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Abstract:
the empirical error on an input dataset under constraints such as the maximum size, maximum
For this problem, Nijssen & Fromont (DMKD 2010)
presented an efficent algorithm DLV based on hash table-based search over a frequent itemset

In this paper, we study the problem of finding an optimal decision tree that minimizes
depth, and minimum frequency of leaves.
lattice. However, their algorithm requires exponentially large memory to store discovered paths

Thus, it is difficult for the algorithm to handle large data sets. To
overcome this problem, we introduce the class of ordered decision trees with fixed variable ordering.

for avoiding duplicates.

Then, we present a memory efficient learning algorithm, called ODT, that exactly finds an optimal
ordered decision tree under a set of constraints in as large time as DL8 using at most polynomially
large memory in the input size. Our algorithm ODT achieved exponential memory reduction

by employing depth-first search over the itemset enumeration tree to avoid storing intermediate

solutions in a hash table. By experiments, we evaluate the usefulness of our algorithm.
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HW LT -HOIRBEERE (FEICERBRIL DR S
BEEER) 2179, X518, KROREKRYTA AR, K
S, Eom/NAEEOHIK 2 IEEHFI & L <Thi—
Iz, IR WIRE 21T,

DL8 DatHLIRF ] & il 2 sl R (XL O(MN) T
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FRRICEBWTYH, DL8IImE R 2HIT A 7T 86T
L) XL EFEEORTEIEL, W 22D T—%
v T, C45 XD BEDOEVIRERZFHER L L
WhEnTws [6).

DL8 Tl&, ZHIEFHE L ORERDIE DT %K%
e LTWwa7d, —DDNRA P ={x,7,2} (Tib
E7ATLER) B, Py={y,z,2} % Py ={z7y,z}
D&Y, RABEPIE L Z2EFcCHBELES., 20
7o, BERHONZZRET 270, EAHR2EZ R
FiafRE e 4 RNy v 2 RBARAIRER D, 2D
b, ANDOIEEAE) ZHELETE L0 XREUME
OEEZ O Z LI T3 [6).

1.3 EHER

Z 2 OARTIE, R E X 2 ) Boijc, St
SR EARNEZ B R i 72 D D MR PERELR
AEZHOT7NTY A LOWGEEITH. LI, kRl
IRR7z DL8 DRI IR T 572012, IKFiZEf & L
TR ADERIE 2 [E7E L 7 IR EREXK (ordered
decision tree) DI ODT 2 E AT 5, ZDH) AT, I
ODT AT 2 ok EARF ARE A Ewm T 5.

FHRRELT, HFHERERDE ODT 12T 5
AXAEYBHEORWREBREAFER7ZILTY XL ODT
#57%2%. ODT &, AJI7—=% =2 D &, flfy
TRA=FELTRAIARE >0 &, EOR/NHEE
o €[0.|D]]| #ZFHLY, Ny 7+ Ty o RBEHELSTE
B7na) ZLBHG5 74 7 L EE5EA LT,
Rz T2 TONREIETR A ERERDOFL S, A
a 7B E LT 2 IERE R AT S,

ODT 7NV RAhild, ¥ 7 VEm TRYA AN D
AT =8 R=Z DI LT, O(d(k+m)+k?) 1E3
IR E O(MN + ME?) GHERFHTHIFY 2 A7 I i 2
A EEARZ BT 5. 228, M =|L,] 3HH
TA T LEAORBTH B, WHFHRRIL DL8 & [H%
THH /T, AEVEZEHNICHEL T3,

1.4 AEROER

2 fiCi, EFNERERDE ODT & RuEPEARFE
HREZEAT 5, 3HiTIE, B ODT IZRT i
RIEFRERFER T LY XL ODT 252, ZDI1F
Wk & SHRERMT 2T 5. 4TI, RvFe—7
T =N B PN R i RO R A RE T 5. 5
ficix, Az, SBOFELBRS, BT

X 1 PUERR Ty EEPA EPER Ty ofl. 2 2ig, &
BIEFIE z <y y THY, Th 3HEBYHEEN z @y %
KLTED, 2O LELSIHIZ, 40PN 3
DR T A 7 LG (HT) 2y, 2y, Ty, 7y ISHIG LT
W3,

N R4 EFEHOFEIZ oW TR, TR [10] 22K
INT\o,

2 E&E

N=1{0,1,2,...} £ RT, Z0zi, FAEKLIK
D EHRT, LEOEK a,bc R (a <b) &IEFETERK
i,7 (1 < j) TR LT, BXEZ Z0ZN [a,b] :={ce€
Rla<c<b} CRE&U[i.j]:={i,i+1,...,;} CN

LEET 5, BIXIH (a,0) R FPXIZ [a,0) 7 %,

WHEOLBDICERT S,

2.1 FT—=HIR=RENT—V

RO EZnEm EBL, V={2,...,2,} & n
OB 0 % 2 BHES L 7%, ZTHIERF (variable
ordering) (&, ZEDHT LDOIMES ord : [1..n] — [1..n]
ThHb, ZIIT, Topaqny 3H i HHOMMOLETH

D. ord iZ Tord(1) <V " <V Zord(n) D X HITEEH
DENEF <y ZED S,

T LREINIVDEEEEZ, 20T, X =
2V LY = {0,1} B, BEE Lt € X BEHDOE
HTHD. T (tuple) F73T—H LIRS, £EE
y € VIFIEHE 13l LT 7—VEich D, H5E
NIV EWS, FEINIVAET—IR—R (F7137—
IR—=2R) IF, HOEAED ={e1,...,em} CAXY T
bbb, Kile=(t,y) € D =B (L7136 W
5, D, ZBOBET = RXR—ADY V%, %
NZN, n=|V|&m=|D| TET, —ftic, SEH
BO(FE PR Lk, ¥ i L CEBfiEE
BBy X - Y TH B,

o BRI BB OB EEAL XY, V E
DN THZIIVTIIVENRT—=2%2DTD LI ITE
#£92%, LBz eV IINLT, ZO0BEL v TK
T, BHEZOEEEZVT IV (literal) LR, £4
SVi={-zlzeV}EBE D :=VU-VIZVT IV
DEFRELTH D, V LDV A Xd DIRRTP A T LES



(extended itemset) F 7213 (BRIETHEL) INF—2 &
3. VT 7VDOERESA P = {Zl, ey Zd} - (VUV) S
HY. VT INOIMHE 2 A Nzg RS JRERTA T
LESZ, HICT7A T LADRFRESGL LTS = VUV
ZEOLEDTA T LES (S OHNES) TH5,
BRMEFF ord (I LT, V EDH A X d DIERFf
ZF /XY —> (ordered pattern) &1x, U 7 7 VDJEFS
P=(2,...,2q) € (VUV)* T, ZDEBELNET
<y DAEM 21 <y, <y 2g CTHATVLIEHDTH 3,
XD 6 B & D2 RplE, WEFP 88 — v & IENEF 88 —
VEEAHLT, {z,y} . () C(z,y) BELEELZ
BB, Dk, Py & OP, T, 20, V EOY
1 X d DIIBFINT —> EIBFINY —> DiE% T,

EE 1 (VFSILENRY—Y DEBIE) (LEDY FLt e
XITRLT, ticd 2389 = p DEMBIE (72102

SHEME) ¢,(1) € ¥ = {0,1} ZRD K HITEET 5:

ZBr e VIEHLT, ¢,(t) =1 <= vt %

BOEE v € -V ITHL T, qbﬂz(t) = ﬁ(bz(t). A

F—V P = {z1,...,2) = 21 Ao+ Az lTHFL T,

dp(t) == ¢y Ao A @ THF/SY — IOV THIE

NEfF 88— ERBRICED 5, Z2I2, =0 := 12D,

—1:=0, 2Ny <= z=y=1LEKRT 3,

F=FRXR=Z D LIZHLT, =% t; € DDHT
i % TID £ FHUSHRF L Vv, Tid(D) = [1.m] T
SD DRFEREZET, DICBII3IY—yY p DHER
DAKEIE, X% — v p DFHIfE ¢, (t;) BSEE %2 D
DMBTDEA Ocep(p) := {i € [1.m]|dy(t;) = 1}
Thb, ¥ — p DIEE (frequency) 1 freqp(p) :=
|Ocep(p)] € [0..m] TH 2, DR, X S5W6 0% 0
X, D £ ZDRTFHES Tid(D) ZXBIL 2\, ko T,
HBLY A R TIZR LT Ocer(p) 8L BFHL,

2.2 REARDIE

AT, BIR=YOM1ITRT &9 %, HEDOT A
ELTT7T—NVEEZ b OWEREEZ S, 1ZUDIT,
BRNER 2 Fi 7 I WIRERD 7 7 A DT 2 85AT %,

EE 2 ( (BEFEL) REKR) £2EHEAV LOREKR
(decision tree) &, KD LI ICERINBEE TR
(& 2K T = (N(T), E(T), root(T), labely) TH %,

N(T) BRIHFEATH D, B(T) 13 1-K0 L 0-K LW
BN 2GMUDHEETH S, M—DARE 0 DIEM
root(T) € N(T) 3B TH 5,

HHAEA N(T) ZABER EE» S5, FNETH
MoveNT)Z, 1-8E 0-REWITNS 2 DD HEUZ
b, 2NN, I-FE 0-FEWEIN S ol L o0
LET 5, KiEwe N(T) BB X OT2 b A0,

STHIMT A b O 7' — VIR o WS o = & IS 5, —

Wi, IcAREREF o < BHB, FLTAMELT, 7—
WEBDEHE -z 13 0L 1 Bz A Z RT3,

BEI%L label = testy U classy 1&, FTENIZ 7 N)L %
MG 2 ZNRIVBEETH 2, SHEFTEMA v ISHF L T,
labelp(v) = testp(v) 3Bz € V 2K T, FE w I
X LT, labelr(f) = classp(f) = c 3T b ce Y
ZiIRY,

WERT I LT, Z2OYA X% T DRIEREK(T)
LEEL., ZORSZHREDADEZ A(T) (L% T
HA5), EE TICEENIEDREUT) LED 5,
T35 E"aAREDT, WICK(T)=21(T)—-1 t% %,
T1ETOT, ZhZh, Broot(V)D1FE0F%
BMETHTOWAIARZRL, TOIKRE OKREFS,

DI, V EDOREAR (decision tree, DT) DEZ .
DT =DTY TET, {LEOEIHECY C DTV ITxL
T Clye CCT ARV ELITT, TS BT, 3
DE/INFED o k%2 CICBT 2 IRERDIEE
T, WERIZY 7V LD 7= VBB EET,

EE 3 (RERDERT 29EEY) REKRT HED
DR (£ 723 PMBE) 27— VB o - X —
Y Thh, EEDY 7Vt € X ITNLT ér(t) =
Yr(root(T),t) LEFEI NS, ZII2, EEDHEM v e
N(T) 23t LT, p(v, t) DIEIZRD X 5 ICFHRIVICE
FINS:

L, if v IFTE,
Yr(v,t) =< wr(v.d,t), if v IFNFIELDD x € ¢,
Pr(v.0,t), if v FNETER DD = & ¢,

1)
ZZic, WETEK v ITN L T o = test(v) 13V DZ
BThHh, ol LTl = class(v) € Y I1&7 T A
TRV TH B, FEIOFHIEICE T, HBHM v TR
Yr(v,t) DEHET S L7512, ¥ 7 135 v ~EIE
TR,

Bl K1, HlEL T, X 1THA X3 DIRER
(BERR) Ty EEZ 2 TYA X T DOREKRT, 237,
Ty 38 e 2E£ L, Ty ZHHMUIGHREER @y 2T,

D={e1,...,en} CAXXYZT—IRN—RLT 5,
DB ARERT OTER v DIEE & 13, v ~FET
2 DHDY INDRE op(v) € [1.m] 29, DITE
75T OEDRIEEZ, 2 TOEICNT 2HEDR
/Ml op(T) := ming,.p pw op(v) € [0.m] EEFET 5,
2.3 SHEAO7
AREICIRIRER T ODEA a7 %EBATS [3], 2
i, nfilodlzE&t T =9 RXR=2 D #IKRET %, &
INFTID R, BIDBD n DO THEINL, e =
(r,y) ED IR L THEI NNV yeY ERERT ITL
2 PHE = ¢r(t) €Y ZEZT, RD X ICIEEA%E
B ni,ng,mi,mo E NZED S (i) IFEEE n, (7
Eng) 13, EIOK (71, BBl Th 5, (i)
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IEEAEEE my (72l me) 1. BRERIC X 2 FHIfES
1 ER2IERlO% (F7id, Aok Tbhbs, 22
. n=ni+no TH3B., F, FHIEDIO0 &7 2 IEH
EEBDOENE, FNFINn —mg L ng—mg £S5,
DINTiE, EROTE B Z ¢: X Y £8B<,

BlD EOEBOEREIA D : X x Y — [0,1] IKEF
% ¢ DFITEMERZ, THEH o DEDREL V). ¢
DEDREEIZ, 1»oEHOREZGWIETH 5,

EE 4 (FERE LK) Y4 Xn > 0DEEOT—%
R=—ZADCXXYIINLT, EEB oD DICEITS
BRORER . o DR L IBIDEE #Err(¢r, D) ==
mo+ny—my €[0.n] EBZ, DITEITS ¢ DRERR
#Z (empirical error) Z, ¢ D3R EE D HAHR

Err,(¢p; D) := w €

0,1]  (2)
EEDDL, 6T, DIZBITS ¢ DFEE (accuracy)
% Accp(¢pr; D) :=1— Err,(¢r; D) € [0,1] £,

IREHZEM & 13RI DIE H = {¢o, ¢1,...} TH 2,
HFINS ERERDIE DT 4,0 (FREHZERDO—BITH 5,
IR H EMET E v &4 EET7LTY X4
7=y A LRGSR MUY 2 2 8T, BVl
HKTHOMAEZ/NISTEL I EDHENTWV S [3],

2.4 Bt EREARDIE

ERLDYER DS L, WP S RERDIE ODT %285
AT %, BRI, ZBDOFTOIES ord TH Y, V
Fo2lr <y 2ED 5 2 L2 BBZ 9,

EE S5 WEKRT DIERE (ordered) TH 2 L1E, V
LD B BT ord DBIELEL T, T DIRD SEED
EETOLED A LOBEBENET <y OFANETIE
ATWVBI LRV,

P, ODTVor o, V EOZBIERE ord 12 L 72539
B {3 ZREAR (ordered decision tree, ODT) D% &
T, EFLD., LED ord I LT ODTV o C DTV
TH2, KR DS L ABHIIEFV & ord 2057
%, YA X EEIDOHIFDO T TR 2 B RDOIEE D
ERRIZOWT, ROEHEZRT,

WEL|V| =ntT2, FEOVA Rk >1 LRSS
0<d<kISHLT, [DTY,.| = O(d"/?(2nd)™/?) &
|ODT 5| = O(d¥/?(2n) ™) DT %,

AEH: DT DR 2 R ADIENERF 85 — A ICHIET 5
Ztk, ODT D¥ 2 R APMEF S Y — IR T
52k, FEOWERT X, "4UT) < [k(T)/2] 4
DR DZNRAZEBALTHENI LD HRIND, O

A 28, ARFIZER O VC RIG [B]VCdim(H) DA T A =%
DEEARD L Z2IZZDHETH %,

Algorithm 1: ZHEHEAV &, 2R ord, 7
BINNNEDT—FRXR—=2A D = {ey,...,en} C
XxYho, EORMAKE o, € [0.m] &, &K
B A R pax > 00 RAEE 0 < dinax < Kmax Ol
Rtz U, B2 2 /MU T 2 ol 2 IH A &
WEARZFHT 2 7)1 3) X4 ODT.
1 Algorithm ODT(V,ord, D, 0min, kmaxs @max);
2 Output: FEARKDIRANDRA ¥ ¥ root £, D
YA Rk EREBRERAE err 56 72 5 ZDfll Tops

3 begin

4 © := (Omin, kmax, Imax, M := |D|,n =
|V|,ord,V, D);

5 Xo :=0; Tid(D) := [1..m]; taily := 0, dy := 0;
6 Opts := RecODT (X, Tid(D), taily, do, O);

7 return 7,y = argMin ¢ opts 7.€77;

filidE 1 &, EBIBOHRE H O VCXILVCdim(H)
D ERD O(log |H|) THAZSNE I DS [3], RS d
EVA Xk REE LR ODT a4 P VC Rtk n =
V| DEERZD, ¥4 X0k = 0(24) kDT, HA
AL DE ODT 4.« D VC RIGIE n DLIHATIE
Mz o,

2.5 TFT—HYIA=ZVIHE
A TEZTAMEIRDEE ) TH 5,

ER 6 (NN ERBIEFREAFERME) A Sk
ERDBE ODLITN LT, ABTELT, BHEAV =

{z1,...,2,} (n > 1) EEBEF <, V LOT—%

R—=Z2 D = {e1,...,en} T X xY (m > 1), il

RNIRX=F L LTRARYA Xk >0 &, BEOR/IHE

o€ [0.m] BEZoNT L E, 5AbNTMIK %7

TS ERERT € ODT a0 TRXTOHT, FEER

A Err, (T; D) Z /MU 2 IEFAS EPUER Tnin 2

IRpARCAE

ERET, RDRERGRAE 2 LT 2 KD 550
. Enh—oz T HUIER Y,

3 RBERFE

Aficlx, HFEAEREKRKDE ODT 12Xy LT, DLS
L H—oRHEHERE &, ANoLENHEE T, %
i 7 THROEIEARZ B ICEHE T 2288 7 v a) X 4
ODT ZRET 3,

3.1 ZILIJVXLOEE

X 1oz HP R ERZ RT3 RET7 L) X4
ODT Z/x L., X2 i2ZDFFTFH E RecODT 2217,



FHit & RecODT 1, ANZZITMD L, RE%R 2%
TATLEEODPS, by ¥ IR L% B6E
TATLEGEMEL D6, HRNIZTA 7 L8EL
WF E2EEL, BNEHEEZH TR L7y 7
BOEREARZ RD TV L,

EREDIB L Tld, FHEE RecODT 1%, BIED R (=
TATLESR) X &, ZOHBIY A F Oce, X HDR
KOBRINT tail ZB»5ZITHY, Oce D6 DD
FHED 7= DHBLY 2 b Ocey & Ocey ZEHEL 728212,
HrHE % Z2 21Ukt L RIS O,

BN 7 79 7T BI2IE, YA Rk LI,
B ELTy FITRD T RERDESDIEH Opts 2K
T (i) .

ODT %, ZHJE/F ord 205, K RAIKDWTTA T
LINE L TCO—RBEEREZIRETE S, 2D,
DL DHWTW S L) /A %G T 2Ny & 2 kW
AETH S, ZHUTE D, DL8 D ATV A R
AT PAREICR S,

3.2 FIHNERAWEEREROREMND

DL9 TlX., 74 7T LHEADIIER EOBERICE VT,
by Y UB IR LT Y TOMITAITEND %
19, B oD by 78 v REHEICE T 32 1ED R/
JE Omin PHFNCDOWTIE, ROEILT B, T—F N—
ADICEITE v DEE op(v) 13, THbDL, vIZHIG
SHeNIHRHV A FOESTHE Z EEREVHZ ).

HE2 DARIEEDOT—IR—Z, TEREREL, v
T OEEONEER v & v 2R ETEHOROMLE
DIEwIZH LT, op(v) > op(w) BIRILT 5,

Lot X ), RecODT DFEDIKLIZE VT, B
53Z TS 7-HB) 2 b Oce DE I DR/INVFEE i 2
BIZTNRE- 72 & 2, ZDOFHROERZ T XTHA
DLTEWI LD,

7%%7‘ E\) O)ZK A 707’3:%{‘%6: Bl Z)lﬁzlijiqj‘/f Z\ kmax
ERARES dypax DHFENZOWTIE, ROENLT 5.

WE3 T 2ROV ARE > 1OWERET 2, C
DEZE, size(T) = 1+ size(T1) + size(T.0) < k3
B 5. 61T, size(T) < k % 51E, size(T.) <
k—2(i=1,0) BHRIT .

3.3 RBIL7O771ILDOEE

RET7 LTV ALTIE, BHEDMEDIELIZEWT, ¥4
RIBDOFGEREARD Y A T Opts .= (T*[1], ..., T* [kmax))
ZRODL, INERBEARTOT7AILES, B L
D. Opts D CREBRERZEDR/ND S DD, TICBHT 3
RERTH B, IFTIE. k=1,..., knax (CBIT 397
mikzE T, RERK 7T 7 74 VEREAT S, T
ZEBOWRERET 2, £/, 1| >0 ERET 5,

Algorithm 2: 82 X EXGTA2HBEY A T
ZZTHD ., "RV A X kpax > 0 &, AES
dmax~ DTN 0pin € [0..m] DI Z 72 L
ZEHIETF ord Db & T, BERER TR 7 74V
Opts = {1; := (ki, erry, vi) Yo % 3HET 2 FRIN
FHi & RecODT. Z 212, tail 13 X 1D ord T
RDOZEBDIRT.

1 Procedure RecODT (X, Oce, tail, d, ©);

2 begin

/* Stepl: 4 Xk =1DFEARE RT3 */
(0mins kmax, dmax, M, n, ord, V, D) := ©;

0y := argmaxyeyp|Iy|; erry = |I| — |1y, |;

Opts := 0; Opts[1] := (1,erry, 1);

if d+ 1 > dy.x then return Opts;

/* Step2: YA Xk >1D#ARZ O3 */
8 for i :=tail +1,...,n do

w

S-S

9 Occ %2, B xoray PY 7V TOFHIIED
122022k D, 2D Y A Ocey
& Ocey 1I27HT 5,

10 if (|Ocer| > omin) and (|Occo| > Omin)

then

11 Opts; := RecODT (X U{wora(s) }, Occer,

i,d+1,0);

12 Optsy := RecODT (X U{~Zorq(s) }»

Occy, i,d + 1,0);

13 foreach 71 € Opts; and 79 € Opts,

with 7.k + 79.k < kmax do

14 T := a new optimal tree triple;

15 T.k:=1471.k+ 10.k;

16 T.€TT = T1.€rT + To.err;

17 if (Opts[k] = null) or

(r.err < Opts[k].err) then

18 if (Opts[k] # null) then

19 L DecNodeRefCount( Opts|k].root);

20 IncNodeRefCount(w; );

21 IncNodeRefCount(wy);

22 T.root := a new node v with
v.test := Tord(s), v-1 1= wi,
and v.0 := wq;

23 Optslk] == T;

24 foreach 7 € (Opts; U Opts,) do

25 L DecNodeRefCount(r.root);

26 return Opts;




BEATY 7. H1dI, THELI»o 259 AR
LORDEHEEEZEZ LI, ZoLE HBY AL T
DEBT NIV % Uyay = argmingey [[] EBL, T
W2, Ip:={ielle, = (zy),y=L}FT7VLe)y
ZHOHDELTH B,

fRE A FHDOITRNV lyay ZODEF ISR BAK
iF. TRTOFA X1 DOROFT [ e/ MEbiis
BH5Z 3WERTH B,

BWMRATY . T VA X k> 1055, TIFE
BxzbOWroot(T) &, I-RT.1, -KRT.0167% %,
ZZTC Brob oo Y AL Oce % o THEIL
TEHONZHEY A b % Ocer,Ocey & LT, AT
07 7 A\ Opts; & Opts, 23 ODT DFFFEIEIZ LD
KON TWB ERET 3,

ZCT. Optsy & Optsy DZENZENDARZ, 1 REO
ARELTHAEY, THICE s ZTHA TV E L TR
BN L TRONBIEFIREARD 9 BT, ¥4 Ah3E4
kmax PNEFFRERD 2R CAND (x) C ODTy,.d

max;@max,Tmin

2EZDL, $hbb, EROMAFIEAR T ICHL T,

T:= (LL',Tl,T()) S CAND(LU) —
(I) (ThT()) S Opt81 X OptSo\ VI
(i)1 + size(Ty) + size(Tp) < k

Ths, ZDOLE, KOHEA Uyey CAND(z) HTA 2
7 2 RAMIT B R%E A RTlFIE W72 T REER &
LTHAT IR,

3.4 REKRBRFEOAEYEH

Tt & RecODT X, 11 0TS NAF A v ¥ K%
WEERE LT, ErSIHIZA b L7y SISz iE
RKERELTOL, BOBELWETT 2 ETIC, T
ZNIE A kax O ARZ VR L C, FEA70 7 7
ANVICERT S, BbLIDESIOBERINGDSE
DARZMET 2 &, REICHERNZ AT Z2HE L
TLEI.

% 2T, FHiE RecODT DEMED IR L THUC Ny 7
k7 v 7 $ B30I, Opts; UOptsy IC&ENDHIART
BIRENG 275 DTRTUIOWVT, ZERA V5%
HoTZ2zno 0EMZHIBRL TXEY ZEINT 5, Fh
% IncNodeRefCount 1ZZH AV v ¥ % 1 DL, F
%t & DecNodeRefCount 13 Ah 7 v ¥ % —205 L,
fHEDS0 IS 26 ZDA 7 27 b RBET S, I
5 DOMIRIE, K 2123 L 72 FHi & RecODT @ 19-21 1T
H&E 25 fTHTfTbN S,

3.5 ZILIdVXLDIENHE
Pl D RecODT (T & % it AR D FHRINEHEICEI L
T, ROMEDHRLT 5,

fliRE 5 (ODT DIE4ME) 1R ODT 4,0 WCHTET 294
AMG k9 E kDI EORGEEFIEAR T 12 LT,
RDOEXDRALT 5 ¢
Err(T*,I) =min  min
z€V T'€ CAND ()
size(T")=k
A MEOEROGUANE A RE T LEL, T O
1ARTy EORTE D, ZNZEFN Optsy & Optsy ICE %
NpZtzrd (FR1D, bLDDFDEL S0
RETRVWEGIX, TP TZ2DTF%2, L DEEDNI
WARTESMZ % &, BONTARDBAIIITLOART &
DN BOFETHDT, FRLIZLDZED, 2D
L&D, test(root(T)) =xDEE, T* € CAND(x)
BEZD (FR2), —HT, EEDAKRT € CAND(z)
FIEL S ODTY,, DRERTHS I LWEL 5, &
TDxz e VIZX L, T & CAND(z) F Dig/NE7ED
Ao, FE2 &0 Err(T,1) < Err(T*,1) X8
2B, FOHZ, T 12 ODTY 4, HCRNEAEER G Z
CAND(z) € ODTY 4, 26 Err(T*,I) < Err(T,I)
Thb, £oT, MRIIRINL, O

(3) &fF. WE7 LY X2F, #WE5 bR (3)
DHEATR/MER G2 BIER T % B89 A4 DR D
52T, (2) DRNAT y TICBITF BT A X > 1 Dk
EAZRD 2, chk, (1) DHEERT Y 7OER T 5
5%5% 4 X1 DERBEREZ LY T, REKR 07 7
ANVEHET 3,

3.6 ZIdVXLOFEE

ANEITIE, 7Y XL ODT OFEEZETT 5
ODT i, ANIT7T—F =2 D &, {7 2x—%¢&
LTRARIARE>0 &, EORNEKE 0 € [0..|D|] 2
ZWO, Ny 7 b7y VEBEBESKE TV TY X
LD T A T LEATIZER BT HllK &7 T4
TOHRERIEARD TR a 7B E RELT 2 i
Kz MR HERT 5,

I 1 (ODT DIEYE L EHFEE) IHF N S RERDIE
WK LT, K173 XL 0DT &, ZEEAV &,
ZRIESF ord, AT —8 =2 D, fllf3 7 x=%%
LTHRARYA Rk >0 &, EDORMEK o € [0..|D]] %
R . 52 6 07l 2 72 94T DA AR NER A
ZPERDOHTC, HNHRAEZ RAMET 2 ERA & PEAR
Topt € (’)DT,‘C/)d,U %z, O(d(k +m) + k?) = poly(k, m)
R E O(MN + MK?) = O(M - poly(k,m,n)) &t
RIRECHE T2, 2212, n= V| BEROMETH
D, m=|D|IZANIY 7NVE, N=O0(mn)lxD DO
PARXTHN, M IZHLTA 7T LEEORETH 5,

EH 1 Xb, ODT DFIEKIZ DL8 L IZIFR LT
23—, AEVHFHBRANTTA ROLEAX €
YEERERL, KiEZSEEZ{TRoTWwS

Err(T',1). (3)



£ 1 ZEBRICHWETFT—%2y Fo—&

name num tuples | classes
chess 3196 2
g-credit 1000 2
mushroom 8124 2
vote 435 2

4 SRR

4.1 FT—HERE

F—4#tw kiZid, Constraint Programming for ltemset
Mining Datasets ® TR I N TV L bDE M7, Z
Nne D7 —4%%v b, UCI machine learning repository
oI Tws 7T =%y b7 A 7058
A = THICHE L 72 b D TH B,

KL LT =82y b L ZORHO—EL2R
J, ZZT, nameld7T =%ty A TH D, num tuples
FY AR (8 7VED . classes I HEEEOHTH 5,

FEALEZOVSLERDEEDTH D,

e ODT: 3ffio7)La) XL ODT % CH++THEEL
b0, mufbFiEE LT, 37 Occur-
rence deliver L 2 H 7 v &\ 72 X €Y AL
TR AIAATE,

o DL8: FENR NI N T LAWY, SHIEEIC
DWTDH, SR [5,6] ICEiE I N TV B [F—D
7=y MBI 55N S FLlO TG
Z L CHR L 72,

e LCM basic: stHEIKHDSHEIZ, ODT DILE % -
7Ny 7 b Zy 7 TIOBIEEEFER T L ) X 4
B CH+TIHEL b0, 4L, LCM [9] 75
PlEEtR 2 D2\ T, MIHEAHEN T2 D L[
HFTh b, EETIE, Unoll X %% (uno)™ L,
4H ODT & HIHITH 72 12F22E L 72 b D (ours) D
7 % e 7z,

SRERERIE X, PC (CPU Intel Core i7 3.3GHz, Memory
64GB, OS Ubuntu 14.04) , 2> /%4 7 g++ verd 8.4
ZHwTe, FEEETE, JlT - EA& LT a s I a
ZR—F X —=FT1LHTOESE T, FHERIN & T
FU 7 ERDREEE 2 GH L 72,

4.2 B 1: RRUVEREBRERDH

21T, ODT 3% L e il ERDBIZ RS, T —

%%y bl mushroom Z T, TEEOER, OEN:

ZOBT N E LT, AT A XK =20, EDR/

BEEE 0 = 1200 £ LT, A AWk =1~20 2N

DEREARZ G 14 BT L, Ko/
Shttps://dtai.cs.kuleuven.be/CP4IM /datasets/

6http://archive.ics.uci.edu/ml/
Thttp:/ /research.nii.ac.jp/ uno/codes.htm

2. F—4%+% v b mushroom 2°5, ¥4 X k=20 &
/N ¢ = 1200 T ODT 238 R L 72 @ EARDH

, 0.5179, [0]

, 0.8867, (38 [0] [1])

, 0.9512, (66 [1] (25 [0] [11))

, 0.9581, (66 [1]1 (47 [0] (25 [0] [11)))

9, 0.9704, (53 (37 [1] [0])(52 [1] (25 [0] [11)))

11, 0.9192, (39 [0] (53 (37 [1] [01)(52 [1]1 (19 [0] [11))))
13.97s user 0.10s system 98% cpu 14.239 total

~N 0w =

10000
1000 ==|cm basic(cpp)

—#-odt v0.3

100
10

runtime(sec)

0.1

0.01

0.001
100 150 200 250 300 350 400 450 500

minsup

2: SR 2: BED R/ NI S % G

DS A Rk, RREBEE, EREFSTT, 70
% [0],[1] TRLZAKDOHEELREITH S, #FEELT, K
£ acc = 0.970458 THA R k = 9 DRGEIERDE S
nr,

IS, YA R k=105 9 £ TIZRBAEEIZH
FTE EL T3S, k=11 CREEMETLTWw3,
ORI E LT, 4 Rl & S 2R DOFFENEHIF I X -
T, VA X9 DRBEARICH L TFEBMT 5 LE23T
T, BA2PEREZRNE I 228000 LEZ
5N3,

4.3 RER2: EFORMEEICH T SHERMEATEY
ERE
M2 E#312, 1000 ¥ L5 7% 5 g-credit 77— £ v

b BT, HEOR/MEE o % 100 2> 6 500 D% 50 %A
T EE7- & ED LCM basic & ODT DFHHEIRE & X
TVMHREEZRT, £3TlE, RAVEE o =125 ~ 500
DOHPANT, EDT7NL DY X LH ATV HHEIZIZE
AEELL o7z,

M2D77 706, x EEDEM~R/NALE o 235
PF 21224 T, LCM basic D FHEIRERTIZ BB 128y
4 2—75C, ODT DOFFRER I ~SEIEBH ¢
22 E bbb, U, EARE, BERBETEST
HENRREHEETHESON DDA, 61T, K
E/ o TLCM L) ODT 2Enf A D, ODT TIEA



E3: 7L XLDRXEY B

dataset LCM(uno) | LCM(ours) OoDT

name |minsup o| memory memory | memory
g-credit 125| 316.6MB| 320.3MB |767.6MB
g-credit 250 316.6MB| 320.3MB |761.4MB
g-credit 500| 316.6MB| 320.3MB |760.2MB

F 4: PN R L DLEREE O g

dataset C4.5 DLS8 oDT
name minsup o | acc size| acc size acc size
chess 200091 9.0/0.91 8.6|0.9117 15
g-credit 150(0.72 6.4]0.74 7.0{0.7400 9
mushroom 600{0.92 5.0/0.98 13.8|/0.9862 15
vote 10{0.96 4.6]0.98 29.6|0.9747 25

DAY EZHI L > THTRE T A T LEAEDET
ATz oI EEZILND,

4.4 EEE3: PINIVXLDFEEEDLLE
FA412, 4ODF—F vy b BT, BETLTY XL
ODT &. BEFDO 7L X4 C45 & DL DIllHT —
Y Lo EREER L7z, 72770, C45 L DL8D
SRUEREL, HEPAFHIN TV RS, SR [5,6]
RSN TV B[H—D T =%y MBI 558 %
FHw 72,

ZORPG, LIDPEEINS, 7. C451Txf L,
ODT BXU'DL8 IFHICL D ROKEEZR LTS, Z
UL, CAS D EAGEZH TV DI L, ODT & &
' DL8 23HlFID b & TRl K% ISR T 2 i
X2, RoyA4 XIZBLTld, C4512H LT ODT ®
DL8 ML TREL 2N H 5, ZHud, Sl
HBEOADREDZD, L L THBEINEI NS
BRORELRRKCOHATZ27-0TH 5, FEEIETFHIFY
Wk aRENOEEBIz > WTIE, BELYA RXIHo0n
T ODT (X DL8 L A2 % %%, —J5TODT D
DL8 X3 ZAEAR T 13 1 %A & /& L, AERT
BEBIETIIRERFELEZTORVWEIICARZ S,

5 &bHDIC

AFTIZ, BERDEITIETH 2 IEFFAFE PREARDIE
ODT IR LT, ANDOLEAFED 2 € ) LA
U2, DL8 & [FI UKEEI©, i % &7 iisE AR %
BRI R T 28 7 L3 Y X4 ODT #ERE L 72,
SHOMEE LT, Nijssen & [6] 2EAL 78R &
L CHIFIEES (closed itemset) ZFF L 7= RERDIEIC
®LT, LCM 7Y A Z &AL 2 & TODT %
BTz edbifons,

7, BE7LDY XL ODTICH LT, EFEMESR
W EEA~NDIET 3 Z LIZEETH S, £/, ODT
%, Boosting 72 EDEFFEHE 7 LY XL EHAGD

AR RAMHE®, 7 — % ORTAEIC X 2 i
ARFEROEFMHLETH 5.

I, AEo 7L TY XA ODT 2t LT, 2%
FER—EOMME LTdH 2 X I R ERGEIE AR D]
22L 7V NERIFERFECHETH 5. Zhicow
TX, FRCHEmT 2T ETH 5.

33

EEFHOAMNIE, MR AL O 4 TG,
B RAEREBEOH FRIGIG, < BIEK, £k —
BHRICIE, Rl e RREEE L)y — v J8 Lo KELEAL
IZoWT, ANEIFRER E, A& EAK, K
Ik, 7A T AEARA EEMEE I OLTEELR D
HimE CHBREOLLEEE L, JZICHEEELE
T, ¥/, BE-KMUTOEBEEE (S) 7Y/ oD
A I FICTE, HEOHRE a X v MCEHL £7.
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