),xi € R”,i=1,2,...,m},ci € {—1,1} duoc goi la tip mau hoc. Tap mau
hoc tim thudng néu tit ca cac nhan ¢, c6 gia tri nhu nhau. Gid s tdp 12 phan tach tuyén
tinh, nghia la tip  duoc chia thanh hai mién dugc x4c dinh boi hai siéu phang song song,

sao cho mdi mot 16p thudc vé mot khong mién khong gian ma khong niam giita hai

siéu phang.
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Hinh 1. Cdc siéu phdng phan tach trong khéng gian hai chiéu.
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Hinh 2. Siéu phang tdch. Hinh 3. Siéu phang t6i wu.
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Phuong trinh tuong Gmg cta hai siéu phang:

+){w,x) —b = 1.

+)(w,x) —b =—1.

Trong do:

+) W goi la vector phap tuyén n chiéu.

+) b 1a gi4 tri ngudng, xac dinh khoang cach giita siéu phang va gdc.

Ngudi ta mudn tim mot véc to W sao cho khoang cach giira hai siéu phang tach 1a 16n
nhat. Dicu d6 din dén bai toan tdi wru va bai bao sé trinh bay & muc 4.

3. GIAI BAI TOAN TOI UU BANG PHUONG PHAP GRADIENT
3.1. Phuong phap Gradient

3.1.1. Bii todn qui hoach phi tuyén khéng rang bugc
Xét bai toan qui hoach phi tuyén khong rang budc: /3]
min f(x),

XERM
Gia s rang f 1a ham kha vi, khi d6 diém cuyc tri x* cta f théa man:
Vf(x*) =0,
Viéc tryc tiép giai phuong trinh V£ (x) = 0 rat phuc tap. Do d6 can xdy dung mot
phuong an hiéu qua hon so véi viée giai truc tiép bai toan V£ (x) = 0.
Y tuong ciia phuong phép nay 1a tim mot diy phuong an chip nhan duoc {x;,} hoi tu
dén x*. Gia tri méi cua day sb tai budc k + 1 duge ude tinh:
X1 = X + trdy,
Trong d6, véc to d;, 1a hudng di chuyén tir x;, dén x,,, va d6 dai bude di chuyén t.
Dé diéu kién:
fOa) < f(xpe1)
duoc bao dam tai mdi gia tri x., m&i, thi véc to hudng giam phai théa man:
(Vf(xx), die) < 0.
Khi @6 véi do dai budc t;, du bé ta co:
fxrs1) = fOo + tredi) = £ ) + 6V (i), die) + 0(tr) < f (),
Chon hudéng d,, = —Vf(x;). Suy ra:
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X =X, —,Vf(x,),k=1,23...
Biéu dién dudi dang toa d6 biéu thirc trén:
(%), =(x), —t,0f (x,)/0x,,i=1,2,...,n.

Vi tinh don gian, hiéu qua nén day 1a phuong phap phd bién duoc sir dung cho bai
toan qui hoach phi tuyén khong rang budc. Van dé con lai 1a lya chon # trong mdi budc
tinh nhu thé nao. Thuat toan sau dy dua ra gia tri u6c tinh cia f, tai mdi budc

Buéce (. Chon trude mot gia tri
Budrc 1. Tinh x =x, —tVf(x,),
Buée 2. Kiém tra:

—Néu f(x)< f(x,),lay ¢, =t.

— Nguoc lai, dat t =¢/2 va quay lai budce 1.

F(x)=F()
w0

F(x)=F(x*)
>

Hinh 4. Y nghia hinh hoc ciia phwong phdp gradient.
3.1.2. Bii todn téi wu co ring buéc
Xét bai toan toi uu co rang budc: [3]
min £(x) < £ (x,) (3.1)
Pé ap dung cac phuong phap giai bai toan téi vu khong rang budc, nguoi ta chuyén
bai toan ti wu co rang budc vé dang bai toan t6i wu khong rang budc. Co nhiéu phuong
phap chuyén d6i nhu: Phuong phap nhén tir Lagrange, phuong phap ham chin. O day ta st
dung phuong phép ham chén, bang cach dinh nghia mot ham chin ¥ 1 ham 16i trén tap
nhu sau:
0,xeC
Y(x)=
+o0,x ¢ C.
Va thuc hién xét bai toan t6i wu khong rang budc ciia ham  dugc biéu dién boi tong
cua hai ham:
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ming(x) = f(x) + ¥(x) (3.2)
xac dinh trén tdp R™. Trong d6, f kha vi.

Tuy nhién, ta khong thé ap dung truc tiép phuong phap gradient vi ham ¥ 1a khong
kha vi tai bién ctia C. Do d6 ngudi ta st dung thuat toan gradient cai tién dé giai bai toan
t6i noi trén.

bat:

Fy)={u=t.(x—y),x€C,t=0}cR",
la tap cac huong chin nhan duoc tai y. Va:
Ny)={s:i(s,x—y)=0,seC}cR"yeC
14 mot nén 16i.
Ta xét cac dicu kién ti vu twong duong dé x* 1a diém cuc tiéu:
¢'(x*) =V (x) + & eENE), (3.3)
voi & € 0W(x™). Noi cach khac:
(¢*,u) > 0,vVu € F(x"), (3.4)

Ma W 14 ham 161, suy ra:

(' (x*),u) = 0,Vu € F(x*). (3.5)

Chii y: Véi truong hop ham f 161, mot trong cac rang bude tir (3.2) dén (3.4) 1a diéu
kién du dé x* 1a cuc tiéu toan cuc cua ¢ trén tap 16i C.

Pinh Iy 3.1: Piém x € C théa man diéu kién t6i wu cuc tiéu dia phwong bdc nhat ciia
ham ¢ trén tdp C voi do chinh xac e = 0 néu:

(' (), u) = —€,YVu e F(x),||u|| = 1. (3.6)

Pay ciing 1a diéu kién ding cua thuat toan gradient. Trong truong hop F(x) = R™ va

Vf(x) + 0¥ (X) # 0, rat gon bat dang thirc (2.5):

—€e< |m|i21(¢’(x),u) = ||T1?||i7=11 fg?lgga(vf(f) + & u)

= min max (Vf(x)+ & u
min,  max (VFCD + €

= max min{Vf(x)+&u
g min (VF() + €,u)

= — min1||\7f(f) + ¢l

Julls
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Véimoiy € C, ky hi¢u:
L 2
my(y;x) = f(y) +{Vf(y),x —y) + 5 lx — yll* + ¥(x), (3.7

T,(y) = argmianQmL(y;x): (3.8)
trong d6 L 1a hang sé duong.
X¢ét véc to:
9. =L(y —T.(») € R™ (3.9)

Trong truong hgp Q = R™,W =0 thi g,(y) = Vp(y) = Vf(y) v6i moi tham s
L > 0. Mot sd tinh chat cua diéu kién toi uu bac nhit:

(V) + LT, () —y) + &), x =T (y)) 2 0,Vx € C, (3.10)
trong do &, (y) € 0W(T,(y)). Suy ra:
o' (T.) = VF(T.(») + &, € 9p(TL (). (3.11)

Gia sir ham muc tiéu (2.1) thoéa man diéu kién Lipschitz:
IV () = VFWII < Lellx — yll, Vx,y € C, (3.12)
Do tap C 16i, biéu thire (3.9) twong duong véi:
1FG) = FO) ~ W @, x =PI <Ll =yl ¥y € C, 6.13)
Goi S, (y) 1a d6 bién thién ctia ham ¢ trén tap C

v/ (T.)) = VOl _
IT. () =yl -

3.1.3. Thuit toin gradient [4]
Thuat toan 3.1. Vong lap cua phuong phap gradient G4 (x, M).
SET:L:= M.
REPEAT:T: = T, ().
If$p(T) > my(x,T).Then L: = L.y,.
UNTIL: $(T) < my (x,T).
OUTPUT: Gy (x,M). T = T; G (x, M).L = L;
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Chon gia tri khoi tao cho thudt toan gradient:
=Ly, 0 <Ly < Lg trong d6 Ls 1a hang s6 Lipschitz cta gradient ciia ham f (thuong

chon hang s6 L rat 16n).
— Hai tham s6 diéu chinh y,, > 1vay, > 1.
— Chon y, € Q batky.
—knguyén, k = 0.
Vi viéc chon tham s diéu chinh nhu trén, d& thay rang gia tri L ludn ting va L < Lf.
Thuat toan 3.2. Thudt todn gradient Gy M (Yo, Lo).
ITERATION: (Budc lip k)
Ye+1:= G Ui L) T,
My = G Vi, Li)- L,

M,
Ly4q == max {LO, —} .
Ya

Suy ra yi41 = Ty (Vi) tir thudt toan trén thu dugc biéu thirc sau hién nhién ding:
Ly < L < My < vy ly. (3.14)
Ngoai ra, néu y,, > y, thi:
Ly < Lg,Vk = 0.
3.2. Thuit toan Gradient cai tién
Sau ddy, chung ta phat biéu thuat toan Gradient d6i ngau.
Thut toan 3.2. Thudt todn Gradient déi ngdu DGy (vo, L), k > 0 [2]

INITIAL (Khoi tao): Cho vy € domW¥, dinh nghia ham Py(x) = %le — 9|2 chon hing s6
dwong Lo sao cho Ly < Ly.

ITERATION (Buoc lap k):
Yk = G Ok, LT, My = G (O, Li) L,
M, 1
Lk+1 = maX{LO' Z}' Ak+1 = M_k’

Yrer1(0) = P (0) + @ [f (g 1) + AV (pr1), X — xpe41)] + P ().



TAP CHi KHOA HOC - SO 18/2017 | 143

Tiép theo ddy, chiing ta s€ xét dén mot thuat toan dugce cai tién c6 tde do hoi tu tét hon
han so v&i hai thuat toan 13 thuat toan gradient va thuat toan gradient doi nga:lu da duoc
xét dén.

Thuit toan 3.3. Thudt todn gradient cdi tién A(xq, Lo, 1) [1]

INITIAL (Khdi tao): Chon x¢ € domW¥, u thugc doan (0, py] di bé, ag = 0. Dat Yo(x) =

%le — %02, chon hdng s6 dwong Lo sao cho Ly < Lg.

ITERATION (Buoc lap k):
- DatL:= Ly
2
- Tim a la gia tri thoa man phuong trinh bdc hai & p LA Pat y = Akxk—Jraﬂk, tinh
Ag+a L Ag+a

T, () theo biéu thire (3.7).
z , IR, N A . L,
- Neéu (¢ (TL (y)),y -T.(y)) < - ||¢ (TL (y))” dung thudt todn, lay gia tri L == L.y,,.
- Néu khéng, chuyén sang bude iii va thiee hién gan:
Vi = erk = L' ag4+1 = 4,

K
Liyr =—, xp41 = Tn, k),
Ya

Yir1(x) = P (0) + @ lf (eran) +(VF Oger), X — xpe1)] + P ().
Quay lai buoc ii.

4. MOT SO TINH TOAN THU NGHIEM

Ttr bai toan phan 16p néu & Muc 2, chung ta dua bai toan d6 vé dang toi wu. Ving
khong gian ndm giira hai siéu phang goi 1a can bién, khoang cach giita hai siéu phang 1a
H. Bai toan dit ra 1a, tim khoang cach 16n nhét giira hai siéu phang. Nhu vy, bai toan

w
chuyén vé bai toan tdi wu dugc phét biéu nhu sau:
Tim cuc tiéu cua ham:
min||w||?
v6i diéu kién: ¢;((w,x;) —b) = 1,Vi=1,2,...,m.

Trong nhiéu truong hop, tip hudn luyén D c6 thé khong phan tach tuyén tinh (hay ton
tai diém nhiu), khi do6 ta st dung bién bu &; dé do mirc d6 khong thé phan loai diém dir
liéu &;:

ci(w,x;))—b)=21-¢§,1<i<m.
ham muc tiéu ting thém mot lugng twong tng khi tham s6 &; khac khong. Cu thé bai toan
ltc nay tro thanh:
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1 m
ming [wl2 +¢ > &)
=1
v6i didu kién c;((w, x;) — b) =1 —§,Vi=1.2,...,m.
bay la ham muc ti€u dang quy hoach toan phuong, mot truong hgp ri€ng cua qui
hoach 16i tuyén tinh. Vi vdy, no con cé thé duoc giai bang phuong phép Franke-Wolfe hay
phuong phap don hinh Beale. Tiép ddy, chung ta sir dung thuat toan gradient co ban dé giai
bai toan tdi wu véi ham muc tiéu trén.
Xét voi mot truong hop riéng cia bai toan néu trén khi b = 0, chon tham s6 C = /1—
m
viét lai bai toan toi vu can giai:

A 1™
ming(w) =S IWI? +2- L) (4.

v6i didu kién: [;(w) = max{0,1 — c;{(w, x;)},i = 1,2,...,m. Trong truong hop nay
2 s 1
fe) =3 llx]|%, va ham W (x) = — i1 Li(x).

Ta s€ sir dung thuat toan gradient dé giai bai toan cu thé trén. Tuc 1a tim toa dd cla
véc to w(wy, w,) l1a nghiém toi uu toan cuc cia ham so:

_A 2 1IN
W) =ZIWIE +-- " Liw)

Y twéng ciia bai todn nhw sau:

— Cho trudc mot véc to phap tuyén a, co gbc nam trén duong thang bat ky phéan chia
hai 16p dir li¢u cho trudce.

— Hai 16p dit liéu nay duoc tao ngau nhién va gan nhan {+1; —1}.

— Sau d6 sir dung thua toan tdi wu gradient dé tim véc to phap tuyén ciia dudong thang
t6i wu phéan chia hai 16p dir liéu da tao ngiu nhién (véc to phap tuyén nay c6 gdc nam trén
duong thang).

— Khi di x4c dinh dugc véc to phap tuyén c6 gbec nam trén duong thang, thi chung ta
cling dé dang xac dinh duong thang duy nhat théa méan diéu kién nay.

Khai bao sai s6 € = 107°. Thuit toan co thé duoc viét lai nhu sau:

Thudt todn 4.1: Thudt toan gradient G¢

» Chon gia tri ban dau Xo, chon 6 cho trude a > 0.

» Lap:k=1,2,...

Buoc 1: Tinh x4q = x,. — aVf(xy)
Bude 2: Kiém tra:
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- Néu f(x,,) < f(x,). chon

- Nguoc lai, dat o % quay lgi Buoc 1.
2

Chay thir nghiém véi mét s6 by div ligu sau:
a. Thir nghiém voi dir liéu ngau nhién gom 20 diem
>> [a,w] = PhanLop(20,2)

a= w=
2.2805 1.0671
5.6246 3.1872

Hinh 5. M6 phong do thi phan 16p div liéu 20 diém ngau nhién.

b. Tao 100 diém dit liéu nngu nhién
>> [a,w] = PhanLop(100,2)

a= w=
1.2821 1.1631
0.5431 05111

Hinh 6. Khi tang diém dit liéu 1én 100 diém ngau nhién.
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Thuyc hién ting sé diém ngiu nhién trén khong gian 2 chiéu.
c. Thir nghiém voi 200 diém div liéu ngcfu nhién
>> [a,w] = PhanLop(200,2)
a = w =

5.3324 4.5695
-2.6038 -2.2495

Hinh 7. M6 phong khi tang hé sé diém ngdu nhién

d. Thir nghiém v6il00 diém dir liéu ngau nhién trén khéong gian ba chiéu

>> [a,w] = PhanLop(100,3)

a= w=
1.0645 0.8317
-3.9196 -3.2198
3.6634 3.1436

e. Thir nghiém v6il00 diém div liéu ngau nhién trén khéng gian 5 chiéu

>> [a,w] = PhanLop(100,5)

a= w=
1.1616 0.6263
-4.9320 -2.5409
0.8892 0.7258
5.2191 2.8727

-3.5934 -2.0685

Dua trén cac két qua trén, c6 thé dua ra mét sO cac nhan xét nhu sau:
— Khi s6 diém ngau nhién cang it, c6 thé thay duoc 2 véc to phan chia 2 16p dir liéu t6i

uu tim duogc c6 khoang cach 16n hon 16 so vdi 2 véc to ngau nhién chon ban dau.
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— Piém dir liéu ngau nhién cang nhiéu, 2 véc to chon ngiu nhién ban dau rit gan so
voi 2 véce to tdi wu tim duoc vé sau. DPiéu nay la do voi s6 diém dir 1iéu nhiéu thi c6 rat
nhiéu diém cua phan 16p thudc trén véc to phan cach, do d6 kha ning chip nhan dugc cua
thuat toan 1a it va rat gan nhau.

5. KET LUAN

— Bai bao da trinh bay bai toan phan cum dir liéu va phuong phap Support Vector
Machines dua bai todn phan cum dir liéu vé bai toan tdi wu. Sau d6 dung phuong phap
Gradient dé giai quyét bai toan tdi uu.

— Bai bao tap trung vao phuong phap Gradient va Gradient cai tién giai bai toan tbi wu
phi tuyén khong riang budc va ap dung né vao bai toan phan cum dit liéu. Chuong trinh
duogc cai dat trén MATLAB cho thay két qua 1a rat tot.
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SOLVING THE OPTIMAL PROBLEM USING
THE GRADIENT METHOD AND THE APPLICATION

Abstract: The article analyzes the method to solve the nonlinear optimization problem
that is bound by the classical Gradient method. For classical gradient methods use the
defining method to take on the non constraint nonlinear problem {min¢ = f + ¥}, then
solve the non constraint optimal nonlinear problem. The article also provides the
advanced gradient method for solving the optimal problem {min ¢} with a function ¥
much more complex than the classical gradient method. The article also presents the
problem of data stratification; apply Gradient method to put the data stratification
problem to optimization problem.

Keywords: The gradient method, Advanced Gradient Method, Support vector machine,
defining, sample set.



148 | TRUGING BAI HOE THU BA HA NOI
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Abstract: In this paper, numerical solution of a modified generalized regularized long
wave (mGRLW) equation are obtained by a method based on collocation of quintic B —
splines. Applying the von — Neumann stability analysis, the proposed method is shown to
be unconditionally stable. The numerical result shows that the present method is a
successful numerical technique for solving the GRLW and mRGLW equations that they

have real exact solutions.
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1. INTRODUCTION

In this paper we consider the solution of the mGRLW equation:

U; + auy + euPuy — puyg, — Bugye = 0,
X € [a,b],t €[0,T],

with the initial condition:
u(x,0) = f(x),x € [a,b],
and the boundary condition:

u(a,t) =0,u(b,t) =0
u,(a,t) =u(a,t) =0
Uy, (a,t) = uyg, (b, t) =0,

where q, €, 1, B, p are constants, p > 0,3 > 0, p is an integer.

(M

2

3)

The mGRLW (1) is called the generalized regularized long wave (GRLW) equation if
n = 0, the generalized equal width (GEW) equation if « = 0, u = 0, the regularized long

wave (RLW) equation or Benjamin — Bona — Mohony (BBM) equation if =1,

p = 1, etc.
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Equation (1) describes the mathematical model of wave formation and propagation in
fluid dynamics, turbulence, acoustics, plasma dynamics, ect. So in recent years, researchers
solve the GRLW and mGRLW equation by both analytic and numerical methods. The
GRLW equation is solved by finite difference method [6], Petrov — Galerkin method [8],
distributed approximating functional method [7], IMLS — Ritz method [3], methods use the
B — spline as the basis functions [2], exact solution methods [9]. The mGRLW is solved by
reproducing kernel method [4], time — linearrization method [5], exact solution method [1].

In this present paper, we have applied the pentic B — spline collocation method to the
GRLW and mGRLW equations. This work is built as follow: in Section 2, numerical
scheme is presented. The stability analysis of the method is established in Section 3. The
numerical results are discussed in Section 4. In the last Section, Section 5, conclusion is
presented.

2. QUINTIC B - SPLINE COLLOCATION METHOD

The interval [a, b] is partitioned in to a mesh of uniform length h = x;,; — x; by the
knots x;,i = 0, N such that:
a=Xg <X < <xn_1<Xy=Dh
Our numerical study for mGRLW equation using the collocation method with quintic
B-spline is to find an approximate solution U(x, t) to exact solution u(x, t) in the form:

Uxt) = X% 8;(0B; (%), “)
B;(x) are the quintic B-spline basis functions at knots, given by [4].
( (x— Xi—3)5: Xi—3 < X < Xj_2
(X = Xj_3)° = 6(X — X;_)°, Xi—2 S X < Xjq

(X = Xi—3)° = 6(x = Xj_2)° + 15(X — X;_1),Xj_1 S X < x;
(X = X_3)° — 6(x — Xj_p)° + 15(x — x;_1)° —
—20(x — %1)%,X; < X < Xj41
(x — Xj-3)° — 6(x — Xj_2)° + 15(x — xj_1)° — 20(x — x;)° +
+15(x — X141)% Xiy1 < X < Xjyp
(x — Xj-3)° — 6(x — Xj_2)° + 15(x — xj_1)° — 20(x — x;)° +
+15(x — Xi41)° — 6(X = X142)% Xiy2 < X < Xjy3
\ 0, X < Xj—3 U X > Xj43.

1
Bi(X) = E<

The value of B;(x) and its derivatives may be tabulated as in Table 1.
Ui = 8i—2 + 266i_1 + 6661 + 266i+1 + 81+2

, 5
U's == (=8i-2 = 108;1 + 108111 + 8142)

20
U" = w7 (8i—2 + 28i_1 — 66; + 2811 + 6i42).
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Table 1. B;, B';, and B"'; at the node points

X Xj-3 Xj2 Xj—1 Xj X1 Xjy2 Xi+3
B; (x) 0 1 26 66 26 1 0
5 50 50 5
B’ Z - = =
ix) 0 n o 0 o n 0
Y 20 40 120 40 20
B0 0 I v o| Twm | wm W 0

Using the finite difference method, from the equation (1), we have:
(U= Bug)™™ = (W= Bug)” | (@Pu )"+ (WPu)" ()" + ()"
+& +«
At 2 2
Ux  + Ux _
—H—— = 0.

6))
The nolinear term (uPu,)™*! in Eq. (5) can be approximated by using the following
formulas which obtainted by applying the Taylor expansion:
(WP )™ = (uP)Puf ! + p(un)P uFur = p(u™)Pu.

So Eq. (5) can be rewritten as
At
(u— Bu)™ + > [—puldt + e@P)ug*t + pe(u™)Ptugu™ ! + aupt]

At
= (U= Bu)” + — [uuzy + (p — De(uP)uy — aug].

(6)
Using the value given in Table 1, Eq. (6) can be calculated at the knots x;,i = 0,N so
that at x = X, Eq. (6) reduces to:
E11115{1—+21 + E11128{1—+11 + 3138{”1 + a8 +ais8ly, = by Sk, + b8y + b8
+bis 8741 + bisSiy, (7
Where:
aj; = 2h? — ShaAt — SheAtly + ShpeAt(Li;)P~! Li, — 20pAt — 40;
aj; = 52h? — 50haAt — 50hz»:AtLIi)1 + 130hpeAt(Li;)P~1 L, — 40pAt — 80;
aj3 = 132h? + 330hpeAt + 330hBAt(Li; )P~ Lj, + 2408;
aj, = 52h? + 50haAt + 50h£AtLIi31 + 130hpeAt(Lj;)P~1 L, — 40pAt — 80;
ajs = 2h? + ShaAt + 5heAtly + ShpeAt(Li;)P~t Ly, — 20pAt — 406;
bi; = 2h? + ShadAt — Sh(p — 1)eAtLY, + 20pAt — 408;
bi; = 52h? + 50haAt — 50h(p — 1)&AtlY, + 40pAt — 80B;
bis = 2(66h? — 60uAt + 120B);
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bi, = 52h? — 50haAt + 50h(p — 1)eAtlY, + 40pAt — 80B;
bis = 2h? — ShaAt + Sh(p — 1)eAtLY + 20pAt — 40B;

Liy = 6j_ + 268;_1 + 668; + 260;,1 + 8;42
Liz = =8;-2 —1068;_1 + 108;,1 + 8;4.

The system (7) consists of N+ 1
(8—2' 8—1' e 8N+1l 8N+2)T'

To get a solution to this system, we need four additional constraints. These constraints
are obtained from the boundary conditions (3) and can be used to eliminate from the
system (7). Then, we get the matrix system equation

A(S™)"T = B(8")8" + 1, (®)

where the matrix A(8™), B(8™) are penta-diagonal (N + 1) X (N + 1) matrices and r is
the N + 1 dimensional colum vector. The algorithm is then used to solve the system (8).
We apply first the intial condition:

U(x, 0) = X% 87B; (%), ©)
then we need that the approximately solution is satisfied folowing conditions:
( U(x;,0) = f(x;)
U, (X,0) = Uy(a,0) =0
{ U, (xn,0) = Uyg(b,0) = 0
Uyx(X0,0) = Uyx(a,0) = 0
Usx (XN, 0) = Uxx(b: 0)=0

equations in the N+5 knowns

(10)

i=01,..,N.
Eliminating 8%,, 8%, 8%, and 8%, from the system (11), we get:
A8° =,

where A is the penta-diagonal matrix given by:

54 60 6 0 0 0 0

0005

4 2 4

1 26 66 26 1 0 0

A=

0 0 1 26 66 26 1

o . o 105 135 101
4 2 4

0 0 0 o 6 60 54

and 8° = (89,82, ..., 89)T,r = (f(xo), f(X1), .., F(xn)) T
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3. STABILITY ANALYSIS

To apply the Von-Neumann stability for the system (6), we must first linearize this
system.
We have:

&' =" exp(iyjh),i=v-1, (1)
where v is the mode number and h is the element size.

Being applicable to only linear schemes the nonlinear term UPU, is linearized by
taking U as a locally constant value k. The linearized form of proposed scheme is given as:

P18 4 P28 + pa8itt + padiy 4 psSiy = pi8, +p'a8, +
p'35{1 ++ p’481n+1 + p'55{1+2 (12)
Where:

pp=1—-M-N; —-P
p, =26 —10M — 2N; — 2P
p3 = 66 + 6N; + 6P
ps = 26 + 10M — 2N; — 2P
ps=1+M—-N; —P
pi=1+M+N; —P
p', =26 + 10M + 2N; — 2P
p's = 66 — 6N; + 6P
p's =26 —10M + 2N; — 2P
ps=1—-M+N; —P,
_5(0(+£kp)At

h )
_ 10pAt _ 108
1™ h2 7 7 7 p2v

Substitretion of 8" = exp(iyjh)g", into Eq. (12) leads to:
€[p1 exp(=2ihy) + p, exp(—ivh) + p; + p, exp(ivh) + ps exp(Ziyh)] =
p'y exp(—2ivh) + +p’; exp(—iyh) + p's + p's exp(ivh) + p's exp(2iyh). (13)
Simplifying Eq. (13), we get:
A—iB
C+iB

f:
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Where:
A=2(1+N; — P)cos(2¢) + 4(13 + Ny — P)cosd + 66 — 6N, + 6P;
B = 2M(sin(2¢) + 10);
C = 2(1 - N; — P)cos(2¢) + 4(13 — N; — P)cosd + 66 + 6N, + 6P;
oy >0, =vyh

It is clear that C% > A2

Therefore, the linearized numerical scheme for the mGRLW equation is
unconditionally stable.

4. NUMERICAL EXAMPLE

We now obtain the numerical solution of the GBBMB equation for a problem. To
show the efficiency of the present method for our problem in comparison with the exact
solution, we report L, and L, using formula:

Lo = max;|U(x;,t) — u(x;, )|,

L, = (th(xi,U - u(xi,t>|2) ,

where U is numerical solution and u denotes exact solution.

Three invariants of motion which correspond to the conservation of mass, momentum,

and energy are given as

b b
I =f udx, I, =f (u? + Bu2)dx,
a a

I3 = fb (u4 —wu)%) dx.

€

Example 1. Consider the GRLW equation with ¢ = 3,a = p = 0,3 = 1. The exact of
Eq. (1) is given in [7]

et = zjc(p + 12)£<p t2) 4o [% (% = xg — ct)]_

We choose the following parameters
a=0;b=80; x,=30; T=20;p=3;6;8;10;c=0.03;0.01;h = 0.1;0.2
The obtained results are tabulated in Table 2.
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Table 2. Errors for single solitary wave with t = 20, x € [0,80].

p=3 p=6 p =8 p=10
c
0.03 0.1 0.03 0.1 0.03 0.1 0.03 0.1
h At
0.1 | 0.01 | 0.0121 | 0.0338 | 0.1536 | 0.3335 | 0.4125 | 0.9543 | 1.0245 | 2.6869
L
><2104 0.2 | 0.01 | 0.2450 | 0.6261 | 4.3751 | 11.937 | 26.570 | 95.620 | 160.85 | 597.42

0.1 ] 0.05 | 0.0192 | 0.2343 | 0.1636 | 1.5464 | 0.4425 | 3.3481 | 1.0787 | 6.6584
0.2 |1 0.05 | 0.2463 | 0.7507 | 4.3900 | 13.050 | 26.620 | 9.8054 | 160.94 | 601.56
0.1 |1 0.01 | 0.0178 | 0.0291 | 0.2337 | 0.3249 | 0.6128 | 0.9467 | 1.4296 | 2.6227
L, 0.2 1 0.01 | 0.3180 | 0.5266 | 6.7731 | 11.439 | 30.619 | 82.150 | 140.57 | 477.61
x 10* 0.1 | 0.05 | 0.0196 | 0.1553 | 0.2494 | 1.2328 | 0.6513 | 2.8170 | 1.4872 | 5.8466
0.2 1 0.05 | 0.3198 | 0.6477 | 6.7890 | 12.340 | 30.150 | 84.007 | 140.63 | 480.71

Example 2. Consider the mGRLW equation with ¢ =3,a=3,u= 2,8 =1. The
exact of Eq. (1) is given:

2
3 sinh(kx + wt + x3) + 5 cosh(kx + wt + x,)])P
u(x, t) = 1

+ 3 cosh(kx + wt + xy) + 5 sinh(kx + wt + x,)

(aB(P2+5p+4+ (p+1)A)), k= ———(—af(p +4) +A),

where p = \/ 8Be(p+4) T < +2)

—pu 3
26(p+4) \/B(p + 4)[0(2(3(p + 4) 8u2]

We choose the following parameters:
a=0,b=280,%x,=30,t€[0,20],p=8h=0.1;0.2,At =0.01;0.05
The obtained results are tabulated in Table 3 and Table 4.

Table 3. Errors and invariants for single solitary wave with x € [0,80], At = 0.01.

h=0.1 h=0.2

t 0 5 10 15 20 0 5 10 15 20

I; | 104.32 | 104.32 | 104.32 | 104.32 104.32 104.45 | 104.45 | 104.45 | 104.45 | 104.45

I, | 104.32 | 104.32 | 104.32 | 104.32 104.32 | 104.45 | 104.45 | 104.45 | 104.45 | 104.45

I; | 230.42 | 230.42 | 230.42 | 230.42 230.42 | 230.71 | 230.71 | 230.71 | 230.71 | 230.71

6.3x 0.48x 0.44x 0.44x 0.46x 6.3x 0.45x 0.44x 0.44x 0.46x

L2 107° 1075 1075 1075 1075 107° 1075 1075 1075 1075
L 10-° 6.5% 6.9% 6.8x 6.5x 10-9 9.4 x 9.4 x 9.4 x 9.5 x
@ 1077 1077 1077 1077 1077 1077 1077 1077
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Table 4. Errors and invariants for single solitary wave with x € [0,80], At = 0.05.

h=0.1 h=0.2
t 0 5 10 15 20 0 5 10 15 20
I; | 104.32 | 104.32 | 104.32 | 104.32 | 104.32 | 104.45 | 104.45 | 104.45 | 104.45 | 104.45
I, | 104.32 | 104.32 | 104.32 | 104.32 | 104.32 | 104.45 | 104.45 | 104.45 | 104.45 | 104.45
I; | 230.42 | 230.42 | 230.42 | 230.42 | 230.42 | 230.71 | 230.71 | 230.71 | 230.71 | 230.71
L 6.3x 3.57x | 2.92x | 3.58x 3.56x% 6.3x 2.29x | 2.33x | 2.22 2.21
21 107 1077 1077 1077 1077 109 1077 1077 | x1077 | x1077
6.5 6.5% 8.4 X 6.4x 3.6 X 49 x 3.7 X 4.2 X
L, | 107° e e s s 107 s -8 -8 -8
10 10 10 10 10 10 10 10
5. CONCLUSIONS

A numerical method based on collocation of quintic B-spline had been described in

the previous section for solving mGRLW equation. A finite difference scheme had been
used for discretizing time derivatives and quintic B-spline for interpolating the solution at
is capable time level. From the test problems, the obtained resulft show that the present

method is capable for solving mGRLW equation.
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PHUONG PHAP COLLOCATION VOI CO SO B-SPLINE BAC 5
GIAI PHUONG TRINH GENERALIZED BENJAMIN-BONA-
MAHONY-BURGERS

Toém tdt: Trong bdi bdao nay chung ta s dung phuwong phap collocation voi co so B —
spline bdc 5 gidi xdp xi phu’ong trinh mGRLW. Su dung phmfng phap Von — Neumann hé
phuwong trinh sai phin on dinh vé diéu kién. Két qua so chirng 16 phirong phdp dwa ra
hitu hiéu dé gidi phirong trinh trén.

Tie khéa: Phuong trinh mGRLW, spline bdc 5, phwong phdp collocation, phwong phap
sai phan hitu han.
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UNDER GENERALIZED HUKUHARA DIFERNTIABILITY

Nguyen Thi Kim Son
Hanoi National University of Education

Abstract: In this paper, random fuzzy wave equations under generalized Hukuhara
differentiability are considered. By utilizing the method of successive approximations, the
existence, uniqueness and the continuous dependence on the data of type 2 random fuzzy
solutions of problem are proven. The most difficulty in this research is not only
depending on the concepts of fuzzy stochastic processes, which deeply depends on the
measurable properties of setvalued multivariable functions, but also depending on
calculation with gH-derivatives of multivariable. When we overcome these obstacles, the
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1. INTRODUCTION

Many real-world problems are very often inexactly formulated and imperfectly
described meanwhile deterministic mathematic requires precise knowledge and certainty
information (real numbers, explicit functions, exact data etc.). Therefore, there is an
extremely strong demand from the modern technology and industry for new mathematics
that can handle such abnormal and irregular problems. Stochastic and fuzzy mathematics
were born under this urge and have had a strongly development in recent years.

We can find some researches concerning random fuzzy differential equations in the
last two decades, such as the works of Fei [6], Guo and Guo [7], Ji and Zhou [9], Li and
Wang [12] and Malinowski et al. [21, 22, 23, 24, 25]. In these papers, the authors
combined two kinds of uncertainty, randomness and fuzziness, in the model of random
fuzzy differential equations.
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Recently, Bede and Stefanini [2, 3] have introduced the notion of gH-differentiability
for fuzzy mappings. This new definition overcomes the shortcoming of classical Hukuhara
differentiability, for which the length of the diameter of a fuzzy solution monotonically
decreases in independent variables. Thus the behavior of fuzzy dynamic systems is more
and more certain in time. After that this notion has rapidly attracted many researchers and
many results on the existence and uniqueness of two kinds of gH-solutions of fuzzy
equations have been given, see for example in [2, 3, 10, 16, 14, 15, 21, 22].

In this paper we introduce a new notion of random fuzzy solutions of wave equation
under the sense of gH-differentiability in type 2. This model is known as boundary valued
problems for nonlinear wave equations.

D2 u(z,y,w) JE! folz,y,u(z,y,w)), (z,y) € J =1[0,a] x [0,b], k =1,2,

with local condition:
u(z,0,w) Pap1 v(z,w); u(0,y,w) ‘- vy, w),

Where D 2xyu(.,.,.) is generalized Hukuhara derivatives in type 2 of fuzzy stochastic
process u(.,.,.). Our models can be considered as an extension of fuzzy random differential
equations [7, 12, 22, 24] to the mu ltivariable models, of deterministic fuzzy partial
differential equations [13-20] to the random cases and of set-valued differential equations
to the fuzzy cases as shown in [21].

This paper is organized as follows. In Sect. 2, some necessary preliminaries of fuzzy
analysis are presented. The Darboux problems for fuzzy nonlinear wave equations will be
stated in Sect. 3 with the definition of random fuzzy solutions in type 2. The solvability of
the problem and continuous dependence of solutions with respect to data is investigated in
Sect. 4. Some auxiliary important lemmas are given in section 5 of Appendix. Finally,
some conclusions are discussed in Sect. 6.

2. A BRIEF OF FUZZY CALCULUS

Let E be the space of fuzzy sets on R, that are nonempty subsets {(x,u(x)): x €R } inR
x[0,1] of certain functions u: R — [0, 1] being normal, fuzzy convex, semi-continuous and

compact support. For u € E, the a-cuts or level sets of u are defined by [u]= {x € R:

u(x) > a}, which are in K¢ for all 0 < a < 1, where K¢ is the set consisting of all
nonempty compact, convex subsets of R. Denote [u]” = {x € R: u(x) > 0} by the support
of u.

For u € E, we denote the parametric form by [u1]”= [u, 4] for all 0 <a <1 and:
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len[u]” = uy,— uy, by the diameter of the a—level set of u.
Supremum metric is the most commonly used metric on £ defined by:

do(u,v) = sup d([u]*,[v]”) for all u,v € E,

0<a<l1

where d is the Hausdorff metric distance in K,

d(A, B) = max {216113 l}éllff [la — b Z:;E jlelf‘ lla — b||}
with 4,B € K¢

It is obviously that (E,d.) is a complete metric space (see [2, 11]).

The addition and the multiplication by an scalar of fuzzy numbers in E are defined
by levelsetwise, that is, for all u,v € E, a € [0,1], kK € R\{0}, [u + v]* = [u]" + [v]” and
[ku]*= k [u]*

In special case (—1)[u]”= (= 1)[t1o thre] = [~thra—thi1a]-

If there exists w € E such that u = v + w, we call w=u © v the Hukuhara difference of
u and v. Clearly, u © u="0, and if u © v exists, it is unique (see [2]).

It is easy to see that u © v 6= u + (—1)v. Moreover if u © v exists, then

[ © v]*=[tWa — V7' tra — V7] forall 0<a< 1.

Lemma 2.1. [15] Let u;v;w;e € E and suppose that the H-differences u © v;
w O e exist.

Then we have:

do(u © v,w B e) <d.(uw) + d(v,e).

Definition 2.1. [2, 3] For u,v € E, the generalized Hukuhara difference of u and v,
denoted by u O, v is defined as the element w € E such that
(7)) u=v+wor
UQgH V=W <
(1) v=u+ (-1)w.

Notice that if u Ogn v and u © v exist, then u Oz v = u © v; if (1) and (ii) in
Definition are satisfied simultaneously, then w is a crisp number; also, u Ogyu = , and if
u Ogp v exists, it is unique. It is the fact that Oy v does not always exist in E, but there
are some characterizations which guarantee the existence of u Ogx v (see [2, 3]).

Definition 2.2. [15] Let / be a subset of R? and u be a mapping from / to £. We say

that u is gH-differentiable with respect to x at (x(,)0) € I if there exists an element such that
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for all 4 be such that (xo+4,)0) € I, the gH-difference with respect to x at (xo,)9) € I if there
exists an element:

ou (20, Yo)
ox

such that for all 4 be such that (xo +h,)9) € I, the gH-difference u(xo +4,y0)Oqn t(x0,10)
exists and

ek

I u (2o + h,Yo) Ogy u (To,yo)  Ou (o, Yo)
im = -
h—0 h ox

The gH-derivative of u with respect to y and higher order of fuzzy partial derivative u
at the point (xo,)0) € [ are defined similarly.

Definition 2.3. [1, 15] Let u: I ¢ R* — E be gH-differentiable with respect to x at
(xo,v0) € Iand [u(x,))]“= [wia(x,y), tta(x,y)], Where w1ty I — R, (x,y) € [and o € [0,1]. We
say that

(i) u is (i)-gH differentiable with respect to x at (xo,0) € [ if

ou o r0u, OUpa
[8_1’ (-To,yo)] = [ o (370,?/0)78—33(1’0-,3/0)}

(ii) u is (i1)-gH differentiable with respect to x at (xo,y0) € 1 if
ou o Ol Oy
[% (xO;yO)] - |: or (x()vy())a 1 (x07y0):|

The fuzzy (i)-gH and (ii)-gH derivative of u with respect to y and higher order of fuzzy

partial derivative of u at the point (xo,)0) € [ are defined similarly.

Definition 2.4. [1] For any fixed x,, we say that (xo,y) € I is a switching point for the
differentiability of u with respect to x, if in any neighborhood V of (x(,y) € I, there exist
points A(x1,y), B(x2,y) such that x; < x¢ < x; and:

(type D) u is (i)-gH differentiable at 4 while u is (ii)-gH differentiable at B for all y, or

(type I) u is (i)-gH differentiable at B while u is (ii)-gH differentiable at 4 for all y.

Definition 2.5. Let u: [ — E be gH-differentiable with respect to x and Ou/Ox is
gH-differentiable at (xo,)0) € I with respect to y. We say that u is gH-differentiable of order
2 with respect to x,y in type 2 at (xo,y0) € I, denoted by D nyu(xo,yo), if the type of
gH-differentiability of both u and 0u/Ox are different. Then:

a 0*u 0%y
2 _ ro «
|:quyu(x07 yO):| - [axay (1)07 yo)ﬂ axay ('TOa yO):|

forall0<a<l1.
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3. PROBLEM FORMULATION

Let (), F,P) be a complete probability space.

Definition 3.1. [21] A function u: Q — E is called a random fuzzy variable, if for all
€ [0,1], the set-valued mapping u,. Q — K¢ is a measurable multifunction, i.e {®w €
Q|[u(w)]“N C 6= @} € F for every closed set C c R.

Let U € R™. A mapping u: U xQ — E is said to be a fuzzy stochastic process if u(.,m)
is a fuzzy-valued function with any fixed w € Q and u(v,.) is a random fuzzy variable for
any fixed v € U.

A fuzzy stochastic process u: U XQ — E is called continuous if for almost every o €
Q, the trajectory u(.,w) is a continuous function on U with respect to metric d.

In this paper, we consider following boundary valued problem of nonlinear wave
equations:

D2 u(z,y,w) B fo(z,y,u(z,y,w)), (z,y) € J =[0,a] x [0,b], k =1,2, (1

Ty
with local condition:
0,a)P.1 0,bP.1
u(z,0,w) - v (z,w); u(0,y,w) - vo(y,w), ()
where v, and v; are fuzzy continuous stochastic processes satisfying:

1 (0,w) = v5(0,w) ?z'lzlo(w). v (y,w) 6 tg(w)

exists with P.1 for all y € [0,5] and f,,(x,y, (x,,®)) satisfies following hypothesis:
(H1) fo(x,y, ): Q — E is a random fuzzy variable for all (x,y) € J, € E, and the
mapping fo(.,.,.): J X E — E is a fuzzy jointly continuous mapping with P.1.

(H2) There exist a real continuous stochastic process L: J x Q — (0,0) and a
nonnegative random variable M: Q — R such that:
JP.1
doo(fu(z,y, ), fu(z,y,¥)) < L(z,y,w)dx(p,¥), Y o, € E

And:

. JP.1
doo(fu(z,y,q(x,y,w)),0) < M(w).

Here, for convenience, the formula #(w) Pl 1(w) means that P(w € Qp(w) = u(w)) =1
(or n(w) = u(w) almost everywhere) and similarly for inequalities. Also if we have
P(w € Qu(v,w) = v(v,w), Yv € U) = 1, where u,v are fuzzy stochastic processes, then we
will write u(v, ) "="' v(v,w) for short, similarly for the inequalities and other relations.
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Thanks for Lemma 4.4 in [15], we have following definition.

Definition 3.2. A fuzzy continuous stochastic process u: J x Q — E is called a

random fuzzy solution (in type 2) of the problem (1)-(2) if it satisfies following random
integral equation

U(%?/;W) ng q(xayaw) © (_1)//fw (S,t,U(S,t,W))det, (3)

P

JP.
Where q(z,y,w) = v (z,w) + ey, w) S up.

4. MAIN RESULTS

Following result shows the solvability of the problem (1)-(2) by using the method of
successive approximations.

Theorem 4.1. Assume hypotheses (H,) and (H,) are satisfied. Moreover, assume that
there exists a sequence u,. J x Q — E, n € 0,1,2,..., defined by

uo(z, y,w) =" gz, y,w)

fu(s,t un_1 (s, t,w))dsdt, n > 1 )

OR:

JP.1 ~
Un(2,y,w) = q(z,y,w) 0 (-1) [
0

in E. Then, the Problem (1)-(2) has a unique random fuzzy solution (in type 2) on J *x €.
Proof. From the hypothesis, the Hukuhara ifferences

q(z,y,w)o(-1) . fu(s,t un(s, t,w))dsdt

Ot ==
O ==

exist with P.1 for all (x, ) €J, n €N, then from Theorem 5.1 in [8] we have
[9(, y,w) © (=1) Lo fu(un)]* = [g(x, y,w)]" © [(—1)Iog fuo(un)]*-

Since:

w — /O/fwstunstw))dsdﬂ

is measurable and [g(x,y,®)]"is also measurable, then

q(x,y,w fffw (8,t, un(s,t,w))dsdt

are fuzzy stochastic processes for all n € N.
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Since f satisfies (H)), applying to Lemma 5.3, it is easy to see that the functions
uy(.,.,w): J — E are continuous with P.1. Then u,(x,y,w) are also continuous fuzzy
stochastic processes for all n € N*.

We now prove that the sequence {u,(x,y,®)} is uniformly convergent with P.1 on J.
Denote

T (2, Y, w) = doo (Un41 (2, Y, W), un(2,y,w)), n €N
Observe that

]-;1(1111- Ym, VJ) - :Z—'”(-T. Y, U../‘)
- dx(u"'H(I"" Ym; (.u‘), u"(Irw Ym, “))) - dx('Un-{—l(-r-, Y, w)-, un(l‘. Yy, Cu'))

< dx(un+l(l'm~ Ym; w) un+1(I- Y, w)) + d'x(un(‘r' Y, w) un(Inv Ym, w))

P.1

—0
when (x,,y») — (x,) with P.1 (see Lemma 5.2). Hence, T, is a continuous function on J
with P.1.

For all n > m > 0, from estimations of Lemma 5.2, we obtain

n

oo (U (2, Yy, W), Uy (T, Yy, w)) < Z Ao (up (2, y, W), up—1(z, y, w))

k=m+1
JP1 " _ak bk
< ) MWL)k IFF
k=m+1 o

S0 M(w) (L) 5

The almost sure convergence of the series implies that the (£,d.) is a complete metric
space, there exists Q. € Q such that P(QQ.) = 1 and for every w € Q. the sequence
{un(.,.,»)} is uniformly convergent. For w € Q. denote its limit by

Define u: J x Q — E by

freely chosen if w € 2\ Q.

It is easy to see that u(.,., @) is continuous with P.1. From

doo ([tn(z, y, )]*, [u(z, v, w)]*) ' 0, Va € [0,1]

we infer that [u(x, y,.)]a is a measurable multivalued function. Therefore u is a continuous
fuzzy stochastic process.
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In another way, for any n € N, fw(x, y, un(x, y, ®)) are continuous fuzzy stochastic

processes and for alln>m >0

Pl .
Sup (doo(fu(z, Yy, un(z,y,w))), ful @, ¥, Um(z,y,w))) < L(w) sup doo(un(z,y,w), tn(z,y,w)).
(zy)ed (zy)ed

Then the sequence {fw(x, y, un(x, y, ®))} is a Cauchy sequence on J with P.1 and it
converges to fw(x, y, u(x, y, ®)) when n — oo for all (x, y) €J with P.1. Then

-

doo(u(z,y,w) + //fwstztetw)dsdtq(JJw))

B doo(u(z,y,w) + (1) Io5 (w), un(z, y,w) + (=1) L5 (Un-1))

JP.

Sl doo(u(z, Yy, w), up(z, y,w)) + doo (Lo (w), Iy (Un-1))

JP.1

< doo(u(z,y,w), us(z, y,w // S, t,w)doo(u(s, t,w), up—1(s,t,w))dsdt
JP.1

< (14 L(w)ab).do (u(z, y,w), un(z, y,w)) )

Therefore u(x,y,w) satisfies random fuzzy integral equation (3) or u is a random fuzzy
solution in type 2 of the Problem (1)-(2).
Assume that u,v: JxQ — E are two continuous stochastic processes which are

solutions of the problem. Note that
T Yy
JP.1
doo(u(z,y,w),v(z,y,w)) < 0+ // L(s,t,w)doo(u(s, t,w),v(s,t,w))
00
Thanks for the Gronwall’s inequality in Lemma 5.1, we obtain:
JP.1 o
itz y0) 00 90) Z 0ol [ [ Gs.t.)dsiny =0 “
00
The theorem is proved completely.
Now we consider the Darboux problems for (1) with following local condition:

u(z,0,w) [O.gli2 n(z,w)+ei(z,w); u(0,y,w) (o481 e (y,w) + e2(z,w),

where (., ), k = 1,2, are small noisy fuzzy random variables. Following theorem gives
continuous dependence of random fuzzy solutions to data of the problems and the stability

of behavior of solutions.
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Theorem 4.2. Assume that all the hypotheses of Theorem 4.1 are satisfied. And
assume that u(_,.,.) is a random fuzzy solution of (1) with local boundary condition (2) and
v(.,.,.) is a fuzzy stochastic processes which satisfies

U(Ivva) ng qg(x: y~,w) S (—1) //fw (S,t,’U(S,t,w))det, (6)
0 0

where q/(x,y,0) = g(x,y,0) + &(x,y,®), &(x,y,0):= €1(x,w) + &x(y,w) for all (x,y) € J.
Then
JP.1 . %
doo (u(z,y,w),v(z,y,w)) < Cdy(e(z,y,w),0),
where C is a positive constant which does not depend on u(.,.,.) or v(,,.,.).
Proof. Denote

P(x,y,0) = d(u(x,,0),V(x,,0))

for w € Q, (x,y) € J. It is easy to see from hypothesis (H1) that P(x,y,w) is a real stochastic
process. Thanks for hypothesis (H2) we have:

JP.1

P(,9,0) 'S dools (&,5,0), Ga( Y, 0)) + / / Qoo ful, . 0(5.1,0)), fuls. 1, 0(s, £,00)))dsdlt

z Yy

JP.1

< P(0,0,w)—l—//L(&t,w)P(s,t,w)det.
0 0

Applying Gronwall’s inequality in Lemma 5.1 we receive
JP.1 o
P(z,y,w) < P(Oﬁ,w)exp{//L(s,t,w)dsdt}
00

From (6) we have

P(0,0,w) = dw(q(z,y,w), ¢(z,y,w)) = de(e(z, y,w), 0).
Since (x, y) € J, then

Ty .
exp{[ [ L(s,t,w)dsdt} < exp{abL(w)} :=C > 0.
00
Thus (7) holds. The theorem is proved completely.
5. APPENDIX

Lemma 5.1. (Gronwall’s Lemma) Let (Q,F,P) be a probability space, A: Q — [0,+0)
be a real random variable and u,c: U x Q — R be real stochastic processes such that



166 | TRUCGING BAI HOC THU BA HA NOI

a) u(:,,w) is nonnegative and continuous with P.1 on U;
b) c(-,",w) is nonnegative, locally Lebesgue integrable on U with P.1;
¢) furthermore following inequality hold

z y

UP.1
u(z,y,w) < Aw) + c(s,t,w)u(s, t,w)dsdt. g

Then we have:

x

Yy
u(z,y,w) < exp//cstwdsdt
0

0 ©)
xz Yy

v(z,y,w) = Aw) + [ [els, t,w)u(s,t,w)dsdt
00

Proof. Let for (x,y) € U.

From (8) we have:
UP.1
u(z,y,w) < v(z,y,w). Since u(.,.,w);c(.,.,w)
is nonnegative with P.1 then v(,,.,w) is nonde--creasing in each variable x,y and v(0,y,w) =
A(w). We have:

Yy
ov
%(I,y,W)—/C(l’,t,W)U(l',t,OJ)dt.

0

UP.1 UP.1
Since u(z,t,w) < v(z,t,w) < v(z,y,w) for all t € [0,y] then

Therefore:

exp //c s, t,w)dsdt)v(x,y,w)]

Y

:[%(m,y,w)—’l}(l‘7y7W)/ c(x, t,w)dt] exp(— //cstwdsdt
0

UP.1

< 0.

It follows:
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exp(— // (s,t,w)dsdt)v(z,y, )_ %(0,y,w) = A(w)

Or:

v(2, Yy, w ) < A(w) exp(

Q
o\

/cstwdsdt
0

/cstwdsdt
0

Lemma 5.2. Suppose that hypotheses (H)) and (H,) are satisfied. Following

Thus:

U
u(r,y,w) < A(w)erp(

o\

It completes the proof of this lemma.

estimations hold for all n > 1

JP.1 - At
dm(un(xﬂy7w)7un*1(xvva)) < M(w)[L(w)] 171' n (10)
where u,(.,.,0): J — E, n> 0 are defined by (4) and

L(w) = sup L(z,y,w) < oo

(z,y)ed

Proof. Denote

T2 Y2
Iff;’fl'_//fw(s.t,U(s.t.w))dsdt.
1y

By mathematical induction, we will prove (10) for every n > 1. In fact, we observe that

JP.1

doo(ur (2, y,w), uo(z,y,w)) < doo(//fw(s,t,uo(s,t,w))dsdt,())

w1 .
< //doo(fw(s,t,uo(s,t,w)),O)dsdt
0 O

JP.
< M(w)ab.

Moreover,
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JP.1
dOO(UQ(x7 y7w)7 Ul(l‘, Y, w)) < dOO([(g)c(;JU’h I(J)Cé/uo)

ng !O/dw(fw(s,t, Ul(S, t»w))a fw(sa t UO(Sv taw)))d‘Sdt

L w)]/ydoo(ul(s,uw),uo(s,t,w))dsdt
L(w) ] /y M (w)stdsdt

JP.1 . ab?

Thus (10) is true for » = 1. Now, we assume that the inequality (10) is true for any
n > 1. We will prove that it is also true for n + 1. Indeed

doo(un+1(x> ?J’ w)ﬂtn(l’, y7 w)) S dOO(IgéIUTH Iggunfl)

B[ [
< //doo(fw(s,t,un(s,t,w)),fw(s,t,un_l(s,mw)))dsdt

JLk"l,.,

//d Un (8, t,w), Up—1(8,t,w))dsdt

//M ””tdm
n!n!

JP.1 . n " bt
< [L(W>] M(W) (na+ 1) (n + 1)'

Therefore (10) holds for all z + 1, the proof is completed.

Lemma 5.3. Under hypotheses (H)) and (H,), u,(.,.,): J — E, n > 0 defined by (4)
are continuous on J with P.1.

Proof. Indeed, uo(x,y,®) is natural continuous on J. Fixed (x,y) € J, consider an
arbitrary sequence {(x,,ym)} that converges to (x,y) as m — o. For fixed

m € N*, (Tm,Ym) € J , there are four cases happening.

Case 1. When x < x,,, ¥ < y,,, one has following presentation

Tm Ym

//fw(s,t, Un (8, t,w))dsdt = Ing (un) + L5 (un) + Ig)™ (un) + L™ () (1)

0 0
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Case 2. If x > x,, y >y, then

x

Yy
//fw(s, tun(s, t,w))dsdt = 1o (un) + Iy (un) + L6 (un) + 1578 ()
0

0
Case 3. If x < x,,, v >y, then
Tm Ym
/ fu(8, t, un (s, t,w))dsdt = 1™ (un) + Lg"™ (un)
00
z Y
TYm Ty (12)
fu(8,t,un(s,t,w))dsdt = Ing™ (un) + I, (Un).
00
Case 4. If x > x,,, ¥ <y then
Tm Ym
/fw(s, toun(s, t,w))dsdt = Iog™ (un) + o™ (un)
0 0
r Y
//fw(s, toun(s, t,w))dsdt = Ing (un) + LY o (un).
0 0

Now for n > 1, from presentation (11) in Case 1, we have

JP.1 ) -
doo(urz+1(1'1rz~,yrrlvw)~,un+l($ayaw)) S doc(I(.)t(;"ym(unsw)aIOg(uO))

T Ym Im Y

< / / doo(fu(5,t, Uun(s,t,w)), 0)dsdt + / / doo(fu(5,t, Uun(s, t,w)), 0)dsdt

z 0

Im Ym

+//doo(fw(s,t,u,,(s,t,w)),())dsdt

(13)
From the hypothesis (H2) and the inequality (10) in Lemma 5.2 we have

doo(fw(3~, t, Un(s-, t, w))-, 0) < Z doc(fw(s-, t, uk(sv t, w)), fw(s-, t, Uk—l(s-, t’w)))

k=1
+ doo(fu (s, t, uo(s, t,w)), 0)
L EW) Y duo (s, @), wpor (s, £,0)) + M(w)
k=1
JP1 - n _ ak bF (14)
l% L(w) Z ]\[(w)[L(w)]k_IF% + M(w) = A(w).
— I &!

Therefore
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r Ym

Ao (fo(s, t, un(s, t,w)), 0)dsdt < A(w)aly — ym|-
0 y
Do the same arguments to the second and the third items of (13), we receive following

estimates for all n € N*

JP.1
doo (Un+1(Zms Ym, W), Un41(Z, Y, w)) < A(w)(a|ly — Ym| + 0|z — Zm| + |2 — Zwm||y — Ym])-

(15)
Now we consider Case 3: x < x,,,y > y,. Using presentation (12) we have:
doo(un+1(xm: ym7 W)v unJrl(xv y7 w)) S dOO(Ig(;nym (un) Igg(un))

B g (T2 (y,) +

WOONA00 \ My T Fa0

" /m/ fwstun(stw))dsdt'()) //fwstun(stw))dsdt 0)

3
~~
S
\‘_/

JP1  [Tm .
< / / Qoo (fu (8, t,un(s, t,w)), dsdt+/ / Qoo (fu (8, t,un(s, t,w)), 0)dsdt

< A )(l2 = 2m|b + aly — ym|)

(16)
for all m» € N.

Repeating all the arguments in (15) and (16) for Case 2 and Case 4, we receive the
same estimations. Now let (x,,y,) tends to (x,y) then |x — x,|,[y — ya| tend to zero, too. It
implies from (15) and (16) that for every n € N, functions u,(.,w): J — E are continuous
with P.1.

6. CONCLUSION

Random fuzzy local boundary valued problems for partial hyperbolic equations are
studied under gH-differentiability. We prove the existence and uniqueness of random fuzzy
solutions in type 2. The uniqueness here is understood that each considering solution does
not have switching points. The method of successive approximations is used instead of
applying the frequently used fixed point method, which were applied in [13]-[20]. This
research provides the foundations for the further studying on the asymptotic behavior of
random fuzzy 135 solutions of partial differential equations.
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NGHIEM LOAI 2 CUA PHUONG TRINH TRUYEN SONG MO
NGAU NHIEN DUOI PAO HAM HUKUHARA TONG QUAT

Tém tdt: Bai bdo nghién cieu vé phwong trinh truyen song mo ngau nhién duoi dao ham
Hukuhara tong quat. Thong qua phirong phdp xap xi lién tiép, sw ton tai, tinh duy nhat va
sw phu thuéc lién tuc vao cdc dir kién ban dau ciia nghiém mo ngau nhién loai 2 duoc
chirng minh. Kho khan chinh trong huong nghién ciru nay khong chi phu thudc vao khai
niém cia qud trinh ngdu nhién mo - trong dé yéu cau tinh do dwoc ciia cdc ham nhiéu
bién da tri, ma con phu thudc vio cdc phép todn gidi tich mo lién quan dén dao ham
Hukuhara tong qudt ciia ham mo nhiéu bién. Khi cdc khé khan dé dwoc gidi quyét, chiing
ta nhén dwoc nghiém mo ngdau nhién ¢6 ban kinh tdp mirc giam theo thoi gian, phit hop
Vi nhiéu bai todn dat ra trong thuc té.

Tir khéa: Phiwong trinh truyén song ngau nhién, dao ham gH, bé dé Gronwall, su ton tai,
tinh duy nhat, tinh gidi duoc, tinh bi chan, nghiém mo.
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HE THONG CHUNG THUC VAN BAN PHAP LY -
GIAI PHAP THUC DAY CHiNH PHU DIEN TU

Nguyén Ai Viét
Vién Cong nghé Théng tin, Pai hoc Quéc gia Ha Nji

Tém tdt: Bai viét dé xudt mot hé thong chirng thue van ban phdp Iy cho phép nguoi dan
va doanh nghiép c6 thé mé tai khodn heu tat cd cdc van ban phdp 1y sau khi di dwoc
tham dinh tinh phdp ly. Hé thong nay sé dwoc két néi véi tat ca cdac dich vu cong, cho
phép tién hanh kiém dinh cdc gidy to nay nhanh hon. Pdy cé thé xem la mot gidi phdp cé
hiéu qud nham thiic day nhanh qud trinh cdi cach hanh chinh, tién toi xdy dung “Chinh
phii dién tir”, dap vmg cdc yéu cau quan Iy hanh chinh vi mo.

Tir khéa: Hé thong chimg thuec, van ban phdp 1y, cdi cdch hanh chinh, chinh phi dién tit.

Nhan bai ngay 17.6.2017; gui phan bién, chinh stra va duyét dang ngay 10.9.2017
Lién hé tac gia: Nguyén Ai Viét; Email: aivietn@gmail.com

1. PAT VAN DE

Hién nay, viéc xay dung Chinh phu dién tir da tré thanh mdt trao luu phé bién trén
pham vi toan cau. Trién khai cac dich vu cong mang lai 1gi ich cho nguoi dan s€ 1a myc
tiéu cao nhat cua Chinh phu dién tir. Y nghia 16n nhét cua dich vu cong 1a mang lai lgi ich
cho nguoi dan qua d6 xay dung 10ng tin ctia ngudi dan dbi voi chinh phi [1-2]. Nguoc lai,
viéc cung cép dich vu cong sé€ co tac dong trd lai lam cac hoat dong va td chirc ciia Chinh
pht ngay cang hoan thién hon, ding vé6i muc dich ctia nd.Viéc xay dung cac dich vu cong
¢6 sy phdi hop cta nhiéu co quan 1a mot thach thirc 16n vé cong nghé va quy trinh nghiép
vu. Theo bao cdo ctia Gardner, trude nam 2002, ¢é téi 75% cac du an ung dung CNTT.
Diéu d6 doi hoi cac chuong trinh xay dung Chinh phu dién tir can phai theo mot quy hoach
thong nhét theo phuong phap Enterprise Architecture hodc Interoperability Framework
[3-7].

Mot thuc té thuong xay ra 1a cac dich vu cong s€ khong cai thién duogc chit lugng
phuc vu céng dén, néu van con mot s6 khau ach tic. Pac biét 1a ach tic vé ho so giéy t0.
Nguoi dan van mat nhiéu thoi gian vao nhing cong viée ldp di lap lai dé chuan bi cac hd
s0, gidy to phap 1y va phai doi cac cong chiic, thuong khong du ning luc thim dinh tinh



174 | TRUGING BAI HOE THU BA HA NOI

phap 1y ciia cac gidy to do, xem xét va quyét dinh, thudng 1a cam tinh, vé tinh phap 1y cua
cac gidy to nay.

Khic phuc 4ch tic vé ho so, gidy to 1a mot trong nhitng muc tiéu quan trong clia cac
chuong trinh xay dyng Chinh phua dién tr va Cai cach hanh chinh trén thé gidi. Tiét kiém
duoc thoi gian cho viée xur 1y cac dich vu cong, s€ tao ra nhitng hi¢u qua kinh té, x4 hoi
tryc tiép. Viée trién khai cc tmg dung cong nghé thong tin va dich vu mot cira lién théng
da chimg t6 dugc hiéu qua trong viéc nang cao chat lugng va rit ngin thoi gian xur 1y cac
dich vu hanh chinh cong. Pé cai tién hon nira viéc cung cép cac dich vu hanh chinh cong,
nhiéu noi trén thé gidi da tach mot sé budc lién quan t6i kiém tra hd so cong van gidy to,
chup anh, 1€iy van tay,... trong cac dich vu hanh chinh cong thanh céc dich vu ddc lap, co
thé giao cho cac don vi chuyén trach hoidc cac doanh nghiép t6 chirc thuc hién [8-9]. Tai 19
bang & My da co6 trén 100 tram thyc hién cac dich vu léy van tay, chup anh, cong chung,
chtng nhén 1y lich phap 1y,... dé sir dung cho cac dich vu cong.

V6i cac dich vu nhu véy, hang doi tai cac co quan cong quyén cung cip dich vy hanh
chinh cong duoc giam thiéu dang ké. Do viéc nhan ho so tré nén don gian, thoi gian xir 1y
mdt ho so ¢o thé udc lugng dugc chinh xac, cong dan co thé 1€iy gid hen qua Internet hoéc
Call Center, dé khong phai chd doi ndp hd so. Cac co quan coéng quyén cung cap dich vu
hanh chinh cong khong can dau tu thoi gian va nhan su vao viéc kiém soat, thAim dinh hd
s0, tinh gian duoc bién ché, tranh dugc sai sét, ma van nang cao dugc chit lugng dich vu.

Trong bai niy ching t6i dé xuat mot hé thdng chimg thuc vin ban phéap 1y cho phép
ngudi dan va doanh nghiép cé thé mé tai khoan luu tit ca cic vian ban phéap 1y nhu ho
khau, chimg minh thu, gidy dang ky két hon, ching nhan quyén st dung dat, gidy dang ky
xe, dang ky kinh doanh,... sau khi dd duoc thim dinh tinh phap ly. Hé thong nay s& duoc
két ndi vai tat ca cac dich vu cong, cho phép tién hanh kiém dinh cac gidy t& niy nhanh
hon. Pac biét, cac dich vu cong yéu cau ban chinh van c6 thé tién hanh song song khong
can phai chd doi 1an nhau. Bén canh d6, nhiing giéy t& that lac hodc hu hai do hoa hoan,
nude lut, mdi mot, trong thoi gian chd cdp lai van c6 thé duoc thay thé bang thong tin
trong hé thong. Hé théng nay c6 thé 1a giai phap dot pha diy manh Chinh phu dién tir. Tuy
nhién, can c6 nhitng van ban quy dinh dé dam bao co s¢ phap 1y cho viéc ung dung hé
thdng nay.

Mo hinh niy dugc dé xuat 1an dau tién trong mo hinh co quan dién tir 3 cip cho Thanh
phd Ha Noi [6] nhu mét giai phap dot pha. Tuy nhién, mé hinh nay can duoc trién khai
thyc hién trong mot giai phap k¥ thuat, kém theo mé hinh trién khai dich vu trong d6 c6
xét ti cac van dé phap ly. Nam 2013, tac gia ciing da trién khai thir nghiém mot mé hinh
v6i quy mo nho tai Thira Thién Hué. Trong thuc té, viéc trién khai hé thong nay trong dia
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ban ciia mot dia phuong 13 hoan toan day dii co so phép 1y va thudc vé thim quyén cua
chinh quyén dia phuong. Tuy nhién mé hinh nay con thiéu nhiéu chiic ning, dic biét 1a cac
chirc nang vé dam bao an ninh dit liéu, phan quyén, quan ly & cac phong cong chimg va
tich hop véi cac dich vu cong & cip quan huyén do d6 chua thé trién khai rong rai. Tir ndm
2015, tac gia dd hoan thién hé théng nay dé ing dung thir nghiémtrén dia ban Ha Noi véi
hiéu quaduoc phat huy & mirc do cao hon. Néu dua duoc ra dai tra, ddy sé 1a giai phap dot
pha dua viéc ung dung CNTT tai thanh phé Ha Noi thém mét bude tién dai tré thanh diém
sang tién phong cua ca nudc trong linh vuc nay.

Trudc mat, hé thong c6 thé ap dung ngay ¢ cac quy mod nho hon & cac vin phong cong
ching hoic tai cac co so gido duc dao tao cdp bang va chimg chi. Tai My, viéc cung cap
bang diém va ching nhan t6t nghiép (twong duong véi bang) tai cac trudng dai hoc ciing
trd thanh dich vy. V&i mét 18 phi, sinh vién c6 thé yéu cau truong dai hoc guri bang diém,
chung nhan tot nghiép truc tiép téi noi ho yéu cau, tranh sira doi, gia mao.

2. MO HINH NGHIEP VU CUA GIAI PHAP

Hién nay, Chinh phu da chi truong sém hoan tit cac dich vu hanh chinh cong ¢ mtc
d6 2 dé nhanh chong chuyén sang muc do 3, tién t6i giao dich va tuong tac hoan toan tryc
tuyén. Mot trong nhiing yéu t c6 thé gay kho khin cho viée giao dich hoan toan tryc tuyén
1a viéc nhiéu tha tuc hanh chinh céng yéu cau phai c6 ban chinh cua cic cic vin ban, gidy
to c6 gia tri phap 1y nhu gidy phép kinh doanh, gidy khai sinh, ho khau, chimg minh
thu,....

Céc gidy to vin ban nay thudng phai sir dung thudng xuyén cho cac muc dich va céc
tht tuc hanh chinh cong khac. Nhu vdy, cac thi tuc hanh chinh cong kéo dai s€ cén tré cac
thu tuc khac.Mat khac, cac dich vu cong déu yéu clu co cac chuyén vién du nang lyc giam
dinh tinh phap 1y cta cac van ban. Yéu cau nay khong hé dé dang trong thuc té, do d6 co
thé dan t6i viée phai chung nhan, tham dinh lai cac giéy to, gy ach tic, ton thoi gian va
cong sirc cta cong dan, doanh nghiép va co quan cong quyén. Dic biét cac hd so dang ky
kinh doanh, mé ta hang hoa c6 thé 1én t&i hang trim trang, phai sao chép dong quyén nhiéu
lan, khong phu hop véi cha truong giam gidy to ciia Chinh phu.

Do d6, néu cac van ban, gidy to phap 1y duoc xac thuc, kiém soat ki cang, dwa vao
mot co s¢ dit li€u, cac dich vu cong co thé 15y két qué xac thyc bﬁmg cach truy van vao co
so dir liéu nay, tinh xéc tin s& duoc bao dam. Khi d6 s& tiét kiém dwoc nhiéu thoi gian, tién
bac va cong siic clia cong dan, doanh nghiép va ciia cac co quan cong quyén. Hiéu qua
kinh té va xa hoi s& rat 16n.Trong mo hinh hoat dong nghiép vu nay, cong dan va doanh
nghiép chi can ndp cac mi s6 clia cic van ban, gidy to da ding ky tai cac trung tdm dich vu
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xéc thuc phap 1y cung véi hd so khi sir dung dich vu hanh chinh cong. Viéc nop ban sao
cac van ban nay co thé can thiét hodc khong. Tai dich vu mét ctra, chuyén vién chi can sir
dung cac ma sb dé truy van dé nhan dugc xé4c thuc va ban sao. Céc thong tin nay s& duoc
b sung vao hod so dé dua dén cho bd phan giai quyét ho so.

Bén canh d6, cac dich vu cung cip gidy to phap 1y nhu ching minh thu, ho khau, bang
cap, chimg chi, gidy dang ky két hon, dang ky xe, khai sinh, khai thué, dang ky kinh
doanh,... déu c6 thé cho phép nguoi dan s dung dich vu ching thuc ngay khi cép. Cac
thong tin vé van ban nay déu duoc dua thing vao hé thong ngay khi cap, véi mot 1é phi sir
dung nho nhu vdy viéc dam bao tinh phap 1y rat an toan ¢ muc cao.

Dé dam bao tinh riéng tu vé thong tin c nhan, nguoi dung co thé dat cac ché do
“riéng tu” dé chi ban than ho c6 thé xem cac van ban nay. Khi stt dung dich vu cong, ho ¢o
thé dat ché do “su dung”, khi d6 cac van ban nay s€ duoc céip mat ma truy cap tam thoi
trong mot khoang thoi gian nhit dinh. Cac nhan vién hanh chinh lam viéc trong cac dich
vu cong, ciing co tai khoan trén hé thdng co thé sir dung cic mat ma nay dé truy cép vao
céc van ban. Viée str dung cac vin ban nay dugc luu vét, do d6 cac nhan vién khong thé sir
dung céac vin ban nay vao cac muc dich khac. Mat khac, hét thoi han st dung, van ban tu
dong tro vé ché do “riéng tu”.

Nhu vay, vé mit nghiép vy, hé théng hoat dong theo quy trinh mo ta trong so dd sau:

3. DBUA DU LIEVU

VAO TANG THU
1. DANG KY

2. CAP MA SO

DO LIEU LUU ©
TANG THU

4. NOP HO SO 5. YEU CAU XAC

CUNG VO1 MA SO THUC ncr,
olchin /

6. TRA KET QuA

CONG YEU THEO YEU CAU
CAU XAC
THUC

NGUO1 DAN

Kinh nghigm quoc té

Dich vu léy van tay va cac dich vy dinh danh cac nhan (Finger Printing and
Identity Services), & My, chinh phu Lién bang cho phép thanh 1ap mot cong ty theo hinh
thirc Trust, dé tao diéu kién cho viéc xi hdi hoa. Trust nay da trién khai mang luéi dich vu
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tai 17 bang, v6i gan 100 tram dich vu chinh thirc va nhiéu tram dich vu uy quyén.
http://www.l1enrollment.com/. Pé nhanh chéng md rong mang ludi nay, Trust ciing cho
phép céc to chirc, doanh nghiép, ca nhan dang ky tham gia. Bén canh d6, nhiéu cong ty
khac ciing duge phép doc 1ap trién khai dich vu.

Chinh cac md hinh nay s& quyét dinh kién trac cong nghé va yéu cau hé thong d6i
v6i phan mém, phan cing va giai phap két ndi.Cac mo hinh néi trén hoan toan cé thé mo
rong duogc cho cac vin ban, gidy to tuy ¥, dic biét 1a cic vin ban, gidy to ¢ nhu cau thong
dung tai Viét Nam nhu hd so ding ky kinh doanh, gidy chimg nhan so hitu nha dat, gidy
phép diang ky hanh nghé, cac vin bang ching chi dao tao, hd so bénh an, 1y lich phap 1y va
céc gidy tO tuy than khéc, ...

Trong nghiép vu chimg thuc vin ban phép 1y, can phan biét cac khai niém “sao y
ban chinh”, “ban sao luc”, “ban sao chup” va “ban cong ching”. Cac ban “sao y ban
chinh” va “béan sao luc” c6 gid tri nhu ban chinh. Ban sao chup chi c6 gia tri tham khao.
“Ban cong ching” 14 viéc ngudi ¢6 chuyén mon duge cac co quan cong quyén chig nhan
vin ban sao chup phan anh dung ndi dung cua vin ban gbc, nhung khong chiu trach nhiém

vé tinh phap 1y ctia van ban gdc.

3. PHAN TiCH YEU CAU CONG NGHE CUA GIAI PHAP

Hé thong ching thyc van ban phap 1y 1 viéc dua cac giao dich nghiép vu vé cac gidy
to, giao dich 1én moi truong dién tur nhim tiét kiém, thoi gian, cong suc va chi phi.Cac hé
thdng dich vu xéac thyc van ban trén thé gidi déu sir dung tng dung trén nén Web based véi
kién tric ba 16p. Bao gom 16p tmg dung, 16p logic nghiép vu va 16p co s dir liéu nhu
trong hinh sau:

. User Interface
Tier .
o " Client
ne Connectivity
Tier Y Application
Two Application Logic Server
Database Connectivity (AOS)
RDBMS
Tier Database
Three Data Server
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Trude hét dé xay dung ha tang cong nghé cho hé thong néi trén, can phai dwa ra mot
s tiéu chi bao gom:

a. Pam bao tinh chinh x4c va tinh dap ng ctia hé théng

b. Pam bao tinh riéng tu vé thong tin cta cong dan

c. Pam bao hiéu ning, ¢ thé phuc vu nhiéu ngudi

d. Pam bao than thién, dé dang dbi v6i nguoi sir dung

e. Pam bao phdi hop dé dang giita cac co quan va cac hé thong ha tang khac nhau.

Do d6, cdc cong nghé can thiét cho hé thong bao gom:

1. Cong thong tin, sir dung cong nghé Java hodc.NET dé c6 thé chuyén ddi giita cac
nén khéac nhau.

2. Co s¢ dir liéu tin cay, co thé quan ly duoc khdi lugng dit 1i€u 16n va co thé chuyén
d6i mot phan sang dir liéu c6 cdu trac. C6 thé dung cong nghé Sharepoint ciia Microsoft,
mot hé thdng quan 1y tai liéu ma ngudn mé hodc hé thdng quan 1y van ban riéng ctia mot
cong ty.

3. Cong nghé mi hoa, chir ky s6 va PKI

4. Xir Iy phan tan, phan tai dé dam bao cho méy chu hoat dong tot.

5. Xur 1y ngodn ngit, co chirc ning tim kiém thong minh dé dam béao than thién véi
nguoi dung.

Céc cong nghé nay mot sé da c6 dudi dang ma ngudn md hodc san phim cua cac cong
ty. Tuy nhién viéc, phdi hop cac cong nghé theo mot kién triic va phuc vu tét cac yéu cau
nghiép vu la nhiing viéc can phat trién thém. Mat khac trong diéu kién Viét Nam, can xir ly
tiéng Viét dé tim kiém thong minh, giam tdc do g0, tu dong nhan dang dé cép nhat dir licu
¢6 cAu triic va nhitng van dé nhom dé tai s& nghién ciru dé phat trién.

Hién tai hé théng da duoc hoan thién vai cac luéng xur 1y theo quy trinh nhu sau:

Buéc 1: Nguoi dan ¢6 nhu cau dang ky vin ban mang van ban téi cac tram xéac thuc
dé sir dung dich vu xéac thuc. Cac co quan ban hanh céc vian ban nay ciing c6 thé cung cap
dich vu xac thuc nay trén co s& hoan toan ty nguyén cia nguoi dan.

Buée 2: Sau khi tinh phap 1y cua van ban duoc tham dinh va xac thuc boi cac chuyén
vién, cac chuyén vién s€ nhap li€u va scan cac van ban can thiét, nguoi dan s€ nhan duogc
mi s6 cho vin ban ciia minh dé str dung trong twong lai. Ngudi dan c¢6 thé xem lai cac ma
sb nay nho viée truy cdp tdi mot tai khoan trén mét dich vu Web ndi lién véi tang thu.

Buoc 3: Dir li€u duge dua 1én va luu 6 Tang thu.

Buée 4: Ngudi dan nop ho so sir dung dich vu cong cung voi mi sd cua cac vin ban
can xac thue.
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Buéce 5: Dich vu cong dung ma s6 d€ xac thuc hodc yéu cau tai vé anh cia cac van ban

can thiét. Chuyén vién xir Iy dich vu cong sé& cin cir vao két qua xac thuc dé ra quyét dinh.

4. MO HINH TO CHUC DICH VU VA HANH LANG PHAP LY CHO VIEC
MO RONG RA PHAM VI TOAN QUOC

Hé théng ching thuc vin ban phéap 1y c6 thé to chirc thanh dich vy, c6 thé sir dung
trung tam tich hop dit liéu cua thanh phd néu tng dung & quy mé 16n. O mot quy mé nho
hon, ¢6 thé su dung dich vu cuia bén thir ba theo mo hinh sau day:

MAY CHU UNG DUNG

MAY CHU WEB E TRUNG TAM TICH HOP DU’ LIEU
CUA THANH PHO HA NOI

TUONG LUA

CHU'NG THUC VAN BAN

PANG KY VAN BAN PHAP LY DANG KY VAN BAN PHAP LY

| .
\wwcugcﬂuﬂsl
TARY OFFICE N
crig PHONG CO QUAN
CAP GIAY
TO

8 4 o DANG KY
- VAN BAN

Chinh quyén dia phuong nhur Thanh phd Ha Noi hay tinh Thira Thién - Hué hoan toan

c6 da tham quyén ban hanh quy dinh cong nhén tinh phap 1y cta viéc sir dung thong tin
trong h¢ thong.

Tuy nhién viéc mé rong mo hinh nay 1én pham vi ca nudc dé cic van ban cép va
chung thuc tai Ha Noi co thé sir dung trong cac dich vu cong tai Thanh phé HO Chi Minh
va nguoc lai, doi hoi trién khai dong bo hé thong tai ca hai dia diém. Tot nhat 1a c6 mot
cht truong cta chinh phu cho phép trién khai dich vu ndy trén pham vi ca nudc.
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5. KET LUAN

Hé théng chung thuc van ban dién tir da dugc hoan thién vé cong nghé. Néu duge ung
dung dai tra s& tiét kiém thoi gian, cong strc va gidy to cho cong dén, sé 1a budc tién mai
cho Chinh phu dién t tai Viét Nam, tham chi co thé so sanh vé mirc d tién tién so v6i thé
gi6i. Tuy nhién, dé hé théng nay co6 thé thuc su phat huy hét tiém ning, cin mot chu truong
thong nhat ctia Chinh phu. Trudc mat hé théng nay co thé ding & quy mé cac truong dai
hoc, cac van phong cong ching nham cung cap cac dich vu gidy to tién lgi cho sinh vién
va nhan dan.
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THE SYSTEM OF LEGAL DOCUMENT VERIFICATION - A
SOLUTION FOR PROMOTING E-GOVERNMENT

Abstract: The article proposes a system of legal document verification allowing people
and businesses to open an account to save all their legal documents after verified its
legality. This system will connect with public services to verify these documents faster. It
is considered as an effective solution aiming to enhance the process of administrative
reform, heading towards an "E-government" to satisfy the requirements of
macroadministrative management.

Keywords: System of verification, legal document, administrative reform, E-government



THE LE GUI BAI

1. Tap chi Khoa hoc 13 4n phim cua Truong PH Thu d6 Ha Noi, cong bd cac cong trinh
nghién ctru va bai viét tong quan trong nhiéu linh vuc khoa hoc. Tap chi dwoc xuét ban dinh
ki, mdi s6 vé mot linh vuc cu thé: Khoa hoc Xa hdi va Gido duc; Khoa hoc Ty nhién va
Cong nghé.

2. Téc gia c6 thé giri toan van ban thao bai bao cho Tong bién tap, Pho Tong bién tap hodc
bién tap vién theo dia chi email ghi & dudi. T4t ca ban thao bai bao giri cong bd déu duoc
tham dinh vé noi dung khoa hoc boi cac nha khoa hoc chuyén nganh c6 uy tin. Tap chi
khong nhén ding cac bai di cong bd trén cac 4n pham khac va khong tra lai bai néu khong
dugc duyét dang. Tac gia bai bao chiu hoan toan trach nhiém vé phéap 1i d6i véi ndi dung
két qua nghién ctru duogc dang tai.

3. B& cuyc bai bao can dugc viét theo trinh ty sau: 6m fdt (néu y twdng va ndi dung tom tit cua

bai bao); m¢ dau (tong quan tinh hinh nghién ctru, tinh thoi sy cta van dé, dit van dé); ngi
dung (phuong phap, phuong tién, ndi dung nghién ctu di thuc hién); két ludn (két qua
nghién ciru, huéng nghién ciru tiép theo) va tai liéu tham khdo.
Bai b4o toan vin khong dai qua 10 trang danh may trén kho gidy A4, phong chir Times
New Roman (Unicode), ¢& chir (Size) 12 thong nhat cho toan bai, 18 trai 3 cm, 1& phai 2 cm,
cach trén, cach duédi 2.5 cm, gian dong (Multiple) 1.25. Cac thuat nglr khoa hoc va don vi
do ludong viét theo quy dinh hién hanh cia Nha nudc; cac cong thic, hinh vé can duoc viét
theo cac ky hi€u thong dung; tén hinh v€ dat dudi hinh, tén bang, biéu dd dat trén bang.
Khuyén khich céac bai sir dung chuwong trinh LaTex v6i khoa hoc ty nhién, cong thirc hoa
hoc ¢6 thé dung ACD/Chem Sketch hoidc Science Helper for Word. Bai bao phai ¢ tom tét
bang tiéng Viét va tiéng Anh. Tém tar viét khong qua 10 dong. Tom tdt tiéng Viét dat sau
tiéu dé bai bao va tén tac gia, 16m tdt tiéng Anh gdm ca tiéu dé bai bao dat sau tai liéu tham
khdo. Cac tén nudc ngoai duoc ghi bang ki ty Latinh. Cudi bai ¢6 ghi rd co quan cong téc,
s6 dién thoai, dia chi email cua tac gia.
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