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ABSTRACT

To estimate relational models and test the theoretical hypotheses of binary tree search algorithms, we built
binary search trees with random permutations of n (number of nodes) distinct numbers, which ranged from
three to seven. Probabilities for building binary search trees corresponding to each possible height and
balance factor were estimated.

Regression models with variables of number of nodes, height, and average number of comparisons were
estimated and the theorem of O(lg(n)) was accepted experimentally by a Lack of Test procedure.

Analysis of Variance model was applied to compare the average number of comparisons

with three groups by height and balance factor of the trees to test theoretical hypotheses of a binary search
tree performance statistically.
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[* 3§ 9472 937 99 A =& A4
new=malloc(sizeof(linked_node));
new->key= key_in[0];
new->Ichild = NULL;
new->rchild = NULL;

/* 289 = xE2 AF
tree[0] = new;

for (i=0; i<n; i++) {

head=tree[0]; [* e &
insert_key=key_in[i+1] /* A% 7] g
current = head; /* o]E¥ k=
pos=current; Y=

[ ANE 99E 28
while (current != NULL) {
pos = current;

A xE 7 RS 2 %S AYN
if (insert_key > current->key)

[* 28% 4% 3aA= oF
current = current->rchild;

* 8 xE 7] @ B 32 g A4
if(insert_key<current->key)

9 & 47 Y3AZ o)F

current = current->{child; }

FEx=9 ¢ 94 34
if (insert_key < pos->key)

pos->Ichild = new;
else
pos->rchild = new;

A== B4
new=malloc(sizeof(linked_node));
new->key = insert_key;
new->Ichild=NULL;

[* BPE =25 Egd 44
treefi+1]=new;

}

new->rchild=NULL;
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<Table.1> Frequency of distinct binary search trees by height

= 508
SN I 2 3 4 5 6 SOE
1 7 5
3 0% | 60%) 0 0 0 0 (100%)
8 14
4 0 6 @9 | 510 0 0 0 (100%
2 16 )
5 0 6 (43%) | wr6m | 38.1%) 0 0 (100%)
al 55 n 13
6 0 £ 008 e e | ea2%) 0 (100%)
. , 1 68 153 143 64 29
(02%) as9% | 657w | 33w | aa9m | aoow)
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<H 2> (a) 30 =8 I O|& 4 E2i9
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<Table 2>(a) Tabulation of Height and Balance Factor for binary search

trees with three nodes

FH0l & 0 2 g
1 2 0 2(33.3%)
2 0 4 4(66.7%)
= 2(33.3%) 4(66.7%) 6(100%)

<E 2>(0) 404 =8 71X 0|8 M E219] =019t o Ol e =HS}
<Table 2>(b) Tabulation of Height and Balance Factor for binary search

trees with four nodes

Tl
=] 1 2 3 =
2 12 4 0 16 (66.7%)
3 0 0 8 8 (33.3%)
8 12(50%) 4(16.7%) 8(33.3%) 24(100%)
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<Table 2>(c) Tabulation of Height and Balance Factor for binary search trees

with five nodes

=) o = 1 2 3 4 g
2 1 0 0 0 46 (383%)
3 0 2% B 0 58 (48.3%)
s 0 0 0 16 16 (133%)
% % 2 16
) o83 | @m | eerm | 133w 120(100%)
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<Table 2>(d) Tabulation of Height and Balance Factor for binary search trees with six nodes
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o =
=0| 1 2 3 4 5 g
2 30 0 0 0 0 80(11.1%)
3 0 320 84 0 0 404(56.1%)
4 0 0 80 124 0 204(28.3%)
5 0 0 0 0 32 32(4.4%)
& 80 320 164 124 32 720
(1L1%) (44.4%) (22.8%) (17.2%) (44%) (100%)

<Table 2>(e) Tabulation of Height and Balance Factor for binary search trees with seven nodes
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0] 0 1 2 3 4 5 6 &
80
2 80 0 0 0 0 0 0 (L6%)
240
3 0 756 1276 208 0 0 0 @4%)
2052
4 0 0 0 1248 804 0 0 €07%)
604
5 0 0 0 0 192 412 0 (120%)
64
6 0 0 0 0 0 0 64 23%)
8 80 756 1256 1456 996 412 64 5040
(16%) | (150%) | 49%) | 289%) | (198%) | 2% | (13%) | (100%)
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<Table 3> Average number of comparison of
search trees by balance (Mean*S.D.)

o8| qael p) | gnd Rl | AR ER)
HiDas 0=976) (0=4274) (n=660)

NI M | 404% 0262 | 47610490 | 5.9710.64c

HINZ 2M | 61310302 | 4.7710.45b | 7.8010.65¢

Values with different superscripts are statistically
significantly different (p<0.01)
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[Fig.1] Functional Relations of number of nodes and performance of binary search trees
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