TTY XL 30— 6
(1992. 11. 20

s 7 S B 23 A AR o R o BB o —FH Bk

P R T

b5 % L

* SO OFROKES 1, WHED Y, EFERBIARCET 3 b0TH ok AXTH, KO
%Eié;*g; Eﬁéﬁ?ﬁﬁim By aL, HED R eAORIOEMLERL, O THRIHEELR
Y3, 200KOEASE mn LT 5%, KHFEOHEOEMEL & Or(mm) ~ OT(m3(n‘l)(n-21(.n-3) -
(nm+1)) THB. ¥k, cor¥, HEEHES L, Os(mn) TH 5. PHETERL 2. 0 @MOLEHELF
g (7 —2 25—+ a v SONY NWS-1860(5 MIPS) ) CEIE Lt T, FHFtHREIE 4. 3BhTdH -
7. COROEOEREZILEHOSBCISHATE 5.

MXF—-v—~F Kol TREBHHERE. L8, D8 BE. HHEEE

A metric between trees with no root and no order
and its computing method

Tomokazu MUGURUMA, Eiichi TANAKA, and Sumio MASUDA

Faculty of Engineering, Kobe University

Abstract

This paper describes a tree metric between unordered trees with no root based on three edit operations
on vertices, that is, substitution, insertion and deletion. A top-down computing method is proposed. The
computational complexity is Or(mn) ~ Or(m®(n-1)(n-2)(n-3) -+ (n-m+1)), where m and n are the number
of vertices of tree Ta and that of tree Tb, respectively. The space complexity is Os(mn). The computing
time on the calculater(SONY NWS-1860,5 MIPS) is 4.3 seconds on average {or chemical compounds which
have 12 atoms on average. This metric can be applied to the classification of chemical compounds.
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L D) ZHET L EOSERIROM G OBRENIZ

N=a-5Cam-s * (m=3)!=(n-3) (n—-4) - (n-nm+1). (19)
ENENDOHHL>VTC, MREG-DE, £E1 HHL
BEThb. $h, LOBEVBRIEILRIPENS
BB N-DEOEESKETH S, Wi, 140
BEOVTOHEOHBMK Total ik

Total=(m+2) N+N-1=(m+3) N~1. (20)
Boxid, m-2)(-2)@BE0H2h5, BEEESR
O x(n(n=-2)(n-2) (n-3) (n-4) - (n-m+1)) T & 2. D(Ta,
T OHETE, B4 m-1)-D@EYoloxtic>wT

D(Ta(u), To(v)) 2+ BT 30 5, HEBEBIZO (0 (n-1)
(n-2) (n-3)~ (n-n+1)) TH 3. K9OSR bER
DELBZWTH B2 S, FEBEEFZO(mn)~0(n?
(n-1) (n-2) (n-3) (n-4) - (n-w+1)) D i & 3.

Ta Tb

9. HROBERESZHZhn-1, n-10K

Ko OBk RE - Tk cHET s 3.
Ta, WO THRD 5 RNV DEE %S ={a,, a5, -, as} & F 3.
Vall BOWT 5 N May, -, asTH B MuLIA O TEHADME
HExnZhn, -, s, VWiZ BT 5 N ha,, -, asT
S5MVUAOEHEAOERE Z N Ehn,, -, nsd T 5.
hs=§ min{mi,nil & L, m2n& 43L&, BEROES
Va,Vlb?Cib‘L\T, hWfBREL S v EHE>DT, Talu)
S To(v) ~ D EERE i

D(Ta(u), To(v))=(n-2~hs) p+(m-n) r+p(u., v;)

+p(uz, va). (21)

L33, WAKR, O«(ntn) &R 2, nnoEs sEBET
b5,

RICEBERES K> >VWTELS., (18)R&Db

No(v) = [Vb{v) |+|Lb{v) |-1 < 2-n (22)
THY, T)ic>2WVWTh

Na(u) = |Va(u) |+[Lau) |-1 < 2+m (23)

TH5. Ff, T )OBLED 1 DOEASTH V) DH® I
DLIO2OEHREREBLTWS & &, SEHHAO G
B4BOH 2. WAk, ZHEHSIZOs(nn)icix 3,
4.3 HxXlp

ATALTY XADBEXDIC>WTRBRRE, ¢, (i)
ARTa, TWOIEE L 2B tra, tro@TEAK D E | tral-
[trol 2R D 3. [tral>ltrbl D& & G traD HE OB E S
A (Itral-1trbl)-r, [tral<|trb]® & % i3 trod [HE O
BAES (Itrol-Itral) -2k, 0% a s+,
KBEOBRLEOHAOERES RSB, allbici 3.
Wi, (11)ATa, Tod Zh % D543 A D K TH A B
DEPL, FEBAIKOEA, BEEL>OLEHES
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5. $8bb, K=(|Val-ltral)-(JVbl-]trs]) & L, K>0 (9,10), (9,13), (9, 17), (9,18)
o B=K-r, KAOB S B=-K-q&F 3. dL (i), (ihHD
(1) ®oxd,10)
ROt (1,100 %#3. $8b5, Ta(l) &ETo(10) D
BoHEL2TE., ThEIOBILRKRO DN 3,
Ta(1) D8 :tra(l, 3), tra(l, 6), tra(l, 9)
To(10) D ¥ : trp(10, 13), tro(10, 17), trs(10, 18)

(1) B oxt(tra(l, 3), trv(10,18))

Ta Tb #®oxttra(l, 3), tro(10, 13) 2E W, d((L,3),
EADOHr=a+B B0 LDEDILEVEY 24 (10, 18) %3t H ¥ 2. FHED(uLx,v,y) &b,
A5R5E, TOEELABCHT 2 K0EHOE B, DOSIS3 0SISHRUTOE i 3.

B10. &y d(0,0)=0, d(0,1)=1, d(0,2)=2, d(0,3)=8,

d(0,4)=9, d(1,0)=1, d(1,1)=0, d(1,2)=1,

ZITHRBWV, M1 okBWITLEWVWEEp T2 L% d(1,8)=17, d(1,4)=8, d(2,0)=8, d(2,1)=1,
=1 (1tr(l, 8) |1-1tr(10,18) 1) =(7-3) -r=4-1, B=(( d(2,2)=6, d(2,3)=4, d(2,4)=5, d(3,0)=9,
IVl =1 tr(10, 13) )= (IVal=1tr (1, 8) 1)) -q=((9-3)-(9-7)) d(3,1)=8, d(3,2)=7, d(3,3)=5, d(3,4)=5.
cq=(6-2)+q=4-qTH B0 5, y=a+B=4-1+4-q& KD, w2z,
bLy>pBoE, CORDHMAISGLEILBITIHESR d((1,3), (10,13)) = d(8,4) = 5.
T, (i1) B oxf (tra(l, 8), tra(10,17))

d((1,3), (10, 17)) = 10.
5. AEARCILEDDOSH :
5.1 ETEHA (ix) B DX (tra(l, 9), tr(10,18))

M11o2o0{teyloEgEoitEEiEo—K% d((1,9), (10,18)) = 4.
Y. HICBd 2 BRERIT> TRV, I TR, p=
g=r=1& L 7=. (i)~ (ix)& b,
s 6 D(Ta(1), To(10))
J s 8 =nin{d((1,3), (10, 18)), -, d((1,9), (10, 18))) =4.
i ° » ° (2) Roxt(1,13)
D(Ta(1), To(13))
Ta =min{d((1,3), (18,10)), -, d((1,9), (13, 18))}=5.
_ mps o KRERT :
TTCTMEE e BERT ) Hoxt 1, 18)
K11, {L&#Ta Tb D(Ta(1), Tv(18))
=min{d((1, 8), (18, 10)), -, d((1,9), (18, 17))}
Ta=(Va, Ba), Tb=(Vb, Eb) =d((1, 3), (18,17))
Va={1,2,8,4,5,6,7,8,9) ‘ =3
Vb={10, 11, 12, 13, 14, 15, 16, 17, 18} :
La={1, 3,6, 9} Lb={10,13,17,18} (16) R xf (9, 18)
D(Ta(9), Tv(18))
RIEBNZORRYLIOEATEZH» 5, Rodikx =nin{d((9, 1), (18,10)), -, d((9, 6), (18, 17))} =4.
D1 6BOEHET 3.
(1, 10), (1,18), (1, 17), (1, 18), (8,10), (8, 13), (1)~ (16) &k b, Ta Too BEEE I,

(3,17), (8,18), (6,10), (6, 13), (6,17), (6, 18),



D(Ta, Tb)
=min{D(Ta(1), To(10)), ---, D(Ta(9), Tn(18))}=3.
5.2 {ta¥osHE
EHEOMEML L IEE>WTHEERS . 1L
EMERT AROEAR I
bote. RERFEELTVAKERFREAMEL
THEBLTWS, ENOLLEYB OB LA, B
BoteYBEE#RI4DEELELEE, 1 THRHISHE

W@:ﬁ«y&/\

mm\fy\

2

o HREF

— By e BRETF
— CHEE © DERETF
 ZHRES o KEREF

H4

3~19fCcEHLI 2. 0T

WW

K1z, 28H (—H
TER, FONO—WERL 2R, HERBEY —
7 A5 — ¥ a YNWS-1860(SONY), SZERCEMA L.
FEEE O ERRIE T4 3B TH - 7.

6. bEhi
tePoBEXOHUEERIRER VI VARE
ENTWBE* N, BERXERT V7972500 28
VIRD>FERBh ok, TRDLE, —Bic3BER%E
737ERT, VI 7oEBEER LRI ALK LR
WA, COMBRIGHATE 3AKNR Y5 70E#D
MRAIELBTV, AXTR, CoBEOHRT2E—%
ELT, B2, EFESROWAKOEREESREL, %
DFFHEEERELL. HEEESE, O0r(m)~0(
® (n-1) (n-2) (n-3) - (n-m+1)) OficH 3. ¥/, 0
&, EEEMEIRO ) ERE, THEFHKL 2
OEDILEMEHER (V-2 XF — <~ a ¥SONY NKS
-1860(5 MIPS)) THE LA LI A, PHHEBM 4.
W ThHote. Foi, COREW, LAYWOSE I
BHAT&E2CEERLE., ChiR, BULAYMARE
THELDOT7 7 A VOBRECHEATH 5. DL
TEBLAAOHEBEEELZ L, T/, HAKRLS
(B2 LEHERMAZBHECHKTIOT, ThiEXE
THEILBEROBETEH .
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