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Segmental Distance:
An Alternative Hierarchy of Tree Edit Distance

ToMoHIRO KaN, ! Snorcur Hicucnr, !
YosHIYUKl YamMAMoTO! and KourcHr HIRATAT?

In this paper, as a variation of the tree edit distance, we introduce a segmen-
tal mapping based on the occurrences of the contiguous nodes and formulate
a segmental distance as the minimum cost of segmental mappings. Also we
introduce a top-down segmental distance and a bottom-up segmental distance
by adding a top-down condition and a bottom-up condition to segmental map-
pings. Then, we show that all of them are metric, and, while the top-down
segmental distance coincides with a top-down distance, the bottom-up segmen-
tal distance and the segmental distance provide an alternative hierarchy of the
tree edit distance to a known one.
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000000000000, 000000000 0000 O@})00000Y. O
oo,oooooooboobobooogo, b0, bbb b0, DoooDooo
O (constrained mapping), 00000000 (accordant mapping), 00 200000
(degree-2 mapping), 00000000000 (top-down mapping), 0000000000
0 (bottom-up mapping) 000 0000000000000 00O0O,000000000
D000000000,0000000000000000 (constrained distance)'®:®),
00000 (accordant distance)®®, 00 200 (degree-2 distance)®!-'%) 0oOo00
000 (top-down distance)? ™12 00000000 (bottom-up distance)® 'Y 00
goboboo.ooboboooobuooobbo O(nQ)[l[l[l[l[l*l.
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oooooooOooooo0,0 (O)oooooUoooOoooooooooooo. O
0d, 0 10 Tar, Cst, Acc, Da2, Top, Bor, Iso00000,00000,000000
gobo,bo0booob,bo 2000bbo,00bbooboobobo,0oooboooo
gob,boboobooboobobo. 0 1o, bbb obbo, oo
00,000000000000 A0D0O00DDOO0ODOOOO0 BOOOO,MeADOO
000000000 MOOO MeBOOOOOOODOOOO*.

gooooO,bb000oobb0o0oobbboooboboo,0o0ob0bbooooDoboboooo
0000000 (segmental mapping) J00O00. 00000000, 000000000
goodoboobooooobooooooboo,bogobobo,bboboooooo. o
o0,0000000b0b0o0b0b0oobOo0o0ooDoOo0o0ooDboooDbooDbooooooo
goobooOo. ooo,0b00bboooobooobboooDbooooobooooo
(top-down segmental mapping), 000, 0000000000000 O0O00O0OOOOO
00000000 (bottom-up segmental mapping) 00 000. 00000000000
0000000000, 0000 (segmental distance), 0000000000 (top-down
segmental distance), 0000000000 (bottom-up segmental distance) 0000 0.

ooooOo,00,000000DO00DOO0O0OOO00ODODOOO0. ODOO0,0D000D000D
J0o0o00oo0ooooDooooOooo,b00b0ob0o0bOo0obOo0oobooOooboOoOooo
goooooo,oooooboboooboboobboooobooooo0oooooooog
goooooboobb. oooo, bbb, obbdooob,boooobpoboboboo
0,0 1(0)0000o00oo0U000000O0D (O)ODooDOoLUOOOLOOOO. 00
0, SG, TopSG, BorSe 00000, 0000000,0000000000000O0,00
goobooobobooboboooboo.

2. 00OooOoOooooboo

ooooooooooooooooooU. oo, 0rT=(V,E)OooO,v e V(T)
OveT,|V|O|T|0O0O0. 100000 rO0000O0O0DOOODODOOODDOOOO,O0T
o000 ~(7T)OOO. D00 v»OOUOOOOODDOOULO,v000000,v0000000

x1 0000000 y000000000, Ace=Dae2000%:5),

01 oooooooooo®19@)000000000000000000000000 (0).

ans(v) 000.v0 «00000000,v<wd00.00,000000000 000
000 par(v)000.000,00000w00000000O0O0ODOO0O0O,00 v,wO
oooooboooooooon,vwwwOOO0.000,vueT0000,v0«000000
000«00o000000,000000000000000.0000000000D0O
00, 700000000000 Ww(T)OOO.

O07T000000veTO000,00000 (preorder) 0000000 pre(v), 000
(postorder) 0000000 post(v) DODO. 0000, v,w € TOOOO, pre(v) < pre(w)
00 post(v) < pre(w) 000, v0 wODDOO000D,0000 wD vO0000000
o.oo,000d00v<w0O0O0.

oooooooooooobooobo 000000000000 0000O0O0O0O0O0D
o0oo0ooooO0o0ooooo,00000000 (v)yDDOOO. 00,00000
gobooooooooooooooooooooo,bobooboo0oooboboobboOon, Do
ooooooboooooooo.

OT7y,000 T2D[||:|DD[|8)D,DDDDDDDDDDDDDDDDDDDDDDD
og.

0O01(0000) D0OD000O0UO0U0 ThOOO T, 000000 (edit operation)
ooo.
1. 00O (substitution) : 7 000000000 70000000 wOOOOOODOO.
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v—wOOO00.

2. 00 (insertion) : 000 w0 7, 0000000. e—»wOO0OOO.
3. 00 (deletion) : T 0000 »0000000.v—eO00O0OO.
O2000000000000000A0.

oad v —w A — A

o= | Ta—

oo E—w

oo v—€ / — A

02 000000

0000 e¢g>X0000,X.=XU{e}000. 0000, 000000000000
(cost) O v: (S x % — {(e,e)}) » ROO0. D0 v000000 I(v) 0000000
0000,0000 v—wD l(v)—(w)000.000,0000 &1 (h,lz€X)0
0000 y(ly — l) =~(h,l)00000. D0000000,000 yO000 (metric)
000,0000,000000000000.

(1) (L= 12) > 0.

(2) v(li—=l)=0sl =l

(3) A= l2) =2 = k).

(4) (i —=13) <Al = l2) + (2 — 13).

DDZ}(CDDDD) 700 T, ODODDOOOOO E = e1,...,e, OOODODO

Y(EB)=Y Ae) 00000, 10 T, 00000 (edit distance)r(T3,73) 00000

i=1
oooooao.
7(T1,T2) =min{~(E) |[E0 SO0 700000000 }.
oooo,r(Th,7.)=000000,0000000,710 7,000 (isomorphism) O

o0. o ooboooo,Ty=1T2000.
Taig)[MDDDDDDDDDDDDD,DDDTail]l:ll:l[l[l[l[l[l[l[l.
003 (TaiD0D000) MCV(TY) x V(Te) 0,000 (vi,wi), (va, ws) € M OO
0000000000, 0 000 700 TaiDOOODO (Tai-mapping) 00 0O.
(1) vi=v2 w =ws.
(2) vi<v e w <ws.
(3) v1<v2 e w < ws.
oo0opoo, Tai000000DOOOOOODOODO.OO0ODOOOO,00OObDDO
goooooooooooOoOooboooo.ooo,/IobooJo,booooMMODO
ooboo0nwooooooooo 1;0000b0oOooo.

YM) = D A w)+ Y v+ > e w).

(v,w)eM vel weJ
001 (Tai®) 07, 7,0000,0000000.

(T, Ty) =min{y(M) | MO T, 0 T, 0 TaiDODOO }.
0 200000000000000000. 000000000 74,7,0000000
0000000000,00000000000000000.00,000000000
0000 70000000000,7,0000000000.

T1 T2

03 0Ty, 70000000

Thn=T.000,yv(M)=000000000MO0T,0TO000DODOODOO.0OOO
OoMOOOO,MelsodOn.

oobo,0000o0ooo0ooobooooooooo,0o0obooo0oo,000o000
gobooooooooboooooobobooooog.
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004 (0000000) MCV(M)xV(T)OOTi0T,0000000000.0
O, M—{(r(Th),r(T2))}0 M~ 0OOO.
(1) DO00ODO00000 MOOOOOOOO (constrained mapping)'®'® 000,
MeCsTOODO.
V(v1, w1), (v2, w2), (vs, w3) GM(vg <viUvy <= w3 <w Uws).
(2) 000000000 MOOOOODOOO (accordant mapping)?® 000, M €
AccOOO.
V(v1,w1), (v, w2), (vs,ws) € M
v1 Uve = v Uvg < w1L|w2:w1Uw3).
(3) DOODOODOOOO MOOOD 200000 (degree-2 mapping)®-1914 000,
MeDc2000.
V(v1, w1), (va,w2) € M~ ((111 Uwg,wr Uwe) € M)
(4) 0DO0D0OODOO MOOOOOODOOOOOO (top-down mapping)?- 712 O
o0,MeTopDO0OO.
V(v,w) € M~ ((par(v),par(w)) € M)
(5) 0D00OOD0OOO MOODOOOOOOOOODOO (bottom-up mapping)®-2 O
00, MeBorooo*.

Vo' € Ti(v)Iw' € Ta(w) ((v',w') € M)
Y(v,w) € M
AV € To(w)30' € Ti(v) ((v', w) e M

ood,00 10000,0000000,00000000,00 200000,00000
000000,000000000000000000,0000,0000 (constrained
distance), 0 000 0O (accordant distance), 00 200 (degree-2 distance), 000 00O
000 (top-down distance), 00000000 (bottom-up distance) 0 0 0.

01 04000000 M;(i =1,2,3,4,56 0000. 000,000000000
goobooooooad.
0000, My € Top, Mo ¢ TorOOO0 My e De2000. 00, Ms ¢ De20000
Ms e AccOOO. My g AccODODOO MyeCstOOO. Ms € CsTO00D0 Ms € Tal
000.000,MseBor0OUO. 000, 0000 c<aUbO000O0O,T20000

%1 Valiente?) 000000000000 00D0000D0000000000000000000, 00000
00000,000000000000000%10),

cZ£aUbO0O0O00,MsgCsTO0O0. OO, M; ¢Bor (i=1,3,4,5)000.

T;

M5 M6
04 01000000 M; (:=1,2,3,4,5,6).

3. goooog

gobo,boo00obooooobobooobooooboo0ooooo0ooobooOoOooonn
ooboooo,obobcooocoobocobobouoboobOo. obo,0b00b000b0boOoDn
ooboooooocoobooooooo.
005 (0000000) MCV(T)xV(T)00 0 ,0000000000.
(1) 000000000 MOOOOOOOO (segmental mapping) 00, M € Sc O
oo.
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V(v,w) € M((((v’,w') € M) A (v’ € (ms(v)) A (w' € ans(w)))

:>((par(v),par(w))eM) .
(2) (r(Ty),r(T»)) e MOOOO000000000000000000000 (top-down
segmental mapping) D00, M € TorSc O UODO.
(3) ODO0OOO0OUOOOOULOOOUDOU0O MOOOOOOOOOOOOOO (bottom-up
segmental mapping) 000, M € BorSc OO O.
Y(v,w) € M (v, w') € M

((v € ans(v')) A (w € ans(w')) A (v € lv(T1)) A <w € lv(Tg))>

02 05000000 M;(:6=1,2,3)0000.000,0000000000000
ooooooOo. o000, My € Top, My € BorSeOOOO, My ¢ BorOOoGO. O
O, M, e BorSeOQOOQO, M, ¢ TopOOO. Mz € Sc 0000 Ms ¢ BorSc 00O
Ms ¢ TopOOO. OO, Ms¢ CsTO0O0. 00,0 10 MsOOODODO, Mg ¢ SG. O
00,010 M¢OOOOO, MsgeBorSaOO MegeScaOODO.

07,0774 0000000 M;000 (:=1,2). 0000,00000000 (com-
position) M1 o M, 0000000 D0O0ODO.

My o My = {(u,w) | (u,v) € ML 00O (v,w) e Mo 000 veT> 00000 }.
001 00Ty 000000000 M;000 (6=1,2).
(1) MoM,00Tn0T300000000000.
(2) 000000000, y(MyoM)<~y(M)+y(Mz).
(00) (1) (uv) € My 00 (v,w) € M, DOODDOO ve0000,0000000
gooog.
(a) ur € ans(u) 00O vy € ans(v) OO0 (w1,v1) e MOODODO.
(b) v2 € ans(v) OO0 we € ans(w) 000 (v2,w2) e MODODOODO.
M; 00000000000, () 000000000 (par(w), par(v)) € My 00O, 0O,
M,O0OOOOODOOOO, (b)000000000 (par(), par(w)) € Mo 000, OO
oog, (a)0 (b)00O0O0ooooog, (par(uw), par(v)) € My OO0 (par(v), par(w)) € Ms
000.000,MioM, 00000, (par(u), par(w)) € Mo M, OODO.
QueTDweT:;0000, (ww)e MyoM, 00000, (u,+) 00000000
0O M, 00000000, (x,w)ODODOOOUDOOO M OOOODOOOO,0000000

M3
05 02000000 M; (:=1,2,3).

gob0. 000o0dbobo0,u—w,u—ee—w000000. OO0 yO0000O
0,7y000000 v(u—w) <y(u—e)+y(e—w)0000. 00000, (2)000
ggd. O
oo 2 goobooog.
(1) Top=ToprSG C SG C TAL
(2) Bor C BorSa C SG C TAL
(3) Ae{Da2,Acc,CsTt} 0000 A#BorSc U0 A#Sa.
(00) 0O 500,(1)0 (2)00000.00,0 200,(3)00000. m
OO0 2000, Sag, TorSa, BorSc O, Cst, Acc, Da2, Top, BorOQOQoGd, 100
0 1(0)boUooUoooooUooooouooooo.
006 (D00000) UOThOT.00000 (segmental distance) 74(T1,72) 000
gooooooo.

A(Ty, T2) = min{y(M) |M O T, 0 T, OOOOOOOO }.
goo,b0b0o00o00ooooooooobooocoboobooooboooooboooon,
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0000,0000000000 (top-down segmental distance), 0000000000
(bottom-up segmental distacne) D0 000 .

003 0bobooo rnObOoD0DbOO0OoD. D000, A 00 Ty, Ty, 7500

O, 7A(T1,T2) > 0, TA(T1,T2) = 0 & Th = To, TA(T1,T2) = A (T2, T1), TA(T1,T3) <
AT, To) + 7A(T2,T3) 0000,
(O0) oo 30000, 000000 OoUOoLODLOOLOOO. M, (=1,2)0 T; O
T, 00000000000, 0000, 00 100, 7a(Ty,Ts) < (M o M) <
Ta(T1, To) + 7A(T2, T3) 000, 000000000, 0
goboodooboooooooooooooo,0ob0 1000 300ooo.

4. 0D OO0

0000,0000000000,0000000,0000000000000,0000
0000000000000,00000000000000,0000000000, 00
0000000D000000. 000,0000000000000000000000
000000,00,000000000000000000000000000000
00000. 00,00000000000000,00000000000000000
00Do0000DoOoooDooo.

0D000000D00D00D00D000 MAXSNPOODOOYWOoOooo*, 00000
0000000000000000000 MAXSNPOOOOO. OOO,A*00000
0000D0,D000000000,0000000000,00000000000000
000000000000 DD0O000DO0o00O.
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