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Abstract In analysis of the RNA array, the secondary structure based on the base pair is attached to importance
from the simple structure as a string. In this paper, the maximal-pairing algorithm by Nussinov et. al and a
speedup method for it are considered as a basis of secondary structure prediction for RNA. In this algorithm,
there exist a calculation which a straightforward parallelism is not applicable. This paper shows the method to
distinguish from a prior calculation result the case that the calculation can be omitted. Moreover, an application
of our method to speedup the algorithm is discussed concretely.

1 [FC&HIC

HHLWLRHE~DALEa—FOEREERIZ, e
BERELFINOMINC L DT 7a—F TEFELLS &TD
WRENE AT TWD. FHZ, DTFERZEOSFITKIT
DIEHER IR OFERE L 725 DX, DNA HEEESIC Y v
NRIET I BRI EOXFFE LTORETHS. =
WO OEFTIELFOWOPEERINTNDDITKL,
RNA E2FiZ I CidE st O EEAIC X 2 ZRgED
EHEINTEY, MBIrALy BT 5.

Fx OBEO BHY, BFEO 2V Ea— TIHRRENLR
R CRES M TERWVEEE, B LWEINC X 2@k
BRaVEa— 2RV TRSZIEThHD. £DEHIT,
N—=RU =T OERTEEREZZE L ET, ZHICELE
TNIAY ZLOEREHRIT D, AT, eI 50
% RNA OZKRIEEFH & L, ZORDOEHERL
FTuAY XAXE LT, Nussinov b [2] 12 & DEESEE K
fE7 A=Y XARZERT S, 22T, BAEMFHERRE

£, TAITY XAPTITONLHEIIHLTE S\ o
BB REDNERALNCT AR EEL L, ZOR
BEHEI, XM RNA ZKBESETFRITALITY XAD
PDRCERTNTDHTETHS.

Nussinov 7V Y X A%, 1AK0D RNA BFIIZx LT,
EXPHRBKRE 2D _REEERD DD THD. ZDT
N2 X AFBRFTEEICE SV TE Y, 1TAIOME BR
BIZRDBEDOTHD. AR TIE, T/ TY XABETE
nNoara—4& LT, V- RIS XBKRERLOEME
EL, FTHRICOVWTHRD INT AT Y XA~DOHLE
PRI 5. BEMICIE, XFHIOMREESRLYHET ST
N Y RBZHDNTORELFIETH S Myers [1] 128D
vy b%F LIVFEED, Nussinov 7/VT Y X A~OHEA%
A5,
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2 RNABHIZHITHREETH
2.1 RNA &ZRigE

RNA EFiX, 4fEOEETT=, Y hyy, 7=
v, UTIUAERTIFA, C, G, UMbk dF
FITHDH. WL O0O RNA IXER O Z Rz R OB
BXFHE LTCHAShE—F, BROH D 3RTHEL
O RNA AL ERENTWS. 4TEDEEN S
G L CR, ARUIIKEREDEIERNEZIES. Z O
R RNA OZREE L WTh, EEMOREEZRT
AaATEREAT DI ETEPFMIZL oL D LUVHEE
OFPBTON TS, ZRAEEIHARIER 1 IR
E IR FERTERBEIND.
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RNA “%&AEETIE, HEHIFEFICARFICR>THR
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FES. Ya— K/ v FOBEO KEEOHI %K 2 1273
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2: Ya2a—F/ v hOF)

Ya—K/ v hORZ ZEHUE, ANTFICR D ZIRIEE
DRI RIEF DR, ZD7-®, RNA HREHED
F—ER—ZRBEELEL OHMOBRIZE, TAFTYX
LAORMEDTZOY 2 — K v NOBEREBIICT S L
NHb.

2.2 Nussinov ZJIL3 Y XL

Nussinov & [2] iX, ¥=2— K/ v bEZELARVEED
RNA BHI OS2 R RICT 22T LI Y XA
FEALRE. ZOTNVITY RATHE, /DNEREHHEIN ST
L CORKEEMBAHEL, X R&REMAHEINIZOV
THELTW. sZEREnDANXFILL, 1<i<n
WCOWTCsDiFBHDERY 5; T, 1<i<j<nilonT
s DI LFS 5584185 & 85 TRY. TDLE, 55
OiEEEIX, UTOHEEZ 2T L.

. i#’{TZsi_H,j DEEHEEIC, HESEZRI RV &
mz 5.

°j 3‘15’\"7:8,',]"1 @%ﬁ%ig&:, M & 7 X Sj %
Mz 5.

o i, T 854151 DRIEMEIL, HEMZRT s; & s
Mz 5.
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5, 8(i5) &, s L os; BWEEMERTEE L, £S5 TR
WEE0ETDE, s ORKEIERE (i, §) 1ZUTFOR
TROLNS.

Y(i+1,5)

Y05 —1)

y(E+1,5—1)+ (¢ 5)
max;<k<;{7(6 k) +v(k +1,5)

@)

(3, j) = max

L, IEMEE LT, 1 <i<niZo0Ty(ii) =0,
2<i<niZ2VTH(4,i—-1)=0ThH5.
X 412 % OfTFI 0Bl % R

1,

G G AA AU CC
G|o|O|O|jO|O]O]1]2]3
G|0|0|O|O|O|O|1]2]3
G 0|0j0|0|0|1]2]2
A 0({0j0|0O|1]1}1

‘lA 0j]0j0j1]1]1
A ojo0j1|1]1
U 0/]0(0]0
(o} 0/0]0
(o} 0|0

4: 175D B

PLEIZ X2 TRO BN D (1, n) BASILFF ORI
LD, k£, T THRLNIITIIOMEE y(1,n) H b
FL—ZRy 7452 LT, HEMITONTOH 5Kl
WEZROTHZENTE BN, AT (1, n) DEEK
WHETDHEEEZD. ZOT N ) XLAOFEBBEMES
X O(n?), FEEHESIZOMS) THS.

3 BERIED®E
Ey S LUILFEE

Myers [1] %, BIWIFHETEICES EESCFEFIRE T V=
YRXLELT, IVEa2—FDY— FRIZE U@mE{bs
AREARWINEFIEFRELZ. ZZTHOLRATWAE Y
FRZ UV EREN D IR, CFHIROBLE~ —Eo
HEROBBEICL > TET LT, RDBITFIORZD D
HU— FREOEEZ T L CHETHHDTHS.

ZOTNAY XLAOFEMRHHITER T 52, ZZTH
WHERTWBEEEILDT AT T OVE DI, K DHITHID
B0 A IS DENE L1 THHZEEZFIALT, 15150
EZEy MITERERL, KOFIZOWTOEEZE Y MEK

3.1

I —EIZRDHETHS. ZOK, wEEEICIIER
BARREICT 57208, BIRIEEEORMNREE OFRI
DFER L IROFER L OBMRORE LWAET 24T > T 5.

HEOHR

Nussinov 7V U R ADOEEEZITHEE, X (1) DHFE3
HE TOREICOWTE, FIZE, TH0ORDORITHE->
MR IHERTTRETH D, e DT 7a—Fi%, F4
HOHEAZEK TE D HE2 TE LR FEROFENLH
BFHZETHD. ZOHBNX, By MTULAFEDT
AFTEEAT S LT, BWNHEOFIORERN? AT
bhd.

Nussinov 7 /v =Y X A TRD HITHNDONT, HEEL IS
BED & DRy DEE

3.2

Av(i,j) =

v, 5) —v(E+1,7)

LB L, LUFAEY IO,

BWE11<i<j<nitoWnT, Av(i,j), A, ) € {0,1}
Thsb.

HE R (1) XY, 1<i<j<niconT, Avi,j) >0
B Ah(iyj) > 0L, THS. BT, Av(i,j) <1 %
R A, ) KOWTIERERICER T2 2 LN TE 5.
Av(p,q) >2E7iB pk g WIFETHEE, K (1) &b,
(@) v(p,g—1)—(p+1,9) > 2,

(®) Yp+1,9-1)—v(p+1,9) > 1, F/iZ

(c) maxper<g{v(@: k) +7(k+1,9)} —v(p+1,9) > 2

MDD, (a) DL E, 1<i<j<niZoNTA(s,j) >
0 THDHZ LMD, v(p,g—1)—y(p+1,q—1) > 2 L7257,
Av(p,g—1)>2 L RVFIE. (b)) DEX, Ah(p+1,q) <
—1LRVFE. (c)DEE, y(pk)+v(k+1,9) —v(p+
1,9) >2 &R ENEETS. K1) LY, ZOEIZOV
Tylp+1,q9) > v(p+1,k) +y(k+1,q) BV ZODT
v(p, k) —y(p+1,k) = Av(p, k) > 2 L2V FJE. O

ZHZEST, UTOHEER (1) oF4EmEFHE LR
STRWZ ENRGH5.

FE11<i<j<niZoNT,
(i) Av(i+1,5) =052 Ah(i,5—1) =1,
(i) Av(i+1,5) =12 Ah(3,j —1) =0, £/,

(ifi) Av(i+1,5) = Ah(i,j — 1) =0 7 6(i,j) = 1
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2B, (i,5) = max{y(i +1,5),7(i,j = 1),7(i + 1,5 —

B EELY, Av(i,j— 1) + ARG, j) = ARG+ 1,5) +
Av(i,j) TH 5.

(HoLE, HEL1LY, Av(i,j) =122 Ah(i,j) =0T
Hb. £oT, y(4,5) = (i, 5 —1) > max{y(i+1,5),7(i+
1,5 — 1) +8(i, 7), maxicke; {70, k) +¥(k +1,5)}} TH 5.

FERIZ, (i) D&, Av(i,j) =052 Ah(i,j)=1Th
D, (i, 4) =~(+1,7) > max{y(i,j —1),7(i+1,j—-1) +
8(4, 5), maxick<; {7(, k) +v(k +1,5)}} TH5.

(i) DEE, y(i+1,j-1) =G +1,5) =~(E,7-1) »
Dq(,j) > V(E+1,j-1)+1Thd. LoT, WL &
D, v(,5)=vG+1,7—-1)+1>max{y(i+1,5),7(, 7 —
1), max;cr<; {7, k) +v(k+1,5)}} THS. O

ZOFERZ LY, HATHIRSEFET O, ERDO%E
EEmZLT0BRbiE, () KL3EETbR &
b, TS ERDDZENTED. LoTZDOHEEE
45 Z & T Nussinov 5OT7 VI Y RAREBELTE D
DTN EEBZTVS.

4 HHYIC

RNA ZSREETRIORE L ERNZT LTI XAKELT,
Nussinov 52 & 2 EEMHR KT LI Y X AOEHFIZ
ONWTHRHEZTo72. ZOTATY) AATITORDEHED
5 b, BEMRWIHEAREETH S HDIZOVT, FFiDst
BRERENOABTE GG HBIT D2 FEE R L. £z,
ZORERERR LS bR mEbOFREHORET Z1T-
To. SHOFEL LT, BRETHFECESITALIY X
LEFEEL, EEMNRIHEEZITY TETHD.
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AXEFELDDBITHEY, T THRO VI IUNKE
VAT ALSIBIFEE v # — 2 bONCEER - A B -k - FF E
MREBOERICEIN - LET. 28, AL, —EHEK
18 FEERI AR B MBS FHAE B GREE S 17700020)
2k 5.
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