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Abstract This work defines the fast counting of variable-length N-grams as the problem of enumerating all sub-

strings appearing more frequently than some threshold in a given string. This paper introduces a novel mining

algorithm that is faster and requires less working memory than existing algorithms. A trial performance study

shows the proposed algorithm runs faster than the pattern enumeration using a suffix tree.
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1. # A

SEARDEREE <L a7 BREEX N HOXFLUED
FIOZHIZ L > CERBEHEST B N 77 LEF L, #H
HREBUHEOZHF CEIEDLNL TVWEEFET LV TH S,

REH2 N ZFLETAOHIE LT, Shannon game & FHT
NDHRBETCORRETE T, L RO MEE w, 2T 5 MEN
bbb, —BBIEN T T HETNVTCIL, we BERD N — 1 B35
WCERET 5 LREL | RlFFERE P(wewe-1, -, we-n—1)
BREVHEELFATEZLICR S, BRShETF 008
THEEIC & ) R EHERERDE JICRDBZENTE S,
Clwg,we—1, -+, We—N—_1)

C(we—l, te ,wt—N—l)

ywj) IRBEEES wi, - -, w; OBJFT—F P

Plwi|we—y, -+ ,wg_n-1) =

L, Clwi, -
HE#EECTH 5,

N7 LETMIBNT, NiZ 2% 3 2E OHBA/NEWE
CEESNDZLBEVE, AIERE NS 7 AETFAVEMEINS
BRI X >TNOBEEPBOCEZL DI LEEFABHIEENT
W5, Ron[9] bix. NS ADES %M+ & CRENA

BEDLBZREDH, LVEVWN T T AEZEFNVINZ 3FEY
RBEL VB, APREEDO N T 5% BRMT B7-DITiTF~
TOREN Y 7 L ETHLER D BX, BEAEOME,S
BEHTIIRVWED, EROIHESEEDOEV N 75 A% 5
HENLEROERL [9],[26]. ¥ NEZEELEBETH, HE
BEOCEWN 7 J Lk flo THIMICEBEEO H» 5L #HET
DT ENELVOT, EROISHTIIEEEDO N 75 ATER
ENBZEBEN,

FIT, BEOIMEEEDO NI 5 AIZRL 2NV LXBN
TeERSEX, AHATIINOEIRBIBEEETHIHMELV S
WN 77 50BEBRERCHELZTOEEZI VY M T 5 HE
ERRET D, B 2. ECREE —RLL, EHESXES
RA=VTBEE L TERET D, £, B Y- f=r
L OB OVWT b 5, #< 3. BRI 4. BT
DOREEL FERBEC L > TR T AT Y XL ERETS, #
R7NT Y XA, BENOPRV AT Y ERARCHENT S
RXFFNEFIETH LN TED, 5 BT, RITHETHS
N-gram PrefixSpan L . #EBE7 L2V XA EDOFELEEE
RY, 6. BETIX, HEMNALMHINGT —& ikt FE-> <HE
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RIS FEABIT 5, 7. ETIHHERERC LY, BERNIC
R EA—F BECERREAR E - FELVRET AT U X
LOIE DD HERED ROERTRT,

2. BFHBAXFHTSA =V RHE

2.1 MEEH

TZTHE. RXTOMEL BHRS XTI A = T B
EHETS.

FAEE|: UF (character) ZEELH X 2 R/DEME L,
XFF (string) LI XFEERLTIEFHEI ALY S,
BE nOXES s OBHIXFFIEIE., sD i XFE»PDLjX
FHOLi<Lj<n) FCOREFTIERFITH B, LEL,
sDOXFEEX s DEFEOXFERTHLOET D, o, B
SFEF sfi..j] BEILFES sk.J] O EALXFFITHD L1,
iSkSI<jERIRiI<kSIL  OBERVETRT,

LI TCOXERCXFEFII—RLSh @& THY ., ISHL
LCHENY S L2 EX AT, XFIERICIIEFTHY X
FINIHEEIITH 5,

FaREsEM: SCFF s ICEBICFS (si.g]) ASBUELL LY
BLE, DEY C(sfi.jf]) 2 € DR, sfi..j] ZEBHIBLILFF
LIER, SNBSS XESw A = JHBELIL, XFH s Ho&
TOHEHBAXFINEFIETHHETH S,

Bz biF B, XFF s = sakurasaku$T ., kuras (s[2..6]) IX
HAXFFICTH Y, WHXFEFH kurasaku (s[2..9]) EXFF s
OEREE (suffix;) TH D, 7=, BERE kurasaku [X¥IXLF
¥l kuras D LI XEFITH B, BIEEL =2 O, s DETOH
HERSCEFIL o, ok, aku, k, ku, s, sa, sak, saku, u TH D,

RXANCTEATIREELUTICELD S,

o I XFOEAR

o [T XFOEEDYFAX

o § XFINOKIEFES ($¢ )

o n: XFEFIORS (LRELKEESEETL)

o sfi.j]: sDiXFEND j XFEETOHIIXFS
o suffix;; sDiXFENLOEREE (=s[i.n-1])
o C(sfi.j]): BRIXFH si..j] B3 s IS HEHK

o ¢ ME (EM)

2.2 HHARE—U A=V R

2.1 i CERL BB AXFSI~ A =0 VBT, 7—¥
<A = 7 BBORTHLACHEDOA TS RED—>TH B
BHAY -~ A= VRIBO—RTHHEEX BN D, B
RE—vwf =TT, EEOBMEEET —FLLTH-
FERRF—F_N—200 | HDREL EANT 2BIKER
BoMEE S L L THRECSIETIMETH D, TAIT
HEAL—AVERAR L ITSAN D 2 EER RSO S HERE()
DO TOWES | ETIHEHBAEE~ A=V 7 OFRED
BRAT, AR (2], (11]. #aA[13),[16]. MRT F 7D~ A
=V 7 TAT Y XA, [25] REBRRIATVS, ZhbE
SDBEWMARE—r< L=y P TAT Y XhiE, HBAF—UH

(#1) : s[i..5] + sk..l]

EHTRWE X, FORF—VEELEMONST =2 b ETH
HTRAVEWIBERED Z L CHRMICFIBELZRBIR S,
RETRRBTHTNAT Y X LD

ARFFECER L T D CFFI & 5% 5 MBI
L7 L U THRF ¥ — 2 [fE (sequential pattern mining
problem) 33 5 [2). R/FI$F — o BIEILSH D RMEL EHERT
BHEGERES L ELIEFBS RN ERSE R 5 HE
Thbd, FEL. RFAY—HETIRERNEREL TN
BELLTHWARWESZRAL 2V, FlXIX. sakurasaku$d
shibaraku$e VI XFEFE LB b saku E VI RNF—EEA
TWHLEZXD, EORD, RIINY—BETIIERLE
R (BAXFF) Eite~vAA=r 7 LEWEEIITES 2V,

3. ZLITUYXLOLEKR

T ek, 2.1 CERL BB XFSIv A = V8
P RHRMICEL TS Y XLERRT S, AECTRTAIIX
LAOEEEEFL, KETRTAT Y X A0 2 EECO
Wik 5,

A7 NI Y X RIEROISECES & 3 a8k 2EV<
A = 7 RIE% BRI R L 288 5 BRI RIS XF
IR T, &5i0, WAEFINSEH TRV E X ZD LAXF
b TRV E VI R ESEBREFMOBAN Y 2175,

SEXFF s DECOERHORI LTS (S =
[suffixo,- - - ,suffixp_1] = [s[0.n —1],s[l.n~1],--- ,s[n ~
2.n—1],sfn —1]])e TATY XLz, FROEKEL 25
v CEREO JIEEONFEERETHIET, S 305D
B5 5-,5.,5> CRETH, S iXdFEOXFS v LHL
WEEREES T 2 SRS, S< X d BEOIFEN v LY HEIR
TS WERESITOERS], LTS K dBBEOXFN v
IO BEBETREVERSES T ORESE R, S DV AX%
n= 8L (ne. n> bAK)., ZOREFIEL S~ TIHERERF
Dd+1BEOXFLREIT, Sc & S TRIdEBHOXFRE
W DIET,

UFICERTAT YV RADRET 0 I 2% 7T, KL,

vﬁﬁﬂﬁ&ﬁ%ﬂk_ mine(S,0) & L CHEIN 3,

mine(S’, d)
if n < then
return
end
HETEF— v BBR
% suffix;[d](suffix; € §') & v ZHEBL,
B3 S, 8L, 8% sl
(BEFIDOV A XX ne,n=,n>)
mine(S%,d)
if n= 2 £ and v &+ $ then .
43 305 suffix; [0..d](suffix; € SL) &N
mine(SL,d +1)
end
mine(S%,d)
end

FROEKOSIEIIL TICHATHEY TH D,
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1 BNy & 3 ERFEA
Fig.1 A pruned ternary search tree.

S’ 0.d—1XFHETRA—THHERMEOESF
d HWExR LT 30FE
& HE

BEHOEFIOZBICB N TEERERL, SL OV A X n.
BSLITEEN SRR suffix; € SL OEEIDL dEBBE T
DELXFF (suffix:[0..d). DFY s[i..i +d]) DHREKE R
FTETHB, £oT, n= BHEEE EFBLOVIAIIRENE
& (n= 2 &), suffix;[0..d](suffix; € SL) XM LXFIITH
5, WIERBSNIZEFIDOY A X n, € {ne,n=,n>} BRMEE
DNSVEE (n, £ €), TRTOEREE suffix; € S DETE»
5 d & B UABEOE5 XFF] (suffix;[0..d], suffix;[0..d + 1],---)
T RTEEES XFFICRARV, ZOBRCHEN, 2EISh
FEERFROEFIOY A XHBBEL VNSV E &, ZOEFICK
THERFIEE EDSB, FEL, v=3DBZLH, UFEFIDER
WMTHHOFEREILD B,

EROTAT Y XATHREES § TROABEROIFS & E
RURSUFER 0, ,5m BASIETBE | BXFEIIOEHD
MRS E B2 WEHBYCFORE M AT B, FlXIT,
XEFEFNE L USFEMEL EX 5 & 2B VEHEEN
T LOEER T N TESB, :

TOTNTY XLOEBT, RTOEREEL 3 SBEKR
(ternary search tree) TRILLEREALHEIC L TR L
RO LEHBIXFHIEFIET2ELRAZETHD, 2FY. &
B BUF v BEFEADE /) —FICHBYL . FROEOKNHE
EEUED ) —FORERLEBEREARRL, LT, XF
5| s =sakurasaku$, MM £ =2 TZOTLT Y X LB E
FEAREZE 1R T, HORHRESBRIEI &> THMD Shki
REMTH 5,

4. PLTYXLDEE

3. BT, TAT Y XAOEEL BT 57D CFF s
DT R TOERFEOES| S 2 AN ETHRHLERFHx %
Exlr, LOLEBRFIEBELZHERE L > THY HkOME
BSESBL 2V, 2T, BREETTA LT v 7 A0S

[slaklufrla[s]a[k]u[s]
T

”

EEIRESE

wloje|ajalnfm|u|=iw

i

X2 BRHEEFIOH]
Fig.2 Example of suffix arrays.

EEXZOWOCMIETHI LT, S RV, HFEn-EF|
(8%,8L,8%) #ERT 5 & R EETBFEELTT,

AT v 7 ARG I ORISIXFF s DES n LRALTHY
TOTMESE . I =10, ,n—1], 2%V s DHELFOMEE %
EPLIRC AN b D LTS, BEFID i BE (0Li<n-1)D
fEA § = IR D& &, T[] IR s D j XFBEM O AT B
B#E suffix; ZRL . EOERFOXFINE s[Ifi].n—-1] &L T
T 7RS35, BRFETIX. ¥ SN &S] (8L, S.,5%)
EFICERTIRDVIC, A0F v 7 XEFE T = I, I, I
ERDBEICHCHZ B, L, I-1% SL(d XFEHETH
FLVWEREORS) 2 RT AT v 7 ADBESUEFITH
B, FRIZ I 1X SL 2 RTAT v 7 ZBHITHY, I i
S, EFRTAVT v ABFITH D, ROBRFCHL T,
FhEh B SN EFIEETRDY I, YOBL bRV
7 v 7 ABFINORBIGIROMER & BEETTRA L 7 28T,
& 1.4, AT v 7 ARFIEERLE C++[22) EFHIC LB
FEEERT,

HREOBRS] S ¥4 Xix (n(n — 1)/2) XEXLETHY,
POERERE O 3 XFITEDICHEROERS S’ OFEEFE
W, AT v I AEFNVEE D EETERANFFIORS nic
HLT, nU—F (U—FH A X3 % LblognE v b)) @
FHROHEEV RN TH S,

EROALT v 7 AEFVEAE ST Y | BREES (suffix
array) [14] ZEFC X o THERT HIBRICHEFITELL TH 5,
BRREIIICFFIOBREFERBT 54T v 7 A2 #BIE
CAERZEFITH Y, 2 HEEC LV BHXFIIOHBMED
BREEITOENTE S, FlL LT s =sakurasaku$ DR EE
EFI%M 212RY, 42T v 7 AD A= HEDRFIH R EE
ST, RFIOBIIE AT v 7 ABPRTERFEEZRLTH S,
AT, RIEC L 2RBEMOBANY 2 iHiZ, Bentley &
Sedgewick {2 & 5 Multikey Quicksort (8] i2 k> TA VT v 7
RELFIE S ERNE S % AR T 5BR L LUV, Multikey
Quicksort i%, XFFIO L SINEFH & DBERFIZEE LT
OF —F REITEHRCENRFETH D, RRTHERT
FERIBNT, HORE U EHBELRVERBITERL
TEFIL TVWEELFAECTHDH, Multikey Quicksort & R
2. BF S O TOERRED d BEHOXFOFNSHHT B
Fo b LTHRELZBESENTENE, ZOT7LT Y XLDR
HEOWIRHEL O(nlogn) I2725 (8], T DERSHIREBFIORR
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B3 BbShi-ERENS 1
4 A pruned suffix trie.

LLT, EHBRAIXFIIOFENZT LEROA T v 7 AD
WL, EHT B NFIOLERET D LN TR
REECHI & T2 5. ZOMEERM D LT, AR IFFIOTI
FHFCOIALFIANET TGOV TTHI LB AR D,
BT, BMMRA VT v 7 ABRSIEES & HHESXFS
BRD 3OOEFIT LY 2287 MIRBRATE 5, BENILI
HHMBHXFFIO (1) £ d, (2)I ROSBIFUR I- OIER
offset. (3) tHBUEEE count THRIT 5., WHAXFFIOIFFIE
i s[I[offset].. I[offset] +d] THON B, EHIT, HHILZ
FFND s NOETOMBRAEIL Ioffset], - - -, I[offset + count]
Thbd,

5. N-gram PrefixSpan

THED [27) 1%, RFWVF—0 v L=V T TAIT YV XATHD
PrefixSpan [11] Z#3&L . 4.3 ECTHEHBALFHIDO~ A =2
7 FEEBRBLU K (N-gram PrefixSpan), N-gram PrefixSpan
CRBFHRIIFFICELL T 38, BREFESERSFORS
% 3 BT BDICx L, N-gram PrefixSpan Ti3 & HRFIR
KEBWT dXFEOXFORRYOEIFLBIR S (Y
|| &), THSOT7AT Y XAOFIEEZREFHEORL = —
FIZAbETHEXETLUTO@EYICRS, EL, EBHTR
BRF1k L FHRIC N-gram PrefixSpan T b BRIEOE S % 1E
BRbVICAVT v 7 ARFIEHERT 5,

mine(S’,d)
for all suffix; € S’
S’ + suffix;
where o = suffix;[d](c € )
end )
for all S, where g € & (n, X S, D¥ A X)
if n, 2¢ and o # $ then
B EF suffix;[0..d](suffix; € So) EHA
_mine(S,,d+1)
end

end
end

IZ| DBORERE ., BEASBRRT ATV XALTIE IFRICR
BDIZ%L . N-gram PrefixSpan Cii b 7 AiC72 %, fl& L
T, XFH s = sakurasekuy ZRE{ =2 TvA= T Lk
XOBFEAE K4 IFT, /=, 4 ECRET LT IX AL
Multikey Quicksort & QLR R 7223, THL OFEITE
¥x D ELEROEEY— P EEHMLTWS, K1, #
RF} L N-gram PrefixSpan & BFHE, BEA L OXEFK
T,

<=y TN Y X b | BHEE BRFEA
R’RFE Multikey Quicksort | 3 437K
N-gram PrefixSpan EEY—F FFA

#£ 1 BIE, RFAL ORGSR

N-gram PrefixSpan 1% |Z| 2# 5 DICREBFHECH~T
BEAROFEIVBEBLRBLEVOIFRBH B, —HFCEERFE
TS OV A XKL CRERET S| BT 5IE S e/
CEEASEC Y B#RFEDI AT N-gram PrefixSpan
iZ 2 (5L LRSS LB B,

6. HMEHXK

IR, BEREA(10], [15], [19] %o 7 SHHER S SCFEF D
IS EE MEICRT,

BRI (Suffix Tree) IXXFHDORXTOERHELEAIL LT
ADE SR HEEEL TS, B 51T s =sakuraseku$ D HEREF
AOBIETT, BREN T A L OBV, BAPNLORN/ —
N % BB %S A [EM§ (path compression) T& 3 [5],[19], /%
AEMREIC L O BREOHAET / — FHITRK 2n TTHieldd, £
BN T4 L0 bERFEARIEREASBN R,

BRIHAOBRN LK ) —F ETORRIANLFFIINOEHSY
XFEFNERBEL TVD, BEIICFHIOHBEEL, WIXF
Flotss ) —F OFHROEOKEELY, /—F v OFROE
D count(v) EUTOL HICEROICHET 220 TE B,

1 if children(v) = 0
count(v) =

¢ € children(v) count(c) otherwise

=72 L. children(v) X/ —F v OETFTOFHOEEE T,

ATk [r T sTu]
P e -

‘ -
rars i AT B R s
, sED G G
canal B e = eall
I N
. P
u u
o 5

5 BEIFAOH
Fig.5 Example of suffix trees.
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£oT, &TD I/ —F2KETHZ L TETH ./ —F D count(v)
EHETHILENTE, BRFARD ) —F 0N O(n) 20T
EOHERMIL O(n) Th 5, BRXFFIOKE ) —F OFH
DIEDH count(v) BBME L Y K&V & & (count(v) > &) £D
A SCFFNIENBALFIITH I 0, ETO / —F 2KH
THZETETOEERALFIELIIFEST D ENTES, &
ELRRAERIZE > T/—F v 2B/ —F~oikarn
DRVER ) —FERBEL THE7D, count(v) >EDL & v
DR/ —FBRRTHBRIXFFIOENTH D,

HRREANL, Ukkonen [24] iT X ) #REEA L BRIFFE CrER
THEAYTATAEY XBBRRRENTWS, LoT, ER
FEROWBE L FREOBREFEKIC L DFIFEEEHDETDH, nic
Bl 5 R TR A CFFIDFIERITL 5, L, #E
FADERIBFLITE > THRRAOA—TIZHFICE L Of
DY AT A ZZHh DB EBERIBREV, L0 IRAZRE
B, &/ —FPbF/—F~DY I eRTT —2WEICL
ERERTH D, VI ERTT —FBEIFOY A X [T
ORFIEERLEE . BEHASKTHEL 2 5HEHER
X O(nlT)) &RB, £EDFD, REVWT 7 A TIIMPRDES
REPBENRVE,| || BREVWT —F TREEHEBOKRE
ENRAWIIRDLEZOND, ZOMELETHERERIC L
DRT, k

7. HEHRER

7.1 RBF &

ARBFEOFHEERILT 579012, N-gram PrefixSpan
BIUOERSNAZE S FiEL BT E2ERY 2 D OEEAND
Tote.

HEBR1 TR, RERELISELEEESOHERN (B) 288
F¥ (ternary-patition) & EREEALZ A L 725k (suffixtree)
LTHBLE, L, EEREIRT —F 01 M1 st
THHE (%) I L oTHT, BER. 0.001% 55 0.0001%
FCELERT, ZhiX SMB OXFFIOHE, HEEKCT
B& 52EMD 5 EECHELELIELIMLT S,

ER 2IIANIFINOY A Xk BALS B EOH AR
L7, RIET — 94 X0 0.001% BEL 2o ASIXFFM
135789 A X% IMB b 3IMB iCB{L S ¥ CHEML =, =7
L., BREFADELE T 12MB LL L (suffixtree(balacedtree)) |
721k 22MB LA E (suffixtree(sortedvector)) DF — & Tk A
FY—EENRLEZSD, IMB 25 12MB BLW 22MB £ T
DXFINCBNTOHRFFML 72,

ERCHEALEANXFEIT 21X, BREFET —4 L
DNA V=7 AThH D, BREHET —# 1. UCI KDD
Archive ®*HBABL TWE=a—X/N—FDEEE, ~v
FEBOBREPEHOERLEL T—oDORWVIFHE L TE
AL, IFEROV A X (|T)) REECHETE2EH 89 T
HY, ETOTEEORIF2HDTIIMB TH5, DNA I —
7 v Rtk, Wisconsin K5 / Aty F—BAHLTW5S

(#2) : <http://kdd.ics.uci.edu/>

5% BER F—¥
T | M#E (0.0001% - 0.001%) | AHF A X (5, 4.4MB) | News - DNA 51
2 | AB¥AX (1 - 31MB) R (0.001%) News
k2 ERBRE

# 3 Experimental Parameters.

KBBE (strain K-12, substrain MG1655, version M52) *¥o
TI7—vavigloF—4EHEHLE, XFEEDYHAX
(IS]) 12 4(AGTC) Th Y . F—F ¥4 X1t 4.4MB Th 5, £
B]1TIR, =2a—ASNV—7EE5MB & DNA v—7 R
44MB OFEFOT — 5 CFMEL T, ER2 Tk, =a—2R7
N—TRET —FOHEFERLE,

EROFMER 3ICELDH D,

BREALEBEREFER., ThTh 2BV ORELHELE,
BEFAOEEILIT ) —F~0D Y v 7 OF —F B BRI B
by, BRFEOEEINFIOEREL 25 v OB/IRFEIER
RN H 3,

BREEALERT D7 T Y XA1L Ukkonen [24] D k%
A, ERBEADRETCHE / —FRbF/—F~DY 7
ERBTHT — G Lo THERBEHRBRKE<ED 3 [10],
COHBERTIY, HEMAD /) —F &L TEHEA® 2R
AU 7= %3& (balancedtree) & ¥FIL 7-EF =Y 242 A L 7= &
(sortedvector) o7, k% /—FOFHEDOKL T 5L, F
fAZ EHL BRI FOBEMNES LCHEEX O(logk) THY |
BHIL - I OHEILEMC Ok) CTHRFEIX Oogk) BT
b5,

R’RT ATV XML, RROERE 25 o OBRFEEL
T2 oBREERITE, —DIXTFUF ARy b v 2BEE
¥ (rand) &, b IOV VTV IR L > TELPRES
BT % £ (pseudomeadian) ZHAL 7=,

ERBESIY, CPU i Intel Pentium 4 2.67GHz, A A
% Y—i% 2.5GB, OS X Linux AL k. HESFHEL C++
T. gee(version 3.2) D-03 F#@fbAT v a v EERL T
RANLE,

7.2 RRLER

ER 1, 20#RER 6, 7IIFT, HERML, 3 EORT
DOEHREMEPFRALZ, 2L ANXFEFOHRBAH BT
HEAERMIZEDR,

ER1TRR, M6DTIF7IREN 5L )T, BRASHET—
% (X 6(a)) & DNA ¥ —Z7 x> % (X 6(b)) DR FIZBNTHE
BIRLTRET VAT U X AEIBREAREH L FEICHL
TRVWHEREERL 2, MRHROFNEER LTS &Y
LTEREN 4% (BREF)2 % (DNA) BEFHOFIEN,
N-gram PrefixSpan & QLB TIXENITE HEBICER e b o
B PRI RRFEOHPEDP 2/, £TOTAT Y XA
KBWTHREZ/NEL LERA I ABICHENELT 5HEB
X, BEZ /S T3FL o TRAE SN 2BHBRXFF
BEEHICHL 57D TH D,

(#3) : <http://www.genome.wisc.edu/sequencing/k12.htm>
(#4) : C++ Standard Template Library ® map
(#5) : Alexandrescu[4] {2 &3 AssocVector
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250 T T
suffixtree (balanoedtree- ——
suffixtree (sortedvector) ---»---
ternary-patitioning (rand) ----=---

ternary-| patmonmg (psudomedian) &

200 1 N-gram PrefixSpan --#--

_ 150t
8
a
Y
£
" 100
50 b
0 T ¥ T ¥ T L .
0.001 0.00039 0.0008 0.0007 0.0006 0.0005 0.0004 0.0003 0.0002 0.0001
Threshold (%)
(a) news group articles (5MB)

20 T T T
suffixtree (balancedtree) ——
sulﬁxtrse(sortedvedor

18 F mary-patitioning (rand

ternary-| palmonmg (psudomedian -
N-gram Prefix$) -

16 F A

ya

14} P

e
_— - g
g 12y - e o
Y
E 10}
8
I3
. -
2 s L . . " s . .
0.001  0.0003 0.0008 0.0007 0.0006 0.0005 0.0004 0.0003 0.0002 0.000t
Threshold (%)
(b) E. coli K-12 genome sequence (4.4MB)
6 REEEL SRR
Fig.6 Execution time with threshold parameter.

300

sumxtree (balanoedtree)
?ma pamlomng (rand)
(ﬂw llb’? ido! o
250 - . ' "N“%r‘a”s”p e«xsws [
x-""*-
200 | ‘X_x--“/
/x
2
2
e 150F
E
=
100 |
50 |
popp gy AR
0 ¥ b4 n L N N .
1 4 7 10 13 16 19 22 25 28 31
Input string length (MB)
®7 F—#YA X B SRR HERR
Fig.7 Execution time with input length parameter.
ER2TH, HTOSF7TTENDLICRET LTI X

LIEF—F A kST, BREAZERLLFEL BT
LTHRVERE%Z R L7, N-gram PrefixSpan & T2 &,

TAIY X b 2% ERE (MB)
suffixtree(map) 693
suffixtree(sortedvector) 391
ternary-partitioning 26
N-gram PrefixSpan ; 50

£ 4 SMB DAAKXTHERED A€ ) —HHR
Table 4 Memory Usage for 5MB of text

F—ZERH X B o THT072H 6 N-gram PrefixSpan
BRVEEERL .,

KIEETAT Y XLDORBERELRT, £ 41X, 5SMB®D
Za—RY N EET —F OLBIC BT & RIEDOFEKER
AEY—H LT, #BR7AT Y XLIEHR AT Y —BADX
FIHY A XD 5 FREICNE > TR RERT —FITHL
THHISTHETH D —F . BEHAEE-FEIIHRICKE
REEFEEREBETHBH I LBbM S, N-gram PrefixSpan I
BERFEOBLEEOEEREERLE,

¥, HFEEOBVIISETEORVE, HERICEELRVNE
Ehbhote, BB, HREEADHEERIZIT sortedvector
I HARTEBANIZEA - BRFEHE NI T O balancedtree 2538
WDIX, STL @ map /357 2 R &R DICHEER L%
FoTWwaihlExbh s [6), BREFETIE., v OBRIZY
VYT B ESTFEE (pseudomedian) 27 L F AZBRIRT
BHFEIHASRTHIZBVER Ch o,

ZOREMD . EROLHERIIBEEEOT AL Y XLT
b BERBAC LAFESB>TVDHA, BEOHETIIRE
FERB-TVBILRTENE, ZORRHEREBRFEO
BRI, MEREMOBSEL /A v I Y — R REDEY T
NREEFIE L OBMRICIERICEEIL TV 5, BREIERE O
BRI 7 LT Y X MR BNICEANTO I EE
BHBH, LAKCBOTEZ A v 7 Y — MIRIERV[21],

8. MEHRE

HERR [ RETOTAEERILFHNEIIEL . TOHE
EHUY AT — S EERRREL, ThLOHLXFH%
HEHZETTF—FILEENDHKRMGE, HEE, aur—var
RENBHHTEBLB/ELTVWS, BRENETFT — 2T,
EBNC LRSS & % X K5 (height array) [14] & FI&0 b
DOTH B, Kasai b [23] b, COWANFS 2 HEFFRTI L
B SESITHIET B HFELREL TV D,

Krishnan & [20] i35 — & _X—2ADOELLFFH 7 x Y OFIR
HeER . SE X BN Y U SBEEEREEA (count-suffix tree)
KEoTIFH T L2 RBLTWVWS, EEERRANIERIEAD
7 — R X FEF TR XFFNOBEE R CRL =7 —F #ET
B, ZOBNY EEERIEEAYERT S FIAIL 6. ETHAL
T EREEAL o WA EFIDOFIEFELTERT TH
rrEZONS,

9. # i

ERITIE, VT IVCHERRB LOFIRERASEN RS,
BAXFINOT 5oV 7 b ERRERBS XTSI~ A=
FREFRRUE, 207 Y LTRSS EBTSE
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FIITER N T 5 AET LV EEETHRGEAGCR B, £,
BREFBET TR Web ¥ A F DT 7 & AFRECHMBEET
2 & OREBRIRRERFIT —F b UFF L BX BN TE B2
b, BREFBLESFLSNCOISRAbHIFEN B,

BBz, SHOBELLCUTDO - %2815,

BELAORIMEC L 5 BBLEBOBNY « HRTFL 171
AZRERP 7 0 ATy b aE—RE TREEEHED ERE BEIC
U CTRRZEMOBN] Y 21772 S FHRERBRL T3, 20Kk
EHEHIZLT, HER NV FALEFLCN Y 5 LADOBRICHE
b HHHEEECEEEDRE N TLERERTHIENT
ERARE_F R5Y (R '

BCTens—r . BAUREINAY - v AL =7 (frequent
closed pattern mining) IX, ¥ —% v 4 = 7 BT TIEFE
BRIRDNTWBHEETH S, BILE ¥ — LR HEE
EH ORI = THIIL b o & bRV EMONRY - DB %S
BT5MBETH S [12), HlIXIE. XFFH| s = sakurasaku$, B
¢ =2 DR, EHERCFEINT a(3), ak(2), aku(2), k(2),
ku(2), s(2), sa(2), sak(2), saku(2), u(2) THB—F. ALK
B XFFNE, a(3), saku(2) 7213 TH B (FEMAITES XL
FHIOHEE), ZOFML b bMB L 5T, AUEAR A Z—
VGBS — BT AR TR R R B, 2. BE
DT — (BT saku) T EHATIHE L HARD E
EDEVAT— (o) DEEOWHR 3 E) $E LRV ATER
T35, Z0fkiz, BAL =HBEES CFFITEHR S XFH 0
BENRLEL SRVEEREBERE 2>TBY. LAY
RHAWRTCHBEELLN D,

10. 33

BATHRICIL, SEFAOEEBICDNA V—J = R
F AN THRRT RS ZREHNE, & ZI0B#ERL
ey,
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1. BEFLTYXLO C++i&DRE

TITR, 4 EBCERALERETLVT Y X LORED C++
HiE[22] I kB BEMERT, UTFRRTH I ra—Fik,
Multikey Quicksort D33 [8] DY > F A2 —F Program 1.
A C program to sort strings #ZIZL T3,

3 4yEIIEIL Bentley & [8] DAL FEICREN, d XFAH
ZLWEERETTAVT v 7 A —RWIC AT v 7 285
OFICEEBL . BBRICPRIIBETIHFEZHREALTWS,
ZOFEER A-1ITRT,

BAICA T O T a—R OEZORAET S, AJIXF
% str 1% string B, 427 v 7 ARSI idx 1% str O size OfE
PEHF L LUTEHO vector TH D, str, idz L b a—rUE
BERRAVAEHELT, UTIRTEENSEHIIT 7
ATEDH LD LT D, ASIXFFIOHBEILFIL, str O value
BOEH EOS &T5, HERME minsup X idz O size T
hb, INHOELEHIZTI7ERATEDbDET S,

typedef string::size_type s.t;
typedef string::value.type v.t;
typedef vector<s.t>::size_type i.t;
string str;

vector<s.t> idx;

i-t minsup;

AT v 7 ABF ide OPIHMEZLUTO X S itk s 5,

1

begin a
(pivot)

o
o =
—
—

s
o= N
—

»
&

(c) the end of ternary partitioning
A-1 3 oBIEOEE

Fig. A-1 Ternary Partitioning Implementation

LUTC, kR0~ A= 7 BROMBE%RE =T,
get Value BBEUT R suffix; D depth JRE OXF2ET,

for(s.t i = 0; i < str.size(); i++){
idx.push.back (i );
}

TR, Lo~ = 7BETH B,

v-t getValue(i-t i, s.t depth)

{
}

return str[idx[i] + depth];

void mine(i-t begin, i-t end, s.t depth)

if(end — begin < minsup) {
return;

i-t pivot = selectPivot{begin, end);

swap(idx[begin], idx[pivot]);

getValue(begin, depth);

begin+1, ¢ = end~1;

a , d = ¢;

) {
while(b <= ¢ && ((r=getValue(b, depth)—t) <= 0)) {
if (r == 0) { swap(idx{a], idx[b]); a++;}
b++
while(b <= ¢ && ((r=getValue(c, depth)—t) >= 0)) {
if (r == 0) { swap(idx[c]), idx[d]); d——; }

)if(b > ) {
break;

Zwap(idx[b], idx[e]):
bt

c——

i

i-t range = min(a —~ begin, b — a);
vectorSwap (begin, b — range, range);
range = min(d — ¢, end — d — 1);
vectorSwap(b, end — range, range);
range = b — a;

mine(begin, begin + range, depth);

it eq.begin = begintrange;

i.t eq-end = rangetatend—d—1;

if((eq-end — eq-begin) >= minsup && t != EOS) {
print(eq-begin, eq.end—eq.begin, depth);
mine(eq-begin, eq-end, depth+1);

range = d — o

mine(end — range, end, depth);

vectorSwap BEEIZ—BREOIC idz OFEHIAIEL TV 3 pivot
LELWXFERTAVT v 7 R RLICE»TOIEDh T
W5,

void vectorSwap (i-t i, i-t j, i-t len)
{
while (len—— > 0) {
swap(idx[i], idx[§]);
i+
Jt+s

DB OREIEE pivot DB FIIF 2R FEREX bR BB T
CTCRBIEDA VT v 7 AOREND T ¥ M2 ERETER
RT,

i_t selectPivot(i.t begin, i-t end)

{
}

return begin + rand() % (end — begin);

print BAEUI R R I NI D LFEFIE L OMBEL & bIT
HAT 5,

LEOBEIE mine(0, str.size(), 0); & L TRANCFHHIN S,

void print(i-t offset,i.t count,v_t depth)

cout << count << "\t”
<< str.substr(idx[offset], depth+1)
<< endl;
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