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PHIEU GIAO NHIEM VU PO AN TOT NGHIEP

1. Thong tin veé sinh vién
Ho va tén sinh vién: Dang Dtc Tung.
Dién thoai lién lac: 0989293703 Email: dangductungcfc@gmail.com
Lép: CNTT-TT 2.02 - K59 Heé dao tao: Dai hoc chinh quy.
D6 an tot nghiep duge thie hién tai: Truong dai hoc Bach Khoa Ha Noi.
Thoi gian lam DATN: T ngay 11/02/2019 dén 20/05/2019.

2. Muc dich noi dung ciia DATN
Nghién cttu tng dung, cai dat thit nghiém va danh gia hiéu qua cadc mo hinh hoc
méy, phuong phap Sagel vao bai toan chudan héa dia chi tiéng Viet.

3. Cac nhiém vu cu thé cia DATN

e Thit nghiém, ddnh gia moé hinh CRF/LSTM
e Thit nghiém, danh gia phuong phap Sagel
e Cai thién cdc mo hinh, phuong phéap véi dia chi tiéng Viét
4. Loi cam doan ctia sinh vién:
To6i - Dang Dite Tang - cam két DATN 1a cong trinh nghién citu ctia ban than
toi dudi sit huéng dan cta T'S. Tran Viét Trung. Cac két qua néu trong DATN la

trung thuyc, khong phai 1a sao chép toan vin ctia bat ky cong trinh ndo khéc.

Ha Noti, ngay  thang nam 2019
Tac gia DATN

Dang Diic Tung

5. Xac nhan clia gido vién huéng dan vé miic do hoan thanh ctia DATN va cho phép
bao vé:

Ha Noiw, ngay  thang nam 2019

Giao viéen huéng dan

TS. Tran Viéet Trung
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LOI CAM ON

Trude khi trinh bay noi dung chinh ctia do an, em xin gii t6i thay, co clia truong
Dai hoc Bach khoa Ha Noi 16i chao tran trong, 16i chic stic khde va 161 cdm on sau
séc. V6i sut quan tam, day dd, chi bao tan tinh chu déo ctia thay co, em cé thé tiép thu
nhiing kién thiic quan trong, dé em cé thé hoan thanh do an tot nghiép va nhitng cong
viéc ciia em sau nay.

Em xin gii 10i cAm on chan thanh nhat t6i gidng vien — TS. Tran Viet Trung da
huéng dan va gitip dé em rat nhicéu khong chi trong qué trinh thyc hién do an ma con
¢ mot s6 mon hoc trong khoang thoi gian ngodi trén giang duong. Cam on thay da giap
dé em.

Nhan dip nay em ciing xin dugc gii 161 cdm on chan thanh t6i gia dinh, ban be da
luon bén em, cb vii, dong vien, gitp dé em trong sudt qua trinh hoc tap va thuc hien
do an tot nghiép. Em xin gii 10i cAm on dén anh Nguyén Ditc Quang, trong khoang
thoi gian anh lam leader ctia team Platform - thuoc phong Big data, cong ty c¢6 phan
VCCorp, anh da gitip dd em rat nhiéu, luon tra 16i nhitng cau héi clia em, gitp em c6

thém nhiéu kinh nghiém thyc té trong thoi gian em lam viéc tai cong ty.

Ha Noi, ngay 08 thang 04 nam 2019
Sinh vién

Dbang Dtdc Tung
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LOI MG DAU

Bai toan chuan hoéa dia chi, hay con dugc biét dén pho bién trén thé gisi véi cai tén
Address Parser hoac Address Normalization, duge cac cac cong ty 16n, cac nha phéat
trién trén thé giéi quan tam va nghién ctu. Dién hinh nhu Google, trong qua trinh
phat trién Google Maps, ho ciing da giai quyét bai toan nay, tuy nhién phuong phap
thi khong duge cong bo.

Bai toan chuan hoa dia chi dua viho mot chudi vin ban, c6 thé chita dia chi, tit d6
boc tach ra dude cac don vi nhé hon cau thanh dia chi nhu toa nha, duong, thanh phd
... hodc c6 thé mot s6 don vi khéc khi véi dia chi ctia nude ngoad.

Bai toan chuan héa dia chi c6 rat nhiéu cach tiép can, don gian nhat c6 thé sit dung
luat, két hgp vi tri tién t6 trong chudi vin ban tit d6 xac dinh ra cdc nhan tit can tim.
Gan day, v6i su biing nd ctia hoc may, hoc sau, bai toan chuan héa dia chi c6 thé duge
coi la mot bai todn gan nhan chubi (sequence labeling) ma qua dé, viéc xéc dinh cac
don vi ¢6 thé dua trén mot thuat toan hoc may, hoc sau va mot tap dit lieu huén luyén.

Vai nam gan day, cdc nha phat trién & An Do da cong b6 mot bai bao vé bai toan
chuan héa dia chi, trong d6 ho chi ra céc nhuge diém ctia phuong phéap st dung tri tue
nhan tao va dé xuat mot phuong phap c6 tén goi la SAGEL, mot phuong phap theo
két qua danh gia tir bai bao thi kha an tuong véi tap dia chi cia An Do.

Trong pham vi ctia do an, toi da cd gang dé thit nghiem mot vai phuong phap da
duge dé cap nhu st dung hoc may va SAGEL véi tap dia chi tiéng Viet von khac rat
nhiéu so véi dia chi An Do vé don vi hanh chinh. Ngoai ra, t6i c¢6 thit nghiem mot
phuong phéap két hop hoc may va SAGEL dé c6 thé khac phuc cac nhuge diém ctia céc
phuong phap trén véi tiéng Viet.
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Chuong 1
Gi6i thieu de tai

1.1. Dat van dé

V6i su phat trién gan day ctia thuong mai dién t, ban hang truc tuyén tai Viet
Nam, viéc thuc hién cac don hang, giao hang nhanh dang trd thanh mot yéu t6 quan
trong ma khéach hang ding dé danh gia doanh nghiép hay ctta hang ban 1&, shop truc
tuyén. Tuy nhien, dé dam bao duge diéu nay, ho so don hang can duge xit Iy mot cach
nhanh chéng dé c6 thé cung cap cho bén van chuyén. Mot trong nhitng thach thic 16n
nhat chinh 13 viéc xac dinh chinh xac dia chi tit dit lieu nhap ctia nguoi ding. Dac biét
tréen moi truong mang xa hoi, viec cung cap dia chi khong dong nhat (thuong 1a cac
comment), noi ma ngudi dung thuong nhap tric tiép ca dia chi trong mot van ban dau
vao, thay vi ¢6 mot chuan chung, do vay mdi ca nhan c6 sy doc déo rieng trong viéc
cung cap dia chi cia ho, va hon nita, c6 thé c6 sy sai sét trong qué trinh nhap ciia ngudsi
diing khién viéc xtt 1y dia chi mot cach kho khan hon. Viéc trich xuéat dia chi mot cach
tu dong c6 thé rat gon thai gian xtt Iy don hang di dang ké va tang téc do giao chuyén
san pham t6i khach hang.

Ngoai ra, viéc chuan héa duge dia chi con gitp ich dugce trong nhiéu linh vige khac
trong nén cong ngheé trire tuyén nhu bat dong san, xe 6m, taxi cong ngheé... Trong truong
hop khong thé ding GPS dé dinh vi hoic, dinh vi GPS khong chinh xéc. Do d6 viéc
chuan héa duge dia chi tiéng Viet 1a mot viec lam thiét thuc va c¢é nhiéu tdng dung

trong thoi ky cong nghé tryc tuyén phét trién manh.

1.2. Muc tiéu va pham vi cta dé tai

1.2.1. Giéi thiéu bai toan
e Cho mot van ban tiéng Viét, boc tach dia chi va chuan héa dé thu duge cac thong

tin tir dia chi Ay sao cho cac thong tin chi tiét dén mitc t6i da va dang nhat véi

dia chi trong vin ban dau vao.

e Thong tin thu dugc phai 1d mot dia chi ¢6 thé xac dinh vi tri, ton tai trén ban do.
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1.2.2. Pham vi

e Trong pham vi clia bai toan, chi c6 thé chuan héa dugce tiéng Viet va t6i da 1 dia

chi cho m&i van ban dau vao.

e Do gi6i han vé dit lieu dia chi tiéng Viet, nén bai toan chi c6 thé dit ra dit lieu
ding dén mic duong v6i quan thuocthanh pho trige thuoe trung wong, ¢ mitc xa
v6i tinh tryc thude trung wong, hoac xa véi huyeén thuoc thanh phé trie thuoc
trung uong.

1.3. Huéng gidi quyét

Trong do an nay, toi c6 cai dat thit nghiém cac phuong phéap sit dung tri tué nhan
tao (hoc méy, hoc sau) va SAGEL dua theo bai bao ctia cdc nha phat trién An Do
nhung st dung trén tap dit lieu tiéng Viet.

e V6i phuong phap tri tué nhan tao, toi coi bai toan la bai toan gan nhan chudi
trong linh vyce xit Iy ngon ngtt tu nhién (NLP). Toi xay dung mot tap da liéu
gan nhan cac don vi trong dia chi tiéng Viét, sau do toi st dung CRF/ mang
LSTM-CRF dé hoc tham sé dong thoi, sau d6 so sanh do chinh xac, thoi gian
huan luyén, thoi gian dy doan... clia titng phuong phap nay.

e VGi phuong phap SAGEL, toi cai dat lai thuat toan tit y tudng trong bai béo
SAGEL: Smart Address Geocoding Engine for Supply-Chain Logistics, sau d6 danh
gia do chinh xac dya trén dit lieu tit Google v6i mot tap thit nghiém.

e Ngoai ra trong qua trinh cai dat giai thuat cia phuong phap SAGEL, t6i ¢6 nhan
ra mot s6 nhuge diém ctia phuong phap nay cho tiéng Viet, nén toi dé xuat mot
phuong phap két hop st dung hoc may va SAGEL, toi goi phuong phap nay la
SAGEL with Top K Results.

Chi tiét cac phuong phap sé dugce trinh bay & cac chuong sau.

1.4. Cac nghién ciu trén thé gisi

Mot vai nghién ctu tit cac cong ty 16n, hodc cdc phan mém ma nguon ma:

1.4.1. Google API

Day 1a mot trong nhing bo chuan hoéa dia chi chinh xéc nhat trén thé gisi hien nay.
V6i mot doi ngit nha phét trién hiing hau, tiém nang tai chinh, ciing nhu lugng dit licu
khong 16, viec do chinh xac cac thuat toan ctia Google 14 khong phai ban cai, nhung
gan day, Google bat dau tinh phi cho cac dich viu API ctia minh, tit d6 khién viec thit

nghiém cla t6i v6i bai toan ciing tré nén kha kho khan.
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Ngoai ra Google khong cong bo ho st dung cong nghé, thuat toan hoac phuong phap
nao trong bo chuan hoa dia chi ctia minh, tit d6, khién cac cong ty mudn st dung bo
chuan héa hoac phai sit dung ctia Google API c6 tinh phi, hoic xay dung mot bo chuan
héa ctia riéng minh.

Dudi day 1a mot vi du vé bo chuan hoéa dia chi ctia Google API (vi du duge lay trén
trang chii cud Google Maps Platform):

Vi du v6i chudi dia chi in dam duéi day :
1600 Amphitheatre Parkway, Mountain View, CA 94043, USA

Sinh vién thuc hién: Dang Dic Tang - 20145079 - Khéa K59 - Lép CNTT-TT 2.02 9



"address components" : |

{

"long name" : "1600",
"short name" : "1600",
"types" : ["street number"]
’
{
"long name" : "Amphitheatre Pkwy",
"short name" : "Amphitheatre Pkwy",
"types" : ["route"]
Iz
{
"long name" : "Mountain View",
"short mname" : "Mountain View",
"types" : ["locality", "political"]
¥
{
"long name" : "Santa Clara County",
"short name" : "Santa Clara County",
"types" : ["administrative area level 2"  "political"]
¥
{
"long name" : "California",
"short name" : "CA",
"types" : ["administrative area level 1", "political"]
¥
{
"long _name" : "United States",
"short name" : "US",
"types" : ["country", "political"]
¥
{
"long name" : "94043",
"short name" : "94043",
"types" : ["postal code"]

]

Dia chi dugc chuan héa mot cach rat chi tiét, co thé cho thay Google da rat quan tam

phét trién hé théng chuan héa dia chi ctia minh.
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1.4.2. Thu vién ma nguon mé libpostal

Day 13 mot thu vien ma nguon md clia tac gid c¢6 tai khoan github 1a openvenues,
tac gid nay c6 mo ta rang, ho st dung machine learning hay chinh xac hon la CRF
(truong dicu kién ngau nhién) trén tap di lieu huan luyén hon 1 ti dia chi trén thé gidi,
va st dung dit lieu dia chi tit OpenStreetMap va OpenAddresses la nguon dit lieu
dia chi c¢6 cau tric.

Trén trang github ctia thu vien nay : https://github.com/openvenues/libpostal c6 dé
cap rang thu vien c6 thé chuan héa duge dia chi ctia Tiéng Viet. Tuy nhién do chinh
xac khong duge cao:

Vi du véi chudi dia chi : Dudng Pai C6 Viét, quan Hai Ba Trung, Ha Noi

Khi sit dung ham parse address trong package postal.parser si dung ngon

ngit Python tra ra két qua :
e road: 'duong dai co viét quan hai ba trung’
e city: 'ha ndoi’

Nhung v6i dia chi 1a tiéng Anh : The Book Club 100-106 Leonard St Shoreditch
London EC2A 4RH, United Kingdom

e house: 'the book club’

e house number: '100-106’
e road: leonard st’

e suburb: ’shoreditch’

e city: ’london’

e postcode: 'EC2A 4RH’

e country: 'united kingdom’

Vi dia chi tiéng Anh dudc st dung & rat nhieu nudc trén thé giéi, nén coé thé nhan
thay dit lieu dia chi cho tiéng Anh ciing rat pho bién, do d6 thu vien libpostal cho két

qué kha chinh xac.

1.5. B0 cuc do an

D6 an dudc trinh bay theo bd cuc sau:

e Chuong 1 - M dau: gisi thieu dé tai, dat van dé, muc tiéu pham vi dé tai, dinh

huéng giai phap va c6 dua ra mot s6 san pham hoiic nghién ctu trén thé gisi.
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e Chuong 2 - Dit liéu dia chi Viét Nam: diic diém phan cap hanh chinh, dac

diém dia chi Viet Nam, cac dit lieu dia chi st dung trong do an.

e Chuong 3 - Co sé ly thuyét: co s 1y thuyét vé cac phuong phap, cong nghé

st dung trong do an.

e Chuong 4 - Phuwong phap giai quyét: trinh bay vé viec 4p dung céc phuong

phap véi bai toan chuan héa hoa dia chi.

e Chuong 5 - Danh gia va cai dat thit nghiém: trinh bay vé dit lieu thit nghieém,
cac kich ban thit nghiém, danh gia do chinh xac ctia cac phuong phap theo cac
kich ban nay.

e Chuong 6 - Két luan va huéng phat trién: Nhan xét tong quan ve dé tai,
nhitng khoé khan, thiéu sét trong dé tai ciing nhu phuong huéng phat trién trong
tuong lai.
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Chuong 2
Dt liéu dia chi Viét Nam

Dia chi 1a tap hgp céc thong tin, thuong c6 hinh thic biéu dién ¢6 dinh, nhim miéu
ta vi tri cia mot toa nha, mot can ho, hay mot cau tric hoac mot dién tich dat nao do.
Dia chi thuong sit dung duong bién gidi chinh tri va tén phé dé mieu ta, ciing véi céc
thong tin nhan dang khac nhu s6 nha hodc s6 can ho. Mot s6 dia chi con chita mot s6
loai ma dé gitp cac cd quan phu trach van chuyén va thu tit dé& tim kiém nhu méa ZIP

va ma buu chinh. Dia chi thong thuong dura trén cdc phan cap hanh chinh ctia quoc gia.

2.1. Phan cap hanh chinh Viét Nam

Phan cap hanh chinh Viét Nam 1 sy phan chia cac don vi hanh chinh ciia Viet Nam
thanh ting tang, cap theo chiéu doc. Theo d6 cap hanh chinh & trén (cap trén) sé c6
quyén quyét dinh cao hon, bat buoc déi véi cap hanh chinh ¢ dudi (hay cap duéi).

Phan cap hanh chinh Viét Nam theo Diéu 110 Hién phéap 2013 va Diéu 2 Luat To
chiic chinh quyén dia phuong gom 3 cap hanh chinh la:

e Cép Tinh, gom: Tinh/ Thanh phé tryc thuoc trung wong

e Cip Huyén, gom: Quan/ Huyén/ Thi xa/ Thanh phd thudc tinh/ Thanh phd
thuoc thanh phé tryc thudc trung wong

e Cép X&, gom: Xa/ Phuong/ Thi tran
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Viét Nam

T

Thanh phé tryc thudc trung uong Tinh

Thanh phé thuoc TPTTTW Quan Thi xa Huyén Thanh phé truc thudc Tinh

N T

Phuong Xa Thi tran

Hinh 1. Phan cap hanh chinh Viét Nam

Ngoai ra con ¢6 Don vi hanh chinh - kinh té diic biet do Qudc hoi thanh lap (con
duge goi la ddc khu) 1a don vi hanh chinh thugc tinh, do Qubc hoi quyét dinh thanh
1ap, c6 co ché, chinh sach dic biét vé phat trién kinh té - xa hoi, ¢6 to chitc chinh quyén
dia phuong va co quan khac ctia Nha nuée tinh gon, bao dam hoat dong hiéu lic, hieéu
qua.

O dusi céc don vi hanh chinh trong hinh 1 13 cap co s khong phap nhan, phuc vu
cho quan 1y dan cu nhung khong dudgc xem la cap hanh chinh, va nhitng ngusi tham
gia quan 1y hoat dong & cap nay chi hudng phu cap cong tic ma khong dudce coi 1a cong
chiic.

e Dudi xa c6 lang/ thon/ ban/ buon/ séc/ap.., khi lugng dan cu dong thi thon lang

dudi xa c6 thé chia ra cac xom.

e Dudi phuong/thi tran c6 khu dan cu/khu phd/khu vigc/khém/ap, khi lugng dan
cut dong, khu dan cu & phuong/thi tran thi chia ra to dan phd, dudi to dan phd

con chia ra cum dan cu.

2.2. Dia chi Viét Nam

Dia chi ¢ Viét Nam thuong theo dia hat hanh chinh. Viéc st dung ma buu chinh
hay ma ZIP khong that sy pho bién. Dinh dang clia dia chi ¢ Viét Nam cach méi gom

céc phan:

Phan s6 nha va tén dudng

Phan s6 nha va tén dudng duge ghi theo quy dinh ¢ Quyét dinh s6 05/2006/QD-BXD
ngay 08 thang 03 nam 2006. Dinh dang phd bién nhat nhu sau:

e Chi gom s6 nha va tén duong, vi du: 123 duong Lé Loi. Day la dinh dang co ban

va pho bién nhat.
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e S6 nha c6 thé them cac ky tu & cudi: 123A duong Lé Loi, hoac 123B duong Lé
Loi. Truong hgp nay 1a do khu dat trude kia 1a s6 123, nhung sau d6 mdéi duge

tach lam 2 can nha c¢6 2 dia chi khac nhau.

e Néu nha trong hém thi ¢6 them dau gach chéo: 123/3 duong Lé Loi. Trong do,

123 1a dia chi ctia con hém, con 3 1a s6 nha trong con hém dé.

e Trong hém cling c¢6 quy tic dat tén giéng s6 nha va c¢é thé c6 hém con, vi du:
123/3E dusng Lé Loi, hoac 123/3/5B duong Leé Lgi.

Mot cach khac 14 6 cac khu goi 1a cu xa. Trong cu x4 sé c6 duong va sd6 nha kem

theo, quy tac dat ten sé la:
e Bao gom ca s6 nha, duong va tén cu x4, vi du: 123 duong s6 4 cu x4 Binh Thdi.

Phan tén thon/ap

Truong hgp khong c¢6 s6 nha va duong, phan dau bao gom tén thon/ap, mot sé noi
con kém theo tén doi. Vi du: Dai 2 thon Phia Loi, hodc ap Thai Hoa.

Nhu vay, mot thon/ap sé c6 nhiéu nha c6 cung dia chi. Nhung diéu nay van khong
phéi tré ngai 16n khi gii thu, vi ngudi dan & cac thon/ap nay déu da phan 1a biét nhau,
nén chi can héi tén ngudi 1a xac dinh duge.

Hién van chua c6 cach dat dia chi nao chinh xac hon cho trusng hgp nay. Phan
phan cap hanh chinh Viét Nam

Phan nay duge xac dinh theo phan cap hanh chinh Viét Nam gom 3 cap : xa, huyen,
tinh (nhu dé cap 6 muc 2.1)

Téen nudce thuong khong duge bao gom khi giii trong noi bo Viet Nam.

Ngoai ra § cac quan tai Viet Nam, mot duong c6 thé thuoc nhiéu phuong khac nhau
va vi dién tich clia mot duong (tai cac quan) khong 16n, két hop véi s6 duge danh theo
dang chén/1é tai hai bén dudng, c6 thé xac dinh duge vi trf cia dia diém dé dang hon
phuong, von kha rong va khong duge danh sé. Do tinh phan loai khong cao, nén phuong
thong thudng c6 thé khong can dua vao chudi dia chi tiéng Viét.

Vi du vé moét dia chi tiéng Viét: "Dai hoc Bach Khoa Ha Noi, s6 1 Dai Co Viet,
Hai Ba Trung, Ha Noi"

e Dai hoc Bach Khoa Ha Noi : Dia diém, toa nha, khu dat
e S6 1 : 86 ctia duong

Dai Co Viéet : Duong, pho

Hai Ba Trung : Quan

e Ha Noi : Thanh phd
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2.3. Dt liéu dung trong bai toan

Trong bai toan nay, toi stt dung nhiéu loai dit lieu khac nhau, mdi loai duge stt dung
trong mot phuong phap. To6i xin chan thanh cim on TS. Tran Viét Trung da gitp d6
toi trong viéc tim kiém va thu thap bo dit lieu phuc vu trong bai toan. Dit lieu nay duge

chia lam 2 loai.

2.3.1. D liéu huan luyén cho phuong phap st dung tri tué

nhan tao

Trong pham vi cia do 4n 1an nay, toi st dung hai mo hinh cho bai todn gan nhian

tlr loai trén cung mot tap dit liéu, do la :

e CRF : m6t mo6 hinh pho bién cho bai toan sequence labeling néi chung va bai toan
nhan dang thuc thé cé tén (Named Entity Recognition - Nhan dang thuc thé co
ten), wu diém thoi gian huin luyén ngén, khong can s6 lugng 16n dit lieu huan

luyén.

e Mang Bi-LSTM-CRF : la mot mo hinh hoc sau (deep learning) noéi bat hién
nay, toi Iga chon phuong phap nay tit ¥ tudng bai viét trén medium cia Zalo
TechBlog : Nhan dién tén riéng (NER) véi Bidirectional Long Short-Term Memory
va Conditional Random Field.

Vé dit lieu huan luyén, gom 2 dang chinh:

e Dit licu chi chita chudi dia chi can ducc chuan hoéa, theo ciu tric dia chi Viet
Nam, c6 tién t6 chi don vi nhu dudng, quan, huyen,... c¢6 thé duge viét theo mot

thit tu chuan theo quy dinh - di liéu dia chi cé cau triic

Vi du : Duong Dai Co Viet, quan Hai Ba Trung, Ha Noi

e Dt lieu tit mang xa hoi facebook : duge thu thap tir cac trang ban, hang ngoai
chita chudi dia chi, vian ban con chita nhitng tit ngit cadm than, danh tir, dong tir,...
hodc cac truong trong chudi dia chi khong sap xép theo thi tu thong thuong,
khong c6 ngan cach gitta cac don vi nhung van dam béo ring ngusi doc c¢6 thé

hiéu dugc - dit liéu dia chi khéng cé cau triic

Vi du : Ship cho mjnh dén 2 Dai C6 Viét nha !

Trong pham vi ctia do 4n lan nay, toi sé chi ra uu nhuge diém ctia cac phuong phap véi

timg loai dit lieu (c6 cau tric va khong c6 cau tric)
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2.3.2. Dt liéu cho phuong phap Sagel

Trong chuong nay, toi chi tap trung vao giéi thiéu dit lieu t6i st dung cho bai toan
ma khong tap trung vao viéc toi stt dung dit lieu d6 nhu thé nao. Viéc st dung dit lieu
do6 sé dudc toi dé cap trong cac chuong sau.

Dé c6 thé giai quyét bai toan Address Parser, Sagel yéu cau cé 1 bo dit lieu dia chi
chuan va thuat toan ciia ho tap trung vao viéc chuan hoéa theo bo dit lieu chuan nay.

Nhan day toi xin cdm on T.S Tran Viéet Trung da hd tro toi trong viéc thu thap bo
dit lieu dia chi chuan tiéng Viét, ngudn trén website batdongsan.com.vn, gitip toi c¢6 the
cai dat thit nghiém giai thuat theo phuong phap Sagel.

Bo dit lieu dia chi chuan nay, gdm cac phan cip nhu Hinh 1. Phan cip hanh chinh
Viét Nam, tuy nhién c6 bo sung them mitc dusng. Hon nita, tai méi miic phan cap, bo
dit lieu khong chia ra thanh tiing phan cap nhé hon ma coi chung 1a mot.

Gom cac miic nhu sau:

e ward : gom x&, phuong, thi tran

e district : gom quan, huyeén, thi xa, thanh pho tryc thuoc tinh

e city : tinh, thanh phé tryc thudc trung uong

Ngoai ra c6 miic street, khong nam trong phan cap hanh chinh, nhung thuong xuét

hién trong dia chi n6i chung va dia chi tiéng Viét noi rieng.
Cay dia chi toi dung dudc tit bo dit lieu chuan c6 dang nhu sau:

city

district

street ward

Hinh 2. Cay dia chi ti di liu chudan tai batdongsan.com.vn

So véi dit lieu ctia phuong phap Sagel v6i dia chi An Do, ho st dung thém mot s6
truong nhu : building, zip code, lat long, short name, ... Phan 16n cac truong trong dé
déu khong qua phd bién trong dia chi tiéng Viéet, ngoai ra ciing do han ché vé mat dit
lieu nén to6i chi c6 thé chuan hoa dya trén cay dia chi & trén.

Mot dic diém vé cay dia chi 1a Sagel khong dua s6 nha vao trong cay dia chi. Trong
bai bao ho khong dua 1y do, nhung ca nhan toi cho rang cé thé do mtc do phan tach
khong cao, dé gay nhiéu.

Vidu : S6 1 Duong X, thi duong X mang tinh phan loai cao hon véi giai thuat ctia

ho, con s6 1 thi déu xuat hién trén tat ca cac con duong.
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Sau khi chuan héa thi dau ra bai toan ctia toi dua trén t6 hop cac don vi clia cay

dia chi ¢6 thé co 1a :
e street - district - city
e ward - district - city

Mot s6 thong tin di kem trong chudi dia chi thi toi ¢ thé ding luat dé béc tach ra
ngoai cac truong néu trén.

Chi tiét veé gidi thuat toi cai dit thi nghiem sé dugce dé cap 6 chuong 4.
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Chuong 3

Co sé Iy thuyét

0 chuong nay, t6i tap trung vao viéc gidi thiéu cac thuat toan, moé hinh, cac do do

hodc cong nghé ma toi sit dung trong do an va di sau vé mit 1y thuyét.

3.1. Mo hinh CRF

CRF (Conditional Random Fields) - Trudng ngdu nhién c¢6 diéu kien 13 mot mo
hinh dya trén xac suat c6 diéu kién, 1a mot dang ctia mo hinh phan biét (Discriminative
model), thuong dugc sit dung trong cac bai toan dy dodn cau tric, gan nhan dit licu

dang chudi tuan tu (Sequences Tagging).

3.1.1. Discriminative classifier

Cac mo6 hinh hoc may nhin chung thuong duge phan loai thanh 2 dang chinh, dé la
Generative model (Mo hinh sinh) va Discriminative model (Mo hinh phan biét). CRF la
mot loai clia Discriminative model, va do d6, chiing mo hinh héa ranh gidi quyét dinh
gitta cac 16p khac nhau. Generative model, theo mot cach khac, chiing mo hinh héa cach
dit lieu dugc sinh ra va sau khi duge huan luyén, moé hinh c6 thé duge sit dung nhu mot
b6 phan loai.

Mot vi du don gian va phd bién ctia bo phan loai theo xéc suat 1a Naive Bayes - mot
bo phan loai dya trén Maximum Likelihood Estimation (MLE), 14 mot Discriminative
model.

Bo phan loai Naive Bayes dura trén giai thuat Naive Bayes, c6 cong thitc tong quéat:

Py | x) = SR

3.1. Cong thiic Bayes

Du doan ma bo phan loai dua ra, c6 thé duge biéu dién dudi dang xac suat cé dicu
kien, va c6 thé duge phan tach bing gidi thuat Naive Bayes:
Gia sii ta c6 cac diem dit lieu X1, Xa, X3,.., X,. Gia st thém ring ta da biét cac diém

dit lieu nay tuan theo mot phan phdi ndo d6 duge mo ta bdi bo tham sdy. Dia trén gia
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dinh céc diém di lieu 1a doc lap, ta c6 :

N
P(X17X27X37 -y X | y) ~ HP(X” | y)

n=1

3.2. Cong thiic zdp xi theo gid dinh cdc diém dit lieu la doc lap
Thay vao 3.1 ta dugc :

1, P(xa | y) P(y)
P X) ~ ===
(y | ) P(X17X27x37"7xn)

3.3. Cong thiic Bayes theo gid dinh doc lap

Béi vi mau s6 1a hang s6, nén ta c6 the rat gon:

P(y| X)~ [ P(xn | v) P(y)

n=1

3.4. Cong thiic Bayes rit gon theo gid dinh doc lap

Bai todn tré thanh bai todn t6i uu y sao cho xac suat P(y | X) dat cyc dai:

N

§ = argmaz, | [ P(xa | y) P(y)

n=1

3.5. Cong thiic toi wu tham so theo MLE

Trén day 1d mot vi du vé cach bo phan loai Naive Bayes, 1a mot bo phan loai thuoc

Discriminative model, t6i uu céc tham s6 dua trén MLE.

3.1.2. Conditional Random Fields (CRF)

Dé thuan tién cho viéc trinh bay, trong phan nay, t6i sé sit dung ki hiéu w thay cho

vector ¢6 cac thanh phan wy, ws, ...wy, st dung exp(z) thay cho e®.

3.1.2.1. Log-linear models

Gia st ¢6 hai tap X va Y, tap Y la tap htu han. Muc tiéu ctia ching ta la xay
dyng mot mo hinh dé udce lugng xac suit c6 didu kien p(y | z) 1a xac suat ciia mot nhan
y € Y v6i dau vao la z € X. Vi du v6i bai toan gan nhan tit loai, z ¢6 thé 1a mot tir, y
c6 thé la cac nhan N (danh tir), V (dong tit),... Mot feature-vector ¢ : X x Y — R,

mot vector trong s6 w € RY. Log-liner models dugc dinh nghia véi cong thitc nhu sau:

exp(w - p(z.y))
vey exp(w - o(z,y’))

p(y\x;w)zz
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3.6. Cong thic log-linear models

Day 1a xac suat c6 diéu kién ctia y khi biét dau vao x, v6i tham sd w. Tich s6

3.7. Tich trong so va feature-vector

c6 thé nhan gia tri duong hosic am, c6 thé duge coi nhu mot dinh lugng vé mic do hop
Iy ctia nhan y véi dau vao z. V6i mot dau vao z, ta c6 thé tinh toan duge tich sé 3.7
v6i mdi nhan y € Y. Dé ¢6 thé chuyén vé dang phan phdi xac suat mot cach chinh xac,

tich s6 3.7 phéi luon duong. Do d6 ta sé sit dung ham exp():

exp(w - p(z,y))

Gia tri nay luon 16n hon 0. Cudi cling, chuan héa bing céch chia cho tdng ctia tat ca

tich s6 3.7 trén tat ca cac nhan

> exp(w- d(z,y)

y’eY

ta c6 thé dam bdo ring xac suat p(y | z;w) luon nim trong khoang [0; 1] du tich s6 3.7
c6 thé nhan gia tri am hodc duong.

Log-Likelihood Function Trong phan trudc, toi da dé cap dén viéc téi uu tham
s6 cho bo phan loai Naive Bayes bang MLE. Trong phan nay, toi sé trinh bay chi tiét
hon vé cach MLE t6i wu tham so.

Gia st ta c6 mot tap gom n diém dit lieu, {(z;, y;)}",. Log-likehood function dugc
dinh nghia la:

L(w) =Y logp(yi | x5 w)
i=1

3.8. Log-likelihood function

Chiing ta c6 thé hiéu L(w) 1a mot ham ma véi mot gia tri w cho trude, ta cé thé do

duge w mo ta dit licu t6t nhu thé ndo. Vi dy, mot gid tri w tot sé cho gia tri p(y; | z4; w)

cao v6i moi ¢ = 1...n, va do vay ching ta cing c6 mot gia tri L(w) cao.
Maximum-likelihood estimates 13 di tim mot gia tri w dé cuc dai héa xac suat

p(y; | x;;w) hay "khép" nhat véi bo dit lieu huan luyén dua trén tieu chi L(w):

w* = arg max lo i | @i w
w gweRd; gp(yi | i w)

3.9. Cong thitc toi wu tham s6 MLE
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Dé c6 theé giai quyét bai toan MLE, ching ta st dung Gradient Decent va sau khi

tinh toan sé thu duge tham s6 w”’ 1a mot tham s6 t6i wu ctia mo hinh.
Regularized log-likelihood Trong nhiéu tng dung da dugc kiém ching 1a dat

hiéu qud cao, log-likelihood thuong dudgc thém vao mot sé reqularization term, khi dé6
log-likelihood tré thanh :

" A
L(w) = logp(y: | 7 w) — llwl
i=1

Trong d6, [lw|* = Y7, w? va A > 0, viéc giai quyét bai toan van la di tim w sao cho
L(w) dat cuc dai.

f=a ax L
w" = arg max (w)

Tuong tit nhu trong phan log-likelihood, ta van sit dung Gradient Descent dé tim ra
gia tri w* toi wu cho bai toan.

3.1.2.2. CRPFs model

Trong phan nay, toi ciing sé st dung z thay cho mot chudi dau vao z;...x,,, va s
thay cho mot chudi cac trang thai s;...s,,. Tap hgp cac trang théi c6 thé xay ra la S.
Tap hop tat ca cac chudi trang thai co thé co la S™.

Trong CRFs, chung ta sé xay dung lai mot model ctia

P(S18m | X1 T) = p(s | x)
Dau tiéen, CRFs sé dinh nghia mot feature vector

®(z,s) € R?

vector nay sé anh xa toan bo chudi dau vao z véi toan bo chudi trang thai s tuong iing

theo cap thanh mot s feature vector d chiéu .Feature vector nayy dude dinh nghia nhu

sau: .
@(ga §) = Z?(E?]) Sj—15 SJ)
j=1
3.10. Cong thic feature vector
Trong do :

e 1 la toan bd cau dang xét
e i la vi tri dugce gan thé (gid tri tu 1 dén m)

e s; 1 la gia tri trang thai lién trude clia trang thai hien tai(co thé 1a bat ki gia tri

nao trong S)

e s; 1 gid tri trang thai mdi(c6 thé 1a bat ki gid tri nao trong S)
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Gia sit ¢6 1 feature thit k nao doé trong khoang 1 ... d, feature vectore tai k sé la:
§) - Z ¢k(£7j7 Sj—1, Sj)
j=1

3.11. Cong thic feature vector tai mot gid tri k bat ki

T d6, ta co thé tinh duge gia tri @5 bang cach tinh tong clia tat ca cac ¢y trén toan
bé m trang thai khac nhau tit sq...s,,

Sau do6 ching ta sé xay dung log-linear model,

exp(w - ®(z, 5)
> yesm exp(w - B(z, 8')

p(s | zw) =

3.12. Cong thic log-linear model cho CRF's

Day la mot cong thitc can lugng tinh toan rat 1én, do khong gian cac gia tri c6 thé
x4y ra véi s 1a S™, vo cling 16n, va viéc tinh toan tong ¢ dudi mau trong 3.12 ciing bi
lap lai nhiéu lan. Tuy nhién néu dua ra cac gia dinh thich hop, ta c6 thé huan luyén va

tinh todn mo hinh nay mot cach kha hiéu qua.

Decoding v6i CRFs Van dé nay duge phat biéu nhu sau: Cho mot chudi dau vao
T = X1, %2, ...Tm, ching ta phai tim ra dugc mot chudi trang thai thich hgp nhat véi

chudi dau vao theo mo hinh

argmazscsmp(s | z; w)

Bién ddi dua vao 3.10 thu dugc:

m
arg mazrgesmp(s | z; w) —argrrelg E ;1: 27y Si—1,5;)
S

Giai quyét van de decoding chinh 1a di tim mot chudi trang thai sao cho ciyc dai héa:
m

arg max a: 27y Si—1,5;)
sesm

Ma&i khi chuyén trang thai tir s;_; sang s; déu c¢6 mot s6 diém lien két:
w - ?(iaja Sj-1, Sj)
D@ gidi bai toan nay, ta sit dung bién thé ctia giai thuat Viterbi

e Khdi tao : for s € S
ﬂ-[]') S] =w- ?(la ]-7 50, S)

so 1a mot gia tri khéi tao dic biet "initial"
e For j=2.m,s=1...k:

ﬂ-[ja S] = maws’GS[ﬂ-[j - 17 Sl] +M @(&7]7 8,7 S)]
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Cubi cung ta dugc :
m
max E w-o(z,7,8i-1,5;) = maxm[m, s
sl...sm 4 7 - s
]:

3.13. Cong thic decoding trong CRFs

Thuat todn nay chi chay v6i do phitc tap 1a O(mk?) nén viéc decodeing trong CRFs
l1a hoan toan kha thi.

Uéc luong tham s6 trong CRFs Dé udc lugng tham so, gid sit ta c6 mot tap dit

n
1=

7
m?

lieu gom n vi du da duge gan nhan {(z%, ')} ,. M6i z' 1a mot chudi dau vao z%...x
mdi s' 1a mot chudi cac trang théi si...s’ . Viec t6i uu tham s6 duge thiye hign giong

nhu & phan regular log-linear models:

L(w) = Y logp(s' | 2'sw) — T [|wlf”

i=1

Tham s6 w dude wde luong:
w* = arg max En 10gp(5i | xi'w) - _)\QHWHQ
—_ w d — _ = ) = —_

3.14. Cong thic toi wu tham so trong CRFs

Dé tim ra dugc gia tri w*, Gradient Descent van la su lia chon t6i uu, vé chi tiét
clia gidi thuat, toi khong trinh bay chi tiét vi trong chuong nay to6i chi mudn gidi thieu

co ban vé cadc mo hinh v cong nghé ma toi sit dung.

3.2. May tim kiém

O phan nay, toi 6 trinh bay vé cac cong nghé cbt 161 ma phuong phép Sagel st dung.
Vé co béan, gidi thuat ctia Sagel 14 mot gidi thuat Fuzzy Matching, gidi thuat nay can
phai match chudi dia chi dau vao v6i mot chudi dia chi trong hang chuc nghin, tham
chi 14 hang tram nghin chudi dia chi chuan. Vi vay, viec dam bao téc do 1a vo cling can

thiét. May tim kiém 13 mot Iya chon toi uu.

May tim kiém, tén goi tiéng Anh 1a Search Engine, 1a mot hé thong truy van thong
tin, cac két qua tra vé thuong duge biéu dién trong mot danh sach, va duge goi la hits.
Maéy tim kiém duge xay dyng va thiét ké dé gidm thiéu thoi gian can thiét trong qua
trinh truy van. Trong pham vi ctia do an, toi st dung may tim kiém Elasticsearh, 1
mot méy tim kiém phé bién hien nay. O trong section nay, t6i sé tap trung giéi thieu

ve Elasticsearh.
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3.2.1. Chi muc ngudgc

Flasticsearch st dung mot cau tric goi 1a chi muc nguoc hay invered index. Chi muc
nay dudc thiét ké dé cho phép thuc hién cac truy van full-text v6i téc do rat cao. Dudi

day 1a mot vi du vé chi muc ngugc:

1. Toi hoc tai truong Bach Khoa Ha Noi
2. Bach Khoa that dep

C6 2 van ban c6 chita cac tit nhu trén, goi la doc_ 1 va doc_ 2. Chi muc ngugc sé
khong luu trit theo thong thuong la doc - words ma luu trit nguge theo theo dang word
- docs. Day 1a 1i do vi sao n6 duge dat tén la chi muc nguge hay chi muc dao.

Véi vi du trén, két qua sé nhu sau:

term doc 1 doc 2
Toi X
hoc X
tai X
truong X
Bach X X
Khoa X X
Ha X
Noi X
that X
dep X

Bang 1. Vi du vé chi muc nguodc

V6i 1 truy van T06i dén Bach Khoa, may tim kiém chi can tim van ban c6 xuat hién
cac ti Toi, dén, Bach, Khoa. Trong truong hop nay, doc 1 xuat hién 3 tit 764, Bdch,
Khoa, doc_ 2 xuat hién 2 tit Bdch, Khoa. Hai van ban nay déu lien quan dén cau truy

van, tuy nhién doc_ 1 sé duge cho diém s cao hon 1a doc_ 2 do chita nhidu tit hon.

term doc 1 doc 2
Toi X
dén
Béach X X
Khoa X X

Bang 2. Truy van st dung chi muc ngugc

Trén day la mot vi du don gidn ve thiét ké va truy van sit dung chi muc nguge. Hau
hét cac may tim kiém pho bién hién nay déu st dung cdu tric nay cho hé théng cta

minh.
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3.2.2. Elasticsearch

Flasticsearch 13 mot may tim kiém, ma nguoén md, chay trén nén tangApache Lucene.
FElasticsearch c6 thé chay phan tan, ngudi st dung c6 thét tuong tac véi no thong qua
API v6i giao thitic HTTP hodc TCP. Diém manh ctia Elasticsearch 1a dé trién khai va

kha nang md rong rat tot.

3.2.2.1. Kién tric cta Elasticsearch

Cluster Cluster 1a tap hgp mot hay nhiéu node (hay server) cting nam giit toan bo
data, cung cap kha ning lap chi muc va tim kiém lién két gitta cdc node v6i nhau. moi
cluster duge dinh danh bang mot tén duy nhat, vi du tén ctia cum 14 "elasticsearch", moi
node 14 mot phan ciia cum khi duge thiét lap dugce ndi véi cum bang tén "elasticsearch.

Node Node 13 mot server don 18, 14 mot phan ctia cluster, uu trit data, tham gia vao
chttc nang lap chi muc va tim kiém. Ciing nhu cluster, node ciing duge dinh danh, méi
nit duge biét dén v6i mot tén thuong dude dat mac dinh ngdu nhién béi Universally
Unique IDentifier (UUID), viéc dat tén duge tién hanh khi thiét lap, ngudi dung cling
c6 thé tu diit tén node. Ten ctia nat rat quan trong trong viéc xac dinh nut nay thuodc

cum nao trong mot cum elasticsearch.

ElasticSearch Cluster \
Node 1 Node 2
N ~N 4 ~N ~N
Index A Index B Index A Index B

Shard 10 (Replica) Shard 1 (Replica)
Indeax e
(o (o
Shard 2 (Replica) Shard 11 (Replica)
e Index

. SN Iy . SN Iy

Hinh 3. Kién tric FElasticsearch Cluster

Document Document la don vi co ban ctia dit liéu trong Elasticsearch hay noi cach
khéc, dit lieu trong Elasticsearch dugce t6 chite thanh cac document. Document trong
Elasticsearch c6 dang giéng nhu JSON, bao gom cac thuoc tinh va gia tri (gid tri c6 the
la kiéu String, Long, Boolean, Float,..). Ngusi dimg c6 thé cau hinh céc thuoc tinh dé
bt buoc c6 hoisic khong bit budce, c6 thé dinh nghia trude hoic khong can dinh nghia

trude. Vi du mot document trong Elasticsearch:
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"name" : "John Smith",
"age": 42,
"confirmed": true ,
"join date": "2014—-06—-01",
"home": {

"at": 51.5,

"lon": 0.1

}

"accounts": |

{

"type": "facebook",
"id": "johnsmith"
I
{
"type": "twitter",
"id": "johnsmith"

Index Index (chi muc) 1a mot tap hgp cua cdc document ma chita nhing dic diém
tuong tu. Vi dy, chiing ta c¢6 chi muc vé dit lieu khach hang, mot chi muc khac vé danh
muc san pham, va nhitng chi muc khac cho nhitng data khéc. Chi muc ciing duge dinh
danh bing tén, tén nay dugc st dung khi thiie hién cac hoat dong nhu 1ap chi muc, tim
kiém, cap nhat hodc x6a cac document trong do.

Type Type dugc sit dung lam danh muc ciia mot chi muc, cho phép luu trit cac loai
dit lieu khac nhau trong cuing mét chi muc.

Shards & Replicas Mot chi muc trong Elasticsearch c¢6 thé luu trit mot lugng 16n
dit liéu, tham chi 16n hon ca kich ¢ 6 dia cting tai mot node. Dicu nay khién cho node
d6 phan hoi cham vé6i cac truy van khi lugng dit lieu tang. Dé giai quyét van dé nay,
Elasticsearch cung cap kha ning cho phép chia dit liéu trong mot chi muc ra thanh cac
phan manh nhé hon, goi 1a shard. Khi tao méi mot chi muc, ngusi ding cé thé cau hinh
s6 shard ma dit lieu chi muc c¢6 thé duge chia, néu khong Elasticsearch sé dé mot gié
tri mac dinh.

Cac shard c6 thé dudc chia ra nhiéu node khac nhau, qua dé giam tai luong dit lieu
tap trung trén mot node khién node bi qua tai. Ngoai ra, viéc chia shard nhu vay cho
phép dit lieu duge luu trit phan tan.

Trong mot s6 truong hop, node bi down hodc offline, dé dam bao high available cho
hé théng, viec nhan ban dit lieu 1a can thiét. Viéc nhan ban dit lieu trong Elasticsearch
dugce thuc hién bing viéc nhan ban cac shard va ngudi diing c6 thé cau hinh duge sb

lugng nhan ban nay. Viéc nay con gitp md rong kich thuée hodc thong lugng tim kiém,

Sinh vién thuc hién: Dang Dic Tang - 20145079 - Khéa K59 - Lép CNTT-TT 2.02 27



béi cac tim kiém c6 thé duge thuc hién song song trén céc node.

Tém tat lai, dé c6 thé luu trit dit lieu phan tan, Elasticsearch chia dit lieu trong mot
chi muc ra céc shard, cac shard nay duge phan chia ra cac node va c¢6 thé nhan ban céc
shard nay. Tt d6 gitp tang kha ning chiu tai ciing nhu tinh available cho hé thong.

3.2.2.2. Truy van trong Elasticsearch

Elasticsearch hé trg ngudi diing rat nhiéu kiéu truy van, huéng t6i nhitng muc dich
va cong viéc khac nhau. Trong pham vi ctia phan co sd lyj thuyét vé Elasticsearch, toi

chi gi6i thiéu nhiing truy van toi stt dung trong do an.

Truy van DSL

Domain Specific Language (DSL) - Ngon ngit mién chuyén biét 13 mot ngon ngi
may tinh, chuyén diing cho mot linh vige, mién ng dung cu thé. 0 day, Elasticsearch
cung cap truy van DSL va dua trén JSON dé dinh nghia cac truy van. Truy van DSL
trong Elasticsearch thong thudong dugc chia thanh loai chinh :

e Leaf query clauses : La truy van ma tim kiém mot gia tri cu thé trong mot trudng

cu thé, thuong la cac query match, term, range.

e Compound query clauses : La cac truy van c6 thé bao gdm leaf query clauses va
ca compound query clauses khéc, thuyc hién céc truy van phic tap nhu truy van

bool, dis max.
Cac truy van thong dung

e Truy van match : day 1a mot truy van tieu chuan dé thuc hién céc truy van full

text, bao gom fuzzy matching va truy van theo cum tit hodc truy van gan dung.

e Truy van match_phrase : giong nhu truy van match nhung duge st dung dé tim
kiém chinh xac mot cum tit hodic mot cum tit véi cac tit gan ding.

e Truy van bool : La mot truy van cap cao, thuong dung dé két hgp nhiéu truy van
leaf query clauses, cho phép truy van phiic tap stt dung cic diéu kién or, and, not.
Bool query hd tr¢ cac tham s6 :

- must : phai phit hop vé6i tat ca cac diéu kien va dong gop vao diem so,
tuong duong véi and.
- must_not : ngudc lai v6i must, phai khong phit hgp vé6i tat ca cac dicu

kién, tuong duong véi cau lénh not.

- should : phit hop véi mot hodc mot vai trong sb tat ca cac dicu kieén, tuong
duong véi cau lénh or.

- minimum,_ should_match : c6 kiéu dit lieu la s6 nguyen, quy dinh s6 két
qua ma should bat budc phai khép, mac dinh 1a bang 1.
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3.3. Cac do do st dung trong bai toan

3.3.1. Do tuong tu Jascard

Do tuong tu Jascard 1a mot chi s6 théng ké, thudng duge ding dé danh gia mic do
tuong dong hosic da dang clia cac tap mau véi nhau. Do tuong tu Jascard duge tinh
bang cach lay giao ciia hai tap hop chia cho hop ctia hai tap hop:

ANB
nAB) = 555

3.15. Do do Jascard

Trong d6 A, B 13 hai tap httu han. Trong trudng hop cé hai tap déu rong, thi J(A, B) = 0.
Vay nén :

0< J(A,B)<1

3.3.2. Khoang cach Levenshtein
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Chuong 4

Phuong phap giai quyét
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Chuong 5

Danh gia va cai dat thu nghiém
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Chuong 6

Két luan va huéng phat trién
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