Fak FEoH it B Hl OB % Vol. 44 No. 2
201742 A COMPUTER SCIENCE Feb. 2017

ETRABHRKAELFFIECKRE

m #F KM

(REZETAF0 L #5

i 7 116024)

B E SE£EAFNRRKARTAATARKS HFAGARELE AL ESRRIAATLHRA, I E 8%,
ABRFIERF, RBEEAFARRKALTAAAZTLANP BRI, ARA S MM, —LEMHE & & RNE
THEBEAERRRBER N THASRGFANEE, RAGERGELETRAKKR, BB E A LmA &R
BRERAKT I AR, FEIATRELHR”, BLH AN KBEREFF QAR FBBRBETHS
LHAFI AR, AABTHBERET S£ARTHIEBARARBEGRRAET AN S A, sHH ke

XA THIEN, F B RBRIET TR ERN,

XA BRKRAXTFAA. B, EMEE, Fo %
REZESFES TP391.4 XEFRINEE A

DOI 10. 11896/j. issn. 1002-137X. 2017. 02. 045

Computing Longest Common Subsequences Approximately Based on Lattice

SUN Tao ZHU Xiao-ming
(School of Innovation and Entrepreneurship, Dalian University of Technology, Liaoning 116024 ,China)

Abstract

The longest common subsequences can represent the common information of a sequence set,and it has many

important applications in many fields, such as computational genomics, information retrieval and so on. Computing lon-

gest common subsequences is a famous NP-hard problem with multiple solutions. Some approximate algorithms have a

low time complexity, but the result set only has one subsequence. For the sequence set with many longest common sub-

sequences, the information loss is overmuch. In this paper, we presented a new approximate algorithm for this problem.

Our algorithm employs a specific mathematical structure called lattice. Firstly, the common lattice of two sequences is

computed through dynamic programming and then the common lattice of the current lattice and the current sequence re-

cursively combined with the greedy algorithm are also computed. As the paths in a common lattice contain many com-

mon subsequences, the result set contains many longest common subsequences of the original sequence set. And the va-

lidity of our algorithm is proved through theory and experiment,
Keywords Longest common subsequences (LCS), Lattice, Approximate algorithm, Greedy algorithm
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HEZAFIHBERAFXTFIIRELCOEELY
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2 HWXIE

2.1 ®OHEFE

M FHRENEFRTFINES, KPR REFIIERN s 5
$;i s FBK s 55, BRAEXFRIHIERICH LCS(sihs). &
LEES BRSSP RBIT .

HEg1 B LCSEEBRIMBRRKARTFFIEST-NF
FIFRKA LCS 15, HEIGENFIIRE T HLHFIHE
SPOTE BN, R L ROEESBINERINT .

Greedy(si, 583"y 84) = LCS(LCS(LCS (51,82, >,
54-1) s52)

K& 2 HBESTEWEFIIELCS RIEBDENHR
KAXTFF, BXNERABR KA FFIIM LCS HE, &
BRR—FEKASTFTREI L BESR. W 2HALHEE
SRRRRIT

Greedy(s; »82 4+ +8:) =LCS(LCS(s1,8:) 5+ LCS(54-1»
54))

ROEERFIELRFERR AT BEREE,

2.2 Rizvi-Agarwal #3%

Rizvi-Agarwal B DS ER A ER. B 8
ETXHTHEFRREINES  RIED” (bucket) , F ¥ E
HFEFEZPRNFHRRRE. 2B, N FEMETAEF
FIEEGPHERFI BENTEFRHESTHANFRHER
Fivh B AL B R T, RS RO R XY, Z,
BB/ Z FTXT B TR, 85X A F R INZE S RTATR i B
KATFRIRRE, FHLIX AN FRED A, 3 &P
BAEHITERRIE. EE LRSS ERH PR -MEHH
BAEFES RGN, IPMAERBIT -

Xc=Bc[r]ls:J+Bclr1ls; 14+ +Bc[r1[ss]
Ye=|Bc[r1ls: I~ BclrIls: 31+ | Be[r1ls: J—
Be[71Lss ]I 4=+ | Bc[r][s2~1 J—Bclr1ls. ]|
Ze=Xc+Yc
18 BRI B AT F P FI BRI BRI
2.3 HEXGEWE

MRMBRERD g Rk w &R, BT Rizvi-Agar-
wal BV RS X X, Y, Z WEBETIHHE, IR Z P
/MEL N B FARE A S BT TR B K AT FIIRRE.
I , % RIS — K BB RFRH Z RN TR (B RTFE
FOEWIEREA. BEBES ERSBNET HFHI#
TR, BERRE KPR B, BRANEKRART
221EpSE e

HRA BRI Rievi-Agarwal kR ER - #n
T BB, IR R R RR AR EEE.

3 FXAHZE

EXNB— NPT ERK AT I BIE B, #K
Ji¥EFr ik (lattice-approach) . A BEETFTHEHUNEES K
DB, BATREGE M attice) , B BB HFE R TEEL
BRFEEFROABPHSISHAAER . EEREPFRFT)
BB S5EHES WASELNEER — SRR,

3.1 BEXEEEEN

HERALRTFI x(z1s 22, T35 s 2u) 5 (015325 Y3575
YO HIBEKALFHEINACS B 2,5, € Z(i=1,,m;
=10, SAHBENFERE. WEEERRRBRFEER
R—HE AR 2=y =y 2 =3, =BHS o£50, € 5D,
3'=3U{a,B8}. B « |ZEREEHTE N,

EX TRBEWL (U, <) AEBEFS x(z1 225
3oz 5 Yoy s Y397 s Ym)o # U AERN (@ w,d,0)
MM ndHEE A BHHRA{L 2, -, mp X {1, 2, ==, n} X
{1,2,, U} X' L FE HP U FTRBLE w(1,1,1,0 €
U,uCm,n, (U|,HEU,

WCu pyu 0w Ay u. o S3HI TR u B 4 08, B o
Ho ZTRuMRFH x 555y FHTTE TR A e £E
BFUPH TR, o hTEu ERFR.

STFYVulij, ko) EUB z,=y;=v(v€Z), $4<©”
AU FR—TGRR BEMER (e forkesu) €U Hu (s,
jb»kbv'Ub)EUJ_Eu(ia,]'avka’va)<(°)u(ibv]'bykb»'vb)glﬂagl -
B ioldpsjaljso HF<O"HU LM ZTTRERF.

EX 2URBEEHIL (G, <) (2=0,1,2,-+)) AEHK
L U,<?)(¢=0,1,2, ) 5FF x(z1, 22, 20D . BHAE
XARBEHWL (N, <) 5F5) x EHABEHL (G, <)
WF:

& G RHER R (0, A, ) I ITEHES, R {1,-, [U|} X
{10, | X)X {1y, |G} XS EHTFE, KB U={u 1, -~
wy b X=(x1 22,20, (1,1,1,0) €G, (U, | X]|, |G},
PeG,

L g e g g ol ATR g WANDE, Hibu
5w 3505 REABEHL U, <) 5F5] x FRTE TR,
KK g ERE G FHTHR, 0 Ak g LHIFH,

STV glirjoky) EGH . 0=z, =v(vES), WHRIMER
G jio ks 1) gl jar ks ) EGH glins jir by v ) <P
gz ja sk, o) MEAUHH w) <P w5 j1<jo WAL HH
“<LEPYH G ERTINRRF.

FE 1 #L (G, <D)(@=0,1,2,-)HEXL 1 HEX
2 B REE, WIL (G, <) Ji&,

EH A E X1 ALE L 2 A RBEWL (G, <)
FE WEBR <R G EHHBRT, B GChnEEE
ET#A. BECERNEIATIER, iEY =0 it AR
Ry

WOXMFEE GHFE O, “<V7 N G LH™BRF,
TR B Bk AEXFRE G

RERME:MNTFVe€cG,H a<Va,

WEHA X F V a€ GFA a<ay ] i<l s fo<jor My, =
Ty s Vi = V0 X T “<OVR AR HEAHE,

EXFFRYE: V a,0€ G,a<O b=>b <V,

W H a,bEGCH a< b, MTH i, <iss jo <<jso &
b<“ ajfisr, 5 HANY ip<lizjo<ljo BOL, F/E. “<O"4ExF
FRIEASIE .

feiB¥E: Va,b,c€G, B a<VbNb<? c=a<Vc,
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WEH X F a, b, c€G, B a<Ob, WTH 4,<Tdy » jo<jo s
B< ¢, AT M ip<Ti, s 5 <Jos BT AR 5 4, <ip<Tiey fo<ds<Jeo
A f0<licrjoljo HEH a<Pc, “<O7fEBHERHE,

OXMFEEG GPREEALR . IF LA S THF.

HEX1MEX 28, tEe(l,1,1,00 5 g(U],
X1, |G, DAHRES GPTEN EHAS THA, &R
i,

BB ARE t=h B RSE, 2 e=h+ 1 B, B BRI
2L WS EA R B R ik FEXT R . HiY<Y G=
0,1,2,+0"2 G LM™IERT .

iEEE,

MFHL U, <), AR HE . £ fEWHLT, 7T
BHEIEHRI L.

EHIIERATEN 1 58X 2 fARKESH Y i, Bit
BREX 1HL U, <) HFF] x, y AFHE”, EX 2P,
L (G,<“"V)RHEL (U, <) E5FH x B A8,

EHIBRATEL 1 HFENL 2 MRTRRAMERE X
Sl

B 3(ATWES Prec(w)) HBEHRL U, <), EXL
Prec(w)CU—2" R4 u BATIRES . W R Prec(w)={u |
Au; €Ly,s. L <4 <?uj,

X A RES Pahs(Ly,uw,u)) HEKRL
WU, <O)PMEER w Fu; B el yuy susy oo suy 4R
WL U, <R w,u BH—KEEGED L HBEEK
B, B HANY u, € Prec(w,) N, € PrecCu ) N A €
Prec(u;) B Fuw. € Ly A7, B#45 u, € Prec(u) V u; € Prec
(). i0 Paths(Ly,u:u) L (U, <) w,u; 45518
FEBREHNEE.

EX 52 ERMFF Seq(e)) HEHL U, <P ORI
1244 Paths(Ly,a,, WEE—&HE eCuy sy o1, ) E
Paths(L ysa, ), 58 X Seq(e) N EERE ¢ FHIFEI. FH
Seq(e)=(tt; . Oy tts, . 0+t . ), P w;,. o HPHEL v T
Eu, ERFHR.

EE2 RARBREHL U, <)RFH x(z1,2207 9 Tm)
1y 3250 ym) LRI B, WXV e € Paths(Ly, e, 5)
75 Seq(e) HFF x FUFH y H—RAFFHFFHCS.

R B AL (U, <) MR 2% PathSet(Ly,a.p,
AG— e, TR H AP —RBEEHN euy sy -0, ), FTH
BTG SR w, <Pu, <P <Puy e FFXTI BIFF
Ny . oyt . Oty . O,

MEX 4,718 w,; € Prec(uy ) Nws, € Prec(uyy ) N+ A
U1y € Prec(uy ), IBHPHIGE S w, SRFH] x 555 y
HETLEFINEHR 2. 5 iy ABRBEX 1, i1, <<l
e 3 i1y <ldgy<o+<Tlipy o

R TTRUFEI] (2, » Ligg » 200 Tig, Y AFEFN x (1522500
%)B‘J?F}"ﬁﬁ »F?"'}"'J (yily s Vigy 2% Vi )iﬂ?’ﬁﬂ y(y1 s V2 Ty
¥ BIFFF.

BISE X 1, 2, = Yy 1Zing = Vigy 9°** 9 T, = Viry » FNART
B (g, » gy 57+ Tigy Y TN (i, s Viay 97000 vigy Y P FFITTH

HE, BS5FF (uy . 0,1, 0,0 u; . ) JLEME. HILEERZ
ety sy, oot ) ERITFS] Seq(e) M x 575 y I
FIFH.

<

BT 2R AP, HTRENE& BB PRESN
AEFFIIHRIZA,

EE3 K/ERL U, <) 5F3 x MENHAILH
LG, <), N THEE—KBR e € Paths(Ly,a,0, 0HF
e, € Paths(L g, , 13 FF5 Seg(ex) K75 Seger) 5FF
B x AFTFFFICS) .,

VERH : [ E 2 3 MIEM ik, Bk e TS S ERIF
RR<O" I x P EBEEEXRR . BHe P ARE
e sx PR FITCRMF, B Seqle) K Seqle) 5FF] x K
AHFFF.

B1RHT—MEERNRa,2E 1 PrsSEHN
LWU,<9), KH uy = a, uy6 =g, HEX 158X 2H
L WU, <) g ENRFERER, I w <V ws u <Pwmo %,
HIEX 4,754 Prec(u;) = {up sus sus } B 1, € Prec(uy) ., St
FLU, <M e4E Paths(Ly, 0,0, 8 e(uy, us,
u5) € Paths(Ly,a,p) .

3.2 AHKATRER
3.221 AXHZER

BEINTENFIESR S=1{s,8,,s 1, LAT
(s; ,sj)j@ﬁ?ﬁF?KﬂJ §; —L:l_ S; E"J/A;@%ﬁﬂ?,ﬁ* 598 € S. F!IJ
XtFEA S o d FFFIHAIRERE, TLARTR N .

L (G, <®)=LAT(LAT(LAT(51552)»83) s***+82)

B LATBRERE —MASLE, @B 3 5EH# 4,7
MAIME R IR S RFSIN AT &
RM|HBEL (G, < g, FEL (G, <) HhEKEEZ LMF
5, 808 d KIFFIRBRAITFA.

§ LAT BAEREX A ILE AT B BARIE . RBI A IS
W8S R, BT RAEHITEW LAT 8fEf5 . A%k
W4 R 2RI K, SR THE T ] IR R E
AR EE R OEE PRBRAIE PG A&, TL
BEREEMHTEN A SERENEHE. SREEES, N
RS B T AT .

ASCHE T BRI .

Wik 1 HEESRFIINBRKARTFIIRE
WA d RFFIEE S={81,8, 50} ARG SR B

size
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BH.EE SHBEAXTFRIIRSC
LatticeApproach(S, size) ;
1. let h=s, ,C={}
2.for i=2 tod do
3. h=GetLattice(s,s;,size)
4, get LCSs of S from h and put them into C
5, return C
Htp GetLattice N AR ERE S, EREE 3,
3.2.2 ARBEREMRGE
HEILERERTE » WERARNT .
0, u;. c=a\ z; #a
mfx(rp,,-—1 )+1, w.o=x;7a
ry=
Tij—1

max ’
max(ry )
»

u;. 07z Nwi. 0, z;5a

(where p€ {k|u € Prec(u;)})

BHL U, <) 585 x(x1, 2250 2, ) B ILBCEE B R
Riyjxm s R HFILHRIBH ry sy SHRL (U, <) 5 x RS &iD
Hui,xz; s MFVeE Paths(Ly,a,u),r; BI{EER Seq(e) 5
x BB K AT RKE.

BN 6(LEE S-S Match(R)) S FILEMERME R i)
TRrj B rs BB w.o=x; 5 Vu, € Prec(w.), B r; >
Tig—1 77}'j>rpj&j 91@% £ ﬁ“mlgﬁﬁ”a R ‘F‘FJ?%‘“IEEE)@”
HEHITH March(R) . ’

Wik2 BERAEESRBEEL
WAL (U, <) EHE5 x
Hith : IR AEE W=Match(R)

GetMatchPointSet(L (U, <% ),x);
Llet R[IUI+1000x[+1]1={0} ,w={}
2. for i=1 to |U| do

3. forij=11o |x| do

4 if m. 6=x; then

5 for each u, € Prec(n;) do

6 ry=max(r,,; 1)+1

7. if r; is a match point then
8 add r; to W

9 else

10. for each uw, € Prec(w;) do
11. r; =max(r;,j—1, Ipj )

12. return W

FEEASERMBELRADSHAR BB B HICEE
Be, X FIRREERE R PERE—TTE ry -

B uw.o=z;, W ry AR F u, € PrecCu) 5 z;1,F
rg =max(ry;-1)+1. 75,1 FRKR RPH—MEMBTE,
ﬁﬁ%%’%{up ,up EPTEC(“;)}—L?I‘ Zj—1 "P!@/l\ U, %}Jri—lﬁ Zj—1
B?X‘fm% Tp,5—1 &E%j—ﬁiﬂg%{*a

F w0z N F u, € Prec(w) § zj—1 . r; =max(ry ,
Tij—1) o rpj—l:;iri,j—lxﬁiR *B‘Jiﬁﬁiﬂﬁ%ﬁﬂ&%ﬂﬁ
TRKLk.,

3.2.3 AEHBALER

EIAEL U, <) HFEF x (215225 2 ) B UL BRAE B

K Rivixm »SHEE 75 ER,ry MBIL (U, <) 5 x hy% &t

Hu,xzi. BPEN 6,4 W=March(R) HILEHEKE R FH
LA RLHE.

EXTCLMERD™) BFX oy ERER 4, <Puw;
H o< A ry, XBEry»iB R rg s

X F W=March(R) , & W LR W B KEILH =z, F A&
BHRIEHNL (G, <), B F LR RBE KT BE—
ASBIE MR, AR — IR, AT wy € {(was |we EW,ws =c}
A<c<DEH LR RIA R F wy BB 8 (b jr ks )
FERECH N GC={g Gj, b, D} UG, EN & (irj ks B
EGH.

B 3AH THRAERBENHRE, & w =1, &0
FLRRAK E—B R B T we € (ws |ws €EW,ws =
=1}, B R wy Lwy , M

& (0:q:k0) @G U G={g (9,0, 0} UG, ¥ wy i
FUFRBRBIEBES FIREE,

2 (g k) €G, MBREE T4 (wi | wp EW,wy —c—
DHRRTF w8 AR wyy EHR wyy wy , IR wyy X R
RGP K DORBEEREGCH. HANTFVw €W
HE (Prq:ksv) EG B G| > size, MM ERB LG R, X4
ARG RG » SXRBHF A I PSS T #fT
ERTRAE, AR A LA, b R BT 3k B0 A B
TR . R4 E=0,

Wik 3 AIEEREE
AL (U, <) 5 x, A0 45 AR RAB B size
W —MEEHL (G, <) (Gl 45D
GetLattice(L (U, <?),x, size) ;

1. let G={}

2. W=GetMatchPointSet(L (U,<),x);
3. for each w; in {w,, | W, EW,w,, =2z} do
4, add g’ (i,j k,v) to G

5. LatticeRecursion (w;,G,size)

6. let f=1

7. foreachgin G

8. let g A=ff—i+1

9. return (L (G, <)

i

LatticeRecursion (wy,G,size):

1. if wy=1 then

2. return

3. else

4. for each wyg in {wap, | W €W, wep =c—1} do
5 if wp, < wy then

6. mark g'(p,q,k,v )< Vg, j,k,v)
7. if g (pyq,k,v) € G then

8 G={g'(p,a,k,vD}UG

9 if |G| >size then

10. terminate the algorithm

11, else

12. LatticeRecursion (w,,G, size)
4 TBHH

AV ELLRREBAXNEE. TRESHFRAEN
3=[‘A’C,C T’ 1. BRI F/HE S PIFRTEN
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BEPLFS. SERATHPAES: D B A XEE S B
R B 20 R X A5 20 B0 B B A0 04 o B 45 R B R ] e
F BRI,

HEX 15X 2 A BHH o SEATEERT
F R, LR P E.
4.1 3ANMHEMHTBLILE

FHHBAXEE S EMEMEENERR. Hd Ny
FIFFIEEHFIINTHRE. BEREF 10500183 10
FREER 50 WFFIERA, LUKEHE. MO BRLEHR MM
(A X7

#£1 AXEEGHMEEHLRER

Py ook AR AXHEAN
LCSKkE LCSKE LCSKE LCS¥%&

10(50) 12 13 14 8

10(100) 25 29 29 2

40(100) 18 20 21 8

100(200) 40 39 40 2

100(300) 62 59 63 2

MFE 1 SRR TR, 23 E A LR M 45 K
HRERBEETHFIVFHKEN 1 &6, X FARRMEE
£, 2 XA BIM LCSKENRTHERLBEERSMX
MEHEE AAXEEKBH LCS A& HEFHER
DELRSHANESE TURBESMNER. ZXLBHRE
WE T R LH B RORIBIM R BB NS ERY:.

4.2 AHEHNERMRAENAXHEZNERR

W 2B R P T IR, HA M K
BESHIH 1N, 3N, NN HFEHFFIE S HFFIE K
BB, ERAR A LCS K ERA U, IR AMEF LCS Y
SBE LWL, B LCSHWR BRI, WFME+H LCS
WA T RK AT FH), HitfsE+H LCS MR SR .

2 EHBERFEREL T HESERI

#HE IN 3N 5N
HEE *E #E kE " ¥E ¥E ##
10¢50) 14 8 14 18 15
10(100) 29 2 29 20 30 2
40(100) 21 8 21 17 22 98
100¢200) 40 2 42 8 42 20
100(300) 63 2 64 2 64 14

AU R A N A ARG R, AR R
AFEFIFIRE SR, W2 4% i BR A SR B S0
mRSFEERPAREIRIANERHAFTIFI. BE
LCS B BRI U » #6589 HL R B & (5 Bt AT 1
RSB R A Y Y LCS BB n .

HRiE REEKAXTHRIEESTHENEGERERN

RLFL, WG B R EEFILRES., REBFIIHERK A
FRFUT LR BE BIFFIH A E R, AT AT #— 2 808
RE0%. RERFFIHERK AT LIRBEFEF5
[E): 0. ;-
FXEHBRIIATREEEH N, Bl shA MR R B
RFFIH > FeMe , FEEE A B0 RS TSR 2 RTHE 5 M BTF
P NI . AP ERE T ZEAXFFH, BT
WS BRI, ERRBHHBRR AT FIELA.
STEEHMCERS N TSI, Ed LRI T A E
KRR EHE, BATHE T A XBEEA RS AR R BHR
TERBHBENELERSRA.

2 % XK

[1] MAIER D. The complexity of some problem on subsequences
and superseuqences[ ] . Journal of the ACM (JACM), 1978,25
(2):322-366.

[2] BERGROTH L,HAKONEN H,RAITA T. A survey of longest
common subsequence algorithms[ C] // Processings. Seventh In-
ternational Symposium on String Processing and Information
Retrieval, 2000(SPIRE 2000). IEEE, 2000; 39-48,

{3] ATTWOOD T,FINDLAY J. Fingerprinting g-protein-coupled
receptors| ] |. Protein engineering, 1994,7(2) ;195-203.

[4] SANKOFF D,BLANCHETTE M. Phylogenetic invariants for
genome rearrangements| ] |. Journal of Computational Biology,
1999,6(3/4):431-445.

[5} SHUKILA A,AGARWAL S, A relative position based algorithm
to find out the longest common subsequence from multiple bio-
logical sequences{ C] // Proceedings of the 2010 International
Conference on Computer and Communication Technology (IC-
CCT). 2010:496-502.

[6] RIZVI S, AGARWAL P. A new index-based parallel algorithm
for finding longest common subsequence in multiple dna se-
quences[ C1 // International Conference in Cognitive Systems.
Citeseer, 2005.

[77 HAKATA K,IMAI H. Algorithms for the longest common
subsequence problem for multiple strings based on geometric
maximal[ ] ]. Optimization Methods and Software, 1998, 10(2):
233-260.

[8] BOURQUE G,PEVZNER P A. Genome-scale evolution; recon-
structing gene orders in the ancestral species{]]. Genome re-
search, 2002,12(1) : 26-36.

[9] SHERIDAN R P,VENKATARAGHAVAN R. A systematic
search for protein signature sequences[]]. Proteins-Structure

Function and Bioinformatics,1992,14(1):16-28.

(LBE 261 7D

[14] SUN S P. Research on Chinese Micro-blog Hot Topic Detection
and Tracking[ D]. Beijing: Beijing Jiaotong University, 2011, (in
Chinese)
T SRS IE R N S RER B AR BFSEDD. b
LAWK, 2011

[15] MI W L, SUN Y X, Microblog Hot Topics Discovery Method
based on Probabilistic Topic Model[J]. Computer Systems &

Applications, 2014,23(8) :163-167. (in Chinese)
HKICHR , PVEIBT. AL R R A M R R E R R T
U] BRI, 2014,23(8) : 163-167.

[16] ZHENG L. Reserch and Application of Topic Detection on Mi-
cro-Blog[ D]. Harbin: Harbin Institute of Technology,2012. (in
Chinese)

M. HIEEFEERM A BIE 5L I D] BRE: BAREILL
K2F,2012.



