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Abstract This work defines the fast counting of variable-length N-grams as the problem of enumerating all sub-
strings appearing more frequently than some threshold in a given string. This paper introduces a novel mining

algorithm that is faster and requires less working memory than existing algorithms. A trial performance study

shows the proposed algorithm runs faster than the pattern enumeration using a suffix tree.
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Fig.1 A pruned ternary search tree.

S 0.d-10000000000000000O0
d DO0Oooooooooo

00000000000000000000S.0000 n=
0S.00000000 suffix, € S£00000 d00O0O0O
000000 (suffix;[0.d) 0000 sfii+d) 0000000
oo0o0ooObo0obooooOn-000¢0O00D0OO0OOOOODOD
O (n= = ¢)0Osuffix;[0..d](suffix; € SL) 0000000000
Ooooo0oDo0o0oUoDOg neg € {n<,n=,n>} 0000
000000 (n, £6)00000000 suffix; €S, 0000
0d0000000000 (suffix;[0..d), suffix;[0..d + 1], - - - )
goboooboboooooooooooboobooooooood
gboooobooooooooobobooooobooooooonoog
0000000000000 00w=%$0000000000
ooooooobooooooo

ooooooOoooooooUo $ooooUoUoooood
oboDo0DO0o se,---,s, 0000000000 O0O0OODOO
tboboobooooooboooobcoooooboooooooo
gooooooobooooboooooooboobooDbOboO N
gbooooooooooboooo

goooobobOo0oobooobooooboO0oboD 30000
(ternary search tree) 0 0 00 0000000000 ODOOO
poooobobooobbooobooobbbbobobobo
goobobOev0oooooboobobooboobbooobooooo
c¢ooobooooooooobooooOoboOoobobooboooon
0 s =sakurascku$0 00 £€=20000000000000
oodbl1ooobooooooooobooboooooooa
ooooooo

4. 0JO0O04oooOooOoOog

g.0b00fb0obdobcOooooooobo0oooooon sg
gobooooooooo sooooooooobbooooo
gboooobooooboboooobooobOOoOoboOoooo
gooooooobooooboboooooooboboogoo
oooooobooo0oooOoobOosOoobooOooooo

\s|a|k|u|r|a|s|?|k|u|$|

=
s

02 OOoOooooo
Fig.2 Example of suffix arrays.
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Fig.3 A pruned suffix trie.
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Fig.6 Execution time with input length parameter.
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typedef string::size_type s_t;
typedef string:: value_type v_t;
typedef vector<s_t >::size_type i_t;
string str;

vector<s_t> idx;

i-t minsup;

ooo0o00d0b0«Wdz0000000O0OOCOOOOOOO
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Fig. A-1 Ternary Partitioning Implementation
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for(s_t i = 0; i < str.size(); i++4+) {
idx . push_back (i);
}

gboooooobooooobooocooona

v_-t getValue(i-t i,

{
}

s_t depth)

return str[idx[i] + depth];

void mine(i-t begin, i_-t end, s_t depth)

if (end — begin < minsup) {
return;
i_t pivot = selectPivot (begin, end);
swap (idx [begin], idx[pivot]);
v_t t = getValue(begin, depth);
i_t a = begin+1, ¢ = end—1;
it b=a L d = c;
v_t r;

while (true) {
while (b <= ¢ && ((r=getValue (b, depth)—t) <= 0)) {
if (r == 0) { swap(idx[a], idx[b]): a+-+; }
b++;

}
while(b <= ¢ && ((r=getValue(c,
if (r == 0) { swap(idx[c],

c——;

depth)—t) >= 0)) {
idx [d]); d——; }

}
if(b > c) {
break;

swap (idx [b],
b++;

c——;

idx[c]);

i_t range = min(a — begin, b — a);
vectorSwap (begin, b — range, range);
range = min(d — ¢, end — d — 1);
vectorSwap (b, end — range, range);

range = b — a;

mine(begin, begin + range, depth);

i-t eq-begin = begin+drange;

i-t eqg-end = rangetat+end—d—1;

if ((eq-end — eq-begin) >= minsup && t != EOS) {
print (eq-begin, eq-end—eq-begin, depth);
mine (eq_begin, eq_end, depth+1);

}
range = d — c;
mine (end — range, end, depth);

vectorSwap 0000000 «dxz 0000000000 pivot
000D0000o0o0oooooOooOoooOooDoooDoOoooo
oono

void vectorSwap (i-t i, i-t j, i-t len)
while(len—— > 0) {
swap (idx[1], idx[j]);
it
J++;
}
}

oobodooo pwet0O00O0O0OOO0O0OOO0OOODOOOOC
gobooooooooooobooooooooboooooon
good

it selectPivot(i-t begin, i-t end)
{

return begin + rand() % (end — begin);
}

print 000000000 O0DOOOOODOODOO0O0OOO
goooo

000000 mine(0, str.size(), 0); 00000000000

void print(i-t offset,i-t count,v_t depth)
{
cout << count << "\t”
<< str.substr(idx[offset], depth+1)
<< endl;




