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LOI CAM DOAN

T6i cam doan rang luan vin nay: “Ung dung khai phd dit liéu trong hé tro
chén dodn bénh ddi thdo dwong tuyp 2” 13 bai nghién ciru cta chinh t6i. Ngoai trir
nhirng tai liéu tham khao duoc trich dan trong ludn vin nay, t6i cam doan rang toan
phan hay nhiing phan nhé cia luan vin nay chua timg duoc cong bd hay duoc st
dung dé nhan bang cip o nhing noi khéc.

Khong c6 san pham/nghién ctru ndo cia ngudi khac duoc sir dung trong luan
vin ndy ma khong duge trich din theo diing quy dinh.

Luan vin nay chua bao gio dugc nop dé nhan bat ky bang cap nao tai cac

truong Pai hoc hoac co s dao tao khac.

Ha Noi, ngay thang 12 ndm 2019

Tac gia luan van

Hoang Vin Thing



LOI CAM ON

Trude hét, toi xin duoc t6 1ong biét on va giri 161 cAm on chén thanh dén TS.
D3 Thi Bich Ngoc ngudi truc tiép huéng dan luan vin, da tan tinh chi bao va huéng
dan t6i tim ra huéng nghién ctru, tiép cin thuc té, tim kiém tai liéu, xir Iy va phan
tich sb lidu, giai quyét van dé nho d6 toi méi ¢ thé hoan thanh luan vin cao hoc

cua minh.

Ngoai ra, trong qua trinh hoc tap, nghién ciru va thuc hién dé tai t6i con nhan
dugc nhiéu sy quan tim, gop ¥, hd tro quy bau cua quy thay co, dong nghiép, ban
bé va nguoi than. Toi xin bay té 1ong biét on sau sic dén:

Ban gidm hi€u, Ban lanh dao Khoa Sau dai hoc, Ban lanh dao Khoa Céng
nghé thong tin ciing cic quy thay cd — Hoc vién Cong nghé Buu chinh Vién théng
d3 tao diéu kién gitip t6i hoan thanh Luén vin nay.

Ban giam ddc Hoc vién Y Duge hoc ¢ truyén Vi¢t Nam, Ban giam dde
Bénh vién Tué Tinh va d6i ngli can b, y bac si, sinh vién va cac bénh nhan tai
Bénh vién Tué Tinh da rat nhiét tinh tham gia tra 101 phong van nghién ctru cho dé
tai.

Cubi cing, chan thanh cam on Cha me va nhiing nguoi than trong gia dinh
da hd trg, tao diéu kién thuan loi cho toi trong subt thoi gian qua va dac bi¢t trong
tho1t gian to1 theo hoc khoa thac sy tai Hoc vién Cong ngh¢ Buu chinh Vién thong.
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MO PAU
1. Ly do chon dé tai

Dai thao duong 12 mot trong nhitng van dé y té toan cau cip bach ciia cia thé
ky 21, 12 ganh ning tai chinh cho chim soc y té can tré qud trinh dat muc tiéu phat
trién bén vimg, dic biét & cac nudc thu nhap thip va trung binh. Trén toan thé gidi,
nam 2015, c6 415 triéu nguoi mac bénh dai thao duong, chi phi y té toan cau cho
diéu tri dai thao duong va cac bién ching 1a 673 ty USD. S6 bénh nhan méc bénh
Pai thao duong du bao ting 55% vao nim 2040, v6i chi phi y té toan cau cho Pai
thao duong 1én tdi 802 ty USD[20].

Tai Viét Nam, nam 2015 c6 3.5 triéu nguoi méc bénh, chiém 6% nguoi 1on
trong d6 tudi tir 20 t&i 79[2]. Nam 2040, s6 ngudi mac bénh co thé 1én téi 6.1 tridu

ngudi. Chi phi y té trén dau nguoi 1a 162.7 USD[2].

Theo diéu tra nam 2015 ctia B Y té, ti 16 mic dai thao duodng trong do tudi
50-69 1a 7.7% va c6 xu hudng ngay cang tré¢ hoa [2]. Chi c6 31.1% bénh nhan dai
thdo duong duoc chan doan. Do d9, viéc phat hi¢n soém s€ giup nguoi bénh tiét

kiém chi phi diéu tri va han ché thap nhat bién chung.

Bénh dai thdo duong tuyp 2 chiém gan 90% cac truong hop dai thao duong
va thuong dugc goi 1a bénh dai thdo duong khoi phat & nguoi 16n hodc bénh dai
thao dudng khong phu thudc insulin. Trong trudng hop ndy cic co quan cia co thé
tr& nén khang insulin, va diéu nay 1am ting nhu cau vé insulin. Tai diém nay, tuyén
tuy khong tao ra lugng insulin can thiét. Bé gilr loai nay Bénh dai thao dudng, bénh
nhan phai tuan theo ché d6 an kiéng nghiém ngat, tap thé duc thudng xuyén va theo
ddi duong huyét. Béo phi, thira can, khong hoat dong thé chat c6 thé dan dén Bénh
dai thao duong loai 2. Ngoai ra khi 130 hoa, nguy co phat trién bénh dai thao duong
tang theo thoi gian. Phan 16n bénh nhan dai thao dudng loai 2 mic bénh dai thao
duong & bién hodc Tién dai thao dudng, mot tinh trang ndéng d6 glucose trong mau

cao hon binh thudng nhung khéng cao bang bénh nhan dai thao duong.



Nhitng nim gy ddy cong nghé thong tin trong nganh Y té dugc ddy manh va
c6 nhiéu budc phat trién manh mé dé tro giup doi ngii bac si va cac bénh nhan.
Bénh &n dién tor di va dang phat trién dua téi tiém ning khai thac dit liéu vé cac

bénh an dé ho trg chan doan.

Vi vay viéc khai pha dir li¢u vé bénh an tir d6 hd tro cac bac si co thé dua ra
cac chan doan budc dau nhanh hon, dé dang hon. Xuat phat tir nhitng nhu cau thuc
té trén va d6 1a nhitng 1y do hoc vién chon dé tai “Ung dung khai phd dit liéu trong
hé tro chin dodn bénh ddi thdo dwong tuyp 2”.

2. Téng quan vé vin dé nghién ciru

Xuat phat tir thuc trang cac bac si ludn trong tinh trang qua tai tai nhiéu bénh
vién va cac co s¢ kham chita bénh; Vi vay can nghién ctu hé théng hd tro chan
doan bénh trg gitip cong tic khdm va chan doan cho cac Bac si. Pé hoan thanh dé

tai nghién ctru hoc vién thyuc hién cac dinh huéng nghién ctru bao gom:

. Tim hiéu vé khai pha dit lidu va cac thuat toan
o Phan tich va thu thap thong tin dir liéu tir cac bénh an;
° Thir nghiém va lya chon thuat todn phu hop véi bai toan hd tro

chuan doan bénh dai thao duong tuyp 2.
o Bio céo danh gia két qua.
3. Muc dich nghién curu

Nghién ciru tim hiéu cac thuat toan trong chan doan bénh dai thio dudng, tir

dé &p dung va thir nghiém hd trg chan doan bénh dai thao duong tuyp 2.
4. Péi twong va pham vi nghién ciru

Dbi tuong nghién ctru: Nghién ctru thong tin dir lidu vé cac bénh an dai thao

duong tuyp 2.



5. Phwong phap nghién cuu
Nghién ctru vé khai phé dir liéu va cac thuat toan lién quan.
Phan tich dit liéu cac bénh an, hd tro chan doan bénh dai thao duong.

Thir nghiém céc thuat toan va lya chon cho hd trg chan doan bénh déi thao

duong tuyp 2.



CHUONG 1: BAI TOAN HO TRQ CHAN POAN BENH DAI
THAO PUONG

1.1. Bénh dai thao dwong la gi ?

Bénh dai thao duong 1a mot bénh man tinh xay ra khi tuyén tuy khong san

xuat du insulin hodc khi co thé khong thé str dung hiéu qua insulin no tao ra.

1.1.1. CAc logi bénh ddi théo dwéng.

Bénh ddi théo dwong cé thé dwege phan thanh bon loai chinh sau day:

1. Dai thdo duodng loai 1 1a mot bénh ty mién man tinh x4y ra khi hé théng mién
dich ctia chinh co thé tin cong céc té biao beta san xuat insulin cua tuyén tuy.
Pai thao duong loai 1 chiém khoang 5-10% sb nhitng nguoi bi dai thao
duong. Trong dai thdo duong loai 1, cac yéu t6 di truyén, biéu sinh, moi
truong va mién dich pha huy B té bao cta tuy noi tiét va dan dén thiéu hut
insulin. Pai thao duong loai 1 thudong xay ra ¢ tré em va thanh thiéu nién,
nhung c6 thé phat trién ¢ ngudi 16m, chang han nhu dang dai thio dudng tur
mién tiém an ¢ ngudi truong thanh (LADA).

2. Dai thao duong loai 2 1a loai phé bién nhét, chiém khoang 90% trong tat ca
cac truong hop dai thdo duong. Déi thio dudng loai 2 1a két qua cua sy két
hop cua cac yéu té di truyén, méi trudng, 161 sdng, thira can, huyét 4p cao va
cholesterol cao. Pai thdo duong loai 2 1a mot r6i loan chuyén hoa trong mot
thoi gian dai, duoc dic trung boi glucose mau cao, khang insulin va thiéu
insulin trong dbi.

3. Dai thdo duong thai ky xdy ra & phu nir mang thai ¢ tuan 24-28. Déi thao
duong thai ky chiém khoang 3-5% s6 thai phy, phd bién nhat 1a dai thao
duong loai 2. Déi thio dudng thai ky hoan toan cé thé diéu tri dugc, nhung
can ¢6 su giam sat y té can than trong subt thai ky. Néu duoc diéu tri, thai va

tré so sinh ¢ thé khoe manh.



4. Cac loai dai thao duong khéc: cac loai déi thdo dudng nay chi chiém khoang
2% trong tat ca cac trudong hop dai thdo dudng. Cac loai dai thdo dudng khac
c6 thé duoc chia thanh dai thio duong don gen, dai thio duong do bénh tuy
ngoai tiét, do bénh noi tiét, do thudc, dai thao duong qua trung gian tu mién
va dai thao duong lién quan dén cac hoi chung di truyén.

1.1.2. Tiéu chudn chin dodn bénh Ddi thdo dwong

Tiéu chuan chan doan dai thao duong ciia Bo Y Té [1] (theo Hiép Hoi Pai

thao duong My - ADA) dya vao 1 trong 4 tiéu chuan sau day:

a, Glucose huyét twong lac doi (fasting plasma glucose: FPG) > 126 mg/dL
(hay 7 mmol/L). Bénh nhan phai nhin an (khong uéng nudc ngot, ¢6 thé uéng nudc
loc, nudc dun sbi dé ngudi) it nhat 8 gior (thuong phai nhin d6i qua dém tir 8 -14

gi0), hoac:

b, Glucose huyét twong ¢ thoi diém sau 2 gio lam nghiém phap dung nap
glucose dudng udng 75g (oral glucose tolerance test: OGTT) > 200 mg/dL (hay
11,1 mmol/L).

¢, Nghiém phéap dung nap glucose dudng udng phai dugc thuc hién theo
hudng dan ctia T6 chire Y té thé giéi: Bénh nhan nhin déi tir nira dém trude khi lam
nghi¢m phdp, dung mot luong glucose tuong duong voi 75g glucose, hoa tan trong
250-300 ml nuéc, udng trong 5 phut; trong 3 ngay trude d6 bénh nhan an khau phan
c6 khoang 150-200 gam carbohydrat mdi ngay.

d, HbA1c[19] > 6,5% (48 mmol/mol). Xét nghiém nay phai dugc thuc hién &
phong thi nghiém dugc chuan hoéa theo tiéu chuan qudc té.

O bénh nhan co triéu chimg kinh dién cua ting glucose huyét hodc mirc
glucose huyét tuong & thoi diém bat ky > 200 mg/dL (hay 11,1 mmol/L).

Néu khong c6 triéu chimg kinh dién cua ting glucose huyét (bao gém tiéu

nhi€u, udng nhi€u, an nhi€u, sut can khong ré nguyén nhan), xét nghi€ém chan doan



a, b, d & trén can duoc thuc hién lap lai lan 2 dé xé4c dinh chan doan. Thai gian thuc

hién xét nghiém 1an 2 sau lan tht nhét co thé tir 1 dén 7 ngay.

Trong diéu kién thyc té tai Viét Nam, nén dung phuong phap don gian va
hiéu qua dé chan doan dai thao dudng 1a dinh luong glucose huyét twong lic doi 2
lan > 126 mg/dL (hay 7 mmol/L). Néu HbA1c[19] dugc do tai phong xét nghiém
dugc chuan hoa quéc té, c¢o thé do HbA1¢[19] 2 1an dé chan doan Dai théao duong.

1.2. Khai pha dir liéu trong hd trg chan doan bénh dai thao

dwong.
1.2.1. Hoc may va kham pha tri thirc

Str dung thong tin mot cach c6 hiéu qua 1a mot van dé rat quan trong dé dan
dén thanh cong[7].

Diéu d6 c6 nghia la tir cac dir liéu san ¢ phai tim ra nhimng thong tin tiém an
6 gia tri ma trude d6 chua duge phat hién, phai tim ra nhitng xu hudng phat trién
va nhiing yéu td tac dong lén ching. Thuc hién cong viéc d6 chinh la thuc hién qua
trinh phat hién tri thirc trong co s¢ dir liéu (Knowledge Discovery in Database —
KDD) ma trong d6 k¥ thuat nay cho phép ta 1ay duoc cac tri thirc chinh 1a pha khai
pha dir liéu (KPDL).

Qua trinh xir Iy KPDL bét dau bang cach xac dinh chinh x4c van dé can giai
quyét. Sau d6 sé& xac dinh cac dit liéu lién quan dung dé xay dung giai phap. Budc
tiép theo 1a thu thap cac dir lidu co lién quan va xir Iy chiing thanh dang sao cho giai
thuat KPDL c¢6 thé hiéu duge. Vé 1y thuyét thi c6 vé rat don gian nhung khi thuc
hién thi day thuc sy 14 mot qua trinh rat khé khin, gip phai rit nhiéu vuéng mic
nhu: cac dit liéu phai dugc sao ra nhidu ban (néu dugc chiét xuat vao cac tép), quan
Iy tap cac tép dir liéu, phai lap di lap lai nhiéu 1an toan bd qua trinh (néu mo hinh dir
liéu thay doi),... Budc tiép theo 13 chon thuat toan KPDL thich hop va thuc hién

viéc KPDL dé tim dugc cac méu (pattern) cd ¥ nghia dudi dang biéu dién twong



mg voi cac ¥ nghia d6 (thuong duoc biéu dién dudi dang cac luat xép loai, ciy
quyét dinh, luat san xuat, biéu thirc hdi quy....). Pic diém cia mau phai la cac miu
m6i (it nhat 1a dbi véi hé thdng d6). P6 méi co thé duge do twong ng véi do thay
dbi trong dit licu (bé“mg cach so sanh cac gia tr1 hién tai voi cac gia tri trude do hoac
cac gia tri mong mudn), hodc bang tri thirc (mbi lién hé giita phuong phap tim méi
va phuong phép cii nhu thé nao). Thudong thi do moi ciia mau dugce danh gia bang
mot ham logic hoac mot ham do d6 mdi, do dot pha cua mau. Ngoai ra, mau con
phéi c6 kha ning st dung mé rong. Cac mau nay sau khi duge xir 1y va dién giai
phai din dén nhitng hanh dong c6 ich nao d6 dwoc danh gia bang mot ham chirc
nang. Mau khai thac dugc phai c6 gia tri ddi vé6i cac dir liéu méi v6i do chinh xac
nhit dinh.

Budc thir nhat: Tim hiéu linh vuc ing dung va hinh thanh bai toan, budc nay
s& quyét dinh cho viéc rat ra duoc cac tri thire hitu ich va cho phép chon cic phuong

phép khai pha dit liéu thich hop véi muc dich Gmg dung va ban chét cua dit lidu.

Budc thtr hai: Thu thap va xa 1y dit liéu thd, con dugc goi la tién xir ly dix
liéu nham loai bé nhidu, xtr 1y viéc thiéu dir liéu, bién doi dir liéu va rat gon dir lidu
néu can thiét, budc nay chiém kha nhiéu thoi gian trong toan bo quy trinh kham pha

tr1 thure.

Buéc thir ba: Khai pha dir liéu, hay néi cach khac 1a trich ra cac mau hodc/va
cic mo hinh an duéi céc dit liéu.

Budc thi tu: Hiéu tri thie d3 tim duge, dic biét 1a 1am sang t0 cac mo ta va
dyu doan. Cac budc trén co thé lap di 1ap lai mdt s6 lan, két qua thu dugc co thé
duogc 14y trung binh trén tit ca cac 1an thyuc hién.

Budc thtr nam: Str dung tri thirc da dugc khai phé vao thuc té. Cac tri thirc
phat hién duoc tich hgp chat ché trong hé théng. Tuy nhién dé st dung duogc cac tri

thirc d6 do6i khi can dén cac chuyén gia trong cac linh vuc quan tam vi tri thire rit ra



c6 thé chi mang tinh cht hd trg quyét dinh hoac ciling co thé duoc st dung cho mot

qué trinh kham pha tri thirc khac.

Mic du dugc tom tit thanh nim bude nhung thuc cht qua trinh xay dung va
thyc hién viéc kham pha tri thirc khong chi tuan theo cac bude ¢ dinh ma cac qua
trinh nay con co thé duoc lap di 1ap lai & mot hodc mot ) giai doan trudc va cu tiép
tuc nhu thé s& lam cho qua trinh khai pha va tim kiém dit liéu ngay cang hoan thién

hon.

Hoc may c6 hién nay dugc ap dung rong rii bao gdbm may truy tim dit liéu,
chan doan y khoa, phét hién thé tin dung gia, phén tich thi truong chimg khoan,
phan loai cac chudi DNA[8], nhan dang tiéng noi va chit viét, dich tu dong, choi trd

choi va ctir dong ré-bét (robot locomotion).

Céc thuat toan hoc may dugc phan loai theo két qua mong muén cua thuat

toan. Cac loai thuat toan thuong dung bao gom:
1.2.2. Hoc co giam st

Hoc c6 giam sat [7] (supervised learning) Ia mét ki thuat caa nganh hoc may
nham muc dich xay dung mot ham £ tir dir tap dir liéu huan luyén (Training data).
Dit liéu huan luyén bao gom céc cip d6i tuong dau vao va dau ra mong muébn. Pau
ra caa ham f co thé 1a mot gia trj lién tuc hodc c6 thé 1a du doan mot nhin phan 16p

cho mot doi tugng dau vao.

Trong do, thuat toan tao ra mot ham anh xa dit li¢u vao téi két qua mong
mudn. Mot phat biéu chuian vé mot viéc hoc co giam sat 1a bai toan phan loai:
chuong trinh can hoc (cach xéip xi biéu hién cua) mdt ham anh xa mdt vector
X1, X, ... X, t6i mot vai 16p bang cach xem xét mot s6 mau dir liéu - két qua cua
ham doé.

Budc 1: Xac dinh loai cua cac dit liéu huin luyén: Trudc tién ta can phai

quyét dinh xem loai dit li¢u ndo s€ dugc st dung lam dir liéu huén luyén. Ta c6 thé



chon dir liéu mot ki tu viét tay don 1€, toan bd mot tur viét tay, hay toan b mot dong

chir viét tay, ...

Budc 2: Thu thap tap di li¢u huén luyén. Khi thu thap tap dir liéu huén luyén
can phai ddm bao duogc sy dédc trung cho thyc té sur dung ctia ham chirc nang. Do d6
tap cac dir liu dau vao va dau ra twong tng phai dugc thu thip tir cac chuyén gia

hoac tir viéc do dac tinh toan.

Budc 3: Xac dinh viéc biéu dién cac dic trung dau vao cho ham muc tiéu can
tim. PO chinh xac ctia muc ti€u phu thudc rat 1on vao cac doi tuong dau vao duoc
biéu dién nhu thé nao. Pa sb cac dbi tuong dau vao duogc chuyén ddi thanh mot véc
to dic trung chtra cac ddc trung co ban cua d6i tuong d6. Cha y sd luong cac dic
trung khong duoc 16n qua, dé tranh sy bung nd t6 hop tuy nhién né phai du 1on dé

dam bao du doan chinh xac dau ra.

Buodc 4: Xac dinh cau truc cua ham muc ti€u can tim va giai thuat hoc tuong

ung. Vidy, ta co thé su dung mang no-ron nhan tao, cay quyét dinh, ...
Budc 5: Hoan thién va thiét ké chuong trinh.

Tién hanh chay giai thuat hoc véi tap dir licu huin luyén thu thdp dugc. Ta
c6 thé diéu chinh cac tham s cua giai thuat hoc bang cach t6i wu hoa hiéu ning trén
mot tip con cta tap hudn luyén, (goi 1a tap kiém chung -validation set) cua tdp huin
luyén hay thong qua kiém chimg chéo (cross-validation). Sau d6 ta tién hanh do dac

hi€u nang cua gidi thuat trén mot tap dir licu kiém tra doc 1ap voi tap huén luyén.
1.2.3. Hoc khéng cé gidm st

Hoc khong cé giam sat [7](unsupervised learning) 1a mot phuong phap nham
tim ra mot mé hinh ma phu hgp véi cac quan sat. Trong hoc khong c6 giam sat, mdt
tap dir liu ddu vao dugc thu thap. Hoc khong c6 giam sat thuong ddi xtr vi cac d6i
tuong dau vao nhu 13 mot tap cac bién ngau nhién. Sau d6, mot mo hinh mat do két

hop s€ duoc xay dung cho tap dir li¢u do.
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Tat ca dir liéu khong dugc gan nhan va céc thuat toan tim hi€u cau truc von
co tu dit liu dau vao. M6 hinh héa mdt tap dir li€u, khong c6 san cac vi du da dugc

gan nhan.

Hoc khong c6 giam sat co thé dugc dung két hgp véi cac thuat toan dé cho ra
xac suat co di€u kién (nghia l1a hoc c6 giam sat) cho bat ki bién ngau nhién nao khi
biét trudc cac bién khac.

Hoc khong c6 giam sat cling hitu ich cho viéc nén dit liéu: vé co ban, moi
gidi thuat nén dit li€u hoac 1a dya vao mét phan bo xac suat trén mot tap dau vao

mot cach twong minh hay khong tudng minh.

Mot dang khac cua hoc khong c6 gidm sat la gom nhom dir li¢u (data

clustering), n6 doi khi khong mang tinh x4c suét.
1.2.4. Hoc gidm sdt mt phan

Hoc nira giam sat [7] (semi-supervised learning) 1a mot 16p cua ky thuat hoc
may, stir dung ca dir liéu di gan nhan va chua gan nhin dé huan luyén - dién hinh la

mot lugng nhé dir 1i€u c¢6 gadn nhan cung voi lugng 16n dir li¢u chua gan nhan.

Hoc ntra giam sat dimg gitta hoc khong giam sat (khong c6 bat ki dir liéu co
nhan nao) va co gidm sat (toan bo dit liéu déu dugc gan nhan). Nhiéu nha nghién
ctru nhan thiy dir liéu khéng gan nhan, khi duoc st dung két hop véi mot chat dir
liéu c6 gan nhan, co6 thé cai thién dang ké d6 chinh xac. Dé gan nhan dir li¢u cho
mot bai toan hoc may thuong doi hoi mot chuyén vién c6 ki niang dé phan loai bang
tay cac vi du huan luyén. Chi phi cho quy trinh nay khién tap dit liéu duoc gan nhin
hoan toan tré nén khong kha thi, trong khi dir liu khong gan nhan thuong twong dbi

ré tien. Trong tinh hudng do, hoc nira gidm sat c6 gia tri thuc tién 16m lao.

Mot sd dit liéu dugc dan nhan nhung phﬁn 16n dir li¢u con lai khong c6 nhan

va mot hdn hop cac k§ thuat co giam sat va khong giam sat ¢ thé dugc st dung.
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Két hop cac vi du c6 gan nhan va khong gan nhan dé sinh mot ham hoac mot bd

phan loai thich hogp.

Mot vi du cho ky thuat hoc may nira giam sat 1a dong huan luyén (co-
training), trong d6 mot hay nhiéu bd hoc duoc huin luyén cung mot tap vi du nhung

mdi bo str dung mot tip dic trung khac nhau, 1y tudong nhét 1a doc 1ap véi nhau.

Mot cach tiép can khac 1a mo hinh hoa phan phdi xac suat dong thoi cta cac
dac trung va nhan. Véi dit liéu chua gan nhan, co thé coi nhan 1a "dit liéu con
thiéu". Cac k¥ thuat xtr 1y dir liéu con thiéu nhu 13 14y mau Gibbs va t6i wu ky vong

c6 thé duoc st dung dé ude lugng tham $6.
1.2.5. Hoc ting cuwong

Hoc tang cuong [7] (reinforcement learning) la mét linh vuc con cia hoc
may, nghién ctru cach thirc mot agent trong mdt moi truong nén chon thuc hién céac
hanh dong nao dé cuc dai héa mot khoan thudng (reward) nao d6 vé 1au dai. Cac
thuat toan hoc ting cuong cd gang tim mot chién luoc anh xa cac trang thai ciia thé

gidi tdi cac hanh dong ma agent nén chon trong cac trang thai do.

Trong d6, thuat toan hoc mét chinh sach hanh dong tiy theo cic quan sat vé
thé gioi. Mdi hanh dong déu co tac dong téi moi truong, va mdi truong cung cap
thong tin phan hdi dé hudng dan cho thuat toan ctia qua trinh hoc.

Do d6, hoc tang cuong dac biét thich hgp cho cac bai toan c6 su dugc mét
giira cac khoan thudng ngin han va dai han. Hoc ting cuong da dugc ap dung thanh
cong cho nhiéu bai toan, trong dé co diéu khién robot, diéu van thang mdy, vién

thong, cac trd choi ¢6 tinh may man hozc c6 tinh chién thuat cao va cd vua.
1.3. Bai toan hd tro chan doan bénh dai thao duong

Tir muc 1.1, chung ta thay khai pha dit liéu 1a mot linh vuc da nganh, 13 su

két hop giira hoc may, thong ké, cong nghé phan tich dit liéu va tri tué nhan tao.
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Khai phé dit liéu di dugc ching minh 13 rat co loi trong linh vuc phan tich y té vi
né 1am tang do chinh xac chan doan, giam chi phi diéu tri bénh nhan va tiét kiém

ngudn nhan luc[5].

Mot sd phuong phap du doan cho déi thdo duong tuyp 2 dwa vao cac ky
thuat khai pha dir liéu. Cac luat dé trich chon thong tin can dugc giai thich. Tuy
nhién, trong y té, cac luat trich chon khong chi can do chinh xac cao ma con phai
don gian va dé hiéu.

Muc tiéu cta luan van: Danh gia thuat toan cho ty 18 tét nhat dé ap dung vao
bai toan dy doan bénh nhan duong tinh véi bénh Pai thao duong tuyp 2.

Input hé théng 13: Gom cac chi sd cua bénh &n trong ho so bénh nhan.

Output cta hé thong 1a: Bai toan hé hd trg chian doan bénh dai thio dudng
phu hop vai hoc ¢6 giam sat vi day 1a mdt bai toan dua trén cac thudc tinh c6 dang
s6 trong hd so bénh nhan, class quyét dinh c6 2 class 12 0 va 1. Pua ra ty 1é dy doan

chinh xac nhat v&i bo dataset twong tng.

Két luan chwong 1

Chuong 1 da néu ra duoc chii dé can nghién ciru, trinh bay cac khai niém vé
bénh dai thao duong, trinh bay cac mé hinh hoc may dugc sir dung dé giai quyét bai

toan.
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CHUONG 2: KHAO SAT MQT SO THUAT TOAN CHO HO
TR(Q CHAN POAN BENH PAI THAO PUONG TUYP 2

2.1. Giai thiéu chung

Trén thé gidi, d c6 nhiéu nghién ctru vé ap dung khai pha dit liéu trong chin

doan bénh dai thao duong:

Nilam Chandgude va gido su Suvarna[13] trinh bay thuat toan phan loai
duogc sir dung dé chan doan bénh tiéu duong. T4c gia dd sir dung mang no ron, Cay
quyét dinh Naive Bayes, SVM, ID3, C 4.5, Thuat toan CART va so sanh nhiing

thuat toan nay. Két qua 1a CART cho d6 chinh xéc t6t hon cac thuat toan khac.

Thirumal P. C. va Nagarajan .N [14] da trinh bay cac ky thuat khai pha dir
liéu khac nhau dé du doan bénh dai thio duong. Bo dit liéu bénh tiéu dudng cua
ngudi Pima An Do duoc str dung dé phan tich. Sau khi tién xir 1y dit liéu, c4c thuat
toan nhu Naive Bayes Classifier, thuat toan C4.5, SVM, KNN duoc ap dung. Két
qua 1a thuat toan C4.5 cung cip d6 chinh xac cao hon va KNN cung cdp d6 chinh

xéc thap hon.

K.Rajalakshmi va Tién si S.S.Dhenakaran [15] d& phan tich cac ky thuat du
doan khai pha dit liéu trong cac hé théng quan 1y chiam soc sirc khoe. Céac ki thuat
khai pha dit liéu nhu Cay quyét dinh, Phan loai Bayes, Mang no ron va SVM duoc
trinh bay. Cac k¥ thuat khai pha dit liéu khac nhau dugc so sanh dua trén du doan
bénh khac nhau. Thuat toan SVM thuc hién tdt trong vi¢c du doan bénh dai thao

duong.

Agarwal, Amit kumar Dewangan [16] tip trung trong chan doan bénh tiéu
duong Mellitus st dung cac ky thuat khai pha dir liéu. Cac tac gia da phan tich xac
thue chéo, phuong phap phan loai, 16p K - lang giéng gan nhat [CKNN], Vector hd
trg May [SVM], May Vector hd trg LDA va Chuyén tiép mang no ron, Mang no

ron nhén tao, chuin héa théng ké va phuong phap lan truyén nguoc dé chan doan
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bénh Dai thdo duong. Va chi ra ring, SVM cho d6 chinh x4c tot hon vé bénh Dai
thao duong duong tap dir liu.

Qua phan this cac nghién ctru, chlng ta thdy cac thuat todn nhu Decision
tree, C4.5, Naive Bayes, SVM,... cho nhiing két qua rat tét. Vi vay, phan tiép theo
s& trinh bay cac thuat toan s& ap dung vao bai todn xay dung hé hd trg chan doéan

bénh Pai thdo duong tuyp 2.

2.2. Khao sat mo hinh Decision tree

Cay quyét dinh (goi tat 1a DT) 1a mo hinh dua ra quyét dinh dya trén cac cau
hoi. Cay quyét dinh (Decision Tree) 1a mot mo hinh thudéc nhom thuét toan Hoc c6
giam sat (Supervised Learning).

Ham s6 Entropy

Cho mét phan phdi xac suat caa mot bién roi rac x ¢ thé nhan n gia tri khac
nhau x;, x,, ..., X,,. Gia Str rang Xac suat dé x nhan cac gia tri nay la p; = p(x = x;)

Ky hiéu phan phéi nay 1a p = (p1, P2, o) P)-

Entropy cua phan phéi nay la: H(p) = — Y-, p; log,(p;)

Ham Entropy duoc biéu dién dudi dang do thi nhu Hinh 1:
1

0.5

H(X)

0.5
Pr(X=1)
Hinh 1: Biéu d6 Entropy
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Tir d6 thi ta thdy, ham Entropy s& dat gia tri nhd nhat néu c6 mot gia tri p; =

1, dat gia tri 1on nhét néu tat ca cac Di bé’mg nhau.

Ham Entropy cang 16n thi do ngau nhién cua céc bién ro1 rac cang cao (cang

khong tinh khiét).

Véi cay quyét dinh, ta can tao cay nhu thé nao dé cho ta nhiéu thong tin nhat,

ttrc 1a Entropy 1 cao nhat.
Information Gain

Tai mdi tang cia cay, can chon thudc tinh nao dé d6 giam Entropy 1a thap

nhat.
Ngudi ta ¢6 khai niém Information Gain dugc tinh bang
Gain(S,f) = H(S) — H(f,S)
trong do:
H(S) la Entropy téng cua toan bo tap data set S.
H(f,S) 1a Entropy duogc tinh trén thugc tinh f.

Do H(S) 1a khong ddi vai mbi tang, ta chon thudc tinh fcé Entropy nho nhat
dé thu dugc Gain(S, f) 16n nhat.

Vi du minh hoa:

Sap dén ky thi, mot cdu sinh vién tu dit ra quy tac hoc hay choi ciia minh
nhu sau. Néu con nhiéu hon hai ngay téi ngay thi, sinh vién d6 ra s& di choi. Néu
con khong qua hai ngay va dém hom do c6 mdt tran bong da, sinh vién dé s€ sang
nha ban choi va cung xem bong dém do. Sinh vién d6 s€ chi hoc trong cac truong

hop con lai.

Viéc ra quyét dinh cia cau sinh vién nay c6 thé dugc mo ta trén so do trong

Hinh 2. Hinh ellipse nén vang thé hién quyét dinh can duoc dua ra. Quyét dinh nay



16

phu thude vao céc cau tra 161 cua cac cau hoéi trong cac 6 hinh chit nhat mau xam.
Dua trén cac céu tra 101, quyét dinh cudi cung dugc cho trong cac hinh tron mau luc

(choi) va do (hoc). So dd trong Hinh 2 con dugc goi 13 mét cay quyét dinh.

Play (P) or Study (S)

[ Time to exam

> 2 days?

Yes \No

Football match
tonight?
Yes No

Hinh 2: Vi du vé viéc ra quyét dinh dua trén céac cau hoéi

Viéc quan sat, suy nghi va ra cac quyét dinh ctia con nguoi thuong dugc bat
dau tur cac cau hoi. Machine learning cling c6 mdt mo hinh ra quyét dinh dya trén

cac cAu hoi. M6 hinh nay c6 tén 1a ciy quyét dinh (decision tree).
2.3. Khao sat thuat toan C4.5

Phan 16n cac hé thong déu cd gang dé tao ra mot cdy cang nho cang tot, vi
nhitng cdy nho hon thi dé hiéu hon va dé dat duoc do chinh x4c du doan co hon. Do
khong thé dam bao duoc su cuc tiéu cua cay quyét dinh, C4.5 dya vao nghién ctru
tdi wu hoa, va su lya chon cach phan chia ma c¢6 d¢ do lya chon thudc tinh dat gia

tri cuc dai.
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Hai d6 do dugc str dung trong C4.5 1a information gain va gain ratio.

RF(C;, S) bicu dién tan xuat (Relative Frequency) cac case trong S thue vé 16p C;

|S;1
RF(C;,S) = ]/|S|
Vi [S] 1a kich thudce tap cac case co gia tri phan 16p la C;. |S] 1a kich thude
tap dir liéu dao tao.
Chi s6 thong tin can thiét cho sy phan 16p: I(S) voi S 1a tap can xét su phan
phéi 16p duoc tinh bang:

I(S) = — 2 RF(C,, S)log(RF(C;,S))
=1

Sau khi S duogc phan chia thanh cac tap con S;, S,,..., S; boi test B thi
information gain duoc tinh bang:

|5

G(S,B) = I(S) — 5

I(Sy)

Test B s& duoc chon néu c6 G(S, B) dat gia tri 16n nhat.

Tuy nhién c6 mot van dé khi st dung G(S, B) uu tién test c6 sb luong 16n két
qua, vi du G(S, B) dat cuc dai v6i test ma ting S; chuii chira mot case don. Tiéu
chuan gain ratio giai quyét dugc van dé nay bang viéc dua vao thong tin tiém ning

ctia ban than mdi phan hoach.

|5 lOg(ISiI
S| S|

P(S,B) = — )

Test B s& dugc chon néu co ti sb gia tri gain ratio = G(S, B)/ P(S,B) 16n

nhét.
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Trong mé hinh phan 16p C4.5, c6 thé dung mot trong hai loai chi sb
Information Gain hay Gain ratio dé xac dinh thudc tinh t6t nhat. Trong d6 Gain

ratio 1a Iya chon mac dinh.

Vi du minh hoa:

Bang 1: Tap dir liéu khach hang mua may tinh

rid | age | income | student | ereclit_rating | Class: buys_computer
1 | <30 |high no fair no
2 | <30 | high no excellent no
3 130-90 | high no fair yes
4 |>90 | medium | no fair yes
5 [>90 |low yes fair yes
6 |>40 |low yes excellent no
7 | 30-40 | low yes excellent yes
8 | <30 | medium | no fair no
9 | <30 |low yes fair yes
10 | >90 | medium | yes fair yes
11 | <30 | medium | yes excellent yes
12 | 30-90 | medium | no excellent yes
13 | 30-40 | high yes fair yes
14 | >90 | medium | no excellent no

Trong tap dir liéu Bang 2: S1 1a tdp nhiing ban ghi co6 gié tri phan 16p 1a yes,
S2 1a tap nhirng ban ghi c6 gia tri phan 16p 1a no. Khi do:

9 9 5 5
1(S)=1(51,52) =1(9,5) = —— *log, — ——*log, — = 0.940
(8)=1(51,52) = 1(9,5) = -7 *log, 77— 17 *log,
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Tinh G(S,A) v6i A lan luot 1a timg thudc tinh: A = age. Thudc tinh age da

dugc roi rac hda thanh cac gia tri <30, 30-40, va >40.
+ véi age = “<30”:

2, 2 3 3
I(S1) =(S11,821) = —=log, = —=log, = = 0.971
(S1) = (511,521) = - log, = —log,

+ voi age = “30-407:

1(S1) =(S12,522) =0
+ voi age = “>40":

1(S3) = (S13,523) = 0.971

|Si |, 4
_[ Sv *1 a.‘;l +_*1 Sz *1 8‘3
ZS|(> <>4<)4(>

Gain(S,age) = 1(S1.52) —0.694 = 0.246

Tinh tuong tu voi cac thude tinh khac ta duoc:
— A = income: Gain (S, income) = 0.029
— A = student: Gain (S, student) = 0.151
— A = credit_rating: Gain ( S, credit_rating) = 0.048

Thudc tinh age 13 thudc tinh c6 d6 do Information Gain 16n nhat. Do vay age

dugc chon lam thudc tinh phat trién tai node dang xét.
2.4. Khao sat thujt toan SVM

Support Vector Machine (SVM) la mét thuat toan thugc nhoém Supervised
Learning (Hoc c6 giam sat) dung dé phan chia dir liéu (Classification) thanh cac

nhom riéng biét.
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SVM la mot by phuong phép hoc ¢ giam sat lién quan dugc st dung trong
chan doan y khoa dé phan loai va hdi quy. SVM dong thoi giam thiéu 161 phan loai
thuc nghiém va tdi da hoa bién do hinh hoc. Vi vay, SVM duogc goi la Maximum

Margin Classifiers.

SVM 1a mét thut toan chung dwa trén gi6i han Xac suit dugc ké thira cua ly
thuyét hoc thong ké goi 1a nguyén tic giam thiéu rui ro cau triic. SVM c6 thé thuc
hién hiéu qua phan loai phi tuyén tinh bang cach sir dung thu thuat kernel, anh xa
ngam dinh cac dau vao ciia chiing vao cac khong gian dic trung chiéu cao. M6 hinh
SVM Ia mdt dai dién cua cac vi du dudi dang céc diém trong khong gian, dugc anh
xa sao cho cac loai riéng biét dugc chia cho mdt khoang cach ro rang cang rong

cang t6t[9].

Vi du minh hoa:

Hinh dung ta c6 by data gém cac diém xanh va do dat trén cung mot mat
phang.

Ta c6 thé tim dugc dudng thang dé phan chia riéng biét cac bo diém xanh va

do nhu hinh 3
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Hinh 3: Biéu d6 phan 16p dit liéu
Nhin bang mit thuong ta co thé thiy, dudng tdi vu 1a dudng tao cho ta co
cam giac 2 16p dit liéu nam cach xa nhau va cach xa dudng dé nhat.

Tuy nhién tinh toan su t6i vu bing toan hoc, trong SVM str dung thuit ngir

Margin.

Margin 1a khoang cach giita siéu phang (trong truong hop khong gian 2

chiéu 13 duong thang) dén 2 diém dir liéu gin nhat trong tng v6i 2 phan 16p.

Trong bai toan khong gian 2 chiéu, gia sir 2 duong thang di qua cic support

vector cua 2 16p dir li¢u lan luot la:
W1x1 + WzXz + b = 1
W1x1 + WzXz + b = _1

Véi khéng gian 2 chiéu: Margin giita 2 duong thing duoc tinh bang cong

thuc:
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2
JWE + w2

Voi khong gian nhiéu chiéu: Tong quat 1én khong gian nhi€u chi€u, can tim

margin =

phuong trinh siéu phang c6 phuong trinh: wix + b = 0

Margin s& duoc tinh bang cong thic: margin = ”27”

Hinh 4: Siéu phang téi da cho SVM duge huén luyén véi cac mau tir hai 16p

2.5. Khaio sat thuat toan Naive Bayes

Naive Bayes Classification (NBC) 1a mét thuat todn phan loai dua trén tinh

toan xac sut ap dung dinh Iy Bayes
Thuat toan nay thudc nhoém Supervised Learning (Hoc c6 giam sat).

Theo dinh ly Bayes, ta c6 cong thirc tinh x&c suat ngau nhién caa su kién y khi biét

X.
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P P
P(ylx) = 522

Gia str ta phan chia 1 su kién x thanh n thanh phan khac nhau x;, x,, ..., x,.
Naive Bayes theo dung nhu tén goi dua vao mot gia thiét rang x;, x,, ..., x, 1a  céc
thanh phén doc 1ap voi nhau. Tur do ta co thé tinh duoc:

P(xly) = P(x; N xy ... 0 x|y = POy [y)P(x2y) .. P(xp]y)

Do do ta co:

P(xly) o< P(y) [Ty P(x:ly)

| o< la phép ti I¢ thuan.

Trén thuc té thi it khi tim duoc dit liéu ma céac thanh phén 1a hoan toan doc

lap v6i nhau. Tuy nhién gia thiét nay giup cach tinh toan trd nén don gian, training

data nhanh, dem lai hiéu qua bat ngd véi cac 16p bai toan nhat dinh.

Cach xac dinh cac thanh phén (class) cua dit li¢u dua trén gia thiét nay cé tén

la Naive Bayes Classifier.
Vi du minh hoa:

Gia st trong tap training c6 cac van ban dl, d2, d3, d4 nhu trong Bang 3.
M&i vin ban ndy thudc vao 1 trong 2 classes: B(Bic) hoic N(Nam). Hay xac dinh

class cua van ban d5.

Bang 2: Dir liéu c6 dang vin ban trong tap huan luyén

Document | Content Class
Training di hanoi pho chaolong hanoihanoi pho chaolong hanoil B
d2 hanoi buncha pho omaihanoi buncha pho omai B
d3 pho banhgio omaipho banhgio omai B
d4 saigon hutiu banhbo phosaigon hutiu banhbo pho | N
Test d5 hanoi hanoi buncha hutiuhanoi hanoi buncha hutiu | ?
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Ta c6 thé dy doan réng d5 thudc class Bc.

Bai toan ndy c6 thé dugc giai quyét boi hai mé hinh: Multinomial Naive
Bayes va Bernoulli Naive Bayes. Viéc mé hinh nao t6t hon phu thudc vao mdi bai

toan. Chiing ta c6 thé thir ca hai dé chon ra mé hinh t6t hon.

Nhan thdy rang ¢ day c6 2 class B va N, ta can di tim p(B) va p(N) la dua
trén tan sd xuat hién ciia mdi class trong tip training. Ta s& c6:
3 1
B) ==, N) ==
pB)=,, pW)=7
Tap hop toan bo cac tir trong vin ban, hay con goi 1a tir dién, 1a: V={hanoi,
pho, chaolong, buncha, omai, banhgio, saigon, hutiu, banhbo}. Tong cong sd phan

tr trong tir dién 1a [V|=9.

Hinh 5 minh hoa qua trinh Training va Test cho bai toan nay khi str dung

Multinomial Naive Bayes, trong dé c6 st dung Laplace smoothing voi a=1.

TRAINING TEST
class = B N \o&o o & o N &
3 F s ¥ s
& 4 RS ~o‘§
dl: x, 2 1 1 0 0 0 0 0 0
d5: x5 = [2,0,0,1,0,0,0,1,0]
d2: xo 1 1 0 1 1 0 0 0 0

p(BlA5) o p(B) TTL, plai|B)
13: 0 1 0 0 1 1 0 0 0
o %3 d=|V]=9

Total 3 3 1 1 2 1 0 0 0 |= Ny=11

= Ap |4/20|4/20|2/20|2/20 |3/20|2/20 | 1/20|1/20|1/20 | (20 = Ny + [V])

p(N|d5) o< p(N) TTi, pla|N)

class = N = 11 (ﬁ)2

2 = -5
313 ~ 175 x 10

|
|

dd: xy 0 1 0 0 0 0 1 1 1 |= Ny=4 = p(x5|B) > p(x5|N) = d5 € class(B)

= A~ |1/13]2/13|1/13 | 1/13 [ 1/13 | 1/13 | 2/13 | 2/13 | 2/13 | (13 = Nx + |V])

Hinh 5: Cac budc trainning va test sir dung dung Multinomial Naive Bayes
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Cha y, hai gia tri tim duoc 1.5%107 va 1.75%107° khong phai 1 hai xac suit
can tim ma chi 1a hai dai lugng ti I¢ thudn véi hai xéc suét d6. bé tinh cu thé, ta c6

thé 1am nhu sau:

1.5 x 107*
P(BIdS) = oo 175 7o ~ ~08955,p(NId5) = 1 — p(BId5) ~ 01045

Ban doc c6 thé tu tinh v6i vi du khac d6 = pho hutiu banhbo. Néu ban va toi

tinh ra két qua giéng nhau, chiing ta s& thu duoc:
p(B|d6) ~ 0.29, p(N|d6) = 0.71
va suy ra d6 thudc vao class Nam

Thuat toan Naive Bayes 1a mot thuat toan xac suét c6 tinh chat twong duong,
theo cac budc thuc hién, phan loai, wdc tinh va du doan. Pé tim mbi quan h¢ gitra
cac bénh, triéu chimg va thubc, c6 nhiéu giai phap khai thac dir liéu khac nhau,
nhung cac thuat toan ndy c6 mo phong riéng, nhiéu lan lap lai, 1ap luan vé cac ddi
sb lién tuc, thoi gian tinh toan cao, v.v. udc lugng lap phuc tap cua tham sb va co

thé dugc ap dung trén mot tap dir liéu 16n trong thoi gian thuc.

Két luan chwong 2

Chuong 2 nghién ciru mot sé thuat toan hoc may, cac thuat toan hd trg bai
toan dua ra ty I¢ dy toan trong bai toan chan doan bénh dai thao duong. Tir d6 s& &p

dung va danh gia két qua cua timg thuat toan trong Chuong 3.
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CHUONG 3: CAI PAT VA THU NGHIEM
3.1. Khao sat va lra chon b dir liéu dé thir nghiém
C6 rat nhiéu bo dir liéu bénh &n vé Déi thao duong trén Thé gidi.

B dataset ma luan van sur dung la Co s¢ dir liéu vé bénh dai thao duong cta
ngudi An Do thudc Vién Tiéu dudng va Bénh tiéu hoa va Thian Hoa Ky[22](Bang
3) vi bo dir lidu nay da duoc dung trong cac nghién ctru vé cac bénh Pai théo
duong[11][12].

Bo dit liéu gom: 8 thudc tinh va 2 class (0 twong (g v4i 4m tinh, 1 tuong

ung voi duong tinh)[22] (Bang 1).

Béang 3: Bang thudc tinh va gan nhan gia tri

Thugc tinh Gan nhan gia tri

1. S6 1an mang thai preg
2. Nong d6 glucose trong mau plas
3. Huyét 4p (mm Hg) pres
4. Do day nép gap da (mm) skin
5. Insulin huyét thanh 2 gio insu
6. Chi s6 khéi co thé (kg/m?) mass
7. Chirc ning pha hé tiéu dudng pedi
8. Tudi (nam) age

, Bién 16p (0 hodc 1) 268 trong 768 1a 1, cac class

bién khac 1a 0

3.2. Tién xirly dir liéu
Hoc Vién chon bo dir liéu Pima Indians Diabetes vi n6 1a b dir li¢u thu thap
cac s6 lidu vé cac chi sé y khoa ctia nhitng ngudi mic va khong méc bénh dai théo

duong duong trong vong 5 nam tai Pima Indian.
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Diy 1a mot bai toan phan 16p nhi phan. S6 luong dir liéu 1a 768 mau véi 8
dic trung vé cac chi s6 y khoa va 1 thudc tinh nhin 16p. S6 luong cac quan sat cho

cac 16p 1a khong dong déu.

Theo két qua quan sat dugc, bg dir liu c6 6 dac trung du tién co gia tri nho
nhat 13 0, diéu nay dong nghia véi viée 6 dic trung ndy c6 thé da bi khuyét dir liéu ¢
mot s6 mau dit liéu. Tuy nhién, ddc trung NoPregnant 1a dic trung vé sd 1an mang
thai, mot nguoi c6 thé dd mang thai hodc chua timg mang thai. Do d6 gia tri 0 cua
dic trung nay biéu thi cho nhiing ngudi chua timg mang thai chtr khong phai 13 bi

khuyét dit lidu. Cac dic trung con lai chta gid tri 0 dang bi khuyét dir liéu.

Biang 4: Bang thong ké s6 lugng mau bi khuyét cua cac dic trung

Dic trung S6 mau
Plas )
Pres 35
Skin 227
Insu 374
Mass 11

Két qua cho thay 2 didc trung Skin va Insu cé nhiéu gia tri bi khuyét nhat.
Hoc vién sir dung cong cu Weka[6] dé khai pha dit liéu, cac chtic ning duoc
sir dung trong cong cu nhu: Tién xir Iy dit liéu, cAc giai thuat hoc mdy va cac

phuong phap thi nghiém danh gia.

Giao dién Weka:
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© Weka Explore - x
[ Prepracess | Classiy | Cluster | Associate | Setect atioutes | visuaiize |

| Openfile I Open URL. |l Open DB. |l Generate |l Undo |l Edit |l Save |
Filter

| choose ”RenameRelaliunrmnerpe REFLACE -modify"shange me" -find (is\g]+) ‘ Cpply | stop
Current relation Selected attribute

Relation: diabetes
Instances: 768

Attributes: 9
Sum of weights: 768

Name: preg
Missing: 0 (0%)

Type: Numeric

Distinct 17 Unique: 2 (0%)

Attributes Statistic | Value
Minimum 0
WMaximum 17
I A J1 kions, J1 neil J1 Baliom J Wean 3.845
StdDev 3.37
No. | | Name
2] plas
3 pre
4 [ skin
5[] insu
6] mass | Class: class (Hum) 7| visualize a1 |
7] pedi
&[] age
9 (] dass 246
125
103
s o
50 a5
Rem = 1
n 2 1 1
T 7 ]
o 85 17
Status
oK

Hinh 6: Giao dién cong cu Weka

Céc budc xir Iy bao gom:

- Chuén hoéa céc thudc tinh sb vé doan [0, 1] béng bo loc Normalize.

- Sau do, dung bd loc ReplaceMissingValue dé thay thé tit ca cac gia tri

thiéu bang gia tri trung binh ctia thudc tinh.

- Chuén ho4 céc gia trj bang thudc tinh: Normalization.
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]
Prepracess | Classity | Cluster | Assaciate | Select atmibutes | Visualize |
| Open file J L Open URL J L Open DB. J L Generate ) L Edit J L Save )
Filter .
Choose | None Apply Stop
Current relation ~ Selected attribute
Relation: pima_diabetes Aftributes: 9 Name: preg Type: Numeric
Instances: 768 Sum of weights: 768 Missing: 0 (0%) Distinct 17 Unique: 2 (0%)
Attributes Statistic | Value
i Minimum 0
WMaximum 17
L Al J L None J L Invert J L Pattem J Mean 3845
StdDev 3.37
Mo, | | name |
2] plas
3 pres
4[] skin
5 (] insu _
() mass Class: class (Mom) v || visualize Al |
7 pedi
8] age
9 (] dass

Status

0K

Hinh 7: D@ 1iéu sau khi tinh chinh

s00
- 2-3

Hinh 8: Lép thudc tinh phan 16p (class)

3.3. Thir nghiém va danh gia két qua

Cau hoi: CO duong tinh véi bénh Dai thao duong duong khong?

Quyét dinh dua ra dua trén cac yéu td vé cac chi sé cua bénh an: Pregnancies

(S6 1an mang thai), Glucose (nong do glucose trong 2 gid sau khi xét nghiém mau

nap glucose), BloodPressure (Huyét ap), SkinThickness (d6 cing da), Insulin (Xét
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nghiém mau Insulin 2 gi®), BMI (Chi sé khéi co thé), DiabetesPedigreeFunction

(chte nang tiéu duong pha hé), Age.

C6 rat nhiéu thuét toan phan 16p nhu ID3, J48, C4.5, CART (Classification
and Regression Tree), ... Viéc chon thudt toan nao dé c6 hiéu qua phan 16p cao tuy
thudc vao rat nhiéu yéu td, trong d6 ciu tric dir liéu anh huong rat 16n dén két qua
cua cac thuat toan.

Véi thuat toan ID3 va CART cho hiéu qua phéan 16p rat cao dbi véi cac
truong dit lidu s6 (quantitative value) trong khi d6 cac thuat toan nhu J48, C4.5 ¢
hiéu qua hon dbi véi cac dir liéu c6 gia tri dinh tinh (ordinal, Binary, nominal).

Sau khi d& chuan hoéa dit liéu thi duoc bang dir liéu chi toan kiéu Nominal, vi
vay ta nén st dung thuat toan J48 dé dat hiéu qua phan 16p cao.

Tir 768 mau trong bo dit liéu, chia thanh 2 phan: 90% duoc sir dung 1am bo
training, 10% con lai dugc 1am bo danh gié (test). Mdi lan chay sé& chon 1 bo dit ligu
train va test khac nhau.

3.3.1. Danh gid thudt todn C4.5.

3.3.1.1. Phén loai ddu ra dya trén tdp hudn luyén toan bo
Trong phan mém weka thi thuat toan C4.5 c¢6 ky hiéu 1a J48[21].

O Biang 5 la két qua khi chay véi ché do huan luyén toan bo trén bo dir ligu
training da chia sau khi tién x Iy dit liéu.

Bang 5: Két qua sau khi chay kiém thtr phan 16p n 1an véi thuat toan J48

K=10 Trwong hgp phan l6p chinh | Truwdng hgp phéan 16p khong chinh
(n lan) xac (So trwong hop) xac (So trwong hop)

1 90.72 % (626) 9.28 % (64)

2 85.79 % (592) 14.21 % (98)
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3 82.1 % (566) 17.9 % (124)
4 84.78 % (585) 15.22 % (105)
5 83.63 % (577) 16.37 % (113)
6 84.21 % (581) 15.79 % (109)
7 80.53 % (556) 18.47 % (134)
8 80.57 % (556) 19.43 % (134)
9 84.63 % (584) 15.37 % (106)
10 80.87 % (558) 19.13 % (132)

xac 12 tot nhat véi 690 trudng hop.

la 439 mau. C6 ty ¢ chinh xac dat 90,72% dbi voi bo dir ligu.

bo tir tap dit liéu:

Ty l& dy doan khong chinh xac 1a 64 mau véi ty 18 9,28%.

Bang 6: Két qua thuat toan phan 16p J48

Tu Bang 5 ta c6 thé thiy duoc véi lan chay dau tién thi ty 18 dy doan chinh

Trong d6 ty I& du doan chinh xac Duong tinh vé&i bénh 1a 187 mau, am tinh

Két qua co hiéu suat tot nhat trong cac lan chay voi ché do huan luyén toan

S6 truong hop ty 1€
Truong hop phén 16p chinh xac 626 90.72 %
Truong hop phéan 16p khong chinh xac 64 9.28%

Céc két qua khac cua thuat toan phan 16p J48:
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Bang 7: Két qua khac cua thuat toan phéan 16p J48

Kappa statistic 0.7865

Mean absolute error 0.1541

Root mean squared error 0.2776

Relative absolute error 34.22 %

Root relative squared error | 58.51 %

Total Number of Instances 690

Giai thich thuat ngir:
+ Kappa statistic : La mot s lidu so sanh Do chinh xac duoc thiy véi Do chinh
xac du kién (co hoi ngau nhién).

+ Mean Absolute Error: Trung binh cua 18i tuyét d6i giira gia tri dugc quan sat

va du bao.

+ Root Mean Squared Error: Do luong su khac biét gitta gia tri (mau thir va gia
tri tuong déi) dugc du doan bdi mot mo hinh hodc cong cu udc tinh va céac gia

tri thyc su dugc quan sat.

+ Relative Absolute Error: Ty 18 sai s6 tuyét d6i ctiia phép do v6i phép do duoc

chap nhan.
+ Total Number of Instances: Tong sb truong hop.
Ma tran hén loan:

Bing 8: Ma tran hdn loai thuat toan phan 16p J48

A — Duong tinh B - Am tinh
A - Dwong tinh 187 (1) 49 (2)
B — Am tinh 15 (3) 439 (4)

Trong bang, cac gia tri thé hién nhu sau:
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(1) S6 du bao dung ma trudng hop di kiém tra duong tinh

(2) S6 du bao khong chinh xdc ma phién ban thir nghiém am tinh

(3) S6 du bao khong chinh x4c ma trudng hop da kiém tra duong tinh

(4) S6 du bao dung ma trudng hop da kiém tra am tinh

3.3.1.2.

Phan loai dau ra dya trén tap tin hun luyén (90:10)

O Bang 9 1a két qua khi chay huan luyén trén tap test 10% trén bo dir licu

training da chia sau khi tién xur Iy dit liéu.

Bang 9: Két qua sau khi chay kiém thtr phan 16p n 1an voi thuat toan J48 (90:10)

K=10 Truong hop phéan 16p chinh | Truwong hep phan 16p khong chinh
(n 1n) Xac (So trwong hop) xac (So trwong hop)

1 71.43 % (55) 28.57 % (22)

2 75.64 % (59) 24.36 % (19)

3 69.23 % (54) 30.77 % (24)

4 56.41 % (44) 43.59 % (34)

5 80.77 % (63) 19.23 % (15)

6 91.03 % (71) 8.97 % (7)

7 74.74 % (53) 25.26 % (26)

8 84.61 % (66) 15.39 % (12)

9 71.79 % (56) 28.21 % (22)

10 76.92 % (60) 23.08 % (18)

Tir Bang 9 ta c6 thé thiy duoc véi lan chay thi 6 thi ty 18 du doan chinh xac

|2 tot nhat véi 78 trudng hop.
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Trong d6 ty I¢ du doan chinh xac Duong tinh v&i bénh 12 25 mau, am tinh la

46 mau. CO ty 18 chinh xac dat 91,03% d6i voi bo dir liéu.

Ty 1& dy doan khong chinh xac 12 7 mau voi ty & 8,97%

Két qua cd hiéu suat tot nhat trong céc lan chay véi ché do huan luyén 10%

tur tap dir ligu:

Bang 10: Két qua thuét toan phan 16p J48 (90:10)

S6 truong hop ty 1€
Truong hop phan 16p chinh xéac 71 91.03 %
Truong hop phan 16p khong chinh xéac 7 8.97 %
Céc két qua khac cua thuat toan phan 16p J48:
Bang 11: Két qua khac cua thuét toan phan 16p J48 (90:10)
Kappa statistic 0.8068
Mean absolute error 0.1837
Root mean squared error 0.2785
Total Number of Instances 78
Ma tran hon loan:
Bing 12: Ma tran hdn loai thuat todn phan 16p J48 (90:10)
A — Duong tinh B - Am tinh
A - Dwong tinh 25(1) 2 (2)
B — Am tinh 5(3) 46(4)
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3.3.2. Danh gid thudt toan SVM

3.3.2.1. Phan loai du ra dua trén tap huin luyén toan bo

Thuat toan SVM(SMO[10]) cho két qua sau day tir tap dit liéu di cho:

O Biang 13 13 két qua khi chay v6i ché do huan luyén toan bo trén bo dir lidu

training da chia sau khi tién xu ly dir liéu.

Bang 13: Két qua sau khi chay kiém thir phan 16p n 1an véi thuat toan SMO

K=10 Trwong hgp phan 16p chinh | Truwdng hgp phan 16p khong chinh
(n 1an) Xac (So truong hop) Xac (So truong hop)
1 79.27 % (547) 20.73 % (143)

2 77.25 % (533) 22.75 % (157)
3 77.68 % (536) 22.32 % (154)
4 77.87 % (538) 22.13 % (152)
5 77.39 % (534) 22.61 % (156)
6 76.82 % (530) 23.18 % (160)
7 76.95 % (531) 23.05 % (159)
8 76.95 % (531) 23.05 % (159)
9 77.83 % (537) 22.17 % (153)
10 77.11 % (532) 22.89 % (158)

Tir Bang 13 ta c6 thé thiy duoc véi lan chay dau tién thi ty 1& du doén chinh

xac 12 tot nhat véi 690 trudng hop.
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Trong d6 ty Ié du doan chinh xac Duong tinh v&i bénh 13 128 mau, am tinh
la 419 mau. Co ty l¢ chinh xac dat 79,28% dbi véi bo dir ligu.

Ty 1& dy doan khong chinh xac 1a 143 mau véi ty & 20,72%
Két qua c6 hiéu suit tét nhat trong cac lan chay véi ché d6 hudn luyén toan
bo tur tap dir ligu:

Bang 14: Két qua thuat toan phan 16p SMO

S6 truong hop ty 18 %
Truong hop phén 16p chinh xac o547 79.27 %
Truong hop phan 16p khéng chinh xac 143 20.72 %

Céc két qua khac cua thuat toan phan 16p SMO:

Bang 15: Két qua khac cua thuét toan phan 16p SMO

Kappa statistic 0.5026

Mean absolute error 0.2072

Root mean squared error 0.4552

Relative absolute error 46.03 %

Root relative squared error | 95.96 %

Total Number of Instances 690

Ma tran hén loan:
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Bing 16: Ma tran hon loai thuat toan phan 165p SMO

A — Duong tinh B - Am tinh
A - Dwong tinh 128 108
B — Am tinh 35 419

3.3.2.2. Phan loai dau ra dya trén tap tin huén luyén (90:10)

O Bang 17 la két qua khi chay huan luyén trén tap test 10% trén bo dir licu

training da chia sau khi tién xt Iy dit liéu.

Bang 17: Két qua sau khi chay kiém thir phan 16p n 1an vé6i thuat toan SMO (90:10)

K=10 Truong hop phéan 16p chinh | Trwong hep phan 16p khong chinh
(n 14n) Xac (So trwong hop) xac (So trwong hop)

1 67.53 % (52) 32.47 % (25)

2 83.33 % (65) 16.67 % (13)

3 75.64 % (59) 24.36 % (19)

4 70.51 % (55) 29.49 % (23)

5 78.2 % (61) 21.8 % (17)

6 79.49 % (62) 20.51 % (16)

7 83.33 % (65) 16.67 % (13)

8 76.22 % (54) 24.78 % (20)

9 71.79 % (56) 28.21 % (22)

10 79.49 %( 62) 20.51 % (16)

Tir Bang 17 ta c6 thé thdy dwoc voi lan chay tht 2 va lan chay tha 7 thi ty 16

du doan chinh xac 12 tot nhat véi 78 truong hop.
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Véi lan chay thir 2: Trong d6 ty 1& dy doan chinh xac Duong tinh véi bénh 1a

13 mau, &m tinh 12 52 mau. C4 ty Ié chinh xac dat 83,33% ddi véi bo dir licu.
Ty I8 dyu doan khong chinh xéc la 13 mau véi ty 18 16,67%

Véi lan chay thit 7: Trong d6 ty I1& dy doan chinh xac Duong tinh véi bénh 13

8 mau, am tinh 1a 57 miu. C6 ty 1& chinh xéac dat 83,33% d6i véi bo dit liéu.
Ty lé dy doan khong chinh xac 1a 13 mau véi ty 1€ 16,67%
Két qua co hiéu suét tot nhat trong cac lan chay trén tap di liéu:

Bang 18: Két qua thuat toan phan 16p SMO (90:10)

S6 truong hop ty 1€
Truong hop phan 16p chinh xac 65 83.33 %
Truong hop phan 16p khong chinh xac 13 16.67 %

Céc két qua khac cua thuat toan phan 16p SMO:

Bang 19: Két qua khac cua thuét toan phan 16p SMO (90:10)

Kappa statistic 0.5603

Mean absolute error 0.1667

Root mean squared error 0.4082

Total Number of Instances 78

Ma tran hon loan:
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Bing 20: Ma tran hon loai thuat toan phan 16p SMO (90:10)

A — Duong tinh B - Am tinh
A - Dwong tinh 13(1) 3(2)
B — Am tinh 10(3) 52(4)

3.3.3. Ddnh gid thudt toan Naive Bayes

3.3.3.1. Phén loai ddu ra dya trén tdp hudn luyén toan bd

Thuat toan Naive Bayes cho két qua sau day tir tap dit liéu di cho:

O Bang 21 1a két qua khi chay v6i ché do huan luyén toan bd trén bo dit lidu

training da chia sau khi tién xtr Iy dit lidu.

Bang 21: Két qua sau khi chay kiém thir phan 16p n 1an véi thuét toan Naive Bayes

K=10 Trwong hop phan 16p chinh | Trwong hop phan 16p khong chinh
(n 1an) X4c (SO trudong hop) Xac (S6 truong hop)

1 77.54 %(535) 22.46 %(155)

2 75.94 9%(524) 24.06 %(166)

3 76.52 %(528) 23.48 %(162)

4 76.96 %0(531) 23.04 %(159)

5 76.66 %(529) 23.34 %(161)

6 75.07 %(518) 24.93 %(172)
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7 76.48 %(515) 23.32 %(162)
8 76.08 %(525) 23.92 %(165)
9 76.38 %(527) 23.62 %(163)
10 76.24 %(526) 23.76 %(164)

Tir Bang 21 ta c6 thé thay duoc véi lan chay thi 1 cho ty I¢ khong chinh xac
thip nhat va lan chay thir 4 thi ty 1& du doan chinh xéc 1a tot nhat voi 690 trudng
hop.

Véi lan chay dau tién: Trong do ty & dy doan chinh xac Duong tinh véi bénh

la 147 mau, &m tinh 1 388 mau. C6 ty Ié chinh xac dat 77,54% dbi vai bo dit liéu.
Ty lé du doan khdng chinh xéc 1a 155 mau voi ty 1 22,46%

Véi lan chay thir 4: Trong d6 ty Ié dy doan chinh xac Duong tinh véi bénh 13

144 mau, am tinh 12 387 mau. C0 ty Ié chinh xé&c dat 76,96% ddi véi bo dit lidu.

Ty lé du doan khong chinh xéc 1a 159 mau voi ty 1é 23,04%

Bang 22: Két qua thuat toan phan 16p Naive Bayes

S6 truong hop ty 1€ %
Truong hgp phan 16p chinh xac 531 76.96 %
Truong hgp phéan 16p khong chinh xéac 159 23.04 %

Céc két qua khac cua thuat toan phan 16p Naive Bayes:
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Bang 23: Két qua khac cua thuat toan phan 16p Naive Bayes

Ma tran hon loan:

Kappa statistic 0.4749
Mean absolute error 0.276
Root mean squared error 0.4144
Relative absolute error 61.04 %
Root relative squared error | 87.17 %
Total Number of Instances | 690

Bing 24: Ma tran hon loai thuat todn phan 16p Naive Bayes

A — Dwong tinh B - Am tinh
A - Duong tinh 144 94
B — Am tinh 65 387

3.3.3.2. Phaén loai dau ra dya trén tdp hudn luyén (90:10)

O Bang 25 1a két qua khi chay huan luyén trén tap test 10% trén bo dit liu

training da chia sau khi tién x Iy dit liéu.
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Bang 25: Két qua sau khi chay kiém thir phan 16p n 1an véi thuat toan Naive Bayes (90:10)

K=10 Trwong hgp phan 16p chinh | Trueong hop phan 16p khong chinh
(n 14n) X4c (S6 truong hop) X4c (S6 truwong hop)

1 67.53 %(52) 32.47 %(25)

2 80.77 %(63) 19.23 %(15)

3 75.64 %(59) 24.36 %(19)

4 71.79 %(56) 28.21 %(22)

5 73.08 %(57) 26.92 %(21)

6 76.92 %(60) 23.08 %(18)

7 80.77 %(63) 19.23 %(15)

8 82.05 %(64) 17.95 %(14)

9 74.36 %(58) 25.64 %(20)

10 75.64 %(59) 24.36 %(19)

T Bang 25 ta c6 thé thay dugc véi lan chay thir 8 thi ty I¢ du doan chinh

xac 12 tot nhat véi 78 trudong hop.

Véi lan chay thir 8: Trong d6 ty Ié dy doan chinh xac Duong tinh véi bénh 14

45 mau, am tinh 12 19 miu. Co6 ty 18 chinh xé4c dat 82,05% d6i véi bo dit liéu.

Ty 1& dy doan khong chinh xac 1a 14 mau véi ty & 17,95%.

Két qua co hiéu suét tot nhit trong cac lan chay trén tap di liéu:
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Bang 26: Két qua thuat toan phan 16p Naive Bayes (90:10)

S6 truwomg hop ty 1€
Truong hgp phan 16p chinh xac 64 82.05 %
Truong hop phan 16p khong chinh xéc 14 17.95%

Céc két qua khac cua thuat toan phan 16p Naive Bayes :

Bang 27: Két qua khac cua thuét toan phan 16p Naive Bayes (90:10)

Kappa statistic 0.5965

Mean absolute error 0.229

Root mean squared error 0.3423

Total Number of Instances 78

Ma tran hon loan:

Bing 28: Ma tran hon loai thuat todn phan 16p Naive Bayes (90:10)

A — Duong tinh B - Am tinh
A - Dwong tinh 19(1) 8(2)
B — Am tinh 6(3) 45(4)

3.4. Panh gia hiéu suat cac thuit toan dwoc dp dung
Tir céc két qua & muc 3.3 ta thdy duoc ty 1¢ du doan tot nhat dé ap dung vao
cho bai toan hé hd trg chan doan bénh Péi thao duong thi thuat toan J48 cho ra két

qua véi hiéu suat tot nhat véi do chinh xac cao nhat va ty 1é 16i thap nhét.
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Biéu dd so sanh hiéu suét cac thuat toan

Naive Bayes J48(90 10) SVM (90 10) Naive Bayes
(90:10)

100
90
8
7
6
5
4
3
2

=
O O O O O O O o o

® D6 chinh xac (%) ® Ty 1¢ 13 (%)

Xay dung cdy quyét dinh dia trén thuat toan J48 tir bo dit liéu:
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Cac luat sinh ra:

plas <= 123

mass <= 26.4: tested_negative (109.0/2.0)

mass > 26.4

preg <=6

age <= 29: tested_negative (160.0/20.0)
age > 29

| plas <= 114: tested_negative (52.0/13.0)

| plas> 114

| | plas <= 116: tested_positive (5.0)

| | plas>116

| || preg<=2

| | | | pedi<=0.808: tested_positive (6.0)
| | | | pedi>0.808: tested_negative (2.0)
| 1| preg>2

| | | | pres<=65:tested_positive (3.0)
| | | | pres>65:tested_negative (8.0)

preg > 6

plas <= 89: tested_negative (10.0)

plas > 89

| pedi<=0.613

| | age <= 39: tested_positive (9.0/1.0)
| | age > 39: tested negative (21.0/5.0)
| pedi> 0.613: tested_positive (14.0)

plas > 123
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| plas <= 165

| | age <=24

| | | insu<=196

| | | | mass<=28.8: tested_negative (17.0/1.0)
| | | | mass>28.8

| | | | | insu<=64

| | | ]| | plas<=129: tested_negative (3.0)

| | | ] ]| plas>129

| 111 1| pedi<=0.487

| 11|11 || skin<=33:tested_negative (3.0)
| 1 || ]| ]| skin>33:tested positive (3.0/1.0)
| 11| || | pedi>0.487:tested positive (4.0)
| | | | | insu> 64: tested_positive (3.0)

| | | insu>196: tested_negative (12.0)

| | age>24

| | | mass <= 30: tested negative (51.0/19.0)

| | | mass> 30: tested_positive (118.0/38.0)

| plas > 165: tested positive (77.0/9.0)

S6 luong la: 22

Kich thudc cua cay: 43

Két luan chwong 3

Sau khi 4p dung cac thuat toan khai phé dit liéu thi két qua cho thay thuat
toan J48 cho két qua kha quan nhat, c6 ty 1& chinh x&c cao nhat trong 3 thuat toan,
va ty 1¢ 16i ciing it nhat. Trong khi d6 thuat toan Naive Bayes cho két qua co ty Ié
du doan chinh xac thap nhat so véi cac thuat toan con lai.
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Két luan

Luén van da thuc hién dwgc cac cdng viéc nhu tim hiéu vé bénh Daéi théo
duong, hudng diéu tri bénh Dai thao dudng theo tiéu chuan caa Bo Y té. Hoc vién
da tim hiéu vé hoc may, dic biét cac thuat toan hoc co giam sat, 4p dung mot sd
thuat toan hoc may (Decision tree, C4.5, SVM, Naive Bayes) vao bai toan hé trg
chan doan bénh Pai thio dudng. Thuce nghiém mot sé thuat toan va danh gia dua

trén két qua caa cac thuat toan.

Trong twong lai, hé hd tro chan doan dai thao duong s& c6 thém giao dién dé
giao tiép va&i nguoi sir dung va dua ra mot mo hinh ¢ do chinh xac tét hon dé chan
doan bénh dai thdo duong. C6 thé tap trung vao viéc thu thap thong tin tir bénh &n
ctiia bénh nhan dugc theo ddi qua qué trinh diéu tri dé dua ra chan doan bénh mot
cach chinh xac nhat. Dé tai nay c6 thé duoc mo rong va cai thién hon dé tu dong

hoa phan tich bénh dai thao dudng mot cach chinh xac nhat.
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DU KIEN KE HOACH THUC HIEN

K& hoach thuc hién luan van thé hién trong ban sau:

Noi dung Dy kién thoi
TT gian thyuc hién
Nghién ctu, chon dé tai, xdy dung dé Tu 07/05/2019 —
cuong luan van 06/06/2019
Nop dé cuong luan vin 07/06/2019
Bao vé dé cuong, sta chita hoan thi¢n, nop Tu 11/06/2019 —
dé cuong sau bao vé 28/06/2019
Nghién ciru, viét, hoan thién luan vin Tu 28/06/2019 —
18/11/2019
Nop quyén luan vin va ho so bao vé luin To 19/11/2019 —
van 30/11/2019
Y KIEN CUA NGUOI LAP BE CUONG

NGUOI HUONG DAN KHOA HOC

(Ky ghi ro ho tén) (Ky ghi ro ho tén)

TS. Bé Thi Bich Ngoc Hoang Vin Thing

DUYET CUA TRUONG TIEU BAN PANH GIA BE CUONG
(Ky ghi ro ho tén)




