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TOM TAT

Du bdo vi tri cdc thué bao di dong la mét trong nhitng vin dé quan trong trong cdc hé thong tinh
todn di déng. Sw di chuyén ciia nguwoi sit dung dién thoai di dong trong méi truong di déng dwoc heu
trit trong thanh ghi “vi tri thué bao di déng (HLR) . Cdc di chuyén thué bao di déng tao ra cic mau
di déng, diing cong nghé khai thdc dir liéu theo déi cdc mau d6. Cac mau dit liéu dé phdt hién vi tri
duoc su dung, aé cung ccfp cac dich vu khac nhau cho nguwoi sir dung dién thoai di dong. Hién nay,
mét s6 bai bdo di dé cdp cdc phwong phdp khai thac dir liéu di dong ciia nguoi sir dung dién thoai
théng minh cho cdc hé di dong (GSM). Trong bdi bdo nay, chiing téi dé xudt mét vai phwong phdp sé
lam giam thoi gian dé tinh todn mé hinh di dong, phuc vu cong nghé internet di dong hiéu qua hon.

Tir khoa: Dy bao vi tri, mang GSM, dy doan su di chuyén thué bao di dong, khai thac dir liéu.

ABSTRACT
Location prediction algorithms for mobile networks

Mobility prediction is one of the important issues in mobile computing systems. The moving logs of
mobile users in mobile computing environment are stored in the Home Location Registry (HLR). The
generated moving logs are used for mining mobility patterns. The discovered location patterns can be
used to provide various location based services to the mobile users by applying server in mobile com-
puting environment. Currently, there are some papers writing about data mining smartphone users for
mobile systems (GSM). In this paper, methods are proposed to reduce the time to calculate the cellular
model, serving mobile internet technology more effectively.

Keywords: Location prediction, GSM network, Mobility prediction, Data mining.

1. Téng quan

Ngay nay, voi sy phat trién nhanh chong cta
mang truyén thong té bao, nhiéu nguoi sir dung
cac thiét bi di dong ca nhan dé tim kiém thong
tin trén mang internet. Hau nhu moi ngudi déu
c6 thiét bi di dong nhu mobile phone, may tinh
bang (tablet mobile), notebook,... Ngoai ra,
nhiéu nguoi tim kiém thong tin khi di du lich
khip noi trén thé gi¢i. Vao khoang 6,8 ty mo-
bile phones duoc sir dung trén toan thé gisi vao
nam 2013 véi ty 16 99,97% dan sé toan thé gisi
[15]. Do d6, muc tiéu ctia vin dé 1a 1am thé nao
dé dam bao chat lugng cua dich vu (Quality of
Service (QoS)) di dong.

Trong mang truyén thong té bao (Cellular
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communications Networks), mot “mobile user”
¢6 thé di chuyén tir vi tri nay dén vi tri khac (1an
can) trong vung phu séng. Khi mobile user di
chuyén nhu thé, vi tri ciia mobile user s& duoc
cap nhat lién tuc vao thanh ghi dinh vi tam tra
(Visitor Location Register (VLR)) ctia hé thong.
VLR 1a mét co sé dir liéu trung gian dé luu trit
thong tin tam thoi cia mobile users trong ving
phuc vu cta Trung tim chuyén mach di dong
(Mobile Switching Center (MSC)). Théng tin
vi tri cua mobile users sau do sé dugc chuyén
tdi thanh ghi dinh vi thuong trit (Home Location
Register (HLR)). HLR 1a m¢t co sé dit li¢u luu
trir 1au dai thong tin ciia mobile users. Lich sir di
chuyén ciia mobile users duoc 1ay ra tir cac file
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log cia HLR cua MSC va dir liéu lich sir nay
duoc sir dung dé du bao trude duong di twong
lai cua mobile users.

Nhiéu tng dung nhu chim séc strc khoe,
sinh hoc, quan ly khach san, va quan sy ciling
ap dung tién trinh xir Iy vé phu thudc vi tri (lo-
cation — dependent). Véi viéc du bao trudc vi
tri mot cach hiéu qua, c6 thé tra 101 cac cau hoi
lién quan dén cac vi tri trong tuong lai cta cac
users.

2. Pinh nghia vin dé

Hién nay mang GSM di rat théng dung &
Viét Nam va trén thé gi6i. Vung phu séng cta
mang GSM dugc chia ra nhiing ving nho hon
goi 1a “cell”. Trong mdi “cell” ciia mang GSM
c6 mét tram thu phat song goi 1a BTS (Base
Transceiver Station) cé nhiém vu thu va phat
song vo tuyén dén cac Mobile Users [11], [12].
Céc BTS duoc két ndi v6i nhau thong qua mang
truyén dan quang hodc vo tuyén. Cac Mobile
Users st dung cac kénh truyén dan vo tuyén dé
truyén thong véi cac BTS.

Su di chuyén cia mOt mobile user tir mot
“cell” hién tai t61 mot “cell” khac s€ duoc ghi
nhan trong mdt co sé dit li€u goi la VLR. Sau
do, dir liéu tir VLR s& duoc chuyén vé HLR
[13], [14] dat tai tong dai MSC. Tir dir liéu nay
chung ta c6 thé 1y ra lich sir di chuyén ctia mo-
bile user dé co thé du bao trude vi tri cta ho. Ta
goi nhitng mau dit liéu lich sir di chuyén nay 13
UAPs (User Actual Paths). UAPs 1a mot ngudn
thong tin c6 gia tri boi vi sy di chuyén cua
mobile user bao gdm cac mau di chuyén ngiu
nhién va cac miu di chuyén thuong xuyén.
Trong bai bdo [8] da dua ra thuét toan khai pha
cac mau di chuyén ctua mobile users nham du
béo vi tri di chuyén ké tiép. Trong bai bao cua
chung t6i dua ra cling dua theo thudt toan nay
nhung duoc cai tién hiéu qua hon vé thoi gian
chay. Cu thé s& duoc trinh bay & phén sau.

3. Cac cong trinh lién quan

Cho dén nay, da c6 mot ) nghién ctru vé
quan 1y su di chuyén cua user. Hau hét cac
nghién ciru tip trung vao van d& cip nhat vi
tri [1]. Vi tri cap nhat duoc thuc hién bt cir

khi nao user di chuyén tir “cell” nay téi “cell”
khac trong mang dé luu vét chinh xac vi tri
cua user. Khi mt cudc goi dén, mang dinh
hudng (route) cudc goi tdi vi tri sau cung cia
mobile user [2].

Vén dé khai pha mau tuan tu da duoc dé
cap trong [3]. Thuat toan trong bai bao nay
khong thé tmg dung vao bai ciia chung toi
dé khai pha cac miu di chuyén, vi cac thuat
toan nay khong xem xét “topology” ciia mang
trong khi khai pha cic mau di chuyén. Ngoai
ra, vi€c khai pha mau tuan tu cling duoc ung
dung vao linh vuc dy bao trudc viéc truy cép
cua users trén Web [4], [5]. Web prefetching
duoc dinh nghia nhu 1a viéc phan phdi nhiing
yéu cau tuong lai cia users dwa vao nhimng
yéu cau trude do.

Phuong phap Ignorant Prediction [6]
khong dé y dén thong tin c6 gia tri trong lich
sir di chuyén cua user. Bé du béo trudc user
di dén “cell” nio, phuong phap nay an dinh
mot sb cells 1an can. Phuong phap nay thuc
hién chon ngau nhién m cells 14n cén véi cell
hién tai.

Phuong phap Mobility Prediction based on
Transition Matrix (TM) [7] du bao vi tri theo
kha ning co6 thé xay ra chuyén tiép “cell-to-
cell” cia mdt mobile user dugce tinh toan boi
su di chuyén trudc d6 va sau dé ghi nhan vao
mot ma trdn. Dya vao co s ndy, viée cap phat
ngudn tai nguyén dugc thuc hién o k cells co
kha ning nhat trong céc cell 1an can. Tham s
k 1a tham s6 duoc dinh nghia trudc boi nguoi
st dung.

Két qua [8] nghién ctru du bao trude vi tri
cua mobile users sir dung k¥ thuét khai pha dir
diéu (Data Mining). Céng b nay dua ra thuat
toan khai pha cac mau di chuyén ciia mobile
users, cac luat di chuyén tir cac mau nay, va
cubi cung 1a dy bao trude vi tri di chuyén ké
tiép ciia mobile users bang cac luat trén.

Trong thyc nghiém [8], tinh chinh x4c cua
du bao 1a 70%, trong khi [6] chi 20% va [7]
la 52%.

Thuat toan trong [9] 4p dung thuat toan
Apriori vao trong tinh toan ludi, tuy nhién bai
bao nay khéng tinh dén topology ctia mang
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trong ltc tao cac mau tmg vién. Tao cic miu ting
vién trong [9] khong gidng tao cac mau tmg vién
trong moi truong di dong; trong mang GSM chi
nhitng vi tri 1an can cta cell dang xét médi co thé
dugc dé nghi 13 cac mau tng vién.

Thuat toan trong [10] giéng nhu [8] nhung
file luu trir duong di cua mobile users dugc luu
trlr trong cac nut ludi (grid node) dat ¢ nhitng vi
tri khac nhau. Luéi dit liéu (data grid) cung cip
mot co so dit li¢u phan tan dia Iy cho ludi tinh
toan (computational Grid) va duoc thyc thi boi
thudt toan goi 1a KMPM (Knowledge Grid Based
Mobility Pattern Mining). Bai bdo nay xay dung
hé thong ludi dit liéu (data grid system) trén mot
cum cac may tram (workstation) str dung ngudn
md Globus Toolkit 4.0 and MPICH-G2 (Mes-
sage Passing Interface extended with Grid Ser-
vices). Céc thuc nghiém cua tac gid dugc xay
dung trén cac cau hinh khac nhau va thoi gian
tinh toan dugc ghi nhan cho mdi hoat dong. Khi
s6 node tang 1én 8, thi thoi gian thuc hién cia
thuét toan KMPM giam di 45%. N6i chung, néu
s6 node ting 1én, thi thoi gian tinh toan cuia thuat
toan khai pha giam di.

Chung t61 nghién ctru dya trén thuat toan [8],

Mobile cell MCyq

cai tién thuat toan nay dé phuc vu nang cao chat
lugong dich vu mang di dong.

4. Phwong phap thwce hién

Vi tri cia MH (mobile host) dugc dinh danh
bi ID (identity) cua té bao di dong (MC-mobile
cell). Trong té bao di dong moi, cac MH c6 thé
két ndi v6i tram hd trg di dong (MSS — Mobile
Support Station) méi. Agrawal va Srikant (1995)
[3] c6 dinh nghia mét giao tac goi la “anchor
transaction” dugc cai ¢ mang ¢d dinh: & MSS
hodc cac may chu co sé dir liéu. Cac MSS nay
1a cac diém “anchor” cuia cac “anchor transac-
tion”. Khi MH di chuyén vao trong cac MC méi,
moét tién trinh “hand-over” (hodc Hand-off) s&
xay ra, khi d6 cac “anchor transaction” s€ dugc
chuyén tir diém “anchor” trudc d6 téi diém “an-
chor” méi. Hinh dudi day thé hién khi mot MHi
di chuyén tir mot MCn téi mot té bao di dong
méi MCm, tién trinh hand-over s& di chuyén
mot TiA tir mot tram hd tro di dong MSSn t6i
MSSm. Giao tac “anchor” TiA s& giit vét (track)
ctia MSS ma né di chuyén qua, vi du MSSn va
MSSm , do d6 n6 hd trg “mobility” ciia cac giao
tac di dong khi di qua céac té bao di dong khac
[19] (Hinh 1).

Mobile cell MCn

Mobile hosts

Mobile support

Stations or DB servers

MSSu/DBn

Hand-off

MSSm/DBm

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

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

Vin dé chuyén giao sw phuc vu thué bao di
dong (Hand-over)
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« Khi nguoi sir dung di chuyén tir té bao nay
sang té bao khac 1a mang thuc hién viéc diéu
khién chuyén mach.

« Thoi gian thyc hién chuyén giao nhiéu nhat
la 100m:s.
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Tién trinh chuyén giao

Cell A

Mobile Host

BTS: Tram thu phat séng

Hinh 2: So' 46 mang lué6i cac tram BTS hé di dong

Huwéng nghién ciru dé giai quyét vin dé
trong qudn ly mang internet di dong

Khi Mobile Host (MH) dang di chuyén trong
mang t0 ong. Hé thong s& tim cach du bao trudce
MH s& di chuyén dén té bao nao trong sb 6 té
bao xung quanh.

o Lam cach nao d dy bao trudc MH sé di
chuyén dén té bao nao trong sé 6 té bao xung
quanh.

— Biét duoc khoang cach tir MH dén cac té
bao 1an can tai timg thoi diém.

— Biét duogc muc thu tin hiéu cida MH tai cac
té bao lan can (BTS lan cén).

« Chuén bj di liéu ban sao dén cac BTS do,
khong doi dén tién trinh chuyén giao (Hand-
over) hodc bi mat két ndi (Disconnect) do MH
di vao cac ving toi (ving khong c6 séng) giita
céc té bao.

( BEGIN l

h 4

BTS quan Iy cac MH dang
ldit nédl vérl cor sy dif 11w

S

Thu thap dir
MH (Khoang cach, céng
At, )

lidu cla cac

Hé théng phan tich dur
bao MH dén BTS nao

r

Chuén bj ban sao di¥ ligu
cho BTS mdi

h

END

vy

Hinh 3: Lwu db dé dy doén

vi tri trong moi trwong di dong

108



TAP CHi KHOA HOC PAI HOC VAN HIEN

TAP5 SO 1

Theo lwu @6 ¢ Hinh 3, ta thdy rang phuong
phap thyc hién dé du bao trude vi tri ciia mobile
users qua 4 giai doan sau:

Giai doan 1: Ldy div ligu tiv logfile ciia
HLR

Su di chuyén cta mobile user tur cell hién tai
toi cell khac s€ dugc ghi nhan trong co so dit ligu
goi [a HLR. Chung luu trit thudng truc thong tin
ctua khach hang trong mang di dong. Lich st di
chuyén ctia khach hang c6 thé dwoc 1y ra tir log
file cua HLR.

Giai doan 2: Khai thic UAPs dé duwoc UMPs

Gia su, dat tén duong di thuc té ciia mobile
user 1a UAPs (User Actual Paths). UAPs 1a mot
ngudn thong tin c¢6 gia tri vi no chira dung céac
mau di chuyén thudng xuyén va mau di chuyén
ngﬁu nhién. Do d6, st dung UAPs, ta co thé
rit ra mau di chuyén thudong xuyén va st dung
chung dé dy béo trude.

Gia st ra"mg UAPs c6 dang: C= {cl,c2,...
,cn}. Mdi ck biéu thi s6 ID cua “cell” th k trong
vung phu séng.

Bang 1: Thuit toan Candidate Generation, UMP Mining chuén trong [8]

UMPMining()

Vao: Tét cd cde dwong di thirc té (UAPs) ciia users ¢6 trong D.
Gid tri ctla dp ing hd 161 thiéu: SUpPmn

Dé thi viing phii séng: G

Ra: Cédc mau di chr,{vén cua users (UMPs).: L

[

k=1
L=
while Cx= & {

foreach UAP aeD ¢

foreach s € § {

}
}

el = = T N (W R SOy WS

e
[

—
L

L=Lwlyg
14.
15.
16.
17. }

18, returmn L

k=k+1

CandidateGeneration()

C1 € cdc miu co chidu daila 1.

// khéi tao tip cic mAu pho bién 1a rong

S={s | s € Cxva s la chudi con cia a}
s.count = s.count + s.supplnc
// chon cde tng vién thoa Suppmn
Li={s | s € Ci, s.count > suppumin }

// Tao cdc mau {mg vién chiéu dai (k+1).
Cis1 € CandidateGeneration(Li, G), Ve € Cri1, c.count=0

Input: Céc méu phé bién chiéudaik, L

Db thivang phil song, G

Output: Cdc mau img vién chiéu dai (k + 1), Candidates

Candidates= &

// Khéi tao tip candidates bang réng

1
2. foreachL=(l1, 12, .., lk), L € Ly { //tim cdccell 1an cAn cia mdi k trong G

Nt={v

c6 mot canh trong G nhwld lx 2 v }
foreach v € N* (k) { //cho médi cell 1in cin nay,

// v tao mot tng vién

// Thém C° toi tap cdc tmg vién (candidates set)
Candidates € Candidates v C’

3

4

5.

6. C =1, ., Lv)
7

g

9 ¥

1

1

0. 1}
1. return Candidates
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Giai doan 3: Tao luit

Tir UMPs, bay gid c6 thé tao ra tap cac luat di chuyén nhw sau:

Gia sz, ta c6 mot UMP C={c;.cy....,c;}. vOi k=>1. Tét ca luat di chuyén c6 thé bit ngudn tir mot

mau nhw sau:
{Cl} - {cl:"':ck)
{Cl:Cg} - {Cg:...:Ck)

{eneonoer) = {o}

Cho mot luat di chuyén R: (ci.Ca,...,¢i1) = (CinCiota

(c,.c,.....C, ) count
Confidence( R) = St k

(€,.€5,....C, ;) count

..:Cp), hE sd confidence dugc tinh nhu sau:

Bang cach sir dung UMPs, tat ca cac luét di chuyén duoc tao ra va cac gia tri confidence ciing phai

dugce tinh toan. Cac ludt co do confidence = confy;, s duge chon.

Giai doan 4: Dir bdo trirde vi tri cia Mobile User

P4y 1a giai doan du bao trirée mobile users sé di chuyén dén “cell” nao trong viing phu.

Bang 2: Tit ca cac luat di chuyén

Cac luat di chuyén (Mobility rules)
Rule Confidence
{2}=>{0} 66.6
{4}->{0} 50
{31=2>{4} 66,6
{5}=2>{0} 50
{412 {5} 83.33
{3,4}=2>{0} 75
{3}2{4,0} 50
{3,412 {5} 75
{3}2>{4,5} 50

Trong Bang 2, tit ca cac ludt s& dugc ding dé
du bao trude cho “user”. Gia sir “user” di theo
duong P={2,3,0,4} cho dén bay gid va “user”
hién dang ¢ cell 4.

Theo luét trén thi co: {4} -> {0}, {4} > {5},

3,4} > {0}, va {3,4) -> {5}. Vay “user” c6 thé
di chuyén dén “cell” 0 hoic “cell” 5.
5. Két qua nghién ciru
5.1. Nhiing cai tién cic thuit toan trén:
Dinh nghia vé ngit canh khai phd dir liéu:
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Cho tap O 1a tap hiru han khic rdng cic giao tic (UAP ID) va I 1a tap hiru han
khac rong cac cell, R 1a quan hé 2 ngoi gitta O va I sao cho véi 0€O va iel, (0,i) eR <
giao tac o co chia cell thit i. Ngit canh Khai pha di liéu (KPDL) l1a bd ba (O,LR).

Dinh nghia vé tap phé bién:

Cho ngit canh KPDL (O, I, R) va S — I, @ pho bién cua S duoc dinh nghia 14 ti
sO giita sO cac giao tic co chita S va so lwgng cell trong O. Do pho bién cta S ky hiéu 1a
SP(S) va duoc tinh nhu sau:

sPS) =lps)|/10]

Véil . [ 1a Iuc lwong cia tap hop.

Cho S — I va min_supp e (0, 1] 12 ngudng pho bién t6i thiéu, S 1a mot tip pho
bién theo ngudng min_supp néu va chi néu SP(S) > min_supp.

Ky hiéu FS(O, I, R, min_supp) 12 tdp hop cic tip phd bién theo ngudng
min_supp hay FS(O, I, R, min_supp) = { S € PI)| SP(S) = min supp }

Meénh dé:

Cho TgFS(O.L.R,min_supp). néu TcS thi S¢FS(O,LR.min_supp).

V6iFS(O, I, R, min_supp) 12 tip hop céc tip phd bién theo ngdng min_supp.

Tirc 14: tap ting vién T khong pho bién, va TS thi S ciing khong phé bién.

Ap dung vao thuét toan tao cac ing vién CandidateGeneration():

Taidong 3: N7 ={v | ¢6 mét canh trong G nhv 14 Iy = v}

Thém vao: v € L, titc 1a: canh v trong @6 thi G phai thudc vé tap phd bién L.

N*= {v | ¢c6 mdt canh trong Gnhwlaly > vvav e L}

5.2. Po chinh xac du bao

5.2.1. Po chinh xac ciia viéc du bio

3.2.1.1. So sanh do chinh xdc ciia ba thudt todn

D¢ chinh xac cua cac thuat toan UMPMining, Find UMP Reduce Complexity
va Find UMP Reduce Transaction la nhw nhau.

Ta c6: UAPs => UMPs (Ln) => Mobility Rules. B¢ chinh xac cua céac thuat
toan 12 nhu nhau khi va chi khi cho két qua tap Ln bang nhau.

Két qua thue nghiém nhu Bang 3.

Bing 3: So sanh két qua tim Ln ciia cac thuit toin theo chuin

C, UMPMining Find_UMP _ Find_UMP_ Ln
Reduce Complexity Reduce_Transaction
S6 Thoi S6 Thoi gian Sé Thoi
luong gian luong chay luong gian
C, chay C, C, chay
C, 351 32 351 1 351 1 348 L,
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C2 1488 167 1488 129 1488 129 1033 | L2

C3 3340 341 3340 274 3340 5 124 L,

C4 79 8 79 6 79 1 0 L,
Tong | 5258 548 5258 410 5258 136

Theo két qua trén, ta théy: L1 =348, 12 =
1033, L3 = 124, L4 = 0 (cho tat ca 3 thuat toan:
UMPMining, Find UMP_ Reduce Complexity
va Find UMP_Reduce Transaction).

5.2.1.2. D$ chinh xdc ciia thudt todn cdi
tién tinh todn online

Dinh nghia:

Recall: s cac cell du bao dung/ tong cac yéu
ciu.

Precision: s6 cac cell dy bao dung/ tong cac
du bao duoc thuc hién.

Su thay d6i hé s6 Recall khi thay ddi gia tri
min_supp

Tap huan luyén thir nhat c6 56.198 records.

Tap huan luyén thir hai c6 56.198 + 68.787 =
124.985 r ecords

Tap huan luyén thir ba c6 56.198 + 68.787 +
34.895 = 159.880 records.

Tap dit liéu thir c6 7207 records.

Hinh 4 so sanh “recall” cta cac luat du bao
theo ba tap dir li€u huén luyén khac nhau. khi
tang min_supp thi “recall” gidm theo. Ly do la
khi ting min_supp kéo theo s6 cac ludt du bao
duoc khai pha giam di, Do do, b céc du bao
dung s€ giam theo.

Khi kich thudc tap huin luyén ting lén thi
“recall” ctia cac luat du bao tang theo.

== Data set (1)

0.5 ‘
0.4 .

==fl== Data set (1+2)

0.3

Data set (1+2+3)

0.2
0.1

Recall

O T I | I

0.5 1.5 2
Supp_min

=

3.5

Hinh 4: So sanh sy thay dbi recall theo min_supp ciia ba tip dir li¢u

D¢ chinh xdc (precision) cua viéc du bdo
khi thay doi gid tri min_conf

Hinh 5 so sanh d0 chinh xac cua cac luat du
bao theo ba tap dir liéu huén luyén khac nhau.

Chung ta thiy rang khi ting sb record ciia tap
dir liéu hudn luyén (56.198 + 68.787 + 34.895
records) thi precision ciia chiing thay d6i khong
dang keé.
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Hinh 5: So sanh d9 chinh xac dy bo ciia ba tip dir li¢u khi thay d6i min_conf

5.2.2. Nang cao do¢ chinh xac cia du bao

bé nang cao d chinh xac cua du bao, ching
toi thuc hién phéan 16p theo thoi gian trong ngay
cua tap dit liéu dau vao.

Viéc phan 16p chinh xéc tuy thude vao ting
ving, mién, timg qudc gia theo vin hoa x3 hoi
va cong viéc cua ho.

Dt liéu tir thanh ghi HLR dugc dua vao bo
phén 16p theo thoi gian. Dir liu dugc chia lam
ba 16p nhu sau:

- Lop sang: tir 0:00 + < 12:00
- Lép chidu: tir 12:00 + < 18:00

- Lop toi: tir 18:00 <+ < 24:00

Bang 4: Tap dir liéu phan 16p theo thoi gian

Dir liéu Dir liéu Dir liéu Dir liéu

khong phan 16p phan 16p sang phan 16p chiéu phan 16p tbi
Training | Testing | Training | Testing | Training | Testing | Training | Testing

Data | Data Set| Data Data Data Data Data Data Set

Set Set Set Set Set Set

18662 237 18662 237 - - - -

14347 1846 - - 14347 1846 - -

5581 2024 - - - - 5581 2024

Sw thay déi ciia recall theo min_supp

Khi thay d6i gia tri min_supp thi gia tri cta
“recall” thay ddi nhur sau:

Dbi v6i phan 16p sang, hé sb recall co cai

thién & cac gia tri ddu cuia min_supp tir khoang
0,5-1,3. Ty I¢ nang cao h¢ s6 recall tir 5% - 6%.

Tuwong tw, dbi v6i phan 16p chiéu va tdi ciing
duogc cai thién.

0.25

=g [Khong phan lop

© Ao s
20.2 =@=—phanlépsang
o
0.15
0.1
0.05
0 1 1 1
0.5 15  Min_supp 2.5 3.5
Hinh 6: So sanh hé s recall sau khi phan 16p sing
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Hinh 7: So sanh hé s6 precision sau khi phan I6p sang

Sw thay déi ciia precision theo min_conf

Dbi vai dir liéu duoc phan 16p sang: Khi thay
dbi gia tri ciia hé ) min_conf thi gia tri cua hé $6
precision thay d6i nhu sau:

Dbi v6i phan 16p sang, hé sb precision ciing
dugc cai thién. Ty 1€ ting hé sb precision tu
0,1% - 13%.

Tuong tw, d6i voi phan 16p chidu, ty 18 ting
hé sb precision tir 0,15% - 17% va phan 16p toi,

ty 1é ting hé sd precision tir 0,6% - 4,9%.

5.3. Két qua thye nghiém

Nhom tac gia thyc hién léy s6 liéu cua cac
tram BTS tai Vién thong Binh Duong, trich mét
phan nho dir lidu tir logfile cia HLR véi s6 tram
BTS 1a 351 tram, s UAPs la 1.179.034 record.
Sau khi chuan hoa dir liéu sé dudng di con lai la
31.415 record.

C
Thuit toan Thuit toan
UMPMining cai tién 1
Sb Thoi So Thoi
lugng gian lugng gian
C, chay C, chay
C, 351 33 351 32
C, 1492 176 1488 167
C, 5191 511 3340 341
C, 651 63 79 8
Tong 7685 783 5258 548
Bing 5: So sanh két qua thyc hi¢n
Trong do:

- C,: cac mau tng vién c6 chicu dai la 1.
- L,: cdc mau pho bi€n ¢6 chicu dai la 1.

- C: cdc mau ung vién co chiéu dai n.

- L : cdc mau pho bi€n c6 chicu dai n.
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Hinh 9: Biéu do thoi gian chay ciia hai thuit toin

Tong thoi gian chay cac thuat toan voi sb
tram tht nghi¢m:

- Theo thuét toan chuan [8] 13 883s.

- Theo thuat toan cai tién chi con 548s.

6. Két luan

Trong bai bdo nay muc dich ctia chiing t6i 1a
giam thoi gian chay cua thuat toan [8], qua cac
thuat toan d cai tién va phat trién thém. Trong
ph?ln két qua thyc nghiém tai cac tram BTS cua
Vién thong Binh Duong, chung ta thiy rang: véi
sO cell 1a 351, s6 UAPs 1a 31415 thi thoi gian
chay cua thuét toan [8] la 783 gidy va thoi gian
chay thuat toan da cai tién con 548 gidy (giam
di 30,01%). Loi ich cta viéc ap dung thuit toan
tang cuong ciing nhu cac thudt toan cai tién (rt
ngan thoi gian chay) 1a hé thdng co thé chay
“online” theo thoi gian thie nham theo ddi duoc
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luu lugng tic thoi, tir d6 ta co thé diéu chinh
bang théng mot cach hop 1y. Cac thuat toan dé
xudt 12 phi hop véi 1y thuyét da cong bd trude
do6, sau khi thtr nghiém thuat toan chua cai tién
va thuét toan dé xuit théy hi€u qua tinh toan
nhanh hon, diéu nay dan dén chat lugng cua dich
vu internet di dong s& tt hon. Hudng phat trién
trong thoi gian tdi, chung toi s€ nghién clru cac
thuét todn méi nham rat ngén thoi gian thyuc hién
cua thuat toan ¢ giai doan 2 (giai doan khai pha
dit liéu UAPs dé duoc UMPs) vi day la giai doan
chiém rat nhiéu thoi gian. Do d6 s& nang cao hon
chat lugng dich vu (QoS) cua cac mang di dong,
trong twong lai dé phat trién cac cong nghé di
dong mai dua trén nén tang dién toan dam may.
bay la xu hudong cong nghé di ddng trong tuwong
lai, diéu nay sé& cung cip cac dich vu téi wu cho
thué bao di dong.
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