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Hoi nghi Toan qudc Khoa hoc Trai dat va Tai nguyén véi Phat trién bén viing - ERSD dugc
Trudng Pai hoc Mo - Dia chit (HUMG) va cac dbi tac to chirc 2 nam mot lan dé cac nha chuyén mon
trong va ngoai nudc tu hoi, gidi thieu nhiing két qua va huéng nghién cau khoa hoc méi, thao luan vé
cac xu thé phaét trién, thach thirc va co hoi mai déi véi nhidu linh khac nhau caa Khoa hoc Trai dat,
Tai nguyén va cac nganh khac cd lién quan.

Tiép nbi thanh cong cua Hoi nghi 1an tha nhét nam 2018 (ERSD 2018) va dugc su cho phép cua
Bo6 Gio duc va Dao tao, Hoi nghi Toan qudc Khoa hoc Trai dat va Tai nguyén véi Phat trién bén ving
lan thir hai (ERSD 2020) duge Truong Dai hoc Mo - Dia chat (HUMG) dang cai t6 chirc voi sy phdi
hop dong t6 chirc cua nhiéu don vi quan ly, nghién ctiu khoa hoc, dao tao va san xuét cé uy tin trong
nugc gom Téap doan Cong nghiép Than - Khoang san Viét Nam, Tap doan Dau khi Quéc gia Viét
Nam, Tong cuc Dia chit va Khoéang san Viét Nam, Cuc Po dac, Ban d6 va Thong tin dia ly Viét Nam,
Vién Dia chit va Dia vat ly bién, Vién Khoa hoc Bia chat va Khoang san, Truong Pai hoc Cong nghé
Déng Nai, Truong Pai hoc Pong A, Trudng Pai hoc Tha Dau Mat, Téng hoi Dia chat Viét Nam, Hoi
Khoa hoc Cong nghé Mo Viét Nam, Hoi Cong trinh ngam Viét Nam, Hoi Dia chat Thiy vin Viét
Nam, Hoi Dia chat Cong trinh va Moi truong Viét Nam, Hoi K§ thuat N6 min Viét Nam, H6i Khoa
hoc K§ thuat Bia vat ly Viét Nam, Hoi Tric dia - Ban d6 - Vién tham Viét Nam, va véi su tham gia
ctia nhiéu t6 chiic va ca nhan khac.

Cac cha dé chinh cua Hoi nghi lan nay tap trung vao thao luan céac két qua khoa hoc cong nghé
va huéng nghién ctu méi cua Khoa hoc Trai dat va Tai nguyén thién nhién, Khai thac va st dung tai
nguyén dia chat, Moi truong va cac linh vuc khoa hoc khac ¢6 lién quan nhu Co - Dién, Cong nghé
Théng tin, Xay dung, ... ciing nhu viéc Gng dung chdng vao phét trién bén vimg ddi vai nhiéu linh
vuc khac nhau cua khoa hoc cong nghg, kinh té va xa hoi.

Trong qua trinh t6 chirc Hoi nghi, Ban Té chuc d4 nhan dugc sy quan tm cia dong dao cac nha
khoa hoc, chuyén mon va quan ly trong va ngoai nudc, trong d6 ¢6 hon 300 bao cao khoa hoc lién
quan téi cac chii dé cua Hoi nghi da duoc guri t6i Ban bién tap. Trén co s¢ do, 255 béo céo ¢6 chat
luong da duoc lya chon va xuat ban trong Tuyén tap tom tit cac bao cao va Tuyén tap cac béo céo
toan van cua Hoi nghi. Bao cdo toan vin dugc tap hop thanh 16 tap, mdi tap tng véi mot cha dé khoa
hoc sau:

1. Pia chat khu vuc

2. Pia chat céng trinh - Pja chat thaiy van

3. Tai nguyén dia chdt va phat trién bén viing '

4. M6i trwong trong khai thac tai nguyén va phat trién bén viing

5. An toan mg

6. Cong nghé va thiét b khai thac

7. Thu héi va ché bién khoang sdn

8. Cong trinh ngam va Dja ki thut

9. Vat liéu va két cau

10. Ky thugt dau khi tich hop

11. Trdc dia

12. Bdn do, Vién tham va Hé thong théng tin dia ly

13. Khoa hoc Co ban trong linh vuc Khoa hoc Trdi dét va Méi truong

14. Co khi, dién va Tu dong hoa

15. Cbng nghé thong tin

16. Phan tich di li¢u va hoc may

Toan bo thdng tin khoa hoc vé hoi nghi, trong d6 c6 Tuyén tap cac béo cdo toan vin, dugc dwa
I1én trang Website chinh thac ctia Hoi nghi tai dia chi: http://ersd2020.humg.edu.vn/.

Ban té chuc xin tran trong cam on Trudng Pai hoc Mo - Dia chét, véi tu cach 1a don vi dang cai
t6 chirc Hoi nghi, cting cac don vi dong té chie da hop tac va gop phan quan trong vao su thanh cong
ctia Hoi nghi ndy. Cam on cac nha khoa hoc da dong gop cac cong bd khoa hoc c6 gia tri cho Hoi
nghi. Ban to chirc ciing danh gia cao su nd lyc caa Ban bién tap va cac chuyén gia bién tap dé nang
cao chat lugng cua cac bao cao khoa hoc ciing nhu sy ¢6 gang I6n caa Ban thu ky trong viéc chuan bi
va to chirc hoi nghi nay.



http://ersd2020.humg.edu.vn/

Ban t6 chirc mong muén tlep tuc nhan duoc sy hop tac chat che va gop y chan thanh cua cac don
vi va ca nhan ddi voi viéc chuan bi, to chuc, bién tap, va xuat ban céc bao cao khoa hoc, nhim nang
cao chét luong cua cac hoi nghi tiép theo, gép phan thuc day su phét trién bén vitng cua 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 vuc khoa hoc khéc ¢6 lién quan.

TRUONG BAN TO CHUC
GS.TS Tran Thanh Hai



MUC LUC

~ TIEUBAN ]
PHAN TICH DU LIEU VA HQC MAY

Nghién cteu sir dung giai thuat di truyén dé lya chon cac tham sé cho hgc sau
BUI Thi Vdn Anh, Dang Hitu NG ......ocoiieiiiieece et 01

Panh gia d9 chinh xac cia mot sé phwong phap xir ly dir liéu thiéu cho dir ligu chudi thei gian
(time series data) )
Nguyén Thj Phirong Bac, DANG VAN NAML.............ccccuoiiieieiiiieseiise ettt 08

Integrated flow shop and vehicle routing problem
Ta Quang Chieu, Ta Xuan Giang, Ha Thi Thu Hien, Tran Thi Hieu, Pham Duc Hau ........................ 18

Bdo mit dir liéu trong Di¢n toin dam may
DO INRU HAT ...t bbbt bt bbbt bbbt 24

Nghién cieu mé hinh hec may Naive Bayes trong phan l6p vin ban; Ung dung phan 16p cho tap
dir ligu c&c nhan xét trén Twitter
DIARG VAN INAM ..ot b bttt s bR e e sRe e sb e e neenneenneaneenneenneen 29

XAy dung chwong trinh minh hoa hé tr¢ giang day va hoc tap mon Tri tu¢ nhan tao
Dang Hivu Nghi, Bui Thi Van Anh, Pham Pirc Hau, Dang Quoc Trung..........cccoccovvveieieiiiiienieniennens 37

Nghién ciru mang hec sau sir dung Keras trong nhin dang hinh anh
Pham Dinh Tan, Tran Thi Thu Thay, Dim CONG HOANG ......coeiierieiienieeseeese e 43

Phat trién thut toan nang cao chét lwgng tiéng ndi thoi gian thyc
Duong Thi Hién Thanh, Tran Thanh HUAN ... e 48



‘VE‘—*J/ HOI NGHI TOAN QUOC KHOA HOC TRAI BAT
SAR SO VA TAI NGUYEN VO'I PHAT TRIEN BEN VIPNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nghién ctau sir dung giai thuat di truyén dé lya chon
cac tham so cho hoc sau

Bui Thi Van Anh'”, Bang Hiiu Nghi*
YTruong Dai hoc M6 - Dia chat

TOM TAT

Hoc may (machine learning) 1a mot linh vuc cua tri tué nhan tao lién quan dén viéc nghién cau va xay dung
céc ki thudt cho phép céc hé thong "hoc” tw dong tir di ligu dé giai quyét nhing van dé cu thé. Hoc séu
(Deep learning) la mot chi cua hoc may, xay dung mo hinh bang cach st dung nhiéu 16p no ron véi cau
trdc blen dbi phi tuyén. Dé c6 thé dat duoc két qua tot khi thiét ké cac mang hoc sdu, chiing ta phai t6i wu
hoa cau triic cia mang bang cach lya chon cac tham sb phu hop. Trong bao cdo nay, chiing t6i dé xuat giai
phép sir dung giai thuat di truyén dé lya chon céc tham s cho hoc sau.

Tir khoa: Hoc may: hoc sau; tri tué nhan tao; di liéu; t6i wu hoa cau tric; giai thuat di truyén.

1. Mé dau

Mang tich chap (Convolution neural network - CNN) di dat dugc mot thanh cong dang ké trong cac bai
toan phan loai hinh anh trong nhitng nam gan day. Hiéu suat caa CNN phu thudc rat nhiéu vao kién triic
cuia n. Mang tich chap (CNN) rat nhay cam vai viéc lua chon cac tham s6 cua chiing. Tuy nhién, rat kho
xéc dinh kién tric mang ly tuong. Khong c6 quy tic rd rang vé sé lwong no ron & cac 1p trung gian, s6
lugng I6p trung gian va cach két nol gitra cac no ron.

Cac phuong phép chon tham s6 truyén théng bao gom tim kiém thii cdng, tim kiém luéi hogc tim kiém
ngau nhién, nhung nhitng phuwong phép nay doi hoi kién thuc chuyén mon hodc nang né vé tinh toén.

Trong bai bao nay, ching t6i dé Xuat mot phuong phap thiét ké kién trac CNN bang céch sir dung giai
thuat di truyén dé lya chon céc tham s tét cho CNN, dé nang cao hiéu qua cho céc bai toan phan loai anh.
2. Phuong phap hoc sdu (deep learning)
2.1. Gigi thigu vé deep learning

Hoc sau 12 mot nhanh dic biét ciia nganh hoc may, tra nén phd bién trong thap ky gan day do cac nha
khoa hoc di c6 thé tan dung kha ning tinh toan manh mé& ciia cac may tinh hién dai ciing nhu khi lwong
dir liéu khong 16 (hinh anh, 4m thanh, vin ban,...) trén Internet (Adit Deshpande, 2016; Andrej Karpathy).

Céc mang huan luyén theo phuong phap Hoc sau con duoc goi Vi cai tén khéc 1a mang no-ron sau Deep
Neural Network) do cach thirc hoat dong ciia chiing. Vé co ban, cdc mang nay bao gom rat nhidu I6p khac nhau,
mbi 16p s& phan tich dit liéu dau vao theo cac khia canh khac nhau va theo mirc do triru trong nang cao dan.

O

Output
(object identity)

3rd hidden layer

(object parts)

2nd hidden layer
(corners and

contours)

1st hidden layer
(edges)

Visible layer
(input pixels)

Hinh 1. Mic dg triru twong ting dan qua cac tang hoc ciia Hoc sau

*Tac gia lién h¢
Email: buithivananh@humg.edu.vn
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Cu thé, véi mot mang Hoc sau cho nhan dang anh, cac I6p dau tién trong mang chi lam nhiém vu rat don
gian 1a tim kiém cac duong thang, dwong cong, hodc dém mau trong anh dau vao. Céc thdng tin nay s&
dugc sir dung lam dau vao cho céc 16p tiép theo, véi nhiém vu kho hon 1a tir cac dudng, cac canh d6 tim ra
céc thanh phan cua vat thé trong anh. Cubi cling, cac 16p cao nhit trong mang huan luyén s& nhan nhiém
vu phét hién ra vat thé trong anh.

Vi cach thire hoc thong tin tir anh lan lwot qua rat nhiéu 16p, nhiéu ting khac nhau nhu vay, cac phuong
phép nay c6 thé gitip cho méy tinh hiéu dugc nhiing dit liéu phirc tap bang nhiéu I6p thong tin don gian qua
ting bude phén tich. B6 ciing 1a 1y do chiung dugc goi la cac phuong phap Hoc sau.

Tuy co nhiéu diém wu viét trong kha néng huan luyén may tinh cho céac bai toan phuc tap, Hoc sau van
con rat nhiéu gisi han khién no chua thé duoc &p dung vao giai quyét moi van dé. Biém han ché 16n nhat
cua phuong phép nay la yéu cau vé kich thudéc dir liéu huan luyén, md hinh huan luyén. Hoc sau doi hoi
phai c6 mot luong khong 16 dit liéu dau vao dé co thé thuc hién viéc hoc qua nhleu I6p véi mot sb luong
I6n no-ron va tham sd. Dong thoi, viéc tinh toan trén quy mé dir liéu va tham s6 1on nhu vay cling yéu cau
dén strc manh xu ly cia cac may tinh server ¢ Ion. Quy trinh chon loc dit liéu ciing nhu huan luyén md
hinh déu tén nhiéu thoi gian va cong stic, dan dén viéc thir nghiém cac tham sé mai cho mé hinh 13 céng
viéc xa xi, kho thyuc hién. Tuy nhién, nhd cac phuong phap Hoc tap chuyén giao, hién nay diém han ché
I6n nhit nay da khong con 13 van dé qua nghiém trong nhu trudc.

Ngoai han ché vé& kich thudc dir liéu dau vao, Hoc sau con chua du théng minh dé nhan biét va hiéu
dugc cac logic phirc tap nhu con ngudi, cac tac vu do ching thuc hién van tuong di may méc va can cai
thién dé “thong minh” hon nia.

2.2. Mgt sé thugt toan deep learning
2.1.1. Recurrent Neural Network (RNN - Mang noron tdi phdt)

Recurrent Neural Network (RNN) la mot trong nhitng mé hinh Deep learning dwoc danh gia c6 nhiéu
wu diém trong cac tac vu xtu ly ngdn ngir tu nhién (NLP).

RNN la mot mé hinh cé tri nhé (memory), cd kha nang nhé duge thong tin da tinh toan trude do. Khong
nhu cac mé hinh noron truyén théng, d6 1a thong tin ddu vao (input) hoan toan doc 1ap vai thong tin dau ra
(output). V& ly thuyét, RNN c6 thé nhg dugc thong tin cia chudi ¢ chiéu dai bit ki, nhung trong thuc té
md hinh nady chi nhé dugc thdng tin ¢ vai bude trude do.
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Hinh 2. Mang noron tazphat

RNN tao ra c&c mang vong lip bén trong chiing, cho phép thong tin dugc Iuu trit lai cho céc lan phan
tich tiép theo.

Huén luyén RNN tuong tw nhu hudn luyén mang no ron truyén thdng. Ta ciing sir dung dén thuat toan
backpropagation (lan truyén nguoc) nhung can mot chit tinh chinh. Gradient tai mdi output khdng chi phu
thuoc vao két qua tinh toan cua budce hién tai ma con phu thudc vao két qua tinh toan cua cac bude trude
do.

2.2.2. Long short-term memory (LSTM)

Long Short Term Memory networks - thuong duoc goi la “LSTM”, la truong hop dac biét caa RNN, cd
kha nang hoc long-term dependencies. M6 hinh nay dugc gigi thiéu béi Hochreiter & Schmidhuber (1997),
va dugc cai tién lai. Sau 6, mo hinh nay dan tré' nén pho bién nhd vao cac cong trinh nghién ciru gan day.
M0 hinh nay c6 kha ning tuong thich véi nhiéu bai toan nén dwgc sir dung rong réi & cac nganh lién quan.
LSTM dugc thiét ké nham loai bo van dé long-term dependency.



A

A AL #
& ® ©

Hinh 3. Mang noron LSTM
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M6 hinh ndy c6 ciu trac twong tu nhu RNN nhung ¢ cich tinh toan khac d6i véi cac hidden state
Memory trong LSTM duoc goi & hat nhan (cells). Ta c6 thé xem day 1a mot hop den nhan thong tin dau
vao gom hidden state st-1 va gia tri xt. Bén trong cac hat nhan nay, chiing s& quyét dinh thong tin nao can
Iuru lai va thong tin ndo can chuyén di, nho vay ma mé hinh nay cé thé luu trir dugc thong tin dai han.

2.2.3. Mang no-ron tich chgp (Convolution neural network - CNN)

Mang no-ron tich chap (CNN - Convolutional Neural Network) Ia mot trong nhitng mé hinh mang Hoc
sau phd bién nhat hién nay, c6 kha ning nhan dang va phan loai hinh anh véi do chinh xéc rét cao, tham
chi con tét hon con ngudi trong nhiéu truong hop. M6 hinh nay da va dang dwoc phat trién, tng dung vao
cac hé thong xur Iy anh Ién cua Facebook, Google hay Amazon... cho cac muc dich khac nhau nhu cac
thuat toan tagging tu dong, tim kiém anh hozc goi y san pham cho ngudi tiéu dung.

Sy ra doi cia mang CNN 12 dya trén y tuong cai tién cach thic cac mang no-ron nhan tao truyén thdng
hoc théng tin trong anh. Do sir dung cac lién két day du giita cac diém anh vao node, cac mang no-ron nhan
tao truyén thang (Feedforward Neural Network) bi han ché rat nhiéu boi kich thudc cua anh, anh cang 16n
thi s6 lwong lién két cang tang nhanh va kéo theo sy bung né khéi luong tinh todn. Ngoai ra sy lién két day
du nay ciing 1a su du thira khi véi mdi btc anh, céc thdng tin cha yéu thé hién qua su phu thudc giita céc
diém anh véi nhimg diém xung quanh né ma khong quan tdm nhiéu dén cac diém anh & cach xa nhau.
Mang CNN ra doi véi kién trac thay di, c6 kha nang xay dung lién két chi st dung mot phan cuc bg trong
anh két ndi dén node trong I6p tiép theo thay vi toan b anh nhu trong mang no-ron truyén thang.

Cac 16p co ban trong mot mang CNN bao gom: Lap tich chap (Convolutional), L6p kich hoat phi tuyén
ReLU (Rectified Linear Unlt) Lop ldy mau (Pooling) va Lop két ndi day du (Fully-connected), dugc thay
ddi vé sb luong va cach sip xép dé tao ra cac mo hinh huan luyén phu hop cho tirng bai toan khac nhau.
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Hinh 4. Kién tric co ban cia mgt mang tich chdp

- Lép tich chap:

Pay la thanh phan quan trong nhét trong mang CNN, ciing 1a noi thé hién tu tuong xay dung su lién két
cuc bo thay vi két ndi toan bo cac diém anh. Céc lién két cuc bo nay dugc tinh toan bang phép tich chap
giita c4c gia tri diém anh trong mot viing anh cuc b vai cac bo loc - filters - ¢6 kich thudc nhé.



Cac diém anh géc

B6 loc tich chap

Gia tri diém anh moi

Hinh 5. Vi du bg loc tich chdp duwoc sir dung trén ma trdn diém anh

Trong vi du & Hinh 5, ta thiy bo loc duoc sir dung 1a mot ma tran c¢6 kich thudc 3x3. Bo loc nay dwoc
dich chuyén lan Iuot qua tirng viing anh dén khi hoan thanh quét toan bo birc anh, tao ra mot buc anh mai
¢6 kich thude nhé hon hodc bang vai kich thude anh dau vao.

Nhu véy, sau khi dua mét birc anh dau vao cho Iép Tich chap ta nhan duoc két qua dau ra 1a mot loat
anh twong ng véi cac bo loc da duoc sir dung dé thuc hién phép tich chap.

- Lép kich hoat phi tuyén ReLU:

Lép nay dugc xay dung véi y nghia dam bao tinh phi tuyén cia mé hinh huan luyén sau khi da thyc hién
mot loat cac phép tinh toan tuyén tinh qua cac 16p Tich chap.

Lép Kich hoat phi tuyén ndi chung sir dung céc ham kich hoat phi tuyén nhu ReLU hoic sigmoid, tanh. ..
dé giGi han pham vi bién d6 cho phép cua gia tri diu ra. Trong s6 cac ham kich hoat nay, ham ReLU dugc
chon do cai dat don gian, téc d xu ly nhanh ma van d¢am bao dwoc tinh toan hiéu qua. Cu thé, phép tinh
toan ciia ham ReLU chi don gian 1a chuyén tat ca cac gia tri am thanh gié tri 0.

(x) = max(0, x)

Thong thuong, 16p ReLU dugc ap dung ngay phia sau I6p Tich chap, véi dau ra la mot anh méi c6 kich
thudc glong V6i dnh dau vao, c4c gié tri diém anh ciing hoan toan tuong ty trir cAc gi tri 4m da bi loai bo.
- Lép 1y miu:

Mot thanh phan tinh toan chinh khéc trong mang CNN 1a lay mau (Pooling), thudng dugc dat sau 16p
Tich chap va 16p ReLU dé lam giam kich thuéc kich thude anh dau ra trong khi van giir dwoc céc thong tin
quan trong cuia anh dau vao. Viéc giam kich thudc dit liéu co tac dung lam giam dugc s6 lugng tham sé
cling nhu ting hiéu qua tinh toén. Lop ldy mau ciing str dung mat cira s6 trugt dé quét toan bo cac ving
trong anh twong tu nhu 16p Tich chap, va thuc hién phép ldy mau thay vi phép tich chap - tic 1a ta s& chon
Iwu lai mot gid tri duy nhat dai dién cho toan b thdng tin cua ving anh do.

Hinh 6 thé hién cac phuong thtrc ldy mau thuong dugc sir dung nhit hién nay, dé la Max Pooling (1iy
gia tri diém anh 16n nhat) va Avarage Pooling (lay gié tri trung binh cta cac diém anh trong viing anh cuc
bo)
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Hinh 6. Phwong thuc Avarage Pooling va Max Pooling
Nhu vay, véi moi anh dau vao dugc dua qua lay mau ta thu dugc mot anh dau ra tuong tng, c6 kich
thudc giam xudng dang ké nhung van gitt duge cic dac trung can thiét cho qud trinh tinh todn sau nay.



- Lép két néi day da:
L6p két ndi day du nay duoc thiét ké hoan toan tuong tw nhu trong mang no-ron truyén thong, tac 1a tat

ca cac diém anh dugc két ndi day du véi node trong 16p tiép theo. So véi mang no-ron truyén thng, cac

anh dau vao cua lop nay di c6 kich thude dugc giam bét rat nhidu, dong thoi van dam bao cac thong tin

guan trong cho viéc nhan dang. Do vay, viéc tinh toan nhan dang sir dung mé hinh truyén thang da khong

con phic tap va tén nhiéu thoi gian nhu trong mang no ron truyén thng.

3. Giai thuat di truyén (GAs)

GAs la mot ky thuat cia khoa hoc may tinh nham tim kiém giai phap thich hop cho cac bai toan t6i uu
t6 hop (combinatorial optimization), la mot phan nganh cua giai thuat tién hoa, van dung cac nguyén ly cua
tién hoa nhu: di truyen dot bién, chon loc ty nhién, va trao d6i chéo. N6 st dung ngon nglt may tinh dé mo
phong qua trinh tién hoa cua mot tap hop nhitng dai dién triru twong (goi 1a nhing nhidm sic thé), cua cac
giai phap c6 thé (goi la nhitng ca thé) cho bai toan t6i wu hoa van dé. Tap hop nay s& tién trién theo hudng
chon loc nhiing giai phép tot hon. GAs ciing nhu cac thuat toan tién hoa, déu dwoc hinh thanh dwa trén mot
quan niém duoc coi la mot tién dé phi hop vai thuc té khach quan. D6 13 quan niém "Qua trinh tién hoé tu
nhién 1a qué trinh hoan hao nhat, hop Iy nhét va ty n6 ¢a mang tinh téi wu". Qua trinh tién hoa thé hién tinh
t6i wu & chd thé hé sau bao gid ciing t6t hon thé hé true (S.N.Sivanandam).

Ngay nay, GAs cang tré nén quan trong, dac biét 1a trong linh vuc t6i uu hod, mét linh vuc ¢6 nhiéu bai
toan tha vi, dugc ng dung nhiéu trong thuc tién nhung thuong khé va chua c6 phwong phap hiéu qua dé
giai quyét.

GAs la ky thuat chung, gilp giai quyét van dé bang cach mé phong su tién hoa cta con ngudi hay cua
sinh vat n6i chung (dua trén thuyét tién héa muon loai cua Darwin), trong diéu kién qui dinh sin ciia moi
truong. Muc tiéu cia GAs khdng nham dua ra 10i giai chinh xac t6i wu ma 1a dua ra 10i giai twong dbi tdi
wu. Mot ca thé trong GAs sé& biéu dién mot giai phap cua bai toan. Tuy nhién, khéng giéng vai trong tu
nhién 1a mot cé thé ¢ nhiéu nhidm sic thé (NST) ma dé gidi han trong GAs, ta quan niém mot ca thé co
mot NST. Do d6, khai niém cé thé va NST trong GAs coi nhu 13 trong duong. Mot NST duoc tao thanh tir
nhiéu gen, mdi gen c6 thé c6 cac gia tri khac nhau dé quy dinh mét tinh trang nao d6. Trong GAs, mot gen
dugc coi nhu mot phan tir trong chudi NST. M6t tap hop céc ca thé c6 cling mot s6 dic diém nao dy duoc
goi la quan thé. Trong thuat giai di truyén, ta quan niém quan thé 1a mot tap céc 1o giai cua mot bai toan.

Cic buée co ban cia giai thuat di truyén
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Hinh 7. Cdc bude co ban cua giai thudt di truyén




4. Ap dung giai thuat di truyén dé lya chon cac tham s6 cho mang no ron tich chap

Trude khi dao tao mot mang noron sau, can phai xac dinh kién tric cuia mang dé dwoc thuc hién lan luot
bang cach chon céc siéu tham sé dugc lién két voi mdi 16p ciia mang ludi. Thong thuong, céc siéu tham sb
duge xac dinh bai truc gidc cua con ngudi, kinh nghiém hoac thie nghiém.

Chung t6i thir nghiém mé hinh CNN trén tap dir liéu MNIST, tap dit liéu nay thuong dung dé danh gia
hiéu qua cua giai thuat nhan dang ky tu sé viét tay. Tap dir liégu MNIST ¢6 ngudn géc tir tap NIST do t6
chuc National Institute of Standards and Technology (NIST) cung cap, sau d6 dugc LeCun cap nhat va chia
thanh 2 tap riéng biét:

e Tap hoc (huan luyén) gdm c6 60.000 anh kich thudc 28 x 28, caa chir s6 viét tay duoc dung viéc huan
luyén mé hinh may hoc tu dong. T4t ca cac anh trong tap hoc déu duoc canh chinh va bién doi thanh dix
ligu dang diém gom 60.000 phan tir (kY tu s0) ¢ 784 chicu la gia tri mic xdm cua céc diem, 10 lop (tir 0
dén 9).

e Tap kiém tra gdm c6 10.000 anh cua ki s6 viét tay duoc dung cho viéc kiém thi, trong tu cac anh
trong tap thir ciing dwoc bién déi va canh chinh thanh dit liéu diém gom 10000 phan tir trong 784 chiéu, 10
16p (tir O dén 9).

Cau tric mang CNN gom:

Lép nhan chap c6 32 cira sb truot véi kich thudc 5x5 va ham kich hoat X
Lép lay mau theo gia tri I6n nhét trong ctra s6 2 X 2

L&p nhan chap ¢6 32 cira 5o trugt véi kich thude 5x5 va ham kich hoat X
Lép lay mau lay téi da trong ctra $6 2 X 2

Lop lam phing

Lop két ndi day di c6 Y noron va ham kich hoat X

. Lépdaura

Céc tham sb dugc dua vao lya chon la cac ham kich hoat X, phuong phap tdi uu va s6 noron Y cua I6p
két nbi day du. Trong do:

o Céac ham kich hoat la: tanh, relu va sigmoid.

e Cac phuong phép tbi wu 1a: adam, rmsprop, sgd.

e S6 noron cua 16p két ndi day du la tir 32 dén 256.

Nhu vay mdi c4 thé s& gom 3 thanh phan do6 1a ham kich hoat, phuong phap téi wu va s noron cua lép
két ndi day du.

Ung dung giai thuat di truyén trong bai toan lya chon tham sé cho CNN nhu sau:

[Khai tao] Sinh ngau nhién mot quan thé gom n ca thé (o day ching toi chon n = 20)

[Quan thé méi ] Tao quan thé méi bang cach lap lai cac bude sau cho dén khi quan thé méi hoan thanh

[Thich nghi] Thyc hién CNN véi bo tham sé luu trong mdi ca thé. Do thich nghi chinh la két qua do
chinh x&c khi phén loai dugc danh gia boi phuong phap cross validation.

[Kiém tra ] Kiém tra diéu kién két thic giai thuat. O day diéu kién két thic 1a sau 1 s6 1an lap n nao d6
hoic sy chénh Iénh vé d6 chinh xac cua 2 ca thé tét nhét trong 2 thé hé nho hon B (0.001 < B < 0.1)

[Chon loc] Chon hai ¢4 thé b6 me tir quan thé cii theo do thich nghi caa ching (c& thé co do thich nghi
cang cao thi cang c6 nhiéu kha ning dugc chon)

[Lai ghép] V&i mot xac suit lai ghép dugc chon, lai ghép hai ca thé bé me dé tao ra mot c& thé méi.

[Dot bién] Véi mot xac suat dot bién duoc chon, bién ddi ca thé mai

[Chon két qua] Néu diéu kién dimg dwoc thoa man thi thuat toan két thic va tra vé 15i giai tot nhat trong
quan thé hién tai

Sau day 1a mot s6 két qua minh hoa:

Nougk~wpnE

ham kich hoat phuong phap t6i wu S6 noron Do chinh xéac
Relu Adam 78 0.9589
Sigmoid Sad 50 0.5889
Sigmoid Sad 107 0.6208
Sigmoid Adam 169 0.9115

Néu sir dung phuong phép tim kiém lu¢i dé lua chon bo tham s6 tot nhét ta can phai thuc hién 225 x 3
x 3 lan thyc hién mang CNN. Trong khi d6 vai giai thuat di truyén chi vai tram 1an thyc hién CNN ta da
nhan dwoc cau trdc mang kha tot.

5. Két luan

Trong bai bao nay ching toi vira trinh bay viéc (ng dung giai thuat di truyén dé lya chon céc tham s6
cho mang no ron tich chap CNN dé nhan dang chinh xéc ky tu sé viét tay. Két qua thir nghiém trén tap di
lieu thuc MNIST cho thdy rang viéc tng dung giai thuat di truyén dé hra chon cac tham sé phuong phép 1a
khé hiéu qua, né gidp giam dang ké thoi gian tinh toan so vai cac phuong phap xac dinh tham sb truyén



thdng nhu tim kiém ludi. Trong thoi gian téi, chiing tdi s& 4p dung phuong phéap nay dé xac dinh cho céc
giai thuat khac cua phuong phap hoc sau.
Loi cam on ) . )

Bai bao nay la két qua cua bé tai ma s6 CT.2019.01.02.
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ABSTRACT
Using genetic algorithms to select parameters for deep learning

Bui Thi Van Anh?, Dang Huu Nghit
'Hanoi University of Mining and Geology

Machine learning is a field of artificial intelligence involved in the research and construction of techniques
that allow systems to "learn™ automatically from data to solve specific problems. Deep learning is a branch
of machine learning that models highly abstracted data using multiple processing layers with complex
structures and nonlinear transformations. To achieve good results, when designing a deep neural network
we have to optimize its structure by selecting appropriate parameters. In this paper, we propose to use
genetic algorithms to select parameters for deep learning models.

Keywords: Machine learning; deep learning; artificial intelligence; data; structure optimization; genetic
algorithm.
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TOM TAT

Xir ly dit liéu thiéu (missing values) 1a mot trong nhitng cong doan khong thé thiéu trong qua trinh 1am sach
dit liéu (Data cleansing). C6 hai nhom phwong phap xtr Iy dir liéu thiéu do 1a loai bo céc gia tri thiéu va/hoic
thay thé dir liéu thiéu bang mot gia tri méi. Viéc lya chon str dung nhom phuong phép nio hodc dong thoi
ca hai phu thugc vao tirng bai toan, ting loai va kiéu dix liéu cu thé...Dir liéu chudi thoi gian (time series
data) 12 mot chudi cac diém dit liéu duoc do theo ting khoang thoi gian lién nhau theo mot tan suét thoi
gian théng nhat. Viéc xur ly gia tri thiéu trong dir liéu chudi thoi gian ciing ¢6 nhitng khéc biét 16n so voi
viéc xir ly gia tri thiéu cua cac dang dir liéu khac. Trong noi dung cua bai bao nay, ching toi s& gisi thiéu
4 phuong phap chinh dwoc sur dung dé xir ly gié tri thiéu dbi voi dir liéu chudi thoi gian bao gom: LOCF,
NOCB, néi suy tuyén tinh, ngi suy Spline; Ciing trong bai bao, chung t6i s& trinh bay viéc &p dung cac
phuong phép nay va danh gia do chinh xac ciia mdi phuong phép str dung d6 do MAE, RMSE cho dit liéu
nhiét d6 trong nam 2019 tai 5 tram khu vyc phia Bic.

Tir khoa: Dir liéu thiéu; chudi thoi gian; mae; rmse.

1. Mé dau

Chuan bi dit liéu (Data preparation) 1a cong doan bat buéc, 1a khau chiém nhiéu thoi gian, cong suc va
ngudn luc nhat cua bat ky mot du an khoa hoc dit liéu nao. Cac két qua nghién ctru cho thay 80% thai gian,
cong stc va ngudn e caa mot dur &n khoa hoc dit liéu la cho viéc nay. Chuan bi dir liéu bao gom rat nhiéu
thao tac, nghiép vu, ky thuat va yéu cau khac nhau, phu thugc vao ting loai dir liéu va ting du &n cu thé.
Tuy nhién, ching ta cé thé tong hop vao ba nhém thao tac chinh: Lam sach dit liéu (Data cleansing); Chuyén
ddi dir liéu (Data transformation) va Tich hop dit liéu (Combining data). (Davy Cielen and et al., 2016)

Nhu vay, 1am sach dir liéu 1a bude dau tién can phai thuc hién sau khi thu thap dir liéu, cac dix liéu ban
dau khi thu thap duoc tir céc nguon khac nhau duoc goi 1 dir ligu thd (raw data). D ligu nay thuong chira
rat nhiéu “nhiéu”, cac dir liéu khong lién quan, chua theo mot chuan chung thong nhat, hozc dit liéu khong
day du, bi mat mét, thiéu thong tin...day 1a nhitng van d& ludn hién hitu trong moi bo dit liéu.

MGt trong nhiing thao tac quan trong trong qua trinh 1am sach dit liéu do 1a xir ly cac gié tri thiéu, mat
mét (missing values). C6 nhiéu phwong phap khac nhau dé xt ly gia tri thiéu, mdi mot phuong phép lai phu
hop véi mot bai toan, mot linh vyc va mét loai dit liéu cu thé. Khdng c6 mot phuong phap xtr ly nao 1a tét
cho tat ca moi truong hop.

Nhiing dir lieu quan sat lién tuc cho mot hién twong (vét ly, kinh te .) trong mét khoang thoi gian sé tao
nén mot chudi thoi gian nhu: Doanh s& Cua cOng ty trong 20 nam gan day, hoac nhiét do ghi nhan tai mot
tram quan tric khi tuong, hoac cong suat dién ning tiéu thu trong mot nha may, d6 1a cac vi du dién hinh
cho mét chudi thoi gian. Dit ligu chudi thoi gian (time series data) Ia mot trong nhiing loai dir liéu dang rat
phd bién va quan trong ngay nay. buoc tng dung vao trong rat nhiéu linh vuc khac nhau, dic biét cho cac
bai toan du doan, du bao. Ciing giéng nhu cac loai dit liéu khéac, dir ligu chudi thoi gian hoan toan c6 thé bi
thiéu, mat mat. Tuy nhién, viéc xt ly dir liéu thiéu trong chudi thoi gian lai c6 nhitng phuong phap va cach
thure riéng.

Trong ndi dung cua bai bao nay, nhom tac gia s& nghién ciu vé dit liéu chudi thoi gian, cdc phuong phép
co ban dé xu ly di liéu thiéu trong chudi thoi gian bao gdbm: Thay thé gia tri thiéu bang gia tri lién truéc
(LOCF); Thay thé gi4 tri thiéu bang gié tri lién sau (NOCB); Nai suy tuyén tinh (Linear), Noi suy Spline.
Nhém tac gia ciing tién hanh thuc nghiém cac phuong phép nay trén bo dir liéu nhiét do tai 5 tram quan
trac: 48805 - Ha Giang, 48806 - Son La, 48825 - Ha Dong, 48838 - Mong Cai va 48839 - Bach Long Vi

* Tac gia lién h¢:
Email: nguyenthiphuongbac@humg.edu.vn
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trong ndm 2019, sau d6 str dung do do MAE va RMSE dé danh gia do chinh xac ciia 4 phuong phap xir ly
dix liéu thiéu néu trén.

2. Mot s6 phwong phap xir Iy gia tri thiéu cho dir liéu chudi thoi gian

2.1 .Di# ligu chudi thoi gian (time series data)

Chudi thoi gian (time series) trong thong ké, xr Iy tin hiéu, kinh té lugng va toan tai chinh 1a mot chudi
céc diém dit liéu, dugc do theo timng khoang thoi gian lién nhau va theo mot tan suét thoi gian thong nhat.
Dit lidu chudi thoi gian thuong bao gém cac phép do lién tiép thuc hién tir cing mot ngu0n trong mot
khodng thoi gian. Phan tich chudi thoi gian ¢6 muc dich nhan dang va tap hop lai cac yéu td, nhitng bién
ddi theo thoi gian ma né anh hudng toi gia tri cua bién quan sat.

Néu phan tich dir liéu chudi thoi gian theo mé hinh hoi quy tuyén tinh, gia tri tai thoi diém t 13 y(t) duoc
xac dinh nhu sau:

y(t) = m(b) +s(t) + &(t) (€

Trong d6: m(t) 1a xu huéng (trend), s(t) 1 tinh thoi vu (seasonality) va &(t) 1a bién ngau nhién. Dya trén
phuong trinh 1, co thé chia dix liéu chudi thoi gian thanh 4 loai:
e Dit liéu chudi thoi gian khong co xu hudng va miia vu (con goi la nhiéu tréng - white nosie) - Hinh
1(a)
e Dir liéu chudi thoi gian co tinh xu huéng nhung khong c6 tinh mua vu - Hinh 1(b)
e Dir liéu chudi thoi gian khong c6 tinh xu huéng nhung c6 tinh mua vu - Hinh 1(c)
e Dir liéu chudi thoi gian 6 ca tinh xu hudng va tinh mia vy - Hinh 1(d)
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Hinh 1. C&c dang di liéu chudi thoi gian

Dix liéu chudi thoi gian duoc tng dung rat rong réi trong nhiéu linh vye nhu: Du bao kinh té; Phan tich
thoi gian thuc; Tinh toan doanh sé ban hang; Phan tich thi truong; Dy bao thoi tiét.... (Shumway and et al.,
2017). Qué trinh thu thap di liéu chudi thoi gian cé thé do nhiéu nguyén nhan cha quan, khach quan mét
s6 thoi diém trong chudi bi thidu, mat mat. Do d6 viéc xt ly gia tri thiéu 12 vin dé bat budc trudc khi c6 thé
sir dung duoc dit liéu nay cho bt ky muc dich nao (Xi Wang, Chen Wang, 2019).

2.2 . Mgt sé phuwong phdp xir ly gia tri thiéu

X ly gia tri thiéu (missing values) lun l1a mét budc quan trong va bt bugc trong qué trinh 1am sach di
lieu. C6 rat nhidu phuong phap dé xir ly dir liéu thiéu, c6 thé gom cac phuong phéap ndy vao 2 nhém chinh
d6 1a: Loai bo cac dong hoic cac cot dir liéu chira gia tri thiéu ra khoi tap dit liéu; Thay thé cac diém dir
liéu thiéu bang mot gia tri mai theo tirng thuat toan cu thé (Choi J and et al., 2018). Trong thuc té, dit liéu
thiéu duoc chia thanh 3 dang, bao gom:

e Dir ligu thiéu hoan toan ngau nhién (Missing Completely at Random - MCAR): Sy mat mat dit liéu
tai cac diém quan sét 1 hoan toan ngau nhién, va khong c6 bat ky mot mbi quan hé hay su lién hé
nao giira dir ligu thiéu voi cac dir liéu quan sat khac.



e Dit liéu thiéu ngau nhién (Missing at Random - MAR): Sy mat mat dir liéu o day 1a ngau nhién, tuy
nhién van c6 moi quan hé hé thong gitra dit ligu bi mat va dit ligu duoc quan sat.

e Dirli¢u thiéu khong ngau nhién (Missing Not at Random - MNAR): Sy mat mat dit lidu khong phai
la ngau nhién ma c6 mot mébi quan hé xu hudng gitra gia tri bi thiéu va gié tri khdng bi thiéu trong
mot bién.

Vi dir ligu chudi thoi gian ta khong thé x6a bo cac dong dir ligu thiéu ma chi c6 thé sir dung nhom
phuong phap thir 2 la thay thé bang mat gié tri méi. Vai cac dit liéu dang chudi thoi gian, cac diém dit liéu
s& 6 mbi quan hé véi cac diém phia trudc va phia sau né, ciing nhu tuén theo xu hudng va mia vu (Carl
Bonander, UIf Stromberg, 2018). C6 4 giai phap don gian nhung hiéu qua dé xir ly dir liéu thiéu cho chudi
thoi gian bao gom:

a) Thay thé gia tri thiéu bang gié tri lién trugc (LOCF-Last observation carried forward):

Phuong phép nay don gian la thay thé cac diém dir liéu thiéu bang céc dir liéu cua diém lién trudc né.
Hinh 1 minh hoa viéc xir Iy gié tri thiéu bang phuong phap LOCEF. Hinh 1(a) thé hién mot doan dir liu
chudi thoi gian theo ngay, trong d6 6 3 ngay dir li¢u bi thiéu 1a cac ngay 05/01, 07/01 va 08/01 (ky hiéu
N/A). Hinh 1(b) thé hién két qua khi sir dung phuong phap LOCF dé xur ly gi tri thiéu. Dir lidu thiéu ngay
05/01 s& duoc thay thé bang dit liéu cua ngay lién trudce d6 1a ngay 04/01.

Mobile Date Download |Data Limit Mobile - Download |Data Limit
1D Speed Usage ID Speed Usage |
1 1-Jan 157 80% 1 1-lan 157 80%
2 2-Jan 99 81% 2 2-lan 99 81%
3 3-Jan 167 83% 3 3-lan 167 83%
4 4-Jan 50 84% 4 4-Jan 90 o 84%
5 5-Jan N/A 86% 5 5-Jan 90 & 86%
6 b-lan 155 87% 6 6-lan 155 m ' B87%
7 7-Jan N/A 89% 7 7-Jan 155 1 89%
8 8-Jan N/A 90% 8 8-Jan 155 o 50%
9 8-Jan 180 92% 9 9-Jan 180 92%
(a) (b)

Hinh 2(a). D li¢u géc ban dau chira céc di ligu thiéu (N/A)
(b). Két qud thay thé gid tri thieu bang phuong phdap LOCF

b) Thay thé gia tri thiéu bang gia tri lién sau (NOCB-Next observation carried backward):

Phuong phap nay thuc hién tuong tu nhu v6i phuong phap LOCF chi khéc biét 1a sir dung cac gia lién
sau dé thay thé cho gi4 tri thiéu. Hinh 2 minh hoa viéc sir dung phuong phap NOCB dé xir ly gia tri thiéu.
Dir liéu thiéu ngay 05/01 s& duogc thay thé bang dir liéu cua ngay lién sau d6 1a ngay 06/01.

Mobile Data Download |Data Limit Mobile — Download |Data Limit
1D Speed Usage ID Speed Usage
1 1-lan 157 80% 1 1-Jan 157 80%
2 2-Jan 99 81% 2 2-lan o0 81%
3 3-Jan 167 83% 3 3-lan 167 83%
4 4-Jan 50 B84% il 4-lan 90 84%
5 5-Jan N/A 86% 5 S-lan | 4155 86%
6 | 6Jan 155 87% 6 6-lan | ™ 155 87%
7 7-Jan N/A 89% 7 7-lan | 4 180 89%
8 8-Jan N/A 90% 8 8-lan | #1180 90%
g | gdan 180 92% 9 | g94an [ WM180 92%

(a) (b)

Hinh 3(a). D li¢u géc ban dau chira céc di ligu thiéu (N/A)
(b). Keét qud thay thé gia trj thieu bang phuong phap NOCB

¢) Thay thé gia tri thiéu bang phuong phép noi suy tuyen tinh (Linear interpolation):

Noi suy la phuong phéap udc tinh gia tri cia cac dlem dit liéu chwa biét trong pham vi cua mot tap hop
roi rac chira mot s diém dir liéu da biét. Noi suy tuyén tinh 1a noi suy don gian nhét, dugc thuc hién bang
cach lay gié tri trung binh giira gié tri cua diém dix lidu trude va sau diém dix lidu bi thiéu. Hinh 3 minh hoa
phuong phap xir Iy gia tri thiéu bang phuong phap noi suy tuyén tinh. Dt liéu thiéu ngay 05/01 dugc xac
dinh dya trén dit liéu ngay truée d6 04/01 va ngay sau d6 06/01. Ban chat cua noi suy tuyén tinh la xay
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dyng mot duong thang di qua 2 diém trudc va sau cia diém dir liéu bi thiéu dé sau d6 xac dinh gié tri cua
diém dir liéu thiéu nay.

Mobile = Download |Data Limit Mobile Date Download | Data Limit

ID Speed Usage ID Speed Usage

1 1-lan 157 80% 1 1-Jan 157 80%

2 2-Jan 99 81% 2 2-lan 99 81%

3 3-lan 167 83% 3 3-lan 167 83%

4 4-lan 90 84% 4 4-Jan 20 84%

s | sJan | N/A 86% 5 | sdan | 120 86%
6 6-lan 150 87% 6 6-lan 150 87%

7 7-lan 160 89% 7 7-lan 160 89% )
8 8-lan N/A 50% 8 8-lan 170 80% (160+180)/2 =170
9 9-lan 180 92% 9 9-lan 180 92%

(a) (b)

Hinh 4(a). D li¢u géc ban dau chira céc di ligu thiéu (N/A)
(b) Keét qua thay the gié tri thieu bang phuong phdp néi suy tuyeén tinh

d) Thay thé gia tri thiéu bang phuong phap noi suy spline (Spline interpolation):

Noi suy Spline 1a phuong phép xay dung cac dudng cong tron di qua n + 1 diém dir liéu da biét (xo,
Y0),...s (Xn, Yn). Thuc thé 1a di tim mot ham f(x) sao sao f(x;) = yi v6i moi i. Chlng ta s& xac dinh n da thic
bac po...., pn1 a0 cho f(X) = pi(X) voi moi x trong khoang [xi, Xi+1] (Erdogan KAYA, 2014). Trong thuc té
nhom tac gia su dung noi suy spline véi da thuc bac 3 khi do pi(x) dugc dinh nghia nhu sau:

pi(x) = &(x - xi)* + bi(x - xi)? + ci(x - i) + di (Ajao and et al., 2012)
Hinh 4 minh hoa viéc xay dung cac duong cong bac 3 (duong mau do) di qua 14 diém da biét (diém cham
den). Duya vao cac dudng cong di qua cac diém da biét nay dé xac dinh gia tri cua cac diém dir lidu bi thiéu.

2 T T T T T T T

-1 L 1 I 1 1 L 1 1 L

-5 -4 -3 -2 -1 0 1 2 3 4

Hinh 5. Ngi suy Spline béc 3 qua 14 diém da biét

Céc phuong phéap nay ap dung cho dit liéu chudi thoi gian vai gia thiét 1a dit liéu lién tuc, cac diém di
lieu c6 méi quan hé twong quan véi nhau. Dt liéu nhiét d6 tai cac thoi diém trong ngay la dit liéu dang nay.
Dit liéu tai mot thoi diém s& c6 méi quan hé véi dit liéu tai diém trude va sau d6. Hinh 5 minh hoa phuong
phép xir ly gié tri thiéu bang phurong phap noi suy spline.

Mobile et Download |Data Limit Mobile e Download | Data Limit
ID Speed Usage 1D Speed Usage
1 1-lan 157 80% 1 1-Jan 157 80%
2 2-Jan 99 81% 2 2-Jan 99 81%
3 3-Jan 167 83% 3 3-lan 167 83%
4 4-lan 90 84% 4 4-Jan 90 84%
5 5-lan N/A 86% 5 5-lan 94 86%
6 6-Jan 150 87% 6 6-lan 150 87%
74 7-Jan 160 89% 7 7-Jan 160 89%
8 8-lan N/A 90% 8 8-lan 151 90%
9 9-Jan 180 92% 9 S-Jan 180 92%

Hinh 6(a). D li¢u géc ban dau chira céc di ligu thiéu (N/A)
(b). Keét qua thay thé gia trj thiéu bang phuong phdp ndi suy Spkine
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Vi vay trong phan thuc nghiém khi dénh gia do chinh xéac ciia cac phuong phap thay thé gia tri thiéu cho
dix liéu nhiét do tai 5 tram khu vuc phia béc, nhém tac gia s& thuc hién ca 4 phuong phap da trinh bay &
trén.

3. Chi sb xac dinh sai s6

Dé danh gia do chinh xéc cua di liéu thay thé véi gia tri quan sét, trong thdng ké ngudi ta thuong sir
dung 4 chi s6 bao gom: Sai s6 trung binh (ME - Mean Error); Sai s6 tuyét ddi trung binh (MAE - Mean
Absolute Error); Sai s6 binh phuong trung binh (MSE - Mean Square Error) va sai s6 binh phwong trung
binh quan phuong (RMSE - Root Mean Square Error). Cac chi sé danh gia nay duogc xac dinh nhu sau:

a) Sai sb trung binh (ME):
N
1
i=1
Trong d6:
- Filagiatri thay thé (trong phan thuc nghiém F; 1a gié tri thay thé co dugc bang mot trong cac phuong
nhu LOCF, NOCB, ndi suy Linear, noi suy Spline).
- Oilagiatri that cua bién (trong phan thuc nghiém O; 14 gié tri nhiét d6 quan tric).
- NIa tong s6 cac diém xac dinh sai s6
Céc thong s6 Fi, O va N twong tw cho MAE, MSE va RMSE
Sai s6 trung binh c6 gid tri nam trong khoang (-co, +o0). ME cho biét xu huéng léch trung binh ciia
gia tri thay thé so véi gia tri quan tric, nhung khong phan anh d6 I6n cua sai s6. ME duong cho biét gia tri
thay thé vuot qua gia tri quan trac va nguoc lai. Néu ME = 0 dugc xem 1a “hoan hao” khi d6 dir liéu thay
thé trung voi dix liéu quan trac.
b) Sai sb tuyét dbi trung binh (MAE):

N
1
MAE = NZm -0

Sai sb tuyét dbi trung binh nam trong khoang (0, +°°). MAE biéu thi bién dé trung binh cua sai s6 mo
hinh nhung khong n6i 1én xu huéng Iéch cua gia tri thay the va gia tri quan trac. Khi MAE =0, cac gia tri
thay the hoan toan tring khép véi cac gia tri quan trac, khi do phuong phap xur ly gia tri thicu dugc xem la
“Iy tuong”. Thong thuong, MAE duoc su dung cung véi ME dé danh gid do tin cay.

¢) Sai s6 binh phwong trung binh (MSE):
1v ,
MSE = NZ(FL - 01)

i=1

Sai s6 binh phuong trung binh nam trong khoang (0, +°°), MSE phan &nh muc d6 dao dong giira gia tri
thay thé vai gié tri quan trac.

d) Sai sé binh phwong trung binh quan phuong (RMSE):

Sai b binh phuong trung binh 1a mot trong nhimg dai luong co ban va thuong dugc st dung phd bién
cho viéc danh gia két qua giia gia tri thay thé va gia tri quan tric. Nguoi ta thuong hay s dung RMSE
biéu thi d6 16n trung binh cua sai s6. Pac biét RMSE rat nhay voi nhirng gia tri sai sé lon. Glong nhu MAE,
RMSE khéng chi ra d¢ léch giira gié tri dy béo va gia tri quan tric. Gia tri caa RMSE nam trong khoang
(0,+ o)

Trong phan thuc nghiém, nhém tac gia sir dung 2 chi s6 1a MAE va RMSE dé xac dinh sai s6 giira gia
tri thay thé va gid tri quan trac thuc té, qua do xac dinh phuong phép thay thé nao cho d6 chinh x4c cao hon
(nghia 13 ¢6 sai s6 nho hon).

4. Thuc nghiém trén dir liéu nhiét @9 tai 5 tram quan tric
4.1. M6 ta di ligu

Dé danh gia do chinh xé4c cua cac phuong phép xu ly dit liéu thiéu da trinh bay trong phan 2, nhém tac
gia str dung tap dit liéu nhiét do thu thap duoc tir 5 tram quan tric bao gdm: Tram 48805 - Ha Giang; Tram
48806 - Son La; Tram 48825 - Ha Bong; Tram 48838 - Méng Cai va Tram 48839 - Bach Long Vi. Vi tri
cuia c4c tram trén Google Map nhu Hinh 5. Ca 5 tram nay déu 1a cac tram quan tric 3h, nghia la s& thuc
hién thu thap dir liéu khi tuong 8 lan mdi ngay, mdi lan cach nhau 3 gio tai cac thoi diém 00h, 03h, 06h,
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09h, 12h, 15h, 18h, 21h theo giod GMT, twong tng véi 01h, 04h, 07h, 10h, 13h, 16h, 19h, 22h gi¢ Viét
Nam. Pay la cac dit liéu thyc té duoc cung cap boi Trung tdm thong tin va dit liéu khi twong thuy vén;
Trong phan thuc nghiém nay, nhom tac gia sir dung dit liéu nhiét do quan tric trong nam 2019 tir thoi diém
01h ngay 01 thang 01 dén 22h ngay 31 thang 12. Dt liéu duoc luu trit trong file .CSV bao gdm cac thdng
tin vé thoi diém quan tric va gié tri nhiét o (°C) cuia 5 tram nay. Hinh 6 md ta chi tiét file dit li¢u, trong d6
dong dAu tién 1a tiéu dé cua file dit liéu, bao gom 6 cot. Cot dau tién cho biét thoi diém quan tric, 5 cot con
lai trong (ng Vai gia tri nhiét do tai 5 tram lay theo ma tram.

Bl "
DANH SACH 5 TRAM THU NGHIEM 3 S n
- VR BN I ] Quy o
. - ~ Tram 48838: Mdng cai
el iang :
* Themi6p 2+ Chiasé @ Xem trudc {\\ m\/\rt\/” OTrsm 48805:Ha
5 tram quan trdc - paper1 ‘2 haUERTE "3";‘,5
T Diysd \ 4 3 B
" ¥ 21.51666, 107.96666 & s m r u
@ Tram 42205: Ha Giang P! eros o ~ T BTTauENg Tay
quy it o e
@ Tram 48806: Son La ? = TRvica I o 5838 J-Ac‘%g‘céi
Tram 48825: Ha Don BN weT“"""Es”E sonta® §
0 q . T L Fia Noi TpiCam Pha
— s e
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2578 Google My Maps @ T iy

Hinh 7. Vi tri 5 tram quan trdc trén Google Maps

A | B | ¢ | p | E | F
TimeVN 48805 48806 48825 48838 48839
M 2019-01-01 1:00 124 94 118 93 122
£ 2019-01-01 4:00 122 93 114 93 1211
2019-01-01 7:00 122 9.1 11 94 122
2019-01-01 10:00 132 111 116 112 12
2019-01-01 13:00 148 13.1 122 13 12.6
8 2019-01-01 16:00 146 13.7 13 12 12.8
2019-01-01 19:00 132 12 123 104 13
2019-01-01 22:00 122 112 12 104 12.8
2019-01-02 1:00 1211 10.6 12 10.6 13
2019-01-02 4:00 122 104 12 104 13
32019-01-02 7:00 11.8 104 11.9 104 12.8
2019-01-02 10:00 14 12 13.8 126 131
:82019-01-02 13:00 16.2 134 16.1 16.2 141
2019-01-02 16:00 16.1 131 16.2 15 142
2019-01-02 19:00 146 12.1 153 134 143
8 2019-01-02 22:00 14 119 152 13 141
2019-01-03 1-00 136 116 146 128 132
2019-01-03 4:00 134 11.2 136 11.8 129

» Data_Original ()]

Hinh 8. File diz li¢u cuiia 5 tram thyc nghiém

Bang 1 dudi day tong hop cac thong sb va mot s6 dic trung thong ké lién quan dén dit liéu cua 5 tram
nay, qua d6 thay dugc cai nhin tong quan vé tap dir liéu. Dir liéu cua 5 tram nay trong nam 2019 1a di ligu
day du, khdng bi thiéu gia tri nao. Pay la file dir liéu chuan s& dugc sir dung dé danh gia do chinh xéc cua
cac phuong phap xu Iy gia tri thiéu.

Bang 1. Thong sé thong ké cho tédp di liéu ban dau (Data_Original)

Thong s Tram quan tric
48805 | 48806 | 48825 | 48838 | 48839
Tong sb diém dir ligu quan trac 2920 | 2920 | 2920 | 2920 | 2920
Sb diém co dit liéu 2920 | 2920 | 2920 | 2920 | 2920
S diém dir lidu thiéu 0 0 0 0 0
Nhiét do thip nhat (°C) 6.9 2.9 10.3 7.4 12
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Nhiét d cao nhit (°C) 38.5 36.9 39.7 35.5 344
Nhiét d¢ trung binh (°C) 24405 | 22.939 | 25.482 | 24.133 | 25.341
D¢ léch chuan 5.237 5.329 | 5435 | 5424 | 4.502

Dé danh gia do chinh xac cuia cac phuwong phéap xu ly dit liéu thiéu, nhom tac gia s& thuc hién loai bo di
mat sb gid tri trong tap dit liéu gbc vai ca 3 dang mat mat dir liéu khac nhau bao gdbm MAR, MCAR va
MNAR cho dit liéu nhiét do cia 5 tram nay. Téng s diém dix liéu bi loai bo tai mdi tram 1a 35 diém trong
t6ng s6 2920 diém, twong tng Vi 1.2% tong sb diém dir liéu. M&i mot tram s& c6 mot kiéu mat mat di licu
khac nhau cy thé nhu sau:

e Tram 48805: Cac diém mat mat dit liéu 12 hoan toan ngau nhién; Dit liéu gdc bi loai bo timg diém
quan tric riéng ré hoan toan ngau nhién.

e Tram 48806: Cac diém mat mat di liéu 12 hoan toan ngau nhién; Dit liéu goc bi loai bo mot sé diém
lién nhau c6 thé 1a 2 diém, 3 diém hozc mot ngay lién tuc hoan toan ngau nhién.

e Tram 48825: Dir liéu mat mat khong ngau nhién; Dix liéu gdc bi loai bo tai thoi diém 07h (thoi diém
nhiét d6 trung binh thap nhait trong ngay) cua 35 ngay lién tiép.

e Tram 48838: Dir liéu mat mat khong ngau nhién; Dix liéu gdc bi loai bo tai thoi diém 13h (thoi diém
nhiét d6 trung binh cao nhat trong ngay) cua 35 ngay lién tiép.

e Tram 48839: Dit liéu mat mat khong ngau nhién; Dix liéu gbc bi loai bo tai céc thoi diém 10h va 19h
cac ngay 01 va 15 hang thang.

Bang 2 mo ta théng s6 cua tap dir liéu sau khi da loai bo di mot sb gia tri dé tre thanh tap dit liéu thiéu
theo c4c nguyén tic & trén.

Bang 2. Thong s thong ké cho tdp di liéu chiza gia tri thiéu (Data_Missing)

Thong s6 Tram quan tric

48805 | 48806 | 48825 | 48838 | 48839
Tong sé diém dit liéu quan tric 2920 | 2920 | 2920 | 2920 | 2920
S6 diém c6 dit lisu 2885 2885 | 2885 | 2885 | 2885
S6 diém dir liu thiéu 35 35 35 35 35
Nhiét d6 thap nhat (°C) 6.9 2.9 10.3 7.4 12
Nhiét do cao nhit (°C) 38.5 36.9 39.7 35.5 34.4
Nhiét do trung binh (°C) 24.397 | 22.899 | 25.450 | 24.040 | 25.329
Do léch chuén 5.245 | 5.337 | 5.458 | 5.385 | 4.508

Nhu vay, ching ta di c6 2 tap dit liéu; Tap dit liéu Data_Original Ia tap dit liéu géc, chta dit liéu nhiét
d6 quan trac tai 5 tram trong nam 2019 v6i 2920 thodi diém, mai thoi diém cach nhau 3h. Pay 1a tap di liéu
day du, khong bi thiéu gié tri nao; Tap dit liéu Data_Missing la tap dit liéu lay tir tip Data_Original nhung
da bi loai bo di 35 diém quan trac cho mdi tram (di liéu thiéu chiém ~1.2% tong s6 diém dir liéu), Dix liéu
trong mdi tram s& bi loai bo di theo nhitng dang mat mat khac nhau bao gém MCAR va MNAR nhu da
trinh bay & trén.

Hinh 9 minh hoa dit liéu tram 48838 trong khoang thoi gian tir 01/09 dén 15/09/2019. Hinh 9(a) thé hién
dir liéu trong tap Data_Origninal, dir liéu gc thu tap dugc khdng bi mat mat. Hinh 9(b) thé hién dir liéu
trong tap Data_Missing cua tram 48838, Dit liéu nay da bi loai bo tai thoi diém luc 13h trong 35 ngay lién
tiep.

4.2, Ap dung cdc phwong phdp xir |y gia tri thiéu

Dé xtr ly gia tri thiéu theo cac phwong phap da trinh bay trong phan 2, nhém téc gia st dung ngén ngir
lap trinh Python, thu vién hd tro phan tich va xu Iy s6 liéu Pandas. Pandas 12 mét trong nhiing thu vién rat
manh mé trong viéc xtr ly dit liéu, dic biét 1a dit lieu chudi thoi gian.

Nhom tac gia sé tién hanh lan luot viéc thay thé cac diém dir liéu thiéu theo 4 phuong phap LOCEF,
NOCF, noi suy tuyén tinh (linear) va ngi suy Splme bac 3. Bang 3 thé hi¢n két qua thay thé cac gia tri thiéu
bang 4 phuong phap cho tram 48806 thoi diém ngay 10-08-2019. Cot dau tién thé hién thoi diém quan trac
dir liéu, véi tan suat 3h mot lan, trong mot ngay sé thu thap dir liéu tai 8 thoi diém. Cot 48806_mis 1a di
liéu lay tir tap Data_Missing, nhu vay trong ngay 10/08/2019 ¢ 5 diém dit liéu quan tric lién nhau (4h, 7h,
10h, 13h va 16h) bi mat mat (trong Pandas di liéu thiéu ky hiéu NaN). Cot 48806 ori la di ligu lay tir tap
Data_Original, ddy la cdc gié tri quan trac chinh xAc tai cac thoi diém twong tng, c4c gié tri ding nay s&
1am co s¢ dé danh gid sai s0 cho cdc phuong phap xtr ly dit ligu thiéu dugc trinh bay trong phan 4.3 dudi
day. Cot LOCF - két qua thay thé cc gié tri thiéu bang phuong phap thay thé gié tri tai thoi diém lién trudc.
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Cot NOCB - két qua thay thé gia trj thiéu bang phuong phap thay thé gid trj tai thoi diém lién sau. Cot
Linear - két qua thay the gia tri thicu bang phuong phép ndi suy tuyen tinh. Cot Spline - ket qua thay the
gia tri thieu bang phwong phéap noi suy spline bac 3.

01/09 02 08 03 10 1 12 13 14 15 t

oC

" \VU Vv

]

2

=

26

24
01/09 02 03 04 05 06 o7 08 ] 10 1 12 13 14 5t

Hinh 9(a). Dt li¢u day dui ciia tram 48838 tir 01/09 dén 15/09
(b). Dir ligu da bi logi bo cac thoi diem 13h trong khodng thoi gian twong g

Bang 3. Két qua xir Iy gid tri thiéu theo cdc phwong phdp khéc nhau

Thoi diém 48806_mis | 48806 _ori | LOCF | NOCB | Linear | Spline
2019-08-10 01:00:00 23.7 23.7 23.7 23.7 23.7 23.7
2019-08-10 04:00:00 NaN 22.7 23.7 29.4 24.7 24.0
2019-08-10 07:00:00 NaN 22.8 23.7 29.4 25.6 25.8
2019-08-10 10:00:00 NaN 28.4 23.7 29.4 26.6 28.2
2019-08-10 13:00:00 NaN 31.0 23.7 29.4 27.5 30.2
2019-08-10 16:00:00 NaN 314 23.7 29.4 28.5 30.9
2019-08-10 19:00:00 29.4 29.4 29.4 29.4 29.4 29.4
2019-08-10 22:00:00 26.1 26.1 26.1 26.1 26.1 26.1

Hinh 9 1a d6 thi thé hién truc quan giira dir li¢u quan trac thyc (cac diém mau do) va dir ligu tai cac diém
thay thé su dung cac phuong phap xu ly gié tri thieu khéc nhau.

Original \\

oC

30

28

26

24

12:00 18:00 00:00 06:00 12:00 18:00 00-:00 06:00
10-Aug 11-Aug
2019

Hinh 10. Truc quan héa diz liéu thuc va céc gid tri thay thé diz lieu thiéu theo 4 phwong phdp
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4.3.Ddnh gid dp chinh xac cia cacphu’angphap

Dé danh gia phuorng phap xu Iy gié tri thiéu nao trong 4 phuong phap LOCF, NOCB, Linear va Spline
cho két qua gan vai gia tri quan trac nhat (Sai sé giira gié tri thay thé va gia tri quan trac nho nhat) nhom
tac gia sur dung 4 d6 do bao gdm: ME, MAE, MSE, RMSE. Hinh 10 la m& ngudn céc ham tinh toén sai sé
theo cac cong thie da dugc trinh bay trong phén 3 cua bai bao.

1 #X3y dung cac ham tinh sai s& MA, MAE, MSE, RMSE
2 import numpy as np
3 def me(actual,predicted):

4 """ Mean Error """

5 error = np.mean(actual - predicted)

6 return round(error,4)

7

8 def mae(actual, predicted):

9 """ Mean Absolute Error """
10 error = np.mean(abs(actual - predicted))
11 return round(error,4)

12
13 def mse(actual, predicted):

14 """ Mean Squared Error """
15 error = np.mean(np.square(actual - predicted))
16 return round(error,4)

17
18 def rmse(actual, predicted):

19 """ Root Mean Squared Error """
20 error = np.sqrt(np.mean(np.square(actual - predicted)))
21 return round(error,4)

Hinh 10. Xay ding cac ham tinh sai s6 ME, MAE, MSE, RMSE

Cac Bang 4,5 thé hi¢n két qua sai s6 MAE va RMSE gitra gia tri thay thé voi gia tri quan tric tai 4
tram @ng vai 4 phuong phap xir ly gid tri thiéu.

Bang 4. Tong hop sai s6 MAE ciia 4 phirong phdp xit Iy gié tri thiéu
Tram MAE_LOCF | MAE_NOCB | MAE_Linear | MAE_Spline

48805 0.0201 0.0188 0.0105 0.0078
48806 0.0344 0.0471 0.0301 0.0287
48825 0.0076 0.0316 0.0135 0.0086
48838 0.0175 0.0156 0.0157 0.0123
48839 0.0221 0.0100 0.0106 0.0106

Bdng 5. Tong hop sai s6 RMSE cuia 4 phwong phdp xit 1y gia tri thiéu
Tram | RMSE_LOCF | RMSE_NOCB | RMSE_Linear | RMSE_Spline

48805 0.2712 0.2138 0.1275 0.1034
48806 0.3902 0.5156 0.3416 0.4086
48825 0.0823 0.3167 0.1359 0.0977
48838 0.1967 0.2124 0.1790 0.1436
48839 0.2523 0.1068 0.1229 0.1242

Qua két qua téng hop sai s giita gia tri thay thé va gié tri quan tric c6 thé nhan thay khéng c6 mot

phuong phap xtr ly gia tri thiéu nao 1a tét cho moi loai mat mat.

o Néu mit mat Ia hoan toan ngau nhién nhung chi bi mét &ng véi ting thoi diém riéng 1é (nhu cua
tram 48805), hoac mat mét khdng ngau nhién, thoi diém mat 1a don 18, tai thoi diém nhiét d6 cao
nhét trong ngay (nhu ciia tram 48838) thi phurong phap sir dung noi suy Spline bac 3 cho d6 chinh
xéc cao hon (sai s6 nho nhat).

o Néu mat mét khdng ngau nhién, thoi diém mat mat 1a don 1¢, mat maét tai thoi diém nhiét do thap
nhét trong ngay 07h (nhu cuia tram 48825) thi phuong phap LOCF cho d6 chinh xac cao hon.

Tuy nhién vé téng thé, véi 5 dang mat mat khac nhau wng vai dir ligu thiéu tai 5 tram, phuong phap ni

suy Spline bac 3 cho sai s6 thap hon, nghia 1a d6 chinh xé4c cua dit liéu duoc thay thé gan véi gia tri quan
trac hon.
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5. Két luan

Chuan bi dit liéu 1a giai doan bét bugc trong bat ky mét du an khoa hoc dit liéu nao, dir liéu dugc chuan
bi tét s& gilip cho viéc xay dung cac mo hinh du doan, du bao dugc chinh xéc. Chuan bi dit liéu bao gébm
rat nhiéu cong doan va yéu cau khac nhau, trong d6 xir ly gié tri thiéu (gia tri mat mat - missing values) 1a
yéu cau bt budc; C6 nhiéu phuong phéap khac nhau dé xir ly gié tri thiéu, viéc lua chon phwong phap nao
hay két hop nhiéu phuong phap phu thugc bao tirng bai toén, ting loai dit liéu cu thé. Véi dit liéu chudi
thoi gian (time series) ching ta khéng thé sir dung phuong phap loai bo cac diém gia tri thiéu, ma chi c6
thé thay thé cac diém dir liéu thiéu bang mot gia tri khac pht hop. C6 rat nhiéu phuong phép thay thé gia
tri thiéu, tuy nhién khéng c6 mot phuong phép phap thay thé nao 1a t6i wu cho moi loai dir liéu, moi bai
toan. Trong noi dung cua bai bao nay, nhom tac gia da gidi thiéu 4 phuong phép thay thé gia tri thiéu thuong
dugc ap dung cho dir liéu chudi thoi gian ma ¢ d6 gia tri tai mdi diém c6 mdi quan hé twong quan v&i cac
diém phia trudc va phia sau nd. Nhom tac gia ciing thuc nghiém 4 phuong phap thay thé gia tri thiéu LOCF,
NOCB, néi suy Linear va noi suy Spline trén tap dit liéu nhiét do tai 5 tram quan trac 48805, 48806, 48825,
48838 va 48839 vai cac dang mat mat MCAR va MNAR. Cac két qua ciia bai bao 1am co sé cho nhom tac
gia lya chon dugc phuong phéap xir Iy gid tri thiéu pht hop véi loai di liéu nhiét do, va ap dung phuong
phép xtr 1y d6 cho dit lidu tai cac tram quan trac khac.
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ABSTRACT

Evaluate the accuracy of some missing value
processing methods for time series data

Nguyen Thi Phuong Bac?, Dang Van Nam?
'Hanoi University of Mining and Geology

Dealing with missing data (missing values) is one of the important steps in the data cleansing process. There
are two ways to deal with missing data: delete missing values and/or replace missing data with new values.
The choice of which set of methods or both to use depends on each question, specific data type and data
type... Time series data is a series of data points, with a uniform time frequency for each continuous time.
The treatment of missing values in time series data is also very different from the treatment of missing
values of other data types. In this article, we will introduce 4 main methods for dealing with missing values
of time series data, including: LOCF, NOCB, linear interpolation, spline interpolation... The results of using
apply these methods to different missing data types MAE and RMSE measurements to evaluate the
accuracy of each method in the 2019 temperature observation data of 5 stations in northern Vietnam.

Keywords: Missing values; time series data; MAE; RMSE.
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E RSE’ HOI NGHI TOAN QUOC KHOA HOC TRAI BAT
SANYH SCRPCES A0 VA TAI NGUYEN VO'I PHAT TRIEN BEN VIPNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Integrated flow shop and vehicle routing problem

Ta Quang Chieu*, Ta Xuan Giang?, Ha Thi Thu Hien®, Tran Thi Hiep®, Pham Duc Hau!
'Hanoi University of Mining and Geology
2Viet Hung Industrial University
3Viet Tri Industrial University

ABSTRACT

We consider in this paper a m-machine permutation flow shop scheduling problem and vehicle routing
problem (VRP) integrated. The manufacturing workshop is a flow shop and there is only one vehicle
available. We are interested in the minimization of the total tardiness, related to the delivery completion
times. Therefore, we are faced to three interdependent problems: scheduling the jobs in the flow shop
environment, batching the completed jobs, and routing the batches. Then, we present the resolution method
based on Tabu search and the results that have been obtained. Computational experiments are performed
on random data sets and show the efficiency of the methods. Finally, a conclusion and some future research
directions are proposed.

Keywords: Flowshop problem; vehicle routing problem; metaheuristic algorithm; tabu search.

1. Introduction and notations

We consider that the jobs have to be delivered to the customers after their production by using a single
vehicle. The processing time of each job on each machine and the due date of delivery for each job are
known, and a matrix of travel times is given. The jobs have to be scheduled in a m-machine flow shop
environment, then batches have to be defined (one batch corresponds to one trip of the vehicle) and a route
has to be determined for each batch, so that the total tardiness of delivery is minimized.

The vehicle routing problem consists in defining a route starting from the production site, visiting the
customers associated to the jobs in the batch, and finishing at the production site. Each customer requiring
goods is visited by the vehicle (see Figure 1).

The aim of this paper is to propose an algorithm for scheduling the jobs on the m-machines flow shop,
for constituting batches of jobs and for determining the vehicle routing for each batch, so that the total

tardiness of delivery is minimized. This problem is clearly an NP-hard problem (Lenstra et al., 1981).
Schedule

Batch

Route

Trip 3

1
Figure 1. lllustration of the integrated production scheduling and vehicle routing problems

* Tac gia lién h¢
Email: taquangchieu@humg.edu.vn
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Notations

The specific notations that are used in this chapter are the following:

- To each job Jj is associated a customer location number j, the location of the production facility has an
index 0,

- The delivery time between each pair of locations i and j is denoted by l;j,

- The number of vehicles is equal to 1.
2. Tabu search algorithm
2.1. Coding of a solution

We use an array of 3n elements to represent a complete solution. The first n elements represent the
sequence of jobs (i.e. the schedule), the next 2n elements give for each trip the number of jobs in the trip
and the list of jobs (the routing of these jobs is implicitely the order of the jobs in this list). In the following,
the first part of the coding of a solution S (first n elements) is denoted by S° and the second part (2n elements)
is denoted by ST. The second part is decomposed into several trips. Each trip 4 of ST is denoted by S7 and
is composed by the number of visits k; and the list of visits (S{m,..., S{[kl]). The coding is illustrated in
Figure 2.

5 sT

g _!,'lf:] '{"'\E"' .L»"\m _:,-A,E“I c.;'){'r[h

n 2n
Figure 2. Illustration of the coding of a solution and notations

Example: In the example presented in Figure 3, the schedule is {J1, Js, J2, Js, Ja, J3, J7}, the number
jobs in each trip is (2, 2, 3, 0, 0, 0, 0), i.e. two jobs in the first two trips and three jobs in the third trip, the
remaining trips are empty.

|1|3|2[ﬁ|x|:s[ 7 |

Q1[3I§2](;&113N 7 D

Trip 2

DEPOT

sequence trips

L|5(2|6(4]|3|7|2(5|1|2]|6]|2|3|4(3|7|0]|0|0|0

b— nN=7 —se—2xn=14
Figure 3. Example of the coding of a solution

2.2. Initial solution

EDD algorithm is used for giving an initial solution for the scheduling problem. For the trips, each trip
contains only one job. The customers are visited in the same order as in the sequence.

Example: An example of an initial solution is given in Figure 4.

19



sequence trips

Lys|2)161413|7(1|(1|1|s51|2|1)6]1)4]2 3|17

2xn=14 —m——————

Figure 4. Example of initial solution

2.3. Neighborhood definitions

We assume that S = SY/ST is the current complete solution with sequence S° and trips ST, where:

- 80 = SP/Sy/53 /S /53 with Sfiy and S}, the jobs in positions i and j (i < j) in S° and S7, S7 and SJ
three partial sequences.

ST=ku, ST/ .../Ki1, Si_1 /Ks, ST [Kis1, S¥o1/Kn, ST with k; the number of jobs in trip 4, S7 is the sequence
of jobsintrip A, VA e {l1,2,...,n}.

If k, = 0 then ST is empty. Notice also that ¥%_, k;=n.

Neighborhood based on the sequence of jobs

We use SWAP? operator for creating the neighbors of sequence S°. This operator is the same as the one
described (Ta Quang Chieu et al. 2013).

SWAP?: A neighbor of S is created by interchanging the jobs in position i and j in sequence S°. The
corresponding jobs are also swapped in ST. See Figure 5 for an illustration of this operator.

SWwApe SWApP”?
1526437121 [5]2|6|2(3[4|3|7|0]0]0]0
n="7 2xn=14
sequence trips
112(5)6|4]3(7]2|1|2|2]|6|5(|3|4|3|T7{0)0]0O]|0O
n="7 2xn=14

Figure 5. llustration of SWAP? operator

Neighborhood based on a single trip

We use SWAPT, EBSRT, ESFRT and Inversion™ operators for creating the neighbors of a trip S; . These
operators are the same as those described (Ta Quang Chieu et al. 2013).

Given a sequence of visits S; of trip A, two random positions i and j in S; (i <j andj < k): S7 = Si,
5{[1']1 5/1Tz, 5,1T[j]r 5{3-

- SWAPT: A neighbor of ST is created by interchanging the jobs in position i and j, leading to sequence
Si' =831, Stj1» Sizs Sipiy Sis- See Figure 6 for example.
swap”

ja—

115|264 |3|7|2|1|H]|2|6]|2|3|4|3|7|0of0|0]0O

Il
~1
X}
X
Il
—

sequence trips

L5264 ]3|7]|2]|7°

o
b2
(3]
«
o«
=1

n=7 2xn=14

Figure 6. lllustration of SWAPT operator for a trip

- EBSR™: A neighbor of ST is created by extracting the visit in position j and reinserting this visit
backward just before the visit in position i, leading to sequence S} = S}, Si 1, Sijip Siz» Sis- See Figure
7 for example.

- ESFRT: A neighbor of S; is created by extracting the visit in position i and reinserting it forward
immediately after the visit in position j, leading to a sequence S}’ = S}, Si5, Si[;} Sifiy» Sis- See Figure 8
for example.
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- Inversion™: A neighbor of S} is created by inserting Sjj;, Si,, Sij;; in the inverse order between S7;
and S1,. See Figure 9 for example.

EBSRT
[ —

151264371215 |2|6(12|3[4|3|7|0]0]0]0

n=7 2xn=14

sequence trips

3|4 310]0(0]0

1[5]|2|6]4]3|T7|1

o
w
L3~

n=7 2xn=14

Figure 7. lllustration of EBSRT operator for a trip

EFSR!
[
1526|143 (T|2|1|5|2|6[2|3|4(3|T7|0[0]0]0
n="7 2xn=14
sequence trips
1[{6|2|6[4|3|T|1|5|3|6]1]2(3[3|T|4(0]0]0]0
n="7 2xn=14

Figure 8. Illustration of EFSRT operator for a trip

Inversion’
1|5|2|6(4|3|T7|2|1]|5]|2|6|2(3|4|3|T7|0|J0]JO]O
n="7 2xn=14
sequence trips
L5264 f3|[T7|2]5]1]2|6]|2|3|T[3|4(0f0f[O0]|0
n="T 2xn=14

Figure 9. lllustration of Inversion™ operator for a trip

Moves and selection of the best neighbor

The aim of the problem is to minimize the total tardiness. The best neighbor in the candidate item that
is non-tabu and with the smallest total tardiness. For managing the tabu list, we use the first-in-first-out
(FIFO) strategy. Old attributes are deleted as new attributes are inserted.

Tabu list

We define three tabu lists and the size of the tabu lists is fixed. An element of the tabu list is defined by
(4 @, Ji, Jj), A, p are the indexes of two trips, J; and J; are two jobs:

- For a swap of two jobs Ji and J; in the sequence, we insert in the Tabu list the element (0, 0, Ji, J;). For
example, see Figure 5, the element inserted in the Tabu list is (0, 0, Js, J2). In this case A= p =0.

- For a move in two trips A and u, we insert in the Tabu list the element (A, y, Ji, J;) where i and j are the
positions that are concerned in trips A and p respectively. For a move in a single trip, we have A = p. For
example, see Figure 6, where the tabu list is (1, 1, J1, Js).

Stopping condition

The algorithm is stopped when the time limit has been reached. This time limit is denoted by
TimeLimitTS = n(m=2)t ms (Vallada et al., 2008), where t = 90.

Detailed algorithm

The detailed TS algorithm is given in Algorithm 1

3. Computational experiments

We present in this section the generation of data, and we discuss the results.

Generation data

We have tested the algorithms on a PC Intel coreTMi5 CPU 2.4GHz. Data sets have been randomly
generated (notice that there is no benchmark instance for the m-machine flowshop and vehicle routing
problem integrated). The processing times pi; have been generated in [1,100], the due dates dj have been
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generated in [50, 50n], the position of “custom” j is given by its coordinates (x;, y;) generated in [1, 70].
The delivery time li; is the classical euclidian distance [; ; = \/(xj — x;)* + (y; — y:)? Ten instances are
used for each combination of n and m, with n € {20, 30, 50, 70, 100, 150, 200} and m € {2, 4}. For the TS
algorithm, some preliminary experiments have conducted to the following parameters settings:
TimeLimitTS = 10 seconds, Tabu list = {10, 40, 60, 120} elements.

Initialization

Sp = initial solution, S = current solution

S' = 8y // best solution of N(S)

S§* = 8y // best solution of N(S) and non-tabu

f* = f(Sp) // f* value of S* and f(S) value of Sy
6: T'=10// T is the tabu list

7: while (CPU < TimeLimitTS) do

8  f(8) =00,

9:  //Selecting neighbor in sequence

10: fori=0ton—1do

o I S

11: for j=i+1tondo
12 Test(SW AP?)
13: end for

14:  end for
15:  //Selecting neighbor of a trip
16: forA=0ton—1do

17: for i = 0 to nbjoboftrip|A] — 2 do

18: /[nbjoboftrip[)] is the number jobs of trip A
19: for j =i+ 1 to nbjobofirip[A] — 1 do

20: Test(Opera™)

21: end for

% end for

]

3. end for
1 //Selecting neighbor in two trips
5 for A\=0ton-2do

26: for y=0ton—1do

27: for i = 0 to nbjoboftrip[\] — 1 do

28: //nbjoboftrip[\], nbjoboftrip[u] are the number jobs of trip A, p
29: for j =0 to nbjoboftrip[u] — 1 do

30: Test(Ope ru._{')

31: end for

32: end for

33: end for

34:  end for

35:  if (f(S') < f*) then S* = 8, f* = f(S), end if
36:  if (SizeTabu > TabuMax) then Del(T) end if
37 Add(T, (A, p,1,7))

end while

e
%

Algorithm 1. Tabu search algorithm for scheduling and vehicle routing

Results

In Table 1, column ‘Best’ for TSx (X € {10, 40, 60, 120}) indicates the number of times this method
strictly outperforms other method. Column ‘Arsx’ indicates the average deviation between TSx and the best
method between TS1o, TS40, TSeo TS120.

We can see that the TS4o (with tabu list is 40) leads to the best results with a number of best solutions
equal to 54. On average, the deviation between the solutions returned by this method and the best solutions
is 10,46%. This value is around and 14,98% for TS1o, 10,46% for TS0, 8,49% for TSeoand 9,94% for TS12o.

4. Conclusions and discussions

We approach a problem where a m-machine permutation flow shop scheduling problem and a vehicle
routing problem are integrated to minimize the total tardiness. To our knowledge, this is the first time that
this problem is approached in the literature. We present a direct coding for a complete solution and a
neighborhood method for finding a sequence and trips. We propose a tabu search algorithm for this
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problem, the first results show that the TS greatly improves the initial solution given by EDD and where
each trip serves only one job at a time.

In the future, the first research directions are about the evaluation of the method. We will develop genetic
algorithms and other methods in order to see the real quality of the tabu search. Then, we will combine
mathematical programming and local search (matheuristic), in order to see if matheuristic are performing
methods for this problem.

nxm TS1wo TSa0 TSeo TS120
Best ATs10 Best ATs40 Best ATs60 Best ATs120
20x 2 3 17,58% 7 4,16% 3 17,58% 0 24,81%
30 x2 1 11,62% 7 13,34% 3 10,97% 0 30,19%
50 x 2 0 17,40% 1 21,81% 2 12,49% 7 3,23%
70 x 2 0 16,12% 0 21,88% 2 10,99% 8 2,50%
100 x 2 1 19,24% 1 25,61% 0 14,93% 8 1,65%
150 x 2 0 23,42% 0 15,27% 4 5,29% 6 5,95%
200 x 2 0 26,35% 4 5,60% 3 5,67% 3 8,19%
20 x 4 0 9,51% 9 0,00% 1 9,51% 0 12,04%
30 x4 0 9,28% 10 0,00% 0 9,28% 0 17,63%
50 x 4 0 8,67% 5 3,19% 2 3,27% 1 4,60%
70 x4 1 7,34% 2 9,54% 3 5,38% 5 4,47%
100 x 4 0 17,60% 3 9,84% 2 9,23% 5 4,75%
150 x 4 0 19,08% 2 2,84% 4 3,08% 4 4,10%
200 x 4 0 18,52% 3 2,60% 5 4,16% 2 10,73%
6 14,98% 54 10,46% 34 8,49% 49 9,94%
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TOM TAT
Su két hop bai toan flowshop va bai toan dinh tuyén xe
Ta Quang Chiéu®, Ta Xuan Giang®, Ha Thi Thu Hién3, Tran Thi Hiép®, Pham Bic Hau!
Truong Dai hoc M6 - Dia chdt

2Truong Pai hoc Cong nghiép Viét Hung
3Truong Pai hoc Cong nghiép Viét Tri
Trong béo béo nay chiing toi xem xét su két hop bai toan flowshop va bai toan dinh tuyén xe (Vehicle
Routing Problem - VRP). chung t6i d¢ xuat mét thuét toan Metaheuristic - Tabu search dé gidi bai toan nay
va dua ra cac ket qua dat dugc. Cudi cung 1a ket luan va mot vai huéng nghién ciru trong tuong lai duge dé
Xuat.

Tur khoa: Flowshop problem; vehicle routing problem; metaheuristic algorithm; tabu search.
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E RSE HOQI NGHI TOAN QUOC KHOA HQC TRAI BDAT
SARTH NG M0 VA TAI NGUYEN VO'I PHAT TRIEN BEN VIPNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Bao mat dit liéu trong Dién toan dam may

D6 Nhu Hail* ,
Triong Pai hoc Mé - Dia chat

TOM TAT

Dién toan dam may la mot cdng nghé phét trién nhanh chéng ngay nay véi sé lugng nguoi ding di dong
tang 1én dang ké. Quyén riéng tu va bao mat dir liéu cho nguoi st dung thiét bi di dong 1a mot khia canh
dang quan tam. Nghién ctru huéng dén muc dich dé xuat mot giai phap két hop cac thuat toan da co6 nham
tang cuong bao mat cho dién toan dam may. Bao mat cho dién toan dam may lién quan dén nhiéu van dé
nhu bao mat mang, bao mat web, truy cap dix liéu, xac thuc, ty quyén, bao mat di liéu... O nghién ctu nay
sir dung phuong phap phan tich va tong hop, véi pham vi dua ra giai phap dé ting cuong bao mat cho dién
toan dam may vai cac thiét bi di dong nham dam bao tinh xac thyc va chdng ro ri dit liéu . Trong d6 c6 thé
sir dung bién thé RSA dé dam bao kha nang bao mat cao.

Tir khoa: Dién toan dam may; thuat toan ma hda khdi; thuat toan ma hoa hoa cong khai; bao mat dién toan
dam may.

1. Pat véan dé

Dién toan dam may 1 mot md hinh ng ro va phét trién nhanh chong, vai cac tinh ning méi duoc cap
nhat thuong xuyén. N6 tich hop cac cong nghé khac nhau dé cung cip dich vu, nén tang va co sé ha tang
cho nhiéu ngudi ding va céc t6 chire kinh doanh. Dién toan dam may di dong két hop thém dién toan dam
may véi cac thiét bi dau cudi di dong va cong nghé khong day duoc tich hop dé cho phép két ndi lién tuc
va linh hoat. Cac doanh nghiép hién nay ¢6 xu huéng sir dung dién toan dam may dé giam thiéu chi phi van
hanh hé thdng so véi tu quan tri va duy tri trung tdm dit liéu cua riéng minh. Van dé khé khan nhat 13 1am
thé nao dé dam bao dir liéu cua ho va dac biét Ia dir liéu ca nhan nhay cam cua khach hang nhu sé dién
thoai, théng tin thé tin dung, sb tai khoan ngan hang, s6 chimg minh thu, sd thé cin cudc, sé dinh danh c4
nhén... dugc an toan khi luu trir va Xt 1y trén méi truong nay.

Viéc bao mat cho dit liéu ciia ngudi dung trén dam may khac khé nhidu so véi cach luu trit truyén thong,
va bao mat dbi véi dit liéu nguoi dung két ndi dam may trén cac thiét bi di dong c6 tai nguyén va nang lyc
xtr 1y gi6i han ciing khé khin hon so v&i trén may tinh thong thudng. Céch thirc truyén thong co thé 1a cai
dat phan mém bao mat trén thiét bi, nhung ¢ day s& dua ra mot giai phap cho phép bao vé dir liéu ca nhan
khi giao dich trén mang. Viéc bao vé thong tin cia cac hé théng dam may ciing dwa trén cac nguyén tic da
biét vé bao mat, tinh sin sang va tinh toan ven, nhung dwoc &p dung cho céc kién tric phan tan, 40 héa va
mém déo.

2. Co s& ly thuyét
2.1 Bdo madt da ligu

Bao mat dit liéu noi chung lién quan dén nhiéu khia canh nhu bao mat khi dir liéu dugc luu trit hozc khi
dir liéu duoc truyén trén mang hay trong qua trlnh dix liéu duoc xu Iy va chong truy cap trai phép.

Déi véi dién toan dam may thi dit li¢u ciing can dugc dam bao cAc van de néu trén. Nha cung cép dich
vu dam mady can thiét ké hé théng cua riéng ho dé bao vé khoi cac cudc tan cong bén ngoai, s dung céc
giao thire ma héa di manh dé bao vé khi thong tin duoc truyén tai, luu trix va chia sé. Hon nira, kién tric
cua hé théng phai dugc thiét ké dé c6 kha ning chiu tai, chiu 15i va chéng lai cac cudc tin cong nham 1am
qua tai hé thdng. Tuy vay md hinh ndy c6 mét loi diém dang ké 1a dam bao an toan va do sin sang cao cua
dir liéu, do céch thirc luu trit 1a phan tan nén tranh duoc rai ro mat mat so véi mé hinh luu trir tap trung
truyén thong.

Thé nhung dién todn dam may van con khé yéu trong khia canh xéac thuc ngudn gdc dir liéu va chdng
gia mao ca nhan hay ddi tac giao dich. Do vay, nghién ctru nay dua ra mot cach thirc xac thuc nguoi ding
¢6 sir dung thiét bi di dong va dit liéu dwoc luu trix trén dam may.

* Tac gia lién h¢
Email: donhuhai@humg.edu.vn
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2.2 Thugt todn ma héa RSA

Dé bao mat dit liéu co thé sir dung thuat toan ma hoa khoa ddi xting nhu 3DES hodc AES, tuy nhién
nhitng thuat toan nay phu hop va hiéu qua hon vé6i yéu cau trao doi dit liéu I6n, viéc cai dat ching phc tap
hon RSA ciing nhu can c6 co ché dé thoa thuan khoa giira hai di tac truyén tin truéc khi sir dung.

RSA la h¢ mat ma khéa cong khai hay ma héa khéa bat ddi xtng dugc biét dén nhiéu va sir dung rong
rdi nhat hién nay. Trong d6 mdi ngudi dung ¢6 mot cap khéa gdm mot khda bi mat (private key) ding dé
giai ma va mot khoa cong khai (public key) duoc dbi tac truyén tin dung d¢é ma hoa dir lidu. Ngoai ra RSA
cling duoc sir dung trong so do chir ky sé nham dam bao tinh toan ven cua dir lidu va xac thuc doi tac truyén
tin.

RSA dua trén cac phép toan lity thira trong truong hitu han cac s6 nguyén theo modulo nguyén té. Cu
thé, ma hoé hay giai ma 1a cac phép toan luy thira theo modulo s rat I6n, co thé la 1024 bit (1024 bit tuong
duong 10%%) hoac 2048 va 4096 bit cho cac yéu cau can do bao mat cao. Viéc tham ma hay pha mé, tic la
tim khoa riéng khi biét khoa cng khai, dua trén bai toan kho 1a phan tich mot sé rat Ion d6 ra thira s6
nguyén t6. Néu khdng cé thong tin gi, thi ta phai lan luot kiém tra tinh chia hét cua s6 d6 cho tat ca cac s6
nguyén té nho hon can cia né. Pay 1a viéc 1am tén ning lyc tinh toan va can rat nhiéu thoi gian, cho nén
khong kha thi trong thyc té.

M@ ta thuat toan RSA va cac budc s dung:

- Tago khoa:

Mbi dau can tao mot khoa cong khai va mot khoa riéng twong tng theo cac budc sau:

(1) Tao 2 sb nguyén t6 16n ngau nhién va khac nhau p va q; p va q c6 d6 16n xap xi nhau.

(2) Tinh n=p.qva ®(n) = (p-1)(g-1).

(3) Chon mat s6 nguyén ngau nhién e thoa man 1 < e < d(n) va gcd(e,®d(n)) = 1, trong d6 ged 1a ham
tim wdc chung 6n nhat cua 2 sb.

(4) Giai phuong trinh sau dé tim khoa giai ma d: e.d = 1 mod ®(n) véi 0<d< d(n).

(5) Khoa cong khai la cap sé (n,e). Khoé riéng bi mat la b (d, p, q).

- Ma& hod dung khéa cong khai:

B ma hod mot thong bao m dé giri cho A ban ma.

B phai thuc hién cac budc:

(1) Thu nhan khoé cdng khai (n,e) cua A.

(2) Biéu di&n ban tin dudi dang mot sé nguyén m trong khoang [0, n-1]

(3) Tinhc=m®mod n, trongd6 0 <m<n

(4) Guri ban ma ccho A.

- Giai ma dung khéa bi mqt:

Dé khdi phuc ban rd m tir ban ma ¢, A phai thuc hién phép tinh sau bang cach dung khoé riéng: m = ¢¢
mod n.

Duéi day 1a so dd mo ta hé mat RSA.

Ban ma

o | B . g [ ¢ g ] wonow o B s .
Ngwoi Thuattoanmahoa Puing truyen Thuéttoan gidi mé Ban rf Ngwdi nhén
gwi

K* K-
Public key Private key

Hinh 1. Hé mdt ma khéa cong khai RSA

Hé mat RSA hién tai ding khoa 1024 bit hozc 2048 bit va van dugc coi 1a an toan vi chua bi pha vd trén
thuc té. Tuy vay ning luc tinh toén cia may tinh ngdy cang ting 1én va cac nha nghién ctru cho ring
RSA 1024 bit c6 thé som bi pha v&, khuyén nghi ding 2048 bit. B6i véi nhiing tng dung can do bao mat
cao thi c6 thé xem xét dung khoa 4096 bit. Tuy nhién ta biét rang tbc do thuc hién cua thuat toan RSA trén
c4c sb 16n nhur vay |4 rat cham vi thoi gian tinh toan ting theo ham mil, kho ap dung vao thyc té.

Mot giai phap dugc dwa ra nham can bang giita yéu cau can do bao mat cao hon va thoi gian thyc hién
thuat toan ma hoa khong tang 1én dang ké 1a 4p dung hai lan thuat toan RSA (2-RSA) vai khoa 2048 bit. G
day tién hanh ma hoéa ban rd X véi khoa cong khai K1* qua thuat toan lan thir nhat thu dwoc ban ma Y, sau
d6 Y 1a dau vao dé thuat toan ma hda lan th hai cho ra ban ma Z vai khoa cong khai K2*. Qué trinh giai
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m4 tién hanh nguoc lai voi khoa bi mat K1~ dé thu duge Y trude roi giai ma véi khoa bi mat K2~ dé thu
dugc ban 15 X ban dau. Nhu vay so sanh 2-RSA véi RSA ta thiy thoi gian ma hoa hau nhu khong thay doi
nhiéu, chi gap 2 1an so voi RSA. Nhung d6 an toan duge nang 1én dang ké, thoi gian pha ma 2-RSA bang
Vét can s& tang 1én gap nhiéu lan so véi RSA. Boi vi dé pha ma thi phai thyc hign tham ma Z (gia sir phai
thuc hién m phép thir) dé co dugc Y rdi tir d6 tiép tuc tham ma Y (gia sir phai thuc hién n phép thir) dé co
duge X. Nhu vay, moi mot kha nang c6 thé c6 cua khda cua Z thi phai thir tit ca cac kha nang c6 thé c6
cua khoa cua Y, khi d6 dé tim ra dwoc X phai thir tit ca cac kha nang két hop khoa cua Z va khoa cua Y 1a
m.n phép thu.

Ban mé Ban mé

X |Thuattoan|Y |Thusttodn|Z ; Z ftnusttosn| Y [Thusttodn| X
Ban rd Budng truyen —» Bantd | Ngwoi nhan
ma hoa mé hoa gidi ma gidi ma ’

+ - A
Ky K2+ K Ks
Public key Public key Private key Private key

Nygwoi
qui

Hinh 2. Hé mdt mé khda cbng khai 2-RSA

Trong 2-RSA néu khoa c6 d6 dai 512 bit tic 1a c6 thé luu duoc sé nguyén 16n ¢d 155 chir s6 thap phan,
tuong tu véi khoa 1024 bit 1a 309 chir s thap phan va khoa c6 do dai 2048 bit 14 617 chir s6 thap phan.
Dua trén thuc nghiém da tinh dwoc thoi gian can thiét dé pha ma 2-RSA vai s6 chit sb thap phén it hon 100
va dung mé phong dé tinh toan ude luong cho cac truong hop 16n hon 100 chir s6 nhu Bang 1 du6i day.

Bang 1. Khodng thoi gian wée lirong can thiét phd mé 2-RSA

S6 chit s6 thap phan S6 phép tinh bit Thoi gian
50 1,4.10%° 3,9 gio
75 9.10% 104 ngay
100 2,3.10% 74 ndm
200 1,2.10% 3,8.10° nim
300 1,5.10%° 4,9.10% nam
500 1,3.10% 4,2.10% nam
——Thai gian{ngay)
AE+09
3.5E+09 /
3E+09
2.5E+09 /
2E+09
1.5E+09 /
1E+09
500000000 /
0 S6 chi¥ s6'thap phan
0 50 100 150 200 250

Hinh 3. Minh hea thoi gian pha ma 2-RSA

3. Giai phap ting cwong bao mat dir li¢u ngwoi dung trén dién toan dam may

O day dua ra mot mo hinh luu trir va xur ly dix lieu ca nhan cua hanh khach di duong hang khong dugc
bao mat va thuan tién trong khau kiém tra an ninh tai san bay. Viéc thong tin hanh khach di méy bay bi 15
va cac hang taxi c6 dugc da ting xay ra. Do vay viéc gitr bi mat dir liéu hanh khach la can thiét dé bao vé

quyén riéng tu c4 nhan cua ho.

Trong mé hinh ndy, khi khach dt vé online xong thong tin dt vé s& duoc h¢ thong ma hoa bang thuat
toan RSA 2 lan. Sau do6 thong tin ¢ dang ban ma RSA (dam bao tinh bi mat) dugc luu vao co so dir liéu
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trén dién toan dam may, mat khac no dugc chuyén thanh ma QR va gui cho khach qua email. Dén thoi
diém khach lam thu tuc qua cira an ninh san bay, ho dua ma QR di duoc guri qua email trén thiét bi di dong
ctiia minh cho nhan vién an ninh kiém tra, ma nay dugc may quét QR code chuyén thanh ban ma RSA ban
dau. DBong thoi thong tin ciia khach dudi dang ma RSA dugc truy Van tir co so dit liéu dam may, hé thong
s& so khép 2 ma RSA nay, néu khép nhau thi hanh khach dugc qua cira an ninh va nguoc lai ho s&€ khong
duoc qua. Viéc diing ma QR nham gitp nhan vién an ninh hang khong sir dung may quét cim tay dé nhanh
chéng lay duoc thong tin dit vé khach mang dén qua thiét bi di dong, rat ngan thoi gian kiém tra cho timng
hanh khach va bao mat théng tin cia khach.

N
T Thong tin dat Thung tin dat Quét QR code
Khach 88t |yl —> m4 hsa é —> mé hoa Chuyén thinh Cbvanema khach mang tdi
vé may bay RSA RSA QR code cia khach

gua ctta an ninh

v v
TN

Lwu ban mé vao
co 5@ dit ligu-dién
toan dam may

Thu dugc ban
mé - RSA

v
Truy vén co sir
di liéu 3y ra
ban mé - RSA

Khach khdng
dwoc qua clra
an ninh

Khach dwoc
wac thuc-qua
cita an ninh

Hinh 4. Xac thic bang ma QR va 2-RSA

Pong thoi mé hinh nay luu trir dir liéu dya trén dién toan dam may dé dam bao do sin sang cao, c6 tinh
linh hoat va sir dung co ché ma mat bao vé dir liéu ca nhan cua hanh khach, chdng lai viéc khai théc bat
hop phap tir hacker hozc chinh nhan vién nganh hang khéng. Dit liéu dugc ma hoa bang hé mat ma RSA
cho nén viéc bi tin cong vét can 1 rat kho xay ra trong thoi gian thuc té va ciing khong can phai thiét lap
co ché trao d6i khoa nhu hé mat ma khoa ddi xung, vi da tan dung duoc wu diém cua hé mat khoa cong
khai 12 ¢6 sin co ché trao doi khoa. Tuy nhién nhwoc diém cua md hinh nay l1a khong thich hop néu luong
dir liéu cin ma héa Ion, do thuat todn RSA c6 thoi gian thuc thi cham, hon nita ma QR ciing chi thich hop
Vi lugng théng tin nho.

T6m lai, dbi voi dién toan dam may c6 st dung cac thiét bi di dong thi cac vin dé bao mat chinh gdm:
thiét bj dau cudi di dong, mang di dong va dam may di dong. Trong thiét bi dau cudi di dong c6 thé dung
cac ung dung Anti virus dé ngin chan cac phan mém doc hai. Ngoai ra ciing can thuong xuyén cai dit cac
ban vé 16 hé thdng ciing nhu khuyén nghi diéu chinh hanh vi ciia ngudi ding dé giam thiéu viéc bj tan
cong. Di véi mang di dong, co thé sir dung céc giao thirc bao mat va thuat toan ma hda dir liéu manh dé
tranh ro ri thong tin va dam bao toan ven dir liéu. Trong dam may di dong, c6 cac van dé nhu do tin cay
ctia nén tang, bao vé dir liéu va quyén riéng tu cta ngudi ding co thé duoc ngan chan bang cach tich hop
cac cong nghé bao mat hién tai c6 cai tién nham ting cuong viéc quan ly khda, ma hoa dix lidu, xac thuc va
kiém sodt truy cap nhu mo hinh da dugc dé xuét & trén.

4. Két luan

Nghién ctru dua ra mé hinh bao vé dit liéu biang cach thuc hién hai lan thuat toan RSA két hop str dung
mi QR dé bao mat t6t hon cho dir liéu c& nhan nguoi ding dugc luu trir trén dién toan dam may. Viéc st
dung 2-RSA v&i d6 dai khda 2048 bit s& nang cao do an toan hon nhiéu so véi RSA don thuan dé chéng lai
c4c hinh thic tan cong mang phé bién, dong thoi tde do chay thuat toan van dam bao kha thi trong thuc té.
M6 hinh ciing dam bao tinh toan ven cta dir liéu va xac thuc nguoi dung, tng dung trong moéi truong dam
may c6 str dung thiét bi di dong.
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ABSTRACT
Data security in Cloud computing

D4 Nhu Hait
'Hanoi University of Mining and Geology

Cloud computing technology develops rapidly with the number of mobile users increasing significantly.
Privacy and data security for mobile device users is an interesting aspect. The research aims to propose a
solution that combines existing algorithms to enhance security for cloud computing. Security for cloud
computing involves many issues such as network security, web security, data access, authentication,
authorization, data security, etc. In this study, analytical and aggregated methods are used, with a range of
solutions to enhance the security of cloud computing with mobile devices to ensure data integrity and
security. Which can use the RSA variant to ensure high security capabilities.

Keywords: Cloud computing; block cipher algorithm; public key encryption algorithm; cloud computing
security.
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BRTHSGENGS D /A TA] NGUYEN VO PHAT TRIEN BEN VNG (ERSD 2020)
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Nghién ciu mo hinh hoc may Naive Bayes trong phan I6p van ban;
Ung dung phan I6p cho tap dix liéu cac nhan xét trén Twitter

Ding Vin Nam®* )
Triong Pai hoc M¢ - Dia chat

TOM TAT

Tri tu¢ nhan tao (Al - Artificial Intelligence), Dit liéu I6n (Big Data), Internet két ndi van vat (10T - Internet
of Things)...la nhitng tir khoa cua cudc cdch mang cong nghiép 4. Céc thg dung cua tri tué nhan tao noi
chung va cua Hoc may (Machine Learning) néi riéng di dem lai hiéu qua to Ién trong nhiéu linh vuc cia
doi séng con nguoi. Nhitng nam gan day, Hoc may c6 vai tro quan trong trong xir ly ngén ngir tu nhién
(NLP - Natural Language Processing). Mot trong nhiing bai toan rat quan trong va phd bién trong NLP d6
1a phan 16p van ban (Text Classification). C6 rat nhiéu thuat toan hoc may duogc sir dung dé giai quyét cho
bai todn nay. Tuy nhién, Naive Bayes la thuat toan co thoi gian chay nhanh va do chinh xac cao nén thuong
dugc st dung cho cac bai toan phan 16p van ban. Bai bao trinh bay cu thé viéc xay dung mot mé hinh hoc
may véi thuat todn Naive Bayes st dung dac trung TF-IDF (Term Frequency - Inverse Document
Frequency) trong phan Iép van ban. Tap di liéu thuc nghiém bao gdm 56 700 nhan xét (comments) trén
Twitter va vin ban dwoc phan thanh 2 16p bao gom: 16p 0 - Non Toxic, 16p 1 - Toxic. Pdng thoi, trong noi
dung bai béo tac gia cling thuc hién so sanh d¢ chinh xac cua Naive Bayes vai thuat todn SVN (Support
Vector Machine) va KNN (K- Nearest Naighbors) trén cung tap di liéu thuc nghiém.

Tur khéa: Hoc may; naive bayes; xtr Iy ngdn ngtr tu nhién; phéan I6p van ban, tf-idf.

1. Mé dau

Xur ly ngdn ngit ty nhién 1a mot trong nhitng linh vuc quan trong cua tri tué nhan tao. Rat nhiéu tng
dung cia NLP di, dang va ngay cang co anh hudng sau rong téi moi mat cua doi song con ngudi. Co the
hiéu NLP 1a mét linh vuc khoa hoc may tinh, ky thuat théng tin va tri tué nhan tao tap trung vao nghién
clru céc twong tac vé mat ngén ngir gitta may tinh va con ngudi, cu thé hon 1a 1am thé nao dé 1ap trinh cho
may tinh xt ly va phan tich mot lugng 1on dix liéu ngdn ngit tu nhién. Néi cach khac, NLP quan tam toi
viéc 1am thé nao dé may tinh c6 thé hiéu va van dung duoc céc tap dir liéu sin c6 dudi dang ngbn ngir tu
nhién. Mot sé tng dung quan trong caa NLP c6 thé chi ra nhu: Cac hé théng may dich, vi du Google
translation ma chung ta dd qua quen thudc; Ung dung trong xir Iy van ban va ngon ngir; Ung dung trong
tom tit va phan loai van ban, Hé thdng chatbot, Téng dai tw dong (ACC), ...

Nhimg nam gan ddy, Hoc may dang tré thanh mot phan khong thé thiéu trong qua trinh xt ly ngén ngit
tu nhién. Tir viéc xay dung cac tap qui tic bang tay doi hoi rit nhiéu thoi gian, cong sirc, cac nghién ciu
dang huéng dén viéc sir dung co s dir lidu 16n dé ty dong (hoic ban ty dong) sinh ra cac quy tic do.
Phuong phap nay da cho nhitng két qua kha quan trong nhiéu linh vuc khac nhau cua NLP.

Trong cac ung dung cta NLP, bai toan phan 16p van ban Ia mét trong nhitng bai toan quan trong va kinh
dién nhat. Muyc tiéu caa mot hé théng phan 16p van ban 1a nd ¢ thé tu dong phan 16p mot van ban cho
trude, dé xac dinh xem vin ban d6 thudc 16p ndo. Cac ung dung cia phan I6p van ban rat da dang nhu:
Hiéu duogc ¥ nghia, danh gi4, binh luan cia nguoi dung; Loc email rac; Phan tich cam xdc; Phan 1op tin
tire, cac bai bdo dién tr...Bai toan phén 16p van ban la mét bai toan hoc ¢ giam séat (supervised learning)
trong hoc may, tap van ban huan luyén da dugc gan nhan va duoc st dung dé thyc hién phan 16p, viéc thyc
hién gan cac nhan I&n mot van ban méi sé dua trén trén mic do twong tu clia van ban dé so véi cac van ban
da duoc gan nhan trong tap huan luyén. Dé giai quyét mot bai toan phan 16p van ban, thuong trai qua 4 giai
doan:

e Chuan bj dir liéu (Data Preparation)

e Trich chon dic trung (Feature Engineering)

e Xay dyng md hinh phan 16p (Buil Model)

e Tinh chinh m6 hinh va cai thién hiéu ning (Improve Performance)

* Tac gia lién h¢
Email: dangvannam@humg.edu.vn
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Nhu d3 trinh bay & trén, Phan I6p van ban la mot bai toan hoc ¢ giam sat, ¢d rat nhiéu thuat toan hoc
c6 giam sat nhu: Support Vector Machines, Decision Trees, Naive Bayes, K-Nearest Neighbors, Random
Forest... Tuy nhién, Naive Bayes Classifiers la mot trong nhitng thuat toan dem lai hiéu qua cho nhitng bai
toan phan 16p trong NLP nho do chinh xac cao, thoi gian huan luyén mé hinh nho.

Hinh 1 1a két qua so sanh cac thuat toan hoc may khac nhau trong viéc phan 16p van ban trén cing mot
tap dir liéu bao gom 18000 van ban duoc gan nhan vao 20 16p, su dung cling mot phuong phap trich chon
dic trung va cing mot ciu hinh may tinh nhu nhau. Céc két qua chi ra bao gém: Do chinh xéc (score) cua
thuat toan trén tap kiém tha, thoi gian thuat toan sir dung dé huan luyén trén tap huan luyén (Training time)
va thoi gian thuat toan sir dung dé kiém thir mé hinh trén tap kiém thir (Test time). Két qua cho thay thuat
toan Naive Bayes vai ba bién thé khac nhau (ComplementNB, BernoulliNB va MultinomialNB) déu cho
Score cao va Training time, Test time nho hon céac thuat todn khac.

Score
EEN score

o B training time
Pipeline test time
ComplementNB
BernoulliNg
MultinomialNB
NearestCentroid
SGDClassifier —
SGDClassifier —
Linearsvc —
SGDClassifier =
LinearsvC —
RandomForestClassifier
KNeighborsClassifier
PassiveAggressiveClassifier
Perceptron n
RidgeClassifier —

0.0 0.‘2 0:4 0:6 0.‘8 1.‘0
Hinh 1. So sanh cac thudt toan hoc may khac nhau trong phén 16p van ban

Noi dung cua bai bao nay tac gia s& nghién ctru vé thuat toan Naive Bayes, va tng dung caa Naive Bayes
trong bai toan phan 16p vin ban trén tap dit liéu cu thé Ia nhitng nhan xét (comments) thu duoc tir mang x4
hoi Twitter, cac nhan xét dugc phan thanh 2 16p, gan nhén 0 - Non Toxic (nhan xét khdng chaa céac tir doc
hai, khong mang v nghia tuc tiu, kich dong....); gan nhan 1 - Toxic (nhan xét cé chaa nhiing tir déc hai,
mang ¥ nghia tuc tiu, kich dong).

Nhu da b1et do chinh xac cua mot mo hinh hoc may khong nhirng phu thudc vao thuat toan va thiét lap
cac tham sé tuong ng cua thuat toan d6, ma mot trong nhiing yéu t6 rat quan trong anh hudng Ién 161 do
chinh x4c d6 14 phuong phap trich chon dic trung, chuyén ddi dit liéu dang van ban di dugc xtr ly vé dang
vector thugc tinh dang sé hoc. C6 nhiéu cach khac nhau dé dwa dir liéu dang van ban vé dit liéu dang sé
nhu: Bag of words (BoW), TF-IDF, Word Embeddings, n-grams model, skip-Gram model...Bai bdo nay
ciing trinh bay vé phuong phép trich chon dic trung co ban dugc st dung rong rai la TF-1DF, va ap dung
ky thuét nay cho tap dir liéu thir nghiém.

2. Thuat toan phan lép Naive Bayes

Naive Bayes Classifiers (NBC) 1a mot trong nhitng thuat toan tiéu biéu cho bai todn phan I6p dua trén
ly thuyét xac suat 4p dung dinh Iy Bayes.

Dinh ly Bayes cho phép ching ta c6 thé tinh todn mot xac suat chua biét dua vao cac xac suit co diéu
kién khéc. Vai cong thirc tong quat tinh xac suat cua bién ¢ A vai didu kién bién cd By xay ra truéc (hay
dugc goi la xac suét hau nghiém):

Véi P(A) > 0 va {B; B,, ..., B,} 1a mot hé day du cac bién cb théa méan tong xac sut cia hé bang 1
(X1 P(By) = 1) va timg ddi mot xung khac (P(B; n B;) = 0). Khi d6 ta co:
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P(A|Bi)PB1) _ _P(A|By)P(Bi) 0
P(4) >, P(A|B;)p )
B¢ phan 16p Naive bayes hoat dong nhw sau:

- Goi D la tap dit liéu huan luyén, trong d6 mdi phan tir dit liéu A chira n gia tri thugc tinh By, Ba,...,Bn
dugc biéu dién bang mot vector n thanh phan {X1,X2,...,Xn}

- Gia st c6 m 16p Cy, Ca,..,Cm. Cho mét phan tir dix liéu A, bd phan 16p s& gan nhan cho A 13 16p ¢6 xé&c
suit hau nghiém 16n nhat. Cy thé, bo phan 16p Bayes sé& du doan A thudc vao 16p Ci néu va chi néu:

P(CilA) > P(GlA) (i <ij<mi#)) )
Gia tri nay s& tinh dya trén dinh ly Bayes.

- Détim xac suat I6n nhat, ta nhan thay cac gia tri P(A) la giéng nhau véi moi 16p nén khong can tinh,
Do d6 ta chi can tim gi4 tri I6n nhét cia P(A|C)) * P(C). Chay rang P(Ci) dugc wée lugng bang |Dil/|D),
trong d6 D; la tap cac phan tir dir ligu thuge 16p Ci. Néu xéac suat tién nghi¢m P(Ci) cling khong xdc dinh
dugc thi ta coi chiing bang nhau P(C1) = P(C,) = ... = P(Cm), khi d6 ta chi can tim gia tri P(A|Ci) I6n nhat.

- Khi s6 luong cac thudc tinh mé ta dix liu 2 16n thi chi phi tinh toan P(A|C;) 1a rat 16n, do d6 co thé
giam d6 phuc tap cua thuat toan Naive Bayes néu gia thiét cac thudc tinh doc lap nhau. Khi d6 ta c6 thé
tinh:

P(BklA) =

P(AIC;) = P(x1]C) ... P(x,]Cy) ®)

NBC c6 thé hoat dong véi cc vector dic trung ma mot phan 12 lién tuc (sir dung Gaussian Naive Bayes),
phan con lai & dang roi rac (s dung Multinomial hoac Bernoulli). Trong phan thyc nghiém, tac gia sir dung
MultinomialNB dé xay dung md hinh. Mdi vin ban dugc biéu didn bai mot vector co d6 dai d chinh 1a s6
tir trong tir dién. Gid tri cua thanh phan thir i trong mdi vector chinh 1a sé I1an tir thir i xuat hién trong van
ban do.

Khi d6, P(xi|Cj) ti I& véi tAn sudt tir thir i (hay thudc tinh thir i cho truong hop téng quét) xuat hién trong
cac van ban cua I6p Cj. Gia tri ndy c6 thé dwoc tinh bang céch
Trong do6:

e N la tong sb lan tir thir i xuat hién trong cc van ban cua 16p Cj, n6 duoc tinh bang tong cia tat ca
céc thanh phan thtr i ciia cac vector thudc tinh tng véi 16p C;

e N latong s6 tir (ké ca lap) xuét hién trong 16p Cj. No6i cach khac, no bang tong do dai ciia toan bo
cac van ban thudc vao 16p C;.

Céch tinh nay c6 mot han ché la néu c6 mot tir méi chua bao gio xuat hién trong Iop Cj thi biéu thirc (1)
s& bang 0, diéu nay dan P(A|Ci) = 0 bat ké céc gia tri con lai c6 16n thé ndo. Viéc nay s& dan dén két qua
khong chinh xac. Dé giai quyét viéc nay, mot ky thuat duoc goi la Laplace smoothing dwoc 4p dung nhu
trong biéu thuce (5):

Ngita

P(al6) = viee N . ©

Véi a la mot s6 duong, thuong bang 1, dé tranh truong hop tir s6 bang 0. Mau s6 duoc cong vai do dé

dam bao tong xac suat T-; P(x;|C;) = 1 (Vii Hiru Tiép, 2018; Haiyi Zhang, DiLi, 2007; Wei Zhang, Feng
Gao, 2011)

3. Trich chon déc trung TF-IDF

Thuat ngit TF-IDF (Term Frequency - Inverse Document Frequency) 1a mot phuong thire thdng ké duoc
biét dén rong rai dé xac dinh do quan trong cua mot tir trong doan van ban trong mot tap nhiéu doan vin
ban khac nhau.

TF-IDF xéc dinh trong sé cua mét tir trong van ban thu dwoc qua thdng ké thé hién mirc d6 quan trong
ctia tir ndy trong mot vin ban, ma ban than vin ban dang xét nam trong mot tap hop cac van ban. Gi4 tri
TF-IDF cao thé hién d6 quan trong cao va né phu thudc vao sé lan tir xuat hién trong van ban nhung bu lai
boi tin suét cua tir d6 trong tap dir liéu. Mot vai bién thé cia TF-IDF thudng duoc sir dung trong céc hé
thdng tim kiém nhu mot cong cu chinh dé danh gia va sdp xép vin ban dwa vao truy van caa ngudi dung.
TF-IDF ciing duoc sir dung dé loc nhitng tir stopwords trong cac bai toan nhu tém tit van ban va phan 16p
van ban.

TF (Term Frequency) - Tan suét xuat hién cua tir 12 s 1an tir xuat hién trong vin ban. Vi cac van ban c6
thé co d6 dai ngén khac nhau nén mot sé tir ¢ thé xuat hién nhiéu lan trong mot vin ban dai hon 1a mot
van ban ngan. Nhu vay, TF thuong dugc chia cho d¢ dai vin ban (tong so tir trong mét van ban).

TF(t d) = — L&D (6)

max {f (w,d):wed}
Trong do6:
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e TF(t, d) - Tan suat xuat hién cua tir t trong van ban d.
o f(t,d) - SO lan xuat hién cua tir trong van ban d.
e max{f(w,d): w € d} - S5 lan xuat hién cua tir c6 s6 lan xuat hién nhiéu nhét trong van ban d.
IDF (Inverse Document Frequency) - Nghich d4o tan sudt cua van ban, gitip danh gia tm quan trong
cua mét tir. Khi tinh tan s6 xuat hién TF thi cc tir déu duoc coi la quan trong nhu nhau. Tuy nhién c6 mot
sO tur thuong duge duoc s dung nhicu nhung khong quan trong dé the hién y nghia cua doan van. Vi vay
ta can giam di mtrc d6 quan trong cua nhitng tir d6 bang cach st dung IDF:
_ D]
IDF(t,D) = log Maepced

D:t €d}| (7)
Trong d6:
e IDF(t, D) - Gi4 tri IDF cua tur t trong tap van ban D.
e |D]- Tong so van ban trong tap D.
e |{d € D:t € d}|- Thé hién sé van ban trong tap D cd chtra tir t.
Co s6 logarit trong cong thirc ndy khong 1am thay doi gia tri IDF cia tr ma chi thu hep khoang gia tri
cua tir d6. Viéc su dung logarit nham giup gié tri TF-IDF cua mot tir nhé hon, do ¢ong thuc tinh TF-IDF
cua mot tir trong mot van ban la tich caa TF va IDF cua tir d6. Cong thire tinh TF_IDF duogc xac dinh nhu
sau:
 TF —IDF(t,d,D) = TF(t,d)x IDF(t,D) ‘ ®
Tur (8) cho thay nhiing tir c6 gia tri TF-IDF cao la nhiing tir xuat hién nhicu trong van ban nay, va xuat
hién it trong cac van ban khéc. Viéc nay gilp loc ra nhitng tir pho bién va giir lai nhitng tir ¢ gia tri cao
chinh la cac tur khoa cta van ban do.
4. Ung dung thuit toan Naive Bayes trén tap dir ligu Twitter
4.1. Chudn bj dé li¢u
Tap dir liéu cac nhan xét (comments) duoc thu thap tir Twitter va luu trix trong tép Data_NLP.csv nhu
minh hoa trong Hinh 2, chura 56 700 dong dir liéu; vai 2 cot bao gom:
e Cot class: cho biét 16p ma comments dugc gan nhan; cic comments dugc gan vao 2 I6p: 0 - Non
Toxic (33 847 comments) | 1 - Toxic (22 853 comments).

e Cot t\Neet:»ChO’ biét noi Qung cua dgan van ban comments. Pay 1a doan van ban gbc duoc liy vé tir
Twitter nén c6 thé thay chira rat nhiéu nhiéu (noise)

0 " RT @mayasolovely: As a woman vou shouldn't complain about cleaning up your house. &amp; as a man you should

1" @T_Madison_x: The shit just blows me..claim you so faithful and down for somebody but still fucking
1 11111"@__BrighterDays: I can not just sit up and HATE on another bitch .. I got too much shit going on!"

1 1111 &#8220;@selfiequeenbri: cause I'm tired of you big bitches coming for us skinny girls!1&#8221;

1" &amp; vou might not get va bitch back &amp; thats that "

1" @rhythmixx_ hobbies include: fighting Mariam"

1 " Keelcs is a bitch she curves everyone " lol I walked into a conversation like this. Smh

1 " Murda Gang bitch its Gang Land "

1" So hoes that smoke are losers 7 " yvea ... go on IG

1 " bad bitches is the only thing that i like "

1 " bitch get up off me "

Hinh 2. Tdp di li¢u thé da dwoce gdn nhan ban dau Data_NLP.csv

C6 thé thiy cac cau comments 12 dit liéu tho ban dau (raw data) dwoc lay vé tir Twitter chira rat nhiéu
nhiéu nhu: cac ky hiéu dic biét, cac theé HTML, JavaScript, c4c tir viét tt, cac lién két, email, con sb, tag
....Do @6 can phai duoc chuén bi trudc khi sir dung cho cac muc dich tiép theo. Nhu trong phan mé dau da
chi ra, chuan bi dir liéu (Data Preparation) 1a giai doan thuc hién dau tién trong quéa trinh xay dung mot mé
hinh hoc may cho bai todn phan I6p van ban.

Céc phuong phap ma nhom tac gia sir dung dé chuan bi dit liéu &p dung cho tap dir liéu Data_NLP bao
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gom:

e Loai bo nhiéu trong cac comments bao gom: Loai bo cac duong link, dia chi email; Loai bo cac ky
tu dac biét, ky tu s6.

e Loai bo céc tir StopWords: StopWords la nhiing tir xuat hién nhiéu trong ngén ngit ty nhién, tuy
nhién lai khdng mang nhiéu ¥ nghia. D¢ loai bo StopWords ¢6 2 cach chinh 1a ding tir dién (corpus) hoac
dua theo tan suat xuat hién cua tir. Vai tiéng anh, nhitng tir StopWords bao gom: the, this, that, these, is,
are, was, were....da duoc tong hop vao trong mot corpus trong thu vién NLTK.

e Chuan héa tir: Trong tiéng Anh, mdi mot tir c6 thé cd nhiéu bién thé khac nhau. Piéu nay lam cho
viéc so sanh giira cac tir 1a khong thé mac du vé mat ¥ nghia co ban 1a nhu nhau. Vi du nhu cac tir “walks”,
“walking”, “walked” déu 1a bién thé cua tir “walk”. D¢ bién ddi cac tir ndy vé dang goc 2 ki thuat thuong
duoc st dung la Stremming va Lemmatiaztion.

Nhom tac gia sir dung ngdn ngir lap trinh Python, cac thu vién hd trg bao gdm: Pandas, NumPy, NLTK,
RE, ma ngudn dugc viét trén hé thong Google Colab. Két qua sau khi chay cac ham chudn bi dit liéu dwoc
thé hién nhu trong Bang 1 véi 5 comments trude va sau khi xi 1y.

Bdng 1. Minh hoa 5 comments truéc va sau khi thyc hién xi ly

STT | Comments ban dau Comments da x{ ly
!!!!!!!!!!!%!!!!!! @T_Madison_x: The shit just k?lows r.ne..cllalm shit blow faithful somebody

1 you so faithful and down for somebody but still fucking with till fuck hoe
hoes! &#128514;&#128514;&#128514;"

) " got ya bitch tip toeing on my hardwood floors " &#128514; get vya bitch tip toe
http://t.co/cOU2WQ5L4q hardwood floor

3 "@Dunderball: I'm an early bird and I'm a night owl, so I'm early bird night owl wise
wise and have worms." worm

"@Tmacc_GFG: &#8220;@VoiceOfDStreetz: "@Tmacc_GFG:

8#8220; @tizzimarie: No slushes &#128549;8#8221;hoes nasty | 5Ws" N0€ nasty anyway fam

4 anyway fam"&#128564;&#8221;them hoes taste like hoe taste like meds
meds"&#127815;&#127815;&#127868;
s beA°AYA’A“ A°AYA’A“@user @user @user @user @user

@user @user @user @user @user

4.2. Trich chon dac trung

Nhu d4 trinh bay trong phan mo dau, giai doan thi 2 trong xay dung mé hinh hoc may cho bai toan NLP
d6 1a trich chon dic trung (Feature Engineering), c6 rat nhiéu phuong phéap dé thuc hién trich tron dic trung
chuyén doi van ban sang vector dir liéu sb. Tac gia sir dung phwong phap tinh TF-IDF dé thuc hién viéc
nay.

Sau khi thyc hién chuan bi dit liéu nhu trong phan 4.1, mot sé comments sau xir ly chi con Ia chudi rdng.
Théng ké cho thay c6 43 chudi comments sau khi xir Iy chi con lai 1a chudi rdng (NaN). Do do, truge khi
thuc hién trich chon dic trung cho toan bd tap comments ndy, cac chudi rdng can phai duoc xi ly. TAc gia
thuc hién loai bo cac dong comments chira cac chudi rong nay ra khoi tap dir liéu bang phwong thirc dropna()
trong thu vién Pandas (Hinh 3). Nhu vay, tap di liéu ban d¢iu bao gdm 57 000 comments, sau khi loai bo
thu dwoc tap dir liéu mai con lai 56 657 comments.

1 #Théng k& s& row null 1 #Thuc hién xda tat cad cédc row cd phan tu NaN

2 #trong tap dir 1liéu sau xir 1y: 2 data_NLP = data_finish.dropna()

3 data_finish.isnull().sum() 3 data_NLP.info()
class ) <class 'pandas.core.frame.DataFrame'>
tweet_ok 43 Int64Index: 56657 entries, @ to 56699

Data columns (total 2 columns):

# Column Non-Null Count Dtype
® class 56657 non-null inté4
1  tweet_ok 56657 non-null object
dtypes: inté4(1), object(1l)
memory usage: 1.3+ MB

Hinh 3. Thong ké va xir Iy commnets réng trong Pandas
Thuc hién téch tap dit liéu thu dugc sau khi loai bo cac comments rong thanh 2 tap con sur dung cho viéc
huan luyén va kiém thir md hinh theo ty 1€ 80% cho tap huan luyén va 20% cho tap kiém thar. Tac gia sir
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dung thu vién sklearn dé tw dong héa viéc tach nay. Két qua sau khi thuc hién viéc tach tap dit ligu data_NLP
sé thu duoc tap huan luyén chira 45 325 comments (chiém 80%), tap kiém thir chua 11 332 comments
(chiém 20%) nhu Hinh 4.

1 #THUC HIEN TACH TAP DU LIEU THANH TAP TRAIN VA TEST

2 from sklearn import model selection

3 #Tach t3p dir 1iéu thanh Train - Test (ty 1lé: 8.8 - 0.2)

4 train_x,test x,train_y,test y=model selection.train_test split(

5 data MLP[ "tweet ok'],
6 data MLP['class'],

7 test size=0.2)

8

9 print('Tap Train (8e%): ', train_x.shape)
10 print('Tap Test (20%): ', test x.shape)

Tap Train (8e@%): (45325,)
Tap Test (20%): (11332,)

Hinh 4. Phan tach tdp dir liéu thanh tap Train (80%) - tdp Test (20%)

Pé thyc hién trich chon dic trung theo phuong phap TF-IDF da dwoc mo ta trong phan 3, tac gia sir dung
module TfidfVectorizer trong thur vién Sklearn. Két qua sau qué trinh nay sé& thyc hién chuyén doi dir liéu
vin ban sang vector sé (Hinh 5); Dir liéu s6 nay s& duoc str dung 1a dau vao cho mé hinh hoc may Naive
Bayes dé thuc hién phan I6p cac comments.

1 # Tinh TF-IDF cho t3p dir ligu
2 from sklearn.feature_extraction.text import Tfidfvectorizer
3 #Convert a collection of raw documents to a matrix of TF-IDF features.
4 vector = Tfidfvectorizer(analyzer="word",
5 max_features=20000,
stop words = 'english')

6
7
8 vector.fit(data_NLP[ "tweet ok'])
9 xtrain_tfidf = vector.transform(train_x)

16 xtest tfidf = vector.transform(test x)

11 print('Ké&t qua Vector héa tap Train sang dang s&:')

12 print(xtrain_tfidf.data)

13 print(xtrain_tfidf.shape)

14 print('Ké&t qua Vector hda tap Test sang dang s&:")

15 print(xtest_tfidf.data)

16 print(xtest_tfidf.shape)

KEt qua Vector hda tap Train sang dang sd:

[0.54907788 ©.53160745 0.64490852 ... 9.33670852 ©.13308591 0.26849291]
(45325, 20000)

K&t qua Vector hoa tap Test sang dang s&:

[0.73386444 ©.51887036 ©.43842506 ... 0.58960476 ©.39331306 0.52415607]
(11332, 20000)

Hinh 5. Két qud vector héa van ban sang dang sé sir dung TF-IDF
4.3. Xay dung mé hinh

Dé sir dung thuat toan phan 16p Naive Bayes, tac gid sir dung thu vién hoc may Sklearn; Sklearn cung
cap 5 giai thuat ciia Naive Bayes bao gom: Gaussian Naive Bayes; Multinomial Naive Bayes; Complement
Naive Bayes; Bernoulli Naive Bayes; Categorical Naive Bayes. Nhu so sanh thé hién trong Hinh 1, giai
thuat Multinomial Naive Bayes cho bai toan phan 16p van ban ¢ hiéu qua ca vé Score, Training time va
Test time. Vi vay, tac gia st dung Multinomial Naive Bayes &p dung cho tap di liéu ciia minh. Muiltinomial
Naive Bayes c6 2 tham sb dau vao chinh bao gom:

e alpla: Tham s dung dé 1am min (Laplace smoothing); gia tri thiét lap 1a mot s6 thuc nam trong doan
[0,1]; Thiét lap mac dinh bang 1.

e fit_prior: Tham sé diung dé xac dinh c6 st dung xac suat cac phan tir trude do cho viéc huan luyén
hay khong; Gié tri thiét lap kiéu boolean (True|Flase), Thiét Iap mic dinh bang True.

Qué trinh chay mé hinh véi tham sé alpha =0.79, fit_prior=True cho két qua tét nhat. Hinh 6 thé hién
viéc xay dung mo hinh MultinomialNB, huan luyén trén tap Train, va kiém thir trén tap Test. Do chinh xéac
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trén khi huan luyén mo hinh dat 93.83%, @6 chinh xac ciia mé hinh khi chay trén tap Test dat 91.63 %.

1 #S0r dung md hinh Naive Bayes v&i TF-IDF

2 import time

3 from sklearn import naive bayes as nb

4 from sklearn.metrics import accuracy score

5

& #S0r dung thuat todn Multinomialne

7 MultinB = nb.MultinomialnB(alpha=0.79, fit prior=True)

8 #Hudn luyén md hinh v&i t3p hudn luyén Train

9 MultinB.fit(xtrain_tfidf,train_y)
10 train_score = MultiMB.score(xtrain_tfidf, train_y)
11 print('Po chinh xac cha mdé hinh trén tap Train: °, round(train_score*10e,2),'%")
12
13 #S0r dung mé hinh hudn luydn dy doan trén tdp TEST
14 y pred = MultiNB.predict(xtest tfidf)
15 #panh gia dé chinh xac cta mé hinh trén tap Test
16 test sore = round(accuracy score(test y,y pred)*1e0,2)
17 print('pd chinh xac cba md hinh trén tdp Test: ', test sore, '%")

B3 chinh xdc cta md hinh trén tap Train: 93.83 %
Py chinh xdc cta mé hinh trén tap Test: 91.63 %

Hinh 6. Xay dwng mé hinh phan 16p van ban sir dung MultinomialNB
4.4, Pdnh gid két qua

Nhu & trén cho thiy d6 chinh xac cia mé hinh phan 16p MultinomialNB trén tap dir liéu Test bao gém
11 332 Comments dat 91.63%; Thoi gian dé huan luyén md hinh hét 0.013969 gidy, thoi gian dé chay md
hinh trén tap di liéu kiém thir hét 0.002822 giay. P& c6 cai nhin tong quan hon vé két qua danh gia do
chinh xé&c ciia mo hinh trén tap kiém tht, tac gia sir dung Confusion matrix dé truc quan héa két qua thé
hién trong Hinh 7.

Confusion matrix, without normalization Normalized confusion matrix

Tue label
Tue label

@ > ] >
Predicted label Predicted label

Hinh 7. Truc quan hda két qua dir dodn trén tdp kiém thiz véi Confusion matrix

C6 tat ca 10 384 comments trén tong sb 11 332 comments trong tap kiém thir dwoc du doan chinh xac.
Trong d6:

e 6159 comments l6p 0 va dugc du doan dung vao 16p 0 (91.56%);

e 4225 comments l6p 1 va duge du doan dang vao 16p 1 (91.75%);

e 568 comments I6p 0 nhung mé hinh du doén sai sang 16p 1 (8.44%)

e 380 comments l6p 1 nhung mé hinh du doéan sai sang 16p 0 (8.25%)

Bén canh do, tac gia cling thuc hién trich chon déc trung theo phuong phap Bag of Words (BoW) va cai
dit bo phan 16p véi 2 thuat todn hoc may khac dé danh gia 1a Support Vector Machines (SVM) va K-
Nearest Neighbors (KNN).

Bang 2. P chinh xéc cua céc thugt todn phan lop trén tdp kiém thi

. Thuét toan phén lép
Eﬁ:ﬂgcp?ﬁggwh MultinomialNB | SVM KNN
T (alpha=0.79) (C=0.5) (n_neughbors=10)
TF-IDF 91.63% 59.66% 67.94%
BoW 71.83% 59.29% 42.95%
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Két qua thé hién do chinh xac ciia cac md hinh trén tap kiém thir duoc thong ké trong Bang 2. C6 thé
thay rang Naive Bayes la thuat todn tot cho md hinh phan I6p van ban véi do chinh xac cao. Ngoai ra
phuong phap trich chon déc trung cling anh huong rat 1on toi sy chinh xac ctia mé hinh.

5. Két luan

Hoc may da duoc nghién cau, tng dung trong rat nhiéu linh vue, trong d6 ¢6 linh vyc xir Iy ngon ngix
tu nhién (NLP) va thu dugc nhiéu két qua tich cuc. Trong cac bai toan NLP, phan 16p van ban la bai toan
co ban va rat quan trong. Trong noi dung cua bai bao nay, tac gia da nghién ctru va tim hiéu vé mot trong
nhiing thuat toan rat hiéu qua cho phan Iép vin ban d6 1a Naive Bayes. Cac két qua trong phan thyc nghiém
phan 16p vian ban véi tap 56 700 comments trén Twitter thanh 2 16p 0 - Non Toxic va 1 - Toxic d cho thay
hiéu qua cua thuat toan Naive Bayes so vai cac thuat toan hoc may khac. Két qua thuc nghiém ciing chi ra
rang, do chinh xac cia mot md hinh phan 16p khong nhiing phu thugc vao thuat toan, tham sé thiét lap cho
thuat toan d6 ma con phu thugc rat I6n vao phuong phép trich chon dic trung cua tap dir liéu dau vao. Tuy
nhién, c6 thé khing dinh Naive Bayes Classifiers (NBC) la mét lua chon tt cho cac bai toan phan 16p vin
ban (Text classification), NBC c6 thoi gian huan luyén, kiém thar mé hinh rat nhanh va d6 chinh xac cao.

Tai ligu tham khao

Vit Hitu Tiép, 2018, Bai giang Hoc Méy (Machine Learning), Nha xuat ban Khoa hoc ky thuat.145-147

Haiyi Zhang, DiLi; 2007; Naive Bayes Text Classifier, Cranular Computing - IEEE international,
GrC2007.

Wei Zhang, Feng Gao, 2011; An Improvement to Naive Bayes for Text Classification, Procedia
Engineering. 15 (2011), 2160 - 2164.

ABSTRACT

Research on Naive Bayes classifiers to text classification; Application
for Twitter’s comments data set

Dang Van Nam?
'Hanoi University of Mining and Geology

The content of this article will research on Naive Bayes classifiers to text classification and application for
Twitter’s comments data set. Naive Bayes classifiers which are widely used for text classification in
machine learning are based on the conditional probability of features belonging to a class, in which the
features are selected by feature selection methods. The paper specifically presents the construction of a
machine learning model with the Naive Bayes algorithm using TF-IDF features in text classification. The
experimental data set includes 56 700 comments on Twitter and that is divided into 2 classes: class 0 - Non
Toxic, class 1 - Toxic. At the same time, in the content of the article, the author also compared the accuracy
of Naive Bayes with SVN algorithm and KNN on the same experimental data set.

Keywords: Machine Learning; naive bayes; nlp; text classification; tf-idf.
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lsg'/ HOI NGHI TOAN QUOC KHOA HQOC TRAI BAT
SAR SO VA TAI NGUYEN VO'I PHAT TRIEN BEN VIPNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Xay dyng chuong trinh minh hoa hé trg giang day va hoc tap
mon Tri tué nhan tao

biang Hitu Nghi*, Bui Thi Van Anh', Pham Btc Hau', Bing Quéc Trung?
Trirong Pai hoc Mé - Dia chat

TOM TAT

Tri tué nhan tao hay tri thdng minh nhan tao (Artificial Intelligence - Al) 1a mo6t nhanh thudc linh vuc khoa
hoc may tinh. Pay 1a tri tué do con nguai 1ap trinh tao nén véi myc tiéu glup may tinh cé thé tu dong hoa
cac hanh vi thong minh nhu con nguoi. Tri tué nhan tao ngay cang dang tiép can vao doi song cua con
ngudi trong moi linh vyc.

Hau hét cac truong dao tao vé Cong nghé Thong tin déu dua mén hoc Tri tué nhan tao vao giang day. Dé
gilp cho viéc giang day va hoc tap moén hoc Tri tué nhén tao dugc hiéu qua, ching t6i da xay dung mot
chuong trinh minh hoa cho mét s6 thuat toan co ban trong Tri tué nhan tao. Chuong trinh gitip cho sinh
vién c6 cai nhin truc quan hon vé tng dung cia cac thuat toan dugc hoc, tir d6 giup sinh vién dé hiéu bai
va nam chac céc kién thirc hon.

Tir khéa: Tri tué nhan tao; giai thuat tim kiém mu; giai thuat tim kiém heuristic; giai thuat c6 déi thu.

1. Mé dau

Véi su phét trién vuot bac ciia cong nghé, may tinh cling céc thiét bi dién tir ngay cang dong vai tro quan
trong trong moi hoat dong ciia con nguoi. Khong chi hd tro trong cong viéc, cac may tinh ngay nay con la
maot phuong tién hitu ich phuc vu cho céc sinh hoat hang ngay ciia con ngudi nhu hd tro trong di lai, cap
nhat tin tic, giai tri... Tuy nhién, dé may tinh that sy tré thanh mot ngudi ban than thiét ciia con nguoi, mot
s tré ngai co ban can phai dugc vuot qua. Cac may tinh ngay nay c6 stc manh vuot tréi so véi trude, kha
nang xu 1y va luu trir khong 16, nhung né van chwa giai quyét duoc nhiéu bai toan trén thyc té nhu: 1am sao
dé c6 thé tu suy nghi va hanh d6ng trong nhimg méi truong thé gigi thuc phic tap, 1am sao dé hoc va rat
trich cac thdng tin, tri thirc tir moi trudng xung quanh phuc vu cho hoat dong cia minh... Giai quyét cac
vén dé trén khong chi doi hoi sirc manh cong nghé ma con can dén nhing hudng tiép can, nhitng thuat toan
thong minh hon.

Nhiéu bai toan da dwoc dua vao may tinh dé giai quyét, véi mong mudn tan dung duoc sic manh cua
may tinh dé tim 15i giai nhanh va chinh xac hon. Bén nay, c6 nhiéu phuong phap dé giai mot bai toan trén
may tinh. Mot trong cac phuong phap d6 1a phuong phap tim kiém (L& Hoai Bic va T6 Hoai Viét, 2014).

2. Cac phwong phap tim kiém trong tri tu¢ nhan tao

Vién dé tim kiém, mot cach tong quat, cd thé hiéu 1a tim mot d6i tuong thoa man mot sé doi hoi nao do,
trong mot tap hop rong 16n cac d6i twong. Ching ta c6 thé ké ra rat nhiéu van dé ma viéc giai quyét nd
duoc quy vé van dé tim kiém.

Céc trd choi, ching han co vua, cd card 6 thé xem nhu van d& tim kiém. Trong sé rat nhiéu nuéc di
dugc phép thuc hién, ta phai tim ra cac nudce di dan t6i tinh thé két cude ma ta 1a ngudi thing.

C6 céc ky thuat tim kiém sau (Tran Ngan Binh, Wolfgang Ertel, 2017):

e Céc ky thuat tim kiém mu, trong d6 chung ta khong c6 hiéu biét gi vé cac ddi twong dé dinh hudng
tim kiém ma chi don thuan 1a xem xét theo mot hé théng nao do tit ca cac dbi tugng dé phat hién ra doi
tuong can tim.

- Tim kiém theo bé rong (breadth-first search)
- Tim kiém theo d6 sau (depth-first search)

o Cacky thuattim kiém theo kinh nghiém (tim kiém heuristic) trong d6 ching ta dya vao kinh nghiém
va su hiéu biét cua ching ta vé véan dé can giai quyét dé xay dung nén ham danh gia huéng dan sy tim
kiém. Cac chién luoc tim kiém kinh nghiém quan trong nhat Ia:

- Timkiém tét nhét - dau tién (best-first search)

* Tac gia lién h¢
Email: danghuunghi@humg.edu.vn
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- Timkiém leo ddi (hill-climbing search)

o Céac k¥ thuat tim kiém tdi wu gom cac ky thuat tim duong di ngan nhét trong khéng gian trang théi

nhu:
- Thuat todn A*
- Thuat todn nhanh va can.

o Cac phuong phap tim kiém c6 ddi thu, tirc 12 cac chién lugc tim kiém nude di trong céac tro choi hai
ngudi, chang han cd vua, co tudng, cd card. Cac phuong phap tim kiém c6 ddi thu sir dung chién lugc tim
kiém nuéc di Minimax.

Mot khi ching ta mudn giai quyet mot van dé nao dé bang tim kiém, dau tién ta phdi xac dinh khong
gian tim kiém. Khéng gian tim kiém bao goém tat ca cac doi twong ma ta can quan tam tim kiém. N6 c6 thé
la khong gian lién tuc, chang han khong gian cac vécto thuc n chidu; né ciing ¢6 thé 1a khong gian cac ddi
tuong roi rac.

Vi dy, trong tro choi co vua, mdi cach b tri cac quan trén ban co 1a mot trang théi. Trang thdi ban dau
1a sy sép xép céc quan ldc bét dau cude choi. M&i nudce di hop 18 1a mot toan tir, né bién ddi mot trang théi
trén ban co thanh mét trang thai khac.

Khi giai quyét mot bai toan bang phwong phép tim klem (goi tat 12 bai toan tim kiém) trude hét phai biéu
din dugc bai toan d6. Mot bai toan thudng gom ¢ van dé (yéu cau) va loi giai cho bai toan. Phuong phap
tim kiém duoc sir dung dé tim ra loi giai trong khong gian tim kiém.

Biéu dién mot bai toan tim kiém thuong bao gom nam thanh phan:

e Khong gian trang théai: Cho biét tat ca cac trang théi c6 thé co cua bai toan.

e Trang thai ban dau. Noi bat dau viéc tim kiém.

e Ham trang théi con. Phat sinh trang thai ké tiép tir mot trang théi cu thé x. Ham trang thai con, ciing
Véi trang thai ban dau, tao nén khdng gian trang thai cua bai toan. Khéng gian nay bao gém céc trang thai
ma ta s& xem xét dén trong qué trinh tim kiém.

e Mot tap cAc trang thai dich (két thic). CAc trang thai dich nay déu thuoc khdng gian trang thai. Tuy
vao bai todn ma c6 mot hay nhiéu trang thai dich khac nhau.

e Ham chi phi duong di. Dung dé tinh chi phi cho loi giai cua bai toan. Vi cach biéu dién nay ta cé
thé chuyén bai toan tim loi giai vé bai toan tim dudng di tir trang théi ban dau dén trang thai dich.

Giai quyét bai todn bang phuong phap tim kiém dugc ap dung trén nhiéu linh vyc khac nhau. O day, ta
xét mot bai toan tim kiém thdng dung, d6 1a bai toan tro choi.

Bai toan tro choi minh hoa cho nhimg phuong phap gidi quyet vén dé khac nhau. Thong thuong loai bai
toan nay luén c6 mo ta chinh xac, cu thé. Co diém chung thdng nhat nhu vy gitp dé dang so sanh hiéu qua
cua cac thuat toan khac nhau.

3. Xay dyng mdt sé vi du minh hoa
Dé gilp cho viéc giang day va hoc tap mon hoc Tri tué nhan tao dugc hiéu qua, chung tbi da xay dung
mot chuong trinh minh hoa mot s6 thuat toan co ban trong Tri tué nhan tao thong qua cac tro choi sau

3.1 Bai todn tro choi 8-puzzle

Bai toan 8-puzzle (con goi la Taci) thudng duoc sir dung dé thir nghiém céc thuat toan tim kiém. Trong
bai toan nay, ching ta c6 mot ban co kich thudce 3x3 trong d6 8 quan co duge danh sé tir 1 dén 8 va dat &
8 6 vubng, 6 con lai dé tréng. Cac quan co ¢ thé duoc day vao 6 trong ké can nd. Muc tiéu cua trd choi
nay la day cac quan co sao cho tir cach sap xép ban dau (trang thai dau) dua vé dugc cach sip xép mong
mudn (trang thai dich) nhu trong Hinh 1.

6 i 8
Trang thai Trang thai
Ban dau Bich

Hinh 1. Mgt dgng cua bai toan 8-puzzle
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Khéng gian trang thai ctia bai toan nhu sau:

3
2
Left Right Up Daown Left Right Up Dawn
1 1] 4 1]4(3]]1[4 1| 4|3
7 7 6 6|5 Gl|7|B[6||7|8|6||7[6]|3[]7|6]2
5 2|5 2|5 2 . 2 .5 2|5 2. 5|8|2||5|8

- —— o | | -
- ||
- |~ |
- |~ |

Hinh 2. Khéng gian trgng thai cia tro choi 8-puzzle

Chung t6i sir dung thuat toan A* cho trd choi 8-puzzle. Trong thuat toan A* ham do tét ding dé udce lwong
quéng dudng tir nit khoi dau dén nat dich qua nit hién tai f = g+h. Trong d6 g la chiéu sau tir nit goc dén
nGt hién tai va h 1 ude luong quing dudng tir nGt hién tai dén nat dich con goi 1a ham tinh chi phi. Viéc
xac ham tinh chi phi h 1a mot trong cac yéu té quan trong. Ham tinh chi phi h cua bai toan 8-puzzle la sb
lwong cac 6 sai vi tri (Khoang cach Manhattan). Vi du nhu hinh sau:

1|2 (3
=0, h=3, f=g+h=3
4 6
7 |5 8
g=1,h=4,1=5 e '}\ g=1,h=4, =5
2|3 1|2 (3 1(2 (3
1|46 T4 6 7|46
5 8 7 1|5 (8 5 8
=2.h=1,1:3 7 9=2,h=3 |\ 9-2,h=3,f=5
1.2|3 1|2 |3 1 3
24 |5 |6 4 6 4|2 ¢
7 8 7 5|8 7 |58
g=3,h=2 1:5\ \9‘:1 >8.(=3
12 |3 1|2 (3
4 5|6 314 5|6
7|8 7|8

Hinh 3. Vi du vé ham tinh d¢ tot trong bai toan 8-puzzle
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Két qua cai dat tro choi 8-puzzle nhu sau:

as Main [m] X

Tictactoe Dodgen 8 puzzle

| o' 8 puzzle = o]

Trang théi ban d&u Trang thai két thic Thust todn
I [~
BFS
1 2 3 1 2 3 OFS
Leo déi déc dung
e
4 5 & 4 5 6
7 8 7 a
Solve hd

Hinh 4. Giao dién game 8-puzzle

3.2 Tro choi Tic-Tac-Toe

Chung t6i ciing xdy dung tro choi tictactoe va dodgem dé minh hoa viéc &p dung thuat toan tim kiém
c6 ddi thi minimax.

Bt dau van dau bang ban co trong, d4u thu thir nhat c6 thé dat ky hiéu nudc di X vao bét cir & nao trong
9 6 tréng cua ban co.

Mai trong s6 nhimg nude di nay tao ra mot ban cd khac cho phép dau tha thir hai dén lugt minh di s& ¢6
thé chon 8 cach dat ky hiéu nudce di O ciia minh vao... Va s& ¢ ludn phién nhu thé,

Khong gian trang thai cua bai toan nhu sau:

X X X
X X X
X x| X
0 0 o 0 0
X X X X X[ o[X X0 _|X X X X
0 ] [i ] 0
X X ¥ 1%] % ||
X
X

0lX [{]}.4 oiX|x 0| 01X alx X0 X0 X[X]0 X|0 X0
X X X X

Hinh 5. Khong gian trgng théi ciia tro choi Tic-Tac-Toe
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Két qua cai dt cac trd choi tictactoe va dodgem nhu sau:

o Main - a X

Tictactoe Dodgen 8puzzle Game

g Tic-Tac-Toe = @ 24

X 10

Hinh 6. Giao dién game Tic-Tac-Toe

a5 Main - (] X

Tictactoe Dodgen 8 puzzle

a5’ Dodgem
Nguéi chai tnidc San dau
Ben

Thao téc

Trd chdi méi 0

Céch chdi

Hinh 7. Giao dién game Dodgen

4. Kétluan

Tri tu¢ nhan tao va hoc may la nhitng linh vuc rat quan trong cia hién tai va twong lai. Mudn thyc su
nim duoc céc ky niang kién thirc cua tri tué nhan tao dé c6 thé dung trong thuc té, thi khong cé cach nao
khéac 1 phai thuc hanh. Nhiing tng dung thuc té cin duoc dua vao giang day va minh hoa dé sinh vién dé
dang hinh dung va co xat thyc té.

Trong bai bao nay chiing t6i d xay dung mét sé tng dung minh hoa cho céc giai thuat tri tué nhan tao
cb dién. Trong thoi gian ti chdng toi sé tiép tuc phat trién dé c6 nhiéu vi du minh hoa hon cho céc giai
thuat vé may hoc
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ABSTRACT

Programming a program to support teaching and learning
Acrtificial Intelligence

Dang Huu Nghi?, Bui Thi Van Anh!, Pham Duc Hau?, Dang Quoc Trung?!
'HaNoi University of Mining and Geology

Acrtificial Intelligence (Al) is a branch of computer science. This is a human-programmed intelligence with
the goal of helping computers automate intelligent behaviors like humans. Artificial intelligence is
increasingly employed in the human life in all fields.

Most universities teaching Information Technology have a subject called Artificial Intelligence. In order to
make the teaching and learning of the subjecteffectively, we have built a program that illustrates some of
the basic algorithms in Avrtificial Intelligence. The program helps students to have a more intuitive view of

the application of the algorithms, thereby making it easier for students to understand the lessons and gain
the knowledge.

Keyword : Artificial intelligence; blind search algorithms; heuristic search algorithms; minimax algorithm.
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Nghién ctru mang hoc séu st dung Keras trong nhan dang hinh anh

Pham Dinh Tan'*, Tran Thj Thu Thay", Diém Cong Hoang*
YTruong Dai hoc M6 - Dia chat

TOM TAT

Linh vyc thi gidc may tinh nghién ciru cac ki thuat gitip méy tinh tu dong nhan dang va doc hiéu théng tin
tir hinh anh. Thi gidc méy tinh c6 rat nhiéu tng dung trong thyc t& nhu nghién cau giai quyét bai toan xe
tu l4i, quan ly chat lwong san pham dya trén hinh anh ciing nhu cac linh vuc gaming, thuc tai 40. Trong
nhitng nam gan day, linh vuc thj giac may tinh di c6 nhirng budc phat trién manh mé dya trén sw bung no
cua k¥ thuat hoc sau. Ky thuat hoc sau sir dung kién trac mang no-ron nhiéu Iép dé trich chon dic trung
mét cach ty dong dua trén dir liéu. Md hinh mang no-ron nhiéu 16p (duoc xay dung dya trén mé hinh mang
no-ron trong ndo b cua con nguoi) 12 tap hop cac nut mang duoc két ndi va thong tin dugc lan truyén tir
nat mang nay sang nit mang khéc. Rat nhiéu kién trac mang hoc sau khac nhau da dugc dé xuat cho bai
toan nhan dang hinh anh. Mang hoc sau DenseNet la kién trac ‘mang co hiéu nang cao trong nhan dang hinh
anh. Keras la thu vién ma nguon mé ding dé xay dung va huan luyén cac mang hoc sau trén ngén ngi lap
trinh Python. Trong bai bao nay, nhém tac gia nghién ctru st dung thu vién Keras dé xay dung va huan
luyén mang hoc sau st dung kién trac DenseNet nham giai quyét bai toan phan I6p hinh anh. Hiéu ning
cua mang hoc sau duoc danh gia trén bo di liéu hinh anh CIFAR-10.

Tur khéa: Mang no-ron; thi giac may tinh; k¥ thuat hoc sau; keras; densenet.

1. Pat véan dé

Trong nhirg nam gan day, ky thuat hoc sdu (Deep Learning) di tré thanh mot cong cu hiéu qua trong
linh vyc thi giac may tinh. Nhiing tién bo vé tdc do tinh toan ciia phan cimg may tinh nhu bo xur 1y d6 hoa
(GPU) va cac kién tric mang nhiéu 16p di cho phép huan luyén cac mang hoc sau vai hang triéu tham sé
cung hang trdm 16p an. Ly thuyét vé mang no-ron tich chap (CNN) dwoc phat trién tir 1au nhung gan day
méi duoc trién khai rong réi nho cac tién bo vé tée do xu ly song song cia GPU, vén dugc phat trién cho
cac tng dung gaming, d6 hoa. Trién khai céc thuat toan hoc sau trén GPU gidp rat ngan thoi gian huan
luyén/ kiém thir mé hinh.

Rat nhiéu kién trac CNN di duoc dé xuét, mot trong nhitng kién trac CNN ndi bat la DenseNet (Huang
va nnk, 2017]. Trong kién trac DenseNet, mot kién tric mang hoc séu trong do6 tat ca cac téng déu co két
ndi truc tiép dén cac tang khac dugc sur dung dé dam bao ludng thong tin t6i da gitra cac ting trong mang.
Dé duy tri ban chét chuyén tlep mdi 16p c6 duge cac dau vao bd sung tir tat ca cac I6p trude do va truyén
tat ca cac ban dd dic trung dén cac tang phia sau. Kién trac mang nay yéu cau it tham sé hon cac mang tich
chap truyén théng, vi khong can phai tim lai céc ban d6 dic trung du thira. Kién tric mang nay c6 thé dugc
xem nhu 14 thudt todn c6 trang thai duoc truyén tir ting ndy sang tang khac. M3i tang doc trang théi tir tang
trugc cua né va ghi vao tang tiép theo. N6 thay ddi trang thai nhung cling truyén thdng tin can duoc duy
tri. Bén canh viéc sir dung it tham s6, kién trac mang nay con giup truyén higu | qua Iu0ng dix lieu va gradient
gua cac tang mang, giup cho viéc huan luyén mang tro nén dé dang hon. Mdi tang déu c6 quyén truy cap
truc tiép vao cac gradient tir cac ham muc tiéu va cac dit liéu dau vao gidp huan luyén sau hon kién tric
mang. Hon nira, cac két ndi day dic ciing c6 chirc niang dan déu, tranh bi overfit khi sir dung cac tap dit liéu
huan luyén nho.

Keras la mot thu vién hoc sau dugc su dung rong rai béi cac hang cong ngh¢ l6n nhu Google, Netflix
va NVIDIA. TensorFlow la thu vign ma ngudn mé rat thong dung cua Google vi TensorFlow cung cip
nhiéu cdng cu cho viéc trién khai va bao tri ¢tng dung, tim 18i va biéu dién truc quan, ciing nhu chay cac
md hinh trén cac trinh duyét va cac thiét bi nhiing. Google cong bb chon Keras lam API bac cao chinh thic
cho thu vién TensorFlow vi Keras rat d& sir dung va cé thé trién khai nhanh cac mé hinh hoc sau. Cac bugc
trién khai bao géom huén luyén (train), kiém thir (validation) va dénh gia (test). Viéc huan luyén mang tro
nén don gian véi Keras khi cac dau vao yéu cau sé la dir ligu, so epoch va ham muyc tiéu. Kién trac chung

* Tac gia lién h¢
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ctia mang hoc sau la kién triic mang c6 nhiéu 16p, trong d6 mdi 16p 1a mot phép toan ma tran c6 chirc ning
riéng. Moi I6p thuc hién tinh toan duya trén dir lieu dau vao tir 16p trudc va chuyén két qua dén 16p ké tiép.
Trong bai bao nay, nhém tac gia nghién cuau trién khai kién tric mang hoc sau DenseNet sir dung Keras.
Hiéu ndng mang dugc danh gia st dung bo dir liéu CIFAR-10.

2. Cac nghién cwu lién quan

MGt ciu trdc mang no-ron twong tu ¢6 Kién trac mang lu6i day dic da dugce dé xut tir nhitg nam 1980
(He va nnk., 2016). Cong viéc tién phong cua ho tap trung vao mang perceptron nhiéu I6p trong do cac 16p
dugc huan luyén tuan ty. Gan day, mang no-ron nhiéu 16p dugc két nbi day du dwoc huan luyén theo kiéu
tung 16. Mic kién truc nay hiéu qua trén céc tap di liéu nho, kién trac nay chi pha hop cho cac mang c6
vai trim tham sb. Theo Lin va nnk (2013), kién trac mang no-ron Network-in-Network (NiN) duoc d& xuat
trong d6 sir dung perceptron nhiéu 16p trong cac bo loc cua Iép tich chap nham trich chon cac dic trung
phirc tap. Cac kién trac CNN thong thuong sir dung c4c tang tich chap (bao gdm ham loc tuyén tinh va ham
kich hoat phi tuyén) va tang gop (pooling). Két qua dau ra duoc goi la cac ban do dic trung. Trong NiN,
c4c ham vi md duoc sir dung dé xp xi cac ham phi tuyen Thay vi str dung cac 16p duoc két ndi day du
truyén thong dé phan loai trong CNN, kién trac NiN truc tiép xuat ra muc trung binh trong khéng gian cua
céc ban d6 ddi twong tir 16p cudi cung dudi dang do tin cay cua danh muc théng qua I6p tong hop trung
binh toan cuc va sau d6 vecto két qua dugc dwa vao 16p softmax. Trong CNN truyén thdng, rat kho dé dién
giai cach thdng tin cap danh muc tir 16p chi phi muc tiéu duoc chuyen tré lai lop tich chap trude do do két
ndi day du cac 16p hoat dong nhu mot hop den ¢ gitra. Nguoc lai, tong hop trung binh toan cau ¢ y nghia
hon va c6 thé hiéu dugc vi n6 thuc thi sy trong Gng gitra cac ban dd d6i tuong va cac danh mue, dugc tao
ra c6 thé bang mé hinh cuc bd manh hon sir dung kién tric mang vi mo. Hon nita, két ndi day du cac 16p
dé bi trang bi qua mirc va phu thudc nhiéu vao dropout, trong khi 16p gop gitp ngan chan viéc overfitting
cho toan bo kién trac. Kién trac chung cua cac mang CNN la cac 16p chap, ham gop cuc dai va cac 16p két
ndi day da. Trong mdi l6p nay déu cé thé cé cac ham kich hoat phi tuyén. Mbi mang thuong c6 s6 lwong
tham s6 16n va sir dung ham phé quat Dropout. Theo Springenberg va nnk (2014), mét kién tric mang chi
sir dung cac 16p tich chap dwoc dé xuat, trong d6 16p gop cuc dai dwoc thay thé bai mét 16p tich chap. Theo
Lee va nnk (2015), ky thuat giam sat mirc sau duoc st dung trong d6 mdi 16p an déu dugc gin kem mot bo
phan 16p, gitp cho cac 16p trung gian cé thé hoc dwoc cac dic trung riéng biét. Mdi 16p s& hoc co giam sat
tir ham muc tiéu st dung cac két ndi tryuc tiép dén gradient tir ham muc tiéu. Cac ban dd dic trung co do
phan biét cao s& giup dat duoc két qua phan I6p tét hon. Bang cach st dung phan hoi vé chat lugng dac
trung & mdi tang s& giup cap nhat cac tham s6 dé dat dwoc cac ban do dic trung c6 do phan tach cao hon.
Pay la cach thic hoc ¢ giam sat cho tirng 16p mang, cho két qua hoi tu nhanh hon so véi ky thuat lan
truyén nguoc tir tang cudi cung. Cac kién tric mang hoc sau str dung viéc ndi tang cac bién doi phi tuyén
Iam han ché qua trinh truyén gradient. Theo Srivastava va nnk (2015), mét kién trac mang dwoc dé xuét sir
dung co ché ngudng thich nghi gitp cho thong tin luu thong qua nhiéu 16p ma khang bi suy hao. Khi s6
I6p trong cac kién trac CNN ngay mot tang, mot van dé mai phat sinh la khi thong tin vé dau vao hoac
gradient di qua nhiéu 16p, n6 c6 thé bién mat trude khi dén 16p cudi cung. Nhiédu nghién ciru gan day dé
cap dén diéu nay. Mot sé mang sir dung cach ndi tat tir 16p ndy sang 16p ké tiép. Mang ResNets duoc dé
xuit (He va nnk, 2016) str dung k§ thuat loai bo bét sé ting mot cach ngau nhién trong qua trinh huan luyén
dé dix liéu va gradient duoc luu thong tot hon. Mic du nhitng céch tiép can khac nhau khac nhau trong ciu
trac lién két mang va quy trinh huan luyén, tat ca déu c6 chung mét dic diém chinh: ho tao cac duong dan
ngan tir céc I6p dau dén cac 16p sau. Cac mang CNN ra doi sau thuong c6 nhiéu tang hon céc mang truoc.
Tuy nhién, khi di liéu hodc gradient truyen qua qua nhiéu tang thi s& cd thé bi blen mat ma khong thé
truyén duoc dén tang cudi cung Mot s6 nghién ciu gan day da tap trung giai quyet van dé nay. Vi du nhu
mang ResNet giai quyét van dé nay bang cach thém mot ndi tat tir mdi ting dén tang tiép theo.

Dé dam bao ludng thong tin t6i da giita cac 16p trong mang, Kién tric DenseNet dugc de Xuét boi Huang
va nnk (2017) véi cac lop duoc ket ndi tryc tiép voi nhau. Dé duy tri tinh chat chuyen tlep mét chiéu, dau
vao mai ting sé 2 tir tit ca cAc ting phia trudc va diu ra s€ dugc chuyén dén tat ca cac ting phia sau. Trai
nguoc véi ResNets, DenseNet khong thuc hién phép tinh t6ng ma thuc hién ghép n01 cac dac trung dir liéu.
Kién triic DenseNet sir dung it tham s6 hon so véi cac mang no-ron tich chap truyén thong, vi khong can
phai hoc lai cac ban d dic trung du thira. Cac kién tric chuyén tiép truyén théng c6 thé dugc xem nhu cac
thuat toan véi trang thai, dugc truyén tir I6p nay sang I6p khac. Mdi tang s& nhan thong tin tir ting trudc va
truyén thong tin sang tang tiép theo. ResNets duy tri thong tin bang cach thém vao mot 15i tat. Cac bién thé
gan day ciia ResNets cho thay nhiéu tang c6 rat it anh huong va c6 thé loai bo mot cach ngau nhién trong
qua trinh huan luyén. Diéu nay 1am cho s lugng tham sé ciia ResNets lon hon dang ké vi méi 16p c6 cac
trong s6 riéng. Kién tric DenseNet phan biét rd rang giita thong tin dwoc thém vao mang va thong tin dugc
duy tri. Cac I6p DenseNet rat hep chi thém mot tap hop nho cac ban d6 dic trung vao mang va giir nguyén
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cac ban dd dic trung con lai. Bo phan loai sé dua ra quyét dinh cudi clng dya trén tat ca cac ban d6 dic
trung trong mang. Ngoai viéc str dung it tham sé, mét lgi thé I6n cua DenseNet 1a ludng théng tin va
gradient c6 thé luu thong d& dang trén toan mang gitp qua trinh huan luyén dé dang hon. Mdi tang cd quyén
truy cap truc tiép vao cac gradient tir ham muc tiéu va dir liéu dau vao, gilp cho qué trinh hoc ¢ giam sat
hiéu qua hon. Ngoai ra cac két ndi day trong DenseNet ciing c¢6 tic dung phd quat, gilp tranh bi overfit trén
cac bo dir liéu c¢& nho. Thay vi tap trung khai thac viéc biéu dién dua trén cac kién trac mang nhiéu tang,
DenseNet khai thac tiém ning ctia mang thdng qua viéc téi st dung dic trung, mang lai cac mé hinh rit
gon, d& huan luyén va khong st dung qua nhiéu tham sd. Viéc ndi tang cac ban d6 dic trung dugc hoc boi
c4c tang khac nhau lam tang sy thay doi trong dau vao cia cac 1p tiép theo va nang cao hi¢u qua.

3. Kién tric mang DenseNet

Trong pham vi bai bao nay, nhom tac gia nghién ciu trién khai kién trac mang DenseNet (Huang. va
nnk, 2017) str dung thu vién Keras. Hiéu ning cua kién trac mang DenseNet duoc danh gia st dung bo di
liéu hinh anh CIFAR-10.

Trong kién trac mang DenseNet, goi Fi la phép toan phi tuyén tng hop cua cac phép toan chuan hoa
nhom (BN), phép tinh phi tuyén ReLLU va phép tinh tich chap (Conv) & I6p thir i. Dau ra cia I6p thir i s&
duoc biéu dién boi cong thic:

x; = Fi([xo, %1, . x;-4]) 1)

Diéu nay nghia la khbi Dense ludn duy tri két ndi truc tiép tir dau ra dén tat ca cac 16p phia sau nhu minh
hoa trong Hinh 1.

I
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Hinh 1. So dé khdi Dense

Kién trac mang DenseNet dugC m6 ta nhu trong Hinh 2 st dung 3 khdi Dense. Gitra cac khéi Dense la
cac 16p chuyén tiép. Cac lop chuyen tiép bao gom Iop tich chap va lép gop (pooling) nham giam sb mau
dé gitr nguyén kich thudc cua ban dd dic trung. Cac khdi chire nang chinh bao gdbm: khdéi tich chap (Conv),
khdi chuan hoa 16 (BN), ham kich hoat ReLU va khdi gop (pooling).

Lép gop (pooling): Cac mang CNN thudng thuc hién tich chap & céc 16p dau tién caa mang. Trong budc
phan 16p, cac ban do dic trung cua 16p cudi ciing dugc bién d6i thanh dang vector hoa va duge dura vao 16p
két ndi day du rdi di qua 16p softmax. Cau tric nay két néi cac cau trdc tinh tich chap véi cac bo phan I6p.
Céc 16p tich chap duogc st dung cho muc dich trich chon dic trung, rdi dau ra duoc dwa vao bo phan 16p.
Cac I6p két ndi day du rat dé b overfit, nghia la khdng ¢ kha niang phd quat hoa ddi véi cac dir liéu moi.
Ham pho quat Dropout c6 thé duoc st dung bang cach xda ngau nhién mot phan ham kich hoat vé khong.
Diéu nay giup tang tinh tdng quat cua mang véi dir liéu méi va giam bat overfit.

Ham kich hoat (activation function) giup mang c6 thé hoc cac ham phi tuyén. Ham kich hoat s& x4c dinh
viéc perceptron duoc kich hoat hay khéng. Trong qué trinh huan luyén, cac ham kich hoat rat quan trong
trong viéc diéu chinh gradient. Hau hét cac ham kich hoat 1a cac ham sé lién tuc va kha vi, ngoai trir ham
RELU. Tuy nhién, ham RELU hoat déng nhu mét bd loc chi cho cac gia tri dwong di qua nén rat don gian
va thdng dung.
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Hinh 2. Kién triic magng DenseNet siz dung 3 khoi Dense

4. Két qua
4.1. B¢ di ligu hinh dnh CIFAR-10

CIFAR-10 (Krizhevsky va Hinton, 2009) la co sé dit liéu anh mau co kich thude mdi anh la 32x32 diém
anh dugc st dung rong rai trong viéc danh gia hiéu nang thuit toan trong linh vuc thi giac may tinh. CIFAR
4 tir viét tat cua cum tir Canadian Institute for Advanced Research (Vién nghién ctiu cao cip cia Canada).
Dir liéu anh CIFAR-10 dugc chia thanh 10 I6p bao gom may bay, 6 to, chim ga, méo, huou, cho, éch, ngua,
tau thuyén va xe tai. Tap huan luyén (training set) gom 50000 anh va tap kiém tra (test set) gom 10000 anh.
Trong s 50000 anh cua tap huan luyén, 5000 anh duoc liy ra dé lam tap kiém thir (validation set).
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Hinh 3. Anh minh hoa cac lép déi nrong trong bé dir liéu CIFAR-10

4.2. Qud trinh hudn luyén mgng

Tat ca cac mang duoc hudn luyén bang cach sir dung thuat toan gradient ngau nhién (SGD). Viéc huan
luyén dwoc thuc hién theo 16 64 anh, duoc chia thanh 300 epoch. Gia tri téc d6 hoc duoc thiét 1ap 12 0,1.
Qua trinh huén luyén mang dugc thuc hién trén may cha st dung CPU Intel i7-8700, 32GB RAM va GPU
Nvidia GeForce GTX 1080Ti. Do chinh xac ciia kién trac mang DenseNet dugc danh gia trén co so dit ligu
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anh CIFAR-10 la 93,66% nhu trong Bang 1. Kién truc mang DenseNet thé hién hi¢u nang vuot troi trong
phan 16p anh so véi cac k§y thuat hoc sdu khac nhu ResNet va All-CNN.

Bdng 1. D chinh xdc nhdn dang trén bg diz liéu hinh anh CIFAR-10

TT Ky thuit hoc sau Do chinh xac phén 16p (%)
1 | NiN (Lin va nnk, 2013) 91,19
2 | All-CNN (Springenberg va nnk, 2014) 92,75
3 | Deeply Supervised Net (Lee va nnk, 2015) 91,78
4 | Highway Network (Srivastava va nnk, 2015) 92,4
5 | ResNet (He va nnk, 2016) 93,39
6 DenseNet su dung Keras 93,66

5. Két luan

Bai bao da nghién cau vé trién khai mang hoc sau sir dung thu vién Keras dé giai quyét bai toan nhan
dang hinh anh. Keras gitup don gian héa viéc trién khai cac kién tric mang hoc sau phuc tap khi st dung
két hop voéi thu vién TensorFlow cia Google. Kién trac mang hoc sau dugc sir dung la kién truc DenseNet,
v6i dau ra mdi 16p ludn ton tai mot két ndi truc tiép dén cac 1op phia sau. Kién trac DenseNet cho d6 chinh
xac nhan dang trén bo dir liéu hinh anh CIFAR-10 1én dén 93,66%.
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ABSTRACT
A Study on Deep Learning for Image Classification Using Keras

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

Computer vision is a field of research on techniques that help computers automatically recognize, read and
understand information from images. There is a diverse range of applications using computer vision such
as vehical self-driving, image-based product quality control as well as in gaming and virtual reality. In
recent years, computer vision observes a lot of advances with the booming of deep learning. Deep learning
uses a multi-layered neural network architecture to extract features automatically based on data. Neural
network (modeled to neural network in human brain) is a set of connected network nodes and information
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is transmitted from one node to another. Many network architectures are proposed for deep learning.
DenseNet is a network architecture with high performance in image recognition. Keras is an open-source
library for implement and training deep learning networks in Python. In this article, Keras library is used
to implement and train DenseNet for image classification. Deep learning network performance is evaluated
using on CIFAR-10 image dataset.

Keywords: Neural network; computer vision; deep learning; keras; densenet.
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ERSS HOI NGHI TOAN QUOC KHOA HOC TRAI DAT
BRTHSGENGS D /A TA] NGUYEN VO PHAT TRIEN BEN VNG (ERSD 2020)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Phat trién thuat toan nang cao chat lugng tiéng néi thoi gian thyc

Duong Thi Hién Thanh'*, Tran Thanh Huan?
YTruong Dai hoc M6 - Dia chat
2Trrong Pai hoc Cong nghiép Ha Ngi

TOM TAT

Nang cao chét lugng tiéng néi (speech enhancement) 1a mot trong nhitng bai toan quan trong trong linh vyc
nghién cau vé xtr ly tleng ndi (speech processing) hién nay. Nang cao chat luong tiéng noéi dugc sir dung
truc tiép trong hé théng nhan dang tleng néi ty dong dé ting do chinh xac nhan dang trong moi truong
nhiéu, duoc tich hop trong cac thiét bi vién thong, dién thoai di dong gidp loai bo cac am thanh nhidu va
nang cao chét lugng dam thoai,... Trong trudng hop tmg dung cho hé thdng dam thoai tryc tiép, yéu cau
dit ra d6i vai thuat toan nang cao chat lugng tiéng noi 1a phai cé toc do tinh toan thoi gian thuc va dap ang
Vvé6i cau hinh phan ctng thap (nhu cau hinh dién thoai di dong). Bai béo trinh bay thuat toan loai nhidu va
nang cao chat lugng tiéng ndi cho tin hiéu don kénh, dap tng cac yéu cau ddi véi hé thong dam thoai tryc
tiép. Thi nghiém duoc thyuc hién vai bo dit liéu test gom tiéng néi tiéng Anh va tiéng Viét cho thiy hiéu
qua cua thuat toén.

Tir khoa: Nang cao chit luong tiéng ndi; loai nhidu; phd am thanh; thoi gian thuc.

1. Pat véan dé

Nang cao chat lugng tiéng n6i 1a ky thuat nham loai bo tiéng on méi truong va nhitng &m thanh khong
mong mudn khac (goi chung Ia nhiu) c6 trong tin hiéu thu am va lam cho tiéng néi mong mudn (desired
speech) tro nén “tot” hon (Benesty va nnk, 2005). C6 nhiéu k¥ thuat khac nhau da dugc cac nhém nghién
ctru phét trién va 4p dung ciing nham muc tiéu giam am thanh nhiéu va nang cao chit luong tiéng néi mong
mudn nhu: loai bo tiéng vong (Acoustic Echo Cancellation - AEC, Hinh 1(a)) (Reuven va nnk, 2007), loai
bo am thanh nhiéu (Active noise cancellation, Hinh 1(c)) (Priyanga va nnk, 2013), tdch ngudn &m thanh
(Blind source separation, Hinh 1(b)) (Duong va nnk, 2015; Duong va nnk, 2019; Emmanuel Vincent va
nnk, 2014), hay loai bo tiéng 6n khuéch tan (Diffuse noise suppression, Hinh 1(d)) (Murase va nnk, 2015).
Céc ky thuat ké trén c6 thé duoc sir dung riéng biét hodc két hop vai nhau tly theo tinh hudng &p dung va
dic diém dit liéu cua bai toan. Tuy nhién chang c6 diém chung | qué trinh xir 1y déu dugc thuc hién trén
mién tan s, do d6 can c6 budce bién ddi dir liéu 4m thanh thu dwoc & mién thoi gian sang mién tan sd, va
qua trinh bién ddi nguoc lai dugc thyc hién sau khi hoan thanh cac phép xu 1y tin hiéu.

Nang cao chit luong tiéng ndi 1a mot trong sé nhitng van dé rat quan trong trong linh vyc xi Iy &m thanh
va xir ly tiéng noi va dugc ap dung tryc tiép trong nhiéu hé thong thuc té. Hé thong nang cao chét lugng
tiéng noi dugc tich hop trong may tro thinh giup ngudi khiém thinh d& dang hon trong viéc nhan biét &m
thanh (Goehring va nnk, 2016; Khaleelur Rahiman va nnk, 2020; Revit & Schulein, 2013; Sunohara va
nnk, 2017). Cac hé théng nhan dang tiéng néi tw dong can cé pha loai nhidu va nang cao chit luong tiéng
n6i dé két qua nhan dang dat dugc d6 chinh x4c cao hon (Moore va nnk, 2017; Ochiai va nnk, 2017; Sainath
va nnk, 2017). Bac biét trong linh vyc vién théng ma dién hinh Ia tinh hubng giao tiép qua dién thoai di
dong, viéc nang cao chat lugng tiéng ndi cua nguoi goi 4 rat can thiét boi nguoi dung thudng xuyén thuc
hién cudc gol & nhimg noi cong cong ¢ rat nhiéu tiéng on nhu ngoai duong, trong nha ga, trong nha hang, ...
(Panahi va nnk, 2016). Trong truong hgp nay, thuat toan nang cao chat lugng tleng noi khong chi can dap
g muc tiéu loai bo nhiing am thanh nhiéu va lam ndi rd tiéng noi mong mudn, Ma con can dap ting cac
yéu cau khac nhu ¢ toc do xtr ly nhanh theo thoi gian thuc (real time) va chi phi tai nguyén thap phu hop
vé6i cau hinh han ché caa dién thoai di dong.

Chung t6i tap trung nghién ctru va cai dat thir nghiém thuat toan loai nhiéu dua trén phuong phap wéc
lugng cuc tiéu héa trung binh binh phuong sai sé (Minimum Mean Square Error) cia bién d¢ pho tin hiéu
am thanh theo khung thoi gian ngén. Thuat toan cé téc do xir ly theo thoi gian thuc va yéu cau cau hinh

* Tac gia lién h¢
Email: duongthihienthanh@humg.edu.vn
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phan ciing thap c6 thé tich hop truc tiép cho dién thoai di dong nham nang cao chat lugng tiéng noi cua
ngudi dung. Thuat toan xt ly tin hiéu thu &m don kénh nén c6 the ap dung dugc cho ca dién thoai chi sir
dung mot microphone va dién thoai nhiéu microphone.

(a). Acoustic Echo Cancellation (AEC) (b). Blind Source Separation (BSS)

Sourcel Source2

: ou
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(c). Active noise cancellation (d). Diffuse Noise Suppression (NS)
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Hinh 1. Cac ky thugt thugt logi nhiéu va nang cao chat liwong tiéng noi

2. Thuit toan loai nhidu bang phwong phap xir Iy wée lwgng phé cia tin hiéu
2.1. M6 hinh téng quat cia thugt toan

Goi y(n) la tin hiéu tiéng no6i thu am trong moi trudng thyc té biéu dién trén mién thoi gian. Khi d6
y(n) s& la tin hiéu tron I4n cua tiéng noi x(n) va nhidu nén, tiéng vong va cac am thanh khéng mong muébn
khéc, goi chung 12 &m thanh nhidu d(n). Cong thirc biéu dién tin hiéu thu am dau vao la:

y(n) =x(n) +d®) 1)
x(n) y(n) Short-time Yik Soociral Xex Inverse 2(n)
Fourier P Short-time
: Enhancement Fourier —
Clean Noisy transform ¢ . Enhanced
speech | speech ranstorm speech
Noise d (1)

Hinh 2. So do thugt toan nang cao chat hrong tiéng noi tong quat

Khi chuyén sang mién tan sé bang phép bién ddi Fourier, cong thire (1) dugc bién déi thanh cong thuc

(2), V6i Yy, Xpier Dy 1an luot 14 ky hiéu cua tin hiéu thu am dau vao, tiéng noéi, va nhiéu trong mién tan sd.
o Yir = X + Dege . . . )

So d6 khoi cua thuat todn néng cao chat lugng tiéng noi bang phuong phap wéce lugng pho &m thanh
dugc mo ta nhu Hinh 2. Tir tin hiéu dau Y., thuat toan thuc hién cac phép tinh toan trén ma tran phd cua
tin hiéu dé wéc lugng tin hiéu tiéng ndi X, trén mién tan s, véi muc tiéu sai sd gitra tiéng noi wde lwong
dugc X, va tin hiéu tiéng néi sach X, cang nho cang tét. Cubi cing, tin hiéu tiéng néi sau khi udc lwong
dugc chuyén sang mién thoi gian bang phép bién doi Fourier nguoc.

Gia su tin hiéu tiéng ndi va nhiéu trong mién tan s la cac bién ngau nhién doc lap, c6 quy luat phan b
Gaussian trung binh bang 0 (zero-mean statistically independent Gaussian) va dugc biéu dién dugi dang
cbng thuc (3)

th~N(0' {Ttk), Dy~ (0, o) ) 3)

Str dung phuong phap cuc tiéu hoa trung binh binh phuong sai s6 (Minimum Mean Square Error) cua
bién d6 phd tin hiéu &m thanh theo khung thoi gian, goi tit 1a MSE (Minimum mean square error short-
time Spectral amplitude Estimation) (Ephraim & Malah, 1984), thuat todn thuc hién udc lwgng ham tin
hiéu tiéng n6i X, bang budc lap va cu tiéu héa ham loss sau:

I}(Jtl}? E {d(th' Xer) |Tstk' Atter O Ytk}: 4

trong do:
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D 12 gid tri u6c luong xéc suat hién dién cua tin hiéu tiéng noi,
Atk la gia tri u6c luong phuong sai phd cua tiéng noi X, (variance of speech spectral coefficient),

o2, 1a gia tri udc lugng phuong sai pho ciia &m thanh nhiéu Dy, (variance of noise spectral coefficient),
Y, la tin hiéu am thanh dau vao da xac dinh,

d(Xeo Xer) = |9 (X)) — g()?tk)|2 v6i g (X) c6 thé lya chon 1a mot trong sé cac ham X, |X|,1og(X), ...
2.2. Cai tién thudt toan cho xa# Iy real time

Tir thuat todn md ta trong phan 2.1, chiing tdi cai tién thuat toan cho phép wéc luong tin hiéu tiéng ndi
theo timg doan &m thanh kich thuéc nho (chang han 1 gidy). Tin hiéu dau vao duoc cat thanh cac doan
ngan dé dwa vao thuat toan, budc ude lugng tin hiéu tiéng noi theo cong thire (4) duoc thuc hién theo tirng
khung (frame by frame) chir khéng phu thudc vao toan bo file dir liéu dau vao nhu thuat toan ban dau. So
db thuat toén cai tién dugc thé hién trong Hinh 3.

Repeat for each segment

Y, i Signal to - Enhancement | X,
tk Segmenting FFT and phase Ng';:ciamer Noige Ratio Galn_ and s
of the signal calculation calculation Calculation Caleulation Reconstruction

Hinh 3. So dé thudt todn nang cao chdt Lirong tiéng néi cdi tién

Véi mdi doan ngan am thanh dau vao, thuat toan thuc hién xir Iy trén timg khung kich thudc 0.02 gidy,
v6i budc dich chuyén 0.01 gidy. Nhu vay cac khung ké tiép s& c¢6 su chong lap 50%, diéu nay dé dam bao
c6 thé khdi phuc tin hiéu sau khi phan tach va xtr ly. Truéc tién, thuat toan wdc luong phuong sai phd cia
tin higu tir 6 khung dau tién va gia dinh do 1a nhiéu of.. Vi méi khung tiép theo, thuat toan tinh toan va
cap nhat phuong sai nhiéu o3 néu xac dinh khung dé khong chtra tiéng néi, hodc cap nhat phuong sai tiéng
n6i A, néu xac dlnh dugc khung d6 co chira tin hiéu tiéng noi, tir d6 tinh SNR (Signal to Noise Ratio) theo

cong thac &, = a , dong thoi ham Gain duoc xac dinh theo cong thirc (5)

Guss () = 1 ©)

Cuéi cung tiéng néi duoc ude lwong bang cach nhan ham Gain véi khung tin hiéu du vao:
Xer = Gusp Ger) * Yex (6)
Béng cach xi 1y theo ting khung, toc do tinh toan cua thuét toan da dugc cai thién dang ké. Hon nira,
thudt toan co thé xu ly néng cao chét luong tiéng néi cho tung doan ngin am thaph d4u vao nham phu hop
v&i myc ti€u cd thé tich hgp sir dung thuat toan trong hé thong dam thoai tryec ticp.

3. Két qua thir nghiém va thao luan
3.1. Md ta da ligu thie nghiém

Dé danh gia hiéu qua loai nhidu va nang cao chat lugng tiéng ndi cua thuat toan, ching toi thiét ké hai
tap di liéu thir nghiém véi hai ngdn ngir tiéng Anh va tiéng Viét nhu sau:

Tap D1: La tap dit liéu chuan duoc thiét ké va s dung trong SISECT campaign (International Signal
Separation and Evaluation Campaign) tir nam 2010 cho dén nay. D1 gém 9 file 4m thanh don kénh 14 tin
higu tron Ian giira tiéng ndi tiéng Anh va am thanh nhiéu tir moi treong thu am. C6 3 loai nhidu méi truong
khac nhau la quang truong (square), nha hang (cafeterla) va ga tau dién ngam (subway). Céc file dir li¢u
c6 d6 dai 10 gidy va duoc lay mau 6 tan sé 16 kHz +

Tap D2: La tap dit liéu do nhom tu xay dung, gdm 6 file &m thanh tron Ian gitra tiéng noi tiéng Viét (cua
ca giong nam va giong nir) va cac loai nhiéu moi truong khac nhau (gom tleng on trong quén an, tiéng gio,
tiéng mua, tiéng 6 t6 va cac phuong tién giao thong ngoai duong phd, tleng s6ng bién). Cac file dwoc tao
v6i ty 18 tin hiéu tiéng néi trén nhidu SNR thay ddi ngau nhién tir 0 dB dén 10 dB. Cac file c6 do dai thay
doi tir 5 dén 10 gidy va tan so lay mau la 16 kHz.

3.2 Phwong phdp dinh gid két qua

T https://sisec.inria.fr/sisec-2016/bgn-2016/

¥ http://sisec.wiki.irisa.fr/tiki-index79f3.html?page=Two-channel+mixtures+of+speech+and-+real-
world+background+noise
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Két qua thir nghiém duoc dénh gia dya trén 2 tiéu chi:

- Panh gid muc d6 giam nhiéu ctia thuat toan: Muc do giam nhiéu dugc danh gia dua trén hai do do theo
tiéu chuan québc té dwoc sir dung rong réi trong cong dong xir ly am thanh 1a SNR va SDR (Signal-to-
Distortion Ratio). SNR do mirc d6 triét tiéu nhidu cua thuat toan bang cach tinh toan ty 1& hai loai tin hiéu
tiéng noi va nhidu. P6 do SDR danh gia mic do triét tiéu nhidu cua céc thuat toan nhung c6 tinh dén do
méo cua tin hi¢u tiéng néi sau khi xir Iy. Trong hai 6 do trén thi SDR dugc danh gi4 14 quan trong hon vi
c6 tinh dén cam nhan cua nguoi nghe vai chat lugng tiéng néi noi chung. Hai d6 do nay duoc tinh toén
bang phan mém BSSEval®, don vi tinh 1 dB va c6 gia tri cang Ion cang tot (Vincent va nnk, 2006).

- Danh gia hiéu nang tinh toan: ching t6i so sanh twong quan gitra thoi gian xir ly cua thuét toan so véi
kich thuéc dir liéu dau vao. Thuat toan duoc dénh gia dat téc do tinh toan theo thoi gian thuc néu thoi gian
tinh toan ciia thuat toan trén may tinh thong thuong nho hon hoic bang do dai cia file 4m thanh dau vao.
3.3 Két qud va thdo lugn

Két qua danh gia dinh luong bang cac dd SNR, SDR duoc tong hop trong labtop 1 va Bang 2. Két qua
dugc tinh cho tung file am thanh trong cac tap D1 va D2, va gié tri trung binh cho tat ca céc file. Cot
“Unprocessed” 1a két qua tinh toan cua tin hiéu dau vao chua qua x I1.

Bang 1. Két qua cua tap dir liéu tieng Anh D1

Method Criteria|Ca1_Ce_A|Cai1_Ce_B|Ca1_Co_A|Sq1_Ce_A|Sq1_Ce_B|Sq1_Co_A|Sq1_Co_B|Su1_Ce_A|Sui_Ce_B|AVERAGE|INCREASE
Unpr | SNR 4.71 5.13 4.49 -3.26 -3.55 -5.12 -1.85| -13.73 -6.96 -2.24
SDR 4.42 4.98 4.36 -3.89 -4.18 -5.40 -2.13| -13.87 -7.10 -2.54

MSE SNR 13.42 16.67 18.55 13.51 16.29 17.28 23.16 3.66 9.38 14.66 16.90

SDR 7.00 10.43 12.01 3.31 4.61 4.37 10.76 -1.40 2.91 6.00 8.54

Bang 2. Két qua cua tdp dir liéu tieng Viét D2

Method Criteria | fwn_cafe |fvn_station| mwn_car |mvn_ocean| fvn_rain | mvn_wind | AVERAGE | INCREASE
SNR 10.04 5.00 0.04 10.02 5.02 0.12 5.04
Unprocessed
SDR 10.04 5.00 0.04 10.02 5.02 012 5.04
MSE SNR 2465 2233 27.64 2275 18.84 12.71 21.49 16.45
SDR 13.61 10.62 16.27 §.58 6.38 -5.82 8.27 3.23

Theo Bang 1 két qua thur nghiém cua tap dit liéu SiSEC, d6 do SNR ting 16,9 dB, va SDR ting 8,54 dB
sau khi &p dung thuat toan xu I tin hiéu MSE. Két qua trén tap dir liéu tiéng Viét D2 trong Bang 2 ciing
cho thay cac d6 do SNR va SDR ting lan luot 12 16,45 dB va 3,23 dB sau khi xt ly loai nhidu. Nhiing két
qua d6 khang dinh kha niang giam nhiéu va nang cao chét luong tiéng néi cua thuat toan MSE.

V& hiéu ning tinh toan, dé xtr Iy doan am thanh dau vao dai 1 gidy, thuat toan can tiéu ton thoi gian 1a
0.9 giay khi chay trén may laptop thong thuong (Processor Intel(R) Core(TM) i5-6300U CPU @2.40GHz,
RAM 16 GB) va hét khoang 0,2 gidy trén may laptop doi méi. Dung luong bd nhé thuat toan chiém dung
khi chay 1a khoang 68 MB, chi hét gan 0,5% dung luong 16Gb RAM cua dién thoai di dong thong thudng
hién nay. V&i nhitng théng sb do, thuat toan hoan toan dap tung duoc khi tich hop trén dién thoai di dong
c6 cau hinh trung binh.

4. Két luan

Tin hiéu thu 4m trong méi truong thyc thuong Ia sy tron 1an cia nhiéu nguon am thanh khac nhau, nhiéu nén,
vatiéng vong,... do d6 viéc phat trién céc thuat todn loai nhidu va nang cao chét luong tiéng néi mong mudn Ia rat
can thlet cho cac hé théng tng dung, trong d6 c6 hé théng dam thoai tryc tiép qua dién thoai di dong. Chung t6i da
phét trién mot thuat todn nang cao chét lwong tiéng néi co toe do tinh toan thoi gian thuc, déap ung véi diéu kién cau
hinh thap cua dién thoai di dong. Thuat toan str dung phuong phép udce lugng cuc tiéu hoa trung binh binh phuong
sai sb bién d6 phd tin hiéu am thanh theo timg khung thai gian ngén, cac phép tinh toan xu ly duoc thuc hién theo
timg khung doc Iap. Thuat toan da dugc cai dat thir nghiém trén hai tap dit liéu tiéng Anh va tiéng Viét, duoc thiét
ké mo phong theo dung diéu kién thu am thuc té véi nhimg méi truong 6n a0 va mie do tiéng dn khac nhau. Két
qua thir nghiém di cho thay kha ning cai thién chat lugng tiéng néi cuia thuat toan cling nhu xac thuc thoi gian tinh
toén va chi phi tai nguyén cua thuét toan.

Trong twong lai, chung toi s& tiép tuc cai tién thuat toan bang cach thay d6i ham tbi wu trong budc udc
lugng phd tin hiéu, tich hop xir Iy tiéng vong, hoac két hop MSE véi md hinh mang hoc sau ciing 1a mot

8 http://bass-db.gforge.inria.fr/bss_eval/
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huéng phat trién tiém nang.
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ABSTRACT

Real-time speech enhancement using a Minimum Mean Square Error
Short-Time Spectral Amplitude Estimation method

Duong Thi Hien Thanh?, Tran Thanh Huan?
1 Hanoi University of Mining and Geology
2 Hanoi University of Industry

Speech enhancement is a very important problem in the audio processing field. The speech enhancement
algorithms are used directly in the automatic speech recognition (ASR) system to increase recognition
accuracy in noisy environments, they are integrated into mobile telecommunications equipment,
eliminating noise and improving the conversation quality, etc. In the case of applying to the live
conversation system, the requirements for the speech enhancement algorithm are to have a real-time
calculation speed, and responsive to low hardware configurations (like mobile phone configurations). The
paper presents a speech enhancement algorithm for single-channel signals, which meet the requirements
for direct communication systems. The experiment is done with two datasets including English and
Vietnamese language to show the effectiveness of the algorithm.

Keywords: Speech enhancement; denoising; noise cancellation; spectral; real-time.
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