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LOI NOI PAU

Pugc phép cua Bo Gi4o duc va Pao tao va sy ung ho rong réi cua cac t chirc khoa hoc va cong
nghé trén toan quéc, Hoi nghi Toan qudc “Khoa hoc Trai dat va Tai nguyén véi Phét trién bén viing -
ERSD 2018~ dugc t6 chirc tai Truong Dai hoc Mo - Dia chat (HUMG) voi su tham gia va phdi hop
t6 chuc cua nhidu don vi quan Iy, nghién ctu khoa hoc, dao tao va san xuét c6 uy tin goém Truong
Pai hoc M6 - Dia chét, Téap doan Cong nghiép Than - Khoang san Viét Nam, Tong cuc Dia chit va
Khoang san Viét Nam, Tong hoi Dia chat Viét Nam, Cuc Po dac, Ban db va Thong tin dia ly Viét
Nam, Hoi Co hoc da Viét Nam, Hoi Pia chat Thuy van Viét Nam, Hoi Dia chat Céng trinh va Moi
truong Viét Nam, Hoi Khoa hoc Cong nghé Mo Viét Nam, Hoi Ky thuat N6 min Viét Nam, Hoi Cong
nghé khoan - Khai thac Viét Nam, Hoi Tric dia - Ban d - Vién tham Viét Nam, Vién Dia chat thugc
Vién Han 1am KHCN Viét Nam, Vién Dia chat va Dia vat Iy bién thuoc Vién Han 1am KHCN Viét
Nam, Vién Khoa hoc Cong nghé M6 - VINACOMIN, Vién Khoa hoc Dia chét va Khoang san, va
Vién Vit ly dia cau thuoc Vién Han 1am KHCN Viét Nam. Hoi nghi nham tao mét dién dan dé cac
nha khoa hoc, chuyén gia va cac nha quan ly gioi thiéu nhirng két qua nghién cttu khoa hoc méi, trao
dbi thong tin, thao luan va d& xuat cac y twong, husng nghién ciru mai, nhdm nang cao chit luong
cong tac dao tao va nghién cuu khoa hoc, chuyen giao cong nghé va phuc vu phat trién kinh té - x&
hoi, hudng t6i hoi nhap quéc té va phat trién bén viing ddi véi Khoa hoc Trai dat va Tai nguyén thién
nhién va nhiéu linh vuc khoa hoc khac c6 lién quan nhu Co - Bién, Cong nghé Thong tin, Xay dung,...

Trong qué trinh to chirc Hoi nghi, Ban To chirc Hoi nghi da nhan dwoc rat nhidu su quan tam cua
cac nha khoa hoc, nha quéan 1y trong va ngoai nudc, trong d6 c6 hon 300 béo céo va tom tat béo cao
khoa hoc duoc giri t6i Ban bién tap. Trén co s& d6, Ban Bién tap di tuyén chon duoc 234 béo céo co
chat lugng, phan anh nhitng két qua nghién ciru khoa hoc cdng nghé mai nhét thugc nhiéu linh vuc
khac nhau lién quan t6i cac chu dé cua Hoi nghi. Cac thong tin khoa hoc méi dugc trinh bay tai Hoi
nghi dugc ding trong Tuyén tap tém tat céc bao co va Tuyén tap cac bao céo toan van cua Hoi nghi,
trong do6 toan bo thong tin khoa hoc vé hoi nghi duge ghi trong dia CD. Riéng tuyén tap bao c4o toan
van dugc in thanh 16 tap, mdi tap tng véi mot chu dé khoa hoc sau:

. Dia chét va Tai nguyén dia chat

. Dia chét cdng trinh - Dia chét thay vin

. Cong nghé ky thuat mai trong xu ly méi truong

. Quan ly Tai nguyén va Mo6i truong

. Sinh thai méi truong va Phét trién bén viing

. Nhiing tién bo trong Khai thac mo

. Nhitng tién bo trong Tuyén khoéng

. Nhiing tién bo trong Xay dung cong trinh ngam

. Nhirng tién bo trong Vat liéu va Két ciu xay dung

10. K¥ thuat Dau khi tich hop

11. Trac dia cao cap va Quan tric dia dong hrc

12. Cong nghé vién tham va dir liéu khdng gian

13. C6ng nghé thdng tin va tng dung

14. K§ thuat Bién va Bién tu

15. Ky thuat diéu khién va Ty dong hoa

16. Ky thuat Co khi va Bong luc

Ban to chuc xin tran trong cam on Trudng Pai hoc Mo - Dia chét, véi tu cach 1a don vi dang cai
va chii tri Hoi nghi, cliing cac don vi dong t6 chie da hop tac va gép phan quan trong vao su thanh
cbng cua Hoi nghi ndy. Cam on céc nha khoa hoc da dong gdp cac cong trinh khoa hoc cho Hoi nghi
va dic biét 1a cac chuyén gia dd tham gia bién tap dé nang cao chit lugng cua bao céo khoa hoc.

Mic du da cb gang bién tap dé dam bao chat luong ciia cac bao cao khoa hoc nhung khdng thé
tranh khoi céc 18i ky thuat trong cac bao céo, rat mong nhan dugc sy cam thong cua tac gia bao céo
va ban doc. Ban t6 chirc mong mudn tiép tuc nhan duoc su hop téc chit ché va gop y chan thanh cua
cac don vi va ca nhan ddi vai viéc td chirc va bién tap, xuat ban céac két qua khoa hoc caa Hoi nghi
nham nang cao chat luong cua cac hoi nghi tiép theo va gop phan thiic day sy phat trién bén viing cia
cac hoat dong nghién ciru khoa hoc, chuyén giao cong nghé thugc cac linh vuc Khoa hoc Trai dat va
Tai nguyén va cac linh vyc khoa hoc khac cd lién quan

OO ~NO WL BA~Ww —

THAY MAT BAN TO CHUC
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K¥ thuat hoc sau va bai toan nhan dang ky tu

Bui Thi Van Anh", Bing Hitu Nghi*, Pang Quéc Trung*
Truong Dai hoc Mo - Dja chat

TOM TAT

Nhan dang ky tw 1a mot bai toan rat hiru ich nham nhan dién duoc cac ky tu trén tai ligu gidy, hinh anh..
Nhan dang ky tu gép phan khong nho vao trong nhiéu linh vyc cua cudc sdng nhu: bao mat va luu tru
thong tin, ngan hang... C6 nhiéu cach tiép can dé giai bai toan nhan dang ky tu trong hoc mdy nhu ky
thuat mang No-ron, Support Vector Machine (SVM), Markov... Mdi cach tiép can c¢6 wu diém va khuyét
diém riéng véi ti 18 thanh cdng nhét dinh, trong d6, phuong phap hoc sau (Deep learning) ngay cang tré
nén nodi troi va co nhidu déng gop khong nho trong linh virc nhan dang. Trong bai bao nay ching toi tap
trung vao nghién ctru ttng dung phuong phéap hoc sau cho bai toan nhan dang ki tu.

Tur khoa: Hoc sau; nhan dang, ky tu; hoc may, mang no ron

1. Mé dau

Nhan dang ky tu 6 thé duoc biét dén voi hai muc tiéu chinh: nhan dang chir in va nhan dang chir viét
tay, trong d6, van dé nhan dang chit in da duoc céc chuyén gia giai quyét va dua ra san pham c6 thé nhan
dang nhiéu loai ky tu cua nhidu nuéc khac nhau. Tai Viét Nam, nhiéu nha nghién ciru ciing da dua ra cac
chuong trinh nhan dang chir Viét in duéi dang tép van ban chtra hinh anh véi d¢ chinh xac 1én dén hon
98%. CO thé néi chiing ta da giai quyét gan nhu tron ven bai toan nhan dang chix in. Tuy nhién, nhan dang
chir viét tay van 1a mot bai toan twong ddi phirc tap ddi véi ching ta bai mdi nguoi c6 nét chir khéc nhau
va bién do6i da dang tly theo trang thai ctia ngudi viét. Poi khi chinh nguoi viét ciing khong thé xac dinh
duoc nhirng chit ho da viét ra, vay thi 1am cach nao ma may tinh c6 thé “doc” va dua ra chinh xac chit
Viét tay cuia nguoi nao do dé tt ca moi nguoi déu cé thé hiéu duoc ¥ nghia chung hién thi? Viéc tim ra
phuong an giai quyét vin dé nay 1a dong luc thuc ddy cac nha nghién ctru cho ra doi cac ki thuat nhan
dang chir viét tay khac nhau.

Nhan dang ky tu ndi chung va nhan dang ki ty sé viét tay néi riéng la can thiét va dugc (ng dung rong
rdi trong nhiéu linh vyc. Nhan dang ky tu néi chung va nhan dang ki tu sé viét tay néi riéng la mot thach
thirc 16n d6i v6i cac nha nghién ciru. Pay 1a bai toan khé vi sy phtc tap cua viéc nhan dang chit viét phu
thuoc vao phong céch viét va cach thé hién ngbn ngir ciia nguoi viét. Ching ta khong thé ludn lubn viét
mot ky tu chinh xé4c theo cing mét cach. Do vay, xay dung hé thong nhan dang chit viét ¢ thé nhan dang
bat cir ky tu ndo mot cach dang tin cay trong tat ca cac tng dung 1a diéu khong dé dang.

Trong bai bao nay chdng téi nghién ctru &p dung ky thuéat hoc sau (deep learning) cho bai todn nhan
dang ky tu La tinh

2. Ky thuat hec sau

Hoc sau 1a mot nhanh dic biét cia nganh Hoc méy, va bit dau tré nén phd bién trong thap ky gan day
do cac nha khoa hoc di c6 thé tan dung kha ning tinh toan manh mé& cua cac may tinh hién dai ciing nhu
khdi luong dir liéu khéng 16 (hinh anh, 4m thanh, van ban,...) trén Internet (Ian Goodfellow, et ai),
(Michael A. Nielsen (2013).

Céc mang huin luyén theo phuong phap Hoc siu con dugc goi véi cai tén khéac 1a mang no-ron sau
(Deep Neural Network) do céch thirc hoat dong cua ching. Vé co ban, cdc mang nay bao gém rat nhiéu
I6p khac nhau, mdi 16p s& phan tich dir liéu dau vao theo cac khia canh khac nhau va theo mirc do triu
tuong nang cao dan.

Vi cach thirc hoc thdng tin tir anh lan lugt qua rat nhiéu 16p, nhiéu ting khac nhau nhu vay, cac
phuong phép nay c6 thé gilp cho may tinh hiéu dugc nhing dir liéu phuc tap bang nhiéu I6p thong tin
don gian qua tirng budc phan tich. D6 ciling 1a 1y do chung dugc goi 1a cac phuong phap Hoc su.

Tuy c6 nhiéu diém wu viét trong kha nang huan luyén may tinh cho céc bai toan phic tap, Hoc sau van
con rat nhiéu gisi han khién né chua thé duoc &p dung vao giai quyét moi van dé. Biém han ché 16n nhét
ctia phuong phép nay 1a yéu cau vé kich thudc dir liéu hudn luyén, moé hinh huén luyén Hoc siu doi hoi

* Téc gid lién h¢
Email: buithivananh@humg.edu.vn



phai c6 mot lwong khong 16 dit liéu dau vao dé c6 thé thyuc hién viéc hoc qua nhiéu I6p véi mot sé luong
I6n no-ron va tham sé. Bdng thoi, viéc tinh toan trén quy mé di liéu va tham sé I6n nhu vay ciing yéu
cau dén stiic manh xu ly cia cac may tinh server c¢& I6n. Quy trinh chon loc dit ligu ciing nhu huan luyén
moé hinh déu tén nhiéu thoi gian va cdng stc, dan dén viéc thir nghiém cac tham sé mgi cho md hinh la
cong viéc xa xi, kho thuc hién. Tuy nhién, nho cac phuong phap Hoc tap chuyén giao, hién nay diém han
ché 16n nhat nay da khong con 1a van dé quéa nghiém trong nhu trudc. (Adit Deshpande, 2016)

Qutput
(object identity)

3rd hidden layer
(object parts)

2nd hidden layer
(corners and
contours)

1st hidden layer
(edges)

Visible layer
(input pixels)

Hinh 1. Mize dg triru twong tang dan qua cac tang hoc ciia Hoc sau
3. Ap dung k§ thuat hec sau cho bai toan nhan dang ky tw s6

Trong phan thuc nghiém, ching t6i st dung tap di liégu MNIST (LeCun & Cortes, 1989) cung cip,
thuong ding dé danh gia hiéu qua cua giai thuat nhan dang ky tu sé viét tay. Tap dit lieu MNIST c6
ngudn gdc tir tap NIST do té chirc National Institute of Standards and Technology (NIST) cung cip, sau
d6 duogc LeCun cap nhat va chia thanh 2 tap riéng biét:
e Tap hoc (huan luyén) gém c6 60.000 anh kich thuéc 28 x 28, cua chir s6 viét tay dwoc dung viéc
huan luyén md hinh méay hoc tu dong. Tét ca cac anh trong tap hoc déu dwogc canh chinh va bién
ddi thanh dir liéu dang diém gdm 60.000 phan tir (Ky tu s6) c6 784 chiéu la gia tri mac xam cua
cac diém, 10 16p (tir 0 dén 9).

e Tap kiém tra gdm c6 10.000 anh cua ky tu s6 viét tay duoc ding cho viéc kiém thi, twong tu cac
anh trong tap thir ciing dugc bién d6i va canh chinh thanh dir liéu diém gdom 10000 phan tur trong
784 chiéu, 10 16p (tir 0 dén 9)
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Hinh 2 Mau ky tu’ $6 cua MNIST
Trong bai b&o nay ching t6i st dung mang no-ron tich chap (CNN - Convolutional Neural Network)
dé nhan dang. Mang no-ron tich chap (CNN - Convolutional Neural Network) 12 mét trong nhitng md
hinh mang Hoc sau phd bién nhat hién nay, c6 kha ning nhan dang va phan loai hinh anh véi dé chinh
X4c rat cao, tham chi con tét hon con nguoi trong nhiéu truong hgp. Mo hinh nay di va dang dwoc phat
trién, ung dung vao cac hé théng xu Iy anh 16n cia Facebook, Google hay Amazon. .. cho cac muc dich
khéc nhau nhu cac thuat toan tagging tu dong, tim kiém anh hodc goi y san pham cho ngudi tiéu dang.
Cac lop co ban trong mot mang CNN bao gém Lép tich chap (Convolutional), Lép kich hoat phi
tuyén ReLU (Rectified Linear Unit), Lop Iay mau (Pooling) va Lop két ndi ddy du (Fully-connected),
dugc thay ddi vé sé luong va cach sip xép dé tao ra cac md hinh huin luyén phu hop cho ting bai toan
khac nhau. (Andrej Karpathy. CS231)
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Cac I&p Convolutional (nhan chép) va Pooling (Idy  Cac I&p Fully-connected Phan loai
mau) (két néi day du)

Hinh 3. Kién triic co ban ciia mét mang tich chap

Ngon ngt ma chlng tdi st dung & day la ngén ngit Python. Ngdn ngir 1ap trinh Python Ia mét trong
nhitng ngdn ngit lap trinh duoc sir dung nhiéu nhét trong viéc phat trién tri tué nhan tao. Cau truc lién két
mang c6 thé dugc tém tit nhu sau:

L6p nhan chap c6 30 cira s6 truot vai kich thudc 5X5

Lép ldy mau theo gia tri I6n nhét trong cira s6 2 X 2

L6p nhan chap c6 15 cira s truot vai kich thudc 5X5

Lép lay mau ly tdi da trong cira s6 2 x 2

Lop loai bo vai xac xuat 20%

Lép lam phang

Lép két ndi day du c6 128 noron va ham kich hoat rectifier
Lép két ndi day du c6 50 noron va ham kich hoat rectifier
Lép dau ra

N R~wWNE

Lép Input L6p nhan chap c6 ~| Lop lay mAu theo L6p nhan chap c6
(1x28x28) 30 ctra SO trugt gia tri I6n nhat 15 ctra s6 trugt

v

Lép Ouput Lép an (50 Ldp 4n Lép loai Lép lay mau
(10 output) < neurons) < (128) < bo < theo gid tri lon

Chlng térugc e SO santr e qua tua phtrong prap ot Satvor tac grar thuat khac nhu mang
noron, SVM. K¢ét qua dat dugc nhu sau:
Bang 1. Két qua nhdn dang tdp ky tw viet tay MNIST

TT Phuong phap Do chinh xéc
1 Mang Noron 97.8%
2 SVM 98.30%
3 Mang no-ron tich chap 98.90%
4 Rung ngau nhién 98.50%

Két qua thuc nghiém cho thay rang sir dung phuong phéap hoc sau cho két qua nhan dang chinh xac
hon khi so sanh voi cic phwong phap khac 1a mang N oron va SVN.

4. Két luan

Trong bai bao nay ching toi vira trinh bay viéc tng dung phuong phéap hoc sau dé nhan dang chinh xéac
ky tu sb viét tay. Két qua thur nghiém trén tap di liéu thuc MNIST cho thiy rang phuong phap hoc sau
nhan dang rat chinh xéac khi so sanh véi cac phuong phap nhan dang hién nay. Phuong phap dé xuat dat
hiéu qua nhan dang chinh xac cao nhung khong can bat ci xu 1y dic biét no.

Trong thoi gian t6i, ching toi s& 4p dung phwong phap nay dé nhan dang nhan dang ky tu viét tay tiéng
Viét.

Tai ligu tham khao
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ABSTRACT

Deep learning and characters recognition problems

Bui Thi Van Anh?, Dang Huu Nghi*, Dang Quoc Trung?
! Hanoi University of Mining and Geology

Character identification is a very useful mathematical problem for identifying characters in paper
documents, images, and so on. Character recognition contributes significantly to many areas of life such
as security and storage. There are many approaches to solve the problem of character recognition in
machine learning such as Neural Network, Support Vector Machine (SVM), Markov... Each approach has
advantages and disadvantages. The success rate is certain, in which deep learning is becoming more
prominent and contributing significantly to the field of identification. In this paper we focus on the
application of deep learning method for character recognition.

Key word: Deep learning; recognition; characters, machine learning, Neural Network
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T6i thicu hda tong thoi gian tré cho bai toan flow shop hai may
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Ta Quang Chiéu®*, Pao Thi Thu Van!, Vii Lan Phuong?,
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1 Khoa Cong nghé Thong tin, Trizong Pai hoc M - Bja Chat, Ha Ngi
2Khoa Cong nghé Théng tin, Truong Dai hoc Cong nghiép Viét Tri

TOM TAT

Trong bao céo nay chiing toi trinh bay bai toan 1ap lich flow shop 2 may dé toi thicu héa tong thoi gian
tre. Chung t6i dé xuat thuat toan di truyen d€ ap dung giai bai toan nay. Cac ket qua tinh toan chi ra rang
thuat toan nay thuc hién tot so Vi cac thuat to,én nhanh can. Trong tuong lai, ching t6i dé xuat mot s6
hudéng nghién ciru khac dé danh gia va giai quyét bai toan nay.
Tur khéa: Flow shop; Tardiness; Scheduling problem; Genetic

1. Giéi thiéu

Trong bai bao nay ching t6i trinh bay bai toan lap lich flow shop cho 2 may (machine) dé tdi thiéu hoa
tong thoi gian tré. Bai toan lap lich flow shop 2 gém 1 tap J = {1,2,...,n} ciia n cdng viéc (job) duoc xir ly
trén 2 may va co6 dac trung nhu sau:

- M&i cong viéc j duoc xir ly trén may thir nhat, sau do xir ly trén may thir 2. Mdi cdng viéc chi duoc
bat dau trén méy thir 2 néu n6 duoc hoan thanh trén may thir nhat Myva may thir 2 M rdi.

- Trinh ty xir Iy cac cdng viéc trén 2 may Mi, M 1a nhu nhau. Nghia 14, néu cdng viéc thir tu xi ly thi
i trén may M; thi n6 ciing c6 thir tu Xt 1y thi i trén may M.

- Thoi gian xir ly céng viéc thir j trén may M; va M2 lan luot 12 pyj va py.

- Thoi gian dén han cua cong viéc thi j 1a d;

- Thoi gian hoan thanh cong viéc tha j la Cj

- Thoi gian tré cua cong viéc j 1a Tj= max(0, Cj-d;)
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Thoi gian dén han ciia cdng viéc thi j 1a d; T

My

Thoi gian hoan thanh cong viéc thi j 1a C;
Hinh 1. So d6 Grand cua bai toan Flow shop

Muc tiéu caa chang t6i 1a tbi thiéu hoa tong thoi gian tré cua bai toan lap lich flow shop 2 may. Bai
!
toan nay dugc ky hiéu la F2||Y.T; trong d6 >.7Tj = EJ.-=1 T}, va thudc lop NP-hard va la trong nhing bai

toan t6i uu to hop rat kho (Lenstra, Rinnooy Kan, & Brucker, 1977).

Nhém nghién ctru dé xudt thuat todn di truyén dé t6i wu hoa tdng thoi gian tré cua bai toan nay.
Phuong phap duoc so sanh véi phuong phap Recovering Beam Search - RBS véi bo dit liéu sinh ngau
nhién. Céc két qua chi ra rang, thuat toan di truyén (Genetic algorithm - GA) thuc hién cho két qua tét
hon thuat toan RBS. C4c md ta chi tiét dugc trinh bay trong cac phan dudi day.

*T&c gia lién h¢
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2. Nghién ciu téng quan

Trong muc nay chling t6i gisi thi¢u cac phuong phap da dé xuat dé giai quyét cho bai toan flow shop
VGi cac tiéu chuan khac nhau nhu: Crax (makespan), Y.C;, Y.T;,... Mot vai phuong phap chinh xéac (exact
method) duoc dé xuat nhu thuat todn nhanh can (Sen, Dileepan, & Gupta, 1989; Kim, 1993; J. C. H. Pan,
Chen, & Chao, 2002). Trong (J. C.-H. Pan & Fan, 1997), cac dir liéu chi thyc hién téi da 24 cong viéc
(job) va cho két qua toi wu. Mot vai thuat toan gan ding (heuristic algorithm) dwoc dé xuat nhu: thuat
toan tham lam (greedy heuristic), thuat toan NEH (Sen et al., 1989) hay thuat toan dich chuyén diém
nghen (Koulamas, 1998) (shifting bottleneck procedure). Mot vai phuong phép metaheuristic cling dugc
dé xuit ¢ trong muc nghién ctu tong quan nay nhu: thuit todn mo phong luyén kim (simulated
annealing) (Osman & Potts, 1989), thuat toan tim kiém (tabu search algorithms) (Kim, 1993; Nowicki &
Smutnicki, 1996; Grabowski & Wodecki, 2001), thuat toan di truyén (genetic algorithms), thuat toan toi
vu bay dan (particle swarm optimization) (Tasgetiren, Liang, Sevkli, & Gencyilmaz, 2007; Liao, Chao-
Tang Tseng, & Luarn, 2007), v.v.

Trong (Onwubolu & Mutingi, 1999), cac tac gia dé xuat thuat toan di truyén cho bai toan Iap lich flow
shop truong hop m may dé tinh tong thoi gian tré cho s lugng cac cong viéc tré. O tai liéu (Vallada,
Ruiz, & Minella, 2008), dua ra nghién ctu tong quan cia mot s6 thuat toan ciing da duoc cai dat va so
sanh dé thyc hién bai toan flow shop véi cac tiéu chuan khéc nhau.

3. Thuit toan di truyén (Genetic algorithm - GA)

Trong muc nay chung tai trinh bay va dua ra cdc ky hi¢u co ban cta thuét toan GA, sau d6 miéu ta cac
phép toan lua chon (selection), dot bién (mutation) va lai ghép (crossover).

3.1. Gigi thigu thudt toan di truyén - GA

Thuat toan di truyén duoc dé xuat boi Holland (Holland, 1975), la giai thuat toi wu va tim kiém dya
trén cac nguyén tac cua di truyen hoc va Iya chon tu nhién. Gidi thuat di truyén cho phép mot tap hop
(population) gom nhiéu ca the (individual) tién hoa theo cac quy tic lya chon dic trung cua téng thé doé
dé tién toi mot trang thai t6i da hoa su thich nghl (fitness). Cac ca thé khoe, c6 kha niang thich nghi voi
moi truong tt s& dugc ton tai va phét trién ¢ cac thé hé sau. Mai ca thé dugc ma hoa boi mot cau trac dit
liu md ta cAu tric gen cua cé thé do, ta goi nd 1a nhidém sic thé. M&i nhidm sic thé duoc tao thanh tir cac
don vi dugc goi 1a gen. GA s& 1am viéc trén cac quan thé gdbm nhiéu cé thé. Mot quan thé ung véi mot
giai doan phat trién goi 12 mot thé he. Tir mot thé hé duoc tao ra, giai thuat di truyén bat chudc sy chon
loc ty nhién va di truyén dé bién ddi cac thé hé.

Bit dau tur tap khoi tao, mot tap mai duogc sinh ra tir mot vai cha me (parents) mot cach ngau nhién va
bang céach (g dung céc pheép toan chon loc, dot bién va lai ghép dua vao céc trang thai thich nghi. Tap
hop méi nay sinh ra c6 sb lwong cac ca thé thoa man. Qua trinh nay duoc Iap lai cho téi khi dat dugc mot
hay mot vai tiéu chuan nao d6 nhu: Pat téi mét khoang thoi gian, ..

Cac budc chinh cua thuat toan GA gom:

- Sinh ra mot tap ban dau (initial population) Po,

- Banh gia d6 thich nghl cuia mdi ca thé

- Lya chon mét cap ca thé trong tap Pi.1,

- Thuc hién phép toan lai ghép vai mot xac suat Pe, 2 ca thé trong tap Py dugc thay thé boi 2 cé thé
mai trong tap Py

- Thuc hién phép toan lai ghép véi mot xac suit P, 2 ca thé trong tap Py duoc thay thé boi 2 ¢4 thé
mai trong tap Py

- Thay thé tap Py.1 boi Py

- Qué trinh trén duoc 1ap lai cho t6i khi didu kién dirng thoa mén.

3.2. Cac phep toan ciia phuong phdp di truyén
3.2.1. Tdp cac ca thé khdi tao ban dau

Budc quan trong trong thiét ké thuat toan GA ddi véi bai toan lap lich 1 viéc biéu dién (represente)
mot ¢4 thé va tim ra mot hoén vi (thir tir) cta ca thé dé co duoc két qua tot nhét.

Tap cé thé khoi tao Py chira PopSize cé thé. Trong tap khai tao ndy, mot ca thé trong tap Po duoc tao ra
bang cach sip xép cac cong viéc theo qui tic EDD (Earliest Due Date), c4c cé4 thé con lai dwoc sinh ra
mot cach ngau nhién. DG véi bai toan nay, d¢ thich nghi ciia mdi ca thé 1a ham danh gia Y.7;.

3.2.2. Phép toan lai ghép (crossover operator)

Chung t6i s dung 2 phép toan lai ghep: phép toan lai ghép mot diém (one-point crossover - X1) va lai
ghép th tu tuyén tinh (linear order crossover - LOX).



- Phép toan X1: Chon mot diém ngau nhién trén cing cé thé cha me, ky hiéu A=A1//A2 va B=B1//B2
trong d6 A, B 1a cha me. Con thir nhat O1 dugc sinh ra gom cac cong viéc cua Al theo thir tu trong A va
cac cong viéc B ma khong cé trong A va theo thir ty trong B. Con thir 2, 02 dugc sinh ra gom cac cong
viéc cua B1 theo thir tu trong B va céac cong viéc cua A ma khdng c6 trong B va theo tha tu trong A.

X1
A [1 2345678910
B [735][21091 68 4]
o1 |1 23]75109 6 8 4 |
02 [735]12468910]

Hinh 2. Phép todn lai ghép 1 diém - X1
- Phép toan lai ghép the: tir tuyén tinh - LOX: Chon 2 diém bat ki tai c& thé cha me A=A1//A2//A3 va
B=B1//B2//B3. Con thir nhit O1 dugc sinh ra gdm céc cong viéc A2 theo thir tw 6 trong A, cac cong viéc
ciia ALuA2 theo thir ty c6 trong B dugc lam day vao phan thir nhat va phan cudi cing cua A. Tuong tu
vay, con O2 dugc sinh ra bing cach gém cac cong viéc cua B2 theo thir ty trong B, cac cong viéc cua
B1uB2 theo thtr ty ¢6 trong A va duoc lam ddy vao phan dau va cudi cing cua B.
Trong thuat todn nay, cac phép toan lai ghép c6 xac suit nhu nhau.

LOX
A [123]45678][910]
B [735]2109 1 6[8 4 ]

O1 [321014 567 8|91 |
02 (3345|2109 1 6|7 8 |
Hinh 3. Phép toan lai ghép thr tir tuyén tinh - LOX

3.2.3. Céc phép todn dét bién
Chung t6i sir dung 2 phép toan dot bién: Chén trude - Bl (Backward Insertion) va chén sau - FI
(Forward Insertion). Hai vi tri i va j (j>i) dugc chon ngau nhién trong chudi:
S=S1USpi; uS2 U Sy USs,
trong d6 S1, Sz, va S 1a 3 chudi con, Spij va Sgjp 1a cac cong viéc tai vi tri thiri va j cia S.
Phép todn cheén trueéc - Bl: cdng Viéc tai vi tri thir j chén vao trudce vi tri thir i, chudi két qua:
S’= S1u Spj v Spip v S2 U Sa.

st 2 3l4a]ls 6|78 0 10|
] 5, S-g S|J] .'_'?:{

s |1 2 3]7[4]5 68 9 10|
Si Sy Sw S S3

Hinh 4. Phép toan chen truoc - Bl
Phép toan chen sau - FI: cdng viéc tai vi tri thir i chén vao sau vi tri tht j, chuoi két qua:
§'=S810S; u Sy v Sy U Sa.

st 2 3la]s 6|78 o 10|
51 S 5z SI_."] 53

|t 2 3]s 6[7]4]8 o 10|
Sy S2 S Sp Sa

Hinh 5. Phép toan chen sau - FI



O lan Iap thtr k, 2 cha me trong tap Py dwoc chon ngiu nhién. Hai phép toan lai ghép duoc ung dung
trén ca 2 cha me va sinh ra 4 con. Qua trinh xir Iy dugc lap lai cho t6i khi s6 con sinh ra bang c&
CrossSize. Tép con sinh ra dugc ki hiéu 1a Cy.

Phép toan dot bién duoc ng dung trén cé thé duoc chon ngau nhién trong tap Py Tap ca thé My chira
cac ca thé dot bién duoc sinh ra va c6 ¢ 1a MutSize.

PopSize cé4c ca thé tot nhat gdm Py v Cx v My tao 1én tap Pi.1. Qué trinh nay dwoc 1ap lai cho toi khi dat
toi thoi gian gidi han TimeLimGA.
4. Két qua tinh toan

Chung t6i da tién hanh tinh toan thuat toan trén may tinh PC Intel core™ i5 CPU 2.4GHz. Tap dix liéu
dé kiém tra thyc nghiém duoc sinh ra ngau nhién. Thoi gian thyc hién pyj va pz dugc sinh ra cé gia tri
trong doan [1,100], cac ngay dén han d; nam trong doan [50,50n], s lwong cdng viéc n la cac gia tri {100,
150, 200, 250, 300} va 30 dit liéu duoc tao ra cho mot gia tri n.

Trong thuat toan GA, ching tbi da tinh toan véi cac tham s PopSize, CrossSize va MutSize, vai cac
gia tri khac nhau; sau do cac gia PopSize = 40 cé thé, CrossSize = 20 cé thé va MutSize = 10 cé thé,
TimeLimGA = 10s dugc chon va cho két qua tét nhat. Vi céc gié tri dugc chon ¢ trén, ching toi da thyc
hién tinh toan vai 1an va cho két qua gan gidng nhau véi su sai khac giira cac lan khong qua 3%.

Trong bang 1, cot “#time” trong RBS dé chi s lan RBS thuc hién t6t hon GA, cot “Cpu(s)” thoi gian
tinh toan trung binh d6i véi mdi gia tri cua n gom 30 dir liéu. Twong tu vy, cot “#time” trong GA dé chi
s6 1an GA thyc hién tét hon RBS. Cot “Deviation” chi d6 léch trung binh giita RBS va GA.

RES — GA
: GA
Bdng 1. So sanh giir thugt toan RBS va GA
EBS GA Deviation
n #time Cpu(s) #time Cpuis) FANY
100 15 3.59 15 10,00 -1,2%
150 8 16,29 22 10,00 1.3%
200 0 123,90 30 10,00 352%
250 0 163,71 30 10,00 35,9%
300 0 34225 30 10,00 37.5%

5. Két luan

Chung t6i da xay dung cai tién thuat toan cho bai toan flow shop 2 may véi muc dich 1a téi thiéu hoa
tong thoi gian tré bang thuat toan di truyén GA. Céc két qua tinh toan chi ra rang thuat toan GA thuc hién
t6t hon thuat toan Recovering Beam Search (RBS) trén cuing bo dir liéu.

Mot vai huéng nghién ctru cho twong lai duoc dé xuat: Pau tién, ching tdi s& danh gia phuong phap
nay véi mot sb thuat toan khac nhu: tim kiém Tabu (Tabu search), thuat toan md phong luyén kim
(Simulated annealing),... The hai, thuat toan ndy s& dugc ap dung cho trudng hop m may. Cudi cung,
phuong phap nay c6 thé két hop vai qui hoach toan hoc dé thyc hién viéc tim kiém cuc b (local search).
Phuong phap Matheuristic la sy két hop giita cac phuong phap Meta-heuristic va qui hogch toén hoc, cac
phuong phap nay sé duoc &p dung cho bai todn F2||>.7j va mé rong cho truong hop m may. Viéc danh
gia cac phuong phap nay ciing s€ dugc xem xét trong tuong lai.
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ABSTRACT

Minimizing total tardiness in the two machine flow shop problem
by Genetic algorithms

Ta Quang Chieu®”, Pao Thi Thu Van?!, Vu Lan Phuong?,
Tran Thi Hai Van!, Ha Thi Thu Hien?, Tran Thi Hiep?
'Faculty of Information Technology, Hanoi University of Mining and Geology
2Faculty of Information Technology, Viettri Universiy of Industry

We consider in this paper the two-machine flowshop scheduling problem with total tardiness
minimization. We propose a genetic algorithm. Some computational experiments are described and the
results show that the method outperform other existing methods based on truncated branch-and-bound
algorithms. Some future research directions are given.

Keywords: Flow shop; Tardiness; scheduling problem; Genetic
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Mang noron nhan tao va tng dung xu ly phiéu tra loi tric nghiém
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TOM TAT

Mang noron nhan tao, mt nhanh cua tri tu¢ nhan tao, da dugc tmg dung rat thanh cong trong nhiéu linh vic
nhu xu Iy anh, du bao, phan tich dir li¢u. Bai bao dé xuat mot cach tiép can moi dé xur ly phiéu tra 10i tric
nghiém bang wng dung cua mang noron trén nén tang CoreML va Vision Framework. Mot tmg dung trén
iPhone ciing dugc phat trién & minh hoa cho céch tiép can nay.

Tur khoa: Tréac nghiém; Hoc may; Mang noron; i0S; Core ML; Vision Framework.

1. Pit véan dé

Hinh thic thi trac nghiém (TN) 1a mét trong nhitng cong cu danh gia phd bién ¢ Viét Nam hién nay.
Trong Trudng Pai hoc Mo - Dia chat, cd rat nhiéu hoc phan sir dung hinh thirc thi TN véi phiéu tra loi
trén gidy dé danh gia két thic hoc phan ciing nhu danh gia gitra ky. Viéc cham TN hién nay tai truong
cha yéu van duoc tién hanh tha cong, tbn nhiéu thoi gian caa giang vién va cé thé dan tgi sai sot.

Viéc cham TN bing méay cham chuyén nghiép hozc cac phan mém trén nén tang di dong hay Windows
(bao gém céc phién ban thwong mai hoac mién phi) sir dung ky thuat nhan dang danh déu (Optical Mark
Recognition - OMR) di duoc trién khai nghién ciru va ap dung trong thyc tién nhiéu niam nay (Deng,
2008), (Nguyen, 2011).

Mang noron nhén tao da duoc ung dung rat thanh cong trong nhiéu linh vuc nhu xu ly anh, du béo,
phan tich dir liéu. Nhiéu nén tang vé hoc may, tri tué nhan tao da duogc phat trién glup cho nhimg ngudi
lap trinh c6 thé sir dung thuan tién va dé dang hon. Gan day, n6 da duoc tdi wu hoa dé dua vao nén tang di
dong nhu CoreML - Framework hoc may (Machine Learning - ML) dau tién cia hang Apple, phat hanh
niam 2017, tap trung chu yéu vao phan tich hinh anh, xt ly ngdn ngir tu nhién (Apple, 2018); Vision -
Framework ap dung thuat toan thi gidc may tinh dé thyuc hién nhiéu tc vu khac nhau nhu phat hién khudn
mit, nhan dang chit viét, phan loai hoac nhan dang déi twong dua trén hinh anh va video (Apple, 2018).

Chinh vi vy, viéc nghién ctu va ing dung mang noron nhén tao va cac nén tang cua Apple dé xay
dung phan mém cham tric nghiém la mot van dé méi va co tinh Cap thiét trong thyc té vi c6 thé xu ly
nhiéu mau phiéu tra 16i khac nhau bang gidy thong thuong va khdng can sir dung may quét chuyén dung.
Trong bai bao nay, ching t6i nghién ctu va trinh bay co so |y thuyét cua phuong phap va dé xuat mot
cach tiép can masi dé xu ly phiéu tra 1oi tric nghlem bing ng dung cua mang noron trén nén tang
CoreML va Vision Framework. Pay sé la nhing nén tang ban dau dé co thé xay dung dugc phan mém
cham thi tric nghiém chuyén nghiép va c6 nhiéu wu diém vuot troi so véi cac san pham phan mém cham
tric nghiém duya trén céng nghé OMR hién tai.

2. Co sé ly thuyét va phwong phap nghién ciru
2.1. CoreML framework va Mang noron nhén tao

Core ML — Framework gidp cac nha phat trién tich hop cac mé hinh ML da dugc huan luyén vao tng
dung cua minh (Hinh 1). Hau hét cong doan phan tich va xir ly hinh anh trong nghién ctru nay duoc lap
trinh véi Vision Framework va Core ML.

MLMODEL — M6t md hinh ML di dugc huan luyén, la két qua cua viéc ap dung thuat toan ML cho
mot tap hop dit liéu huan luyén. M6 hinh nay dua ra cac du doan dya trén dir liéu dau vao mai. Vi du: (1)
mot md hinh dwoc huan luyén vé phan loai cac mau phiéu tra 16i TN ¢6 thé du doan dugc hinh anh dwa
vao chtra mau phiéu tra loi TN 1a cia Truong DH Mo - Dia chat hay mau phiéu tra 16i cua Bo Gido duc
va Dao tao; (2) mot mo hinh dugc huan luyén vé phan loai cac phuong an tra loi da dugce to den theo A,
B, C, D hay E cua bai thi TN c6 thé du doan dwoc phuwong an tra 161 da chon cua hinh anh dua vao 1a A,
B, C, D hay E.

*Tac gia lién h¢
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MLMODEL

Core ML model Core ML Your app
Nguon: https://developer.apple.com/documentation/coreml|
Hinh 1. Tich hop mé hinh ML vao #ng dung trén iPhone (Apple, 2018)

Cau trdc chung cua ung dung ML dugc Apple gigi thi¢u dugc &p dung dé xay dung ung dung trong
nghién ctru nay (Hinh 2), trong d6 Core ML 1a nén tang cho cac framework va cac ham chtic ning chuyén
dung khéc. Core ML hb trg Vision dé phan tich hinh anh; Natural Language dé xu ly ngon ngir tu nhién
va GameplayKit dé danh gi& céc cay quyét dinh da dwoc huin luyén. Ban than Core ML duoc xay dung
dya trén cac framework nguyén thity cap thap nhu Accelerate — Framework thyuc hién cac phép toan hoc
va tinh toan hinh anh quy mé 16n, t6i uu hoa cho hiéu suat cao; BNNS — Framework mang noron co ban
(Basic Neural Network Subroutines - BNNS) va Metal Shaders Metal — Framework ti uvu hoa d6 hoa va
tinh toan hiéu suat véi cac 16i dugc tinh chinh cho cac dic tinh doc dao cia mdi GPU (Hinh 2).

Your app
Vision M Natural Language M GameplayKit
Core ML
Accelerate and BNNS J { Metal Performance Shaders

L o

r,\lguén: https://developer.apple.com/documentation/corem|
Hinh 2. Cqu trdc chung cua #ing dung ML (Apple, 2018)

M6t mang noron 1a mot chudi cac 16p, mdi 16p thuc hién mot hoat dong loc dwa trén dau vao cia nd va
chuyén két qua 1am dau vao cho I6p tiép theo. Pau ra cua I6p cudi ciing 1a mot suy luan duoc rit ra tir dau
vao ban dau. Vi dy, ddu vao ban dau c6 thé 1a mot hinh anh va suy luan c6 thé 1a hinh anh caa mot dap an
A, hay dau vao ban dau cé thé 1a mot hinh anh va suy luan c6 thé 1a mot ky tu (Hinh 3).

Mot 16p bao gom mét bo loc cung véi dit liéu c6 ngudn gbe tir hudn luyén, va mot ham kich hoat
(Hinh 4). B loc duoc thiét ké dé sir dung dir liéu da duoc huan luyén chuyén dén dau vao.

Trong ciu trdc chung cua wng dung ML, hdng Apple st dung BNNS bao gém ba lép: (1)
Convolutional Layer - ddi vai mdi pixel trong mot anh dau vao, ldy pixel d6 va cac pixel lan can dé két
hop céc gié tri cua chlng véi trong sé duoc lay tir dir liéu huan luyén dé tinh toan pixel twong ng trong
hinh anh dau ra; (2) Pooling Layer - 16p tong hop tao ra mot hinh anh dau ra nho hon tir hinh anh dau vao
ctia nd bang cach chia hinh anh dau vao thanh céc hinh chit nhat nho hon; mdi diém anh trong dau ra l1a
muc téi da hodc trung binh (do ngudi dung lua chon) cua céc pixel trong anh phu twong tng, 16p nay
khong str dung dir liéu huan luyén; (3) Fully-Connected Layer - lay dau vao cua né lam véc-to, véc-to nay
duoc nhan voi mot ma tran c6 trong s6 tir dit liéu huan luyén. Véc-to két qua duoc cap nhat boi ham kich
hoat (Apple, 2018).

Fully-Connected

gy Input Layer Convolutional 1 Layer
8¢ Layer ., Pooling Layer ]
/ Layer Pooling ‘
S 7 7 Layer =
W w

7 . | ' 7
Class
Label

Nguédn: https://www. e, kohchar deep-learning-1103- convolutional- neural- networks

Hinh 3. Mang noron co ban (Apple, 2018)
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N2(out)  M2(in) Wo1  Mi(out)
» >

f »
O S O

N2 (in) = W21M1 (out)

N2out) = 9(N2(in)), g is activation function

Nguén: https://www.sli .net/ckmar deep-learning- 1103-convolutional-neural-networks

Hinh 4. Cdc l6p trong mang noron (Apple, 2018)
2.2. Phét hign va tach phiéu tra loi

Anh chup phiéu tra 15i tric nghiém bang smartphone thuong chira nhitng théng tin khéng mong mudn,
anh chyp c6 thé chira mét phan hozc toan bo phiéu tra loi. Can phai loai bo két qua khong mong mudn
truge khi xtr ly phét hién duong bién cua phiéu tra loi. Két qua phat hién duong bién can phai duoc xac
minh 1a hop 1¢ trude khi tién hanh xir Iy hinh anh. Anh chup can phai duoc phét hién duong bién va nan
chinh hinh hoc vé anh truc giao truéc khi xu ly cat theo ndi dung phiéu tra loi. Cac budc xir Iy 1am giam
dung luong bang cach chuyén sang anh xam hay déo nguoc gia tri diém anh ciing c6 thé duoc &p dung dé
t1 wu hoa toc do xir ly (Hinh 5).

Anh chup ._ wil Viettel =

Phat hién anh cé
hinh chir nhat

@ 7 @ % 84% W) 4

Anh chup

Phat hién hinh chif nhat
chtta phiéu tra Ioi

TRUGNG DAI HOC MO - DIA CHAT PHIEU TRA LOI TRAC NGHIEM
i — L R— Hoc phin: —

U‘ fotetel [)()'»“y 8 Q ;Y = l'm z 1
883889§oo¥ o] | Bt i
[olo’el0] ¥ OBC QOO || 8 coithilkytén Sinh vilin kj téa
3392358800 368
Xac minh hinh chit nhat @ 33383 958 880 e
12 hop 18 83838 333 833 [[ e e
N N OO 000 000
idm (581 8 chém thi 1 &y tén[CB chim thi 2 ky tér Séphich
| oiéem (chy -
N&n chinh hinh hoc dé OMONG) [6e000) (68000 @Ee060)
an chinh hinh hoc de 200000 0000 (66000 @60e0d)
chuyén vé anh truc giao @oece0)
[©58600)
1 [CTeleleTo)}
[#0e000 [FE00e0q)
2 . 080600
Cat anh theo ndi dung 200800 [E000e0) (#0000 [:E000ed]
phiéu tra 15 (58000
[©50000) [EE000e) [©0e000)
! 0eCHO)
N N 57 )
Gidm dung lugng thanh @08000) 08060 06600
anh xam va ddo ngugc =5c00e)
gid tri diém anh (00000 006000 [“@eec0s HoeoE
Xt ly dit liéu
huan luyén ﬂo (O] Choose Image...
hodc phan loai

Hinh 5. So' do khoi phat hién va tach phiéu tra loi
2.3. Phan logi phiéu trd léi trac nghigm

Phan loai hay phan 16p 1a mot nhiém vu c¢dt 15i trong ML. Dit liéu cung cap cho trinh phan loai phai
thé hién duoc ca cac “dic trung” va cac “nhdn”. Thong thuong, trinh phan loai s& tim hiéu sy twong tng
giita hai ddi tugng 1a didc trung va nhan. Sau do, trinh phan loai s& truy van dit liéu va phai chi ra dudi
dang suy luén dir li€u d6 thudc nhan nao. Tap hop nhiing lan truy van nay tao thanh mot by du doan va do
chinh x4c du doan s& duya trén sé luong truy van dy doan duoc chinh xéc trén téng s6 lugng truy van.

Apple cung cip cong cu mad ngudn mé cé tén Turi Create dé tao cac md hinh ML (Apple, 2018), Turi
Create hd tro cic phuong phap phan loai nhu “Logistic regression”, “Nearest neighbor classifier”,
“Support vector machines (SVM)”, “Boosted Decision Trees”, “Random Forests”, “Decision Tree”,

“Image Classifier”.
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Dir liéu dung dé huin luyén tao mé hinh ML 1 hinh anh cac mau phiéu tra 1i, ciu tric chir va hinh
trén phiéu tra 1oi dai dién cho yéu té “dic trung”, twong tng véi nd 1a mot “nhan”. Hinh anh cac mau
phiéu tra loi duoc thu thap dé huan luyén md hinh phan loai phiéu tra 16i TN (Hinh 6), cAc mau phiéu
duge dwa vao huan luyén 1a mau phiéu tra 1i ciia Truong Dai hoc M6 - Pia chat, Bo Gi4o duc va Pao
tao, ZipGrade (ZipGrade, 2018), va mau phiéu cua phan mém TNMAKER (TNMAKER, 2018). Toan b

qua trinh huan luyén dir liéu dwoc thyc hién nhd bo cong cu Turi Create.

e [ | f 1 H“ ] [ | T PHIEU TRA LOY TRAC NGHIEM
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Hinh 6. M{t s6 mdu phiéu tra 161 trdc nghiém
2.4. Phat hign va tach vung chira cu trd loi

Két qua xi Iy tach phiéu tra 16i tir anh chup ban dau da dugc chuyén vé anh tryc giao cho budc tach
vung Chl;l'a cau tra 1o1 va thong tin ngqc‘ri 'hoc cling nhu ma dé. Sau khi tach dugc khu vuc chira cac cau tra
161 thi tién hanh tach céc cau tra loi dé tien hanh phéan loai dap an da t6 (Hinh 7).

| Anh phigu tra I5i

il Viettel & :Lkmmj @ 7 O % 98% [ 4
r —

Thiét lap cac yéu cau
phat hién: sé vung,
muc tin cdy,...

Céac vung
da phat hién

%

Loai bo két qud
khéng mong mudn

0, (K&t thac

§

K&t qua phat phat hién va tach cau

Anh két qua ving cau tra |6

Phat hién
cac hinh chit nhat
chra cac cau tra 16i,
ma dé, ...

(oMOKO [0@000) (210@000 [0e000)
Két thac 20e@00] [ToEe0E (2000060 [weeeoo]
2000 (Be0C00 [@EEE6E [BOEOOe
20e000] (00C0®@ [MEEC@0] [+268000)
(50®008] [(2000000] [FEEEC0® (000000
c@@000 (20000 [EE®O00 [FEe®00)
7©®000] (280000 [FOEC®D] [2080006)
K&t thue 20@®00] 262000006] [#060006] [BEEEO8E
»E0000) OBC00 [F#E0000 [FHEe0O00)
weeoed) Eeoooe [Keecosd [FEEe®0.
"e@000] 280600 [1eEE00 [EEeTHO
1200000 (700000 (20080 [(ER000

§

Xac minh hinh chit nhat
13 hop 1&

@

C3t anh theo ndi dung 1BOOO00] (08000 (@000 [FEEEeOO
cau tré 15i Mo00e0) [20e0c0e [#Ee00e [PEe00®
T (500008 #0000 [#eec0d wEecee

L)

C3t anh theo ni dung
ma sinh vién, ma dé

|

Chuyén qua xtr ly )
cau tra 13i, —»O (O] Choose Image...
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Hinh 7. So d@6 khoi phat hién va tach cdu trd loi
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2.5. Phan logi cac cau tra loi

Tuong ty phan loai phiéu tra 161 TN, dit li¢u ding dé huan luyén tao mé hinh ML vé phan loai cac dap
an cau tra loi da dugc t6 den cta bai thi TN, cac mau cau tra 1oi ding dé huan luyén bao gém ca nhiing
ciu to dung va nhiing cau t6 nham dap an (Bang 1), cac dic trung 1a cac cau tra loi da duoc t6 den va
nhin twong g cho cAc mAu cAu tra loi cia cac bai thi.

Két qua huan luyén dit liéu dung dé tao méd hinh ML cho bai toan phan loai dap an. M6 hinh ML dugc
tich hop vao lap trinh @ng dung trén thiét bi di dong iPhone.

Bdng 1. Mau cdu tra 16i ding dé hudn luyén tao mé hinh ML vé phan logi dép dn

Nhan “A” Nhan “B” Nhan “C” Nhan “D”
06006 | 0800 | 0088 | 00oe
Y6} 0] 1 Jolo) OIOY .. OWO®
IG)_[0) ©Y Jolo) ©} 1 ]0) DO

3. Két qua va thao luan

Nghién ctru tién hanh thyc nghiém huén luyén bo dir liéu mau nhu thé hién & Hinh 6 va Bang 1. S6
mAu phiéu tra 161 TN duoc chon 14 3, mdi mau phiéu chon 12 phiéu, mdi phiéu tra 16i c6 40 cau. Két qua
phan loai sir dung mo6 hinh ML d4 huan luyén thé hién & Bang 2.

Bdng 2. Két qua thir nghiém cdc mé hinh ML vé phdn logi phiéu tra loi TN va ddp dén

TT | S Nghiéng | Xoay | Tach Phan loai phiéu Phén loai dap an
lugng | (d0) (d6) | phiéu% [ Phanloai% | Dotin | Phanloai % | Do tin cay
cay % %
1 30 0 0 100 100 86 100 96
2 30 5 5 100 100 85 100 94
3 30 10 10 100 100 85 100 95

Céac dap an to béng cac loai/mau myc khac nhau, mirc ¢ dam/nhat khac nhau dac biét 1a cac dap an to
nham déu duoc phén loai chinh xac, gidy dung dé in phiéu tra 1oi TN 14 loai gidy in A4 thong thuong. Doi
v6i ky thuat OMR, cac dap an can phai to béng but chi, dap an phai to kin 6 tron va phai t6 dung, néu to
nham thi phai tiy di dé t6 lai, phiéu tra 10i tric nghiém phai du d6 cing va day. Nhu vay, voi ky thuat sur
dung mang noron nhén tao dé xir Iy bai thi TN d4 thé hién duoc wu diém vuot trdi so v6i ki thuat OMR.

4. Két luan

Bai b4o di trinh bay co s& 1y thuyét cua phuong phap mot cach ngén gon dé 1am sang to phuong phép
xir ly phiéu tra 10i tric nghiém biang (ng dung cua mang noron trén nén tang CoreML va Vision
Framework. Két qua 1a da 1ap trinh xay dung dugc mot img dung trén thiét bi di dong iPhone dé tién hanh
lam thuc nghiém cho két qua tin cay. Két qua nay sé I nhitng nén tang ban dau dé c6 thé xay dung dugc
phan mém chim thi tric nghiém chuyén nghiép va c6 nhiéu wu diém vuot troi so véi cac san pham phan
mém cham tric nghiém hién tai vi c6 thé sir dung loai gidy thong thudng va khdng can ding may quét
chuyén dung.

Loi cam on

Tat ca cac dong tac gia da dong gop vao nhu’ng y tuong duogc trinh bay trong bai bao nay. Ban bién tap
va nguoi phan bién da cung cip nhitng nhan xét cé gia tri vé ban thao truée d6 cua bai bao nay.
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ABSTRACT
Acrtificial neural networks and processing answer sheets application

Tran Trung Chuyen?, Le Hong Anh?, Nguyen Thi Mai Dung?!, Pham Quang Hien!
L Hanoi University of Mining and Geology

Artificial Neural Networks is one of the important factors to boost the Fourth Industrial Revolution has
been used successfully in many fields such as image processing, forecasting, and data analysis. The paper
proposes a hew approach to processing multiple choice answer sheet using the Neural Network based on
the Core ML and Vision Framework. An iPhone application has also been developed to illustrate this
approach.

Keywords: Answer sheets; Machine Learning; Neural Networks; i0OS; Core ML; Vision Framework.
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Weakly-informed Audio Source Separation
based on Nonnegative Matrix Factorization

Tran Thanh Huan?, Duong Thi Hien Thanh®* Nguyen Thu Hang?
! Hanoi University of Industry
2 Hanoi University of Mining and Geology

ABSTRACT

This paper focuses on using weakly-informed strategy to target the real-world single-channel audio
source separation challenge. We use a very abstract semantic information just about the types of audio
sources existing in the mixture to find and collect some source examples for training the Generic Source
Spectral Model (GSSM). Then, our algorithm exploits the GSSM, which represents the spectral
characteristics of audio sources, to guide the separation process based on Nonnegative Matrix
Factorization (NMF) model. In order to compare fairly the obtained separation results with other existing
methods, we use the well-designed benchmark dataset is from the Signal Separation Evaluation
Campaign (SiSECT) for the speech and real-world background noise separation task. Especially, we target
to participate the SiISEC challenge so as to bring our developed algorithm to the international research
community.

Keywords: source separation; generic source spectral model; NMF; sparsity constraint.

1. Introduction

Audio source separation aims at providing machine listeners with a similar function to the human ears
by separating and extracting the signals of individual sources from a given mixture. This technique is
known as an effective solution for cocktail party problem in audio signal processing community (Benesty,
Makino, and Chen 2005; Makino, Lee, and Sawada 2007). Depending on specific application, some
source separation approaches focus on speech separation, in which the speech signal is extracted from the
mixture containing multiple background noise and other unwanted sounds. Other methods deal with
music separation, in which the singing voice and certain instruments are recovered from the mixture or
song containing multiple musical instruments. The separated source signals may be either listened to or
further processed, giving rise to many potential applications. Speech separation is mainly used for speech
enhancement in hearing aids, hands-free phones, or automatic speech recognition (ASR) in adverse
conditions (Sunohara, Haruta, and Ono 2017; Revit and Schulein 2013; Sainath et al. 2017). While music
separation has many interesting applications, including editing/remixing music post-production, music
information retrieval, rendering of stereo recordings, and karaocke (Ewert et al. 2014; Parekh et al. 2017).

State-of-the-art audio source separation algorithms perform quite well in instantaneous or noiseless
anechoic conditions, but still far from perfect by the amount of reverberation. Moreover, when the desired
sound is corrupted by high-level background noise, the separation performance is even lower (Ono et al.
2015, 2013). That shows addressing the separation of reverberant mixtures, a common case in the real-
world recording applications, remains one of the key scientific challenges in the source separation
community. Also current studies have shown that the fully blind techniques do not provide sufficient
results. Some existing informed source separation techniques using specific guide information, such as
music score (Ewert et al. 2014; Emmanuel Vincent et al. 2014)., speech transcript (Le Magoarou, Ozerov,
and Duong 2015), motion associated with audio-visual objects in a video (Parekh et al. 2017), get
outperform results. But such specific information may not be available in different settings. In this
context, weakly-informed strategy approach is an effective way to improve separation efficiency and
eliminate difficult problems that are lacking in training data. We use a very abstract semantic information
just about the types of sources existing in the mixture to find training examples. Such training data

*Tac gia lién h¢

Email: duongthihienthanh@humg.edu.vn
" http://sisec.inria.fr/
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includes only a few short audio files (e.g. three or five recording, each has a duration of about 5 seconds)
of the same type as the sources in the mixture. They are used to learn the General Source Spectral Model
(GSSM), then this GSSM is explored in order to guide the separation process.

The structure of the rest of the paper is as follows. We introduce the problem formulation and
modeling in Section 2. We then present the proposed weakly-inform source separatin algorithm with the
details of parameter estimation in Section 3. The effectiveness of the proposed approach are validated in
Section 4. Finally we conclude in Section 5.

2. NMF-based audio source separation
2.6. Problem formulation

Let us formulate the single mixture signal, where | sources are observed by a microphone, with
indexes
s(t).j € {1....]} to indicate specific source j. This mixture signal is denoted by

x(t) = E§=15j-{t]. (1)

The mixture and source are time-domain digital signals indexed by t € {0....T — 1}, where T is the

length of the signal. Switched to the time-frequency (T-F) domain by applying a short-time Fourier
transform (STFT), equation (1) can be written as

x(n f) = ¥/ s 2

J=1"]
where x(n.f) € € and s;(n,f) € C denote the T-F representations computed from x(tJand s;(t),
respectively. nn € {1..., N} is the time frame index and f € {1....F} presents the frequency bin index.
Audio source separation consists in recovering either the | original source signals s;(t) given the

single-channel mixture signal x(t).
2.7. Audio spectra decomposition

NMF has been widely used for supervised source separation in the literature. Accordingly, a short-time
Fourier transform (STFT), is applied to the original signal x(t}. Then the power spectrogram of the STFT

coefficients is computed resulting in a nonnegative matrix Ve CF*". NMF aims at finding two
nonnegative matrices W € C¥*¥ and H £ C¥*¥such that (Lee and Seung 2001)

V= WH, 3
where K. F and N denote the number of spectral basis, the number of frequency bins, and the number of
time frames, respectively (Lee and Seung 2001). The columns of W represent the spectral basis and their
corresponding rows in H represent the time gain of these spectral basis.

For decomposing a matrix V into matrices W and H, we want to get as close an approximation for

equation (3) as possible. This can be achieved by optimizing the cost function (Lee and Seung 2001)
min_ D(VIIWH). 4)

Web Hz
Denoting V= WH, the cost function (4) is defined by D(V|[V) = ZF_, T¥_, d,. (Vs [V ), where
dys(xlly) = f_— lngf —1 is ltakura-Saito divergence, the most popular divergence for audio signal
processing (Févotte, Bertin, and Durrieu 2009; Févotte, Vincent, and Ozerov 2018).
To solve the minimization problem in (4), two parameters W and H are usually initialized with random
non-negative values and are iteratively updated via the well-known multiplicative update (MU) rules (Lee
and Seung 2001).

3. Proposed weakly-informed audio source separation algorithm

We assume that the types of sources in the mixture are known and some recorded examples of such
sounds are available. This is actually feasible in practice. For instance, in the speech separation from
noisy mixture, one target source is speech and another is noise and one can easily find speech and noise
recordings. We need several examples for each type of source because one recording is usually not fully
representative of the others and a source like “noise” is poorly defined. However, the amount of training
data we need is very small, e.g., three speech files and three noise files, duration of each file is from 5 to
15 seconds. From this assuming, we proposed a weakly-informed single-channel audio source separation
method based on NMF, exploiting only few training examples available to guide the separation process.
The general pipeline works in the T-F domain after the STFT transform and consists in two phases as
shown in Fig. 1: (1) learning GSSM from some training examples by NMF, and (2) decomposing the
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observed mixture with the guide of the pre-learned models.

TRAINING PHASE
— STFT NMF —>
E— GSSM
raining construction
examples
- STFT NMF —>
. U Estimated
Mixture _ SC;UE‘ETS
x() sTET V= 1X1? | Proposed NMF- |2 wiener | %/ ISTFT |—
mixed sparsity filtering
SEPARATION PHASE

Figure 1. Proposed weakly-informed single-channel source separation algorithm.
Training examples are some audio files of the same type as the sources. Let us denote by s/(t) an I-th

single-channel learning example of j-th source. First, s}{t] is used to learn the corresponding NMF
spectral dictionary, denoted by ‘F.’JJ-[, as described in Section 2.2. Then, the GSSM for the j-th source is

constructed by U; = [Wj-l, ...,‘E-tfj.;’"]. Finally, the GSSM for all sources can be written as U = [U,..... U;].

The GSSMs U; become large matrices when the number of examples increases, and they are actually

redundant matrices since different examples may share similar spectral patterns. Thus, in the model fitting
for the mixture spectrogram, sparsity constraint is naturally needed so as to fit only a subset of the large
matrix U to the targeted source. The mixture spectrogram is decomposed by solving the following
optimization problem

min D(VIWH) + 10(H) (5)

where {L{H) denotes a penalty function imposing sparsity on the matrix H, and 4 is a trade-off parameter

determining the contribution of the penalty. In our recent work, we proposed a general form for the
penalty function, called mixed sparsity as (Duong et al. 2015, 2018)

ﬂ{H:] =¥ ES =1_|.|:|E|:f + " Hl:g:l " 1:] + {1 —_ ']-’:] E'E::i ll:IEI:E + " h;l " j_:] (6)
where ¥ € [0. 1] weights the contribution of each term in mixed group sparsity constraint.
In proposed weakly-informed audio source separation approach, the cost function (5) and the penalty

function (6) are used in the model fitting for the mixture spectrogram to guide the source separation
phase.

4. Experiment
4.1. Dataset and parameter settings

To validate the performance of the proposed approach, we created two training sets for training the
GSSM. Speech training set contains three different speeches from two female voices and one male voice
with 10 seconds duration each. Noise training set includes three types of environmental noise: kitchen
sound, metro, and field sound with duration varying from 5 to 15 seconds. They are selected from the
Diverse Environments Multichannel Acoustic Noise Database (DEMAND)?.

We used the benchmark dataset of the “Two-channel mixtures of speech and real-world background
noise” (BGN) task within the International Signal Separation and Evaluation Campaign (SiSEC)® perform
the test. This dataset, called SISEC-BGN, contains 29 stereo mixtures of 10-second duration and 16 kHz
sampling rate. They were the mixture of male/female speeches and real-world noises recorded from
different public environments: cafeteria (Ca), square (Sq), and subway (Su). Note that the dataset
mentioned was carefully designed by researchers in the audio source separation community and widely
used. These recording environments had different reverberation level, in which the mixtures in cafeteria
and subway were higher than the mixtures at the square in reverberation level. The signal-to-noise ratio

¥ http://parole.loria.fr/DEMAND/
§ hitps://sisec.inria.fr/sisec-2016/bgn-2016/
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was drawn randomly between -17 and +12 dB by the dataset creators. Overall there were 29 mixtures
divided into two sets: the devset includes 9 mixtures, and the testset contains 20 mixtures.

The parameters were set as follows. The STFT was calculated using a sliding window with a frame
length of 1024, 50% overlap. The number of NMF components were set to 32 and 16 for speech and
noise, respectively. The number of iterations for MU updates was 100 for the training step and was tested
with values from 1 to 100 in the testing in order to investigate the convergence of the algorithm. To
consider the sensitivity of the proposed algorithm to the trade-off parameter A determining the

contribution of the sparsity-inducing penalty and the contribution weighting of each penalty term ¥, we
varied the values of these parameters, 4 = {1,10, 25,50,100,200,500}, y = {0, 0.2, 0.4,0.6,0.8. 1}

4.2. Evaluation method

Separated speech results were evaluated using the source-to-distortion ratio (SDR) measuring overall
distortion as well as the source-to-interference ratio (SIR) and the source-to-artifacts ratio (SAR). They
were measured in dB and averaged over all sources where the higher is the better. These criteria, known
as BSS-EVAL metrics, have been mostly used in the source separation community (E. Vincent,
Gribonval, and Fevotte 2006).

The results obtained by proposed algorithm over the SiISEC-BGN dataset was submitted to SiSEC
2016 campaign. Our results were compared to the results of several state-of-the-art algorithms, which also
participated in the SISEC campaign over different years since 2013 as following:

- Martinez-Munoz's algorithm (in SiISEC 2013): this algorithm exploits source-filter model for the
speech source and the noise source is modeled as a combination of pseudo-stationary broadband noise,
impulsive noise, and pitched interferences. The parameter estimation is based on the MU rules employed
in NMF (Ono et al. 2013).

- Bryan's algorithm (in SiSEC 2013): this interactive approach exploits human annotation on the
mixture spectrogram to guide and refine the source separation process. The modeling is based on the
probabilistic latent component analysis (PLCA), which is equivalent to NMF (Bryan and Mysore 2013).

- Lopez's algorithm (in SiSEC 2015) : uses spectral subtraction, they designs the demixing matrix and
the post-filters based on a single-channel source separation method (Ramirez Lopez et al. 2015).

- Liu's method (in SISEC 2016): performs Time Difference of Arrival (TDOA) clustering based on
Generalized Cross Correlation Phase Transform (GCC-PHAT) (Liutkus et al. 2017).

Table 1. Speech separation performance obtained on the SISEC-BGN. _ indicates submissions by the

authors and “-" indicates missing information.
devset testset
Method -
Cal ‘ Sql ‘ Sul ‘Average Cal ‘ Ca2 ‘ Sql ‘ Sq2 ‘ Sul ‘ Su2 ‘A\'erage
. SDR | 54 | 96 | 15 6.4 34 | 37 | 90 | 109| 50 | 22 6.1
Martinez-Munoz* — — —
. SIR | 154|173 538 14.1 146 17.1 | 18.6]205| 232 | 59 17.1
(SiSEC 2013) z -
SAR | 6.1 | 10.7| 58 79 42 1 40|99 | 11.5] 52 | 6.0 7.0
B SDR | 5.6 | 102 | 42 7.3 37 | 38 | 131|129 | 56 | 5.6 7.8
ryan®
o SIR | 18.4 | 15.6 | 13.6 16.1 1391165 | 21.8 | 182 | 21.4 | 23.0 18.5
(SiSEC 2013) -
SAR || 59 | 12.1 | 49 8.4 45 | 42 | 137 | 146| 57 | 57 8.5
o SDR - - - - 40 | 45| 51 | 110} -38 | 39 49
Lopez*
. SIR - - - - 149 1 16.1 | 96 | 163 | -1.6 | 8.8 12.1
(SiSEC 2015)
SAR - - - - 47 | 50 | 8.6 | 13.0| 43 | 63 7.3
Lin SDR| 19 | -3 |-106 -3.1 1.6 | 27 | 44| 19 |-12.6 | -1.2 -1.0
u*
. SIR 4 | 29| 97 -2.1 45 | 77 | 43| 24 |-122 | 0.1 0.9
(SiSEC 2016)
SAR || 75 | 164 | 69 11.3 65 | 55 | 188|169 | 103 | 8 11.4
SDR | 5.6 | 93 | 4.1 6.9 37 | 43 | 101 | 11.6 | 53 | 42 6.9
Proposed — — —
. SIR | 149 | 154 | 121 14.5 132 15 | 179 | 18.2| 193 .| 9.3 15.7
(SiSEC 2016) : - .
SAR | 6.3 | 10.7 | 53 8.0 48 | 49 | 11.1 | 127 | 55" "6.6 7.9

4.3. Results and discussion

Table 1 shows the speech separation performance obtained by the proposed algorithm over the SiSEC-
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BGN dataset compared to the results of the state of the art methods which participated in the SiSEC
campaign over different years since 2013. Note that these measures were calculated by the SiSEC
organization committee and published in (Liutkus et al. 2017; Ono et al. 2015, 2013). It can be seen that:

Comparing to the results of Liu's method in the SiSEC 2016 campaign, our method clearly
outperformed Liu's method in all noisy environments in terms of SDR and SIR but worse for the SAR.
However, with the better performance in terms of two criteria, especially the superiority (greater than 10
dB and 7.9 dB for devset and testset, respectively) in terms of the most important criterion SDR, our
method was better judged than Liu's method by the SISEC 2016 organizing committee (Liutkus et al.
2017).

Taking into account the results of results of the state of the art methods submitted to the SiSEC
campaign over different years since 2013, our method outperforms all other methods, except Bryan's
method, in terms of the energy-based criterion SDR, SIR and SAR. This confirms the effectiveness of the
proposed approach where the GSSM is successfully exploited by NMF with mixed group sparsity
constraint in the case that the training data are not available. It should be noted that Bryan's method
(Ewert et al. 2014) uses human annotation on the mixture spectrogram to guide and refine the source
separation process, so it is a supervised approach and not applicable without an audio expert.

5. Conclusion

Real-world sound scenes are usually very complicated as they are mixtures of many different sound
sources. Thus, the creation of machine listening algorithms that can automatically separate sound sources
in the real-world recording conditions has remained very challenging.

We have proposed a novel single-channel audio source separation algorithm weakly guided by some
source examples. This algorithm exploits the GSSM, which represents the spectral characteristics of audio
sources, to guide the separation process based on NMF. With that, a new sparsity-inducing penalty for the
cost function has also been proposed. We have validated the speech performance of the proposed
algorithm in different settings with the SISEC-BGN dataset, which was carefully designed by researchers
in the audio source separation community and widely used. Future work can extend the proposed
approach to the multichannel case where the source spatial model is incorporated with the proposed
spectral NMF model and combine the proposed algorithm with other microphone array techniques (e.g.
source localization, dereverberation, post-filtering) to complete the source separation pipeline.
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TOM TAT
Téch nguon am thanh véi thong tin huéng dan yéu
st dung mo hinh thira s6 hoa ma tran khéng am

Tran Thanh Huan?, Dwong Thi Hién Thanh? Nguy&n Thu Hang?
! Truong Dai hoc Cong nghi¢p Ha Noi
2 Truong Dai hoc M6 - Dja chat

Bai bao dé xuat thuat toan phan tach cac ngudn am thanh tir tin hiéu thu am don kénh trong méi truong
thuc chira nhiéu 4m thanh khac nhau theo hudng sir dung it thong tin hudng dan. Ching tdi sir dung thong
tin v& céc loai am thanh c6 trong hdn hop dé tim va thu thap mét sé vi du cho budc hoc ma tran phé tong
quat GSSM. Sau do, thuat toan khai thac ma tran GSSM dé hudng dan qué trinh tich ngudn dua trén
NMF két hop vai rang budc thua. Dé so sanh cac két qua phan tach cia thuat toan dé xuat véi cac phuong
phép hién c6 khéc, ching ti da thuc hién thi nghiém véi tap dir liéu SISEC, duoc thiét ké va sir dung phd
bién trong cong ddng tach ngudn am thanh.

Tur khoa: source separation; generic source spectral model; NMF; sparsity constraint.
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Thuat toan da thire tuyén tinh giai bai toan MaxMin dinh vi

Lé Thanh Hué'*, Nguyén Thé Binh! Pham Thi Nguyét'
! Truong Pai hoc Mo - Dja chat

TOM TAT

Trong bai béo cao nay ching toi trinh bay mot hudng tiép can mai véi do phic tap tinh toan da thuc &
muc tuyén tinh dé giai bai toan Max Min dinh vi. Bai toan c6 nhiéu ung dung trong thuc té va cé thé giai
dugc bang cong cu Quy hoach nguyén (sir dung phuong phap Pon hinh cta Danzig va siéu phang cat
Gomory [2]). Tuy nhién ¢ day, dya vao céu trac dac thu cua bai toan, ching toi dua ra thuat toan c6 thoi
gian da thuc theo s6 bién va s rang budc cua bai toan. Thuat toan tim duoc 1o giai téi wu sau khong qua
n budc lap.

Tir khéa: Pa thirc; Tuyén tinh; Nguyeén.

1. Pit van dé

Xét bai toan:
Max Min c].xj +dj @
Zaux] <b,i =1..,m (2)
szo j =1..n (3)
x,nguyén, j = 1,...,n (4)

Trong d6 a;,b,¢;,d, >0. Khéng giam tinh chit tong quat, gia thiét 1 d, <d,,. Bai toan (1) - (4) I
bai todn c6 nhiéu tmg dung thuc té va c6 thé giai dugc bang cac cong cu quy hoach nguyén tuyén tinh
nhu phuong phap don hinh va phuong phap siéu phang cat. Tuy nhién, & day dwa vao ciu tric dac thu
cua bai todn, chung toi dé xuit hudng tiép can vai mot thuat toan co thoi gian tuyén tinh dbi vai s6 bién
va sb rang budc cua bai toan.

2. Thuat toan

Dé lam co sé xay dyung thuat toan, ching ta cé cac khing dinh sau va da dugc chiing minh vé mit
ly thuyét.

B& d& 1. Néu X 1a nghiém t5i wu cia bai toan (1) — (3) VA X, ,.-.., X; 12 c4c toa do duong. Lic do
cX +d, =..= ¢ x +d,.
Bé a2 2. Gia sit X Ia nghiém téi wu cua bai toan (L) — (3). Luc do tn tai it nhit mot chi sé k sao cho
n
J_Z:; a;x; = b,.
Pinh ly 1. Goi t; 1a gié tri t5i wu ciia ham muc tiéu cua bai toan Max Min ¢;x; +d,

a;x; <b, x;>0,j = 1..,n

M-

N

Licds: X, =(t -d,)/c,, j=1...,n s&langhiém téi wu cta bai toan (1) - (3).
Pinh Iy 2: Giastt d, =d, ...=d, =0. Lic d6 nghi¢m téi wu ctia bai toan (1) — (3) dugc xac dinh boi:

*Tac gia lién h¢
Email: lethanhhue@humg.edu.vn
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. . b
] J :ll"'ln Vé’l t :mlln n—I
SO
=
Pinh Iy 3. Cac toa d6 dwong va X,...,x, ctia nghiém tdi uu X" bai toan (1) — (3) duoc xac dinh boi cong
thtrc

e d),J_ P

i

Trong d6 t=min {———

Z(aq/C;)

Tir cc khang dinh trén, chung ta xay dung cac bude thuat toan A, B, C dudi day dé giai bai toan (1) — (3)
va cac budc thuat toan D dé giai bai toan (1) — (4).

2.1. Thudt toan A
Buock=1,2, ....

1. Tinh: t= min {#
Z(aii /Ci )
d

2.Néu c x +d, >d, ., thi chuyén qua buéc k =k + 1.
Nguoc lai, nghiém téi wu cua bai toan 1a:
. (t-d) .
X; :u, =1..,k

G

X, =0, j=k+1..,n
Thuat toan A bét dau tir j = 1 va I3p lai cho j = j +1 cho t6i khi xéc dinh hét cac toa do duong cia
nghiém t6i vu. Nhu vay thuat toan A dung sau khong qua n bude lap.
Trong trudng hop sb toa do duong chiém da sb thi sy tinh toan lai bit dau tir bién cudi X, . Pé thuc hién
diéu d6, ching ta xay dung thudt toan sau:
2.2. Thudt toan B
Budc k=n,n-1, ...

. b
1. Tinh: t=min ———
J_Zﬂj(a"./cj)
. (t-d
sz( ‘),J:l,...,k
CJ
2.Néu: x, >0, dimg va nghiém tdi wu ciia bai toan la:
t-d.
_d)
j
C.

J
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X =0, j=k+1..,n
Nguoc lai, ching ta tim chi s6 | 16n nhit ma x = 0. Lay k = 1 va tr¢ lai budc k.
Trudng hop sd lwong céc toa d co gia tri duong va cac toa do c6 gia tri bang khong tuong dwong
nhau hoac khong qua chénh léch, thi vi¢c tinh toan s€ duogc thuc hién theo thuat toan C sau day

2.3. Thudt toan C
1. Tim chi s6 k sao cho d < 1 i d; (néu c6 nhiéu chi s6 k dat didu kién nhu vay thi chung ta chon chi
ni=1
s6 k nho nhat)
k

2. Tinh t= min{bi Iy(aylc, )}

i =

X, =(t-d,)/c,, j=1...k

3. Liic nay s& xay ra 3 truong hop
a/Néu X, =0 dung thuat toan va nghiém t5i vu sé l1a:
X;=(t-d)/c, j=1..k

*

x. =0, j=k+1...,n

j
b/ Néu X, <0, tim chi s6 16n nhat ma X, =0 . Lay k = | va tr¢ lai budc 2.
¢/ Néu X >0, chuyén sang budc 4.
4.Néu ¢ x +d, <d,,, dimg, nghiém tdi wu 1a:
x;=(t-d,)/c,, j=1..k

*

X. =0, j=k+1...,n

j
Nguoc lai sang budc 5.
5.Layk =k + 1. Tinh:

k
t=min<b / - /c,
i { ! JZ:;‘(a" ] )}
‘ X].Z(t—dj)/cj,j:l,...,k

Vé budc 4.

Chung ta d€ nhan thay rang néu céc dai lugng d; chénh l¢ch nhau khong nhiéu va gid tri t dii 16n thi kha
nang hau hét cac toa do trong nghiém tdi wu s& nhan gia tri duong. Nguoc lai, néu cac dai luong d i
chénh léch nhau va rat lé”nﬂ so voi gia tri t thi luc do ) luong cac toa d§ duong sé€ rat it. Dé quyét dinh nén
dung thuét toan nao, co6 thé tién hanh budc thir don gian sau:

Tinh: t=b/3(a,/c,)
j=L
X, =(t-d,)/c,;, j=L..,n

V6i i 1 chi sé bat ky nao d6 cua cac rang budc, thong thuong lay ngay i = 1. Néu céc toa do duong
rat it, st dung thuét toan A. Néu cac toa dd 4m khong c6 hoic rét it, sir dung thuat toan C. Néu khong xay
ra hai thai cyc trén thi hop 1y la nén dung thuat toan B. Trong thuc té bai toan (1) — (3) thong thuong cod
s6 bién 16n, do vay viéc tinh toan mat nhiéu thoi gian. Bdi vay viéc lya chon céc thuat toan A hay B hodc
C c6 anh hudng nhiéu dén thoi gian tinh toan.

Sau khi di tim duoc nghiém tdi wu ctia bai toan lién tuc (1) — (3), ta c6 thé tim dwoc nghiém tdi uu
cua bai toan roi rac (1) — (4) nho thuat toan D dudi day.

2.4, Thugt toan D

1. Gia st X 1a nghiém t6i uu cta bai toan lién tuc. Lay:

[ ] i=1

voi [x] 1a phan nguyén cua x.
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2.Tim 6x +d, =minfcx +d,}
Lay X\ =X +1
3. Kiém tra tinh chdp nhan cta x° :

>ax® <b, i=1..m
=1

Néu x°thoa min céc rang budc, quay tré lai bude 2. Nguoc lai, ldy X, = X’ - 1 va dung. x° 1a
nghiém t5i wu ciia bai toan (1) — (4).

Pinh 1y 4. Gia sir k 13 s6 cac toa dd dwong ctia nghiém t6i wu X ciia bai toan (1) — (3). Lic @6, thuat toan
trén cho nghiém téi vu x° cua bai toan (1) — (4) sau khong qua k budc, thir tinh chip nhan cta x°.

4. Két luan

Bai toan (1)-(4) la 16p bai toan Quy hoach nguyén. Trong truong hop t6ng quat nd thugc 16p bai
toan NP day du ([2]). Vi gia thiét cac dir liéu dau vao la cac s6 khong am, thi thuat toan dé xuét trén day
thudc 16p P - ¢6 thoi gian tinh toan da thirc. Trong thoi gian toi chiing tdi sé tién hanh lap trinh tinh toan
thir nghiém bang cac b dir liéu chuan va s& c6 cong b méi.
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ABSTRACT
Linear polynomial algorithm for solving MaxMin problem

Le Thanh Hue! , Nguyen The Binh!, Pham Thi Nguyet*
! Hanoi University of Mining and Geology

In this paper we present a new approach with linear polynomial complexity to solve the Max Min
problem of positioning. The problem has many practical applications and it can be solved by linear
programming technique with simplex method and Gomory cut [2]. However, based on the unique
structure of each problem, we develop an algorithm with polynomial time in accordance with the number
of variables and constraints of the problem. The algorithm finds the optimal solution after no more than n
steps.

Keywords: polynomial; Linear; Original.
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E‘RSE/ ~_ HOINGHI TOAN QUOC KHOA HQC TRAI DAT
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SUSTAINABLE DEVELOPMENT

Ung dung cta loT trong nganh moé va kha niang 4p dung tai Viét Nam

Nguyén Duy Huy**
Y Truong Dai hoc Mo - Dija chat

TOM TAT

IoT (Internet of Things) 1a nén tang cong nghé cua cudc cach mang cong nghiép 4.0. Theo [ICTNews,
2017], dén nam 2020 thé gigi s& c6 khoang 20,4 ti thiét bi két ndi vao mang Internet. 10T s& duoc ung
dung rong réi trong nhiéu linh vuc cua doi séng kinh té, x hoi, trong d6 ¢6 nganh khai thac mo. Bai béo
nay trinh bay téng quan vé cac ung dung cua 10T néi chung, trong nganh mé noi riéng ciing nhu danh gia
kha nang trién khai tmg dung IoT trong cac cong doan cia day chuyén khai thac mo. Bén canh d6, bai
béo ciing dé xuat mot s6 kién nghi dé trién khai ing dung 10T trong nganh mo ¢6 hiéu qua hon.

Tur khoa: 10T; cdng nghiép 4.0; khai thdc mo

1. Pit van dé

Nhiing tién bo gan day cua khoa hoc, cong nghé va thuong mai ¢ ma ra nhidu co hoi phat trién kinh
té - x& hoi. Thé gidi n6i chung, Viét Nam noi riéng dang chuan bi buéc vao cudc cach mang cong nghiép
4.0, trong d6 IoT dong vai tro then chébt dén sy thanh cdng cua cudc cach mang. loT dugc du bao s& dugc
trién khai trong nhiéu linh vic khac nhau nhu truyén thong, cong nghiép, y. té, glao duc, phan tich dir lieu
v.v. Trong md hinh IoT, céc dbi twong xung quanh ching ta déu c6 thé két ndi véi nhau va két ndi vao
mang Internet. 10T két nbi con ngudi, miy moc, dd vat va cac dich vu dé tao ra sy két ndi lién tuc nham
trao doi thong tin, ting cudng cac quyét dinh thoi gian thyc va mé ra nhimg co hoi méi trong cac linh vyc
ctia doi sdng [SAP affiliate company, 2014].

loT lan dau tién duoc giGi thiéu bai Kevin Ashton vao nam 1999. IoT duoc phét biéu nhu hé théng &
d6 mang Internet két ndi thé gigi thuc thdng qua mang toan cau sir dung cac bo cam bién dir liéu. Ngay
nay, IoT dwoc phat biéu gan lién véi viéc sir dung va nguoi st dung né. Cu thé, 10T 1a su sap xép mang
toan cau dong vai kha ning tu to chic dya trén chuan va cac giao thuc truyén thong tuong thich trong dé
nhitng d6 vat (Things) vat Iy va d6 vat 40 c6 ban sic, dac tinh vat 1y, va dac tinh 4o, sir dung cac bé mat
thong minh va duoc tich hop hiéu qua vao mang Internet.

Hinh 1 mé ta vé cac tng dung khac nhau cua loT. - E
Trong d6 c6 mét loai 10T rat th vi do 1a ToT cong ) - 3 T
nghiép (I1oT — Industrial 10T). 1loT Ia viéc st dung |[comm. e - ﬁj" L¥. oo
cac cng nghé 10T trong cac nha may ché tao. 10T ¢o | & : ul e Sffﬂ o -
su ho trg 1am thay do6i l1on cho cac cong doan khai & ,5 A% - Py T
thac mo va kim loai [SAP affiliate company, 2014]. - TRaspoRT W% —
Khai thac mo 1a hoat dong khai pha cac via kim @l\ : e

loai va khoang san tao ra gia tri kinh t& cho thg mo :
[www.wikipedia.com, 2018]. [oT dang m¢ ra nhitng  pmm /"
co hoi cho céc cong ty khai thdc mo theo duoi su truc

quan, an toan va hiéu qua trong khai thac. Cong tdc e &
khai thac mé gan véi viée suu tap dit liéu, phan tich ain
va tinh toan dé cai thién hig%u qua cong viéc, loi Hinh 1. Céc tng dung ciia I0T [J. gubbi et
nhuén, t6i wu tien trinh san xuat va tang cuong quan ly. al, 2013].

10T gdm hoc may va cong ngh¢ dit liéu I16n khai thac

dir lieu cam bién, giao tiép may-may va cac cong nghé tu dong hoa co mat trong the gigi cong nghiép.
IIoT dé cap dén cac may thong minh ma tot hon con ngudi trong viéc thu thap va truyen dix liu mot cach
ddng bo véi do chinh xac cao. 110T c6 tiém niang 16n vé quan ly cht lugng, phat trién xanh va bén viing,
truy xuat nguon gdc chudi cung wng. Trong nganh cong nghiép mo, nhiéu cong ty khac nhau nhu Rio
Tinto, GE, va BHP v.v. trién khai cong nghé 10T bang cach sir dung xe tai khong nguoi i trong qua
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trinh khai thac. Nhitng cong ty nay ciing thuc nghiém véi hé thong khoan doc lap, c6 thé hoat dong ma
khéng can sy can thiép cua con ngudi vao nhitng nam t6i. Nhitng nguoi ding hiéu biét trong nganh khai
thac mo dang tan dung tdi da cong nghé nay. Nhiing thuan loi chinh ma nhiing nguoi lao dong trong mo
da nhan ra khi tng dung cong nghé loT gom [The boss magazine, 2014]: 1) loT cung cap nhiing tién bo
trong cac k¥ thuat tu dong hoa bang viéc phat trién mang thiét bi ao dugc sir dung trong diéu hanh, nhu
vay chdng c6 thé 1am viéc dong thoi. Dicu nay mang dén nhiéu dir liéu hon va it sy phong doan hon dan
dén du bao chinh xac hon; 2) IoT gitp cho nganh mé noi lam viéc an toan hon bang cach loai bo céc
nguy co sup d6 cia cac dudng 10 khong on dinh hozc chan thuong do hoat dong ciia cac xe tai mo bang
cach cung cap dir liéu thoi gian thyc cho phép du bao noi nhitng su ¢b c6 thé xay ra; 3) 10T trong khai
thac mo gidp mo phat hién nhiing bo phan yéu kém cua thiét bi khi sira chita va bao tri; 4) 10T loai trir sy
phong doan vé phét trién va duy tri vi tri mo cho phép nhiéu san pham hon duoc khai thac va xir ly trong
thoi gian ngan hon; 5) 10T trong khai thac mo gitip tiét kiém ning lwong trong viéc phét trién va duy tri
mo va gilp mo dé dang hon trong viéc trang trai toan b chi phi va sinh ra loi nhuan rong déng ké; 6) loT
chi huy cac moéi truong vat Iy Ion, thay doi cac didu kién moi truong va thi truong, va kich thudc va sb
lwong thiét bi c6 quy md lén.
Hinh 2 biéu dién nhiing doi
méi cua khai thac mo va kim
loai khi ¢tng dung loT, gom:

Mining and Metals Innovations for the Internet of Things

5 Optimized Mine Operations i Sales and Supply Chain Management | Compliance and Risk Management
(1) Céac hoat dong mo dugc toi e e ™ s N
uu, bao gom: su tich hop bo * Pl dacrbomds andtendanaiss |+ Locaon mohgonce . Emecions moniaingand cotrl
cam bién va may moéc thoi O raesorng e L et mannaturk :
gian thuc, giam séat hoat déng " Gota e ngger rontonance warkion” »
doi xe, canh bao thoi gian 'i “
thuc, cac biéu do va phan tich y
xu huéng caa may moc/thiét  $100 billion $168 billion $70 billion
bi, cong tac hdu can va theo  [eemsieomrns e o5 8 e

ddi chat lwong, cam bién 16p
quang, lién két véi dir lieu ké
hoach tai nguyén cua doanh
nghiép dé kich hoat tién do
bao tri. Thi truong tiém ning vé c&c thiét bi tw dong cho van tai va hau can dy kién dat mirc 100 ti do la;
(2) Béan hang va quan ly chudi cung ng, bao gém: theo ddi cac hoat dong cua doi xe, cac xe chd hang tu
hanh, tin hoc hda cong tac hau can theo thoi gian thuc, vi tri théng minh, quan ly cang, mang thdng tin tai
san. Theo duy bao, tiét kiém tiém ning trong van chuyén hang hoa bing céch sir dung 10T c6 thé 1én dén
168 ti d6 la; (3) Sy tuén thi va quan 1y rui ro, bao gom: theo di su on dinh, cac thiét bi deo dé theo ddi
sirc khoe, giam sat va diéu khién sy phét thai. Theo dy bao, thi trrong cong nghé thude nhom nay dén
nam 2024 c6 thé dat 70 ti d6 la.

Hinh 2. IoT cho khai thac mé [SAP affiliate company, 2014].

2. IoTvva ing dung o
2.1. Tong quan vé nhitng dé xuat ieng dung 10T trong nganh mé

Lién minh vién théng québc té ITU (International Telecommunications Union) lan dau xuat ban béo cao
vé IoT nam 2005 da chi ra rang IoT l1a huéng nghién ciru méi cua Cong nghé thdng tin va Truyén thong
(ICT). Hai thao trong khudn khé chau Au vé 10T Ian dau tién dugc dién ra trong khoang tir nim 2006 dén
2008 va cubi cing IoT dwoc ra mat [Internet of things history, 2011]. Ban dau IoT duoc phét trién va ung
dung cho cac nha may, gitip ting s6 lugng san pham véi cac cong nghé nhan dang duy nhat nhu ma vach,
RFID (Radio Frequency ldentification), cac bo cam bién théng minh trén cac thiét bi ca nhan va dung cu
gia dinh. Nhitng céng nghé nhan dang nay 1am cho san pham duoc giam sat va theo ddi trong sudt vong
doi cua chang. Viéc nay cé thé ting hiéu qua cua nganh cdng nghiép truyén thong bang céach gioi thiéu
cac ky thuat xir 1y va trao ddi dit liéu méi.

Céc tac gia [Zhang jian, Zhang su-ping, li jie, 2011] chi ra ring viéc sir dung loT trong cac mo than
gilp theo ddi va chan doan tinh trang cua thiét bi khai théc va san xuét vat lidu, van chuyén, luu trix, sir
dung, bao tri va nhitng két ndi khac. An toan mo trong san xuit, canh b&o hiém hoa sém, ciru ho khan cép
dugc hién thuc héa. Mirc d6 tw dong héa toan bo mo duoc ting 1én va an toan san Xuat mo than dwoc cai
thién. DBé xuat [Denghong, 2011] chia cac thanh phan cia mé thanh “con ngudi, may méc, vong, éng” va
phéat minh hé théng thong qua tai san mé, vi thé, ching trg thanh mot hé thdng thdng nhit, dé dat duoc su
tuong tac giita cac dd vat, dé dat duoc sw nhan dang moé thong minh, dinh vi, theo ddi, gidm sat va quan
ly. Zhao va nnk giai thich y nghia thyc tidn cua IoT trong cac mo. Ho cho rang loT cung cap cac chiic
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nang cua thiét bi dang tin cdy dé tao ra tat ca cac thiét bj tap trung trong mang c6 thé diéu khién va phan
tich, so sénh thdng tin dit liéu hiéu qua dé dat duoc su dy bao hu hong tét [W. T. Zhao, j. Dong, 2012].
Sun va nnk (2011), chi ra rang su két hop véi nhan thirc thdng tin, truyén thong tin, xt ly théng minh,
cong nghé diéu khién va cong nghé khai thac hién dai c6 thé dugc &p dung dé thiét Iap hé théng mang
diéu phdi 10T vé an toan san xuit mé véi nhan thirc dong vé tinh trang tai nan ciia mo, trang thai thiét bi
va moi truong an toan cho ngudi lao dong dé c6 sy quan 1y va diéu khién phéi hop cta nguoi lao dong,
may moc, thiét b1 va o s¢ ha tang trong day chuyén san xuat trong méi truong phic tap va giai quyét
hiéu qua nhitng van d& vé an todn mo va ngin chin tai nan co ban. Trong khi dya trén cam bién phan tan
thong tin an toan, diéu khién phdi hop ciia qué trinh san xuét, xir ly nhan dang thdng tin an toan, truyén
dir liéu cua mang cam bién dung thoi gian trong khéng gian hdn hop bi giéi han [Sun, Yan-jing, et al,
2011]. Bé xuét trong [WANG, Xin, et al, 2011] sir dung céng nghé IoT dé nghién ciru va trién khai h¢
thdng dinh vi thoi gian thuc cia mo than. Hé thong khic phuc han ché cua hé thong dinh vi cii dya trén
RFID. M6t mat, né ¢6 thé nhan ra su ¢6 mat ¢6 cong nhan mo, mit khéc nd thuc hién dinh vi thoi gian
thuc trong mo than. Két qua thuc nghiém chi ra rang hé théng cé chi phi thap, 6n dinh, kinh té va tin cay.
Do chinh xé4c cua dinh vi I trong pham vi 3 mét. N6 cung cap tinh ning co ban khdng chi cho ngan chin
va giam ty 1¢ tai nan mo than ma con cai thién hiéu qua viéc ctiru ho va di tan khan cap. CAc tac gia trong
[Y.J. Qi, w. L. Ji, g. Li, 2013] lam viéc vé thiét ké hé théng giam st trong mo than dua trén IoT va dua
ra cdng nghé str dung 10T cho mé chdng nhiéu, nhay cam va c6 ning sudt cao. Cac diéu kién dia chat
phirc tap c6 thé duoc gidm sat bang cach két hop 10T véi thiét bi dua xudng 15 khoan va nhitng quyét
dinh pha hop cho cong viéc c6 thé dugc tao ra véi viéc s dung cac may thong minh giup ting thém an
toan lam viéc trong mé [Y. J. Qi, w. L. Ji, g. Li, 2013].

Nam 2013, Vermesan va nnk ching té rang viéc sir dung loT trong cdng nghiép véi cac tng dung
M2M, chét lugng khdng khi trong nha, giam sat nhiét do, dinh vi trong nha va chan doan tu dong duoc dé
cap dén sy hoi tu cua cac thanh phan vi dién tir va vi dién trong thiét bi cam bién, sy phd bién cuaa truyén
thong, su phat trién caa vi ro-bdt, sy tly bién tao ra sy kha dung boi phan mém sé& thay ddi déang ké thé
gidi san xuat [0.Vermesan, P.Friess, 2013]. Nam 2014, Wu He va nnk chi ra rang 10T cung cép co hoi
day hira hen dé xay dung cac hé thdng cong nghiép manh mé va céc tng dung bang céch tan dung su phd
dung cua nhan dang qua tan sé v tuyén (RFID), khong day, di dong, va cac thiét bi cam bién [Da Xu, Li,
Wu He, and Shancang Li, 2014]. Nam 2013, Fluid Intel xut ban bai bdo vé& cac cong nghé cho cong
nghiép mo giai thich rang nhiing cac bo cam bién va céc thiét bi truyén dong trong cac méy méc va mang
chiing vao thé gidi duoc két ndi dang lan rong nhanh chéng. Phin mém c6 tén AdaptFMS duoc tao ra co
thé khai thac loai cong nghé nay. Cac bo cam bién bé tir xa, vi du, muc binh nhién liéu duoc tinh toan va
dir liéu d6 duoc day truc tiép dén phan mém vi thé cho phép khach hang giam sét sy cung cip nhién liu
cua ho theo thoi gian thuc thong qua hé thdng dwa trén web. Sir dung cong nghé nay, tiéu thu nhién liu
c6 thé dugc gidm sét tir bat cir dau va bat ca khi nao [Fluidintel, 2012]. Céc tac gia [A.Boulter R.hall,
2015] chi ra rang céc cong nghé tu dong héa nhu IoT dang duoc trién khai vao cong nghiép mo dé cai
thién hiéu qua san xuat, giam chi phi bao tri va cai thién do tin cay.

San xuat mo thuong gan lién véi buc nuéc, chay mo, nd khi, bui than, chéng thim va cac tham hoa
thién nhién phirc tap khéc va voi nhiing dic diém vé cac diéu kién lam viéc nghéo nan, nguy hiém. loT
nhu 14 cong nghé méi cung cp ky thuat méi cho an todn va bao mat cho san xuat ham 10. Theo sy can
thiét vé san xuit an toan mo, cac cdng nghé chinh cia ToT dugc gidi thiéu. Cac cong nghé do 1a cong
nghé RFID duoc sir dung véi d6 vat duoc gin nhan, cong nghé cam bién dwoc sir dung dé nhan biét
nhimg d6 vat, cong nghé thong minh duoc sir dung dé hiéu vé nhitng d6 vat, va cdng nghé an toan bén
trong. Cac cong nghé 1oT chinh caa mé va ndi dung nghién ctru duoc phan tich su cung cép huéng
nghién ctru va ung dung 10T caa mo [Q. Wei, s. Zhu, and c. Du, 2011]. [R. B. Lan, 2014] d& xuat trong
IoT, mdi thiét bi dau cudi c6 kha ning nhan thicc moi thir thong qua chia sé thong tin, do d6 tao ra quyét
dinh didu khién c6 ly va su quan Iy khoa hoc phu hop cé thé duoc trién khai. Hé thdng két ndi d6 vat cua
mé c6 thé duoc thiét 1ap sir dung 10T hién dai gidp mdi thiét bi dau cudi dat dugc thong tin dé tao ra su
tinh toan va dam bao quyét dinh hop 1y twong wng. Thang tin chinh x4c va cai thién nhiéu hoat dong quan
1y.

Cac tc gia [Sun, Ji-Ping, 2011] dé xuét cac dc diém cua 10T cua mo than nhu sau: su bio vé no dién,
angten truyén khong day pham vi rong, khéng tin hiéu GPS trong mo ham 10, cdng suét truyén khong day
thip, kha ning chéng nhiéu va chong 16i manh mé, pht hop cho sir dung ciu tric cay, khoang cach truyén
dai, lap tin hiéu khong phu hop dé sir dung, s6 lwong 16n thiét bi, kha ning thich nghi manh mé cua sy
bién dong dién &p mang, tot & muc hiéu suat bao vé, v.v. Céc van dé chinh dugc dua ra can dugc xir ly
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trong 10T ciia mo than: Cac chuan ma héa thong tin, xir Iy truyén, v.v.; thir hai, cc san pham truy nhap an
toan sir dung trong mo trong tién trinh diéu khién tong thé; thir ba, toan bg sy quan Iy tién do va kiém soét
nd an toan trong san xuat, van chuyén, luu trir, st dung, v.v.; thir tu, sy quan 1y va diéu khién cua cac
thiét bi chinh trong toan bo day chuyén, san xuat, luu trit, ng dung va bao tri dwoc bao gom; thir nam, vi
tri chinh xac cua nhan vién, nhan dang, huin luyén va giam sat ty dong; thir sau, giam dinh khi than,
thanh tra an toan, ky thuat né min, tho may toi, may cat, diéu khién bom nudc va céc thiét bi diéu khién
chung, kiém soat khoa méi trudng-con nguoi; thir bay, diéu khién tir xa bé mat lam viéc khong nguoi lai
mit dat; thir tam, quan 1y va diéu khién than tai noi san xuat, van chuyén, ban hang va sir dung; thr chin,
quan ly thiét bi ciru hg khan cap, doan xe ctru thwong v.v.; tht mudi, thim do dia chat than, thiét ké, xay
dung mo than, san xuat an toan, quan ly va quan tri. Céc tac gia [Wang, Feng, et al, 2017] tién hanh mot
cudc khao sat dé cap dén sy phét trién trong tuong lai vé loT gém kha niang mo rong mang, ludng dit liéu
dugc tao ra I|en tuc, cac phuong phap xir ly dir liéu hdn hop dé sir dung trong cong nghiép. Nhing phét
trién gan day vé loT trong nganh mo s&€ gilp du bao thoi gian ngung lam viéc, nang cao hiéu qua, cach
mang héa an toan, hd trg ra quyet dinh, cac mo6 duoc ty dong lam tdng cdc mé hinh da chiéu thoi gian
thuc va duoc sir dung dé téi uu hoa so @ quy hoach, didu hanh, dudng di cua phuong tién cua mé va didu
phdi tat ca cac bo phan cho didu hanh mo hiéu qua nhat.

2.2. M0 ta vigc trién khai 10T trong nganh mé

Hién tai, truyén dit liéu cua mang Ethernet va cac cong nghé dua trén cac bo cam bién, cac thiét bi
truyén dong cho IoT, bang rong khong ddy, cap quang dang duoc xay dung dé giam nguy co tiém an cua
cac mo va day nhanh qua trinh xir ly théng tin cac du an khai théc mo. Trong nhiing phan sau day, viéc
xay dung hé théng va céc tinh ning ciia cuia mé than dua trén IoT duoc phén tich dé lam rd viéc sir dung
IoT trong cac nganh cong nghiép mo. Céc chirc ning chinh ciia nén tang cong nghé tu dong hda mo than
dua trén IoT duoc lam sang to [X. zhang, X. Yang, 2014].

Cong nghg IoT dang duoc st dyng rong rai trong nganh cong nghi¢p mo bai vi no giai quyét nhiing
han ché cuia hé thong giam sat va diéu khién truyen théng cua cac mo. Nhitng han ché d6 1a: hiéu suét
thoi gian thuc kém, tinh tuong thich, tbc do thap, ving pha séng han ché va thiéu sy linh hoat. 10T cung
cp mang cac cam bién méi, cam bién khong day va cong nghé RFID cho san xuit an toan cua cac moé
hién dai. 10T xay dung mang che phu noi su trao di thdng tin dién ra khong c6 cé giao thoa. Hé thong
dugc xay dung st dung IoT c6 cac tinh ning ctia tw dong hda, tw phan hdi thong tin va diéu khién théng
minh. Dé giai thich viéc sir dung loT trong nganh cong nghiép mo, mot vi du vé mé than dugc sir dung.
Xay dung hé théng va cac tinh niang cua mo than dua trén loT: Tu dong héa mé than gidp cho viéc thanh
lap mot phuong phap téng thé cho khach hang vai nhiéu chirc nang nhu giam sat, diéu khién thiét bi va
phat hién hé théng. 10T trong nganh mé c6 nhiéu dic diém khac nhau 1am cho né c6 mot céch tiép can
hoan hao cho sy phét trién trong cong nghiép. N6 xay dung ha ting giam sat, phuong thirc 1am viéc hiéu
qua. Nhin chung, né cung cdp mot hé thdng giam sat mang thong nhat.

Céc dic diém bao gom téc do cao, luu trix, chia sé va cung cap thong tin san xuét cua doanh nghiép
theo thoi gian thuc lam cho mo thuan tién cho ngudi quan 1y dé dua ra nhitng quyet dinh phu hop. Téc do
cao dam bao sy nhanh chong, 6n dinh va tin cay cua viéc xu Iy dit liéu san xuat. N6 ciing hiru ich trong
viéc thyc hién chia sé tai nguyén. Viéc luu trit dir liéu duoc thyc hién bang cach st dung cap quang vong
khién nd c6 thé truy cap dé kiém tra va phén tich. Cac dic diém chinh khéac 1 sy 6n dinh va an toan dam
bao sy mwot ma cua dit liéu. V& myc tiéu an toan, phin mém vi rat va tuong hra cimg duoc sir dung dé
dam bao sy ty dong hda 6n dinh thich hop véi ciu tric website va trinh duyét web cua khach hang. Bang
1 md ta kién tric 4 16p cua 10T [Zhang jian, Zhang su-ping, li jie, 2011].

Bang 1. Kién tric 4 tang cua 0T [Zhang jian, Zhang su-ping, li jie, 2011]
TT Tang M0 ta
Tang nay dugc tich hop voi phan cing san ¢6 (RFID, céc bo cam bién, céc
bo truyén dong, V.v.) dé hiéu/didu khién thé gigi thuc va thu duoc dir lidu
Tang nay cung cap hd trg mang va truyen dir liéu co ban trén mang khong
day hoac c6 day
Tang nay tao va quan ly cac dich vu. Né cung cap cac dich vu dé théa mén
nhu cau ngudi ding
Tang nay cung cap cic phuong thuc giao tiép vai ngudi dung va cac tng
dung

1 | Tang cam bién

2 | Tang mang

3 | Tangdich vu

4 | Tang giao dién
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Phuong thte thyc hién cua loT trong mo than: C6 nhidu phuong thirc thyc hién nén tang loT trong céc
mé. Mot trong sé d6 1a viéc sir dung cac ché do truy cap. C6 3 ché do truy cap:

- Méy chi truyén théng nén tang mé (OPCS): Pay la chuong trinh phan mém rang chuyén doi giao
thie truyén thdng cing thanh giao thiac OPC. May khach OPC sir dung may chu OPC dé lay dit liéu tur
hoac giri 1énh dén phan cing. OPC gitip diéu khién tién trinh trén ting site bang cach trao doi dit ligu thoi
gian thuc.

- Ché a9 truy cép co sé dir ligu: Cac co s dir liéu khac nhau gom phan mém cau hinh IoT, diéu
khién mat dat va cac hé thong diéu khién tha cong co céc giao dién két néi trao ddi thong tin trén va dudi
mit dat d& dang.

- Mb hinh truy cap mang Ethernet: Cac mé phan Ion st dung cac duong truc chinh RS485, 422 va
CAN, kha ning thu duoc dir liéu cua ching 1 thip va sic bén kém hon. M6 hinh mang Ethernet c6 thé
khac phuc tat ca nhitng han ché nay bang céch truyén dir ligu thoi gian thyc vao giao thirc Ethernet cong
nghiép thich hop va sau do dit liéu nay duoc xir Iy bai may chu thu nhan dé phan tich dit liéu lon va lam
Viéc cua mo an toan hon.

Céc chirc nang chinh cia nén tang cdng nghé tu dong hda mo than dua trén 10T: Viéc tu dong héa mo
than gom 3 ky thuat xur ly da chiéu, céc ky thuat mang va ky thuat xir ly thong tin gilp viéc quan Iy théng
tin, giam sat s cac khu vuc va ty dong héa qua trinh san xuat dudi long dat. Thong tin nay c6 thé dugc
quan 1y dong thoi. Bang 2 mé ta vé cac chirc nang co ban trong ty dong hda mo st dung loT.

Bdang 2. Cac chiic nang co ban trong tw dong hda mo sir dung 10T [The boss magazine, 2014]
TT Chirc nang Dién giai
Céac bo cam bién dua trén IoT dugc sir dung dé suu tap dir liéu vé cac
diéu kién vat 1y nhu nhiét do, do 4m, v.v. trén bé mat lam viéc. Dt liéu
nay duoc trao d6i vai may tinh chu theo cac khuén mau béo céo, biéu do

biéu khién két ndi
1 | san xuét an toan theo
thoi gian thuc

V.V.
5 Theo doi ngudi lao | St dung IoT dé theo doi, kiém soat su xuat hién, diéu kién lam viéc cua
dong nguoi lao dong, tranh mat mat dot ngot nhirng théng tin lién quan.
\ , , . | Nhén vién ky thuat phén tich lién tuc tat ca c&c loai hoat dong mé theo
Canh bdo som tai | . ... . T YRS I AP
3 S dix liéu thu thap; nghién ctru ti mi moi de doa tiém an va gui céc tin hié¢u

nan khat thac mé canh béo kip thoi,

Thuc hién ctu ho | Do theo ddi lién tuc va str dung cac ké hoach dit liéu khan cap trudc d6
4 | khan cip va ctu tro | c6 thé dé dang dwoc phét trién va trong trudng hop khan cap, vi tri tai

thién tai nan, céu tric dia chat c6 thé duoc xac dinh.
5 | Su thyc hién quan ly | Su phan tich cac hé thong ty dong vé viéc mua ban, chat lugng dau ra,
thong tin mo than quan ly khéch hang, quan ly nhan sy c6 thé dé dang duoc thiét lap.

3. Kha ning trién khai loT trong nganh mé tai Viét Nam

Qua phan tich & trén, tng dung cua loT trong nganh mo 1a kha da dang va khong doi hoi co so ha tang
phtic tap. Loi ich ma IoT dem lai Ia rit to I6n va duoc thé hién kha rd trong cac dé xuét. Theo tac gia,
Viét Nam c6 du diéu kién dé trién khai wng dung IoT trong cac cong doan san xuat khai thac moé. Viéc lua
chon cdng nghé, thiét bi, ting dung phi hop s& dem lai hiéu qua kinh té cao cho nganh mé. Hién tai ¢ cac
mé & Viét Nam, viéc trién khai cac day chuyén tu dong hda mo 1a chua dang ké hodc con rai rac, nho 1é.
Mot s mé than ham 16 da trién khai hé théng do khi tu dong sir dung céc bo cam bién dat trong céc
duong 10 rdi giri két qua vé may tinh diéu khién. Can ctr vao nhitng phan tich ¢ trén, tac gia dé& xuét
nhimg linh vuc trong day chuyén khai thac mo cé thé ap dung dugc loT gom: (1) Bong bo hoat dong cac
thiét bi khai thac mo; (2) Theo ddi khi mo; (3) Theo ddi méi truong mo; (4) Pinh vi va theo ddi sirc khoe
cho ngudi lao dong trong mo ham 10; (5) Du bao tai nan trong mé ham 10; (6) Thuc hién ciru ho khan cap
V.V.

Dé trién khai ng dung 10T vao nganh mo & Viét Nam c6 hleu qua, can c6 nhung g|a1 phap dong bo va
su chung tay, gop st cia cac co quan ban nganh c6 thim quyén. Tac gia xin dé& xuat mot sb kién nghi
sau:

- Tap doan cong nghiép Than - Khoang san Viét Nam (TKV) hoic cdc mé can can nhic ky ludng
trong viéc lya chon thiét bi 10T phu hop véi didu kién san xuat caa mé.

- Lua chon cac don vi cung cip cac giai phap Cong nghé Thong tin c¢6 du ning luc dé trién khai cac
giai phap loT hiéu qua.

- Hién cac chuan vé ToT chua hoan thién, thiét bi ciing dang trong giai doan hoan thién nén can can
nhac thoi diém trién khai tng dung 10T va lya chon cong doan phi hop trong day chuyén khai thac dé ap
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dung céc giai phap loT.

- Bo Théng tin va Truyén thong can sém ban hanh luat vé viéc trién khai sir dung cac dich vu loT,
trong d6 phai cip phat bang tan cho céc thiét bj 10T; sém trién khai dia chi IPv6 dé hd tro tot cho 10T; thu
hoi va ban hanh dau s6 di dong cho céc thiét bi loT.

4, Két luan

Bai béo trinh bay tong quan vé su phét trién gan day cua loT trong nganh céng nghiép mo. Véi sy xuét
hién cua cac thiét bi thong minh, cac nén tang quan ly va két ndi tién tién, 10T va truyén thong M2M da
tao ra sirc bat trong nhiéu linh vuc khac nhau cua nganh moé. 10T |a mét trong nhirng lién danh cong nghé
mGi nhat cua linh vyc ndy. N6 dam bao an toan va cac didu kién lam viéc phi hop hon ciing nhu gop
phan ting truong kinh té quoc gia. Nganh khai thac mo co déng gop quan trong trong nén kinh té quoc
dan véi nhitng yéu cau truyén dix I|eu manh mg&. Vi vay, phuong phap cong nghé ndng cao hiéu qua cua
cong nghiép mo 1a phu hop, cung cép noi lam viéc an toan véi tién bo trong ky thuat tu dong hoa sé loai
bo cac phong doan. IoT dwgc xem nhu nhitng thiét bi co s ha ting mang toan cau dya trén cam bién,
truyén thong, mang va céc cong nghé xir ly théng tin, cung cap cac loi ich nhu ning suat cao, an toan,
quan ly tai san, cung ung dich vu duoc két ndi, canh béo thoi gian thuce v.v. Nhu da dé cap ¢ trén, cong
nghé 10T van c6 mot s han ché nhu thiéu chinh sach va bao mat, tinh twong thich, phtic tap, giam nhan
cong va co thé tao ra sy y lai. Can c6 céc giai phéap thich hop cho nhitng han ché nay dé 1am cho IoT dang
tin cay hon.
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ABSTRACT

loT applications in Mining industry and application possibility
in Vietnam

Nguyen Duy Huy?!
1Hanoi University of Mining and Geology

10T is the palatform of Industry 4.0. According to the forecast, in 2020, there will be tens of billion of
devices in the world connected to Internet. 10T will be widely applied in various fields of life, economics,
social as well as mining. This paper presents an overview of 10T applications in general and in mining
industry in particular. In addition, the paper also proposes some petitions to deploy loT applications in
mining more efficiently.

Keywords: 10T; industry 4.0; mining.
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E‘RSXB- ; ~_ HOINGHI TOAN QUOC KHOA HQC TRAI DAT
o emereme  VATAINGUYEN VO'I PHAT TRIEN BEN VNG (ERSD 2018)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nghién ctu va img dung cay quyét dinh trong bai toan
tuyen dung nhan su

Ding Vin Nam®*, Nguyén Thi Phuong Bac', Nguyén Thi Hai Yén*
! Truong Dai hoc M6 - Dja chat

TOM TAT

Thé gi¢i dang budc vao cudc cach mang 4.0, Tri tué nhan tao (Artificial Intelligence), Dit ligu Ion (Big
Data), Hoc may (Machine Learning), Hoc sau (Deep Learning) da dugc nghién ciu, ap dung va phuc vu
cho rat nhiéu linh vyc. Véi cac cong ty, doanh nghiép noi chung, dic biét 1a cac cong ty vé cong nghé
thong tin viéc tuyén dung nhan sy la viéc 1am mang tinh chat chién luoc va dugc thuc hién rat thuong
xuyén, lién tuc; Nham tuyén dung duoc nhitng tmg vién dap ung dugc cac yéu cau cong viéc. Tuy nhién,
V6i hang traim ho so ndp vao cho mdi vi tri tuyén dung, viéc sang loc dé chon ra duoc nhitng hd so tng
vién c6 tiém nang khong phai 1a mot cong viéc dé dang. Trong bai béo nay nhom tac gia sé trinh bay cac
noi dung vé cay quyét dinh (Decision Tree) va viéc tng dung cdy quyét dinh trong mot bai toan thuc té
d6 1a hd tro viéc ra quyét dinh tuyén dung nhan sy dua trén co so dir liéu lich st tuyén dung trudc day.
Nhom tac gia ciing tién hanh 1ap trinh module 1D3_hire _employees bang ngdn ngir Python st dung thuat
toan I1D3 dé minh hoa mot cach tryc quan viéc xay dung cay quyét dinh véi mot tap dit lidu cu thé.

Tur khéa: Cay quyét dinh; ID3; Hoc may

1. Pat vén dé

Gia st mot cong ty vé cong nghé thong tin (CNTT) dang can tuyén nhan vién cho vi tri lap trinh vién,
vi tri nay dugc tuyén dung lién tyc nham dam bao ngudn nhan lyc cho viéc hoan thanh céac du &n. Véi
mdi mot hd so tng vién tuyén dung bao gdm 06 thudc tinh, trong d6 c¢6 05 thudc tinh quan trong anh
huéng téi quyét dinh tuyén dung tmg vién d6 va 1 thudc tinh cho biét két qua g vién d6 c6 dugc tuyén
dung hay khong? Chi tiét cac thugc tinh ciia mot tng vién nhu trong bang 1.
Bang 1. Danh sé&ch céc thugc tinh ciia mét ho so
STT | Teénthuoctinh | Gia tri caa thudc tinh Y nghia

Pai hoc, Cao déng,
trung tdm tin hoc

1 | Level Cho biét trinh d¢ dao tao cua ung vién

Cho biét g vién do6 hién tai dang di lam hay
khéng?

La mot sd cho biét sé lwong cong ty ma ung
vién do6 da ting lam.

Cho biét trudng ma ung vién dé duge dao tao co
4 | Top_Train Co, khong nam trong s6 cac truong hang dau vé CNTT hay
khéng?

Cho biét g vién da tirng tham gia vao mot du
&n thyc té lién quan khong?

Cho biét két qua mg vién d6 c6 dugc tuyén
6 | Result C6, khong dung (c6) hay khong dugc tuyén dung (khdng)
vao cong ty?

2 |Job Co, khong

3 N_Company 0,1,2...

5 | Project Co, khong

Bang 2 bén dudi bao gom 15 b dix ligu cho biét két qua tuyén dung ciia cong ty cho cac lan trude day,
day chinh la dir liéu lich st tuyén dung (Training data) cua cong ty cho vi tri nay. Cau hoi dat ra la vei
nhu cau tuyén dung hién nay cua cong ty s& cd rat nhiéu hd so tng vién dugc nop vao dé dang ky, do d6
dé hd tro cho viéc phan 16p mot tng vién dua vao cac thudc tinh da dé cap & trén trén co so dir liéu lich
sir tuyén dung trudc day dé hd tro viéc ra quyét dinh xem tmg vién d6 s& dugc phan vao Iop dugc tuyén
dung hay khong duoc tuyén dung.

*Tac gia lién h¢
Email: dangvannam@humg.edu.vn
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Bang 2. Tap diz liéu lich sir tuyén dung nhan s (Training data)

st7 | 1D hd Céc thudc tinh chinh caa hd so tng vién Result
so Level Job N_Company | Top_Train | Project

1 0175 | Pai hoc Cé 2 Khéng Khéng Cé
2 0217 | DPai hoc Khéng 1 Co Co Co
3 | 0222 | Cao dang Khong 4 Khong Khéng | Khong
4 0310 | DPai hoc Co 1 Co Khong Co
5 0343 | Dai hoc Cé 5 Co Khéng Co
6 0356 | Dai hoc Khdng 1 Cé Cé Cé
7 | 0432 | Cao ding Co 0 Khong Khong | Khong
8 0477 | Dai hoc Khéng 6 Khéng Co Co
9 0489 | Trung tdm tin hoc Co 2 Khéng Co Co
10 | 0490 | Cao ding Khong 3 Khong Khong | Khdng
11 | 0551 | Paihoc Khbéng 0 Co Khbéng Co
12 | 0563 | Trung tam tin hoc Cé 3 Khoéng Co Co
13 | 0742 | Pai hoc Khoéng 0 Khéng Khong | Khbng
14 | 0777 | Trung tdm tin hoc Cé 4 Khéng Khong | Khbng
15 | 0812 | Cao ding Khong 5 Khdng Cé Cé

Gia sir c6 3 hd so (g vién mai ndp vao cong ty dé dang ky tuyén dung (Bang 3), chiing ta da biét cac
thuoc tinh Level, Job, N_Company, Top_Train, Project, va chua biét dugc gié tri ciia thudc tinh Result.
Yéu cau dit ra la dya trén co so dit liéu Training data dy doan gia tri cho thudc tinh Result xem hd so nao
c6 dugc tuyén dung hay khong dwoc tuyén dung vao cong ty.

Bang 3. Diz liéu ho so irng vién méi (Testing data)

J— | hd Céc thudc tinh chinh caa hd so ang vién Result
o Level Job N_Company | Top_Train | Project
1 1001 | Pai hoc Co 3 Khoéng Khong | Cd/khong?
2 | 1002 | Cao ding Co 2 Co Co C6/khbng?
3 1003 | Trung tdm tin hoc Co 2 Co Khong | Cdé/khong?

Trong noi dung cua bai béo, nhdm tac gia s& nghién cau vé cay quyét dinh va (ng dung giai thuat cay
quyét dinh trong viéc phan I6p ho so tuyén dung, nham muc dich hd trg viéc ra quyét dinh; Nhom tac gia
s& tién hanh tinh toan va xay dung cay quyét dinh str dung thuét toén lterative Dichotomiser - ID3 v&i tap
dir liéu mau duoc cho trong bang 2 tir 6 x4c dinh tap luat twong tng va gia tri Result cho trong bang 3.

2. Cay quyét dinh ]
2.1. Gigi thigu vé cay quyét dinh

Cay quyét dinh 12 mot cau triic phan cap cta cac nit va cac nhanh c6 céc tinh chat sau:

e MJi nat trong (internal node) biéu din mot thuoc tinh can kiém tra gia tri (an attribute to be
tested) ddi véi céc cac tap thudc tinh.

« Nt 14 (leaf node) hay con goi 1a nat tra loi biéu thi cho mét 16p cac trudng hop ma nhén cua né la
tén cua Iop, nd biéu dign mot 16p (a classififcation)

o N0t nhanh (branch) tir mot nit s& twong &ng véi mot gia tri co thé cia thudc tinh gan véi nit do.

e Nhn (lable) ctia ndt nay 1a tén cua thudc tinh va c6 mot nhanh ndi nat nay dén cac cay con ung voi
mdi két qua c6 thé co phép thir. Nhan ciia nhanh nay la cac gi tri cua thudc tinh d6. Nut trén cung goi Ia
nat goc.

Qua trinh xay dung mot cay quyét dinh cu thé bat diu bang mét nit rdng bao gdbm toan bo cac ddi
tuong huin luyén va lam nhu sau:

Budcl: Néu tai nat hién thoi, tat ca cac ddi twong huan luyén déu thuoc vao mot I6p nao do thi nit nay
chinh 1a n(t 14 c6 tén |1a nhan 16p chung cua cac dbi tuong.

Budc 2: Trudng hop nguoc lai, sir dung mot do do, chon thudc tinh diéu kién phan chia tét nhét tap
mau huin luyén c6 tai n(t.

Budc 3: Tao mét nit con cua nat hién thoi bang s céc gia tri khac nhau cua thudc tinh dugc chon.
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Gan cho mdi nhanh tir nut cha dén ndt con mot gia tri cua thudc tinh roi phan chia cac ddi tugng huan
luyén vao cac nat con twong (rng

Budc 4: Nt con K dugc goi la thuan nhét, tré thanh 14, néu tat ca cac d6i twong mau tai d6 déu thuoc
vao cung mét 1ép

Budc 5: Lap lai budc 1 — 3 dbi véi mdi nut chua thuan nhat.

outlook?

Hinh 1. Vi du vé cay quyét dinh

C6 nhiéu thuat toan dé xay dung cay quyet dinh nhu ID3, CART, J48, C4.5...Viéc lya chon thuat toan
nao dé viéc phan 16p dat hiéu qua cao, két qua déng tin cdy phu thudc vao nhiéu yéu té, trong d6 ciu tric
dir liéu cuia cac thudc tinh s& ¢6 anh huong I6n dén két qua cua cac thuat toan.

Vi dit liéu lich sir tuyén dung nhu trong bang 2 ta c6 thé chuyén ddi tat ca gié tri cua cac thudc tinh vé
cling mot dang dit liéu s6 nhu sau: Véi thudc tinh Level: Gi4 tri “Pai hoc” ~ 2, “Cao ding” ~ 1; “Trung
tdm tin hoc” ~ 0; Vai cac thude tinh Job, N_Company, Top_Train, Project, Result: Gi4 tri “C6” ~ 1,
“Khong” ~ 0; Bang 4 thé hién két qua chuyén doi dir liéu cua céc thuoc tinh trong bang 2 vé cing mot
kiéu dir liéu dang so.

Bang 4. Tdp dit liéu da chuyén doi vé dang sé

d 4¢ thudc tinh chinh cua hd so v ié
STT ID ho Cac thuoc tinh chinh cua ho so ung_wen _ Result
SO Level | Job | N_Company | Top_Train | Project
1 0175 2 2 0 0 1
2 0217 2 1 1 1 1

oo |-

3 0222 1 4 0 0

Trong sb cac thuat toan xay dung cay quyét dinh o trén ID3 14 thuat toan ra doi tir rat sém, tuong ddi
phd bién va dic biét thuat toan nay ¢ hiéu qua phan 16p cao ddi voi tap dit liéu c6 gié tri cua thugc tinh 1a
s6. Vi vy, nhém tac gia lya chon thuat toan ID3 dé tién hanh xay dung cay quyét dinh cho tap di liéu
tuyén dung nhan sy & trén.

2.2. Thugt toan ID3

Dé xay dung cay quyét dinh véi thuat toan ID3 trude tién can xac dinh thi tu cia thudc tinh can dwoc
xem xét tai mdi bude. Trong truong hop ddi twong cé nhiéu thudc tinh va mdi thudc tinh ¢ nhiéu gia tri
khéc nhau thi viéc xac dinh dugc thtr ty tdi wu nhét cua cac thudc tinh thuong 14 rt khé. Vi vay, dé don
gian y tudng ctia ID3 nhu sau:

e Thuc hién giai thuat tim kiém tham lam di véi khong gian céc cay quyét dinh c6 thé.

e Xay dung cc nat tir trén xudng (Top-Down), bét dau tir nat goc.

e O mdi nut, xac dinh thudc tinh kiém tra 1a thugc tinh ¢ kha ning phén loai tot nhat.

e Tao méi mot cay con cua nit hién tai cho mdi gia tri ¢ thé cua thugc tinh kiém tra, va tap dit liéu
dau vao s& duoc tach thanh cac tap con tuong ing Vi CAc cay con vira tao.

o MGi thugc tinh chi dugc phép xuat hién téi da 1 1an ddi véi bat ky duong di nao trong cay.

e Qué trinh phat trién cay s& tiép tuc cho t6i khi:

o Cay quyét dinh phan loai hoan toan céc dit liéu diu vao.

o Tét ca cac thudc tinh tap dit liéu dwoc sir dung.

Nhu vay, dé thuat toan 1D3 thuc hién dwoc, cin phai xac dinh dugc thi tu chon cac thudc tinh va chon
dugc thudc tinh quan trong nhét cho viéc phan I6p tng vé6i nat d6. Tham sé dwoc sir dung dé xac dinh
thuoc tinh phan loai t6t nhat cho mdi budc 1a Information Gain.

2.3. Xdc dinh Information Gain

Information Gain dugc xac dinh thdng qua Entropy ciia mot tap.
Entropy do murc d6 ho tap cia mét tap, Entropy cua tap S doi vai viéc phan 16p cd n I6p duge xac dinh
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nhu sau:

i
Entropy(S) = — Zm = logy (p;)
=1

Trong d6 pi 1a ty 1& cac dbi tugng trong tap S thudc vao 16p i, va 0*log0 = 0

e  Entropy = 0 néu tit cic cac ddi twong déu thudc vao cing mét 16p.

e Entropy = 1 néu cac dbi twong thudc vao cac 16p ¢b sb lwong nhu nhau.

e Entropy € (0,1) néu cac ddi twong thudc vio cac 16p khac nhau c6 s6 lugng khac nhau.
Information Gain do mirc d6 giam Entropy néu chi tap S theo céc gia tri cua thuoc tinh do.

Information Gain cta thudc tinh A d6i véi tap S dugce tinh nhu sau:

Gain(5, 4) = Entropy (5) — Z &Eﬂrmpy{&]
vevaiusz(4d) 5
Trong d6 Values(A) 1a tap gia tri c6 thé cua thudc tinh A, va Sy = {x | x thudc S, va xa = v}
Trong 1D3, tai mdi nat, thudce tinh duoc chon 14 thudc tinh c6 Informaiton Gain dat gid tri 16n nhat.

3. Két qua xay dwng cay quyét dinh sir dung thuat toan ID3

Nhom téc gia st dung bo cdng cu Enthought Canopy; Cac goi (package): Jupyter, pydotplus; Thu vién
hd tro d6 hoa: GraphViz; Thu vién giai thuat: sklearn; Tép dir liéu lich sir tuyén dung dugc luu trir trong
tép Hosotd_data.csv.

Modul ID3_hire_employees dugc xay dung bang ngdn ngir Python, Qua trinh xay dung cay quyét dinh
ddi vai bai toan tuyén dung st dung thuat toan ID3 dwoc thuc hién nhu sau:

e Trudc tién tién hanh doc dit liéu lich sir truyén dung trong tép Hosotd_data.csv va chuyén dbi dix liéu
cuia cac thudc tinh vé dang sé dé cho thuat toan 1D3 thuc hién dwoc. Két qua chay dwoc md ta nhu trong
hinh 2 dudi day.

e Budgc 2 can xac dinh déau 1a thudc tinh chinh tham gia vao viéc xay dung cay quyét dinh (Level, Job,
N_Company, Top_Train, Project), va dau la thugc tinh phan 16p (Result). (Hinh 3)

In [1]: | import numpy as np
import pandas as pd
from sklearn import tree
from IPython.display import Image
from sklearn.externals.six import StringIO
import pydotplus

#ooc dir Liéu dau vao tir file excel

input_tuyendung = "E:/All_NCKH/Baibao Hoinghi/ERSD2018/Code/Hosotd_data.csv”
datafile = pd.read csv(input tuyendung, header = @)

datafile.head()

#Thyc hién chuyén déi dir Liéu cdc thudc tinh vé dang s&
d = {'Dai hoc': 2, 'Cao dang':1, 'Trung tam tin hoc': @}
datafile['Level'] = datafile['Level'].map(d)

d={'Co’: 1, 'Khong': @}

datafile["Job'] = datafile['Job'].map(d)

datafile['Top Train'] = datafile['Top Train'].map{d)
datafile[ 'Project’] = datafile['Project’].map(d)
datafile[ 'Result’] = datafile[ 'Result’].map(d)
datafile.head()

out[1]:
Level | Job | N_Company | Top_Train | Project | Result
0|2 1 2 o] 0 0
12 o |1 1 1 1

Hinh 2. Poc file madu va chuyén dai dir liéu cia cac thugc tinh vé dang so

In [2]: #xdc dinh cdc thudc tinh tham gia vao xdy dung cay quyét dinh
field = list(datafile.columns[:5])

axis y = dataftile["Result”] #xdc dinh thudc tinh phdn Lop
axis X = datafile[field]

field
out[2]: ['Level', "Job", 'N_Company', "Top_Train', 'Project’]
Hinh 3. Xéc dinh thugc tinh tham gia va thugc tinh phan 1ép cia cay quyér dinh
e St dung thu vién sklearn dé tién hanh xay dung cay quyét dinh theo thuat toan ID3, va thu vién do
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hoa GraphViz dé hién thi két qua.

In [3]: | #Xdy dwng cdy quyét dinh
datafile = tree.DecisionTreeClassifier()
datafile = datafile.fit{axis X,axis y)
#Hién thi cdy quyét dinh dang db hoa
dot datal = Stringio()
tree.export graphviz(datafile, out file=dot datal,
feature names=field)
Tree graph = pydotplus.graph from dot data(dot datal.getvalue()})
Image(Tree graph.create png())

Hinh 4. Xay dung cay quyét dinh véi tdp diz liéu mau sir dung gidi thugt 1D3

Project <= 0.5
gini = 0.444
gamples = 15

value = [5, 10]

T111;/ &alse

Level <= 1.5
gini = 0.494
gamples = 9
value = [3, 4]

/N

gini = 0.0 Tﬂl)g_jgiriu:) = 0.5
samples = 4 B 32

gsamples = 3
value = [4, 0] v.-raluel =[1. 4]

AN

Job <= 0.5 -
i e i = 0.0
g =0.3 samples = 3

samples = 2 PapX
vahie = [1, 1] value = [0, 3]

VAN

gini = 0.0 gini = 0.0
samples = 1 samples = 1
value = [1, 0] value = [0, 1]

gini = 0.0
gamples = 6
value = [0, 6]

Hinh 5. Cay quyét dinh ing véi tdp diz liéu mau
V6i cay quyét dinh dugc xay dung nhu trén, tap luat sinh ra dé du doan quyét dinh c6/khong duoc

tuyén dung nhu sau:

1) If(Project=True) then Result=True

2) If(Project=False) AND (Level<2) then Result=False

3) If(Project=False) AND (Level=2) AND ( Top_Train=True) then Result=True

4) If(Project=False) AND (Level=2) AND (Top_Train=False) AND ( Job=True) Then

Result=True
Dya vao tap luat ¢ trén, c6 thé du doan duoc két qua cho tap Testing data nhu dudi day:
Bang 4. Gia trj cua thugce tinh Result cho tdp Testing data

STT | IDhdso | Level Job N_Company | Top_Train | Project Result
1 1001 DPai hoc Co 3 Khéng Khong Co
2 1002 | Cao dang Cé 0 Cé Cé Cé
3 1003 Trung tdm tin hoc Co 2 Co Khong Khong
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4. Két luan

Hoc may dang dugc nghién ctu va tng dung trong rat nhiéu linh vuc, trong d6 cdy quyét dinh
(Decision tree) cung véi K-means, SVN (Support Vector Machines),... 1a nhitng giai thuat rat quan trong
cua hoc may. Khong chi véi hoc méay, Cay quyét dinh con 1a mot trong nhitng md hinh dy doan duoc sir
dung phé bién trong khai phé dir liéu (Data mining). Trong noi dung cua bai bao nay nhom tac gia d tién
hanh nghién ciru vé giai thuat cay quyét dinh, dong thoi s dung cay quyét dinh cho mot bai toan cu the
d6 1a tuyén dung nhan su va tién hanh lap trinh module id3_hire_employees xay dung cay quyét dinh Vi
thuat toan ID3 bang ngdn ngir Python cho tap dir liéu mau véi 15 ban ghi. Két qua xay dung cay quyét
dinh duogc trinh bay mét cach truc quan nhu trong hinh 5; C6 thé thay rang cay quyét dinh 1a mot phuong
phéap dé phan 16p cac dbi tugng kha hi¢u qua va dé hiéu. Tuy nhién dé dam bao hi¢u qua va do tin cay cia
céc quyét dinh thi tap dir liu mau (Training data) phai du Ion va dang tin cay khi d6 cac tap luat dugc
sinh ra mai 1a cac tap luat tot. Nhu tap dir liéu mau & trén chi vai 15 ban ghi thi hiéu qua @ng dung cay
quyét dinh dé du doan cac truong hop khac 1a khéng cao.

Tai ligu tham khao

Than Vin Khoat, 2017, Bai giang Hoc May (Machine Learning), Vién cdng nghé thdng tin va Truyén
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ABSTRACT
Research and application of decision tree in the recruitment problem

Dang Van Nam?, Nguyen Thi Phuong Bac!, Nguyen Thi Hai Yen!
1Hanoi University of Mining and Geology

The content of this article will discuss the application of decision trees to support decision making on
recruitment based on historical recruitment history data. In addition, the team will illustrate the decision
tree construction for the recruiment problem with a specific data set using the 1D3 algorithm.
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TOM TAT

Hé chuyén gia (Expert System) con goi la hé théng dua tri thirc 12 mot chuong trinh may tinh théng minh
sir dung tri thie (knowledge) va cac thu tuc suy luan dé giai nhitng bai toan tuong d6i kho khan doi hoi
nhitng chuyén gia méi giai dwoc. Dang phé bién nhit cia hé chuyén gia 1a mot chuong trinh gdm mot
tap luat phan tich thong tin (thuong dugc cung cap bai ngudi sir dung hé thdng) vé mot 16p véan dé cu thé,
cling nhu dua ra cac phan tich vé cac van dé do, va iy theo thiét ké chuong trinh ma dwa 15i khuyén vé
trinh tu cac hanh dong can thyc hién dé giai quyét van dé.

Hé thong tin dia ly (GIS) cho phép xay dung cac phan tich khéng gian, quan ly, tich hop va chong ghép
cac 16p thdng tin. Mot trong nhitng ng dung quan trong ma GIS mang lai 1 giai quyét bai toan lua chon
dia diém t6i wu. Dé thyc hién dugc diéu nay thong thuong nguoi ra quyét dinh phai sir dung cac cong cu
phan tich dir liéu cua GIS két hop vai mot phuong phap danh gia hd tro ra quyét dinh nao do.

Trong bai b4o nay ching tdi trinh bay viéc khao sat cac ung dung cua Hé chuyén gia trong linh vuc Hé
thdng thong tin dia ly (Geographic Information Systems — GIS).

Tir khoa: Hé chuyén gia; Hé thong thong tin dia ly; Hé hd tro gia quyét dinh

1. Mé dau

Hé thong thong tin dia Iy (GIS) va cac hé chuyén gia (ES) co nhiéu loi thé trong viéc giai quyet cac van de
trong céc linh vuc tiém nang cua ching. Tich hop hai h¢ thdng ndy s& cd loi trong viéc giai quyét cac van dé vé
phan tich dir liéu khong gian dé dura ra cac quyét dinh.

H¢ chuyén gia dugc xem nhu mét giai phap 1am ting sirc manh va d¢ than thién véi nguoi st dung cia GIS.
Chuing c6 thé duoc &p dung dé md phong céc quy trinh Iy luan doi hoi kién thirc chuyén mén trén may tinh.

Cac he thong thong tin dia ly dya trén tri thac s& dong mot vai tro quan trong trong
quyet dinh va phén tich chinh sach (tham do tai nguyén, kiém soat méi trudng, quan ly 1ap ké hoach st dung
datv.v.. .)- He thong thong tin dia Iy khéng co tri théng minh chi co it co hoi cung cap cac giai phéap hiéu qua
cho céc van dé vé quyét dinh khong gian trong méi truong quyét dinh phic tap.

Viéc 4p dung céc ky thuat va nguyén tic thdng minh nhéan tao vao hé thdng thong tin dia ly cung cip mot
tiém ndng 16n dé dap g nhitng thach thirc gap phai trong viéc phat trién thé hé GIS théng minh tiép theo.

2. H¢ thong théng tin dia ly

Thé gidi ciia chung ta dang khong ngig bién chuyén, theo da nhitng qua trinh ty nhién va bi anh huong sau
sic do nhitng hoat dong cua con ngudi. Trai dat ngdy cang c6 mat do dan sb cao hon va cac do thi ngay cang
I6n hon. Hién nay cong nghé khoa hoc ky thuat cé anh huong I6n dbi véi cude séng manh mé hon bt cir thoi
dai ndo trong lich sir, va qué trinh chuyén mén hoéa ciing dién ra véi téec do ngy cang manh mé. Giao Iuu giira
nhung nguoi trén thé gisi da va dang tré nén thuong xuyén hon va mdi ca nhan ciing ¢6 diéu kién don nhan du
cac loai thong tin. Noi mot cach khéc d6 1a qué trinh toan cau hda va theo nhiéu nha nghién ciru thi cac nguy co
ddi véi cude Song cua loai ngudi cling tr¢ nén kho cd thé xéac dinh dugc hon. Hoat dong ciia con ngudi da anh
huong dang ké dén moi truong trai dat, dén da dang sinh hoc cua thé gisi, va dén tai nguyén thién nhién cé thé
la ngu0n song cua cac thé hé twong lai. Cac bang ching vé nhimg nguy coké trén ching ta cé thé nhin thiy ¢
khip moi noi trén thé gisi. Cac thanh phd dang tré nén to I6n hon, tiéu thy ngay cang nhiéu tai nguyén hon va
céac cong trinh dang tran ra cac ving trude day con la nguyén dang cua tu nhién.

Céc nghién ctu vé khi trong da chimg minh trai dat chung ta dang néng dan 1én va s& la nguyén nhéan cua
nhiéu hién twong tw nhién khong thé ludng trudce duoc. Cac dong dai duong va khi hau c6 thé s& thay ddi. Sinh
vat Song trong cac dai duong khong nhiing phai chiu tac dong cua nhiét do khong khi tang 1én ma con bj cac
nguon 6 nhiém cua con ngudi lam cho diéu ding. Mac khac, muc nudéce bién c6 thé sé dang cao, khong nhiing

* T&c gid lién h¢
Email: danghuunghi@humg.edu.vn
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lam bién dong méi trudng viing ven bién ma cé thé 1am bién mét cac C(}ngﬂd(‘)ng dan cu cac viing d6. 64y chi la
nhitng vi du r rang vé tac dong ctia con ngudi hién nay, nhung ciing du dé ta thiy nguy co phia trudc co thé to
I6m dén ching nao. Loai nguoi bat buoc Pphai tu minh rat ra nhiing bai hoc va phai phai hoc that nhanh dé quan
ly phét trién bén virng, bao dam cho sy ton tai lau dai cua chinh con nguoi.

Hé théng thong tin dia ly (GIS) da tr¢ thanh mot khung cong cu t6ng hop rét hiéu qua nham quan ly cac
hoat dong ca ciia con ngudi va thién nhién bai vi n6 gidp ta tong hop va phan tich moi dit lidu phuc tap, va dua
ra két qua dé tat ca moi nguoi, tir c4c nha khoa hoc, nghién ctu, nha vach dinh ké hoach va cong chiing, déu co
thé cam nhéan duge. Chung ta dang budc vao mot thoi ky tmg dung cta cong ngheGIS co thé t6 chuc va tong
hop tot hon céc dir liéu khoa hoc, danh g1a va dinh huéng cac bién dong theo thoi gian va khong gian, xay
dung cac md hinh, phuong phap s0 hoc va hé thdng nham tim ra cac moi quan h¢, cac bién phap quan ly trong
viéc sir dung va bao vé cac nguon tai nguyén thién nhién gan véi sy phét trién kinh té- xa hoi trén toan cau.

3. Hé chuyén gia

Trong cudc séng, s¢ di cac chuyén gia c6 thé giai quyét van dé & mot mire do cao vi ho ¢ réat nhiéu tri
thirc vé linh vuc ho hoat dong. Thyc té hién nhién va don gian nay chinh 1a co s nén tang cho viéc thiét
ké cac may giai quyét van dé dua trén tri thic ma ta thuong goi la hé chuyén gia. Mot h¢ chuyén gia Su:
dung tri thirc cua mét linh vuc cu thé dé cung cap viéc giai quyét van dé véi “chat lugng chuyén gia”
trong linh vuc do.

Thong thuong, cac nha thiét ké hé chuyén gia thu thap tri thic nay, bao gom Iy thuyét dén ca cac kinh
nghiém, ky xao, phuong phép lam tat, chién lugc heuristic da tich lity duoc clia cac chuyén gia con ngubi
gua qua trinh lam viéc cua ho trong mot linh vyc chuyén mén. Tt tri thirc nay, nguoi ta c6 géng cai dat
ching vao hé théng dé hé thong ¢ thé mod phong theo cach thirc cac ‘chuyén gia lam viéc. Tuy nhién,
khong glong VGi con ngudi, cac chwong trinh hién tai khdng tu hoc lay kinh nghiém: ma tri thic phai
dugc ldy tir con ngudi va ma hoa thanh ngdn ngir hinh thire. Pay 1a nhiém vu chinh ma c4c nha thiét ké
hé chuyén gia phai duong dau.

Do ban chét heuristic va tri thirc chuy@n sau cua viéc giai quyét van dé cip do chuyén gia, cac hé chuyén gia
néi chung:

e Cung cAp su kiém tra d6i voi céc qua trinh suy luan cua ching, bang cach hién thi cac budc trung gian va
bang cach tra loi cau hoi vé qué trinh giai.

e Cho phép sira d6i dé dang, ca khi thém va xoéa céc ky nang giai quyét van dé vao co so tri thic
(knowledge based).

e Suy luan mot cach heuristic, sir dung tri thire (thuong la khong hoan hao) dé tim 1i giai hitu ich cho
vén de.

Ngudi ta da xdy dung cac hé chuyén gia dé giai quyét hang loat nhirng van d& trong cac linh vire nhu y hoc,
toan hoc, cong nghé, hda hoc, dia cht, khoa hoc may tinh, kinh doanh, luat phap, quéc phong va gido duc. Cac
chuong trinh nay da giai quyét mot 16p rong céc loai van dé nhur:

« Dién giai (interpretation) — hinh thanh nhitng két luan hay md ta cap cao tir nhitng tap hop dit liéu tho.

o Dy doan (prediction) — tién doan nhitng hau qua c6 thé xay ra khi cho trudc mot tinh hubng.

e Chan doan (diagnosis) — xac dinh nguyén nhan cua nhing su ¢b trong cac tinh hudng phuc tap dya trén
céc triéu chimg c6 thé quan sat duoc.

e Thiét ké (design) — tim ra cau hinh cho céc thanh phan hé théng, dap tmg dugc cac muc tiéu trong khi van
thoa man mot tap hop cac rang budc vé thiét ké.

e Lap ké hoach (planning) — tim ra mét chudi cac hanh dong dé dat dugc mot tap hop cac muc tiéu, khi
duoc cho trude cac didu kién khoi dau va nhitng rang budc trong thai gian chay (run-time).

e Theo d&i (monitoring) — so sanh hanh vi quan sat dwoc cua hé théng vé6i hanh vi mong doi.

« Bit 15i va sira chita (debuging and repair) — chi dinh va cai dat nhimg phwong phap chira tri cho céc truc
trac huéng dan (instruction)

e Hudng dan phat hién va stra chira nhitng thiéu sét trong quan niém cua hoc vién vé mot cha dé linh
vuc nao do.

e Diéu khién (control) — chi dao hanh vi ciia mot méi truong phuc tap.

4. Hé chuyén gia va GIS

Viécra quyet dinh khong gian 14 mot qua trinh rat phurc tap va hau hét cac Van dé vé quyét dinh khong gian
déu phuc tap va c6 cau tric kém. GIS va ES la can thiét dé giai quyet nhiing van d& nay nhung moi phuong
phap déu co nhiing han ché riéng trong viéc giai quyét viéc ra quyét dinh khong gian. Viéc tich hop cac cong
cu nay co thé tranh duoc mot s6 han ché va kho khan hién co trong mdi cdng cu va cung cap cho ngudi ra
quyét dinh mét cong cu hiéu qua dé giai quyét nhitng van dé nay. Mc d6 twong tac giita mot Hé chuyén gia va
GIS s& anh huéng dén kha nang cua mot hé théng tich hop d& md hinh héa sy phic tap cua thé gisi thuc
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(Eldrandaly, K. ,2006). Mot s6 ki thuat cho phep tuong téc gitta GIS va ES da xuét hién trong nhitng ndm qua
(M. Galetakis). Mét trong nhitng m6 hinh két hop don gian duoc thé hién trong hinh 1.
Giao digén ngudi str dung

Hé chuyén gia

Pong co suy dién
Lap trinh logic

Co s tri thire

GIS Engine Dit lidu

khoéng gian

Hinh 1. Kién trac cia hé ho tro ra quyét dinh khdng gian
D3 c6 mot sé nghién ciru tng dung hé chuyén gia trong GIS. Trong bai béo nay ching t6i khao sat viéc ng
dung hé chuyén gia trong 4 bai toan cua GIS. Cac bai toan do 1a thiét ké ban dd, trich chon dic trung dia hinh,
quan ly co so dir liéu dia Iy va hd tro ra quyét dinh vé dia ly.

Tao bin do

Téng quéat héa ban do & mot Iinh vic khé va vo cliing phirc tap trong ban db hoc. Nhiém vu cua tong quét
hda 1a tir mot ban d6 gée, khi thu xubng mét ti 1& ban d nho hon, ngudi V& ban do can tién hanh lya chon ldy
bo cac dbi twong trén ban db sao cho phii hop vai cong dung, ty 1é caa ban db, phu hop véi dac diém cua lanh
thd ban d6. Muc dich chinh cua tong quét hda ban do 1a 1am sao dam bao cho viéc liy bo, gian lugc héa phai
phil hop, dam bao duoc tai trong, dung luong ban d6 & mot mirc do hop Iy ma van miéu ta dugc ding dic
trung dia ly kinh té x& hoi ciia khu vyc thanh Iap ban d6 (Bong Thi Bich Phuong, 2009)

MAPEX 1a mot hé chuyén gia dugc sir dung dé tu dong tong quéat héa ban d6 (Nickerson and Freeman,
1986). Hé théng nay duoc sir dung dé tong quét hda dir liéu biéu do duong ky thuat s (Digital Line Graph) ti
& 1:24,000 cuia cuc khao sat ban d6 ciia My vé ti 1é 1:250,000.

Cho dén nay AUTONAP c6 18 1a hé chuyén gia thanh cong nhat duoc phét trién (Ahn, 1984; Freeman
and Ahn, 1984). Hé thong nay md phong mot chuyén gia vé ban dd trong viéc biéu hién cac ddi twong dia
ly trén ban do

CES la hé chuyén gia dwoc sir dung boi vién ning lwong, mé va ti nguyén ciia Canada. N6 duogc phét trién
dé gilip cac nha ban do thiét ké Atlas dién tir cua Canada

Trich chon déc trung dja hinh

Trich chon cac dic trung dia hinh hodc dic trung nhu che phu dét, sir dung dat tir dix liéu dia ly, 12 mot trong
nhirng ung dung co ban cua GIS.

Palmer (1984) d st dung lap trinh logic dé phan tich cac dic trung dia hinh.

FES la mot hé thong chuyén gia 1am nghiép duoc phét trién dé phan loai do che phii dat va xac dinh su thay
ddi da vao viéc phan tich dir liéu anh vé tinh Landsat trong viéc quan ly rimg (Goldberg et al., 1984). Dix liéu
anh Landsat va cac luat duoc sir dung dé suy dan ra ban chat cua cac thay d6i do che phu dit va xac dinh mot
bién phap dang tin cay

Qudn ly co so di ligu dia ly

Viéc quan ly va truy van cac co sé dir liéu dia 1y da thu hat dwoc nhiu sw chi y béi vi ching 1 nén tang
cho hoat dong cua bit ky phan mém GIS nao. St dung c4c hé thong chuyén gia hta hen s& 1am cho GIS tré
nén than thién véi ngudi dung hon. Lam cho tim kiém khong gian nhanh hon 1a mét trong nhitng muc tiéu cua
KBGIS-1I (Smith et al., in press). Cac hé thong khac nhu ORBI (Pereira et al.,1982) va SRAS (Robinson and
Wong,1987) d4 tap trung vao viéc 1am cho giao dién ngudi dung ty nhién hon va c6 y nghia hon.

ORBI sir dung ngdn ngir PROLOG va la mot hé chuyén gia dé theo di cac nguon tai nguyén méi truong.
Hg thong phan loai dit ligu moi truong va hé tro quyét dinh cho lap ké hoach tai nguyén.

KBGIS st dung mang ngir nghia dua trén khung dé biéu dién cho "y nghia" cua cac déi tuong dia ly va méi
quan hé tuong tc cta ching. Diéu d6 cung cip kha nang két hop cac thuc thé, thugc tinh va mdi quan hé moi.
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H& tro quyét dinh dia ly

Hd trg quyét dinh dia ly 12 mot linh vuc nhan dugc Sy quan tim ngiy cang tang tir cac nha quan Iy tai
nguyén khi ho bit dau danh gi4 cao gia tri ciia viéc co cac hé thong chuyén gia dé hd tro qua trinh ra quyét
dinh.

D4i voi ngudi quan 1y tai nguyén, nguoi 1ap ké hoach d0 thi, hodc nguoi quan 1y giao thong, 1y do chinh dé
phét trién ES cho GIS la gitp ho trong qua trinh ra quyét dinh hang ngay. Cac hé thong SPENEX, URBYS,
AVL 2000, va GEOOEX da duoc phat trién dé hd tro viéc ra quyet dinh dia ly.

URBYS la mot hé chuyén gia duoc thiét ké dé hd tro viéc to chirc va phan tich viéc sir dung dat do thi.
(Tanic, 1986)

5. Két luan

Hé chuyén gia, con goi la hé thdng dua tri thuc, 1a mot chwong trinh may tinh chira mot s6 tri thire dic thi
cta mot hodc nhiéu chuyén gia con ngudi vé mot chii d& cu thé nao do.

Hé thong thong tin dia ly va cac hé chuyén gia cd nhiéu loi thé trong viéc giai quyét cac van dé trong cac
linh vyc tiém nang cua chung. Viéc tich hop hai hé théng nay s& co loi trong viéc giai quyét cac van dé vé
quyét dinh khong gian.

Bai viét nay thao luan vé viéc tich hop giita hé thdng thong tin dia Iy va hé chuyén gia dé thé giai quyét cac
van dé ra quyét dinh khong gian. Cu thé & day chung t6i da thong ké bn van dé chinh caa hé thong théng tin
dia 1y noi ma hé chuyén gia da duoc ap dung.

Trong thoi gian téi ching toi s& két hop Mapsever 1a PostGIS va nhan cua hé chuyén gia JESS cho bai toan
lya chon dia diém t6i wu.
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ABSTRACT
Expert systems and geographic information systems

Dang Huu Nghi?, Bui Thi Van Anh?, Pham Duc Haut!
! Hanoi University of Mining and Geology

An expert system, known as a knowledge-based system, is a clever computer program that uses
knowledge and reasoning procedures to solve relatively difficult problems that require new experts to
solve. The most common form of expert system is a program consisting of a set of information analysis
rules (usually provided by the system user) on a particular problem class, as well as an analysis of the
problems. and depending on the design of the program, advice on the sequence of actions to be taken to
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solve the problem. In this paper we present the application of the Expert System in the field of
Geographic Information Systems.

The Geographic Information Systems (GIS) allow build the analysis spacial, management, parsing and
overlaps information layers. A in the important of the GIS that the GIS has a solution to site selection. To
execute this the user should specify the use of the GIS parsing tools with a decision support system.

In this paper we present the application of the Expert System in the field of Geographic Information
Systems

Key word: expert system; Geographic Information Systems; decision support system.
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Panh gia kha thi vé viéc trién khai mang thong tin di dong 4g Lte
tai bang tan 700 mhz

Pham Dinh Tan*, Tran Thi Thu Thiy !, Diém Cong Hoang *
! Truong Dai hoc M6 - Dja chat

TOM TAT

Mang thong tin di dong 4G LTE hién da duoc trién khai tai Viét Nam, dem lai cho nguoi ding trai
nghiém dir liéu toc d6 cao trén thiét bi di dong. Mang 4G LTE ciing dong thai 1a nén tang ha ting cho cac
cong nghé Internet van vat (10T). Cac mang thong tin di dong 4G LTE tai Viét Nam hién dang duoc trién
khai trén bang tan 1800 MHz. Han ché ciia bang tan 1800 MHz la gay suy hao vé tuyén I6n nén vang phi
s6ng cua mdi tram thu phat song 4G LTE réat han ché. Do d6, dich vu 4G LTE mdi chi dwoc pha séng tot
& cac thanh phd va cac khu vyc c6 mat do ngudi ding cao. Tai cac khu vuc ndng thon thi mat do tram thu
phét song 4G LTE con rat thua. Theo quy hoach s6 héa truyén hinh cia Bo Théng tin truyén thdng, viéc
thu hoi bang tan 700 MHz tir cac dai truyén hinh du kién s& hoan thanh vao nim 2020. Bai bao nay
nghién ctru kinh nghiém quéc té va danh gia tinh kha thi cua viéc trién khai mang thong tin di dong 4G
LTE trén bang tan 700 MHz thu hdi tir qué trinh s6 héa truyén hinh. Ving phu séng rong tai bang tan 700
MHz sé& gilp cac nha mang c6 thé phu song 4G LTE cho khu vuc ndng thdn hiéu qua gap ba lan so véi
viéc sir dung bang tan 1800 MHz dang c6. Tai cac khu vuc ¢6 mat do dan cu cao, ngudi ding s& duoc trai
nghiém tdc do dit liéu cao hon nho viéc bd sung bang tan mai 700 MHz cho dich vu 4G LTE, ngoai bang
tan 1800 MHz dang dugc st dung.

Tu khoa: 4G; LTE; 700 MHz; Internet van vat; loT;

1. Pit vén dé

Két ndi bang thong rong la nén tang ha tang thong tin quan trong trong xa hoi hi¢n dai. Nhu cau st
dung Internet toc do cao trén thiét bi di dong hién dang bung né manh mg, cing cac ung dung phuc vu
nhu cau trao d6i théng tin, 1am viéc, thuong mai, giao dich ngan hang, giai tri, v.v. moi lic, moi noi cua
con ngudi. Cong nghé 4G LTE (Fourth Generation Long-Term Evolution) trén bang tan 1800 MHz da
dap tung duoc phan ndo nhu cau Internet toc do cao Ién tgi 1Gb/s (Sergey Tereschuk, 2015), cho phép
ngudi ding trai nghiém nhitng wng dung yéu cau téc do dir liéu cao trén thiét bi di dong. Tuy nhién, do
tin hiéu trén bang tin 1800 MHz bi suy hao 16n nén viing phi cua tram thu phat song 4G LTE tuong dbi
han ché, dich vu 4G LTE méi dugc phu song chi yéu & cac thanh phd va cac dia diém c6 mat d6 dan cao.
Tuy nhién, tai cac khu vic nhu trung tim thwong mai, san van dong, nhu cau vé dir liéu di dong téc do
cao van con rat I6n do su tiéu tén bang thong cua cac tng dung nhu Facebook, Youtube, v.v. Tai cac khu
vuc ndng thon thi mat do tram thu phat song 4G LTE con rat thwa do chi phi du tu tram thu phét séng
4G LTE twong ddi cao. Do do, viéc tim kiém dai tan sé mai cho trién khai 4G LTE hién dwoc cac nha
mang thong tin di dong dac biét quan tam. Bai béo nay sé danh gia hiéu qua cua viéc trién khai 4G LTE
trén bang tan 700 MHz nham bo sung cho mang luéi 4G LTE trén bang tan 1800 MHz hién co dé ting
cuong vang phi 4G LTE & khu vic nong thon, ting cuong toe do dir lisu 4G LTE cho cac khu vuc trung
tam thanh phd trong qué trinh phét trién mang 4G LTE cua cAc nha mang.

2. Co st ly thuyét va phwong phap nghién ctiu

Muc 2.1 s& trinh bay V& loi ich cta sb héa truyén hinh. Muyc 2.2 tém tit vé qua trinh sé héa truyén hinh
tai Viét Nam. Uu diém cua bing tin 700 MHz so vé6i bang tan 1800 MHz dé trién khai dich vu bang rong
4G LTE tai khu vuc nong thon duwgc mo ta trong muc 2.3. Muc 2.4 phén tich xu hudng trién khai dich vu
4G LTE tai bang tan 700 MHz trén thé gisi.

2.1. Gidi thigu vé sé hoa truyén hinh

* Tac gid lién h¢
Email: phamdinhtan@humg.edu.vn
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Bing tan vo tuyén 1a mot nguon tai nguyén khan hiém. Truyén hinh tuong ty hién dang sir dung dai tan
UHF tir 470 MHz dén 862 MHz (Fabiano de Sousa Chaves, Rauno Ruismaki, 2016). Dai tan nay da duoc
sir dung cho truyén hinh twong tu trén toan thé gigi trong vai thap nién vira qua. Pé dam bao st dung toi
uu nguodn tai nguyén bang tan vo tuyén, hon 156 quoc gia da ky mot thoa thuan ITU vao nam 2006 dé
Chuyen tu truyen hinh twong tu sang truyen s6. Trong 10 nam tro lai day, cac dai truyen hinh d4 chuyén
dan tur truyen hinh tuong tur sang truyén hinh ky thuat sb (Morgan Mullooly, 2012). Truyén hinh ky thuat
s6 dem dén cho ngudi xem chat luong truyén hinh cao hon nhiéu so véi truyen hinh twong ty. DVB-T2 Ia
tiéu chuan truyén hinh k¥ thuat s6 méi, duoc nhiéu nuéc chau Au va chau A trién khai. DVB-T2 c6 nhiéu
vu diém hon so véi truyén hinh vé tinh. DVB-T2 ¢6 kha ning truyén tai xip xi 600-800 kénh truyén hinh
SD/HD. DVB-T2 c¢6 chét lugng tin higu rat tot ngay ca trong thoi tiét xau hay khi dang di chuyén, cho
phép nguoi ding xem mot chwong trinh phéat song truc tiép véi chat lwong rd rang. DVB-T2 hd trg
HDTYV da dinh dang, SDTV, TV 3D; hinh anh dugc khong bi bdng md. DVB-T2 cho phép phat tin hiéu
da dang, cing mot may phat c6 thé cung cép tin hiéu cho thiét bi di dong, may tinh xach tay va cac thiét
bi cam tay khac.

2.2. Quéa trinh sé hoa truyén hinh tgi Vigt Nam

S6 hoa truyén hinh 1a qué trinh chuyén d6i va dirng phét séng truyén hinh analog dé chuyén sang phét
séng truyen hinh k§ thuat s6. Tai Viét Nam, qua trinh s6 héa truyén hinh dugc trién khai tir nam 2015 va
du kién hoan thanh trén pham vi ca nudc vao nam 2020 (Bo Thong tin va Truyén thong 2013). Myc tiéu
la den nam 2020, cac doanh nghiép cung cap dich vu truyén dan, phat séng truyen hinh s6 mat dat toan
qudc va khu vuc c6 trach nhiém trién khai va hoan thanh viéc xay dung ha ting truyén dan, phat séng
truyén hinh s6 mat dat dé chuyén tai cac kénh chwong trinh phuc vu nhiém vu chinh tri, théng tin tuyén
truyén thiét yéu cua cac dai truyén hinh trung wong va dia phuong trén dia ban. Can cir vao tinh hinh trién
khai ha tang truyén din, phat séng truyén hinh, cac dai truyén hinh trung wong va dia phuwong thuc hién
viéc phat song song song cac kénh chwong trinh truyén hinh phuc vu nhiém vu chinh tri, théng tin tuyén
truyén thiét yéu trén ha tang truyén dan, phét séng truyén hinh sé mat dt va truyén hinh twong tw mat dat.
Trong ndm 2020, cac dai truyén hinh trung wong va dia phuong két thiic viéc phét song tat ca cac kénh
chuong trinh truyén hinh trén ha ting truyén dan, phét séng truyén hinh tuong tu mat dat dé chuyén hoan
toan sang phét séng trén ha ting truyén dan, phat song truyén hinh sé mat dat.

2.3. Pdnh gid lpi ich bang tan 700 MHz trong viéc trién khai mgng 4G LTE tai khu viec ndng thon

Trong linh vuc Cong nghé thdng tin va Vién thong, tan s vo tuyén 1a tai nguyén vé cling quy gia cua
mdi qudc gia. Tai cac quéc gia phat trién, tan s vo tuyén thuong dugc cho cac nha mang thong tin di
dong thué thong qua dau thiu, véi chi phi rit dit do. Tai Viét Nam, hién tan s dwoc quan ly boi Bo
Théng tin — Truyén thong, va dugc cap cho cac nhd mang thong tin di dong c6 cam két vé tién do trién
khai mang luéi va chit luvong dich vu cung cip cho ngudi dung, véi gid cho thué tan sé thdp hon nhiéu
14N so véi gia ddu thau tin sb tai cac nude khac trén thé gioi.

V6i cling mot khoang céch truyén séng, mdi bang tan c6 mot mirc d6 suy hao khac nhau. Bing tin
cang cao thi suy hao truyén song cang Ion. Vi du nhu ving phii cia mét tram thu phat séng 2G GSM
(bang tan 900 MHz) Ién hon nhiéu so véi ving pha caa mot tram thu phat song 3G UMTS (bang tan
2100 MHz), nén trién khai mang 3G UMTS tén rat nhiéu tram dé dam bao ving phu séng so véi viéc
trién khai 2G GSM. Sé luong tram ting nghia 14 chi phi du tu cho thiét bi, chi phi xay dung/thué nha
tram, chi phi dién, chi phi truyén dan v.v. ciing tang. Hién nay tai Viét Nam, mang 4G LTE dang dugc
trién khai trén bang tan 1800 MHz. Bang tan 1800 MHz trudc day dugc cap cho cac nha mang thong tin
di dong dé trién khai 2G GSM (song song véi bang tan 900 MHz). Ving pha cia tram thu phét séng 4G
LTE ¢ bang tin 1800 MHz ciing twong dbi han ché do suy hao nhiéu, nén chét luong pha séng méi chi
dam bao & cac khu vuc dé thi. O khu vuc ndng thon thi s6 lugng tram 4G LTE con thua nén cht lugng
phu séng chua duge dam bao. Ngoai ra tai cac do thi yéu cau luu luong cao, cc nha mang van can thém
bang tin dé nang cao tc do dit liéu 4G LTE cho nguoi ding.

V6i ké hoach phuc vu thué bao, cc nha mang thong tin di dong s& xac dinh yéu cau ky thuat dé cung
cap muc do pha séng ciia mang, chat lwong dich vu va téc do dir liéu theo cam két. Pham vi pha séng di
dong phu thugc vao dai tan s duoc trién khai vi moi dai tan co dac tinh truyén song ciing nhu mirc suy
hao tin hig¢u khic nhau. Do d6 trong qua trinh thiét ké mang ludi, cic nha mang can phan tich bai toan
kinh té - ky thuat cho timg bang tan, véi cac théng sb ky thuat pht hop véi 4G LTE. Trong bai bao nay,
viing phu cua dai tan 700 MHz va 1800 MHz s& dugc md phong dé tir d6 chi ra wu diém vuot troi cua dai
tan 700 MHz cho viéc phét trién mang 4G LTE tai khu vic nong thdn so véi biang tin 1800 MHz.

Bing tan cang cao thi suy hao truyén séng cang Ién. Viéc tinh toan suy hao thuong dwoc thuc hién dwa
trén mo hinh truyén séng. M6 hinh truyén séng la cac cong thie thuc nghiém, dung dé mé ta su truyén
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s6ng VO tuyén nhu 1a mot ham phu thudc vao tan sd, khoang cach va cac thong s6 ang-ten. M6 hinh
truyen song duge dung dé tinh suy hao duong truyén, tir d6 xac dinh dwoc vang pha. Khéng c6 mé hinh
truyén soéng nao c6 thé mé ta dugc suy hao duong truyen trong moi diéu kién moi truong, dia hinh, vt
can khéac nhau nén c6 nhiéu md hinh truyén séng cuing ton tai cho mdi dai tan sé xac dinh. M6 hinh truyén
song Hata thuong duoc sir dung tinh toan suy hao duong truyén cua cac tram thu phat song 4G LTE. Mo
hinh truyén séng Hata duoc chia thanh 2 mé hinh truyén séng Ia mé hinh Okumura — Hata va Cost231 —
Hata, tiy theo bang tan sir dung. M6 hinh Okumura — Hata thuong duoc sir dung dé tinh toan suy hao
truyén séng cho bang tan tir 150 MHz cho dén 1500 MHz, con mé hinh Cost231 — Hata thuong dugc st
dung dé tinh toan suy hao truyén song cho bang tan trén 1500 MHz (Ashutosh Jha, Debashis Saha, 2017).

Viéc hoach dinh dung lugng thuong dya trén dy doan vé sé luong thué bao, tée do dit lidu, hiéu qua
phd va do rong bang tan. Tir thong luong cta mot tram don c6 thé tinh ra s tram can thiét ¢é ¢am bao téc
do6 dir liéu. S6 tram thiét ké s& 1a sé tram 16n nhét thu duoc tir qué trinh thiét ké theo dung lugng va theo
ving phi. Chi phi dau tu s& bao gdm chi phi mua sim vat tu thiét bi, cong cu dung cu, xay dyng nha
tram. Chi phi van hanh s& bao gom chi phi van hanh, bao tri bao dudng, chi phi thué diém dat nha tram,
chi phi dién, chi phi thué truyén dn, chi phi st dung tan so.

2.4. Tinh hinh trién khai dich v 4G LTE tgi bing tan 700 MHz trén thé gidi

Theo théng ké ciia GSACOM, hién trén toan thé gidi co khoang 3,2 ty thué bao 4G LTE, véi ty 1¢ ting
truong thué bao hang nam khoang 39,4%. Tinh dén thang 05/2018, s mang thong tin di dong 4G LTE
trién khai tai bang tan 700 MHz hién dung thir tu, sau cac bang tan 1800 MHz, 800 MHz va 2600 MHz.
Hién da c6 trén 50 qudc gia quy hoach dai tan 700 MHz cho dich vu 4G LTE. Téng cong c6 34 nha mang
da trién khai 4G LTE trén bang tan 700 MHz tai 18 quéc gia (LTE Ecosystem Snapshot, 2018).
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Hinh 1. 4G LTE trién khai theo cdc bang tan (GSA NTS Database Update, 2018)

Ciing theo théng ké cia GSACOM, hién trén toan thé gigi co rat nhidu model thiét bi dau cudi c6 hd
trg bang tin 700 MHz cho 4G LTE. Khoang 10% sb dién thoai thdng minh LTE c6 thé hoat dong trén
bang tan 700 MHz.

Bang 1. Thang ké sé thiét bj dau cudi 4G LTE theo bang tan (LTE Ecosystem Snapshot, 2018)

T Biing tin Dii tAn hwéng Ién Dii thn huéng xubng | >0 ('f;*‘u' Eﬁ':lt bi
1 | 1800 MHz bang 3 1710 MHz - 1785 MHz | 1805 MHz — 1880 MHz 7731
2 | 2600 MHz bang 7 2500 MHz — 2570 MHz | 2620 MHz — 2690 MHz 6974
3 | 2100 MHz bang 1 1920 MHz — 1980 MHz | 2110 MHz — 2170 MHz 6282
4 | 800 MHz bang 20 832 MHz — 862 MHz 791 MHz — 821 MHz 4558
5 | 850 MHz bang 5 824 MHz - 849 MHz 869 MHz — 894MHz 3876
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TT Biing tan Dai tin hwéng 1én Dai tin huéng xudng So :10;[; (t;tl(f.t bi
6 | 900 MHz bing 8 880 MHz — 915 MHz 925 MHz — 960 MHz 3487
7 | AWS bang 4 1710 MHz — 1755 MHz | 2110 MHz — 2155 MHz 3113
8 | 1900 MHz bang 2 1850 MHz — 1910 MHz | 1930 MHz — 1990 MHz 2990
9 | 700 MHz bang 17 704 MHz — 716 MHz 734 MHz — 746 MHz 2171
10 | 700 MHz bang 13 777 MHz — 787 MHz 746 MHz — 756 MHz 1163
11 | APT700 bang 28 703 MHz — 748 MHz 758 MHz — 803 MHz 1211
12 | 700 MHz bang 12 699 MHz — 716 MHz 729 MHz — 746 MHz 1058

3. Két qua va thao luan

Viéc md phong viing phu tai bang tan 700 MHz va biang tan 1800 MHz dwoc thyc hién trén pha?m mém
md phéng Atoll cia hang Forsk (Phap). Thict 1ap m6 phong ving phu sir dung md hinh truyen song
Okumura — Hata cho dai tan 700 MHz va md hinh truyén séng Cost231 — Hata cho dai tan 1800 MHz.

it

.
2

Baaria oI :

- L - = -r
% | &% Predictions
g LTE: RS CINR Zones [Macro Cells) = -3 dB
RS C/[I+MN] Level (DL} [dB) > =3
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Hinh 2. Két qua mé phong viing phu 4G LTE trén phan mém Atoll.

Vé6i do cao tram thu phat song duoc thiét 1ap ¢ gi tri dién hinh 1a 30m, d6 cao thiét bi dau cudi cua
nguoi dung 1a 1,5m thi ban kinh ving phu tai khu vyc thanh phd ciia mot tram thu phat song 4G LTE ¢
bang tin 700 MHz va bang tan 1800 MHz lan luot la 1,33km va 0,73km, tuong &ng véi dién tich ving
pha lan Iuot 12 5,6 km? va 1,7 km2. Két qua tinh toan ban kinh vang phu ciia tram thu phét séng 4G LTE
tai bang tan 700 MHz va 1800 MHz dugc cho trong bang sau.

Bdang 2. Ban kinh vung phs trung binh dwa trén mé phdng cua tram thu phét séng 4G LTE (km)

Biing thn Ban kinh vin’)g phi cia tram thu phat séng 4G LTE (km)
Thanh pho Ngoai thanh Nong thon
700 MHz 1,33 2,49 4,38
1800 MHz 0,73 1,45 2,56

Két qua md phong cho thay mot tram thu phét séng 4G LTE tai bang tan 700 MHz c6 dién tich ving
phu 16n gap ba 1an mot tram thu phét séng 4G LTE tai bang tan 1800 MHz. Nhu vdy dé dam bao chat
lugng cho ciing mot khu vuc dia ly, s6 tram thu phat séng 4G LTE tai bang tan 700 MHz chi bang mot
phan ba so véi viéc trién khai tram thu phat song 4G LTE tai bang tin 1800 MHz. Kém theo d6 1a hiéu
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qua kinh t& vé chi phi dau tu cho thiét bi, chi phi xay dung/thué nha tram, chi phi di¢n, chi phi truyén dan
khi trién khai mang 4G LTE tai bang tan 700 MHz.

4, Két luan

Bing tan 700 MHz hoan toan phl hop véi viéc trién khai mang 4G LTE tai khu vyc ndng thon do suy
hao thip nén tram thu phat séng c6 ving phu rong hon so véi bang tan 1800 MHz. Dién tich vang phu
cua tram thu phét song 4G LTE & bang tan 700 MHz rong gap ba lan so voi bang tan 1800 MHz. Viéc
tricn khai mang 4G LTE tai bang tan 700 MHz khdng phai d¢ thay thé mang 4G LTE tai bang tan 1800
MHz dang c¢6, ma 1a b6 sung cho mang 4G LTE tai bang tan 1800 MHz dang c6 dé mo rong Vung phu
song 4G LTE tai khu vyc ndng thon, véi dac diém 1a luu lugng trung binh theo thué bao thap va yéu cau
viing pha rong. Do d6, bang tan 700 MHz 12 hoan toan phi hogp dé cung cap dich vu 4G LTE tai khu vuc
néng thon, dem lai hiéu qua kinh té gip ba lan so véi viéc trién khai 4G LTE & bang tan 1800 MHz. Tai
cac khu vuc thanh phd, nguai ding s& dugc trai nghiém tdc do dit liéu cao hon nhd viéc trién khai dich vy
4G LTE trén bang tin méi 700 MHz bd sung cho bang tan 1800 MHz dang c6.
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ABSTRACT

Feasibility Study for 4G LTE Cellular Network Deployment
on 700 MHz Frequency Band

Pham Dinh Tan?, Tran Thi Thu Thuy! Diem Cong Hoang*
! Hanoi University of Mining and Geology

4G LTE cellular networks have been deployed in Vietnam, which bring high-speed data experience to
users with smart devices. 4G LTE network is simultaneously an infrastructure for Internet of Things (1oT)
technologies. 4G LTE cellular networks in Vietnam are working on 1800 MHz frequency band with high
propagation loss to radio signal so coverage of 4G LTE site is small. Coverage of 4G LTE is now only
good in cities and areas with dense population. Density of 4G LTE sites is low in rural areas. According
to the Television Digitalisation Plan of Ministry of Information and Communications, frequency band
700 MHz will be mitigated from television broadcasting by 2020. This paper works on feasibility study
for 4G LTE cellular network deployment on 700 MHz frequency band taken from broadcasting
television. Large coverage at 700 MHz will help network operators offer high-speed data services in rural
area much more effectively than with existing 1800 MHz frequency band. In areas with dense population,
users will experience high data throughput by adding 700 MHz frequency band to existing 1800 MHz
band for 4G LTE services.

Keywords: 4G; LTE; 700 MHz; Internet of Things; 10T;
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ERS ﬁ / HOQI NGHI TOAN QUOC KHOA HQC TRAI DAT
St NN AR ! VA AL
s e« VATAINGUYEN VO'I PHAT TRIEN BEN VIPNG (ERSD 2018)
SUSTAINABLE DEVELOPMENT

Dit liéu khdng gian trong SQL Server va ting dung dé xac dinh
muc pham vi cung cap dit liéu do dac ban @6 trén mang Internet
Nguyén Vin Tuin >* , Néng Thi Oanh?2 Nguyén Thi Phuong Bic? Nguyén Thily Duong?

! Trung tam thong tin dit liéu do dac va ban do, Cuc Po dac, Ban do va Thong tin dja Iy Viét Nam
2 Truong Dai hoc M6 - Dja chat

TOM TAT

Bai bao trinh bay dix liéu khong gian trong SQL Server va ing dung cac phép toan khong gian duoc
SQL Server cung céap dé xac dinh pham vi dugc phép cung cap cua dit liéu do dac ban do, phuc vu cho
cdng tac cung cap dit liéu do dac ban d trén mang Internet.

Tir khoa: “dir liéu khong gian”, “do mat”, “cung cap di liéu”

1. Pit véan dé

Dit liéu do dac ban db 1a dit liéu co ban can thiét cho nhiéu nganh cua xa hoi. Viéc cung cap dit liéu do
dac ban 6 trude day duoc thyc hién tha cong, nguoi sir dung ¢6 nhu cau sir dung dir liéu can phai dén lam
viéc truc tiép tai don vi cung cap dit liéu dé tim kiém va mua dit liéu. Tir nim 2016, Cuc Do dac, Ban dd
va Théng tin dia ly Viét Nam da thyc hién viéc cung cp dir liéu théng qua mang Internet. Viéc cung cip
dir liéu can tuan theo quy dinh vé d6 mat duoc quy dinh trong thong tu 29/2013/QBD-BCA ngay 24/6/2013
ctia Bo Cong An. Chi ¢ dir liéu khéng mat méi dwoc phép cung cap qua mang Internet [2,3,5].

Theo quy dinh nay, dir liéu c6 sé lugng to lién két bang dién tich Ién hon 200km? & thyc dia dugc coi
la dit liéu mat [5]. Truéc day, viée xac dinh dién tich c6 16n hon 200km? dwgc thuc hién thi cong trong
phan mém ArcGIS. Bai bao dé xuit cach xac dinh d6 mat cua dir liéu bang cach sir dung céc phép tinh
toan khdng gian caa phan mém SQL Server.

2. Co s ly thuyét va phwong phap nghién ciru
2.1 Luu triv dir liéu khoéng gian trong SQL Server

Hé quan trj co s dir liéu khdng gian 12 mot hé quan tri co so dit liéu c6 hd trg mo hinh dix liéu khdng
gian, kiéu dir liéu khéng gian va ngdn ngir truy van SQL khéng gian, cung cp kha ning dénh chi muyc
khong gian va cac phép toan khong gian [1].

Co so dit lieu khdng gian 12 mot co so dit liéu trong d6 co chita ddi tugng khong gian. Ddi twong
khong gian dugc biéu dién thong qua cac ddi twong hinh hoc co ban (diém, duong va ving) hodc dugc
biéu dién dudi dang anh (raster). Dir liéu khong gian biéu din thdng tin vi tri dia Iy va hinh dang cua cac
dbi twgng trén trai dat.

Hién nay c6 rat nhidu hé quan tri co so dit liéu khong gian nhu: DB2 (phan mo rong IBM DB2 Spatial
Extender), Oracle (Oracle Spatial), PostgreSQL (phan mé& rong PostGIS), Sqlite (phan mé& rong
SpatialLite), va Microsoft SQL Server phién ban 2008 tro Ién.

Trong SQL Server gigi thiéu 2 kiéu dir lieu khong gian la:

Kiéu dir liéu hinh hoc (Geometry): La kiéu dit liéu khong gian co ban duoc sir dung dé biéu dién cac
dbi tugng trong hé toa do Euclide (toa do phang).

Kiéu dit liéu dia ly (Geography): La kiéu dit liéu khong gian co ban duoc sir dung dé biéu dién cac ddi
tuong trong hé toa do trai dat (toa do Ellipsoid).

Trong SQL Server, cac d6i twong hinh hoc trén ban d6 duoc md ta theo chuan Well-Know Text
(WKT) hoac Well-Known Binary (WKB), déy la cac chuin duoc Open Geospatial Consortium (OGC) dé
xuat [7].

Well-Know Text (WKT): ngdn ngit danh dau kiéu vin ban dung dé biéu dién cac ddi twong hinh hoc c6
dinh dang vector trén ban d6. WKT bao gdom céc thdng tin vé kiéu cua di twong va toa do cua ddi tuong.

Vi du vé cac kiéu dir lieu khong gian dang WKT trong SQL Server:

* Tac gid lién h¢
Email: bktuannv@gmail.com
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POINT (0 0)

LINESTRING (0 0,1 1,1 2)

POLYGON ((0 0,4 0,4 4,0 4,0 0), (11, 21, 2 2, 1 2,1 1))

MULTIPOINT (0 0,1 2)

MULTILINESTRING ((0 0,1 1,1 2), (2 3,3 2,5 4))

MULTIPOLYGON (((0 0,4 0,4 4,0 4,0 0), (1 1,2 1,2 2,1 2,1 1)), ((-1 -

1,-1 -2,-2 -2,-2 -1,-1 -1)

GEOMETRYCOLLECTION (POINT(2 3), LINESTRING (2 3,3 4))

Ngoai ra, WKT ciing dugc sir dung dé mo ta hé quy chiéu nhu Datum, Geoid, Hé toa d¢ va Phép chiéu
ban db cua cac ddi tugng khong gian. Dbi véi hé toa do qudc gia VN-2000 véi 7 tham sé [9] dugc khai
bao nhu sau:
+proj=utm + zone=48 + ellps=WGS84 + towgs84=-191.90441429, 39.30318279,
-111.45032835,-0.00928836,0.01975479,-0.00427372, 0.252906278 + units =
m +no_defs

Well-Known Binary (WKB): ngdn ngit danh dau kiéu nhi phan dung dé biéu dién cho cac ddi tuong
hinh hoc trén ban do (twong ty nhu WKT) & hé thap luc phan.

Vidu: POINT (2.0 4.0)duoc thé hién trong co so dit liéu nhu sau :

000000000140000000000000004010000000000000

Véi su hd tro twong tac voi cac dbi twong khong gian, ngudi sir dung SQL Server ¢6 thé thuc hién viéc
Iwu trit dir liéu khong gian ciing nhu thuc hién truy van khong gian ma cac hé quan tri co so dir liéu
truyén théng (khéng chira thanh phan khéng gian) khong thé thuc hién dugc. Tinh ning nay s& cung cip
cho nguoi st dung trong cac linh vuc lién quan dén yéu td khong gian mot hé quan tri co s& dit liéu phu
hop.

2.2. Truy vén di liéu khong gian trong SQL Server

Dé c6 thé thuc hién truy van khong gian bang ngon ngir SQL, thi SQL Server da cai dat sdn cac ham
hd trong viéc truy van dir liéu khong gian. Di véi mi hé quan tri co so dir liéu khac nhau thi tén ham
cling khac nhau. Nhitng ham dudi ddy 1a cac ham thuong ding nhat va da duoc dinh nghia trong SQL
Server [1,7].

2.2.1 Cac ham hd tro co ban

a. STGeomFromText

Tra vé mot d6i teong dia ly dya vao thong tin tir WKT (Well-Known Text).

Cu phap: STGeomFromText ('geography tagged text', SRID)

Ngdn ngit danh dau kiéu van ban cua déi twong hinh hoc (WKT).

b. STAsText

Tra vé dang ngdn ngir danh dau kiéu vin ban cua déi tugng hinh hoc (WKT). Két qua tra vé khong bao
gom do cao hoic két qua do ludng (chiéu dai, chu vi, dién tich) cua ddi twong dia ly.

Cul phép: [abi tuong].STAsText ()

c. STSrid

Tra vé sb nguyén tuong ng véi mot hé quy chiéu da duoc dinh nghia (SRID).

Cuphép: [abi tuong].STSrid

d. STGeometrytype

Tra vé kiéu hinh hoc cua ddi tugng khong gian dudi dang chudi. Bao gom Point, LineString, Polygon,
GeometryCollection, Multipoint, MultiLineString, va MultiPolygon.

Cuphép: [abi tuong].STGeometrytype ()

2.2.2 Nhom ham do luong

DPbi v6i nhom ham do luong, don vi két qua tinh toan dugc tra vé nhu sau:

Déi véi dir lisu dang Geography: két qua tra vé co don vi mét. Bdi véi dit lieu dang Geometry: két qua
tra vé co don vi duge quy dinh theo hé toa d6 Dé-céc (xy).

a. STDistance

Tra vé khoang cach ngan nhat giira hai d6i tugng khong gian.

Cuphdp: pb6i tuong 1.STDistance (dbi tugng 2)

b. STLength

Tra vé chiéu dai caa mot ddi tugng khong gian. Di voi dbi twong ving (Polygon) gia tri tra vé s 14
chu vi cua déi tugng, dbi véi ddi tugng diém (Point) gié tri tra vé 12 0.
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CU0 phap: i tuong.STLength ()

c. STArea

Tra vé dién tich bé mat cua ddi twong khong gian (dang ving). Pon vi tra vé 1a don vi dién tich (ddi
vGi SRID 4326 - WGS84 la mét vudng).

CUl phéap: i tuong.STArea ()

2.2.3 Nhém ham tao doi twong

a. STBuffer
Tra vé mot ddi tugng khong gian 1a dai dién cho tap hop cua tat ca cac diém c6 khoang cach nho
hon hoac bang khoang céc tinh tir mot ddi tugng cho trude. Pay duoc goi la ving dém.
C0 phdp: i tuong.STBuffer (khodng céach)
b. STIntersection
Tra vé déi tuong khdng gian 1a tap hop cua tat ca cac diém thudc giao gitta d6i twong khong gian A
va dbi twong khong gian B. Néu khong ¢ diém chung giita hai dbi tuong két qua tra vé 1a rong (null).
Cl phdp: pbi tuong A.STIntersection (dbi tuong B)
¢. STUnion
Tra vé mot ddi twong khong gian 1a 12 tap hop cua ddi twong khong gian nay va dbi tuong khdng
gian khac.
Cl phdp: P61 tuong A.STUnion (dbi tuong B)

2.2.4 Nhdm ham quan h¢é Topology

a. STEqual

So sanh hai d6i tuong khdng gian, két qua tra vé& 13 1 néu hai déi tuwong giéng nhau, 0 néu hai dbi
tuong khac nhau. Két qua tra vé rdng néu hai d6i twong khac SRID.

Cl phdp: i tuong A.STEqual (d6i tuong B)

b. STDisjoint

Tra vé 1 néu cac dbi twgng khdng giao nhau, tra vé 0 néu cac dbi tuong giao nhau. Két qua tra vé rdng
néu hai déi tugng khéc SRID.

Cl phdp: i tuong A.STDisjoint (dbi tuong B)

c. STIntersects

Tra vé 1 néu cac ddi twong khdng gian giao nhau, tra vé 0 néu cac d6i twong khong gian khong giao
nhau. Két qua tra vé rdng néu hai déi twong khéc SRID.

Clphdp: pbi tuong A.STIntersects (dbdi tugng B)

d. STTouches

Tra vé gia tri 1a 1 néu cac dbi tugng khdng gian c6 it nhat 1 diém chung nhung khong giao nhau.
Nguoc lai, tra vé gié tri 0 néu hai d6i trong khong c6 diém chung.

Cl phdp: i tuong A.STTouches (dbi tuong B)

e. STWithin

Tra vé gia tri 1 néu dbi twong khong gian A hoan toan nam trong ddi twong khong gian B. Nguoc lai,
tra vé gia tri 0.

Cl phdp: i tuong A.STWithin (dbi tuong B)

f. STContains

Tra vé 1 néu va chi néu di tuong B hoan toan nam trong ddi tuong A (A chira B). Nguoc lai tra vé gia
tri 0.

CU phdp: i tuong A.STContains (dbi tuong B)

g. STOverlaps

Tra vé gid tri 1 néu cac ddi tugng khong gian c6 chung phan giao nhau nhung khong hoan toan chira
nhau. Nguoc lai tra vé gia tri 0.

2.3. Quy dinh vé dj mdt cia dit ligu do dac

Theo Phap Iénh bao vé bi mat Nha nudc sé 30/2000/PL-UBTVQH10 ngay 28 thang 12 nim 2000 cua
Uy ban Thuong vy Quéc hai thi Ban db quan sy (Ban do dia hinh); Toa d6 diém hang I, hang IT nha nu6c
ctia mang ludi qudc gia hoan chinh cling véi cac ghi cha diém kém theo 1 cac tai ligu thudc dién tdi mat
ctiia Nganh Do dac ban dd co lién quan dén sy nguy hai cua Nha nuée Cong hoa xa hoi chii nghia Viét
Nam, vi thé day 1a nhitng san pham han ché ngudi st dung [8].

Theo d6, tai Thong tu s6 29/2013/TT-BCA ngay 10 thang 5 nam 2013 cua B6 Cong an vé viéc Quy
dinh danh muc bi mat nha nuéc dd mat trong linh vuc tai nguyén va méi trudng. Tai muc 5 Piéu 1 cua
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thong tu ndy, danh myc do dac va ban d6 sau thugc danh muc bi mat nha nuoc [5] bao gom cac loai sau:

- Hé théng so lieu gbc do dac quoc gia bao gom Toa d6 gbc trac dia, toa do gdc thién vin, toa do gdc
vé tinh, gia tri goc trong luc tuyet. ddi, gia tri gdc do cao, gia tri géc do sau;

- Phim, anh hang khong bao gdm phim, anh hang khéng k¥ thuat sé va san pham quét phim, anh hang
khong kém theo sé liéu xac dinh toa do tdm anh c6 sb lugng to lién két bang dién tich I6n hon 200km2 &
thuc dia;

- Ban d6 dija hinh dang gidy, dang s6 va co so dir liéu nén dia ly cac ty I¢ 1:2.000, 1:5.000,
1:10.000, 1:25.000, 1:50.000, 1:100.000, c6 dién tich lién két 16n hon 200 km?;

- Tai liéu do dac va ban d6 cua khu vuc, muyc tiéu, déi twong trong dién bao mat.

3. Két qua va thao luan

Khi nguoi sir dung lya chon céc san pham dit liéu can duoc cung cap trén mang Internet, can phai tinh
toan dit liéu dugc phép cung cép cho nguoi su dung dya trén lich st mua hang cua ngubi sir dung va dix
liéu do dac va ban d6 ma nguoi sir dung dang yéu cau dugc cung cap. Néu pham vi nay c6 dién tich lién
két lon hon 200 km? thi khéng dugc phép cung cip cho ngudi st dung.

Véi mdi ngudi sir dung, c6 mot bang luu lai lich sir cac dir liéu da duge mua trude d6 trong bang co
cAu tric nhu sau:

Bang 1. Bang luu lgi lich si cac dir ligu da mua triece do

Tén truong Kiéu dir liéu Ghi cha
DulLieuld Integer Khda chinh cua bang
NguoiDungld Integer Ma nguoi str dung
PhamVi Geometry Pham vi dir li¢u ma nguoi st dung dd mua
TrangThai Bool Trang thai cua lich sir dit liéu

Sau khi nguoi su dung lya chon cac dir liéu can dugc cung cap, ta tim va tinh todn pham vi di liéu caa
tat ca dir liéu ma nguoi sir dung da mua tir trude dén nay bang cau lénh sau:

SELECT UNION (PhamVi) WHERE @NguoiDungId = nguoidungId

Tim vuing c6 dién tich 16n nhat:

SELECT MAX (PhamVi.STArea()) AS MAX AREA FROM

SELECT UNION (PhamVi) WHERE @NguoiDungId = nguoidungld)

Sau khi tim duoc dién tich I6n nhat, so sanh véi pham vi dir liéu cho phép (200 km?). Néu dién tich Ion
hon 200 km? thi thong bao cho nguoi dung biét pham vi dit liéu vuot qua quy dinh cho phép. Ngudi ding
can loai bo cac ving nay ra khoi di liéu can mua. Néu dién tich nho hon 200 km?, cho phép nguoi ding
tiép tuc mua dir liéu. Viéc kiém tra dir liéu duoc thuc hién bang cac cau lénh sau:

--Khai béo bién

DECLARE @laDulLieuMat BOOL = false;

IF @MAX AREA > 200

BEGIN
@laDulLieuMat = true;

END

ELSE

BEGIN

@laDulLieuMat = false;

END

Vi du, khi kiém tra nguoi stir dung ¢6 nguoidungid =10, ta c6 thong tin nhu sau:
= Results | i) Mamgesl 7 Results | 3 Messages |

dulievid Inguoidu\gﬁd | phamyi |l|angtha' | dulievid | nguoidungid | phamvi [ wangthai |
1 12 10 LIMESTRIMG(11732363.1528 2316993, 3846117923360, 1 ﬂ 12 10 LIMESTRING[11762210.8441 2401834.2725,11762208.9 1
2 |13 1w LINESTRING(1119555 6051 2330257,0271,1118549.3, 1 L LIHES TENHRGH) 1765500 5756 SH080a.0/0 11 T5907E. D BIA
|— E 114 10 LINESTRIMG[117559704.705E 2407163.6812,11758707.3 1
3_ L 10 UNESTHlNE[nm 7333.5056 2333434, 2616, 1817376.6.. 1 E 115 10 LINESTRING[11767973.8827 2406912.2761,11761923.7.. 1
4_ 15 10 LINESTRING[T17591504.5388 2345090.3241,11791487.8.. 1 ﬂ 116 10 LIMESTRING{11762336.8964 2402592.0678,11762321.8, 1
5 & 1w LINESTRING(11803222.4128 2346504 3315, 18032032, 1 (05| 17 10 LINES TRING(11767326.8686 238786910271 1767267.7... 1
B 17 10 UNESTHWG[HEDZM 4759 2339447757511 902656, 2. 1 E 118 10 LINESTRIMG[11761072.5813 2401630,4493,11761068,0, 1
[— ﬂ 118 10 LINESTRIMG[11771258.3033 23546E5.1368,11771225.6. 1
7 ]w® 1 LINESTRING(11801252 224 2342425, 2158,11801224.09.. 1 - EENED LINESTRINGIT) 7800M06114 2351530 50 1 7oz |
1 . LINESTRING(11806420. 3063 2346731.0863.11804304.3.. 1 108 121 10 LINESTRINGI11774051.20841 2374570.7288,11774167.4... 1
ENEE | LINESTRING(1 1733554 335 2050928 544511793668 72., 1
wla 1w LINESTRINGI11793410.6363 2348207.0372, 17384130, 1
Hinh 1. Lich si& mua déz liéu ban dé dia hinh Hinh 2. Dir li¢u ban do dia hinh ty 1¢ 1:10 000
ty I¢ 1:10 000 cuia nguwoi dung nguoi dung dang can mua
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Trong do:

+ Mau vang la pham vi di liéu da mua trong qua
khur.

+ Mau tim 12 dir liéu dang can mua.

&=

Hinh 3. Pham vi diz liéu ban d@6 dia hinh ty

1é 1:10 000 nguwoi ding dd mua thé hién trén
khéng gian
Sau khi chay lénh kiém tra:
SELECT MAX (PhamVi.STArea () )FROM
(SELECT UNION (PhamVi) WHERE @NguoiDungId = 10)
Ta c6 két qua dién tich lién két 16n nhat ma nguoi dung mua 1a 102.15 km?, nam trong pham vi cho
phép.

Khi kiém tra ngudi sir dung c6 nguoidungid = 68, ta ¢ thong tin nhu sau:

=] Rm\:s|_‘3 Messages | ‘ T \ i

dulisvid_| nguoidungd | phamyi [ wangthsi | (|
2. [ 176 e LINESTRING[11781015.0716 2363404.0011,11780956.0... 1 HHH
2. | 1747 63 LINESTRING({11776076.0768 2372786,6979,11 7760447 1 | I
(2. | 178 e LINESTRING(11786221.1059 2377419.2831,11786212.1... 1 f:‘J
2. | 1744 63 LINESTRING{11787644 3895 2373958 9243117676209, 1 I
2. | 173 & LINESTRING(11757306.5917 2406782.6779.11 7672928, 1 }i_;
2. | 1797 e LINESTRING[11777016.4665 2365375627311 776426, 1 Lt
N RERE LINESTRING{11765624.6213 2350440.2692,117656288.. 1 §
(2. | 170 e LINESTRING(11781864.7003 2370507.3212.11781814.8.. 1 mEEnn|
2. | 1741 es LINESTRING{11781529.417 2360790 1222176150538, 1
2. | 1742 &8 LINESTRING(11791018.7675 2364872,6859,11 7810113, 1 T
2. |171 e LINES TRING[11767357.6388 2399256, 437911 767295 6. 1 |
N R LmEsmwummmusnazasmanssasm?am1. 1 Ty \ :

Hinh 4. Diz liéu bdan d@é dia hinh ty 16 1:50 000  Hinh 5. Phgm vi di liéu ban do dia hinh ty 1¢ 1:50 000
nguoi dimg dang can mua nguoi ding dang mua thé hién trén khong gian
Trong d6: Mau xanh 1a pham vi dir liéu dang can mua (Hinh 5). Nguoi dung nay dang quan tim t&i dir
liéu dia hinh ty I& 1: 50 000 ven bién va chwa mua dir liéu 1an nao nén khéng cé dir liéu lich sr.
Sau khi chay Iénh kiém tra:
SELECT MAX (PhamVi.STArea())AS MAX AREA FROM
(SELECT UNION (PhamVi) WHERE @NguoiDungId = 68)
Ta c6 két qua dién tich lién két I6n nhat ma ngudi dung mua 1a 68.557,29 km?, vuot qua pham vi cho phép.

4. Két luan

Bai bao da gidi thiéu cach tiép can dir liéu khdng gian trong phan mém SQL Server va thuc hién viéc
tinh toan muc do mat cua di liéu do dac ban do bang cach sir dung céc phép toan khong gian do phan
mém nay cung cap. Két qua cia bai béo cho phép xac dinh duoc dién tich lién két lién tuc cua cac manh
ban d6 ¢6 nam trong pham vi cho phép hay khéng mot cach tu dong, gitip cho nguoi dung cé thé blet
dugc pham vi dir liéu cua minh can mua c6 dugc cung cap trén mang Internet hay khong ma khong can
ngudi quan tri hé théng phai kiém tra. Két qua nay da dugc ap dung trong cong tac kiém tra dir liéu nguoi
dung quan tdm trong hé théng cung cip dit liéu do dac ban dd trén mang Internet, gidp giam thai gian cho
doi cua khach hang. Hé quan tri co s& dit liéu SQL Server sir dung ngdn ngit 1ap trinh va truy van co s
dir liéu Transact-SQL nén hd tro rat nhidu cac 1énh truy van cho co so dit liéu, dac biét 1a co so dir lidu
khong gian. Bai bao chi trinh bay mét sb truy van co ban cho co sd dir liéu khong gian phuc vu cho viéc
tinh toan mirc do mat cua dir liéu do dac ban dd, ngudi sir dung c6 thé tim hiéu thém céc truy van khac
trong phan trg giGp caa phan mém.

Tai ligu tham khao

Aitchison, Alastair, Pro Spatial with SQL Server 2012, Apress, 2012.
Luat Luu trit 01/2011/QH13 ngay 11 thang 11 ndm 2011 cua Quoc hoi Cong hoa xd hdi chu nghia
Viét Nam vé “Luu trix”.
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Thong tu 29/2013/TT-BCA ngay 10/05/2013 quy dinh vé danh muc bi mat nha nudc ¢ mat trong linh
vuc tai nguyén va mai truong.

Théng tu 03 /2007/TT-BTNMT ngay 15/02/2007 huéng dan quan 1y, luu trit, cung cap va khai théc sir
dung thong tin tu liéu do dac va ban do.

https://docs.microsoft.com/en-us/sql/relational-databases/spatial/spatial-data-sql-server.

Phap lénh 30/2000/PL-UBTVQH10 ngay 28/12/2000 vé Bao vé bi mat nha nudc.

Thong thu sb 973/2001/TT-TCPDC ngay 20 thang 6 ndm 2001 ciia Tong cuc Dia chinh huéng din ap
dung hé quy chiéu va hé toa do6 qudc gia VN-2000.

ABSTRACT
Spatial data in SQL Server and the applications to determine the scope
to which the surveying and mapping data is provided on the Internet
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The paper presents spatial data in SQL Server and the application of spatial operations provided by
SQL Server to determine the permitted scope of the surveying and mapping data for the data provision on
the Internet
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