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ABSTRACT 
 
The need for effective indexing and retrieval of data is very important in any organization. However, 

the use of tree data structure had been effective in this regard as evident in literature. This article 

gives an overview of B
+
-tree data structure, its indexing technique and application in indexing and 

retrieving students’ academic records in the school system in order to make such records flexible. The 

study demonstrates the indexing and arrangement patterns of some numerical data. In essence, it 

discusses how  to adopt the use of B
+
-tree data structure  to manage some numerical data in order to 

enhance indexing, retrieval and modifications of such record. It concludes that good record 

management results in more convenient indexing and retrieval of students’ academic records within 

the school system. 
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1. INTRODUCTION 
The place of adequate, accessible and modifiable records in a school cannot be 

over-emphasized. This is because school events unfold on daily basis which are expected to 
be filed, retrieved and stored as situation demands. Since the continuous nature of students' 
achievement is imminent, it implies that the tool with which such records are kept need to be 
flexible, modifiable and makes data easily accessible.  

In any automated file management system, the number of disk accesses required to 
store or retrieval is important. The time required to access and retrieve a word from high-
speed memory is in microseconds while the time required to locate a particular record on a 
disk is measured in milliseconds. The time required for a single disk access is thousands of 
times greater for external retrieval than for internal retrieval [1]. The goal in external 
searching is to minimize the number of disk accesses, since each access takes so long 
compared to internal computation.  

The time required to access the data is dependent on the amount of data to be 
accessed. Since secondary storage devices are block-based, the data block is their 
information transfer unit instead of bytes or bits. A database management system usually 
run on an operating system and its disk access mechanism is important. In order to 
increment disk performance, the operating system usually includes cache techniques to 
reduce data time access and implements a block access mechanism, the size of which is a 
multiple of the block size of the disk device [2]. 

Regarding the practice of continuous assessment which is carried out from time to 
time, the need for an efficient storage and retrieval system cannot be over-emphasized. This 
is because students are assessed on daily basis on the three assessment areas of school 
achievement of cognitive, affective and psycho-motor domains. Since the continuous nature 
of students' achievement is imminent, it implies that the tool with which such records are 
kept need to be flexible, modifiable and makes data easily accessible. 



 

 
 

In contemporary school practice, the operations of generating, storing and 
maintenance of school records are becoming increasingly complex as a result of the multi-
dimensional nature of school activities which had become evidence as a result of the use of 
modern technologies in educational practice. 

Related studies to this work include [3] which highlights the need for specific 
indexing techniques for fuzzy databases. The study proposes two indexing principles for 
flexible querying using possibility and necessity measures on fuzzy attributes. In a similar 
study, [4] as well as  [5],  proposed an indexing method to improve the performance of 
flexible query processing on crisp databases which involves creating one index structure for 
each fuzzy predicate associated to a crisp attribute. Consequently, each possible 
satisfaction degree of the fuzzy predicate to the rowsatisfy the predicate at this degree. The 
technique is costly because of the high number of necessary index structures, which raises 
the storage and maintenance costs.  In a similar study, [6, 7] proposed an indexing 
technique for fuzzy databases based on a crisp multi-dimensional indexing technique. This 
proposal is applicable on heterogeneous domains and needs only one indexing structure [8]. 
The experimental results of this study reveal that the proposed indexing technique 
outperforms the previous one proposed.  

The B+-tree is among the most efficient and widely used for indexing numerical 
values on block-based data stores. This is because they are balanced (i.e. all leaf nodes are 
at the same depth from the root), their structure matches block-based data, stores data in 
orderly manage as each node in the tree corresponds to a disk block, and the data are 
stored in an ordered fashion, making it efficient to perform range queries as well as exact 
value look-ups. 

A B
+
-tree is a self-balancing tree data structure that keeps data sorted and allows 

searches, sequential access, insertion, and deletions in O(log(n)). It is optimized for disk-
oriented database management system that read / write large blocks of data. Almost every 
modern database management system that supports order-preserving indexes uses a B

+
-

tree. The primary difference between the original B-tree and the B
+
-tree is that B-trees stores 

keys and values in all nodes while B+ trees store values only in leaf nodes. Modern B
+
-tree 

implementations combine features from other B-tree variants, such as the sibling pointers 
used in the blink-tree [9]. 

A B
+
-tree is defined by its order (or branching factor), which indicates the maximal 

fan- out (amount of children) each internal node can have. [10] explained that the order of a 
B

+
-tree can theoretically be chosen but  in practice, it is determined by the size of the disk 

blocks in such a way that each node of the index corresponds to a disk block. This kind of 
data structure is a type of balanced tree used to maintain a collection of sorted records by a 
key value in a way that allows for efficient insertion, retrieval and removal. A B

+
-tree stores 

the indexed keys and a pointer to its associated record in every tree node, so that when the 
tree is traversed in-order, the records can be retrieved in the order determined by their key 
values. To maintain the balance of the tree, each node is allowed to store a minimum 
number of entries d, and a maximum number of entries 2d. This policy ensures a minimum 
node usage of 50%. The value d is named the order of the tree. Each leaf node is linked to 
the next leaf node. Since all the entries are stored in the leaf nodes and these nodes are 
linked, the performance of sequential processing of the indexed data of B

+
-tree is higher 

than of B-trees, especially when the tree is stored in secondary memory [11].  
 

  



 

 
 

MATERIAL AND METHOD 

2.1. Structure of a B+-tree node 

The search algorithm for a record with an associated key, k in a B+-tree begins from the root 
node. In this case, it is necessary to look for the leaf node which should contain k.  
Consequently, in order to determine the path to the leaf node, it is necessary to use the 
pointer pibetween two consecutive entries: ki−1 and kifulfilling ki−1 ≤ k < k1  andp0 if k < k0 or 
p2d+1 if k ≥ k2d. If the corresponding leaf node is known, it is necessary to look for an entry for 
which ki= k. If it exists, the record associated with k is pointed by pi, otherwise there is no 
record associated to k. A B+-tree node structure is depicted in figure 1. 
 
 

Figure 1: A B+-tree node structure 
 

Figure 1: A B+-tree node structure 
 

When B
+
-tree is used in database indexing, this data structure gets a little complicated 

because it does not just have a key, it also has a value associated with the key. This value is 
a reference to the actual data record.  
 
2.2. Insertion in a B

+
-tree  

Inserting an element into a B
+
-tree consists of three main events: searching the appropriate 

leaf, inserting the element and  balancing/splitting the tree.The following are essential 
properties of a B

+
-tree before an insertion operation be made. 

a.  The root has a minimum number of children nodes; 
b.   Each node, except the root can have a maximum of m children and at least m/2 

children; and 
c.  Each node can contain a maximum of m-1 keys and a minimum of ⌈m/2⌉-1 keys. 
In order to insert an element into a B

+
- tree, the leaf node is considered. If the leaf is not full, 

the key is inserted into the leaf node in increasing order. 
 

3. RESULTS AND DISCUSSION 
3.1.  NUMERICAL EXAMPLE 1 

Assume the following four-column table needs to be stored on a database: 

Name Gender Age Score 

John M 16 14 
Simon M 17 16 
Ruth F 15 19 
Bukonla M 14 21 
Sandra F 15 29 
Kunle M 16 33 

 
Table 1: A four-column table being stored on a database 

 
The system automatically generates index regarding the items in the table. If the scores of 
the students are used for indexing, figure 2 is a  B

+
-tree  database page  representation of 

the data contained in table 1 above. 
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Figure 2: A B
+
-tree  database page  representation of table 1 

 
In figure 2 above, the index values are arranged in binary search tree (BST) order. If for 
instance, one want to search for index value 21, the value is larger than the parent value of 
20, therefore index value 21 is sought to the right of the tree. In essence, there is no need to 
search for the index value 21 from among index values in the left sub-tree but only at the 
right sub-tree. This reduces the search time value, consequently reducing search cost and 
enhancing the feasibility operation on the index value of 21 being sought. 

3.2. Numerical Example II 

Table 2 contains information about five students in a Mathematics class. 

Matriculation  Number Age Name 

23/0024 19 Solomon 
23/0035 20 Mohammed 
23/0042 18 Kingsley 
23/0048 18 Noah 
23/0061 17 Bush 

 
Table 2:  Information about five students in a Mathematics class 

 
In table 2, the data being indexed and stored at the tree’s leaf nodes is the addresses of 
records. Figure 3 depicts the abstraction of the index of the values in table 2. 
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Figure 3: Index representation of table 2 

 
From figure 3, the primary index is built using the matriculation number while the leaf node 
store the addresses of each record. As a result, the processes involving the location of a 
record include locating the value of the supplied key, then use the value which is the address 
of the data to locate the actual record. This type of index is referred to as non-clustered 
index. 

In figure 3, all records are stored in the leaf nodes of the B
+
-tree and index and are 

used as the key to create a B
+
-tree while  no records are stored on non-leaf nodes. Each of 

the leaf nodes references the next record in the tree. A database can perform a binary 
search by using the index or sequential search through every element while traveling 
through the leaf nodes only. 

3.3. Numerical Example III 

 The following is the scores of 10 Mathematics students in an examination:   

38, 27, 42, 18, 59,  53, 25, 49, 44 and 40 

These values are represented in a B
+
-tree of order m=4. 

Since order is of m=4, the maximum keys in any node ism-1 where m=4. Hence the 
maximum key in any node is 3 while the minimum key in any node is 1. The processes of 
insertion of each of these elements in the B

+
-tree are described below.  

The first element is 38 and it is inserted as shown in figure 4 below. 
 

 
 

Figure 4: Key value 38 being inserted 
 
The next element is 27. Since 27 is less than 38, the new B

+
-tree is as indicated in figure 5. 
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 Figure 5: Key value 27 being inserted 

The next element is 42. Since 42 is greater than 38, the new B
+
-tree is indicated in figure 6.

           
        

 
 

Figure 6: Key value 42 being inserted 
The next element is 18. Since 18 < 27, the new B

+
-tree is indicated in figure 7. 

 
 
 
 
 
           
           
      

Figure 7: Key value 18 being inserted 
 

 
 
In figure 5 above, the B

+
-tree is of order m=4, then there can be no node with more than 

three elements. Since figure 5 has 4 keys, we find the middle element(s) which are 27 and 
38. In this case, we choose any of these as the middle element, thus making the root node in 
this case. Let us assume we are left-biased by making the middle element to be 27. 
Consequently the new B

+
-tree is depicted in figure 8 below. 

 
           
           
     
 
 
 
 
 
 
 
 
          

Figure 8: The node being splitted to maintain tree order 
 
In figure 8, it is seen that the binary search tree property of the B-tree is maintained. The root 
(parent) node has element 27. The element in the left subtree i.e. 18 is lesser than the root 
element while keys in the right subtree i.e. 38 and 42 are both higher than the root element 
27.  
The next element to be inserted is 59. Although new elements are not inserted in the root in 
a B-tree, yet this element is first compared with the root element 27. Since 59 > 27, the new 
element i.e. 59 is inserted to the right subtree as shown in figure 9 below.  
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Figure 9: Key value 59 being inserted 

 
The next element to be inserted is 53.  This  element is  compared with the root element 27. 
Since 53 > 27, the new element i.e. 53 is inserted to the right subtree as shown in figure 10 
below.  
 
           
           
     
 

 
 
 
 
 
 
 
 

 
Figure 10: The key value to be moved being identified to maintain tree order 

 
Since the B-tree is of order m=4, there can be no node with more than three keys. Since the 
right subtree has 4 keys, we find the middle element(s) which are 42 and 53. In this case, we 
choose any of these two elements as the middle element, thus making another root node in 
this case. Since we were left-biased in the previous selection, it is better to continue in this 
way thus making  the middle element to be 42. Consequently the new B-tree is depicted in 
figure 11 below. 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 11: The key values being re-arranged to maintain tree order 
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The next element to be inserted is 25.   Since 25< 27, the new element i.e. 25 is inserted to 
the right subtree as shown in figure 12 below.  
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12: Key value 25 being inserted  
 
The next element to be inserted is 49.   Since 49 > 27, the new element i.e. 49 is inserted to 
the right subtree as shown in figure 13 below.  

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 13: Key value 49 being inserted 
 
The next element to be inserted is 44.   Since 44  > 27, 42,  the new element i.e. 44 is 
inserted to the right subtree as shown in figure 14 below.  
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Figure 14: Key value 44 being inserted 
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Being an order m=4 B-tree, there can be no node with more than three elements. Since the 
right subtree has 4 keys, we find the middle element(s) which are 49  and 53. If  element 49 
is chosen, the new B-tree is depicted in figure 15 below. 
 
 
 

 
 
 
 
 
 
 
 
 

 
 

Figure 15: The key values being re-arranged to maintain tree order 
 
The next element to be inserted is 40.   Since 40 > 27 but less than 42, the new key i.e. 40 is 
inserted in-between the subtrees within this range. The new tree is shown in figure 16 below.
  
 
 
 
 

 
 
 
 
 
 
 
 

Figure 16: Key value 40 being inserted  
 

The B-tree of order m=4 in figure 14 gives a representation of how the numeric values: 38, 
27, 42, 18, 59,  53, 25, 49, 44 and 40 are stored cumulatively as academic performance of 
the students. 

To be useful and usable, databases must support operations of  retrieval, deletion 
and insertion of data. Since databases are usually large and cannot be maintained entirely in 
memory, B

+
-trees are often used to index the data and to provide fast access. Searching an 

un-indexed and unsorted database containing n key values has a worst case running time of 
O(n). If the same data is indexed in a B

+
-tree, the same search operation will run in O(log 

n)[12] (Microslav and Petra (2020). To perform a search for a single element on a set of five 
million keys, a linear search will require at most 5,000,000 comparisons. However, if the 
same data is indexed with a B

+
-Tree of minimum degree 10, only 570 comparisons will be 

required in the worst case. 
 
4. CONCLUSION 
 
Going by the trend in the complexity of data storage and retrieval system in the modern day 
school system, it is imperative to resort to better means of information storage and retrieval. 
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This is where the concept of B
+
-tree in the storage and retrieval of numeric data in the school 

system becomes imperative. Databases should have an efficient way to store, read, and 
modify data. B

+
-tree provides sequential search capabilities in addition to the binary search, 

which gives the database more control to search non-index values in a database. 
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