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On Algorithms for Transforming Semistructured Documents
into the Same Structure

Nobutaka Suzuki  Yoichirou Sato  Michiyoshi Hayase
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Soja-shi, 719-1197 Japan
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Abstract In this paper, we consider semistructured data consisting of documents whose structures are somewhat
similar but not same. Leaving such documents unarranged brings several difficulties such as inefficient data retrieval
and wasteful data storage, thereby it is desirable to transform the documents into ones with the same structure. In
this paper, we consider algorithms that make such transformations, where each document is modeled by a rooted
ordered tree and a transformation is achieved by a sequence of operations such as (i) node addition, (ii) node
deletion, and (iii) renaming the labels of nodes. In this paper, we first show a polynomial-time algorithm that
optimally transforms given two ordered trees into ones with the same structure. Second, we show an algorithm
that optimally transforms given an arbitrary number of ordered trees into ones with the same structure. Finally,
we show that the problem of transforming an arbitrary number of ordered trees into ones with the same structure
is NP-hard.
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par(n/) = t1[i1) OO n' € anclop’(t1)[l(0),i1 — 1],n)
O0000O¢%i1] € anclop(t1){(i),i1],n) DDODDOODDOO

n) 000000 000



par(n’) #null 00000000 ng € op'(t1)[1(7), 41 — 1]
0000 par(n/) =n 0000 ng € op'(t1)[1(i),41 — 1]
0 0Ong € anc(op’ (t1)[1(2),i1—1],n2) O O par(ng) = null
o000000ooo0o0dR’ 0 T0000O0ooOn
OOne,ns ¢ t, 0000n; ¢ ¢t; 000 add D (2a) 00
00 () <4 <i, 0000 mark(ng) = 4[] 0000
mark(ng) = t,[#] 00 1)) < <, 0000 add 00O
00 t1[i1] € anc(ty, t1]¢']) OO0 O O ¢1[i1] € anc(ty, t1[i'])
00 par(ns) = null 00000000 (la) 0000
par(ng) 0 t1[i1] 000000 Ons € anclop’ (t1)[1(2),i1—
1], n2)0ng € anc(op’(t1)[1(7), i1 —1],n)00 O Opar(ns) =
t1[i1] 0 0 0 O ¢[i1] € anclop(t1)[l(é),41],n) 000 O

t1[i] ¢ t- 000 Dop(ta)[l(j),5,] 000000 OD
000000000 O0opt)l(),4] 00000000
000000 000p(t)[l(),51] 0000 Omy,my €
t1[1(4), 4] Nop(t1)[I(i),i1] 00 000000000000
O00ny € op(t)[l(2),i1] O n1 € anc(op(t1)[(2),41], m1)
00 par(m) = #,}in] 0000000 DDOODOO
ng € op(t1)[l(?),i1] O ne € anc(op(t1)[i(i),1],m2) O
O par(ns) = t,[i;] 00000000000 600000
00 ni = n, 00000y (t1)[l(6),i1 —1] 000000
000004[(),#] 0000 m 0 m 0000000
000 op(t)[l(i),i1]) 0000 m 0O me0DODOODODO
0000000000000 0n #n, 0000000
004[(),#] 0000 m 0 me 0000000000
op(t)[l(i),71] 0000 mi 0 me DO00DO0DO0DO
gooobobobooogo

(<) op(t1)[1(6),i] 0000 my 0 my 00000 DO
oboobOoobooobbooboOn O n,000Oooon
O000Oap(n) < ap(nz) D00 0wnion000000O
n, 000000 nj € op(t)[i(i),sn] 0 ny 000000
ny € op(t1)[l(i),41] 0000 Oap(n)) < ap(ny) D000
00000 Oap(my) < ap(me) 00004 0 5/ 00t [i1] =
my 00 &[] =m, 0000000000000 <y
0000000y (4)[i(),i1 —1] 00000000000
my & anc(t1[l(i),i1],m2) OO0 me ¢ anc(t1[l(),41],m1)
O0000¢ <j'0my ¢ anc(ta[l(i),i1],m2)0000 my ¢
anc(ty[(i),51]),m) 00000000 t4[i(6),i;) 0000
m 0 me,00000000

(=) t[l(i),i1) 0000 my 0 mp, 000000000
0000000004 =mi 00 t]j'] =me 00 7, §
0000+ <j/0000000 ap(mq) < ap(mg)0000
ungon0O00000my 000000 n € op/(t1)[1(4), 11—
)0 me 000000 #' € op/(t1)[l(6), i —1] 00000
ap(n) < ap(n)ODODOO00DO0O00ap(ng) < ap(ns)
O00O00ap(ny) < ap(ne) 00000000 op(tr)[l(4),1]

0 6: Op(tl)[l(i),il] oooooo niy, N2, M1, Mo

gbooodmO0Om,OO00OOoogon

(2 000: (a) op = op + del(ta,t2[j1]) O
(b) op = op' + del(t1,t1[¢41])) OO DO ODOOOOO
00 000DD0O0O0D000O(M 0000000 O
(op(t1)[l(4),i1], op(t2)[1(5),a)) DO D OO O op = op’ +
del(ta. 1201 ]) 0 0.0 0(op! () 1(8).ir ) opl (42)[1(3). 2 ~1])
D0DD00DO00D000D0000000p (8)[6),i] O
op (t2)[l(j),j1 —1]00000000000000000
0000 op()[ii)ir] O op'(82)I(7).41 — 1] 0000
O op(t1)[i(5),51] O op(t2)[I(5), 1] 000000000 0D
op(t1)[1(2),41] O op(t2)[1(j),;n] DOO0O0DOOO000O0
god

(3)000: I(3) = I(i)0L() = 1(j1)00 O Oop = opf +
ren(tilir], t2[j1]) 000 O (op(t1)[U(), i), op(t2)[U(5), j1])
000000 op = op + ren(tifin], t2[1])) OO0 OO
(op ()10 — 11,0 (12)[1(7), 51 — 1)) DO DO DO
D00000D000D0000000 opf(t)[i(4), i1 — 1]
O op/(ta)[I(j), /1 —1] 000000000000 OOO
00op(t:)[i(),i1) 00000000000000000
gobooobooobooboobog

e par(n) = null00 O Ot [i1] € anc(tr, mark(n)) 0O
00000 n e op (t1)]I(i), i — 1] 000 O O par(n)
00000000

n € op'(t)[l(3),i1 — 1] O par(n) = null OO t1]i1] €
anc(ty,mark(n)) 0000000000 (op'(t1)[(4), 41 —
1,00/ (t2)[{(j),51 — 1)) D00O0ODODDO00 100
op/ (t)[L(3), i — 1] D op/(£2)[1(j),51 — 1] 0000000
n' € op'(ta)[i(j),j1 —1] 0 n 00000000000
00000par(n) = null OO0 op!(t1)[I(i),i — 1] O
op'(t2)[1(§),71 — 1) 000000 Opar(n') = null OO
O00000mark(n) # null O n' € op'(t2)[1(5), 51 — 1]
00 ' € tall(j),j1 — 100000 € tafl(j), /1 — 1] O
0 1(j) = (1) B O t2[jr] € anc(t2[l(j),j2],n/) 0000
tall

jl]an
par(n’) = null OO ta[j1] € anc(t2[l(4),/1],n") 0000



0000 (32) 00 par(n/) 0 t[j1] 000000000
00000000 (3b) 00 par(n) O #[;]0000000
00000O00oO0o0ooO0ooooOoUoOo@)ooooo
0000 op(t1)[i(é),i)) 000000000000 00D0
00o000o0o0oo0ooooUooU0o (HWoooo
googoog

(4)000: op = op1 +op: OOO0O]|op1] <
lop] OO |ope| < Jopl DOODOOOOOOOOO
op1(t1)[1(),1(i1) — 1] O opi(t2)[i(§), (1) — 1] OO
00000000 00000000ops(t)[l(i1),i] O
op2(t2)[l(j1),71] 0O0ODOODOOODOOOOO
OOop, 00000000000 (opy(t)[i(4), 1(i1) —
1), 0p1(t2)[1(j),1(j1) — 1)) 0000000000 O0DO
00 0 (opa(t)[{in), ix], 0pa(t=)[{(G),ja]) DO 000D
00000 (op1(t)[i(i), 1) — 1], 0p1(t2)[1(4), 1(j1) —
1) 00000000000000000p()[l(i),i1] O
op(t2)[l(4),71] 0 0000000000000 O
ooooooboboooboboooboboo2000
000000030 1.0 CosTO 10002. 03000
.0500000000

oo 3: tl[] € anc(tl,tl[zﬂ) a tg[ ] € anc(tQ,tg[jl]) a
doooooooboooooooo

1. Cm(tl[l(z)al(z) - 1]at2[l(j)vl(.7) - 1]) =0.

2. 004 >1()00 j, <I(j)0000

e (T [1(4), 4], t2[1(4), J1])
= e (t1[1(3), 41 — 1], 22[1(5), 71])
+ min{~y(add(ts, t1]i1])), v(del(t1, t1]i1])) }-

3.00 54 >1())0D0 n<I() 0000

em(t1[1(7),i1], t2(1(4), j1])
= cm(t1[1(4), i1, t2[1(j1), j1 — 1])
+ min{y(add(t1, t2[j1])), y(del(ta, t2[j1]))}-

O0: t1]1(i),1(i) — 1] = t2[1(§),1(j) — 1] =0 00000
00000 (1)00000000 (2)00000000
00 (00 3)000)04 >1(6)00 5, <i(j)0000
00000006[3i),i] #0000 L),/ =00000
op O (t1]1(3), 1), t2[i(j), /1) 000D OOO0OOOOO
O Oop(t)[i(j),71] 0 t1[i1] 0000000 nO000O0
0000000000000000000000000
0000 nO t[,] 000000 6[i(),1]=00000
000000 opf 0000 op = op’ + add(ty, t1[ir]) O
000 (op(t1)[L(d), 1], op(t2)[l(4),52]) 00D OO0 op =
op) + add(te,t1[41]) DOO D OO OO (op'(t1)[l(d),41 —

1],0p'(t2)[I(j),71]) 00 000D000000000000
gb1gb0d20000000000bepO0DOOOO
op' O (t1[l(3), i1 — 1],2]1(j),71]) DODODOOOO0DO
O0~(op') = em(t1[l(2),41 — 1], t2[1(4), /1)) DO O OO O
dooboooooooboooooo

em (t1[1(2), 1], t2[1(5), 1)) (3.1)
= cm(t1[1(9), 51 — 1], t2[1(4), J1]) + Y(add(t2, t1]i1])).

0000000000000op(t)[l(),71]0 t1]i]) 00
0000000000000000000 o/ 0000
op=op +del(ty,t1[i1]) 00000000000000
00000000000

em(t1[U(4), 1], 22[1(4), 1)) (32)
= cm(t[1(2), i1 — 1], 02[U(4), 1)) + v(del(t1, t1[ir])).
(3.1)0 (32)0000 (2) 000000 O

0000000000000 o (ooooo3oo0)o
00000000000 CosTO 9OOODOOOODO
1100000000

00 4: t1]i] € anc(ty, t1[i1]) O t2[j] € anc(tz, ta[j1]) O
ip>1()0 4 >1(j)000000000000 () =
I(i1) 00 I(j)=1(;4) 000000000000

cm (11 [1(4), 4], t2[1(4), j1]) = min{
em(02[1(2), 11 — 1], 22(1(5), J1]) + v (add(tz, t1[i1])),
em (t1[1(2), 1], t2[1(5), J1 — 1)) + v(add(t1, t2[51])),
em(t1[1(3), 1], t2[1(5), 1 — 1]) + y(del(t2, t2[51])),
e (T [1(8), 41 — 1], 82[U(4), J1]) + v (del(tr, ta[in])),
em (t[1(2), i1 — 1], 22[1(4), 1 — 1])
+(ren(tilir] t2[j1]))},

= min{

tz[l(j)Ji —1]) +~(del(t2, t2[51])),
= 1], t2[l(4), j1]) + v(del(t1, t1[i1])),
— 1], 22[1(4),1(71) — 1])

+Cm(t1[l( 1)721]7t2[1(31)7j1])}'

gob4000000000000O000

g0 1. g0oogob 1gbbooobuooboboon
00 1, 00000000000 10000 e¢p(ty, ta)
oooooon O



4. Jogbooooboboboboboon

00000000000000000000r000 (>
2)000000000000000000000000
0000000000 (000000000000000
00)0n 000 t4[i(i1), 1), tall(in),jn) DO OO0
00000000000 en(ti[i(iy), 1]« tall(in), jn])
0000nr 000 ty,--,t, 0000 ety ty) O
000000000000 (000000 3)0200
0 4,-,i, 0000 n 00 (00000) for 00
00000000004000 6000 Cost2 O
em(t1[l(k1), K, -+ tnll(kn), kp]) 00000 (DO DO
00 4)0CosT2000007000 jy,--+,j, 3000
n00 for 0000000000009000 15000
del (tx[j) 000)016000 union 00000000
O0001000000000Ry=e1+-+6, 00000
00000000000 er(R,) 0000
O:1+#k000001<I<n00000(G) ¢ =
ren(tii), tklix]) 00 j) = 51— 1> 1(i)) — 1000
00 (i) e = add(t;, t,[jx]) 00 jj = 500000
10000040 4 000000000001<I<n
(1#Kk) D000 add(ty, tex]) 00O ren(ti[ji], tsljx]) O
00000000¢4[H],-,tljs) 0000000000
0000000000000000

000000 3: eplty,--,t,) 000
Input: O ¢1, -, tn.
Output: 00000 em(tr, -+, tn).
begin
1. Compute keyroots(ti),- - -, keyroots(t,).
2. for (i1, ,in) — (1 1,---,1) to
(|keyroots(t1)], - |keyroots( »)|) do

3. Let k; be the z]th 1tem in keyroots(t;) (1 < j <n).
4. CosT2(t1[l(k1), k1], -, tn[l(kn), kn]);

5. end

6. return CosT2(t1[1, |t1]],- - -, tn[l, |tn]]);

end

OoOoOoOoO0 4: Cost2

Input: O #1[l(i1),%1], -+, tn[l(in), tn]-

Output: 00000 ¢ (t1[i(i1),41],- -
begin

1. Cl(t1[l(i1),l(i1) — 1},' Tty
2. for k +— 1 ton do

s tn[l(in), in])-

tn[l(in), l(in) —1]) < 0;

3. j—ll)—1for1 <1< m

4. for ji «— l(’Lk) to i; do

5. C (tl[l(il)ajl}v stk [Z(Zk)vjk]v ) tn[l(l’ﬂ) ]’ﬂ])
—atal(in), ], tell(in), gk — 1], - tall(in), jn])

6. + min{Zlglgn,l;ﬁk add(tl, tk[]k]) del(t;ﬁ tr []k])},

7. for (1, -+ jn) — (((G1) =1, ,1(in)—1) to (i1, - ,in) do

8. HE1(j1) = 1(i1) A ALn) = U(in) then

9. D—{a(ta[l(ir), ], tell(ix), gk — 1, - tn[1(in), jin])

+ y(del(ty, teljx]) [ 1 < k < n};

10.  A{e(ta[l(in), g1l - tell(in), g —1], - tull(in), J7])

+ Rk)|ar( k), 1 <k<n}

11. (tl[l(u) Jil,++ tall(in), jn]) < min(D U A);

12, cg(ta[l(in), s, - [l(ln) Jnl)
—c(tai(d ) 1l tn[l(in), gnl);

13. end

14. else

15. D<—{Cl(t1[l(i1),j1]7~ . 7tk[l(ik),jk—1], Tty tn[l(ln),jn])
+ v(del(te, ti[j])) | 1 < k < n};

16. U« a(t:l(ir), (1) = 1, tn[l(in), 1(jn) — 1])

+ ¢g(ta[l(G1), gl -+ ta[l(Gn), 3n));
17 a(tfi(in), il - tallin); jn]) — min(D U{U});

18. end
19.return ¢;(¢1[1(31),41], - - -, tn[l(in), in]);

end

CosT20 7000000CCCOOO3000000O8NnO
goooboooboobobooobooboobobooooon
ooboobooocoboooooogn

00 22 n00000000O00OO0O0O0COODOOO0
ooo0NPOODOODO

O0:SCSO0O000 B)0OoUooOoooooog o
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goooooboboooooobooboooooooooo
ooooboooooobooon

e 0000 DOOODOODODLDOOOODODLOOOO
oooobooocooobooooon

e 0000 DOOODOODODLDOOOODODLOOOO
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