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Listing subtrees of a binary tree
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Algorithm 1. Tree permutation generation.

Generate all tree permutations of length k lexicographically in an array a.
Auxiliary arrays p and q of length k are used, where p[i] and q[i] together

designate the range of values a[i] can currently take.

1. (Initialize.)
i+« 0;
p(1] « 1; q[1] « k;
2. (Loop. Proceed one position forward.)
i«1i+1;
afi) « p[1];
3. (1If reached to the right end, output the current content of a, go back to the j
position where another candidate still exists, and set this candidate to a.)
if 1 = k then
output(a); |
repeat 1 « i - 1; if i = O then stop; endif; until a[i] < q[i];
ali] < afi] + 1;

endif;
4. (Set p and q for the left son of a[i], if it exists.)
if p[i] < a[i] then
pli+1] « pli]; qli+1] « ali] - 1;
endif;
5. (Set p and q for the right son of a[i], if it exists.)
if afi] < q[i] then
plita[il-p[i]+1] « ali] + 1; qlit+ali]-p[i]+1] <+ qli];
endif;
6. (Repeat loop.)
goto 2.;
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Algorithm 2. Listing all subtrees on k nodes of a binary tree.

This lists all subtrees on k nodes of a given rooted ordered binary tree on
n nodes. Subtrees are assumed'to share the root with the given tree.

Input: The value k, and arrays b and r of length n.

The tree should be given as a tree permutation in b, and also an array r
should be given, where r[j] is the index in b of the right son of b[j] if it
exists and 0 otherwise. Subtrees are generated in lexicographical order in an
array a of length k as tree permutations.

Auxiliary arrays f, p and q of length k are used, where f[i] is the index
in a of the father node of a[i] (used only when a[i] is the right son), and p
and q are as in Algorithm 1. An array m of length k is also used, where m[i]

indicates the index in b at which a[i] currently matches.

l.F(Initialize.)
i+« 0;
pl1] « 15 ql1] « k;
2. (Loop. Proceed one position forward.)
i«i+1;
a[i] <« p[i];
3. (Examine whether a[i] matches to some node in b, and return the result in a
Boolean variable match and m[i].)
if 1 = 1 then (Case 1. a[i] is the root.)
match « true; m[l] <« 1;
elseif a[i-1] > a[i] then (Case 2. a[i] is the left son of al[i-1].)
if m[i-1] = n then match « false;
elseif b[m[i-1]] < b[m[i-1]+1] then match « false;
“else match <« true; m[i] « m[i-1] + 1;
endif;
else _ (Case 3. a[i] is the right son of a[f[i]].).
if r[m[£[1i]]] = O then match « false;
else match « true; mf[i] « r(m[f[1]]];
endif;

endif;



4. (If no node in b matches to a[i], find another candidate.)

if not match then

repeat i « i - 1; if i = O then stop; endif; until a[i] < q[i];
afi] « afi] + 1; - :
goto 3.3
endif;
5. (If reached to the right end, output a, and find another candidate.)
. 1£ 1 = k then ,
output(a);

repeat i« i -1; if i = 0 then stdp; endif; wuntil a[i] < q[i];

afi] < a[i] + 1;

endif;
6. (Set p and q for the left son of al[i], if it exists.)
if p[i] < a[i] then
pli+l] « p[i]; qli+l] < a[i] - 1;
endif;
7. (Set £, p and q for the right son of a[i], if it exists.)
if a[i] <. q[i] then
flita[i]-p[i]+1] <« 1i; v
plital[i]-p[1]+1] « ali] + 1; qli+a[i]-p[i]+1] « qli];
endif; | '
8. (Repeat loop.)
goto 2.3
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3 4 -5 6 7 8 9 10 11 12 total

1
2

5

8 - 14
20 16 . 42
40 56 32 , 132
68 152 144 64 429
94 376 480 352 128 1430
114 844 1440 1376 832 256 4862
116 1744 4056 4736 3712 1920 512 16796
94 3340 10856 15248 14272 9600 4352 1024 58786
60 5976 27672 47104 50784 40576 24064 9728 2048 208012

28 10040 67616 140640 172640 156864 110592 58880 21504 4096 742900

Table 1. The numbers of rooted ordered binary trees
on k nodes of height h, for 1 < k < 13.
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