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A new algorithm for mining frequent closed patterns
in gene expression datasets
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Abstract: Unlike the traditional datasets, gene expression datasets typically contain a huge number of
items and a few transactions. While there are large numbers of algorithms developed for frequent closed
patterns mining, their running time increased exponentially with increasing average length of the
transactions, thus such gene expression datasets render most current algorithms impractical. TPclose, a
new efficient algorithm for mining frequent closed patterns from gene expression datasets was proposed. It
stored the tidset of each item using a TP-tree (tidset-prefix tree). TPclose converted the problem of
mining frequent closed patterns into one of mining frequent closed tidsets, adopting the top-down and
divide-and-conquer search strategy to explore transaction enumeration search space and combining efficient
pruning and effective optimizing. Several experiments on real-life gene expression datasets show that
TPclose outperforms RER [[ . an existing algorithm based on bottom-up search strategy, by up to two
orders of magnitude.
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Wi 5 T I 1) 45 v 3 A R 1) R AT TR
SR PR ek B AR R B o, R A R PR R GR
Bl 2 B SRS SR S W] 3 2 X 3
PR 23R B30 () A AT AR U 2 U A W 1 2 2 T
I () T R Bk 2 — (1 S S AE , AT E S ad X 3
PR 2R B 228 25 55 1 B 3 M B SR U 5 2 PR A
PRUINERRZEE SIS BUR T E SESSUNiE By 3
IO A 0 B PR ) Ty 812 3 s o) 3 PR 3 A 0 1
FE AR T IR 43 LR I2 W 4. P T 3R R 22 [R] Y
MEAEFHCR AR 4%, iR X S M I R REAR 4F
Mot 7R Z (R S 3 R 5 PR BT 25 A 2 ] N TE B 2 9
DRI ZR ., R R DR 2R 38 B340 17%) S I56 B 0] 43+ B fig 08 3R
BUX — JCHRAR B, 1517 5 B2 W I 8 25 95 9 R HE W
LR PR R 450

B A AR (frequent closed pattern) 725 J2:
DRI RIL U475 H FORU R 28 73 B A Bl ZEAR R 554K
e MR RSy Tt TR G ) P S E)
B SRR EAR AR 51550 3 55 B AR L S 3 T Y
FRIE. JEDR SRR B0 4538 B & K 81 LD A
DHEIIAT CREESE) HVBGIE 2 TATEL X (A%
GBS 3T A (0 H D) M R B E B S B0 in
SR BB KO A B A R A R
iﬁﬁﬁﬂﬂ.

CARPENTER™® A1 RER [ ™' & It W5 4F 1 %) 2
(R 2% 3k B4 4 2 10 A A B P A B 5K i R Ok
CARPENTER % % £ i 17 B 2% W (row
enumeration tree) 2%, BV FHAT (35 55 ) #eas =5 0] &
RABGER S O 5 ) Koz 25 0], 3258030558 2o 338 V3 1 4
TSR B R AR AT A AR 2 M RTT
Fezg2s (0], P05 BRI 2Rk S E A
BRORMIEE KA. RER ] 52:7F CARPENTER
(= R7E 9 T 11 35 I ol SN I SRS i 8
CARPENTER F.3: Hig B2 AL Je 13 1A i 5050 3
RUCHR R SR AT A4 07 X ZE RS ) PR e A7 —
FE PRHER A I AN B 5 B T A A A R
S LA WY LA E i SR B A R ) E AT
Fezé 23 4 2250w, R T LA R B b ™ A i S
SCRERE R M/INEI AR A A PR T TG 75 78 40 R e/
YRR BE AT R 25 A A A& B85, AT 5 R
[ A2 [ TR 2. BEAh Y BE 4E B B i), [ )
AR WS 25 8 R FE I ) BT AR ) L

FORME AL AR 7 35 T 5 PR 3 SR i iy 4t 25 4]
AR i B B TPelose (based on tidset-prefix
tree mining frequent closed pattern). 123832 v FHAE
O BRI R PR G 5 A ) R 48 0 B 1A
A 554 (frequent closed tidset) ¥2 4 [A] 25, 7543 F)
STV NS TR @R p R IR € P AW N
(AR L SRR T ] R 43 6 2 AT M2 23 a8 R
SR 455 A SCH ) TP (tidset-prefix
tree) Z5 44 | iR A8 Y 18 B HR FNA B AL B, 3R
CNE 3

1 [k

W I={i1 iy se0i, 2T H Gtem) A T 1 —
AMEEZ FEFRN— DI H 2E (itemset) , B £ D=
(Ty Ty, T,} 5 (transaction &, Hi, &
% Ty= (tidy, X o tidy A FARRLT, X, WS T
T3 B A 4L B X, S R an A~ 1 B 4R
YOX, RS T, W HAE Y. 8454 D i
TUHEY WEFEFAEEY 75 D s
B oY) RS, Y W SCHPEE D v I oy 19 e i
RUTHAE Y £ D H R (support) , F Sup(Y)
PR A FESARPATHRES T={tid,, tidy, -,
tid, } » T f—DARZS TR N — 255 4E (tidser).
YRR WL FEA S RIRVE S OL T , I H 4R {a,
ey KGTRTS W aeh” RS2, 4 VBT L 247,

EX 1.1 HEfdi D M—A /DR
f minSup(minimum support threshold) , %} i H 4
X.# Sup (X) =minSup, W FR X J& 45 B 050 H 4
(frequent itemset) B EAI (frequent pattern).

13— HLSR 0T AR 1 SCRREG AR 28 5 K
HSCHREE, T LIARRT S /N SCHF FE B {H minSup 7 &
S/ N SCAPEUSE min o

EX 1.2 W HE X, &5 AN EAEAT 0
YL il YO X HHAF Sup(Y) =Sup(X) WFK X K
A4 (closed pattern).

I H A X B S0 SOE A/ FR X 2
A AR

XTI EHA YT, HX = 55 8 8 SO
Y B F 55 ARRAF S T 7(Y) R, X T
548 ST T, Hoxt i i3t H A€ LR S h A 55
e[l & W RIH R 1(S)FIR.

FH 3K PR SCRTHE DA PR A G | 2,
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MR L1 BEIHAE XTI 70 = N.ex7(2).

MR L2 WEHESESTT. N IS =N sl (5.

MR L3 WIHSE XTI XTIX)).

MR 1.4 WFHSE STT N STIUS)).

FPERT 1.1 AT XTI EH S X YS T3 XS
YU AXODTCY) s R 1.2 A5, XS4
U,VCT. £ UV 121V,

I3 1.1 WHEHSEUCT, N IW) E—1H]
A

B3 1.2 W HE XTI, N X &— A HEH
KLY HAYE X=1(T(X)).

Bl 1.1 WE 1R E (0 R EdEE D
5SS 15 M HALK. B 1(b)Faat D 153111
e ER TT.H D bR B X 355 5251 3. |
B 1) A58, TCaeh) = 234, TR T H B aeh X R
(55460 234, B &0 HAE aeh (NEH554A 2.3,4
ZANHS . 1(24) =aehpr, FoRn S 5545 24 X I
HEEHN aehpr, BIFE 2,4 F 55 v 4L 6] 4055 1 B K0
HERN aehpr. WA, HE 1 B AT 15 5], T(aeh) =
T NI ) NT(h)=12341234234=234,1(24) =

I1(2) N I4) =adehlpr(\aehpr=aehpr.
i T
a 1,2,3,4
b 1,5
c 1,3
tid, X d| 2,5
1 a,b,c,l,0,s ; §’3’4
2 |a,d,e h,lpr gl s
3 a,c,e h,0,q,t rl 2.3.4
4 |a,eh,p,r I 1’2’5
5 |bdfglhygst ol 13
)4 2,4
(a) 4D al 35
r 2,4
K 1,5
t 3,5
() DIFHEERTT

E1 HEEREER
Fig. 1 Dataset and transposed table

WEGIEN . 6(X) = [T(X) |, BII B 4132 1
OIS T HX B = 55 TR AL 10, 6 (aen) =
| TCaeh) | = | 234 | = 3,6 Caehpr) = | T(aehpr) | =
|24 [ =2. R, SRIH B 0 SRR BT B 4 ol SR I H
XS I 55 BT R L

EX 1.3 WHFEHSEUCT A |U| =minos,
MFR U A EFH 5245 U=7(1WU)), MFR U Ny
G558 47 U BRAE S & R U A 4 %1

G,
AP 1.3, 1. 4 A 1.3 Al an R 5]
513 1.3 W HE XTI, T(X) f&— ]
é‘%%%

Al A B REE D= (T, , T, .-, T,} &
%%E{]%D /\EFI Iﬁﬁ%/\ I_ 117129“.’1.171}’%:
% T, = (tid,, X o tid, RS IRIRST . X ST, n<om,

XF TP 45 5 B R/ N SCRFEE B minSup, 125 1 D
SIER T Ky Wi S XS

2 TP-f5& % TPclose

2.1 HE&
e RIS D, D Th T A A6 g5 55 R U
T A SR RS C 1 WFREEE X (U,
X HN—"MHE& (concept) , Hep,UeC T, XeC !,
U=7(X),. X=1W). filtn. B4k D miE 1 Fiow.,
W (24, aehpr) BP 2 — &, Hd, 24 B A 35
£ aehpr WA, H 24 =T (aehpr) , aehpr=
124). & D 1A S RES C,. 76 C, L
M F RFR <, (U, X)) <, (U,. X;) U, <
U, (X SX ) (C,, <) A — D &4 (concept
lattice) 3% Galois #% (Galois lattice)'*), & 2 h—~~
WEEAK Y Hasse B HA 884 8 E 1+ D.

1234500
12340a
12501
>2?oaeh \ /
350qt
240aehpr 13oaco 150bls 250dl 1
2Qadehlpr  1cabclos  Idgcehogt  5Sbdfglgst

@Qoabcdefghlopqrst

2 #REMEH Hasse B
Fig. 2 The Hasse diagram of the concept lattice

EC, EESLER VN

VAL WU XD = aJRUD)), N X,

N WU X = (N U TCUZ X)),
WE 2 frs, (24,aehpr) V (12,a0) = (T(1(124)) ,
aehprNal) = (1234,a), (24,aehpr) \ (12,al) =
(24N 12,1(TCaehlpr)))=(2,adehlpr).
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% 9

AR FCK ROV R T S A X AR AT ok 1083

JI A WP A AR BE AT FEARE S Hhad ik 13 S ) L
pae VAN e ¥ | IV AT BB U N S B [ B s Sl A
BRI BT & F 55, s B 1R
PIrAT AR A 2 FTs, 24 ming =3 B, & 43
ERABAN A S BHTERL LI BT e
ANEIRE R A BORES. AR, B4 i H AL
B2 HAme/ N SRR B SR I TERE &S B T O
PRI BRI AR 2 HRK B XA AR
] b SR W 5k 25 ph TSk Hh AN B P A B ST AR B 0
Z T RGN ML Z T, A T T SRS 2 -
HE G455 46, HEURE P S S Bom e /N T
Tt B A B G = a5 AR B R DRI PIT A 2R 1)
TR AAEAE AR A 38 /N, TPclose 832 1E & 3 T LU
AR,

2.2 TP-BEEHME

N T RS RS RS TR 15 T — Rk
1) tidset-prefix treeC TP- 1) Z5 44 , LA He 46 77 it 20905
AT H 1355 R 5 . TP-RHE—RR tid Argg
B4 tid 4% — & T HEP I, 2000 B g5 55 A 2k
R tid BUZR. 1 AR R Iy LA — A tid
kI8 4F 3% (header table) , #H 1Y tid 7ZEW B T A
LR A O — > B Rk L T B I S e A U AR
FETER AR SR,

TP # —AME 5 55 “root” , root I FHIEE A LA
L=~ tid AR EF R AR FH AT A=A
BRI (tid, level , side_link) , HeHr, tid 7R %717 4
FrAC R EE S5 FRIRAT  level FRi% 0 S AE TP
M JZE ., side_link 3§ [ 3 8% b N — AN s 8 AR
W RURTEREECH 0, Htz 1 i BB 1,901
S5 )ZECR 2 MRSEHE. B 3 55 AR TS AH R Y
AR R ZEO T D e Ok L S FR B R Y tid
S AR (head) 48 ) HAE 9 55— 15 AL

TP- WA T e B4 TT, | St H
A= 55 T A B E A B AR B T HE
P S RRAT R G TT R &0 H 1 F 54
ARHE MO — R PR A A B TP-# . B0 H 35
5SS N TP-B AL 5T 4. B B4
AFSARRAF w. CT) FIWIAR T S0 rh 2
AL ws CID A AT w W o VBT
FABA BT ST o WA EHCO AR B0
1, AR — 280 o 1 SR AR S5 AT o 1Y
T IR SE R w VR RTFA AR Y RS TR —
AEH A SRR RN (D AT o, W E

A w W AT TR SR SE F — 2R
F5FRRAT BN s (NOHRE 2 BBIITA T H 2
F5 AR AR TP-R 1k, 181 3 S b 1 A2 Ay
TP-B B R A R 20— DB %1
IREMF S AR 55 P BT 2R %1 2
W, REAHT K NI B,

header table root

tid | head

B3 TP-#%
Fig.3 TP-tree

BREFFPSTES T 4908 LR SRR
EMRF(QOREETAH—DFN. BRUCST, &
SCRREL p(U LR HEU W8 b ANFRIRAF RIS
SCRREL s(U ) AU &k DMRIRFFI 2, 0<<
R |U|.

TE TP-A4 r, PR s 3138 B A 71 a5 Y B AR 410
AJE B — A F SRR T 81 %7 91 S5 B | )7 5]
T B—FF8). R A XA B B 3 55 hn 1R
TIPS & A 9 b SCFEM R 0. YU,
VeRUIVesU, 1) =s(V, ). WEt UL, R A
FEEEN e EREE — D35 E. 2
KT 0 WEEM AT —E 7 R4, DL S5 ARiR
5 r AT AR ZERRTIE A L], B, i & 3 Y
TP-WAI15 2] % 93] 73wy () ={[2],[3],[ 11,
[51.[4]). Her,[2]=1{2},[3]=13,23},[1]=(1,
21,31,231},[5]=1{35,25,15,215},[4]=1{24,234,
2314}.

W SRR r SN TR R U 73915
FKrpHA TR E S LB (D AN ITTER A U
WZT U W% PR o W 38 18 382 i oo E R
KU AN LA EHE, M2k Jh i e R G
PG F [r 0 HE .

5l 2.1 KU, VeRHEW=UNV,HP,U
clul;Velvlsu,ve Tyur0, MW —EJ&T 21
TSN SR .



1084 FEAFHRARFFIR

% 37 &

ERA (DO u<<o HUCV, M W=UNV
=U. W JEFEM L]

(IDHRE u<<v HUZV. % w=s[W.1],HH
W=UNV, ikl weU HweV. i U ZMBRIT A
SN AT o TR S5 BT w0 RIS A — A
WL R A UL AR Y A5 ) 3A T R
w8 —FEEMe R H MCUMe [w].
[ BE, VI MARY 358095 05 o TR 5545w R
DL 1 —ANT17 8, I A AR T 05 30 38795 05, <o
WEH—FS5ENCR H NCV,NE[w]. WItt,
W=UNV=MNON,# W J& TN [w] st

H TP-# A & vl AL X FAE BT H 2 € 1,
TO¥EEHE b, WG, mPER 1.1 M3 2.1
AIE]

WL 2.1 RTHE XTI 4 X REAAER,
W 7O —E /T 7 FA M Il HA 2.

HTXFEETH +€ LAMIEETT ()i
WET pI) k) P = (1,2, | () | —
Ly, Frlh, e 2.1 Fs| B 103 w1, 2 S5 2
AR S e R B R A R S S R A
55 MRS,

2.3 TPclose &%

TPclose BiEFEAR B AR oo TT £k
TP-# ARG 4 RS AR 5T 22 A L N P& tid
MR TP-WERIE S RS2 R
SY A Z BRI XT 2 SE 2 b i T R AT IR BE AL
SR A4 A B TR B A 55 45 s i P A
ST SR A A P A A L B TR A AR L B
2.1,

¥k 2.1  Algorithm TPclose(TT,ming)
WA EURE D B E R TT, ming;
i L4 TR A P A S SR B FCP;
LR,
H1 HTE TP
A2 A W MRT, A5 R DS mine
FEE BRI 46 18 3R 3L B /T E B 4
A1
H 3 RN HE SR IRATTE TP Z 4 > mine B %%
AT R TS 53R 3 267 s W 255 b iR
TFIFH0RG B LA G 3 55 AR T4 S A G 0 45 2%
N/ EAMESTEOR 2
# 4 P subTPclose(N); /) TFHRIRE A A
K5 MWERLBEHRPWT —DF SRR, 23k

gER P IRIE — D H SRR LA L R
i A R [ 35

procedure SubTPclose(N) / IREEILIEH AN B F 5545 . N W)
HoA TP-R P24 (AR 26
begin
for each node n; in N
/B BTEOR 3,4
for each node nj in N, H:#' nj<,n; H | n; | >>ming,

if | n; | >ming then

<N N TR R RIT
n'=nNn;
if | n' | =minc then /B BT 4

if n;=n; then M\ N FHBR n ;
if ny Dn; then ¥ nyME] N H H A N A MIBR n;;
J/ N'FER 0 T
if n;7%n; and n’ is not discovered before then
nE N/ IUREDS
endif
endfor
if N'#£@ then subTPclose(N") ; endif
GFCP(n) // AT REFR o)
else if n; is not discovered before then GFCP(n;); // JU
RIEH
endfor
end
procedure GFCP(U)  //SRIT G 55 4 U (1943 5L 1] 5 it
ER QOISR QNS S Z;
BARAFH] FCP
begin
for FCP &N TTR
if FCP "7 AE U fYHTSE
then AT AR 1(U);
if ICU) EAFAE then BT SCRABORARIH 9 SRR 8L
HH U BCHATS, return; endif
else B4R 1(U) s
endif
endfor
A7 UL IO BH SR | U | 8 FCP

end

£ TPclose HIL P il LR REE BT TURIE 5Y
SFRORMAR RS AT R B 5 S B BT BOR
HARMR AL A5 1 -

(1) fESkAREER SR I A BT AR PR
FOARRATRLEE. 4355 P AT BN TR/ 32
FPRCBELR 72 TP-R o ph AR YT B 383 2 55 B il
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AFT KR Y B 55 AR TRATE I 1 A AT RE 2 40 % g 55
£ AT 24 RIS SR AT i BE.

(T 76 TP-# Y755 s 2 BN T /N SCRE
A E N S E | By R R s A e A
FFRFS) A T] B2 0 B 2f 55 4R, AN B4 R M
I3

(I M50 EHA B P HEAN TR K
JE 4 T i /D SRR B (R B L 5 H AR ] R A
B B 55 4 R I % oe R 1Y S AU T B
R,

(V) HEEM SR A i TP A TT R B B/
T/ N PR T Z TR AN AT e R 54,
Bt iZ e 2R M IR TE R,

513 2.2 TURIEH. HEMEMAERIEPE
A A TCR O Rk i) izt R LH A
AT EHEER.

UERA £ TPclose ik, KA S0 22109 A2 W
KT R BNEM PR TT RIS F IR
Se 07 A SR A AR Y L BT L SR A AR e
ITCE AT EERGEM ISP R e R PSR, WM
LT = (i s e T oo s Iy s o s P o5y T 5 1 s
o VB n DITERL [r AR A< .C<.D,
Horp, < 2 TR IR A S h T 3R 19 A2 iU B4
S.DECHRE.C=r,NR.Nr..D=r,NR.Nr,,
A=r,NR.Nr\RAMR [ r T ZNITCRBZLE,
H C=A. %K C ¥ V=CND i}, AT H,
V=r.NR.Nr.Nr., HIE A B9 0 —EfF1E—
MR B B=r,NR, Nr. . fli1F ANEZF U=
ANB=r.NR.Nr,Nr.=ri NR.Nr,Nr.=V. Xk
ULH Y 2 A B2 T A B A U T R TR I
ZHTC B R A E g R LI
TCE M HFRIIAT LR R,

TR T OB OR 4 BB B A AR
TPclose Al Fl T — T AL AR L IZ B AR B
SEHETZCLIREN R A R IKF R RIIE T
P HE A M R, — S5 T SR RAT P 91 T8 —
FE A TR % 55 bn R 8 Z T A AT
TPclose i m K H I K5 EE RN S. <,
S TARRS oo Z R T UOF A=, WA
DB

51# 2.3 W VYU,.U €S.U<U,. # 1(U)=
LU W U72 U, ETZ.

IERR 1 TPclose HIL MBI H AR, S

5 A AR TCA A B0 & 3 55 42 O 42 AR
SIFE 11 FIE X 1.3 AT N T EHRSE U VT, &
UV AHRAEFRSE N U=V, B HLY (U=
[V /I, I(UH = TW)H B U, , U, A0 fig [R] it
B A F 55 AR,

(1) WURFEAIEA G FHSEMTHR.U =
JXO AL XS R IKWUH) =1W,) W 1(U,) =
ICTCXD)) , IEATHEAT TCT(U)) =T T(X))). MR
PESIBE 1. 3 AL, TCI(U)) =T(X) AR PER 1.4 7]
HLUCIAWU)), Bl U CU,. Hi U AL U, 1

(I WU ICXOMETES. U, 2 TCY) TS,
HP XYL WA TWU)DII(X), BIE5]HE
L34 WU NSIHICIHX))) =T(X) ; X AEH
IWUH=IW,), Ll 7(IWU;»HIT(X). X kR
L4 J,U,CIUWU,)) T U7X, Rl %
U A2 7O BRTSE BEAE A U, <,U; L BT UL 2
U, BT,

FIFHLA b 51 #n] 15 2] F 8048 b R, B sk
1(2314) , (K 1(2314) =1(231) N I(4), 1M 231 J&
2314 BIRTZR, 1(231)FER 1(2314) ZRTE R, Br LA
R 12305 T KA ATK T 1(2314) , 1M
TFHFR IO NI NI NI, X BRI AR
A = N S N G D U B 2 (i S i e
1(2314) =1(231) , ] B = TUAR.

2.1 AEdEsE D, WK 1 7R ,min 6=2,
P TS A 3 Brn i) TP-M. %18 TPclose BLA .

(1) P BTHEARI R tid=3 BYyil%E,
FENEM I3 I B3 5542 23,5K 1(23) =aeh
#1473 FCP[1]Hp.

(D) &K tid=1 Bl sE, A2 1] I H
FHEEA(21,31,231) N TCE 21 1 31 MK
T min o, BTDMRYE SR BB BT HOR AR 2 5 H
foeZE R, HAER 1(21) =al 17475 FCP[2]
1, 1(31) =aco I#FH| FCP[3]/. AL 23 &
231 WETZE, H 1(23) SIRAFTE FCPL1 ], B LA )
AR AR 1231 =123 N I(1) =a, R)G1H#
FEF|FCPL 4],

(I FIRE 82K td=>5 AIh%sE, A351[5]=(35,
25,15, 215}, HAEH R M 1(35) = g P A7
FCP[5 1, 1(25) =dl fRAF 3] FCPL6]H, 1(15) =
bls PRA7E] FCPL7]H. JCE 21 2 215 A4, H
12D BARAFAEFCPL2 ], TR R 1(215) =
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1D NIG)=1 RFFF] FCPL8]H.

(V) #ER tid=4 WisE, B2 4]= (24,234,
2314}, H#R 1(24) = aeh pr HARAEFIFCPL9] .
JCEK 234 5 2314 SRACHEN N 234, T 23 /& 234 11
A2, H 1(23) BARA7AE FCPL1]H, Bf ISR 1(234) =
12D NI =aeh=1(23), TJEH 234 L 23, %
Bl 3 B0 2 A7 AE FCPL1]wp. 3, h Tt &
231 42 2314 WHTZE, H 1(231) BARAFTE FCPL4 ],
IR 1231 =123 N 14 =a=123D) )5, H
2314 B4R 231, SCRRE 4 B R 3 U IRFFAE FCP[ 4]
B SLIR R O R IS4 .

EIE 2.1 TPclose B EAUHN 2 T Fr A 4 % 14
G

IERR HES 2. 1 RS B 1L 2 v A A
AT 1 TPelose B 528 . g3 2. 2 Ffli5| B
2. 3 A A1, TPclose B 528 th AR AETUR &
B, AE R AR A b L S 1 A8 B R AR TR
SO AT G AR A S S5 AR 4 R A R B 25 L ) 2
T RS I, ARE S 1.1 e 1.3 A]
1, TPclose FILANINZE T Fr A 4 B P A A K

3 eI

PEAl TPclose 31V BE A BT & S I AR J& 7E PC
Pentium[[|_EFATH, #2/E R 40 Windows XP, fifi
B C+ + g f. SCm i FH 7 5 S 86 48 BCR _

600 — - RERII

500 —&—— TPclose

IS
[
S

runtime / s
(78]
S
S

ABL"AHI ALL_ AMLM™ , 7 BCR_ABL ¥t #i4 th
A 15 NHLURME B R ER 1712 62515
HIE SR, 78 ALL AML 30884 R A 38 N4
SKEE, B REEP IR T 5 00022 K 1Y 1% 3h KO-
i BCR_ABL B BB ] B3R ] P/A/M
18, P Fon B 3k, A M BAVERE R A #6355
PEEE ALL_AML 1955 oAb BB 55 — S REAAE Ry
S HERREAS  BCEL R B 6B, SR 5 X B — AT B2,
FEHBSFAME R, KT 1 RoRER 2 SRS
(highly expressed) , /N T —1 F& 7~ 3 K & & 410 il
(highly repressed). {15 & K A EH & -4 {E 1 2
FRER 1/2 B 3 220K, ORE A S DR gl F A
PRI . — MR IR R 0 = Rk . o — AR
FEEE A .

Bl 4 R T ZEM N ERE LRk a 1T ]
s 2h . MEIHR AT H, TPelose ¥ Fb RER [
PLAEE 4 Ca) L R /N R RCAR N T 9 BT,
TPclose b RER [] P 2~6 £ 7E & 4 (b) H, 2 8x/)N
SO /NT 17 1F, TPelose o RER [T 4R 2 o
R b i/ NCFPBUNT 17 1F, T RERILEAT
b ) A CRAS/INEF L B, BF LA A 181758, 2% 1.
2 5028 T A BARSEAEAN [F) e/ N SCREEE T 424
AR S P B BB, NBSCR:  vT 7 o A B 42
AR, TR b, FRAT WS T ARl S L
i H TPclose b RERIT Fr 5 N7

4000 -

—=— RERII
—&—— TPclose

3000

runtime / s
[\*]
(=)
(=)
[e)
T

200
1000
100
0 s ()B.=‘._‘_‘_‘
8 9 10 11 12 15 16 17 18 19 20
min & min o
(a) BCR_ABL (b) ALL_AML
B4 EXEITRIELLE
Fig. 4 Runtimes of different algorithms
#Fz 1 BCR_ABL HISEAASERAE
Tab.1 The number of frequent closed pattern in BCR_ABL
T/ NP 8(53%) 9(60%) 10(67%) 11(73%) 12(80%%)
PIE Ry Saw i 16 216 9 787 4 809 1856 540




% 9 HR FGK BB IR AR X AT IR ok 1087
*2 ALL AML RIS AAEHERE
Tab. 2 The number of frequent closed pattern in ALL_AML
/N R D) 15(41%) 16(43%) 17(46%) 18(49%) 19(51%) 20(54%)
BIE ey W 18 771 8 954 4 308 2153 1091 548
. without candidate generation[ C]//Proc. of 19th ACM
4 Hig

AR SRR FE D 2R e £ 1 BT BRI R A B
SHNEe SIE SN G S e ok i i ey LSRN UR e
1% TPclose. Z3E I HIME &A% B , A5 B A SO
Y — BT TP-A8 25 K, o5 451 55 PA) - A2 Al )
B BN S DA 5 2 55 B 47 4 ) AL, 3 e >R B T 1)
IR G Z BT MO 2 B R g BRI T g5 55
ot /T3 HAL, SR 55 RIS AT A
AREINBURR A, SUFE ST R T /N SCHR B {0 44
RS [ HEATIEBY. SLH R, TPclose AR UK 5
% 18 BT BRI A ER A IEA R T3k A T4
i B PERE.

Fh T2 PR A B AR 5 0 A 3 55 ORI R Y 30
FI8, 3 X R B s SRR AT JE A 2 i HLBE UG
1M 28 i/ N SRR B R B BRI B R 0 B A
B, 2l e B TS AT 4. R AT
AL RT3 R il B ) SR Ak kit B 1) 5 A2 1l
[IRICRE R FAT T — WS 2.

£ 2 ik (References)

[ 1] Pl BlidE 2 i . B M5 B2 sk mb (M, Jb st v
HeR 2 it , 2005 282-314.

[ 2 ] Madeira S C, Oliveira A L. Biclustering algorithm for
biological data analysis; a survey [J]. ACM
Transactions on  Computational  Biology  and
Bioinformatics, 2004, 1(1);24-45.

[ 3] Creighton C, Hanash S. Mining gene expression
databases for association rules [ J]. Bioinformatics,

2003, 19(1):79-86.
[4]Han] W, Pei J, Yin Y W. Mining frequent patterns

SIGMOD Int’l Conf. on Management of Data. Dallas:
ACM Press, 2000:1-12.

[ 5] Pasquier N, Bastide Y, Taouil R, et al. Discovering
frequent closed itemsets for association rules [ C]//
Proc. of the 7th Int'l Conf. on Database Theory.
Jerusalem: Springer-Verlag, 1999:398-416.

[ 6] Zaki M J, Hsiao C J. CHARM: An efficient algorithm
for closed itemset mining[ C]//Proc. of the 2nd SIAM
Int’l Conf. on Data Mining. Arlington, 2002;12-28.

[7]Liu] Q, Sun X Y, Zhuang Y T, et al. Mining
frequent closed patterns by adaptive pruning [ ] .
Journal of Software, 2004, 15(1):94-102.

XUETR , IMGERE , FERRAE , 55 $2 408 P 5 B =X 100 e 1k R 5
WL, A4, 2004,15(1) « 94-102.

[8]Pan F, Cong G, Tung A, et al. CARPENTER:
finding closed patterns in long biological datasets[ C]//
SIGKDD'03. ACM  Press, 2003:
637-642.

[ 9] Cong G, Tan K L., Tung A, et al. Mining frequent

Washington:

closed patterns in microarray data[ C]//Proc. of the
4th TEEE Int'l Conf. on Data Mining. 2004, 4.
363-366.

[10] Valtchev P, Missaoui R, Godin R. Formal concept
analysis for knowledge discovery and data mining: the
new challenges [ C]//Proc. of ICFCA’04. 2004
352-371.

[117] Supplemental data  for classification,  subtype
discovery, and prediction of outcome in pediatric
lymphoblastic leukemia by gene expression profiling
LEB/OL ]. http://www. stjuderesearch. org/data/
ALLL/all_datafiles. html.

[12] Cancer program data sets [ EB/OL]. http://www.

broad. mit. edu/cgi-bin/cancer/datasets. cgi.





