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ABSTRACT

In this paper, we introduce extended episode model upgraded from
episode pattern in time-related data. Based on this model, we present an
algorithm that finds all frequently extended episodes from an input event
sequence without rescaning. By application using new characteristics of
mined extended episodes, we propose an application in the diabetes data*.
Experimental results of this article show that the extended episodes
contain useful information for prediction models.

TOM TAT

Trong bai viét nay, chung 00 gioi thi¢u mo hinh mau episode mo réng
phat trién tir mé hinh mau episode véi dit liéu phu thudc vao thoi gian.
Duya trén mé hinh viea trinh bay, chung toi gioi thiéu giai thudt khai
khodng mau episode mo rong chi duyét qua chuoi dit liéu sw kién 1 lan. Sir
dung nhitng ddc tinh ddc trung cua mau episode mo rong ching 16 dae
xudt mot ung dung dw doan trén tap dir liéu tiéu duwong *. Két qua thyc
nghiém ciia nghién civu cho thdy mau episode mé réng chira nhiéu thong
tin hé tro mé hinh du dodn.

* di liéu AIM-94 cung cap boi Michael Kahn, Washington University, St. Louis, MO.

1 GIOI THIEU

huorng tiép can khac theo mo hinh khai khoang
mau Episode [5] trinh bay boi Mannila va cac dong

Khai khoang dit liéu c6 phu thudc vao thoi gian
la mot trong muoi vin dé 16n cia nganh khai
khoang dir liéu hién nay [15]. Viéc du doan cac su
kién chua xay ra tir dir liéu thoi gian c6 tiém ning
mg dung rat 16n nhung chua dwoc nghién ctru day
du. Trong cac giai thuét khai khoang mau tudn tu
[1,2,3,4,6]da dé ra m6 hinh khai khoang chudi
diF liéu con phd bién tir co s& dir liéu. Nhitng chudi
dir liéu con c6 mang tinh chit thir tw nhung kho
truy xuit thong tin ndi tai gitta cac thanh t6 bén
trong chudi. Viéc danh gia Kkét qua dya trén do do
ung ho hay tin sudt xuit hién cua chudi. Céc giai
thuat sinh ra chudi dir liéu con c6 do phuc tap cao,
duyét qua co so dit liéu nhiéu lan nén tén nhiéu
thoi gian xtr ly, st dung bd nhé 16n. Mot phuong
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su voi muc tiéu tim kiém cac episode pho bién.
Céc episode nay 1a mot tap cac sy kién xuat hién
phé bién cing nhau trong chudi su kién. Cic miu
episode tudn tr va miu episode song song duoc
sinh ra qua qua trinh quét can toan bd chudi tudn
tu. Cac mo hinh cua tac gia dé xuét tach biét hoan
toan 2 loai mau tudn tu va mau song song v6i nhau,
nhung trong dit liéu thuc té cho thiy 2 loai mau
nay c6 quan hé mat thiét v6i nhau (theo mbi quan
h¢ nguyén nhén — ket quad). Thong tin cua cac mau

plsode bao gdém sd lan xuét hién cua mau cung
v6i moi quan hé gilta cac sy kién trong mau. Téc
g1a ¢6 dinh nghia luat tuan tu 14 mdi quan hé giira
mau episode va mau episode con, tiéu chi dé danh
gia luat tuan tu 1a do tin cdy cua luat va dugc tinh
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dya trén d6 ung ho cia mau episode v6i mau
episode con. Trong bai viét ciia Diép va cac ddng
su [9], tac gia dé xudt giai thuat khai khoang mau
episode hiéu qua hon véi lugng miu phd bién
nhiéu hon, thoi gian xir Iy nhanh va céc ludt tuin tu
thu dugc cé do tin cdy cao. Giai thuat tip trung
khai khoang cac miu episode trén nhiing su kién
ma nguoi st dung quan tdm va cac sy kién nay that
su xuat hién trén chudi dit liéu tudn tu. Tuy luong
thong tin thu dugc 16n nhung do mat han ché cua
mo hinh méu episode nén két qua thu dugc khod
tmg dung vao trong thuc té. Trong qua trinh khai
khoang mau episode c6 nhimng episode c6 nhimng
thir ty dac biét dugc Katoh goi theo déc trung riéng
nhu sectorial episode, diamond episode, elliptic
episode [10, 11, 14]. Trong bai viét nay ching toi
s& dé xuat két ho‘p mAiu tuan tu va miu song song
episode tao ra extended episode, viéc danh gia mau
extended episode dua trén do do ung ho thuan va
tan sudt xuét hién thudn ciia mau.

Phén tiép theo cua bai viét nay duoc trinh
bay theo thtr tr nhu sau: phin 2 trinh bay vé md
hinh extended episode. Phan 3 trinh bay vé giai
thuét khai khodng extended episode chung t6i dé
xudt. Két qua thyc nghiém dugc trinh bay trong
phan 4. Phan 5 1a két luan va hudng phat trién.

2 MO HINH MAU EXTENDED EPISODE

Gia sir mdi sy kién xay ra & mot thoi diém t xac
dinh 1a mot s6 tw nhién. Cho mét tap E 1a tap hop
cac su kién. Mot sy kién (e, t) 1a mot sy kién khi va
chi khi e € E va t 1a mot s6 nguyén dwong chi thoi
gian xay ra su kién nay. Su kién e co thé chira mot
hodc nhiéu thudc tinh nhung dé don gian cho viéc
trinh by chung ta gid dinh mdi sy kién chi chua
mot thudc tinh. Theo do6 ta cod tip su kién trén
chudi sy kién :{ (e, t) |[e EE } v6it>0.

Dinh nghia 1. Mot chudi tuan tu S trén tap E 1a
mot bo 3(S, Ty, Te) trong d6 T, va T. 14 sb nguyén
duong chi thoi gian trén S. T, 13 thoi gian bit dau,
T. 14 thoi gian két thuc, Te-Ty = l,va Ts < t; < Te voi
moii=1,...nvaS= { (A1 '[1) (Az,tz) (A3,t3)
(Anytn) }la mot chudi tuan tir cac sy kién ma A; € E
Vi=1,..nvat<ty Vi=l,...,n-1. Dinh nghia
ndy c6 mot chiit khac biét véi dinh nghia chudi
tuan tu S’ trong [4, 5] voi S’={ (A’1,t"1) , (A’2t72) ,
(A’3,3), ..., (A'nt’n) JAG EE Vi=
) <t Vi=l,....n-1. Nhu vy, S co thé chua
nhiéu su kién xay ra tai mot thoi diém t so véi S’
chi c6 thé chira t6i da 1 sy kién tai mot thoi
diém t".

1,....nva
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Dinh nghia 2. M6t mau (Episode) duoc xét 1a
mot bo 3 (V, < ,g) trong d6 V 1a tap hop cua cac
nuat, < 1a mot quan hé thi ty ban ph?ln trén V va anh
xa g: V —> E la mét anh xa két hop gifra céc nlt
v6i céc loai su kién. Kich thudc cta a ki hiéu |o| va
kich thude V ki hiéu |V|. Episode a la tudn tw khi
mbi quan h¢ <1a co thtr tu, Episode o 1a song song
khi mdi quan hé < 1a thm thuong.

Dinh nghia 3. Tan sudt cia miu X fregX
trén chuoi S véi thoi gian t bound c6 cong thiure
nhu sau:

Sup port(X)til)ound
Te—Ts
t _bound

freq(X) =

Trong do freq(X) 1a tan sudt xuat hién ciia mau
X trén chudi S véi khoang thdi gian t bound,
support(X) ¢ bound 12 d0 do ing hd ctia mau X trén S
véi khoang thoi gian t_bound.

‘Dinh nghia 4. Goi o 1a ngudng d¢ ung ho nho
nhat v6i 0 < o < 1. Khi d6 mét mau X 1a mau pho6
bién khi va chi khi support (X) > o.

Dinh nghia 5. Luit episode 1a biéu thirc f = 7,
véi B va y la cac episodes sao cho [ 1a episode con
ctia . Episode B 1a episode con cua y (B < y), néu
@b thi biéu dién P 1 db thi con cua do thi biéu dién
v. Do tin cdy cua episode y dugc tinh: confy = fi(y,
S, t bound)/ fr(B, S, t bound)

‘Dinh nghia 6. Goi Ala ngudng do tin cdy nho
nhat v6i 0 < A < 1. Khi d6 luat tuan ty X 1a luat tin
céy khi va chi khi conf (X) > A.

Dinh nghia 7. D6 ung ho thuan cia 1 mau
episode [B|A] 1a d6 ung hd episode [B|A] va khong
ton tai bat ky episode [BX|A] (VX # B, X va B
cung xay ra truéc A) rsupport [B|A] = support
[BJA] — support [BNX]A].

Pinh nghia 8. Mau mo rong episode c6 dang
E—B, véi E 1a miu episode song song, B 1a mau
episode tuan ty.

3 GIAI THUAT KHAI KHOANG
EXTENDED EPISODE

Viéc khai khoang cac mau extended episode
duoc thuc hién qua 3 giai doan

3.1 Giai doan 1 - Tao ra cic miu episode
kém theo cac thong tin

Giai thuat IniE dugc su dung dé trich xudt cac
mau episode tir chuoi dir li¢u tuan tu dua vao. Giai
thuat dugc mo ta qua ngdn ngir gia bén dudi.
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Thu tyc IniE (E; t_bound; S)
Pau vao: chudi tuan ty S = (S1; : : : Sn) véi
thoi gian xay ra twong (rng ctia mdi sw kién;
thoi gian gidi han t bound, Vector danh sach
su kién E =@, mdi phan tir trong E chira 1
vector luu gia tri thoi gian xuat hién cac sy
klén Ei = @
Déu ra: Vector C chita cac miu tim duoc véi
thong tin thoi diém xut hién.
Noi dung giai thuét:
C=0;
E =,
foreach(s € S)
if (s € E) then
E:=Eu {s}
Es :=Es U {t(s)}
end(foreach)
foreach(e € E)
foreach(a#eanda € E)
if ([e|a] € C) then
C:=Cu {[e|a]}
foreach(i€E., jEE, and t(Ed[j])-t(Ec[i])
<t bound)
Clela] := C[e|a] v
14 end (foreach)
15  end (foreach)
16 end (foreach)
17 return C;

O 00 3N U h WIN —

10
11
12

13 [t(Ee[i]), ((Eo[j])]

Giai thuat IniE duyét qua chudi dit liéu S duy
nhat 1 1an, mdi khi sy kién xuét hién s& dugc luu
vao vector E cung véi thoi diém xuét hién cua su
kién. Sau khi duyét qua hét chudi dir lidu S, vector
E chira toan bd cac su kién kém thoi diém xudt
hién cua cac sy kién. Lan luot xét cac sy kién trong
E, v&i mdi cap su kién khac nhau co thoi dlem xuét
hién théa man tham sb t_bound sé& tao mau tuan tu
episode twong Gng véi hai su kién khac nhau do,
thong tin vé thoi diém xudt hién ciing s& duoc luu
vao vector C. Vong lap két thic khi khong tim
duoc thém cac cdp sy kién thda man yéu cu. Két
thic giai doan 1 ta thu duoc vector C chira danh
sach cac mau episode va thoi diém xuét hién cua
timg mau episode, vector E chira cac sy kién va
thoi diém xudt hién cua cac su kién.

Dinh 1y 1: D6 phtrc tap cua IniE 1a O(n+ Pm).
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Chimg minh: Véi vong lap dau tién duyét qua
chudi tuan ty S dé luu lai thong tin va thoi diém
xay ra sy kién c6 do phuc tap tuyén tinh phu thudc
vao d6 16n n cia chudi sy kién S. Trong vong lap,
mdi thoi diém su kién s xut hién trong S s& duoc
luu thoi gian lai theo loai trong vector sy kién (E)
nén thoi gian tinh toan s& tuyén tinh theo n. Vay do
phtrc tap tur dong 1-7 1a O (n). Vong lap thir 2 tu
dong 8 dén dong 16 1ap qua timg loai sy kién trong
vector sy kién E. Vong lap nay chira vong lap con
1ap lai qua tung sy kién trong E va khong xét 2 su
kién tring nhau nén d6 phurc tap lic nay 1a 2 (vé6i I
la s6 sy kién trong E). V&i mdi mau tuan tu
episode dugc tao ra, 1an luot xét thoi gian timg cip
su kién tao nén mau véi vong lip tir dong 11 dén
dong 14. Vong lap nay s€ 1ap qua m lan thoi gian
cta sy kién xudt hién nhleu (o hodc e). Mdi ciap
thoi gian thoa rang budc tong thoi gian nho hon do
16n t bound s€ dugc thém vao vector C tuong Gng
v6i mau dugc tao ra bai 2 sy kién d6. Nhu vay do
phirc tap thu tuc IniE 1a O (n + 2m). Trong thyc té,
s6 1an xuét hién m cua cac sy kién va sb su kién /
trong E nho hon d6 16n n ciia chudi dit liéu S nhiéu
1an nén giai thuat IniE 1a chip nhan dugc.

3.2 Giai doan 2 — Tao cic miu Episode
dang mé rong va hiéu chinh théng tin trén
cac miu

Giai thuat ExtEE doc thong tin cac mau episode
trong vector C va thong tin cac su kién trong vector
E tao ra ¢ giai doan 1. Dau tién khoi tao vector M
dé chira cac mau mé rong va thong tin do do ung
ho thuan. Lan luot xét cac cip mau trong vector C,
v6i mdi cip miu co cung sy kién cubi lan lugt xét
thoi diém xuit hién coa cip miu. Néu miu mé
rong chua co trong vector M thi thém vao vector
M. Mdi cdp thoi diém thoa gia tri t_bound s& dwoc
Ivu lai trong vector M theo twong ung véi tung
mau trong M va cdp nhat do do ung ho cua cac
mau trong C. Cac cip thoi diém thoa gia tri
t bound s& c6 3 truong hop xay ra: 2 mau cung
xuét hién dung vi tri trong thoi gian t_bound, mau
thtr nhit c6 thoi diém bat dau va thoi diém két thic
nho hon thoi diém mé dau va két thic cia mau thi
hai (hodc nguoc lai), mau thir nhat duge chira trong
mau thir hai (hodc nguoc lai). Két thuc giai thuét,
vector M s& chita cac mau mé rong véi do do ting
ho thudn. Giai thuat duoc md ta chi tiét béng ngén
ngilr gia nhu sau:
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Thu tyc ExtEE (E; C; t_bound)
Pau vao: Vector C chira cac mau Episode tuin
tu, Vector E chira danh sach s kién thu duoc &
giai doan 1, thoi gian gidi han t_bound,
Dau ra: Vector M chita cac mau mé rong
v6i d6 ung ho thuan ciia timg mau;
Giai thuat:
1 M=,
2 foreach(Apx €EC, Bpx€Canda # B)
3 M:=M v {[aB|x]}
foreach([iy,iz] EAMX], [jl,jz]EE[i)
if ([i1,i2]< [j1.j2]) then
Mo == Mioppg W [j1.)2]
Clajx]:= Clajx] — [i1,12]
CIBIx]= C[BIx] = [j1.J2]
9 if([i1,i2]2 [j1,j2]) then

4
5
6
7
8

10 Miapx] := Miappq Y [i1,12]
11 Clofx]:= Clofx] — [i1,i2]

12 C[Bx]= CIBIx] = [J1.j2]

13 end(foreach)

14 if(Mapx) = D)

15 M:=M - {[of|x]}

16 end(foreach)
17 return M;

Dinh ly: Do phuc tap cia ExtEE 1a O (n.m)

Chimg minh: ExtEE thyc hién chu yéu véi
vong ldp tir dong 2 dén dong 16. Vong lip nay s&
lap qua n cip mau tuan tu episode c6 chira cing 1
loai su kién X & tha tu cudi cung cua mau trong
vector chita mau C (vector mau tao dugc ¢ giai
doan 1). Vong lap nay chira mdt vong ldp con tir
dong 5 dén dong 13, vong lap bén trong nay s& lap
qua m céc cip thoi gian ctia mau episode A va B.
Khi cac cdp thoi gian ndy thoa mau A va B cling
xuét hién trong khung thoi gian va khung thoi gian
ndy nhoé hon ngudng t bound thi s& tao mau mé
rong c6 dang [(AB) —X]. Néu M khong chira mau
dang nay thi s& thém vao M. Néu M da chira mau
thi thém khoang thoi gian 16n nhét chira cd 2 mau
tuan ty. DO phic tap ciia 2 vong lap nay 1a O (n.m).

3.3 Giai doan 3 — Két hop thong tin dé
du doén

Str dung vector M chira cac mau mé rong cling
v6i thong tin d6 do ung ho thuan thu duoc tir giai
doan 2 dé sinh ra cac luat tudn tu thuan. Viéc du
doan chu yéu duya trén ludt tudn tu thun voi cong
thirc nhu sau:
P =2 [X |V ],y (V To[X]|Y] <t _bound)

Trong d6 Ts 1a thoi diém két thiic cua chudi dir
lidu sy kién, ts 1a thoi diém xuat hién cubi ciing cua
mau c¢6 dang [X|Y] voi Y 1a mot su kién bét ky
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(YEE), rconf 14 db tin cdy thudn ctia mau [X]Y].

4 KET QUA THU'C NGHIEM

Ap dung cic giai thuat khai khoing mau
extended episode vao co s& dit lidu tiéu dudng AIM-
94 cung cdp boi Michael Kahn, Washington
University, St. Louis, MO. D li€u bao gém 70
chudi dir liéu tudn tu (twong ung véi 70 bénh
nhan). Mdi chudi trung binh c6 500 méc thdi gian
voi 700 su kién xay ra. Dt li€u c6 20 loai su kién
bao gém 12 loai 1a dir liéu lién tuc va 8 loai la dir
li€u roi rac. Trong 12 loai dit li€u lién tuc c6 3 loai
1a cac lidu insulin va 9 loai con lai 14 chi s6 duong
trong mau. Pon vi thoi gian dugc tinh 1a gio,
khoang thoi gian do thong thuong la cac gio: an
sang (08:00), an trua (12:00), an chiéu (18:00) va
an khuya (22:00). Sau khi chuan héa dit liéu ching
to1 thu duoc cac loai su kién sau:

Cé 9 loai su kién vé luong dudng trong méau
dugc minh hoa chi tiét trong Bang 1:

Bang 1: Bang roi rac dir liéu dwong trong mau

Chi sb dudng trong miu Sw kién
Téang trén 25% Tang rat manh
Tang 17% — 25% Téng manh
Tang 12% — 17% Tang vira
Tang 5% — 12 % Téng nhe

Dao dong 5% — 5% Khong d6i
Giam 5% — 12% Giam nhe
Giam 12 — 17% Giam vira
Giam 17 — 25% Gidm manh

Giam hon 25% Giam rit manh

Co6 9 loai su kién vé liéu lwong insulin dwoc
minh hoa trén cac Bang 2, 3, 4.

Bang 2: Bang roi rac dir liéu Regular insulin

Lwong insulin tic dung nhanh Sw kién
(Regular insulin dose)

Dudi 6 don vi Liéu R1

Tl 6 dén 12 don vi Liéu R2

Trén 12 don vi Liéu R3

Béang 3: Bang roi rac dir liéu NHP insulin

Lwong insulin tic dung trung Sw kién
gian (NHP insulin dose)

Duéi 12 don vi Liéu NHP1
Tl 12 dén 20 don vi Liéu NHP2
Trén 20 don vi Liéu NHP3

Béang 4: Bang roi rac dir li€u UltraLente insulin

Lwgng insulin tiac dung cham Sw kién
(UltraLente insulin dose)

Duéi 7 don vi Liéu Ul
Tur 7 dén 13 don vi Liéu U2
Trén 13 don vi Liéu U3
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Ngoadi ra theo quan diém y hoc, ching t6i chon
tir co so dit liéu 13 su kién sau: trudc khi an sang,
sau khi an sang, trude khi an trua, sau khi an trua,
trude khi an vat, ¢ triéu chimg ha duong trong
mau, bita an kiéng thong thuong, blta dn kiéng
nhiéu hon thong thuong, bita an kiéng it hon thong
thuong, hoat dong thé duc thong thuong, hoat dong
thé duc nhiéu hon thong thuong, hoat dong thé duc
it hon thong thudng, sy kién dic biét (tiec, 18
héi...). Téng hop lai ¢6 31 loai su kién.

Céc thoéng sb cho chuong trinh dugc xac dinh:
rang budc thoi gian t bound = 24 (gio), ngudng
ing ho nho nhit supportmi, = 0,2 %, ngudng tng
ho thuin rsupportmin = 0,1%. Giai thuat dugc cai
dit trén hé diéu hanh Window, viét bang ngdn ngir
lap trinh JAVA véi cong cu phat trién NETBEAN
7.0.

Bang 5: Két qua ap dung cac giai thuat va do do
khac nhau trén tap dir liu AIM-94

Frequent

Do do Episode Fre(!uent Extepded Extended
Episode Episode .

Episode

support 823 672 1356 1219

rsupport 821 631 1352 936

Bang 6: Thoi gian thyc thi cia cac giai thujt
trén cac chuoi dit liéu khac nhau

Thoi gian Thoi gian

thuwc hién Data-01 Data-12 Data-39 Trung
(ms) binh
WINEPI 823 672 645 713
MINEPI 730 631 589 650
DYNEPI 525 487 471 494
IniE +

Ex(EE 780 656 612 682

Ty & dy doan dung

1 2 3 4 5 6 7/ 8 9

10 11 12 13 14 15

Hinh 1: Trung binh két qua du do4n trén tirng
chudi dir liéu sir dung do do ing hé thuin, miu
extended episode va luat tudn tw thuin
(don vi: %)
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Ty |& dy doén ding

60

40

20

1 23 456 7 8 91011121314

Hinh 2: Trung binh két qua du doan trén tirng
chuoi dir li¢u sir dyung dg do ting hd, mau
episode va luit tuan tw (don vi: %)

Ty lé dy doén dung
100
90

21 22 23 24 25 26 27 28 29 30 31 32 33

Hinh 3: Trung binh két qua du doan trén tirng
chudi dir liéu sir dung dd do ing hd thuin, miu
extended episode va ludt tuin tw thuin
(don vi:%)

Ty |é dy doan dung

20 21 22 23 24

25 26 27 28 29 30 31 32 33

Hinh 4: Trung binh két quéi d do4n trén timg
chuoi dir li¢u sir dyung dg do ting hd, mau
extended episode va luat tuan tw (don vi: %)

Bang so sanh ¢ Bang 5 cho thdy, khi st dung
d6 do ung ho thuan (rsupport), tong sé mau episode
va extended episode luon thap hon khi sir dung do
do tng ho (support). Vi do do ung ho thuan xac
dinh chinh x4c s6 lan miu xuét hién trong khoang
thoi gian t bound gitp tranh trudng hop 1 mau
dugc xét ung ho 2 lan. Thong tin dy doan chu yéu
dua trén ludt tudn tu thudn, ma ludt tuan tu thun
phu thudc chi yéu vao do ung ho thuan cua mau.
Do d6 két qua du doan sir dung do do ting ho thuin
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va luat tudn ty thuan cho két qua chinh xac hon
(Hinh 3 va Hinh 4).

Hinh 2 cho :[héy viéc sir dung mau episode dé
du doan cho két qua c6 d¢ chinh xac thap nhat
trong ca 4 truong hop.

Béang 6 cho thdy tong thoi gian thuc hién cua
giai thuat ca 2 giai thuat IniE va ExtEE tot hon giai
thuat WINEPI.

5 KET LUAN VA PE XUAT

Chiing t6i vira trinh bay mé hinh mau episode
mé rong (extended episode) thay thé cho mau
episode trong cac tng dung du doén dua trén dit
liéu thoi gian. Trong thuc té vai truong hop dir lidu
da su kién (cac sy kién xay ra cung mot thoi diém)
thi khong thé sir dung mau episode duoc. Ngoai ra
chung t6i con dé xuat do do ung ho thuan, do tin
cay thuan thay thé cho do do ung ho va do tin cdy.
Két qua thyc nghiém cho thay cac cai tién trén hd
tro tot hon cho viéc du doan su kién tuong lai.
Trong thoi gian téi, nhom ching t6i s& cai tién mo
hinh hoat dong linh hoat hon cé thé tan dung duogc
thong tin dir liéu mau episode co sin va c6 thé phat
hién céac sy kién dn trong chudi dir lidu.
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