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ABSTRACT 7 

 8 

The need for effective indexing and retrieval of data is paramount in any contemporary 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 13 

Before the advent database management system, organizations relied on file 14 
processing systems for storage, modification and retrieval of data. As a result of this, end-15 
users became aggravated with file processing because data was stored in many different 16 
files, each organized in a different way. Each file was specialized to be used with a specific 17 
application. Needless to say, file processing became bulky, costly and non-flexible when it 18 
came to supplying needed data accurately and promptly [1].As a result of this, data 19 
redundancy was an issue with the file processing system because independent data files 20 
produce duplicate data. A similar problem was lack of data integrity and consistency or 21 
standardization of data in a file processing system, consequently making maintenance 22 
difficult. As a resultfor these, it was obvious that effective functioning of schools’file 23 
management system was impossible without a dynamic storage and retrieval file system. 24 

The place of adequate, accessible and modifiable records in a school cannot be 25 
over-emphasized. This is because school events unfold on daily basis which are expected to 26 
be filed, retrieved and stored as situation demands. Since the continuous nature of students' 27 
achievement is imminent, it implies that the tool with which such records are kept need to be 28 
flexible, modifiable and makes data easily accessible.  29 

In any automated file management system, the number of disk accesses required to 30 
store or retrieval is important. The time required to access and retrieve a word from high-31 
speed memory is in microseconds while the time required to locate a particular record on a 32 
disk is measured in milliseconds. The time required for a single disk access is thousands of 33 
times greater for external retrieval than for internal retrieval [2]. The goal in external 34 
searching is to minimize the number of disk accesses, since each access takes so long 35 
compared to internal computation.  36 

The time required to access the data is dependent on the amount of data to be 37 
accessed. Since secondary storage devices are block-based, the data block is their 38 
information transfer unit instead of bytes or bits. A database management system usually 39 
run on an operating system and its disk access mechanism is important. In order to 40 
increment disk performance, the operating system usually includes cache techniques to 41 
reduce data time access and implements a block access mechanism, the size of which is a 42 
multiple of the block size of the disk device [3]. 43 



 
 

Contemporary schools need  to manage  more  information  than  ever  before.  44 
Consequently, without  a  solid  internal  infrastructure  for  teachers, administrators and 45 
departments to share data, critical school and students’ information can be lost, thereby  46 
leading  to  a  host  of  problems  that  can effect of  a  school's image  and overall 47 
performance [4].  To remain competitive,  school  needs  a  simple  solution  that  can  run  48 
individual  function,  connect their  entire  operation,  use  the  web  as  a  key  49 
communication  tool  and  simplify  day  to  day operational responsibilities, giving staff more 50 
time with students. 51 

Regarding the practice of continuous assessment which is carried out from time to 52 
time, the need for an efficient storage and retrieval system cannot be over-emphasized. This 53 
is because students are assessed on daily basis on the three assessment areas of school 54 
achievement of cognitive, affective and psycho-motor domains. Since the continuous nature 55 
of students' achievement is imminent, it implies that the tool with which such records are 56 
kept need to be flexible, modifiable and makes data easily accessible. 57 

In contemporary school practice, the operations of generating, storing and 58 
maintenance of school records are becoming increasingly complex as a result of the multi-59 
dimensional nature of school activities which had become evidence as a result of the use of 60 
modern technologies in educational practice. 61 

Related studies to this work include [5] which highlights the need for specific 62 
indexing techniques for fuzzy databases. The study proposes two indexing principles for 63 
flexible querying using possibility and necessity measures on fuzzy attributes. In a similar 64 
study, [6] as well as  [7],  proposed an indexing method to improve the performance of 65 
flexible query processing on crisp databases which involves creating one index structure for 66 
each fuzzy predicate associated to a crisp attribute. Consequently, each possible 67 
satisfaction degree of the fuzzy predicate to the rowsatisfy the predicate at this degree. The 68 
technique is costly because of the high number of necessary index structures, which raises 69 
the storage and maintenance costs.  In a similar study, [8], [9] proposed an indexing 70 
technique for fuzzy databases based on a crisp multi-dimensional indexing technique. This 71 
proposal is applicable on heterogeneous domains and needs only one indexing structure 72 
[10]. The experimental results of this study reveal that the proposed indexing technique 73 
outperforms the previous one proposed.  74 

The B+-tree is among the most efficient and widely used for indexing numerical 75 
values on block-based data stores. This is because they are balanced (i.e. all leaf nodes are 76 
at the same depth from the root), their structure matches block-based data, stores data in 77 
orderly manage as each node in the tree corresponds to a disk block, and the data are 78 
stored in an ordered fashion, making it efficient to perform range queries as well as exact 79 
value look-ups. 80 

A B
+
-tree is a self-balancing tree data structure that keeps data sorted and allows 81 

searches, sequential access, insertion, and deletions in O(log(n)). It is optimized for disk-82 
oriented database management system that read / write large blocks of data. Almost every 83 
modern database management system that supports order-preserving indexes uses a B

+
-84 

tree. The primary difference between the original B-tree and the B
+
-tree is that B-trees stores 85 

keys and values in all nodes while B+ trees store values only in leaf nodes. Modern B
+
-tree 86 

implementations combine features from other B-tree variants, such as the sibling pointers 87 
used in the blink-tree [11]. 88 

A B
+
-tree is defined by its order (or branching factor), which indicates the maximal 89 

fan- out (amount of children) each internal node can have. [12] explained that the order of a 90 
B

+
-tree can theoretically be chosen but  in practice, it is determined by the size of the disk 91 

blocks in such a way that each node of the index corresponds to a disk block. This kind of 92 
data structure is a type of balanced tree used to maintain a collection of sorted records by a 93 
key value in a way that allows for efficient insertion, retrieval and removal. A B

+
-tree stores 94 

the indexed keys and a pointer to its associated record in every tree node, so that when the 95 
tree is traversed in-order, the records can be retrieved in the order determined by their key 96 



 
 

values. To maintain the balance of the tree, each node is allowed to store a minimum 97 
number of entries d, and a maximum number of entries 2d. This policy ensures a minimum 98 
node usage of 50%. The value d is named the order of the tree. Each leaf node is linked to 99 
the next leaf node. Since all the entries are stored in the leaf nodes and these nodes are 100 
linked, the performance of sequential processing of the indexed data of B

+
-tree is higher 101 

than of B-trees, especially when the tree is stored in secondary memory [13].  102 

 103 

MATERIAL AND METHODS 104 

2.1. Structure of a B
+
-tree node 105 

The search algorithm for a record with an associated key, k in a B+-tree begins from the root 106 
node. In this case, it is necessary to look for the leaf node which should contain k.  107 
Consequently, in order to determine the path to the leaf node, it is necessary to use the 108 
pointer pibetween two consecutive entries: ki−1 and kifulfilling ki−1 ≤ k < k1  andp0 if k < k0 or 109 
p2d+1 if k ≥ k2d. If the corresponding leaf node is known, it is necessary to look for an entry for 110 
which ki= k. If it exists, the record associated with k is pointed by pi, otherwise there is no 111 
record associated to k. A B+-tree node structure is depicted in figure 1. 112 
 113 
 114 

Figure 1: A B+-tree node structure 115 
 116 

Figure 1: A B+-tree node structure 117 
 118 

When B
+
-tree is used in database indexing, this data structure gets a little complicated 119 

because it does not just have a key, it also has a value associated with the key. This value is 120 
a reference to the actual data record.  121 
 122 
2.2. Insertion in a B

+
-tree   123 

Inserting an element into a B
+
-tree consists of three main events: searching the appropriate 124 

leaf, inserting the element and  balancing/splitting the tree.The following are essential 125 
properties of a B

+
-tree before an insertion operation be made. 126 

a.  The root has a minimum number of children nodes; 127 
b.   Each node, except the root can have a maximum of m children and at least m/2 128 

children; and 129 
c.  Each node can contain a maximum of m-1 keys and a minimum of ⌈m/2⌉-1 keys. 130 
In order to insert an element into a B

+
- tree, the leaf node is considered. If the leaf is not full, 131 

the key is inserted into the leaf node in increasing order. 132 
 133 

3. RESULTS AND DISCUSSION 134 

3.1.  NUMERICAL EXAMPLE 1 135 

Assume the following four-column table needs to be stored on a database: 136 

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 

 137 
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Table 1: A four-column table being stored on a database 138 
 139 
The system automatically generates index regarding the items in the table. If the scores of 140 
the students are used for indexing, figure 2 is a  B

+
-tree  database page  representation of 141 

the data contained in table 1 above. 142 

 143 
 144 

Figure 2: A B
+
-tree  database page  representation of table 1 145 

 146 
In figure 2 above, the index values are arranged in binary search tree (BST) order. If for 147 
instance, one want to search for index value 21, the value is larger than the parent value of 148 
20, therefore index value 21 is sought to the right of the tree. In essence, there is no need to 149 
search for the index value 21 from among index values in the left sub-tree but only at the 150 
right sub-tree. This reduces the search time value, consequently reducing search cost and 151 
enhancing the feasibility operation on the index value of 21 being sought. 152 

3.2. Numerical Example II 153 

Table 2 contains information about five students in a Mathematics class. 154 

Matriculation  Number Age Name 

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

 155 
Table 3:  Information about five students in a Mathematics class 156 

 157 
In table 2, the data being indexed and stored at the tree’s leaf nodes is the addresses of 158 
records. Figure 3 depicts the abstraction of the index of the values in table 2. 159 
 160 
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 161 
Figure 3: Index representation of table 2 162 

 163 
From figure 3, the primary index is built using the matriculation number while the leaf node 164 
store the addresses of each record. As a result, the processes involving the location of a 165 
record include locating the value of the supplied key, then use the value which is the address 166 
of the data to locate the actual record. This type of index is referred to as non-clustered 167 
index. 168 

In figure 3, all records are stored in the leaf nodes of the B
+
-tree and index and are 169 

used as the key to create a B
+
-tree while  no records are stored on non-leaf nodes. Each of 170 

the leaf nodes references the next record in the tree. A database can perform a binary 171 
search by using the index or sequential search through every element while traveling 172 
through the leaf nodes only. 173 

3.3. Numerical Example III 174 

Consider table 3 below containing the cumulative score (C.S.) of 10 students in Mathematics 175 
together with their names and gender. In this case, it is assumed that the minimum score for 176 
a pass is 25. 177 

S/N Name Gender Cumulative Score (C.S.) Remarks (Pass/Fail) 

1 Sam M 38 Pass 
2 James M 27 Pass 
3 Murray F 42 Pass 
4 Ahmed F 18 Fail 
5 Lewis F 59 Pass 
6 John M 53 Pass 
7 Mohad M 25 Pass 
8 Isa F 49 Pass 
9 Niyi F 44 Pass 
10 Salako M 40 Pass 

Table 3: Cumulative scores of 10 students with names, gender and performance grade 178 
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In order to create a B
+
-tree representation of the cumulative scores, the cumulative scores 179 

are extracted as follows:  38, 27, 42, 18, 59,  53, 25, 49, 44 and 40 180 

These values are represented in a B
+
-tree of order m=4. 181 

Since order is of m=4, the maximum keys in any node ism-1 where m=4. Hence the 182 
maximum key in any node is 3 while the minimum key in any node is 1. The processes of 183 
insertion of each of these elements in the B

+
-tree are described below.  184 

The first element is 38 and it is inserted as shown in figure 4 below. 185 
 186 

 187 
 188 

Figure 4: Key value 38 being inserted 189 
 190 
The next element is 27. Since 27 is less than 38, the new B

+
-tree is as indicated in figure 5. 191 

 192 
           193 
       194 

 195 
 Figure 5: Key value 27 being inserted 196 

The next element is 42. Since 42 is greater than 38, the new B
+
-tree is indicated in figure 6.197 

           198 
        199 

 200 
 201 

Figure 6: Key value 42 being inserted 202 
The next element is 18. Since 18 < 27, the new B

+
-tree is indicated in figure 7.  203 

           204 
           205 
    206 

Figure 7: Key value 18 being inserted 207 
 208 

 209 
In figure 5 above, the B

+
-tree is of order m=4, then there can be no node with more than 210 

three elements. Since figure 5 has 4 keys, we find the middle element(s) which are 27 and 211 
38. In this case, we choose any of these as the middle element, thus making the root node in 212 
this case. Let us assume we are left-biased by making the middle element to be 27. 213 
Consequently the new B

+
-tree is depicted in figure 8 below. 214 
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Figure 8: The node being splitted to maintain tree order 228 
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In figure 8, it is seen that the binary search tree property of the B-tree is maintained. The root 230 
(parent) node has element 27. The element in the left subtree i.e. 18 is lesser than the root 231 
element while keys in the right subtree i.e. 38 and 42 are both higher than the root element 232 
27.  233 
The next element to be inserted is 59. Although new elements are not inserted in the root in 234 
a B-tree, yet this element is first compared with the root element 27. Since 59 > 27, the new 235 
element i.e. 59 is inserted to the right subtree as shown in figure 9 below.  236 
 237 
 238 
 239 
 240 
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       243 
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 245 

 246 
 247 
 248 
 249 
Figure 9: Key value 59 being inserted 250 

 251 
The next element to be inserted is 53.  This  element is  compared with the root element 27. 252 
Since 53 > 27, the new element i.e. 53 is inserted to the right subtree as shown in figure 10 253 
below.  254 
 255 
           256 
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     258 
 259 

 260 
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 262 
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 264 
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 266 
 267 
 268 

Figure 10: The key value to be moved being identified to maintain tree order 269 
 270 

Since the B-tree is of order m=4, there can be no node with more than three keys. Since the 271 
right subtree has 4 keys, we find the middle element(s) which are 42 and 53. In this case, we 272 
choose any of these two elements as the middle element, thus making another root node in 273 
this case. Since we were left-biased in the previous selection, it is better to continue in this 274 
way thus making  the middle element to be 42. Consequently the new B-tree is depicted in 275 
figure 11 below. 276 
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Figure 11: The key values being re-arranged to maintain tree order 294 
 295 
The next element to be inserted is 25.   Since 25< 27, the new element i.e. 25 is inserted to 296 
the right subtree as shown in figure 12 below.  297 
 298 
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 309 

Figure 12: Key value 25 being inserted  310 
 311 
The next element to be inserted is 49.   Since 49 > 27, the new element i.e. 49 is inserted to 312 
the right subtree as shown in figure 13 below.  313 
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Figure 13: Key value 49 being inserted 327 
 328 
The next element to be 329 inserted is 44.   Since 44  > 27, 329 
42,  the new element i.e. 44 330 is inserted to the right subtree  330 
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 331 
as shown in figure 14 below.  332 
 333 
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Figure 14: Key value 44 being inserted 348 
 349 
Being an order m=4 B-tree, there can be no node with more than three elements. Since the 350 
right subtree has 4 keys, we find the middle element(s) which are 49  and 53. If  element 49 351 
is chosen, the new B-tree is depicted in figure 15 below. 352 
 353 
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 365 
 366 

Figure 15: The key values being re-arranged to maintain tree order 367 
 368 
The next element to be inserted is 40.   Since 40 > 27 but less than 42, the new key i.e. 40 is 369 
inserted in-between the subtrees within this range. The new tree is shown in figure 16 below.370 
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Figure 16: Key value 40 being inserted  384 
 385 

The B-tree of order m=4 in figure 14 gives a representation of how the numeric values: 38, 386 
27, 42, 18, 59,  53, 25, 49, 44 and 40 are stored cumulatively as academic performance of 387 
the students.The database representation of the B

+
-tree in figure 16 is presented in figure 388 

17. 389 
 390 
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 407 
 408 

Figure 17: B
+
-tree database representation of table 3 409 

 410 
In figure 17, the index is a pointer to the database information. This is essential for 411 

querying the database and for reference purposes. The processes of insertion and deletion 412 
are managed vis-à-vis the index. To be useful and usable, databases must support 413 
operations of  retrieval, deletion and insertion of data. Since databases are usually large and 414 
cannot be maintained entirely in memory, B

+
-trees are often used to index the data and to 415 

provide fast access. Searching an un-indexed and unsorted database containing n key 416 
values has a worst case running time of O(n). If the same data is indexed in a B

+
-tree, the 417 

same search operation will run in O(log n)[14]. To perform a search for a single element on a 418 
set of five million keys, a linear search will require at most 5,000,000 comparisons. However, 419 
if the same data is indexed with a B

+
-Tree of minimum degree 10, only 570 comparisons will 420 

be required in the worst case. 421 
 422 
4. CONCLUSION 423 
 424 
A school database keeps a computerized record of students’ information which reduces paperwork. 425 
Consequently, a school database management system may assist in managing different branches of a  426 
school so as to provide  a consistent learning environment for students. 427 
Going by the trend in the complexity of data storage and retrieval system in the modern day 428 
school system, it is imperative to resort to better means of information storage and retrieval. 429 
This is where the concept of B

+
-tree in the storage and retrieval of numeric data in the school 430 

system becomes imperative. Databases should have an efficient way to store, read, and 431 
modify data. B

+
-tree provides sequential search capabilities in addition to the binary search, 432 

which gives the database more control to search non-index values in a database. 433 
 434 
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