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CAC GIAO TAC TRONG THONG TIN DI PONG UNG DUNG

THUAT TOAN DU BAO VI TRI TRONG MANG DI DONG
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TOM TAT
Bai bdo gidi thiéu mdt vai nghién ciu cua cdc tac gia trong moi tr Lrong di
déng phuc vu cong nghé mobil internet. Ung dung coéng nghé Data mmmg daé di
bdo vi tri cdc thué bao di dong, chiing 161 dé xudt mét phwong phdp cai tién tinh
todn sé€ lam giam thoi gian dé tinh todn mé hinh di dong, Cdc nghién ciru nay co
thé ép dung trong gidng day cho sinh vién cdc tr wong dai hoc nganh cong nghé.
Tir khoa: Giao tdc cua thué bao di dong, dir bdo vi tri, mang GSM, khai phd
dir liéu.
ABSTRACT
Transactions of mobile network apply location prediction algorithms
for mobile networks
This paper presents some of the author's resear ch in environmental mobile
internet mobil. Apply Data mining technology to predict the location of mobile
user, we propose an improved method to reduce computational time the cell mod-
el These studies can be applied in teaching students from other university of
technology.
Keywords: Transactions of MOBILE User, location prediction, GSM network,

data mining.

I. Gi6i thiéu tdng quan

Hién nay voéi sy phét trién nhanh chéng cua
cac cong nghé truyén théng khong day (Wue-
less communications) va cic thiét bi di dong dau
cudi hién dai d3 tao nén mot moi trudng trao dbi
dit lidu méi, d6 chinh 12 m6i truong lam viée di
d6ng (Mobile Work Environment).

Moi truong 1am viée di dong khac véi moi
trudng lam viée ¢b dinh & mot sb diic diém sau:

- Sy di chuyén ctia ngudi st dung (Mobility).

- Hay bi ngit két ndi (Disconnection) do mdi
truc‘mg truyén song (bi che chiin hozc séng vd
tuyén khong phi hét,...).

- Tién trinh chuyen giao kénh truyén din
(hand -over) gitra cac té bao trong mang di dong
t6 ong (Cellular) tlen trinh nay s& ngit két nbi
(a6i véi truyén s6 litu) mot khoang thoi gian
ngén (100ms + 200ms).

Mit khac, moi truong di dong la mot moi
truong mai, nguoi ta co thé truy xuét dir lidu
va xtr ly thong tin khi dang di chuyén. Véi moi
tlu:(mg nay, ngudi ta co thé 1am viéc mot cach
uyen chuyén va linh hoat. Tuy nhién, dé 1am viéc
tot trong m01 truorng nay can phai giai quyet cac
vhn d& vé& tranh chip cta cac giao tac di dong

(Mobile Transactions), thoi gian tri hoén dai,
mat két ndi (Disconnect) véi co s¢ dit ligu trung
tam do sy chuyén giao két ndi (hand-over) cta
céc tram thu phat séng di dong,...

Theo Accenture: “Vao ndm 2013 c6 khoéang
3 ty thiét bi di dong truy cap vao internet, bo xa
s6 lugng cac mdy tinh c4 nhén truy cép vao. Hon
400 triéu thué bao dién thoai trén toan thé gi6i
truy cép tir xa thong qua mdi truong di dong (3G,
4G) @8 giai quyét cong viec” [10].

I1. Cac giao tac di dong

Trong moi trudng lam viéc di dong, ching ta
ludn phai dbi phé véi céc vén dé nhu: vi tri ludn
thay ddi cia cac thiét bi di dong, chat luong két
ndi hay thay ddi ctia mang di dong, hay bj ngt
két ndi, giai quyet cac xung dot va céc giao tac
trong méi trudng di dong. Ngudi st dung co thé
truy xuét dit liéu va xt ly thong tin khi dang di
chuyén mot cach uyen chuyén va linh hoat. Tuy
nhién, dé lam viéc tot trong moi truong nay cén
phai giai quyét cac vAn dé vé tranh chip ciia cac
glao tac di dong, thoi gian tri hodn dai, mét két
ndi véi co s& dit liéu trung tdm do sy chuyén
giao két ndi cua cac tram thu phat song di dong

Viéc nang cao chat lugng dich vu trén nén di
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dong & mot yéu ciu khong thé bo qua.

Bai toan dit ra 14 phai giai quyét van dé mat
két ndi v6i CSDL trung tam do su chuyén giao
két ndi cia cac tram thu phat séng di dong BTS).
Sau day 1a mot sb loai giao tac di dong trén thé
gi61 dd nghién ciru [6-12]:

Kiéu giao tac Xiic tién (Pro-motion trans-
action model )

Pic diém: Giao tac nay hd trg 10 muc tach
khéac nhau. Giao tac cho phép “commit” cuc b
tai cac thiét bi di ddng dau cudi (mobile hosts);
két qua “commit” cua cac giao tac cé anh hudng
dén cac giao tac cuc bo khac. Tuy nhién, két qua
“commit” nay chi hgp 1§ khi mobile host (MH)
két ndi tro lai vé6i cac may chu co s dit liéu.

D¢ di dong (mobility): Mac du bo quan ly do
di dong (mobility manager) hd tro viéc truyén
thong gilra mobile host va cdc may chi co s¢ dir
liéu, nhung loai giao tac Pro-motion khong dé
cap dén do di chuyén nhu thé nao.

Ngdt két néi (disconnection): Giao tac Pro-
motion hd trg xtt ly giao tac khi bi ngét két ndi
théng qua céc ddi trong goi 14 “compact”. Khi
mobile host bj ngit két ndi tir co s& dit liéu ¢b
dinh (fixed database), cac giao tic con (sub-
transactions) duoc chia nhé ra va thuc thi 6 mo-
bile host. Viéc xir Iy ngét két néi 1a mot tinh nang
ndi troi cta loai giao tac nay. Do do6, loai giao
tac Pro-motion yéu cdu céc ngudn tai nguyén tai
mobile host cao.

Sw thuc hién phdn tan (distributed execu-
tion): Hau hét cac giao tac déu thyc hién & mo-
bile host va két qua duoc thdng nhét & cac may
chu co sd dit ligu. Vi vay, xir ly giao tic phén tan
khéng dugc hd tro & loai giao tac nay.

Kiéu giao tac hai 16p (Two-tier transaction
model)

Dic diém: Loai giao tac nay dua trén luoc do
sao chép dit liéu. M&i dbi twong dit liéu c6 mot
ban sao chi va nhitng ban sao riéng. C6 hai loai
giao tac la: Base va Tentative. Céc giao tac Base
hoat dng trén ban sao chu; trong khi cac giao
tdc Tentative truy c@p cac ban sao riéng. Mot
mobile host ¢6 thé Ivu trit ban sao chu hodc ban
sao riéng clia cac dbi twong dit lidu. Trong luc
mobile host bi ngat két ndi, cac giao tac tentative
cap nhat ban sao. Khi mobile host két ndi tré lai
véi may chi co so dit liéu, cac giao tac fenta-
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tive dugc chuyén dbi tré lai cac giao tac gbc, cac
giao tadc do dugc thuc hién lai trén ban sao chu.
Néu mot giao tac gde khong hoan thanh qui dinh
chinh xac (dugc chi 16 béi tng dung), giao tac
tentative lién két bi hity bo.

Giao téc hai 16p khong hd trg “mobility”.

Trong lic mobile host ngit két ndi tir data-
base servers, cac giao tac tentative dugc thyc
hién ndi bd dya vao ban sao cua cac dbi tuong
dit lidu.

Cac giao tac dugc thyc hién thtr & mobile
hosts bi ngat két ndi va thyc hién lai cac giao tac
gbc & cac may chu co so dir liéu.

Kiéu giao tic Yéu — Nghiém ngiit (Weak-
Strict transaction model)

Giao tdc Weak-Strict (con goi 1a Clustering)
bao gom 2 loai giao tac: weak (hodc loose) va
strict. Cac giao tac nay duoc thyc hién bén trong
clusters, n6 tap hop cac mobile host dugc két ndi
théng qua mang tdc d6 cao va tin cdy. M&i clus-
fer, dit liéu lién quan duoc sao luu cuc bd. Co6 2
loai ban sao: local consistency (weak) va global
consistency (strict). Ban sao weak dugc dung khi
mobiles hosts bj ngat két ndi hoac két ndi thong
qua mang tdc d chdm hoic khéng tin cdy. Céac
giao tac Weak va Strict truy xudt cac ban sao dit
liéu weak va strict riéng biét.

Khi mobile hosts két ndi tr& lai véi méay cha
co s6 dit lidu, tién trinh ddng bod théng nhét
nhitng thay ddi gitra dit liéu cuc bd voi di liéu
toan cuc.

Cac giao tac Weak dugc phép “commit” bén
trong cluster clia né, va két qua dé c6 anh huong
dén cac giao tac weak noi bd khac. Khi mobile
hosts két ndi tré lai, két qud cla céc giao tac
weak duoc thdng nhét véi két qua cua cac giao
tac strict. Néu két qua cia mot giao tic weak
khong xung dot voi viéc clp nhét cua cic giao
tac strick, cac giao tac weak s& dugc “commit”
toan cuc, néu khéng chung bi huy.

D¢ di dong (mobility): Khai niém “migra-
tion” ciia giao tac duoc dua ra dé hd trg cho
do di dong, va gidm chi phi dwong truyén. Khi
mobile hosts di chuyén va két ndi voi mot tram
hd trg di dong (MSS — mobile support station)
méi, mot phan cia giao tac thuc hién & MSS cii
dwoc chuyén dén tram mai. Tuy nhién, chi tiét
hon nita vé thiét ké va thyc hién thi khong duoc
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cung cap.

Ngit két ndi (disconnection): giao tic weak-
Strick hd tro xir ly giao téc trong lic ngét két ndi
va két ndi vdi séng yéu théng qua cac giao tac
weak.

Mot sb nghién ctru hién nay vé do di dong
clia cc giao tac khi di chuyén qua céc t& bao
di dong: Vi tri cia MH (mobile host) dugc dinh
danh béi ID (identity) ctia té bao di dong (MC-
mobile cell). Trong té bao di dong méi, cac MH
c6 thé két ndi v6i tram hd tro di dong (MSS —
Mobile Support Station) mai. Trong [6], c6 dinh
nghia mgt giao tac goi 1a “anchor transaction”
dugc cai & mang c¢b dinh: & MSS hoic cac may
chti co s& dit liéu. Cac MSS nay 1 cac diém “an-
chor” ctia cac “anchor transaction” Khi MH di
chuyén vao trong cdc MC méi, mot tién trinh
“hand-over” (hodc Hand-off) s& x4y ra, khi do
cic “anchor transaction” s& dugc chuyén tir
diém “anchor” trudc d6 téi diém “anchor” méi.
Hinh duéi day thé hién khi mot MHi di chuyén
tir mot MCn t6i mdt t& bao di dong méi MCm |
tién trinh hand-over s& di chuyén mot TiA tr mot
tram hd trg di ddng MSSn téi MSSm. Giao tac
“anchor” TiA s& giit vét (track) ctia MSS ma né
di chuyén qua, vi du MSSn va MSSm, va do d6
né hd trg “mobility” ctia cac giao tac di dong khi
di qua cac té bao di dong khéc.

Mobile cell MCr Mobile cell MCe
T ——.

MH; Moves \_
Mobile hosts Q- /

Mobile support
Stations or DB
Servers

MSSaDBa

MSS:'DBx

Hinh 1: Nguyén 1y chuyén giao két ndi di dong

Tuy nhién, cac loai giao tac dugc dé cdp o
trén khong giai quyét van dé thoi gian thuc trong
tién trinh chuyén giao (hand-over) giita cac té
bao (cell) trong mang di dong té bao (cellular).

Khi cac Mobile Host (MH) di chuyén tir té
bao nay sang té bao khac tién trinh hand-over
thyc hién dé chuyén MH sang kénh truyén méi.

Vién dé chuyén giao (Hand-over)

Khi ngudi sit dung di chuyén tir té bao nay
sang té bao khac a mang thyc hién viéc diéu
khién chuyén mach.

Thoi gian thuc hién chuyén giao 1a 100ms.
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Tién trinh chuydn giro

i

Hinh 2: So' 6 mang lu6i cic tram BTS

<

BTS: Trom thu phat séng

Huéng nghién ciru dé giai quyét van @& trong
quan ly mang internet di dong:

Khi MH dang di chuyén trong mang tb ong,
hé théng s& tim c4ch du béo trudec MH s& di
chuyén dén té bao nao trong sb 6 t& bao xung
quanh.

Lam cach nao dé du bao trudc MH s& di
chuyén dén té bao nao trong s 6 t& bao xung
quanh,

- Biét dugc khoang cach tir MH dén céc té
bao 1an cén tai timg thoi diém.

- Biét duge mic thu tin hiéu cua MH tai cac
t& bao lan can (BTS lan cén).

Chuén bi di ligu ban sao dén cic BTS do,
khoéng doi dén tién trinh chuyén giao (Hand-
over) hogic bi mat két nbi (Disconnect) do MH
di vao cac ving tbi (ving khong c6 song) gitra

cac té bao.
‘ BEGIN ,

T
i
i

BTS quan ly cac MH dang
két ndi vl co sordir ligu
1 Hinh 3:

|
A
Luwu do

2
dé dw dodn

Thu thap dir fieu cia cdc
MH {Khodng cach, cong

sudt i) ae ay doan
| A
| vi tri
Hé thdng phan tich dir trong

bac MH aén BTS nao

i moi truong
> di dong

Chuén bj ban sao dir ligu
tho BTS mdi

END.

J &

1. BTS quin ly cac MH dang két ndi véi
CSDL

Tét c4 cac BTS trong mang do MSC quan ly
s& kiém soat cac MH dang két ndi véi CSDL xéc
dinh nao do6. Vi du: Co s¢ dit liéu hang khong
dung cho khéach hang d&t mua vé qua mang.



2. Thu thap dit liu cia cac MH

Céc dit lidu ciia cac MH bao gdm: Khoang
céch tr MH dén céc BTS; Céng suét thu duoc
ctia BTS dbi v6i cac MH.

3. H¢ thong phan tich dy bao MH s& dén
cac BTS nao

Sau khi thu thap duoc dit liéu, hé théng sé du
béo trude réng MH s€ duge BTS nao tiép nhin
(vi du bang phuong phap phéan 16p Bayes).

4. Chuén bi ban sao dit liéu cho BTS méi

Sau khi da dy bao trude BTS no s tiép nhan
MH thi & sao dit liéu dén BTS do. Nhu thé, s&
khong bi ngét quang do tién trinh hand-over tao
ra.

I11. Dy bao trwée vi tri Mobil User

Viéc quan ly dudng di ctia mobile users trong
mdi truong tinh todn di dong (Mobile Comput-
ing Environments) bao gdm céc phuong phap
luu trlt va cép nhat thong tin vi tri phuc vu béi
hé théng. Mot van dé quan trong trong linh vyc
nghién ctu quan ly duong di 1a dy béo trudc
duong di cuia mobile users [8], [10].

Du b4o trude duong di c6 thé duge dinh nghia
nhu 1a viée du bao su di chuyén ké tiép ciia mdt
mobile user giita cac té bao (cell) trong mang
GSM. Dy béo trude dudng di cia mobile users
duoc dung dé gia tang hiéu qud cuia mang GSM.
Bang c4ch du béo trude dudng di, hé thdng c6
thé cép phat hiéu qua ngudn tai nguyén tdi cac
cell cén thiét thay vi cAp phat dan trai dén toan
b céc cell trén toan mang. Ngoai ra, bing cach
du béo trude duong di ciia mobile users cic nha
cung cAp dich vu c6 thé tinh toan mot cach tbi wu
khi thiét ké l3p dat va didu chin .

di dong GSM, diéu chinh bing théng cho phu
hop véi thyc té.

Nhiéu tmg dung nhu diéu hanh luu luong
giao thong, cham séc sirc khde cong ddng, sinh
hoc, quan ly khach san va trong quén sy ciing ap
dung tién trinh xur 1y vé phu thudc vi tri (loca-
tion — dependent). Vi viéc du bdo trude vi tri
mot cach hiéu qua, c6 thé tra 11 cac cau hoi lién
quan dén céc vi tri trong twong lai ctia cac users.

3.1. Pinh nghia vin dd

Hién nay mang GSM d4 rét thong dung & Viét
Nam va trén thé gi¢i. Ving phu song cua mang
GSM duoc chia ra nhitng ving nhé hon goi 1a
“cell”. Trong mdi “cell” cia mang GSM c6 mot
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tram thu phat séng goi la BTS (Base Transceiver
Station) ¢6 nhiém vu thu va phét séng vo tuyén
dén cac Mobile Users [11][12]. C4c BTS duoc
két ndi voi nhau thong qua mang truyén din
quang hoic v tuyén. Cac Mobile Users stt dung
cac kénh truyén din vo tuyén dé truyén thong
véi cac BTS.

Su di chuyén cua mdt mobile user tir mot
“cell” hign tai téi mot “cell” khac s& duoc ghi
nhan trong mét co s& dit lidu goi 1a VLR (Visitor
Location Register). Sau d6, dit liéu tir VLR s&
duoc chuyén v& HLR (Home Location Registry)
[13] [14] dat tai tbng dai MSC (Mobile Switch-
ing System). Tir dit liéu nay ching ta c6 thé 1iy
ra lich st di chuyén cta mobile user dé c6 thé
dy bao trudce vi tri cua ho. Ta goi nhitng mau dit
liéu lich str di chuyén nay la UAPs (User Actual
Paths). UAPs 1a mét ngudn thong tin c6 gia tri
béi vi sy di chuyén ctia mobile user bao gbm cac
mau di chuyén ngdu nhién va cac mau di chuyén
thudng xuyén. Trong bai bao [8] da dua ra thuat
toan khai pha cic mau di chuyén ciia mobile us-
ers nham duy béo vi trf di chuyén ké tiép. Trong
bai bdo cua chung t6i dua ra cling dua theo thuét
todn ndy nhung dwoc cai tién hidu qua hon vé
thoi gian chay. Cu thé s& duogc trinh bay & phin
sau.

3.2. Phwong phap thyc hién dy bao vi tri
thué bao di dong

Theo luu d6 & hinh 4, ta thdy ring phwong
phép thuc hién dé du bao trudce vi tri cia mobile
users qua 4 bude sau:

!
@

LAy dir liéu tir "log file” \
cta LR, Hinh 4:
A
Luwu do
thire hién

Khal thac UAPs dé dugc
UMPs ’ z
tinh toan

cac giao tac

T UMPs -» Mobility.

Rulos cia thué bao

di dong

Dir bao trurdre dirdyng di
clia user

Budce 1: Lay dit liéu tir logfile cia HLR. Sy
di chuyén ctia mobile user tir cell hién tai t&i cell
khic s& duogc ghi nhén trong co sé dit lidu goi
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12 HLR. Chiing luu trit thudng tryc thong tin
cua khach hang trong mang di dong. Lich str di
chuyén ciia user mobil (may dién thoai c6 thé
duoc 14y ra tir log file ctia HLR.

Budc 2: Khai thac UAPs dé dugc UMPs

Gia st, dat tén dudng di thuc té ciia mobile
user 1a UAPs (User Actual Paths). UAPs la mot
ngudn thong tin cé gid tri vi nd chira dung cac

mAu di chuyén thuong xuyén va mau di chuyén
nglu nhién. Do d6, st dung UAPs, ta c6 thé
rat ra mau di chuyén thuong xuyén va sit dung
chiing dé dy béo trudc.

Gia st 1'§ng UAPs ¢6 dang: C= {cl,c2,...,
cn}. M&i ck biéu thi s6 ID cia “cell” thit k trong
vung pht séng.

Goi cac méu di chuyén ciia users 1a: UMPs
(User Mobility Patterns). Khai thic UMPs cho ta
rat ra duge céc luat di chuyén (Mobility Rules).

UMPs 1a mot chudi tudn ty cac “cell” lan
cén trong ving phu song. Dé khai thac UMPs tir
UAPs thyc hién nhu sau:

Goi G 1a @ thi c6 huéng twong Gmg véi céc
“cell” trong ving phi séng. M&i “cell” 1a 1 dinh
ctia G nhu hinh 2. Néu ¢6 2 “cell” goi 1a A va
B l4n c4n nhau (c6 chung bién) trong ving pht
song thi ¢6 duong di truc tiép va khong c6 trong
sb tir A dén B va nguoc lai.

Hinh 5: M6 hinh mang té bao va dd thj G
trong mang di djng

Gia st c6 2 UAPs, A={al, a2, ...,an} va
B={b1,b2,....bm}. B la chudi con clia A, néu
tdn tai : 1<il <...<im<n , bk=aik, v&i moi k, va
1<k<m.

Ngoai ra, B 1a mot chudi con cia A, néu tht
c& “cell” trong B ciing ton tai trong A (ching
khong cin lién tiép trong A).

Vi du: trong hinh 5: gid st
A={c3,c4,c0,c1,c6,c5), va B={c4, c5} la chudi
con ¢6 chiéu dai 12 2 cia A. Ngoai ra, UAP B
duoc chira boi UAP A.

Sau day 1a thuat toan UMP Mining trong (8],
[10]:
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UMPMining ()

Vao: Tét cd cée duimg di thire 18 (UAPs) clia users
cotrong D.

Gid tri cila @6 ting hé 161 thibu: Suppmin

D6 thivimg phiiséng: G

Ra: Céc méu di chuyén ciausers (UMPs): L

1. C1 € cacmiucodchiéudailal.

2. k=1

3. L= // khoi tao tap cac miu phé biénla
réng

4. while Cy=@& {

5. foreachUAP ae D {

6. S={s |s =& Cxvaslachudiconciaa}
7 foreachs = S {

8 s.count =s.count + s.suppnc

9 }

10. 1}

11.  //chon cic Gngvién thoa Suppms

12, Li={s I's & Cy, s.count 2 suppami }

13, L=Lwly

14, //Tao cic miu tngvién chidu dai (k+1).

15. Cpe1 € CandidateGeneration(Ly, G). Wc =

Candidate Generation ()
Input: Cdc mdu phd bién chiéudaik, Ly
B6 thivimg phti séng, G
Output: Cdc mau img vién chiéu dai (k + 1), Candidates
1. Candidates=% //Khdi tao tap candidates bingrang
2. foreachL = (I.1, ..., 1), L € Ly { // timcéccell
1an cén clia mdi I trong G
3. N+={v | cd mot canhtrong G nhwlal, > v}
4 foreach v € N+ (I.) {//cho mdi cell 1dn can nay,
5 /i v tao mdt img vién
6. C=(.h .., V)
7. // Thém C’ t6i tap cdc ing vién (candidates set)
8 Candidates € Candidates & C’
9. }
10.
11. return Candidates

UAPID |UAP
{5,6,0,4}
4.5}
{3,4,5,0}
{1,2,3,4,0,5}

(7 Y N
{9,454}

o

Bang 1:

Waoa WEALL L2
Dir ligu tnwr

hlhjwind

Sau khi chay thuét todn ta cé dugc tap cac
mau phd bién nhu sau (gia st suppmin=1.33):

L
pattern | support | pattern | support
{0} 4 {3,0} 1.33
{2} 2 {34} 2
{3} 3 {4,0} 1.5
{4} 3 {4,5} 2.5
{5} 3 {5,0} 1.5
{0,5} 1.5 {3,4,0} | 1.5
{2,0} 1.33 {3,4,5} | 1.5

Bang 2: Cac mAu phd bién thir nghi¢m
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Buréce 3: Tao ludt

Tir UMPs, bay gid ¢6 thé tao ra tap céc luat di chuyén nhu sau:

Gia stt, ta c6 mot UMP C={c1,c2,....ck}, v6i k>1. Tét ca luat di chuyén c6 thé bt ngudn tir mot
mau nhwsau: {c1} -> {c2,...,ck)

{c1,c2} -= {c3,....ck)

{cl,c2,...,ck-1}-> {ck }

Cho mét luat di chuyén R: (c1,¢2,...,ci-1) = (ci,ci+1,...,ck), hé sb confidence dwoc tinh nhu sau:

(€,Cys-- -G ) COUM

CsCyyeraCiy) COUMI

Confidence(R) = % 100

Bing cach st dung UMPs, tét ca cac luét di chuyén dugc tao ra va cac gid tri confidence ciing
phai dugc tinh todn. Cac luét cé dd confidence = confmin s€ dwgc chon.
Biede 4: Dir bao triede vi vl ciia Mobile User

Day la cac bude du bao truée mobile users sé di chuyén dén “cell” nao trong viing phu séng.

Cac ludt di chuyén (Mobility rules)
Rule Confidence
{2}>{0} 66.6
{4} > {0} 50
{3}> {4} 66.6
{5}>{0} 50
{4}>4{5} 83.33
{3.4}>{0} 75
{3}>{4.0} 50
{3.4}> {5} 75
{31>{4.5) 50

Bang 3: Tt ci cac lujt di chuyén

Trong bang 3, tat ca cac luat s& dugc ding dé du bdo trwde cho “user”. Gia st “user” di theo
duong P={2,3,0,4} cho dén bay gi¢r va “user” hién dang & cell 4. Theo luft trén thi c6: {4} {0},
{43 (5}, 3,4} D> {0}, va {3,4} > {5). Véy “user” c6 thé di chuyén dén “cell” 0 hogc “cell”.

5. Ci tién thudt todan

Dinh nghia vé ngit canh khai phd dir lién: Cho tap O 1a tip hivu han khéc rong cac giao
tac (UAP ID) va I 1a tp hivu han khéc rdng c4c cell, R 1a quan hé 2 ngdi gitta O va I sao cho vdi
0e€0 va iel, (0,i) eR < giao tic o c6 chira cell thit i. Ngir canh Khai pha dir licu (KPDL) la b6
ba (O.LR).

Dinh nghia vé tdp phé bién: Cho ngit canh KPDL (O, I, R) va S < I, dd phd bién cua S
duoc dinh nghia 1 ti s6 gitta s6 céc giao tic cb chita S va sd lugng cell trong O. DO phd bién cia

S ky hiéu 1a SP(S) va duge tinh nhw sau: SP(S) = p($)| /| O
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Véil. |14 luc lwvgng cua tdp hop. Cho S < I va minsupp e (0, 1] 14 ngudng phé bién 16

thiéu, S 1a mot tp phd bién theo nguwdmng minsupp néu va chi néu SP(S) = minsupp.
Ky hidu FS(O, I, R, minsupp) 1a tdp hop cac tap pho bién theo ngudng minsupp hay
FS(O, I, R, minsupp) = { S € P(I) | SP(S) > minsupp }
Meénh dé:
Cho Tg FS(O,LR,minsupp), néu TS thi S¢FS(0,LR,minsupp).
V6i FS(O, I, R, minsupp) 14 tp hop cdc tip phd bién theo ngwdng minsupp.
Ttc 1a: thp tng vién T khong pho bién, va TcS thi S ciing khéng phé bién.
Ap dung vao thuit toan tao céc ting vién CandidateGeneration():
Tai dong 3: N+ = {v | ¢6 mot canh trong G nhv 1a Ik > v}
Thém vio: v € L, tiic 1a: canh v trong d6 thi G phai thudc vé tip phd bién L.
N+={v | comot canhtrong Gnhwlalk > vvave L)
K&t qua tinh toan s6 liéu thyc: Chiing tdi trich mot phan nhé di liéu tir logfile cia HLR
v6i 56 tram BTS 14 351 tram, sb UAPs 1a 1.179.034 record. Sau khi chudn héa di liéu s6 dwong

diconlaila31.415record.

Thuét toan Thuét todn
: UMPMining cai tién 1
Cn : ‘
b " Thoi sé  Thoi
luong  gian luong  gian
Cn chay Cn chay Trong d6:
cr 351 33 351 .32 C1: cdc mau tmg vién c6 chidu daila 1.
Cz 1492 176 1488 167 L1: cic mau phd bién c6 chidu daila 1.
- C3 5191 511 3340 341
T B

L ; ! Cn: cic mau tng vién c6 chidu dai n.
‘Téng 7685 783 5258 548 e v e e e
: | | | | Ln: céc mau phd bién cé chiéu dai n.

Bing 5: so sanh két qua thuee hién

Biéu do so sanh Cn va thoi gian:

8000 "
§ 000 80 .
® 2500 |
2 4000 g0 |
4 # 58 luong Cn (TT gbe) 2400
« icd > "
© 2000 w6 lrong Cr(cai tiédn 1) ?:300 ‘ conichann (I;d;gnchav
@200 el ThK gian chay
- ' 8 (caitign1}
100 |
N OO > L% = :
[V VANV ¢ ,{0(\ cn o | |
o 6 Cn
Hinh 6: Biéu 5 so sanl Cn Hinh7: Biéu a8 thoi gion chay cuia 2 thujt toan
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Nhin xét két qud thu dugc:

Téng sb lugng Cn khi chay thuat toan cai
tién 1 gidm di so voi thuat toan [8] 1a:

7685 — 5258 = 2427.

Cu thé s6 Iuong Cn giam nhu sau:

C2=1492-1488=4

C3=5191-3340= 1851

C4=651-79=572.

Déi véi Cl khong gidm 1a do thudt toan chay
lan dau tién (quét tAt ca cac cell).

Téng thoi gian chay thuit toan cai tién 1
giam di so vé6i thuét toan [8] 1a:

783 gidy — 548 gidy = 235 giay.

Cu thé thoi gian giam nhu sau:

Thoi gian chay C2 giam: 176 gidy — 167 giay
=9 gidy

Thoi gian chay C3 giam: 511 gidy — 341 giay
=170 giay

Thoi gian chay C4 giam: 63 gidy — 8 gidy =
55 gidy.

NGHIEN CUU KHOA HO_C_-:

Két luan

Ngay nay, xu huong lam viéc trong méi
trueong di dong ngay cang phd bién, viéc nang
cao chét luong dich vu trén nén di dong la mot
yéu cau khong thé bé qua. Bai toan dit ra la
khi khach hang truy cap dit liéu, khai thac diy
ligu trong mai trudng di dong cling giéng nhu
trong mdi trudng ¢d dinh. Mubn thé, chiing ta
phdi giai quyét vin dé tranh chép ciia cac giao
tac di dong, thoi gian tri hodn dai, mat két nbi
(Disconnect) v6i co s¢ dit liéu trung tdm do su
chuyén giao két ndi (hand-over) cua cac tram
thu phat séng di dong. Trong phén hai, muc
dich clia chung t6i cai tién thuat toan dé giam
thoi gian chay cta thuét toan [8]. Két qua thyuc
nghiém, ching ta thdy ring: véi sb cell 1a 351,
s6 UAPs 1a 31415 thi thoi gian chay cia thuat
toan la 783 gidy va thoi gian chay sau khi cai
tién 1a 548 gidy (giam di 30,01%).
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