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TOM TAT - Bai béo ndy trinh bay huéng tiép cdn cho viéc gidi quyét van dé hiéu ning cho viée khai phé bé dit liéu ¢é dic
tinh khéng gian — thoi gian, qua d6 tim ra nhitng quy ludt két hop phé bién sinh ra tir bg dit liéu. Trong cdc kjj thudt sinh ludt truyén
thé'ng dwa trén dir liéu, khai pha dir liéu tir cdc giao dich dwoc thuc hién déc ldp nhau. Khi s dung thudt toan khai pha thong
thuwong nhir Apriori hay Extend-Apriori thi chi phi tinh todn tdp cdc phan tir phé bién, trong dé viée sinh tdp cac iimg vién, chi phi
thoi gian thuc hién 6n do quét co so dir ligu nhiéu lan. Bén canh dé, viéc sinh lugt khong gian — thoi gian phai dya trén su phu
thuéc lan nhau giita cdc giao dich, nhdm thé hién dwoe mire do lién quan cia cdc phan tir trong mot khodng khéng — thoi gian ndo
do. Ching t6i sir dung mot cia $6 trwept gitip chuyén cdc giao dich déc Idp vio trong cung mot giao dich mdi dwoc goi la lién giao
dich. Sau do tién hanh ap dung mot ky thudt khai pha méi ma ching 16i de xudt cho viéc khai phd. Nham thé hién két qud thuc
nghiém ciia thudt todn dé xudt chiing 16i chay trén bé dit lidu 6 vé thoi tiét, ddy la loqi dir liéu mang tinh chdt khéng gian va thoi
gian, tie bg dif lidu ndy chiing téi tim ra mét cdch hiéu qua cde quy ludt phé bién img dung cho cdc linh viee dir béo thoi tiét va bién
d6i khi hdu, giam déang ké chi phi thoi so sanh voi thudt todn Apriori.

Tir khéa - Lién giao dich, cdy phan tit, tdp phé bién, tdp phé bién t6i da.
I. GIOI THIEU

Trong viéc tim kiém céc luat két hop cho cac bo dir liu mang tinh chat khong gian va thoi gian, nghia 1a ngoai
nhing truong dic tinh dic trung cho loai dit liéu, ching con gin chit véi cac thude tinh kém theo nhu ching dwoc thu
thap ¢ dau va khi nao. Vi thé v&i cac ban ghi dir liéu doc 1ap khi thu thap, ching can c6 co ché tao duge su phu thude
14n nhau, diéu nay khac so vdi cac loai dir li¢u khac. Nam 2003, Tung va cac cdng su cua ong [3] da dua ra mét ki
thuét nham tao su phu thudc d6 nho su dung mot cua s6 truot kich thudc w, nhitng ban ghi nam trong pham vi cua cua
s6 truot co thé duge nhom lai thanh mot ban ghi mai, diéu nay s dugc chiing t6i trinh bay cu thé trong phé‘ln 1I cna bai
viét nay. Viéc sinh cac luat két hop, bén canh cac thudt toan khai luat két hop ¢ dién nhu thuat toan Apriori [1], duoc
thue hién dua trén nguyén tac tap hop c6 k phan tir 1a pho bién thi tt ca tip con ciia nd cling 1a phé bién. Thuét toan
nay dua trén viéc sinh tit ca cac tap phd bién c6 mot phan tir, v6i k > 2, thyc hién phép ndi giira 2 tap phd bién c6 (k-1)
phan tir nhu 1a mot Gmg vién, kiém tra cac tap Gmg vién d6 va dimg lai khi khong c6 sinh ra ing vién nao nira. Nhugc
diém cua thuat toan nay tén chi phi cho viéc sinh ra tap tng vién 1a rt 16n. Thuat toan EApriori (Extended Apriori) va
EH-Apriori (Extended Hash Apriori) ciia nhom tac gia Lu et. al [2], d& nghién ctru m6 rong thudt toan Apriori cho khai
pha trén lién giao dich, trong do6 EH-Apriori sit dung ham bam lam giam s6 luong ng vién chira 2 phan tir. Nhiing
hudng tlep can khac thay vi viéc sinh va kiém tra cac tap tng vién, nhiéu thuét toan khéc lai dya trén viéc khong sinh
ra cac tmg vién nhim lam gidm thoi gian kiém tra ching nhu FITI (First Intra Then Inter) ciia nhom tac gia Tung et al
[3]. Pau tién xac dinh tat ca cac tap phan tir phd bién trong giao dich ¢b dién, va sir dung chung dé xac dinh tat ca cac
tap phan tir phd bién trong lién giao dich. Thuét toan ITP-Miner (Inter-Transaction Patterns Miner) ctia nhom tac gia
Lee va Wang (xem trong [4]) thuc hién viéc quét dit liéu trong mot lan va duoc danh gia 1a c6 thoi gian giam dang ké
so v&i Apriori hay EHApriori. Yo-Ping Huang, Li-Jen Kao, Frode-Eika Sandnes [5-6] dé xuét thuat toan Reduced
Prefix-Projected Itemsets (RPPI) tai mdi 1dn quét loai bo cac phan tir khong phd bién ra khoi co so di liéu.

Trong bai bao nay, chung t6i dé xuat mot ki thuat méi dua trén ¥ tuong khong sinh tap cac tmg vién dé tim ra
cac tap phé bién. Tai mdi nat st dung mot cAu triic dau va dudi va mot tap dé luu cac ph?m tr phé bién, trong d6 ph?ln
dau mdi nut luu trix phén tr da kiém tra ma n6 1a phd bién. Khi thu dwoc mét tap cac phan tir ph6 bién t6i da tir tap luu
chc phan tir pho bién cua nat gbe. Pé giam dwoc chi phi quét co s dit liéu, ching t61 dé xuit phuong phap méi sir
dung mot cira s6 truot trén mot chiéu thudc tinh dya trén truc thoi gian dé chuyen cac giao dich trén cac khoang thudc
tinh riéng 1& vao trong cling mét giao dich méi duge goi 14 lién giao dich nhd mdi phan tir s& lwu trit tap cac giao dich
ma chtra n6 va viéc tao nut con chi yéu cau quét co so dir lidu ciia cac phan tir nén viéc quét s& nhanh hon nhiéu so voi
thuc hién quét trén toan bo giao dich. Phan I ciia bai bao dwa ra van dé va cac hudng tiép can cach giai quyét da dugc
dé xuét, trén co s¢ do chung t6i dua ra mot hudng tiép can méi cho bai toan. Phan II dwa ra mot s6 khai niém, dinh
nghia dugc st dung dé mo hinh bai toan. Phan III trinh bay thudt toan dé xuét, cach tao mot ciu triic cdy phan tir va
thuét toan khai pha dé tim tap cac phan tir phd bién. Trong phan IV, chiing t6i dua ra mot s6 két qua thuc nghiém trén
mot s6 bo dit lidu 16n. Trong phan két luan ching t6i dua ra cach danh gia két qua, thao luan két qua nghién ctru va dé
xudt hudng phat trién ciia giai thuat.
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IL. LIEN GIAO DICH

i Trong cac thuat toan sinh luft ) di‘én, chu yéu thye hién trén cac giao dich doc lap nhau [1]. Trong bo dir liéu
vé thoi tiet, cac ddc tinh nhu, cac dit li¢u ve nhigt A9, do am, ap suat... duge thu thép tai vi tri dia 1y nao d6 va vao thoi
diém x nao d6. Tu d6 hay xem xét hai vi du hai luét thu dugc sau:

Vi du 1: Néu tai A dang mua, thi tai A gi6 thoi tir huéng Dong.
Vi du 2: Néu tai A dang mua to, thi trong 1h t6i tai B s& c6 mua vira.

Qua hai luat trén néu khai phé theo cac thuat toan ¢b dién voi cac “intra-transaction” thi luat thu dugc khong
mang v nghia. Vi thé ching ta can tao dugc su phu thudc gilta cac “intra-transaction” v6i nhau thanh lién giao dich
(inter-transaction). Trong phan II nay, ching t6i trinh bay vé mét k¥ thuat ma Tung et al 2003 da de xuat [3].

Dinh nghia 1: Cho [ =+ al,az,...,ak} la tap cac phﬁn tir. D 1a thudc tinh thoi gian, dwgc danh nhan tr 0, 1,...n.
T 1a tép cac giao dich trong co s¢ dir lidu.
Pé dac trung cho muc d§ phu thudc gitra cac giao dich chung ta dung mét khai niém la ctra $6 truot.

 Dinh nghia 2. Mot cira s6 truot W kich thuée w dat trén mot tap giao dich nham chuyén doi w giao dich lién
tiép thanh 1 giao dich méi (w goi la maxspan). W[0], W[1],..,W[w]

Dinh nghia 3. Tap phan tr mé rong: I'={a, (0),....a (w—1),a,(0)...., ay (W=1),...,a; (0),..., @, (w—1)}
Trong d6: a (j) 1a phan tir @, thudc vé khoang WIj].
Dinh nghia 4. Lién giao dich: M =g, (t)|al- eW(t]; 1<i<k OStSw—l}

Dinh nghia 5. Mot luat két hop lién giao dich c6 dang X = Y trong d6:
lLXcl,\Ycl'

2.3q;(0)e X,1<i<k
3.3,(j)eY,1<i<k,j#0
4.XNY=0

binh nghia 6. Cho 7., 1a mét lién giao dich ma chira X UY (X, Y 1a hai tap phan tir mé rong). T, latap lién

giao dich chl'ra'X. S lasd lugng lién giao dich trong co s& dit liéu. Khi d6 d§ hd trg (support) va do tin cay (confidence)

cua mot luat két hop lién giao dich la:

support = —‘ Txy‘
S

xy
confidence = +—

|x|

Pinh nghia 7. Cho ¢; (k) va a;(I) 1a hai item m¢ rong.

)

Néu i=j,k=1 thi g, (k)=a; ().

Néu (i=j,k<I) hoge(i < j) thi a;(k)<a;(I) '

Mot dac tinh quan trong ma ching ta st dung trong thudt toan la:

Dic tinh 1: Cho W 1a mét cira s6 trugt véi w khoang. Néu 1-itemset «a, (0)} nao d6 khong phai 1a phd bién thi
batky I-itemset <a, (1)}.«a, (2)}.....4a, (w)} déu khong phi tip phd bién.

Chirng minh: Khi trugt ctra s6 doc theo cac giao dich trong co s& dir li¢u, khi do a, (0) s& xuat hién trong W[0]

mdi khi trugt, tuy nhién a, (¢) ¢d thé s& xuét hién trong W[t] ma thoi. Do do:

support(1a, (1)) suppore{{a, (0)
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Miit khac, néu {a, (0)}khong phai Ia tap phd bién thi support ( a, (o)}) <min_sup, tir d6

support (< a, (t)}) < support ({ a, (O)}) < min_sup tir 46 suy ra diéu phai chimg minh.

III. THUAT TOAN KHAI PHA PE XUAT
Véi thudt toan Apriori, chi phi sinh va kiém tra tp cac (mg vién 1a rat I6n cho nén anh huong dén téc do tinh
toan. Vi vay dé tranh diéu do, ching tdi ti€p cén bai toan theo hudng tiép can tap cha la pho bién thi tat ca cac tap con
cua nod cling phai 1a tdp pho bién. Hudng giai quyét do 1a tim kiém tat ca nhitng tdp pho bien toi da cho muc tiéu tim
kiém. Sau d6, str dung Iuu trit co so dit liéu dudi dang Iuvu trir Tid ctia moi ban ghi cho moi phan ti.

Bit dau v6i mdi phan tir a (i ), néu chiing ta luu trir tap chi s6 cac giao dich chira nd, va trén mdi giao dich
T(X) chta a, (i ) chiing ta lai tim kiém cac phan tir a; ( J ) ma c6 thé trd thanh phd bién. Chién luoc do timg budc va
m¢ rong nhu thé khong sinh ra tap cac tmg vién nhu Apriori. Dac biét viéc kiém tra chi thyc hién trén mot kich thudc
co s dit liéu nho hon nhiéu so véi toan bd dir li¢u. Tur do tiet kiém chi phi.

Dé hién thyc héa y twdng, chung t6i xdy dung mot cdu trac cdy ma chung ti goi 1a cdy phan tir. Mdi node ¢
dang <X|Y> . Trong d6 X (head) 1 tap cac phan tir phd bién ma ching ta da kiém tra 1 phd bién, Y (tail) 14 tap cac
phan tir con lai chua duge xét. T(X) 1a tap tit ca nhimg giao dich chita X. (Khi X =O thi T(X) chinh la toan bé giao

dich trong co so dir liéu). Bén canh do tai n}Si nut chung t0i st dung mot danh sach maximal_element luu trir cac phan
tr ndm trong tap maximal ma dya vao d6 dé quyét dinh viéc cd phai tao nit méi hay khong.
Thuét toan
Input: Tap c4c phan tir I'= {a (0),...,(11 (w—l),az (O),..., a, (w—l),...,ak (O),..., ay (w—l)} , tap cac giao dich T.
Output: Tép cac phan tir phd bién 16n nhét

List<Item> findMaximal(Node node){
//Ti tap giao dich T(X) chra X: Loai bd nhitng phan t& trong Y khong thda man ngudng

1. for(item i: Y){
2. for(Transaction t: T(X)){
3. if(t.contain(i)
4. count_the_support(i)++;
5
6 if(count_the_support(i) < min support)
7. Y.remove(i);
8.
9. while (Y van con phan ti){
10. //Néu Y nam trong maximal_element thi khéng can tao nit mdi
11. if(maximal_element.contain(Y))
12. break;
13. //chon phan ti a[i] dau ti dau tién cua Y
14. //Tao nut méi
15. Node next_node(X = a[i], Y =Y \ a[i]);
16. //Pé quy tao nut méi
17. findMaximal (next_node);
18. //Cap nhat sé phan ti trong Y
19. Y cla node = Y cla (next_node);
20. }
21. return node.maximal_element = node.maximal_element.add(X);

O thuit toan trén, cac phan tr trong Y duoc sip xép theo dinh nghia 7, nghia 1a n6 co dang:
1'=4{a,(0),a,(0),....a; (0),a, (1),a, (1),....a, (m),....a, (m)} . Viée sap xép ndy c6 y nghia rt 16n do tir dinh nghia 5.2,

mbi tap phd bién phai chira it nhit mot phan tra, (0) , nén s& bt dau viéc mé rong tir nhitng phan tir ¢ dang a; (O) , m&
rong lién tuc véi cac phan tir con lai trong 7. Néu sép xép cac phan tir a (i ) € I'theo dinh nghia 7 thi khi két thuc duyét cac

phan tir dang a, (0) , ¢6 thé két thiic viée tao cdy, ma khong can quan tim dén cac phan tir con lai.
Tai nat gbe: X =null, Y= I'=«gq, (0),a,(0),....a, (0),a,(1),a, (1),....a, (m),...,a; (m)}

Dong 2, 3, 4 thuc hién viéc tinh toan support ciia cac phan tir. Tuy nhién, nhd déc tinh 1 ma chung ta dé cap ¢
trén, néu a (0) khong 1 phd bién thi ta c6 thé loai bo toan bd phan tir dang a (i ) ra khéi co so dir liéu, gitip lam giam

kich thudc cta dir liéu.
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Viéc tao nut (dong 14) tir nit cha, theo co ché, phén tir dau tién trong Y ctia nit cha s& 1a X cta nat con, phén con
lai cia Y nut cha s€ 1a Y cua nat con. Tuy nhién viéc ¢ can tao nut hay khong dua vao dleu kién dong 11, nghia lanéu'Y
clia niit ¢6 thé dugc tao 1a tap con cua tdp maximal_element cua nit cha thi n6 khong can tao, vi hién nhlen 10i tdp con
cla tap pho bién déu 1a pho bién. Néu nit duge tao, no sé tu cap nhat lai Y cua minh (dong 6,7) cé nghia la loai bé nhitng
phan tir c6 do support trong tap giao dich T(X) nhé hon ngudng. Thuat toan dimg lai khi khong cé niit nao duor tao.

Dé cu thé hoa thuat toan, chung toi 1§y mdt minh hoa don gian cho thuat todn nhu sau:

_ Gia sir ta c6 mdt co s¢ 5 giao dich voi 4 phan tir: a, b, ¢, d. Cho ngudng support = 40% (supp = 2), kich thudc
ctra sO trugt bang 2, khi do s6 phan tir tang tir 4 1én 8. (Hinh 1)

Tid Giao dich Tid Giao dich

— 5 ORI
i ae C— = i 2007, <01 <11

2 c w=2 2 c[0], a[1], b[1]

3 b 3 a[0], 5[0, <[1], d[1]
4 c, d 4 c[0], d[0]

Hinh 1. Chuyén ddi giao dich
Tép cdc phan tr m& rong I’ = {a[0], b[0], c[0], d[0], a[1], b[1], c[1], d[1]}
Viéc sinh niit gbe bit ddu v6i X = null, Y =, T(null) = {0,1,2,3,4,5}

Khi mdi nit duge sinh ra, chung tw déng cap nhat dé loai bo phan tir khong phai 1 phd bién, nhu hinh 2. Trén
tap cac giao dich T(null): supp(a[0]) = 3, supp(b[0]) =2, supp(c[0]) = 3, supp(d[0]) = 1, supp(a[1]) =2, supp(b[1]) = 1,
supp(c[1]) =2, supp(d[1]) = 1

Véi min supp = 2, thi nut gbc tu ddng cap nhat: X =null, Y = { a[0], b[0], ¢[0], a[1], ¢[1]} (Hinh 2)

Cap nhat nut

O == 0

Y = {a[0}, b[0}, <[0}, a[1], <[1]

Hinh 2. Cap nhét lai nut

V6i mbi {a, (i)}e Y tao nit con (dong 11) dugc thé hién nhur hinh 3:

X=null
¥={ a[0], b[0], <[0], 2[1], c[1]}

X=2[0]
Y'=b[0], c[0]. a[1]. [1]}
Cap nhat 121 4}
X= X=b[0] X=¢[0]
¥-;§g},c[1] Y=e[0], 2[1], ¢[1] Y= a[l],¢[l]

Hinh 3. Tao nit mai

node parent

'
H 40
\  node child :
1 . . z

\

Khéng thire hién tao nhimg nit con néu
*.  maximal_element cia mit cha chira rail cia oy
N g :

Hinh 4. Didu kién tao nlit méi
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Két thuc viéc tao cdy néu Y cia tit ca cac nut di tao gidng nhu trén hinh 5.

X=muil
Y = { a[0], b[0], c[0], a[1], c[1]}

X=2a[0] i X=c[0]
Y = b[0], c[1 -:;::[lloll Y= null
Y = null
X =1b[0]
Y=cfl]

X=c[1]
¥ =null

Hinh S. Cay khi tao xong
Khi cay duoc hoan thanh thi maximal element ciia nit gde sé 13 tap phan tir phd bién 16n nhat.
IV. KET QUA THU NGHIEM

Chung t6i tién hanh thu thap bo dit liéu vé thoi tiét tai Ha Noi theo timg gid trong vong 3 ndm (2008-2010) va
theo tirng ngay trong 15 nam (2000 - 2014) trén website: http://www.wunderground.com. B¢ dit li€u gém 8 thugc tinh:
Temp, Humidity, Pressure, Visibility, Wind Direct, Wind Speed, Events, Conditions. Pé xir ly tién dit liu, chiing t6i
thuc hién lam dr?ly dya trén gia tri cla cac gia tri 1an can cung thudc tinh ma theo thoi gian. Bﬁng cach ndy, dir li€u
dwoc dua vao khai pha s& khong c6 ban ghi nao bi thiéu va trén khong gian khai pha s& khong chira 15 héng dit liéu
nao. O day, ching t6i lya chon khai pha doc theo truc thoi gian tirc 1a cac ban ghi s& phu thudc vao nhau theo bién thoi
gian. Sau d6 ching t6i tién hanh tién xu 1y b dir li€u, roi rac hoa cac dir liéu loai dinh luong nhu: Temp, Humidity,
Pressure, Visibility, Wind Speed béng cong cu Weka 3.6.9. Chuong trinh thuc nghiém mo ta nhu hinh 6.

4| As3OCIALION Hules — e

Mnimum support © Maximumspan | Run ;
Processing

m

Result Aprioni Reault new Algorithm

- -
Daca file: [0 items, transactions) Data file: [0 items, 0 transactions]
Minimum support = {10.0%} Minimum support = {10.0%)}
Excution time: 0.016 Execution time: 0.006
Data file: [33 items, 4893 transactions] Data file: [33 items, 4893 transactions]
Minimum support = {10.0%)} El |Minimum support = {10.0%} E
Found 1 maximal itemset of size 1 Found 1 maximal itemset of size 1
Found 26 maximal itemset of size 2 Found 26 maximal itemset of size 2
15 maximal itemset of size 3 Found 15 maximal itemset of size 3
I 1 maximal itemset of size 4 Found 1 maximal itemset of size 4
Excution time: 0.085 Execution time: 0.107
Data file: [60 items, 4893 transactions] Data file: [60 items, 4893 transactions])
Minimum support = {10.0%)} Minimum support = {10.0%)}
Found 60 maximal itemset of size 2 Found 60 maximal itemset of size 2
Found 87 maximal irtemasr af size 3 4 Found A7 maximal iremser af size 3 2

Hinh 6. Chwong trinh thyre nghiém so sanh thuét toan d& xudt voi Aprori
Trong thi nghiém thir nhat ching t6i chay giai thuat voi mot cua so trugt kich thude bang 3, cho cic ngudng
support khac nhau trén bg dit li€u thoi tiet thu thap theo gid va so sanh thoi gian chay véi thudt toan Apriori. Két qua
chay thyc nghiém duoc thé hién trén hinh 7.
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MinSupp - Timerun
600

500

400

Timerun
ws
[ =]
S

200

100

minsupp

—+—Aprirori -#-new Algorithm

Hinh 7. Két qua theo MinSupp - TimeRun

Két qua thuc nghiém cho thay véi ciing bo dit liéu va cling ngudng support du nho thi thoi gian chay cua thuat
toan cai tién vugt troi hon so véi thuét toan Apriori.

Trong thi nghi€m thir hai chiing t6i chay trén by dir li¢u thoi tiét ma duoc thu thap theo ngay, bén canh d6 xac
dinh mot ngudng support duy nhit bang 10 va thay ddi kich thudc cira s6 truot tir 1 dén 8. Thuat toan cai tién duoc so
sanh v6i thuat toan Apriori, két qua thuc nghiém cho théy nhu sau: Véi kich thude ctra s6 nho (1 - 4) thi sy khéc biét 1a
khong dang ké, su khac biét rd rang khi ting maxspan tir 5 — 7, két qua mé ta nhu hinh 8a; Véi két qua thyuc nghiém khi
cho giam maxspan thi thoi gian ctia Apriori 1 kém hiéu qua hon rat nhidu so véi thuat toan dé xuat, mé ta nhu hinh 8b.

maxSpan - timeRun
_ maxSpan - timeRun

1000 ¢ D
900 - ! 12000 ¢
800 - 0600
700 | {
E 600 ~ 8000
§ Woa E 6000 &
- 400 E
300 4 = 4000 4
200
100 - 2000 1
0 ¢ 5 0 &t
1 2 3 - 5 6 7 1 2 3 4 5 & T 8
maxSpan maxSpan
=4+—Apriori =i~new Algorithm ——Apriori —#new Algorithm
Hinh 8a. Hinh 8b.

Trong qua trinh thyc nghiém trén bo dir liéu 16n thoi tiét wéc tinh vai chuc nghin dén vai ty ban ghi, két qua
thuc nghiém cho thay thuat toan dé xuat thuc hién tdt chi phi thoi gian khi so sanh voi thuét toan Apriori. Dic biét, thoi
gian giam dang ké doi voi thuat toan d& xuét voi Apriori khi cung thyc hién trén bo dit liéu 16n. Nhu vay, thuat toan dé
Xudt sir dung hiéu qua trong khai pha dir li¢u dya vao cac luat dbi voi bo dir licu 16n.

V. KET LUAN

Trong bai bao chung t6i da d& xult mot cach tiép c4n méi nham giai quyét van d& tim kiém céc tap phén tir ph6
bién ma dya trén viéc mé rong tim kiém tap phan tir phd bién 16n nhat. Didu nay khic phuc dugc nhuoc diém 16n nhat
cua nhing thudt toan sinh va kiém tra tap (mg vién nhu Apriori, gitip cai thién hiéu nang do cit giam chi phi quét co so
dir ligu. Thuat toan dé xuat nay khong chi giai quyét cho cac bo dir ligu khong gian va thoi gian ma c6 th? dugc mo
rong va ap dung cho nhiéu bo dit liéu khéc nhau, dic biét 4 ap dung thuat toan dé xuét nay hiéu qua cho cac thuc nghiém
khai pha di li€u 16n.
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Hudng nghién ctru tiép theo ctia nhom du kién tién hanh thir nghiém trén cira s6 trugt hai chiéu va xa hon 1a da
chiéu (dir liéu duoc gan kém theo da thudce tinh), xay dung mé dun tién xur ly dir liu dau vao cho cac bd dir liu thua,
bd dir licu c6 tinh lién tuc vé thoi gian. D¢ thuc hién viéc nay, chiing t6i can thuc hién cac mo dun sir dung cac ham
lugng hoa tham s6 dém dugc va tham so khong dém dugc trong bd dir li€u 16n.
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